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ANTI-cMET ANTIBODY

The present vention relates to a novel divalent antibody capable of bindmg
specifically to the humean ¢-Met receptor and/or capable of specifically mhibiting the
tyrosine kinase activity of sald receptor, as well ag the amino acid and nucleic acid
sequences coding for said antibody. More particularly, the antibody according to the
mvention is capable of inhibiting the o-Met dimerization. The invenfion likewise
comprises the use of sad antibody as a medicament for the prophylactic Emdf’(.ill'
therapeutic treatment of cancers or any pathology connected with the overexpression of
sald receptor ag well as in processes or kits for diagnosis of illnesses connected with the
over-expression  of o-Met. The wmvention finally cowprises products  andior
composttions comprising such an antibody in combination with other antibodies and/or
chemical compounds directed against other growth factors involved in fumor
progression or metastasis and/or compounds and/or anti-cancer agents or agenis
conjugated with toxins and their use for the prevention and/or the treatment of cerfan
CANCers.

Receptor tyrosine kimase (RTK) targeted agents such as trastuzumab, cetuximab,
bevacizurnab, imatinib and gefitinib mhibitors have llugtrated the intercst of targeting
this protein class for freatment of selected cancers.

c-Met, is the prototypic member of & sub-family of RTKs which also inchides
RON and SEA. The o-Met RTK family is sﬁ*ucmraﬂy.diffemnt from other RTK. families
and is the only known high-affinity recentor for hepatocyte growth factor (HGHY, akso
calied scatter factor {SF) ID.P. Bottaro et al., Science 1991, 251:802-804; L. Naldini et
al., BEur. Mol Biol. Grg. J. 1991, 10:2867-2878]. ¢c-Met and HGF are widely expressed
in 4 variety of tissue and their expression 1s normally restricted to cells of epithelial and
mesenchymal origin respectively [MUF. I Renzo et al., Oncogens 1991, 6:1997-2003;
E. Sonnenberg et al, J. Celll Biol 1993, 123:223-235]. They are both required for
normal mammalian development and have been shown to be parficularly important o
cell migration, morphogenic differentiation, and organizaijoéf; of the three-dimensional
tnbular structures as well as growth and angiogenesis [F, Baldt et al, Nature 1995,
376;768-771;, €. Schmidt et al,, Natare, 1995:373:699-702; Tsarfaty et al, Science

1994, 263:95-1017, While the controlled regulation of ¢-Met and BGF have been shown



[
ey
<

L

fan)

[

to be important in mammalian development, tissue maintenance and repair [Nagayama
T., MNagavama M., Kohara S, Kamigu{:}iﬁ H., Shibuya M., Katoh Y., Itoh ., Shinchara
Y., Bram Res. 2004, 5:999(2}155-66; Tabara Y., Ido A., Yamamoto S., Mivata Y., Uto
H., Hori T., Hayashi K., Tsubouchi ¥., | Pharmacol Eﬁip Ther. 2003, 307(1):146-51],
their dysregulation 18 imphcated in the progression of cancers.

Aberrant signalling driven by inappropriste activation of c-Met 18 one of the
most frequent alferation observed M human cancers and plays a crucial role in
tumarigenesis and metastasis [Birchmeier et al. | Nat. Rev. Mol. Celt Biol, 2603, 4:915-
925, L. Trusolmo and Comoglio . M., Nat Rev. Cancer. 2002, 2(4):289-3001.

inappropriate c-Met activation can arise by ligand-dependent and mdependent
mechanisms, which include overexpression of ¢-Met, and/or paracrine or autocrine
activation, or through gain in function mutation [J.G. Christensen, Bunows I and
Saigia R., Cancer Latters. 2005, 226:1.26]. However an oligomerization of c-Met
receptor, 10 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 [Mayg IL, Watowich 31, Biochemisiry, 2004 Aug 17, 43:10570-8]. Activated
¢-Met recruits signalling effectors to its multidocking site located in the cytoplasm
domain, resuiting in the activation of several key signalling pathways, including Ras-
MAPE, 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):3582-9]. These
pathways ave essential for tumonr cell preliferation, invasion and angiogenesis and for
evadimg apoptosis [Furge KA, Zhang YW, Vande Woude GF, Oncogens, 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 ]I, Goldberg 1D, Rosen EM,
Uncogene. 2000 Apr 27, 19(18):2212.23]. In addition, a umique facet of the c-Met
signalling relative to other RTK is its reported interaction with focal adhesion
coraplexes and non kinase binciiﬁg pertoers such as 06P4 integrins [Trusolino L.,
Bertott: A, Comoglio PM, Cell. 2001, 107:643-541, CD44v6 [Van der Voort R, Taher
TE, Wielenga VI, Spaargaren M., Prevo R., Smit L., David G., Hartmann G., Gherardi
E,, Pals ST, ] Biol Chem. 1999, 274(10):6499-506], Plexin Bl or semaphorins
[Giordano S., Corso 8., Conrotto P, Artigiani S., Gilestro G., Barberis D., Tamagnone

L., Comoglio PM, Nat Cell Biol, 2002, 4(9):720-4; Conrotto P, Valdembri 1D, Corso
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8., Serint G, Tamagnone L., Comoghio PM, Russoline F., Giordano S., Blood. 2005,
105(113:4321-9; Conrotto P, Corse S., Gamberini 8., 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 dermonsirate that o-Met could be

[

mvelved In tumor resistance to gefitinib or erlotinib sugpesting that combination of
compound targeting both EGFR and c-Met might be of significant iterest {Engelman
IA etal, Boience, 2007, 3161038437,

I the past few years, many different strategies have been developed to aticnuate
c-Met signalling in cancer ceil lines. These strategies | s include 1} newtralizing antibodies
10 agamst o-Met or HGF/SF [Cao B., Su Y., Oskarsson M., Zhao P., Kort EJ, Fisher RJ,
Wang LM, Vande Woude GF, Proc Nafl Acad Sci U 8§ A, 2001, 98(131:7443-8;
'Maﬁreng T., Schmidt NO, Eckench €., Fillbrandt R., Merchant M., Schwall R,
Westphal M., Lamszus K., Clin Cancer Res. 2006, 12(20):6144.52] or the use of
HGF/SE antagonist NK4 to prevent ligand binding to o-Met [Klﬂja'i{.,, Matsumoto K.,

A

15 - Date K, Shimura H,, Tanaka M., Nakamura T., Cancer Res., 2000, 60:6737-43], i)
small ATP binding site inhibitors to o-Met that block Idnase activity [Christensen JG,
Schreck R., Burrows 1., Kuruganti P, Chan B, Le P, Chen J., Wang X., Ruslim L.,
RBlake R., I_..i_pson KE, Ramphal J., Do % Cui JJ, Cherringten JM, Mendel DB, Cancer
Res. 2003, 63:7345-55], 1nl) enginecred SHZ domain polypeptide that interferes with

0 access to the multidocking site and RINAIL or ribozyme that reduce receptor or higand
expression, Most of these approaches display 2 selective inhibition of ¢-Met resulting in
tmor inhibition and showing that o-Met conld be of interest for therapeutic intervention
I cancer.

Within the molecules geperated for c-Met fargeting, some are antibodies. The

25 most exiensively described i3 the anti-c-Met 5DS antibody generated by Genentech
[WO 96/38557] which behaves ag a potent agonist when added alone in verious models
and as an antagomist when used as a Fab fragment. A monovalent engineersd form of
thig an'tibody‘dcscribed a8 one atmed SIS (OASDS) and produced as a recombinant
protein in E. Coli is also the subject of a patent application [WO 2006/015371] by

0 Genentech. However, this molecule that could not be considered as an antibody because
of its particuiar scaffold, displays also mutations that could be Immunogenic in humens,

In terms of activity, this unglyeosviated molecule is devoided of effector functions and
i) W
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finaity, no clear data demonstrate that OASDS inhibits dimerization of c¢-Met
Moreover, when tested m the G53 in vive model, 2 ghioblasioma cell line that exprosses
c-Met but not HGF mRNA and protein and that grows independently of the ligand, the
one armed anti-c-Met had no significant effect on G55 tumor growth suggesting that
OASDS acts primarily by blocking HGF binding and is not able to target fumors
activated independently of HGEF [Martens T, et al, Clin. Cancer Res., 2006,
12020}:6144-61521. |

Another antibody targeting c-Met is described by Pfizer as an antibody acting
“predominantly as c-Met antagonist, and m some instance as & oMet agoniet™ [WO
2005/0163825, No data showing any effect of Pfizer antibodies on o-Met dimerization is
desoribed in this application.

Gne of the mmnovative aspects of the present mvention is fo generate a chimerio
and/or humanized monoclonal antibody without intrinsic agonist activity and mhbibiting
¢-Met dimerization. More parficularly, an innovative aspect of the present mvention is
to generate a chimeric and/or humanized monoclonal antibody with antagonst activity
and mhibiting o-Met dimerization.

In addition of targeting Ligand-dependent tumors, this approack will also impair
Heand-independent activations of c-Met due fo its overexpression or mutations of the
intra cellular domaing which remained dependent to oligomerization for signalling.
Another aspect of the activity of thig antibody could be a steric hindrance for ¢-Met
mteraction with its partpers that will result m impairment of ¢-Met functions, This
antibody is humanized and engineered preferentially, but not hmited, as homan 1eGl 1o
get effector functions such as ADCC and CDC m addition to functions linked to the
specific blockade of the o-Met receptor,

Surprisingly, for the first time, mventors have managed to generate & chimeric
and/or humanized monoclonal antagonist zﬁniibody capable of binding to ¢-Met but als

capable of whibiting the o-Met dimerization, said monoclonal antibody being divalent

contrary to existing antagonist antibedies directed agatnst o-Met, I it ig frue that, in the

prior art, it 1S sometimes suggested that an antibody capable of mhibiting the
dimerization of c-Met with its pariners could be un inferesting one, it has never been
disclosed, or clearly suggested, an antibody capable of doing so. Moreover, regarding

&

antibody specificity, it was not evident at all to succeed in the generation of such an
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active divalent antibody,

As it was explained before, the inhibition of the ¢-Met dimerization is a capital
aspect of the invention 8¢ such antibodies will present a real Interest for a larger
population of patients, Not only Hgand-dependent activated o-Met cancer, as it was the
case unfil the present invention, but alse ligand-independent activated o-Met cancer
could be traited with antibodies generated by the process of the present invention.

Antibodies were evaluated by BRET analysis on cells expressing both o-Met-
Rluc/e-Met-YEP and selected on their ability o inhibit at least 40 %, preferably 45 %,
50 %, 55 % and most preferably 60 % of the BRET signal.

The BRET twchnology is known as being representative of the protein
dimnerization [Angers et al., PNAS, 2000, 97:3684-891,

The BRET technology is well known by the man skill in the art and will be
defatied in the following examples. More particularly, BRET (Bioluminescence
Resonance Energy Transfer) is & uon-radiative energy -fransfer occurring between a
bicluminescent donor (Renilla Luciferase {Rluc)) and a fluorescent acceptor, a mutant
of GFP {Green Fluorescent Protein} or YFP (Vellow fluorescent protein). In the present
case EYFY (Enhanced Yellow Fluorescent Protein) was used. The efficacy of transfer
depends on the orientation and the distance between the donor and the acceptor. Then,
the energy transfer can occur only if the two molecules are in close proximity (1-10
nm}. This property is used to generate protein-protein interaction assays. lndeed, in
order to study the interaction between two partners, the first one is genetically fused to
the Renilla Luciferase and the second one to the yellow mutant of the GFP. Fusion
proteins are generally, but not obligatory, expressed in mammalian cells, 1n presence of
its membrane permeable substrate (coelenterazime), Rluc emits bive Hght, If the GFP
routant 18 closer than 10 nom from the Rlue, an ensrgy fransfer can ocour and an
additional yellow signal can be detected. The BRET signal is measured as the rafio
between the light emitied by the acceptor and the light emitted by the donor, So the
BRET aignal will increase as the two fusion proteins are brought mto proximity or if a
conformational change brings Rlue and GFP mutant closer,

Hthe BRET analysis consists in a preferred embodiment, any method known by
the man skilled in the art can be used to rmessure o-Met dimerization, Without

limitation, the following technmologies can be mentioned: FRET (Fluorescence
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Resonance BEnergy Tmns_f&r}, HTRE {Homogenous Time resolved Fluorescences), FLIM
(Fluorescence  Lifetime lmaging Microscopy) or SW-FCCS  single wavelength
fluorescence cross-correlation speciroscopy).

(her  classical  technologies  could  also be  used, such as  Ceo-
immunoprecipitation, Alpha screen, Chemical cross-linking, Double-Hybnd, Affimty
Chromatograpiy, ELISA or Far western blot,

The terms  “antibody”, “antivodies”™ or  “mpnunoglobulin” are used
interchangesbly 1 the broadest sense and include monoclonal antibodies {e.g., full
length or intact monoclonal antibodies), polyelonal entibodies, multivaient anfibodies or
multigpecific antibodies (e.g., bigpecific antibodiss so long as they exhibit the desired
biclogical activity),

More particularly, such moleculs consists i a glvcoprotein comprising at least
two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds. Each
hﬁzwy chein s comprised of a heavy cham varieble region (or domain} (abbreviated
hercin as HOVR or VH) and @ heavy chamn constant region. The heavy chain constant
region. s comprised of three doroaims, CHI, CHZ2Z and CH3. Each Lght chain is
comprised of a lipht chain vanable region (abbreviated herein as LOVR or VL) and &
Heht chain constant region. The light cham constant region is comprised of one domain,
CL.. The VH and VL regions can be further subdivided into fegions of hypervariability,
termed complementarity determining regions (CDR), interspersed with vegions that are
more conserved, termed framework regions (FR), Each VH and VL 18 composed of
ihree CDRs and four FRs, arvanged from amine-terminus to carboxy-ferminus i the
ollowing order: FRI, CDRI, FR2, CTR2, FR3, CDR3, FR4. The varable regions of
the heeavy and light chaing contain 2 binding domain that mieracts with an antigen, The
constant regions of the antibodies may mediate the binding of the immunoglobulin to
host tissues or factors, including various cells of the inwnune systemn {(e.g. effector celis)
and the first component {Clg) of the clagsical complement system,

The heavy chams of immunoglobuiing can be divided into three functional
regions: the Fd region, the hinge region, and the Fe regit}-n ( fragﬁ’ient crystallizablic). The
Fd region comprises the VH and CHI domains and, in combination with the light chain,
forms Feb - the antigen-binding fragment. The Fo fragment is responsible for the

-
't

ymmunoglobuiin effector functions, which includes, for example, complement fixation
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and binding fo cognate Fc receptors of effector cells. The hinge region, found in 1gG,
fgA, and IgD mmmupoglobulin classes, acts as a flexible spacer that allows the Fab
portion to move freely in space relative to the Fo region. The hinge domaing are
structurally diverse, varying in both sequence and length among immunoglobulin
classes and subclasses.

According to crystallographic studies, the immunoglobulin hinge region can be
further subdivided strocturally and functionally into three regions: the upper hinge, the

core, and the lower hinge {(Shin et al,, fromumoiogical Reviews 130:87, 1992} The
upper ninge meludes amine acids from the carboxyl end of CEL to the first residue in
the hinge that restricts motion, generally the first cysteine residue that forms an
interchain disulfide bond between the two heavy chains. The length of the upper hinge
region correlates with the gegmental flexibibity of the antibody. The core hin
contains the infer-heavy cham disulfide bridges. The lower hinge region joing the amino
terminal end of, and includes residues in the CHZ domain. The cove hinge region of
human 1gG1 contams the sequence Cys-Pro-Pro-Cys that, when dimerized by disulfide
bond formation, results in a cyvelic octapeptide believed to act as a pivot, thus conferring
flexibility. Conformational changes permitted by the stucture and flexibility of the
mmunoglobulin binge region polypeptide sequence may affect the effector functions of
the Fo portion of the antibody.

The term « Monoclonal Antibody » is used in accordance with jts ordinary
meaning fo denote an  sntibody obtaned from s p@puiatimi of substantially
homogeneous antibodies, e the individual antibodies {‘;{3'{1’}1}1‘@.3ﬁ.{1g the population are
dentical except for possible naturally occurring mutations that may be present in minor
amounts, In ofher words, a monoclonal mtibody consists in a homogencus antibody

resulting from the proliferation of a single clone of cells (e.g., hyvbridoma cels.
vikaryotic host cells fansfected with DNA encoding the bomogenous antibody,
prokaryotic host cefls iransformed with DNA encocﬁng the liomogencus antibody, ste.),
and which is generally characterized by heavy chains of a single class and subclass, and
light chaimns of a single type. Monoclonal anfibodies are highly specific, being divect
against a single antigen. Furthermore, M contrast to pelvelonal anitbodies preparations

that typically melude different antibodies directed against different determinants, or



epitope, each monoclonal antibody is directed against a single deferminant on the
antigen,

in the present description, the terms polypeptides, polyneptide sequences, amino
acid sequences, peptides and proteins aftached to ansibody compounds or to their

sequence are interchangeable.

In one aspect, there is provided a monoclonal antibody, or a functional fragment thereof, capable to inhibit
the c-Met dimerization, said antibody or said functional fragment thereof comprising a
heavy chain comprising CDR-H1, CDDR-H2 and CDR-H3 with respectively the amino
acid sequences SEQ ID Nos. 1, 2 and 3; and a light chain comprising CDR-L1, CDR-L2
and CDR-L3 with respectively the amino acid sequences SEQ ID Nos. 5, 6 and 7,
wherein said antibody consists of a chimeric, human or humanized antibody and in that
said antibody or said functional fragment thereof also comprises 2 hinge region

comprising the amino acid sequence SEQ ID No. 21.

In another aspect, there is provided an isolated nucleic acid, wherein it is
chosen from the following nucleic acids:

a) a nucleic acid, DNA or RNA, coding for an antibody, or a functional fragment
thereof, ag defined above;

b) the complementary nucleic acids of the nucleic acids as defined in b).

In another aspect, there is provided an isolated nucleic acid, wherein it is chosen from a macleic

acid, DNA or RNA, coding for an antibody, or a functional fragment thereof, as defined above
and wherein said nucleic sequence coding for the hinge region of said antibody

comprises or has a sequence selected from the group consisting of the sequences SEQ
ID Nos. 29 or 30.

In another aspect, there 1s provided a vector comprising a nucleic acid as defined

above,

In another aspect, there is provided an isolated host cell comprising a vector as

defined above.
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In another aspect, there 1s provided a transgenic animal with the exception of man

comprising at least one cell transformed by a vector as defined above.

In another aspect, there is provided & process for production of an antibody, or a
functional fragment thereof, as defined above, wherein said process comprises the following

stages:

aj culture in a medium and appropriate culture conditions of a cell as defined above;
and

b’) the recovery of said antibody, or functional fragment thereof, thus produced
starting from the culture medium or said culture cells.

In another aspect, there is provided the antibody, or a functional fragment thereof, as

defined above as a medicament.

In another aspect, there is provided a composition comprising by way of active
principle a compound consisting of an antibody, or a functional fragment thereof, as defined
above.

In another aspect, there is provided the use of an antibody, or a functional fragment
thereof, as defined above or of a composition as defined above for the preparation of a
medicament intended to inhibit the growth and/or the proliferation of tumor cells.

In another aspect, there s provided the use of an antibody, or a functional fragment
thereof, as defined above or of a composition as defined above, for the preparation of a
medicament intended for the prevention or for the treatiment of cancer.

In another aspect, there is provided a method of in vitro diagnosis of illnesses induced
by an overexpression or an underexpression of the ¢c-Met receptor starting from a biclogical
sample in which the abnormal presence of c-Met is suspected, wherein said method
comprises a step wherein said biological sample is contacted with an antibody as defined
above and, or a functional fragment thereof.
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The 1tovention relates o a momnocional antibody, or a divalent functional
fragment or derivative thereof, capable to nhibit the c-Met dimerization and comprising
& heavy chain comprising CDR-HI, CDR-H2 and CDR-H3 with respectively the amino
acid sequances SEQ 1D Nos. 1, 2 and 3 or a sequence having at Lf:,as* 80 % identity after
optimum alignment with sequences SEQ ID Nos. 1, 2 and 3; and & light chain
comprising CDR-L1, CDR-L2 and CDR-L3 with respectively the amino acid sequencss
SEQ ID Nos. 5, 6 and 7 or a sequence having at least 80% identity after optimum
alignment with sequences SEQ 1D Nos. 5, € or 7, said antibady bemp further
characterized in that it also comprises a hinge region comprising the ammo acid
sequence SEG ID No. 56.

More particularty, the invention relates to a monoclonal antibody, or & divalent
functional fragment or derivative thereef, as above described characterized in that it also
comprises a hinge region comprising the amino acid seguence SEQ ID Ne. 57,

In other words, the invention relatds to s monoclonal antibody, or a divalent
functional fragment or derivative thereof, capable to inhibif the ¢-Met dimenization and
comprising 2 heavy chain comprising CDR-HI, CDR-H2 and CDR-H3 with
regpectively the amino acid sequences SEQ ID Nos. 1, 2 and 3 or & sequencs having at
least 80% identity after optimum aligimment with sequences SEQ ID Nos. 1, 2 and 3,
and a light chain comprising CDR-L1, CDR-L2 and CDR-L3 with t’especrtiveiy the
amino acid sequences SEQ ID Nos. 5, 6 and 7 or & sequence having af least 80%
identity after optimum alignment with sequences SEQ ID Nos. 5, 6 or 7, said antibady
being further characterized m that if also comprises a hinge reglon comprising the
amino acid sequence SEQ 1D No, 57.

More particularly, the invention relates to & monoclonal antthody, or a divalent
functional ﬁ*wmem or derivative thereot, as above described characterized in that it also

comprises a hinge region comprising the amino acid sequence SEQ ID Mo, 21,
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v other ?«szﬁ;z the invention also relates to a monoclonal antibody, or a divalent
functional fragment or derivative thereof, capable to inhibit the ¢-Met dimerization and
comprising @ heavy cham comprising CDR-H), CDR-H2 and CDR-H3 with
respec{ive}v the amino &cid sequences SEQ 1D Mos. 1, 2 and 3 or a sequence having at
least 80% identity after optumum alignment with sequences SEQ 1D Nos. 1, 2 and 3;
and & light chain comprising COR-L1, CDR-L2 and CDR-L3 with respectively the
amino acid sequences SEQ ID Nos. 5, 6 and 7 or & sequence havipg at least 80%
identity after optirnum alignment with sequences SEQ 1D Nos, 5, 6 or 7, said antibody
being further characterized in that it also comprises a hinge region comprising the
amine acid sequence SEQ ID No. 21,

As 3t will be apparent for the man skilled 1n the art, the consensus sequences

SEQ [ Nos, 57 and 21 are comprised in the consensus sequence SEQ 1D No. 56.

Table 1

¥
. .
HO1 b H0Z JHOB A4 | BOB VHCE [ BOT L 08 5 09 | OH10 | o #12 1 #1301 #i4
SEQID
NO 5B X1 | ®2 [ X3 | ¢ (K5 [ ®6 | X7 |8 | %0 | ¢ |1 w2 ¢ | x4
SEQID :
INGY BT i %2 M3 c AT O I A I ¥ pdc) o) b by o b4
SEQHD
N p-al #2003 C #5 - o i ke C 11 | xiz ¢ Eid
For 8EQ 1D No. 56:
i B, B, C, ~ Kh: D, T, G, - HBr H, WV, K, - Xiz: P, -
b c, ®, - X6 K, o, - ¥e: 7, o, E, P, - ¥id: B, T
His c, o, - w7 0P, O, - Hivt: B, O

Py

The expression “functional fragrnents and derivatives™ will be defined in details
later in the present specification.

By CDR regions or CDR(s}, it is intercled to indicate the hypervarisble reglons
of the heavy and light chains of the mamumoglobuling as defined by IMGT.

The IMGT wigue numbering has been defined to compare the variable domains
whatever the antigen receptor, the chain type, or the species |[Lefranc M-P.,
bmmunology Today 18, 509 (1997} Lefranc M.-P., The hmmunologist, 7, 132-136
{1999}, Lefranc, M.-P., Pommié, €., Ruiz, M., Giudicelli, V., Foulguier, E., Truong, L.,

Thouvenin-Contet, V. and Lefrane, Dev, Comp, Tmmunol, 27, 55-77 (2003, In the
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TMGT unique mumbering, the conserved amino acids always have the same position, for
mstance cysieime 23 (1st-CYSY, fypiophan 41 (CONSERVED-TRF), bydrophobic
amine acid &9, cysteine 1404 2nd-CY 8

8), phenyialanine or tryptophan 118 (J-PHE or -
TRP:

Fhe IMGT uwnique numbenng provides a stendardized delimmitaiion of the

framework regions {FR1I-IMGT: positions 1 to 26, FRZ-IMGT: 38 1o 35, FRA-IMGT:

66 to 104 and FRA-IMGT: 118 10 128) and of the complementanty determining regions:

CORI-IMGT: 27 to 38, CORZ-IMGT: 56 to 65 and CDR3-IMGT: 105 t0 117, As gaps
represent unoccupied positions, the COR-IMGT lengths (shown between Drackets and
soparated LY d{:ﬁ's, e.g. [8.8.137) become crucial information. The IMGT unique
nimbering 15 wsed in 2D graphical representations, designated as BMGT Colliers de
Perles [Ruiz, M. and Lefranc, M.-P., Immunogenetics, 53, 857-883 (2002); Kuaas, Q
and Lefrane, 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
MEC gtrictoral data. Nucl, Acids. Res., 32, 1D208-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 mejority of the aming acid
residucs responsible for the binding by affinity of the antibody for the antigen or the

epttope which it recognizes.

By “percemtage of identity” between two nucleic acid or amino acid sequences

-

i the sense of ihe present inveniion, # 18 intended to indicate a percentage of

nucicotides or of identical wming acid vesidues between the fwo segquences to be
compared, obtained zfier the best alignment {optimum alignment), this percentage being

purely statistical and the differences between the two sequences ben

ng disirbuted
randomly and over their entire Jength. The comparisons of sequences between two

nucleie acid or amino acid sequences are traditionally carned out by comparing these

saquences afier having aligned them 1n an optimum manner, sad comparison beng able

to be cartied out by segment or by “comparison window”. The optimum alignment of
the sequences for the eans
of the local homology aigorithm of Smith and Waterman (1981) [Ad. App. Math

24827, by means of the
WMol Biol 48

comparison can be carried oul; in addition to manually, by 7

local homology algorithm of Neddleman and Wunsch (1970) L

1437, by mesans of the similarity search method of Pearson and Lipman
1, o¥ P
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(1988) [Proc. Natl. Acad. Sci. USA ¥5:2444), by means of computer software using

these algorithms (GAP, BESTFIT, FASTA and TFASTA in the Wisconsin Genefics

Software Package, Genetics Computer Group, 5735 Science Dr., Madison, W1, or else by

BLAST Nor BLAST P comparison software).

The pereentage of identity between two nueleic acid or amino acid sequences is
deterrmined by comparing these two sequences aligned in an oplimnum meanner and in
which the nucleic acid or amino acid ssquence to be compared can comprise additions
or deletions with respect to the veference sequence for an optimuorm alignmment betwee:
these two sequences. The percemtage of identity 1s caloulated by determining the
nurber of identical posttions for which the nucleotide or the amino acid residue is
identical between the two sequences, by dividing this number of identical positions by
the total number of positions in the cormparison window and by multiplying the result
obtained by 100 in order to obtain the percentage of identity betwesn these two
SCQUENCE

For example, it is possible to use the BLAST program, "BLAST 2 sequences”
(Tatusova et al, “Blast 2 sequences - a new too! for comparing protein and nucieotide
sequences”,  FEMS  Microbiol  Lett,  174:247.250)  available on  the site
http:/fwww neblnlmaih.gov/ gorf/bl2 hitml, the parameters used being these given by
defanlt (in particolar for the parameters “open gap pensulty’™ 5, and “extension gap
penalty”™ 2; the matrix chosen being, for example, the matrix "BLOSUM 627 proposed
fry the pmﬂram) the percentage of identity between the two sequences to be compared
bﬂmg calculated directly by the program.

By amino acid sequence having at least 80 %, preferably 85 %, 90 %, 95 % and
98 % demtivy with a reference amino acid sequence, those having, with respect to the
reference sequence, certain modifications, in particular a  deletion, addition ot
substitution of at least one amino acid, a tnuncation or an slongation are preferred. In the
case of 2 substitution of one or more consecufive or nonconsecutive amino acid(s}, the
substitutions are preferred in which the substituted amino acids are replaced by

N

“eguivelent” amino acids. The expression “equivalent wimine acids” 15 aimed here at
mdicating any amino acid capable of being substituted with one of the amino acids of
the base structure without, however, essentially n‘i‘cdi.fying the biological activities of

the corresponding sntibodies and such as will be defined later, especially m the
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examples. These cquivelent amine acids can be deterrmmed etther by relying on their
structural homology with the amino acids which they replace, or on results of
comparative trials of biological activily between the different antibodies capable of
being carmed out.

By way of e:;zimple:, mention 18 made of the possibilities of substitution capable
of being carried out withont resulfing in a profound modification of the biolpgical
activity of the corresponding modified antibody,

As non himitative example, the following table 2 is giving substitution
nossibilifies concetvable with a conservation of the biological activity of the modified

antibody. The reverse substitutions are also, of course, possible n the same conditions.

Table 2
Griginal residue " Substitution(s)
Ala {A) Val, Gly, Pro
Arg (R) iys, His
Ast (M) (in
Asp (D) Glu
Cys (C) Ser
Gln Q) | Asn
Glu (057 Asp
Gy () | Ala_
His (3 Arg
He (T ' Leu
Leu (L) He, Val. Maet
Lys (K) ! Arg
Met (W) ] Leu
Phe {F) Tyr
Pro () Ala
Ser {5) Thr, {vs
Thr (T Ser
Trp (W) Fyr
Tyr (Y) Phe, Trp
Yal (V) Leu, Ala

bt

L5

It must be understood here that the invention docs not relate o the antibodies in
natyral form, that 18 to say they are not in their natuwral environment but that they have
been able to be iselated or obtained by purification from natural sources, or else
abtained by genetic recombimation, or by chemical synthesis, and that they can then

contain nmmatural amino acids as will be desoribed firther on.
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It must alse be understood, as previously mentioned, that the invenfion concerns
more particularly a chimenc and/or 2 humenized divalent amtibody, or any divalent
functional fragment or derivative, with an antagonistic activity, Divalent antibodies of

the prior art are agonisis or partial agonists. The monocional antibody of the invention,

5 including a modified hinge as previously described. ie. including a hinge region
corprising the amino acid sequence SEQ D No., 56, 37 or 21, is novel and presents the
particularity to have a improved antagonistic activity compared to the chimeric or
humamzed antibody 224G 11 without such a ynodified hinge as it will appear from the
following examples.

10 Contrary to the prior art, inventors have obtained an improved antagonistic

activity without modifying the format of the antibody. Actually, in the closest prior art
represented by the antibody 5D5, it has been necessary to develop a monovalent
fragment of the antibody to generate an antagonistic activity. In the present application,
by the use of the hinge of the mvention, it 1s possible for the first time fo obtain a full
15 divaient antibody with increased antagonistic activity, and this contrary o the general
kneowledge.
in & preferred embodiment, the antibody of the invention comprises a hinge
region comaprising an amine acid sequerice sclected from the group consisting of SEQ
1D Nos. 22 to 28 and 58 to 72, or 2 sequence Having at least 80% identity after optimum
20 ali gnmenf with sequences SEQ 1D Nos. 22 to 28 and 58 10 72.
For more clarity, the following tables 3 and 4 regroup the amino acids and

nucleotides sequences of the different preferred hingss of the invention.

Tabls 3

25
e SE
g;ﬁi; , Aning acids §;¥ﬁ| Mucleotides

23 RECCVECPPCP 29 AGGAAGTGCTGTGTCGAGTGOLCCCCCTGCCCA

23 PROCGCKRCICT ag CCCOGOGACTOGTGGOTGUAAGCCTTGCATTIGTACC

24 PRSCOGCKPCICT 3] CCCAACGAGUTGTGGGTGUAAGCCTTGCATTYGTACD

25 PESCGCRPCICE 32 CCAAAGAGCTGOGGOT GUAAGCCTTGTATCTGTCCL

246 PRODCGCKPCPPCP 33 CCACGGGACTGTGGCTGCAAGCCCTGCCCTCCGTGTOO A
27 PRDCGCHTCPPCP 34 CCCAGAGACTGTGGOTGTCACACCTGCCOCTCOTTOTCOT
25 PRECOCHOPPC? : 15 CCCAAAAGCTGUGATTGOCACTGTCCTOCATGTCOCA
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Table 4
SEQ ring scids SE{} : Myclastide
0 No. Arning acigs D ,% Mucieofiies
38 CRESCDETHTCPPRCE 73 TOGCAAGAGUTGUCGACAAGACCCACACCTGTCCCCCCTGCCOT
59 PCESCDKTHTCPRCY T CCCTGCAGCTOGCCACAACACCCACACCTGTCCCOCCTGCCCT
&0 PECCDEKTHTCPRCY 75 CCCAAGTGUTGCOACAAGACCCACACCTETOUCCCUTGCCOT
&l PESCCRTHTCPPCE 76 COTAAGAGCTGTTGCAAGACCCACACCTGTCOCCCCTGCCLT
&2 PESCDHCTHTCPRCP 77 CCCAAGAGCTGUGACTGCACCCACACCTGTCCCCCCTGOCCT
63 PRSCDECHTCPPCE + 0 78 CCCAAGAGUTGUGACAASTCCCACACCTGTCLCCCCIGOOCT
64 PRSCDETHCCPPCE 2 79 CCCAAGAGCTGCCACAAGACCCACTGUTGTCCCOCCTGCOOT
65 RCODETHTCPPCP Sy AAQTGCGACA AGACCUACACCTHICCCCCUTGCCOT
68 PESCDCHTCPPCP &1 CCCAAGAGCTGUGACTOGCCACACCTGTCCCCOCTGOOCT i
&7 PKSCDCTHCPPCD 82 1 COCAAGAGCTGUGACTGCACCCACTCCCCCCCCTGUOCT
58 PCSCKHTCPRCP 83 CCCTGUAGCTGCAAGUACACCTETCCOCCCTGLCCT
69 PRCCTHTCPPCP Bd CCTAGUTQCTGCACCCACACCTE TCLUCCOTGOCCT
N PSCDKHCCPPCP 83 CCCAGCTGUGACAAGCACTCUTGCCCCCCCTGOCCT
e PRECTCPPCP 36 CCCAACGAGCTGCACCTGTCOCCCCTTETOCT
.7 PSCDEOVECPPCP g7 CCCAAGAGCTGUGATAAGTGCGTGGAGTOCCCCCCTIGTCOT

-

According a first approach, the antibody will be defined by s heavy chain
sequence. More particularly, the antibody of the mvention, or one of its functional
fragments or derivatives, is characterized in that it comprises a heavy chain comprising
at feast one CUDR chosen from CDEs comprisimg the amino acid seqnences SEQ 1D
Nos. 1to 3.

The mentioned sequences are the following ones:

SEQ D No. & OYIFTAYT

SEQ 1D No. 2: IKPNNMGLA
SEQ ID No. 3 ARSEITTEFDY

According to a preferred aspect, the antibody of the invention, or one of its
functional :ﬁ'z:‘tgm.@ms or derivatives, con T;m%@% a heavy chain C{}mpnwm at least one,
preferably two, and most preferably three, CDR{s) chosen from CDR-H1, COR-H2 and
CDRAES, whersm:

- COR-HT comprises the amino acid sequence SEQ 1D No. 1,

~ CDXR-H2 comprises the amine acid sequence SEQ 1D No.

1o

- CDRA-HY comprses the amino acid sequence SEQ 1D No. &

LR

1

In a second approach, the antibody Wﬂ_}_ be now defined by its light chain
. o L

sequence. More particularly, according to a second particular aspect of the mvention,
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the antibody, or one of its functional fragments or derivatives, is characterized in that it
comprises a Hght chain comprismg at least one CDR chosen from CORs comprising the
armo acid sequence SEQ 1D Nos. 5o 7.

The mentioned sequences are the following ones:
SEQ ID No. 5 BSVYDSYANSF

SEQ D No. 6 RAS

SEQ D No. 7: OOSKEDPLT

3

According to another prefarred agpect, the antibody of the invention, ot one of
its functional fragrnents or derivatives, comprises a lght chain comprising af ieast one,
preferably two, and most preforably three, COR(s) chosen from CDR-LI, COR-L2 and
CD R-L3, wherein:

- CDR-L1 comprises the amino acid sequence SEQ 1D No. 5,

~ COR-L2 comprises the amino acid sequence SEQ D No, 6,

- COR-L3 comprises the amine acid sequence SEQ 1D No. 7.

The murine bybridoma capable of scoreting moncclonal antibodies according to
the present invention, especially hybridoma of murine origin, was deposited at the
CNCM (Ingtrtut Pesteur, Parls, Franee) on 03/14/2007 under the number CNCM 1-373 1,

in the present application, 1gG1 are preferred fo get effector functions, and most
preferably ADCC and CHC,

The skilled artisan will recognize that effector functions include, for example,
Clg bindmg, complement dependent eytotoxicty (CDC), Fe receptor binding
aptibody-dependent  cell-mediated cytofoxicity {ADCC), phagocyiosiy; and  down
reguiation of cell surface receptors (e.g. B cell receptor; BCR).

The antibodies according to the present fnvenbion, are preferably specific
monoclonal antibodies, espectally of murme, chimeric or humanized origin, which can
be obtained according to the standard methods well known to the person skilled 1o the
art,

In general, for the preparation of monoclonal antibodies or thelr functional
fragrnents or derivatives, especially of murine origin, it is possible to refer to techniques
which are described in particolar in the menval “Antibodies” (Harlow and Lane,

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratery, Cold Spring Harbor
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NY, pp. 726, 1988) or to the technique of preparation from hvbhridomas described b
¢ . 1 prep N
Kohler and Milstein (Nature, 256:495-497, 1975),.
The moenoclonal antibedies according fo the invention can be obtained, for
"-3
cxample, from an animal cell immunized against the o-Met, or one of i#s fragments

containing the epitope spe cfhccﬂiy recognized by said monoclonal antibodies according

according to the usual working methods, by genetic recombination starting with a
nucleic acid sequence containod in the cDNA sequence coding for the o-Met or by
peplide synthesis starting from a sequence of amino acids comprised in the peptide
sequence of the o-Met,

The monoclonal antibodies according fo the mvention can, for example, be
punfied on an atfinity column on which the ¢-Met or one of its fragments containing the
epitope  specifically recognized by sald monoclonal antibodies according to the
mvention has previousty been immobilized. More particularly, said monoclonal
antibodies can be purified by chromatography on protein A and/or G, followed or not
followed by iom-exchange chromatography aimed at eliminating the residual protein
contaminanis as well as the DNA and the LPE, in itself followed or not followed by
exclusion chromatography on Sepharose™ gel in order to eliminate the potential
aggregates due to the presence of dimers or of other multimers. In an even more
preferred mmanner, the thL, of these fechniques can be used simultaneously or
successively.

The antibody of the invention, or & divalent functional fragment or derivasve

thercof, consists preferably of a chimeric antibody.

By chimeric antibody, 1 18 miended to indicate an antibody which containg a
natural variable (light chain and heavy chain) region derived from an antibody of a
given species In combivation with the kght chain and heavy chain constant regions of
an antibody of a species heterologous to said given specios (e.g. mouse, horse, rabbit,
dog, cow, chicken, etc.).

The antibodies or their fragments of chimeric type according to the mvention
can be prepared by using the techniques of genetic recombination. For example, the
chimeric antibody can be produced by clonming a recombmant DINA containing a

promoter and 2 sequence coding for the varieble region of a non-human, especially
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mmurnine, monoclonal antibody according to the tnvention and a sequence coding for the
constant region of human entibody. A chimeric antibody of the invention encoded by
such a recombinant gene will be, for example, 2 mouse~-man chimera, the specificity of
this antitbody being determined by the wvariable region derived from the mumine DNA.
and 1ts 1sotype determined by the constant region derived from the human DNA. For the
methods of preparation of chimeric antibodies, it 1§ possible, for example, to refer {o the
documents Verhoeyn ot al, (Biokssavs, 8:74, 1%&) Morrison et al. (Proc. Natl, Acad.
Sl USA B2:6851-6855, 1984} or US 4,816,567,

More particolarly, said antibody, or a functional fragment or derivative thereof,
comprises a chimeric heavy chain variable domain of sequence comprising the amino
acid sequence SEQ 11 No. 46 or 2 sequence baving at least 80% 1dentity after optimum
alignment with the sequence SEQ D No. 44,

SEQ 1D No. 46: EVOLOGSGPELVRKPGASVIISCETSGYIFTAYTMEWVRQSLGE
SLOWIGGIKPNNGLANYNQEKFKGKATLTVDKSSSTAYMDLRSLTSEDSAVYYC
ARS ﬂl”f“”{ EFDYWGOGTALTVSES

More particularly, said antibody, or a functional fragment or derivative thereof,
comprises & chimeric Hght chamn varable domain of sequence comprising the amino
acid sequence SEQ 1D No. 47 or & sequence having at least 80% identity after optimum
alignment with the sequence SEG 1D No. 47
SEQ 1D No. 47: DIVLTOSPASLAVSLGORATISCRASESVDSY ANSFMEWY QQKP
GOPPELLIVRASNLESGIPARFSGSGERTDFTLTINPVEADDVATY Y CQQSKEDP
LTPGSGTRKLEMER

More partioularty, o preferred antibody, or & divalent functional fragment or
derivative thereof, according to the invention and named [224G111 [1gGZchim],
comprises a heavy chain variable domam comprising the amino acid sequence SEQ ID
No. 46, & light chain variable domatn coroprising the amino acid sequence SEQ 1D
Mo, 47, and & hinge region comprising the amino acid sequence SEQ 1D No. 22.

In the present application, the use of square brackets 15 not necessary and, s en
example, the reference [224G11] [HpGZchim] must be considersd as identical to

224G111gG2chim. In 2 serme way, to indicate that the antibody i 2 murine one, the
iy .
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expression muring or the lefter m can be added; to indicate that the antibody 1§ a
chimenit one, the expression chim or the letter ¢ can be added and ; 1o indicate that the
antibody 18 a humanized one, the expression hum, hz, Hz or the ietter b can be added.
Ag an example, the chimeric antibody 224G 11g(G2 can be referred ag ¢224G 1 11g62,
c224GH {IpG2], cl224G11 HgGa, c[224G 11 {IpG2], 224G 1 11gG2chim,
224G VDG cmm} 12240G 1 BeGlohim or (22401 THIgG2chim],

In anather aspect, a preferred antibody, or a divalent functional fragment or
dertvative thereof, according to the wmvention and named [224G11] [TH7chim],
comprises a heavy chain variable dorain comprising the amino acid sequence SEQ [D
No. 46, & light chain variable domain comprising the amino acid sequence SEQ ID
No. 47, and a hinge region comprising the amino acid sequence SEQ 1D No. 28,

In the present application, the reference THY must be considered as identical o
C746-0 or TH7CTAG-G. The symbol 4 means deletio

In another aspect, a preferred antibody, or a divalent functional fragment or
derivative thereof, according to the iavention and named [224G111 [MHchiml,
comprises a heavy cham vanable domain comprising the aminoe scid seguence SEQ 1D

No. 46, a light cham vanable domain comprising the amino acid sequence SEQ 1D
No. 47, and a hinge region comp;:.i-smg the amino zcid sequence SEQ 1D No. 23,

In another aspect, a preferred antibody, or a divalent functional fragment or
derivative thereof, according to the invention and named [224G11] [MUPSTchim],
comprises a heavy chan varieble domain comprising the amino acid sequence SEQ ID
No. 46, & lght cham variable dorain comprising the emine acid sequence SEQ 1D
Mo, 47, and a hinge region comprising the amino acid sequence SEQ 1D No. 26.

in another aspect, a preferred antibody, or & divalent functional fragment or
denivative thereof, according to the mvention and named [224G11] [MMCHchim],
comnprises & heavy chain vaniable domain comprising the amino acid sequence SEQ 1D
No. 46, a light chain variable domain comprising the amine acid sequence SEQ 1D
No. 47, and a hinge region comprising the amino acid sequence SEQ 1D No. 24,

in another aspect, 2 preferred antibod dy, or a divalent functional fmgmem or
derivative thereof, according to the invention and named [224G11] [C1], comprises 2

heavy chain variable domain comprising the aminoe acid sequence SEQ ID No. 46, 2
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light chain variable domain comprising the amino acid sequence SEQ 1D MNa. 47, and &
binge region comprising the arnino acid ssquence SEQ ID No, 58,

in another aspect, a preferred antibody, or a divalent functional fragment or
derivative thersof, according to the invention and named [224G11] [C2], comprises a
heavy chain variable domain comprising the amino acid sequence SEQ TD No. 46, a
light chain variable domain comprising the amino acid sequence SEC 1D No. 47, and 2
hinge region comprising the amino acid sequence SEQ 1D No. 59,

in

another aspect, 2 preferred antibody, or a divaient functional fragment or
derivative thereof, according to the mvention and named [224G11} {C3), comprises a
heavy chain variable domain comprising the amino acid sequence SEQ ID No. 46, a
light chain variable domaim comprising the amine acid sequence SEQ 1D No. 47, and
hinge region comprising the amino acid sequence SEQ 1D No. 60

In another aspect, a preferred antibody, or a divalent functional fragment or
dertvative thersof, according to the fnvention and named [224G117 [C5], comprises a
neavy chain variable dornain comprising the amino acid sequence SEQ 1D No. 46, a
fight chain vanable domain comprising the amine acid secquence SEQ 1D No. 47, and a
binge region comprising the amino acid seguence SEQ 1D No. 61,

In another aspect, a preferred antibody, or a divalent functional fragment or
dertvative thereof, according to the invertion and named [224G11) [C6], comprises a
heavy chain variable domain compriging the amino acid sequence SEQ ID No. 46, a
light chamn variable domain comprising the amino acid sequence SEQ 1D Mo, 47, and a
hinge region comprising the amino acid sequence SEQ 1 No. 82,

In enother aspect, a preferred antibody, or a divalent functional fragment or
derivabive thereol, according to the invention and named [224G11] [C7], comprises a
heavy chain variable domain cormprising the aming acid sequence SEQ ID No. 46, a
light chain variable domasn comprising the amino acid sequence SEQ 1D No. 47, and &
hinge region conprising the amino acid sequence SEQ 1D No, 63,

In another aspect, a preferred anfibody, or a divalent functional fragment or
derivative thereol, according to the mvention and named [224G11] [CY), cornprises a
heavy chain variable domain comnprising the amino acid sequence SEQ ID No. 46, 2
light chain variable domaia comprising the amino acid sequence SEQ 1D No. 47, and 2

hinge region comprising the amino acid sequence SEQ 1D No. 64.
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in znother aspect, a preferred antibody, or a divalent functional fragment or
derivative thereof, according to the nvention and named [224G11] TA1-3], comprises a
heavy chain variable domain comprising the amino acid sequence SEQ ID No. 46, a
light chain varisble domain comprising the amino acid sequence SEQ 0 Mo, 47, and 2
hinge region comprising the amino acid sequence SEG ID No. é5.

In ancther aspect, & preferred antibedy, or a divalent fupctional fragment or
derivative thereof, according to the invention and named [224G11] [CTAR], comyprises a
heavy chain variable domain comprising the amino acld sequence SEQ D No. 46, a
light chain variable domain comprising the amino acid sequence SEQ ID No. 47, and a
hinge region comprising the amino acid sequence SEQ (D No. 66,

In another aspect, a preferred antibody, or a divaleat functional fragment or
derivative thereof, according to the invention and narmed [224G11] {C6AD], comprises a

heavy chain variable domamn comprising the amine acid sequence SEQ 1D No. 46,

jan)

tght chain variable domain comprising the amino acid sequence SEQ 1D No. 47, and 4

i

hinge region comprising the arino acid sequence SEQ 1D No. 67

In enother aspect, a preferred antibody, or a divalent fumctional fragment or
denvative thereof, according 1o the invention and named [224G11] [C2AS-T], comprises
a heavy chain variable domain comprising the amino acid sequence SEQ 1D No. 46, a
light chain variable domain comprisimg the amino acid sequence SEQ 1D No. 47, and a
hinge region comprising the aming acid sequence SEQ 1D No. 68,

In another aspect, a preferred amtibody, or a divalent functional fragment or
derivative thereot, according to the fnvention and named [224G11] [C5A2-6), comprises
a heavy cham variable domain comprising the amino acid sequence SEQ 1D No. 46, 2
light chain varable domam comprising the amino acid sequence SEQ 1D No. 47, and a
nge region comprising the amino acid sequence SEQ 1D No. 69,

in another aspect, a preferred antibody, or a divalent Amctional fragment or
derivative thereof, according to the invention and named [224G 11T [COA2-7Y, cornprises
a heavy chain variable domain comprising the amino acid sequence SEG 1D No. 46, &
light chain vagiable dorsain comprising the aminoe acid sequence SEQ ID No. 47, and a
hinge region comprising the amino acid sequence SEQ 1D No. 70,

i another aspect, a preferred antibody, or & divalent functional fragment or

derivative thereof, according to the invention and named [224G11) [A5-6-7-8],
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comprises 2 heavy cham variable domain comprising the amino acid sequence SEQ D
No. 46, a light chain variable domain comprising the arnino acid sequence SEQ 1D
No. 47, and a hinge region comprising the amino acid sequence SEQ 1D No. 71,

in another aspect, a preferred antibody, or a divalent functienal fragment or
derivative thereof, according to the mvention and named [224G11T [1gGLlApG2lL
comprises & heavy chain variable domain comprising the amino acid sequence SEQ ID
No. 46, a hght cham variable domain comprising the amuino acid sequence SEQ 1D
No, 47, and & hinge region compriging the amino acid sequence SEQ ID No. 72,

The antibody of the invention, or a divalent functional fragment or derivagve
thereof, congists preferably of a human antibody.

The term “Tuman antibodv” mmcludes all antibodies thet have one or more
variable and constant region dertved from human mmowunogiobulin sequences. In a
preferred embodiment, all of the variable and constant domains {or regions} are derived
from human immunoglobulin sequence (fully human antibody). In other words, it
inciudes any antibody which have variable and constant regions (1f present) derived
from human germbine Immunoglobulin sequences, Le. which possesses an amine acid
sequence which corresponds to that of an antihody produced by a human and/or has
been made using any fechniques for making human antibodies known by the man skill
in the arl.

In one embodiment, the homan monoclonal antibodies are produced by 2
hybridoma which ncludes & B cell obtamed from & franggenic non-human animal, e.g.,
4 rENseenic mouse, having a genoms comprising a human heavy chain fransgene and a
light chain ‘cransgn{ena fused to an mmortalized cell.

As  example for such frapsgenic mouse, i can be mentioned the
WENOMOUSE™ which is an engineered mouse siain that comprises large fragments
of the human immunoglobulin loci and is deficient in wouse autibody production
{Green at al, 1994, Nature Genetics, 7:13-21). The KENOMOUSE™ producss an
adult-like hwman repertoire of fully humean antibodies, and generate antigen-gpacific
human monoclonal aptibodies. A second geperation XENOMOUSE™  conuins
approximately 80% of the hwman antibody reperioire (Green & Jakobovits, 1998, I

Exn. Med., 188:483-495},
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Any other technique known by the man skill in the art, such as phage display
techmgue, can also be used for the generation of buman antibody according to the
mvention.

The antibody of the mvention, or a divalent functional fragment or derivative
thereot, consists preferably of a humanized antibody.

By the expression “humanized antthody”, #t 15 ntended 1o indicate an antibady
which confaing CDR regions derived from an antibody of nonhuman origin, the other
parts of the antibody molecule being derived from one (or from several) human
antibodies. Moreover, some of the residues of the segments of the skeleton (called FR)

can be modified in order to conserve the affinity of the binding (Jones of al., Nature,

(%)

121:522-525, 1986; Verhosyen et al, Science, 239:1534-1536, 1988; Riechmann st al,,
Nature, 332:323-327, 168K},

The humamzed antibodies according 1o the imvention or theilr fragments can be
prepared by technigues known to the person skilled in the art (such as, for example,
those deseribed in the documents Singer et al, J Imumum. [30:2844-2857, 1992;
Mountain et al., Biotechnol. Genet. Eng. Rev., 100 1-142, 1992; or Bebbington et al.,
Bio/Technelogy, 10:169-175, 1992). '

Other humamzation method are known by the men sigll in the art as, for

example, the "CDR Grafiing” method described by Protein Degign Lab (PDL) in the

patent applications EP 0 451261, BEP O 682 040, EP 0 9127, EP 0 566 647 or US
5,530,101, US 6,180,370, US 5,585,089 md US 5,693,761, The following patent
applications can also be mentioned: US 3,639,641, US 6,054,207, US 3,886,152 and US
5.877.293. |

More particularly, said antibody, or a functional fragment or dervivative thereof,
comprises a hurnanized heavy chain variable domain of sequence comprising the ammno
acid sequence SEQ 1D No. 4 or 4 sequence having at least 80% identity after optium
alignment with the sequence SE 1D Wo, 4.

SEQ D No. 4 GVOLVOEGAEVEEPOGABVEVECEASGYIFTAY TMHWVROAPG
QGLEWMGWIKPNNGLANY AQKFQGRVTMTRDTRISTAYMELSRLRSDDTAVY
YVCARSEITTEFDYWGQGTLVTVSES

More particularty, said antibody, or a functional fragroent or derivative thereof,

comprises a humanized bght chain varable domaim selected from the grouwp of
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sequences comprising the amino acid sequence SEQ ID No. 8, 9 or 10 or a sequence

having at least 80% identity after optimum alignment with the sequence SEQ ID No. 8,

9 or 10

SEQ 1D Mo, 8 DIVLTOSPDSLAVSLGERATINCKSSESVDEY ANSFMEWYQOKP

GOPPRLLIYRASTRESGVPDRFSGSGSRTDFTLTISSLOAEDVAVYYCQQSKEDP

LTEGGOTRVEIKR

SEGID N, & DIYMTOSPDRLAVSLGERATINCESSESVDEY ANSFMHWY QOKP

GOPPRLLIYRASTRESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQOQSKEDP
LTPGGGTRVEIKR

SEGID No, 16: DIVMTOSPDSLAVSLGERATINCKSSESVDSY ANSFLHWY GOKP

GOPPELLIYRASTRESGYPDRESGEGSGTDFTLTISSLOAEDVAVYYCQOSKED?

LTRGGGTEVEIER

More parteularly, a2 preferred antibedy, or a divalent functional fragment or
derivative thereof, according to the inventiton and named [Z24GH1] [TeGZHzll,
cornprises @ heavy chain variable domain comprising the amino acid sequence QIEQ i
Mo. 4, & light chain variable domain comprising the amino acid sequence SEQ D
and a hinge region comprising the amino acid sequence SEQ 1D Mo, 22,

In ancther aspect, a preferred antibody, or a divalewt functional fagmient or
dervative thereof, according to the invention and named [224G117 {1eG2HzZY,
comprises & heavy cham variable domain comprisimg the amino actd sequence SBEQ 1D
No. 4, & light chain varizble domain comprising the smino acid sequense SEQ D No. 9,
and & hinge region comprising the amine acid sequence SEQ 1D Mo, 22.

In another aspect, a preferred antibody, or a divalent functional fragment or
dertvative thereof, according fo the invention and unamed [224G1 11 [lgG2Hz3],
coraprises & heavy chein variable domam comprising the amino acid sequence SEQ ID
No. 4, g light chain variable domain comprising the amino acid sequence SEQ D
No. 10, and & hnge region compnsing the aming acid sequence SEQ 1D No 2

In snother aspect, a preferred antibody, or a divalent functional fregment or
dervative thereof, according to the imvention and named [224G117 [THT7HzI],

comprises a heavy chain variable domain COMPTising the amino actd sequence SEG 1D
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No. 4, a light chain variable domain comnprising the amino acid sequence SEQ 1D No. 8,
and a hinge region corprising the aminoe acid sequence SEQ 1D No. 28,

In another aspect, a preferred antibody, or a divalent functionsl fragment or
derivative thercof, according to the invention and named {224G117 [TH722], comprises
2 heavy chain variable dormain comprising the amino acid sequence SEQ 1D No. 4, 2
light chain variable domain comprising the amino acid ssquence SEQ 1D No. 9, and a
hinge region comprising the amino acid sequence SEQ 1D Ne. 28.

In another aspect, a preferred antibody, or a divalent functional fragment or
derivative thereof, according to the mvention and named [224G11} [TH7Hz3],
comprises a heavy chain varigble domain comprising the amino acid sequence SEQ ID
No. 4, a light chain variable domain conprising the amino acid sequence SEQ ID
No. 10, and & hinge region comprising the amino acid sequence SEQ 1D No, 28,

In another aspect, antibodies of the inventfion can be described by their total
heavy and light chaing, respectively.

As example, the antibody [224G11] [TeG2chim] of the invention comprises a
complete heavy chain comprising the amino acid sequence SEQ 1D No. 50, or a
sequence having at least 80% identity after optimum alignment with the sequence SEQ
1D Mo. 50, and & complete light chamn cempri:‘;ing the amino acid sequence SEQ ID
No. 52, or a sequence having at least 80% identity afier optimum alignment with the
sequence SEQ ID No, 52,

As anotber example, the antibody [224G11] [Tq/dnm of the invention
comprises & complete heavy chamn compnsing the amino acid sequence SEQ 1D Mo, 51,
or a sequence having at least 80% wdentity after opinmum alignment with the sequence
SEQ 15 No. 51, and & complete light chain comprising the amino acid sequence SEQ
1D Mo, 57, or & sequence having at least 80 % *dcnm v atler optionum alignmment with the
sequence SEQ ID No. 52.

As another example, the antibody [224G11] [C1] of the invention COMIPTISEs &
complete heavy chain comprisin_g the armno acid sequence SEQ 1D Noo 8% o
sequence having at leagt 80 % identity afier optimum alignment with the sequence SEQ
i No. 88, and a complete light cham comprising the amino acid sequence SEQ 1D No.
52, of 4 sequence having at least 80 Y% identity after optimum alignment with the

sequence SEQ 1D No. 52,
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As another example, the antibody [224G 113 [C2] of the fvention comprises a
complete heavy chain comprising the amino acid sequence SEQ 1D No. 89, or 2
sequence having af least 80% identity after optirum alignment with the sequence SHED
113 Ne. 89, and a complete light chain comprising the amins acid sequence SEQ ID No.
52, or & sequence having at least 80% identity after optimum alignment with the
sequence BEQ 1D No. 52,

Ag another example, the antibody [2240G11] fC3] of the invention comprises 4

complete heavy cham comprising the amine acid seguence SEO 1D Na. 90, or a

sequence having at least 80% sdentity after optimum alignment with the sequence SEQ
ID No. 80, and a conplete tight chain comprising the dmino acid sequence SE(Q 1D No.
52, or a sequence having at least 80 % identity after optimum elignment with the
sequence SEQ 1D MNo. 52

Ag another example, the antibody [224G11] [C5] of the fnvention comprises a
complete heavy chain comprising the amine acid sequence SE(Q) D No. 9 I, ora
sequence having at least B0% identity afier optirnum alipnment with the sequence SEQ

I No. 91, and a complete Hght chain comprising the amine acid sequence SEQ 1D Mo

L
>

, O & sequence E:xavi.ng at least 80% identity afte e optimum alignment with the
equence SEQ ID No. 3

As another example, the antibody [224G11} [C6] of the foventios comprises a
complete heavy chain comprising the amine acid sequence SEQ ID No. 92, or a
sequence having at least 80% idaxn‘t'i'i;y alter optirnum alignment with the sequence SEQ
1> No. 92, and a complete light chain comprising the amino acid sequence SE(Q 1D No.
52, or a sequence baving at least 80 % ideotity after optimurn alignment with the

sequence SEQ 1D Ne, 50

As another example, the antibody [224G11] [C7] of the invention comprises a
complete heavy chain compnsing the amino acil sequence SEQ ID No. 93, or 2

sequence having at least 80 % identity after optimum alignment with the sequence SEQ
1D o, 93, and a complete light chain comprising the armino acid sequence 8EQ 1D No
52, or a sequence having at least 83% identsty after optimum aligmment with the
sequence SEQ 1D No. 5.

As another example, the antibody {224G11] [C9] of the invention comprises a

cormplete heavy chain comprising the aming acid sequence SEQ I No. 94, or a
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sequence having af leasi 80% identity after optimum alignment with the sequence SEQ
1D No. 54, and a comnplete light chain comprising the amnino acid sequence SEQ 1D No.
52, or a sequence having at least B0 % identity afier oplimum alignment with the
sequence SEQ 1D No. 52

As ancther example, the antibody [224G11] [AI-3] of the invention comprises a
complete heavy chain comprising fhe aming acid sequence SEQ 1D No. 95, or 2
sequence having ol least 80 % dentity after optimum alignment with the sequence SEQ
1D No, 95, and a complete light chain comprising (he amino acid sequence SEQ D No.
52, or a sequence having et least 80% identity afier optimum aligarnent with the
sequence SEOQ D No. 32,

As another example, the antibody {224G 117 [CT46] of the invention comprises a
conmplete heavy cham comprising the amino scid sequence SEQ ID Ne. 96, or a
sequence having at least 80 % identity after optimum alipument with the sequence SEQ
I MNo. 96, and & complete light chain comprising the amino acid sequence SEQ 1D No.
52, or a sequence having at least ¥0% identity after optimum alignment with the
sequence SEQ D No. 52,

As another example, the antibody [224G1 1] i{\%{k@, of the invention comprises &
complete heavy chain comprising the amino acid sequence SEQ 1D No. 97, or a
sequence having at least 80 % identity afier optinum alignment with the sequence SEQ
D No. 97, and & corpplete light chain comprising the arming scid sequence SEQ 1D No.

52, or a sequence having &t least 80 % identity after ootimur alignment with the
ng - -

As another example, the antibody [224G1H1T [C2AS-7] of the invention
comprises a complete heavy chain comprising the amivo acid sequence SEQ 1D Ne. 98,
or a sequence having at Jeast 80 % ideptity after optimum aligoment with the sequence
o

SEQ 1D No.v98, and a complete light chain comprising the amino acid sequence SEG

i Mo, 51, or a sequence having at least 80 % identity afler optimum alignment with the

se equence SEQ 1D No. 52,

Ag emother exarnple, the antibody [224G11) [C5A2-6]1 of the inveniion
comprises a compiete heavy ohain comprising the amino acid sequence SEQ 1D No. 99,
or & sequence having at least 80 % identity afier optimum alignment with the seguence

S2Q T No. 99, and a complate light chain comprising the amino acid sequence SEQ
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1D No. 52, or a sequence having at feast 80 % identity afier optinmum alignment with the
seguence SEQ ID No, 52.

As another example, the anttbody [224G11) [C9A2-7] of the invention
cornprises a complete heavy chain comprising the amino acid sequence SE(Q [D Mo
100, or a sequence having at least 80 % id.en.t'i"ty after optimum abignment with the
sequence SEQ 1D No. 100, and a complete light chain comprising the amino acid
sequence SEQ D No, 52, or 2 sequence having at least 80% identity after optirmim
alignment with the sequence SEQ 113 No, 52,

As another example, the antibady [224G117] [A5-6-7-8] of the imvention
comprises a compiete heavy chain comprising the armno acid sequence SEQ 1D No.
101, or a sequence having at least 80% identity after optimum abgnment with the
seguence SHG ID No. 101, and a complete Hpht cham comprising the amino scid
sequence SEQ 1D No. 32, or a sequence having at least 80% identity after optimum
alignment with the sequence SEQ 1D Ne. 52

As another example, the antibody [224G11] [TgGiAgG2] of the invention
comprises a complete heavy chain comprising the amino zcid sequence SEQ 1D
No. 102, or a sequence having at least 80% identity after optimum afignment with the
sequence SHQ ID No. 102, and a complete light chain comnprising the amino acid
sequence SEQ ID No. 52, or a sequence having at least 80% identity afier optimum
al‘igmn_en:t with the sequence SECQ 1D No. 52.

As another example, the antibody [224G11] [1eG2H21] of the invention

comprises a complete heavy chain cotprising the aming acid sequence SEQ ID No. 36

b
or a sequence having at least 80 % identity after optimum alignment with the sequence
SEG 1D Ne. 36 and a complete light chain comprising the amino acid sequence SEQ 1D
Mo, 38, or a sequence having af least 80% identity after optimum alignment with the
seguencs 5EQ 1D No. 38

As another example, the antibody [224G11T [1gG2Hz2] of the invention
i L R

comprises a complete heavy cham comprising the amino acid sequence SEQ 1D No. 36,
o1 & sequence having af least 80% identity after optimum alignment with the sequence

SEQ D No. 36 and 2 complete light chain comprising the amino acid sequence SEQ 1D
No. 39, or a sequence having at least 80% ideniity after optimum alignment with the

sequence SEQ 1D No. 39
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As another example, the antibody [224G1 1} [gG2HZ3T] of the invention
comprises a complete heavy cham comprising the amino acid sequence SEQ 1D No. 36,
or & sequence paving at least 50 % dentity atter optimum alignment with the sequence

SEQ 1D No, 36 and a complete Hight chain comprising the amine acid sequence SEQ 1D
Mo, 40, or a sequence having at least 80 % identity after optimum aligrment with the
sequence SEQ D INo. 44,

Ag ancther example, the antibody [224GI11] [TH7HzI] of the invention
comprises a complete heavy chain comprising the amine acid sequence SEQ 1D No. 37,
or & sequence baving at least 80 % identity after optimum alignment with the seguence
SEQ ID No. 37 and a a complete light chain comprising the amine acid sequence SEQ 1D
No. 38, or.a sequence having at Jeast 80 % identity after optimum alignment with the
sequence SEQ I No. 38,

As another example, {the antibody [224G117 [TH7HZZ1 of the mvention
comprises a complete h_-f:a".fy chain comprising the amino acid sequence SEG 1D b
or a sequence having at least 80 % identity after optimum aligmment with the sequence
SEQ 1D MNo. 37 and & compiete hight cham comprising the amine acld sequence SEQ ID
No. 39, or a sequence having at least 809 identity after optimum alignment with the
5f‘qumcc SEG D Ne. 39,

As another example, the antibody [224GT11] [TH7HzZ3] of the invention
comprises 4 complete heavy chain comprising the amino acid sequence S1EQ 11 Mo, 37,
or & sequence having at least 80% identity afier optimum alignment with the sequence
SEGQ 1D Mo, 37 and a complete light chain comprising the amino acid sequence SEQ ID

No. 40, or & sequence having at least 80 % identity after optimum alignment with the
sequence SEQ D Ne, 40,

Other exarnples of antibodies, or dertvatives thereof, according to the invention
comprises complete heavy chains comprising sn amino acid sequence selected in the
group consisting of SEQ 1D Mos. 88 to 102 (comesponding nucleotide sequences ars
SEQID MNos, 10310 117).

By “functional fragment” of an antibody according to the invention, I is
miended to indicate in particﬁ.iar an anfibody fragment, such as Fv. scFv (sc for single
chain}, Fab, F(ab’),, Fab’, scFv-Fe fragments or cﬁ.é.bodif}&, or any fragment of which

the half-life time would have been increased by chemical modification, such as the
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addmion of poly(alkylene} glycol such as poly(ethylene) glycol ("PEGylation”)
(pegylated fragments called Fv-PEG, scEv-PEG, Fab-PEG, Flab )-PEG or Fab'-PEG)
(“PEG” for Poly(Ethylene) Glycol), or by incorporation in a liposome, said fragments
having at least one of the characteristic CDRs of sequence SEQ ID Nog, 1o 3 and 5 to
7 according to the mvention, and, especially, in that if is capabie of exerting 1n & general
manmer an oven partial activity of the annbody from which it 18 descended, such as in
particular the capacity to recognize and to bind {o the o-Met, and, if necessary, to mbibit
the activity of the c-Met,

Preferably, said functional fragments will be constituted or will comprise a
partial sequence of the heavy or light varisble chain of the antibody from which they are
dertved, said partial geguence baimg sufficien! to retain the same specificity of binding

5 the antibody from which it 1s descended and & sufficient affinily, preferably at lkea
sal to 17100, m a more preferred manner to af feast 1/10, of that of the antibody fom
which it i descended, with respect to the c-Met. Such a functional fragment will
contain at the mumimum 5 amine acids, preferably 6, 7, 8,9, 10, 12, 15, 25, 50 and 100
congecutive ammne am s of the sequence of the amtibody from which it is descended.

Preferably, these functiopal fragments will be fragreents {h Fv, scEv, Fah,

Flab),, F(ab”), scFv-Fe type or diabodies, which generally have the same specificity of

binding as fhe sntibody from which they are descended. 18 4 Tmove prefered
embodiment of the invention, these fragments are selected among divalent fragments
such as F(ab’ ), fragments. According to the present invention, antibody fagments of the
invention can be obtained starting from antibodies such as described above by methods
such as digestion by enzymes, such as pepsin or pepain and/or by cleavage of the
disulfide bridges by chemical reduction. In another manner, the afﬂﬁodv fragmesis
comprised in the present Invention can be obiained by eohmquefs of genetic
recombination likewise well loown to the person skilled in the art or else by peptide
gymthesis by means of, for example, auviomatic peptide synthesizers such as those
supplied by the company Applied Biocsystems, ste.

By “divalent fragment”, # must be undersiood any antibody fragments
comprising two arms and, more particularly, Flab ) fragments,

By “derivatives” of ar antibody according o the invention, 1t is meant a binding

profein comprising a pratvﬁm scaffold and at least on of the CDRs selected from the
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eriginal antibody in order to maintan the binding capacity, Such compounds are well
known by the man skilled in the art and will be described in more details i the
following specification.

More particularly, the antibody, or one of its fimetional fragments or derivatives,
according to the invention is characterized in that suld derivative congists in o bméing
profem comprising a scaffold on which at least one CDR has been grafted for
conservation of {the origimal antibody paratopic recopnizing properties.

dne or several sequences through the & CDER sequences deseribed in the
invention can be presenied on a protein scaffold In this case, the protein scaffold
reproduces the protein backbone with appropniate folding of the grafted CDR(s), thus
allowing it {or them) to maintain their anfigen parstopic recognizing propertiss,

The man skilled in the ari knows how fo selest the protein scaffold on which at
least one CDR selected from the original amtibody could be grafted. More particularly, it
is known that, to be selected, such scaffold should display several features as follow
{Skerra A, J. Mol Recogn., 13,2000, 167-187).

phvlegenetically good conservation,

- robust architecture with z well known three-dimensional molecular

ot anization {such. as, for example, crystallography or WMR),

- small gize,

T

no or only low degree of post-translational modifications,

- easyto produce, express and punify.

Such protem acaffold cen be, but without bmitation, stucture selected from the
group consisting in fibronectin and preferentially the tenth fibronectin type 11 domain
(FNfn1f), lipocaln, anticaln (Skema A, J. Biotechnol, 2001, 74{4}:.257-75}, the
profein Z derivative fom the domain B of ﬁ&ph}flﬂﬁﬂﬁczﬂ protein A, voredoxin A or
any profein with yepeated domatn such as “ankyrin repeat” (Kohi ef al,, PNAS, 2003,
vol 100, NO.L;‘(, 1700-1705),  “armadillo  repeat”,  “leucin-rich  repeat”  or
“etratricopeptide repsat”.

it could also be mentioned scaffold derivative from toxing (such as, for example,
scorpion, insect, plant or moelluse foxing) or protein inhibitors of nenronal mitric oxyde
gynthase (PN}

Ag non limitative exarnple of such hybrid constructions, it can be mentioned the
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mserion of the CDR-HI (heavy chain) of an anti-CD4 antibody, ie the 13BRZ
antibody, into one of the exposed loop of the PIN. The binding properiies of the

obtained binding protein remain similar fo the origimal antibody (Bes et al., BBRC 343,

facy

2006, 334-344). 1t can also be mentioned the grafting of the CDR-H3 {heavy chain) of
an anti-iyzozyme VHE antibody on 2 loop of neccarzinestatine (Nicaise et al., 2004).

As above mentioned, such protein scaffold can comprise from 1 1o 6 CDRIg)
from the original antibody. In a preferred embodiment, but without amy limitation, the
man skilled In the art would select at least 2 CDR from the heavy chain, said heavy
chain being known to be particulerly implicated in the antibody specificity. The
selection of the CDR{s) of mterest will be evident for the man of the art with known
method (BES et al., FEES letters 508, 2001, 67-74).

As an evidence, these examples are not limitative and agy other scafiold known
or described must be included in the present specification.

According fo 2 novel aspect, the present invention relates to an isolaied nuclelc
acid, characterized in that it is chosen from the following nucleic acids:

a} a nucleic acid, DINA or RNA, coding for an antibody, or one of ifs funciional
fragments or derivatives, according to the invention,

b} a nucleic acid sequence comprising the sequences SEQ [D Mo, 11, SEQ D
No. 12, SEQ 113 Ne. 13 and the sequences SBEQ 11 No. 15, SEQ 1D Na. 16 and SEQ ID
No. 17,

¢} a nucleic acid sequence comprising the sequences SEQ ID No. 14 and 8EQ
1D Mo, 18, 19 or 20; .

d) the corresponding RNA mucleic acids of the nucleic acids as defined in b) or
Cll

¢} the complementary moclele acids of the nucleic acids as defined m &), b) and
)y and

f & mucleic acid of at least 18 nucleotides capable of hybridizing under
condifions of high swingency with at least one of the CDRs of sequence SEQ 1D Nos.
itto 13 and 151017,

According 1o sl anather aspect, the present invention relates to an isolated
nucleic écid, characterized in that it s chosen from the following nucleic acidg:

- & nucleic acid, DNA or RNA, coding for an aptibody, or one of its functional
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fragments or derivatives, according to the present invention and wherein the nuclzic
sequence coding for the hinge region of said antibody comprises or has a sequence
selected from the group consisting ofthe sequences SEQ I Nos. 29 to 35 and SEQ ID
Nos. 73 to 87,

By noclelc acid, mucleic or nucleic  acid sequence,  polynucleotide,
oligonucieotide, polynucleotide sequence, nucleotide sequence, terms which will be
eroploved indiferently in the present tnvention, It is intended to indicate a precise

imkage of nucleotides, which are modified or unmodified, allowing a fragment or a

region of a nucleic acid to be defined. containing or nol containing unnatral
nucieotides, and being able to correspond just as well to & double-stranded DINA a
single~stranded IDNA as to the transeription preducts of said DNAg,

It st also be understood here that the present fnvention does not concern the

mixcleotide sequences in their natural chromosomal environment, that is to say in the.

ey

natural state. 1t concerns sequences which have been isolated and/or purified, that i fo
say that they have been selected dwectly or indirectly, for example by copy, their
epvironment having been at least partially modified. It is thus hkewise infonded to
indicate here the isolated nucleie acids obtained by genetic recombination by means, for
sxarnnle. of host celis or obtained by chemical svnthesia
exarnple, of host cells or obtained by chemicsl synthesis.

A hybridization under conditions of high stingency signifies that the

ermperature conditions and iomic strength conditions are chosen i sach & way that they

allow the maintenance of the hybridization beiween two fragments of complementary
DMNA. By way of illustration, conditions of high stringency of the hybridization step for
the purposes of defining the polynucieotide fragments described above are
advantageously the following.

The DNA-DNA or DNA-RNA hybridization is carried out in two steps ( 1
prehybridization at 42°C for 3 hours in phosphate bulfer (20 mM, pH 7.5) containing 3

fud

ey

x 53C (1 x S5C corresponds to a 0.15 M NaCl + 0.015 M sodivm citrate solution),
50 % of formamide, 7 % of sodium dodecy] sulfate (SD8), 10 x Denhardt’s, 5 % of
exiran sulfate and 1 % of salmon sperms DNA, (2) actual hybridization for 20 hows at
a temperature dependent on the size of the probe (e 42°C, for a probe size > 100
nuclectides) followed by 2 washes of 20 mimutes at 20°C in 2 x SSC + 2% of SDS, |

wash of 20 mmanutes at 20°C in 0.1 x S8C + (.1 % of SDS. The last wash is carmed owt
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0.1 x 88C + 0.1 % of SIS for 30 minutes at 60°C for a probe size > 100 nucleotides
The hybridization conditions of high stringency described above for a po%,ﬁuc}_soﬁda of
defmed sﬁze can be adapted by the person skalled in the art for oligonucleotides of
greater or smaller size, according to the feaching of Sambrook et al. (1989, Molecular
cloning: a laboratory manual. Znd Ed. Cold Spring Harbor).

The-myention bkewise relates 1o a vector comprising a nuclelc acid according o
the present invention.

The mvention wims cspecially at cloning andfor exnression vectors which
contain 2 nuclestide sequence according o the invention.

The vectors according to the invention preferably contain elements which allow

the expression and/or the secretion of the translated nucieotide sequences i a

deternmned hest cell The vector must therefore contain a promoter, signals of mitiation

and termination of franslation, as .well a8 appropriate regions of regulation of
transeription. It must be able to be maintained in 2 stable manner in the host cell and can
optionally have parficular signals which specify the secretion of the transiated protem.

These different elements are chosen and optimiized by the person skilled 1n the art as a
function of the host cell used To this effect, the nucleotide sequences according to the
imvention can be mssrt@d mte aptonomons replication vectors in the chosen host, or be
mmtegrative vectors of the chosen host.

Such vectors are pr r'wmd by methods currently used by the person skitled m the
m‘t; and the resulting clones can be mtroduced nto an appropriate host by standard
methods, such as lipofection, slectroporation, thermal sheck, or chemmzeal methods.

. The vectors according to ihe invention are, for example, vectors of plasmaidic or
viral origin, They are useful for wansforming host cells m order to clone or & express
the mucleotide sequences according to the mvention.

The mvention lkewise comprises the host cells transformed by or comprising &
vector according to the invention.

The host cell can be chosen from prokaryotic or eukaryotic systems, for example
bacterial cells but iffewme yeast cells or aimmal cells, tn particular mammalian cells. it
15 Hkewise possible to use insect cells or plant cells.

The invention likewise concerns ammals, excent man, which comprise ai least

one cell transformed according o the invention,
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According to another aspect, a subject of the imvention 1s a process for
production of zn antibody, or one of its functional fragments according to the invention.
characterized in {hat it comprises the following stages:
a2} culture in a medium and appropriate culture conditions of a host cell
according to the invention; and 7

by the recovery of said anttbodies, or one of thetr fimctional fragments, thus
produced starting from the culture medivm or said cultured celis.

The cells frapsformed according to the invention can be used in processss for
p‘f-apérz-zi:ioﬁ of recombinant polypeptides according to the invenfion. The provesses for
preparation of a polypeptide asccording 1o the invention in recombinant forme,
characterized 1n that they employ & vector and/or a cell {ransformed by a vector
according o the mvention, are themselves comprised in the present inveniion
Preferably, a cell transformed by a vector according 1o the mvention is cultured mnder
onditions which allow the expression of said polypeptide and said recombinant peptide
is recovered.

Ag has been said, the host cell can be chosen from prokaryotic or evkarvotic
systems. In particular, it is possibie to identify nucleotide sequences according © the

ivention, facilitating secretion in such a prokaryotic or enkarvotic system. A vector

o

according fo the invention carrying such a sequence can _\%:hemfem‘ advantageously be
used for the production of recombinant proteins, intended to be secreted. In effect, the
purification of these recorabmant proteing of mterest will be facilitated by the fact that
they are present in the supormatant of the cell culture rather than i the inferior of the
haost cells,

it ig likewise possible to prepare the polypeptides accordimg to the invention by
chemical synthesis. Such a preparation process is lkewise a subject of the invention,
The person skilled n the art knows the processes of chernical synthesis, for example the
technigues employing solid phases [Steward of &l 1984, Solid phase peptide synthesis,
Prerce Chem. Company, Rockford, 111, Znd ed., (1984)] or techniques uéiﬂ.g partial
solid phases, by condensation of fragments or by a classical synthesis in solution. The
polypeptides obtained by chemical synthesis and being able to contain corresponding

unnatural amino acids are likewise comprised in the invention.
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The antibodies, or one of their functional fragments or derivatives, capable of
being obtained by a process according to the invention are likewise comprised in the
progent invention.

T”m—: mvention also concerns the antibody of the invention 25 a medicament.

5 The invention likewise concerns a pharmaceutical composition comprising by

way of active principle & compound consisting of an antibody, or one of its functional

e

gments according to the ivention, preferably nuxed with an excipient andior a
pharmaceutically acceptable vehicle.

Another complementary embodimnent of the invention congisis in & COMPOSHION

10 such as described above which comprises, moreover, 25 a combination product for
simultaneons, separate or sequential use, an anti-tumoral antibody,

Most preferably, said second anti-ftwmoral antibody could be chosen through

ati~iOF-1R, anti-BGFR, az}tiw?}E&/nuu anil- WEGFR, anti-VEGF, etc., antibodies or

any other anti-tumoral antibodies known by the man skilled in the art. Tt is evident that

o

the use, a8 sccond antibody, of functional fragments or dervatives of above mentioned

)
T

antibadies is part of the nvention,

As & most preferred antibody, anti-EGFR antibodies are selected such as for
example the antibody C225 (Erbitux

“Simulianscus use” 15 wndexdivod as micHning the administration of the two

20 compounds of the composition according to the fnvention m a2 single and identical

pharmaceutical fom.

“Separate use” 18 s understood s meaning the admimstration, at the same tirpe, of
the two compounds of the composttion according to the mveption @ distinet

pharmaceutical forms.

25 “Sequential vee” 18 wnderstood as meaning the successive adminstation of the
two compounds of the composition according to the mvention, each in & distinet
pharmaceutical form.

. In a general fashion, the composition according fo the invention considerably
increases the efficacy of the treatment of cancer. Tn other words, the therapeutic effect

30 of the anti-c-Met antibodies according fo the invention 18 potentiated 1n an unexpected

manner by the adminisiration of a cytotoxic agent. Another major subgeguent advaniage

produced by a compaosition according to the invention concerns the possibility of using
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lower efficacious doses of active principle, which allows the rigks of appearance of
secondary effects to be aveided or to be reduced, in particular the effects of the
cviotoxic agent,

In addition, thie composition according fo the mvention would allow the

o

expected therapentic effect to be attained more rapidly,

The composition of the Invention can also be characterized in that it COTIPTISES,
moreover, a8 a combination product for simultancous, separate or sequential use, a
eyioloxic/eytostatic agent,

By “anti-cancer therapeutic agents” or “cviotoxic/oyiostatic agenis™, it is
10 mtended & substence which, when administered to a subject, freats or prevents the
development of cancer in the subject’s body. As non limitative example of such agents,
it can be mentioned alkylating agenis, anti-metabolites, anti-turnor antibiotics, mitofic
mhibitors, chromatin function infubitors, snti-angiogenesis agents, anti-estrogens, anti-
androgens or imrmunomodulators.
15  Such agents are, for example, cited in the 2001 edition of VIDAL. on the page
devoted 1 the componnds attached to the cancerology and hematology column

Y L]

“Cytotoxics”, these cytotoxic cormpounds cited with reference to this document are cited
here ag preferred cylotoxic apgenis.
More particularly, the following agents ave preferred according 1o the invention.

“Alkylating agent” refers to any substance which can cross-link or alkylate any

i

3
[

molecule, preferably nucleic acid (e.g., DNA), within a cell. Examples of alloylating
agents inchude nitrogen mustard such as mechiorethamine, chiorambucol, melphalen,
chiorydrate,  pipobromen, *r"dnmmmh. disodic-phosphate  or  estramusting,;

oxazophoring such as cyvolophbospha zmdc altretamine, trofosfamide, sulfofosfarnide or

[
N

ifosfarnide; szindives or imine-ethylenss such as thiotepa, triethylenamine or
altetramming; nirosourea such as carmusting, streptozocin, fotsmustin or Jonmsting,
alkyle-suifonates such a5 busalfan, treosulfan or improsulfan; triazenes such as
dacarbazine; or platinum complexes such as cis-platinume, oxalinlatin and carboplatin,

“Anti-metabolifes” refer to substances that block cell erowth and/or metabolism

L}
[

by imferfering with certain activitics, usually DNA synthesis. Examples of anti-

metabolites inciude methotrexate, S-fluoruraci], floxuridine, S-flucrodsoxyuridine,

4

capecitabine, cytarabine, fludarabine, cytosine arabinoside, S-mercaptopurine (6-MF),
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6-thioguanine {6-T0), chlorodesoxyadenosne, S-azacyidine, gemeitzbine, cladribine,
deoxycoformycin and penfostatin,

“Anti-tumor antibiotics” refer to compounds which may prevent or inhibit DNA,
RNA dm! r profem synthesis, Examples of anti-tumor antibiotics nclude doxorubicn,
daunorubicin, idargbicin, valrublcin, mitoxantrone, dactinomyein,  mithramyein,
plicamycin, mitomyein C, bleomyom, and prosarbazine,

“Mitotic mhibitors” prevent normal progression of the cell oyele and mitosis
aenersl, microtubule inhibiiors or taxeides such as paclifaxel end docetaxel arz capable
of nhibiting mitosis, Vinca alialold such as wvinblastine, vineristine, vindesine and
vinoreibine are also capable of mhubiting mitosis,

“Chromatin  function inhibitors” or “fonolsomerase inhibitors” refer fo
substances which mhibit the normal function of chromatin modeling proteing such as
topoisomerase | or topoisomerase 1L Examples of chromatin function inhibitors inchide,
for topoisornerase 1, camptothecine and 1ts derivatives such ag topotecan or irinotecarn,
and, for topoisomerase Il efoposide, eioposide phosphate and teniposide.

“Anti-angiogenesis agent” refers to any dmg, compound, subsiance or agent
which fnhibits growth of blood vessels. Exemplary anti-angiogenesis agents mclude, but
are by no means lonited to, TazoXin, marimastat, batimastat, prinomastat, tanomastat,
flomagial, CGS-270734A, halofuginon, COL-3, neovasiyt, BME275201, thalidomide,
CDC 301, DMXAA, L-651582, squalamine, endostatin, SUS416, SU6GEE, Interferon-
alpha EMD 121974, interlevian-12, IMSOZ, sngiostatm and vitaxin,

“Anti-egiroger” or “mnti-estrogenic agent” refer to any substance which redaces,

anisgonizes or mhibits the action of estrogen. Examples of anti-estrogen agents are

tamoxifen, toremifene, raloxifene, dicloxifene, fodaxyiene, anasﬁsmle, tetrozote, and

exemestane.

“Anti-androgens” or “anti-androgen agents” refer to any substance which
reduces, antagenizes or mhibits the action of an androgen. Examples of anti-androgens
are  flutemide, nilutamide, bicalutamide, sprironclacione, cvproterone  acetate,
finasteride and cimitidine.

“Irnmunomodulators” are substances which stimudate the immune system.

Examples ofimmunomodulators mclude interferon, interfeukin  such as

aldesteuline, OCT-43, denilenian diffitox and interieukine2, tumoral necrose fators such
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a8 tagonermne or others mnmunomodulators such as lentinan, sizofiran, roguinimex
pidotimod, pegademase, thymopenting, poly 1O or levamisols in corjunction with 5~
fluorouractl.

For more detail, the man siali m the art could refer to the manual edited by the

“Association Frangaise des Enseignants de Chimie Thérapeutique” and entitled “Traité
de chimic thérapeutique”, vol 6, Médicaments antitumoraux ef perspectives dans le
trafiement deg cancers, edition TEC & DOC, 2003,

Can also be mentioned as chemical agents or cytotoxic sgents, all kinase
niubliors such as, for example, gefitinb or erlotinib.

in a particularly preferred embodiment, said composition as a combination
procuct according o the mvention 15 characterized in that said cytotoxic agent 1s
coupled chemically fo said antibody for simultanecus use.

In order to facilitate the coupling between said cyvtotoxic agent and said antibody
sceording to the invemtion, it is especially possible to fntroduce spacer molecules
between the two compounds to be coupled, such as polvialiyizne) glveols hike
polvethylene glveol, or eclge amino ascids, or, o another embodiment, o use active
derivatives of said oytotowic agents into which would have been introduced Gmotions
capable of reacting with said antibody according to the mvention. These couplin
techniques ere well kaown to the person skilled in the art and will 5ot be expanded upon
in the present description.

The invention relutes, m another aspect, to a composition characterized in that
one, at least, of said antibodies, or one of theér. functionzl fragments or derivatives, 18
conjugated with a cell toxin and/or a radicelement,

Preferably, said toxin or said radioclernent is capable of mivbiting at least one
cell activity of cells exprassing the o-Met, 1n a more preforred manner capables of
preventing the growth or the proliferation of said cell, especially of totally mactivating
said cell.

Preferably also, said toxin is an enferobacterial toxin, especially Pseudomonas
exotoRin A. '

The radioclements (or radicisotopes) preferably conjugeaied to the anfibodies

employved for the therapy are radivisotopes which emit ganmma rayvs and prefersbly
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iodine™ . go}c‘lm; pa altadium'™, copper”, bismuth®’ and antimony®’. The
radioisotopes which emit beta and alpha rays can Hkewise be used for the therapy.

By toxin {3'1“ radioeiement conjugated to at least one antibody, or one of its
funetional fragments, acéording to the nvention, 1t i wiended to ndicaic any rocang
allowing satd toxin or sald radioelement to bind 1o gaid at least one antibody, especially
oy covalent coupling between the two compounds, with or without Inwwoduction of a
Unicing molecule.

Among the agents allowing binding in a cherceal {covaient), clectrostatic or
noncovalent manner of all or part of the components of the conjugate, mention may
particularly be made of benzoquinone, carbodiimide and more particularly EDC (1-
etivyl-3-[3-dimethyl-aminopropylj-carbodimide hydrochloride), dimaleimide, dithiobis-
pitrobenzoie actd (TNB), N-succinimidyl S-acetyl thio-acetate {(SATA), the bridging

agents having one or more phenvlazide groups reacting with the vltraviotets (U V) and
preferably N- wrw{az*ld{}bfihcvhmmoﬂjmyij 372 -pyridyldithio}-propionamide (APDPY,
Nesnecimoid-vi - 3-(Z-pyridyldithio)propionate  (SPDP), 6~hydrazisﬁo~nicotmaz‘mde
(HYNIC). '

Another form of couplng, especially for the radioclements, con consist in the
usc of a bifunctional 10n chelator.

Among these chelates, it 15 possible to mention the chelates derived from EDT
{ethytenediaminetetraacetic acid) or from DTPA {diethylenetriaminepentaacetic acid)
which have been developed for binding metals, especially radicactive metals, and
mnmunoglobuling. Thus, DTPA and its derivatives can be substituted by different
groups on the carbon chamn in order to increase the stability and the roidity of the
lgand-metal complex (Krejearck et 2l (1977} Brechbiel et al. (1891}, Gansow (169
US patent 4,83 1,175).

For emample diethylenetmiaminepentaacetic acid (DTPA) and its derivatives,
- which have been widely used in medicine and in biology for a long time either in thelr

es form, or in the form of a complex with a metallic ion, have the remarkable
characteristic of forming stable chelates with metallic 1ons and of being coupled with

proteins of therepeutic or diagnostic infersst such as antibodies for the de veno]m“on{ of

radioimmunoconiugates i cancer therapy (Meases et al., 1984; Gansow etal,, 1990},

>
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Lakewise preferably, smd at least one antibody forming said conjugate according
to the mvention 15 chosen fromr its functional frapments, especially the fragments
amputated of ther Fe componeﬁi such as the sclv fragments.

Ag already mentioned, 1w a preferred embodiment of the invention, said
eytotoxic/cytostatic agent or said toxin and/or a radioelement 8 coupled chemically to at
least one of the elements of said composition for simultansous use.

The present nvention comprises the deseribed compesition as a medicament,

The present invention morcover camprises the use of the composition according
to the invention for the preparation of a medicament.

In another aspect, the invention deals with the use of an antibody, or one of its

 functional fragments or denivatives, and/or of a composition as above described for the

preparation of & medicament intended to inhibit the growth and/or the proliferation of
turnor cells.

Another aspect of the invention consists in the use of an antibody, or one of its
functional fragments or derivatives and/for of a composition, &8 described above or the
use above mentioned, for the preparation of a medicament intended for the prevention
or for the treatrmont of cancer. |

Is also comprised in the pregent invention a method intended to inhibit the
growth and/or the proliferation of twmor cells in & patient comprising the administration
to a patient i need thereof of an antibody, or one of its funciional fragments or

erivaiives according to the invention, ap antibody produced by an bybridoma
according to the invention or 2 composition according to the invention.

The prasent mvention further comprises a method for the prevention or the
treatment of cancer in a patient m need thersol, comprising the adminisiration to the
patient of an aatibody, or one of its fmchonal fragments or derivatives according to the
mvention. an antibody produced by an hybridoma according to the invention or 2
composition sccording to the invention, -

In a particular preferred aspect, seid cancer is a cancer chosen from prostate
cancer, osteosarcomas, hung cancer, breast cancer, endometrial cancer, glioblastoma or
colon cancer.

As explained before, an advantage of the invention is to allow the treatment of

DG dependent and independent Met-activation related cancers.
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The invention, in yet another aspect, encompasses a method of in vitro diagnosis
of illnesses induced by an overexpression or an underexpression of the c-Met receptor
starting from a biological sample m which the abnormal presence of c-Met recepior is
suspected, said method being characterized in that it comprises a step wherein said
biclogical sample 18 contacted with an antibody of the invention. it betng possible for
said antibody to be, if necessary, labeled,

Preferably, said illnesses connected with an abnormal presence of o-Met
roceptor in said diagnosis method will be CanCers.

Said antibody, or one of 1ts functional fragments, can be present in the form of
an immmunoconjugate or of a labelled antibody so as to obtain a detecteble and/or
quantifiable signal.

The antibodies labelled according to the invention or their fimetional fragments
inchide, for example, antibodiss called immmunoconjugates which can be conjugated, for
example, with enzymes such as perozidase, alkaline phosphatase, be‘za—D@aiaci{)s;id.aSQ
giucose oxydase, glucose amylase, carbonic anh.jg}drasc, acetvicholinesterass, lvsozyme,
matate dehydrogenase or glucose 6-phosphate dehydrogenase or by & molecule such as
biotin, digoxygenin or S-bromoedeoxyuridine, Fiuorescent lebels can be Hkewise
conjugated to the antibodies or to their functional fragments according to the invention
and especially include fuorescein and its derivatives, fluorochrome, rhodamine and its
dertvatives, GFP {GFP for “Green Fluoreseent Protein”), dansyl, umbellifercne ete. In
such conjugates, the antibodies of the tnvention or thelr functional fragments can be
prepared by methods known o the person skilled m the art, Thev can be coupled 1o the
enzyrnes of to the fluoyescent labels drectly or by the ntermediary of a gpacer group or
of a linking group such  as  a  polyaldehyde, like  glutaraldehyde,
ethylenediammetetrancetic acid (EDTA), diethylenc-triaminepentaacetic acid (DPTA),
ot in the presence of coupling agents such as those mentioned above for the therapeutic
copjugates. The comiugates containing labels of ﬂJozb%cem type can be prepared by
reaction with an sothiocyanate.

Other conjugates can likewise include chemoelamingscent labsls such az laminol

and the dioxstanss, Dio-laminescent labsls such as luciferase and laciferizy, or slse
”, bromine
ST TUUTRUN: NP PRUNE E 1 SRR DL PP ) i O
technetiom™ Y, indium’ ™, lndivm™ 7, gallivm’’, walimm , rutl henium , Tuthentum™ ',

radicactive labels such as iodine'”, dodine’®, iodine’™. iodine’
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ruthenium'™, ruthenium'®, mercury'™”, mercwry™, thenium™™, shenium’™”, rhenfum’

122m

- g 125 G XEE e 16T
telburium ", tellurium! S thulivm™®®,  tholam ’,

EO ‘65 g - 199 g 13

taliom'®, finorine’®, ytrium™”, jodine’’. The methods known to the person skdlled in

a7 . 42im
scandivm’’,  tellurfum '™,

the art existing for coupling the therapsutic radicisotopes to the antibodies either
divectly or viz a chelating agent such as EDTA, DTPA mentionsd above can be used for
the radioelements which can be used in diagposis, It 45 likewise pogsible to mention
helling with Naji'™] by the chloramine T method [Hunter W M. and Greenwood F.C.
(1562} Na‘m‘m 194:4957 or else with technetium’ ™ by the technique of Crockford af al.
{US patent 4424,200) or attached via DTPA as described by Hnetowich (US patent

Thus: the antibody, or & fimetional Sagment or dwvdi]va thereof, according o
the imvention can be emploved in 2 process for the detection and/or the quantification of
an overcxpression or of an underexpression, preferably an overexpression, e c-Met
receptor in a biological sample, characterized in that it comprises the following steps:

ay the contaciing of the bivlogieal sample with an antibody, or a functional
fragment or derivative thereof, according to the mvention; and

by the demonstration of the o-Met/antibody complex possibly formed.

In a particular embodiment, the antibody, or 4 functional fragment or derivative
thereof, according to the mvention, can be employed in & process for the detection
and/or the quantification of the c-Met receptor in 2 biological sample, {oe the monitaring
of the efficacy of a prophylactic andior therapeutic weatment of o-M [dvpﬁﬂdbﬂt
CHNCET.

More generally, the antibody or a functional fragment or dervative thercof,
acording to the mvention can be advantagecusly emploved 1 any situation where the

expression of the o-Met- receptor must be observed in & qualitative and/or quantitative
Manner.

Preferably, the biological sample is Iormed by a biolegical flid, such as serum,
whole blood, cells, a tissue sample or biopsies of human origin.

Any procedure or conventional test can be emploved m order to carry out such a
lefection and/or dosage. Said fest can be a cornpetfition or sandwich test, or any fost
known to the person skilled in the art dependent on the formation of an impume

complex of antibody-antigen type. Following the applications according to the
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imventien, the antibody or a functional fragment or derivative thereof can be
immobilized or labelled, This wnmebilization can be carried oul on numerous supports
known to the person skilled in the art. These supports can especially include glass,

olystvrene, poly-propylene, polvethyiene, dextran, nylon, or natural or modified cells.
These supports can be either soluble or insoluble.

By way of example, a preferred method brings into play immunoenzymatic
processes accm‘dérn.g o the ELISA technigue, by immunofluorescence, or radio-
nn*“mum%m\f 1A) technique or equivalent.

Lims, the present Invention likewise comprises the kits or sets necessary for
carryimg out & method of dingnosis of iilnesses induced by an OVErexpression or an
underespression of the o-Met receptor or for carryimg out 2 process for the detection

ad/or the guantification of an overexpression or of an underexpression of the o-Met |
receptor in a biological sample, preferably an overexpression of said receptor,
characterized in that said kit or set comprises the following elements:

a) an antibody, or a functional fragment or derivative thereod, according to mc
invention,

b} optionally, the reagents for the formation of the medium favorable to the
immunolegical reaction;

¢)  optionally, the reagents allowing the demonstration of c-Met/antibody
complexes produced by the mmmunological reaction.

A subiect of the mnvention is Hkewise the uge of an antibody or a composition
according to the wvention for the preparation of a medicament wtended for the specific
targeting of & biclogically active cornpound to cells expressing or overexpressing the o-
Met receptor.

It i intended bere by binlogically active compound o indicate any compound
capable of modulating, especially of whibiting, cell activity, i particular thewr growth,
their proliferation, transcription or gene ransiation.

A subject of the mvention 18 also an i vive diagnestic reagent comprising sn
antibody according fo the invention, or a functional fragiment or derivative thereof,
preferably isbelled, especially radinlabelled, and its uwse in medical imaging in
patticelar for the detection of cancer comnected with the expression or the

overexnression by & cell of the o-Met receptor.
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The tnvention likewise relates to a composifion as 2 combination product or to
ap anti-c-Metfoxin conjugate or radioclement, according fo the mvention, as a
medicarnent.

Preferably, said composition as a comsbination product or said conjugate
zecordimg to the invention will be mixed with an excipient and/or a pharmaceutically
sceaptable vehicle,

In the present description, pharmaceutically acceptable vehicle is intended o
mdicate & compound or a combination of cornpounds entering imto a pharmacouvtical
composition not proveking secondary reactions and which allows, for example,
faclitation of the adiministration of the aclive compound(s), an increase 1n its lifespan
and/or in its efficacy in the body, an increase W ifs solubility in sclution or else an
wrprovement mo s conservation, These pharmaceutically acoepiable vehicles are well
known apd will be adapted by the person skalled m the art as a funetion of the nature
and of the mode of administration of the active compound(s) chosen,

Preferably, these compounds will be administered by the systemnic route,
particnlar by the intravenons route, by the infrarmuscular, intradermal, intraperitonesl or
subcutaneous route, or by the oral route. In 8 more preferred manner, the composttion
comprising, the antibodies according o the invention will be administered several times,
in a sequential manner _

Their modes of administration, dosages and optimum pharmaceuticsl forms can
be determuned according to the criteria generally taken into account in the establishment
of a treatrment adapted to a panient such as, for example, the age or ille body weight of
the patient, the serivusness of histher general condition, the tolerance to the treatment
and the secondary effects noted,

Other characteristics and advantages of the invention appear in the continuatior
of the description with the examples and the figures wherein:

Figure 10 Effect of irrelevant {gGl Mabs from mouse and human origin and DP%
on o-Met receptor phosphorylation on AS49 cells.

Figures 24 and 2B: Effect of nmugine and bumanized 224611 Mabs produced a5
a human IgGi/kappa wotype on o-Met receptor phosphorylation on AS49 cells
Figure 2A: agomst effect calculated as percentage versus maximal stimulation of o-Met

phosphorylation by HGEF [100 ng/ml].
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Figure 28 anfzgomst effect caloulaied as percemtage of inkhibition of the maximal
stimufation of c-Met phosphorylation by HGF [ 100 ng/ml].

Figures 3A and 3B: Companson between marine 224G11 Mab and chimeric
224G11 Mabs containing various engineered hinge regions, on o-Met receptor
phosphoryiation on A3549 celis.

Figure 3A: agonist wm:ct calculated as perventage versus maximal gtimulation of oM

i—-
iz
hEs

phosphorylation by HGF [100 ng/mi].
Figure 3B antagonist cffect caloulated as percentage of inhibition of the maximal
stimutation of o-Met phosphorylation by HGE 1100 ng/mi].

Figures 4A and 48! Comparison vetween murine 224G11 Mab and chimeric and
bumanized 224G11 Mabs produced as a human IgG2/kappa 1sotype, on o-Met receptor
phosphorylation on AS49 calls,

Figure 4A: aucmqf effoct calculated as percentage versus maximal stimulation of c-Met
phosphorylation by HGF [100 ng/mi].

Figure 4B: antagonist effect caiculated as percentage of inhibition of the maximal
stimudation of ¢-Met phosphoryiation by HGEF (100 ngfmil

Fipures SA and 5B Comparison between murine 224G11 Mab and chimeric and
humanized 224G11 Mabs produced as an engineered hinge mutant T'E—Iﬁ'?]gG}/ka:p;ia, on
c-Met receptor phosphoryiation on AS49 cells. |
Figure 5A. agonist effect caloulated as percentage versus maximal stimulation of o-Met
phosphorvlation by FIGE [100 ng/mli],

Figure 5B antagonist effect calenlated as percentage of inhibition of the maximal
stimulation of c-Met phosphorylation by HGF 1160 ng/mi].

Figures 0A and 61, Figures 7A and 7B, Figures 8A and 88, Figures 94 and 9B,
Figures 10A and 108 BRET models with Fi igures Al o-bMet dimernzation model; and
Figures B: c-Met activation model,

Figure 11: c-Met recognition by chimeric and humanized 224G 11 forms.

Figure 12 Effect of murine and chimeric antibodies on HGP-induced
profiferation of NCI-H441 cells i vitro, NCI-HA4L cells were plated in serum-free
medinm. 24 hours after plating m224G11 and [224G11chim were added either i
abgence or In presence of HGF. Black arrows indicate the wells plated with cells alone

gither 1n absence & or i presence > % of HOF. A murine oGl (mlegGl) was mireduced
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Figure 13: In vho comparison of murine and 1gGl chimeric 224G11 Masbs on
the NCI-H441 xenograit model

Figures 14A and 142 Effect of the murine 224G11 Mab and of various
chimeric and hmeanized versions of this antibody on HGF-mdoced profiferation of
NCEE441 cells 1n vitro. NCE-H44]1 cells were plated in serum-free medium. Twenty
four howrs after plating antibody to be tested were added either in absence or in
presence of HGF. In panel (Figwre 14A), the murme mZ224G11, chimerie Gl
[224G 1 Tohun, humanized IgGl (224G ’{Eﬂ‘.ﬂ.i}, (224G [Hz2], [224G11T [Hz3)
versions were shown. In panel (Figure 14B), the murine m224G11 and various chimeric
LgGl forms ([224CG1LT} cham, [224G1T [MHE chum], [224G11] [MUPSH chim],
1224GH] IMMCH cham], (22406110 [THY chim]) were presented. Black amows
indicate the wells 5 pl Jfated with celis alone sifher in absence # or in presence W of HOF,
A murine IgGl was introduced as & negative control for agonist activity, The m5D5 was
used as a dose-dependent full agonist control,

Figure 15 Bffect of the murine 224G1] Mab and of varicus chimeric and
humanized versions of this antibody on HGE-induced proliferation of NCI-H441 celig
i witro, NCI-H441 cells were plated i serum-free medivm, Twenty four hours after
platimg antibody — tested were added etther in absence or in presende of HGF. The
mrine wW224G11, (224G 11T chim, [224G11] [THY chimly oGl chimeric forms and
(224G [THT Hezl], [224G11] [THT Hz31) were presented. Black arrows indicate the
wells plated with cellg alone either in absence # or in pregence 3 of FHGF. A murine
1201 was introduced as a negative control for aponist activity, The m3DS was used as a
dose-dependent full agonist control.

Figure 14: fn vive corpparison of murine, chimeric and humanized 224G11
Mabs on the NCI-H44 1 xenograft model.

Figure [7A: agonist effect caloulated as percentage versus maximal stimulation
of c-Met phosphorylation by HGF {106 ng/mt].

Figure 1787 antagonist effect calculated as percentage of inhibition of the
maximal stimulation of e-Met phosphorylation by HGF [100 ng/mi].

Figure 18 BRET models with c-Met activation model,

Figure 190 Effect of m224G1] and h224G11 on o-Met degradativn on A549
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cells. A) Mean of 4 independent experiments +/- s.ern B) Western blot image
representative of the 4 independent experiments performed.
Figure 200 Effect of m224G11 e.md h224G11 on ceMet degradation on NCI-
a4} cells, Ay Mean of 4 i.'l’.i:d@pt‘:md@m experimnents +/- s.erm, B) Western blot image
representative of the 4 independent experiments performed,
Figure 21; Set up of an ELISA o evaluate o-Met sheddmg.
Frigure 220 /n vitre evaluation of c-Met shedding on NCI-H441 cells treated for 5

days with m224G11 migGl is an trrelevant antibody used as an isotype contiol.

Figure 23: In vitro evaluation of o-Met shedding on amplified He7467T, MIN4S
and EBC-1 cell lines treated for 5 days with m224G11. migGl is an irelevant antibody

used ag an isotype control, PMA is a shedding inducer used as a positive control.
Figure 24: In vigro evaluation of o-Met sheddmyg on NCI-HA4T and amphfied
HsT746T, MKNAS and EBC-1 cell Iines treated for 5 days with m224G11, migGl is an
irrelevant antibody used ss an iSO'!iypG-C(}BTT’O] PMA 1g a shedding inducer used ag a
DOSIEIvVE Conrol,

Figure 25: Study of mirinsic phosphoryiation of h2240G11 on Hs7467T cell line.

Figure 26! Study of mirinsic phosphorviation of h224G11 on NCI-H441 cell
line. A) phospho-ELISA and B) Western analysis.

Figure 27: Study of intrinsic phosphorylation of h224G11 on Ba5787 cell line.
Ay phospho-ELISA and B) Western analysis _

Figure 28 Study of intrinsic phosphoryviation of h224G11 on NCI-HIZS cell
line. A) phospho-ELISA and B Western analvaig,

Figure 29 Study of intrinsic phosphoryviation of h224G11 on T98G cell ine. A)
ph(}Sp%ﬁ{}—EMSA and B}y Western analysis.

Figure 30 Study of intrinsic phosphoryiabion of 1224611 on MUA-MB-231 cell
line. A) phospho-ELISA and B) Western analysis

Figure 31: Study of intrinsic phosphorylation of h224G11 on PC3 cell line. A)
phospho-ELISA and B) Western analysis.

Figure 320 Study of inirinsic phosphorylation of h224G1T on HUVEC cells.

Figure 33: In vivey Compaﬂwn of the wild type murine 224G11 antibody with a
chimeric hinge-engineered 224G 11 [C205-7] Mabs on the NCI-H44 1 xenograft model.

Figure 34 ADCC mduction by h224G11 on both Hs7467T and NCI-13441 cells.
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SCr-labeled Hs746T (A) or NCI-H441 (B) cells loaded {bold sguares) or not (emply

squares) with h224G11 were mixed with different ratio of human NK cells and

incubated for 4 hr. Cells were harvested and cpm of ' Cr released by lysis was counied,

The results are plotted as percentage of lysis against the effector/target cell ratio. NL for

non loaded cells,
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of o-Met (A Hs746T amplified cel] line for o-Met, B NCI-H441 high level of c-Met

expression and C MCE-7 low level of c-Met}.

Examnple 1; Generation of antibodies soainst e-Met
. ]

To generate anti-c-Met antibodies 8 weeks old BALB/¢ mice were immumzed

erther 3 to 5 times subcutaneously with a CHO transfected cell line that express c-Met
on itg plasma ymembrane (QQXEO) ells/dose/mousey or 2 to 3 fimes with a c-Mst

exctraceliular domain fusion protein {10-15 ug/dossimouse) (R&D Systems, Catalog #
358MTY or fragments of this recombinant protemn mixed with complete Freund adjuvant
for the frst immunization and incomplete Freund adjuvant for the following ones.
Mixed protacols in which mice received both CHO-cMet cells and recornbinant proteing
were also performed. Three days before cell fusion, mice were boosted 1p. or Lv. with
the recombinant protein or fragments. Then spleens of mice were collected and fused o
P2/0-Agld myeloma cells (ATCC) and subjected to HAT selection. Four fusions were
peﬁ?ozmcd‘ In general, for the preparation of monoclonal antibodies or their functional

fregrments, especially of murine ongin, it is possible to refer io techniques which are
described in particular i the manual “Antibodies” (Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor N Y, pp. 726,
1588} or to the techmique of preparation of hybridomas described by Kobler and
Milstein (Nature, 256:495-497, 1975)

Obtained hybridomas were initially soreened by ELISA on the coMet
recombinant profein and then by FACTS analysis on A549 NSCLC, BxPC3 pancreatic,
and UST-MG g mbm"'toma cell ines o be sure that the produced antibodiss will be able
0 algo recognize the native receptor on mimor cells. Positive reactors on thess 2 tests
were amplified, cloned and a set of hybridomas was recovered, purified and screened

]

for its ability to 1mhibit in vire cell proliferation in the BxPC3 model.
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For that purpose 30 000 BxPC3 cells ware plated in 96 well plates in RPMI
mednm, 2 mM L, Glutammne, without SVE. 24 hours after plating, an_tjbo-die@ o be
tested were added at a2 final concentration ranging from 0.0097 to 40 pg/ml 60 min
before addition of 100 ngfmi of BHGE. After 3 days, cells were pulsed withk 0.5 uCiof
PHJthymidine for 16 hows, The magnitude of [Hithymidine incorporated into
trichloroacetic acid-insoluible DNA was quantified by hawid semtiflation counting.

Results were cxpressed as vaw data to veally evaluate the intrinsic agonistic effect of

Then antibodies inhibiting at least 50% cell proliferation were evaluated for their
activity on ¢-Met dimerization and activation BRET avalysig on transfected cells. o-Met
recepior activity was quantified by measuring the Gabl signalling molecule recrmntment
on activated c-Met For that purpose, CHO stable cell hines expressing C-Met-Rlue or
Codet-Rlue and C-Met-K1100A-YFP for c-Met dimerization or C-Met-Rine and 2
mutated form of Gabl [Maroun et al., Mol Cell. Biol, 1999, 19:1784-17997 fused 10
YEP for ooMet activation were generated. Cells were digtributed in wihate 96 well
microplates in DMEM-FIZ/BE 5 % cuiture medium one or two days before BRET
experiments. Cells were first cultured at 37°C with CO2 5 % in order to allow cell
attachment 1o the ‘pbata. Cells were then starved with 200 wl DMEM/Awell evernight.
Immediately prior fo the experiment, DMEM was removed and cells quickly washed
with PBS. Cells were mncubated in PBS in the presence or absence of antibodies w be
tested or refevence compounds, 10 min at 37°C prior to the addition of coelenterazine
with or without HGF in a final volume of 50 ul. After incubation for further 10 minutes
at 37°C, light-cmission acgumsition at 485 nm and 530 nm was imtiated asing the
Mithras liminomaeter (Berthold) (1s/wave length/well repeated 15 times).

BRET ratio hag been defined previoushy [Angers ot al, Proc. Matl, Acad Sci
USA, 2060, 97:36R4-3689] ast [{ermission at 5330 am) - (emission at 485 pray 20 Cf 7
(emission at 485 nmy}, where Cf comesponds fo {emission at 530 nm) / {emission at
A85 man) for cells expressing Rlue fusion pmtcm alone 1 the same experimental
conditions. Simplifymg this equation shows that BRET ratio corresponds 1o the ratio
530/485 nm obtained when the two partners were present, cotrected by the ratic
530/485 nm obtained under the same experimental conditions, when only the parmer

fused to R, reniformis lnciforase was present in the assay. For the sske of readability,

-ed e
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resulis are expressed in miliBRET uniis (mBUY mBU corresponds to the BRET ratio
nujtiplied by 1000,

After this secand in vitro test, the aniibody 224G11 1) without intrinsic activity
as a whole molecule in the functional test of proliferation, if) inhibiting significantly
BxPC3 proliferation and 1ii) inhibiting oMet dimenzation was selected. In the

I =] :
f:};perim{zmsf, the 5D5 Mab, generated by Genentech, and available at the ATCC, was

added as a control for the infrinsic agonistic activity

Example 2 Homanization process of mouse 2240611 Mab by CDR-grafting

19 Humanizaton of the Hoht chain variable domain (VL)

As a prefiminary step, the nucleotide sequence of 224G11 VL was compared to
the murine genoline gene  sequences  included inm the IMGT  database
(hitp:/imgteines ). Murme [GKV3-53%01 and IGKI4*01 germline genes showing a
scqlﬁenc@ entity of 9931 % for the V region and 9428 % for the J reglon,
respectively, have been identified. Regarding these high homologies, the 224G11VL
nucleotide sequence has been used directly fo gearch for humen homologies, instead of
corresponding mouse germlines.

In a sccond step, the human germiine gene digplaving the best identity with the
224GHIVL bas been searched to identify the best human candidate for the CDR
grafting. For optimization of the seleetion, alignments between the aming acid
sequences have been perfmmcd. The human 1GKV4A-1*01 germlbine gene yielded a
sequence wdentity of 67.30 %, but showed a different length for CDRI {10 amino acids
m 22411 VL and 12 ammo acids in 1GKVA-1%01), For the J region, the human
IGKI4702 germbine gene (seouence dentity of 77.14 %) was selected.

In & next step, monse 224G11 VL CDR regions were engrafted Inio the sbove
selected homan framework sequences. Each awming acid position was analyzed for
several criteria such as participation n VH/VL interface, in antigen binding or in CDR
structure, localization of the residue in the 3D structare of the vartable dormain, COR
anchors, residues belonging t the Vemier zone. Three humanized versions,
corresponding to SEQ TD No. 8, SEQ 1D No. 9 and SEQ 1D No. 10 were ccm.s’mmi&rt‘f;
and containing respectively four (4, 39, 40, 84), two (39, 40) or one (40) murine

rosidues in their FR regions and the CDRs corresponding to mouse 224G 11 VL,
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2°Y Humanization of the heavy chaim variable domain (VID

Ag a proliminary step, the nucleotidic sequence of the 224G1I VH was
compared to the muring germline genes sequences meluded in the IMGT datsbase
{http/fimgt.cines fr),

Murine TGHVI-I8*0L, IGHD2-4%01 and TGHIZ*G! germime genes with 2
sequence identity of 92.70 % for the V region, 75.00 % for the D region and 89.36 %
for the I region, respectively, have been identified. Regarding these hizh homologies, it
has been decided to use duectly the Z24G11IVH nucleotide sequences to search for
fuman homologies, instead of corresponding mouse germlines.

in a second step, the hunan germline gene displaving the best idantity with the
2240311 VH bhas been searched to identify the begt human candidate for the CDR
prafting, To this end, the nucleotidic sequence of 224G 11 VH has been aligned with the
hruman permline genes sequences belonging to the IMGT databagse, The human IGHV1-
2%02 V sequence exhibited a sequence éd@nﬁiy of 75.00 % at the nucleotide level and
64.30 % at the ammo acid level, Looking for homologies for the J region led o the
identification of the human IGHI4*04 germline gene with a sequence identity of
7872 Y.

in & next step, mouse 224G11 VH CDR regions were engrafted inio the above
selected human framework sequences. Each amine acid position was znalvzed for
severel eriteria such a$ participation in '\fE?JV‘f,.i.x:n.e:ri‘lf-s.cek m antigen binding or in CDR
structre, locahzation of the residus i the 3D structure of the vanable domain, COR
anchors, residues belonging to the Vemier zone, One fully humesnized form,
corrssponding to SEQ 1D 4 was constructed; it contains exclusively human residues in

g FR regions and the CT3Rs corregponding to mouse 224G 11 VEL

Ezample 3: Engineering of improved hinge muianis

it 1s well known by the skilled arfisan that the hinge region strongly participates
in the flexibility of the variable domain of immumoglobuling {see Brekke et al, 1995,
Roux et al, 1997). During the chimerization process of 224G11 Mab, the mouse
constant domain FGHGI was replaced by the eq_uivéjmﬁz IGHGT portion of human
origin. Since the anmuno acid seguence of the hinge region were highly divergent,

“meurinization” of the hinge region was performed in order to keep 1ts length and
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rigidity, Smee the human IGHG2 hinge region corresponds to the closest homologue of
the mouse [GHG] hinge, this sequence was as well considered, A series of 7 different
binge sequences were constructed (SEQ ID Nos. 22 to 28) by incorporating portions of
the mouse IGHGT and the human IGHG?2 binges into the human GBS hinge portion.
Another series of hinge mutants was designed and constructed (SEQ 1D Nos. 38
to 72} to evaluate the influence of ejther an edditional cysteine and its position along the
hinge domain, deletion of 1, 2, 3 or 4 amino acids along the hinge domain and a

combination of these two parameters (cysteine addition and amino acid deletion),

Example 41 Production of humanized 224G11 Mab and engineered hinge
Mab formats

All above described Mab forms containing etther chimeric, humamzed and/or
engimesred hinge regions were produced upon fransieat transfection and by using the
HEKZOI/EBNA system with a pCEPA expression vector (InVitrogen, US).

The entire nucleotide sequences corresponding to the humanized versions of the
varieble domain of 224G11 Mab light (SEQ ID No. 18, SEQ 1D No. 19 and STQ 1D
No. 20} and heavy (SEQ 1D No, 14) chains were synfhesized by global gene synthesis
(Genecust, Lusembourg). They were subcloned into a pCEP4 vector {InVitrogen, US)
carrving the entire coding sequence of the constant domain [CHI-Hinge-CH2-CHY of 2
kuman 1gGl or IgGl immunegiobuim, Modification of the hinge region was performed
by exchangmg a {Nhell-Bcll} restriction fragment by the equivalent portion carrving
the desired modifications, cach respective {Nhel-Bell) fragment being svnthesized by
global gene synthesss {Genecust, LU). All cloning steps were performed according to
conventional molecular biology iechniques as described in the Laboratory manual
{(Sambrook and Russel, 2001} or according to the supplier’s instructions, Each genetic
constroct was fully validated by nucleofide sequencing using Big Dye terminator cvele
sequencing kit {Applied Biosysterns, US) and analyzed using a 3100 Genstic Analyzer
(Applied Biosystems. US),

Suspension-adapted HEK293 EBNA cells (InVitrogen, US) were routinely
grown. in 250 mi flagks in 50 ml of serum-free medium Excell 293 (SATC Biosciences)
supplemented with 6 mM ghutamine on an orbital shaker (110 rpm rotation speed).

Transient transfection was performed with 2.10° cells/ml using Hnear 25 kDa
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pelyethylenennine {(PET} (Polysciences) prepared in water at a final concentration of
1 mg/ml mixed and plasmid DNA (final concentration of 1.25 ug/ml for heavy to light
chain plasmid ratic of 1;1). At 4 howrs post-transfection, the culture was diluled with
ong volume of fresh culture medium to achieve a final cell density of 165 celisim
Cultivation process was monitored on the basis of cell viability and Mab production.
Typically, cultures were rmaintained for 4 to 5 days. Mabs were punthed using a
conventional chromatography approach on a Protein A resin (GE Healtheare, USY

All differont forms of Mabs were produced at levels suitable with finctional
evalnations. Productivity levels are typically ranging between 15 and 30 med of

purified Mabs.

Lxample 5: Evaloation of c-Met phospshorylation statos by a Phospho-c-
Wiet-specific RLISA assay

This functional assay allows to monitor modulation c-Met phosphoryviation
status either by Mabs alone orin the co-presence of H{

AS549 cells were seeded 1n a 12ZMW plate fn complete growth medium [FI1ZK +

10 %% PCSTL Cells were starved for 16 hours before stimulation with HGF [100 ng/ml],

and each Mab to be tested was added at fs final copeentration of 30 ng/ml 15 minutes
prior te Hgand stimutation. Tee-cold lysis buffer was added 13 minutes after the addition
of HGF to stop the phosphory lation reaction. Cells were scaped mechanically and cell
lysates were collected by centrifugation at 13000 rpm for 10 min. at 4°C and correspond
to the supernatant phase. Protein content was guantified using & BCA kit (Pierce) and
stored at ~20°C until use. The ph(asphmy}ation statng of o-Met way quantified by

BLISA. A goat anfi-c-Met Mab (R&D, ref AF276) was used as a capfure antibody

{overmght coating 2t 4°Cy and after a saturation step with & TBS-BSA 5% buffer (1

howr af room temperature {R'D)), 235 wg of protein Iysates were added to each well of the
coated O6MW plate. After a 90 minutes incubation at RT, plates were washed four time
and the detection antibody was added {anti-phospho-c-Met Mab, directed against the

shopshorylated Tyr residues at position 123G, 1234 and 1235). After an additional |
PIOY 3 P

hour incabation and 4 washes, an anti-rabbit antibody coupled to HRP {Biosource) was

ndded for 1 howr at RT, and the luminescence detection was performed by adding

Luminol. Lusminescence re adings were on a Mithras LBS20 multiznode plate reader
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Both bagsal and HGF [100 ng/mlj-induced e-Met receptor phosphorylation level
were unaffected neither by PBS {freatment, nor by the addition of mouse or human Mabs
which do not target human o-Met receptor (Figure 14 On the other hand, mouse ()
224G11 Msb swongly mhibited HGEF (100 ng/mil-induced c-Met phosphorviation

{Figure 2B) without altering by itselfl receptor phmn orviation (Figurs 2A)

domain (VH+VL} from m224G11 combined with human constant domam I1gGi/kappa
vielded strong (17 % of mawnimal HGF effect, Figure 2A) agonist aciivity associated
with 2 reduced antagonist efficacy (54 % inhibition of HGF maximal effect compared to
the m224G11 that yields 75% miulntion of HGF maximum effect, Figure ZB). Thee
homamzed forms of 224G11 Mab, 224Gz MeGL 22461 H2eGl and
[224G11Hz3/1eGl, also coustructed on 2 human 12Gl/kappa backbone, yielded also
decreased antagonist cfficacy and significant agonist activity (11 o 24 % of maximal
HGF level) as compared to mouse 224G1 1 (Figures 2A and 2B} A series of engineered
vergions of the heavy chain hinge domain were construcied and assaved in the c-Met
receptor phosphorylation assay. As shown i Figure 3A, an important reduction of the

I

agomist effect associated with the higG/kappa isotype was observed for both the 1gG2-

based construct and for engineered TgGl/kappa constrpcts [ME, MUPOH 4nd THTL A
concomitant inerease in antagomist efficacy was as well obtaned. The higGi/kappe-
based THT hinge mutant, with the most human sequence, was selected to complete the
humanization process. In a next step, three hurnanized versions of 224011 Mab variable
domain were generaied by combinstion to either a human 1gGR/Aappa or an
TeGi/kappa-based TH7 engineered hinge constant domain, For the hlgG2/kappa
humanized constructs, the humanized version Fz3 yielded sirong agonism {(Figure 443,
and for all three humamezed versions, the an,f;agoniﬁt efficacy was below that observed
with murine 224G11 Mab and comparable fo the chimeric higGli-based Mab (56-57 %
inhibition of HOF effect, Figure 48). On the other hand, combination of the three
humanized versions Hzl, H22 or Hz3 1o the engineered TgGU/THT mutant almost fully
restored the properties of mouse 224G 1T Mab in terms of weak agonist activity (5-6 %
of HGF effect) and stron s‘f n.t‘&gcvr)i;i efficacy (6810 72 % nﬂaibi‘tiﬁn of HGF effect) of

c-Met receptor phospborylation (Figures 5A and 5B). These varants were highly
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mproved as compared to chimeric IgG1-based 224G11 Mab butf also to IgG2-based
humanmzed forms.

A second series of epgineered versions of the heavy chain hinge domain was

constructed and assaved in the c-Met receptor phosphorylation assay, As shown in
fipure 17A, all these new versions {(c224GI11[C2], 224G11{C3], c224G1IH{CH],
c2240111CEY, c224C1HCT], <224GLI[AT-3], c224G1IHCTAGYL, 224G C6ABL
c22AGTIIC2AS-T], c224GHI[CEAZ-6Y, ¢224GTI[C9A2-T] and cZ24GLI{AS-6-7-8])
exhibited weaker agonist effect than c2240G11 since thelr agomism activities are
comprised between 6 and 14% of the FIGF effect comparsd to 23% for c224G11 As
e224G1HTE Il those new versions exhibited a concomitant increase in antagonist
eificacy [figure }71.}“} Those results showed that enpineering of the heavy chain domain
by point mutation and/or deletion could modify agonistic/antagonistic properties of an
aniibody,
Txampie 6: BRET apalysis

In a first set of experiments, it bad been confrol that irelevani mouse IgGl,
hurpan 1gGl oand human 1gG2 had no effect of HGF nduced BRET signal in both
BRET models {representative experiment out of 12 independent experiments; Figmre 6).
These Mabs are forthwith cifed as controls.

The effect of a Tgd1 chimeric form of mouse 224G11 Mab (224G 11 Jchim) on
both c-Mei dimerization and ¢-met activation BRET model wag evaluated, While mouse
224011 Mab inhibiled 59.4% of the HGF induced BRET signal on o-Met dimenization
model, [224G 11 chim Mab inhibited only 28.9% (Figure 7A). [224G 11 Jchim antibody |
was also less effective in inhibiting HGF induced c-Met activation since [224G 11 jehim
and m224G11 aptibodics inhibited respectively 34.5% and 50.4% of HGF induced
BRET signal (Figurs 78), Moreover, m224G 11 alone had po effect on o-Met activation
while [224(G11]chimn had a partial agonist effect on o-Met activation corresponding to

2.9% of the HGY induced signal, This partial agonist effect of the [224G1 1 chim was
also seen on o-Met dimerization BRET model since [224G11]chim alone induced a
BRET increase corresponding to 46.6% of HGF-induced signal versus 21 3% for
m22411 (Figure 7TA).

In Figurss 8A and 8B, hinge mutated chimeric forms of 224G11 antibody
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showed a greater inhabitory effect on HGF mduced BRET signal than [224G1 1 chim
since they showed a 59.7%, 64.4%, 53.2% and 73.8% mhibition of the HGF induced

activation BRET sigoal (Figure 88) and 61.8%, 04.4% 52.5% and 64.4% inhibition of
the HGF imduced ¢-Met dimerization BRET signal (Figure 8A) for [224G1H1MEH
chiml, {224GII{MUPOH chim}, (224G MMCH chim] and [224GTHITHT chim]

respectively, Contrary fo [224G 1 Tjchim, which had a partial agonist effect on o-Met
activation, hinge mutated chimerical forms of 224311 antibody showed no significant
effect on co-Met activation slone (5.1%, 7.6%, -2.0% aod -6.9% rewpectively) as
sbaerved for m224G1T,

In Fioure 98, like the {224G111 [TH7T chim], the 3 humanized versions of
224411 Iplal zmibmiy with the THT hinge induced no significant increased of BRET
signal m activation model when tested alone and showed a strong inhibition of BGF
induced BRET signal; 59.9%, 41.8% and 57.9% for the Hzl, Hz2 and Hzd forms
respectively. Moreover, [224G11) [TH7 Hzll, [224G117 [TH7 Hz2] and [224G11]
[T'H”? 37 mhibited HOF induced BRET signal on dimeniration model of 52.2%,
35.8% and 49.4% respectively (figure 9A).

Contrary to [224G11jchim, the chimeric form of 224G11 1gG2 antihody
{[224G11] {1gG2 chim]) showed no partial agonist effect slone and inhibited 66.3% of
the FIGF effect on o-Met activation model (Figure 108}, On o-Met dimenization modsl,
(22407117 [1eG2 chim] inhibited 62.4% af the HGF mduced BRET signal (Figure 10A).

The agonist efficacy of the second geries of engineered versions of the heavy
chain binge domain was evaluated 1 o-Met activation BRET medel (Figure 18). In
confrast to c224G11, which had & puartial agonist effect on c-Met activation,
c224G1HC2Y, o224 Gl HO3L,  c2ZAGIICSY - c224G1HCG],  ¢224G11CT),

O04CGUITALS 224G HCTAGY, T4 C6

r\

3ADT, C2ZAGTIHC2A5T],
c224G1CSAZ-6], 224G ITCOAR-T] and c224G 11 [AS-6-7-81 hinge mutated chimeric
forms of 224611 antibody showed no significant effect on o-Met activation alone.

5 [

Examyple 7 o-Met recopnition by chimerie and humandzed 224611 forms

A direct ELISA has been set up to determine the binding ability of the various
chimeric and humanized forms on the recombinant o-Met. Briefly recombinant dirmeric

e-Met from RE&D Systerns was coated at 1.25 pg/ml on 96-well hmmunlon IF plates.
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After an overnight incubation at 4°C, wells were saturated with 2 0.5% gelatine/PBS
solution. Plates were then incubated for 1 howr at 37°C before addition of 2 foid
dilutions of antibodies o be tested, Plates were incubated an additional hour before
addition of a goat ant-rnouse JgG HRP for detecting the murine antibody and a goat
apti-human Kappa light chain HRP for chimerte and homanized antitbody recognition,
Plates were incubated for one hour and the peroxydase substrate TMB Uptima was
added for 5 mn before peumalization with H:50, 1M, Resulis presented in Figure 11

showed that all .@SIIf;:d forms were comparable for o-Met recognition.

Hxample #: Bifect of murine and chimeric Z24G11 on HGF-nduced
nreliferation of NCE-H441 calls in vitro
NCIL-H441 colls from ATCC were r@.s‘s,ﬂ;iﬁf;:éy cultured in RPMI 1640 medinvm

(Inwitrogen Corporation, beotland, UK), 10% FCH (loviwogen Corporation), 1% L-

Glutapine (Invitrogen corporation). For probiferation assays, cells were split 3 days

CT-FE441

befors use so that they were m the confluent phage of growth before plating.

o

cells were plated in $6-well tlssue culture plates at 2 density of 3.75x10" cells/well in
200 pl of gerum free medivwm (RPMI 1640 medium phus 1% L-Glutarnine). Twenty four
hours after plating, antibodies 1o be tested were added fo NCI-H447 and incubated at
37°C for thirty minuies before adding HGF at a final concentration of 400 ng/m! (5 nM)
for 142 additional hours, The dose range tested for each antibody is from 10 o
0.0097 ug/mi (final concerdration in cach well), In this experiment, a murine IgG1 Mab
was added as a ourine 1sotype control and the tested antibodies were the following one:
224G and s human 1gG1 chimeric form identified as [224G1 1 chim, Wells plated
with cells alone -/ BGF were also mcluded. Then cells were pulsed with .25 pCiof
{3?3”1‘.}’?‘[13}1:@.&.{3&,36 (Arpersham Biossiences AB, Uppsala, Sweden) for 7 hours and 30
minutes. The magnitude of [“H]Thymidine incorporated i (richloroacetic acid-insohibie
DINA - was quammed by hogwd scintiliation counting. Results are expressed as non
transformed opm data fo better evaluate the potential intringic agonist activity that coutd
ocour with anti-c-Met Mabs when added alone to tumonr cell.
Results described in Figuwre 12 demonstrated that, as expected, the murine
anfibody m224G11 displayed no aponist effect when added alone to cancer cells

whatever the tested dose. No significant mbibition of the HGF-induced proliferation
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was observed with the isofype control regarding to the cpm variations observed for this

compound m this experiment. When added alone, the m224G11 antibody did not show

L}‘

any agomist effect compared to the mlgGl isctype control Mab or cells alone. A dose

dependent anti-proliferative activities reaching 78% was observed for m224G1] (%
inhibition calculation: 160-[(cpm cells+Mab to be tested-mean cpm background migGl
x 100/ {mean cpm cells + HGP- mean cpm cells alone}l). Swprisingly, the chimeric
form of the 224G11 Mabs induced @ significant, dose dependent agonist effect when
added alone. This agonist effect bad an impact on the in vitro inhibifien of HGT-
induced proliferation that shifted from 78% for the muwrine 224G 1o 50% for s
chimearic form, To determme whether such “lower™ in vitro mringic agonist activity was
compatible with an unchanged w vivo effect, both m224G11 and (224G 1 Vichtm were
produced for in vive testing. As, In previous studies, the fni} wg/mice dose had

demonstrated 4 sigmificant in vivo activity, that dose was selected for m vivo evalustion.

Exampie % In vivo mmpax‘z sen of muorin and chimeric 224G11 Mabs on the
NOE-H441 senogralt model

NCI-1H441 15 denved Gom papillary lung adepocarcinoma, expresses high levels
of c-Met, and demonstrates constitutive phosphorylation of o-Met RTE.

To evaluate the i vive effect of antlbodies on the NCLH441 xenogarafl model,
siz fo eght weeks old athymic muice were housed in sterilized filter-topped cages,
maintained in sterile conditions and manipulated according to French and Em-opeaﬁ
guidelines. Mice were injected subcutaneously with 9x10° colls. Then, six days after

cell fplantation, tumors were measurable (approximately 100 mmj animals wers
divided mto groups of & mice with comparable tumor size and treaied frst with a
loading dose of 60 ng of antibody/mice and fhen twicea week i with 30 ug/dose of cach
antibody to be tested. The mice were followed for the observation of xenograft growth
rate. Tumor volume was calculated by the formula: 7 (P1y/6 X lenoth X width X heighi
Results described in Figure 13 demonstrate that the murine Mab devoided of agonist
activity in vivo behave, ag expected, as potent antagonist even af the jow tested dose. In
confrast to what observed with the murine Mab, the chimeric one displaved a very
tansient in vive activity and tumor completety escaped o the treatment at D20 post cell

imjection. This experiment demonstrates clearly that the Increase of in vitro agonist
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effzet that resulied in & decrease of anfagonist activity was also responsible for a

significant in vive loss of anfagonist activity.

Example 10 Effect of the murine 224G11 Mab and of various chimerie and
humanized versions of this antibedy on HGF-indneed projiferation of MCEL-H4d1
cells i vifrs

NCE-HA4L eells from ATCC were toutinely cultured in REMI 1640 medinm
{Invitrogen Corporation, Scetland, UKD, 10% FCS (nvitrogen Corporation), 1% L-
CGlutamine (Invitrogen Corporation), For protiferation assays, cells were split 3 days
before use so thet they were in the confluent phase of growth before plating. NCI-H441
cells were plated in 96-well tissue culture plates at a density of 3.75210% cellg/well in
200 wtof serurn free medium (RPMI 1640 medium phus 1% L-Giatamine). Twenty four
hours after plating, antibodies to be tested were added to NCI-H441 and incubated a
37°C for thirty minutes before adding HGF at a final concentration of 400 ng/ml (5 M)
for 142 additional hours, The dose range tested for each antibody 18 from 10 to
0.0097 ng/ml (fnal concentration in each welly. In this experiment, murine IgGI1 Mab
was added as s omuring sotype contiol and as an agomist negative control. The tested
antibodies were the following one! 1) m224G11, i,i} its human igGl chimeric forms
respectively identified as [224G11] chim, %:"2, G [MH chim], [224G1H1T [MUPSH
chim], [224G11] [MMCH chim, [224G11] {TH7 chun] i} its homanized 1gG1 forms
respectively desoribed as [224G11] [Hzll, [224G117 22T, [224G11] [Hz31 Wells
plated with cells alone -+ BGE were also inclided. The 505 whole antibody from
(renentech commercially avatlable at the ATTCC as an hybridoma cell hne wag
miroduced as o full agonist positive control and thereafer called m505. Then calls were
puised with 0.25 nCi of PH] Thymidine {Amersham Biosciences AR, 1 fppeala, Sweden)
for 7 hours and 30 minutes. The roagnitude of PHIThymidine incorporated in
frichloroacetic acid-insoluble DINAL was quamntified by liquid scintillation counting,
Results are expressed as non transformed cpm data to better evaluate the potontial
ntringic agonist activity that could scour with anti-c-Met Mabs when added alone to
turneur cell,

Results described m Figure 14A demoustrated that as expected neither the

isotype conirol nor the m224G11 displaved any agonist activity on NCI-H441
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profiferation. The sotype control was without effect on HGF-induced cell proliferation
whereas m224G11 showed a 66% inhibition when added at the final concentration of
10 pegfmi, The mSD5 vsed as an agonist control showed, as expected, a full dose
dependent agonist effsct when added alone o the cells, As already observed, the
[224G117 chim Mab displayved o significant dose~ dependent agonist effect and, &
decreased mhibitery activity of this chimeric Torm was observed: 19% instead of 66%
for the murine form, When added alone, the 3 1eGl humanized Mabs demonstrated
dose dependent agonist effects compared fo the m224C1T form. [224G117 {Hzlj,
[22403117 THz2Y and 12244111 [Hz37 had comparable antagonist activities about 46, 30
and 35%. These activities are sipnificantly lower than the one observed for m224G11.

.

In Figure 148, various IgG1 chimeric forms were fested. Compared to [224G11] cum

o~

form which displayed a dose-dependent agonist effect when added alone to NCI-H441
celis, the [224G11] [MH chim], 1224G11] [MUPSH chim], [224G11] [MMUCH chim),
[224G11Y [THT chim} forms were without significant mmtringic agomst effect. Their
anfagonist ectivity was higher than the one observed fof the m224G 11 Mab (57%) with

wnhibitions reaching 79, 78, 84 and 93% respectively for [224CG11Y IMHE chim],

[224G1T IMUPOH chim], [224C1 T IMMCH chim] and [224G 1] [THT chim.

Exaaple 11: fr vitro effeet of varions IgGT humanized form of the 224G11
Wiah
NCL-H441 cells from ATCC were routinely cultured in RPMI 1640 medium

(Invitrogen Corperation, Scotland, UKD, 10% FCS (Invitrogen Corperation), 1% L-
Glutamine (Invitrogen Corporation). For pz‘-ﬁi.if@mticm assays, colls were split 3 davs
befors use so that they were . the confluent phase of growth before plating. NCI-H441
colls were plated m 96-well tissue cutture ;}1 tes at a density of 3.75x10 cellsiwell i
200 nlof serum free medimm (RPME 1640 medinm plus 19 L-Glutarmine}. Tweaty four
hours affer plating, antibodies to be fested were added to NCI-H441 and incubated at
37°C for thirty mitutes before adding FHGF at a fnal concentration of 4640 ng/ml (5 oM}
for 142 additional hows. The dose vange tested for each antibody i8 from 10 to
0.0097 ug/m! {final concentration in each well). In this experirent, murine fg(Gl Mab
was added as a background wmegative confol for agonist activity and the tested

artibodies were the following one: §) m224G11, i1} g human IgGl chimeric foms
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respectively identified as [224G11] chim, [224G 111 ITHT chim] 1) its hursanized 1gGl
forms respectively described ag [224G11] [TH7 Hzl j [224G11Y [THT Hz3] Wells

plated with cells alone -4 HGE were also mmcluded. The 3DS5 whole antibody from
Genentech commercially available at the ATCC az an hybridoma cell line was

tntroduced as a full agonist positive control and thersafier called maD35. Then cells were

palsed with 0.25 wCi of [HThymidine (Amersham Biosciences AR, Uppsala, Sweden)

for 7 hours and 30 minutes. The magnitude of H|Thymidine incorporated
trichloroscetic acid-inscluble DNA was guantified by lgquid seimtillstion counfing.
Results are expressed as non i:ramf{}'rm&d cprn datz to better evaluate the potential
mfrinsic agonist activity that could occur with anii-c-Met Mabs when added alone to
turnour cell.

Figure 15 showed that the m224G11 Mab displaved {he usual hibitory effect
(74% inhibition), The chimeric IeGl form [224G11} chim had as expected & dose
dependent mivinsic agonist effect and a lower antagonist effect compared to the murin
form; 33% versus 74% mhibttion, The [224G11] [TH7 chim] had a very weak agonist
activity in ihis experiment. However it displayed « high inhibitory effect (81 %) close to
the one noticed for the waorme Mab, The 2 humanized forms had no intrinsic agonist
effect and had an antagonist activity close to the ones observed for the muine Mab or
the [224G11} [THT chim) with respactively 67 and 76% inhibition for [224G111 [THY

Hzl] and [224G 117 [THT Hz3).

Example 12 In vivo comparison of murin, chimerie and homeanized 224G11
Mabs bearing oither the wild fvpe or the TH7Y- enginsered hinge (NCL-H441
Tenoorail medel).

MCE-HA4 15 denved from papillary hung adenocarcinora, expresses high levels
of e-Met, and demonstrates constitutive phosphorylation of c-Met RTE.

To evaluate the necessity of hinge engineering to save in vive activity of the

-~

224G 1 murine antibody, six 1o eight weeks old athvimic mice were housad in sterilized

filter-topped cages, mamtaimed in sierile conditions and manipulated according fo
French and Buropean guidelines. Mice were injected subcutaneously with 9x10° NOI-
Ha41 cells. Then, six days after cell ‘iH}pl‘c‘tﬁ’f&ti{}i‘i,5 oy were  measurzhle

{epproximately 100 mm™}, ammals were divided mto groups of 6 mice with comparable
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turnor size and freated first with a loading dose of 2 mg ofa tibody/mice and then twice
a week with a 1 mg/dose of cach antibody 1o be tested. Ten antibodies were gvaluated in
this experiment Including the m224G11, the chimeric form displaving the wild type
hinge {(c224G1i), the TH7-enpineered chimeric form (QZ4GII[THT chimll three
humanized form beaning the wild fype hinge {224@]}{'1;;(}1 Hezll, 22401 17TeG Hz2)
and  224G1iHTpGl Hz'_%_-})' and the three cor IL%]}{}ﬂd}ﬂU TH7-engineered  forms
(224G1THT Hzl], 2240G11{THY HzZ) and 224G1HTHT Hz3)). Mice were followed
for the observation of xenograft growth rate.

Tumor volume was caleolated by the fornmula: w (P16 X length X width X
height.

Results desceribed i figore 16 demonsirate that the murine Mab devoid of any
GEOTISE ACHVILY [n vigro behave, ag expected, a8 potent in vive antagonist. In contrast
what observed with the murine Mab, both chimeric and humanized forms bearing the
wild type ninge displayed only a very wansgicut in vivo activity. In any cases the
substitution of the wild type hinge by the TH7-engineered one resulted in a complete
restoration of the in vive activity observed with muring antibodies. This experiment
demonstrates clearly that the nevesse of in virro agonist effect that resulted m a
decrease of aptagonist activity was also responsible of o significant in vive loss of
artagonist activity. 1t also demonstrates that the use of a TH7-engineered region instead

of the wild type one 15 needed for keeping the in vive properties of the murine Mab.

Example ELB: Tfect of m224G71 and ity hrmanized form h224G1] on o Meat
downregaiaiion fr vifr

In the following examples. for the avoidance of , the expression h224G11

I A et

'!f\

refers to the humanized form 224G1H1 [THT Hz31 of the a:n'é.ibody of the mvention.

Two cell lines have been selected to address the activity of anti-c-Met antibodies
on o-Mef receptor degradation. A549 (FHTB-174Y and NCI-H441 (#HCCL-185) are two
NSCLC cefl hines from the ATCC collection. NCILHA4] cells were seeded in RPMI
1640 + 1% L-glutamine + 10% heat-inactivated FRE, at 3x10° colls/om?® I six-well
plates for 24 h at 37°C in a 5% CO; afmosphers. AS49 cells were seeded in FI12K +
10% heat-inactivated FBS, at 22107 cells/cm® in six-well plates for 24 hat 37°C in a 5%

COy atmosphare,
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Then, cells were waghed twice with phosphate buffer saline {PBE) before being
serum-starved for 24 additional hours. Antic-Met antibodies (10 pg/mi), frelevant
il G110 pg/ml), or HGE (400 ng/mi) were added in serume-free DMEM medivm at
37°C. After either 4 hours or 24 howrs of incubation, the medium was gently removed
and celle washed twice with cold PBS. Cells were lysed with 500 pl of ice-cold lysis
buffer [50 mM Tris-HCI (ph 7.5); 150 mM NaCl; 1% Nonidet P40; 0.5% deoxycholate;
and 1 complete protease inhibitor cocktall ablet plus 1% antipbosphatases]. Cell lysates
were shaken for 90 min at 4°C and cleared at 15 000 rpm for 10 minutes. At this stage,
ceil lysates could be stored at -20°C until nesded for western blot analysis. Protein
concentration was guantifie d using BCA. Whole cell Iysates (Sug in 20 ply were
separated by SDS-PAGE and fransferred to nitrocellulose membrane, Menbranes were
saturated for 1 h at RT with TRS-Tween 20 0.1%(TRSTY 3% non-fat dry milk and
probed with anti-c-Met antibody (dilution 171000} overnight at 4°C in TBST-3% non-
fat dry milk, Antibodies were diluted i tris-buffered saline-0.1% tween 20 {v/v)
{TEST) with | % non-fat dry milk. Then, membranes were washed ‘Wi,tb_ TEET and
incubated with neroxvdase-conjugated secondary antibody {(diution 1:1000) for 1 h at
RT, Immonereactive proteing were vigualized with ECL (Pierce # 32209, After ¢-Maet
visualization, membranes wore washed once again with TBST and incubated for 1 b at
RT with mouse anti-GAPDH antibody {dilution 1/200 008} in TBET-3% non-fat dry
milk, Then, membranes were washed i TBET and incubated with peroxvdase-
conjiigated secondary antibodies, for 1k at BT Membranes were washed and GAPDH
was revealed using BCL. Band intonsity was quantified by densitometry

Results presented in figures 19A and 20A demonstrated that both m224G11 and
h224G171 are able to sigmficantly downregulate c-Met, m & dose-dependant way, in
both ASA9 and NCL-H44T cell lines, The downregulation 18 already sigmficant after & 4
howr incubation time and still increased at 24 hour, Histograms presented n Ggures 194
and 20A corresponds fo mean values or respectively 4 and 3 independent experiments.

Western blot mages corrssponding to one significant experiment were incloded in

figures 198 and 268,

Fxample i4: Effect of m224G171 and is hamanived form 8224G1E on o-Met

shedding in vitro
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Soluble shedded forms of the o-Met receptor ocour naturally in the serum of
mice xenograffed with human tmmor or in seruwm of human patient carrving fumors
expressing c-Met. Moreover, anfibodies directed against c-Met such as the DIN30 Mab,
are deseribed as shedding inducers of o-Mst in in vitro experiments. To determine
whether the m224G11 as such a property, cells were seeded in six-well plates 1n 10%
FCS medium. When they reached approxumately 80% confluence, medium was
removed and frosh complete calture medivm /- compounds to be tested was added
Cells were incubated 72 additional hours with efther m224G11, an isotype control
mig(Gl or PBS. PMA {phorbol mensiaie acefate) was introduced as a shedding inducer.
HOGF was also tested on cells to determine the impact of o-Met ligand on natural
occurning shedding. Then supernatants were collected and filtered on 0.2 Han before use
m an BELISA test which soluble forms of oMst were captured with an anti-c-Met
antibody that does not recognize the same epitope as either m224G11 or the ¢l1E)
({-:'iguf:e 21). Moreover, cells from each well were washed once with PBS and lysed to
determine protein concentration. For the BLISA, 224D10 was used as a capture
antibody and afier plate saturation, filtered supernatants from six well plates were added
in the BLISA test. A monomeric c-Met formm was used 8¢ a positive control. Afier
supernatant incubation, plates were washed to remove the unbound e-Mst and ¢l11E?
was used to detect o-Met captured by the 224G 1T Mab. The revelation of the test was
finally performed by addition of an HRP-conjugated anti-hFe polyclenal antibody.

Results shown in figure 22 indicaie that a natural shedding of o-Met ocourred
when cells were cultured for 72 howrg in vilro, Ne offeet of the mlgGT was cbserved
Fowever, the addition of m224G11 seemed to mbibit o-Met shedding. These results

were conlirmed for 3 other cells lines (Hs746T, EBCT and MEN4S)Y in figure 23, n that
secomd experiment, the PMA, added ay a positive sheddimg mducer, mereased
sigmficantly, as expected, c-Met shedding af least in 2 cell lines (Hs7467T and MENAS).
Finelly, in a third experiment (Figure 24), HGF was mtroduced a2z a conirol. MNo
additional shedding was induced by HGF compared as cells alons or cells + migGl.

Once again, 2 significant nhibition of ¢-Met shedding was abserved with m224G11L

Examsple 15 Intrinsic pffect of K224G 11 Ab o various coll fines

In previous experiments described in thig patent, it has been demonstrated that in
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contrast to what was observed with other antibodies such as 5D5, the m224G11 and its
humantzed form h224G11 do not display significant intrinsic activity tumor cell lines,
To extend this property fo other cell lmes, western blot and phospho-ELISA
experinents were performed with the antibody alone, added for varlous times, on & set
of cancer cell Iines, with variable levels of c-Met expression, including Hs746T, NCI-
441, HsSTET, NCLEIZS, TO8G, MDA-MB-231, PC3. The same test was also
performed in & normal cell; HUVEC,

Method for the phospho cMet ELISA assay was already described in example 3
of the present patent application. For the westemn analysis, protein lysates were made
from pelieted cells by incubation in lysis buffer with proteeses and phosphatase
mhibiters [10aM Tris (pH 7.4), 150 mM NaCl, 1mM EDTA, I mM EGTA, 0.5%
i\cnm ot P40, 100 mM sediwrn fooride, 10 mM sodtum pyrophosphate, 2 mM sodium
orthovanadate, 2 M PMSF, 10 mg/ml Jeupeptin, 10 my/m! aprotinin} at 4°C. Protein
lysates were cleared of cellular debris by cenmifugation, resolved by slectrophoresis on
8% SDS-PAGE gels, and clectrotransferned to a nitrocellulose membrane. For o-Met
experiments, Iysates were immunoprecipitated for specific protein of inierest before
electrophoresis and transfer.

Results preseated in figures 25 o 32 demonstrate once again that no iatriusic

activity of the h224G11 antibody was observed in the tested cells.

Example 161 In vivo comparison of the murin wild type 224011 with a
chimeric binge-engineered 2244011 form desoribed as 224G11]C2DE-7] (NCT-H441
zenograll model)

NCE-H441 15 derived from papillary lung adenccarcinoma, expresses high levels
of c-Met, and demongirates constitutive phosphorylation of c-Met RTK.

To evaluate the necessity of hinge engineering to sive in vivo activity of the
224G 11 murine antthody, six to eight weeks old athymic mice were housed in sterilized
filter-topped cages, mainiained in sterile conditions and manipulated according to
French and European guidelines. Mice were injected subcutaneousty with 9x10% NCI-
Ha41 cells. Then, six dave after cell implantation, rumors were measurable

- : 3 A : ! N el d o d- ) . . 1 .
(approximaiely 160 mm), enimals were divided into groups of 6 mice with comparable

tumor gize and treated first with & loading dose of 2 my of antibody/mice and then twice



o
]

30

66

a week with a 1 mg/dose of each antibody 10 be tested. Mice were followed for the
observation of xenograft growth rate, Tumor volume was caleulated by the forpmla: ©
{(Piy/6 X length X width X height. Results deseribed in fgure 33 demonstraie that the
mugine Mab devoid of any agonist activity n vitro behave, as expected, ag a potent in
vivo antagonist. As suggested by the results obtained in vitro, in phosphorylation
assays, the c22AGIICIDS-T] hinge-engineered antibody, that did not display =
sigmbcant agomst effect, demonstrate a gong in vivo activity, comparable to the one

of the m224G1] on the N{UT-H44] xenograft model,

Exapmple 17: Evaluation of h2Z24511 in an ADCC test

As B224G11 s of IgGl isotype, ADCC could be part of ifs in vive efficacy in
homan, An iz vitro [ ] release cytotoxicity assay was performed using efther Fs7467T
or NURH44] cells as target cells and MK cells purified from human peripheral bicod
mononuctear lymphocyies,

Briefly, one million Hs746T or NCI-H44] target cells were tnonbated with or
without 20 pg of h224G11 Ab in presence of 100 uCi of *'Chromium (Perkin Elmer)
for 1 fir. Then, 4 X 10° cells were plated with an increasing number of humen natural
kaller (NE cells I%OicLiCd from peripheral blood mononuclear cells (PBMC) using a
negative selection (Stemeell Techpologies). Cells were incubated iogether for 4
additional howrs at 37°C. Percent of c;ai}.'l.ysis was calculated following the formula:
[(experimental > Cr release - spontaneous ~ O release)/(full *'Cr reloase - spontanecus
FOr release)) X100, Spontancous reloase represepts the counts obtained when the
target cells were cuif‘:u:fezd in absence of nawral killer ceflls. Pull m sage vepresents the
counts obtained when the target cells were lvsed with 1% Triton X-100. 2224G11
b;gmn{,,d;:&}” enhanced tysis of both Fs7467 (Figure 34a) and WIT-H441 {Pigure 34b)
cells by 62.9% and 63 2%, respectively, af a ratio NE/Target cells of 100,

Example 18: Inmunohistochemnical Studies (THO)

Procedures of Paraffin Embedded Tumors THC Staining: 8 fo 12 uM sections of
frozen twnot were and immediately fixed in pre cooled acetone —20°C for 3 minutes,
Slides were then cooled at room temperature for w(} rainntes to 1 hour. After 2 washes in

PBS the Endogenous peroxidase activity was blocked using Peroxidase Blocking
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Reagent (Dako K4007) for five minutes. Sections were washed with PBS and incubated
in avidin/biotin blocking rsagemt (Dako X0590) jusi before saturation of the non
specific sites in PRS-BSA 4% for 30 minutes at room temperature. Then, slides were
mevbated with the botinylated h224GI11 (50 to 10 pg/ml) or humen biotinylated
5 lgGlikappa (50 to 10 pg/ml the Binding Site) as negative control 2 hours &t toom
emperalire

Sections were washed with PBS and incubated with Sireptavidin-peroxydase
complex wniversal {Dako KO679) for 30 fo 45 minutes, 3-Ammo-9-Eihylcarbazole was
used for development of & red reaction product (Sigma). The slides were immersed in

10 hematoxyiin for 4 minutes fo counterstain (Dako 83309).

Results are represented i Figure 35,

h224G11 differentially stains the cell membrane of various tumor types. In this
unrnunehistochemistey  procedure, the red reaction product correlates fo positive
staining of the cell membrane and lack of ved reaction product correlates to negative
1% staining and no visualization of the cell membrane. The LgG control, human [gG 1/ kappa

18 an isotype matched control.
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CLAIMS

1. A monoclonal antibody, or a functional fragment thereof, capable to inhibit
the c-Met dimerization, said antibody or said functional fragment thereof comprising a
heavy chain comprising CDR-H1, CDR-H2 and CDR-H3 with respectively the amino
acid sequences SEQ ID Nos. 1, 2 and 3; and a light chain comprising CDR-L1, CDR-L2
and CDR-L3 with respectively the amino acid sequences SEQ ID Nos. 5, 6 and 7,
wherein said antibody consists of a chimeric, human or humanized antibody and in that
said antibody or said functional fragment thereof also comprises a hinge region

comprising the amino acid sequence SEQ ID No. 21.

2. The antibody of claim 1, or a functional fragment thereof, wherein said
hinge region comprises the amino acid sequence SEQ ID No. 22.

3. The antibody of claim 1, or a functional fragment thereof, wherein said
hinge region comprises the amino acid sequence SEQ ID No. 23.

4, The antibody of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variabie domain
of sequence comprising the amino acid sequence SEQ ID No. 4, and a light chain

variable domain of sequence comprising the amino acid sequence SEQ 1> No. 8, 9 or
10.

5. The antibody of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ ID No. 8; and a hinge
region comprising the amino acid sequence SEQ ID No. 22.

6. The antibody of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ 1D No. 9; and a hinge
region comprising the amino acid sequence SEQ ID No. 22.
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7. The antibody of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ ID No. 10; and a hinge

region comprising the amino acid sequence SEQ 1D No. 22,

8. The antibody of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ ID No. 8; and 2 hinge

region comprising the amino acid sequence SEQ ID No. 23.

9. The antibody of claim 1, or a functional fragment thereof, wherem said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ ID Ne. 9; and a hinge
region comprising the amino acid sequence SEQ ID No. 23.

10. The antibedy of claim 1, or a functional fragment thereof, wherein said
antibody or said functional fragment thereof comprises a heavy chain variable domain
of sequence comprising the amino acid sequence SEQ ID No. 4; a light chain variable
domain of sequence comprising the amino acid sequence SEQ ID No. 10; and a hinge

region comprising the amino acid sequence SEQ 1D No. 23,

11. An isolated nucleic acid, wherein it is chosen from the following nucleic

acids:

a) a macleic acid, DNA or RNA, coding for an antibody, or a functional fragment
thereod, as claimed in one of claims 1 to 10;

b) the complementary nucieic acids of the nucleic acids as defined in b).

12. An isolated nucleic acid, wherein it is chosen from a nucleic acid, DNA or
RNA, coding for an antibody, or a functional fragment thereof, according to claim 11
and wherein said nucleic sequence coding for the hinge region of said antibody
comprises or has a sequence selected from the group consisting of the sequences SEQ
1D Nos. 29 or 30.
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13. A vector comprising a nucleic acid as claimed in claim 11 or 12.
14. An isolated host cell comprising a vector as claimed in claim 13.

15. A transgenic animal with the exception of man comprising at least one cell

transformed by a vector as claimed in claim 13.

16. A process for production of an antibody, or a functional fragment thereof,
as claimed in one of claims 1 to 10, wherein said process comprises the foiibwing
stages:

a) culture in a mediwm and appropriate culture conditions of a cell as claimed n
claim 14; and

b) the recovery of said antibody, or functional fragment thereof, thus produced

starting from the culture medium or said cultured cells.

17. The antibody, or a functional fragment thereof, of claims 1 to 10, wherein

said antibody is coupled chemically to a cytotoxic agent.

18. The antibody of claim 17, wherein said cytotoxic agent is selected in the
group consisting of alkylating agents, anti-metabolites, anti-tumor antibiotics, mitotic
inhibitors, chromatin function inhibitors, anti-angiogenesis agents, anfi oestrogenic

agents, anti-androgen agents or immunomodulators.

19. The antibody of claim 17 or 18, wherein said cytotoxic agent is a mitotic

inhibitor.

20. The antibody, or a functional fragment thereof, of claims 1 to 10 and 17 to

19 as a medicament.

21. A composition comprising by way of active principle a compound
consisting of an antibody, or a functional fragment thereof, as claimed in one of claims

1 to 10, and 17 tc 20.
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22. The composition of claim 21, wherein said composition comprises,
moreover, as a combination product for simultaneous, separate or sequential use, an

anti-tumoral antibody.

23. The composition of claim 21, wherein said composition comprises,
moreover, as a combination product for simultaneous, separate or sequential use, a

cytotoxic/cytostatic agent.

24. The composition of claim 23, wherein said cytotoxic/cytostatic agent is
coupled chemically fo at least one of the elements of said composition for simultancous

use.

25. The composition of claim 24, wherein said cytotoxic/cytostatic agent is
selected in the group consisting of alkylating agents, anti-metabolites, anti-tumor
antibiotics, mitotic inhibitors, chromatin function inhibitors, anti-angiogenesis agents,

anti oestrogenic agents, anti-androgen agents or immunomodulators.

26. The composition of claim 24 or 25, wherein said cytotoxic/cytostatic agent
is a mitotic inhibitor.

27. The composition of claim 21, wherein said antibody, or a functional

fragment or derivative thereof, is conjugated with a cell toxin and/or a radioelement.

28. The use of an antibody, or a functional fragment thereof, of claims 1 to 10
and 17 to 20 or of a composition of claims 21 to 27 for the preparation of a medicament
intended to inhibit the growth and/or the proliferation of tumor cells.

29. The use of an antibody, or a functional fragment thereof, of claims 1 to 10
and 17 to 20 or of a composition of claims 21 to 28, for the preparation of a medicament

intended for the prevention or for the freatment of cancer.

30. The use of claim 29, wherein said cancer is a cancer chosen from prostate
cancer, osteosarcomas, lung cancer, breast cancer, endometrial cancer, glioblastoma or

colon cancer,
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~ 31. The use of claim 29 or 30, wherein said cancer is 2 HGF dependant and

independent Met-activation related cancer.

32. A method of in viiro diagnosis of illnesses induced by an overexpression or
an underexpression of the c-Met receptor starting from a biological sample in which the
abnormal presence of c-Met receptor is suspected, wherein said method comprises a
step wherein said biological sample is contacted with an antibody of claims 1 to 10 and

17 to 20, or a functional fragment thereof.

33. The method of in vitre diagnosis of claim 32, wherein said method

comprises a step wherein said antibody is labelled.



