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FIBROBLAST GROWTH FACTOR RECEPTOR-3 (FGFR-3) INHIBITORS AND
METHODS OF TREATMENT

This Invention 13 in inwnenology and cancer treatment. More specifically, the
present invention is directed to a human antibody that binds to human fibroblast growth
factor receptor 3 (FGFR-3) (SEQ ID NGO 11, FGFR 15 alse known as CD333, ACH,
CEKZ, HSFGFR-EX and ITK4.

FGFR-3 has been shown to be mvelved in the development of cancer, including
muitiple mycloma, bladder and wrothelial cell carcinoma. FGF ligand-receptor binding
nduces receptor dimerization and astophosphorvlation, feading to down-stream
activation of effector mwolecules. FGFR-3 signabing is capable of regulating a broad range
of cellular activities such as proliferation, differentiation, migration, survival/apoptosis,
evtoskeleton and ovtokme regufation, and endocyiosisfexocytosis. Hyper-activation of
FOFR-3 signaling has been recognized as an important event that affords tumor cells with
a growth or servival advantage aond thus contribaies o tumor malignancy.

Full fength FGFR-3 has two splice forms called FGFR-3(11b) and FGFR-3(1c)
that result from alternative exons encoding the third 1gG-like domain of FGFR-3. FGER-
3 also has well docamented pugant forms dee to errors in DNA replication or transiation.
Given the active role of the FGFR-3 signaling pathway i a wide range of discases
wmchiding cancer, there is a need for a mechanism by which to regulate this pathway.

Ant-FGER-3 antibodies that block higand binding have been disclosed.
{Rauchenberger, R. et al, b Biol. Chen 2003 Oct 3; 278(401:38194-205) Anti-FGFR-3
antibodics that bind to both wild type and mutant forms of FGFR-3 have been disclosed.
{Martinez-Torrecuadrada, 1., et al., Clin. Cancer Res. 2005 Sep 1:11{173:6280-9¢; Trudel
5., et al, Blood 2006 May 15;107{101:4039-46) Amti-FGER-3 antibodics that inhibit
ligand mediated activation of FGFR-3 signaling, and inhibit FGFR-3-mediated tomor
srowth have been disclosed. {(Tndel S, ot al., Blood 2406 May 15107(1031:4039-46)
Ant-FGFR-3 antibodies that enhance the anti-tumor effects of cisplatin when given as
combination therapy have been disclosed. (Deewy, D. et al,, AACR 2007 Oct. 21-24;
Wang, W, etal,, EORTC 2008 Oct. 22-26.)

However, there is a need in the wrt for an antibody antagonist that is capable of
one or more of the following: is highly specific to both sphice forms of FGFR-3, (FGFR-

3(111bY and FGFR-3(11e)), that internalizes FGFR-3 and that preferably also induces
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degradation of FGFR-3(HIb) and FGFR-3(i11c) or mutant forms thereod, and that
enhances therapeutic efficacy and reverses chemo-resistance when used in combination
with a chemo cyviotoxic agent. Additionally, the antibody is preferably also active to
mutant forms of FGFR-3, blocks FOF ligands from tinding to FGFR-3, mhibits lgand-
mduced FGFR-3 signaling pathways, inhibits FGFR-3-mediated celfalar activities, or
wihibits tumor growth in vitre and fa vivo,

The antibody of the invention has solved these needs. The antibody 13 highly
specific to both sphice forms of FGFR-3, (FGFRA3(11IbY and FGFR-3(Hc)), internalizes
FGER-3 and preferably also induces receptor degradation upon binding to FGFR-3
receptors or receptor puutants in cells thereof] enhances therapeutic efficacy and reverses
chemo-resistance when used in conbination with a chenio cytotoxic agent, as well as is
active to mutant forms of FGFR-3, blocks FGF tigands from binding to FGFR-3, inhibits
hgand-induced FGFR-3 signaling pathnvays, inhabits FGFR-3-medated cellular activities,
andd inhibits tumor growth i wiro and i vive.

The mvention relates to an isolated antibody that specifically binds to human
FGER-3(11Ib) and FGFR-3{1c).

Preferably, the antibody is a buman antibody having a Ky of about 1 x 10-8 M or

less at room temperanere (20-259C).

Preferably, the antibody specifically binds to hwuan FGFR-3 domain 2 (SEQ 1D
NQ 1),

Preferably, the antibody of the nvention that specifically binds to human FGFR~
3{HIb) and FGFR-3({Hc), comprising a CORHI having the sequence GYMFTSYGIS
{(SEQ I NO D), a CDRH2 having the sequence WVSTYNGDTNYAQKFQG (SEQ ID
NQ 2), a CDRH3 having the sequence VLGYYDSIDGYYYGMDV (SEQ IDNO 3), 4
CDRLI having the segaence GGNNIGDRSVH (SEQ ID NGO 4), a CDRL2 having the
sequence LDTERPS (SEQ 1D NO 3), and a CDRL3 having the sequence
QVWDSGSDHVY (SEQ 1D NO 6),

Preferably, the antibody may comyprise a variable heavy amino acid sequence of
EVQLVQSGAEVKKPGASYVRKVICKASGY MFTSYGISWVROQAPGQGLEWMGWYVS
TYNGDINYAQKFOQGRYTVITDTSTSTAYMELRSLRSEDTAVYYCARVLGYYDSI
DGYYYOMDVWGQGTTVTVSS (SEQ ID NG 7) and a variable Bght anvno acid

PCT/US2009/060840
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sequence of
QSVLTQPPSLSVAPGKTATFTCGOGNNIGDKSVHWYROQKPGQAPVLVMYLDTERP
SGIPERMSGSNFONTATLTITRVEAGDEADYYCQVWDSGSDHVVEGGGTKLTVL
G {SEQIDNOR).

Preferably, the antibody may comprise a vanable heavy amino acid sequence of
EVQLVQSGAEVKKPGASVEVSCKASGYMFTSYGISWVROQAPGQGLEWMGWVS
TYNGDINYAQKFQGRVTVTITDTSTSTAYMELRSLRSEDTAVYYCARVLGYYDSI
DGYYYOMDVWGQOTTVTVSS (SEQ 1D NO 7) or a variable light amino acid
sequence of
QSVLTOQPPSLSVAPGKTATFTCGGNNIGDKSVHWYRQKPGOQAPVLVMYLDTERP
SGIPERMSGSNFONTATLTITRVEAGDREADYYCQVWDSGSDHVVEGGOTKLTVL
G{SEQ ID NG R).

The anttbody heavy constant region may be from homan IgG1, or an FGFR-3-
binding fragment of the antibody. Preferably, the antibody comprises a heavy chain of
SEQ D NO: 2 and a light chain of SEQ 1D NQ: 10, Preferably, the antibody comprises a
heavy chain of SEQ 1D NO: Y and a light cham of SEQ 1D NQ: 16, or an FGFR-3-
binding fragment of the antibody.

The antibody may alse comprise two heavy chains of SEQ 1D NO: 9 and two light
chains of SEQ I NGO, 10, The antthady may also comprise two heavy chains of SEQ 1D
N3 9 and two hght chains of SEQ 1D NO: 10, Preferably, the antibody comprises twe
heavy chains of SEQ 1D NO: 9 and teo Hight chains of SEQ 1D NO: 16, or an FGER-3-
binding fragment of the antibody.

The antibody may comprise ¢ neutralizing human FGFR-3 binding fragment.

In a preforred aspect, the mvention 1s divected to an isolated antibody or a
fragment thereof, wherein saild angibody competes for binding to the extraceibdar domain
of FOUFR-J in a competiion ELISA assay with a competing antibody, wherein said

competing antibody binds FGFR-3 with a Kpy of aboat T x 107 M or less at room

temperature (20-259C7),
The fnvention farther refates to an antibody that binds to mutant forms of FGFR-3.
The present invention refates to a pharmaceutical composition comprising the

antibody or fragment, and a pharmacautically acceptable carrier, diluent ov excipient,
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The present invention also relates to a product containing an antibody or fragment
and an addional ami-cancor agest for treatmey in combination for simubiancous,
separate or sequential use in therapy.

In another aspect of the invention, the antibody or fragment is foruse as a
medicament. In another aspect of the invention, the antibody or fragment is for use in the
weatment of cancer. In another aspect of the nvention, the antibody or fragment is used
as a medicament where the cancer 1s bladder or maltiple myeloma.

in another aspect of the invention, the antibody or fragment is used m the
treatrent of cancer together with another agent. The antibody or fragment of the
nvention may be adpunistered sivaltaneousty, separately, or sequentially with an
effective amount of another agent to the patient. The invention may comprise a
pharmaceuticad compaosition comprising a compownd together with a pharmaceutically
acceptable carvier and optionally other therapeutic ingredients.

The iavention also relates to a method of treating cancer m a patient comprising
admintstering to the patient an ctfective amount of the antibody of the tvention. The
cancer may be bladder or multiple myeloma. In another aspect, the invention includes a
method of treating cancer in 3 patient comprising adnynistering sinntltancously,
separately, or sequentially an effective amount of the antibody of the present invention
and another agent to the patient. The other agent may be cisplatin.

Accordingty, the antibody of the Invention binds 1o naturally sccwgring and matant
forms of FGFR-3 and induce degradation of FGFR-3, are capable of imhibiting temaors by
acting upon the tunor cells as well as stromal components, have broad therapeatic value
1 freating cancer.

The teem "antibody” inchedes immenoglobulin modecules conyurising four
palypeptide chains, two identical hoeavy (H) chains and two identical hight chains (L),
interconnected by a disulfide bond. Individual chaing can fold ito domains having
stmilar sizes (1101235 amino acids) and structures, but different fimetions.

An "isolated antibody” is an antibody that (1) bas been partially, sebstanually, or
fully purified from a mixture of components; (2) has been wentified and separated andfor
recovered from a component of its natural enviromment; (3} is monoclonal; (4) 15 free of
other proteins from the same species; {3) is expressed by a cell from a ditferent species;

or {6} dovs not cocwr i nature, Contanunant components of #s natural covironment are
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materials which would interfere with diagnostic or therapeutic uses for the antibody, and
may mchide enzyores, bonmones, and other proteinacecus or non-protenacecus solotes.
Examples of isolated antibodies mehede an antibody that has been affinity purified, an
antibody that bas been made by a hybridoma or other cell e in vitro, or a human

genic mouse.

b2

antibody derived from a trans

The term "monoctonal antibody,” as used herein, vefers to an antibody obtained
from a popalation of substantially homogencous antibodies, .y, the ndividual antibodies
comprising the population are substantially identical except for possible natarally
occurring mutations or minor post-translational vanations that may be present.
Monoclonal annbodies are highly specific, being directed against a single antigenic site
{alsc known as deternunant or epitope). Furthermore, in contrast to conventional
{polyclonal) antibody prepavanions which typically inclade different anubodies directed
against different determuinants, cach monoclonal antibody is divected against a single
determinant on the antigen. The modifier "monoclonal” indicaies the character of the
antthody as being obtained from a substantially homogencous population of antthadics,
and 18 not o be construed as requiring production of the antibody by any particular
method.

The teem "hanan antibody,” as used horein, includes antibodics having variable
and constant regions comresponding to buman germline immmunoglobulin sequences as
described in Kabat ot al., Chothia ot al., and Mactin, supra. The human antibody of the
wvention may inchade amine acid residhes not encoded by human germling
mmmmoglobudin sequences {e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in viva), for example in the
complementarity-determining regions (CDRs). The human antibody can have at least one
puosition replaced with an amino acid residue, o.g., an activity enhancing amino acid
residue which is not encoded by the human germline immunoglobulin sequence.
However, the term "human antibody,” as used herein, is not intended to inchude
antibodies i which CDR seqaences derived from the gernline of another mammalian
species, such as a mouse, have been grafted onto human framework sequences.

The phrase "recombinant human antibody” nclodes human antibodies that are
prepared, expressed, created or isolated by recombinant means, such as antitbodies

expressed using a recornhinant expression vector transfected into a host cell, antibodies
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isolated from a recombinant, combinatorial human antibedy hbrary, antibodics isolated
from an waal that s tansgemc for beman mammoglobulin geoes, or antibodies
prepared, cxpressed, created or isolated by any other means that nvolves sphicing of
hmman omusoglobulin gene sequences o other DNA sequences. Such recombinant
homan antibodies have vanable and constant regions derived from anan germdine
immunoglobulin sequences.

The {ight chain can comprise one variable domain {abbreviated hereinn as VL)
andfor one constant domam (abbreviated herein as CL)Y. The hight chains of antibodies
are either kappa () light chains or lambda (1) hight chains. The expression on VL, as
used herein, 1s intended to inchude both the vaniable regions froms kappa-type light chaing
{Vx) and from lambda~tvpe light chains (VA}. The heavy chain can alse comprise one
vartable domain (abbreviated herein as VH) andior, depending on the class or isotype of
antibody, three or fowr constant domains (CH1, CH2, CH3, and CH4). In humans, the
isotvpes are BgA, e, 19E, 1o(3, and IpM, with fgA and 1gG further subdivided into
subclasses or subtypes (IgA . and 1gGy_q).

The present inventon includes antibodies of any of the aforementioned classes or
subclasses, Human {g€ is the preforred isotype for the antibody of the present invention,
Three regions, called hvpervariable or CDRs, arce found in cach of VL and VR, which are
supporied by less variable regions called framework regions {abbreviated herein as FR).

Amino acids are assigned to a particdar COR region or domain m accordance
with Kabat convention (Kabat, ot al | A, NY Acad. Sci, 190:382-93 (1971}, Kabat, ot
al., Sequences of Proteins of Immunological Interest, Fifth Edition, ULS. Department of
Health and Human Serviges, NIH Publication No. 913242 (1991)) or Chothia convention
{C. Chothia and A.M. Lesk, J. Mol. Biol. 196 (4): 901-917 (1987}) or by Martin, (Martin,
A.CR. Accessing the Kahat Antibody Sequence Database by Computer PROTEINS:
Structure, Function and Genetics, 25 (19963, 130-133)

Each VH and V1. is composed of three CDRs and fowr FRs, arvanged from amino-
termimus to carboxy-termings n the followmy order; FRI-CDRI-FR2-CDR2-FR3-
CDR3-FR4. The portion of an antibody consisting of VL and VH domains 15 designated
Fv {Fragment variable) and constitutes the antigen-binding site. Single chamn Fv {scFv) s
an antibody fragment containing a VL domain and a VH domain on one polypeptide

chain, wherem the N ferminus of one domam and the € terminus of the other domam are
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joined by a flexible linker (see, o.g., US. Patent No. 4,946,778 {Ladoer et al), WO
309344 (Haston et al)),

Fragments have binding characteristios that are the same as, or are comparable to,
those of the whole antibady. Switable fragments of the antibody include any fragment
that comprises a sufficient portion of the hypervaniable {i.e. complementarity
determining) region to bind specifically, and with sufficient affimity to inhabit growth of
cells. Sach fragments may, for example, contain one or both Fab fragments or the F(ab)2
fragment. Preferably the antibody fragments contain all six complementarity determining
regions of the whole antibody, although fonctional fragments containing fewer than alf of
such regions, such as three, four or five CDRs, are also mcluded. Preforred fragments ave
single chamn antibodies, or Fv fragments.  More preferred fragments are bivalent, Single
chain antthodies are polypeptides that comprise at least the vavtable region of the beavy
chain of the antthody and the variable region of the light chain, with or without an
perconnectmyg hinker. Thus, Fv fragments comprive the eatire antibody combimng sife.
These chains may be produced in bacteria or in cukarvotic cells.

Fab (Fragment, antigen binding) refers to the fragments of the antibody consisting
of VL CL VH CH1 domains. Those generated following papain digestion simply are
referred to as Fab and do not retain the heavy chain binge region. Following pepsin
digestion, various Fabs retaming the heavy chato hinge are generated. Those fragments
with the interchain diselide bonds smtact are referred fo as Flab')2, while a single Fad'
results when the disulfide bonds are not retained. F{ab')2 fragments have highor avidity
for antigen that the monovalent Fab fragments.

Fe (Fragment erystallization) is the designation for the portion or fragment of an
antibody that comprises paived heavy chain constant domains. Inan lgQ antibody. for
example, the Fo comprises CH2 and CH3 domains. The Fo of an 1gA or an 1gM antibody
further comprises a CH4 domam. The Fe 1s associated with Fe receptor binding,
activation of complement-mediated cytotoxricity and antibody~dependent cellular-
evtotoxicity (ADCC). For amtibodies such as IgA and IgM, which are complexes of
mudtiple 1gG like proteins, complex formation recpures Fo constant domains.

The hinge region separates the Fab and Fo portions of the antibody, providing for
mobility of Fabg relative to each other and relative to Fe, as well ag including moltiple

disulfide bonds for covalont linkage of the two heavy chains,
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Thus, an antibody of the invention includes, but 1s not linited to, naturally
pecurring antibodics, haman antibodies, rocombinant lnsman antibodies, monoeclonasd
antibodies, digestion fragments, bivalent Sagments such as {Fab'}2, monovalent
fragments sach as Fab, single chain antibodies, single chain Fv {scFv), single domain
antibodies, multivalent single chain antbodies, diabodies, wiabodies, and the like that
bind specifically with antigens.

An ant@ibody of the present invention is specific for FGFR-3. Antibody speeificity
refers to selective recognition of the antibody for a particular epitope of an antigen. The
antibody may extubit both species and molecude selectivity, or may be selective with
respect o molecale only and bind o FGFR-3 of more than one species. The antibody of
the mvention may bind fo buman, murine, rat, dog anddor rabbit FGFR-3. Preferably, the
antibody binds to heman FGFR-3. Antibody formats have been developed that retain
binding specificity bat that also have other characteristics,

An antibody of the present invention, for example, can be monospeeitic, bispestiic
ot multispecific. Bispecific antthodies (BsAbs) are antibodies that have two different
antigen~-binding specificities or sites, Muluispecific antibodies bave more than two
different antigen-binding specificitics or sites. Where an antibody has more than one
speeifieity, the recognized opitopes can be associated with a single antigen or with more
than one antigen.

Specificity of the FGFR-3 antibodies can be deternuined based on affinity andfor
avidity. Affinity, represented by the equilibrium constant for the dissociation of an
antigen with an antibody (K}, measures the binding strength between an antigenic
determinant and an antihody-binding site. Avidity is the measuwre of the strength of
bindmg between an antibody with i antigen.  Avidity 15 related to both the affinuty
between gt cpifope with its antigen binding site on the antibody, and the valence of the
antibody, which refers to the number of antigen binding sites of a particular epitope.
Antibodises typically bind with a dissociation constant (Kp) of about 1073 to about 10-1
modditers {e.g., Kp <100 M), Any Kp less than about 104 molfiter is generally
considered to indicate nonspecific binding—the lesser the value of the Kpy, the stronger

the binding strength between an antigenic determinant and the antibody binding site.
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in certain aspects, the antibody of the mvention binds to FGFR-3 witha Kp of
preferably about 1 x 108 M or less, more preferably about 1 x 10-7 M or less, more
preferably about 1 x 10710 M or tess, and most preferably about § x 10711 M or kess. See
Table 1 below.

Table 1: Binding affinities of Antibody 1 to human and murine FGFR-3 splice

variants,
Kp (M)
Human FGFR-3{11ib) 77 x 10-10
Hunan FOFR-3(1ic) t4x10-10
Murine FGFR-3(1Hh) NI
Muine FGFR-3(1He} 23 x 1010

In certain aspects, the antibody of the present tnvention preferably has a Kpy of
about 5.9 x 10710 M to about 1.5 x 10-11 M, about 1.0 x 10-10 M to about 1.0 x 10-11 M
orabout 1.3 x 10-1] M 0 about 7.8 x 10710 M,

As used herein, the torms "blocks binding” and "inhibits binding, * used
wterchangeably, sefer to blocking/inhibition of binding of a cytokine to is receptor,
resulting in complete or partial inhibition or reduction of a biological function of the
evtokinefreceptor signal pathway. Blocking/inhibition of binding of FGF to FGFR-3 i
assessad by mcasuring the complete or partial idubition or reduction of one or more in
vitro of In vive indicators of FGE activity such as, receptor binding, an mhibitory effect
on cell growth, chemotaxis, apoptosis, mtraceliular protein phosphorvlation, or signal
transduction. The ability to block the binding FGF to FOFR-3 may be measured by
ELISA as described herein., The antibody of the invention is an antagonsst that blocks the
FGER-3 receptor i higand-induced activation n live cells. Binding assays can be carried
oul using a variety of methods known i the art, nclading, but not limited o, ELISA. As
used herein, “competes for binding” refers to the situation m which an antibody reduces
binding or siznaling by at least about 20%, 30%, 50%, 70% or 90% as measwred by a
technique available in the wi, ¢.g., competition ELISA or Kp measurement with
BiAcore, but is not intended to completely chiminate binding.

The heavy chamn aminoe acid sequence is desenbed in SEQ HI NGO, 9. The light

chain amino acid seqaence is described in SEQ IR NO. 100 In another aspect, the

PCT/US2009/060840
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antihody of the mvention has ong, two, three, four, five, or all six complementarity-

deteroning rogions of any one of the CDRy of Antibody 1.

The anttbody of the present mvention also includes those for which binding
characteristics have been mmproved by direct nnutation, mocthods of affiuty maturation,
phage display, or chain shuffling. Affinity and specificity can be modified or improved
by mutating CDR andfor framework residues and screening for antigen binding sites
having the desired characteristios (see, ¢.g., Yang et al, J. Mol Biol, 254:392-403
{19931y One way is to randonuze mndividual residues or combinations of residucs so that
i a population of otherwise identical antigen binding sites, subsets from two to twenty
anuno acids are found at particular positions. Alternatively, mutations can be mduced
over a range of residucs by ervor using PCR methods {sec, e.g., Hawkins et al,, }. Mol
Biol, (1992) 226:889 96). In another example, phage display vectors containing heavy
and light chain variable region genes can be propagated in motator stratms of B cofi (see,
e.g., Laow et al, b Mol Biol, 230:359 65{19663).

An in vitro selection process may then be suitably used to screen these additional
variable region amino acid sequences for Fab fragments having the claimed cross
reactivity and in vitre. In this way forther Fab fragments are identified that are suitable
for preparing a humanized antibody m accordance with the present invention. Preforably
the anune ackd substitution within the frameworks s restricted to one, two or three
positions within one or cach of the framework sequences disclosed herein, Preforabdy
aming acid sebstitution within the CDRs 1s restricted to one to three positions within one
or each (DR, more preferably substitution at one or two ansne acid positions within one
or each CDR is performed. Further preferred, amino acid substitution is performed at one
or two armine acid positions in the CDRs of the heavy chain vaciable region. A suitable
methodology for combiming UDR and framework substitutions to prepare alternative
antibodies according to the present invention, using an antibody deseribed hereinas a
parent anttbody, 1s provided in Waetal, J. Mol Biol, 294151162,

The anttbody of the invention may be produced by methods known in the art,
These mwethods include mvnunclogical methods desceribed by Kobleor and Milstew in
Nature 256:495-407 (1975) and Campbell in "Monoclonal Antibody Technology, The
Production and Characterization of Rodent and Human Hybridomas” in Burdon et al,,

Eds., Laboratory Technigues i Biochomistry and Molecular Biology, Volume 13,

PCT/US2009/060840
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Elsevier Science Publishors, Amsterdam {1983); as well as by the recombinant DNA
mcthod described by Huse ot ol i Science 246:12735-1281 (1989},

Human antibodies can also be produced using vanious techaiques known i the
art, including phage display bibraries (Hoogenboom and Winter, 1. Mol Biol. 227381
{1991 Marks et ab., J. Mol Biol 222:581 (1991)). The techmiques of Cole et al. and
Boemer ot al. are also available for the prepavation of human monoclonal anttbodies {Cole
et al., Monoclonal Angibodies and Cancer Therapy, Alan R. Liss, p.77 (1983} and Boemer
of al, J. Immunod. 147(1):86-95 (1991)). The antibody of the inveaiton sgereted by
subclones mav be isolated or porified from culture medivm or ascites fluid by
conventional immanogtobulin panfication procedures such as, for example protem A-
Sepharose, hydrolyapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography.

The polymscleic acid that encodes for the antibody of the invention is obtained by
standard srolecular biology techiiqucs.

The mvention also includes host cells for transformation of vectors and expression
of antibodies. Preforved host colls inchude mammalian cells, such as NSO (non-seercting
{0)) mouse myeloma cells, 293 and CHO cells, and other cell Hines of fymphoid origin
such as lymphoma, myveloma, or hybridoma cells. Other cokarvotic hosts, such as yeast,
can be used.

Vectors for cxpressing profeins in bacteria, especially £, cofi, are known. Such
vectors inchede the PATH vectors described by Dieckmann and Teagoeloff in 1. Biol.
Chem. 26(:1513-1520 (1985). These vectors contain DNA sequences that encode
anthramlate synthetase (TrpE) followed by a polvhnker at the carboxy terminus. Other
expression vector svstems are based on beta-galactosidase (pEX): lambda PL; makose
binding protein {(pMALY and ghetathione S-transtorase (pGSTY. Sce Geng 67:31 {1988)
and Peptide Research 3:167 (1990).

Vectors useful 1n yeast are available. A suitable example 15 the lambda ZAP
plasmid. Swuitable vectors for expression m mammahan cells are also known. Such
vectors nchude well-known dortvatives of SV-40, adenovirus, retrovirus-derived DNA
sequences and shuttle vectors derved from combination of fimetional mammahian

vectors, sach as those deseribed above, and fonctional plasmids and phage DNA,
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The vectors useful in the present mvention contain at least one control clement
that is hinked to the DNA seguence or fragment to be expressed. The control element is
wserted m the vector m order to control and regelate the expression of the cloned DNA
SCOUEnEe,

Following expression iy a host cell mantained in a suttable medium, the
polypeptide to be expressed may be recovered from the medien and punified by methods
known  the art. 1 the polypeptide or peptide 18 not secreted nto the adture medium,
the host cells are lysed prior to isolation and purification.

This invention further provides 8 pharmaceutical composition comprising the
antibody, polymucleic acid, vector ov host celf of this invention together with a
pharmaceutically acceptable carrier, excipient or diluent. The pharmaceutical
composition may comprise an additional therapeutic agent. The additonal agent may be
a chentotherapeatic agent, for example, cisplaon.

Carrier as used herein mncludes pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal beng exposed thereto at the dosages
and concentrations employed. Often the physiologically acceptable carrier is an aqueous
pH buffored solution. In ancother aspect of the invention, anti-FGER-3 antibodies or
antibody fragments can be chemically or biosynthetically linked to anti-tamor agents or
detectable signal-producing agents, particularly when the antibody s internalized. An
antibody to FGFR-3 can inhibit activation of the receptor (phosphoryviated FGFR-3) as
well as activation of the down-stream signaling molecules, meluding phosphor-MAPK
and phosphor-AKT in several cancer cells, such as bladder cancer eells, which results in
whibition of ther profiferative ability.

The antibody of the present imvention can bind o natarally ocawring FGEFR-3 or
s splice forms or nustants thereof. "Splice forms” of FGFR-3 means the forms of the
cxons encoding the third lgG-like domain of FGFR-3 called FGFR-3(1Hb) and FGFR-
3{1He). Mutant FGFR-3 includes those forms of the receptor altered by DNA replication
or errors i transfation. The muetations can be gain-of-fanction metations that heighten
the activity of the nuifant receptors through mechamisms such as constitutive activation,
prolonged half-hife and ncreased ligand sensitivity.

The witibody of the present brvention can bind to wild-type FGFR-3 domain 2

(SEQ ID NO 12). An arginine residue at position 173 of the human and mouse FGFR-3
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sequences is not shared by the other family mombers, suggesting that this residue is likely
responsibie for the FGFR-3 specificity exiubited by Antibody 1.

The antibody of the preseat mvention mduces degradation of FGER-3. Degrade
means disimtegrate the receptor sa that it can no longer perform its signabing function,

The anttbody of the present nvention can neutralize activation of FGFR-3.
Newtralizing a receptor means inactivating the infrinsic Rinase activity of the receptor to
tansduce a signal. Newtrabization for example may ocowr by an antibody blocking access
of certain epitopes to a ligand, or by changing conformation of FGFR-3 in a certain
manner so that the ligand, particularly FOF, cannot activate the receptor even though it
can bind to the receptor. Down regulation may ocear when cells that express FGFR-3
decrease the number of FGFR-3 receptors on their surface, for example, by inducing
iternalization or degradation of the receptor, or inhibiting the expression of FGFR-3.
Hence, neptralizing bas various effects, including inhibiton, dinuinution, inactivation
arwdior disruption of growth {proliferation and differentiation), angiogenesis (Mlood vessel
recruttment, invasion, and mctastasis), and cell motility and metastasis (cell adbesion and
VASIVENeSs).

One measure of FGFR-3 neutralization is shibition of the tyrosine kinase activity
of the receptor. Tyrosiae kinase inhibition can be determuned asing well-known methods;
for example, by measuring the autophosphorviation level of recombinant kinase recepior,
andfor phosphorviation of natural or synthetic substrates. Thus, phosphorylation assays
are useful in detcrmining neutralizing antibodics in the context of the prosent invention.
Phosphorylation can be detected, for example, using an antibody specific for
phosphotyrosing in an ELISA assay or on a western blot. Some assays for tyrosine kinase
activity ave described m Panek et al., 1 Pharmacel. Exp. Ther. 283:1433-44 {1997} and
Batley etal., Life Sci. 62:143-830 {1998}

In addition, the antibody of the mvention can inhibit signaling by the tumor cels
themselves since many twmor cells have FGFR-3 on their cell surface. The antibody of
the nvention can be wsed fo freat a manunal in need thereof. "Treating” a disease includes
wubiting the discase, arresting or retarding its development; relieving the disease, or
causing regression of the symptoms of the discase.

The antibody and compositions of the invention can be used to treat cancer. The

cancer may be refractory or fust line, Cancers include, but are not limited to, brain, lung,
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squamous cell, bladder, gastric, pancreatic, breast, head, neck, ronal, kidney, ovarian,
prostate, colon, coloreotal, esophageal, gynecological {ovarian, endometnial), prostate,
stomach, or thyroid cancer, leukenna, and hvmphoma, Additionally, cancers that may be
treated by the antibody and conpositions of the vention include multiple myeloma,
cotorectal carcinoma, Ewing’s sarcoma, choriocarcinoma.

Adnunistration is achieved by any suitable route of adnunistration, inclading
wyection, infusion, orally, parenterally, subcutancously, mtramuscularly or itravenoasly.

The method of treatment deseribed hercin may be carvied out with the antibody
being administered with another treatment, such as anti-neoplastic agents. The anti-
neoplastic treatment may inclade small orgamic molecales. Examples of sach soalf
organic molecales include cytotoxic andfor chemotherapeutic agents such as taxol,
doxorubicin, actinomycin-D, cisplatin, methotrexate, iinotecan (CPT-11), gemcitabine,
oxyplatin, fluorouractl (5-FU), leucoarin (LU), aisplatin, pachitaxel, docetaxel,
virblasting, epothiione, cisplatin/carboplatin and Pegylated adriamyein. A preforred
treatment of the invention is administration of the antthody with cisplatin,

The anti-peoplastic agent can also be radiation, the source of the radiation can be
cither external (external beam radiation therapy — EBRT) or inteyrnal {brachvtherapy
BT} to the patient being treated. The dose of anti-neoplastic agent administered depends
on numerous factors, including, for example, the type of agent, the type and severity of
the temor being treated and the route of admimstration of the agent. The present
wvention is not limited to any particular dose.

The administration of the FOFR-3 antthodies with other antibodies andfor
treatments may occnr simulancousty, or separately, via the same or different rowte, at the
same or difforent times. Further, the antibody may be conjuagated with one or more of the
other agents for adminisiration,

The methods of treatment desoribed hergin can be used fo treat amwy suitable
mammal, including primates, such as monkeys and humans, horses, cows, cats, dogs,
rabbits, and rodents such as rats and mice. Preferably, the mavumal to be treated 18
human.

EXAMPLES
The following examples are offered for Hustrative purposes only, and are not

intended to hinut the scope of the present myvention in any way. The examples do not
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mchide detatled descriptions of conventional methods, such as those cploved & the
constructon of vectors and plasrds, the insertion of genes encoding polvpeptides mito
sach vectors and plasmids, or the mtroduction of plasmuds mto host cells. Such methods
arc well known to those of ordinary skill in the art and are descrtbed in numerous
poblications mclading Sambrook, 1., Frisch, E F. and Mamiaus, T, (1989) Molecular
Cloning: & Laboratory Manual, 2nd Edition, Cold Spring Harbor Labovatory Press.
Example 1

Generation of FGFR-3 specific antibody antagonist

Recombinant lnsman FGFR-Fe, recombinant human FGFs, custonr-synthesized
priners, restriction enzvmes and DNA polvmerases may be obtained from vendors or
prepared by known methods.

Pan a naive human Fab bacterjophage tibrary against the heman FGFR-3
extracellular domain with tubes coated with 18 pg FGFR-3(1He) extracellular domwain
{ECD)-Fe recombinant proteins according (o published panning protocols, Eluie the
retained phages from the panning process and miect bacterial host cells with the retained
phages. Collect phages produced by the host cells. Repeat the above procedures one
more time. Transfor single colonies of infected host cells into 96~well plates containing
T pirevelt of 20YTAG, and grow phage i presence of 10 ud MIIKO7T helper phage
(Sx10i0phml). Incubate plates at 37°C for 30 min without shaking followed by 30 min
with shaking (100 rpm). Prepare cell pellets by contrifugation at 2,500 ypr for 10min, re-
suspended in 200 ul of 2xY TAK, and incobate at 30°0 with shaking (100 rpoy) for
overnight. Centrifuge the plates at 2,500 rpm for 10 min. Transfer supernatants in fresh

plates and mix with 6x blocking buffer {18% milk/PBS) for | hw. Screen phage clones

that bind to FGFR-3{(HIb) or FGFR-3{I1c), then from this pool, sclect those that block the
receptors from binding to FGF-1 Heand. Determine DNA sequences of the clones that
both bind and block the receptor according to standard sequence techniques. Each unique
DNA sequence is kept and the corresponding phage clone is designated as a FGFR-3
blocker phage candidates. Prepare soluble Fabs from these phage candidates. Repeat
ELISA binding and blocking assays using purified Fabs to confirm blocking activity.
Engineer the confirmed Fab blockers o fall size antbodies by cloning the CDRs (SEQ

I NG, 1-6) mto a lawoan 1gGT framework according (o published techamitgues. Use
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ELISA binding assay to deternune the binding of Antibody 1 to FGFR-1 (1lih), FGFR-1
(tHe), FGER-2 {ilih), FGFR-2 (Itiey, and FGFR-4 exvracelhdar domain recombinant
soluble proteins. Select aatibodies that show high affinity binding to both b and ¢ sphice

forres of FOFR-3, but low affinity binding to other FGFR receptors.

Example 2
Antibody 1
Antibody | may be biosynthesized in a suitable mammalian expression system
using well-known methods and W can be purified by swell-knowy methods.

i0
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The amino aad sequences for Antibody | are given below.
Heavy Cham Licht Chain
CDRI OYMFTSYGIS GONNIGDKSVH
_ {(SEQ IDNO 1} {(SEQ 1D NO )
CDR? WVSTYNGDTNYAQKFQG LDTERPS
T {(SEQ I NO 2) {(SEQ ID NQO §)
CDRS VLGYYDSIDGYYYGMDV QVWDSGSDHVY
o {(SEQ ID NQO 3} {(SEQ ID NG 6)

10

15

20

EVOLVOSGAEVRRPGASVRVSC
KASGYMFTSYGISWVROAPGQG
LEWMGWVSTYNGDTNY AQKFQ
V | GRVTVTTDTSTSTAYMELRSLRS
EDTAVYYCARVLGYYDSIDGYY
YGMDVWGOGTTVTVSS

QSVLTQPPSLSVAPGKTATFTCG
ONNIGDKSVHWYRQKPGQAPVL
VMYLDTERPSGIPERMSGSNFGN
TATLTITRVEAGDEADYYCQVW
DSGNSDHVVEGGGTRKLTVLG (SEQ

{(SEQIDNOT) IDNO§)
Full chain SEQ ID NO: 9 ST N0

ASBAYS

ELISA binding assay

Coat recombinant FGFRs at a concentration of lug'od in PBS on 96-well plates af
room temperature for 2 hrs. Wash the plates 3 timses with £.2% Tween20/PRS, and block
with 3% milk/PBS for 2 hrs before use. Add phages, Fabs or antibodies to the plate and
serialty dilute m 0.2% Tween20/PBS. Incubate the plate at room temperature for 2 more
hrs. Detect the captured molecules using an appropriate commercial secondary antibody

and detect according o supphiers’ instructions.

ELISA blocking assay.

Coat recombinant FGFs on Immulon® 2B microtiter plates (Thermol.ab Systems,
Franklin, MA) at concentrations of .5-2 pg/mi for 2 hrs at room temperature. Wash the
plates with (1.2%0 Tween20/PBS, and block with 3%, milk/PBS for 2 hes hefore use
Sertally dilute phages, Fabs, or antibodies with 5§ pg/mi heparin, 5% milk, PBS. Add
FGER-3(1Hb} or (THe) ECD {extraccliular domamn) Fe tagged soluble recombinant
proteins to a final concentration of 1 yg/mi. Incubate the mixture at room temperature for
I hr before transterring o the FGE-1 coated plates, and incubate at room temperature for
an additional 2 brs. Wash plates 3 times with 0.2% Tween20/PBS. Detect the bound

receptors using an anti-luman Fe moenoclonal antibody coupled with horse radish
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peroxidase { HRP) solution prepared according to supplier’s instructions. Blocking

activities lead to decreased signals.

Binding affinity of Antibedy 1 to human and mounse FGFR-3(11Ib) and FGFR-
3{ic)

Determsine the binding kinetics of the antthody to FGFR-3(1Ib) and (1He} using a
BiaCoredt 3000 biesensor {BiaCore, Inc., Piscataway, NJ) at roont temperature following
the standard protocols suggested by the manufacturer, The sunimary of results set forth
i Table 1 indicates that the antibody binds to both b and c-splice forms of haman FGFR-
3 as well as cross-reacting folly with mouase FGFR-3(HIc) receptor with affinities less

than 1Y M.

Specificity of Antibody 1 to membrane bound FGFR-3

Clone cDNA of murine FGFR-3{11ic} nto a pBABE expression vector containing
the puromyein selection gene, Perform retroviral expressions of resulting plasouds 1 Lo
cells. Cells ave selected and cutred in DMEM mediem containing 109 FBS and 2
ug/ml puromycin. Suspend the FGFR-3 expressing L6 cells in 1% BSA/PBS,

Add Anttbody 1 to the final concentrations of 1-30 pg/mi. After a 1-hour ncubation on
ice, wash cells in 1% BSA/PBS and incubate with an appropriate secondary detecting
antibody or Fab fragments in the same buffer for | how on ee. Stain contvol samples
only with this sccondary anttbody. Analvze all samples using a FACSvantage SE flow
cvtometer (B Biosciences). Antibody 1 15 specific to FGFR-3 as shown by producing
positive staining signals only when FGFR-3-transfected cells (R3-1.6) are used, but not
when the FGFR-3 negative L6 parental cells arc used.

Human embryosic kidney (HEK) 293 cells, 293 fectin, FreeStyle 293 Modium and
OptiMEM Medium may be purchased from Invitrogen (Carlsbad, CA). Protein-A affinity
purification media may be purchased from GE Healtheare. Generate a DNA construct for
FGER(IHb)-Fe.

Prodhiction of FGER-3(Hb}-Fe, FGFR-3(HIN-Fe Ig domain truncates, and single
residue alanine muianis of FGFER-3(1Ib)-Fe.
FOFR-3(1Db domain boundarics may be defined based on the FGFR-3(1h) exwacellular

domain3D mode! as well as the crystal structures of the FGFRs, which are known. Five
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truneated FGFR-3(1b) ECD constructs are designed, ngmely D1 (23-148), B2 (149-
243), D3 (230-372), D1-2 (25-245) and D2-3 (149-372) along with wild-type FGFR-
3CHDY D1-3 (23-372). The constructs are subcloned mte a plGS vector with a Fo tag
engineered af the 37 end of the multiple cloning site and the sequences confinmed.
Twenty FOGFR-3(111b) restdues in proximity to the putative hgand binding region, as well
as those mnplicated in heparin binding and receptor-receptor dimerization are selected
based on the FOFR-3{IHby ECD model and the FGFR-3{(1He) structure as known, FGER-
My BECD single residue alanine mutants are generated via overlapping PCR using the
full length FGFR{1HD) ECD construct as the toraplate, and subsequently subcloned into
the pGS-Fe vector. The doman truncates and alamne nutants are expressed transiently in
293 cells following transfection using 293 fectin™ (Invitrogen). Cultwre supernatants are
harvested 6 days post-transfection and Fe containing the proteins are purified by passage
over a protein-A affinity cohomn, butfer exchanged into PBS, quantitated and evaluated

by SDS-PAGE analysis to confirm structural integrity.

FOGFR-3(HIb)-Fe Merareale binding assayy A purified solution of Antibody -1 is diloted
to a concentration of 2mg/mi in PBS. MSD Sulfo-TAG NHS-Ester {MesoScale
Discovery, #RUTAND), a ruthenium-tris-bipyridine N-hvdroxysaccininnde estey, is
reconstituted with cold distilled water 10 a concentration of 10nmoliul. & 12:1 molar ratio
of MS5D Sulfo-TAG NHS-Ester to Antibody | s used for the reaction. Incabations are
performed at room temperature, protected from Hght, for 2 hours. The uarcacted MSD
Sulfo-TAG NHS-Ester 1s removed from the conjugated Antibody | using a desalting
resin. Rutheninm conjugated Antibody 1 is stoved at -80°C. Concentration of the
conjugated Antibody 1 is deternined usmyg bovine serum atboamin for the standard carve.
Trancated, mutant or wild tvpe FGFR-3{11Ib)-Fe 1s difuted in phosphate buffered
saline PBS to Spgiml. Standard 96 well plates are coated with 23ng/well of receptor and
incubated for 1 hr at room temperature. To block now-specific binding in the wells, 150
ul. of 5% MSD Blocker A (MesoScale Discovery, #R93Ba-1) 1s added to each well. The
plates are incubated for | w at roont temperatwre. Blocking solution is removed and

plates are washed five times with 200 pl. of PBS, pH 7.4, 0.02% Tweeni¥-20. A three-

fold dilution series (230« 0.06071 nM) of the ratheniume-labeled Antibody 1 s added in a

volume of 25 ul. o triplicate for cach protein being tested. After a one hour incubation at
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roont enperatire with mild agitation and protected from Hght, free ruthemium-labeled

1P
-

antibody is removed by porforming another five washes with PBS, pH 7.4, 0.02% Tween-
24, 200 pl per well. After this wash, 150 gLl of 1X read ndfer {MesoScale Discovery,
#ROITC-2Y is added to cach well. Upon electrochomical stinwlation, ruthenivm label on
the bound antibody enutted luminescent Hght at 620 nm.  Electrochemiluminescence ECL
signals are detected by a charge-coupled device camera in a SECTOR Imager 2400 plate
reader (MesoScale Discovery, #1250} and expressed as ECLU, ECL signals are plotted
wt GraphPad Prism software version 3.0, KD values are caleulated by nonlinear
regression curve it analysis of the software’s One Site — Specific Binding function
Rinding of ruthentum-labeled Antgbody 1 to wild type FOFR-3(JIb)-Fe s used as a
standard for the refative binding affinity analysis of the truncated or mutant FGFRs,

plotted as a percentage of the wild type.

Mab B9 ELISA binding assay: The wells of 2 96 well ELISA microtiter plate are coated
overmght with 200n g of an anti~FGFR~3 monoclonal antibody, BY (Santa Cruz sc-
F3121), in 100 ul. of PBS, pH 7.2 with puld agitation at 4°C. After coating, the antibody
solution is decanted and the wells are Bocked with 18 pl. of phosphate buffer saline
with@h %6 Tween (PBST), 3% Bovine sceam atbumin {(BSA} for 2 howrs at room
temperature with mild agitation.  After hlocking, the wells are washed § times with 200
ul. PBST. A three-fold dihution series (100 - 0.006 M) of the mutant or wild type
FOER-3(Mb)-Fo is then added in 160 pl. of PBST, 1% BSA in wiplicate for cach protein
beiag tested and incubated with nuld agitation for | howr at room temperature. The wells
are washed again 5 times with 200 ul. PBST. A 13000 dilation of borse radish
peroxidase (HRP-conjupated anti-monse IgG in 100 pl of PBST, 5% BSA is incubated
i each well for 1 howr at room temperatare with nuld agitation. The wells are washed a
final 3 times with 200 ul. PBST then developed with 100 gl of 337, 5, &%
Tetramethytbenzidine peroxidase (TMB) chromogenic sabstrate for § minutes. The
reaction is stopped with 100 gL of IN HaS0, per well. Absorbance is measured
spectrophotometrically at 430 nm. Absorbance readings are plotted in GraphPad Prism®
software version 5.0, KD values are calculated by nonlinear regression curve fit analysis

of the software’s One Site - Specific Binding function. Bindimg of B9 to the wild type

PCT/US2009/060840
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FGFR-3{THb}-Fe is used as a standard for the relative binding atfimity analvsis of the

teancate o matamt FGFRs, plotied as a percentage of the wild tyvpe.

Molecular modeling of human FGFR-3¢1f5): To help guide the mutagenesis studies, a
three-dimensional modet of the domaing 2 and 3 of the FGFR-3(HIb) ECD 15 generated
gsing SWISS-MODEL®:. The seqaences of hanan FGFR-3(HIb), and huaman FGFR-
3{1e) are aligned using the CLUSTALW®R method, and the model is constructed asing
the X-ray orystal structure of FOGFR-3(llc} as the template (Protein Data Bank code
IRYT).

The epitope of Antibody 1 is contained within the second immunoglobulin-like tig}
domain of FGER-3: The hgand-binding sites of the FGFR receptor family are contained
within the three N-terminal Iy domains which define the extraceltular domain {Chellaiah,
et al., J. Biol, Chem. 1999 Dec. 3; 274(49%:34755-34794). To determing which of the
three Iy domains contains the epitope of Antibody 1, a panel of domain fruncates i3
enmploved. DNA sequences encoding the human I domains are truncated in various
forms and expressed as homodimerie fusion proteins with haman Fo tags. The encoded
proteins are purified from conditioned supomatant of transiently transfected cells and the
homodimeric structure of cach purified domain truncate 13 confirmed by SDS-PAGE.
The trancates are then tested for binding to Antibody 1 in a mesoscale binding assay
{Meso Seale Discovery, Gaithersburg, MD). While Antibody 1 showed no detectable
binding o tmcates D1 and D3, it showed sigaificant binding to truncates D1-2 and D2
as deternuned i a mesoscale binding assay (Meso Scale Discovery, Gaithershurg, MD)
and by BlAcore ™{Pharmacia, Piscataway, NI). BY recognizes a conformationally
sensitive epitope n domam 1 of the receptor thevefore those tneates containing domain
I would be expeeted to bind the antibody if the overall structure was not disturbed. The
D1 and D1-2 truncates showed significant binding to control Mab B9, confirming the
structural integrity of those two proteins as determined 1n a mesoscale binding assay

{Meso Scale Discovery, Gaithersburg, MD) and by BlAcore™ (Pharmacis, Piscataway,
NI The truncate binding data revealed that the second Iz domain of FOFR-3 15

sufficient for binding Antibody 1 and thos contams residaes oriticat fo the epitope.
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Identification of amino acids of FGEFR-3 within the epitope recognized by Antibodv 1) A
threo-dimensional model of the domains 2 and 3 of the FGFR-3(Ib} ECD was generated
based on the crystal stractare of FGFR-3(HIe). Twenty ammo acids (D160, K161,
Kia2 Liod L1164 Vie6, PI6T, P220, R223, D244 NITG, TI71, RIAR, RIT73, R175,
K203, R207, L246, £247, 5249) withiy the second domain of FGFR-3 that are in
proxamuty o or divectly inmvolved in figand binding, receptor dimerization or heparin
binding are identificd based on the molecidar model and single residue alanine mutations
are generated,

The wild-type sequence of FGFR-3 domain 2 is determined (SEQ ID NO 12)
Fach amino acid indicated 15 motated ndividually to alanine by site-directed mutagenesis
and expressed in the context of FGER(H1b)-Fe protein encoding the full ECD. The
encoded mutant proteins are panfied from conditioned supernatant of transiently
wransfected cells and the homodimeric stracture of each parified mutant 1s confirmed by
SDS-PAGE.

A residue 15 considered critical 1o the epitope if the alanine mutation deseribed
above leads 1o a significant loss of binding to Antibodyl. Al mutant protems that show
significant loss of binding are then tested for binding to Mab BY to check for gross
changes in overall protein stractare. OF the 20 positions examined, the substittion of
Alanine for Arginine at position 173 (R173A) leads to abmost complete loss of binding to
Antibody 1 (>90% decrease of binding compared to WT), whereas the other substitations
retained binding (<20% deercase of binding compared o WT). Subscgacent testing
showed that binding to Mab BY was not affected by the RI73A substitution, sugpesting
that position 173 constitutes a eritical residue for the specific recognition of the receptor
by Antibody 1. The affinity of Antibody 1 for the R173A mutant is determined by
BiAcore® analvsis. The binding of Antibody 1 o the RITIA mutant is 7-fold poorer than

Sequence comparison reveals that the Arginine residue at position 173 of the
homan and mouse FOFR-3 sequences s not shared by the other family members,
suggesting that this residue s likely responsible for the FGFR-3 specificity exiubited by

Antibody 1.
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FGFR-3 antibody antagonist blocks FGFR-3(H1b) and FGFR-3(Illc)-mediated FGF
binding and cell signaling

Results from the aforementioned ELISA blocking assay show that Antibody |
hlocks FGF-IFGER-3 binding with an 1030 within the range of 1-10 oM. Use FGFR-3
expressing L6 cells deseribed above to test the activities of this anubody on FGFR-3
signabing in five cells. Quicsce the FGFR-3 expressing L6 cells overmght 1o media with
very low concentration of serant (0.1%). The next day divide cells mto five samples of
equal size. Treat sample | and 2 for 1 h with an isotype-matched non-specific control
antibody {200 nM} and Antibody 1 {200 nM), respectively. Expose samples 3 for 13 min
with 0.6 nM of FGF-9. Treat samiples 4 and 5 first for | b with an isotype-matehed non-
speettic control antibody (200 aMj and Antibody 1 (200 nM}, respectively, then expose
for 15 pun with 0.6 nM of FGF9. After these treatments and exposures, hyse the cells
and sobject them o SDS-PAGE and western blot. Probe for the activation of FGFR-3
with an gofi-phospho-Tyrosine amtibody. Antthody 1 alone nesther inereased nor
decreased the signals of activated FGFR-3 and MAPK, and FGFY ligand exposure
ncreases the signals of activated FGFR-3 and MAPK to the same degree. These results
thas demonstrate that Antibody 1 is an antagomst that blocks the FGFR-3 receptor n
ligand-indaced activation in hive celis.

Cell surface FGFR-3 is internalized upon binding to Antibedy 1.

Antibody 1 triggers the internalization of FGER-3, constiuting a mechanism of
dowsn-modulating the receptor signaling. To test this, label the antibody with the
commercially available Alexa Flaor® dye (Invitrogen). in order to trace the location of
the Antihody 1/'FGFR-3 complex. Conjagate Antihody 1 and an 1sotype matched
nonspecific control antibady with the Hoorescent dve. Quicsce the FOGER-3 expressing
L6 cells overmight in media with very low concentration of serum {0.1%).

Divide the cells mto R samples of equal size and seed nto wells of a d~well tissue
culture plate. These samples are subjected to three distinet procedures: 1) Binding, in
which cells are incubated with 1 mb of 200 oM conjugated antibodies for that 4°C. The
temperature is prohibitory low for endocytosis but conducive to antibody-antigen
eraction; 2) Internalizing, m which cells are meubated with | mi. of 200 nM
comjugated antibodies for Th at 37°C. This temperature will allow endocytosis; 33

Stripping, in which cells are treated with 1 rall of 0.2 M glyeine-0. 13 M Na(l, pH3 for 30
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min af 4°C., in this condition, antibodies that are not internalized can no longer hind to
the surface receptor and are released into the media, The gight FGER-3 wansfected Lo
cell samples are treated according to the following deseription: Sample 1 is meobated
with the conjugated control antibody {200 oM, | mbL) for 1 b at 4°C; Sample 2 s
incubated with the conjugated control antibody (200 oM, 1 mbL) for 1 h at 47C, followed
by stripping: Sample 3 is treated with the conjugated control antibody (200 aM, 1 mb) for
Fh at 37°C; Sample 4 13 treated with the comjugated control antibody (200 aM, 1 mL) for
Fhoat 37°C followed by stripping; Sample 5 is treated with conjugated Antibody | {200
aM, L mbly for 1 h at 4°C. Sample 6 s treated with conjugated Antthody 1 (200 8M, 1
mb) for T b at 49C followed by stripping; Sample 7 is treated with conjugated Antibody 1
{200 0M, { mL) for 1 hat 37°C. Sample 8 is treated with conjugated Antibody | {200
aM, I mL for 1 b at 37°C followed by stripping. After these treatments, all cells are
washed three times with 1 mL of ice-cold PBS and subject to the Odvssey Infraved
Imaging systom for the detection of relative Ruorescont intensify. The readouts of sample
1-8 are as follows: 1.5, 8.6, 1.1, 1, 3.3, 1.5, 5, and 3.8, The conditions wider which
Samples 1 and 3 are treated allows antthody-celt surface binding bot not internalization.
The conditions under which Saaples 2 and 6 are treated allow neither cell-surface
binding sor wiormalization. The conditions under which Samples 3 and 7 are treated
atlow cell-surface binding and internalization. The conditions under which Samples 4
and & are treated allows internalization but not cell-surface binding. The signals
generated by Samples 1-4, as well as Sample 6 are considered background dae to non-
specificitics.

Perform an "acid wash” step on some samples following the incubation to strip off
sutface-bound antibodies without atfecting those that had been trafficked inside the cells,
This enahles the guantification of mtomalized antibodies. A similarly labeled control
antibody {(non-specific higG) is not retained regardless of incubation temperatwe or the
washing step. Although Antibody 1 18 retained at both temperatores before the wash,
ouly those incubated at 37°C remain afterward; demonstrating the internalization of the

antibody by the cells.

Antibody 1 induces FGFR-3 receptar degradation in cells,
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OPM-2 15 a cell line originally isolated from cancer colls of multiple myeloma.
OPM-2 cells are known o express FOFR-3 receptors harboning a gain-of~function Ka530E
point nutation. Quicsce the OPM-2 cells m low senum coltare media {0.1% FBS) for
overnight, The next day, divide these cells mto 3 groups. Group 1 15 fysed immediately,
and the lysate is kept at -20°C until the time of western blot analysis. This group 1s
therefore designated as Time £ hr sample. Group 2-5 cach has 3 samples of equal size,
amned as Sample A, B and € of Group 2, 3, 4, and 5. Samples A of Group 2-5 are not
subjected to any further treatment, but are incubated at 37°C. Samples B of Group 2-5
are treated with 30 ng/md FGF-1 at 37°C. Samples € of Group 2-5 are treated with 30
ue'nd Antihody 1 at 37°C. Al samples of Group 2 are tysed after T b of treatment, and
the lysates are kept at -20°C untii the time of western blot analysis. This group s
designated as the Time 1 hr samples. Al samples of Groap 3 are Tysed after 4 e of
weatment, and the lysates are kept at -20°C antil the time of western blot analysis. This
group s designated as the Time 4 hw samples, Al samples of Group 4 are lysed after R e
of treatment, and the ysates are kept at -20°C until the time of western hlot analvsis.

This group s designated as Time R hr samiples. All samples of Group S ave tysed after 24
hr of tremtment, and the {ysates are kept at -20°C antil the tme of western blot analysis.
This group is designated as Time 24 hr samples. When all lysates are ready, they are
suhjected 1o SDS-PAGE followed by Western Blot experiment. The FGFR-3 signals of
Groap 1 and all samples of Group 2 are sinilar. In Group 3, FGFR-3 signals of Samples
A and C are similar to that of Group!; vet signal of Sample B is significantly lower. In
CGroup 4, the FGFR-3 signal of Sample A s similar o that of Groupl; yet signals of
Samples B and C are significantly lower. In Group 5§, the FGFR-3 signal of Saniple A is
lower than that of groap 1; vet signals of Samples B and C are nearly absent. Therefore,
siiiar to FGF-1, which is known to induce FGER degradation, Antibody 1 is capable of
inducing FGFR-3 degradation in a ime~dependent pranner; a feature that we believe has

not been shown to date.

Antibody 1 induces depletion of mutant FGFR-3 receptor from cell surface

Most FGFR-3-activating putations identified in bladder cancer are located in the

extracellular domain of the receptor. These mugations (e.g RI48C or 5245C) give rise to

a now, unpaired cvsteine residue, leading to fovroation of disulfide-linked FOFR-3 dimers
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i a Hgand-independent manner. The most frequent mugations are S249C, Y375C and
R248C, whuch together accowt for ¥1% of all FGFR-3 mutations in bladder cancer. In
addition, $249C on FGFR-3(ic) also leads to constitutive activation of FGFR3(IHe).
Antibody 1 can mtemalize and deplete not only wild type (WT) FGFR-3, but also the

most prevalent tamor-assoctated FGFR-3 mutants.

To generate NIH-3T3 and Ba'F3 ccell lines stably exprossing each of the three niost
common FOFR 3 mutant variants and the WT FGFR-3, clone ¢DNA encoding full-length
aman FGER-3(THL) or (o) inte pMSCViure retraviral veetor (Clontech Laboratorics,
Mountain View, CA} to generate pMSCVpuro-FGFR-3(1Hb) or (1He). Specific
mntations, te., S249C, ¥Y375C and R248C, are introduced mto the cDNA via
QickChange (Stratagene, La Jolla, CA). To generate NIH3T3 and Ba‘F3 stable cells
expressing W or mutant FGFR-3, various pMSCVaneo constracts are transfected into
packaging cells Phoenix-Eco (ATCC, Manassas, VA) with Lipofectamine (Invitrogen).
The retroviras are collected and used 1o infect NIH-3T3 and BaF3 cells. After selection
with 2 wgful puronsyvein for two weeks, cell expressing WT or mutant FGFR-3 ave staned
with Alexa Fleor 488-conjugated anti-human FGFR-3 and analyzed ysing flurescence-

activated cell sorting (FACS).

For Antibody T-induced mtermahization/depletion of mutant and WT FGFR-3 from

cell surface, wells of 6~well tissue culture plates (Costar, #3598 are seeded with 1.5 x 16°

NIH-3T3-FGFR-3 mutant in 2 ml of culture medivm (DMEM {Invitrogen); 10% (viv)
FCS dIavitrogon); 2 mM L-glatamine (Invitrogen); 100 UA300mL pentaillin G, aad 100
i/ 500 mL streptomyein (Invitrogen)). The plates are incubated for 24 howrs at 37°C
ander 95% relative humidity and 3% (v/v) COL. Antibody 1 s then added to the wells at
a final concentration of Sug/ml.. After 2-hour freatment, the culture mediany is removed
from the wells and replaced with 1 ml of enzyme-free cell dissociation solution
{Chemicon, #3-014-B). The cells are collected mto centrifuge tubes after being incubated
for § min. at room temperature, and washed once i culture medium followed by one
more wash in binding buffor (DPBS with 1% (w/v) BSA and (.01% (wiv) sodiam azide).
Before staining cells, an FGFR-3 antibody that recognizes a ditforent epitope from
Antibody 1 15 labeled by using an Alexa Fluor 488 Monoclonal Antibody Labeling Kt

{Moleadar Probes, Eugene, OR) according to the supplier’s mstractions. {00 gl of
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binding buffer contatming 2 ug/ml of the Alexa Fluor 488-labeled antibody are added o
the cells, which are then ncubated for 60 min. on ice. The cells are then washed once

with binding buffer and resaspended m DPBY contaming 2 ug/mb propidium iodide {to
stain the dead cells). The amount of FGFR-3 molecules renwatung on the coll swrface is

analyzed by FACS analysis, and HLO00 events are acquived for cach sample.

The mean fluorescence intensity on the cell surface retlects the quantity of FGFR-
3 molecules that remaiy on the cell surface after treatmient with Antibody 1. The
percentage of depletion of FGER-3 on the cell swrface is caleulated by wsing the mean
fluorescence intensity of Anttbody 1 treated cells divided by the mean fluorescence
wfensity of human IgGl treated cells. Antibody 1 significantly reduced hoth WT and

mutant FGFR-3 from cell surfaces.

For the BaF3-FGERS cell proliferation assay, 83,0040 cellsiwell are seeded in

RPMI 1640 medium supplemented with 109 FBS. Anutbody 1 is added ata

Canada}. Aftor incubation for 72 hws, cells were pulsed with 20wl (2 wCiy200 ul of
methvi-3H thymidine for 6 houars at 37°C, 8% CO2Z. The cells were harvested and
counted for JH thymidine incorporation. Antibody 1 sigmificantly intubited BafF3-

FGOFR-3- R248C proliferation.

FGER-3 antibody antagenist inhibits FGF-signaling m FGFR-3 expressing tamor
cells in vitro.

Identify tamor cell lines that express wild type or mutant FGFR-3 (b andfor
e using flow eytometry iy which Antbody 1 is the primary antibody. Three bladder
fumor cell Bnes, RT112, RT4 and BETU903 show significant FGFR-3 exprossion. OPM-
2 cefls, known to express FGFR-3 recoptors harboring a gain-of-function K630E point
mutation, also display high level of expression in this study. Two additional cell lines,
GEO and FADU, we found to express moderate bot sull significant levels of the receptor.
The FGFR-3 signaling pathway 1 these tumor cells 15 characterized using westorn blot,

QPM-2 15 a cell line dertved from tnmman multiple myveloma tumors. Quiesce the
cells i low serum culture media (0.1% FBS) overnight. The next day, divide these cells

mto four samples of equal stze. Set aside and keep sample 1 at 37°C for 1 h as the control
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sample. Incubate sample 2 with 200 oM of Antibody | at 37°C for | h. Sct aside sample
3at 37°C for 1 b, then expose the sme sample with 6.2 M of FGF-Y hgand at 37°C fr
15 mm. Incubate sample 4 with 200 nM of Antibody 1 for at 37°C for 1 b, then expose
the same sample with 0.2 oM of FGF-9 at 37°C for 15 min. Next, lyse all four samples
and sobject them o SDS-PAGE followed by Western blotting. Probe the activation of
FOFR-3 with an anti-phospho-Tyrosine antibody. Probe the activation of down-stream
effector molecule MAPK with an anti-phospho-MAPK antibody. Probe the activation of
down-stream effector molecule Akt with an anti-phospho-Akt antibody. The signals of
phosphor-FGFR-3 from Swmples 2 and 4 are comparable to that from Sample 1, which
represents the w-stimelated state of the receptor. The signal of Sample 3 is more than
tripled that of Sample 1. It can be concluded that Antibody | antagonizes the effect of
FGF-Y on FGFR-3 activation. The signals of phosphor-MAPK from Samples 2 and 4 are
comparable to that from sample 1, which represented the w-stimulated state of the
receptor. The sigeal of Sample 3 1s more than doubled that of Sanwple 1. Ttcan be
concluded that Antibody | antagonizes the effect of FGF-9 on MAPK geuvation. GEO is
a cell line derived from human colorectal tumors. Quiesce the cells in low serum media
{0.1% FBS) overnight. The next day, divide these cells into six samples of equal stze.
Set aside and keep sample 1 at 37°C for 1 h as the control sample. Incubate sample 2
with 200 nM of 200 oM isotype-matched non-specific control antibody at 37°C for | b
Incubate sample 3 with 200 oM of Antibody 1 at 37°C for 1 h. Sct aside sample 4 at
37 for 1 h, then expose the same sample with 0.67 oM of FGF-1 Hgand at 37°C for 15
min. Incubate sample § with 200 nd control antibody for at 37°C for 1 b, than expose
the same sample with 0.67 oM FGF-1 at 37°C for 15 min. Incubate sample 6 with 200
aM Aatthody 1 for at 37°C for 1 b, than expose the same sanmple with 6.67 aM FGE-T of
37°C for 15 min. Lyse all six samples and subject then to SDS-PAGE followed by
Western blotting. Probe the activation of FGFR-3 with an anti-phospho-~Tyrosine
antibody. Samples 1, 2 and 4 bave similar low levels of phosphor-FGEFR-3, whereas
sample 3 alone has significantly higher signals corresponding to all three kinds of
molecules. Therefore, 1} FGF-9 exposure mereases phospborylation of FGFR-3; 2)
Antibody 1 antagonizes these inereases, and 3} Antibody 1 alone does not have any

AgONIst activity.
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RT-112 is a cell line derived from human bladder fumors, Quiesce the cells in
fow serum adture media (G170 FBS) for overmght. The next day, divide these cells nto
four samples of equal size. Setaside and keep sample | at 37°C for 1 § as the control
sarple. Incubate sample 2 with 200 oM of Antibody 1 at 37°C for T h. Set aside sample
3 at 379C for 1 b, then expose the same sample with 1.3 oM of FGF-1 ligand &t 37°C for
15 min. Incubate sample 4 with 200 oM of Antibody 1 for at 37°C for | h, then expose
the same sample with 0,13 oM of FGF-1 at 37°C for 15 min. Next, lyse all four sanples
and subject 10% of cach lysed sample to SDS-PAGE followed by Western blotting.
Probe the activation of down-stream effector molecule MAPK with an anti-phospho-
MAPK antibody. Probe the activation of downe-steeam effector molecole Akt with an
anti-phospho-Akt antibody. Subject the other 9% of each lysate o an
munoprecipitation experiment. Mix the sample with a commercial anti-FOFR-3
antibody at 4°C for 4-16 hrs to allow the anubody to collect the FGFR-3 receptors in the
tysaies, and then retrieve the anii-FGEFR-3 antibody~bound FGER-3 by mixing 20 ug of
protein A-protein G beads muxture (30:50, ViV to the samples at 40C for overnight,
Wash these beads 3 times with PBS, before subjecting them to SDS-PAGE and Western
blotting. Probe the activation of FGER-3 with an anti-phospho-Tyrosine antibody.
Samples 1, 2 and 4 have similar low levels of phosphor-FGER-3 and phosphoe-MAPK,
whereas sample 3 alone bas significantly bigher signals corresponding to all three kinds
of molecules. Therefore, 1) FGF-1 exposure mereases phosphorylation of FGFR-3, and
MAPK; 2) Antibody | antagonizes these increases, and 3) Antibody | alene does not
have any agonist activity. Sample 4 alone has lower phosphor-Akt signal than the rest,
wdicatmy that Antihody | may antagonize Akt stenaling as well,

Use GEO cells to prepare the six samples desenibed above, then fyse and sabject
them to SDS-PAGE followed by Westem blotting as above. However, probe the
activation of down-stream effector molecule MAPK with an anti-phospho-MAPK
antibody. Probe the activation of down-stream offector molecude Akt with an ann-
phospho-Akt antthody. Sammples 1, 2, 3 and 6 have similar low levels of phosphor-
MAPK, whercas Samples 4 and 5 have significantly higher signals corresponding to ali

three kinds of molecules. Therefore, 1) FGE-1 exposure increases phosphoryiation of
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MAPK: 2) Antibody { antagomzes this mereases, and 3) Antibody | alone does not have

any agomst activity,

Antibody 1 inhibits tumer cell growth and survival in vitro

A celf prohiferation assay is used to show the inhabitory effects of Antbody 1 on
the growth of twmor cells. Quicsce monolayer RTH 2 cells in low serum colture media
{0.1% fetal bovine serum, § pp/mL heparin) for 24-72 hrs. Divide cells into 4 samples.
Add FBS (Fetal Bovine Serum) to Sanwple | {o the final concentration of 10% {(V:V},
Leave Sanple 2 m the starving media. Add FGF-1 to Sample 3 to the final concentration
of 1 aM. Add Antibody 1 to Sample 4 to the final concentration of 200 aM, mcubate at
37 for 1 he. Next, add FGP-1 o the final concentration of 1 oM. After prepaning
Samples 1-4 as described above, mcubate the samples n a tissue culture incubator set at
37°C and with 5% COy (viv) for 48 hours. Detect cell growth using standard YH-
thymidine incorporation, assayvs. Tumor coll growth is doubled when RT1H2 cells in vive
are stimulated with 1 aM cxogenous FGF-1. The experbuent also shows that Antibody 1

effectively reduces this exogenously stimulated growth,

A soft agar assay, also known as colony formation assay or colonigenic assay, is
used to show the inhibitory effects of Antibody 1 on the survival of tumor cells. RT1H12
cells grown in soft-agar containing 200 oM Antibody 1 (in 10 % FBS cultare media}
form ~30 % fow colonies than those grown in soft-agar containing 10% FBS caltere
media alone, or containing 200 aM isotvpe~-matched nonspecific control antibody {in 10
%% FBS culture media). This shows the anti-survival effects of Antibody 1 on the tumar

ceils.

Antibody 1 shows anti-tumor effects on FGFR-3-bearing solid tumors,

Develop RT112 and GEO xenograft tomor models by rogtine methods i which 1-
280 miltion tumor cells mixed with 0-100% Matrigel are injected subcutancously to cach
female athymic nude mouse.  Start antibody treatment once the mean volume of the
subcatancous tumors is approximately 400 mm2. The two tumor cell Hnes RT112 and
GEC corresponding xenografl tumoss both are effectively inhibited by the three times

weekly 40 me'hg Anubody 1 1p. mjection treatment compared to the same type of tumors
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m the control cohotts, To demonstrate that these effects are emanated from the rendering
of the FGFR-3 signaling pathway, conduet an efficacy study using a Orthotopie PC-3
tumor moded v which the hanor cells are devord of FGFR-3 signaling as saggested by the
negative results from a Western Blot analysis of the FGFR-3 receptor phosphorylation.
Orthotopic PC-3 model was generated by injecting luciferase transfected PC-3 cells (PC-
SLP) directly into the dorsal fobe prostates of Nu'na mice (male, 7-8 weeks, 1 X 106
cells/mouse) through surgery. Two weeks after cell implantation, biolominescence
images of the animals are captured in the ventral position (animals laving on back) and
quantificd using the IVIS system according to mamdactarer’s instractions (Caliper Life
Sciences, Hopkinton, MA). Mice with successfid implants are randonsized nte groups to
receive variouns testing agents 1.p. on a predeterminied schedule. Signals captured by IVIS
are used as surrogates of twmor barden, and are recorded weekly. Statistical analyses ave
performed using repeated ANOVA. Antibody 1 shows no significant effect on the
growth of the PC-3 sonors, Therefore Antibody | inhibits the growth of those solid

tumars that possess functional FGFR-3 signaling pathways.

Antibody 1 shows anti-tumor effect on myeloid tumors with mutant FGFR-3
receptors

OPM-2 and KMS-11 are FOFR-3 expressing multiple myeloma cell ines. In
addition, receptors ia both cell lings are mutants harboning single point-mutations:
KO30E in OPM-2 and Y3730 in KMS-11. The two mutations are gain-of-function
muatations and heighten the activity of the mutant receptors through mechanisms such as
counstitutive activation, prolonged half-hife and incressed ligand sensitivity. Develop an
OPM-2 xenograft model by routine methods in wlich 1-20 miflions of tumor cells mixed
with 0-100%, Matrigel are injected subcutancously o cach fomale athyimic pude mouse,
Start injection treatment once the mean volume of the subcutaneous twumors is
approximately 400 mm®. Treat 3 times weekly. Measure tumor vohsmes 3 times weckly.
Make final measurcment after 4 weeks of treatment. Mean tumor size of the Antibody |
treated animals is 64% smaller than that of the control group. Perform Swudent -test. The
P valae is less than 0.0001. Therefore the finding 1s highly sigmficant. A KMS-11 bone
engraftment model is established acvording to X X | et al,, Clin Cancer Res. 2006 Aug

15;12(16):4008-15. Start anubody treatment | week after the tumor cell injections. Treat
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3 times weekly, Measure signals emitted by the tumor cells several times during the
study, Make final measweoment after 33 days after the first mjoction. Mean signal from
Antibody | treated animals 15 14 of that from the comtrol animals. Conduct Long-rank
{Manfel-Cox) Test. The P value is Q.0002, Therefore the findimg is highly significant. In
hoth models, three times weekly 460 mekg Antibody 1 Lp. injections treatment
sigmficantly inhibits tumor growth compared to the control cohorts. Antibody | appears
to be the Hrst to demonstrate i vive anti-twnor activity against tumeor cells that possess

K650E as well as those that possess Y3730 mutant forms of FGFR-3.

Antibody 1 enhances the therapeutic efficacy of cytotoxic agents,

Cisplatin is a widely used cytotoxic agent in cancer therapies. It causes DNA
cross-linking and induces cell apoptosis. The therapeutic benefit of combining cisplatin
with FGFR-3 antibody 1n three bladder xenograft models is explored. Bevelop RT112,
RT4 and BFTCY0S xenograft avor models by routine methods m which 1-20 million
tumor cells mixed with 3-100%% Matrigel are mjected subcutaneously to each female
athvnnic nude mouse. Start antibody treatment once the mean volume of the
subcutancous tumers is approximately 400 mm?. Use 40 me/kg three times weekly
wjections of Antibody | and the maxinal-tolerated-dose (MTD) of cisplatin. Measure
tanior volumes 3 fimwes weekly until the end of the studies. A summary of the data of

RT112 nomor model are recorded in the following table:

Table 3 Individual RT-112 Tumer Volumes (mu) - Cleplatin Treatment

Treatme | Da | Day | Day | Day | Day | Day | Day

nt vl |8 is 122 29 36 42

USp

Saline IS1 | 288 560 909.) 1346 | 1758 | 2211,

Average A N .6 9 A 6 3

FSEM. | 9.0 18} 33,0 795 133 | 177, 2247
3 3 5 4

Antibod

yi 180 | 260 | 398 | 655, 926.| 1217 1501,

Average b1 3 2 3 4 9 9

A8EM | 88 22,1 411 442 BLE | 124 1637
2 7 2

Cisplatin
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Average | 1751 245} 360 | 578, 739.} 881, 1115
7 1 8 8 4 & 9
B EM. | 911 1400 32,1 678 878 139, 2023
1 1 2
Antibod
yi+
Cisplatin | 188 | 236 | 327 488. S517.] 539, 5018
Average 2 A 6 3 i} 7
FS.EM. | 18, 17} 3L 379 819 B85 1036
i 0 3

Conduct RM ANOVO statistical test. Compare the efficacy of cisplatin treatment

vs. that of cisplatin-Antibody | combination. P value is G018, Therefore the effect of

Antibody 1 on the increased efficacy of cisplatin is highly significant.

5 A sumumary of the data of RT4 twrsor model are recorded in the following table:

Tahle 4: Individugl RT4 Tumor Volumes (mm” y—Cisplatin Treatment

Treatmy | Day | Day | Day | Day { Day | Day | Day
ent 1 8 15 22 19 36 42
Usp
Saline 1861 314 624.] B899 [ 1357 | 1813 2441,
Average Rl g 5 & 9 2 2
8. EM. | 90 26.] 439 38 164.| 194, 2700
IR S S N S Ti b1 3 N
Antibod
v1 209 289 68 0701 913, 1163 | 1496,
Average 1 Ry O 6 03 b g
FBEM, | 12,1 19.] 420 75 117, 136 1B6Y
2 8 9 4 9
Cisplati
n 1951 2531 374, ) 511§ 675, B4, 1024
Average 4 4 ] 9 8 5 )
S EM. | 95 16, 389 70.f 803 11911710
3 4 9
Antibod
yi+
Cisplati | 199 264 | 346, | 414 429} 481, 8276
n S 2 2 8 8 7
Average
+8.EM. | 94 20, 45,7 718 109 | 1454
21 430 5 2

0
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Conduct RM ANOVO statistical test. Compare the efficacy of cisplatin treatment
vs. that of cisplatin-Antbody 1 combination, P value 1 0.0162. Therefore the effect of
Antibodyl on the moreased officacy of cisplatin is highly significant.

A simmary of the data of BFTCR0S fimor model are recorded in the following

5 {able

Table 5- Individual BFTC-905 Tumor Volumes (mam’ J~ Cisplatin Treatment

Treatm | Day | Day | Day | Day | Day | Day | Day | Day
ent 0 3 7 14 21 28 A5 42
Usp
Saline 1891 239 28
Average A A4

4L L TR6 | 1227 | 1812 | 2649
9 3 8 S

e R
o

FREM. | 1L 17 280 878 T6.| 134, 225, 367.
3 : 9

1 0 N 7 3 5
Antibod
y1 191§ 220 2521 334, 327 727, 932, 1346
Average! 91 51 3 2 .2 7 5 8
8. EM, | 1L 18, 18, 278 52, 77.5| 104, 187
9 8 3 4 1 9
Cisplati
n 1927 231 2431 286,11 395 511} 615 829,

Average A 4 4 7 6 5 6

Rl
8 EM. | 14.] 15 18] 3381 Se.| SLI| M| 165
2 3 7 6 9 1
Antibed
vi+
Cisplati | 212 225 237 3750 280 311 311 33L
n d Y d 3 b 1] 4 4
Average
AREM. ] 12.] 6] 200 22311 820 812} 9LTL 13N
6 2 7 1 &
190 Conduct RM ANOVO statistical test. Compare the efficacy of cisplatin treatment

v, that of cisplatin-Antthody 1 comnhination. The P value 1s 0.0209, Therefore the effect
of Antibody 1 on the increased efficacy of cisplatin iy hughly signtficant.

None of the animals died of the treatments duning the entire courses of these
studies, suggesting that adding Antibody 1 to MTD of cisplatin enhances the efficacy of

15 the latter without significantly worsening the adverse effects of the two drugs.
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6.

WE CLAIM:

. An isolated antibody that specifically binds to haman FGFR-3(11Ib) and FGFR-

3¢ie).

The antibody of claim 1, which is a human antibody having a K1y of about 1 x 107 M

or less at room temperature {20-2300).

The antibody of either of claims 1-2 that specifically binds to lnonan FGFR-3 domain
T{SEQID NGO 12).

The antibody of any one of clamms 1-3 that specifically binds o human FGFR-3,
comprisiag a CDRRT having the sequence GYMFTSYGIS (SEQ IDNQ i), a
CDRH2 having the sequence WVSTYNGDTNYAQKFQG (SEQIDNO 2y, a
CDRH3 having the seguence VEGYYDSIDGYYYGMDV (SEQ IDNO 3}, a CDRLA
having the seqaence GGNNIGDESVH (SEQ ID NG 4y, a CORL2 having the
sequence LDTERPS (SEQ ID NO 5}, and a UDRL3 having the sequence
QVWDSGSDHVY (SEQ ID NO 6).

The antibody of any one of clamms [-4, wherein the antibody comprises a vanable
heavy amine actd sequenee:
EVOLVOQSGAEVEKPGASVEVSCKASGYMFTSYGISWVRQAPGOQGLEWMGW
VSTYNGDINYAQRFQGRVTVTTDTSTSTAYMELRSLRSEDTAVYYCARVLG
YYDSIDGYYYOMDVWGORGTTVTVSS (SEQ 1D NQ 7) and a variable hight ammo
acid sequence:

QSVLTOPPSLSVAPGK TATFTCGGRNIGDKSVHWYROQKPGOAPVLVMYLDT
ERPSGIPERMSGSNFGNTATLTITRVEAGDEADYYCOQVWDSGSDHVVFGGGT
KLTVLG {SEQIDNQ &)

An antthody as claimed in any preceding claim, comprising 8 heavy chain of SEQ ID
NO: 9 and a light chain of SEQ 1D NO: 10,

An antibody as clammed in any preceding claim, comprising two heavy chains of SEQ
1D NQ: 9 and two light chains of SEQ 1D NO: 10,

A neetralizing unan FGFR-3-binding fragment of the antibody of any of clums -7,
An isolated antibody or a fragment thercof, wherein sad antibody competes for
binding to the extracelhlar doman of FGFR-3 in a competition ELISA assay with a

competing antibady secording to any ove of claims 5 o 8, wherain said competing
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16.

18.
19,

antibody binds FGFR-3 with a Ky of about | x 10 M or less at room temperagure

{20-2300).

The antibody of claim 9 that spectfically binds to mutant FOFR-3

. A pharmaceutical composition comprising an antibody or fragment, as claimed in any

one of claims 1-9 and a pharmaceutically acceptable carrier, diluent or excipiont.

. A product containing an antibody or fragment, sccording to any one of Claims 1-9,

and an additional anti-cancer agent for treatment in combmation for simultancous,

separate or sequential ase in therapy.

. An antibody or fragment as claimed in any one of claims 1-9 for use as a medicament.

. An antibody or fragment as claimed in any one of claims 1-9, for use in the treatment

of cancer.

. An antibody or fragment as claimed 11 claim 13, wherein the cancer 1s bladder or

muktiple myveloms,

An antbody or fragment as claimed i claim 14 together with another agent.

. The antibody of claim 16 further comprising administering simulancousty,
Tt tibody of ¢l 16 furtd g ad toring f Iy,

separately, or sequentially an effective amount of asother agent to the patient.

The antibody of claim 17, wherein the agent is cisplatin,

A pharmaceutical composition comprising a compound according to any one of
clams 1-18 together with 3 pharmaceutically acceptable carrier and optionaily other

therapeutic ingredionts,

PCT/US2009/060840
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