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Antibody against the CSF-1R

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of U.S. Application No.

12/922,441, filed September 13, 2010, which is a U.S. national phase application
based on PCT/EP2009/001733, filed March 11, 2009, and which claimed priority
of European Application No. 08 36 0005.6, filed March 14, 2008, and the benefit of
U.8. Provisional Application No. §1/043,884, filed April 10, 2008.

Ssequence listing

[0002] The instant application contains a Sequence Listing which has been
submitted via EFS8-Web and is hereby incorporated by reference in its entirety.
Said ASCIl copy, created on March 30, 2011, is named 13026944.1xt and is
56,764 bytes in size.

Description

[0003] The CSF-1 {Colony-Stimulating Factor-1) is a cytokine expressed
particularly by various types of cells. It is a differentiation, growth and survival
factor for cells of the mononuclear phagocyie lineage which express the receptor
for CSF-1 {CSF-1R) (SHERR. Colony-stimulating factor-1 receptor. blood. 1890,
vol.75, no.1, p.1-12. ). C8F-1R is a tyrosine kinase receptor encoded by the ¢-fims
protocnogene containing an intracsliular kinase domain and a ligand-binding
extraceliular region organized in five immunoglobulin-iike subdomains. Response
fo CSF-1 results in increased survival, growth, differentiation, and reversible
changes in function. The c-fims gene is itself a mécrophage differentiation marker.
The exient of ¢-fms expression is stronger than that of other macrophage-specific
genas including lysozyme and a macrophage-specific protein tyrosine
phosphatase (HUME, et al. Regulation of CSF-1 receptor expression. Molectiar
reproduction and development. 1997, vol.46, no.1, p.46-52. ).

[0004] [n addition to celis of the mononuclear phagocyte lineage, the CSF-1R s
also expressed by many types of human tumors. In breast cancer, CSF-1R
expression is associated with larger turnor sizes and decreased survival
(KLUGER, et al. Macrophage colony-stimulating factor-1 receptor expression is

associated with poor outcome in breast cancer by large cohort tissue microarray
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analysis. Ciinical cancer research . 2004, vol.10, no.1, p.173-7. , SCHOLL, et &l
Anti-cotony-stimulating factor-1 antibedy staining in primary breast
adenoccarcinomas correlates with marked inflammatory cell infilirates and
prognosis. Journal of the National Cancer Insiitufe. 1994, vol.86, no.2, p.120-6. ).
in epithelial ovarian cancer, the majority of primary tumors and metastases
strongiy express the CSF-1R, and mefastases frequenily co-express CSF-1 and
CSF-1R. The CSF-1R is also expressed by tumor-infiltrating macrophages
{CHAMBERS, et al. Overexpression of epithefial macrophage colony-stimulating
factor (CSF-1) and CSF-1 recepion a poor prognaestic facior in epithelial ovarian
cancer, contrasted with a protective effect of stromal C3F-1. Clinical Cancer
Research. 1997, vol.3, no.§, p.988-1007. ). in ovarian and endometriai cansers,
Northern blot analysis shows that the vast majority of turmors co-express CSF-1
and CSF-1R , while CSF-1R expression is only weakly detected in normal
endometrial tissue samples (BAIOCCH], et al. Expression of the macrophage
colony-stimulating factor and iis receptor in gynecologic malignancies. Cancer.
1881, vol.67, no.4, p.980-6. ). In cervical carcinomas, C8F-1R expression is up-
regulated both in tumor stroma and in turmor épithelium, compared with normal
endometrium (KIRMA, et al. Elevated expression of the oncogene c-fms and its
ligand, the macrophage colony-stimutating facior-1, in cervical cancer and the role
of transforming growth factor-betal in inducing c-fms expression. Cancer res..
2007, vol.67, no.5, p.1918-26. ). In renal carcinormna, infiltration of tumor-associated
macrophages expressing high ievels of CSF-1R is associated with tumor
pragression (HEMMERLEIN, ef al. Expression of acute and late-siage
inflammatory antigens, c-fms, CSF-1, and human monogcyiic serine esterase 1, in
tumor-associated macrophages of renal cell carcinomas. Cancer irnmunology,
immunotherapy . 2000, vol.49, no.9, p.485-82. ). CSF-1R is expressed by close to
100% prostatic intraepithslial neoplasia or cancer samples (IDE, et al, Expression
of colony-stimudating factor 1 recaeptor during prostate development and prostate
cancer progression. Froc. Nalf. Acad. Sci. .5.A.. 2002, vol.99, no.22, p.14404-9.
}. CSF-1R expression has also been detected in acute myeloblastic leukamias and
B-cell chronic lymphocylic leukemias (RAMBALDI, at al. Expression of the

macrophage colony-stimulating factor and ¢-fms genes in human acute
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myeloblastic leukemia calls. Journal of Clinical investigation. 1988, vol.81, no.4,
p.1030-5. ).

[0005] Work done by immunohistochemistry and /n s#w hybridization has
demonstrated specificity of the expression of C3F-1 in invasive breast cancer
cells while such production is not observed in intra-canal or non-invasive tumor
cells (SCHOLL, et al. Anti-colony-stimutating factor-1 antibody staining in primary
breast adenocarcinomas correlates with marked inflammatory cell infiltrates and
prognosis. Journal of the National Cancer Instifute. 1994, vol.86, no.2, p.120-8. ;
TANG, et al. M-CSF (monocyte colony stimulating factor) and M-CSF recepior
expression by breast tumor cells: M-CSF mediated recruitment of tumor infiltrating
monocytes?. Journal of ceflular biochemistry. 1992, vol.50, no.4, p.350-6.).
Production of CSF-1 by invasive tumor celis correlates with its increase in
concentration in the piasma of patients, where it can exceed 1000 pg/ml compared
with less than 300 pg/mi in normal subjects. High serum concentration correlates
with advanced stages of the disease and unfavorable short term prognostic
{SCHOLL, et al. Circulating levels of colony-stimulating factor 1 as a prognostic
indicator in 82 patients with epithelial ovarian cancer. British journal of cancer.
1994, vol.69, no.2, p.342-6. ; SCHOLL. Circulating levels of the macrophage
colony stimulating factor CSF-1 in primary and metastatic breast cancer patients.
A pilot study. Breasf cancer research and freafmenf. 1996, vol.39, no.3, p.275-
83.). Moreover, it has been demonstrated that CSF-1 stimulates mobility and
invasiveness of fumor cells (DORSCH, et al. Macrophage colony-stimulating factor
gene transfer into tumor cells induces macrophage infilfration but not tumor
_.suppressidn. European journal of immunology. 1993, vol.23, no.1, p.186-90. ;
WANG, et al. Induction of monocyte migration by recombinant macrophage
colony-stimulating factor. Joumal of immunology . 1988, vol.141, no.2, p.575-9. ;
FILDERMARN, ef al. Macrophage colony-stimulating factor (CSF-1) enhances
invasiveness in CSF-1 receptor-positive carcinoma cell lines, Cancer res.. 1982,
vol.52, no.13, p.3661-6. ).

[00G6] CSF-1 also has a chemotactic effect on precursors of the myeloid fine,
which facilitates infiltration of monocytes in the tumor. However, the presence of

these monocytes is not sufficient to observe destruction of the tumer by the
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immune system (DORSCH, et al. Macrophage colony-stimulating factor gene
transfer into tumor cells induces macrophage infiltration but not tumor
suppression. European fournal of immunofogy. 1993, vol.23, no.1, p.186-90. ). It
appears that af the high serum contents commonly found in patients suffering from
tumors of the breast, ovaries or pancreas, CSF-1 crients the differentiation of
these maenhogyies info macrophages and not inio dendritic cells capable of
presenting tumoral antigens and thus initiating an efficient cytotoxic immune
response directed against tumor celis (SCHOLL. Circulating levels of the
macrophage colony stimulating factor C8F-1 in primary and metastatic breast
cancer patients. A pilot study. Breast cancer research and freatment. 1896, vol .39,
no.3, p.275-63. ; BARON, et al. Modulation of MHC class 1 transport and
lysosome distribution by macrophage-colony stimulating factor in human dendritic
cells derived from monocyles. Jowrnal of celf science. 2001, vol. 114, no.pt5,
p.999-1010. ).

[0007] CSF-1is also essential for proliferation and differentiation of osteoclasts
(CECCHINI, et al. Role of CSF-1 in bone and bone marrow development.
Molecular reproduction and development. 1987, vol.46, no. 1, p.75-83. ).
Osteoclasts are multinucieated cells that express the CSF-1R, deriving from
hematopoietic precursors that are primarily responsible for the degradation of
mineralized bone during bone development, homeostasis and repair. In various
skeletal disorders such as osteoporosis, hypercalcemia of malignancy, rheumaioid
arthritis, tumor metastases and Paget's disease, bone resorption by osteoclasts
exceeds bone formation by osteoblasts leading to decreased bone mass, skeletal
fragility and bone fracture { BRUZZANITI, et al. Molecular regulation of osteoclast
activity. Reviews in endocrine . 2006, vol.7, na.1-2, p.123-39. ). For example,
patients with advanced breast cancer frequently develop metastasis to bone. Bone
metastasis resuiis in intractabie pain and a high risk of fractures due 1o fumor-
driven bone loss (osteolysis), which is caused by increased osteoclast activity
(CICEK, ot al. Breast cancer bone metastasis and current small therapeutics.
Cancer mefasiasis reviews, 2008, vol.25, no 4, p.635-44. ). It has been shown that
osteclysis is finked to a high level of circulating CSF-1 (KITAURA, st al. The
journal of clinical investigation. AM-CSF mediates TNF-induced inflammatory
ostfeolysis. 2005, vol. 115, no.12, p.3418-27. ) .
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[0008}] The CSF-1 pathway is alse involved in mediating intestinal inflammation in
disease such as Inflammatory bowe! disease (MARSHALL, et al. Blockade of
colony stimulating factor-1 {C3F-1) leads o inhibition of DSS-induced colitis.
Inflammealory bowel diseases. 2007, vol.13, no.2, p.219-24. ), in mediating
macrophage proliferation during acute alfograft rejection (JOSE, &t al. Blockade of
macrophage colony-stimiulating factor reduces macrophage profiferation and
accumulation in renal allograft rejection. American fournal of fransplantation .
2003, vol.3, no.3, p.294-300. and in HV-1 replication in infected macrophags
(KUTZA, et al. Macrophage colony-stimulating factor antagonists inhibit replicaiion
of HIV-1 in human macrophages. Jowrnal of immunofogy . 2000, no.164, p.4955-
4960,

[0008] For these reascns, the inhibition of the CSF-1 activity by various

compounds has been proposed for the treatment of cancer and bone degradation.
Background Art

{0010} WO 01/30381 relates to the use of inhibitors of the CSF-1 aclivity in the
| production of medicaments for the {reatment of tumor diseases. The two proposed
appfoaches for the inhibition of the CSF-1 activity are the suppression of the CSF-
1 activity itself, and the suppression of the activity of the CSF-1R. Neutraiizing
antibodies against CSF-1 or its receptor are preferred as the inhibitors of CSF-1

activity.

[0011] WO 03/0588385 describes combination products comprising a substance
capable of inhibiting CSF-1 activity and a substance having a cytotoxic activity for

the treatment of cancer.

[0012] WO 2005/068503 discloses a method for preventing and treating
osteolysis, cancer metastasis and bone 10ss associated with cancer metastasis by

administering an antibody against C8F-1 to a subject.

[0013] EP 1488792 A relates to the use of mono- and/or bicyclic aryl or
hetercarnyl gquinazoline compounds which exhibit sefective inhibition of
differentiation, profiferation or mediator release by effectively inhibiting CSF-1R
tyrosine kinase activity. This application also relates to the use of such compounds

for the manufacture of a medicament for inhibiting abnormal cell proliferation.



[0014] US 2005059113 relates to antibodies and antigen-binding portions thereof
that specifically bind to aCSF-1. The invention also relates to human anti-CSF-1
antibodies and antigen-binding portions thereof. This application invention also
provides gene therapy methods using nucleic acid molecules encoding the heavy
and/or light immunoglobulin molecules that comprise the human anti-CSF-1

antibodies.

[0015] Roussel and Sherr, 1988, PNAS, 86, 7924-7927 and Ashmun ef al., 1989,
Blood, 73, 827-837 are disclosing monoclonal antibodies to the human CSF-1
receptor (e.g. 12-3A3 and 2-4A5) which specifically block CSF-1 binding to the
human receptor, thereby inhibiting tigand-dependent growth. The recognized

epitope has been localized between positions amino acids 349-512,

[0018] WO2008/026303 provides antigen binding proteins that are able to
compete with CSF-1 and therefore prevent CSF-1 from binding to its receptor, and
in certain embodiments inhibit binding between {L-34 and CSF-1R. Moreover the
experimental section of W0O2009/026303 indicates that the antibodies developed
by the Inventors are binding epitopes that are mainly located at the N-terminus
between amino acids 20 to 223 of SEQ 1D NO 29 (corresponding to ig-like loop 1
and lg-like ioop 2 in W02009/026303) of CSF-1R and require the presence of both
the Ig-like loop 1 and. Ig-like Iobp 2 regions.

Summary
[0016a] in one aspect, there is provided an isolated, recombinant or purified antibody

that specifically binds to CSF-1R, characterized in that said antibody comprises:

(i (a) first variable region consisting in SEQ 1D NO:42, and (b) a second variable
region consisting in SEQ 1D NO:44; or

(i) (a) first variable region consisting in SEQ ID NGO:43, and (b) a second variable
region consisting in SEQ 1D NO:45; or

iii} {(a) first variable region consisting in SEQ 1D NO:42, and (b) a second variable
region consisting in SEQ ID NO:46.

{0016b] in another aspect, there is provided a nucleic acid sequence encoding an

antibody as defined above.



[0016¢] In yet another aspect, there is provided a vector containing the nucleic acid

sequence as defined above.

[0016d] In yet another aspect, there is provided a cell comprising the nucleic acid
sequence as defined above.

[0016€] In yet another aspect, there is provided a process for producing an antibody
as defined above comprising culturing a cell as defined above under conditions permitting

expression of the antibody and purifying the antibody from the cell or medium surrounding

the cell.

[0016f] in yet another aspect, there is provided a pharmaceutical composition
comprising the antibody as defined above, the nucleic acid sequence as defined above or

the vector as defined above and a pharmaceutically acceptable carrier.

[0016g] In yet another aspect, there is provided the antibody as defined above, the
nucleic acid sequence as defined above, the vecior as defined above or the pharmaceutical

composition as defined above for use as a medicament.

[0016h] In yet another aspect, there is provided the antibody as defined above, the
nucleic acid as defined above, the vector as defined above or the pharmaceutical
composition as defined above for use in the treatment of a disease selected from the group
consisting in cancer, a disease associaied o an increased osteoclast activity, inflammatory
disease and rheumatoid arthritis.

Detailed Description

[0017] The present invention relates to an antibody that specifically binds to the

CSF-1R, and more specifically to human CSF-1R.

[0018] As used throughout the entire application, the terms "a" and "an" are used
in the sense that they mean "at least one", "at least a first”, "one or more" or "a
plurality” of the referenced components or steps, unless the context clearly
dictates otherwise. For example, the term "a cell" includes a plurality of cells,

including mixtures thereof.

[0019] The term "and/or" wherever used herein includes the meaning of "and”,

"ot" and "all or any other combination of the elements connected by said term”.

[0020] The term "about" or "approximately” as used herein means within 20%,

preferably within 10%, and more preferably within 5% of a given value or range.
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[0021] As used herein, the terms "comprising” and “comprise” are intended to
mean that the kiis of parts, products, compositions and methods inciude the
referenced components or steps, but not excluding others. "Consisting essentially
of" when used fo define products, compositions and methods, shali mean
excluding other components or steps of any essential significance. Thus, a
composiiion consisting essentially of the recited components wouid not exclude
trace contaminants and pharmaceutically accepiable carriers. "Consisting of" shall

mean excluding morg than trace elements of other components or steps.

[0022] As used herein, the term "specifically binds to" refers to a binding reaction
which is determinative of the presence of a target protein in the presence of a
heterogeneous population of proieins and other biologics. Thus, under designated
assay conditions, the antibody according fo the invention bind preferentially to at
least part of the CSF-1R and do not bind in a significant amount to other
compenents present in a test sample. Specific binding between the antibody
according to the invention and the CSF-1R farget means that the binding affinity is
of at least 10° M1, and preferably 105 M-, 108 M-, 107 M1, 108 M, 108 M-1or 1010
M- In particularly advantageous embodiment, the binding affinity is of at least 109
M1 or 1010 M1,

[0023] As used herein, the term “CSF-1R" refers to the human CSF1 receptor.
The human CSF-1 receptor has been sequenced and its amino acid sequence is
depicted in SEQ ID NO: 29.

[0024] As used herein, "antibody” or "Ab” is used in the broadest sense.
Therefore, an "antibody” or “Ab” can be naturally cccurring or man-made such as
monocional antibodies (mAbs) produced by conventional hybridoma technology,
recombinant technology andf/or a functional fragmént thereof. Antibodies of the
present invention are meant o inciude both intact immunoglobulin molecules for
example a polycional antibody, a monecional antibody (mAb), a monaspecific
antibody, a bispecific antibody, a polyspeckic antibody, a human antibody, an
animal antibody (e.g. camelid antibody), chimeric antibodies, as well as portions,
fragments, regions, peptides and derivatives thereof {provided by any known
technigue, such as, but not limited to, enzymatic cleavage, peptide synthesis, or

recombinant technigues), such as, for example, immunogiebulin devoid of light
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chains {see for example US 6,005,079), Fab, Fab’, F (ab"),, Fv, scFv, antibody
fragment, diabody , Fd, CDR regions, or any portion or peplide seguence of the
antibody that is capable of binding aniigen or epitope. An antibody is said to be
“capable of binding" a molecule I i is capable of specifically reacting with the
molecule to thereby bind the molecule to the antibody. Antibady fragments or
portions may lack the Fo fragment of intact antibody, clear more rapidly from the
circulation, and may have less non-specific tissue binding than an intact antibody.
Examples of antibody may be produced from intact antibodies using methods well
known in the art, for example by proteoiviic cleavage with enzymes such as
papain {io produce Fab fragmenfs) or pepsin (to produce Flabfafragments (see
e.g., Wahl et al., 24 J. Nucl. Med. 316-25 (1983). Portions of antibodies may be
made by any of the above methods, or may be made by exprassing a portion of
the recombinant molecule. For example, the CDR region(s) of a recombinant

antibody may be isolated and subcloned into the appropriate expression vector.

10025] As used herein, the term "variable region® refers to the variable region, or
domain, of the light chain (VL) or heavy chain (VH) which coniain the determinants
for binding recognition specificity. The variable domains are involved in antigen
recognition and form the antigen binding sile. As used herein, the term "framework
region” refers to portions of light and heavy chain variable regions that are at least
85 % homologous (i.e., other than the CDR's) among different antibodies in the
same species. As used herein, the term "homologous» refers to a comparison of
the amino acids of two polypeptides which, when alignad by using the Smith-
Waterman algorithm (SMITH, et al. Identification of common molecular
subsequences: Jouwrnal of Molecuiar Biology. 1881, no. 147, 5.185-7. ), have
approximately the designated percentage of the same amino acids. For example,
"85% homologous” refers to a comparison of the amino acids of two polypeptides
which when optimally aligned have 85% amino acid identity. The variable region of
both the heavy and light chain is divided into segments comprising four framework
sub-regions (FR1, FR2, FR3, and FR4)}, interrupted by three siretches of
hypervariable sequences, or the complementary determining regions (CDR's), as
defined in Kabat's database (Kabat et al., op. cit.}, with the CDR1 positiocned
between FR1 and FR2Z, CDR2Z between FR2Z and FR3, and CDRJ between FR3
and FR4. Without specifying the particular sub-regions as FR1, FR2, FR3 or FR4,

8
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a framework region as referred by others, represents the combined FR's within the
variable region of a single, naturally occurring immunoglobulin chain. As used
herein, a FR represents one of the four sub-regions, and FR's represenis two or
more of the four sub-regions constituting a framework region. The sequences of
the framework regions of different light or heavy chains are relatively conserved
within a species. The framework region of an antibody is the combined framework
regions of the constituent light and heavy chains and serves o position and align
the CDR's. The CDR's are primarily responsible for forming the binding site of an
antibody conferring binding specificity and affinity to an epitope of an antigen.
Within the variable regions of the H or L chains that provide for the antigen binding
regions are smaller sequences dubbed "hypervariable” because of their extreme
variability between antibodies of differing specificity. Such hypervariable regions
are also referred to as "complementarity determining regions” or "CDR" régions.
These CDR regicns account for the basic specificity of the antibody for a particular
antigsnic determinant structure. The CDRs represent non-contiguous stretches of
amino acids within the variable regions but, regardless of species, the positional
locations of these critical amino acid sequences within the variable heavy and light
chain regions have been found to have similar locations within the amino acid
sequences of the variable chains. The variable heavy and light chains of all
antihodies each have 3 CDR regions, each non-contiguous with the others
{termed L1, L2, L3, H1, H2, H3) for the respective light (L} and heavy (H) chains.
The accepied COR regions have been described by Kabat et al, 252 J. Biol.
Chem. 6608-16 (1977}, and CDR loops may be identified by applying these rules
during an examination of a linear amino acid sequence. The rules for defining the
CDR -H3 loop can vary, however [see Chapler 4, Antibody Engingering: Methods
& Protocols, (Lo, ed. Humana Press, Totowa, NJ, 2004)), and the actual
boundaries of some COR -H3 loops may not be identified without experimental
technigues such as circutar dichroism, nuclear magnetic resonance, or X-ray
crystattography. In all mammalian species, antibody peptides contain constant
{l.e., highly conserved) and variable regions, and, within the latter, thers ars the
CDRs and the so-calied "framework regions” made up of amino acid sequences
within the variebie region of the heavy or light chain but outside the CDRs. The

CDR regions can also be defingd using Chothia nomenclature {CHOTHIA and
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LESK. Canonical structures for the hypervariable regions of immunoglobuling
(1987} J Mol Biol. 1987 Aug 20;196{4):901-17). Ther'efore, in cettain
embodiments, the CDRs are Kabat defined CDRs, and in other embodiments, the
CDRS are Chothia defined CDRs. Regarding the antigenic determinate recognized
by the CDR regions of the antibody, this is also referred {6 as the "epitope.” In
other words, epitope refers to that portion of any molecule capable of heing
recognized by, and bound by, an antibody (the corresponding antibody binding
region may be referred to as a paratope). In general, epitopes consist of
chemically active surface groupings of molecuies, for exampie, amino acids or
sugar side chains, and have specific three—dinﬁensionai structural characteristics
as well as specific charge characteristics.

[0028] The term "monocional antibody” or "mAb” as used herein refers to an
antibody that is detived from a single clone, Monoclanal anfibodies can be
prepared using hybridoma technigues such as those disclosed in HARLOW.

- Antibodies: A Laboratory manual. 2nd edition. Cold Spring Harbor: Laboratory
press, 1988 and HAMMERLING, et al. Monocional Antibodies and T Cell
Hybridomas. New York: Elsevier, 1981. p.563-681. .

[0027] As used herein, the term "human antibody” refers to an antibody having
variable and constant regions derived from or closely matching human germiline
immunoglobulin sequences. The human antibody of the iﬁvention may include
amino acid residues not enceded by human germiine immunogiobulin sequences
(e.g., mutations infroduced by random ar site-specific mutagenesis in vitro or by
somatic mutation in vivo), Thus, as used herein, the term "human antibody" refers
o an antlbody in which substantially every part of the protein is substantially
similar fo & human germiline antibody. "Substantially similar” refers to an antibody
having a nucleic acid sequence which ig at least 80, preferably 85, more preferably
90 and even more preferably 85% homologous 1o the nucleic acid sequence a

human germiine antibody.

[0028] As used herein, the term "Fab" refers to regions of antibedy molecutes
which include the variable region of the heavy chain and light chain and which
exhibit binding activily. "Fab" includes aggregates of one heavy and one light

chain (commonly known as Fab), whether any of the above are covalsently or nan-
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covalenily aggregated so long as the aggregation is capable of selectively reacting
with a particular antigen or antigen family. The Fab fragmentis a heterodimer
comprising a VL and a second polypeptide comprising the VH and CH1 domains.
In a preferrad embodiment the aniibody is an Fab' fragment. By Fab’ fragments
differ from Fab fragments in that the Fab' fragment contains a few residues at the
carboxy terminus of the heavy chain CH1 domain including one or more cysieines
from the antibody "hinge region”.

[0029] “F{ab")." refers to an antibody fragment obtained by the pepsin treatment
of an antibedy or to the equivalent protein obtained by other techniques such as
recombinant technologies. F{ab": fragment has two antigen-combining sites and is

still capable of cross-linking an antigen.

[0030] "Fv"is the minimum antibody fragment that contains a complete antigen
recognition and binding site. This region consisis of a dimer of one heavy-and one
fight- chain variabie domain in tight, nhon-covalent association. 1t is in this
configuration that the three CDRs of each variable domain interact to define an
antigen binding site on the surface of the VH VL dimer. Collectively, the six CDRs
confer antigen-binding specificity o the antibody. However, even a single variable
domain {or haif of an Fv comprising only three CDRs specific for an antigen) has
the ability to recognize and bind antigen, although at a lower affinity than the entire
binding site.

[0031] “Single-chain Fv" or "scFv" comprise the VH and VL domains of antibody,
wherein these domains are present in a single polypeptide chain. Preferably, the
scfv further comprises a polypeptide linker between the VH and VL domains
which enables the scFv to form the desired siructure for antigen binding
(LENNARD. Standard protocols for the construction of scFv libraries. Methods in
molecular biofogy . 2002, no.178, p.58-71. ).

[G032] As used herein, the term “antibody fragment” refers o one or more

fragments of an antibedy that retain the ability to specifically bind to the CSF-1R.

[0033] The term "diabodies" refers to small antibody fragments with two antigen-
binding sites, which fragments comprise a heavy-chain variable domain (VH)
connected to a light-chain variabte domain (VL) in the same polypeptide chain (VH

VL). By using a linker that is too short to allow pairing between the two domains on

11



WO 2012/110360 PCT/EP2012/652043

the same chain, the domains are forced to pair with the compiementary domains
of another chain and create two antigen-binding sites. Diabodies may bind to one
or more than one epitope. Diabodies are more fully described in POLJAK.
Froduction and structure of diabodies. Strucfure. 1994, vol.2, no.12, p.1121-3,
HIUDSON, et al. High avidity scFv multimers; diabodies and triabedies. Joournal of
immunofogical methods. 19998, vol.231, no.1-2, p.177-82 and KIPRIYANOV.
Generation of bispecific and tandem diabodies. Methods in molecular biology .
2002, no. 178, p.317-31.

[0034] Various techniques have been developed for the production of antibody
fragments. Traditionally, these fragments were derived via proteolytic digestion of
infact antibodies. However, these fragments can now be produced directly by
recombinant host cells. Fab, Fv and scFv antibody fragments can all be expressed
in and secreted from £ cof, thus allowing the production of large amounts of
these fragments. Techniques for the production of antibody fragments will be
apparent to the skilled in the art. [n other embodiments, the antibody of choice is a '
singie chain Fv fragment (sciFv).

[0035] As used herein “Domain Antibodies” (dAbs) consist in the smallest
functional binding uniis of antibodies, corresponding to the variable regions of
either the heavy (VH) or light (VL) chains of the antibodies. Domain Antibodies
have a molecular weight of approximately 13 kDa, or less than one-tenth the size

of a full antibody.

[0036] As used herein, “Fd” refers to an antibody fragment that consists of the VH
and CH1 domains.

[0037] The term "antibody” or "Ab” also refers to other antibody fragment well
known to the one skilled in the art, for example those described in HOLLIGER, et
al. Engineered antibody fragments and the rise of single domains. NMalure
biotechnology. 2005, vol.23, no.9, p.1126-38 and HOOGENBOOM, et al. Natural
and designer binding sites made by phage display technology. immunology foday.
2000, vol.21, no.8, p.371-8.

[0038] According to one embodiment, the antibody of the Invention binds

specifically to CSF-1R, and more specifically to human CSF-1R, and comprises:
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(i) at least one CDR wherein said COR is comprising at least five
consecutive amino acids of the sequence starting in position 45 and finishing in
position 54 of SEQ ID NO:2, of the sequence starting in position 66 and finishing in
position 87 of SEQ 1D NO:2 or of the sequence stariing in position 117 and
finishing in position 126 of SEQ 1D NO2;

or,

| (i) at least one CDR wherein said CDR is comprising at least five
consecutive amino acids of the sequence starting in position 44 and finishing in
position 56 of SEQ ID NO:4, of the seguence starting in position 66 and finishing in
position 76 of SEQ ID NO:4 or of the seguence starting in position 109 and
finishing in position 117 of SEQ ID NO:4.

[0039] According fo another embodiment, the antibody of the Invention binds
specifically to C8F-1R, and more specifically to human CSF-1R, and comprises at
least one COR whersin said CDR is, independently from one another, selected in

- the group of CDRs comprising at least five consecutive amino acids:

- of the sequence starting in position 45 and finishing in position 54 of
SEQ ID NO:2,

- of the sequence starting in position 86 and finishing in position 87 of
SEQ ID NO:2,

- of the sequence starting in position 117 and finishing in position 126 of
SEQ ID NO:2, '

- of the sequence starting in position 44 and finishing in position 56 of
SEQ 1D NO:4,

- of the sequence starting in position 66 and finishing in position 76 of
SEQ IDNO4

- or of the sequence starting in position 109 and finishing in position 117
of SEQ 1D NO:A4.

[0040] According fo a preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises 2,

3, 4 or 5 and even more preferably 6 CDRs wherein said CDRs are, independently
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from one another, selected in the group of CDRs comprising at least five

consecutive aming acids ;

- of the sequence starting in position 45 and finishing in position 54 of
SEQID NG:2,

- of the sequence starting in position 66 énd finishing in position 87 of
SEQ 1D NO:2,

- of the sequence siarting in position 117 and finishing in position 128 of
SEQID NO:2,

- of the sequence starting in position 44 and finishing in position 56 of
SEQ ID NO:4,

- of the sequence starting in position 68 and finishing in position 76 of
SEQ ID NO:4

- or of the sequence starting in posttion 109 and finishing in position 117
of SEQ 1D NGC:4.

[0041] According fo a anocther preferred embodiment, the antibody of the
invention binds specifically to CSF-1R , and mare specifically to human CSF-1R,
and comprises :

(i} 2 and even more preferably 3 CDRs wherein said CDRs are,
independently from one another, selected in the group of CDRs comprising at

least five consecutive aming acids :

- of the sequence starting in position 45 and finishing in position
54 of SEQHID NO2, '

- of the sequence starling in position 86 and finishing in position
87 of SEQ ID NO:2,

- of the sequence starting in position 117 and finishing in
position 126 of SEQ D NO:2,

or
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(i) 2 and even more preferably 3 CDRs wherein said CDRs arg,
independently from one another, selecied in the group of CDRs comprising at

least five consecutive amino acids :

- of the sequence starting in position 44 and finishing in position
56 of SEQ 1D NO:4,

- of the sequence siarting in position 66 and finishing in position
76 of SEG D NO:4

- or of the sequence starting in position 109 and finishing in
position 117 of SEQ |D NO:4.

{0042} According to another embodiment, the antibody of the Invention binds

specifically to CSF-1R, and more specifically to human CSF-1R, and comprises:

{i) al lsast one COR selected, independently from one ancther, in the
group of the CDOR as set forth in ¢

- the sequence starting in position 45 and finishing in position
54 of SEQ ID NG:2,

- the sequence starting in position 66 and finishing in position
87 of BEQ ID NO:2 and

- the sequence starting in position 117 and finishing in position
126 of SEQ 1D NO:2;

or

(i) at least one CDR selacted, independently from one anothar, in the
group of the COR as setforth in :

-the sequence starting in position 44 and finishing in position 56 of
SEQ D NOC:4,
- the sequence starting in position 66 and finishing in pesition 76 of
SEQ ID NO4 and
- the sequence starting in position 109 and finishing in position 117
of SEQ 1D NO:4.

f0043] According io another embodiment, the antibody of the Invention binds

specifically to CSF-1R, and more spacifically to human CSF-1R, and comprises at
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least one CDR selected, independently from one another, in the group of the CDR
as set forth in :

- the sequence starting in position 45 and finishing in position 54 of
SEQ 1D NO:2,

- the sequence starting in position 66 and finishing in position 87 of
SEQ ID NO:2,

- the sequence starting in position 117 and finishing in position
126 of SEQ 1D NG:2,

- the sequence starting in position 44 and finishing in position
56 of SEQ ID NO 4,

- the sequence starting in position 86 and finishing in position
76 of SEQ 1D NO:4 and

- the sequence starting in position 109 and finishing in position
117 of SEQ 1D NO:4.

[0044] According to another embodiment, the antibody of the Invention binds
specifically to CSiF-1R, and more specifically to human CSF-1R, and comprises 2,

3, 4 or 5 and even more preferably 8 CDRs selected, independently from one
ancther, in the group of the CDR as set forth in

- the sequence starting in position 45 and finishing in position
54 of SEQ ID NO:2,

- the sequence starting in position 66 and finishing in positiorn
87 of SEQ 1D NO:Z,

. the sequence starting in position 117 and finishing in position
126 of SEQ 1D NO:2,

- the sequence starting in position 44 and finishing in position
56 of SEQ ID NO:4,

- the sequence starting in position 68 and finiéhing in posttion
76 of SEQ ID NO4 and

- the sequence starting in position 109 and finishing in pesition
117 of SEQ 1D NO4.

16



WO 2012/110360 PCT/EP2012/052043

[0045] According to 2 ancther preferred embodiment, the aniibedy of the

invention binds specifically to CSF-1R, and more specifically to human CSF-1R,
and comprises .

] 2 and even more preferably 3 CDRs wherein sald CDRs are,
independently from one another, selected in the group of the CDRs as
set forthin :

- the sequence starling in position 45 and finishing in position
54 of SEQ ID NO:2,

- the sequence starting in position 66 and finishing in position
87 of SEQ ID NO:2,

- the sequence starting in position 117 and finishing in position

126 of SEQ ID NO:2,

or

(i) 2 and even more preferably 3 CDRs wherein said CDRs are,
independently from one another, selected in the group of the CDRs as
set forth in :

- the sequence starting in position 44 and finishing in position
56 of SEQ ID NO:4,

- the sequence starting in position 68 and finishing in position
76 of SEQ [D NC:4,

- the sequence starting in position 109 and finishing in position
117 of SEQ ID NG:4.

{0046] According to one embodiment, the antibady of the Invention binds
specifically to CSF-1R, and more spacifically to human CSF-1R, and comprises (i)
at least one COR comprising an amino acid sequence as set forth in any one of
SEQ D NGs: 11, 12, or 13; or (ii) at least one CDR comprising an amino acid
sequence as set forth in any one of SEQ ID NOs: 14, 15 or 16.

{0047} According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and mors specifically to human CSF-1R, and comprises at

least one COR comprising an amino acid sequence as sef forth in any one of SEQ
ID NOs: 11, 12, 13, 14, 15 or 16,
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[0048} According to a preferred embodiment, the antibody of the Invention binds

specifically to CSF-1R, and more specifically o human CSF-1R, and comprises 2,
3, 4, 5 and even more preferably 8 CDRs comprising an amino acid sequence as

set forth in any one of SEQ 1D NOs: 11, 12, 18, 14, 15 or 16.

{0048] According o another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more speciiicaily to human CSF-1R, and comprises (i)
at least one CDR as set forth in any one of SEQ ID NOs: 11, 12 or 13; or (i) at
ieast one CDR set forth in any one of SEQ ID NOs: 14, 15 or 16.

[0050] According to another embodiment, the antibody of the Invention binds
speciiically fo CSF-1R, and more specifically to human CSF-1R, and comprises at
least one CDR as set forth in any one of SEQ 1D NOs: 11, 12, 13, 14, 15 or 16.

[0051] According to one preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R, and more specifically to human CSF-1R, and
comptises 2, 3, 4, 5 and even more preferably 6 CDRs as set forth in any one of
SEQ ID NOs: 11, 12, 13, 14, 15 or 16.

[0052] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises (i)
at least one CDR comprising an amino acid sequ'ence as set forth in any one of
SEQ ID NOs: 17, 18 or 19; or (il at lsast one COR comprising an amino acid
sequence as set forth inany oneg of SEQ 1D NGs: 20, 21 or 22.

[0G53] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises at
least one CDR comprising an amiro acid sequence as sef forth in any one of SEQ
1D NOs: 17, 18, 19, 20, 21 or 22.

[0054] According to one preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R, and more specifically to human CSF-1R, and
comprises 2, 3, 4, 5 and even mors preferably § CDRs comprising an amino acid
sequence as set forth in any one of SEQ 1D NOs: 17, 18, 12, 20, 21 or 22.

[0055] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises (i)
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at least one CDR as set forth in any one of SEQ [D NOs: 17, 18 or 19; or {ji} at
least one COR as set forth in any one of SEQ ID NOs: 20, 21 or 22.

[0058] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises at
least one COR sst forth in any one of SEQ ID NOs: 17, 18, 19, 20, 21 or 22.

{0057} According to one preferred embodiment, the antibody of the invention
binds specifically o CS5F-1R, and maore specifically to human CSF-1R, and
comprises 2, 3, 4, 5 and even more preferably 6 CDRs as set forth in any one of
SEQ ID NOs: 17, 18, 19, 20, 21 or 22.

[0058] According to another embodiment, the antibody of the Invention binds
specificaily io CSF-1R, and more specifically fo human CSF-1R, and comprises (i)
at least one CDR comprising an amino acid sequence as set forth in any one of
SEQ 1D NOs: 23, 24 or 25; or {ii) at least one CDR comprising an amino acid
saguence as set forth in any one of SEQ 1D NOs: 26, 27 or 28.

[0058] According to another embodiment, the antibody of the invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises at
least one CDR comprising an amino acid sequence as set forth in any one of SEQ
D NOs: 23, 24, 25, 26, 27 or 28.

[0080] According fo one preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R, and more specifically to human CSF-1R, and
comprises 2, 3, 4, 5 and even more preferably 6 CDRs comprising an amino acid
sequence as set forth in any one of SEQ 1D NOs: 23, 24, 25, 26, 27 or 28.

[0061] According fo another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises (i)
at least one CDOR as set forth in any one of SEQ 1D NOs: 23, 24 or 25; or (ii) at
least one CDR as set forth in any one of SEQ 1D NOs: 26, 27 or 28,

[0062] According fo another embodiment, the antibody of the Invention binds
specificailly to CSF-1R, and more specifically o human CSF-1R, and comprises at
least one COR as set forth in any one of SEQ 1D NOs: 23, 24, 25, 26, 27 or 28.

[0063] According to one preferred embodiment, the antibody of the invention

binds specifically to CSF-1R, and more specifically to human CSF-1R, and
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comprises 2, 3, 4, 5 and even more preferably 6 CDRs as set forth in any one of
SEQ ID NOs: 23, 24, 25, 28, 27 or 28.

[0064] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises a

variable region, wherein said variable region comprises the CDRs as set forth in

- the sequence starting in position 45 and finishing in position
54 of BEQ 1D NO:2,

- the sequence starting in position 66 and finishing in position
87 of SEQ ID NO:2 and

- the sequence starting in position 117 and finishing in position
126 of SEQ ID NO:2.

[0065] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises a

variable region, wherein said variable region comprises the CDRs as set forth in :

- the Seqdence starting in position 44 and finishing in position
56 of SEQ ID NO:4,

- the sequence starting in pesition 66 and finishing in position
76 of SEQ D NG:4 and

- the sequence starting in position 108 and finishing in position
117 of SEQ ID NC:4.

[0066] According to another embodiment, the antibody of the Invention binds
specifically to CSF—1R, and more specificaily to human CSF-1R, and comprises a
variable region, wherein said variable region comprises the three CDRs as set
forth in SEQ 1D NOs: 11, 12, and 13.

[0067] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises a
variable region, wherein said variable region comprises the three CDRs as set
forth in SEQ 1D NOs: 14, 15, and 16.

[0068] According fo another embodiment, the antibody of the Invention binds
specifically to CSF-1R, and more specifically to human CSF-1R, and comprises a

20



WO 2012/110360 PCT/EP2012/052043

variable region, wherein said variable region comprises the three CODRs set forth in
SEQ ID NOs: 17, 18, and 19.

[0069] According to another embodiment, the antibody of the Invention binds
speacifically to CSF-1R, and more specifically o human C5F-1R, and comprises a
variable region, wherein said variable region comprises the three CDRs as set
forth in SEQ 1D NOs: 20, 21, and 22,

100701 According to ancther embodiment, the antibody of the tnvention binds
specifically to CSF-1R, and more specifically {o human CSF-1R, and comprises a
variable region, wherein said variable region comprises the three CDRs as set
forth in SEQ 1D NQs: 23, 24, and 25.

[8071]  According to another embodiment, the antibody of the invention binds

specifically to CSF-1R, and rﬁore specifically to humman CSF-1R, énd comprises a
variable region, wherein said variable region comprises the three CDRs as set
forth in SEQ 1D NOs: 26, 27, and 28.

[0072] In preferred embodiments, the said variable region further comprises one,
more preferably two, even more preferably three and definitely preferably four

framewaork region, and more preferably human FR. As used herein, & "human FR"
is a framework region that is at least 75 % homologous to the framework region of

a naturally oceurring human antibody.

[0073] According to one preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R and comprises a variable region, wherein the variable
region comprises an amino acid sequence as set forth in SEQ 1D NO:@G.

[0074] 1n a more preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises a variable region, wherein the variable
region is as set forth in SEQ 1D NO:G.

[0075] In another preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises a variable region, wherein the variable

region comprises an amino acid sequence as set forth in SEQ D NO'9.

[0076] In another more preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises a variable region, wherein the variable
region is as set forth in SEQ 1D NO:9.
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[0077] In another embodiment, the antibody of the Inveniion binds specifically to
CSF-1R and comprises two variable regions, wherein the variable regions are,

independently from one ancther, selected in the group of
(i) variable regions comprising the CDRs as set forth in ;.

- the sequence starting in position 45 and finishing in position
54 of SEQ 1D NO:2,

- the sequence starting in position 66 and finishing in position
87 of SEQ ID NO:2 and

- the sequence stariing in position 117 and finishing in position
126 of SEQ D NO:2;

(iiy  variable regions comprising the CDR as set forth in :

- the sequence starting in position 44 and finishing in position
56 of SEQ 1D NO4,

- the sequence starting in position 66 and finishing in position
76 of SEQ 1D NO:4 and

- the sequence starting in position 102 and finishing in position
117 of SEQ 1D NO:4;

(i}  variable regions comprising the three CDRs et forth in SEQ
1D NOs: 11,12, and 13;

(iv)  variable regions comprising the three CDRs set forth in SEQ
ID NGs: 14, 15, and 16;

(v}  variable regions comprising the three CDRs set forth in SEQ
D NOs: 17, 18, and 19;

(vi}  variable regions comprising the three CDRs set forth in SEQ
D NOs: 20, 21, and 22;

{vil) variable regions comprising the three CDRs set forth in SEQ
ID NOs: 23, 24, and 25

and
(vii} variable regions comprising the three CORs set forth in SEQ

ID NOs: 26, 27 and 28.
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[0078] According to a preferred embaodiment, the antibody of the invention binds
specifically to CSF-1R and comprises :

{i) a first variable region, wherein said variabie region comprises :

- the CDR as set forth in the sequence starting in position 45
and finishing in position 54 of SEQ ID NO:2,

- the CDR as set forth in thelsequenae starting in position 66
and finishing in position 87 of SEQ ID NO:2 and

- the CDR as set forth in the seguence starting in position 117
and finishing in position 126 of SEQ 1D NO:2;

and

(ii) a second variable region, wherein said variable region
comprises :

- the CDR as set forth in the sequence starting in position 44
and finishing in position 56 of SEQ iD NO:4,

- the CDR as set forth in the sequence starting in position 66
and ﬁhishing in position 76 of SEQ 1D NO:4 and

- the CDR as set forth in the sequence starting in position 109
and finishing in position 117 of SEQ [D NO:4.

[0079] According to a preferred esmbodiment, the antibody of the invention binds
specificaily to CSF-1R and comprises :

- a variable region comprising the three CDRs as sei forth in
SEQID NOs: 11, 12, and 13, and

- & variabie region comprising the three CDRs as set forth in
SEQ ID NOs: 14, 15, and 16.

{0080} According to a preferred embodiment, the antibody of the Invention binds

specifically to CSF-1R and comprises :

- a variable region comprising the three CDRs as set forth in
SEQ 1D NQOs: 17, 18, and 18, and

- a variable region comprising the three CORs as set forth in
SEQ 1D NOs: 20, 21, and 22.
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[0081] According to a preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises :

- a variable region comprising the three CDRs as set forth in
SEQ 1D NOs: 23, 24, and 25, and

a variable region comprising the three CDRs as set forth in
SEQ ID NOs: 26, 27, and 28.

¥

[0082] According to a preferred embodiment, the antibody of the Invention binds

specifically to CSF-1R and comprises :

- a variable region as set forth in SEQ 1D NO:6 and
- a variable region as set forth in SEQ 1D NO:S.

[0083] According fo a preferrad embodiment, the antibody of the Invention binds
specifically to C3F-1R and comprises :

o a heavy-chain variable region comprising :

- the CDR as set forth in the sequence starting in position 45
and finishing in position 54 of SEQ 1D NO:2,

- the CDR as set forth in the sequence stariing in position 66
and finishing in position 87 of SEQ 1D NO:2 and

- the COR as set forth in the sequence starting in position 117
and finishing in position 126 of SEQ 1D NO:.Z;

and
(ii) a light-chain variable region comprising :

- the CDR as set forth in the sequence starting in position 44
and finishing in position 56 of SEQ D NO4,
- the CDR as set forth in the sequence starting in position 66
and finishing in position 76 of SEQ 1D NO4 and
- the CDR as set forth in the sequence starting in position 108
*and finishing in position 117 of SEQ D NO:4.

[0084} According to ancther embodiment, the antibody of the Invention binds
specifically io CSF-1R and comprises (i) a heavy-chain variable region comprising
the three CDRs as set forth in SEQ 1D NOs: 11, 12, and 13, and {ii) a light-chain
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variable region comprising the three CDRs as set forth in SEQ 1D NOs: 14, 15,
and 186.

[0085] According to another embodiment, the antibody of the invention binds
specifically to CSF-1R and camprises (i) 2 heavy-chain variable region comprising
the three CORs as set forth in SEQ 1D NOs: 17, 18, and 19, and {ii) a light-chain

variable region comprising the three CDRs as set forth in SEQ ID NOs: 20, 21,
and 22.

[0086] According to another embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises (i) a heavy-chain variable region comprising
the three CDRs as set forth in SEQ 1D NOs: 23, 24, and 25, and (i) a light-chain
variabie region comprising the three CDRs as set forth in SEQ 1D NOs: 286, 27,
and 28.

{0087} According to a preferred embodiment, the antibody of the Invention binds
specifically to CSF-1R and comprises (i) a heavy-chain variable region as set forth
in SEQ 1D NO:6 and (i} 2 light-chain variable region as set forth in SEQ 1D NO:4.

0088} According to another preferred embodiment, the aniibody of the Invention
binds specifically fo CSF-1R and is a scFv, wherein said scFv comprises :

(i) a variable regions comprising :
- the CDR as set forth in the sequence starting in position 45
and finishing in position 54 of SEQ 1D NO:2,
- the CDR set forth in the seguence starting in position 66 and
finishing in position 87 of SEQ 1D NG:2 and
- the COR set forth in the sequence starling in position 117 and
finishing in position 126 of SEQ 1D NOG:2;

and
{if) a variable region comprising :

- the CDR set forth in the sequence starting in position 44 and
finishing in position 586 of SEQ 1D NG:4,

- the CDR set forth in the sequence siarting in position 86 and
finishing in posi‘cibn 786 of SEQ D NO4 and
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H

the CDR set forth in the sequence starting in position 109 and
finishing in position 117 of SEQ ID NO4.

[0088] According to another preferred embodiment, the antibody of the Invention

binds specifically to CSF-1R and is a scFv, wherein said scFv comprises ;

- a variable region comprising the three CDRs as set forth in
SEQ D NQOs: 11, 12, and 13, and

a variable region comprising the three CDRs as set forth in
SEQID NOs: 14, 15, and 16.

[0090] According to another preferred embodiment, the antibody of the Invention

binds specifically to CSF-1R and is a scFv, wherein said scFv comprises :

- a variable region comprising the three CDRs as set forth in
SEQ 1D NOs: 17, 18, and 19, and

- a variable region comprising the three CDRs as set forth in
SEQ ID NOs: 20, 21, and 22.

- [0091] According to another preferred embodiment, the antibody of the Invention

binds specifically 10 CSF-1R and is a scFv, wherein said scFv comprises

- a variable region comprising the three CDRs as set forth in
SEQ D NOs: 23, 24, and 25, and

- a variable region comprising ihe three CDRs as set forth in
SEQ ID NOs: 28, 27, and 28.

[0092] According to a more preferred embodiment, the antibody of the Invention

hinds specifically to CSF-1R and is a scFv, wherein said scFv comprises :

- a variable region as set forth in SEQ 1D NO:6 and
- a variable region as set forth in SEQ 1D NO:9.

[0093] According to another preferred embaodiment, the antibody of the Invention

hinds specifically to CSF-1R and is a scFv, wherein said scFv comprises
i a heavy-chain variable region comprising :

- the CDR set forth in the sequence starting in position 45 and
finishing in position 54 of SEQ D NO:2,
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- the CDR set forth in the sequence starting ih position 66 and
finishing in position 87 of SEQ 1D NO:2 and

- the CDR set forth in the sequence starting in position 117 and
finishing in position 126 of SEQ ID NO:2

and
{ii) a light-chain variable region comprising :

- the CDR set forth in the sequence starting in position 44 and
finishing in position 56 of SEQ 1D NO:4,

- the CDR set forth in the seguence starting in position 66 and
finishing in position 76 of SEQ 1D NG:4 and

- the CDR set forth in the sequence starting in position 109 and
finishing in position 117 of SEQ 1D NO:4.

[0084] According to another preferred embodiment, the antibody of the invention

binds spacifically to CSF-1R and is a scFv, wherein said scFv comprises !

- a heavy-chain variable region comprising the three CDRs as
set forth in SEQ ID NOs: 11, 12, and 13, and

- a light-chain variable region comprising the three CDRs as set
forth in SEQ ID NOs: 14, 15, and 15.

{0095] According to ancther preferred embodiment, the antibody of the Invention

binds specifically to CSF-1R and is a scFv, wherein said scFv comprises :

- a heavy-chain variable region comprising the three CDRs as
set forth in SEQ 1D NOs; 17, 18, and 18, and

- a light-chain variable region comprising the three CDRs as set
forth in SEQ 1D NOs: 20, 21, and 22.

[0096] According to another preferred embodiment, the antibody of the invention

hinds specifically to CSF-1R and is a scFv, wherein said scFv comprises :

- a heavy-chain variagble region comprising the three CDRs.as
set forth in SEQ D NOs: 23, 24, and 25, and

- a light-chain variable region comprising the three CDRs as set
forth in SEQ ID NOs: 26, 27, and 28,
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[0097] According to a more preferred smbodiment, the antibody of the Invention

binds specifically to CSF-1R and is a scFv, wherein said scFv comprises :

- the heavy-chain variable region as set forth in SEQ 1D NO:6
and
- the light-chain variable region as set forth in SEQ 1D NO:D.

fj0088] Inan even more preferred embodiment, the scFv is provided whersin at

least one amino acid is substituted (according to Table 1 and Table 2) within the

amino acid sequence as set forth in SEQ 1D NO 6 and 9. In a definitely preferred
embodiment the human antibody is provided wherein all the amino acid depicted
in Table 1 and Table 2 are substituted {according {o Table 1 and Table 2) within

the amino acid sequance as set forth in SEQ 1D NO 8 and 9.

[0099] According to another preferred embodiment, the antibody of the Invention

binds specifically to CSF-1R and comprises the heavy chain as set forth in SEQ ID
NO:2.

{00100} According to another preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R and comprises the fight chain as set forth in SEQ ID
NO4. '

(00101} According fo a more preferred embodiment, the antibody of the Invention
binds specifically to CSF-1R and comprises the heavy chain as set forth in SEQ 1D
NO:2 and the light chain as set forth in SEQ 1D NO:4.

[00102} According fo an even more preferred embodiment, the antibody of the
invention binds specifically to CSF-1R and comprises two heavy chains as set
forth in SEQ D NO:2 and two light chain as set forth in SEQ (D NG:4. This

particular antibody will be named CX1IG6 throughout the present application.

iG0103] According to another preferred embodiment, the present invention relates
to a human antibody, that specifically binds to CSF-1R, comprising :

(i) a heavy-chain variable region comprising :

- the CR as set forth in the sequence starting in position 45
and finishing in position 54 of SEQ 1D NO:2,
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. the CDR as set forth in the sequence starting in positioﬁ 66
and finishing In position 87 of SEQ 1D NO:2 and

- the CDR as set forth in the sequence starting in position 117
and finishing in position 128 of SEQ 1D NO:Z;

and
{it) a light-chain variable region comprising :

- the CDR as set forth in the sequence starting in position 44
and finishing in position 56 of SEQ 1D NO4,

- the CDR as set forth in the sequence starting in position 66
and finishing in position 76 of SEQ ID NC:4 and

- the CDR as set forth in the sequence starting in position 109
and finishing in position 117 of SEQ iD NO:4.

[00104] According to another embodiment, the present invention relates fo an

human antibody, that specifically binds to CSF-1R, comprising :

- a heavy-chain variable region comprising the three CDRs as
set forth in SEQ D NOs: 11, 12, and 13, and .

- a light-chain variable region comprising the three CDRs as st
forth in SEQ 1D NOs: 14, 15, and 18.

[00105] According to another embodiment, the present invention relates o an
human aniibody, that specifically binds to CSF-1R, compyrising :

- a heavy-chain variable region comprising the three CDRs as
sat forth in SEQ 1D NOs: 17, 18, and 18, and

- a light-chain variable region comprising the three CDRs as set
forth in SEQID NOs: 20, 21, and 22.

[001068] According to another embodiment, the present invention relates to an

human antibody, that specifically binds te CSF-1R, comprising :

- a heavy-chain variable region comprising the three CDRs as
get forth in SEQ 1D NQOs: 23, 24, and 25, and

- a light-chain variable region comprising the three CDRS as sat
forth in SEQ 1D NOs: 26, 27, and 28.
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[00107] According to a preferred embodiment, the present invention relates to an
human antibody, that specifically binds fo CSF-1R, comprising :

- the heavy-chain variable region set forth in SEQ ID NO:6 and
- the light-chain variable region set forth in SEQ ID NO:g.

[00108] In a more preferred embodiment, the human antibody is provided

wherein at least one amine acid is substituted (according to Table 1 and Table 2)

within the amino acid sequence as set forth in SEQ ID NO: 6 and 9. In a even
more preferred embodiment the human antibody is providaed wherein all the aming
acid depicted in Table 1 and Table 2 are substituted (according to Table 1 and
Table Z) within the amino acid sequencs as set forth in SEQ D NO: 6 and 8.

Table 1
SEQ 1D NO:6 position Preferred substitution

K 3 CQ
E 5 AY
M 18 L
K 19 R
W 33 Y
S 40 A
E 42 G
M 43 K
A 49 G
E 50 R
I 51 T
A 59 T
F 61 E
& — Ty
5 79 N
v 81 L
R P89 K
p 50 T, A
G 9 A |
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I 95 v
T 99 A
N 107 Y,V
T 113 L
L 14 v
Table 2
SEQID NG:G Position Preferred substitution
A 9 S
v 13 A
E 17 D
T 18 R
E 27 Q
N 28 G
Q 40 P.D
S 43 A
Q 45 K
v 48 L
H 49 Y
N 53 R
A 55 E
D 56 S
Q 76 D
Y 71 F
S 72 T
K 74 T
N 76 S
S 80 P
G 34 A
S 85 T
H 90 Q
G 100 Q
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[60169) According to another embodiment, the present invention relates to an
isolated, recombinant or purified antibody that specifically binds to CSF-1R, more
preferably human CSF-1R, comprising:

(a) a first variabie region being defined by the following formula
FR1 - CDR1~FR2 ~CDR2 - FR3 - CDR3 -~ FR4
- wherein:
FR1, FR2, FR3 and FR4 are each framework regions;
CDR1, COR2Z and CDRS3 are each complementarity determining regions;
wherein:

CDR1 has at least five consecutive amino acids of the seguence starting in
position 45 and finishing in position 54 of SEQ 1D NO:2;

CDR2 has at least five consecutive amino acids of the seqguence starting in
position 68 and finishing in position 87 of SEQ 1D NO:2; and

CDR3 has at least five consecutive amino acids of the sequence starting in
position 117 and finishing in position 126 of SEQ D NO:2;

and

(b} a second variable region being defined by the following formula
FR1-CDR1~FR2 - CDR2-FR3 - CDR3 - FR4

wherein:

FR1, FR2, FR3 and FR4 are each framework regions;

CDR1, CDR2 and CDR3 are each complementarity determining regions;

wherein:

CDR1 has at least five consecutive amino acids of the sequence starting in
position 44 and finishing in position 56 of SEQ 1D NG:4;

CDR2 has at least five consecutive amino acids of the sequence stariing in
position 66 and finishing in position 76 of SEQ ID NO:4; and

CPDR3 has at least five consecutive amino acids of the sequence starting in
position 109 and finishing in position 117 of SEQ ID NO:4.
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[G0110] According to another embodiment, the present invention relates to an
isolated, recombinant or purified antibody that specifically binds to CSF-1R,
comprising:

{a} & first variable region being defined by the following formula

FR1 - CDR1 - FR2 - CDR2 - FR3 - CDR3 - FR4
wherein:
FR1, FR2, FR3 and FR4 are each framework regions;
CDR1, CDR2 and CDR3 are each complementarity determining regions;
wherein:

CDR1 has an amino acid sequence selected from the group consisting of: SEQ ID
NO: 11, 17 and 23;

Ci3R2 has an amino acid sequence selected from the group consisting of: SEQ ID
NQ: 12, 18 and 24; and

CDR3 has an amino acid sequence selected from the group consisting of: SEQ ID
NO: 13, 19 and 25;

and

(b) a second variable region being defined by the following formula
FR1-CDR1 - FR2 - CDR2 ~ FR3 — CDR3 -~ FR4

wherein:

FR1, FR2, FR3 and R4 are each framework regions;

CDR1, CDR2 and CDR3 zre each complementarity determining regions;

wherein:

CDR1 has an aming acid sequence selecied from the group consisting of: SEQ 1D
NQ: 14, 20 and 26;

CDR2 has an amino acid sequence selected from the group consisting of: SEQ 1D
NO: 15, 21 and 27, and '

CDR3 has an amino acid sequence selected from the group consisting of: SEQ ID
NO: 16, 22 and 28,
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[00111] According to another embodiment, the present invention relates to an
isolated, recombinant or purified antibody that specifically binds to CSF-1R, more
preferably human CSFR, comprising any one of the following (8), (i) or (iii) :

{

(8) a first variable region being defined by the following formula
FR1-CDR1-FR2-CDR2-FR3 -CDR3 -~ R4

wherein:

FR1, FRZ, FR3 and FR4 are each framework regions;

CDR1, CDR2 and CDRS3 are each complementarity determining regions;

wharein:

CDR1 is as set forth in SEG 1D NO: 11,

CDR2 is as set forth in SEQ 1D NO: 12; and

CDR3 is as set forth in SEQ 1D NO: 13;

and

{b) a second variable region being defined by the following formula
FR1 - CD?M ~FR2-CDR2~FR3~CDR3-FR4

wherein:

FR1, FR2, FR2 and FR4 are each framework regions;

CDR1, CDR2 and CDR3 are each complementarity determining regions;

wherein:

CDR1 is as set forth in SEQ ID NO: 14;

CDR2 is as set forth in SEQ ID NO: 15; and

CDR3 is as set forth in SEQ 1D NO: 16;

or

(i) {a) a Tirst variable region being defined by the following formula

FR1-CDR1 -~ FR2 -~ CDR2 - FR3 - CDR3 - FR4
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wherein:

FR1, FR2, FR3 and FR4 are each framework regions;

GDR1, COR2Z and CDRS3 are each complementarity determining regions,

whergin:

CDOR1is as set.forth in SEQ 1D NO: 17;

CDR2 is as set forth in SEQ 1D NO: 18; and -

CDR3 is as set forth in SEQ 1D NO: 18;

and

(b} a second variable region being defined by the following formula
FR1-CDR1~FR2~-CDR2-FR3-CDR3-FR4

whaerein:

FR1, FR2, FR3 and FR4 are each framewaork regions;

CDR1, CDR2 and CDR3 are each camplementarily determining regions;

wherein:

CDR1 is as set forth in SEQ 1D NO: 20;

CDR2 is as sei forth in SEQ 1D NO: 21; and

CDR3 is as set forth in SEQ ID NO: 22;

or

(i) (2} a first variable region being defined by the following formula
FR1-CDR1-FR2 ~ CDR2 ~ FR3 ~ CDR3 - FR4

wherein:

FR1, FR2, FR3 and FR4 are each framework regions;

CDR1, CDR2 and CDR3 are sach compiementarily determining regions;

wherein:

CDR1 is as set forth in SEQ 1D NO: 23;

CDRZ is as set forth in SEQ 1D NO: 24 and
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CDR3 is as set forth in SEQ D NO: 25;

and

{b} a second variable region being defined by the following formula
FR1-CDR1~FR2-CDR2 - FR3 - CDR3 - FR4

wherein: |

FR1, FR2, FR3 and FR4 are each framewaork regions;

CDR1, COR2 and CDR3 are sach complementarity detarmining regions;

whefein:

CDR1 is as get forth in SEQ ID NO: 26;

CDR2 is as set forth in SEQ 1D NO: 27; and

CDR3 is as set forth in SEQ 1D NO: 28.

[00112] According to ancther embodiment, the present invention relates to an
isolated, recombinant or purified antibody that specifically binds to CSF-1R, more
preferably human CSF-1R,, comprising :

- a first variable region comprising the amino acid sequence of SEQ ID
NO: 6; and

- a second variable region comprising the amino acid seguence of SEQ ID
NO: 8.

[00113] According to another embodiment, the present invention relates o an
isolated, recombinant or purified antibody that specifically binds to CSF-1R, more

preferably human CSF-1R, comprising :

- & first variable region comprising the amino acid sequence of SEQ |D
NO: 2, and

- & second vaniable region comprising the amino acid sequence of SEQ ID
NO: 4.

[00114] According to another embodiment, the present invention relates to an
isolated, recombinant or purified antibody that specifically binds o CSF-1R, more

preferably human CSF-1R, comprising :
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- an heavy chain selected in the group consisting in SEQ ID NG 137 (see
Figure 32) and SEQ ID NO 138, and

- a light chain selected in the group consisting in SEQ 1D NO :39, SEQ 1D
NO :40 and SEQ D NO 41,

[00115] According to another embodiment, the present invention relates {o an
isolated, recombinant or purified antibody that specifically binds to CSF-1R, more

preferably human CSF-1R, comprising :

- a first variable region selected in the group consisting of SEQ 1D NO :42
and SEQ ID NG 43; and

- & second variable region selected in the group consisiing of SEQ ID NO
44, SEQ ID NO 45 and SEQ ID NO :48.

[00116] According to ohe preferred embodiment, the present invention relates io
an isolated, recombinant or purified antibody that specifically binds to CSF-1R,
mors preferably human CSF-1R, comprising (a) an heavy chain consisting in SEQ
D NG 137, and (b) a light chain consisting in SEQ 1D NO :38.

[C0117] According to another preferred embodiment, the present invention relates
to an isolated, recombinant or purified antibody that specifically hinds to CS5F-1R,
more preferably human CSF-1R, comprising (a) an heavy chain consisting in SEQ
1D NG 138, and {b) a light chain consisting in SEQ 1D NO :40.

-{0G118] According to one advantageous embodiment, the present invention relates
to an isolated, recombinant or purified antibody that specifically binds to CSF-1R,
more preferably human CSF-1R, comprising (2) an heavy chain consisting in SEQ
D NO :37, and {b) a light chain consisting in SEQ 1D NO :41.

1001191 According o eone preferred embodiment, the present invention relates to
an isolated, recombinant or purified antibody that spacifically binds to C3F-1R,
more preferably human C5F-1R, comprising {a) first variabile region consisting in
SEQ 1D NO 42, and (b) a second variable region consisting in SEQ 1D NO :44.

[00120} Accerding to another preferred embodiment, the present invention relates

to an isolated, recombinant or purified antibody that specifically binds to CSF-1R,
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more preferably human CSF-1R, comprising (a) first variable region consisting in
SEQ ID NO 143, and (b} 2 second variable region consisting in SEQ 1D NO .45,

[00121] According to one advantageous embodiment, the present invention relates
to an isolated, recombinant or purified antibody that specificaily binds to CSF-1R,
more preferably human CSF-1R, comprising (a) first variable region consisting in
SEQ 1D NO 42, and (b) a second variable region consisting in SEQ 1D NO 148,

[00122] The antibody, more specifically the human antibody, according to the
invention may be of different isotypes, such as igG, IgA, IgM or igE. in a preferred
embodiment the antibody, more specifically the human antibody, according to the
invention is an 1gG.

[00123] In a related embodiment, the human antibody comprises a modified or
unmodified constant region of a human 1gG1, 19G2, 1gG3 or igG4. In a preferred
embodiment, the constant region is hurnan igG1 or igG4, which may optionally be

modified to enhance or decrease certain properiies.

[06124] In the case of igG1, modifications to the constant region, particularly the
hinge or CH2 region, may increase or decrease effector function, including ADCC
and/or CDC activity. in other embodiments, an IgG2 constant region is modified to
decrease antibody-antigen aggregate formation. In the case of IgG4, modifications
io the constant region, particularly the hinge region, may reduce the formation of
half-antibodies.

[00125] The desired binding affinity may be retained even though one or more of
the amina acids in the antibody are mutated. These variants have at least one
amino acid in the antibody replaced by a different residue. According to another
embodiment, the present invention provides an antibody that specifically binds to
CSF1 as above described in which at least one of the amino acid comprised in the
CDR(s) is conservatively substituted. Conservative subsfitutions are shown in
Tabie 3.

Table 3
Original Amino Preferred conservative . More preferred conservative Q
Acid substitution { substitation
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Original Amino

Preferred conservative

More preferred conservative

Acid substitution substitution
A V. LI v
R K QN K
N Q,H,D, KR Q
D E,N E
C S, A S
Q N, E N
I D, Q D
G A A
H N, Q,K,R R
I L, V.MA,F L
L LV,M A F I
K R,Q,N R
M L. FI L
F W, L V,LA Y Y
P A A
S T T
T v, S S
W Y, F Y
Y W,FT,§ F
v L .MEA L

{00126] The present invention also relates to a process of modifying the antibody

of the invention by affinity maturation.

[00127] As used herein, “affinity maturation” refers to the substitution of one or

rmore aming acid comprised in one or more CDRs, said substitution resulting in an

improvement in the affinity of the antibody to CSF-1R, compared to a parent

aniibody which doas not possess those substitution(s). Affinity maturation

processes are Known in the art. See for example methods disclosed in MARKS, ef

al. By-passing immunization: building high affinity human antibodies by chain
shuffling. Blofechnology . 1892, vaol. 10, no.7, p.779-83. ; BARBAS, ef al. In vitro

evolution of a neutralizing human antibody to human immunodeficiency virus type
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1 to enhance affinity and broaden strain cross-reactivity. Proceedings of the
National Academy of Sciences of the United Stales of America. 1994, vol.21, no g,
£.3809-13. ; SCHIER. Identification of funclional and sfructural amino-acid
residues by parsimonious mutagenesis. Gene. 1996, vol. 169, no.2, p.147-55. ;
YELTON. Affinity maturation of the BR96 anti-carcinoma antibody by codon-based
mutagenesis. /. /mmunol. 1985, vol.155, no.4, p.1894-2004. ; JACKSON, et al. In
vitro antibody maturation. Improvement of a high affinity, neuiralizing antibody
against IL-1 beta. J Jmmunol. 1995, vol. 154, no.7, p.3310-9. and HAWKINS, et al.
Selection of phage antibodigs by binding affinity. Mimicking affinity maturation.
Journal of molecular biology. 1992, vol.226, no.3, p.B8S-06,

[00128] The present invention alsc relates to an antibody, which specifically binds

fo CSF-1R, obtained by affinity mafuration as previously described.

[004128] In another embodiment, the present invention provides varianis of the
antibody previously described, having an amino acid sequence which is at least
80%, preferably at least 85%, more preferably at least 90%, and even more
preferably at least 88% homologous to the amino acid sequence of the previously
described antibody.

[00130] In another embodiment, the antibody according to the invention
specifically binds to more than one epitope. For example, the antibady according
to the invention may bind to two different epifopes of CSF-1R. Alternatively, the
antibody according to the invention can be able to bind o CSF-1R and to another
molecule. As used herein, antibodies that specifically bind 1o more than one
epitope can be cross-linked aniibodies. For exampile, an antibody can be coupled
{o avidin, the other to biotin. Cross-linked antibodies may be made using any
conventent cross-linking methods well known in the art. Technigues for generating
bispecific antibodies from antibody fragments have also been described see for
example BRENNAN, et al. Preparation of bispecific anfibodies by chemical
recombination of monocional immunoglobulin G1 fragments. Science. 1985,
vol.229, no.4708, p.81-3 and SHALABY, ot al. Deveiopment of humanized
bispecific antibodies reactive with cytotoxic lymphocytes and tumor cells
overexpressing the HERZ prolooncagene. The Journal of experimantal medicine.
1892, vol. 175, no.1, p.217-25; KOSTELNY, et al. Formation of a bispecific
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antibody by the use of leucine zippers. J immunof. 1992, vol. 148, no.5, p.1547-
33.

[00131] According to a preferred embodiment, the antibody that specifically binds
to more than one epitope according to the invention is a diabody.

[00132] According fo ancther preferred embodiment, the antibody that speéiﬁcally
binds 1o more than one epitope according to the invention is a linear antibody as
described in ZAPATA, et al. Engineering linear F(ab")2 fragments for efficient
production in Escherichia coli and enhanced antiproliferative activity. Frofein
engineering. 1995, vol.8, no.10, p.1057-62.

[001331 In preferred embodiment, the antibody according o the invention
specifically binds to at least one epitope located between position amino acids 20
to 41 of SEQ 1D NO:29 (i.e. N-terminal part of the human domain Di).. in preferred
embodiment, the antibody according to the Invention binds to one epitope located
between position amino acids 20 o 41 of 3£Q 1D N(:29 (i.e. N-{erminal part of the -
human domain D1) and does not bind to any epitope located between position
amino acids 42 to 80, andfor between position amino acids 91 to 104, and/or
between position aming acids 105 to 199, and/or between position amino acids
200 to 298 of SEQ 1D NO:29. According to preferred embodiment, the ahtibody of
the present [nvention is able to recognize the minimal epitope located between
pesition amino acids 20 to 41 of SEQ 1D N0:28 {i.e. N-terminal part of the human
domain D1). According to advantageocus embodiment, the antibody of the present
Invention is able to recognize and bind to consiruct pTG18016 (see Figure 19 and
related example).

[00134] In preferred embodiment, the antibody according to the Invention does
not compete with IL-34 ligand for binding o the CSF-1R recepior. The term “doss
not compete with IL-34 ligand” as used herein refers to ne inhibition of the 1L.34
ligand to its receptor CSF-1R binding.

[00135] In preferred embodiment, the antibody according to the Invention
competas partially with C8F-1 ligand for binding fo the CSF-1R receptor. The term
‘competes partially with CSF-1 ligand” as used herein refers {o an inhibition of the
CSF-1 ligand fo its receptor CSF-1R binding which is less than 100%, preferably

less than 50%, and even more preferably less than 20%, and advaniagsously less
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than 10% . This partial inhibitor only reduces but does not fotally exclude ligand

binding, the inhibition is called partial inhibition.

[00138] In preferred embodiment, the antibody according to the Invention is able
to Invention partially prevents binding of CSF1 to its receptor CSF-1R, and is not
able to totally inhibit said binding. More particularly, the antibodies according to the
Invention are able to decrease the CSF-1 binding to CSF-1R by approximately 5 to
10%. According to special embodiment, said binding decrease is measured as
described in the present Experiment Section, by measuring CSF-1 {having an
amino acid sequence extending from position 1 to 444 of SEQ ID: 47 - see figure
21) binding on receptor CSF-1R having an amino acid sequence extending from
lle 20 to Glu 512 of SEQ 1D NO:29.

[00137] In preferred embodiment, the antibodies according to the Invention are
characterized by high affinity binding to CSF1-R. More particularly, the antibodies
according to the Invention have a Ki of [ess than 1 nM, preferably less than 0.8
ni, and more preferably less than 0.6 nM. As a result of such unexpeciedly high
affinity, the antibodies of the Invention may be administered in less guantity and

therefore eliminate potential side effects.

{00138] in particular embodiments, an antibody of the present inverdion is an
anfagonist aniibedy, which parﬁa!ty or fully blocks or inhibits a biological activity of
a polypeptide or cell fo which it specifically or preferantially binds, i.e. a CSF1-R -
expressing cells, more preferably a CSF1-R -expressing human cells, and

advantageously 2 C5F1-R -expressing human cancer cells.

[00139] According fo specific embodiment of the present invention, the antibody

of the present invention has at least one of the following advantageous properties:

- In Vitro Test : the antibody according fo the Invention does not compste
with 1L-34 ligand for binding to the CSF-1R receptor;

- In Vitro Test : the antibedy according o the Inveniion competes partially
with CSF-1 figand for binding fo the C8F-1R recepior;

- ADCC Test : in the presence of normal human peripheral blood

mononuclear cells, the antibody of the present invention exerts antibody-
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dependent cellutar cytotoxicity (ADCC) against CSF1-R-expressing human

cells, especially CSF1-R-expressing human cancer celis;

- In Viva Test : the antibody of the present invention exerts antitumor effects

against non-human animals bearing CSF1-R-expressing human cancer cells;

- In Vivo Test ! the antibody of the present invention exerts antitumor effects
against animals, including human, bearing CSF 1-R-expressing human

cancer calls,

- In Vivo Test : the antibody of the present invention inhibits the CSF-1-.

dependent proliferation of AML5 cells.

- in Vivo Test . the antibody of the present invention partialiy inhibits CSF-1-
dependent phosphorylation of CSF-1R ;

- In Vivo Test : the antibody of the present invention has no direct agonistic
activity on CSF-1R.

{00140] The antibody according to the invention may be glycosylated or non-
glycosylated.

[00141] As used herein, the term "glycosylation" refers to the presence of

carbohydrate units that are covalently attached to the antibody.

[00142] In another embodiment, the antibody according fo the invention is

conjugated to a radiosensitizer agent, a receptor and/or a cytotoxic agent

[00143] As used herein, the term "radiosensitizer” refers o a molecuie that
makes cells mors sensitive to radiation therapy. Radiosensitizer includes, but are
net limited fo, metronidazole, misonidazole, desmethyimisonidazole, pimonidazols,
etanidazole, nimorazole, mitomycin C, RSU 1068, SR 4233, £09, RB 6145,
nicotinamide, 5-bromodeoxyuridine (BUdR), 5-iododeoxyuriding(IUdR),
bromodeoxycytiding, fluorodecxyuridine (FUdR), hydroxyurea and cisplatin.

(00144} As used herein, the term “receplor” refers to a compound abie o
specifically bind to a ligand. According to a preferred embodiment of the invention,

the receptor is biotin,

[00145] As used herein, the term cytotoxic agent refers to a compound that is

directly foxic to cells, preventing their reproduction or growth. According to a
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preferred embodiment, the cytotoxic agent used in the context of the present
invention is chosen from the group comprising cancer therapeutic agent, toxin (e.
g., an enzymatically active toxin of bacterial, fungal, plant or animal origin, or
fragments thereqf), or a radioacitive isolope.

[00146] In another embodiment, the antibody according fo the invention is

conjugated to a labeling agent.

[00147] As used herein, "a labeling agent” refers to a detectable compound. The
labeling agent may be detectable by itself {e. g., radicisctope labels or fluorescent -
labeis) or, in the case of an enzymatic label, may catalyze chemical modification of
a substrate compound which is detectable.

[00148] As used herein, the term “conjugated” means that the antibody according

to the invention and the labeling agent are covalently or non-covalently finked.

[00148] “Covalent link” refers to coupling through reactive functional groups,
optionally with the intermediary use of a cross linker or other activating agent (see
for example HERMANSON. Bioconjugaie technigues. Academic press, 1296). The
antibody according o the invention and/or the conjugsted agent may be modified
in order to allow their coupling via, for example, substiiution on an activated
carbonyt group (including these activated in situ) or on an imidoester, via addition
on an unsaturated carbonyl group, by reductive amination, nucieophilic
substitution on a saturated carbon atom or on a heieroatom, by reaction on
aromatic cycles, In particuiar, coﬁpling may be done using homecbifunctional or
hetercbifunctional cross-linking reagents. Homobifunctional cross linkers including
glutaraldehyde, succinic acid and bis-imidoester like DMS (dimethy! suberimidate)
can be used to couple amine groups which may be present on the various
moieties. Numerous examples are given in HERMANSON. Bioconjugate
fechinigues. Academic press, 1996, p.118-228. which aré well known by those of
the arl. Heterobifunctional cross linkers include those having both amine reactive
and sulfhydryl-reaciive groups, carbonyi-reactive and sulfhydryl-reactive groups
and sulfhydryl-reactive groups and photoreactive linkers. Suitable
heterobifunciional cross-linkers are, for example, described in HERMANSON,
Bioconjugate techniques. Academic press, 1996. p.229-285. Examples are, for
example, SPDP {N-succinimidyl 3-(2-pyridyldithio) propionate), SMBP
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(succinimidyl-4-{p-maleimidophenyl) butyrate), SMPT (succinimidyloxycarbonyl-a-
methyl-a-(2-pyridyldithio}toluene), MBS (m-maleimidobenzoyl-N-
hydroxysuccinimide ester}, SIAB (N-succinimidyl (4 iodoacetyl) aminobenzoate),
GMBS (y-maleimidobutyryloxy) succinimide ester), SIAX (succinimidyl-6-
iodoacetyl amino hexonate, SIAC (succinimidyl-d-iodoacetyl amino methyt), NPIA
{p-nitrophenyl iodoacetate). Other examples are useful to couple carbohydrate-
containing molecules {e.qg. env glycoproteins, antibodies) to sulfydryl-reactive
groups. Examples include MPBH (4-(4-N maleimidophenyl) butyric acid hydrazide)
and PDPH (4-(N- maleimidomethyl) cyciohexane-i-carboxyl-hydrazide (M2C2H
and 3-2{2-pyridyidithio) proprionyl hydrazide).

[00150] According to another embodiment, the present invention relates to a

nucleic acid sequence coding the antibody of the invention.

[00151] The term "nucieic acid sequence” refers to a linear sequence of
nucleotides. The nucleotides are either a linear sequence of polyribonucleotides or
polydeoxyribonucleotides, or 2 mixiure of both. Examples of poelynucleotides in the
context of the present invention include single and double stranded DNA, single
and double stranded RNA, and hybrid molecules that have both mixtures of single
and double stranded DNA and RNA. Further, the polynuclectides of the present

invention may have one or more modified nuclectides.

[00152] According to a preferred embadiment of the inveniion, the nucleic acid

sequence according to the invention is comprised in a vector.

[00153] The vector can be of pltasmid or viral origin and can, where appropriate,
be combined with one or more substances which improve the transfectional
afficiency and/or stability of the vector. These substances are widely documented
in the literature which is available to the skilled person (see, for example,
FELGNER, et al. Caticnic liposome mediated frensfection. Proceedings of the
Western FPharmacology Sociely. 1989, vol.32, p.115-21. ; HODGSON, ef al.
Virosomes: cationic liposomes enhance reiroviral transduction. Nafure
biotechnology. 1988, vol.14, no.3, p.338-42. ; REMY, et al. Gene transfer with a
series of lipaphilic DNA-binding molecules. Bioconjugate chemisiry. 1984, vol.5,
no.8, p.647-54.). By way of non-fimiting illustration, the substances can bg

polymers, lipids, in particular cationic lipids, liposomes, nuclear proteins or neutral
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lipids. These substances can be used alohe or in combination. A combination
which can be envisaged is that of a recombinant plasmid vector which is combined
with cationic lipids (DOGS, DC-CHOL, spermine-chol, spermidine-chol, i),
lysophospholipides (for example Hexadecylphosphocholine) and neuiral Hipids
(DOPE).

[00154] According to a preferred embodiment, the cationic lipids which can be
used in the present invention are the cationic lipids describes in EP 801483 and
more preferably pcTGR0.

[00155] The choice of the plasmids which can be used within the conlext of the
present invention is huge. They can be cloning vectors and/or expression vectors.
In a general manner, they are known to the skilled person and, while a number of
them are available commercially, it is also possible fo construct them or to modify
them using the techniques of genetic manipulation. Examples which may be
mentioned are the plasmids which are derived from pBR322 (Gibco BRL), pUC
{Gibco BRL), pBluescript (Stratagene), pREP4, pCEP4 (Invitrogen) or p Poly
{(LATHE, ef al. Plasmid and bacteriophage vectors for excision of intact inseris.
Gene. 1987, val.57, no.2-3, p.183-201). Preferably, a plasmid which is used in the
coniext of the present invention contains an origin of replication which ensures that
replication is initiated in a producer cell and/or a host celi (for example, the ColE1
origin will be chosen for a plasmid which s intended to be produced in E. coli and
ihe oriP/EBNAT system will be chosen if it desired that the plasmid should be seff-
replicating in 2 mammalian host cell, LUPTORN, et al. Mapping genetic elements of
Epsiein-Barr virus that facilitate extrachromosomal persistence of Epstein-Barr
virus-derived plasmids in human cells. Molecular and cellular biology. 1985, vol.5,
no.10, p.2533-42 ; YATES, e al. Stable replication of plasmids derived from
Epstein-Barr virus in various mammalian cells. Mafure. 1985, vol.313, no.6005,
p.B12-8). The plasmid can additionally comprise a selection geng which enables
the ransfected cells to be selectad or identified (complementation of an
auxofrophic mutation, gene encoding resisiance to an antibiotic, efc.). Nafurafly,
the plasmid can contain additional elements which improve its maintenance and/or
its stability in a given cell (cer sequence, which promotes maintenance of a
plasmid in monomaeric form {SUMMERS, et al. Multimerization of high copy
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number plasmids causes instability: ColE1 encodes a determinant essential for
plasmid monomerization and stabilily. Cef. 1964, vol.36, no.4, p.1097-103. ,
sequences for integration info the cell genome).

[00156] With regard to a viral vector, it is possible to envisage a vector which is
derived from a poxvirus (vaccinia virus, in particular MVA, canarypoxvirus, etc.),
~from én adenovirus, from a retrovirus, from a herpesvirus, from an alphavirus, from
a foamy virus or from an adenovirus-associated virus. it is possible to use
replication competént or replication deficient viral vectors. Preference will be given
to using a vector which does not integrate. In this respect, adenaviral vectors and
vactors deriving from poxvirus and more preferably vaccinia virus and MVA are

very particularly suitable for implementing the present invention.

[00157] According to a preferred embodiment, the viral vector according to the
invention derives from a Modified Vaccinia Virus Ankara (MVA). MVA veciors and
methods to produce such vectors are fully described in European patents EP
83286 and EP 208820, as well as in SUTTER, et al. Nonreplicating vaccinia
vector efficiently expresses recombinant genes. FProc. Naff Acad. Sci. USA..
1892, vol.89, no.22, p.10847-51. . According to a more preferred embodiment, the
nucieic acid sequence according to the invention may be inseried in deletion (, {i,
il IV, V and VI of the MVA vector and even more preferably in deletion il ¢
MEYER, et al. Mapping of deletions in the genome of the highly attenuated
vaccinia virus MVA and their influence on virulence. The Journa/ of general
virology. 1991, vol.72, no.Pt5, p.1031-8. ; SUTTER, et al. A recombinant vector
derived from the host range-restricted and highly atenuated MVA strain of
vaccinia virus stimulates protective immunity in mice to influenza virus. Vacoine.
1884, vol.12, no.11, p.1032-40. ).

[00158] Retroviruses have the property of infecting, and in most cases integrating
info, dividing cells and in this regard are particularly appropriate for use in relation
to cancer. A recombinant retrovirus according to the invention generally confains
the LTR seguences, an encapsidation region and the nucleotide segquence
according to the invention, which is placed under the control of the retroviral LTR
or of an internal promoter such as those described below. The recombinant

retrovirus can be derived from a retrovirus of any origin {murine, primate, feline,
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human, eic.) and in particular from the MoMul.V (Mcoloney murine leukemia virus),
MVS (Murine sarcoma virus) or Friend murine retrovirus (Fb22). It is propagated in
an encapsidation cell line which is able to supply in trans the viral polypeptides
gag, pol and/or env which are required for constituting a viral particle. Such cell
lines are described in the litgrature (PA317, Psi CRIP GP + Am-12 elc.}). The
ratroviral vector according to the invention can contain modifications, in particular
in the LTRs {replacement of the promoter region with a eukaryotic promoter) or the
encapsidation region (replacement with a heterologous encapsidation region, for
example the VL3O type) (see US 5747323 )

[00158] Preference will be also given to using an adenoviral vector which lacks ail
or part of at least one region which is essential for replication and which is
se_leo’{ed from the E1, B2, B4 and L1-L5 regions in order to avoid the vector being
propagated within the host organism or the environment. A deletion of the E1
region is preferred. However, it can be combined with (anjother modification(s)-
/deletion{s) affecting, in particular, all or part of the E2, E4 and/or L1-L5 regions, to
the extent that the defective essential functions are complemenied in trans by
means of a complementing cell line andior a helper virus. In this respect, it is
possible 1o use second-generation vectors of the staie of the art (see, for ex.ampie,
intemnational applications WO 94728152 and WO 97/04118 }. By way of iliustration,
deletion of the major part of the E1 region and of the E4 transcription unit is very
particularly advantageous. For the purpose of increasing the cloning capaciiies,
the adencviral vecter can additionally lack all or part of the non-essential E3
region. According to ancther alternative, it is possible fo make use of a minimal
adenoviral vector which retains the seguences which are essential for
encapsidation, namely the 5" and 3' ITRs {Inverted Terminal Repeat), and the
encapsidation region. The varicus adenoviral vectors, and the techniques for
preparing thern, are known (see, for example, GRAHAM, et al. Methods in
molecular biology. Edited by MURREY. The human press inc, 1991. p.109-128. ).

[00160] Furthermare, the origin of the adenoviral vector according to the
invention can vary both from the point of view of the species and from the point of
view of the serotype. The vector can be derived from the genome of an adenovirus

of human or animal (canine, avian, bovine, murine, ovine, porcine, simian, efc.)
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origin or from a hybrid which comprises adenoviral genome fragments of at least
two different origins. More particular mention may be made of the CAV-[ or CAV-2
adenoviruses of canine origin, of the DAV adenovirus of avian origin or of the Bad
type 3 adenovirus of boving origin { ZAKHARCHUK, et al. Physical mapping and
homology siudies of egg drop syndrome (EDS-76) adenovirus DNA, Archives of
virology . 1993, vol.128, no.1-2, p.171-6. ; SPIBEY, et al. Molecular cloning and
restriction endonuclease mapping of two strains of canine adenovirus type 2. The
Joumal of general virology . 1889, vol.70, no.Pt 1, p.165-72. ; JOUVENNE, =t &l
Cloning, physical mapping and cross-hybridization of the canine adenovirus types
1 and Z genomes. Gene, 1987, vol.60, na.1, p.21-8. ; MITTAL, ef al. Development
of a bovine adenovirus type 3-based expression vector. The Jourmnal of general
virology. 1985, vol.76, no.Pt 1, p.83-102. ). However, preference will be given to
an adenoviral vector of human origin which is preferably derived from a serotype

C- adenovirus, in particular a type 2 or 5 serotype C adenovirus.

[00161] The ferm “replication-competent” as used herein refers to & viral vector

capable of replicating in a host cell in the absence of any frans-complementation.

100162] According to a preferred embodiment of the invention, the replication
competent vactor is a replication competent adenoviral vector. These replication
competent adencviral vectors are well known by the one skilled in the art. Among
these, adenroviral veciors deleted in the E1b region ceding the 55kD P53 inhibitor,
as in the ONYX-015 virus (BISCHOFF, & al. An adenovirus mutant that replicates
seleclively in pb3-deficient human tumor cells. Science. 1996, vol.274, no. 52886,
p.373-6. ; He HEISE, et al. An adenovirus E1A mutant that demonstrates potent
and selective systemic anti-tumoral efficacy. Nafure Medicine. 2000, vol.8, no.10,
p.1134-9. ; WO 84/18892 ), are particularly preferred. Accordingly, this virus can
be used fo selectively infect and kill p53-deficient neoplastic cells. A person of
ordinary skill in the art can also mutate and disrupt the pE3 inhibitor gene in
adenovirus 5 or other viruses according to established technigues. Adenoviral
vectors deleied in the £1A Rb binding region can also be used in the present
invention. For example, Delta24 virus which is a mutant adenovirus carrying a 24
base pair deletion in the £E1A region ( FUEYQ, et al. A mutant oncolytic adenovirus

targeting the Rb pathway produces anti-glioma effect in vive. Oncogerne. 2000,
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vol. 18, no.1, p.2-12.). Delta24 has a deletion in the Rb binding region and does
not bind to Rb. Therefore, replication of the mutant virus is inhibited by Rb in a
normal cell. However, if Rb is inactivated and the cell becormes neoplastic, Deltaz4
is no longer inhibited. Instead, the mutant virus replicates efficiently and lyses the
Rb-deficient cell. '

[001683] An adenoviral vector according to the present invention can be generated
in vitre in Escherichia coli {E, coli) by ligation or homologous recombination (see,
for exampie, international application WO 86M17070 ) or else by recombination in a

complemeanting cell line.

[00164] According to a preferred embodiment of the invention, the vector further
comptrises the elements necessary for the expression of the antibody according io
the invention.

[001651 The elements necessary for the expression consist of all the elements
which enable the nucleic acid sequence fo be transcribed into RNA and the mRNA
to be translated into polypeptide. These elements comprise, in particular, a
promoter Which may be regulable or constitutive. Naturally, the promoter is suited
to the chosen vector and the host cell. Examples which may be mentionad are the
eukaryotic promoters of the PGK (phosphoglycerate kinase}, MT {metaliothicnein;
MCIVOR. Human purine nucleoside phosphorylase and adenosine deaminase:
gene transfer into cultured cells and murine hematopoletic stem celis by using
recombinant amphotropic retroviruses. Mofecuiar and cellular biology. 1987, vol.7,
no.2, p.838-46. ), a-1 antitrypsin, CFTR, surfactant, immunoglobulin, actin {
TABIN, st al. Adaptation of a retrovirus as a eukaryotic vector fransmitting the
herpes simplex virus thymidine kinase gene. Molecular and ceflilar biology. 1882,
vol.2, no4, p.426-36. ) and SRa ( TAKEBE, et al. SR alpha promoter: an efficient
and versatite mammalian cONA expression systern composed of the simian virus
40 eatly promoter and the R-US segment of human T-cell leskemia virus type 1
long terminal repeat. Molecular and ceflular biology. 1988, vol.8, no.1, p.466-72. )
genes, the early promoter of the SV40 virus {(Simian virus), the LTR of RSV (Rous
sarcoma virus), the MSV- TK promoter, the early promacter of the CMV virus
(Cytomegalovirus), the p7.5K pH5R, pK1L, p28 and p11 promgoters of the vaccinia

virus, chimeric promoters such as p11K7.5 and the E1A and MLP adenoviral
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promoters. The promoter can also be a promoter which stimulates expression in a
tumor or cancer cell. Particular mention may be made of the promoters of the
MUC- gene, which is overexpressed in breast and prostaie cancers (CHEN, et al.
Breast cancer seiective gene expression and therapy mediated by recombinant
adenoviruses containing the DF3/MUCT promoter. 7he Joumal of clinical
investigation. 1995, vol.986, no.6, p.2775-82. ), of the CEA (standing for carcinoma
embryonic anfigen) gene, which is overexpressed in colon cancers (SCHREWE, et

| al. Cloning of the complete gene for carcinoembryonic antigen: analysis of its

- promoter indicates a region conveying cell type-specific expression. Molecular and
callufar biology. 1990, vol.10, no.8, p.2738-48. ) of the tyrosinase gene, which is
overexpressed in melanomas ( VILE, et al. Use of tissue-specific expression of the
herpes simplex virus thymidine kinase gene to inhibit growth of established murine
melanomas following direct intratumoral iniection of DNA. Cancer res.. 1893,
vol.53, no.17, p.38680-4. ), of the ERBBE-2 gene, which is overexpressed in breast
and pancreatic cancers {(HARRIS, at al. Gene therapy for cancer using tumor-
specific prodrug activation. Gene therapy. 1994, val.1, no.3, p.170-5. ) and of the
o-fetoprotein gene, which is overexpressed in liver cancers (KANAI, et al. In vivo
gene therapy for alpha-fetoprotein-preducing hepatoceliviar carcinoma by
adenovirus-mediated transfer of cylosine deaminase gene. Cancer res.. 1997,
vol.57, no.3, p.461-5. }. The cytomegalovirus (CMV) early promoter is very

particularty preferred.

00188] However, whan a vector deriving from a Vaccinia Virus (as for example
an MVA vector) is used, the promoter of the thymidine kinase 7.5K gene and the

pH5R promoter are particularly preferred.

[00167] The necessary elements can furthermore include additional elemenis
which improve the expression of the nucleic acid seguence according to the
invention or its maintenance in the host cell. intron sequences, secretion signal
sequences, nuclear localization sequences, internal sites for the reinitiation of
translation of IRES type, transcription termination poly A sequences, fripartita
leaders and origins of replication may in particular be mentioned. These slements

are known {o the skilled person. Among secretion signal sequence, seguences
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encoding the polypeptides as set forth in SEQ D NO 5 and/or 8 are particularty
preferred,

[00168] The recombinant vecior aocofding to the invention can also comprise che
or more additional genas of interest, with it being possible for these genes o be
placed under the conirot of the same regulatory slements {polycistronic cassetie)
or of independent elements. Genes which may in particular be mentioned are the
genes encoding interleuking 1L-2, 1L-4, 1L-7, IL-10, [L-12, {L-15, 1L-18, chemokines
as CCL19, CCL20, CCL21, CXCL-14, interferons, umor necrosis factor (TNF),
and factors acting on innate immunity and angiogenesis (for example PAI-1,
standing for plasminogen activator inhibitor}. In one particular embodiment, the
recombinant vector according to the invention comprises the gene of interest

encoding IL-2.

[00188] The present invention also relates {o a cell comprising the nucleic acid
sequence according to the invention. In a preferred embodiment, he cell according
to the invention is eukaryotic cell and more preferably a mammalian cell.
Mammalian celis available as hosts for expression are well known in the art and
include many immorialized cell ines, such as but not limited {o, Chinese Hamster
Ovary (CHO) celis, Baby Hamster Kidney (BHK) cells and many others. Suitabls
additional eukaryotic cells include veast and other fungi.

[00170] The present invention also relates {o a process for producing an antibody
according to the invention comprising culfuring the cell aceording to the Invention
under conditions permitting expression of the antibody and purifying the antibody

from the cell or medium surrcunding the cell.

{60171} In another embadiment, the present invention relates to a pharmaceutical
composition comprising any one of the antibody, ihe nucleic acid sequence or the
vecior according to the invention and a pharmaceutically acceptable carrier. Ina
preferred embodiment, the pharmaceutical composition further comprises a
compound of interest.

I00172] The pharmaceutically acceptable carrier is preferably isctonic, hypotonic
or weakly hypertonic and has a relatively low ionic strength, such as for example a
sucrose solution. Moreover, such a carrier may contain any solvent, or agusous or

partially agueous liguid such as nonpyrogenic sterile water. The pH of the
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pharmaceutical compaosition is, in addition, adjusted and buffered so as to mest
the requirements of use in vivo. The pharmaceutical composition may also include
a pharmaceutically accepiable diluent, adjuvant or excipient, as well as
solubilizing, stabilizing and preserving agenis. For injectable administration, a
formulation in agueous, nonagueous or isotonic solution is preferred. It may be
provided in a gingle dose or in 2 multidose in liquid or dry (powder, lyophilisate and
the lika) form which can be reconstifuied at the time of use with an appropriate
diluent.

[00173] The present invention also relates, fo a kit of part comprising (i) a
pharmaceutical composition, an antibody, a nucieic acid seguence or a vector

according to the invention and, (i} a compound of interest.

[00174] As used herein the term, “compound of interest” relates to a therapeutic
compound and preferably to a cancer therapeutic agent or a compound useful in

the treatment of bone mass decreassa.

[00175] According to a preferred embodiment, the cancer therapeutic agent is
chosen from the group comprising Abraxane {(Paciitaxel Albumin-stabilized
Nanoparticle Formulation), Adriamycin {Doxorubicin Hydrochioride), Adrucil
(Fluorouracil}, Aldara (imiguimod), Alemtuzumab, Alimta (Pemeirexed Disodiumj,
Aminolevulinic Acid, Anastrozole, Aprepitant, Arimidex {Anastrozole), Aromasin:
(Exemestane), Arranon {Nelarabine), Arsenic Trioxide, Avastin (Bevacizumab),
Aracitidine, Bevacizumab, Bexarotene, Boriezomib, Campath (Alemiuzumab),
Camptosar (Irinotecan Hydrochioride), Capecitabine, Carboplatin, Cetuximab,
Cisplatin, Clafen (Cyclophosphamide), Ciofarabine, Clofarex (Clofarabine), Clolar
{Clofarabine}, Cyclophosphamide, Cytarabine, Cytosar-U (Cytarabine), Cytoxan
{Cyciophosphamide), Dacogen {Deciabine), Dasatinib, Decitabine, DepoCyt
(Liposomal Cytarabine), DepoFoam {Liposomal Cytarabing), Dexrazoxane
Hydrochloride, Docetaxel, Doxil {Doxorubicin Hydrochloride Liposome),
Doxorubicin Hydrochloride, Doxorubicin Hydrochloride Liposome, Dox-5L
{Doxorubicin Hydrochloride Liposome), Efudex (Fluorcuracil), Ellence (Epirubicin
Hydrochloride), Eloxatin (Oxaliplatin}, Emend [Aprepitant), Epirubicin
Hydrochloride, Erbitux (Cetuximab), Erlotinib Hydrochloride, Evacet (Doxorubicin

Hydrochioride Liposome), Evista (Ralbxiferze Hydrochloride), Exemestane,
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Fasicdex (Fulvestrant), Femara (Letrozole), Fluoroplex (Fluorouracit), Fluorouracil,
Fulvestrant, Gefitinib, Gemcitabine Hydrochloride, Gemtuzumab Ozogamicin,
Gemzar (Gemcitabine Hydrochloride), Gleevec (Imatinib Mesylate), Herceptin
{Trastuzumab), Hycamiin (Topotecan Hydrochloride), Imatinib Masylate,
Imiquimed, Iressa (Gefitinib}, Irinotecan Hydrochioride, Ixabepilone, ixempra
{Ixabepilong), Keoxifens (Raloxifene Hydrochlotide), Kepivance (Palifermin),
Lapatinib Ditosylate, Lenalidomide, Letrozole, Levuian (Aminolevuiinic Acid),
LipoDox {Doxorubicin Mydrochloride Liposome), Liposomal Cytarabine,
Methazolastone (Temozolomide), Methotrexate, Mylosar (Azacitidine}, Mylotarg
{Gemtuzumab Ozogamicin, Nanoparticle Paclitaxel (Paclitaxal Albumin-stabilized
Nanoparticle Formuiation), Nelarabine, Neosar (Cyclophosphamide), Nexavar
{Sorafenib Tosylate}, Nilotinib, Nolvadex (Tamoxifen Citrate), Oncaspar
(Pegaspargase), Oxaliplatin, Paclitaxel, Paclitaxel Albumin-stabilized Nanoparticle
Formulation, Palifermin, Panitumumab, Paraplat {Carboplatin}, Paraplatin
(Carboplatin), Pegaspargase, Pemetrexed Disodium, Platinol-AQ {Cisplatin},
Platinol (Cisplatin), Raloxifene Hydrochloride, Revlimid (Lenalidomide), Rituxan
(Rituximab), Rituximab, Sclerosol Infrapleural Aerosal (Talc), Sorafenib Tosylate,
Sprycel (Dasatinib), Sterile Talc Powder (Talc), Steritalc (Taic), Sunitinib Malate,
Suterd {Sunitinib Malate), Synovir {Thalidomide), Talc, Tamoxifen Citrate,
Tarabine PFS (Cytarabine), Tarceva (Erlotinib Hydrochloride}, Targretin
{Bexarotene), Tasigna (Nilotinib), Taxol {Paclitaxel), Taxotere {Docetaxel),
Temodar (Temozolomide), Temozolomide, Temsirolimus, Thalomid (Thalidomide}),
Thalidomide, Totect {Dexrazoxane Hydrochioride), Topotecan Hydrochloride,
Torisel {Temsirolimus}, Trastuzumab, Trisenox {Arsanic Trioxide), Tykerb
{Lapatinib Ditosylate), Vectibix {Panitumumab), Velcade {Bortezomib), Vidaza
(Azacitidine), Vorinostat, Xeloda (Capecitabine), Zinecard {Dexrazoxane
Hydrochloride), Zoledronic Acid, Zolinza (Vorinostat) and Zometa {Zoledrenic
Agid).

001767 According to a preferred embodiment of the invention the compound
useful in the treaiment of bone mass decrease is a biphosphonate, a selective
oestrogen receptor modulators {(SERMSs), a parathyroid hormone (PTH) (e.g.
teriparatide (Forteo)), strontium ranelate, Denosumab or calcitonin, or a

combination thereof. According to a more preferred embodiment, the
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biphosphonate is chosen from the group comprising Alendronate (Fosamax,
Fosamax Plus D), Etidronate (Didronel), lbandronate (Boniva), Pamidronate
{Aredia), Risedronate (Actonel, Actonel W/Calcium), Tiludronate (Skelid), and
Zoledronic acid (Reclast, Zometa). According to a more preferred embodiment, the
SERMs is chosen from the group comprising raloxifene (Evista),

bazedoxifene/premarin {Aprelal) and tamoxifen.

100177} According fo another embodiment, the present invention relates to the
use of the antibody, the nucleic acid sequence, the veciar, the pharmaceutical
composition or the kit of parts according to the invention for the treatment of
diseases associated to an increased osteoclast activity. Such disease comprised
but are not limited to endocrinopathies (hypercortisolism, hypogonadism, primary
or secondary hyperparathyroidism, hyperthyroidism), hypercalcemiz, deficiency
states (rickets/osteomalacia, scurvy, malnutrition), chronic diseases
{malabsorption syndromaes, chronic renal failure (renal osteodystrophy), chronic
liver dissase {hepatic osteodysirophy), drugs (glucocorticoids (glucocorticoid-
induced osteoporosis), andragen deprivation therapy, aromatase inhibitor therapy,
heparin, alcohol), and hereditary diseases {ostecgenesis impetfecta,
homocystinuria), osieoporosis, osteopetrosis, inflammation of bone associated
with arthritis and rheumatoid arthritis, periodontal disease, fibrous dysplasia,
andfor Paget's disease.

[00178] According fo another embodiment, the present invention relates {o the
use of the antibody, the nucleic acid sequence, the vector, the pharmaceutical
composition or the kit of parts according to the invention for the treatment of
diseases associated to inflammation and/or autoimmunity. Such diseases
comprise but are not limited io seronegative spondyloarthropathy (psoriatic
arthritis, ankylosing spondvlitis, reiters syndrome, spondyloarthropathy associated
with inflammatory bowel disease), prosthetic joint loosening, connective tissue
dissases {juvenile rheumatoid arthritis, rheumatoid arthritis, systemic lupus
erythematosus (SLE) and lupus nephritis, scleroderma, Sjogren's syndrome,
mixed connective tissue disease, polymyositis, dermatomyositis), inflammatory
bowel disease (e.g. Crohn's disease; ulcerative colitls), whippies disease, arthritis

associated with granulomatous ileocolitis, inflammaiory skin conditions
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(autoimmune builous pemphigoid, autoimmune pemphigus vulgaris, eczema,
dermatitis), inflammatory lung disease (alveolitis, pulmonary fibrosis, sarcoidoisis,
asthma, bronchitis, bronchiolitis obliterans), inflammatory renai diseasse
(glomerulonethritis, renal allograft rejection, renal tubular inflammation),
atherosclerosis, systemic vasculitis (temporal arteritis/giant cell arteritis, takayasu
arteritis, polyarteritis nodosa, Kawasaki disease, Wegener's granulomatosis, churg
strauss syndrome, microscopic polyangiitis, necrotising glomerulonephritis,
henoch schonlein purpurz, essential cryoglobulinasmic vasculitis and other small
vessel vasculitis, Behcets disease), macrophage activation diseases {macrophage
activation syndrome (MAS), adult onset stills disease, haemophagocytic
syndroms), polymyalgia rheumatica, primary hiliary sclerosis, sclerosing
cholangitis, autcimmune hepatitis, Type 1 Diabetes Mellitus, Hashimoto's
thyroiditis, Graves' disease, muliiple sclerosis (MS), Guillain-Barre syndrome,

Addison's disease, and/or Raynaud's phenomenon, Goodpasture's syndrome.

[00179] According to another embodiment, the presant inveniion relates to the
use of the antibody, the nucleic acid sequence, the vector, the pharmaceutical
composition or the kit of paris according io the invention for the freatment of

cancer.

[00180] As used herein, the term “cancer” refers but is not limited to
adenocarcinoma, acinic cell adenocarcinoma, adrenal cortical carcinomas, alveoli
cell carcinoma, anaplastic carcinoma, basaloid carcinoma, basal cell carcinoma,
bronchiolar carcinoma, bronchogenic carcinoma, renaladinot carcinoma,
embryonal carcinoma, anomeiroid carcinoma, fibrolamolar liver cell carcinoma,
follicular carcinomas, giant cell carcinomas, hepatoceliular carcinoma,
intraepidermal carcinoma, intraepithelial carcinoma, leptomanigio carcinoma,
medullary carcinoma, melanctic carcinoma, menigual carcinoma,
mesometonephric carcinoma, oat cell carcinoma, squamal cell carcinoma, sweat
gland carcinoma, transitional cel carcinoma, tubular cell carcinoma, amelioblastic
sarcoma, angiolithic sarcoma, botryoid sarcoma, endometrial stroma sarcoma,
ewing sarcoma, fascicular sarcoma, giant cell sarcoma, granulositic sarcoma,
immunoblastic sarcoma, juxascordiai osteogenic sarcoma, coppices sarcoma,

leukocytic sarcoma (feukemia), lymphatic sarcoma (lympho sarcoms), medullary

58



WO 2012/110360 PCT/EPZ012/652043

sarcbma, myeloid sarcoma {granuiocitic sarcoma), austiogenci sarcoma,
periosteai sarcoma, reticudum cell sarcoma (histiocytic lymphoma), round cell
sarcoma, spindle cell sarcoma, synoviai sarcoma, telangiectatic audiogenic
sarcoma, Burkiti's lymphoma, NPDL, NML, NH and diffuse lymphomas. According
to a preferred embodiment, the method according fo the invention is directed fo
the freatment of metastatic cancer to bone, wherein the metastatic cancer is
breast, lung, renal, multiple myeloma, thyroid, prostate, adenccarcinoma, blood
cell malignancies, including leukemia and lymphoma; head and neck cancers;
gastroiniestinal cangers, including esophageal cancer, stomach cancer, colon
cancer, intestinal cancer, colorectal cancer, rectal cancer, pancreatic cancer, liver
cancer, cancer of the bile duct or gall bladder; malignancies of the female genital
tract, including ovarian carcinoma, uterine endometrial cancers, vaginal cancer,
and cervical cancer; bladdet cancer; brain céncer, including neuroblastoma;
sarcoma, ostepsarcoma; and skin cancer, including malignant melanoma or .

sguamous cell cancer,

[00181] The present invention further concerns a method for ii‘ﬂproving the
treatment of & cancer patient which is undérgoing chemotherapeutic ireatment
with a cancer therapeutic agent, which comprises co-treatment of said patient
along with a method as above disclosed.

[00182] The present invention further concerns a methed of improving cytotoxic
effactiveness of cytotoxic drugs or radiotherapy which comprises co-treating a

patient in need of such freatment along with a method as above disclosed.

[00183] The present invention further concerns a method for improving the
treatment of a patient with a disease associated to an increased osteocclast activity
which is undergoing ireatment with a biphosphonate, a selactive oestrogen
recepior modulators (SERMs), a parathyroid hormone (PTH) (e.g. teriparatide
{Forteo)), strontium ranelate, Denosumab or calcitonin, or a combination thereof,
which comprises co-treatment of said patient along with a method as above
disclosed.

[00184] In another embodiment use of an antibody of the invention is
contemplated in the manufacture of 2 medicament for preventing or treating

metastatic cancer to bone in a patient suffering from metastatic cancer. In a
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related embodiment, the metastatic cancer is breast, lung, renal, multiple
mysioma, thyroid, prostate, adenocarcinoma, hlood cell malignancies, including
leukemia or lymphomae; head or neck cancers; gastrointestinal cancers, including
esophageal cancer, stomach cancer, colon cancer, infestinal cancer, cclorectal
cancer, rectal cancer, pancreatic cancer, tiver cancer, cancer of the bile duct or
gall bladder; malignancies of the female genital tract, including ovarian carcinoma,
uterine endometrial cancers, vaginal cancer, or cervical cancer, bladder cancer;
brain cancer, including neuroblastoma; sarcoma, ostecsarcoma; or skin cancer,

including malignant melanoma or squamous cell cancer,

[00185] According to another embodiment, the present invention relates to the
use of the antibody, the nucleic acid sequence, the vecior, the pharmaceuiical
composition or the kit of parts according to the invention in the manufaciure of a

medicament.

[00186] According to another embodiment, the present invention relates to the
use of the aniibody, the nudleic acid sequence, the vecior, the pharmaceutical
composition or the kit of parts according to the invention in the manufacture of a2

medicament for treating a patient having cancer.

[00187] According to another embodiment, the present invention relates to the
use of the antibody, the nucleic acid sequence, the vector, the pharmaceutical
camposition of the kit of parts according to the invention in the manufacture of a
medicament for treating a patient having a disease associated {o an increased

osteoclast activity.

{00188} According te ancther embodiment, the present invention relates to the
use of the antibody, the nucleic acid sequence, the vector, the pharmaceufical
composition or the kit of parts according 1o the invention in the manufacture of a
medicament for treating a paiient having an inflammatory disease, more

speciiically an inflammatory bowel disease.

[00188] According to another embodiment, the present invention relates to the
use of the antibody, the nucleic acid sequence, the vecior, the pharmaceutical
compaosition or the kit of paris according fo the invention in the manufacture of a
medicament for reating a patient suffering from rheumatoid arthritis.
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[00190] Administering the antibody, the nucleic acid sequence, the vector, the
pharmaceutical compaosition or the kit of'parts according to the invention may be
accomplished by any means known to the skilled artisan, Preferred routes of
administration include but are not limited o intradermal, subcutanaous, oral,
parenteral, inframuscular, intranasai, sublingual, intratracheal, inhalation, ocular, |
vaginal, and rectal. According to a preferred embodiment the antibody, the nucleic
acid sequence, the vector, the pharmaceuiical composition or the kit of paris
according to the invention are delivered systemically.

[00121] The adminisiration may fake place in a single dose or a dose repeated
one or several times after a certain time interval. Desirably, the antibedy, the
nucleic acid sequence, the vector, the pharmaceutical composition or the kit of

parts according to the invention are administered 1 to 10 times at weekly intervals.

[00192] For general guidance, suitable dosage for the antibody is about 2mg/kg
to 30mg/kg, 0.1 ma/kg to 30 mg/kg or 0.1 mg/kg fo 10 markg body weight. Suitable
dosage for the vector according to the invention varies from about 10% to 1070 pfu
{plaqus forming units), desirably from about 108 and 108 pfu for MVA vector
whereas it varies from about 10% to 1073 iu {infectious units), desirably from about
107 and 102 iu for adenovirus based vector. A compaosition based on vector
plasmids may be administered in deses of between 10 yg and 20 mg,

advantageously between 100 yg and 2 mg.

[00193] When the use or the method according to the invention is for the
treatment of cancer, the method or use of the invention can be carried out in
conjunction with ong or more conveniional therapeutic modalities {e.g. radiation,
chemotherapy and/or surgery). The use of multipie therapeutic app.roaches
provides the patient with a broader based infervention. In one embodiment, the
method of the invention can be preceded or followed by a surgical intervention. In
another embodiment, it can be preceded or followed by radiotherapy {e.g. gamma
radiation). Those skilled in the art can readily formulate appropriate radiation
therapy protocols and parameters which can be used (see for example PEREZ.
Principles and practice of radiation oncology. 2nd edition. LIPPINCOTT, 1882 ).
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Brief Description of Figures in the Drawings

[30194] Figure 1 depicis the specific siaining of CSF-1R-transfected NIH/3T3 cells
by mAb CXIIGE.

[00195] Figure 2 shows the inhibition of CSF-1 binding fo cell-surface CSF-1R in
presence of mAb CXHGE.

[601986] Figure 3 shows the specific blockade of soluble human CSF-1R by mAb
CXUGH (et means confrol; 'neg SN’ means negative conirol hybridoma
supernatant).

[00197] Figure 4 shows the inhibition of human ostecclast differeniiation and
secretion of matrix-metalloprotease-8 (MMP-9) in presence of mAb CXIHGS ("etrf’
means control; ‘CXHGE SN’ means CXHGE hybridoma supematant; ‘neg SN’

means negative control hybridoma supernatant).

[00188] Figure 5 shows the non-cross-reactivity of mAb CXIIG6 with other tyrosine
kinase receptors having homology to CSF-1R ('SN” means hybridoma

supernatant).

[00199] Figure 6 shows the nucleic acid sequence (SEQ |D NO: 1) and deduced
amino acid sequence (SEQ ID NO: 2) of the CXIIGE heavy chain. The primer
sequences including restriction sites for cloning added to the nuclectide
sequences are underlined. The resiriction sites are shown in underlined italic type.

The amino acid sequences of the V-domains are highlighted in bold type.

[00200] Figure 7 shows the nucleic acid seguence (SEQ (D NO: 3) and deduced
aminc acid sequence {SEQ iD NG: 4) of the CXIIGE light chain. The primer
sequences including restriction sites for cloning added to the nucleotide
seguences are underiined. The restriction sites are shown in underiined italic type.

The amino acid sequences of the V-domains are highlighied in bold type.
[00201] Figure 8 shows the plasmid construct pTG17753.

[00202] Figure 9 shows the plasmid construct pTG17727.

[00203] Figure 10 shows the plasmid construct pOptiVEC™.

[00204] Figure 11 shows the plasmid construct pTG17895.
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[00205] Figure 12 shows the plasmid construct pTG17812.

[002086] Figure 13 shows the plasmid construct pTG17868.

[00207] Figure 14 shows the plasmid construct pTG17869.

[00208] Figure 15 shows humanized CXIIG6 light chain variants.
[06208] Figure 16 shows humanized CXIIG6 IgG1 heavy chain varianis.

[00210] Figure 17 shows the specific blockade of soluble human CSF-1R by
_recombinant murine CXNGE and chimeric CXIIGE 1gG1.

{00211] Figure 18 shows the inhibition of human osteoclast differentiation and
secretion of matrix-metalloprotease-9 (MMP-9} in presence of recombinant murine
CXIIGE and chimeric CXIIGE 1gG1

[00212] Figure 19 shows the different constructs of CSF-1R used to map the
epitope of the monoclonal antibodies of the Invention versus those of commercially
available anti-CSF-1R antibodies. Human sequence Is represented as an open bar
and murine sequence as a filled bar. Antibodies with their names crossed indicate
that they do not bind the construct.

[00213] Figure 20 shows the limits of the Ig-like domains of the different constructs
of C8F-1R used io map the epitope

[00214] Figure 21: Competition curve between *25-H27K15 antibody and
unlabeled H27K15 on ELA-CSF-1R

[00215] Figure 22: Competition curve between 125-H27K15 antibody and various
antibodies on EL4-CSF-1R

{00216} Figure 23 : Post-incubation competition curves | CSF-1/mAb
[00217] Figure 24 : Pre-incubation competition curves : mAb/ CSF-1
[00218] Figure 25 : Co-incubation competition curves : mAB + C5F-1
[00219] Figure 26 : Co-incubation competition curves : mAB + CSF-1R
{00220} Figure 27 : Lack of cross-reactivity of mAB varianis

[00221] Figure 28 : Blockade of soluble CSF-1R. The three hCXIIG6 variants and
the chCXIIGS block scluble human CD115 and restore the CSF-1-dependent
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growth of M-NF5-60 cells. Resulis are expressed as means +/- SEM of
quadruplicate welis. ND50 values were calculated using GraphPadPrism five-
parameter logistic equation,

(002221 Figures 29 :A/B/C/D : Inhibition of CSF-1 dependent proliferation of AML3
cells. For Figure 29A, AMLS cells were stained with either the anti-human CD115
mAN 3281 (left panel} or with chCXIIGE (right panel}. For each panel, the left
histogram corresbonds io AML5 cells stained with the isotope controls

(respectively mouse IgG+ and rituximab). Figure 29B shows that AML5 cell growth
is stimulated by CSF-1 in 2 dose-dependent fashion. Figure 28C shows that
hCXIGS variants and chCXHGE8 inhibit CSF-1-dependent proliferation of AML5S
cells, showing results from three independent experiments. Figurse 280 includes
the EC50 and R sguare values, as calculated by GraphPad Prism, from the resulis
shown in Figure 29C.

[00223]Figures 30 A/B : ADCC activity on EL4-CSF-R target cells. in 30A, PBMC
from blood donor #1 were used as effector cells to measure the cytotoxic activity
of H27K5, H27K15 and H19K12 on EL4-CD115 target cells at an E:T ratio of 25.
In 308, PBMC from donor #2 were tested in the same assay as Figure 30A at the
indicated E:T ratios. Asterisks (*) indicate p<0.05 compared with ritutxdmab, while
theta symbols (@) indicate p<0.05 compared with chCXHGS.

[00224] Figures 31 A/B : Therapeutic effect in BeWo choriocarcinoma tumor model

[00225] Figure 32 : Listing of sequences SEQ 1D NO: 37 to SEQ 1D NO:47

EXAMPLES

Spacific stalning of CSF-1R-transfected NIH/3T3 cells by mAb CXHGS

[00228] The B4-800-5 cell line was generated by stabie transfection of NIM/3T3
cells with an expression plasmid encod-ing the fuli-length human CSF-1R. Cell-
surface CSF-1R expression on B4-800-5 cells was verifiad by indirect
immunostaining with the anti-human CSF-1R mAbs 81701 {mouse igG+, R&D
Systems) or 2-4A5-4 (rat lgG 1k, GeneTex), compared io isotype controls {Figurs 1,

upper and middle panels). Culiure supernatants from hybridoma CXIIGE or from a
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negative conhtrol hybridoma were used for immunostaining B4-800-5 celis or

parental NIH/3T3 cells (Figure 1, lower pansls).

[00227] Flow cytometry analysis showed that culture supernatant from hybridoma
CXI1G8 selactively stained B4-800-5 cells, demonstrating the mAb specificity for
cell-surface CSF-1R,

Fartial Inhibition of CSF-1 binding io cell-surface CSF-1R

[00228] 3 x 105 THP-1 cells (human CSF-1R-positive monocytic leukemia cell line)
were ncubated for 30 min at 4°C in the presence of either hybridoma cutiure
supema’tan‘és, serum from a naiva or an anti-CSF-1R-immunized mouse (dilution
1:1000), mAb anti-CSF-1R 2-4A5-4 (GeneTex) or a control rat igG+ (10 pg/ml}, or
no reagent. After two washes with cold PBS, ceils were incubated with 1 ug/mi
hiotinylated recombinant human CSF-1 for 30 min. Cells were washed twice and
further incubated for 30 min at 4°C with 10 pg/ml streptavidin-Alexa Fluor 488
(fnvitrogen). After washing with PBS and fixation with 4% paraformaldehyde, cell
staining was analyzed by flow cytometry.

{00229] Decreased fluorescence intensities compared to control sampies reflect
the inhibition of C8F-1 binding io cell-surface CSF-1R. Serum from a CSF-1R-
immunized mouse blocks CSF-1 binding fo THP-1 cells (Figure 2). While negative
control hybridoma supernatant or an irrelevant mAb show no effect, culture

. supernatant from hybridoma CXIIG6 seems to inhibit, at least partially, CSF-1
binding to THP-1 cells (Figure 2, lower right pansi).

First localization of mAb CXIIGS binding slte.

[00230] To identify the binding site of mAb CXIIGE on the CSF-1R, a Western biot
was performed using soluble forms of the human CSF-1R comprising either the
five extracellular immunoglobulin-like domains {(Met 1 fo Glu 512, R&D Systems)
or only the three N-terminal immunoglobulin-like domains of the extraceliular
region of CSF-1R (Met 1 to Ser 280), both fused at their C-terminal ends to the Fe
region of a human 1gG1. A soluble form of the EGFR fused to human IgG+ Fc

(R&D Systems) was used as a hegative confrol.

[00231} Hundred nanograms of each soluble receptor were submitted to

electrophoresis in native conditions before transfer to nitroceliulose sheet and
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probing with sither hybridoma supernatants, rabbit pAb ¢c-fms/CSF-1R H300
(Santa Cruz Biotechnology), mouse mAb 61701 (R&D Sysiems) or serum from

naive or C8F-1R-immunized mice.

[00232] Both soluble forms of the CSF-1R were delected as broad bands when
probed with pAb ¢-fms/CSF-1R HM300, mADb 61701 or serum from the immunized
mouse. No detectable signals were chserved with naive mouse serum or a
negative control hybridorma supernatant. CXI1G6 hybridoma supernatant
recognized CSF-1R1ag0:FC as well as CSF-1R1.s12:Fg, but not EGFR:Fe, indicating
that CXHGE binds specificaily io an epitope lying within the three N-ferminal

immunoglobuiin-like domains (between residues 1 to 290) of the human CSF-1R.

Specific blockade of soluble human CSF-1R by mAb CXIIGE

[00233] The CSF-1-dependent murine myeloid leukemia M-NF3-80 call line (#
CRL-1838, ATCC) was used to assess the bilocking activity of CXIIGE hybridoma
supernatant on human and murine C8F-1R. Five nanograms of sciuble human
CSF-1R (CSF-1R1s12:Fc from R&D Systems) were preincubated in white 96-well
micropiates with serial dilutions of either hybridoma supernatants, mAb 61701
(R&D Systems) or murine isotype control mAb. 10E4 M-NFS-60 cells cultured
overnight in the absence of CSF-1 were then added into the culture wells together
with 0.1 ng of human C3SF-1 in a final assay volume of 100 pl. Cultures were
incubated for 48 h at 37°C and proliferation was quantified by BrdU incorporation
using a Cell Proliferation ELISA (Roche).

[00234] Soluble human C8F-1R completely inhibited the profiferation of M-NFS-60
cells mediated by human C3F-1, as shown in the presence of negative hybridoma
supernatant coniaining or not a negative control lgG+ (Figure 3; mean +/~ SEM of 3
wells). In contrast, CXIIGE hybridoma supernatant and positive control mAb 61701
were both able to restore cell profiferation in a dose-dependent manner, showing
that they were able {0 neutralize soluble human CSF-1R.

[00235] in this assay, active M-NF3-60 cell proliferation in the presence of low
dilutions of CXIIGE hybridoma supernatant showsd that mAb CXIiG6 was unabie
to block the murine CSF-1R expressed by M-NFS-80 cells. Moreover, in & muring
CSF-1-supported M-NFS-60 proliferation assay performed in the absence of
soluble CSF-1R, treatment with mAb AF398 anti-mouse CSF-1R (eBiosciencs)
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resulted in a dramatic concentration-dependent decrease of cell growth (data not
shown). CXIIGE hybridoma supernatant, like negative conirol antibodies and
negative hybridoma superatant, caused no reduction in ceil proliferation. These
resuits demonsirate that mAb CXIIG8 specifically targets human CSF-1R.

Inhibition of human osteoclast diferentiation and secrstion of mafrie-
metalloprotease-§ (MMP-8)

[00236] Ostecclasts were generated from human monoccytas obtained by
slutriation of PBMCs from a healthy blood donor. In brief, monocytes were seeded
at 2 x 10E4 cells per wefl in 96-well plates and treated for 45 min with either
hybridoma culiure supernatants, mAbs anti-human C3F-1R 61701 {R&D Systems)
or 2-4A5-4 (GeneTex), mAb anti-human CSF-1 26730 (R&D Systems), muring or
rat isotype controlg, or sera from naive and CSF-1R-immunized mice diluied in
hvbridoma culture medium. Complete a-MEM medium was added to the culiure
wells with or without human CSF-1 and RANKL {PeproTech, 25 and 40 ng/ml
respectively). Hybridoma supernatants, mAbs orfand medium with or without”
cytokines were replenished every 3 days for 9 days. Conditioned culture
supernatants were harvesied on day 9 and assayed for fotal human MMP-9 using
an ELISA assay (R&D Systems). Osteoclast formation was evaluated by staining
of tartrate-resistant acid phosphatase (TRAP) using the leukocyte acid
phosphatase kit from Sigma-Aldrich.

[00237] CSF-1 + RANKL induced monocytes to differentiate info osteoclasts,
defined as large multinucleated TRAP-positive cells, whereas no TRAP-positive
osieociasis were obtained in the absence of cytokines. Addition of 0.5 pg/ml anti-
C3SF-1 mAb 268730 compietely abrogated osteoclast differentiation, as shown by
lack of MMP-9 secretion. Anti-CSF-1R mAbs 61701 or 2-4A5-4 at the same
concentration and immunized mouse serum (ditution 1:1000) inhibited osteoclast
formation only partially (Figure 4; with (+) or without {-) cytokines; mean +/- SEM of
3 wells; *: mean of 2 wells). Treatment with CXIIG6 hybridoma cuiture supernatant
diluted 1:20 or 1:100 significantly reduced the level of MMP-9 production,
compared with two negative confrol hybridoma supernatants {A, B). These resulis
demonstrate that mAb CXIIG8 inhibits the differentiation of osteociasis from

human monocytes by biocking the function of cell surface CSF-1R.
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inhibition of the CS8F-1-dependent phosphorvlation of CSF-1R

[00238] The B4-800-5 cell line obtained by stable fransfection of NIH/3T3 celis with
a plasmid expressing human CSF-1R was used to investigate the effect of CXHGE
hybridoma supernatant on CSF-1-dependent CSF-1R phosphorylation. Cells were
seeded at 2 x 10E5 cells per 60-mm Petri dish and cultured for 48tc 72 h.
Following serum deprivation for 1 h at 37°C, celis were treated for 1 h at 37°C with
culture medium containing sither CXIIG6 hybridoma supernatant, mAb 2-4A5-4
{(NeoMarkers} or isotype control mAbs (diluted in negative hybridoma
supernatani), and then stimulated with 100 ng/mt hCSF-1 or left unstimulated for 5
min at 37°C. Cell layers were then lysed and fotal proteins were extracted. Ten ug
proteins were analyzed by probing Western blots with either the rabbit pAb ¢-
fms/CSF-1R H300 or the rabbit pAb p-c-fims/CSF-1R (Tyr708)-R {Santa Cruz

Biotechnologyj, followed by goat anti-rabbit immunoglobulinsHRP,

[00239] In the absence of CSF-1, neither CXIIG6 hybridoma supernatant nor mAb
2-4A5-4 induced receptor phosphorylation as seen with the antibody specific for
CSF-1R phosphorylated at position 708, showing that mAb CXiHG6 alone does not
exert an agonistic effect. Upeon stimulation with CSF-1, C8F-1R was
phosphorylated on Tyr708 and the amount of C8F-1R decreased in isotype
control-treated cells compared with unstimulated cells, reflecting receptor
degradation {data not shown). Pretreatment with CXHGB6 hybridoma supernatant
or with mAb 2-4A5-4 did not enhance C8F-1R disappearance. Phosphorylation of
CSF-1R was decreased foliowing freatment with CX1IG86 hybridoma supernatant or
with mAb 2-4A5-4. These results show that mAb CXI1IG6 is able to block the CSF-
1-dependent phasphorylation of CSF-1R.

Cross-reactivity of mAb CXG6

[0C0240] The cross-reactivity of mAb CXIIG8 was tesied by ELISA on a saries of
purified soluble receptors belonging to the type Il subfamily of tyrosine kinase
receptors and showing homelogy to C3F-1R in their extraceiiular Ig-like domaing .
soluble VEGFR-1, VEGFR-2, Fit-3 and PDGFRAB (all four expressed as Fg fusion
proteins), as well as PDGFRa and SCFR (c-kit) were obtained from R&D Systems
and used for coating an ELISA plate. Soluble EGFR (R&D Systems), from the

EGFR subfamily of tyrosine kinase receptors, was used as a negative control.
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[00241] Cuiture supernatants from either hybridoma CXHGE6 (CXIIGE SN) or a
negative control hybridoma, or the anti-CSF-1R mouse igG1 61701 (R&D
Systems) were incubated on the coated ELISA plate at antibody concentrations of
500 ng/ml. After washing the ELISA plate, bound antibodies were revealed using
peroxidase-conjugatad goat anti-mouse g {Sigma) and OD @6 - 540 nm) WaS
measured. Results depicted in Figure 5 show that like mAb 81701, CXIIG6
strongly bound the CSF-1R while no specific signal was detecled on any other
tyrosine kinase receptor. This shows that among the various type il tyrosine
kinase receptors tested, CXIIG6 is specific for CSF-1R.

Construstion of expression vectors fér mAb CXIEE

[00242] The OptiCHO™ Antibody Express Kit {invitrogen, Catalog No.12762-019)
was used for the cloning of the genses encoding the CXIGE heavy and light chaing
in order to produce the mAb CXIGE in DG44 mammalian cell fine. The OptiCHO™
Antibody Express Kit includes: (1) The pOpliVEC™ vector, a bicistronic plasmid
that allows the cloning of the gene of interest downstream of CMV promoter. The
transcription of the gene of interest is separated from the dihydrofolate reductase
{DHFR} auxotrophic selection marker by an internal ribosome entry site (IRES),
allowing transcription of tha gene of interest and of the selection marker on the
same mRNA; (2) The pcDNA™3.3 vector that allows the cloning of the gene of
interest downstream of CMV promoter. The pcDNA™3.3 containsg a neomycin
resistance gene allowing selection using Geneticin®. The pOptiVEC™ and
pcDNA™3.3 vectors contain the TK poly-A sequence which direcis proper

processing of the 3' end of the mRNA of the gene of interest.

[0024 3} Specific primers (see Table 4) were synthesized and used for the PCR
amplification and cloning of the entire CXIIGE heavy chain and light chain genes
{respectively SEQ 1D NO:1 and 3EQ ID NO:3; see respsctively Figure 6 and
Figure 7). The backward primers included the Kozak consensus sequence for
efficient eukaryotic tranglation (KOZAK M. An analysis of 5'-nonceding sequences
from 699 vertebrate messenger RNAs. Nucleic Acids Res. 1987,15(20): 8125~
8148.).

Table 4
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Primer Sequence

0TG18929 GCCGCCACCATGTACTTGGGACTGAACTATGTATTC
(SEQ ID NO :30)

OTG18930 GGAGATCTTCATTTACCCGGAGTCCGGGA
(SEQ ID NO :31)

OTG18931 GCCGCCACCATGAGTGTGCCCACTCAGGTCCTG
(SEQ ID NO :32)

OTG18932 GCCCGGGCTAACACTCATTCCTGTTGAAGGTC
(SEQ ID NO :33)

[00244] CXIIGB heavy chain was PCR amplified by using OTG18829 and
OTG18830 with plasmid pTG17753 (Figure 8) as template, and cloned into the
vector pOptiVEC™-TOPO® (pOptivEC™-TOPO® TA Cloning® Kit, invitrogen,
Catalog no.12744-017-01) and the pcDNA™3.3-TOPO® vectors (pcDNA™3 3-
TOPO® TA Cloning® Kit, invitrogen, Catalog No.K8300-01) o obtain respectively
pTG17786 and pTG17782.

[00245] CXI1G6 light chain was PCR amplified by using OTG18931 and
OTG18932 with plasmid pTG17727 (Figure 9) as template, and clohed into the
vector pOptiVEC™-TORPO® {(pOptivVEC™-TOFPO® TA Cioning® Kit, invitrogen,
Catalog no.12744-017-01) and the pcDNA™3.3-TOPO® vectors {(peDNA™ 3.3~
TOPO® TA Cioning® Kit, Invitrogen, Catalog No . K83G8-01) fo obtain respectively
pTG17788 and pTG17787,

[002468] The nucleotide seguence of the whole expression casssite, including CMV
promoter and T poiyA signal of pTG177886, pTG17787, pTG17788 and
pTG17788 ware sequenced and found in compliance with thelr theoratical
seguences.

Generation of chimsric antibodias from mab CXHGE

[00247] The variable domains of mAb CXHIGE were combined with human constant

regions.
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[00248] To generate the chimeric light chain {named Chimeric CXHGE igk chaln), 2
theoretical sequence was designed by joining the sequence encading the CXIIGH
VK Bomain {from SEQ 1D NO:3) to the sequence encoding for the human IGKC
region (GenBank accession number: J00241). This Xbal Nott DNA fragment kept
the same not translated sequence at 5 end, including Kozak sequence, as the
one used in the muring version (as in pTG17787 and pTG17788 described above),
The chimeric CXIIG6 fight chain seguence was codon optimized for expression in
CHO, assembled from synthetic oligonuclectides, and subcloned into pOptivEC™
(Figure 10} via Xbal Notl by GeneArt AG. The obtained chimeric CXHGE light
chain (variable and constant regions) codon optimized nucleic acid seguence is as
set forth in SEQ ID NO:34. The obtained plasmid was named pTG17885 (Figure
11).

[00248] To generate the chimeric heavy IgG1 and IgG4 chains (respectively
named Chimeric CXIIGE 1gG1 and Chimeric CXIIGE IgG4 chains}, the theoretical
sequences wera designed by joining the sequence encoding the CXHG6 VH
Domain {from SEQ ID NO:1) fo the sequences encoding either for the human
IGHG1C region (GenBank accession number: JOO228) or for the human IGHG4C
region (GenBank accession number: KO01316). These Xba/ Mot/ DNA fragments
kept the same non translated sequence at &' end, including Kozak seguence, as
the one used In the murine version {as in pTG17786 and pTG17789 as described
above). The chimeric CXIG6 heavy chains were then codon optimized for
expression in CHO, synthesized and cloned into pTG17812 (Figure 12) via Xba/
Nofl by GeneArt AG. The obtained chimeric CXIIGE 1gG1 heavy chain (variable
and constant regions) codon optimized nucleic acid sequence is as set forth in
SEQ 1D NO:35 and the obtained plasmids was named pT&E17868 (Figure 13). The
obtained chimeric CXIIGE6 1gG4 heavy chain (variable and constant regions) codon
optimized nucleic acid sequence is as set forth in SEQ D NO:36 and the obiained

plasmids was named pTG17869 {Figure 14).

Generation of humanized antibodies from mAb CXHGEE

[00250] Te generate the humanized light chain variants, amino acid substitutions
according to Table 2 were performed within the light-chain variabie region as set
forth in SEQH 1D NO:2.
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{00251} DNA sequences were designed by joining modified sequences bearing
substitutions of the CXIIGE VK Domain [from SEQ ID N(O:3) {o the seguence
encoding for the human IGKC region {GenBanrk accession number: J00241). This
Xbal Not! DNA fragment kept the same non franslated sequence at 5’ end
including Kozek sequence as the one used in the murine version (as in pTG17787
and pTG17788 as described above). The humanized CXIIGE light chain
sequences were then codon optimized for expression in CHO, assembled from
synthetic oligonucieotides and cloned into pOptivVEC™ (Figure 10) via Xba/ Notf
by GeneArt AG. The aobfained humanized CXHGE light chain variants and

plasmids are listed in Figure 15,

[00252] To generate the humanized heavy chain variants, amino acid substiiutions
according to Table 1 were performed within the heavy-chain variable region as set
forth in SEQ 1D NO:6.

[00253] DNA sequences were designed by joining modified sequences bearing .
substitutions of the CXHGE ViH Domain (from SEQ ID NO:1) to the sequences
encoding for the human IGHG1C region {GenBank accession number: JOG228).
The Xbal Apal DNA fragments kept the same non franslated sequence at 5’ end
including Kozak sequence as used the one in the murine version (as in pTG 17786
and pTG17789 as described above). The DNA sequences wers then codon
optimized for expression in CHO, synthesized and cloned into pTG17812 (Figure
12) via Xbal Apal by GeneArt AG. The obtained humanized CXIIG6 IgG1 heavy
chain variants and plasmids are listed in Figure 16.

in vitro inhibitory aclivities of recombinant murine CXHGS and chimerig CXIGS
gG1

[00254] To determine whether purified recombinant murine CXIIGE (as previously

described) and its chimeric igG1 variant {chimeric CXIGE igG1 as previously
described) were able o block sciuble human CSF-1R, dose-response studies
were performed in the M-NFS-60 cell proliferation and osteoclast differentiafion
models {as praviously described). Purified polyclonal murine igG2a from Reckiand
{Rockland, 010-0141) and & chimeric igG1 produced by the applicant were tested
in parailef as control antibodies. Biocking effect was evaluated by exposing cells to

concentration ranges of active anti-CSF-1R aniibodies, as measured by antigen
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binding in a SFR biosensor assay. Comparison between mAbs CXIIGE6 and thair
respective control mAb was done by loading equal amounis of total anitbody {SPR
biosensor assay by F¢ binding).

[00255] M-NFS-60 bioassay: in the M-NFS-60 bioassay, cells were treated with
0.23 ng/ml to 0.5 pgiml active mAbs CXHGE (recombinant murine CXIIGE;
chimeric CXHGE6 1gG1) or corresponding concentrations of control mADbs in the
presence of 50 ng/ml human soluble C5F-1R and 1 ng/m! human CSF-1 for 48 h.
Results depicted in Figure 17 show that M-NF5-60 cell growth increased in
response (o increasing concentrations of both mAbs CXIIGE {recombinant murine
CXIGSE; chimeric CXIGE gG1) demonstrating that they antagonized the binding
of soluble CSF-1R to C8F-1 {mean +/~ SEM of triplicate weils}. Chimeric CX1iG8
IgG1t was as effeciive as recombinant murine CXUGE in restoring cell proliferation.
Control murine lgG2a and chimeric 1gG1 had no effect on CSF-1 neutralization by
soluble CSF-1R over their respective conceniration range. These resuits show that
purified recombinant murine CXilG8 and chimeric CXHGH [gG1 inhibit soluble
human CSF-1R.

[00258] Osteoclast bioassay; in the osteoclast bicassay, elutriated human
monocytes were incubated for 8 days with 0.85 ng/ml to 0.62 pg/ml active mAbs
CXIGSE (recombinant murine CXIIGE,; chimeric CXIGSE IgG1) in the presence of 25
ng/mi CSF-1 (ImmunoToois) and 40 ng/ml RANKL. The medium and all added
agents were replenished on day 4 and 6 ard total MMP-8 was measured in culiure
media conditioned from day 6 to 8. Resuits depicted in Figure 18 show that in
csormparison with control antibodies, recombinant muring CXIIGE and its chimeric
variant (chimeric CXNGH IgG1) each significantly reduced MMP-8 production
which paralleis osteoclast differentiation, indicating that growth retardation

occurred (Figure 18; mean +/- SEM of triplicate wells).

- f00257] These results further demonstrate that purified recombinant murine
CXIGE and chimeric CXIG6 1gG1 inhibit the funciion of cell-surface CSF-1R.

Epitope mapping of the Antibody of the Invention versus commercial antibodies

{00258] These experiments have been dasigned in order to determine the epitope

localization of the antibodies of the present invention, and more precisely fo
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determing if they are binding identical or different epitopes than a number of

commercially-available anii-C3F-1R antibodies.

[00258] Chimeric CXIIGE (chCXIIGB) of the invention, mAb 3281 {murine 1gG1,
clone 61701, R&D Systems MAB3291) and mAb JF14 {murine IgG1, Santa Cruz
sc-8G174) bind human but not muring CSF-1R. Monoclonal antibodies 3281 and
JF1i4 have being selecied as they have been generated against the N-terminal
moiety of human CSF-1R. In order fo map the mAb binding sites on CSF-1R,
truncated mutants of human CSF-1R and chimeras between human and murine
D1-D3 CSF-1R fused fo Histidine tags were constructed {see Figures 19 and 20
for details). These consiructs were expressed as secréted proteins using CHO
cells. Expression of consfrucis was chacked by immunoblot analysis using an anti-
His iag antibody for detection. All construcis were captured on ELISA piate by
incubating CHO culture supernatant into wells coated with an Anti-His tag
antibody. Antibodies were biotinylated using Biclin-NHS {Sigma ref B3295-10MG).
Biotinylated antibodies were added to each well and binding was dstected with
streptavidin-HRP. Biotinylated Rituximab (Du et al., 2007, J. Biol. Chem. 282 (20},
15073-15080, NCBI Access Numbers 208L_H & 2031l _L) was used as a

negative isotype control (not binding o CSF-1R). Resuits are summarized in

Figurg 19.

[00260C] Resulfts : As expected, Rituximab does not bind to any tested consiruct.
Chimeric CX'HGG, mAb 3281 and mAb JF14 are able to bind the isolated domain 1
{D1) of human CSF-1R (see construct pTG18038; Figure18). Furthermore,
replacement of human D1 by murine D1 completely abolishes the binding of the
three mAb {see construct pTG18003; Figure19). Results obtained using constructs
pTG18015 and pTG18000 combining human and murine D1 subdomains show
that binding of mAbs 3291 and JF14 requires both the N-terminus and the central
part of the human CSF-1R D1 domain, while binding of the monocional antibody of
the Inveniion requires only the N-terminal part of the human domain D1 (see
sonstruct pTG18016; Figure18).

[00261] These data show that the epitope of the monoclonal antibody of the
Invention binds fo human C3F-1R on a different epitope than monocional

antibodies 3291 and JF14. Interestingly, the N-terminal parts of human and murine
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CSF-1R differ by only 4 residues: 1204, V273, K33E and A36E (starting
methionine is residus 1).

Monoolonal Antibodies H19K12, H27K5 and H27K15

[00262] The generation of hybridoma CXIGE, producing mouse IgGa. with
blocking activity to human CSF-1R function, has been described above. The
heavy and light chains of CXIIGE igGza were cloned and sequenced (see Figures
6 and 7). A chimeric version of the monocional antibody (chCXIIGE) was
constructed, combining the variable domains VH and VL of mAb CXIGB with
human igG+ constant regions (see above). To increase homology to human
antibody sequences and diminish potential immunogenicity of the monoclonal
anfibodies, humanized variants were generated by introducing mutations in the VH
and VL domains (see Figures 15 and 16).

[06G263] 262 versions of the humanized monoclonal antibody of the Invention were
expressed {ransiently in Chinese Hamster Ovary (CHO) cells and tested for their
CSF-1R binding capacity. Out of this first screening, thirty-one humanized CXUG6
variants (hCXHG6) were selected on the basis of (i) affinity to human CSF-1R, (i)
highest homology with human germiine sequences (preferably said homology is at
least 76%, more preferably at least 85%) and (iii} lowest /n sifico immuncgenicity.
Affinity studies using quartz crystal microbalance (Attana) technology showed that
all selected hCXIIG6 variants had similar affinities for recombinant human CSF-
1R, in the range of 109 to 10-1¢ M like parental mAb chCXHG8E. Three out of 30
humanized variants characterized by high affinity to C5F-1R, highest degree of
human homology and lowest /7 siffico immunogenicity were selected for further
studies : H18K12, H27K5 and H27K15.

Biochemical characierization of monoclonal Antibody H27TKAB of the Invention

A~ Radivlaheling of H27K15 antbody with lodine-126
Materials

[00264] Monoclonal antibody H27K 15 of the Invention was provided as an
agueous solution (PBS pH7.5) at 2.1 mg/mb. concentration.
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[00265] todine-125 radionuclide was purchased from Perkin Elmer as sodium iodide
in 105N sodium hydroxide (specific aclivily: 643.8 GBg/mg - radionuclide purity:
. 99.95%).

[00266] Chloramine-T {N-chlore-p-tolugnesulfonamide, PM: 227.6 g.molt), sodium
metabisulfiie (PM=190.1 g.mol?)}, bovine serum albumin (BSA} and trichloroacetic

acid were purchased from Sigma.
[00267] Phosphate-buffered saline 0.1M, pH7.2 was prepared in our laboratory.
Meithod

[00268] To 100 pg'of antibody, 1.2 mCi of Na'25] solution {44.4 MBq) and 7.6 L of
freshiy prepared chioramine-T solufion (1mg/ml in phosphate buffer) were added.
After 2 min at room temperature, the reaction was stopped by adding 12.7 pl of

sodium metabisulfite (1 mg/mL in phosphate buffer).

[0C269] Nonincorporated lodine-125 was removed by gel filiration on Sephadex G-
25 column {PD-10, Pharmacia) previously saturated with elution buffer (phosphate
buffer 0.1M pH7.2/ 0.5% BSA)}. The column was eluied in 40 aliquets of 0.5 mL.
Radioactivity in each fraction was measured in an auiomatic Gamma Counter
calibrated for iodine~'25 radiconuclide (Wallace Wizard 2470 automatic Gamma-
counter calibrated for iodine-12% radionuclide — Perkin Eimer) and the fractions

confaining the desired radivicdinated product were pooled .

[00270) The radiochemical purity of radiolabeled compound was estimated by
ITLC analysis performed on Gelman Sciences precoaied silica gel plates, using
10% TCA as eluant . '

Results and characleristics of radiclabeled antibody solttions
[00271] Before purification, radiochemical yield as determined by ITLC was 97.8%.

[0027 2] The characteristics of radiolabeled antibody solution are summarized

helow :
125 H27K15
Molecular weight (Da) _ 150 0G0
Concentration  pg/mil. ' 58.19
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n 387.93
Spedcific activity (mCifmg) 10.51
Ratio lodine/Antibody 0.72
Volumic activity 612.57
Radiochemical purity (%) 99.84

[00273] The purity and integrity of the radiclabeled antibody were assessed by
sodium dodecy! sulfatepolyacrylamide gel elestrophoresis (SODS-PAGE) under
reducing and non-reducing conditions. A broad range molecular weight standard
{Biorad Laboraiories) consisting of 10 molecular weight markers from 10 to 250
kDa was used fo calibrate the gel. Gels were stained by coomassie blue. in a
second step, gels were dried and exposed on a screen for autoradiography using
a Phosphorimager 445 S1 (Amersham Biosciences). Imaged software {(Molecular

Dynamics) was used for data analysis.

{00274] Electrophoretic profiles obiained after coomassie blue staining and
autoradiography are identical. In non-reducing conditions, one major band at 150
kDa is visualized, corresponding to entire IgG molecule. In reducing conditions, 50
kDa and 25 kDa bands are detected, corresponding to heavy and light chains of
antibody, respectively. These electrophoresis resuits confirm that Chioramine-T

method doesn't affect the integrity of antibody.

B- Binding assays of radiolabeled H27K15 aniibody on EL4-CSF-1R cells

b1 Meaasurement of affinity binding of '25I-H27K15

[00275] The equiltbrium dissociation constant (KD) was used as a measurement of
hinding affinity. The KD for 125[-H27K15 antibody was determined by a saturation
assay where an increasing concentration of radiolabeled antibody was added ic a

constant number of cells.
Materials

{00278} Solution of radiclabeled antibody in PBS containing 0.5% BSA

| 25 H27KA5
i
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Specific activity (mCifmg) 10.51

Radiopurity (%) 99.84

Dilution in PBS containing Range of concentrations: 4.5
0,5% BSA ug/mL

to 0.54 ng/ml (30 nM fo 3.8 pM)

2-fold dilution series

[00277] Solutions of radiclabeled antibody with 100-fold molar excess of unlabeled
antibody (non-specific binding) : A solution containing 45 pg/mL of unlabeled
antibody and 0.45 pg/ml. of radiolabeled anfibody was prepared and then 4-fold
dilution series in PBS/BSA 0.5% were performed.

[00278] Cells : A suspension of EL4-CSF-1R cells at 40 x 10° cells/mL in PBS
cortaining 0.5% BSA was prepared.

Method
[00279] The EL4-CSF-1R cells were incubated (2x10° in 50 pl. PBS/BSA 0.5%)

with increasing concentrations of radiolabeled antibody in & final volume of 150l
for 1h on ice with agitation.

[00280] Non-specific binding was determined by co-incubating an excess of

unlabeled antibody {(100-fold molar excess).

[00281] Following incubation, reaction mixtures were overlaid ontc 200 ut of a
dibutylphtalate oil cushion and centrifuged in microfuge tubes at 12000 rpm for 3
min. Tubes were frozen in lHguid nitrogen and the tips of the tubes containing the
celi pellets were cut off for determination of radioactivity using a Wallace Wizard
2470 automatic Gamma-counter calibrated for iodine-12 radionuclide (efficiency:
83%).

{00282} Non-specific hinding was determined by measuring the bound radioactivily
of four point concentration of radiolabeted antibody containing 100-fold molar
excess of unlabeled antibody. A graph plotting bound fraction versus free fraction
was made and a linear regression was used in order to definite the slope of the

straight line. Specific binding was defined by subtraction of the binding observed in
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the presence (non-specific binding) from that cbserved in the absence (fotal
binding) of excess uniabeled antibody.

Hesulfs

[00283] The affinity constant of humanized 29-H27K15 antibody for EL4-CSF-1R

cells and the maximum binding sites per cell were determined by Prism software.

[00284] The binding characteristics of '251-H27K15 antibody for EL4-CSF-1R celis
are summarized below :

| 1251-H27K15
Dissociation constant
in nM 0.7161 + (.061
in pg/ml 0.107 + 0.009
Bmax in cpm 26422 1 552
Number of binding sites per cell 3383+ 71

b2 Measurement of inhibition constant of unizbeled H27K15

[00285] The aim of this study was to determine whether the affinity of the
immunoreactive radiolabeled aniibody is the same as of the uniabeled aniibody. A
radiolabetled displacement binding assay was parformed with a constant

concentration of radiolabeled antibody and serial dilutions of uniabeled antibody.

Material
Solutions of radiolabeled 28LHZTK 15
antibody in PBS conitaining
0.5% BSA
Specific activity (mCi/mg) 10.51
Radiopurity {%) 90.84
Concentration 1.5 nM
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[00288)] Salutions of unlabeled ankibody A solition at 450 nM (67.5 ug/ml) was
prepared and then 2.5-fold dilution series in PBS/BSA 0.5% were performead.
Range concentration: 450 nit to 7.56 pM.

[00287] Cells. A suspension of EL4-CSF-1R cells at 40 x 106 cells/mL in PBS
containing 0.5% BSA was prepared,

[00288] Mefhod : The cells were incubated (2x108 in 50 ul PBS/BSA 0.5%) with
50 b of radiclabeied antibody at 1.5 nM in the ahsence {iotal binding: control well)
and in the presence of variable concentrations (above mentioned) in 50 yL of
unlabeled antibody for 1h on ice with agitation.

[00288] Following incubation, reaction mixtures were overlaid onto 200 L of
dibutylphtalate oil cushion and centrifuged in microfuge tubes at 12000 rpm for 3
min. Tubes were frozen in liquid nitrogen and the tips of the tubes containing the

celt peliets were cut off for determination of radioactivity using a gamma counter.
[00290] Percentage of relative binding of radiolabeled antibody was caiculated as:

Radiocactivity in control well

Radioaclivity in test well x 100
{Control well is that with no unlabeled anfibody present)
Results
[00221] The binding data are presented in Figure 21.

[00282] The 1Csp value obtained from competifion curve was determined by Prism
software and was converied io an absolute inhibition constant Ki using the Cheng-
Prusoff equation (Bicchem. Pharmacol., 22, 3089-3108, 1873} :

Ki= 1Csg
1+ {[LI/Kp)

L] is concentration of radiclabeled aniibody used in the assay

[Cs0 is concaentration of unlabsied antibody necassary to achieve 50% inhibition of
radiolabeled antibody

[00293] The 1Csg value and the inhibition constant are summarized below !

H27K15
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IC50

in nM : £.856 + 0.090
in pg/mlL 0.128+ 0.013
Inhibition constant

in i 0.504 + 0.053
In pg/mL 0.076 + 0.008

b3 Competition sfudy between 1251-M27K15 and various antibodies
Materials

[00294] Solution of radiolabeled HZ7K15 antibody in PBS containing 0.5% BSA :
As above

[00295] Solutions of urlabeled antibody

[00296] The different antibodies are presented in table as follows:

H18K12 | H27TK5 | chCXHGE | 3281 | JF14 2-4A5
Concentration
f stock
o stoe 2.4 0.3 1 89 | 2 2
solution
2
(mg/mb)

{00297] For each antibody, a soiution at 450 nM (87.5 ug/ml) was prepared and
then 2.5-fold dilution series in PBS/BSA 0.5% were performed. Range
-concentration: 450 nM fo 7.56 ph.

[00288] Cefls : A suspension of EL4-CSF-1 R cells at 40 x 108 cells/mL in PBS
containing 0.5% BSA was prepared.

Method

- [00299] The cells were incubated (2x108 in 50uL PBS/BSA 0,5%) with 50uL of 251
H27K15 antibody at 1.5 nM in the absence (fotal binding: control well) and in the
presence of variable concentrations (above mentioned) in 50uL of uniabeled

compstitor for 1h on ice with agitation.

[00300] Following incubation, reaction mixtures were overlaid onto 200uL of

dibutylphtalate oii cushion and centrifuged in microfuge tubes at 12000rpm for 3
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min. Tubes were frozen in liquid nitrogen and the tips of the tubes containing the

cell pellets were cut off for delermination of radicactivity using a gamma counter,
[00301] Percentage of relative binding of radiolabeled antibody was calculated as:

Radioaciivity in test well x 100

Radioactivity in control well
Control well is that with no competifor present.
Results
[0C302} The binding data are presented Figure 22

[00303] The 1Cs; value obtained from competition curve was determined by Prism
software and was converted to an absolute inhibition constant Ki using the Cheng-
Pursoff equation:

Ki= ICsn
1+ ([LJKp)

[L} is concentration of *251-HZ27K15 antibody used in the assay

1Cs0 is concentration of competitor necessary fo achieve 50% inhibition of 125[-
H27K15 antibody

Kp is affinity constant of 125[-M27K 15 antibody.

[00304] For each compeiitar, the 1Cs values and Ki constants are summarized

balow:
chCXNGE | H18Ki2 | H27KS 3201 JF14 2-4A5
iC50 1483 % 1280+ 0008+ |2476% |3.025% |No
Ki 10874+ |0754+ |0588+ |1281+ |1781+
M) 0,130 C.145 0.102 0.165 0.334

[00305] The affinity of the monoctonal antibodies of the hvention (H27KA15,

chCXHGE, H18K12 and H27K5) are quite similar with a value of Ki from 0.5 10 0.8

nivi.
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[00308] The Ki values of commercial monoclonat antibodies 3291 and JF14 are
higher than 1nM. Consequently, these antibodies have lower affinity for CSF-1R
antigen than the monoclonal antibodies of the Invention.

& - Competiiive binding assays of human CSF-1 o D1-D5 human CBE-1R

{003071 C5F-1(1-444) was biotinylated using Biotin-NHS (Sigma ref. B3295-
10MG). Biotinylated CSF-1{100ul/well at .012pg/mi) was added to wells coated
with FC- D4-D5 human CSF-1R (100pLiwelt at 1 pg/mb) (R&D sysiems ref. 328-
MR-100) and bound molecule were detected using streptavidin-HRP. For
competition experiments, ihcreasing amounts of monocional antibodies (10Gpiwell
from §.030ug/ml to 200ug/ml) were pre-, co- or post-incubated with biotinylated
C8F-1.

{G0308] We have tested commercial monoclonal antibody 3281 (R&D Systems ref.
MAB3291}, one monoclonal of the Invention H27K 15, monoclonal antibody X
(WO2008/026303) as positive control as it is known to compete with CSF-1

binding to its receptor, and Rituximab as negative control.

[00309] In case of pre-incubation, monoclonal antibodies were incubated with
coated human CSF-1R one hour before addition of biotinylated CSF-1.

[00310] In case of post-incubation, biotinylated CSF-1 was incubated with coated

hurman CSF-1R one hour before addition of monoclonal antibodies.

[00311] In case of co-incubation, biotinylated CSF-1 and monoclonal aniibodies

were incubated together with coated human CSF-1R.

[00312] Resulfs . lf has been previcusly shown {see above) that both 3291 and
HZ7K15 antibodies recognize one epitope (ie : ig-like domain 1) that is different
from the one recognized by the positive control antibody X known to bind to the
same binding site as CSF-1 (i.e.: in Ig-like domains 2-3). Here, we show that
confrary 16 the positive conirol, both 3291 and H2Z7K15 antibodies are pariial
competitors of CSF-1 binding, even at high dose of antibady (/e ~100 fold the
IC50Y. In all the setlings (pre, co or post incubations), and at saturation doses,
H27K15 is able to decreass the CSE-1 binding to CSF-1R by approximately 10 to
20% {see Figures 23, 24 and 25) while antibody 3221 is able to decrease the

same binding by approximately 30 to 40% depending of the experimental setting.
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[00313] Accordingly the monoclonal of the present Invention are able fo partially |
prevent binding of CSF1 o its recepior CSF-1R.

[00314] This has been confirmed in the following experiment.

{00315] ELISA microplates were coated with 0.1ug {£e 100pEL at 1ug/mi) of human
CSF1 1-444 (Geneart- see SEQ 1D NO:47, Figure 32). 100 pL of Fc-D1-D5 human
CSF-1R (R&D sysiems ref 328-MR-100) at 0.125pg/mi. was co-incubated in
presence of increasing concentration of antibody. Bound Fe-D1-D5 human CSF-
1R io CSF1 was detecied using anti- IgG-Fe-human-HRP (Bethyl ABO-204P).
Since the antibody used for delection binds human Fc, murine antibody CXI[G6
instead of antibody H27K 15 was used for competition. Competitor mAb X
{W02009/026303) was used as posifive control as it is known to bind human CSF-
1R &t the sarﬁe site as human CSF-1. Rat lgG2a was used as nsgative control
(irrelevant isotypic antibody that doss not bind hCD118).

[00318] Results - mAb X, as indicated in W02009/026303, inhibiis totally the
hinding of CSF1 (1-444) to Fe-D1-D5 human CSF-1R as expected for a
competitive antibody. Both 3281 and mCXIGE, decrease only partially the Fe-D1-
D5 human CSF-1R hinding to CSF1 even at high dose of antibody (ie. 100pg/mL}.
mCXUGE and 3291 decreased the binding of CSF1 1o Fe-hCD115 by
approximately 5-10% and 10-20%, respectively {see figure 26). These resulis are
in agreement with those descriced above demonsirating a pa;’ﬁal inhibition of
CSF1 binding to Fc-D1-D5 human CSF-1R by HZ7K15 or mAb 3291,

[00317] Figure 26 shows the partial decrease of binding of recombinant human Fe-
human D1-D& CD115 to human CSF1 by various mAb (coincubation experiment).
Human CSF1 (0.1ug/mL) was coated on 96 wells plate and incubated 1 hour 45
min with a mix (coincubation experiment) of recombinant Fe-D1-D5 human CSF-
1R {0,125 ug/mL) and increasing concentrations of mAb. The CD1185 that bind to
hCSF-1 was detected using anti-human Fe-lgG conjugated to HRP.

D~ Competition study between 25-H27K15 and IL-34, known as one naiural
ligards of CSF-1R receptor.

 Materials
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00318} Solutions of radiolabeled antibody in PBS containing 6.5% BSA 125}
H27K15 (as abovse)

[00318] Sofutions of ligands: Recombinant human 1L-34 (26.1 kDa} was purchased
by R&D Systems at a concentration of 0.422 mg/mL. A solution at 450 nM was
prepared and then 2.5-fold dilution series in PBS/BSA 0.5% were performed.
Range concentration: 450 nM to 7.56 pM.

[00320] Cefs . A suspension of EL4-CSF-1R cells at 40 x 10€ cells/mL in PBS
containing C.5% BSA was prepared.

Method

[00321] Two different protocols were performed during this competition study with
the natural ligands.

[00322] The first one, the cells were coincubated (2x108 in 50uL PBS/BSA 0,5%)
with 50 L of 1251-H27K15 antibody at 1.5 nM in the absence (total binding: control
well) and in the presence of variable concentrations {(above-mentioned) in.50 pL of

unlabeled competitor for 1h on ice with agitation.

[00323] The second protocol was to incubate EL4-CSF-1R celis with increasing
concentrations of ligand for 30 min on ice prior to addition of radiolabeled H27K15
antibody. Then, the second incubation was also performed on ice for 1 hour with
agftation.

[00324] For the two experiments, reaction mixtures were overlaid onto 200 pb of
dibutyiphtalate oil cushion and cenirifuged in microfuge whes at 12000 rpm for 3
min. Tubes were frozen in liguid nitrogen and the tips of the tubes containing the

cell peliets were cut off for determination of radioactivity using a gamma counter.
[00325] Percentage of reiative binding of radiolabeled antibody was calculated as:

Radioaciivity in test well x 100

Radioactivity in control weli
(Control well is that with no ligand present)

[00326] Results; No displacement of 1251-H27K15 antibody binding was observed.
Consequenily, H27K15 antibody and 1L-34 ligand recognize different epitopes of
the CSF-1R antigen. '
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[00327] Moreover, competition binding study between 1251-L-34 and humanized
H27K15 antibody has been performed which has shown that 125-IL-34 binding was
not digplaced with increasing concentration of H27K15 antibody illusirating herein
that the antibody of the Invention does not compete with 1L.-34 for binding to the
CSF-1R receptor.

hCXIIGE variants H27K5, H27K15 and H19K12 blological cheracterization.

A. Expression and purification of monocional antibodies

[00328] Chimeric CXIIG8, hCXIIGE variants H16K12, H27KS5, H27K15 and
rituximab were expressed either by transient transfection of adherent CHO-K1 or
CHO-DG44 cells or by polyclonal pools of stable CHO-DG44 transfectanis.

B. Specificity of H27K5, H27K15 and H18K12 for CSF-1R among other tyrosine
kinase receptors

Method

[00329] Microtiter plates (Maxisorp, Nunc) were coated with 300 ng per well of
each of the following soiuble receptors, purchased from R&D Systems: CSF-1Rze.
su-Fc {cat. 329-MR/CF), (EGFR)2-Fc-8xhis {cat. 1129-ER), FIi-3-Fe-Bxhis {cat.
368-5T/CF), PDGFRB-Fc-6xhis (cat. 385-PR/CF), vascular endothelial growth
factor receptor (VEGFR)2-Fc-6xhis (cat. 357-KD/CF), VEGFR1-Fr-6xhis (cat.
321-FL-050), human SCFR (cat. 332-SR/CF} and PDGFRa ECDs (cat. 322-
PR/CF. Fiity pl of either H27KS5, H27K 15, H19K12 mAbs or rituximab {500 ng/mt in
PBS) were added fo the wells and plates were incubated for 1 h at 37°C. To
control efiicient coating of the wells, anti-human lgG (goat anti-human IgG, Sigma
cat. 13382) was also incubated with wells coated with receptor-human Fe fusion
proteins Fit-3-Fg-, PDGFRB-Fo, VEGFR2-Fg, VEGFR1-Fc, while PDGFRa- and
SCFR-coated welis were incubated with respectively anti-PDGF-Ra (mouse 1gG1,
R&Dsystems cat. MAB322) and anti-SCF-R goat IgG (R&DSystéms cat. AF332).
Antibody binding was detacted with horseradish peroxidase (HRP)-conjugated Abs
directed against either human g kappa light chain {Bethyl Laboratories, cat. A8B0-
115P), goat IgG (Santa Cruz cat. sc2033) or mouse Ig (Sigma cat. A 0412).
Following ravelation with tetramethylbenzidine (Sigma, cat. T8668) {0.1 mg/miin
0.65 M sodium acetlate, 0.05 M citric acid, Ha02 1/7000), absorbance was
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measured at 450 nm and corrected by subtraction of absorbance at 540 nm using

a specirophotometer {Berthoid, Tristar LB941).
Rasulis

{00330} Like chCXIGE, none of the humanized vartants showed immunoreactivity
{o any of the cther receptors ECD, while they strongly bound fo immobilized CSF-
1R ECD (Figure 27). This result shows that humanization did not alter the
specificity of mAbs H19K12, H27K5 and H27K15 for CSF-1R among other

tyrosine kinase recepltors.
C. C8F-1R-blocking activity of hCXHGE variants

C.1 Biockade of soluble CSF-{R-Fc tesied in the M-NFS-80 call proliferation
assay

Method

- [00331] M-NF3-80 celis were washed twice with complete RPMI-1640 medium
without CSF-1 and incubated overnight in the same medium for CSF-1
deprivation. To assay for neutralization of soluble human CSF-1R, 5 ng of human
CSF-1R20-512-F¢ were incubated for 30 min in white 96-well microplates
(ViewPlateTM-06, Packard) with serial dilutions of antibodies (H27K5, H27K15,
H19K12 mAbs, chCXIiGE or rituximab in compleie RPMI-1640 medium, 104 CSF_—
1-deprived cells were then added 1o the culiure wells together with 0.1 ng of
human CSF-1 in a final assay volume of 100 pi. Cells were incubated for 48 h at
37°C and proliferation was quantifiad after incorporation of 5-bromo-2'-
deoxyuridine (BrdU) for 2 h using the Cell Proliferation ELISA from Roche (cat.
#11847223001) according to the manufacturer's protocol. OD were measured in a
spectrophotometer (Berthold Tristar LBS41).

Resulis

100332] The mouss myelogenous leukemia cell line M-NFS-60 is dependent on
CSF-1 forits growth and has previously been used {o demonstrate the CSF-1R-
blocking activity of murine mADb CXIIGSE. In this assay, M-NFS-60 ceils are
cuitivated with human CSF-1 and human soluble homodimeric disulfide-linked
CSF-1R20-512-Fc. Capture of CSF-1 by soluble C5F-1R leads {o inhibition of cell
proliferation. Addition of antibodies neutralizing human CSF-1R prevents CSF-1
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captiure by soluble CSF-1R and restores cell growth. In the presence of negative
control rituximab, soiuble CSF-1R completely inhibited the proliferation of M-NFS-
60 cells mediated by CSF-1 (Figure 28). H19K12, H27K5 and H27K15 produced a
dose-dependent neutralization of soluble C3F-1R20-512-F¢ and resiored csall
profiferation, as did chCXIIGB. ND5O (neutralization dose giving 50 % of maximal
CSF-1R-blocking effect), calculated with the GraphPad Prism software using a 5-
parameter logistic equation, were similar for the 3 hCXHGE variants tested (29.8,
30.7 and 29.1 ng/mi for respectively H19K12, H27K5 and H27K15) and did not
appear significantly different from that of parental mAb chCXIGE {18.1 ng/mi).

C.2 Blockade of cell-surface CSF-1R tested in the AMLS-cell based assay
Methods

Immunocyfochemistry and flow cyfomelry analysis of AMLS cells

[00333] AMLS5 cells (OCI-AMLS, DSMZ cat. ACC-247) were analyzed by
immunocytochemistry and flow cytometry. 5 x 105 cells were incubated for 30 min
on ice with either anti-human CSF-1R mAb 3291 {murine lgG1, clone 81701, 10
ag/ml} (R&D Systems cat. #MAB3291), murine lgG1 isolype control (R&D
Systems cat. #MABG02, 10 pg/mi}, chCXHGE (10 pg/ml) or rituximab in 100 pl
PBS. Cells weare then labeled for 30 to 45 min on ice with either phycoerythrine-
conjugated goat anti-mouse lg (BD Pharmingen cat. #550589) or fluorescein

isothiocyanate-conjugated antl-human IgG F(ab')2 {(Millipore cat. #AQ112F).
Effect of CSF-1 on AMLS5 cell proliferation

[00334] AMLS5 cells were plated at 2.5 E4 cells / 100 pl/ well in either flat-bottomed
(in experiments 1 and 2, TP cat. #92088) or round-botiomed {in experiment 3,
Falcon cat, #3077) 96-well plates. One hundred pi of medium containing human
CSF-1 was added per well. Celis were cuitured for 48 h and their proliferation was
measured after a 4-h incorporation of Bedi), using the Cslt Proliferation ELISA
from Roche (cat. #11647223001) according to the manufacturer’'s protocol, GD
were measured in a spectrophotometer (Berthoid, Tristar LB241). Mean OD +/-
sem were caloulated from quadruplicate wells and plolted against log [CSF-1]
{ng/ml) using GraphPad Pristm 1o fit a nonlingar regression curve using s 3-

parameter equation.
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Effect of hCXHGE varianis on AMLS cell profiferation

[00335] Cells were cultured and piated in 96-well plates as described above.
Graded amounts of chCXIG6, H27K15, H27K5, H18K 12 or negative control
rituximab were added in 50 pl medium. Foliowing a 30-min incubation at 37°C, 50
pt of medium containing 40 ng/ml hCSE-1 were added per well. Each experiment
was performed on 4 identical 96-well plates, each comprising duplicates of each
mAb concentration. Cells were cultured for 48 h and their proliferation was
measured after a 4-h incorporation of BrdU as above. Resuli from each plate was
first analyzed using GraphPad Prism to fit a nonlinear regression curve with a 5-
parameter equation. Plates giving results fitted by GraphPad Prism for at least 3
out of the 4 tested mAbs were selecied io calculate the means +/- sem. Thus,
expetiments 1 and 2 were analyzed based on the results from 2 out of 4 plaies
{means calculated from quadruplicate OD values) and experiment 3 based on the
results from 3 out of 4 plates (means calculated from 6 OD values). EC50 and R

sguares were calculated by GraphPad Prism for each mAb tested.
Results

100336] Colony-stimulating factor-1 has been reporied to stimulate the growth of
the human acute myeloid leukemia cell ling OCEAMLS (AMLS) (Drexler HG,
Zahorski M, Quentmeier H., 2007. Cyiokine response profile of human myeloid
factor-dependent leukaemia cell lines. Leukemia 11:701-8). AMLS cells were
analyzed by immunoccytochemisity and flow cytometry. Staining was positive with
the commercial anti-hCSF-1R mouse 1gG1 3281 {compared with mouse igG1
isotype control) and with chCXHG6 {(compared with rituximab), showing that AMLD
cells expressed surface CSF-1R (Figure 20A).

[00337] In order to set up a model for studying the effect of CSF-1R blockage, it
was naegessary to first verify that CSF-1 induced a dose-dependent increase in

AMLE cell proliferation. Figure 298 shows that while AMLS are capable of growing

in the absence of exogenous CSF-1, addition of the growth factor in the culture
medium increases cell proliferation in a dose-dependent manner. AML5 celis are
therefore not strictly dependent on CSF-1 for their growth, but they arg CSF-1-

responsive.
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[00338] The effects of hNCXHGE variants and of chCXIIGE were then tested on
AMLS cells cuttured with 10 ng/mi CSF-1, & concentration inducing near fo
maximal proliferation (Figure 29B8). Figure 22C shows the resulis from 3
independent experiments. Humanized variants H27K5, H27K15 and H19K12 as

well as chCXIIGE induced a dose-dependent decrease in AMLS cell proliferation.

Variability was observed between the experimants, reflected by differences in the
EC50 for each mAD and the rather low R squares calculated using GraphPad
Prism, particularly in experiment 1 (Figure 29D). Therefore, hCXHIG6 variants
could not be reliably ranked according to their EC50 in this assay. All 3 hCXIIG6
variants appeared equally potent in inhibiling the CSF-1-dependent proliferation of
AMLE cells.

C.3 Non-agonistic effect on CSF-1R signaling and inhibitory effect on C8F-1-
dependent phosphorylation

Meithod's

[00338] B4-800-5 is a recombinant cell line obtained by stable fransfection of
murine NIH/3T3 cells with pTG17366, an expression plasmid encoding human
C8F-1R. B4-800-5 cells were seeded at 2 x 105 cells per 60-mm Petri dishes and
cultivated for 72 h. Celis were serum-deprived by culture in 1 ml DMEM medium
containing 1 % FCS at 37°C for 1 h before the experiments.

[00340] For studying CSF-1R blockade or the effects of antibodies in the absence
of cross-linking, cells were treated with 1 ml DMEM-1 % FCS containing mAb

chCXHGE, H18K12, H27K5, H27K15 or human tgG1 isotype control rituximab for 1
h at 37°C. One hundred ng/ml hCSF-1 {ImmunoTools cat. 11343115) were added

to the cell culture for B min at 37°C, or celis were ieft unstimulated.

[00341] In the antibody cross-linking experiment, cells were treated with 1 m!
DMEM-1 % FCS containing mAb chCXHG6, H18K12, H27K5, H27K15, human
lgG+ isotype control rituximab, recombinant mouse 1gG2a CXIIGE or mouse 1gG2,
isotype control (R&D Systems cat. MABGOS) for 1 h on ice. Cells were washed
with ice~cold PBS. Twenty pg/mi polycional goat anti-mouse lgG (R&D Systems
cat. AFGQ7), 20 pg/mi polycional goat anti-human tgG FeHRF (Jackson cat. 108-
035-098) or 100 ng/ml hCSF-1 were added to the cells for 10 min at 37°C, or cells

were left untreated. Medium was removed and cell layers were lysed by adding
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exiraction buifer {62 mM Tris, 10 % glycerol, 2 % SDS, 100 mM DTT, pH 6.8) in
the Petrl dishes. Cell extracis were analyzed on Western blots, probed with the
following antibodies: polyclonal rabbit anti-phospho-CSF-1R™708 (Santa Cruz
Biotechnology cat s¢-33358-R), polycional rabbit anti-CSF-1R (H300, S8anta Cruz
Biotechnology cat. s¢-13849, difution 1/200) and monoclonal mouse anti-f-actin
{Sigma-Aldrich cat. A2228, dilution 1/2000) for the dstaction of tyrosineTcé-
phosphorylated CSF-1R, fotal CSF-1R and B-actin, respectively. Rabbif and
mouse primary antibodies were detected with polyclonal goat anti-rabbif or rabbit
anii-mouse igHRP (DakoCylomation cat. PG448, P0260) respectively.

Restiffs

[00342] We investigated the effects of hUXIGE variants H19K12, H27K5 and
H27K15 and of chCXHGE on the CSF-1-dependent phosphorylation of tyrosing?oe
and their lack of agonistic effect. [n the absence of CSF-1, neither mAb induced
raceptor phosphotylation when tested at either 0.1, 1 or 10 pg/mi, as seen with the
antibedy specific for C3F-1R phosphorylated on tyrosine™®, This showed that all
CXIIGB-mAb derivatives, either in chimeric or humanized forms, did not exart any

agonistic effect whan applied alone on 84-800-5 celis.

[00343) Upon CSF-1 stimulation, & band of ~150 kba corresponding to full-length
CSF-1R was phosphorylated and fotal cellular CSF-1R was decreased in cells
cultured with rifuximab isotype control or without antibody. Three other bands of

“lower molscular weights were detected with the anti-phospho-CSF-1RTyr 708
antibody. When B4-800-5 cells were incubated at 37°C with chCXIIG8 or hCXINGE
variants before stimulation with CSF-1, the intensities of the 4 bands recognized
by the anti-phospho-CSF-1R7¥ 708 mAb were decreased compared to those
observed in rituximab-treated cells. Reduction of the intensity of the 150-kDa band
was comparable to that previously observed with hybridoma-derived CXIIG6 in
similar condifions. The decrease in intensity of the two lower bands appeared
more drastic. The inhibitory affects of chCXHGE and the hCXIIGSE variants on CSF-
1R Tyr’08 phogphorylation were chserved at 0.1, 1 and 10 ug/mi.

[00344] To anticipate the potential development of a humoral response to hCXIGE
in treated patients mAb (hurnan anti-human antibody response), we next
investigated the effect of mAb cross-iinking by secondary anti-tgG Abs on CSF-1R
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receptor phosphorylation. Cross-linking of mouse CXHG6 produced only a faint
band of 130 kDa detected with the anii-phospho-CSF-TR™TI8 gniibody as
previous!y ohserved with hybridoma-derived CXIIGE and a slight down-regulation
of total CSF-1R was detectable, possibly reflecting a weak activation of CSF-1R.
Upon cross-linking, hCXIIG6 variants and chCXIIGE alse preduced a 150 kDa
band with low intensity. The intensity of the 150 kDa phosphorylated CSF-1R band
was extremely weak compared to that observed after stimulation with 100 ng/mi
CSF-1. The lower MW bands induced by CSF-1 were not detected by the anti-
CSF-1RTy 708 antibody afier cross-linking of any ant-CSF-1R mAb derivative,
gither chCXE6 or hCXHGEE variants,

[00345] These experiments demonstrate that hCXHGS varianis H19K12, H27K5
and H27K15, like chCXilG6, are capabie of partially inhibiting CSF-1-dependent
phosphorylation of C3F-1R and have no direct agonistic activity on CSF-1R.
Cross-linking of mAbs on the cell surface has only a minimai effect on CSF-1R

phosphorylation.
D~ Cytotoxicity to EL4A-CSF-1R target cells
Method

[00346] The EL4-CSF-1R recombinant cell iine was generated by stable
transfection of the muring lymphoma-derived T cell line EL4 (ATCC cat. TIB-39)
with a lantiviral vector encoding human full-length CSF-1R. Surface C8F-1R
expresgion was verified by immunostaining with mAbs CXliG6 (mouse 1gG2a) or

3281 and fiow cytometry analysis {(data not shown).

[00347] EL4-CSF-1R cells were washed in DMEM complete medium, resuspended
in the same medium and seeded in 96-well platesf at 2 x 10# cells per well irn 50 pi.
Celis were opsonized for 45-60 min on ice with 50 i of antibodies diluted in

culture medium. 50 14 of human peripheral biood mononuciear cells (PBMC) were
then added at various effector-to-targset (E:T) ratios. Humanized CXHGE variants,
chCXIIG6 and negative control Rituximab were tested at 10 ng/ml, 0.3 and 10
pa/mi. Control wells containing 156G pt of culture medium, target celis or PBMC
alone were run in paraliel to measure (i) culture medium (CM) background, (ii)
culitire medium + Lysis Solution background, (i) target cell spontaneous release

(SR}, (iv) effector cell spontaneous release af each PBMC concentration and {v)
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target cell maximal release {(MR) in presence of Lysis Solution. Plates were
centrifuged at 250 x gfor 4 min and incubated overnight at 37°C. The next day, 15
yl of Lysis Solution 10 X (Promega cal. G182A) were added to control wells
containing culture medium or target cells alone and plates were further incubated
for 45 min at 37°C. Lactate deshydrogenase (L.D#) was quantified in the culture
supernatants using the CytoTox 96% Non-Radioactive Cytoioxicily Assay
(Promega cat. G1780) according o the manufacturer's instructions. Absorbance
was recorded af 490 nm using the TriStar LB 941 reader and the MikroWin 2000
software from Berthold Technologies.

[00348] Mean CM background was subtracted from experimental, target SR and
gffecior SR values. Mean CM + Lysis Solution background was subtracted from
target MR values. Statistical analysis was done using the OD values, after

subtraction of mean CM and SR controls, with GraphPad Prism softwars using a
ron-parametric Mann-Whitney one-taiied t-test (for comparing chCXIIG6 or each
hCXIIGE variant with rituximab) or two-tailed f-test (for comparing each hCXIE6

variant with chCXIGE). Percent Iyéis was calculated using the following formula:

% lysis = experimental ~ mean arget SR - mean effector SR x 100

mean target MR — mean target SR
Resuits

[00348] The ADCC activities of chCXUIGE and of hCXUGE variants. (human lgGq)
were tested an target EL4-CSF-1R cells, using PBMC from different blood donors.

160350] Effector cells from donor #1 were used atan E:T ratio of 25:1 (Figure
mAb, which may reflact the activity of NK cells contained in the PBMC. Values
obtained with negative conirel rituximab were in the same range. I had been
verified by flow cytometry analysis that EL4-CSF-1R cells did not bind rituximab
{data not shown). At 10 ng/ml mAb, no specific lysis (above the unspecific lysis
observed in the presence of rituximab) was found with the anti-CSF-1R mAbs. At
0.3 pg/ml mAb, chCXiIGE induced above 20 % cytoioxicity. Lysis by the 3
hCXIIGE variants was in the same order of magnitude. Al high mAb concentrations
(10 pg/mi), all 3 hCXIIGE variants produced close to 35 % cytotoxicity, while lysis
by chCXIGE remained under 20 %.
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[00351} Another experiment was performed using effector cells from donor #2 at
E:T ratios of 25:1, 50:1 or 100:1 (Figure 30B}. Direct lysis was not defected, in
canirast with the first experiment. Background cyiotoxicity was lowsr than 10%
with rituximab at all E:T ratios {ested. Resulis were in good correlation with those
from the previous experiment: ne specific lysis was observed at low mAb
concentrations (10 ng/ml) but at 0.3 and 10 pg/ml, chCXIIG6 and the 3 hCXIIG6H
varianis induced significant specific lysis of EL4-CSF-1R cells. At both these mAb
concentrations and ali E:T ratios tested, tysis of target cells was again higher with
H27K5, H27K15 and H19K12 than with chCXHGE {p=0.02).

[00352] These results demonstirate that chCXIIGE and the hCXIGE variants have
the potential of killing target cells expressing surface CSF-1R.

Therapeutic effect of chimeric and humanized anfi-C8F-1R mAbs in the BeWo

tumaor modsl

[G0353] Since chCXIIGE and hCXIHE6 variants are specific for human CSF-1R and
‘ do not recognize its murine homolog, their in vivo effects can only be investigated
in mouse modeis using human CSF-1R-pesitive tumors, However, in the absence
of human C5F-1, human CSF-1R remains inactive and blockade of its function
cannot be studied. Moreover, blockade of CSF-1R-pasitive host celis (tumor-
associated macrophages, osteoclasis), which is expected {o provide therapeutic
benefit, is not feasible in this model system. In the following experiments using
human CSF-1R-positive BeWo tumors, only the cytotoxic effects of the mAbs on

the tumor celis may result in therapeutic efficacy.

BeVo fiuman chioriocarcinoma cells express surface CSF-1R

[00354] BeWo cells cuitivaied /7 vifro were immunostained with mAb H27K15 {lead
humanized anti-CSF-1R} and fluorescence was analyzed by confocal microscopy.
The specific staining observed with H27K15, compared with negative control
tituximab, shows that BeWo cells express human CSF-1R on their surface. BeWo
cells do not secrete CSF-1, as found by ELISA titration of the culture supernatants

{result not shown),

[00355] A solid tumaor derived from BeWo cells implanted sub-cutaneously in

NMR1 nude mice was included in QCT for analysis by immunohistochemistry.
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Frozen tissue sections were stained with the murine version of CXHUGE or an
isotype control. A strong specific staining was observed throughout the tumor,
reflecting both cell surface and cytoplasmic exprassion of hCSF-1R in BeWo

tumor cells in vivo.

Experiment 1 Therapeutic effect of chimeric CXNGE in the Belvo

choripcarcinoma ftimor mode!

[00358] Four million BeWo cells were implanted subcutanesously in the flanks of
NMR1 nude mice. A group of 11 mice was treated with 3 injections of chimeric
CXIGS (chCXIGH, 50 mg/ky in PBS, IP, administered at days 1, 3 and 7) while
another group of 11 mice wés treated with rituximab isotype control based on the
same scheme. Inhibition of tumor growth {Figure 31A) and prolongation of mouse
survivai (Figure 31B) were cbserved in chCXIIGg-treated mice, showing that
targeting human CSF-1R-positive BeWo tumors with this mAb has therapeutic
effect.

Experiment 2 : Therapeutic effect of chimeric CXIIGE and humanized HZ7K15 in

the BeWo choriocarcinoma fumor model

[00357] The above protocot was repeated, with 2 modifications :

- chCXIGS or humanized H27K 15 mAbs were tested (10 mice/group) and
compared with isotype controf rituximab

- mAbs were injected 3 times a week for 3 weeks, instead of one week only

Prolongation of the freatment with chCXHGE or with H27K15 did not improve the
results in terms of tumor growth inhibition or mouse survival, as compared with the
first experiment. However, both mAbs inhibited tumor growth as compared with the
rituximab isotype control group. In the case of H27K15, the reduction in fumor
valumes was statistically significant at day 14 using Mann-Whitney test and close .
to significant at later time points {day 17 and 21). With chCXIHGS, reduction in

tumer volumes was close to statistically significant.
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Claims

An isolated, recombinant or purified antibody that specifically binds to CSF-1R,

characterized in that said antibody comprises:

(N (a) first variable region consisting in SEQ ID NO:42, and (b) a second variable
region consisting in SEQ 1D NO:44; or

(i) (a) first variable region consisting in SEQ ID NO:43, and (b) a second variable
region consisting in SEQ ID NG:45; or

(i) (&) first variable region consisting in SEQ ID NO:42, and (b) a second variable
region consisting in SEQ 1D NO:46.

The antibody of claim 1 (i), wherein it comprises (a) a heavy chain consisting in SEQ 1D
N(:37, and (b) a light chain consisting in SEQ 1D N(O:39,

The antibody of claim 1 (ii), wherein it comprises (a) a heavy chain consisting in SEQ ID
NO:38, and (b) a fight chain consisting in SEQ 1D NO:40.

The antibody of claim 1 (iii), wherein it comprises (a) a heavy chain consisting in SEQ ID
NO:37, and {b) a light chain consisting in SEQ 1D NO:41,

The antibody of claim 1 which is a polycional antibody, a monoclonal antibody, an Fab,

an Fab’, an F{ab’)2, an Fv, an scFv, an antigen binding fragment or a diabody.

The antibody of any one of claims 1 to 5, wherein the CSF-1R is human CSF-1R.

A nucleic acid sequence encoding an antibody of any one of claims 1 to 6.

A vector containing the nucleic acid sequence of claim 7.

102



10.

11.

12.

13.

14

15,

16.

17.

The vector of claim 8 which is of plasmid or viral origin.

The vector of claim 9 which is of viral origin and which is derived from a poxvirus, an
adenovirus, a refrovirus, a herpes virus, an alphavirus, a foamy virus or an adeno-

associaied virus.

The vector of claim 10, wherein said poxvirus is a vaccinia virus or a canarypoxvirus.

The vector of claim 11, wherein said vaccinia virus is an MVA.

A cell comprising the nucleic acid sequence of claim 7.

. The cell of claim 13, which is a eukaryotic cell.

The cell of claim 14, wherein said eukaryotic cell is a mammalian cell, preferably a CHO
or a BHK cell.

A process for producing an antibody of any one of claims 1 to 6 comprising culturing a
cell of any one of claims 13 fo 15 under conditions permitting expression of the antibody

and purifying the antibody from the cell or medium surrounding the cell.

A pharmaceutical composition comprising the antibody of any one of claims 1 to 6, the
nucleic acid sequence of claim 7 or the vecior of any one of claims 8 to 12 and a

pharmaceutically acceptable carrier.
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18.

19,

The antibody of any one of claims 1 to 6, the nucleic acid sequence of claim 7, the
vector of any one of claims 8 to 12 or the pharmaceutical composition of ¢laim 17 for use

as a medicament.

The antibody of any one of claims 1 fo 6, the nucleic acid of claim 7, the vector of any
one of claims 8 to 12 or the pharmaceutical composition of claim 17 for use in the
treatment of a disease selected from the group consisting in cancer, a disease
associated to an increased osteoclast activity, inflammatory disease and rheumatoid
arthritis.
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