Antibodies to the Hgand are not cross reactive. Therefore antibodies to CSF-1 do
not mhibit [L-34 binding to CSF-1R and antibodies to I1-34 do not inhibit CSF-1 bindmg
to CSF-1R. Ligand binding to the receptor may have an effect on cancer growth.
Additionally, antibodies to fhe iigand do not internalize, nor do they induce CSF-IR
dagradation; nor do they stimulate ADCC activity against cells,

A need exists for multifuncrional antibodies which block the binding of ligands to
CSF-1R and also induce ADCC activity against cells bound by the antibodies,

Antibodies of the present invention are advantageous over known antibodies
because they have a multitude of functions, Antibodies of the invention block CSF-1 and
TL-34 binding to the receptor, thereby preventing dimerization of the receptor and the
resulting phosphorviation of the intracellular tyrosine residues, functions which are
eritical in preventing macrophage induced mumor growth, Antibodies of the invention
miernalize and mduce CSF-1R degradation. Importantly, in addition to blocking ligand
binding, antibodies of the invention enhance ADCC activity by stimulating the killing of
fumor cells and tumor-associated macrophages and monocytes,  Antibodies of the
mvention also simultaneously affect macrophage activity, an activity which plays a major
role m tumor progression. Because of the multitude of therapeutic functions which they
have, the antibodies of the present invention have a significant advantage over the

antibodies kmown in the art,

SUMMA RY-OF TR BN ON-
In_o©ne aspect-ofthe-present-invention, there is_provided an antibody, or fragment thereof,

that specifically binds human CSF-1R variant (SEQ 1D NO:15), comprising a CDRH1
comprismg the sequence SYGMH (SEQ 1D NO:1), 2 CDRH2 comprising the sequence
VIWYDGSNEYYADSVKG (SEQ 1D NO:2), a CDRHE3 compnsing the sequence
GDYEVDYGMDY  (SEG 1D NO:3y, & CDRLD comprising the seguence
RASQGISNALA (SECQ ID NO:4), a CDRL2 comprising the sequence DASSLES (SEQ
ID NO:©5), and 2 CDRL3 comprising the sequence QOQFNSYPWT (SEQ ID NO:6).

Another embodimentaspect of the present disclosureinvestion is an antibody, or fragment thereof, that
specifically binds human CSF-IR (SEQ ID NO:16), comprising a CDRHI comprising the
sequence SYGMH (SEQ 1D NO:1), a CDRH2 comprising the sequence
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VIWYDGENKYYADSVEG (SEQ ID NO:2), a CDRH3 comprising the sequence
GDYEVDYGMDV  (SEQ 1D NO:32), « CDRLI comprising the sequence
RASQGISNALA (SEQ ID NO4), a CDRLZ comprising the sequence DASSLES (SEG
ID NG:5), and & CDRL3 comprising the sequence QQFNSYPWT (SEQ ID NO:6). One
aspect of the present mvention is an anatibody, or fragment thereof, that specifically binds
human CSF-IR (SEQ D NO:15), comprising & CDRHI comprising the sequence
SYCMEH  (SEQ 1 NO:1), = CDRH2  comprising the  sequence
VIWYDGENKYYADSVEG (SEQ ID NO:2j, a CDRH3 comprising the sequence
GDYEVDYGMDY  (SEQ 1D NOG:3), & CDRLI comprising the sequence
RASQGISNALA (8EQ ID NC:4), a CDRLZ comprising the sequence DASSLES (SEQ
ID NG:5), and e CDRL3 comprising the sequence QQFNSYPWT (SEQ ID NO:6.
Antibodies of the present disclosureinvention may further comprises an amino acid substitution within
one of said CDR sequences. In another gmbodimentaspeet, the aforementioned CDRs do not
have an amino acid substitution 1n one of the COR sequences.
Another embodimentaspest of the present disclosurcinvention is an antibody, or fragment
thereof, that binds CSF-1R, and comprises a VH comprising the amino acid sequence:
QDOQLVESGGGVVQPGRSLRLSCAASGFTFSSY GMHWVROAPGEGLEWY
AVIWYDGSNEY Y ADSVE GRETISRDNSENTLYLOMNSLRAEDTAVYYCA
RGDYEVDYGMDVWGQGTTVIVAS (SEQ IDNO7),
ora VL compnising the amino acid sequence:
AIQLTQSPSSLSASVGDRVIITCRASQGISNALAWY QQEPGEAPKLLIYDA
SSLESGVPSRFSGSGSGTOFTLTISSLOPEDFATY YCQQFNSYPWTFGQGTK
VEIK (SEQ ID NO:8).

Another embodimentaspeet of the present disclosureisvention is an antibody, or fragment
thereof, that binds CSF-1R, and comprises a light chain comprising the amino acid sequence of SEQ
ID NG: 10 and & heavy chain comprising the amino acid sequence of SEG ID NO: 9. In
yet another aspect of the present invention, an antibody comprises two light chains each
comprising the amino acid sequence of SEQ ID NO: 10 and two heevy chains each
comprising the amino acid sequence of SEQ D NO: 9.

CSF-iR-binding fragments of such antibodies are part of the disclosurcinveation.
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The disclosureisvention also provides isolated IDINA and polynucleotides/polynucleic acids
encoding the amtibodies or fragments thereof describbed above, expression vectors
comprising the polynuclectides, and host cells comprising the polynucleotides. The
disclosureinvention further provides methods of purifying the antibodies or fragments thereof. The
disclosureinvention further provides pharmaceutical compositions comprising the antibodies, or
fragments thereof, polynucleotides, vectors or host cells of the present disclogureinvention alone or

with a pharmaceutically acceptable carrier, diluent or excipient. Theinventionln another aspect, there

is provideds_a pharmaceutical compositions comprising the antibodyies, or fragments thereaf-of-the

sreseni—imventionas defined above together with a pharmaceutically acceptable carrier, diluent or

excipient. In another aspect, there is provided a pharmaceutical composition as defined above further

comprising an additional pharmacentical agent.

Additionally, the present disclosureimvention is directed to methods of inhibiting growth of 2
cancer cell, and methods of treating loukemia, breast and prostate carcinomas, in mammals, by
administering an effective amount of an antibody.  Another embodimentespest of the present
disclosureimvention is directed to methods of inhibiting growth of a cancer cell, and methods of
treating leukemia, endometrial, breast and prostate carcinomas, in mammals, by administering an
effective amount of an antibody. Yet another embodimentaspest of the present disclosurcinvention is
directed to methods of inhibiting growth of a cancer cell, and methods of
treating leukemia, endometrial, breast and prostate carcinormas, 2s well as ovarian cancer,
colorectal cancer, hepawcetlular cancer, renal cancer, muktiple myeloma, and hodgkin’s
lymphoma. Antibodies of the present disclosureinvention can be used to treat neoplastic diseases
including solid tumors, and for freatment of breast and prostate carcinomas. In anothe:r,
embodimentespeet, antibodies of the present disclosureinvention can be used to treat neoplastic
diseases, including solid tumors, and for treatment of breast, endometrial, and prostate carcinomas. In
another embodimentaspeet, antibodies of the present disclosureinvention can be used to treat neoplastic
diseases, including sohid tumors, and for treatment of breast, endometrial, prostate,
ovarian, colorectal, hepatoceltular, and renal carcinomas.

One embodimentaspest of the present disclosureinvention is the antibody, or fragments thereof,
for use in therapy, or for use in treatment or for use as a medicament. In yet another embodimentaspect
the previously described antibodies or fragments thereof are for use in treating cancer. The presen‘;
disclosureinvestion can be used in treating cancers that include but are not limited to leukemia, breast

cancer and prostate cancer. In one embodimentaspeet, the present disclosureinventien can be



nsed in treating cancers that include but are not limited to leukemia, breast cancer,
endometrial cancer and prostate cancer. In another embodimentaspeet, the present disclosureinvention can be
wsed in freating cancers that include but are not Iinited to leukemia, breest cancer,
endometrial cancer, prostate cancer, ovarian cancer, colorectal cancer, hepatocellular
cancer, reral cancer, multiple myeloma, and hodglan’s lymphorea,
The present disclosureinvention also includes the antibody, or fragment thereof, of the present
disclosureinvention for use in treating cancer including providing or administering an
effective amount of another anti-cancer treatment wherein the anti-cancer treatment
mcludes but 15 not limited 1o an anti-angiogenesis agent, a chemotherapeutic agent, or an
anti-neoplastic agent.  Further, anti-neoplastic agents include but are not [imited to
docetaxel, paclitaxel, Herceptin® and doxorubicin.  The anti-cancer treatment 1§
admimistered to the patient 1n addition to the presently disclosed antibody or fragment.
The antibody or fragment thereof is administered before, during, substantially
simultaneously with, or after commencing therapy with other anti-cancer treatment or
another anti-neoplastic agent.

The present disclosureimvestion also provides for use of an antibody of the disclosureinvention for the
manufacture of a medicament for the treatment of cancer. In-eone embodimentaspest the cancer is levkemia,
breast cancer, or prostaie cancer. In a-one embodimentaspeet the cancer is leukemia, breast cancer,
endometrial cancer, or prostate cancer. In another embodimentaspeet of the present disclosureinvention

the cancer is leukernia, breagt cancer, endometnial cancer, prostae cancer, gvarien ¢cancer,
colorectal cancer, hepatoceiivlar cancer, renal cancer, multiple myeloma, or hodgkin’s
iymphoma. The use of the antibody includes providing or administering an effective
amount of another anti-cancer treatment wherein the antimcancﬁ treatment includes but is
not limited 1o an anti-angiogenesis agent, a chemotherapeutic agent, or an anti-neoplastic
agent. Further, anti-neoplastic agents include but are not himited to docetaxel, paclitaxel,
Herceptin® and doxorubicin. The anti-cancer treatment 18 admuinistered to the patient i
addition to the presently disclosed antibody or fragment The antibody or fragment
thereof is admunistered before, during, substantially simultaneousiy with, or after
commencing therapy with other anti-cancer treatment or another anti-neoplastic agent,
The disclosureinvestien further provides for a method of treating cancer in a mammal,

comprising administering to said mammel in need thereof an effective amount of the



antibody or fragment thereof the present disclosuressvention. The cancer is selected from the group
congisting of leukemia, breast cancer, endometrial cancer, and prostate cancer. In another
embodimentaspeet, the cancer is selected from the group consisting of leukemia, breast cancer,
endometrial cancer, prostate cancer, ovarian cancer, colorectal cancer, hepatocellular
cancer, renal cancer, pancreatic cancer, multiple myeloma, and hodgkin’s lvmphoma.
Additionally, the method can further comprise administering another anti-cancer
treatment to said mammal  The anti-cancer treatment i8 selected from the group
consisting of un anti-angiogenests agent, a chemotherapeutic agent, and an enti-neoplastic
sgent. The anti-neoplastic agent may be selected from the group consisting of docetaxel,
paclitaxel, Herceptin® and doxorubiein.

 The disclosuretsvention further provides methods of using the antibodies, or compositions,
to treat & mammal in need thereof, for example, to inhibit angiogenesis or bone
metastases, of fo inhibit fumor or hyperproliferative growth or {0 treat nflammatory
diseases. The disclosureinvention further provides antibodies, or compositions, for use in treatment
of & mammal m need thereof, for example, o inhibit angiogenesis or bone metastases, or
nhibit tumor or hyperproiiferative growth or inflammatory diseases.

The present disclosureimvestion is also directed to a product or pharmaceutical composition
containing the presently disclosed antibody, or fragment thereof. In addition the product
or pharmaceutical composition may also include an additional pharmaceutical agent, anti-
neopiagtic agent, or anti-cancer agent or treatment, including but not limited to docetaxel,
paciitaxel, Herceptin® or doxorubicin, given in combination with the presently disclosed
antibody simultancous, separate o sequential in therapy.
The disclosurcinvention provides using CSF-1 levels in samples of bleod, serum, plasma,

tumor celis or circulating tumor cells as an indicator of the successful treatment with
CSF-1R antibodies of the present disclosureinvention, or fragments thereof, in patients if the cancer has

CSF-1R expressed on the surface of tumor-associated macrophages. The disclosureinvention

also provides a method of treating cancer in a patient, comprising the steps: (1) measuring

Ty

the level of CSF-1 in a sample taken from the patient wherein the sample &8 selected from

the group consisting of blood, serum, plasma, tumor cells and circulating tumor cells, and

(2} administering to the patient the antibodv or fragment thereof of the present invention

if the CSE-1 levels are higher than CSF-1 levels found in & control population,



The disclosuresrvention provides using IL-34 levels in samples of blood, serum, plasma, tumeor
cells or circulating tumor cells as an indicator of the successful treatment with CSF-1R antibodies of the
present disclosureinvesntion, or fragments thereof, in patients. The disclosurcinvention also provides a
method of treating cancer in a patient, comprising the steps: (1)
measuring the level of IL-34 in a sample taken from the patient wherein the sample 1s
selected from the group consisting of blood, serum, plasma, tumor cells and circulating
tumor cells, and (2) administering to the patient the antibody or fragment thereof of the
present disclosureinvention if the I1-34 levels are higher than IL-34 levels found in a control
population.

One embodimentaspeet of the present disclosureinvesntion is a method for determining whether
a subject having a cancer is a candidate for an anti~CSF-1R antibody-based cancer treatment regimen,
wherein said antibody is the antibody of the present disclosuresmvention compnsing: (1) ex
vivo or in vitro determining the level of CSF-1 1 & sample of the subject, wherein the
sample s selected from the group consisting of blood, serum, plasma, tumor cells and
circulating tumor cells; and (2) wherein an increase in the leve! of CSF-1, as compared
with the level of CSF-1 in an mdividua! not suffering from cancer, 15 mdicanve that the
subject is a candidate for the anti-CSF-1R antibody-based cancer treatment regimen,

Another embodimentaspeet of the present disclosureinvention is a method for determining
whether a subject having a cancer is a candidate for an anti-CSF-1R antibody-based cancer treatment
regimen, wherein said antibody is the antibody of the present disclosuresnvestion,
comprising: (1) ex vivo or in virro determining the level of IL-34 n a sample of the
subject, wherein the sample i¢ sclected from the group consisting of blood. serum,
plasima, tamor cells and circulating tumor celis; and (2) wherein an increase in the level of
I1-34, as cdmpared with the level of 1L-34 in an mdividual not suffering from cancer, i3
ndicative that the subject 15 a candidate for the anti-CSF-1R antibody-besed cancer
freatment regimen.

The disclosuressvention also provides antibodies which bind specifically to CSF-1R. The
entibodies have at least one property seiected from {a) inhibit binding of CSF-1 or I1-34
to CSE-1R; (b} inhibit activation of CSF-1R; (¢} reduce phosphorylation of CSF-IR; (d)

reduce activation of MAPK, (e} reduce activation of Akt; (1) reduce CSF-1R amount; and



(g) induce ADCC. A preferred embodiment of the present disclosurcinvention possesses properties
(@) to (g).

One embodimentaspeet of the present disclosureinvention is an antibody, or fragment thereof, that
specifically binds human CSF-1R variant {SEQ [ NO:15) or human CSF-1R (SEQ ID
NC:16), and inhibits signaling of CSF-IR, internalizes and induces CSF-1R degradation,
and stimulates Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC) activity against
a variety of cells mcluding tumors, macrophages and monocytes. SEQ 1D NO:15 and
SEQ ID NO:16 differ by one amino acid at position 54 which falls cutside the binding
Tegion.

Ag used herein, the term “antibody” includes mmuncglobulin molecules
comprising four polypentide chains, two heavy (H) chains and two light (L) chains inter-
connected by disulfide bonds. Individual chaing can fold into domains having similar
sizes {110-125 amino acids} and structures, but different functions.

The hght cham can comprise one variable domain (abbreviated hereln as VL)
end/or one constant domain (abbraviated herein as CL). The light chains of human
antibodies (immunoglobulins) are either kappa (K light chains or lambda (1) light chains.
The expression V1, as used herein, is mtended 1o include both the variable regions from
kappe-type light chains (VK) and from lambda-type hght chaing (VA). The heavy chain
can also comprise one variable domain (abbreviated herein as VH) and/or, depending on
the class or isotvpe of antibody, three or four constant domaing (CHI, CHZ, CH2 and
CH4) (abbreviated herein collectively as CH}. In humans, the isotvpes are Ig, 1eD, IgE,
1eG, and IgM, with IgA and IgG further subdivided into subclasses or subtypes (IgA -2
and 1gG1-4). The present mvention includes antibodizs of any of the aforementioned
classes or subclasses. Fuman IgGy 15 the preferrad isotype for the antibodies of the
present invention.

Three regions, called hypervariable or complementarity-determining regions
(CDRs)}, are found in each of VL and VI, which are supported by less variable regions
called frameworks (abbreviated herein as FR). Amino acids are assigned to a particular
CDR region or domain in accordance with Kabat convention (Kebat, ef al, Ann. NY
Acad. Sci. 190n382-G3 (1971); Kabat, e al, Sequences of Proteins of Immunological
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