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COMPOS;TIONS AND METHODS OF USE FOR ANTIBODIES OF
DICKKOPF-1 AND/OR -4

FIELD OF USE
The present inventioﬁ relates to coﬁipositidns and methods of use for antibodies of .
Dickkopf-1 (“DKK17), Dickkopfid (“DKK4™), or both, to treat DKK-related abnormalities of bone
density, metabolism, diabetes, cancers and the like,

BACKGROUND OF THE INVENTION

The Whnt signaling pathway are involved in the control of embryonic development and
neoplastic processes. Exiraceiinlar Wnt proteins are responsibie for the growth and differentiation of
many cell types, including in particular the growth, differentiation and regutation of osteoblasts,
osteoclasts and adipocytes.

Many cancers are associated with bone tissues and can result in osteoblastic lesions such as
those found in prostate cancer, or in osteolytic lesions such as those found in lung cancer, breast
cancer, and multiple myeloma (e.g., Tian et al., 2003 New England J. Med. 349:2483-2494).

Members of the Wt gene family encode secreted glycoproteins that are required for a
variety of developmental processes (Fedi et al., 1999 J. Bio. Chem. 274:19465-19472). A Wat
family member protein initiates a signaling pathway that is important for the growth and
differentiation of osteoblasts, which.cause bone deposition. In addition to bone formation, bone
resorption is an ongoing normal process coxiducted by cells known as osteoclasts. In -éontrast,
receptor activator of nuclear factor-kappa B ligand (RANKL) is the final mediator of osteoclastic
bone resorption, where it plays a major role in the pathogenesis of postmenopausal osteoporosis, as
well as in bone loss associated with rheumatoid arthritis, metastatic cancer, multiple myeloma,
aromatase inhibitor therapy and androgen deprivation therapy (see, e.g., Lewiecki (2006) Expert
Opin Biol Ther. 6: 1041-50). Osteoprotegrin (OPG), which is expressed by asteoblasts, inhibits
RANKI, thereby decreasing osteoclast activity and formation. The balance between anabolic bone
formation and anelytic bone resorption regulates normal bone density, while an increase in one or
the other leads to increased bone density or increased bone loss, respectively.

Wnt binds and acts through other cell surface proteins and Wnt signaling can contribute to
the neaplastic process. Furthermore, genetic alterations can affect a cellular protein complex known
as adenomatous polyposis coli involving a protein S-catenin, and thesc.complexes have been
observed in cells of patients with diseases such as human colon cancer, melanomas, and
hepatocellular carcinomas, indicating that aberrations of Wnt signaling pathways are relevant to the
development of these and possibly other human cancers (Fedi et al., 1999 J. Bio. Chem. 274:19465-
19472),

There are at least two families of proteins that inhibit Wnt signaling, namely the secreted
frizzled-related family and the Dickkopf (DKK) family. The DKK family currently contains four
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family members, namely DKKI (human DNA aceno. NM_012242; PRT accno. 094907), DKK2
(human accno. NM_014421; PRT aécno. NP_055236), DKK3 (human accho. NM_OI'SIiBI; PRT

Aacchnq. AAQ88744), and DKK4 (human accno. NM_014420; PRT accno. NP_055235). '

‘ Dickkopf-1 (DKK1) is a secreted inhibitor of the Wnt/f-catenin signaling pathway. See,
eg., US. patené application 2005-0079173 to Niehrs; U.S. patent application 2004-023451$ to
McCarthy: DKKI possesses the ability to inhibit Wnt-induced axis duplication, and genétic anaiysis
indicates that DKK1 acts upstream to inhibit Wnt signaling. DKKI is also important in skeletal
dcvclopment as demonstrated by effects on the loss of bone structures in chicken and mouse
embiryos after exposure to elevated Eevels of DKK1 (Tian et al.; 2003 New England J Med.
349:2483-2494). Elevated DKK1 serum Ievels has been assoc:ated with prostate cancer, and
elevated DKK1 and RANKL levels i in bone marrow plasma and peripheral blood in patients with
multiple myeloma are associated with the presence of focal bope lesions See, ¢.g., Tian 2003,
OMIM accno. 605189, .DKKI aISt; plays a role in adipogenesis, chondrogenesis, proliferation’ of the )
gastrointestinal epithelial proliferation, bone'loss associated with rheumatisms, and initiation of hair )
follicle placode formation. OMIM aceno. 605189.

D:ckkopf—4 (DKK&} is less well characterized but is {ikewise a secreted mhxbxtor of the Wnt
pathway. DKK4 has been shown to be deposited in plaques in pauents wzth Alzheimers dnsease and
is expmsseé in muscle. Wnt has no known ro}e in muscle development, the;efore it is postulated
herein that DKK4 has an inhibi(ory role on muscle development.

There is a need for compositions and methods to treat cancers and bone density
abnormalities, including such agents that interfere or :{e;itraiize DKi(l and/or bKKd mediated
antagonism of Wt signaling. '

SUMMARY OF THE INVENTION

An efrgbodiment of the invention herein provides an antibody or an antigen binding portion
thereof that selectively binds to and neutralizes a DKK.1 and/or a DKK4 polypeptide ar a fragment
thereof. Ina prefem.:d embodiment, the antibody is a DKK1/4 neutralizing antibod); In various
embod:mems the antigen-binding portion of the DKK 1/4 neutralizing antibody does not bmd a
DKK2ora DKKB.

In one embodiment the antibody or an antigen binding portion thereof is arranged w:thm an
immunoglobulin-like scaffold, such as a framework selected from, e.g., a human, humanized,
humaneered, shark or camelid scaffold, and/or may additionally be recombinant, chimeric, or CDR.
grafted antibodies. For instance, technology desigﬁed to minimize the Human Anti-murine

Antibody response (humaneering technology of Kalobios or humanization technology of PDL) are

_contemplated within the invention. Further, antigen binding portions specific to DKKI or DKX4

may also be within non-immunoglobulin-like scaffold, including, e.g., arrayed within an acinéctin,

fibrinogen, ankyrin-derived repeats, etc, type of framework.
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In a particular 'embodilment, the Dkk] antibody is characterized as having an antigen- .

binding region that is specifi¢ for target protein DK.Kf , and the antibody or functional fragment .

bindsto DKK1 or a fragment thereof. In a related embodiment, the DKK4 antibody ls characterized -

as having an antigen-binding region that is specific for taréet.prjotein IjKKA, and the antibody or
functional fragment binds to DKK4 or a fragment thereof In a related embodiment; the Dkk4

antibody is charactenzed as having an antigen-binding regaon that is specific for target protein

'DKX4, and the antlbody or functional fragment binds to DKK4 or a fragment thereof. In a preferred

embodlmen;, the antibody or antigen-binding portion thereof binds to a DKK1 and a DKK4

polypeptide, but not to a DKK2 or DKK3 polypeptide. ‘

In another embodiment the antlbody or an antlgen binding portion thereof is monoclonal. In

. another embodiment, the antsgen-bmdmg portion is polyclonai In various embodiments, the DKK 1

antibody or an antigen blndmg portion thereof binds a peptide consisting of 30 contiguous amino
acids of a DKK1 ora DKXK4 palypeptide. )

Ina re]ated embodiment, the bmdmg to DKK1 or DKK4 is determined at least by one of the
followmg assays: inhibition of DKK | or DKK4 antagonism of Wnt—s:gna%ed transcription; surface

' p]asmon resonance affinity determination, enzyme-linked immunosorbent assay binding;

electrochemiluminescence-based binding analysis; F MAT, SET, SPR, ALP, TopFlash, blood serum
concentration of biomarkers such as osteacalcin (OCN), pracollagen type 1 nitrogenous propeptide

(PINP) and osfeoprgtegi-ih (OPG}, and binding to cell surface receptor(s) such as Frizzled (Fz), LRP

(LRP5/6) or Kremen (Krm)." In certain eml_?'odiﬁqents, the Dkk1 antibody or antigen-binding portion

possesses at least one of the following properties: selectivity for DKKI that is at least 10°- fold, 10%
fold or 10°- fold greater than for human DKKz or DKX3; binds to DKK 1 or DKK4 with a K,.of «

" less than 100 nM, 50 nM, 10nM, 1.0 nM, 500 pM, 100 pM, 50 pM or 10 pM; and has an 6ﬂ"~ra'te for

DKK1 of less than 107 per sec, 107 per sec, IO per sec, or 10 per sec.

In a related embodiment, an antibody of the i invention competes with DKK1 and/or DKK4
for binding to LRP5/6. In a related embodiment, an antibody of the invention competes with DKK1
and/or DKK4 for binding to Krm. )

In sfill Qanothenj embodiment, the invention provides an isolated antigen-binding fcgion of
any of the above antibodies c;r functional fragiments of these antibodies, and amino acid sequences
of these. Thus in certain f:mbodime'nts3 the invention provides isolated amino acid sequences
selected from the group of SEQ ID NOs: 2-20 and SEQ ID NOs: 40-72 and conservative or

humaneered variants of these sequences.

Further, in certain additional embodiments, the invention provides amino acid sequen‘cesA
SEQ 1D NOs: 2-20, 65-72, and conservative or humaneered variants of th;asé sequences, which
provide isolated antigén-binding regions each of whfch is an H-CDR-3.

In a related embodiment, the isolated antigen-binding region is an H-CDR2 region having

an amino acid sequence, selected from SEQ 1D NOs: 2-20, 57-64, and conservative or humaneered
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vanants of these. In still another related embodsment, the isolated antlgen-bmdmg reglon isa

consensus H-CDR2 region depicted in sequence selected from the. group of SEQID. NO: 40 having

A amino acid sequence GISGSGSYTYYADSVKEF, SEQID NO: 41 having amino acid sequence

GISYYGGNTYYADSVKF, and SEQ ID NO: 42 having amine acid sequence.
GISYYGGSTY;YADSVKF, and conservative or humaneered variants of amino acid residues of
these sequences.

In certain embodiments, the novel sequence provided is SEQ D N(js: 2-5, 8-11, 20, 49-5(’1{
and conservative or humaneered variénfs of these, which provide an isolated an{igen-binding region
which is an H-CDRI region. '

In a related embodiment, the isolated antigen-binding rcglon is a consensus H-CDRI region
having an amino acid sequence (using the one letter amino acid code) selected from amino acid
sequences GFTFSSYGMT (SEQ ID NO: 43), GFT FNSYGMT (SEQ 1D NQ:44), GF‘{'FSNYGMT
(SEQ ID NO: 45), GFTFSSY WMT (SEQ ID NO: 46), GFTFSSYAMT (SEQ ID NO: 47),
GFTFSSYGMS (SEQ ID NO: 48) and conservative or humaneered variants of any of these
sequences. A .

In another embod:ment the invention provides amino acid sequences whlch are isolated
antigen-binding regions having an L-CDR3 region, such as amino acnd sequences selected from
SEQ ID NOs: 21-39, 89-96, and conservative or humaneered vanants of these sequences, In still
another related cmbodlment ‘the isolated antigen-binding region is an L-CDR1 region having an
amino acid sequence selected from SEQ ID NQOs: 21-39, 73-80, and conservative or humaneered
variants of these sequences. In yet another related embodzment 1he isolated anngcn-bmdmg region
is an L-CDR2 region having an amino acid sequence selected from SEQ ID NOS. 21-39, 81-88, and -
conservative or humancered variants of thcse sequences.

In certam embodlments, the zsolated antigen-binding regton is a variable light chain having
an amino acid sequence selected from’ SEQ ID NOs: 21-39, and conservative or humaneered
variants of these sequences.

In another embodiment, the invention provides a nucleotide sequence selected from the
group of SEQ 1D NOs: 97-103. In a related embodiment, each of thcse nucleotide sequences
encodes an amino acld sequernce and conservative or humaneered variants of these encoded amino
acid sequer;ccs are also within the scope of the invention hercin. In another related embodiment, the
nucleotide sequence of each of SEQ ID NOs: 97-100 encodes an antigen binding light chain. 'In a
further related embodiment, the nucleotide sequence of each of SEQ 1D NOs: 101-103 encodes an”
antigen binding heavy chain. In yet another related embodiment, each of these nucleotide sequences

is further optimized for expression in a cell. Preferred cells include, but are not limited to, e.g.,

Chinese hamster (e.g., CHO) cells, bacu[_c_wirus, yeast, bacteria, myecloma cells, and/or H, sapiens.

Preferably, sequences are optimized for expression and for production and clinical use.

Characteristics to be optimization for clinical use include but are not limited to, ..g., half-life,
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pharmacokirietics (PK), antigenicity, effector function, FcRn clearance, and patient response

including antibody dependent cell cytotoxicity (ADCC) or complement dependent cytotoxicity

{CDC) activities.

In a further embodiment, the invention provides an is'oiz}ted antigen-binding region having a
heavy chain encoded by a nucleotide sequence selected ﬁ'uﬁ_l the group of SEQ ID NOs: 101103,

Ina felated emibodiment, the invention provides an isolated antigen-binding region having a light

“chain encoded bgr a nucleotide sequence selected from the group of SEQ ID NOs: 97-100. In yet

another relatéd embodiment, the invention provides an isolated antigefx-binding region having a light
chain encoded by a nucleotide sequence selected from the group 6f SEQ ID NOs: 97-100, and a )

" heavy chain encoded by a nucleotide sequence selected from the group of SEQ ID NOs: 101-103.

In certain embodinients, theﬂinvention provides a nucleotide sequerice selected from the
group of SEQ 1D NOs: 104-110. In a related embodiment, each of these nucleotide sequences
encodes an amino, acid sequence and conservative or humaneered variants of these amino acid
sequences are also within the scope of the invention heréin. 'In another related embodiment, the

nucleotide sequence of each of SEQ ID NOs: 104-107 encodes an antigen binding light chain, Ina

- further related embodiment, the nucleotide sequence of each of SEQ ID NOs: 108-110 encodes an

antigen binding heavy chain. In yet another related embodiment; each of these nucleotide sequences
is optimized for expression and/or for clinical use.

. In a further embodlment, the invention provndes an isolated anngen-bmdmg region having a
heavy chain enceded by a nucleotide sequerice selected from the group of SEQ ID NOs: 108-110. .
In another reiated embodiment, the invention provides an isolated anttgen-bmdmg region having a
light chain encoded by a nucleotide sequence selected from the group of SEQ 1D NOs: 104-107. In ‘
yet zméthcr related embodiment, the invention provides an isolated antigen«ﬂinding region having a

light chain encoded by a nucleotide sequence selected from the group of SEQ ID NOs: 104-107, and

" a heavy chain encoded by a nucleotide sequenée selected from the group of SEQ ID NOs: 108-110.

In other embodiments, the invention provides an amino acid sequence selected from the
group of SEQ ID NOs: 111-117, and provides conservative variants of these sequences. In a related
embodiment, ei‘ich of SEQ ID NOs: 111-1 i4 depicts an antigen binding light chain. In another
embodiment, each of SEQ Ib NOs: 115-117 depicts an antigen binding heavy chain. In yet another
refated embodiment, the amino acid sequence is optimized for expression and/or for clinical use.

in a further embodiment, the invention prov:des an isolated antxgcmbmdmg -region having a

'heavy chain depicted in an amino acid sequence selected from the group of SEQ ID NOs: 115- 117

and provides conservative variants of these sequences. In a related embodtment the invention
provides an isolated antigen-binding region having a light chain depicted in an amino acid sequence
selected from the group of SEQ 1D NOs: 111-114, and provides conservative variants of these

sequences. In yet another related embodiment, the invention provides an isolated antigen-binding

region having a heavy chain depicted in an amino acid sequence selected from the group of SEQ ID
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NOs: 115-117, and provides conservative variants of these sequences, and a light chain depicted in

an ammo acid sequence selected from the group of SEQIDNOs: 111- 1 14, and provrdes .

eonsewatwe variants of these sequences.

In another embodiment, the invention provides a nucleotide sequence selected from the
group of SEQ ID NOs: 120-121, and/or the an isolated antigen-binding region having a varzabie
region of ¢ a light ¢ chain or a heavy chain encoded by the respective nucleotide sequences. Ina related
embodlmcnt each of these nucleotnde sequences encodes an amino acid sequence, and conservanve
or humaneered variants of these amino acid sequences are also within the scope'of thc invention. In
another related embodiment, the nucleotide sequence of SEQ 1D NO: 120.encodes an antigen
binding light chain. In a further related embodlmcnt, the nucleottde sequence of SEQ ID NOs 121
encodes an antigen binding heavy chain. In yet another related embodament, each of these
nucieotide sequences 1s further opt)mlzed for expression and/or for clinical use.

In certain embod;mcnts the invention provides an amino acid sequence selected from'the
group of 118-119 and conservative or humaneeged variants.of these sequences. In a related
embodiment, SEQ ID NO: 1 18 depicts an antigen binding variable region of a tight chain. In
anothier related embodiment, SEQ ID NO: 1 Ié.depicts an antigen binding variable region of 2 heavy
chain. In still another related embodiment, the amino acid sequence is optimized for expression
and/or for clinical use. . ‘ _ .

In other emhodimenfs, the invention provides an amino acid sequence having at least 60, 70,
80, 90, 93, 96, 97, 98 or 99 % identity with the CDR regzons deplcted in SEQID NOs: 2-39." In a:
related embodiment; the invention prov:des, an amino ‘acid sequence having at least 60, 70, 80, 90
95, 96, 97, 98 or 99 % identity with a sequence depicted in SEQ 1D NOs: 111-120. In yet another
related émbodiment, the invention provides, a nucleotide scqueﬁoe having a.t least 60, 70, 80, 90, 95,
96, 97, 98 or 9§ % identity with a sequence depicied in SEQ 1D NOs: 97-110 and-120-121,

In a certain embodiment, any of the above isolated antibodies is an 1gG. In a related
embodiment, émy of the above isolated antibodies is an [gG1, an 1gG2, an IgC3 oran IgG4. In
another embodiment, the antibody is an IgE, an IgM, an IgD or an IgA In a related embodiment,
the invention is selected from a monaclonal or a polyclonal annbody composition. In further
embodiments, the antlbody is chimeric, humanized, humaneered, recombinant, etc.In yet another
embodimeﬁt,.the invention provides an isolated human or humanized antibody or functional -
fragment of it, having an antigen-binding region that is specific for an epitope of DKK1, and the -
antibody or functional fragment binds to DKK1 or DKKA4, or otherwise blocks binding of DKK1 or
DKXA4 to a cell surface receptor (e.g., receptors such as LRPS5/6, Kremen, Frizzled). In certain
embodiments the antibody or fragment o_f it prevents, treats, or ameliorates development of

osteolytic lesions. In other embodiments, the anti-DKK composition of the invention prevents,

treats, or ameliorates a DKK - or DKK4-associated cancer or disease.
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In a related embodiment, the invention provides an isolated human or humanized antibody

or functional fragment of it, having an antigen-binding region that is specific for an epatope of target

‘DKKI or DKK4, and the epitope contams six-or more amino acid residues from a polypeptlde

fragmcnt comprising the CYSl»lmker—CYsz domains of DKKI and/or DKK4. inarelated
embodxment, the epitope is a conformational epitope. Ina preferred embo&;ment the epitope

resides within’ the: CYS2 domain. Ina particular cmbod!ment the epitope comprises a modified

’ ammo acxd rcs:due In a related émbodiment, the epltope contains at ieast one glycosylated amino

aczd résidue.”

Functional fragments include Fv and Fab ﬁagr'nents (inclading single chain versions such as’

" scFv), as well other antlgen-bmdmg regions of an antxbody, including those that are {inked to a non--

immunoglobulin scaffold and heavy chain antibodies such as camelid and shark antibodies and
nanobodjes. Ina related embodiment, the isolated antibody as described above is an IgG. Inanother -
related embodiment, the isolated antibody as described above is an IgG1, an IgG2, 1gG3 or an 1gG4.
In another emb'odi.ment, the antibody is an 1gE, an IgM or an IgA. In arelated embodiment, the
invention is a polyclone;l antibody composition.

" Inanother embodim'ent,. the invention provides a pharmaceutical composition having at least
one of any of the above antibodies or functional fragments or conservative variants, and a
pharmaceutically acceptable camrier or excipient of it.

In still 'anot.her émbodiment, the invention provides for a transgenic animal carrying a gene

encoding any ‘of the above antibodies or funictional fragments of them.

In certain embodiments, the inyention provides a method for treating a disorder or cond ition
associated with DKK 1 or DKK4 expression. As used herein, “DKK1-associated diseases™ or . '
“DKK4-associated diseases’ include, but are not limited to, osteolytic lesions - espeoiallj oste-oiytic
lesions associated with'a myeloma, espetially a m'uitipie myeloma, or with cancers of the bone;
breast, colon, melanocytes, hepatocytes, epithe;iium, esophagus, brain, lung, prostate.’é:r pancreas or
metastasis thereof; bone loss associated with transplantation. Further diseases or disorders include
but are not limited to, e.g., osteosarcoma, prostate cancer, hepatocellular carcinoma (HCC),
myeloma inélu;ﬁng multiple myeloma, diaﬁetes,‘obesity, muscle wasting, Alzheimers disease,
osteoporosis, osteopenia, rheﬁmatism, colitis and/or unwanted hair loss. The method involves

administering to a subject in need thereof an effective amount of any of the above pharmaceutical

compositions.

In a related embodiment, the disorder or condition to be treated is a bone density
abnormality. In another related embodiment, the bone densﬁy abnormahty to be treated is the
presence-of an osteolytic lesion in the subject.

In another embodiment, the disorder or condition to be treated is an osteoporotic condition,

such as an osteolytic lesion associated with a cancer. 1n a related embodiment, the cancer to be

treated is a myeloma, such as multiple myeloma, or a cancer of the bone, breast, colon, melanocytes,
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hephtocytes, epithelium, esophagus, brain, lung, prc;state or pancreas or metastasis thereof. In other

embocilmenrs, the osteoporotic condition is osteoporosis or osteopenia or Gsteosarcoma. -

In certain embodiments, any of the above methods further involve admzmstenng a
chemotherapeuno agent. Inarelated embodiment, the chemotherapeutic agent is an anti-
cancer agent. In another related embodlment, the chcmotherapeutlc agent is an anti-
osteoporottc agent

In still another embodiment, the invention provides a method for treating a target cell, the

“method involving blocking DKK1 or DKK4 interaction with the cell with any of the above

antibodies or functional fragments of them._In general, the target cell bears a receptor that binds
DKKI] or DKK4. In one embodiment, the‘térget cell is an osteoblast, wherein treatment with the
.neutralizing anti-DKK1/4 compositjon of the invention will enhance proliferation and stimulate
bone formation Inone cmbodirﬁent, the target cell is a muscle cell, wherein treatment will
counteract muscle wastmg .

~ In arelated embodiment, the method further mvoives treating a patient with the target cell
with a chemotherapeutic agent or radiation. Ina related embodiment, following admmtstermg or
contacting, any of the methods above further involves observing amelioration or retardation of
devclopmeni of an osteolytic lesion..

In yet another embodiment, the invention provides a methéc'!'fo,r-identiﬁring DKK1 t')l'
DKK4 in serum. This method involves detecting DKK1 or DKK4 with any of the above antibodies
or antibody fragments further having a detectable Eabel . The label is radxoactwe fluorescent; - .
magnetic, paramagnetic, or chemliummescent . ’

In another embodiment, any of the above human or humanized antibodies or antibody
fragments are synthetxc ' ‘ ‘

In another embodiment, the invention provzdes a pharmaceutncal composmon of any of the
above antibodies or functional fragments of these antibodies and an addxtlpna! therapeutic agent.
The additional therapeutic agent can be selected from the group consisting of an anti-cancer agent;
an anti-osteoporotic agent; an antibiotic; an antimetabolic agent; an antidiabetic agerk; an anti-
inflammatory agent, an antl-angxogemc agent; a growth factor; and a cytokine. '

The invention further relates to a method of preventing or treating proliferative diseases or
diseases, such as a cancer, in 2 mammal, particularly a human, with a combination of
pharmaceutical agents which comprises: - .

(a) a DKKI1/4 neutralizing agent of the invention; and

(b) one or more pharmaceutically active agents;
wherein at least oné pharmaceutically active agent is an anti-cancer therapeutic.

The invention further relates to éharmaceutical compositions comprising:

(2) a DKK1/4 neutralizing antibr;dy; '

(b) a pharmaceutically active agent; and
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(c) a pharmaceutically acceptable carrier; )
wherein at least one pharmaceutically active agent is dn anti-cancer thérapeutic.
The present invention further reiates to a commercial package or product compnsmg
(a) a pharmaceutical formulatlon of a DKK.1/4' neutfal:zmg anttbody, and
*(b) a pharmaceutical formulation of a phannaceutmally active agent for s;multaneous,

concurrent, separate or sequential use;

“wherein at least one pharmacentxcally active agent is an antt-cancer therapeuttc

In a certain embod:ment, the invention provndes an antibody havmg a f' rst amino acid

sequence which is a heavy chain selected from SEQ ID NOs; 2-20,and a sequence havmg at least’

" 60, 70, 80, 90, 95,96, 97 98 or 99 percent sequence rdentaty in the CDR regtons with the CDR
. regions having SEQ ID NOs 2-20; and a second amino acid sequence which is a light chain selected

from SEQ ID NOs: 21-39,and a sequence having at least 60, 70, 80, 90, 95, 96, 97, 98 or 99 percent
sequence identity’ in the CDR: regions with the CDR regions shown in SEQ ID NOs: 21-39.
In still another embodiment, the i mvent:on provides an immunoconjugate made out of a first

component which is an ant:boéy or fragment as described above and a second component having a

© second amino acid sequence. For example, the immunoconjugate is a cytotoxin, or the

immunoconjugate is a binding protein or antibody having a binding specificity for a target that is
different from DKK 1. or DKK4. Far example, the target of the binding specificity different from
DKK1 or DKKA4 is a turhor antigen or tumor-associated protein on a surface of a cancer cell.

In certain embodiments, the invention provides for any of the above antibodies-to be a

‘blspecrf' ic antlbody

1n another embodiment, the invention provxdes a kit having any of the above antibodies or -

" antibody fragments. In some embodiments, the kit further contains a pharmaceutlcaliy acceptable

carrier or excipient of it. In other related embodxments any of the above antibodies i in the kit is

" present in a unit dose. In yet another embodlment, the kit is an ELISA diagnostic klt In a related

embodiment, the kit includes instructions for use jn administering any of the above antibodies to a

subject. .
BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 is-a graph illustrating no signif":cant loss of His-Strep-tagged DKK] from the Strep-

Tactin-coated beads when the non-washed beads are compared with those beads washed with

_different HuCAL® stringencies.

FIG. 2 is a bar graph illustrating the results of a Wnt activity Assay with 100 ul Bright-Gilo -
luclferase reagent, as provided in Example 3.

FIG.3isa graph of an Enzyme Linked Immuno Sorbent Assay (ELISA) The ﬂuorescence
is measured in a TECAN Spectrafluor plate readgr and the binding curves are shown. .

FIG. 4 is a graph illustrating the standard ‘Wnt3a-dependent TCF/LEF luc reporter assay, as

provided in Example 6.
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FIG. 5 is a graph illustrating an xmproved vérsion of the TCF/LEF luc reporter assay

showmg hlghly improved sensitivity to DKK1 mediated by the co-expressmn of the Kremen co-

receptor protein.

FIG. GA is a graphic illustration of the surface plasmm resonance measurement of an anti-
DkKl /4 antibody bmdmg to DKKI FIG. 6B is a tabulation of calculated binding affi mty and
kinetic values :

FIG 7A is a schematic representatron of full-length and truncated DKX1 for use in epitope

'mappm 8- F1G. 7B depicts bmdmg of an antibody of the mventlon to the DKKT protems and

fragments of FIG. 7A.

FIG.8isa graphic illustration of DKKIM antibody bmdmg in a competition ELISA assay.

FIG. 9 is a graphic illustration of DKK1/4 antlbody-asmcaated reactivation of Wnt-
reguiated gene transcription downstream

FIG.10isa graplnc !Elustmt:on of DKK1/4 antlbody reversal DKK1 inhibited of ALP
secretion. - .
FIG. 11 isa gréphic illustration of DKK 1/4 antibody effects on in vivo xenografis.

FIG. 12 is a graphic illustration of DKK 1/4 éx\tibody—asscciated elevation of bone density in
vivo. ' ' ‘
FIG. 13 isa gi‘aphic illustration comparing anti-osteolytic éﬁ‘icaéy of Zometa with a'

DKK1/4 antibody. ' : '
FIG. 14 isa gl‘aphlc llEustratlon of the dose: dependent efficacy of a DK,KlM anhbody on :

anabohc bone.

DETAILED DESCRIPTION OF THE IN’VENTION

The present invention relates to isolated DKK.1/4 antibodies, particularly hurhan antibodies,
that bind spec:f' cally to DKK1 or DKK4 and that inhibit functional propertiés of DKK1 or DKK4,
Ina preferred embodiment, the DKK1/4.antibody does not specifically bind to DKKIZ or DKX3. In
certain cmbodlments, the antibodies of the invention are derived from particular heavy and light
chain sequences and/or comprise particular structurai features such as CDR regions comprising
particular amino acid sequences. The mvenhon provides isolated antibodies, methods of making
such antibodies, immunoconjugates and bispecific molecules comprising such antibodies and °
pharmaceutical compositions containing thé ;zntibodies, immunoconjugates or bispecific molecules
of the invention. The invention alsc relates to methods of using the antibodies to inhibit a disorder or
condition associated DKKI1 or DKK4. Contemplat-ed diseases and disorders include, but are not

limited to, osteolytic lesions - especially osteolytic lesions associated with a myeloma, especially a

~multiple myeloma, or with cancers of the bone, breast, colon, melanocytes, hepatocytes, eplthellum,

esophagus, brain, lung, prostate or pancreas or metastasis thereof; bone loss associated wnth

transplantation. Further discases or disorders iriclude but are not limited to, e. 2.5 osteosarcoma_,
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prostate cancer, hepatdcellular; carcinoma (HCC), myeloma including multiple myeloma, diabet;:s',
obesity, muscle wasting, Alzheimers disease, osteogof*osis,'osteopenia,' rheurnatism, colitis and/or
unwanted hairloss. l

In order that the present invention may be more readfiy :understood, certain terms are first
defined: Additional definitions are set forth throughout the detailed description.

The téhn "immune response" refers to the action of, for example, lymphoeytes, antigen

'presentmg cells, phagocytlc cells, granulocytes, and soluble, macromolecules produced by the above

cells or the liver (including antibodies, cytokines, and complement) that results in selective damage
to, destruction of, or elimination from the human body of invading pathogens, cells or tissues '
infected with pathogens, cancerous cells, or, in cases of autoimmunity or pathological inflammation,
normal hurnan cells or tissues. .

© A "signal transduction pathway" refers to the biochemical relanonship between a variety of
signal transductlon molecules that play a role in the transmnsszon of a signal from one portion of a
cell to another portion of a cell. As used herem, the phrase "ce]l surface receptor” includes, for

example, molecules and complexes of molecules capable of receiving a signal and capable of the

* transmission of such a signal across the-plasma ' membrane of a cell. An example of a "cell surface

receptor” of the present invention is a receptor to which the DKK1 or the DKK4 protein molecule
binds. Such cell surface receptors include, but are not limited to, Frizzled (Fz), LRP (LRP5 and
LRP6), and Kremen (Krim).

As used herein, the term “antibody” refers to polyclonal antibodies, monoclonal antibodies,

humanized antibodies, single-chain antibodies, and fragments thereof such as Fay, Fapya, Fus and

other fraémen‘ts that retain the antigen binding function of the-parent antibody. As such, an
antibody may refer to an immunoglobulin or glycoprotein, or fragment or portion thereof, or to a

construct comprising an antigen-binding ‘portion corn'px"ised within a modified immunoglobulin:like -

" framework, or to an antigen-binding portion comprised within a construct comprising a non-

immunoglobulin-like framework or scaffold. .

As used heréin, the term "monoclonal antibody” refers to an antibody composition having a
homogeneous e;ntibody population. The tefm is not limited regarding the species or source of the
antibody, nor is it intended to be limited by the manner in which it is made. The term encompasses
whole immunoglobulins as well as 'ﬁ-agments such as Fp, Fravy, F.,, and others that retain the antigen

bmdmg function of the antibody. Monoclonal antibodies of any mammalian species can be used in

this invention. In practice, however, the ant:bod:es will typically be of rat or murine origin because

of the availability of rat or murine cell lines for use in making the required hybrid cell lines or
hybridomas to produce monoclonal antibodies. '

As used herein, the term "polyclonal antibody" refers to an antibody composition having a

_heterogeneous antibody population. Polyclonal antibodies are often derived from the pooled serum

from immunized animals or from selected humans.
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As used herein, the phrase "smgle chain antibodies” refer to antibodies prepared by

determmmg the binding domains (both heavy and light chains) of a bmdmg antibody, and supplying

a imhmg moiety. which permits preservation of the binding function. This forms, in essencc, a

radically abbrev;ated antibody, having only that part of the variable domain necessary for bmdmg to
the antigen. Determmatton and construction of single chain antibodies are described in U.S.lPat. No.
4,946,778 to Ladner étal. ' ' '

A “natural!y occuiTing antxi)ody" 1s a glycoprotein comprtsmg at least two heavy (H) chams
and two light (L) chains mter»connected by disulfide bonds Each heavy chain is compnsed ofa
heavy chain variable region (abbrcvlated herem as Vy) and a heavy chain constant region. The
heavy chain constant region is compnsed of three domains, CH! CH2 and CH3. Each light cham is
compnsed of a light chain variable region (abbreviated herein as V) and a light chain constant
region. The light chain constant region is comprised of one domain, C.. The Vy and Vy regions can
be furth;zr subdivided.ir;to regions 61" hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more gonserved, termed framework regions (FR). Each Vu
and V| is composed of three CDRs and four FRs arran‘ged from amino-ferminus to carboxy-terminus’
in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the
heavy and tight chains contzin a binding domain that interacts with an antl gen. The constant reglons
of the antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
including various cells of the immune system (e.g., effector. cells) and the first component {Clg) « of
the classical complement system. )

The term’ "antxgen»bmdmg portion" of an annbody (or sumpiy “anngen pomon"), as useci
herein, refers to the protein sequence that binds the target, e.g., one or more CDRs It includes, e.g., -
full length antibodses, one or more fragments of an antibody, and!or CDRs on a non-
immunoglobulin-related scaffold that retain the ablhty to specifically bind to an antigen (e.g., )
DKK1). The antigen-binding functiony of an antibody can be performed by fragments of a full-length
antibody. Bxaﬁlples of binding fragments encompassed within the term "antigen—binding portion" of
an antibody inciude a Fab fragment, a monovalent fragment consnstmg of the V, VH, Cp and CH1
domains; a F{ab), ﬁ'agment, a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the hmge region; a Fd fragment consisting of the V; and CH1 domains; a Fv fragment
consisting (.)f the Vy and Vy domains of a single arm of an antibody; a dAb fragment (Ward et-al.,
1989 Nature 341:544-546), which consists of a V; domain; and an isolated complementsnty
determining region (CDR).

As used herein, an “antigen” or an “epitope™ interchangeably refer to a polyp‘cpﬁde
sequence on a target protein specifically recognized by an antigen-binding portion of an antibr;dy,

antibody fragment, or their equivalents. An antigen or epitope comprises at least 6 amino acids,

which may be contiguous within a target sequence, or non-contiguous. A conformational epitope

may comprise non-contiguous rcr;iducs', and optionally may contain naturally or. synthetically
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_ modified amino acid residues. Modifications to residues include, but are not limited to:

phosphorylation, glycosylatién PEGyiation, ubiquitinization, furanylization, and the Iike

. Furthcrmore, although the two domams of the Fv fragment VL and Vy, are coded for by
separate genes, they can be joined, usmg fecombinant methods, by a synthetrc linker that enables
them to be made as a single protein chain in which the V. and Vi regions pair to form mondvalent

molecules (known as single chain Fv (scFv); see e.g., BII‘d et al., 1988 Science 242:423-426; and

"Huston et al., 1988 Proc Natl: Acad. Sci. 85: 5879»5883) Such single chain antibodies are also

intended to be encnmpassed within the term "antigen-binding pomon" of an antibody. These

antibody fragments are obtained using conventional teéhniques kriown to those of skill in the art,

" and the fragments are screened for utllxty in the same manner as are intact antibodies.

As described hercm, the conservatwc varlants includeiamino acid residues in any of the
amino acid sequences identified, particularly conservative changes that are well known to one of
ordinary skill in thc art of protein engineering. '

An "1solated ant:body" as used hercm, refers to an antnbody that is substanttaiiy free of‘

- other antibodies having different antigenic spe:cnf‘ cities (e.g., an isolated antibody that specificaily

- binds DKK1 is substantially free of antibodies that specifically bind antigens other than DKK1). An

isolated antibody that specifically binds DKK1 may, ‘however, have cross-reactivity to other
antigens, such as DKK1 molecules from other species, or other family members such as DKK4 or

related pam]ogé Moreé\}er, an isolated antibody may be substantially free of other cellular material

and/or chemlcals

The term "human antibody”, as used herein, is inténded to mcfude antibodies having

vanable regions in which both the framework and CDR regions are der:ved from sequences of

* human origin. Furthermore, if the antibody contains a constant region, the constant reg:on also is

derived from such human sequences, e.g., human germlme sequences, or mutated versions of human

" germline sequences. The human antibodies of the invention may include amino acid resu:lues not

encoded by human sequences (e.g., mutations introduced by random or site-specific mutagenesis in
vitro or by somatic mutation in vivo). However, theterm "human antibody", as used herein, is not
intended to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as émouse have been grafied onto human framework sequences.

The term "human monoclonal antibody” refers to antibodies displaying a smgle binding

specificity which have variable regions in whach both the framework and CDR reglons are derived

‘from human sequences. In one embodiment, the human monoclonal antibodies are produced by a

hybridoma which includes a B cell obtained from a transgemc nonhuman amma! eg,a transgemc
mouse, having a genome comprising a human heavyAcham transgene and a light chain transgene
fused to an immortalized cell. ) '

As used herein, the term "humanized antibodies” means that at least a portion of the

framework regions of an immunoglobulin are derived from human immunoglobulin sequences. A

13



10

15

20

25

30

35

WO 2007/084344 PCT/US2007/000777

“humanized” antibodies such as antibodies with CDR sequences derived from the gemline of

another species, especially a mammalian species, e.g., a mouse, that have Been graﬁcd onto human

.framework sequences. Example technologies include humanization teclmology of PDL.

As used herein, the term “humaneered antibodies” means antibodies that bind the same’
epitope but duffer in sequence. Examp!e technologies include humaneered antibodies produced by
humaneermg techno]ogy of Kalobios, wherein the sequence of the ant:gen—bmgmg region is derived
by, e.g., mutation, rather than due to cfmservatwe amino acid replacements. o

he term "recombinant human antxboéy" as used herein, includes all human anttbodles that
are prepared, expressed, created or isolated by rccombmtmt means, such as anttbpdms isolated from
an animal (e.g., a mouse) that is transgcr;ic or transchromosomal for human immunoglobulin genes
or a hybridoma prepared therefrom, antibodies isolated from a host cell transformed to express the
human antibody, ¢.g., from a transfectoma, antibodies isolated from a recombinant, combinatorial '
human antibody iibra(y; and antibo-ciics prepared, expressed, f:reated or isolated by any other means
that involve splicing of ali or a portion of a h'umvan immunoglobulin gene, sequences to other DNA
sequences. Such recombinant human antibodies have variable regions in which the frahewprk and
CDR regions are derived from human germline imtﬁunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies can be subjected to in vitro mutagenesis (or, when an
aﬁjmal transgenic for human Ig sequences is used, in vivo somatic rr;umécnesis) and thus the amino -
acid sequences of the Vy and V regions of the recombinant antibodies are sequences that, while
derived from and related to human germline Vy and V;_ sequences, may not naturally exist wnthm
the human antibody germline repertoire in vivo. )

As used herein, "isotype" refers to the antibody class (e.g., Iga, igD, 1gM, IgE, IgG such as .
IgG1, 1gG2, 1gG3 or igG4) that is provided by the heavy chain c;ons(ant regfon genes.

The phl'"ases' "an antibody recognizing an .antigen” and " an antibody specific for an antigen®
are used interchangeably herein with the term “an antibody which binds specifically to an antigén,"
As used herei:i, an antibody that "specificaily binds to human DKK1" is intended to refer to an
antibody that binds to human DKX 1 with a Kp of 5 x 10 M or less, 2 x 10® M or less, or 1 x 10°7'°
M orless. An antxbody that "cross-reacts with an antigen other than human DKK 1" is intended to
refer to an antlbody that bmds that antigen with a Kp of 0.5.x 10 M or less, 5 x 10 M or less, or 2
x 10° M or- less. An antibody thgt "does not cross-react with a particular antigen" is intended to refer
to an antibody that binds to that antigen, with a Kp of 1.5 x 10°° M or greater, or a Kp of 5-10x 107°
M or 1 x 107 M or greater. In certain embodiments, such antibodies that do not cross-react with the
antigen exhibit essentially undetectable binding against these proteins in standard binding assays.

‘As used herein, an antibody that "inhibits binding of DKK1 to a cell surface receptor” such
as LRP, Fz or Krm, refers to an anttbody,?hat inhibits DKK binding to the receptor with a K of 1

'nM or less, 0.75 nM or less, 0.5 nM or less, or 0.25 nM or less.
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As used herein, “ostedlysis” refers to a decrease in bone density, which may be due to .
various mechanisms of actioni including, e.g., decreaséd osteoblast activity, increased osteoclast .
activity. Osteolysxs therefore encompasses mechanisms that gener;caliy affect bone mmeral density. -
As used herein, an antibody that "inhibits ‘osteolytic actmty" is mtended to refer to an antibody that
inhibits-loss of bone density either by increasing bone formation or blocking a bone resorption.

The te'i'm MKasoe” Or "KL, as used herein, is intended 0 refer to the association rate of'a

'partxcular nnnbody~antn gen interaction, whereas the term "K' O "KD, as used herein, is intended

to refer to the dlssomanon rate of a particular anttbody»antlgen interaction. The term "Kp", as used

herein, is intended to refer to the dissociation constant, whlch is obtained from the ratio of Ksto K.

" (i.e. K¢K,) and is expressed as a molar concentratlon (M). Kp values for antibodies can be

~ determined using methods well estabhshed in the art. A method for determmmg the Kp of an

antibody is by using surface plasmon resonance, by FMAT, or by using a biosensor system such as a
Biacore® system.
As usea he.:rein, the term "affinity” refers to the s'trerféth of interaction between antibody and
anngen at single antigenic sites."Within each antigenic site, the variable region of the antibody
“arm” interacts through weak non-covalent forces with antigen at numerous sites; the more

interactions, the stronger the affinity.

‘As used herein, the term "avidity" refers to an informative measure of the overall stability or

strength of the antnbody—antxgen complex. It is controlled by three major factors: antibody epitope

_affinity; the’ valence of both the antigen and. antlbody, and the structural arrangement of the

interacting pasts. Ultimately these factors define the spcc:lﬁcnty of the antibody, that is, the
likelihood that the particular antibody is binding to a precise antigen epitope..

In order to get a higher avidity probe, a dimeric conjugate (two molecules of JWI-1 coupled

- to a FACS marker) can be constructed, thus making low affinity interactions (such as.:with the

germline antibody) more readily detected by FACS. in addition, another means to increase the
avidity of antigen bipding involves generating dimers or multimers of any of the fibronectin
constructs described herein of the DKK1 or DKK4 antibodies, Such multimers may be generated
through covalent binding between individual modules, for example, by imitating the natua;al C-to-N-
terminus binding or By imitating antibody dimers that are held together through tﬁeir constant

regions. The bonds engineered into the Fc/Fe interface may be covalent or non-covalent. In

.addition, dimerizing or multimerizing partners other than Fc can be used in DKI:1 or DKK4 h).;brids

to create such higher order structures.

. As used herein, the term "cross-reactivity” refers to an antibody or population of antibodies
binding to epitopes on other antigens. This can be caused either by low avidity or specificity of the

antibody or by multiple distinct antigens having identical or very similar epitopes. Cross reactivity is -

" sometimes desirable when one wants general binding to a related group of antigens or when
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attempting cross-species labeling when the antigen epitopé sequence is not highly conserved in

evoiutlon

As vsed herein, the term "hxgh affinity" or “high specifi crty” f‘or an 1gG antubody refers to -
an antlbody havmg aKpof 10® M or less, 107 M or less, or 10*° M or less for a target antigen.
However, "high affinity" binding can vary for other antibody isotypes. For example, "hlgh afﬁmty"
binding fon_* an !gM isotype refers to an antxbody having a Kp of 107 M or Iess, or 10° M or less.

As used herein, the term "subject” includes any human or nonhuman animal.

“The term "nonhuman animal” inciudes all vertebrates, e. g, mammals and non-mammals,'such as

nonhuman pnmates, sheep, dogs cats, horses, cows chickens, amphibians, reptiles, etc.

As used herem, the term, "OptileCd" means that a nucleotide sequence has been aitercd to
encode an amino acid sequence using codons that are preferred in the production cell or orgamsm
and/or the nucleotide sequence has been altered to remove latent splice donor or splice acceptor
sites. Optimized codon tables are weli known in the art fora w:cie variety of species. Sequences for
splice donor and acceptor sites are also known i in the art and }atent splice sites may be identified,
e.g., by analysis of transcript or expression data. Production cells include, but are not limited to, a
prokaryotic cell such as e.g., a prokaryotic cell such as a baculovirus or a bacteria (E. coli),ora
eukaryotic céii, for cxa;nple, yeast {(e.g., Pichia), a Chinese Hamster Ovary ceil (CHO), a myeloma
cé!l or a human cell. The optimized nucleotide sequence ispngineél:éd ;(l> retain completely 6:‘ as
much as possible the amino acid sequence and'residuc number originally encoded by the ét'arting
nucleotide sequence, which is also known as the ! parental" sequence. The optimized sequences
herein have been engmeered to have codons that are preferred in the producnon cells, however
optimized expression of these sequences in other eukaryotic and prokaryoﬁc cells is also envistoned -
herein. The amino acid sequences encoded By optimized nucleo.tide .sequenr;es are optionally
referred to as opti;ni-zed. o

In related embodiments, polypeptide sequences of neutralizing anti-DKK1/4 compositions
of the inirentic;n, and the nucleotides that encode them, are preferably Optimiéed for production and
clinical use. Characteristics that may be optimization for clinical use include, but are not limited to,
e.g., half-life, phannacokinetics P Kj, antigenicity, effector function' FcRn clearance, and patient
response mciudmg antlbody dependent cell cytotoxicity (ADCC) or compiement dependent
cytotoxicity ({CDC) activities. ’

As used herein, “DKK l-associated diseases” or “DKK4-associated diseases” 'nciude but
are not limited to, osteolytic lesions - especially osteolytic lesions associated with a myeloma,
especially a multiple myeloma, or with cax:scers of the bone, breast, colon, melanocytes, hepatocyﬁes,

epithelium, esophagus, brain, lung, prostate or pancreas or metastasis thereof; bone loss associated

with transplantation. Further diseases or disorders include bat are not limited to, e.g., osteosarcoma,

prostate cancer, hepatocellular carcinema (HCC), rriycloma including multiple myeloma, diabetes,
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_ obesity, muscle wasting, Alzheimers disease, osteoporosis, osteopenia, rheumatism, colitis and/or

unwanted hair loss. , i

- Asused hérein, “reatruent” is an intervention peiformed with the intention <‘;f preventing
the devalopment or altering the pathology of a disorder. Accordmgly, ”treatment" refers to both
therapeunc freatrent and prophylactic or preventative measures, Those in need of treatment include

those already wlth the disorder as well as those in which the dxsorder is to be prevented. in tumor

'(c g., Cancer) t}'eatment, a therapeitic ageént may d;rectly decrease the pathology of tumor cells, or

render the tumor cells more susceptible to treatment by other thempeutxc agents e.g, radiation

and/or chemotherapy. The "pathology” of cancer includes all phenomena that compromlse the well

" being of the patient. This includes, without limitation, abnormal or uncontrollable cell growth,

_ metastasis, interference with the normal functioning of neiéhboring cells, release of cytokines or

other secretory products at abnormal levels, suppression or aggravation of inflammatory or
immunological responSc, etc.
Treatment of pattcnts suﬁ‘ermg from cl:mcal biochemical, radiological or subjective

symptoms of the dlsease, such as osteo*ysxs, may mclude ai!evnatmg some or all of such symptoms

T or reducmg the predisposition to the disease.

In general, a neutralizing anti-DKK 1/4 composition of the invention prevents, treats, or
ameliorates Wnt-related diseases.associated with DKK1 or DKXKa4 or both, but not diseases
associated with DKX2, DKK3 or with other modulators of the Wnt pathway.

Various aspects of the invention are described in further detail in the following subsections.

The Wnt pathway is a major regulator of mesenchymal stem cell {MSC) differentiation into

" osteoblasts. It is also an important survival factor for active osteoblasts. Dickkopf-1 (DKK 1) is a

Whnt pathway antagonist expressed prcdommantly in'bone in adults and is uprcgu]ated in myeloma

" patients with osteolytic lesions. A neutralizing anti-DKX1/4 antibody is a truly anabolic agent,

which acts through increasing osteoblastic activity while simuitaneously decreasing osteoclastic
activity.. In contrast, current drugs such as PTH, which are marketed as anabolic agents, in fact
increase markers associated with both osteoblast ands osteoblasts.

Provided in the invention are polyclonal and monoclonal antibodies selected for binding to
DKKI1. A preferred antibody has ah affinity of less than 10 pM against human DKK1.- In some
embodiments, the anti-DKK] antibody. crossreacts with DKK4 (l{d—:»BOO pM) but not DKK2

(affinity analysis ongoing).

A preferred epitope for an anti-DKK1 or ant1~DKK4 antibody is mapped to the Cys-2
domain (AAs 189-263), which is known to be respon31ble for both LRP6 and Kremen binding. In
one embodiment, the epitope includes at least six, and at most thirty, amino acid residues from the
Cys-2 domain of a DKK1 or a DKK4 polypeptide In a certain embodiment, the epitope includes a

stretch of at least six contiguous amino acids. In another embodiments, the preferred binding site is
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non-linear, i.e., includes non-contiguous amino acid residues. In some embodiments, binding

depends on N-glycosylation. Only 6ne N-glycosylation site is predicted, at residue 256 in the Cys-2

domain,

~ Inthe prcsent invention, a neutralizing anti-DKK1 antibody blocks the interaction of DKK1
with LRP6 in both ELISA and cell surface binding assays. As expected this effectively neutrahzes
the Wnt suppresswe actmty of DKK1 at EC50’s below 1 nM in vitro.

In an in vitro model of osteoblast differentiation, mouse 10T1/2 celis are treated with’

‘Wnt3A to stimulate secretion of alkalme phosphatase (AP), a marker for osteoblast actlvny DKKI

biocks AP production in this modc] and antibodles of the invention fully reverses this inhibition.

In certain embodiments, an ant:body of the invention exhibits dose linear pharmacokinetics
(AUC) in mice, with a dose dependent terminal half-life of 35~§6 hours in mice over a dose of 20-
200 pglmouse ' ) )

Using the mtratlb:al model of osteolytic prostate tumor metastasis, antibodies of the
invention inhibit tumor-induced cortical bone damage. Effects on trabecular bone are confounded in_
this medel by the observation that both tumor implants and sham implants cause mechanical damage
to the bone, which results in hq initial increase in woven bone that is later remodeled, thus causing-a
decrease in apparent bone volume. In a certain embodiment, an antibody of the invention increases
the production of woven bone in both tumor and sham implanted tib}as,alnd inhibits the decrc'zase in
bone volume accompanying remode!mg )

In related embodiments, changes in bone markers (osteoca}cm sRANKL, OPgG, AP TRAP) )
are used to demonstrate chmcal effects of antibodies of the invéntion on bone-related diseases and to
predict clinical outcomes of treatments with pharmaceutically effective levels of a neutralizing anti- .
DKKI antibody as provided herein. Krm bihds DKK in approx4 same regior; as LRP. Krm needed
for Wat signal {nﬁib.ition via DKK interaction with LRP. Krm-DKK-LRP complexed in order to be
internalized for Wnt pathway deactivation. '

A neuiraiizing anti-DKK1/4 composition of the invention preferably binds DKKI or DKKA4,
blocking their interaction with LRP and/or Krm, thereby neutralizing DKK1 or DKK4 effect on Wnt
signaling pathway. Wnt pathway reactivation occurs only where DKKI1 and/or DKKA4 are limiting.

- Standard a:&;says to evaluate the binding ability of the antibodies toward DKK 1 of various
gpecies areAknOWn in the art, including for example, ELISAs, western blots and RIAs, Suitable
assays are described in detail in the Examples. The binding kinetics (e.g., binding affinity) of the
antibodies also can be assessed by standard assays known in the art, such as by Biacore analysis,
BioVeris SET assay, FMAT, chemiluminescense, and/or SPR assays - signal inhibition or release

assays. Assays to evaluate the effects of the antibodies on functional properties of DKK1 are -

described in further detail in the Examples.

Accordingly, an antibody that "inhibits" one or more of these DKK 1 functional properties

(e.g., biochemical, immunochemical, cellular, physiological or other biological activities, or the
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like) as determined accqrding to methodologies known to the art and described herein, will be .
understood to relate to a statistically significant decredse in the particufar activity relative to that.
seen in the absence.of the antibody (e.g., or when a control antibody of irrelevant speciﬁcity is
present). An antibody that inhibits DKK1 “activity effects such aj statisticaliy significant decrease by
at leaéf '10% of the measured parameter, by at least 50%, 86% or 90%, and in certain embodiments
an antibody of the invention may inhibit greater than 95%, 98% or 99% of DKK1 functional -

“activity.

Dickkopf Family Members
Appropriate bone metabolism involves a complex web of regulatory pathways and -

interconnections between oSteobIast%:, osteoclasts anci the §urr®unding stroma. Imbalances in these
regulatory mechanisms are involved in osteolytic conditions such as osteoporosis, tumor-induced
osteolytic lesions,, rena] and liver transplant induced bone loss, and antl-hormone chemotherapy
induced-bone loss. These conditions can have severe symptoms including bone pain, fractures,
vertebral compression, and reduced mobxhty Most treatments approved or currently under clinical
evaluation act predominantly by inhibiting osteoclast function. For example, bisphosphonates such.
as zoledronic acid (Zometa) are the current standard of care and act by inhibiting osteoclast function
and survival. While bisphosphonates are generally effective, some patients do not respond robustly
or discontinue use due to renal toxicity or osteonecrosis [Markowitz 2003} [Ruggiero 2004]. In

addition there 'are multiple investigational diugs targeting osteoclast development such as RANKL

land M-CSF ngutralizing antibodies, or osteoclast function such as Cathepsin K inhibitors.

Stimulation of osteoblast activity would provide a novel miechanism by which to treat .
osteolytic disease. The Wnt pathway plays a major role in osteoblast diﬁ‘ere;xtiai:ion and :ictivity,
while the Dickkopf (DKK) family of antagonists in ph&iculaf have been identified as key regulators
of this process in vitro (see [Krishnan 2006] fo; review). In vitro, Wnt is an essential osteoblast
survival and differentiation factor. Clinical validation for the role of the Wnt pathway is provided
by mutations in the Wnt co-receptor, LRP5. Inactivating mutations in LRPS5 result in osteoporosis-
pseudoglioma s.yndrome (OPPG) [Ai 2005], while activating mutations result in high boxie mass
[Boyden 2002]. These activz;ting mutations are found in the extracellular domain and have been
demonstrated to impair binding to the Dickkopf (DKK) family of Wnt antagonists.

DKK1 has been reported to be overcxpressed in myeioma cells from patxents with bone
lesions but absent in normal plasma cells or in p!asma cells from patients without bone lesions [Txan
2004][Politou 2006]. Such an overexpression of DKK1 by myeloma cells may upset the normal
balance between osteoblasts and osteoclasts by blocking osteoblast differentiation, and thus
promoting bone resorption. Moreover, some of the a.ntiwtumor treatments used for myeloma, such as
dexamethasone, have been reported to upregulate DKK 1 [Ohnaka 2004]. Therefofe, an anti-DKK1
neutralizing antibody should allow reactivation of the Wnt pathway in osteolytic lesions, while not
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aff’ecting Wnt signaling in other tissues where DKK 1 levels are relatively low or where other

antagomsts predommate In adults, DKK1 has been reported to be highly expressed only in bone

' 1 5] 2006}, suggesting an ongoing role for DKK1 in regulating bone metabolism in adults.

Trans;,emc mice overexpressing Wntl in breast tissue develop mammary carcinomas

[Tsukamoto 1988] and ~90% of human colorectal cancers have mutations in either APC or ]3-

catenin, two cytOp[asmzc components of the Wnt pathway [Morin 1997](Rowan 2000]. Th!S typc of

evidence raises concemns that acnvatron of the Wnt pathway could be a risk for increased tumor

melanomas, suggesting a potential tumor supprcsswe role.

-mmatlon or progression. In addmon, DKKs are down regulated in-colorectal tumors and

A DKK poiypeptnde of the invention includes DKK1 (SEQ ID NO:1) and DKK4 (SEQ iD

NO:124), as well as DKK2 (SEQ ID NO: 122) and DKK3 (SEQ ID NO:123). DKK family
membcrs have fwo CYS domains (CYSI and CY82) as shown in the Table A - DKKI Family
Member PileUp. DK]( proteins contains an acid N-terminal signal peptide, two CYS domains

containing clusters of cysteine fesidues separated by a divergent linker region, and a potential C-

terminal Nfglycosylatidn site. The CYS2 domain in DKK4 has a° lipid-binding function that may
facilitate WNT/DKXK interactions at the plasma membrane. OMIM accno. 605417,
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‘hPKK4 KGQEGES|CLR TFDCGPGLCC A..

hDKK1 KGQEGSVCLﬁ SSDCASGLCC A, .RHFWSKI CKPVLKEGQV CTKHRRK...
RDKK2 KGHEGDPCLR SSDCIEGFCC A..RHFWTKI CKPVLHQGEV CTKORKK...

hDKK3 RGSNGTI[CDN QRDCQPGLCC AFQRGLLEEV CTPLPVEGEL CHRDPASRLLD

RHFWTKI CKPVLLEGQV CSRRGHK |

. 301 . ’ . ' . 350 CYSZ
hDKKY, [[..G.SHGLE IFQRCYCGEG LSCRIQKDHH OASNSSRLHT CORH~~~~~~-
hDKK2 ...G . SHGLE TFQRCDCAKG LSCKVWKD.A TYSSKARLHV CRKT ~~mnrme
hDKK3

. hDKK4

©351 400
hDKK]L  ~~~~~e~~ e e mmm s s e
hDKKZ ~ B L T e et -

hDKK3 OQDGEILLPRE VPDEYEVGSE MEEVRQELED LERSLTEEMA LGEPAARARA

HDKIKA  ~mvmrvmm o e s e e i o e e e e Ty o e o oo e e e e

. 401
hDKK1 ~~"“~~~_ (SEQ ID NO: 1)
hDKK2 =~~~ (SEQ ID .N0C:122)

hDKK3 LLGGEEI (SEQ ID NO:123)
hDKK4  ~~&~~m~ 0 (SEQ ID NO:124)

Antibodies against DKK1 and DKK4
' Tna preferred embodiment, the antibody of the invention is specific to a human DKK
protein.. In a more preferred embodiment, the antibody of the invention

A DKKI or DKK4 neutralizing antibody is distinct from the Wat pathway modifications
that have been linked to tumor promotion. The Wnt pathway is regulated by a complex network of :
extracellular ligands, receptors and antagonists of which DKKI is only one. -Due to the restr{cted

expression of DKK 1 in adults and its functional redundancy with other Wnt amagomsts a

. neutralizing DKK1 antibody is unlikely to cause widespread activation of Wnt signaling or

therefore, tumorigenesis. This is further supported by two observations: first, activating LRPS
mutations (inhibiting DKK binding) induce a high bone mass phenotype but have no apparent
increased cancer risk {Moon 2004], while' DKX 1 heterozygous null or Doubleridge mice have
décreased DKK1 levels, high bone mass phenotype, but no reported increased rate of tu:ﬂor
formation [MacDonald 2004). .

An anti-DKK I antibody should positively impact myeloma-induced osteolytic disease while

.not increasing the risk of de novo tumdrigenesis: ‘It is expected that such an antibody would be used

in combination with antx-tumor chemotherapxes and possibly with anti-bone resorptlon drugs that
inhibit osteoclast function.
Polyclonal antibodies

Antibodies of the invention may be polyclonal antibodies, especially human polycional
antibodies. Polyclonals ére derived from the pooled serum from immunized animals or from

selected humans.
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Monoclonat antibodies
Antibodies of the invention are preferably the livman monoclonal antibodies, such as the

isolated and structurally characterized, e,g., in Examples 1-8. Specific Vi amino acid se;quences of

the aptibodies are shown, e.g,, in SEQ ID NOs: 2-20. Specific Vi amino acid sequences of the
aritibodies are shown, e.g., in SEQ 1D NOs: 21-39.
AVy amino acid sequence of the antibody may be optnmtzed for expression in a

mammalian cell, e. g ., such as the sequence shown in SEQ IDNO: 1 19. A Vy amino acid sequence

-of the antlbodles may be optlmlzed for expression in a mammaixan cell, e.g., such as the sequence

shown in SEQ ID NQO: 118. Ltke\mse, sequences may be opt:mlzed for expression in, e.g., yeast,
bacteria, hamster and other cells, dcpendmg on which exprcssmn system is preferred for the
characteristic being optimized. Other antibodies of the invention include amino acids that have been
mutated, yet have at least 60, 70, 80 90, 95, 96, 97, 98 or 99 percent identity in the CDR reglons '
with the CDR regions deplcted in the sequences described above. . )

_ Further, full length lighit chain parental pucieotxde sequences are shown in SEQID NOs: §7-
100. Full length heavy.chain parental nucleotide sequénces are skiown in SEQ ID NOs: 101-103.
Fuil length light chain nucleotide sequences optimized for expression in a mammalian cell are
shown in SEQ ID NOs: 104-107. Full length heavy chain nucleotide sequences optimized for
eigpnession in a mammalian cell are shown in .SEQ ID NQOs; 108-1 16:, Fl:lll length light chair; amino
acid sequences encoded by optimized light chain nucleotide sequences are shown in SEQID NOs:
111-114. Full length heavy chain amino acid sequences encoded by ‘optimized heavy chain
nucleotide sequences are shown-in SEQ ID NOs: 115-1 17 Other antibodies of the invention
include amino acids or nucleic acids that have been mutated, yet have at Eeast 60, 70, 80, 90, 95, 96, .
97, 98 or 99 percent identity to the sequences descnbed above. -

Since each of these antibodies can bind to DKKI1, the Vi, VL, full length light chain, and
full length heavy chain sequences (nucleotide sequences and amino acid sequences) can be "mixed
and matched" 1o create other anti-DKK 1 binding molecules of the invention. DKK1 binding of such
"mixed and matched” antibodies can be tested using the binding assays described above and in the
Examples (e.g., BLISAS) When these chains are mixed and matched a Vy sequence from a
particular VHNL pairing should be replaced with a structurally similar Vi sequence. Likewise a full
length hea\‘ry‘chain sequence from a particular full length. heavy chain / full length light chain -
pairing should be replaced with a structurally similar full length heavy chain sequence. Likewise, a
Vy sequence from a particular Vy/Vy, pairing should be replaced with a structurally similar Vi,
sequence. Likewise a full length light chain sequence from a particular full length heavy chain / full
length light chain pairing should be replaced with a structurally similar fulf length light chain .
sequence. The Vy, Vi, full length light qbain, and full length heavy chain sequences of the

antibodies of the present invention are particularly amenable for mixing and matching, since these
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antibodies use Vy, Vy, full 1en-gth light chain, and full length heavy chain sequences derived from
the same germline sequences and thus exhibit structura} similarity. ’

x Accordmgly, 1n one aspect, the invention provxdes an isolated monoclonal antlbody or
antlgen binding portion thereof havmg a Vy region comprxsmg an ammo acid sequence selected
from the group consisting of SEQ ID NOs: 2-20 and 119; and a'Vy region comprising an amino acid 4
seqqence selectefi from the group consisting of SEQ ID NOs: 21-39 and 118; wherein the antibody

" specifically binds DK:K]

' Examples of he&vy and light chain combmatlons include; a VH region compnsmg the amino
acid sequence of SEQ ID NO: 2 and a V,_ region comprismg the amino acid sequence of SEQ ID
NO: 21; or a Vy region comprising SEQ ID NO: 3 and a V), region comprising SEQ ID NO: 22; or a
Vy region comprising SEQ»ID NO: 4 anda Vy, regio‘n con{prising SEQ ID NQ: 23; ora VR region
comprising SEQ ID NO: 5 and a V., region comprising SEQ ID NO: 24; or 2 V; region comprising
SEQIDNO: 6 axid a Vi region comprising SEQ ID NO: 25; ora Vy region comprising SEQIDNO:
7 and a Vi, reglon comprlsmg SEQ ID NO: 28; or a Vi region comprising SEQ ID NO: $ and a V.
reglon compnsmg SEQ IDNO:29; ora VH region comprising SBQ ID NO: 9 and a Vi, region

* comprising SEQ 1D NO: 30 ora Vu region comprising SEQ 1D NO: 10 and a Vy, region comprising

SEQ ID NO: 31; or a Vi region comprising SEQ ID NO: 11 and a Vy region comprising SEQ 1D
NO: 32; or a Vi region comprising SEQ D NO: 12.and a V region comprising SEQ ID NO: 33; or
a Vy region coﬁprisin g SEQ ID NO: 119 and a Vy region comprising SEQ ID NO: 118.

n another aspect, the invention provxdes an isolated monoclonal antibody or- antxgen

' bmdmg portion thereof having: a full length heavy chain compnsmg an amino acid sequence

sefected ‘from the group consisting of SEQ ID NOs: 115-117;-and a full 1cngth light chain
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 111-114.

Thus, examples of full length heavy cham and full length light chain combinations,

" respectively, include: SEQ ID NO: 115 with SEQ IDNO: 111;0r SEQIDNO: 116 with SEQID

NO: 112; or SEQ ID NO: 117 with SEQ ID NO: 113; or SEQ ID NO: 117 with SEQ IDNO: 114.
In another aspect, the invention provides an isolated monoclonal antibody or antigen
binding portion thereof comprising a full l'ength heavy chain encoded by a nucleotide sequence
selected from the group cons;’sting of SEQ ID'NOs: 101-103; and a full length light chain encoded
by a nucleotide sequence selected from the group consisting of SEQ ID NOs: 97-100.
Thus, examples of nucleotides that encode full length heavy and light chains, respecnveiy,

‘that may be combined include: SEQ 1D NO: 101 and 97; or SEQ ID NO: 102 and 98; or a SEQ lD

NO: 103 and 99; or SEQ ID NO: 103 and 100. .

* In yet another aspect, the invention provides an isolated monoclonal antibody or antigen
binding portion that has been optimized for expression in the cell having: a full length heavy chain
comprising a nucleotide sequence selected from the group consisti'ng of SEQ ID NOs: 108-110; and
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a full length light chain comprising a nucleotide seq‘uence' selected from the group consisting of SEQ
ID NOs: 104-107. .

] In yet another aspect, the invention provides antibodies that compnse the heavy chain and -
light chain CDRls CDR2s and CDR3s of the antibodies, or combinations thereof. The amino acid
sequences of the Vi CDR1s of the antibodies are shown in SEQ ID NOs: 2-5, 8:11, 20, and 49-56
The ammo ac:d sequences of the Vi; CDR2s of the antibodies and are shown inSEQID NOS‘ 2—2.0
and 57-64. The amino acid sequences of the Vy; CDR3s of the antlbodies are shown in SEQ ID NOs:

-i»2(_) and 65-72. The amino acid sequ;:nces of the Vi, CDRI1s of the antibodies are showz_r in SEQID

NOs: 21-39 and 73-80. The amino acid sequences of the V, CDR2s of the antib_odiés are shown in
SEQ ID NOs: 21-39 and 81-88. The aminc; acid sequences of the Vi CDR3s of the antibodies are
shown in SEQ ID NQOs: 21-39 and 89-96. The CDR regions are delineated using the Kabat si’stem
(Kabat, E. A., et al., 1991 Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication No. 91-3242).

. Given that each of these antibodies can bind to DKK1 and that antigen-binding specificity is
provided primarily by the CDR1, 2 and 3 regions, the Vi CDR1, 2 and 3 sequences and Vi, CDRI, 27
and 3 sequences can be "mixed and matched" (i.e., CDRs from different antibodies can be mixed -
and match, although each antibody must contain 2 Viy CDR1, 2 and 3 and a V, CDR1, 2 and 3 to
create other anti-DKK | binding molecules of the invention. DKKY ijinding,of such "mixed z;nd
matched" antibodies can be tested using the binding assays.déscribed above and in the E)Eamples
(e g., ELISAs). When Vi CDR sequences are mixed and matched the CDR1, CDR2 andlor CDR3
sequence froma pamcuiar Vu sequence should be replaced with a structural ly similar CDR
sequence(s). Likewise, when Vi, CDR scquenccs are mixed and’ matched the CDRI1, CDR2 and/or
CDR3 sequence I'rom a particular V,, sequt.nce should be replaced with a structuraily similar CDR
sequence(s). Furthermore CDR1, CDR2 and/or CDR3 sequence from a particular Viy or Vi,
sequence may be specifically or randomly mutated to create antibodies that may be tested for
affinity or binding characteristics. 1t will be readily apparent to the ordinarily skilled artisan that
novel Vy; and V| sequences can be created by substituting one or more Vy and/or Vi CDR region
sequences with structurally similar s;aquences from the CDR sequeﬁces shown herein for
monoclonal antibodies o‘f the present invention. .

Anl isolated monoclonal antibody, or antigen binding portion thereof has: a Vy; region CDR1
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 2-5, 8-11,
20 and 49-56; a Vi region CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 2-20 and 57-64; a Vy; region CDR3 comprising an aminc acid sequence
selected from the group consisting of SEQ ID NOs: 2-20 and 65-72; a V. region CDR1 comprising
an amino acid sequence selected from thg group consisting of SEQ ID NOs: 21-39 and 73-80; a V,

region CDR2 comprising an amino acid sequence selected from the group consisting of SEQ ID
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- NOs: 21-39 and 82«88;' and a \";_ region CDR3 comprising an amino acid sequence selected from the

group consisting of SEQ ID NOs: 21-39 and 89-96; wherein the antibody specifically binds DKX1.
. Inacertain embodiment, the antibody consists oft aVy regxon CDR1 compnsmg SEQ1ID

NO: 2; a Vi region CDR2 comprtsmg SEQID NO: 6; 4 VH reglon CDR3 comprlsmg SEQID NO:
7;a VL region CDR comprising SEQ ID NO:21;a V,, reglpn  CDR2 comprising SEQ IDNO: 22;
and a Vy regioh CDRB comprising SEQ 1D NQO: 23.

In anothcr cmbod:ment the antibody consists ofta VH region CDR1 comprising SEQ 1D '
NO 3: a Vi region CDRZ comprising SEQ ID NO: 12; a Vyy region CDR3 comprlsmg SEQ ID NO:
13; a V region CDR1 comprising SEQ ID NO: 24; a VL region CDR2 comprising SEQ 1D NO: 25;
and a V), region CDR3 comprising SEQ IDNO: 26.

In yet another cmbodxment the antibody consxsts of: a Vy region CDR1 comprising SEQ ID
NO: 4;'a Vy region CDR2 comprising SEQ V4 IDNO: 14; a VH region CDR3 comprising SEQ ID
NO:15;aVL region CDRI comprising SEQ ID NO: 27; a V,_ region CDR2 comprising SEQ 1D
NO: 28; and a Vy, regton CDR3 compﬂsmg SEQ ID NQ: 29!

In anothcr embodlment the antlbody consists of: a Vy reg:on CDR1 comprising SEQ ID

* NO: 5 a VH region CDR2 comprssmg SEQ ID NO: 16; a Vi region CDR3 comprising SEQ iD NO:

17; 2 V¢ region CDR] comprising SEQ ID NO: 30; a 'V, region CDR2 comprising SEQ ID NO: 31;
and a Vg, region CDR3 comprising SEQ 1D NO: 32.,

In a certain embodlmcnt, the antibody consists of a Vy region CDR1 comprnsmg SEQ 1D
NO: 8;a Vy reg;on ‘CDR2 comprising SEQ ID NO: 18; a V, region CDR3 compnsmg SEQIDNO:

'19 aVL region CDR1 comprising SEQ ID NO: 33; a V, region CDR?. comprising SEQ 1D NO: 34;

and a V| region CDR3 comprising SEQ IDNO: 35.
In another embodiment, the antibody consists of: a Vi region CDR1 comprlsmg SEQID

NO: 9; a Vy region CDR2 comprising SEQ 1D NO: 10; a Vy, region CDR3 comprising SEQ IDNO:
" 11; a V. region CDR1 comprising SEQ ID NO: Vy 36; a V region CDR2 comprising SEQ ID NO:

37; and a V. region CDR3 comprising SEQ ID NO: 38.

As used heréin, a human antlbody comprises heavy or Vy, regions or full length heavy or
light chains that are "the product of* or "derived from" a particular germline sequence if the variable
regions or full length chains of the antibody are obtained from a system that uses human germline
immunoglobulin genes. Such systems mclude immunizing a transgemc mouse carrymg human

immunoglobulin genes with the antigen of mterest or screening a human zmmunoglobulm gene

-hbrary dispiayed on phage with the antigen of interest. A human antibody that is “the product-of” or

"derived from"” a human germline. 1mmunogiobuhn sequence can be |dent1f' ed as such by comparmg
the amino acid sequence of the human antibody to the amino acid sequences of human germline
immunoglobulins and selecting the human germline lmmunoglobnlm sequence that is closest in
sequence (i.e., greatest % identity) to the sequence of the human antibody. A human antibody that is

“the product of" or "derived from" a particular human germline immunoglobulin sequence may
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cantain amino acid differences as compared to the gérmline sequence, due to, for example naturally

occurring somatic mutations or intentional introduction of site-directed mutanon However a

'selected human antibody typically is at least 90% identical in amino acids sequence to an amino ac:d

sequence encoded by a human germline immunoglobulin gene and contains amino acid residues that
identify the human antibody as being human when compared to the germline 1mmunog]obulm '
amino acld sequences ‘of ather species {e.g., murine germline sequences) In certain cases, a human
antibody may be at lcast 60%, 70%, 80%, 90%, or at least 95%, or even at least 96%, 97%, 98%, or

'99% 1denttcal in amino acid sequence to the amino acid sequence encoded by the germ}me

:mmunog!obu!m gene. Typrcafty, a human antibody derived from a particular human germline
sequence will display no more than 10 ami;lo acid differences from the amino acid sequence
encoded by the human germiine immunoglobulin gene. In certain cases, the human antibody may
display no more than 5, or even no more than 4, 3, 2, or 1 amino acid difference from the amino acid
scqt_:cnc;: encoded by _th'c gérmline }mmunoglobufin gene.

Homologous antibodies

In yet another embodiment, an antibody of the invention Has full fength heavy and light
chain amino acid sequences; full length heavy and light chain nucleotide sequences, variable region
heavy and light chain nucleotide sequences, or variable region heavy and light chain amino acid
sequences that are horﬁologous to the amino acid and nucleotide seqﬁ,enées of the antibodie§
described herein, and wherein the antibodies retain the desired functional properties of the
neutrahzmg anti-DKK 174 composition of the Invention,

. For examiple, the invention provides an isolated monoclonal antxbody, or antigen binding
portion thereof, comprising a Vy region and a V,_region, wherein: the VH region comprises an
amino acid sequence that is at least 80% h_omglogous fo an ami:;o acid sequc;nce selected from the
group consistiné of 'SEQ ID NOs: 2-20 and 119; the Vy region comprises an amino acid sequence
that is at least 80% homologous to an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 21-39 and 1 18; the antibody specificaily binds to DKK1 and/or DKX4, and the
antibody exhibits at least one of the following functional properties: the antibody neutralizes binding
of a DKK1 protein to LRP6, Fz and/or Krm, or the antibody neutml{zes binding of a DKK4 protein
to LRP, Pz and/or Krm..

In a further example, the invention provides an isolated monocional antibody, or antigen
binding portion thereof, comprising a full length heavy chain and a full length light chain, whereii:
the full length heavy chain comprises an amino acid sequence that is at least 80% homologous to an
amino acid sequence selected from the group consisting of SEQ ID NOs: 115-117; the full length
light chain comprises an amino acid sequence that is at least 80% homologous to an amino acid

sequence selected from the group consisting of SEQ ID NOs: 111-114; the antibody specifically

'bmds to DKK1, and the antsbody exhibits at least one of the following functional properties: the

antibody inhibits binding DKK1 protem to the DKX1 receptor or the antibody inhibits DKK 1
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receptor binding preventing or ameliorating osteolysis or the antibody inhibits DKX1 receptor .
binding preventing or ameliorating osteolytic lesions of the antibody inhibits DKK 1 receptor

‘binding preventing.or ameliorating cancer.

In another e}iample, the inventior provides an isolated xfnonoclonal antiboﬂy,. or antigen
bindiﬂg portion thereof, comprising a full length heavy chain and a full length light chain, wherein:
the full length heavy chain comprises a nucleotide saquen-ce that is at least 80% homologous to a
nucleoticge seque;xce selected from the group consisting of SEQ ID NOs: 101-103; the full length
'light chain t;dmprise-s alnucleotide sequence that.is at least 80% homoiogous to a nucleotide
sequence selected from the group consisting of SEQ ID NOs: 97-100; the anﬁbody %peciﬁcally

" binds to DKX, and the antibody exhlb:ts at feast one of the following functional properties: the

antibody inhibits binding DKK1 protem to the DKKI receptor or the antibody inhibits DKK1
receptor binding preventmg or ameliorating osteolysis or the antibody inhibits DKX.1 receptor
binding preventing or ameliorating osteolytic lesions or the antibody inhibits DKK1 receptor
binding preventir'l-g or ameliorating cancer. ’

In anothcr example, the invention provndes an isolated monoclonal antibody, or antigen
bmdmg portlon thereof that has been optimized for expression in a cell, comprising a full length
heavy chain and a full length light chain, wherein: the full length heavy chain comprises a
nucleotide sequence that is at least 80% homologous to a nucleotide sequence selet;ted from the
group consistixig of SEQ ID NOs: 108-110; the full length light chain comprises a nuclcotide

sequence that'i isat least 80% homologous toa nucleotide sequence selected from the- group

' consisting of SEQ ID NOs: 104-107; the antlbody specifically bmds to DKKI, and the antibody

exhibits at least one of the following functional properties: the antxbody inhibits binding DKK1
protein to the DKK1 receptor or the antibody inhibits DKKI1 receptor binding prevenﬁng‘or A
ameliorating osteolysis or the antibody iahibits DKK1 .recepfor binding preventing or. ameliorating
osteolytic lesions or the antibody inhibits DKKI receptor binding preventing or ameliorating cancer.

In"another example, the invention provides an isolated monoclonal antibody, or antigen
binding portion thereof that has been optimized for expression in a cell, comprising a Vi region and
aVy region,'wl:zerein: the full length heaV); chain comprises a nucleotide sequence that is at least
80% homologous to a nuclec;tide sequence selected from the group consisting of SEQ ID NO: 121,
the full length light chain comprises a nucleotide sequence that is at least 80% homologous to a

nucleotide sequence selected from the group consisting of SEQ ID NO: 120; the antibody

.speciﬁcally binds to DKXK1, and the antibody exhibits at least one of the following functional-

properties: the antibody inhibits binding DKK1 protein to the DKK1 receptor or the antibody
inhibits DKK1 receptor binding preventing or ameliorating osteolysis or the antibody inhibits DKK1
receptor binding preventing or ameliorating osteolytic lesions or the antibody inhibits DKK1

receptor binding preventing or ameliorating cancer.
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In varlous embodiments, the antibody may exhibit one or more, two or more, or three of the

functlonai properties discussed above. The antlbody can be, for exampie a human antibody,

. humamzed antibody or a chimeric antibody.

As used herein, the percent homology between two amino acid sequences or two nucieotlde
sequences is equwalent to the percent identity between the two sequences. The percent :dentlty
between the two sequences is a function of the number of identical posmons shared by the

sequences (i.e., % hornology #of 1dentlcal positions/total # of posmons x 100), taking into ’

: account the number of gaps, and the length of each gap, whxch need to be mtroduccd for optimal

ahgnment of the two Sequences. The comparison of sequences and determination of percent ldennty
between two sequences can be accompllshed using a mathematical algorithm, as described in the
hon-iimiting examples below.

The percent xdentlty between two amino acid sequences can be determined using the
algorlthm of E. Meyers and W, Mliler {Comput. Appl. Bwscx . 4:11-17, 1988) which has been
incorporated into the ALIGN program (version .2.()), using a PAM 120 weight residue table, a gap
length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two amino acid’
sequences can be determined qsing the Needleman and Wunsch (J. Mol, Biol. 48:444-453, 1970)
algorithm which has been incorporated into the GAP program in the GCG software package

(available at http: . 208, com) using either a Blossom 62 matrix’or a PAM250 matrix, and a gap’

" weight of 16, 14, 12 ‘10, 8,6, or4andaiength weightof 1,2, 3,4, 5, or 6.

Add;ttonally or alternatively, the protein sequences of the present mvennon can fur:her be
used as a "query sequence” to perform a  search agamst public databases to, for example, ;dcntnfy ]
related sequences. Such searches can be performed using the XBLAST ;;rogram (version 2.0) of
Altschul, et al., 1990 J.Mol. Biol. 215:403- 10 BLAST protein searches can be performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous to the
antibody molecules of the invention. To obtain gapped alignments for comparison purposes, Gappcd
BLAST can be utilized as described in Altschul et al., 1997 Nucleic Acids Res. 25(17):3389-3402.
When utilizing BLAST and Gapped BLAST programs, the default parameters of the respective
programs {(e.g., XBLAST and NBLAST) can be used. See http:ww‘a'/.ncbi.nhn.nih.gov. A
Antibodies with conservative modifications

In ;:crtain embodiments, an antibody of the invention has a V region consisting of CDR1,
CDR2, and CDR3 sequences and a V|, region consisting of CDR1, CDR2, and CDR3 sequences,”
wherein one or more of these CDR sequences have specified amino acid sequences based on the
antibodies described herein or conservative modifications thereof, and wherein the antibodies retain

the desired functional properties of the neutralizing anti-DKK /4 composition of the invention,

Accordingly, the invention provides an isolated monocional antibody, or antigen binding portion

thereof, consisting of a Vy; region consisting of CDR1, CDR2, and CDR3 sequences and a V) region "
consisting of CDRI, CDR2, and CDR3 sequences, wherein: the V,; regions of CDR1 is sequences
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_ consisting of amino acid sequences selected from the group consisting of amino acid sequences of

SEQ ID NOs: 2-5, 8-11, 20, 49-56, and conservative modifications thereof; the Vi region of CDR2
is sequences cons;stmg of amino acid sequences selected from the group consisting of amino acid
sequcnccs of SEQ 1D NOs: 2-20, 57-64 and conservative modlficatzons thereof; the VH region of
CDRB is sequences consisting of amino acid sequences selected from the group consisting of amino .

acid sequences of SEQ ID NOs: 2-20, 65-72, and conservative modifications thereof] the V. regions

‘of CDR1 is sequences consxstmg ‘of amiro acid sequcnces selected from the group consisting of

amino acid séquences of SEQ 1D NOs: 21-39, 73-80, and conservative modifi cations thereof} the VL

regions of CDR2,is sequences consisting of amino acid sequences selected from the | group

" consisting of amino acid sequences of SEQ IDNOs: 21 -39, 81-88, and conservative modifications -

_ thereof; the V), regions of CDR3 is scquenccs consnstmg of amino acid sequcnces selected from the

group consisting of amino acid seqiences of SEQ 1D NOs: 21-39, 89-96, and conservative
modifications the‘reof' the antibody specificaily binds to DKKI" and the antibody exhibits at least
one of the followmg functional properties: the antibody mhlblts binding DKK1 protein to the DKK1

receptor or the antxbody inhibits DKXK1 rcceptor binding preventing.or ameliorating osteolysis or the

: atmbody inhibits DKK1 receptor binding preventing or ameliorating osteolytic lesions or the

antibody inhibits DKK 1 receptor binding preventing or ameliorating cancer,
JIn various embodiments, the antibody may exhibit one or more, two or more, or three or

more of the fuﬁctiogal properties listed discussed above. Such antibodies can be, for example,

lxuman aintibodies, humanized antibodies or'chimeric antibodies.

In other embodiments, an antlbody of the invention.has a fui] length heavy chain sequence

and a full length light chain sequence, wherein one or more of these sequences have specified amlno

" acid sequences based on the antibodies described herein or conservative modifications thcreof and

wherein the antibodies retain the desired’ functlonal properties of the neutralizing anti-DKIK1/4

' composition of the invention. Accordingly, the invention provides an isolated monoclonal antibody,

or antigen binding portion thereof, consisting of a full length heavy chain and a fuil length light
chain wherein: the full length heavy chain has amino acid sequences selected from the group of SEQ
IDNOs: 115-1 ‘l 7, and conservative modii‘:icatioris thereof} and the full length light chain has amino
acid scquences selected ﬁ'om. the group of SEQ ID NOs: 111-114, and conservative modifications
thereof; the antibody specifically binds to DKK1; and the antabody exhibits at [east one of the
following functional properties: the antibody mh1 bits binding DKK1 protein to the DKK1 receptor

“or the antibody inhibits DKXK1 receptor bmdmg preventing or ameliorating osteolysxs or the -

antibody inhibits DKK1 receptor binding prevent;ng or ameliorating osteolytic lesions or the
antibody.inhibits DKK1 receptor binding preventing or ameliorating cancer..

In various embodiments, the antibody may exhibit one or more, two or more, or three or

~ more of the functional properties listed discussed ‘above. Such antibodies can be, for example,

human antibodies, humanized antibodies or chimerie antibodies.
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In other embodiments, an antibody of the invention optimized for expressxon inacellhasa

Vi reglon sequence and a Vy, region sequence, wherein one or more of these sequences lmve

specxf ed amino.acid sequences based on the antibodies described herem or conservative

modifications thereof, and wherein the antibodies retain the desired functional properties of the
néutralizing ann-DKK]M composition of the invention. Accordingly, the invention prov;des an
isolated monoclona] antibody, or antigen binding portion thereof, cons:stmg of a Vy region and a Vo

region wherem the Vy region has amino acid sequences selected from the group of SEQ ID NO

-119, and conservative modifi catlons thereof and the V, regxon has amino acid sequences selected

from the group of SEQ ID NOs; 1 18, and conservatwe modifications thereof; the antlbody
specifically binds to DKK1; and the antnbody exhibits at least ane of the following functional
brope:rtics: the antibody inhibits binding DKX 1 protein to the DKK1 _receptor or the antibody .
inhibits DKK1 receptor binding brf:venting or ameliorating osteolysis or the antibody inhibits DKK1

receptor binding prev;ntiné or ameliorating osteolytic lesions or the antibody inhibits DKK1 -

receptor binding preventing or ameliorating i:aqcer.

In various embbdiments, the antibody may exhibit one or ‘more, two or more, or three or
more of the functional properties listed discussed above. Such antibodies can be, for example,
human antibodies, humanized.antibodies or chimeric antibodies:

As used hereih, the term "conservative sequence m,odiﬁcati;)'ns!‘ 'is intended to refer to amino’
acid modifications that do not significantly affect or alter the binding characteristics of the antibody
containing the amino acid sequence. Such conservative modifications include a{nino'acid
substitutions, additions and deletions. Modifications 'csAm be introduced into anlantibody of the
invention by standard techniques known in the art, such as site-directed :lnutagenesis and PCR-
mediated mutagenesis. ’ ‘ A

Conservative amino acid substttutlons are ones in which the amino acid residue is replaced
with an amino acid residue having a similar side chain. Families of amino acid residues having
similar side chains have been defined in the art. These families include amino acids with basic side
chains {e.g., lysine, arginine, hlStldmc), acidic side chains (e.g., aspartlc acid, glutamic acid),
uncharged polar side chams (e.z., giycme, asparagine, glutamine, serine, threonine, tyrosme
cysteine, tryptophan), nonpoljar side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) arigi'
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or more amino

acid residues within the CDR regions of an antibody of the invention can be replaced with other

_ amino acid residues from the same side chain family, and the altered antibody can be tested for

retained function using the functional assays described herein.

In another embodiment, the invention provides antibodies that bind to the same
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~ epitope as do the various neutralizing anti-DKK1/4 composition of the invention provided herein.

Such additional antibodies can be identified based on their abili ity to cross-compete (e, 8- to
‘competitively inhibit the binding of, in a statlstlcally agmf' cant manner) with other aritibodies of the -
invention in standard DKKI bmdmg assays. The ability ofa test antlbody to inhibit the binding of
antibodies of the present invention to human DKK1 demonstrates that the test antlbody can compete ‘
with that antlbody for binding to human DKX1; such an autlbody may, according to non-Hmiting
hypotheses, bind to the same or a related (e.g., a stmcmrally similar or spatially proximal) epitope )
on human DKK1 as the antibody with which it competes In a certain embodlmcnt, the antibody that
binds to the same epitope on human DKK1 as the antibodies of the present mvent:on isahuman =~

monoclonal antibody. Such human monoclonal antibodies can be prepared and isolated as described

_ in the Examples.

Camelid and other heaﬂﬂ chain antii;odie

Antibody. pmtems obtained from members of the camel and dromedary (Camelus
bactrianus and Calelus dromaa'erzm) famlly including new world members such as llama species
(Lama paccos, Lama glama and Lama vicugna) have been characterized with respect to size,
structural complextty and antigenicity for human subjects. Certain IgG antibodies from this family
of mammals as found in nature lack light chains, and are thus structurally distinct from the typical
four chain quaternary. structure having two heavy and two light chains, for antibodies from other
animals. See F‘CT/EP93’/O22£4 (WO 94/04678 published 3 March 1994).

A reglon of the camelid antibody whlch is the small single variable domain identified as

) Vi can be obtained by genetic engineering to yield a small protein havmg high affinity for a targct

resulting in a Tow molecular weight antibody-derived protein known as a “camelid nanobody”. See

" U.S. patent number 5,759,808 issued June 2, 1998; see also Stijlemans, B. et al., 2004 J Biol Chem

279: 1256-1261; Dumoulin, M. et al., 2003 Nature 424: 783-788; Pleschberger, M. et.al. 2003 °

‘ Bioconjugate Chem 14: 440-448; Cortez-Rctarﬁozo, V. etal. 2002 Int J Cancer 89: 456-62; and

Lauwereys, M. etal. 1998 EMBO J 17: 3512-3520. Engineered libraries of camelid antibodies and
antibody fragments are commereially available, for example, from Ablynx, Ghent, Belgium. As
with other ahtii;cc}ies of non-human origin, an amino acid sequence of a camelid antibodjx can be
altered recombinantly to obtain a sequence that more closely resembles a human sequence, i.e., the

nanobody can be “humanized”. Thus the natural low antigenicity of camelid antibadies to-humans

can be further reduced.

The camelid nanobody hasa moiecuiar weight approximately one-tenth that of 3 human igG
molecule, and the protein has a physical diameter. of only afew nanometers. One consequence of
the small size is the ability of camelid nanobodles to bind to antigenic sites that are functionally
invisible to larger antibody proteins, i.e., camelid naﬁobodies are useful as reagents detect antigens
that are otherwise cryptic using classical immunological technigues, and as possible therapeutic

agents. Thus yet another consequence of small size is that a camelid nanobody can inhibit as a
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result of binding toa specific site in a groove or narrow cleft of a target protein, and hence can serve

in a capacity that more closely resembles the function of a classical low molecular wcigﬁt drug than

“that of a classical antibody.

The low molecular weight and compact size further result in camelid nanobodies being
extremely fhcrmostabls stable to extreme pH and to proteolytic digestion, and poorly ant!gemc.
Ancther consequence is that camelid nanobodies readily move from the circulatory system mto

tissues, and even cross the blood-brain bamer and can treat dlsorders that affect nervous tlssue.

“Nanobodies can further facilitated drug transport across the blood brain barrier. See U.S: patent

applicatic'm 20040161738 published August 19, 2004. These features combined .Witi'l the low
antigenicity to humans indicate greét therai:éutic potential. Further, these molecules can be fully
éxprcSScd in prokaryotic cells such as £. coli and are expressed as fusion proteins with
bacter;ophage and are funcnonat

. Accordmgly, a feature of the present invention is a camelid antibody or nanobody having
high affinity for DKK1. In certain embodiments herein, the.camelid antibody or nanobody is -
naturaily produced in the camelid animal, i.e., is produced by the camelid following immunization
with DKKI or a peptide fragmcnt thereof, using techniques described herein for other antibodies. -
Alternatively, the neutralizing.anti-DKK1/4 camelid nanobody is engmeered i.e,, produced by
sckecnon for example from a library of phage displaying appropnate!y mutagemzed camelid
nanobody proteins using panmng procedures with DKK.1 and/or DKK4 as a target as descrlbed in
the examples herein. Engineered nanobodies can further be customized by genetic cngmccrmg to-
have a half life in a recipient subject of from 45 mmutes to two weeks. .

In addition to Camelid antibodies, heavy chain antnbodues oceur naturally in other animal

including but not Ilmlted to, ¢.g., certain specaes of shark and pufferf ish (see, e.g., PCT publication
wOo 03/014161) Although variable domains derwed from such heavy chain antibodies may be used
in the invention, the use of Camelid-derived heavy chain antibodies and/or of the variable domain
sequences thereof is preferred optimization, humanization, humaneering, and the lxke and/or for

clinical use in humans.

Engineered and modified antibodies
An antibody of the invention further can be prepared using an antibody having one or more

of the Vy; and/or Vi sequences shown herein as starting material to engineer a modified antibody,
which modified antibody may have altered properties from the starting antibody. An antibody can be
engineered by modifying one or more residues within one or both variable regions (i. e., Vy and/or
V), for example within one or more CQR regions and/or within one or more framework regions.

Additionally or alternatively, an antibody can be enginecred by modifying residues within the

constant region(s), for example to alter the effector function(s) of the antibody.
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One type-of variable fegion engineering that can be performed is CDR grafting, Antibodies

interact with target antigens predominantly through amiino acid residues that are located in the six

‘heavy and light chain complementarity determining regions (CDRs). For this reason, the amino acid *

sequences within CDRs are more diverse between indi\'fidual‘anjtibodies than sequences outside of
CDRs. Because CDR sequences are responsible for most antiﬁody-:antigen interactions, it is passible

to express recombmant antibodies that mimic the properties of specific naturally occurring

"antibodies by oonstmctmg expression vectors that include CDR scquences from the specific

natura]]y occhrring annbody grafted onto framework sequences from a different antibody with
different properties (see, e.g., Riechmann, L. et al., 1998 Nature 332:323-327; Jones, P, etal., 1986

" Nature 321:522-525; Queen, C. et al., 1989 Proc. Natl. Acad. See. U.8.A, 86:10029-10033; U.S.

Patent No. 5,225,539 to winter, and‘u.s. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and
6,180,370 to Queen et al.)

Accordingly, another embodiment of the invention pertains to an isolated monoclonal
antibody, ar antigc;n binding portion thereof, comprising a V';; region comprising CDR1 sequcnces
havmg an amino acid sequence seleoted from the group consisting of SEQ ID NOs: 2-5, 8-11, 20,

. 49-56; CDR2 sequences havmg an amino acid sequence selected from the group consisting of SEQ

ID NOs: 2-20 and 57-64; CDR3 sequences having an amino acid sequence selected from the group
consisting of SEQ ID.NOs: 2-20 and 65-72, respectively; and a V¢ region having CDR1 sequences
having an amino acid sequence selected from the group consisting of SEQ 1D NOs: 21-39 and 73-

80; CDR2 sequences having an amino acid sequence selected from the group consisting of SEQ ID

'NOs: 2 1-39 and 81-88; and CDR3 sequences consisting of an ammo acid sequence selected from the

group con51stmg of SEQ ID NOs: 21-39 and 89-96, respectively. 'I‘hus, such.ant;bodnes contain the

* Vyand Vi, CDR sequences of monoclonal antibodies, yet may contain different framework

sequences from these antibodies.

Such framework sequences can be obt-ained from public DNA databases or p{zbiished
references that include germline antibody gene sequences. For example, germiine DNA sequences
for human hcavy and Vi region genes can be found'in the "VBase" human germline sequence
database (available on'the Intemet at www.mre- cpe.cam.ac.uk/vbase), ag well as in Kabat E. A, et

, 1991 Sequenges of Protems of Immunological Interest, Fifth Edition, U.S. Department of Health
and Human Services, NIH Publication No 91-3242; Tomlinson, I. M., et al., 1992 J. fol Biol.
227:776-798; and Cox, J. P. L. et al,, 1994 Eur. J Jmmunol. 24: 827- 836 the coments ofeach of

‘which are expressly incorporated herein by reference.

An example of framework sequences for use in the antibodies of the invention are those fhat
are structurally similar to the framework sequernces used by selected antib.ocfies of the invention,
e.g., consensus sequences and/or framework sequenées used by monoclonal antibodies of the
invention. The Vy CDRI, 2 and 3 sequences, z;nd'the \(L CDRI, 2 and 3 sequences, can be grafted

onto framework regions that have the identical sequence as that found in the germline
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imm_unoglob_ulin gene from which the framework sét;uenée derive, or the CDR seduence§ can be
grafted onto framework regions that contain one or more mutations as qorripared fo the éerm]ine‘
seq-m?nces. For example, it has been found that in certain instances it is beneficial to mutate residues
withip the framework regions to maintain or enhance the antigen binding ability of the antibody (see
e.g., U.s. Paten.tNos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et al).
Apothgrﬁype‘of variable region modification is to mutate amino acid residues within the Vi

and/or V,  CDRI, CDR2 and/or CDR3 regions to thereby improve one or more binding properties

“(e.g., affi mty) of the antibody of mtcrest known as "affi mty maturation.” Sxte-d:rected mutagenesis

or PCR-mediated rnutagenesis can be performed to introduce the mutation(s) and the effect on
antibody binding, or other functional property of interest, can be evqiuated in in vitro or in vivo
hssays as described herein and provided in the Examples. Conservative modifications (as dis;:ussed
above) can be introducg:d. The mutations may be amino acid substitutions, additions or deletions.

Moreover, typically no more than one, two, three, four or five residues within a CDR region are’

' altered.

Accordingly, in another embodiment, t}lw invention provides isolated neutralizing anti-
DKKI/‘I'COHI})DSiﬁQn, or antigen binding portions thereof, consisting of a Vi region having:a Vi *
CDR1 region consisting of an.amino acid sequence selected from the group having SEQ ID NOs: 2-
5, 8-1 1, 20, 49-56 or an amino acid sequence'having one, two, thrde; 'fqu'r or five amino ncid
substitutions, deletions or additions as compared to SEQ ID NOs: 2-5, 8-11, 20, 49-56; a'Vy CDR2
region having an an";ino acid sequence selected from the gfouplconsisting of SEQ ID'NOs: 2:20 and
5‘5-64 or an amino acid séquence havin g one, two, th)"ee, four or ﬁv-e amino acid substitutions,'
deletions or additions as compared to SEQ ID NOs: 2-20 and 57-64 a VH CDRB region having an
amino acid sequence selected from the group conStstmg of SEQ ID NOs: 2~20 and 65-72, or an
amino acid sequence having one, two, three, four or five amino acid substitutions; deletions or
additions as compared to SEQ ID NOs: 2-20 and 65-72; a V. CDR1 region having an amino aéid
sequence selected from the group consisting of SEQ ID NOs: 21-39 and 73-80, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or additions as
compared to SEQ ID NOs: 21-39 and 73-80;a V. CDR2 region l;av.ing an amino acid sequence
selected from the éroup consisting of SEQ ID NOs: 21-39 and 81-88, or an amino acid sequence
having one; two, three, four or five amino acid substitutions, deletions or additions as compared to
SEQ ID NOs: 21-39 and 81-88; and a V. CDR3 region having an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 21-39 and 89-96, or an amino acid sequénce having one,
two, three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs:
21-39 and 89-96.

Engineered antibodies of the im;_ention include those in which modifications have been
made to framework residues within Vy at;d/or Vi, €.g. to improve the properties of the antibody.

Typically such framework modifications are made to decrease the immunogenicity of the antibody.
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_ For example; one approach is to "back mutate”" one or more framework residues to the

corresponding gei'miine sequénce. More specifically, ari antibody that has undergone somatic
mutation may contain framework resxdues that differ from the germlme sequence fromi which the
antlbody is derived. Such residues can be identified by comparmg the anubody framework
sequences to the germline sequences from which the antzbody is derived. To return the framework

region seqxsences 1o their germline configuration, the somatic mutat[ons can be "back mutated” to

‘the germline scqucnce by, for example, site-directed mutagenes:s or PCR-mediated mutagenesis.

Such "back mutated" antibodies are also intended to be encompassed by the mvennon

Another type of framework modification involves mutatirig one or more residues within the

" framework region, or even within one or more CDR regions, to remove T ceil -epitopes to thereby

~ reduce the potential immunbgenicity of the antibody. This:approach is also referred to as

"deimmunization” and i is described in further detail in U.S. Patent Publication No. 20030153043 by
Carr et al.. .
In addmon or altematwe to modxf’ catlons made wuhm the framework or CDR regions,

antibodies of the’ mventxon may be engmcered to include modifications within the Fo region,

: typrcally to alter one or moré functional properties of the antibody, such as serum half-life,

complement fixation, Fec receptor binding; and/or antigen-dependent cellular cytotoxicity.
Furthermore, an antibody of the invention may be c‘:hcmic‘ally modified (e.g., one or more chemical
moieties can be attat;}wd‘ to the antibody) or be modified to alter its glycosylation, again to alter one
or more functional. properties of the antiboqy. Each of these embodiments is described in further
detail Selpw. Tl{e numbering of residues in the Fc region is that of the EU index of Kabat.

In one embodiment, the hinge region of CH1 is modified s‘uci1 that the number of cysteine:

* residues in the hinge region is altered, e.g., increased or decreased, This approach is described

further in U.S. Patent No. 5,677,425 by Bodmcr et al. The number of cysteine residues in the hinge

' region of CH1 is altered to, for cxample, facﬂltatc assembly of the light and heavy chams orto

increase or decrease the stability of the antibody.

In another embodiment, the Fc hnnge region of an antibody is mutatcd to decrease the
biological half-life of the antibody. More specifi cally, one or more amino acid mutations are
introduced into the CHZ-CH:’; domain interface region of the Fe-hinge fragment such that the
antibody has impaired Staphylococeyl protein A (SpA) binding relative to native Fe-hinge domain
SpA binding. This approach is described in further detail in U.S. Patent No. 6,165,745 by Ward et

In another embodiment, the antibody is modified to increase iis biological half-life, Variolus
approaches are possible. For example, one or more of the following mutations can be introduced:
T252L, T2548, T256F, as described in U.S. Patent No. 6,277,375 to Ward. Altematively, to increase

the biological half life, the antibody can be altered within the CH} or CL region to contain a salvage
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receptor binding epitope taken from two loops of a CH2 domain of an Fc region of an }gG as

descnbed in U.S. Patent Nos. 5,869,046 and 6,121,022 by Presta etal.

~ In yet other embodiments, the Fe region is altered by replacing at least one amino acid
residue with a dlfferent amino acid residue to alter the effector functions of the antibody. For °
exampfe, one or more amino acids can be replaced with a different amino acid residue such that the
antibody has an -altered affinity for an effector ligand but retains the ant:gen-bmdmg abmty of the

parent antibody. The effector ligand to whlch affinity is altered can be, for example, an Fg receptor

‘or the Cl component of compfement ThlS approach is dcscnbed in further detail in U S, Patent Nos

5,624, 82] and 5,648,260, both by Wmter ct al.

In another embodiment, one or more amino acids selected from amino acid residues can be
i'epiaced with a different amino acid residue such that the antibody has altered Clq binding and/or .
reduced or abolished complement dependent cytotoxicity {CDC). This approach is described in 4
further (ietail in U.S. Paientz Nos. 6,.194,551 by Idusogie et at.

. Inanother embodiment, one or more amino acid residues are altered to thereby alter the
ability of the antibody to fix complement. This approach is described further in PCT Publication
WO 94/29351 by Bodmer et at. a

In yet another embodiment, the Fe region is modified to increase the ability of the antibody
to mediate antibody dépendent celluiar cytotoxicity (ADCC) and/or }b in.crease the affinity c;f the
antibody for an Fey receptor by modifying one or more aming acids. This approach is described )
further in PCT Publication WO 00/42072 by Presta. Mo.regver,l the binding sif:es~ on human 1gG1 fqr
FeyRl, FoyRIL, FeyRIIT and FeRn have been mapped »a'nd varjants with improvéd binding have i‘)eerls
described (see Shields, R.L. et al,, 2001 J. Biol. Chen. 276:6591-6604).

In still another embodiment, the gﬁyéosylation of an amibod)" is mociiﬁcd. For example, an
aglycoslated aniibod.y can be made (i.e., the antibbdy lacks glycosylation). Glycosylation can be
altered to, for example, increase the affinity of the antibody for an "antigen’. Such carbohydrate
modifications can be accomplished by; for example, altering one or more sites of glycosylation
within the antibody sequence. For example, one or more amino acid substitutions can be made that
result in elimination of one or more variable region framework glycc')syiation sites to thereby
eliminate giyéosylz;tion at that site, Such aglycosylation may increase the affinity of the antibody for
antigen. Such an approach is described in furthcr detail in U.S. Patent Nos. 5,714,350 and 6,350,861
by Co et al.

Additicnally or alternatively, an antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl residues or an

antibody having increased bisecting GlcNac structures. Such altered glycosylation patterns have

been demonstrated to increase the ADCC 'ability of antibodies. Such carbohydrate modifications can

be accomplished by, for exampie, expressing the antibody in 2 host cell with altered glycosylation

machinery. Cells with altered glycosylation machinery have been described in the art and can be
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_ used as host'cells in which to express recombinant antibodies of the invention to thereby produce an

antibody with altered glycosylation. For example, EP 1,176,195 by Hang et al. descnbes a cell line

‘with a ﬁmctnonally disrupted FUTS8 gene, which encodes a ‘fucosyl transfemse, such that antibodies -

expressed in such a cell line exhibit hypofucosy!atlon PCT Pubhcatzon WO 03/035835 by Presta
descrxbes a variant CHO cell line, Lecl3 celis, ‘'with reduced ,abxhty to attach fucose to Asn(297)-
linked carbohydrates, also resulting in hypofucosylation of antibodies expressed in that host cell (see

“also Shields, R.L. et al., 2002 J. Biol. Chem. 277:26735-26740). PCT Publication WO 99/54342 by

Umana et al. describes cell lines engineered to express g[ycomotein—nfodifying glycosyl transferases
(e.g., beta(1,4)-N acetylglucosaminyltransferase 11{ (GhTIII)) such that antiboﬁies eipressed inthe
engineered cell lines exhibit increased bisecting GlcNac structures which results in increased ADCC
activity of the antibodies (see aiso Umana etal, 1999 Nat. Biotech. 17:176-180). '

Another modification of the antibodies herein that is contemplated by the invention is
pegylation, An antibody can be pegylated to, for example, increase the biological (e.g., sérum) half-
tife of the anjciléod&n To pegylate an antibody, the antibody, é.r fragment thereof, typically is reacted
with polyethylene glycc;i (PEG), such as a reactive ester or aldehyde derivative of PEG, under

- conditions in which one or more PEG groups become attached to the antibody or antibody fragment.

The pegylation can be carried out by an acylation reaction or an alkylation reaction with a reactive
PEG molecule (or an.analogous reactive water-sofuble polymer). As used herein, the term
"polyethylene giycoi“ is'intended to encompass any of the forms of PEG that have been used to
der:vatxze other protems, such as mono (C1-C10) alkoxy- or aryloxy-polyethylene glycol or

' polyethylenc glycol-malclmlde In certain embodiments, the antxbody to be pegylated is an

aglycosylated antibody. Methods for pegylating proteins are known in the art and can be applied to '
the antibodies of the invention. See for example, EP 0 154 316 by Nishimurz; etal. and EP 0401 384
by Ishikawa et al.
Non-Immunoglobulin Scaffolds

A wide variety of antibody/ immunoglobulin frameworks or scaffolds can be employed so
long as the resulting polypeptide includes at least one binding region which is specific for the target
protein. Such f;‘amewqus or seaffolds inciude the five main idiotypes of human immundgiobu}ins,
or fragments thergof.(such as those disclosed elsewhere herein), and include immunoglobulins of
other amma] species, prefcrabiy havmg humanized aspects. Smgle ileavy-cham antxbodnes such as

those identified in camelids and/or shark are of particular interest in this regard. Novel frameworks,

' scaffolds and fragments continue to be discovered and developed by those skliled in the art.

In one aspect, the invention pertains to generating non-immunoglobulin based antibodies
using non- immunoglobulin scaffolds onto which CDRs of the invention cart be grafted. Known or
future non-immunoglobulin frameworks and scaﬂ’ol&s may be employed, as long as they comprise a
binding region specific for the target protein of SEQ ID NO: 1 or SEQ 1D NO:122. Such

compounds are known herein as “pd!ypeptides comprising a target-specific binding region”. Known
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non-ﬁmmunoglobuiin frameworks or scaffolds inclubc, but are not limited to, Adz{ectins .
{fibronectin) (Compound Therapeutics, Inc., Waltham, MA), anky'rin (Molecular Paﬂnérs AG,

‘ Zurich, Switzerland), domain antibodies (Domantis, Ltd (Cambridge, MA) and Ablynx nv

{Zwijnaarde, Belgium)) lipocalin (Anticalin) (Pieris Proteolab AG, Freising, Germany), small’
moduiar 1mmuno~phannaceut1cals (Trubwn Pharmaceuticals Inc., Seattle, WA); maxybodtes .
(AVldla Inc (Mountam View, CA)), Protein A (Affibody AG, Sweden) and affilin (gamma-
crystallin or ubiquitin) (Scil Proteins GmbH Halle, Germany). '

- 1 i} Adnectins — Compound Therapeutxc

The adnectin scaffolds are based on fibronectin type 111 domain (e.g., the tenth modufe of
the fibronectin type I (10 Fn3 domain). Thc fibronectin type 11 domam has 7 or 8 beta strands
which are distributed between two beta sheets, which themselves pack against each other to form the
core of the protein, and further comammg loops (analogous to CDRs) which connect the beta
strands to each other gmd afe solvent exposed. There are at least three such loops at each edge of the
beta sheet sandwich, where the edge is the bour;dary of the.protein perpendicular.to the direction of ]
the beta strands. (US 6,318,418).

These fibronectin-based scaffolds are not an immunoglobulin, although the overall fold is
closely related to that of the smallest functional antibody fragment, the variable region of the heavy
chain, which comprises the entire antigen recognition unit in camel ;and ilama 12G. Be_causé of this -
structure, the non—immunog!bbulin antibody mimics antigen binding properties that afe similar in
nature and affinity to those of antibodies. These scaffolds can be used in a loop randomization and
shufﬂmg strategy in vitro, that is similar to the process of affinity maturation of antibodies in vivo.
These fibronectin-based molecules can be used as scaffolds where the 1oop regions of the molecule .
can be replaced with CDRs of the inveption'using standard clor{ing t'echniqu.es.

(i) Ankyrin — Molecular Partners

The technology is based on using proteins with ankyrin derived repeat modules as scaﬁ’olds
for bearing variable regions which can be used for binding to different targeés. The ankyrin repeat
module is a 33 amino acid polypeptide consisting of two anti-parallel o-helices-and a B-turn.
Binding of the variable regions is mt;stiy optimized by using riboso;ne display.

(iif) Maxvl:fot:i'ies/ﬁ;vimers - Avidia

Avimers are derived from natural A-domain containing protein such as LRP-1, These
domains are used by nature for protein-prote'in interactions and in human over 250 proteins are
structuraily based on A-domains. Avimers consist of a number of different “A-domain™ monomers
(2-10) linked via amino acid linkers. Avimers can be created that-can bind to the target antlgen
using the methodology described in, for example, 20040175756; 20050053973; 20050048512; and

20060008844,
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~ (vi) Protein A — Affibod

Affi body@ affinity ligands are small, simple préteins composed of a three-helix bundle .
based on the scaffold of one of the IgG-binding domains of Protein A. Protein A is a sirface protein -
from the bacterium Staphylococeus aureus. This scaffold domam consnsts of 58 ammp acids, 13 of
which are randomized to generate Affibody® libraries withva farge number of ligand variants (See

€., US 5,831, 012) Affibody® molecules mimic antibodies, they have a molecular weight of 6

'kDa, compared to the molecular weight of antibodies, which is 150 kDa. In spite of its small size,

the binding site of Afﬁbody@ molecules is similar to that of an antibody.

(V) Anticalins — Pieris

Anticalins® are products developed by the ¢ company Pieris ProteoLab AG. They are derived:
from lipocalins,.a w1dcspread group of small and robust protcms that are usual}y involved in the
physiological transport or storage of chemically sensitive ar inscluble compounds. Several natural
lipocalins occur m human tissues or body liquids.

The protem architecture is remmlsccnt of 1mmunog]obuims, with hypervariable loops on top
of a rigid framework. However, in contrast with antibodies or their recombinant fragments, .
lipoéalins are composed of a single polypeptide chain with 160 to 180 amino acid residucs, being
just marginally bigger than a single immunoglobulin domain.

_The set of four loops, which makes up the binding pocket, shows pronounced strictural
plasticity and télerates a'variety of side chains, The binding sitc can thus be reshaped in a

proprietary process in-order to recognize préscribed target molecules of different shape with hi gb

'afﬁmty and specificity.

One protein of lipocalin family, the bilin- bmdmg protein (BBP) of Plerns Brassicae has been.
used to develop anticalins by mutagenizing the set of four loops. One example of a patent
application describing "anticalins” is PCT WO 199916873,

" (vi) Affilin — Scil Proteins

Affilin™ molecules are small non-immunoglobulin proteins which are designed for specific
affinities towards proteins and small molecules. New Affilin ™ molecules can be very quickly
selected from t;«vo librartes, each of which is based on a different human derived scaffold protein.

Affilin™ molecules do not show any structural homology to immunoglobulin proteins. Scil
Proteins employs two Affilin™ scaffolds, one of which is gamma crystal]me, a human structural eye .

fens protein and the other is "ubiquitin" superfami ly proteins. Both human scaffolds are very small,

‘show high temperature stability and are almost resistant to pH changes and dcnaturmg agents. This

high stability is mainly due to the expanded beta sheet structure of the proteins. Examples of
gamma crystailine derived proteins are described in W0200104144 and examples of "ubiquitin-
like” proteins are described in W(02004106368.
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Methods of engineering antibodies
As discussed above, the anti-DKK1 antibodies Having Vg and VL sequences or ﬁJl] length

hcavy and light chain sequences shown herein can be used to create new anti- DKK1/4 antibodies )
by modifying full length heavy chain and/or light chain sequences, Vy; and/or V|, sequences, or'the
constant reg:on(s) attached thereto. Thus, in another aspect of the invention, the structura! features
of an antl-D}\K{ antlbody of the invention are used to create structurally related anti- DKK]M )

antibodies that retam at least one functlonal property of the antibodies of the invention, such as.

‘binding to human DKK1 or DKK4 or both and also mhtbntmg one or more funcnonai properties of

DKX1 or DKK4 or both.

For example one or more CDR regions of the antlbodtcs of the prescnt invention, or
mutations thereof, can be combined recombinantly with known framework regions and/or other
CDRs to create additional, recombinantly-engineered, anti-DKK]1 antibodies of the i invention, as
discussed above. Other .typés of mc;difications include those described in the previous section. The
starting material for the engineéring method is one or more of the Vi and/or Vi sequences provided
herein, or one or more CDR regions thereof. To create the engineéred antibody, it is nét necessary to’
actually prepare (i.e., express as a protein) an ‘antibody having one or more of the Vy and/or Vi
sequences provided herein, or one or more CDR regions thereof. Rather, the information contained
in the sequence(s) is used as the starting material to create a "second. ’gen.eration" sequence(s‘)
derived from the original sequence(s) and then the "second géneration" sequence(s) is prepared and
expreSSed as a protein. . ’

Accordingly, in another embodiment, the mvent:on provxdes a method for preparing an antr»
DKK1 antibody conSlstmg oft a Vy region antibody sequence havmg a CDRI sequence selected
from the group cons:stmg of SEQ ID NOs: 2—5 8 11,20, 49-56,a CDR2 sequence selected from the
group consisting of SEQ ID NOs: 2-20 and 57-64 and/or a CDR3 sequence selectéd from the group
consisting of SEQ 1D NOs: 2-20 and 65-72; and a Vy region antibody sequence having a CDRI
sequence selected from the group consisting of SEQ 1D NQOs: 21-39 and 73-80, a CDR2 sequence
selected from the group consisting of SEQ ID NOs: 21-39 and 81-88 and/or a CDR3 sequence
selected from the group consisting of SEQ ID NOs: 21-39 and 89-96; altering at least one amino
acid residue within the Vy region antibody sequence and/or the V region antibody sequence to
create at lc:;st one altered antibody sequence; and expressing the altered antibody sequence asa
protein. ‘ )

Accordingly, in another embodiment, the invention provides a method for preparing an anti-
DKX1 antibody consisting of: a full length heavy chain antibody sequence having a sequence )
selected from the group of SEQ ID NOs:. 115-117; and a full length light chain antibody sequénce b

having a sequence selected from the group of SEQ ID NOs: 111-114; altering at least one amino

acid residue within the full length heavy chain antibody sequence and/or the full length light chain
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_ antibody sequence to create at least one altered antibody sequence; and expressing the altered

antibody scquence as a protein.

In another embodiment, the mventxon prov:des a method for preparmg a neutrahzmg anti-
D}{Kim composition aptimized for mammalmn expressmn con51stmg oft a Vy region antibody
sequence having a sequence selected from the group of SEQ IDNO: 119; and a Vy | region antibody
sequence havmg.a sequence selected from the group of SEQ }D NO: 118; altering at least one amino

" acid residue within the V) region antibody sequence and/or. the V|_ region antibody sequence to

create at least one altered antibody sequence; and expressing the altered antibody sequence as a
protein, . o ' -

Standard molecular blology techniques can be used to prepare and e‘{press the altered
antibody sequence. The antibody encoded by the altered antlbody sequence(s) is one that retains
one, some or all of the functional properties of the neutralizing anti-DKK 1/4 composmons described
herein, which ﬁxdgtiOnal properties include, but are not limited to, specifically binding to human
DKK1; and the antibody exhibits at least one of the fol onviﬁé functional properties: the antibody
inhibits binding of DKK1 protein to the DKKI1 receptor, or the antibody inhibits DKK 1 receptor
binding préventing or ameliorating osteolysis, or the antibody inhibits DKK 1 receptor binding
thereby preventing or ameliorating osteolytic lesions, or the antibody inhibits DKK1 receptor
binding preventing or ameliorating cancer.

The altered zmtibbdy may exhibit one or more, two or more, or three or more of the

funct:onai propemes discussed above.

The functional properties of the altered antibodies can be assessed using standard assays
available in the art and/or described herein, such as those set forth’in the Exqmples (e.g., ELISAs).

In certain embodiments of the methods of engineering antibodies of the 'inventiori, muiations
can be introduced randomly or selectively a]orxg all or part of an anti-DKK 1 antlbody coding
sequence and the resulting modified anti-DICK1 antibodies can be screened for bmdmg activity
and/or other functional properties as described herein. Mutational methods have been described in
the art. For examplé, PCT Publication WO 02/092780 by Short describes methods for creating and
screening aritiﬁody mutations using satura'tion mutagenesis, synthetic ligation assembly, ora
combination thereof. Altemétiveiy, PCT Publication WO 03/074679 by Lazar et al. describes

methods of using computational screening methods to optimize physiochemical properties-of

The Fe constant region of an antibody fs critical for determining serum ﬁalf-life and effector .
functions, i.e., antibody dependent cell cytotoxicity (ADCC) or complement dependent cytotoxicity
{CDC) activities. One can engineer specific mutants of the Fc fragment to alter the effector function
and/or serym half-life (see, e.g., Xencor tecvhnology,lsee also, e.g., WO2004029207).

One method to alter effector function and serum half-life of an antibody is to graft the

variable region of an antibody fragment with an Fc fragment having the appropriate effector
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functlon IgG1 or eG4 isotypes can be selected for cell killing activity, whereas }ng lsotype can

be used for silent or neutralizing antibodies (with no cell killing acthty)

Silent antibodies with long serum half:life can-be obtained by making chimeric fusion of
vanable reglons of an antibody with a serum protein such as HSA or a protein binding to such serum
protein, such HSA binding protein. )

Effectgr.ﬁmctxons can also be altered by modulating the glycosylation pattern of the
antibody. éiycart (é g., US6,602 684), Biowa (e.g., US6,946,292) and Genentech (e.g
W003/035835) have engineered mammahan cell lines to produce antibodies with mcrcased or
decieased effector function. Especxally, non fucosylated amibodies will have enhxmced ADCC
activities. Glycofi has also developed yeast cell lines capable of producing specific glycoforms of
antibodies. . .
Nuclenc acid molecules encodmg antibodles of the invention

Another aspect of the invention pertains to nucleic acld molecules that encode the antibodies
of the invention. Examples of full length I:ght qham parental nucleotide sequences are shown in
SEQ ID NOQs: 97-100. Examplps of full length heavy chain parental nucleotide sequences are
shown in SEQ ID NOs: 101-'103. Examples of full length light chain nucleotide sequences
optimized for expression in a celi are shown in SEQTD NQs: 104-107. Bxamples of full lengih
heavy chain nucleotide sequeuces optimized for expression in a cell gre shown in SEQ }D NOs:
108-110. .

The nucleic acids may be present in whole- ccl]s, inacell lysate, or may be nuclenc aclds ina
pértialiy purified or substantially pure form. A nucleic acid i is "isolated” or "rendered substantlally
pure"” when purified away from other cellular components or other conta-mmants e.g., other cellular .
nucleic acids or proteins, by standard :echmques, mcludmg a!kalme/SDS treatment, CsCl banding,
column chromatography, agarose gel electrophoresis and others well known in the art. See, F.
Ausubel, et al,, ed. 1987 Current Protocols in Molecular Biology, Greene Publishing and Wiley
Interscience, New York. A nucleic acid of the invention can be, for example, DNA or RNA and may
or may not contain intronic sequences In an embodiment, the nuclexc acid is a cDNA molecule.

The nucleic acid may be present in a vector such as a phage display vector or in a recombinant
plasmid vector.

Nﬁcipic acids of the invention can be obtained using standard molecular biology techniques.
For antibodies expressed by hybridomas (eg., hybridomas prepared from transgenic mice carrying
human immunoglobulin genes as described further below), cDNAs encoding the light and heavy
chains of the antibody made by the hybridoma can be obtained by standard PCR amplification or
¢DNA cloning techniques. For antibodigs obtained from an immunoglobulin gene library (e.g:,'
using phage display techniques), nucleic/c}cid encoding the antibody ¢an be recovered from various
phage clones that are members of the library. ‘
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Once DNA fra'gments' encoding Vi and V. segments are obtained, these DNA fragments can

be further manipulated by standard recombinant DNA téchniques, for éxample to convert the

‘variable region gehes to full-fength antibody chain genes, to Fab fragment genes or to'an scFv gene. -

In these manipulations,.a V- or Va~éncoding_ DNA fragment is: operatively linked to another DNA
molecule, or to a fragment encoding another protein, such as an antibody constant région or a

flexible linker’ Tl;e term "operatively linked", as used in this context, is intended to mean that the

) two DNA fragmcnts are joined in a functional manner, for example, such that the amino acid

sequences encoded by thc two DNA fragments remam in-frame, or such that the protein is expressed
under control of a desired promoter. ‘

The isolated DNA: cncodmg the Vy region can be converted to a full-length heavy chain

~ gene by operatively Emkmg the Vg-encodmg DNA to another DNA molecule encoding heavy chain

constant regions (CHI, CH2 and CHB3). The sequences of human heavy chain constant region genes
are known in the art (see e.g., Kabat, E. A, el al,, 1991 Sequences of Proteins of Immunological
Interest, Fifth Ediiion, U.8. Department of }-Iealth and Humé'n Services, NIH Publication No. 91-
3242) and DNA fragments encompassmg these regions can be obtained by standard PCR

: &mphfication The heavy chain constant region can be an IgGl, an IgG2, 1gG3, 18G4, IgA, IgE, IgM

or IgD constant region. For a Fab fragment heavy chain gene, the Vy-encoding DNA can be

operatively linked to another DNA molecule encoding only the heavy chain CHI constant region.
The isc;latec,!‘ DNA encoding the Vy region can be converted to a full-fength light chain gene

(as wellasto a Fab' light chain gene) by opcmti'vely linking the V\-encoding DNA to another DNA

. molecule encodmg the light chain constant region, CL. The scquences of human light chain constant

region genes are known in the art (see e.g., Kabat, E. A, et al;, 1991 Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Departmcnt of Health and Human Services, NIH
Publication No. 91-3242) and DNA fraginents encompassmg , these regions can be obtained by

" standard PCR amplification. The light chain constant region can be a kappa or a lambda constant

region. .

To create ari scFv gene, the V- and V -encoding DNA fragmcnts are operatively linked to
another ﬁ-agment encodmg a flexible lmker, e.g., , encoding the amino acid sequence (Gly4 -Ser)s,
such that the Vy; and.Vy, sequences can be expressed as a contiguous single-chain protein, with the
Vi and Vy regions joined by the flexible linker (see e.g., Bird et al., 1988 Science 242:423-426;
Huston et at., 1988 Proc. Natl. Acad. Sci. USA 85:5879-5883, McCaﬁ'eny etal, }990 Nature -

348:552-554).

Production of monoclonal antibodies of the mventlon

Monoclonal antibodies (mAbs) can be produced by a variety of techmques, including
conventional monoclonal antibody methodology e.g., the standard somatic cell hybridization
technique of Kohler and Milstein, 1975 Nature 256: 495. Many techniques for producing

monoclonal antibody can be employed e.g., viral or oncogenic transformation of B lymphocytes.
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An animal system for preparing hybrldomas is the murine system. Hybridoma production in

the mouse is a well established procedure. Immunizatiofi protocois and techmques for isolation Of

1mmumzed splenocytes for fusion are known in the art: Fusion partners (e.g., murine myeloma cells)
and fusion procedures are also known.

Chimeric or humanized antibodies of the present invention can be prepared based on the
sequence of a murme ‘'monoclonal antibody prepared as described above. DNA encoding the heavy
and light cham 1mmunogkobulms can be obtained from the murine hybridoma of interest and’
énginecred to contain non-murine (e.g.,.human) immunoglobulin sequences using standard
mol‘ecula;r biology techniques. Fbk example, to create a ch‘imer‘ic antibody, the murine variable
regions can be linkegi to human constant regions using methpds known in the art (see e.g'., uU.s.
Patent No. 4,816,567 to Cabilly et al.). To create a humanized antibody, the murine CDR regions
can be inserted into a human framework using methods known in the art, See'e.g., U.S. Patent No.
5225539 to Winter, apci U.8. Patent Nos. 5530101, 5585089; 5693762 and 6180370 to Queen'et al.,

In a certain embodiment, the antibodies of the invention are human monoclonal antibodies. )
Such human monocfonal antibc_)dies directed ag;xinst DKK] can be generated using transgenic or
transchromosomic mice carrying parts of the izuman immune system rather than the mouse system.
These transgenic and transchromosomic mice include mice referred to herem as HuMAb mxce and
KM mice, respectively, and are collectively ref'erred to herein as "human Ig mice.'

' The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci that
encode un-rearranged human heavy (p and v) and !1ght chain tmmunoglobulm scquenccs, togcthcr ]
with targeted mutations that inactivate the cndogcnous u and K chain loci (see e.5., Lonberg, et ai
1994 Nature 368(6474): 856-859). Accordingly, the mice exhibit reduced expression of mouse IgM -
orK, and in response to 1mmumzat|cm, the mtroduced human heavy and light chain transgenes
undergo class sw1tchmg and somatic mutation to generatc high affinity human IgGGx monoclonal
(Lonberg, N.-et al., 1994 supra; reviewed in Lonberg, N., 1994 Handbook of Expcnmental
Pharmaéolog}; 113:49-101; Lonberg, N. and Huszar, D., 1995 Intemn. Rev. Immunol.13: 65-93, and
Harding, F. and Lonberg, N., 1995 Ann. N. Y, Acad. Sci. 764:536—546)‘ The preparétion and use of
HuMAD mice, and the genomic modifications carried by such micc,l is further described in Taylor,
L.etal, 1992 Nncieic Acids Research 20:6287~6295; Chen, J. et at., 1993 International
Immunology 5: 647-656; Tuaillon et al., 1993 Proc. Natl. Acad. Sci. USA 94:3720-3724; Choi et al,,
1993 Nature Genetics 4:117-123; Chen, . et al., 1993 EMBO J. 12: 821-830: Tuaillon et ;{l., 1994 3.
Immunol. 152:2912-2920; Taylor, L. et al., 1994 Intemational Immunology 579-591; and Fishwild,
D. et al., 1996 Nature Biotechnology 14: 845-851, the contents of all of which are hereby .
specifically incorporated by reference in‘their entirety. See further, U.S. Patent Nos. 5,545,806;

5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397, 5,661,016; 5,814,318; 5,874,299; and

5,770,429; all to Lonberg and Kay; U.S. Patent No. 5,545,807 to Surani et al.; PCT Publication Nos. )
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WO 92103918, WO 93/1222f WO 94/25585, WO 97113852, WO 98/‘24884 and WO 99/459652‘, all
to Lonberg and Kay, and PCT Publication No. WO 01/14424 to Korman et al.

In another embodiment, human antibodies of the invention can be raised usmg a mouse that -
carries human immunoglobulin sequences On transgenes and trgnschomosomes such as a mouse that .
carries a human heavy chain transgene and a human light chaih transchromosome. Such mice, ‘
referred to hereln as "KM mice", are described in detall in PCT Pubhcatuon WO 02/43478 to Ishida

«

'et al.

T further, altematwe transgenic animal systems expressing human 1mmunoglobuhn genes

are available in the art and can be used to raise anti-DKK 1 antibodies of the invention. For example,

" an alternative tranSgenic, system referred to as the Xenomouse (Abgenix, Inc.) can be used. Such
. mice are described in, e.g., US. PatentNos 5,939, 598 6 075;181 6,114, 598 6, 150, 584 and

6,162,963 to Kucheriapatn etal.
Moreover, alternative transchromosomic animal systems expressing human
immunoglobulin genes are available in the art and can be used to raise anti-DKK I antibodies of the

invention. For example, mice carrying both a human heavy chain transchromosome and a human

* light chain tranchromosome, referred to as "TC mice" can be used; such mice are described in

Tomizuka et al., 2000 Proc. Natl. Acad. Sci. USA 97:722-727. Furthermore, cows carrying human
heavy and light chain. transchromosomes have been.described in the art (Kuroiwa ct al., 2002 Nature
Biotcchnology'20'839-894) and can.be used to raise anti-DKX.1 antibodies of the invention.

Human monoclonal antibodies of the invention can also be prepared using phage display

"methods for screcnmg libraries of human immunoglobulin genes. Such phage display methods for

|soiatmg human antibodies are established in the art. See for exampie. U.S. Patent Nos. 5,223,409,

" 5,403,484; and 5,571,698 to Ladner et al.; U.S. Patent Nos. 5,427,908 and 5, 580,717 to Dowex: et al.;

U.S. Patent Nos. 5,969;108 and 6,172,197 to McCaﬁ'erty etal.; and U.8. Patent Nos. S ,885,793;

" 6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593, 081 to Griffiths et al.

Human monoclonal antibodies of the invention can also be prepared using SCID mice into
which human immune celis have been reconstituted such that a human antibody response can be
generated u]’aon' immunization. Such mice 'are described in, for example, U.S. Patent Nos, 5,476,996
and 5,698,767 to Wilson et al. _

Human antibody libraries screens may be used to identify an antibody of the ipvention.

Choice of screening technologies include, but are not limited to, e.g: phage display (Morphosys), the

.type of libraries (e.g., HuCal library from Morphosys), affinity maturation technology and further

codon optimization sequence.
Generation'of human monoclonal antibodies agamst DKK1.
Purified recombinant human DKK1 derived from E. coh, baculovirus or HEK-EBNA cells

or purified recombinant human DKK1 conjugated to keyhole limpet hemocyanin (KLH), is used as

the antigen.
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Fully human monoclonal antibodies to DKK 1 are prepared using HCo7 HCQIZ and HCol7

strams of HuMab transgenic mice and the KM strain of transgenic transchromosom:c mlce, each of

whxch express human antibody genes. In each of these mouse strains, the endogenous mouse kappa’

light chain gene can be homozygously disrupted as described in Chen et al.,, 1993 EMBO J.12: 81 1-
820 and the endogenous mouse heavy chain gene can be homozygously disrupted as descrlbed in
Example 1 of PCT Publication WO 011091 87. Each of these mouse strains carries a human kap;)a
light chaln transgcne KCo§, as dcscrlbed in Fishwild et al., 1996 Nature Blotechnology 14:845-851.
The HCo7 strain carries the HCO? human heavy chain transgene as described in U. S Patent Nos.
5,545,806; 5,625,825; and 5, 545 807 The HCol2 strain carries the HCo12 human heavy chain
transgene as descnbed in Example 2 of PCT Publication WO 01/091 87. The HCol7 stain cames the
HCo17 human heavy chain transgene. The KNM strain contains the SC20 transchromosome as
dcscnbcd in PCT Pubixcatton WO 02/43478

To generate fully human monoclonal antibodies to DKK1, HuMab mice and KM mice are
immunized with purified recombinant DKK1 dgnved from E. coli or DKK1-KLH conjugate as
antigen. General immunization schemes for HuMab mice are described in Lonberg, N. ct al., 1994
Mature 368(6474): 856-859;-F§shwild, D. et a!'., 1996 Nature Biotechnology 14:845-851 and PCT
Publication WO 98/24884. The mice are 6-16 weeks of age upon the first infusion of antigen. A
pin'if' ed recombinant preparation (5-50 ug) of DKKI antigen (e.g. '§Urif; ed from transfccte(i £ coli *
cells expressing DKK1) is used to immunize the HuMab micé and KM mice mtrapcntoncaiy,
subcutaneously (Sc)or by footpad injection. '

Transgenic mice are immunized twice with antigen in cornplete ’x"reund’s adjuvant or R.lbl
adjuvant either intraperitonealy (IP), subcutaneously (Sc) or by footpad (FP) followed by 3-21 days .
IP,ScorFPi 1mmumzanon (up to a total of H 1mmumzat|0ns) with the antigen in incomplete
Freund's or R:b: ad_| uvant, The immune response is monitored by retroorbital bleeds. The plasma is
screened by ELISA, and mice with sufficient titers of anti-DKK1 human immunogolobulin are used
for fusions. Mice are boosted intravenously with antigen 3 and 2 days before sacrifice and removal
of the spleen, Typically, 10-35 fusions for each antigen ara performed Several dozen mice are
immunized for each antigen. A total of 82 mice of the HCo7, HCoi2 HCo17 and KM mice strains
are immunized with DKK1. .

To‘sg:lect HuMab or KM mice producing antibodies that bound DKX1, sera from
immunized mice can be tested by ELISA as described by Fishwild, D. et al., 1996. Briefly,
microtiter plates are coated with purified recombinant DKXK1 from E. coli at 1-2 pg /ml in PBS, S0
pl/wells incubated 4 °C overnight then blocked with 200 plAwell of 5% chicken serum in ,
PBS/Tween (0.05%). Dilutions of plasma from DKK1-immunized mice are added to each well'and
incubated for 1-2 hours at ambient tempéfature. The plates are washed with PBS/Tween and then

incubated with a goat-anti-human IgG Fe polyclonal antibody conjugated with horseradish

peroxidase (HRP) for | hour at room temperature. After washing, the plates are developed with
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ABTS substrate (Sigmé, A-l 888, 0.22 mg/ml) and analyzed by spectrophotometer at OD 415-495.
Mice that developed the highiest titers of anti-DKK1 antibodies are used for fusions. Fusions are.

‘performed and hybﬂdoma supematants are tested for antx-DKKl activity by ELISA.

The mouse splenocytes, 1solated from the HuMab rmce ‘and KM mice, are fused with PEG
1o 2 mouse myeloma cell line based upon standard protocois The resulting hybridomas.are then

scrcened for the productton of antigen-specific antibodies. Sin gle cell suspensions of splenic -

’ lymphocytes ﬁ'om :mmumzed mice are fused to one-fourth the number of SP2/0 nonsecreting mouse

myeloma cells (ATCC CRL 1581) with 50% PEG (Sigma). Cells are plated at approximately 1x10
Stwell in flat bottom microtiter plate, followed by about two week incubation in selective medium -
containing:10% fetal bovine serum, 10% P388D 1{ATCC, CRL TIB-63) conditioned medium, 3-5%
origen (IGEN) in DMEM (Mediatech, CRL 10013, with highiglucose, L-glutamine and sodium
pyruvate) pius S mM HEPES, 0.055 mM 2-mercaptoethanol, 50 mglnni gentémycin and Ix HAT
(Sigma, CRL P-7] 85). After 1-2 weeks, cells are cultured in medium in which the HAT is replaced
with HT. Indwldual wells are then screened by ELISA for humian anti-DKK.1 monoclonal 1gG

antibodies. Once extensive hybrndoma growth occurred, medium is ‘monitored usually after 10-14

‘ days The antxbody secreting hybradomas are replated, screened again and, if still positive for human

1gG, anti-DKX1 monoclonal antibodies are subcloned at least twice by limiting dilution. The stable
subclones are then cultured in vitro to generate small amounts of antibody in tissue culture medium

for further characte rizatidn

Immumzatlon of human g mice

When human Ig mice are used to raise human antibodies of the invention, such mice can be
immunized with a purified or enriched preparation of DKK1 antigen and/or recombinant DKKI, or -
an DKXKI fusion protein, as described by Lonberg, N. et al,, 1994 Nature 368(6474): 856;859;‘
Fishwild, D. et al., 1996 Nature Biotechnology 14: 845-851; and PCT Publication. WO 98124884

* and WO 01/14424. The mice can be 6-16 weeks of age upon the first infusion. For eﬁample, a

purified or recombinant preparation (5-50 pg) of DKKI antigen can be used to immunize the human
Ig mice mtraperltoneal]y

Detailed procedures to generate ﬁxlly human monoclonal antibodies to DKKI are described
above. Cumulative experience with various antigens has shown that the transgenic mice respond
when initially immunized intrapérifoneally (IP) with antigen in complete Freund's adj uvant,

followed by every other week IP immunizations.(up to a total of ) with antigen in incomplete

Freund's adjuvant. However, adjuvants other than Freund's are also found to be effective. In -

addition, whole cells in the absence of adjuvant are found to be highly immunogenic. The immune
response can be monitored over the course of the 'immunization protocol with plasma samples being
obtained by retroorbital bleeds. The plasma can be screened by ELISA, and mice with sufficient
titers of anti-DKK.1 human immunoglobulin can be used for fusions. Mice can be boosted

intravenously with antigen 3 days before sacrifice and removal of the spleen. It is expected that 2-3
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fusions for each immunization may need to be perfb“rmed. Between 6 and 24 mice are typically

immunized for each antigen. Usually both HCo7 and HCol12 straing are used. In addizfoh, both

~ HCo7 and HCo 12 transgene can be bred together into-a single mouse having two different human °

heavy chain transgenes (HCo7/HCo12).

Generation of hybridomas producing human monoclonal antibodles

To gerxerate hybridomas producing human monoclonal antibodies of the mvezmcm,
splenocytes and/or Iymph node cells from immunized mice can be isolated and fused to an
appropriate’ immortalized cell line, such as a mouse myeloma cell line. The resulting hybridomas
can ‘be'sc;reencd for the productiéﬁ of antigen-specific ant%bodies For example, sinéle cell -
suspensions of spiemc lymphocytes from immunized mice can be fused to one-sixth the number of
P3X63~Ag8 653 . nonsecreting mouse myeloma cells (ATCC, CRL 1580) with 50% PEG. Cells are
plated at approximately 2 x 145 i in flat bottom microtiter plates, followed by a two week incubation
in se]eciive medium co;xtaiiaing 20% fetal Clone Serum, 18% "653" conditioned media, 5% origen
(IGEN), 4 mM L-giutamine, | mM sodium pyruvate SmM. HEPES, 0:055 mM 2-mercaptoethanol,
50 units/ml penicillin, 50 mg/ml streptomycm 50 mg/m! gentamycin and 1 X HAT (Sigma; the HAT
is added 24 hours after the fusion). After approximately two weeks, cells can be cultured in medium
in which the HAT is replaced with HT. Individual wells can then be screened by ELISA for human
monocional IgM and 1 g@ antibodies. Once e}gtensive hybridoma gﬁthh'occ_:urs, medium car.) be
observed usually after 10-14 days. The antibody secreting hybridomas can be replated, séréened
again, and if still positive for human IgG, the monocionai anubodles can be subc!oned at ieast thce .
by limiting dilution, The stable subc!ones can then be cultured n vitro to generate small amounts of
antibody in tissue culture medium for characterization.

To pnrtfy human monaclonal annbodtes, selected hybndomas can be. grown in two-liter
spinner-flasks for monoc!onal antibody punﬁcatxon. Supematants can be filtered and concentrated
before affinity chromatography with protein A-sepharose (Pharmacia, Piscataway, N.J.). Eluted 1gG
can be checked by gel electrophoresis and high performance liquid c’nromatégraphy to ensure purity.
The buffer solution can be exchanged into PBS, and the concen’a?tion can be determined by OD2gp

using 1.43 extinction coefficient, The monocional antibodies can be aliquoted and stored at-80° C.

Generation of transfectomas producing monoclonal antibodies

Ar;tibodics of the invention also can be produced in a host cell transfectoma using, for
example, a combination of recombinant DNA techniques and gene transfection methods as is'well
known in the art (e:g., Morrison, S. (1985) Science 229:1202).

For example, to-express the antibodies, or antibody fragments thereof, DNAs encoding )

partial or full-length fight and heavy chains, can be obtained by standard molecular biclogy

techniques (e.g., PCR amplification or cDNA cloning using a hybridoma that expresses the antibody

of interest) and the DNAs can be inserted into expression vecfors such that the genes are operatively

linked to transcriptional and translational control sequences. In this context, the.term "operatively
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linked" is intended to mean that an antibody gene is ligated into a vector such that transcriptiona.I'
and translational control sequences within the vector serve their intended furiction of regulating the
‘transcription and translation of the antlbody gene. The expressmn vector and expression control
sequences are chosen to be compatible with the expression host cell used. The antibody light chain
gene and the antibody heavy chain gene can bé inserted mto separate vector or, more typically, both

genes are mserted into the same expression vector. The ant:body genes are inserted into the

' exprcss:on vector by standard methods (e.g., ligation of complementary restriction sites on the

antibody gene fragment and'vector, or blunt end hgatwn if no restriction sites are present). The lxght

and Vy regions of the antibodies described herein can be used to éreate full-length antlbody genes of

" any antibody isotype by msertmg them into cxpressxon vectors already encoding heavy chain

constant and light chain constant reglons of the desired 1sotype such that the VH segment is
operatively linked to the CH segment(s) within the vector and the V, segment is operatively linked
to the CL segment within the vector. Additionally or alternatively, the recombinant expression
vector can er)code‘a signal peptide that facilitates secretion o"fthe antibody chain from a host cell.
The antibody chain gené can be cloned iritcg the vector such that the signal peptide is linked in frame
to the amino terminus of the aniibody chain gene. The signal peptide can be an immunoglobulin
signal peptide or a heterologous signal peptide (i.., a signal peptide from a non-immunoglobulin
protein). ] )

In addition to the antibody chain genes, the recombinant expression vectors of the invention

carry regu}atory sequences that controf the expressnon of the antibody chain genes in a host cell. The

term “regulatory sequence” is intended to include promoters, enhancers and other expression control

elements {e.g., polyadenylation signals) that control the transcription or translation of the antibody

" chain genes. Such regulatory sequences are described, for example, in Goeddel (Gene Exi)ression

Technology. Methods in Enzymology 185, Academlc Press, San Diego, CA 1990). It will be

" appreciated by those skilled in the art that the desxgn of the expression vector, mcludmg the

selection of regulatory sequences, may depend on such factors as the choice of the host cell to be
transformed, the level of expression of protein desired, etc. Regulatory sequences for mammalian
host cell e;qireésion include viral e{ements; that direct high levels of protein expression in-
mammalian cells, such as promoters and/or enhancers derived from cytomegalovirus (CMV),
Simian Virus 40 (§V40), adenovirts (e_.g., the adenovirus major late promoter (AGMLP)), and

polyoma. Alternatively, nonviral regulatory sequences may be nseci, such as the ubiquitin promoter

“or P-globin promoter. Still further, regulatory elements composed of sequences from different

sources, such as the SRa promoter system, which contains sequences ftom the SV40 early prOmo%er
and the long terminal repeat of human T ceH leukemxa virus type 1 (T akebc Y. etal., 1988 Mol.
Cell. Biol, 8:466-472). 4

In addition to the antibody chain genes and regulatory sequences, the recombinant

expression vectors of the invention may carry additional sequences, such as sequences that regulate
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replication of the vector in host cells (e.g., origins of repiiéation) and selectable marker genes. The

selectable marker gene facilitates selection of host cells into which the vector has been introduced

.(see e.g., U.S. Pat. Nos. 4,399,216,-4,634,665 and 5,179,017, all by Axel et al.). For exai'nple -

typically the selectable marker gene confers resistance to drugs; such as G418, hygromycin or -
methotre)\ate, on a host cell into which the vector has been introduced. Selectable marker genes
include the dtilydrofoiate reductase (DHFR) gene (for use in dhfi- host cells with methotrexate .
sclecnon/ampilf cataon) and the neo gene {for G418 selection). - '

For expression of the llght and heavy chains, the expressmn vector(s) em:odmg the heavy
and light chains is transfected into a host cell by standard techhiques. The.various forms of the term
"transfection" are‘in.tended to encompass a wide variety of teéhniques commonly used for the
introduction of exogenous DNA into a prokaryotic or eukaryotic host cell, e.g., eiectroporatic;n,
calcium-phosphate precipitaxion; DEAE-dextran transfection and the like. It is theoretically possiblé
to expréss the antibod_iés of the inv—ention in either prokaryotic or eukaryotic host cells. Expression
of antibodies in eukaryotic cells, in particular mammaltian host cells, is discussed because such
eukaryotic cells, and in'particu!ar mamimalian c_ails, are more likely than prokaryotic cells to
assemble and secrete a properly folded and aﬁtigen Binding antibody. Prokaryotic expression of
antibody genes has been reported to be ineffective for production of high yields of active antlibody
(Boss, M. A. and Wood, C. R., 1985 Immunology Today 6:12-13).

Mammalian host cel Is for expressing the recombinant antibodies of the invention include
Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described Urlgub and Chasin, 1980
Proc. Natl. Acad. Sci. USA 77'42}6-4220 used with arDH‘ FR seleciab]e markk:r, e.g., as descrii)ed
in R.J. Kaufman and P.A. Sharp, 1982 Mol. Biol. 159:601-621, NSO myeloma cells, COS cells and .
SP2 cells. In partxcn]ar, for use with NSO rnycloma cells, anothcr expression system is the GS gene
expression system shown in WO 87/04462, WO 89/01036 and EP 338,841. When recombman?
expression vectors encoding antibody genes are introduced into mammalian host cells, the
antibodies are'produced by culturing the host cells for a period of time sufficient to allow for
expression of the antibody in the host cells or secretion of the antibody into the culture medium in
which the host cells are grown. Antibodies can be recovered from the culture medium using
standard protcm punf” ication methods.

Pharmaceutical compositions ) ]

In another aspect, the present invention provides a composition, e.g., 2 pharmaceutical
composition, containing one or a combination of a neutralizing anti-DKK 1/4 compdsition, or
antigen-binding portion(s) thereof, of the present invention, formulated together with a

pharmaceutically adceptable carrier. Such compositions may inciude one or a combination of (e.g.,

two or more different) antibodies, or immunoconjugates or bispecific molecules of the invention.

For example, a pharmaceutical composition of the invention can comprise a combination of '
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~ antibodies (or immunoécnjugates or bispecifics) that bind to different epitopes on the target antigen

or that have cornplementary dctivities.

Pharmaceutical compositions of the invention also can be admlmstered m combmatlon
therapy, i.€., combined with other agents

".For example, the combination therapy ‘can include an antx-DKKl ant:body of the presem

inv_cgltlon combingd with at least one other antmnﬂammatory or anti-osteoprotic agent. Examples of

‘therapeutic agents that can be used in combination thgrépy'are described in greater detail below in

the section os uses of the antibodies of the invention.

As used herein, "pharmaceutically-acceptable carrier” includes any and all solvents,

" dispersion media, ¢oatings, antibacterial and antifungal agents, isotonic and absorption delaying

_ agents, and the like that :(are'physioldgically compatible. The carrier should be suitable for

intravenous, intramus’cuiar, subcutaneous, parenteral, spinal or epidermal adn‘iinistration {e.g., by
injection or mfusnon) Depending on the route of admlmstratton the active compound i.e., antibody,
immunoconjuage, or blspeclf‘ ¢ molecule, may be coated ina materla! to protect the compound from
the action of acids and other natural conditions that may inactivate the compound.

 The pharmaceutical compounds of the invention may include one or more pharmaceutically
acceptable salts. A "pharmaceutically acceptable salt” refers to a salt that retains the desired
biological activity of the parent compound and does not impart any undesired toxicological effects
(sece.g., Bergé, S.M., et al., 1977 J..Pharm. Sci. 66:1-19). Examples of such salts include acid
addition saits and base addition salts. Acid addition salts include those derived from nontoxic
inorgah ic acids, such as hydrochloric, nitric, phosphoric, sulfuric, hygirobromic, hydroiodic,

phosphoi'ous and the like, as well as from nontoxic organic acids such as aliphatic mono- and di- :

" carboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic acids, aromatic‘acic'is,

aliphatic and aromatic sulfonic acids and'the like. Base addition salts include those derived from

" alkaline earth metals, such as sodium, potassium, magnesium, calcium and the like, as well as from

nontoxic oi'ganic amines, such as N,N'-dibenzylethylenediamine, N-methylglucamine,
chloroprocame choline, diethanolamine, ethylcned1amme procaine and the like.

A pharmaceut:cal composxtlon of the invention also may include a pharmaceutlcally
acceptable anti-oxidant. Exampies of pharmaceutically acceptable antioxidants include: water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sadium

metabisulfite, sodium sulfite and the like; oil-soluble antioxidants, such as ascorbyl palmitate,

'butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-

tocopherol, and the like; and metal chelating agents, such as citric acid, cthylenediamine tetraacetic
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Examples of suitable aqueous and nonaqueous carriers that may be employed in the

pharmaceutical compositions of the invention include water, ethanol, polyols (such as glycerol,

propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils,
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such as oliv; oil, and injectable organic esters, such as ethi/l oleate. Proper ﬂuidityAcan be
maintained, for example, by the use of coating materials, such as Jécithi_;l, by the maintenance of the
reqililjed particle.size in the case of dispersions, and by the use of surfactants. '

These composmons may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of presence of microorganisms may be
ensured both by stenltzation procedures, supra, and by the inclusion of various antxbactcna] and

antifungal agents, for example, paraben, chlorobutanol, phenol SOl‘blO acid, and the like. It may also_

‘be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the

compositions. In addition, prolon-wed absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as, aluminum monostearate
and gelatin. ,

Pharmaceuticaiiy acceptable carriers include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile [injectable solutions or dispersion. The
use of such media and agents for pharmaceutxca}ly active substances is known'in the art, Except
insofar as any conventional media or agent is incompatible with the active compound, use thereof in °
the pharmaceutical compositions of the inv'cnfion is contemplated. Supplementary active compounds
can also be incorporated into the compositions. ‘

Therapeutic cémpositions typically must be sterile and stab1'e' un&er the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion, _
liposome, or other ordered structure suitable to high drug concentratlon The carrier ¢an be a solvcnt
or dispersion medium contammg, for example, water, cthano] polyol (for example, glycerol
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof: The
proper fluidity can be maintained, for example, by the use of a coating such ;13 lecithin, by the
maintenance of the r.equired particle size in the case of dispersion and by the use of surfactants. In
many cases, one can include isotonic agents, for example, sugars, polyalcohols such as mannitol,
sorbitol, or sodium chloride in the composition. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an agent that delays absorption for example,
monostearate salts and gelatin. ] . '

Sterile inje-ctabke solutions can be prepared by incorporating the active compound in the
required arﬁonnt in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, foiiowed by sterilization microfiltration. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle that contains a basic dispersion medium and
the required other ingredients from those enumerated above. In the case of sterile powders for the

preparation of sterile injectable soiutlons the methods of preparation are vacuum drying and freeze-

drying (lyophilization) that yield a powdgr of the active ingredient plus any additional desired

ingredient from a previously sterile-filtered solution thereof.
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The amount of active ingredient which can be combined with a carrier material to produce a

single dosage form will vary depending upon the subject being treated, and the particular mode of

. “administration. The amount of active mgredient which can be combmed with a carrier material to

produce a single dosage form will generally be that amount of the composmon which produces a
therapaunc effect. Generally, out of one hundred percent, th,1s amount will range from about 0.01 per

cent.;‘.o about ninety-nine percent of active ingredient, from about 0.1 per cent to about 70 per-cent,

“or from about 1 percent to about 30 percent of active ingredjent in combination with a

pharmiaceutically acceptable carrier,

Dosage regimens are adjusted to provide the obtimum desired 'respons-e {e.g:, a therapeutic

" response). For example, a single bolus may be administered, several divided doses may be

administered over time or the dose may be proportionally reduced or increased as indicated by the
exigencies of the therapéutic situation. It is especially advantageous to formulate parenteral
compositions in dosagc unit form for ease of administration and uniformity of dosage. Dosage unit
form as used herein refers to physically dnscrete units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermmed quantity of active compound calculated to produce the
desired theﬁpeutic effect in association: with the required pharmaceutical carrier. The specification
for the dosage unit forms of the invention are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved, and the

limitations inherent i in thie art of compounding such an active compound for the treatment of

sensntmty in mdw:duals.

For admrmstratxon of the annbody, the dosage ranges from about 0.0001 to 200 mg/kg, and
more usually 0.01 to 50 mg/kg, of the host body weight. For example dosaggs can be 0.3 mg/kg

" body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5 mg/kg body weight or 10 mg/kg Body

weight or within the range of 1-20 mg/kg. An exemplary treatment regime entails administration

once per week, once every two weeks, once every three weeks, once every four weeks once a

month, once every 3 months or once every three to 6 months. Dosage regimens for an anti-DKK 1
antibody of the invention include 1 mg/kg body weight or 3 mg/kg body weight by intravenous
administration, ‘with the antibody being gi;ven using one of the following dosing schedules: every
four weeks for six dosages, then every three nionths; every three weeks; 3 mg/kg body weight once
followed by 1 mg/kg body weight évery three weeks.

In some methods, two or more monoclonal antibodies with different bmdmg specn" icities are

"administered simultaneously, in which case the dosage of each antibody admmnstered falls within

the ranges indicated. Antibody is usually administered on multiple occasions. Intervals between
single dosages can be, for example, weekly, monthly, every three months or yearly. Intervals can

also be irregular as indicated by measuring patient blood levels of antibody to the target antigen or

_ of some biomarker such as OCN, OPG or PINP. In some methods, dosage is adjusted to achieve a

plasma antibody concentration of about 1-1000 pg/m) and in some methods about 25-300 pg/ml.
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Aitemanveiy, antibody can be administered as a sustained release formulatxon, in which

case Iess frequent administration is required. Dosage and frequency vary depending on the half-life

of the antibody in the patient. In general, human antibodies show the longest half-life, followed by -

humamzed antibodies, chimeric antibodies, and-nonhuman antibodies. The dosage and frequency of
administration can vary depending on whether the treatment is prophylactic or therapeutic. 'Fn
prophylactic applications, a relatively low dosage is administered at relatively infrequent intervals

over a long period of time. Some paticnts continue to receive treatment for the rest of their lives. In

: thempeutxc applications, a re}atwcly hlgb dosage at rclatzvely short intervals is sometlmes reqmred

until progression of the disease i is reduced or terminated or until the patient shows pamai or
complete amellorat:on of symptoms of disease. Thereafier, the panent can be administered a
prophylactlc regime, )

‘Actuai dosage levels of thc.? active ingredients in the pharmaceutical compositions of the
present invention may be varied so as to obtain an amount of the active ingredient which is effective
to achieve the desired therapeutic response for a particular patient, composition, and mode of '
administration, without being thic to the patient, The selected dosage level will depend upon a
variety of pharmacokinetic factors including the activity of the particular compositions of the
present invention employed, or the ester, salt or amide thereof, the route of administration, the time
ofadministration, the rate of excretion of the particular compound bé.iné employed, the durafion of -
the treatment, other drugs, compounds and/or materials used in combination with the particular _ |
compositions employed, the age, sex, weight, condmon ge.neral health and pnor medical htstory of
the patient being treated, and like factors well known i in the medlcai arts,

A “therapeutically effective dosage™ of an anti-DKX 1 antibody of the invention can results
in a decrease in_ severity of disease symptoms, an increase in frequency and auration of disease
symptom-free pcl:ioés, or a prevention of impainﬁent'or disability due to the disease amiction..

A composition of the present invention can be administered by one or more routes of
adminisération using one or more of a variety of methods known in the art, As will be appreciated by
the skilled artisan, the route and/or mode of administration will vary depending.upon the desired
results. Routes of administration for antibodies of the invention incl;idc intravenous, intramuscular,
intradermal, ihtrapéritoncal, subcutaneous, sbinal or other parenteral routes of administration, for
example by injection or infusion, The phrase "parenteral administration” as used herein means
modes of administration other than enteral and topical administration, usually by injection, arid
includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuncuiar,
intraarticnlar, subcapsular, subarachnoxd mtraspma{ epidural and intrastemal injection and mfus:on.

Altematively, an antibody of thq invention can be administered by a nonparenteral route,

such as a topical, epidermal or mucosal route of administration, for example, intranasally, orally,

vaginally, rectally, sublingually or topically.

54



10

15

20

25

30 |

35

WO 2047/084344 ’ PCT/US2007/000777

The active compounds; can be prepared with carriers that will protect the compound agai.n'st
rapid release, such as a controlled release formulation, including implants, transdermal patches, and
mtcroencapsuiated delivery systems. Blodegradable, blocompatxb!e polymers can be used such as
ethylcne vinyl acetate, polyanhydndés, polyglycolic acid, coliagen polyorthocsters and polylactic
acid. Many methods for the preparation of such formulations are patented or generally known to

those skilled i int the art. See, e.g., Sustained and Controlled Release Drug Delivery Systems, J.R.

'Robmson, ed Marcef Dekker, Inc., New York, 1978.

The,rapeune composmons can be administered with medical devices known in the.art. For.

example, in one embodiment, a therapeutic composition of the invention can be administered witha

" needleless hypodermic injection devxce, such as the dewces shown in U.S. Patent Nos. 5,399,163;
 5,383,851; 5,312,335; 5, 064,413; 4 94% 880; 4,790, 824 or 4,596,556. Examples of well known

implants and modules useful in the ‘present invention include: U.S. Patent No. 4,487,603, which
shows an imp!ant'able micro-infusion pump for dispensing medication at a controlled rate; U.S.
Patent No. 4, 486 194, which shows a thcrapeutxc device for admm;stcnng medicants through the

skin; U.S. Patent No. 4, 447 233, which shows 2 medication infusion. pump for delivering medication

cata prec-lse infusion rate; U.S. Patent No. 4,447,224, which shows a variable flow implantable

infusion apparatus for continuous drug delivery; U.S. Patent No. 4,439,196, which shows an osmotic
drug delivery system having multi-chamber compartments; and U.S. Patent No. 4,475,196, which

shows an osmotic drug delivery system. These patents are incorporated herein by reference, Many

other such implants, delivery systems, and modules are known to those skilled in the art.

In certain embodiments, the human monoclonal antibodies of the invention can be
formulated to'ensure proper distribution in vivo. For example, the blood-brain barrier (BBB)

" excludes many highly hydrophilic compounds. To ensure that the therapeutic compounds of the

invention cross the BBB (if desired), they can be fonmilated,'for example, in liposomes. For

" methods of manufacturing liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; an;i 5,399,331,

The liposomes may comprise one or more moieties which are sclectively transported into specific
cells or organs, thus enhance targeted drug delivery {see, e.g., V.V. Ranade, 1989 J. Cline
Pharmacol. 29:';585). Exemplary targeting ;noictiés include folate or biotin (see, e.g., U.S. Patent
5,416,016 to Low et al.); mar;nosides (Umezawa et al., 1988 Biochem. Biophys. Res. Commun.
153:1038); qntibodics (P.G. Bloeman et al,, 1995 FEBS Lett. 357:140; M. Owais et a!:,v 1995
Antimicrob, Agents Chernother. 39:180); surfactant protein A rec'e:p.tor (Briscoe et al., 1995 Am. J.

'Physiol. 1233:134); p120 (Schreier et al., 1994 J. Biol. Chem. 269:9090); see alsé K. Keinanen; M.L.

Laukkanen, 1994 FEBSLett. 346:123; 1.J. Killion; .J. ?idicr, 1994 Imrmunomethods 4:273.

The Combinations

The invention further relates to a method of preventing or treating proliferative diseases or
diseases, such as a cancer, in a mammal, particularly a human, with 2 combination of

pharmaceutical agents which comprises
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(a) a neutralizing anti-DKK1/4 'compositioia; and

® o:ne or more pharmaceutically active z{genrs. 4

The invention further relates to pharmaceutical compositions comprising:

(2) a neutralizing anti-DKK 1/4 composition;

() a pl;}armaceutically active agent; and

(©)a pha:macbutically acceptable carrier.

The present invention further rciates to a commercial package or product comprising:’

(a} ‘a pharmaceutical formulatlon ofa ncutrahzmg anti-DKXK1/4 composmon, and

(b) a pharmaccuncal formulatmn of a pharmaceutically active agent for sxmultaneous,
concurrent, separate or sequential use.

The Pharmaceutically Active Agenis'

The term " phannaceuticélly active agents" is a broad one covering many phanpaceutically'
active agents having qii;fcre’nt mecl;anisms of action. Combinations of some of these with DKK 1/4
neutralizing antibodies/compositions can result ?n improvements in cancer therapy. Generally,
pharmaceutically active agents are classified according to the mechanism of action. Many ofthe
available agents are anti-metabolites of deﬁeidpmen’c pathways of various tumors, or react with the
DNA of the tumor cells. There are also agents which inhibit enzymes, such as topoxsomerase Tand
topoisomerase I, or which are anti-mitotic agents. ‘

By the term " pharmaceutically active agent” is meant especially any pharmaceutically )
active agent other than a neutralizing anti-DKK1/4 composition or a derivative thereof. It includes,

but is not limited to:

i an aromatase inhibitor;

i, an anti-estrogen, an anti-qndrogen ora g,onadorélin agonist;

iii. . atopoisomerase 1 inhibitor or a topoisomerase 1 ihhibitor;

iv. - amicrotubule active agent, an alkylating agent, an anti-neoplastic anti-metabolite or

a platin compound; )

v, a compound targetmg/decreasmg a protein or lipid kmase activity or a protein or
lipid phosphatase activity, a further antn-nng;ogemc compound or a compound which induces cell
differentiation proéesses;

vi. . monoclonal antibodies; i

vii, a cyclooxygenase inhibitor; a bisphosphonate, a heparsmase inhibitor, a biological

response modifier;

viii.  an inhibitor of Ras oncogenic isoforms;
ix. a telomerase inhibitor;
X a protease inhibitor, a matrix metalloproteinase inhibitor, a methionine

aminopeptidase inhibitor, or a proteasome inhibitor;
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" agents used in the treatment of hematolog:c mahgnancnes or compounds whlch

target, decrease or inhibit the activity of Fit-3;

Xii.
xiit.
-xiv,

V.

an HSP9G inhibitor;
antiprojiferative antibodies;

a histone deacetylase (HDAC] inhibitor;

" a. compound which targets, decreases or mhﬂ:nts the activity/function of

serme/threomne mTOR kinase;

Xvi.. a somatostatm receptor antagonist;

xvii.  an anti-leukemic compound;

xviii. tumor cell damaging approaches;

xix, an EDG binder; ‘

7&)\ a ribonucleotide reductase inhibitor;

xxi. an S-adenosylmethionine decarboxylase inhibitor;
xxil. a monoclonal antibody of VEGF or VEGFR
XXiii. photodynamzc therapy;
. Xxiv. an angiostatic steroid;

xxv.  an implant containing corticosteroids;

xxvi. an ATI receptor antagonist; and

xxvii. an ACE inhibitor.

The term ‘aromatase inhibitor", as used hcrem relates to a compound which inhibits the.

estrogen productnon, i.e., the conversion of the substrates androstened)one and testosterone to

estrone and estradiol, respectively. The term includes, but is not hmltcd to, steroxds, especxally

" atamestane, exemestane and formestane; and, in particular, non-steroids, especmlly

aminoglutethimide, roglethimide, pyndoglutethsmlde trilostane, testolactone, ketokonazole,

" vorozole, fadrozole, anastrozole and letrozole. Exemestane is marketed as AROMASIN

formestane as LENTARON,; fadrozole as AFEMA; anastrozole as ARIMIDEX; letrozole as

FEMARA or FEMAR; and aminoglutethimide as ORIMETEN. A combination of the invention
comprising a pharmaceutically active ager;t which is an aromatase inhibitor is particularliz useful for
the treatment of hormone receptor positive turhors, e.g., breast tumors.
The term "anti-estrogen”, as used herein, relates to a compound which antagomzses the effect -

of estrogens at the estrogen receptor level. The term includes, but is not limited to, tamoxifen,.
‘fuivestrant raloxifene and raloxifene hydrochlorlde Tamoxifen can be admlmstered in the form as
it is marketed, ¢.g., NOLVADEX; and raloxifene hydrochloride is marketed as EVISTA.

Fulvestrant can be formulated as disclosed in U.S. Patent No. 4,659,516 a-nd'is marketed as
FASIL.ODEX. A combination of the invention comp;"ising a pharmacéutica]!y active agent which is
_ an anti-estrogen is particularly useful for the treatment of estrogen receptor positive tumors, e.g.,

breast tumors.
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The term "anti-androgen®, as used herein, relates to any substance which is capable of
mhtbltmg the biological effects of androgenic hormones and includes, but is not limited to
blcalgtamide (CASODEX), which can be formulated, e.g., as disclosed in U.S, Patent No.
4,636,505. )
" The term "gonadorehn agonist”, as used herein, mcludes, but is not limited to, abarehx,
goserelin and goserehn acetate. Goserelin is disclosed in U.S. Patent No. 4,100,274.and is marketed
as ZOLADEX. Ab_archx can be formulated, e.g., as disclosed in U.S. Patent No. 5,843,901,

The term "topoisomerase I inilil;itor", as used herein, includes, but is not ﬁmitec! to,
topo’tecaﬁ, gimatecan, irinotecan, éamptothecian and its analogues, 9-nitrocamptotliecin and the
macromolecular camptothecin conjugate PNU- 166148 (compbund Al in WO 99/17804). Trinotecan
can be administered, e.g., in the form as it is marketed, e.g., under the trademark CAMPTOSAR.
"f‘bpotec.an can.be administered, e.g., in the form as it is marketed, e.g3., under the trademark -
HYCAMTIN. o |

The term "topoisomerase I1 inhibitor”, as used herein, includes, but is not limited to, the )
anthracyclines, such as doxorubicin, including I‘ipOSOH"lai formulation, e.g., CAELYX, daunorubicin,”
including Jiposoniai formulation, e.g., DAUNOSOME, epirubicin, idarubicin and nemorubicin; the
anthraquinones mitoxantrone and losoxantrone; and the podophillotoxines etoposide and teniposide.
Etoposide is marketed as ETOPOPHQOS; teniposide as VM 26»BRISTOL' doxorubicin as .

_ ADRIBLASTIN or ADR]AMYCIN epirubicin as FARMORUBICIN; idarubicin as ZAVEDOS

and mitoxantrone as NOVANTRON. -

The term’ "mlcrotubuie active agent” as used herem, relates to mlcrotubule s:ablhzmg,
microtubule destabilizing agents and microtublin polymerization mhlbltors including, but not
limited to, taxanes, e.g., paciltaxel and‘doget'a?cel; vinca alkaloid's, e.5., vinbl'astine, especially
vinblastine sulf’;zté; vincristine, especially vincristine-sulfate and vinorelbine; discoderinolides;
cochicine and epothilonesand derivatives thereof, ¢.g., epothilone B ora derivative thereof.
Paclitaxel is marketed as TAXOL; docetaxel as TAXOTERE; vinblastine sulfate as VIN BLASTIN
R.P; and vincristine sulfate as FARMISTIN. Also included are the genenc forms of paclitaxel as
well as various dcsage forms of pachtaxel Generic forms of paclitaxel include, but are not limited
to, betaxolol hydrochlorlcie. Various dosage forms of paclitaxel include, but are not limited to
albumin nz(nqpartic]e paclitaxel marketed as ABRAXANE; ONXOL, CYTOTAX Discodermolide
can be obtained, e.g., as disclosed in U.S. Patent No. 5,010,099. Also included are Epotholine
derivatives which are disclosed in U.S. Patent No. 6,194,181, WO 98/10121, WO 98/25929, WO
98/08849, WO 99/43653, WO 98/22461 and WO 00/31247. Especially preferred are Epotholine A
and/or B.

The term "alkylating agent", as used herein, includes, but is not limited to,

'cyciophosphamide, ifosfamide, melphalan or nitrosourea (BCNU or Gliadel), or temozolamide
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(TEMODAR).Cyclopliospharﬂide can be administered, e.g., in the fom; as it is marketed, e.g., uﬁder
the trademark CYCLOSTIN; and ifosfamide as HOLOXAN '

The term "anti-neoplastic antl-metabohte" mcludes but is not limited to, 5-fitorouracil {5-
FUY; capecltabme gemeitabine; DNA de-methy¥at1ng agents such as Swazacytldme and decitabine;
metholfehate edatrexate; and folic acid antagonists such as but nof kimited to, pemétrexed.”

Capecxtabme can .Jbe administered, e.g., in the form as ﬂ: is marketed e.g., under the frademark

‘XELODA and gemc;tabme as GEMZAR.

' Theterm "platin compound", as used herein, includes, but is not limited to, carboplatin, ¢is-

platin, cisplatinum, oxaliplatin, Satraplatin and platmum agents such as ZDO473. Carboplatm carn

" be administered, e.g., in the form as it is marketed, &.g., CARBOPLAT; and oxaliplatin as -

ELOXATIN. o . S

- The term "comﬁounds targeting/decreasing a protein or lipid kinase éctivity; or a protein or
lipid phosphatase activity; or further anti-angiogenic compounds", as used herein, includes, but is .
not limited to, iaro'tein tyrosine kinase and/or serine and/or tﬁérbine kinase inhibitors or lipid kinase
inhibitors, for example:

- i) ' compounds targeting, decreasing or inhibiting the activity of the vascular
endothelial growth factor-receptors (VEGF), such as compounds which target, decrese or inhibit the
activity.of VEGF, especially compounds which inhibit the VEGF receptor, wuch as, but not limited
to, 7H-pyrrolof2, 3-d]pyriinidine derivatives (AEE788); BAY 43-9006; isolcholine compounds
disclosed in WO 00/09495 such as (4-tert~butyi-—phenyl)-94-—pyndm-4-y]mcthyi-xsoqumohn- -yl)

“amine (AALSSI), and

ii) ° compounds targeting, decreasing or mhxb:tmg the’ actmty of the platelet—derwed

" growth factor-receptors (PDGFR), such as compounds which target, decrease or inhibit the acthty

of PDGFR, especially compounds which mhlbxt the PDGF receptor, ¢. £, N-phenyl-z-pynmxdme-

" amine derivative, e.g., imatinib, SU101, SU6668 and GFB-111;

i) compounds targeting, decreasing or inhibiting the activity of the fibroblast growth
factor-reccptors (FGFR);

iv) © compounds targetmg, decreasmg or inhibiting the activity of the msuim-llke growth
factor receptor'} (IGF-1R), such as compounds which target, decrease or inhibit the activity of IGF-
IR, especially compounds which inhibit the IGF-1R receptor. Compounds inclade but are not
limited to the compounds disclosed in ,WO 02/092599 and derivaﬁvés thereof of 4-amino-5-phenyl-

‘7-cyclobutyl-pyrrolo[2,3-dpyrimidine derivatives (AEW541);

v) compounds targeting, decreasing or mhlbltmg the actwnty of the Trk receptor
tyrosine kinase family; ‘

vi) compounds targeting, decreasing or‘inhibiting the activity of the Axl receptor
tyrosine kinase family;

vii) compounds targeting, decreasing or inhibiting the activity of the c-Met receptor;
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viif) compounds targeting, decreasing or inhib'iting the activity of the Ret receptor
tyrosme kinase; ) ' ) ' ' .

Y compounds targeting, decreasing or inhibiting the a:.ti\;ity of the Kit/SCFR recepiof
tyrosine kinase ‘ ‘ )

: x) compounds targeting, decreasing or mhlbltmg the activity of the C-klt receptor
tyrosine kmases (part of the PDGFR family), such as compounds which target, decrease or mhlblt
the activity of the c-K;t receptor tyrosme kinase farnily, especially compounds which inhibit the c-
Kit receptor, €.g, imatinib;

xi) compounds targetmg, dacrcasmg or mhlbxtmg the activity of members of the ¢ Ab]
family and their geng—fusxon products, e.g., BCR-AbI kinase, such as compounds which target
decrease or inhibit the activity of c-Abl family members and th-eir gene fusion products, e.g.,'aN-
phenyl-2-pyrimidine-amine derivative, e.g., imatinib, PD180970, AG957, NSC 680410 or
PD173955 from ParkeDavis; BMS354825 A

Xif) compounds targeting, decreasipg or inhibiting the activity of members of the protein
kinase C (PKC) and Raf family of serine/threonine kiriases, members of the MEK, SRC, JAK, FAK,'
PDK and Ras/MAPK family members, or PI(3) kinase family, or of the PI(3)-kinase-related kinase
family, and/or members of the cyclin-dependent kinase family (CDK) and are especially thosc
staurosporine derivatives disclosed in U.S. Patent No. 5,093,330, e.g;, mxdostaurm, exampies of
further compounds include, ¢.g., UCN-01; safingol; BAY 43-9006; Bryostatin 1; Perifosine;
Hmofosine; RO 318220 and RO 320432; GO 6976; Isis 3521 LY333531/LY379196 rsochmolmc
compounds, such as those disclosed in WO 00/09495; FT Is; PD] 84352 or QAN697 aPI3K
inhibitor; .

®iif) ~ compounds targeting, decreasing or inhibiting t}ne activity of‘ protein-tyrosine
kinase, such as'imat.inib mesylate (GLEBVEC); t:;'rph'ostin or pyrymidylaminobenzamide and
derivatives thereof (AMNI107). A tyrphostin is preferably a low molecular weight (Mr <1500)
compound, ora pharmaceutically acceptable salt thereof, especially a compdund selected f'mfn the
benzylidenemalonitrile class or the S arylbenzenemalonirile or blsubstrate quinoline class of
compounds, more especmliy any compound selected from the group consisting of Tyrphostm
A23/RG-50810, AG 99, Tyrphostin AG 213, Tyrphostin AG 1748, Tyrphostin AG 490, Tyrphostin
B44, Tyrpl;ostin B44 (+) enantiomer, Tyrphostin AG 555, AG 494, Tyrphostin AG 556; AG957 and
adaphostin (4-{[(2,5-dihydroxyphenyl)methyllamino}-benzoic acid adamantyl ester, NSC 680410,
adaphostin); .

xiv)  compounds targeting, decreasing or inhibiting the activity of the epidermal grovyth
factor family of receptor tyrosine kinases (EGFR, ErbB2, ErbB3, ErbB4 as homo- or heterodi;ners);
such as compounds which target, decrease or inhibit the activity of the epidermal growth factor
receptor family are especially compoundsl, proteins or antibodies which inhibit members of the EGF K
receptor tyrosine kinase family, c}g., EGF receptor, ErbB2, ErbB3 and ErbB4 or bind to EGF or
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~ EGF-related ligands, and are in particular those compounds', proteins or monoclonal antibodies.

" 10

generically and sf:ecif' cally disclosed in WO 97/02266, e.g., the compound of Examplc 39, or in.EP
0 564 409, WO 99/03854 EP 0520722, EP 0 566 226, EP 0 787 722, EP.0 837 063, U.S. Patent No. -
5,747,498,"'WO 98/10767, WO 9‘7/30034 WO 97/49688, wo 97/38983 and, especially, WO
96/30347 e.g., compound known as CP 358774, WO 96/33980 e.g., compound ZD 1839; and WO
95/03283, e.g., cqmpound ZM105180, e.g., trastuzumab (HERCEPTIN@), cetuximab, lressa, OSI-

774, CI1033, EKB~569 GW-2016, E1.1, E2.4, E2.5, E6.2,. E6.4, E2.11, E6.3 or E7.6.3, and TH-

pyrrolo-[2,3- d]pynmldme derivatives which are disclosed in WO 03/0!3541, erlotinib and gefitinib,
Erlotinib can be administered in the form as it is markéted, e.g. TARCEVA, and gefitinib as '

" IRESSA, human monoclonal antibodies against the epidermal growth factor receptor including

 ABX-EGFR; and ‘ Ty

15

XV) Compoimds which target, decrease or inhibit the activity/funétion of
serine/theronine m’i‘OR kinase are especially compounds, protcms or antibodies which target/inhibit -
members of the mTOR kinase family, e.g., R.AD RADO001, CCI~779 ABT578, SARS543, rapamycin
and denvatxves/anaiogs thereof, AP23573 and AP23841 from Ariad, everolimus (CERTICAN) and

: snrohmus CERTICAN (everolimus, RAD) an investigational novel proliferation signal inhibitor that

prevents proliferation of T-cells and vascular smooth muscle cells.
‘When referring to antibody, it is to include intact monoclonal antibodies, nanobodies,

polyclonal antibodiqs, miulti-specific antibodies formed from at least 2 intact antibodies, and

antibodies fragments so long as they exhibit the desired biological activity.

The phrase “compound which targets, decreases or inhibits the activity of a protein or lipid

phosphaiase”‘as used herein includes but is not limited to inhibitors of phosphatase 1, phosphatase

© 2A, PTEN or CDC25, e.g., okadaic acid or a derivative thereof.

25

30 |

35

The term “monoclonal antibodies™, as used herem, mcludes but 1s not limited to

" bevacizumab, cetuximab, trastuzumab, Ibritumomab tiuxetan, denosumab, anti-CD40, anti-GM-

CSF, and tositumomab and iodine I 131. Bevacizumab can be administered in the form as it is
marketed, e.g. AVASTIN; cetuximab as ERBITUX; trastuzumab as HERCEPTIN; Rituximab as
MABTHERA; -Ibritumomab tiuxetan as ZiEVUL'lN‘ anti-RANKL as denosumab (AMG 162), anti-
CD40 as HCD122 (U.S. patent apphcation 2002-0106371), and tositumomab and iodine ] 131 as
BEXXAR.
The phrase “further anti-angiogenic compounds” includes but is not limited to compounds

having another mechanism for their activity, e‘g‘., unrelated ta protein or lipid kinase inhibition, e.g.,
thalidomide (THALOMID) and TNP-470. - _ '

.The phrase “compounds which induce cell differentiation processes™ as used herein, include
but is not limited to retinoic acid, a—, y— or &-tocopherol or t—, y— or §—tocotrienol.

The term “cyclooxygenase inhibitor” as used herein includes, but is not limited to, eg.,

Cox-2 inhibitors, 5-alkyl! substituted ‘2-arylamino;')heny1acetic acid and derivatives, such as
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celecoxib (CELEBREX), rofecoxib (VIOXX), etoriéoxib,‘valdecoxib ora S—alkyl«ﬁ—

arylaminophenylacetic acid, e.g., $-methyi-2-(2’-chloro~6’—ﬂuorqahiiinp)p’henyl acetic; aicid,

lumiracoxib.

The term "bisphosphonates", as used herein, includes, but is not limited to, etridonic,
clodromc, t:lndromc pamidronic, alendronic, ibandronic, risedronic and zoledronic acid.- “Etndomc )
acid” can be ac?n;mnstered, e.g., in the form as it is marketed, e.g., DIDRONEL,; * ciodrcmc acxd” as
BONEFOS; “tiludronic acid” as SKELID; “pamidronic acid” as AREDIA; “alendronic acid” as

'FOSAMAX “ibandronic acld” as BONDRANAT “nsedromc acid” as ACTONBL‘ and “zolcdromc '

acid” as ZOMETA

The term "hgparanase inlziliitor"; a§ used herein, refers to compounds wh ich targét, decrease
or inhibit heparin sulphate degradation. The term includes, but is not limited to, PI 88.

The term "biolqgicai resbonse modifier”, as used herein, includes, butis not limited to
lymphokine or interferons, e.g., int‘crfcron Y- )

The term “inhibitor of Ras oncogenic isoforms", as-used herein, includes, but is not limited
to H-Ras, K-Ras or N-Ras, as vsed herein, refers to co'mpounds which target, decrease or inhibit the
oncogenic activity of Ras, e. g, a famesyl transferase inhibitor (FTI), e.g., L-744832, DK8G557 or .
R115777 (ZARNESTRA).

The term "tclomerase inhibitor", as used herein, includes, bnt is not limited to compounds
which target, decrease or inhibit the activity of telomerase. Compounds which target, decréase or
inhibit the activity of telomerase are especially compounds which inhibit the telomerase rpce'ptor, :
e.;g., telomestatin. ' . . - | .

The term "matrix metalloproteinase inhibitor" or (MMP: inhibito;'), as used herein, includes, -
but is not limited to, collagen peptidomimptfc and non-peptidomimetic inhibitors; tetracycline
derivatives, e.g., hydroxamate peptidomimetic inhibitor batimastat; and its ora_!ly-‘bioavai]able
analogue marimastat (BB-2516), prindmastat {AG3340), metastat (NSC 683551) BMS 279251,
BAY 1219566. TAA211, MMI2Z70B or AAJ996. .

The term "methionine ammopcptldase inhibitor", as used herein, includes, but is not limited
to, compounds whlch target, decrease or inhibit the activity of methionine ammopepndasc
Compouud; wh:ch target, decrease or inhibit the activity of methionine aminopeptidase are, e.g..
bengamide or a derivative thereof. .

The term “proteasome inhibitors”, as used herein, includes compounds which target,
decrease or inhibit the activity of the proteosome. Compounds which target, decrease or inhibit the,
activity of the proteosome include, but are not limited to, PS-341; MLN 341, bortezomib or
Velcade,

The phrase "agent used in the treatment of hematologic malignancies", as used herein,

mcludes, but is nrot limited to, FMS like tyrosine kxnase inhibitors, e.g., compounds targeting,

decreasing or inhibiting the activity of FMS-like tyrosme kinase receptors (FIt-3R); mterferon, 1-b-
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] D-arabmofuransy]cytosme (ara-c) and bisulfan; and ALK inhibitors, e.g., compounds which target

decrease or inhibit anaplastic lymphoma kinase.

The phrase“compounds which target, decrease or inhibit the activity of F 1t-3” as used
hcrem, includes, but is not limited to compmmds, protems or anubodles which mhlblt Flt-3, e.g.,, N-
bcnzoyl-staurosporme midostaurin, a staurosporine derivative, SU11248 and MLNS518. ‘

The term "HSP90 inhibitors", as used herein, mcludes, but is not limited to, compounds

' targetmg, decreasmg or inhibiting the intrinsic ATPase actlvny of HSP90; degrading, targeting,

decredsing or inhibiting the HSP90 client proteins via the ubiquitin proteosome pathway. .
Compounds targeting, decreasing or inhibiting the intrinsic ATPase activity of HSP90 are especially
compounds, proteins or antibodies which inhibit the A’I‘Pase activity of HSP90, e.g., 17-

ailylamino, 17-demethoxygeldanamycm (17AAG), a geIdanamycm demvatwe other geldanamycxm
related compounds; radicicol and HDAC inhibitors.

The term “an antiproliferative antibody” as used herein, includes, but is not limited to
trastuzumab (HERCEPTIN), trastuzumab-DM 1, erlotinib ('T"ARCEVA), bevacizumab (AVASTIN),
rituximab (RITUXANY), PRO64553 (antiLCb40) and 2C4 Antibody. By antibodies is meant e.g.
intact monoctonal antibodies, polyclonal antibodies, muitispecific antibodies formed from at least 2
intact antibodies, and antibodies fragments 50 long as they exhibit the desired biological activity.

The term “HIDAC inhibitor”, as used herein relatgs to relates to compounds which inhibit
the histone dcaéctyigse and which possess anti-proliferative activity. This includes but is not limited
to compounds disclosed in WO 02/22577, 9spe6ialiy N»hydroxy~3-{4~{{(Z-hydroxyetﬁyl)[}(1H-

. indol-3-yl)eth_yl}-amino]methyl}phenyl)-ZE«Z~propepamide, and N—hydroxy«B~[4—[[[2-(2—'methyl-

I‘I—i-indo]-3—-yl)-ethyl]-amino]metbyi}phcqyl]-zE—2~propenamide and pharma_ceuticaily acceptable:

" salts thereof (LBH589). It further especially includes Suberoylanilide hydroxamic acid (SAHA); (4~

(2-am1no—phenyicarbamoyl}benzyl]—carbamtc acld pyndme-S-ylmethyl ester and denvatwes ’

" thereof; butyric acid, pyroxamide, trichostatin A, Oxamﬂatm .apicidin, Depsipeptide; depudecm and

trapoxin. ,

The phrasc “compound which targets, decreases or inhibits the actw:ty/funct:on of
§e_rine/theronme mTOR kinase”.as used herein, includes but is not limited to compounds, proteins or
antibodies which targetlinhiblit members of the mTOR kinase faﬁmily, e.g., RAD, RADOO1, CCI-779,
ABTS578, SAR543, rapamycin and derivatives/analogs thereof, AP23573 and AP2384i from Ariad,
everolimus (CERTICAN) and sirolimus (RAPAMUNE), CCI-779 and ABT578. CERTICAN
(everolimus, RAD) an investigational novel proleerat:on signal inhibitor that prcvents proliferation
of T-cells and vascular smooth muscle cells. ) )

" The term "somatostatin receptor antagonist”, as used herein, inclu‘de's, but is not Jimited to,

agents which target, treat or inhibit the somatostatin receptor, such as octreoride and SOM230.
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] The term “anti-leukemic compound" as used herein, includes, but is not fimited to Ara-C,a
pyrimidine analog, which is the 2"-ci-hydroxy ribose (arai:inoside}ﬁeri\{ati've of deoxy&tidine. Also
inciugled is the purine analog of hypoxanthine, 6-mercaptopurine (6-MP) and fludarabine phosphate.

. The phrase "tumor cell damaging approaches” refers to approaches, such as mmzmg
mdlatton The term Yionizing radiation”, referred to above and hereinafter, means 1omzmg radmtaon )
that occurs as either clectromagnet:c rays, such as X-rays and gammma rays; or particles, such as
alpha, beta and garr-\ma particles. Ionizing radiation is provided in, bﬁt not limited to, radiatidn-
thempy and is known in the art. See Hellman, Cancer, 4th Edition, Vol. 1, Devita etal,, , Eds., pp.
248-275 (1993). ‘ .

The term “E_.DG binder” as used hefein, inciudes, but is not limited to, a class of -
-immunosuppress‘ants that modulates lymphocyte recirculation, such as FTY720.

' 4The term "ribopucleotide peductase inhibitor" as used herein, includes, but is not limited to;
pyrimidine or purine puclebside analogs including, but not limited to, fludarabine and/or ara-C; 6-
thioguanine; 5-FU; cladribine; E—mercaptopurige, especiaily in combination with.ara-C ixgains}: ALL;
and/or pentostatin. Riiﬁonucieotide reductase inhibitors are especially hydroxyurea or 2-hydroxy-

1 H-isoindole-~1,3-dione derivatives, such as PL-1, PL-2, PL-3, PL4, PL-5, PL-6, PL~7 or PL 8. Sec
Nandy etal, Acta Oncolovlca, Vol.33, No. .8, pp. 953-961 (1994).

The term "S—adenosylmethionme decarboxylase mhlbitors" as used herem,
includes, but is not limited to, the compounds disclosed in U.S. Patent No. 5,461,076.

The phrase “manoclonal antibodies of VEGF or VEGFR?”, as used herem, includes but is
not limited to, compounds disclosed in WO 98/35958, e.g., 1~(4*chloroam¥mo}—4-(4-
pyridylmethyl)phthalazine or a pharmaceutically acceptable sal; thereof, e.g., the succinate, or in
WO 00/09495, WO 00/27820, WO 00{5950.9,‘ WO 98/11223, WO 00/27819 and EP 0 769 947,
those as described by Prewett et al., Cancer Res, Vol. 59, pp. 5209-5218 (1999); Yuan et al., Proc
Natl Acad Sci USA, Vol. 93, pp. 14765-14770 (1996); Zhu et al,, Cancer Res, Vol. 58, pp. 3209-
3214 (1998); and Mordenti et al., Toxicol Pathol, Vol. 27, No. 1, pp. 14-21 (1999) in WO 00/37502
and WO 94/10202; ANGIOSTATIN, described by O'Reilly et al,, C}ell, Vol. 79, pp.‘315-3 28
(1994); ENDOSTATIN, described b-y O’Reilly et al,, Cell, Vol. 88, pp. 277-285 (1997); anthranilic
acid amides; ZD4 1‘90; Z2D6474; SU5416; SU6668; bevacizumab; or anti-VEGF antibodies or anti-
VEGF receptor antibodies, e.g., rhuMADb and RHUFab; VEGF aptamer, e.g., Macugon; FLT-4
inhibitors; FLT-3 inhibitors; VEGFR-2 lng antibody; Angiozyme (RPI 4610); and Avastan,

The term "photodynamic therapy", as used herein, refers to therapy which uses certain
chemicals known as photosensitizing agents to treat or prevent cancers. Examples of photody_ngmi(?

therapy include, but are not limited to, treatment with agents, such as, e.g., VISUDYNE and

porfimer sodium.

The term “angiostatic steroid”, as used herein, includes, but is not limited to agents which

block or inhibit angiogenesis, such as, e.g., anecortave, triameinolone, hydrocortisone, 11-c-
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_ epihydrocotisol, cortexolone, 1 7a-hydroxyprogesterone, corticosterone, desoxycorticosterone, .

testosterone, estrone and dexamethasone. .

The phras;: “lmpiant containing corticosteroids” a§ used herein, includes, but {s not limited
to agents, such as, e. g fluocinolone and dexamethasone. l . .

- The term “AT] receptor antagonist” as used herem, mc}udes, but is not l)mxted to agents,
s‘uch_‘as DIOVAI‘:I. . . .

The term “AéE inhibitor” as used herein, inciu;ics' but is not limited to CIBACEN,
benazepril, ;:nazepnl (LOTENSIN), captopril, enalapni fosmopnl hsmcpril moex:pr;l qumapnl
ramipril, perindopril and trandolapril.

Other pharmaceut;cally acnve agents mciude but are not limited to, plant alkaloids,
hormonal agents and antagomsts bloiogical response modifiei‘s preferably lymphok:nes or
interferons, antisense oligonucleotides or oligonucleotide derivatives; or miscellaneous agents or
agents with other. or unknown mechanism of action.

In each case wherc citations of patent applications or scientlf' ic pubhcatlons are given, in
particular with regard to the respective compound claims and the fi nal products of the working
exarnples tilerein, the subject matter of the final products, the pharmaceutical preparations and the
claims is hereby incorporated into the present application by reference to these publications.
Comprised are likewise the corresponding stereoisomers, as well as the corresponding crystal
modifications, e.g., soivates and polymorphs, which are disclosed therein. The compounds used as
active mgredzents in the combinations disclosed herein can be prepared and admmlstered as
described in the cited documents, respectively. '

The structure of the active agents identified by code numbers, generic or trade names may-

" be taken from the actual edition of the standard compendium "The Merck Index” or from‘databases,

e.g., Patents International, e.g., IMS World Publications, or the publications mentioned above and

" below. The corresponding content thereof is hereby incorporated by reference.,

It will be understood that references to the components (a) and (b) are meant to also include
the phannaceut.icaily acceptable salts of any of the active substances. If active substances comprised
by components (a) and/or (b) have, for example,'at Jeast one basic center, they can form écid
addition salts. Corresponding acid addition salts can also be formed having, if desired, an

additionally present basic center. Active substances having an acid group, e.g., COOH, can form

salts with bases. The active substances comprised in compenents (a) and/or (b) ora

pharmaceutically acceptable salts thereof may also be used in form of a hydrate or include other
solvents used for crystailization. -
* Thus, in a first aspect, the present invention relates to a method for the prevention of

treatment of proliferative discases or diseases that are triggered by persistent angiogenesis in a

_ mammal, preferably a human patient, which comprises treating the patient concurrently or

sequentially with pharmaceutically effective amounts of a combination of:
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(@) a neutralizing anti-DKK 1/4 compositioﬁ; and’
(b) an pharmaceutically active agent. . .
In preferred embodiment, the present invention provides a pharmaceutical prepafation
comprising: ) . . )
5 ' (a) aneutralizing anti-DKK1/4 composition; and ‘

‘ (b) oneor more pharmaceutically active agents selected from the group consnstmg ofan
aromatase mhlbltor an antiestrogen; an antl-androgen, a gonadorelm agonist; a topoisomerase 1
ml‘n«b]torT a topoisomerase 1l mhx!ytor, a microtubule actn{e agent; an alkylating'agent; an anti-
neoplastic anti-metabo[ite' a piafin compound' a compound targeting/decreasing a j)lrotein or lipid

10 kinase activity or a protein or lipid phosphatase activity, a antt-zmgmgemc compound; a compound

. which induces cell differentiation processes; monoclonal antibodies; a cyclooxygenase mhtbxtor a
!, -

blsphosphonate, a heparanase inhibitor; a biological response modifier; an inhibitor of Ras )
oncogenic isoforms; a telomerase inhibitor; a protease inhibitor, a matrix metalloproteinase
inhibitor, a methionine aminopéptidase inhibitor; a proteasome inhibitor; agents which target,

15 decrease or inhibit the activity of Flt-3; an HSP90 inhibitor; antiproliferative antibodies; an HDAC
inhibitor} a compound which targets, decreases or inhibits the activity/function of serine/theronine-
mTOR kinase; a somatostatin receptor antagonist; an anti-leukemic compound; tumor cell dgmaging
approaches; an EDG binder; a ribonucleotide reductase inhjbitor; an S~a&en_osylmethiqnine '
decarboxylase inhib.itor; a monoclonal antibody of VEGF or VEGFR; photodynamic therapy; an .

20  Angiostatic steroid; an implant containing conicostefoi(;s; an AT1 receptor antagonist; and an ACE
infibitor. ) o o ' '

Any of the combination of components (2) and {b), the method of treating a warm-blooded
animal comprising a_dministering these two éomponents, a pharr.nacqutica} c%:mposition comprising
these two compoﬁents for simultaneous, separate 'or sequential use, the use of the combination for

25 the delay of progression or the treatment of a proliferative disease or for the manufacture of a
' phannadeuticzil preparation for these purposes or a commercial product comprising such a

combination of components (a) and (b), all as mentioned or deﬁngd above, will be referred to
subsequently also as combination of the invention (sa that this term refers to each of these
embodiments'whic.h thus can replace this term where appropriate).

" 30 Siﬁmitancous administration may, e.g., take place in the form of one fixed combination with
two or more active ingredients, or by simultaneously administering two or more active ingredients
that are formulated independently. Sequential use (administration) preferably means administration
of one (or more) components of a combination at one time point, other components at a different

' time point, that is, in a chronically staggered manner, preferably such that the combination shows

© 35  more efficiency than the single compoux;gs administered independently (especially showing

.synergism). Separate use (administration) preferably means administration of the components of the ;

combination independently of each other at different time points, preferably meaning that the
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components {a) and (b) are administered such that no overlap of measurable blood levels of bot}; '
compounds are pi‘esent in an’overlapping manner (at the same time).

Also combinations of two or more of sequential, separate and s1mu1taneous administration
are poss;ble, preferably, such that the combination componcnt-dmgs show a joint therapeutic effect
that exceeds the effect found when the combiriation component-drugs are used independently at time ‘

intervals so large jthat no mutual effect on their therapeutlc effi clency can be found, a synergistic

' efi’ect being espcmal Iy prcferred

" The term "delay of progression” as used herein means administration of the combination to

patients being in a pre-stage or in an early phase, of the first manifestation or a reiapée of the disease

* to be treated, in which patients, e.g., a pre-form of the corresponding disease is diagnosed or which -

patients are in a condition, e.g., during a medical treatment orfa condition resulting from an accident,
under which it is likely thata corre'siaonding disease will develop.

"Jointly therapeuticai}y active” or "joint therapeutic effect” means that the compounds may
be given separately (in a chronically staggcrcd manner, cspcctaily a sequence-specific manner) in
stch time intervals that they preferabiy, in the warm-blooded animal, especially human, to be
treated still show a (preferably synergxstlc) interaction (joint therapeutic effect). Whether this is the '
case, can inter alia be determined by following the blood levels, showing that both compounds are
present.in the blood of the human to be treated at least during certain time intervals.

"Phamiacel;tically effective” preferably relates to an amount that is therapeutically or in a

broader sense also prophylactically effectivé against the progression of a.prolifemtive'diseasc.

The term "a commercial package" or "a product”, as used herein defines especially a “kit of

parts” in the sense that the components (a) and (b) as defined above can be dosed independently or

* by use of different fixed combinations with distinguished amounts of the components (a) and (b),

i.e:, simultaneously or at different time points, Moréover, these terms comprise a commercial
package comprising (especially combining) as-active ingredients components (a) and '(b), together
with instructions for simultaneous, sequential (chronically staggered, in time-specific sequence,
preferentially) or (less preferably) separate use thereof in the delay of progression or treatment of a
proliferative disease. The parts of the kit 6? parts can then, e.g., be administered simultaneously or
chronologically staggered, th'at is at different time points and with equal or different time intervalis
for any part of the kit of parts. Very preferably, the time intervals are chosen sich that the-cffect on
the treated disease in the combined use of the parts is larger than the effect wh;ch would be obtained

' by use of only any one of the combination partners (2) and (b) (as can be determmed according to

standard methods. The ratio of the total amounts of the combination partner (a) to the combination
parter (b) to be administered in the combined preparation can be varied, e.g., in order to cope with

the needs of a patient sub-population to be treated or the needs of the single patient which different

needs can be due to the particular disease, age, sex, body weight, etc. of the patients. Preferably,

there is at least one beneficial effect, e.g., a mutual enhancing of the effect of the combination
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partners {a) and (b), in particular a more than additive effect, which hence could be achieved with
lower doses of each of the combined drugs, respectively, than tolcrabie in the case of treatment with
the mdnwdual drugs only. without combination, producing additional advantagecus effects e.p., less
side effects or a combined therapeutic effect in a non-effective dosage of one or both-of the . ~
combination partners (components) (a) and (b), and very preferably a strong synergism of ti_ze
combination pgxr;ners'ta) and (b). , '

Both in thé case of the use of thp combination of component.s (2) and (b) and of the
commercial package, any combinatio}t of simultaneous, sequential and separate use is also possible,
medning that the components (a) and (b) may be administered at one time. point smultaneously,
foliowed by admmzstratlon of only one component with lower host toxicity either chromcaiiy, e.g.,
more than 3-4 weeks of daily dosing, at a later time point and subscquently the other component or
the.combination of both components at a still later time point (in subsequent drug combmatxon
treatment courses for an optimal anti-tumor effect) or the like.

The COMBINATION OF THE INVENTION can also be applied in combination with other
treatments, e.g., sixrgicél intervention, hypcrthc;'rnia and/or irradidtion therapy. ’

The phannaceuticai compositions 'acr;ording to the present invention can be prepared by
conventional means and are those suitable for enteral, such as oral or recta% and parenteral
administration to mammals including man, comprising a thcrapcutlcal!y effective amount of a
VEGF inhibitor and at least one pharmaceutically active agerit alone or in combination with one or
more pharmaceutically acceptable carriers, especially those suitable for enteral or parenteral”
apphcatlon. . :

The pharmaceutical compositions compnsc from about 0.00002 to about 100%, especially, -
e.g., in the case of infusion dilutions that z;re ready for use, of 0.0001 to 0.02%, or, e.g., in case of
injection or inﬁ'xsior; concentrates or es;pecialiy pérenfera* formu!altions, from about 0.1% to about
95%, preferably from about 1% to about 90%, more preferably from about 20% to about 60% active
ingredient (weight by weight, in each case). Pharmaceutical compositions according to the

invention may be, e.g., in unit dose form, such as in the form of ampoules, vials, &rz;gécs, tablets,
infusion bags or capsules . A '

The effective dosage of each of the combmatxon partners employed in a formulation of the
present mventlon may vary depending on the particular compound or pharmaceutical compositions
employed, the mode of administration, the condition being treated and the severity of the condition
being treated. A physician, clinician or veterinarian of ordinary skill can readjly determine the
effective amount of each of the active ingredients necessary to prevent, treat or inhibit the progress
of the condition. ‘ ‘

Tyrphostins, especially Adaphostin, are preferably administered to a warm-blooded animal,

‘ especially a human in a dosage in the range of about 1-6000 mg/day, more preferably 25-5000
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_ mg/day, most preferabiy 50-4000 mg/day. Unless stated otherwisg herein, the compound is

preferably administered from one to 5, especially from 144 times per day.

Pharmaceutical preparations for the combination therapy for enteral or parenteral
admmlstxanon are, e.g., those in unit dosage forms, such as sugar»coated tablets, capsules or
supposutoues, and furthermore ampoules. If not indicated otherwise, these formulations are

prepared by conventional means, e.g., by means of conventional mixing, granulating, sugar-coating,

" dissolving or Iyophilizing processes. 1t will be appreciated that the unit content of a combination

partner contained in an individual dose of each dosage form need not in itself constitute an effective
amount since the necessary effective amount can be reached by admini'strationl ofa ;Slurality of '
dosage units. One of skill-in the art has the ability to determme appropriate pharmaccuhca}ly
effective amounts of the combination components. !

- Preferably, the compounds or the pharmaceutically acceptable salts thereof, are
administered as a'n oral pharmageutical formulation in the form of a tablet, capsule or syrup; or as
parenteral mjectxons if appwprlate. ’

In prepanng composmons for oral admmzstratlon, any pharmaceutically acceptable media
may be cmploycd such as water, glycols, oils, alcohols, flavoring agents, preservatives, coloring
agents. Pharmaceutically acceptable carriers include starches, sugars, microcrystalline celiuloses,
diluents, granulating agents, lubricants, binders, disintegrating agents.

Solutions of the active ingredient, and also suspensions, and especially isotonic aqueous

soiutmns or suspensions, are useful for parenteml administration of the active ingredient, it bemg

' possxble, €.g., in the case of lyophilized compositions that comprise the active ingredient alone or

togcther with'a pharmaceutically acceptable carrier, e.g., mannitol, for such solutions or suspensions

" to be produced prior to use. The pharmaceutical compositions may be sterilized and/or may

comprise excipients, e.g., preservatives, stabilizers, wetting and/or emulsifying agents, solubilizers,

~ salts for regulating the osmotic pressure and/or buffers, and are prepared in a manner known per se,

¢.g., by means of conventional dissolving or lyophilizing processes. The solutions or suspensions

may comprise viscosity-increasing substances, such as sodium carboxymethylcellulose,

pqrboxymethyl;:elluio;e, dextran, poiyvin&lpyrrolidone or gelatin. Suspensions in oil comprise as

the oil component the vegetabie, synthetic or semi-synthetic oils customary for injection purposes,
The isotonic agent may be Selected from any of those known in the art, e.g. marmitol

dextrose, glucose and sodium, chloride. The infusion formulation may be diluted with the aqueous

medium, The amount of aqueous medium empioyed as a diluent is chosen accordmg to the desired

concentration of active ingredient in the infusion solution. Infusion solutions may contain other
excipients commonly employed in formulations to be administered intravénéusly such as
antioxidants. ] .

The present invention further relates to "a combined preparation®, which, as used herein,

defines especially a "kit of parts” in the sense that the combination partners {a) and (b) as defined
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above can be dosed independently or by use of different fixed combinations with distinguished

amounts of the combination parmers {a) and (b), i'.e., simultaneouvsly or at different time points. The

' parts of the kit of parts can then, e.g., be administered simultaneously or bhronologicully-smggered,’

that is at diﬁ’erent time points and with equal or different time intervals for any. part of the kit of
pdrts. The ratlo of the total amounts of the combination partner (a) to the combination parmer (b) to
be admin 1stered in the combined preparatton can be varied, e.g., in order to cope with the needs ofa

patient sub-populanon to be treated or the needs of the single patxent based on the severity of any

-side effects that the patient e:(perlences.

Usas and methods of the invention

The antibodies (and immunoconjugates and bispecific molecules) of the present invention
have in vitro and in vivo diagnostic and therapeutic utilities. For example, these molecules can be '
adminis&ered to cells in culture, e.é, in vitro or in vivo, or in a subject, e.g., in vivo, to treat, prévent
or diagnose a variety of disordérs. The term "subject” as used herein in intended to include human -
and non-human animals. Non-human animals iﬁcludeé all vertebrates, e.g., mammals and non-
mammals, such as non-human primates,,sheeﬁ, dogs, cats, cows, horses; chickens, amphibians, and
reptiles. The methods are particularly suitable for freating human patients having a disorder
assocxated with DKK ] expression. When antlbod:es to DKK1 are administered together wnh
another agent, the two can be administered in either order or simultaneously. .

In one embodiment, the antibodies (and 1mmunocon3 ugates and bispecific molecules) of the

invention can be used to detect levels of DKK1, ar }evels of cells that contain DKX 1. This can be
achieved, for example, by contacting a sample (such as an in vifro sample) and a control sample
with the anti-DKKI1 antibody under condijtidns that allow for th;: formation of a complex between
the antibody an‘d DKKi - Any complexes formed between the antibody and DKKT1 are detcctéd and
compared in the sample and the control. By non-limiting example, standard detection methods that
are well known in the art, such as e.g,, ELISA, MALDI and flow cytometic assays can be
performed using the compositions of the invention. _

Accordingly, in one aspect, the invention further provides methods for detecting the
presence of DKth(e.g., human DKK1 antigén) in a sample, or measuring the amount of DKX1,
comprising contacting the sample, and a control sample, with an antibody of the invention, or an
antigen binding portion thereof, which specifically binds to DKK 1, under conditions that allow for
formation of a complex between the antibody or portion thereof and DKK 1. The formation of a
complex is then detected, wherein a difference in complex formation between the sample compared
to the control sample is indicative of the presence of DKK1 in the sample. . .

Also within the scope of the invention are Kits consisting of the compositions (e.g.,

antibodies, human antibodies, immunoconjugates and bispecific molecules) of the invention and

instructions for use. The Kit can further contain a least one additional reagent, or one or more
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_ additional aritibodies of the invention (e.g., an antibady having a complementary activity which

binds to an epxtope on the target antigen distinct from the first antibody). Kits typxcally include a
label indicating the.intended use of the contents of the kit. The term labei includes any writing, or
recorded material supplied on or with thc kit, or which otherw:se accompames the kit.

. The invention having been fully described, it is further illustrated by the following examples '

and claxms, whlch are illustrative and are not meant to be further limiting. Those skilled in the art

‘wlli recognize or be able to ascerfain using no more than routineg experzmentatzon, numerous

equivalents to the speclf' ¢ procedures described herein. Such cquwalents are wuzhm the scope of the

present invention and claims. The contents of all references, incliding issued patents and publishéd '

" patent applications, cited throughout this application are hereby incorporated by reference.

EXAMPLES
Example 12 Generatmn of human })KKI-speclﬁc antxbodles from the HuCAL GOLD®
Library

Therapeutic antibodies against human DKK | protein are generated by selection of clones

- having high binding affinities, using as the source of antibody variant proteins a commercially

available phage display library, the MorphoSys HuCAL GOLD® library. HuCAL GOLD® is a Fab
library (Knappik et al., 2000 J.Mol. Biol. 296:57-86; Krebs et al., 2001 } Immunol, Methods 254:67-
84; Rauchenbei'ger et al:, 2003 1 Biol Chem. 278(40):38194-38205), in which all six CDRs are
diversified by'appré;-:riate mutation, and which employs the CysDisplay™ technology for linking

"Fab fragments 1o the phage surface (WO 01/05950 Lohning 2001).

General 'grocedures:‘ phagemid rescue, phage amplification, and pirification
The HuCAL GOLD® library is amplified in standard rich bacterial medium (2xYT)

containing 34 ng/mi chioramphenicol and 1% giucose (2xYT—CG) After infection of cells at an
" ODegonm of 0.5 with VCSM13 helper phages (incubating the mix of cells and phage for 30 min at

37°C without shaking followed by 30 min at 37°C shaking at 250 rpm), cells are centrifuged (4120
g; 5 min; 4°C), are resuspended in 2xY'T/ 34 pg/mi chloramphenicol/ 50 pug/ml kanamycin/ 0.25
mM IPTG, dnd are grown overnight at 22‘;C. At the end of this period cells are removed By
centrifugation, and phages are PEG-precipitatéd twice from the supematant, resuspended in PBS/
20% glycerol and are stored at -80°C.

Phage amplification between two panning rounds is conducted as follows: mnd-log phase £.

coli strain TG1 cells are infected with phages are eluted following the selection W1th DKK1 proteln, ]

and are plated onto LB-agar supplemented with 1% of glucose and 34 pg/mi of chloramphenicol
{LB-CG plates). After overnight incubation of the plates at 30°C, bacterial colonies are scraped off
the agar surface, and used to inoculate 2xYT-CG broth to obtain an ODggon, 0f 0.5, then VCSM13

helper phages are added to obtain a productive infection as described above.

Pre-experiments for solution p_anning. using Strep-Tactin magnetic beads
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_ The Strep-tag II has been reported to have fow affinity for the Strep-Tactiti matrix (Kp ~1
1M according to (Voss and Skerra, 1997 Protein Eng. 10:975-982), thefefbre, a prc-ex'périment is
per?ormed to assess the suitability of using Strep-Tactin-coated MagStrep beads for the c-apturing of
the antigen durmg the antibody selections, and to avoid antigen-loss during the pannings.

For that purpose, 8 mg of MagStrep beads is incubated with 46 pg of Hls~Strep~tagged
DKKI for1h ‘at.roorn temperature and the sample is divided into four pre-blocked Eppendorf tubes.
One tube sérvccl as,-the positive control (no washing) and the other three samples are washed with
different stringencies according to thé HuCAL GOLD® manual panning section: Detection of
binding of the His-Strep-tagged bKKl to the MagStrep b;eads (Strep-Tactin coated Magnetic beads
obtained from IBA, Gittingen, Germanjv) i's.perfon-ncd in BioVeris using a goat anti-DKX 1
'antibody and a Rubidium-labeled anti-goat detection antibody. ‘ )

As shown in FIG. 1 herein, no significant loss of His-Strep-tagged DKK 1 from the Strep- '
Tactin-coated beads is detectable Qhen the non-washed beads are compared with those beads
washed with different HuCAL® stringencies. Thus, the His-Strep-tagged DKK1 seemed to be '
suvitable for the usc in the solution pannings with Streﬁ-’f'actin—coated magnetic beads (MagStrcp
beads). '

Selectlon by panning of DKKI-speclﬁc antibodies from the library

For the sélection of antzbodres recogmzmg human DKK1, two panmng strategies are
applied. . o
In summary, HuCAL GOLD® phagevantlbodles are dnv:ded into four pools comprising
different combinations of Vy, master genes {pooil 1 contamed VH 1/5 Ax; pool 2 contained Vi3 Mc
pool 3 contained Vy2/4/6 Xx; and pool 4 contained Vy»1-6 Ax). These poois are individually -
subjected to two rounds of solution panning His-Strep-tagged DKKI capturéd onto StrepTactin
magnetic beads' (Me-ga Strep beads; IBA), and fo:: the third selection round only, either on His-Strep-
tagged DKK1 captured onto StrepTactin magnetic beads or on APP-tagged human PKK1 protein
captured by Streptavidin beads (Dynabeads® M-280 Streptavidin; Dynal) with a biotinylated anti-
APP antibody. ’ . '

1n detail, for the solution par;ning using His-Strep-tagged Di(.Kl coupled t(; StrepTactin
magnetic beads, the folk;wing protocol is applied: pre-blocked tubes are prepared (1.5 mi Eppendorf -
tubes) by treatment with 1.5 m! 2x ChemiBLOCKER diluted 111 with PBS over night at 4°C. Pre-
blocked beads are prepared by treatment as follows: 580 pl (28 mg beads) StrepTactin magnetic -
beads are washed once with 580 ul PBS and resuspended in 580 pl 1x ChemiBLOCKER (diluted in
one volume 1x PBS), Blocking of the beads is performed in the pre-blocked tubes over night at 4°C.

Phage particles diluted in PBS toa final volume of 500 ul for each panning condition are

mixed with 500 p! 2x ChemiBLOCKER/ 0.1% Tween and kept for one hour at room temperature on

a rotating wheel. Pre-adsorption of phage particles for removal of StrepTactin or beads-binding
phages is performed twice: 160 pi of blocked StrepTactin magnetic beads (4 mg) is added to the
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_ blocked phage partic]&s, and is incubated for 30 min at room temperature on a rotating wheel. After

separation of the beads by a r'nagnetic device (Dynal MPC-E), the phage supernatant {(~1.1 ml) is

transferred to a fresh, blocked reaction tube and pre-adsorpt;on is repeated using 160 il blocked

beads for 30 min. Then, Hls~Strep~tagged DKK1, either 400 nM or 100 nM, is added to the blocked

phage partsc!es in a fresh, blocked 1.5 mi reaction tube and {che mixture is incubated for.60 min at
room temperature on a rotating wheel.

The phage—antxgcn complexes are captured usmg e;ther 320 pior 160 pl of blocked
Strcp'l"actm magnetic beads added to the 400 nM or the 100 nM phage panmng pools, respecttveiy,
which is then incubated for 20 min at room temperaturc on a rotafing wheel. Phage particles bound
to the StrepTactin magnetic beads are again co!Iected with the magnetic particle separator.

Beads are then washed seven times with PBS/ 0.05% Tween (PBST), followed by washing
another three times with PBS only. Elution of phage particies from the Strep"factm magnetic beads
is performed by addition of'200 ul 20 mM DTT in 10 mM Tris-HCI, pH 8.0 to each tube for 10 min. -
The eluate is collected, and the beads are washed once with 200 pl PBS and the PBS eluate is added
to the DTT eluate. This cluate sample is ﬁséd to infect 14 ml of an . coli TG-1 culture that had been

: grown to an ODggpa, of 0.6-0.8.

After infection and subsequent centrifugation for 10 min at 5000 rpm, each bactenal pellet is
resuspended in 500 pul 2xY'T medium, plated onto 2XYT-CG agar plates and incubated overnight at
30°C. The next mornmg, the resulting colonies are scraped off the-plates and the phage is prepared

by rescue and’ ampi:f cation as described above o

The sgconé round of solution pannings on His-Strep-tagged DKK1 is performed accordi-ng

to the protocol of the first round, except that decreasing amounts of antigen are used (50 nM, and 10

" nM) and the stringency of the washing procedure is altered appropriately.

Two different panning strategies’are applied for the third selection round: the amplified

~ phage output of the second panning roundis spiit and subjected to two different pa:ming conditions.

The first half of the phage output is used for the standard panning strategy on human His-Strep-
tagged DKK1 captured onto StrepTactin beads as described above (antigen amounts are 10 nM or ]
nM, respectiveiy).. . ‘ ’ '

The second panning variation for the third selection round is performed on human APP-
tagged DKK1. APP-tagged DKK1 protein at a final concentration of 50 nM or 10 nM_is.mixed with" .

1 ml of pre-cleared, second round phage particles, and the mixture is incubated at room temperature

‘for 1 houron a rotating wheel. In parallel, 8 mg pre-blocked Dynabeads IM-280 Streptavidin (Dynaly

is incubated with 40 pg biotinylated mouse anti-APP antibody for 30 min at room temperature on a
rotating wheel followed by two washing steps with PBST. The pre—forme& complexes consisting of
phage-antibodies bound to APP-tagged DKK1 are cépmred by the anti-APP coated M-280
Streptavidin magnetic beads for 30 min at room temperature. Phage elution and amplification are

performed as described above.
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Subqloning and expression of soluble Fab fragmenté

The Fab-encoding inserts of the selected HuCAL GOLD?; phagemxds are subc!oned into
exprcsmon vector pMORPH®X9_Fab_FH, in order to facilitate rapid and efficient expressxon of
soluble Fabs. For this purpose, the plasmid DNA of the selected clones is digested with restriction
erizyme endonucleases Xbal and EcoRI, thereby excising the Fab-encoding insert (ompA-VLCL and
phoA-Fd). This insert is then cloned into Xbal/EcoRI-digested e:\presswn vector
pMORPH“’x9 Fab_FH.

Fab proteins are exprcssed from this vector, and asa result carry two C- tenmnal tags
(FLAG™ and 6x}-hs, respectweiy) for both detection and punficanon
Microexpression of HuCAL GOLD® Fab antlbodles in E. coli

To obtain sufficient amounts of protein encoded by each of the clones obtained above,-
chloramphenicobresistgnt single' bacterial colonies are selected after subcloning of the selected Faﬁs
into the pMORPH®X9_FaB_FH expression vector. Each of these colonies is then used to inodulate
the wells of a sterile 96-well raicrotiter plate; each well cdntaining 100 1l 2xYT-CG medium per -
well, and bacteria are grown overnight at 37°C. A sarriple (5 ul) of each E. coli TG-1 culture is
transferred to a fresh, sterile 96-well microtiter plate pre-filled with 100 pl 2xYT medium
supplemented with 34 ug/mt chloramphenicol and 0.1% glucose per weli The microtiter plates are
incubated at 30°C with shaking at 400 rpm on a mtcroplate shaker usitil the cultures are shghtly
turbid (~2-4 hrs) with an ODsoonm of about 0.5, .

For expression in the format of these plates, 20 ;zl 2xYT medium supplemented w;th 34 :
pg/ml chloramphenicol and 3 mM IPTG (lsopropyI-B-D-thlogalactopyranomde) is added per well
(final concentration 0.5 mM IPTG), the mtcrotltcr plates sealed w;th a gag-permeable mpe, and
incubated overnight at 30°C shaking at 400 rpm
Generation of whole cell lysates (BEL extracts)

To each well of the expression plates, 40 nl BEL buffer 2xBBS/ EDTA 24.7 g/l boric acid,
18.7 g NaCl/l, 1.49 g EDTA/L, pH 8.0) containing 2.5 mg/ml lysozyme is added and plates are
incubated for 1 h at 22°C on a m:crotlter plate shaker (400 rpm). The BEL extracts are used for
binding analysis by FMAT (sce Example 2). _

Expression of microgram amounts of HuCAL GOLD® Fab antibodics in . coli and purification

Expression of Fab fragments encoded by pMORPH®X9_Fab_FH in E. coli TGI F- cells is
carried out in 50 ml plastic tubes. For this plirpose, pre-cultures inoculated with single clones are’
grown in 2xYT-CG medium overnight at 30°C. The next moming, 50 n! of each pre-culture are
used to inoculate 25 ml 2xYT medium supplemented with 34 pg/ml Chloramphenicol, I mM IPTG,
and 0.1% glucose in sterile 56 mi plastic tubes, and incubated over night at 30°C. E. coli ce[ls’zirc ‘

harvested, the cell pellets frozen and finally dnsmpted with Bug Buster (Novagen). The Fab

fragments are isolated using Ni-NTA Agarose (Qlagen, Hllden, Germany).
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 Expression of milligram amou'nts of HuCAL GOLD® Fab antibodies in E. coli and purification.

Expressidn of Fab frigments encoded by pMORPH®X9 Fab_FH in TG1 F- cells is carried
‘out in-shaker flask cultures using 750 ml of 2xYT medium supp]emented with 34 ug/ml
chloramphemcol Cuitures are shaken at 30°C, until the ODmsmn reached 0.5. Expression is induced
by addition of 0.75 mM IPTG followed by incubation for 20 h at 36°C. Cells are d isrupted using
lysozyme, and F{},b fragments are isolated by Ni-NTA chréma;ography (Qiagen, Hilden, Germany).

"Protein conce_ntration§ are determined by UV»spectropﬁotometry (Krebs et al., 2001).

Example 2: Identification of DKX1-specific HuCALS® antibodies

BEL extracts of individual E. coli clones selected by the above mentioned panning strategies

- are analyzed by Fluorometric Microvolume Assay Techno}og)lf (FMAT™ 8200 Cellular Detection

Systezﬁ analyzer, Ap;;)lied Biosysteins, Foster City, Calif.), to identify clones encoding DKK1-
specific Fabs. The FMAT™ 8100 HTS System is a ﬂuoresqcn_'ce macro-confocal, high-throughput
screéning instrument that automates detection of mix-and-read, non-radioactive assays with live
cells or beads (Miraglia, J. Qiorﬁo}. Screening (1999), 4(4) 193-204).

' Fluorometric Microvolume As§a}: Techhologx-based bindiﬁg analvsis (FMAT) for detection of

DKXK1-binding Fabs from bacterial lysates
‘For the detection of DKX1-binding Fab antibodies from E. coli lysates (BEL extracts),

binding is analyzed w:th the FMAT 8200 ceilular detection system {Applied Biosystems). To couple

. H1S~Strep~tagged DKK1 onto M-450 Expoxy beads (Dynal), a sample of 300 pl M-450 Epoxy beads

(1.2x1 0s beads) is transferred into a reaction tube and captured wn‘.h a magnetic particle separator.

The supematant is removed and the beads are washed four times m 1 ml of 100 mM sodium

y phosphate buffer, pH 7.4. For antigen coating, 60 18 His-Strep-tagged DKK1 is addéd to the bead
. suspenszon in 150 pul 100 mM sodium phosphate buffer pH 7.4. The antigen-bead suspension is

incubated for 16 h at room temperature on a rotating wheel. The coated beads are then washed three
times with PBS and resuspended in a final volume of 250 1l PBS.

For each 384-well plate, a-mixture of 20 mI'PBS containing 3% BSA, 0.005% Tween-20, 4
ul DKK.%-coated beads (1.9x10° beads} and 4 }.11 CyS™ detection antibody is prepared. A sampte of
45 pl of this solution’ is dispensed ;Jer well into a 384-well FMAT black/clear bottom plate (Applied
Biosystems). Fab-containing BEL extract (5 ) is added to each well. The FMAT plates are

_incubated at room temperature overnight. The next morning the plates are analyzed in the 8200

Cellular Detection System (Applied Biosystems).
Postitive clones are obtained, and the heavy and light chain sequences of clones yielding
positivé, specific signals in FMAT are analyzed. It is observed that, 57 unique (non-redundant) anti-

DKK1 clones are identified that showed sufficient strong binding to human DKX}, These clones are

- expressed, purified and tested for affinity and in functional assays.
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Determination of nanomolar affinities using surface"plasmon resonance

‘ Using these clones, kinetic SPR: analysis i is performed on, a CMS chip (Blacore Sweden)
wh zch had been coated with a density of ~400 RU of either recombmant human DKX 1, mouse
DKK1 (R&D system), or cynomolgus DKX1 in 10 mM Na-acetate pH 4.5 using standard EDC-
NHS amine couplmg chemistry. A comparable amount of human serum albumin (HSA) is ) '
1mmob1llzed onthe reference flow cell. PBS (136 mM NaCl, 2.7 mM KCI, 10 mM Na2HPO4 1.76
mM KH2PO4 pH 7 4)is used as the runnmg bufter. The Fab prcparatlons are applied in

‘concentranon series of 16 — 500 nM at a flow rate of 20 p.l/mm Association phase is set to 60 s and

dissociation phaseto 120 5. A summary of the affinities in nV{ to each of human, mouse, and

cynomoigus DKK1 determined by that method are shown in Tabie | herein.

Table 1. Affinities of selected Fabs to each of human, mouse, and cynomolgus

KD [nM] | KD [nM] | KD [nM]
‘ human mouse cyno
Antibody DKK1 | DKKI}* i DKKI*
MOR04470 | 3.242.0 3.6 b7
‘MORO04516 | 2.6+0.7 24 1.9 .
MOR04454 | 3204 6 2.7
MORO04456 | 7.90.9 1.6 81 |
MOR04461 | 7.6+3.3 12.8 7.3,
‘MORO04455 | 1.6.%0.3 nd. . 1.5

* single measurement
n.d.: not determined

Example 3: Identification of anti-imman DKK1 Fab candidates inhibiting the Wnt
antagonistie actmty of DKK1 ' '

The resulting 57 different DKK]»specnf c antrbodaes seiected from the HuCAL GOLD“‘
library are used to obtain purified antibody, which is then tested for potency to inhibit the Wnt
antagomstnc activity of human DKK 1. Of these, 17 antibody candidates are ﬁmct:onally active, as
shown in FIGS 2 and 4. ) .

The functional activity of each of the HuCAL® Fabs is checked using a luciferasé reporter
gene assay. T‘welve TCF/Lef binding sites are cloned upstream of the luciferase reporter gene
rendering the luciferase gene TCF/Lef-responsive. The canonical Wat proteins lead to a-
stabilization of beta-catenin, thereby activating transcription of TCF/Lef and producing the
luciferase protein. Addition of DKK 1 protein blocks Wnt activity and therefore also the
transcription of the luciferase gene. In consequencé, the luciferase levels produced by the respective
cells are expected 1o correlate with the potency of the selected Fabs to block DKK 1 action.

Stable TCF/L ef-responsive reporter ceil line HEK293T/17-12xSTF

Bioassays are performed using the stable human embryonic kidney cell reporter cell line
HEK293T/17-12xSTF. The cells are cultivated in DMEM high glucose medium (Invitrogen),
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containing 10% FCS (PAN or BioWhittaker) and | pg/ml puromycin (BD Biosciences), until 90%

confluency is reached. The cells are then trypsinized, counted, and diluted in’culture medium

‘without puromycin.to a concentration of 4x10° cells per ml Subsequently, the cells are seeded into a°

whtte, flat-bottom 96-well plate (Commg, 100 ul cell suspcns;on per wel}) and incubated at 37°C
and 5% CO: over night. On the next day, the dssay medmm is prepared 500 ng/ml DKK1 -APP is
added to Wnt3a Condltloned Medium (CM). The anti-DKK1 HuCAL® Fabs (final concentration 20

) pg/ml) and the goat an’a-human DKKI1 antibody (R&D Systems) used as a positive control (final

concentration 1.5 pg/ml) are diluted in CM.

A volume of 60 pl medium is removed from each well of the assay plafe without disturbing ‘
the adhering cells, and substituted by 60 pl of the test antibody or control, diluted in CM. The cells -
are incubated for another 24 h and 1:00 pl Br,ight-Glc; luciferase reagent is added to each well. After
5 min incubation time, the luminescence is read in a luminometer (Genio?ro,'Tecan). The results
obtained with 20 '_qf the 57 Fabs are shown in FIG. 2 herein. The extent of luciferase expressed is a

measure of the extent of antibody present,’

’ Exa'mple 4: Quantitative analysis of binding affinities: determination of anti-human DXK1

Fab candidates that inhibit the What-antagonistic activity of DKXK1.

Affinity determination
In order to further characterize the anti-DKK 1 antibodies, the affinity to human,

_cynomolgus, and fnouse DKK'1 is determined. The recombinant DKK1 protein is immobilized on a

CMS Biacore chip an(i the Fabs are applied in the mobile phase in different concentrations. For a

reliable determination of monovalent affinities only such Fab ‘batches are used for Biacore

. measurements which showed >90% monomerxc fraction in a size exclusion chromatography.

The summarized affi inity data on human, mouse, and cynomolgus DKK1 is shown in Table

2. All 17 tested Fabs are found to have afﬁmty to hurnan DKX1 below 100 nM. P‘urther, nine of

the clones produced antibodies with affinities less than 10 aM. In all tested cases, the affinities for

cynomolgus and mouse DKK 1 are almost.identical to those for human DKK1.

Table 2. “Affinity data of selected FaBs on human, mouse, and cynomolgus

KD [nM] KD [oM}- | KD [nM] cyno

Antibody ‘{ human DKK. | mouse DKK1¥ DKKI1*
MOR04480 1.0 0.0 2 nd.
MORO04455 1603 |~ nd 1.5
MOR04516 2.6+0.7 2.4 1.9
MOR04470 3.2£20 - 3.6 1.7
MOR04454 3204 6 C 27
MOR04483 55+07 | . nd n.d.
MOR04466 6.5£2.1 n.d. nd.”
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MOR04461 7.6%33 128 73
MOR04456 © |° 7.94£0.9 11.6 . 8.)
MOR04462 . | 16.5%2.1 | - nd. " n.d.
MOR04447 22% nd. . .n.d.
MOR04469 36+ 0.0 " nd. n.d.
. MOR04482 36£5.7 n.d, nd.
MOR04468 41.5%21.9 n.d. . n.d,
MOR04476 |, 44% n.d. n.d.
MOR04481 65* n.d. "~ nd,
MOR04503 93* n.d.” - nd,

"* single measurement
" n.d.: notdetermined

EC‘;O determination .
The data showing the effective cancentration far 50% inhibition for the clones of antibodies
having the greatest aﬁ?pity for DKK1 is shown in Table 3 herein. The data show that effective
. 5  concentrations ECso range from 39-95 nM, with a me&ian value between 58 and 83 nM.

Table 3. Effective-concentration for 50% inhibition of selected Fabs

Antibody ] Luciferase
reporter assay;
ECso [
MOR04470 | - 68, .
| MORG4516 42
MOR04454 83
MOR04456 95
MOR04461 57
MOR04455 T 39

‘10' _ Example 5: Affinity maturation of selected anti-DKK1 Fabs by parallel exchénge of LCDR3
and HCDR2 cassettes ‘ ‘ ‘ '
For optimizing the affinities of the antibodies described heréin for DKK1 for a pool of
parental Fab fragmients, the LCDR3, framework 4 and the constant region of the light chains (405
bp) of each parental Fab is removed using Bpil and Sphi, and is replaced by a repertoire of
15  diversified LbDRBs together with ﬁamexvork 4 and the constant domain. A sample of 0.5 pg of the
binder pool vector is ligated with a 3-fold molar excess of the insert fragment carrying the
diversified LCDR3s. ‘ .
In a similar. approach, the HCDR?2 is diversified using the X%ol and BssHII sites, and the
connecting framework regions are kept ¢onstant. In order to increase the cloning efficiency, the
20  parental HCDR2 is replaced by a 590 bp‘ stuffer sequence prior to the insertion of the diversified
HCDR2 cassette. )
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Ligation mixtures of 11 different libraries are electroporated into 4 mi £. coli TOP10 F?

cells (Invitrogen, Carlsbad, CA, USA), yielding from 2x10 to 2x10° indeperident colonies.

"Amplification of the libraries is performed as previously déscribed (Rauchenberger et ‘lal., 20031
Biol Chem. 278(40):38194-38205). For quality control; several clones per library are randomly

picked. and sequenced (SequiServe, Vaterstettén, Germany) using primers CFR84 (VL).and’
OCAL_Seq_Hp (VH).

“Selection of qandidatés for affinity maturation .
" Six selected maturation candidates (“parental Fabs™) are selected by having been .

characterized as having the following properties: affinities to human DKX 1 less than 10 nM, with’

_ significant cross-réactivity to cynomolgus and mouse DKK1, ECs less than 100 nM, and good to

moderate Fab expression fevels in E. coli and lack of aggrégaﬁon after Fab puriﬁcation.' '

- During the course of the affinity measurements, it became evident that MOR04480 is hi ghly
unstable at high dilutions. For this reason, MOR04480 is omitted from the list of maturation
candidates a{béit h'aving the highest affinify (1 nM) and the E;eét ECso (7 nM) of all tested Fabs.
MOR04483 had a high affinity of 5.5 sM tb human DKK1 but is shown to be crossreactive to

Therefore, these two antibodies are also excluded from the maturation..

* mouse DKK . and MORO04453 contained a high proportion of Fab aggregates after purification.

A fter careful evaluation of all available da;a, six x_naturation candidates (MOR 04454,
MOR04455,MOR0fl45 6, MORO4461, MOR04470, and MOR04516) are selected. The properties

Table 4. Properties of selected Fabs

of these candidates are listed in Table 4 heréin,

KD [eM] { KD {sM] | KD [nM] ) Cross- Fab
. human - mouse cyno ‘ECS0 | reactivity | expression | Size exciusion
Amntibody DKK1 DKK1* DKK1* nM} mouse {mpAi] chromatography
MOR04470 | 3.2£2.0 3.6 1.7 58. + 32.8 ' #
MORO4516 | 2607 . 2.4 1.9 42 =+ 1.5 #
MOR04454 | 3.2+.04 6 2.7 83 4t 17.8 #
MORG4456 | .7.9+0.9 11.6- 8.1 95 ke 10.7 #
 MOR04461 | 7.643.3 12:8 73 57 ++ 12 C#
MOR04455 | 1.6%0.3 “n.d. 1.5 - 39 .y 9 3

* single measurement
n.d.: not determined .

# monomeric portion > 90%

Generation of selected Fab libraries for affinity maturation

In order to obtain clones having increased affinity and inhibitory activity of the anti-DKK1
antibodics, the selected Fab clones MOR04454, MOR04455, MOR04456, MOR04461, MOR04470,

and MOR4516 shown in the previous example are subjected to further rounds of diversification and

- selection, a process known as affinity maturation.
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For this purpose, CDR regions are diversified usi'ﬁg corresponding LCDR3 and HCDR2

maturation cassettes pre-built by trinucleotide mu&agenesis '\ img:kiis etal,, 1994 Nucleic Acids Res.

‘22:5600-5607; Nagy et al., 2002 Nature Medicine 8:801-807). Table 5 herein shows the LCDR3

sequences for the parental clones MOR04454, MOR04455, MOR04456, MORO061, MOR04470 and
MORA4S16. : C

Table 5. LCDR3 sequences for selected Fabs V

LCDR3 -
Antibody VL Sequenceé SEQ D NO:
MORD4454 K1, 1 Loyvyemep 21
MORQ4455 K1 QQYDSIPM 22
MOR04456 . K3 QQYGDEPI_ | 23
MOR04470 L 12 QSYASGNTKV 25
MORO04461 L2 STWDMTVDF 24
MORQ4516 L1 ASFDMGSPNV 26

Table 6 herein shows the HCDR2 sequénces for the parental clones M0ﬁ04454,
MOR04455, MOR04456, MOR061, MOR04470 and MOR4516. )

Table 6. HCDR2 sequénces for selected Fabs *,

Antibody |- VH HCDRZ2 Sequence SEQ ID NO:
MORD4454 H3 DGSHMDKPPGYVEAF 2
MOR04455 JH3 HYMDH 3
MOR04456 H3 . |- TIYMDY . 4
MOR04461 H3 MGIDLDY 5
MOR04470 H3 HGIDFDH 6
MOR04516 H5 GIPFRMRGFDY 7

Fab fragments from expression vector pMORPH®X9 Fab_FH are subcloned into the
phagemid vector pMORPH®25 (see US patent number 6,753,136). This vector provides the phage
protein plll fused N-terminally to a cystéine residue as well as a C-'zerminal cys?eine to the Fd
antibody chain and thus allows diéuiﬁd_e—linked display of the respeétive Fab fragments on the phage
surface. Twao different strategies are applied in parallel to optimize both the affinity and the efficacy
of the parental Fabs. ) ' .

Five i)hage antibody Fab libraries are generated in which the LCDR3 of five of ti}e six
pzirental clones is replaced by a repertoire of individual light chain CDR3 sequences. The LCDR3 .
maturation of MOR04454 is not performed, as this clone has an additional Bp}'l restriction site in
one of the CDR regions and the Bpil restriction enzyme is used for the library cloning procedire.) -

In parallel, the HCDRZ region of each parental clone is replaced by a repertoire of

“individual heavy chain CDR2 sequences:' Each parental Fab is excised and replaced for a 590 bp

stuffer, This DNA stuffer facilitates the separation of single digested from double digested vector

bands and reduces the inackgroun& of the high-affinity parental Fabs during the maturation pannings.
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In a subsequent step, the stuffer is excised from the Fab-encoding plasmids of each parental clone
and replaced for the highly diversiﬁed HCDR2 matpratioﬁ cassette.

Large afﬁﬁity maturation libraries of more than 2x10” members are generated 'i))f standard
cloning procedures, and the diversified clones are transformed into eleétro-competenp E. coli
TOPI0F" cells (Invitrogen). Fab-presenting phiages are pre;;aréd as described in Example-1 above.

Four mzituration pools are built in order to facilitate the subsequent selection process: pool 1a

‘consrsted of the MORO447Q and MOR04516 LCDR3 libraries; pool 1b corisisted of the

MOR04470 and '\/EOR04516 HCDR2 libraries; pool 2a consisted of the MOR04454, MOR04455,
MORO04456, and MOR04461 LCDR3 libraries; and pooi 2b consisted of the MORO4454

" MOR04455, MOR04456, and MOR04461 HCDR2 hbranes

For each pool the panmng lg performed in solunon using decreasing amounts of i-lis~Strepw
tagged DKK1 and phage-antigen capturing by Strep-Tactin beads. In parallel, each pool is applied in
pannings using décreasing amounts of biotinylated DKK1, which is captured onto Neutravidin-
coated plates. In order to increase the pannmg stringency and to select for improved off rates,
competmon with purifi ied parental Fabs as well as uniabeled antigen is performed during prolonged

ncubat;on periods. )

' Immediately after the pannings the enriched phagemid pools are subcloned into the
pMORPH®X9_FH expression vector. About 2300 single clones are picked, and the Fabs are induced
with IPTG. - -

Maturation panning ;;trategies

‘ Banni_né procedures using the four antibody pools‘are performed with His-Strep-tagged »
DKKI and with biotinylated His-Strep-tagged DKK1 in solution for two or three rounds,
respectively. For each of the panning strategies, cornpetition with the purified parental Fab pI'O'tCi.ﬂS

or with unlabeled APP:tagged DKXK1, as'well as low ahtigen ‘concentrations and extensive washing,

" are used to increase stringency.

The solution panning on uniabeled His-Strep-tagged DKK 1 is performed over two selection
rounds mainly according to the standard protocol described in Example 1. Exceptions to these
procedures dre ‘thé appiication of réduced éamoun'ts of antigen (decreasing from 5 nM down to 1 nM),
the high stringency of the washmg procedure either with competitor or w:thout, and prolonged
incubation periods of antibody-phages together with the antigen, .

For the first selection round using blotmy]atcd DKKI, the wells of a Neutravidin plate are

‘washed two times with 300 ul PBS. The wells are blocked with 2x ChemiBLOCKER {Chemicon,

Temecula, CA) diluted 1:1 in PBS (Blocking Buffer). Prior to the selections, the HuCAL GOLD®
phages are also blocked with one volume Blocking Buffer containing 0.1% Tween-20 for 30 min at
room temperature. The blocked phage preparations a;re transferred in 100 pl aliquots to the wells of
a Neutravidin-coated plate for 30 min at room temperature. This pre-adsorption step is repeated

once. Blocked and pre-cleared phage preparations are incubated with 5 nM biotinylated DKK1 for
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2hat22°C ona rotating wheel. Parental Fab, APP-DKK 1 or no competitor is added and the
samﬁles are incubated overnight at 4°C on a rotating wheel.

 Amt gen-phage complexes are captured in the wells of a2 Neutravidin plate for 20 min at
room temperature. After extensive washing steps, bound phage-particles are eluted by addition of
200 pl of 20 mM D’IT in 10 mM Tris pH 8.0 per well for 10 min at room temperature. The eluate is
remaved and added t6 14 ml E. coli TG1 cells grown to an ODgooem of 0.6-0.8. The wells are rinsed
once with 200 p! PBS and this solution is also added to the £. coli TG1 cells. Phage infectioa'of

‘E. coli is al!owed for 45 min at 37°C thhout shaking. After centrifugation for 10 mm at 5000 rpm,

the bactenal pe[lets are each resuspended in 500 pl 2xYT meci:um, plated onto ZXYT-CG agar plates
and incubated ovcm:ght at 30°C. The colonies are harvested by scraping from the surface of thc
plates and the phage particles are rescued and amplified as described above.

The second and third round of the selection are performed as described above for the first -
round of selection, expeptea that wﬁshin g conditions are more stringent and antigen concentrations
are 1 and 0.1 nM, respectively.’ ' T
Electrochemiluminescence {BioVeris)-based biﬁding analysis of DKK] binding Fabs

For the detection of éﬁfiaity—improvedl, DKK 1-specific antibody fragments in £. coli lysates
(BEL extracts), a BioVeris M-384 SERIES® Workstation (BioVeris Europe, Witney, Oxfordshire,
UK), is used. The asséy is carmried out in 96~w_ei} polypropyiene miéfoﬁtér plates and PBS '
supplemented with 0:5% BSA and 0.02% Tween-20 as the assay buffer. Biotinylated human DKK1
is immobilized on M-280 Streptavidin paramagnetic beads (Dynal) according o the instructions of
the supplier. A 1:25 dilution of the bead stock squuon is added per well. Samples of 100 ul diluted
BEL extract and beads are incubated overnight at room temperature on a shaker. For detection, anti- -
human (Fab)'2 (Dlanova) fabelled Wlth BV-tagTM according to mstrucnons of the suppher
(BioVeris Europe, Witney, Oxfordshlre, UK} is used.’

A set of about 2300 randomly picked clones are analyzed by the method described above. A
subset of 160 clones giving the highest values is chosen for further.analysis in solution equilibrium
titration. ' : ‘

Determination of picomolar. affinities using Solution Equilibrium Ti'tration (SET)

For K:D detér;ninz;.tion, monomer fractions (at least 90% monomer content, analyzed by
analytical Sé_C; Superdex75, Amersham Pharmacia) of Fab are used. Electrochemiluminescence
(ECL) based affinity determination in solution and data evaluation are basically performed as
described by Haenel et al,, 2005. A constant amount of Fab is equilibrated with différent
concentrations (serial 3" dilutions) of human DKK1 (4 nM starting concentration) in solution.

Biotinylated human DKX1 coupled to paramagnetic beads (M-280 Streptavidin, Dynal), and EV-

tag™ (BioVeris Europe, Witney, Oxfordshire, UK) labelled anti-human (Fab)’,; (Dianova) is added

and the mixture incubated for 30 min. Subsequently, the concéntration of unbound Fab is quantified ;
by ECL detection using the M-SERIES® 384 analyzer (BioVeris Europe).
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For this purpoée, 160 éingle clones are selected and purified by'Ni-NTA Agarose in the i,lg
scale. Preliminary affinities dre determined by 4-point solution equilibrium titration (SET) in
BioVeris. From these data, 20 clones showmg affinities aré selected. These Fabs are pirified in the
mg Scaie MOR04950 is excluded from affinity determination ﬂnd further evaluation due to partial
aggregatlon of the Fab which is detected in size exclusion chromatography Final affinities are

determined from two independent batches of each Fab clone usmg an 8-point SET measurement and

‘human, mouse, and cynomo[gus DKKI1.

Afﬂ inity determination to mouse and cynomolgus DKKI1 is done essentially as described

above using mouse DKK1 (R&D Systems) and cynomblgus DKK1 as 'ana]ytelin solution instead 6f

human PKX1. For detection of free Fab, bxotmylated human DKK1 coupled to paramagnetic beads -

~ is used. Affinities are calcuiated accordmg to Haenel et al 2005 Anal Biochem 339.1:182-184.

Using the assay conditions described above, the affinities for the afﬁmty-opt;mlzed anti-
DKK1 Fabs are determmeci in solution. Affinities are cietermmed for MOR04910 and MOR04946,
with Kps below 30 pM to human DKK1 and between 36 and 42 pM to mouse and cynomolgus
DKK 1. Further seven antxbodles showed aff‘ nities below 100 pM to.all three antigens. Clone

' MOR04950 did not show binding to the biotinylated DKK1. The affinities are summarized in Table

7 herein.
.Table 7. Affinities of Fabs
Affinity [pM]: solution equ:lzbrlum
titration*

' Antibody . Human DKK1 - _ Cyno DKK1| Mouse DKK 1
MOR04913 388 51+10 44 * 48
MOR04946 259 36+9 41 % 15
MOR04907 1147 170 + 35 167+ 68
MOR04945 6918 80 * 31 74+ 2]
MORO04914 94 £5 1403 200 & 261
MORO04920 53 237 5020 40+ 30
MORD4954 110 % 54 112425 364
MOR04952 100 & 12 5817 71 %34
MORO04948 57+8 67+ 17 6525
MOR04910 . 24%3 37+£11 42438
MOR0492 1 - high batch-to batch variation
MOR04947 32+ 19 58 £35 3017
MORO4951 136 = 120 622 132 £ 90
MOR04918 110-690 23623 | 550-3144
MOR04919 64 # 132 4 111 #
MOR04949 3023 . 55 %35 65 £36
MOR04922 90 #' 70 # SQ #
MOR0491 1 140 # 190 # 650 #
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MORG4950 no binding
*: at Jeast two independent measurements performed
from two different Fab baches
#: single measurement only

Example 6: Characterization of affinity-optimized anti-human DKK1 Fabs
Enzyme Linked im_'mgno Sorbent Assay (ELISA) Techniques
5 : Binding specificity of the matured Fabs in the presence of 50% human serum (HS) is
determined. Serial dilutions of hitman recombinant, biotinylated DKK1 in TBS are coated onto
Neutravidin microtiter plates for 2 h at rooni temperature, from 8 ng DKK1 per well to a’
concentration of 125 ng DKK1 per well. After coating of the antigen, wells are blocked with TBS/
- 0:05% Tween (TBS-T) suppleméntéd with 1% BSA for 1 h at room t;emperatnre. Purified Fabs
10 described above are diluted either in TBS/ 4% BSA or TBS/ 50% HS at a final concgniration of 1
pgl;ni added to the coated and blocked wells and the plates are incubated for 1 h at room
temperature For detection, an anti-FLAG alkaline phosphatase (AP)-conjugated antibody (1 5000
dilution in TBST) and the fluorogenic substrate AttoPhos (Roche) are used. After each incubation,
the wells of the microtiter plates are washed with TBST five times, except after the final mcubatzon
15 step with the labeled secondary antibody when wells are washed three tlmes
The fluorescence is measured in a TECAN Spscuafiuor plate reader. Exempfary binding
curves are shown in FIG. 3 herein. Table 8 sum!nanzes the binding activity of the optimized qntp.
DKK1 Fabs in presence of 50% human serum compar'efi 10 binding activity in'4% BSA, which
ranges from 83% to 100% The medlan value is found to be 93%, thus the anti-DKK1 Fabs are
20  found to fully bmd to target in the presence of human serum.
Table 8. Bmdmg activity of Fabs

Antibody Binding activity w/ 50% .
Human serum vs 4% BSA (%)
MOR04945 896’
MOR04910 8434
MOR04946 93+2
MOR04913 . 80+9
MOR04920 907
MOR04948 - 10015
MOR04952 1003
MOR(O4921 93
MOR04914 83%
MOR04907 | >83*
MOR04954 > 83*
MOR04937 95%
* single-measurement
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Luciferase reporter cell assay in presence of human serum unsing the U208 cell line

For a further determination of binding specificity of the optimized anti-DKK1 Fabs the .
luciferase reporter cell assay is repeated in presence of 15% human serum using the osteosarcoma
cell line U20S. The U208 cells (ATCC No. HTB-96) dre grown accordmg to the provider’s
protocoi (ATCC, Manassas, VA, USA). The célls are tryps:mzed, counted, and diluted in culture
medium (McC"oy"_s Saf 10% FCS) to a concentration of 2x10° cells/ml. For each 2x1 0% cells, a-

'soiution is prepared tﬁat is a mixtire of 0.075 ug p?‘A-{,UC-lszuﬁerTopFiash and 0.004 pg phRL~

SV40 Thes¢ are rmxed in a final volume of 9.8 pul OPTI-MEM. Then 0.2 pl FuGENE 6 .
Transfection Reagent (Roche, Mannheim, Germany) is added. This transfection mix is briefly
incubated and then mixed with the prevnousiy prepared cells. Subsequently, the cells are seeded in
100 pi per well of a white ﬂat—bottomed 96-well cell culture dish and incubated at 37°C and 5% CO;,
over night. The next day, 75 pl medium are removed from each well of the assay plate and
substituted by 10'ul of HuCAL® Fab antibodies dilutions from (10 to 0.01 pg/ml diluted in serum-,
free culture médium), 15 pl of either 70% FCS or Human Se';'uin, and 50 pl of the Wnt3a
Conditioned Medium, cbntaining 600 ngjmi DKK1-APP is added to each well.

‘ _For & negative control, Ssn_.lm-free medium is added instead of antibody dilutions. In order to
obtain a maximum luciferase signal, controls containing 10ul serum-free medium instead of
aptibody dilutions am‘i 50 pl Wnt3a CM without DKK]-APP are added. After 24 h incubation at
37°C, 5% CO,, the lummescence is measured with the Dual-Glo Luciferase Assay System

(Promega, Madlson W1, USA) according to the manufacturer’s instructions.

Table 9 shows the inhibitory activity of the optimized anti-DKK1 Fabs in presence of 15%
human serum {compared to the inhibitory ‘activity in 15% FCS). ‘The data shows that the activity :

" obtained in the presence of serum ranged from 26% to 90%, with a median value of 70-74%. These

data show that clones of the anti-DKK 1 Fabs are obtained that function in the presence of human

serum.

Table 9. Inhibitory activity of Fabs

. Antibody Luciferase reporter
’ - assay w/o Kremen;
Activity in 15%

Human serum (%)
MOR04945 74%
MORG04910 90%
MORQ4946 | - 60%
MOR04913 88%
MOR04920 *75%

"~ MORO04948 |- 70%
MOR04952 60%
MORQ(4921 26%
MORQ4914 | . 80%
MOR04907 54%
MOR04954 | 55%
MORO04937 84%

85



S 10

15

- 20

WO 2007/084344 PCT/US2007/000777

ECso determination of affinity-optimized anti-DKK Fabs by luciferase reporter cell assay.

The test of the affinity-improved Fabs in the standard Wnt3a-dependent TCF/LEF luc

reporter assay used 10 iM DKK1 in drder to obtain inhibition of the luciferase expression. It'is seen

that ECso values could not be generated by this method as the sensitivity of the assay is too low. This
is indicated by.\}cry‘ steep inhibition curves and similar ECse values for all Fabs tested as seen .in
FI1G. 4 herein.

An 1mproved version of the TCF/LEF luc reporter. assay is developed. DKK1 binds to the

s vn L P T S sy [P

Taction ieads to a auuub ay‘zwr),wm. inhibition

Krerﬁen and -2 ransmembrane picteins and this inter
of Wnt signaling (Mao et al. 2002 Nature: 417: 664-67). Therefore, Kremen ¢DNA is co-transfected
with the TCF/LEF luc reportér assay. The resulting Wnt3a-dependent reportcf assay showed highly
improved sensitivity to DK.K] mediated by co-expression of the Kremen co-receptor protein. }n
this-assay, 0.33 nM DKX1 is sufficient to induce full inhibition of Wnt signaling. The Fab tttrations
{at ten conccntratlons) are repedtcd using 0.33 nM DKXI, and yielded sngmond mh:b:t;on curves
(FIG. 5 herein) from which EC; values ‘could be calculated. ‘

The affinity-optimized. anti-DKK1 Fabs are thereby anafyzed with respect to ECs as
described above. As shown in Table 10 heréin, the ECsq values obtained by this method ranged
from 0.2 nM to 5.6 M. .

Table 10. ECso of Fabs

Antibody TCF/LEF luc assay .
. wl Kremen: EC50
[niM]
MOR0G4913 0.5
MORO04946 0.2
MOR049507 0.9
MORO04945 0.5
MORO04914 1.1
MOR04920 1.8
MORD4954 1.3
MOR04952 0.6
MOR04948 . 0.5
MORO04910 0.3
MOR04921 0.7
MOR04947 1.7
MOR04951 2.2
MOR04919 2.7
MOR04949 . 5.3
MOR04922 2.
MORQ4911 5.6
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‘determined. Amino acid sequences of the complementarity determining regions (CDRs) are listed
in Table 11A and Table 11B herein *
' Table 11A. Amino acid sequences of Heavy Chain CDR’s’

P

— = N FOC {0 [ O

Ch2

. SEQ ID SEQ ID SEQ ID
No. No.” INo.
Antibody . |VH JHCDR1 HCDR I|HCDR2 . |HCDR2|HCDR3 HCDR3
P IMOR04455|VH3IGFTEFSSYGMS 3WVSGISGSGSYTYYADSVKG 3HYMDH - 3
1 !MOR04918 VH3IGFTFSSYGMS 49WVSGISERGVYIFYADSVKG 57|HYMDH - 65
i
IMOR04456|VHAGFTENNYGMT 4lWVSGISGSGSYTYYADSVKG ATIYMDY 4
z,lgnoamgm VH3IGFTFNNYGMT BMWVSGISGSGSYTYYADSVKG sifIiyMDyY - 8
3 [MORO4946I\VHI|GFTENNYGMT|  “ 10lWVSGISGSGSYTYYADSVKG 10TIYMDY 10
4 IMORO04949)VH3|GETENNYGMT SOWVSGISGSGSYTYYADSVKG S8ITIYMDY 66
5_|MOR04913|VH3|GFTFNNYGMT IWVSGISGSGSYTYYADSVKG aTIYMDY 9):
P IMORD4461|VH3IGFTEFSSYWMS SIWVSGISYSGSNTHYADSVKG 5IMGIDLDY 5
MORO04911|VH3|GFTFSSYWMS 5 1WVSDIEHKRRAGGATSYAASVKG|  59|MGIDLDY 67
MOR04922)VH3|GFTFSSYWMS! 52/ WVSMIEHKTRGGTTDYAAPVKG 6OIMGIDLDY 58
MOR04810|VH3|GFTFSSYWMS 11lWVSGISYSGSNTHYADSVKG 11MGIDLDY 11
MORO04848)VH3|GFTFSSYWMS 13WVSGISYSGSNTHYADSVKG 13/MGIDLDY 13
0MOR04919|VHAIGFTFSSYWMS 53WVSGISYSGSNTHYADSVKG 61[MGIDLDY 59
1IMOR04821\VHI|GFTFSSYWMS|  12)WVSGISYSGSNTHYADSVKG 12)MGIDLDY 12
P [MOR04470|VH3|GETFSSYWMS BWVSVISSDSSSTYYADSVKG S|HGIDFDH 6
MOR04914[VH3|GFTFSSYWMS 14[WV/SVISSDSSSTYYADSVKG 14|HGIDFDH 14
13MOR04945VHI|GFTESSYWMS 16WVSVISSDSSSTYYADSVKG 16|HGIDFDH 16
14MOR04951[VH3|GFTFSSYWMS]  54[WVSVISSDSSSTYYADSVKG 62|HGIDFDH 70|
15IMOR04952\VHIIGETFSSYWMS!  55WvSVISSDSSSTYYADSVKG 63|HGIDFDH " 71
16IMOR04950|VHIIGFTFSSYWMS 56[WVSVIEHKSFGSATEYAASVKG 64|HGIDFDH 72
" 1 7IMOR04954|VHI|GFTFSSYWMS! 18)WVSVIEHKDKGGTTYYAASVKG 18|HGIDFDH 18
18IMOR04920lVH3IGFTFSSYWMS 15WWVSSIEHKDAGYTTWYAAGVKG 15{HGIDFEDH 15
P IMORQ4516IVHE|GYSETNYYIG ZIWMGHYPTDSYTNYSPSFQG 7IGIPFRMRGEDY 7
19|MOR04947IVHSE|GYSETNYYIG 19WMGIIYPGTSYTIYSPSFGQ - 19|GIPERMRGFDY 19
Table 11B. - Amino acid sequences of Light Chain CDR’s
MOR *ISEQ SEQ SEQ
|Antibody R " ID 1D ID .
No, V, |HCDR! No. [HCDR2 No. [hCDR3 iNo. {Comment
P 04455 K1 IRASQDISNYLH " 22lLLIVGASNLQS 22lQQYDSIPM 22|
T jpao1s K1 [RASODISNYLH 73LLIYGASNLQS 81l0QYDSIPM 89
P 04456  |K3 [RASONLFSPYLA 23lLLIYGASNRAT 23[0QY GDEPI 23
04907 K3 [RASQNLFSPYLA 27LLIYGASNRAT 27I0QYLSLPT 27
04946  |K3 JRASQNLFSPYLA 29|LLIYGASNRAT 29l00YLTLPL 29
04949  |K3 IRASQNLFSPYLA 74|LLIYGASNRAT |  82lQQYLFPL 90
04913 |3 |RASONLFSPYLA 28|LLIYGASNRAT 28|QOYMTLPL 28lF W4 mutation
P j0d461 L2 [TGTSSDVGGFNYVS | 24ILMIHDGSNRPS 24|STWDMTVYDF | 24
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0491 1 L2 |TGTSSDVGGFNYVS 75|LMIHDGSNRPS 83|STWDMTVDF 91

04922 L2 [TGTSSDVGGFNYVS -| _ 76LMIHDGSNRPS 84 STWDMTVDF 92

04910 L2 |[TGTSSDVGGFNYVS 30ILMIHDGSNRPS 30|JSWDVSPITA 30

O [es [~ fen

04948 L2 [TGTSSDVGGFNYVS |  32ILMIHDGSNRPS |- 32lQTWDSLSFF 32

1004919 L2 ITGTSSDVGGFNYVS T7TILMIHDGSNRPS 8$5|QSWGVGPGGF] 93

11[04921 L2 |TGTSSDVGGFNYVS 3HEMIHDGSNRPS JHOTWATSPLSS | 31

P l04470  [L2 {TGTSSDLGGYNYVS | 25[LMIYDVNNRPS | 25|QSYASGNTKV | 25|,

12]04914 " [L2 |TGTSSDLGGYNYVS 33|LMIYDVNNRPS 33|QSYTYTPISP 33

13104945 L2 ITGTSSDLGGYNYVS |. 35LMIYDVNNRPS ISIQTYDQIKLS A 35

14[04951 1.2 |[TGTSSDLGGYNYVS 78[LMIYDVNNRES 86|QSYDPFLDVV |~ 94

1504952 L2 {TGTSSDLGGYNYVS 79ILM1YDVNNRPS- 871QSYDSPTDSV os|

16{04950 L2 [TGTSSDLGGYNYVS 80JLMIYDVNNRPS 88IQSYASGNTKV | ™ 94

17104954 L2 [TGTSSDLOGYNYVS 37ILMIYDVNNRPS 371QSYASGNTKV | 37
: ’ ’ HCDR2 point

18(04920 L2 [TGTSSDLGGYNYVS 34[LMIYDVNNRPS 34 QSYASGNTK.V 34imutation .

iPotential N—éiycosyl

P 645 16 L1 [SGSSSNIGSSFVN 26|LLIGNNSNRPS '26|ASFDMGSPNY | ZﬁFit_c_s .
: ) . : . " IPotential N-glycosyl
19]04947 L] ISGSSSNIGSSFVN 3BILLIGNNSNRPS 3B|ASFDMGSPNV | 3B[site
consensus] RASQxoxxxYx 131 LLIYGASNxax  |132 {QQYxxxPx 133

consensus2]  [TGTSSDVGGFNYVS [134 ILMIxDxxNRPS 135 IxxWDxxxxx 1136

' The sequence analysis showed that five of the six parental (P) Fabs yielded affinity-' . '
improved successors. MQR04;3.61 and MORD4470 could ‘bg optimized in HCDR2 as well as in
LCDR3. No optimized successors of MORO4454 ar'e obtained. In addition, high homology appears
between dlSparate parent antlbadles, as shown in consensus] and consensusz sequences for the
varjous CDRs in Table 11B Slmllar consensus sequences may be provtded for parent sequences
shown in Table 10A using methods well known to one skilled in the art.

In addition, it is determined that MOR04920 has a mutation in the HCDR2 region (a Ser
residue to a Gly at pos. 73 according to the numbering scheme published by Honegger and
Pluckthun, 2001 J Mol Biol 309.3:657-670 thus deviating from the HuCAL® design.

MORD04913 is sl'iown to have a point mutation in framework 4 of the kappa light chain (Lys
to Asn exchange at position 148) As this position is not e*{pected to have an effect on the bmdmg
propemes of the antibody the mutation is reverted back to the germline / HuCAL® composntlon .
during 1gG conversion, yielding antibody MOR05145. )

MORO04947 has a potential glycosylation site in LCDR2. This site is not removed as
MORU04947 is selected only as one of the back-up candidatés. ’
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_ Example 7:- Production of HuCAL® im munoglobulins

Conversion into the IgG format

.. Inorderto express full length :mmunoglobulm (Ig); variable domain fragments of heavy
(Vy) and light chains (Vo) are subcloned from the pMORPH®X_9_FH Fab expression vectors either
into ti;é pMORPH®_h_Ig or the pMORPH®2_h_Ig vector s;:ri-es for human IgG1 and human 1gG4.
Alternative vectors may be used for human I1gG2. Restriction enzymes EcoRlI, Mfel, and Blpl-are

“used for _sabc!oni%g of thé Vi domain fragment into QMOR?H@uh_igG] and pMORPH®_h_IgG4.

Restriction enzymes Mfel and Blpl are used for subcloning of the Vy domain fragment into
pMORPH®2 h 1gGIfand pMORPH®2 h 1gG4. Subcloning of the V; domain fragment into

" pMORPH®_h_lIg« and pMORPH®2_h_Igk is performed using the EcoRV and BsiW1 sites, whereas -
~ subcloning into.pMORPH“whw_ng and pMORPHGZ_h_Igiz is done using EcoRV and Hpal.

Transient expression and purification of human IgG

HEK 293 celis are transfected with an equimolar amount of 1gG heavy and light chain
expression vcctors On day> 4 or 5 after transfection, the cell cirlture superatant is harvested. After
adjusting the pH of the supernatant to 8.0 and sterile filtration, the solution is subjected Lo standard
prot-ein A column chromatog'ra;ihy (Poros 20A, PE Biosystems),
Conversion of parental Fabs into the 1¢G formats . :

In parallel to the start of the affinity maturation, MOR04454, MOR04456, and MOR04470
are cloned into the pMORPH“’_h_IgG] and pMORPH® _h_1gG4 expression vectors. Alternative

constructs may be.used for creation of IgG2 expression vectors. Small scale expression is

‘ performed by transient transfection of HEK293 cells and the full length immunoglobulins are - )

purified from'the cell culture supernatant.
The data show by size exclusion chromatography that the antlbodies are in monomeric form.

Testing in the Wnt3a-dependent reporter assay proved that the proteins are functional.

Example 8: Amino acid sequences and nucleotide sequences of genes optimized for expression
To increasc mammalian cxpression, changes are introduced into the heavy and the light
chains of Fabs herein for optimization of codon usage for expression in a cell, It is known that
several negatively cis-acting ‘motifs decrease expression in mammals. The optimization process
herein removes negative cis-acting sxtes (such as splice sites or poly(A) signals) which negatively

influence expression. The optimization process herein further enriches GC content ‘to prolong

"mRNA half-life.

Variable light and heavy chain regions are optilﬁized using a clone of a Fab, MOR04945
(full length light chain parental nucleotide sequence is SEQ ID NO: 98 an'd full length heavy chain
parental nucleotide sequence is SEQ ID NO: 102), is;olatcd herein by selection with phage display.
Then the nucleotide sequences encoding each of the entire light and heavy chains of this and other

clones are each optimized using these procedures.
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Optimization process for Vi and V, chains of MOR04945

For optimizing the nucleotide sequence and amino acid sequencc of each of the Vyand Vy
chams for expression in mammalian cells, the codon usage is adapted to the codon bias of
mammalian genes. In addition, regions of very high (> 80%) or very low (< 30%) GC content dre
reduced or eliminated where possible. Alternatively, optimization for expression in bacterié_, yeést or
baculovims would entail adapting codon usage biased for their respective genes. ' )

During the, optlmxzatxon process for mammalian expression, the following cns-actmg
sequence motifs are avoided: mtemal TATA-boxes, chi-sites and ribosomal entry sxteS, ATwrich or
GC-rich sequence stretches, RNA mstabxlxtv motif (ARE} sequence elements, inhibitory RNA
sequence elements (INS), cAMP rcsponswe (CRS) sequence lements, repeat sequences and RNA
secondary structures, splice donor and acceptor sites including cryptic sites, and branch poinf:s.
Except as indicated, introduction of Mlul and Hindlll sites is avoided in the process of optimiizing '
the nucleotide sequence of the V. chain. Except as indicated, introduction of Mlyl and BstEll sites
is avoided in the process of optimizing the nhclgotide sequence of the Vy chain. | )
Amino acid sequénces of Vy and V, chains of MOR04945 optimized for expression

Codon usage is ada;ited to that of mammals to enable higher and more stable expression
rates in a mammalian cell for the resulting optimized amino acid sequences for the Vy; and Vy, chains
of the clone MOR04945 described above. See Example 5. '

Table 12A below shows the sense and anti-sense (AS) nucleotide sequences of the variable
lxght chain (SEQ ID NO: 120) and the resulting vanabie light chain ammo acid (des:gnated AA)
sequence (SEQIDNO: 1 18) as optimized for expressnon.

Table 12A. Nuclcohde sense and ant:sense sequences, and amino acid sequences of Vi chain

optimized for expression

MiuI EcoRV ) BSENI

ACGCGTTGCGATATCGCCCTGACCCAGCCCGCCAGCGTGTCCGGCAGCCCTGGCCAGAGC (Sense)
1 ——— i e e oo e e

TGCGCAACGC’PATAGCGGGACTGGGTCGGGCGGTCGCACAGGCCGTCGGGACCGGTCTCG (AS)
TRC-DIAL'L‘QPASVSGSPGQS(AA)

——— e — —tts . e i Y e el e ™ e

Pvuil Bs tNI BstNI .
ATCACCATCAGCTGTACCGGCACCAGCAGCGACCTGGGCGECTACAACTACGTGTCCTGE (Sensc)
61 ———— — e ——-—— N A e +

TAGTGGPAGTCGACATGGCCGTGGTCGTCGCTGGACCCGCCGATGTTGATGCACAGGACE (AS)
I_T__I__SCTGTSSDLGGYNYVSW (AA)

e ™ e s ™ et et et et e 2 ™ e

TATCAGCAGCACCCCGGCAAGGCCCCCAAGCTGATGATC’I‘ACGACGTGAACP_ACAGACCT (Sense)
121 —— et e e e e B L +
A’I’AGTCGTCGTGGGGCCGTTCCGGGGGTTCGACTACTAGATGCTGCACTTGTTGTCTGGA {AS)
QQHPGKAPKLMIYDVNNRP (AA)

._.._—--—-——uwu.—_.-—-——_—m ey i, s —— Sttt e
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181

241°

301

Hlnfl'
AGCGGCGTGTCCAACAGATTCAGCGGCAGCAAGAGCGGCMCACCGCCAGCCTGACCATC (Scnse)
- + it o o e e +

TCGCCGCPCAGG'I‘TG'.I’CTAAGTCGCCGTCCTTC'PCGCCG’ETGTGGCGGTCGCACTGGTAG (AS)
ssvsuaz‘sssxssnmaspw: (AA)

PstI
TCTGGCCTGCAGGCTGAGGACGAGGCCGACTACTACTGCCAGACCTACGACCAGATCAAG (Sense)
——— b - .+ + e o e oo

AGACCGGACGTCCGACTCCTGCTCCGGCTCATGA'I’GACCGTCTGGATGCTGGTCTAGTTC (AS)

'SGLQAEDEADYYCQTYDQIK(AA)

e s S s ™ ™ et e e e st e S e e e 2 el s

HJ.ndIII
CTGTCCGCCGTGTTTGGCGGCGGAACARRGCTT (Sense) (SEQ ID NO: }20}
————— e —t——— —t=——

GACPGGCGGCACAAACCGCCGCC""TGTTTCGAA (AS) t
L 5§ A V F G G 6 T K _IL_ (AA) (SEQIDNO:118)

Table 12B below shows sense and anti-sensc variable heavy chain nucleotide sequences

{SEQ ID NO: 121) and the resuitmg variable heavy chain amino acid (designated AA) sequence

" (SEQID NO: 119) as optlmzzed for expression.

Table 12B. Nucleotide sense and antisense sequences, and amino acid sequences of Vy chain

optimized for expressic;n

61

121

iel

MlyI,
HinfIl BstNI PVuII .
GAGTCCATTGGGRGTGCAGGCCCAGGTGCAGCTGGTGGAGAGCGGCGGAGGACTGGTGCA (Scnse)'

————————— + F—— e e T e
CTCAGGTAACCCTCACGTCCGGGTCCACGTCGACCACCTCTCGCCGCCTCCTGACCACGT (AS)
GVQAQVQLVESGGGI:VQ(AA)

[ S A SR OREIL o SOy OUIVHI VRO A S UV S A o S U -

BstNI
GCCTGGCGGCAGCCTGAGACTGAGCTGTGCCEGCCAGCGGCTTCACCTTCAGCAGCTACTG (Sense)
~~~~~~~~~ R e S +—— T TP
CGGACCGCCGTCGGACTCTGACTCGACACGGCGGETCGCCGRAAGTGGAAGTCETCGATGAC (AS)

PGGSLRI;SCAASGPTFSSYW'(AA)

e et it i tnai s’ ™ ™ st s ettt e et e e e ™ it

BstNI BstNI Bell :
GATGAGCTGGGTGAGGCAGGCCCCTGCCAAGGGCC‘I‘GGAGTGGGTGTCCGTGATCAGCAG {Sense}
————————— e e i
CTRCTCGACCCACTCCGTCCGGGGACCGTTCCCGEGACCTCACCCACAGGTACTAGTCGTC (AS)
M 8§ W V R O A P 6 K G L B W V. S8 Vv I 8 8 (AA

PRl SRR GOV | AN SN SRS WUV S S S Ay RSOV S R OV S W Sy

. CGATAGCAGCAGCACCTAC'I‘ACGCCGAT AGCGTGAAGGGCCGETTCACCATCAGCCGGGA (Sense)

————————— e i + + et T
GCTATCGTCGTCETEGATGATECEGCTATCECACTTCCCGECCARGTGGTAGTCGGCCCT - (AS)
D S 8 8 T Y ¥ A D S V K 6 R F T I S R D (AA)

e e e e e ™ ™ ™ i .t s e et e ™ e sl e e
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PstI
p BspMI
CAACAGCAAGAACACCCTGTACC'I‘GCAGATGAACAGCCTGAG'AGCCGAGGACACCGCCGT (Sense)

241 —— e dom st + e

GTTGTCGTTCTTGTGGGACATGGACGTCTACTTGTCGEACTCTCEGCTCCTETGGCEGCA (AS)
NSKNTLYLQMNSLRAEDTAV(AA)

— e e e e e T e e T e i e T e e e e T e

) BStNT
" BstNT ' BstNI BstBII
GTACTACTGTGCCAGGCACGGCATCGACTTCGACCACTGGGGCCAGGGCACCCTGGTCAC (Sense)
301 @ eme—————— L et o ————— L T —— s e e e +

CA’EGATGACACGGTCCGTGCCGTAGCTGAAGCTGGTGACCCCGGTCCCGTGGGACCAGTG (AS)

e e e T T e et s e i e s T e T

C (Sense) (SEQIDNO:121)
361 - . .
G (AS) .

_ {an) (SEQ ID NO: 119)

Pre- and post-optimizat'ion charts may provide the percentages of sequence codons for each
of the parental sequences and optimized genes respectively, and aﬁalyscs the quality class of the ‘
respecting nucleotide sequences encoding the Vy and Vi chains. Qualit;} value as used herein .
means that the most freéquent codon used for a given amino acid in the desired expression system is
set as 100, and the remaining codons are scaled accordmgly to frequency of usage. (Sharp P.M,, Li, '
W.H., Nucleic Acids Res. 15 (3), 1987).

Further, t‘he codon adaptation mdex (CAT) is a number that describes how well the céd'ons:
of the nucleotide sequence match the codon usage preference of the target organism. The maximum
value of CAl is set to 1.0, thus a CAI of > 0.9 is considered as enabling high expression. The CAI
for the V, chain prior to optimization is found to be 0, 73, and after optimization, the CAl is
determined to be 0.95. Similarly, the CAI for the Vy chain prior to optimization is found to be 0. 74,
and after opttmlzation is determined to be 0 .98 in optimized constructs, the GC content in the Vi,
chain is increased from 51% for the parent sequence of MOR04945 to 62% for the optimized
sequence derived from MOR04945, As shown in FIGS. 9A and 9B, the GC content in the Vy chain
is increased from 54% for the parent seﬁuence of MOR04945 to 64% for the optimized derivative of
MOR04945,

Optimization for expression of full length light chains and heavy chains of MORQ4910, MOR(}49'4_S.
MOR04946, and MOR0S 145 ‘ ’

The optimization process is applied to each of the parent full length nucleotide sequences of
the light chains of MOR04S10 (SEQ 1D NO: 97), MOR04945 (SEQ ID NO: 98), MOR04946 (SEQ

ID NO: 99), and MORO5145 (SEQ ID NO: 100) and the parent full length nucleotide sequences of

the heavy chains of MOR04910 (SEQ ID NO: 101), MOR04945 (SEQ ID NO: 102), MOR04946
(SEQ ID NO: 103), and MOR05145 (SEQ 1D NO: 103).
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The 'optimizatfon proéess is used to construct each of the following light chain nucleotids
sequences associated with th@e parent clone numbers: for tlone MOR04910 the optimized nucleotide
“sequence is SEQ ID NO: 104; for clone MOR04945 the optimized nuclectide s_equenéc is SEQ1ID
NO: 105; for clone MQR04946 the o'pti.mized nucleotide séqhefxce is SEQ ID NO: 106, and for
clone MOR05145 the optimized nucleotide sequence is SEQ 1D NO: 107. Further, the optimization
process is used to construet each of the following heavy cham nucleatide sequences associated with

the parent clone num&ers' for clone MOR04910 the opnmlzed nucleotide sequence is SEQ ID NO:
108; for cloné MOR04945 the optimized nucleotide sequence is SEQ 1D NO: 109; for clone
MOR04946 the optimized nucleotide sequence is SEQ 1D NO: 110; and for clcme MORO05145 the'
optimized nucleotide sequence is SEQ IDNO: 110,

The optimized hght chain nuclcotlde sequcnccs are associated with the fo]lowmg optimized
light chajn amino acid sequences. for clone MOR04910 the optimized amino acid sequence is SEQ
1D NO: 111; for é]onc MORO04945 the optimized amino acid sequence is SEQ ID NO: 112; for
clone MOR04046 the optlmxzed amino acnd sequence is SEQ ID NO: 113; and for clone
MOROS 145 the ophmxzed amino acid sequence is SEQ ID NO: 1 14. The optimized heavy chain

: nucleotlde sequences are associated with the following optimized heavy chain amino acid

sequences: for clone MOR04910 the optimized amino acid sequence is SEQ ID NO: 115; for clone
MOR04945 the optimized amino acid sequence is SEQ IDNO: 116; for clone MORQ4946 the
optimized amino acid séquence is SEQ ID NO: 117; and for clone MOR05145 the optimized amino
acid sequence is SEQID NO: 117. ) ‘

. A hstmg of nucleotide and polypeptide sequences of contemplated full length light and
heavy chain sequences are provided in Table 13A and Table 13B." Table 13A provides optimized:

_ nucleotide sequences and the polypeptides encoded by them. These nucleotide éequenceé are

optimized to remove latent splice sites that are rec‘oghiied in mammalian expression systems. Table

13B provides the parental nucleotide sequences for the clones listed in Table 13A.

Table 13A° Light Chain (LC) and Heavy Chain (HC) Saquences - optz.nu.zad

LC {opt) 4910 nmucleotida : SEQ ID WO: 97

GATATCGCACTGACCCAGCCAGCTTCAGTGAGCGGCTCACCAGEGTCAGAGCAT TACCATCTCGTGTACGGGTACTAGCAGCGE:
TGTTGGTGGTTTTRRTTATGTGTCTTGGTQCCAGCAGCATCCCGGGAAGGCGCCGAAACTTATGA?TCATGATGGTTCTAATC

! GTCCCTCAGGCGTGAGCAACCGTTTTAGCGGATCCAAAAGCGGCAACACCGCGAGCCTGACCATTAGCGGCCTGCAAGCGGBA '

GACGAAGCGGATTATTATTGCCAGTCTTGGGATGTTTCTCCTATTACTGCTGTGTTTGG GGCGGCACGAAGCTTACCGTCCT
AGGTCAGCCCAAGGCTGCCCCCTCGG"CACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGT
GTCTCATAAGTGACTTCTACCCQGGAGC?GTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACB
ACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGRCGGCTGAGCAGTGGAAGTCCCACAG
AAGCTAéACCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAAAAGACAGTGGCCCCTACAGAATGTTCATAG

LC4910 (BHQBS0) polypeptide . SEQ ID NO: 1li

DIALTQPASVSGSPGQSITISCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTASLTISGLQAE
DEADYYCQOSWDVSPITAVEGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDEY PGAVTVAWKADSSPVKAGVET

| TTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS
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IC (opt) 4545 nucleotide - : SEQ ID.NO: 98

GAEATCGCACTéRCCCAGCCAGCTTCAGTGAGCGGCTCACCAGGTCAGAGCATTACCATCTCGTGTACGGGTECTAGCBGCGA
TCTTGGTGGTTATAATTATGTGTCTTGGTACCAGCAGCATCCCGGGAAGGCGCCGAAACTTATGATTTATGATGTTAATAAXC
GTCCCTCAGGCGTGAGCAACCGT*TTAGCGGATCCAAAAGCGGCAACACCGCGAGCCTGACCATTAGCGGCCTGCABGCGGAA
GACGAAGCGGATTQTTATTGCCAGACTTATGATCAGATTAAGTTGTCTGCTGTGTTTGGCGGCGGCACGAAGCTTACCQTCCT
AGGTéAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCAC#CTGGTGT
GTCTCAT&AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGHTAGCAGCCCCGTCAAGGCGGGAGTGGAGACA
ACCACACCCTCCAAACAAAGCAACAACAAGTBCGCGGCCAGCAGCTAQCTGAGCCTGACGCCTGAGCAGTGGRAGTCCCACAG
AAGCTACAGCTGCCAGSETCACGCATGARGGGAGCACCETCGAARARGACAGT GGCCCCTACAGRATETTCATAG

Y.C4945 (BHQB92) polypeptide i SEQ TP NG: 1i2

DIALTQPASVSGSPGQSITISCTGTSSDLGGYNYVSWYQQPPGKAPhLuxyDVNNRPSGVSNRFSGSKSGNTASLTISGLQAE
DEADYYCOTY DG 1KLSAVFGEETKLTVLGOPKAAPSVTLEPPS SEELQANKATLVCL I SDFY PGAVPVARKADSS PVKAGVET
T PSKQSNNKYAASSYLSLT PEQWKSHRSY SCQUTHEGSTVEKTVAPTECS '

LC, (opt) 4846 nucleotide . SEQ ID RO: 89

GATATCGTGCTGACCCAGAGCCCQSCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGAGCGAGCCAGAA
TCTTTTTTCTCCTTATCT§GCTT@GTACCAGCAGAAACCAGGTCABGCACCGCGTCTATTAATTTATGGTGCTTCTBAT&GTG
CAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGBETTTACCCTGACCATTAGCBQCCTGGAACCT@ABGAC
TTTGéGGTGTATTATTGCCAGCAGTATCTTACTCTTCCTéTTRCCTTTGGCCAGGGTACGAAAGTCGAGATCAAACGAACTGf
GGCTGCACCATCTGTC*TCATCTTCCPGCCRTCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCfGCTGAATA
ACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATARCGCCCTCCRATCGGGTAACTCCCAGGAGEGTGTCACAGAG
CAGGACAGCRAGGACAGCACCTACAGCC”CAGCAGCACCCTGRCGCTGAGCAAAGCA’ACTACGAGAAACACAAAGTCTACGC
CTGCGAAGTCACCCATCAGGGCCTG&GCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

LCA946 (BHQB9B) polypeptids . iE SEQ 1D NO: 113

QIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTiSSLEPED
FAVYYCQQYLTLPL?FGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNRLQSGNSQESVTE

| QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFRRGEC

LC (opt) 5145 nuclectide : SEQ ID NO: 100 -

GATATCGTGCTGACCCAGRGCCCGECEACCCTOAGCCTETCTCCGEECEARCGTACGACCCTGAGCT GCAGAGCGAGCCAGAR
TCTTTTITCTCCTTATCTGGCTTGETACCAGCAGAARCCAGGT CAAGCACCGCGTCTATTART TTATGGTGCTTCTAATCGTG
CARCTGGGETCCCGECGCETTTTAGCGECTCTGEATCCOGCACGGATTTTACCCTGACCATTAGCAGCCTGGARCCTGAAGAC
PTTGCGETGTATTATIGCCAGCAGTATATGACTCT TCCTCT TACCTTTGGCCAGGETACGARAGT CGAGATCAARCGAACTET
GGCTGCACCATCTGTCTTCATCT TCCCGCCATCTGATGAGCAGTTGAARTCTGGARCTGCCTCTGTTGTGTGCCTGCTGRATA
ACTTCTATCCCAGAGAGECCARAGTACAGTGEANGGTGGATARCGCCCTCCANTCGGGTARCTCCCAGGAGAGTGTCACAGRG
CAGGACAGCAAGGACAGCACCTACAGCCTCﬁGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGC
CTGCGARGTCACCCATCAGGGCCTGAGCTCGCCCETCACAARGAGCT TCARCAGGGGAGAGTGTTAG

LCEiI45 (BHOO01) polypeptide SEQ ID NO: 114

DIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQOKPGOAPRLLI YGASNRATGVPAREFSGSGSGTDFTLTISSLEPED
FAVYYCQQYMTLPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY PREAKVOWKVDNALQSGNSQESYTE
QDSKDSTYSLS STLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC

HC {opt) 4910 nucleotide - SEQ ID NO: 101

CAGGCACAGETGCARTTGGTGCAARGCGGCEGCHEGCCTEETGCAACCEEECEECAGLCTGCGTCTGAGCTGCECEGCCTCCGE
ATTTACCTTTTCTTCTTATTGGATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGGTATCTC&TATT
CTGGTAGCAATACCCATTATGCGGATAGCGTGAAAGGCCGTTTfACCATTTCACGTGATAATTCGAABAACACCCTGTATCTG
bAAATGARCRGCCTGCGTGCGGRAGATACGGCCGTGTATTAT%GCGCGCGTATGGGTATTGATCTTGATTATTGGGGCCAAGG
CACCCTGGTCACCGTCTCCT CAGCCTCCACCARGEGCCCATCGGTCTTCCCCCTGECACCCTCCTCCARGAGCACCTCTGGGE |
GCACAGCGGCCCTGGGCTGCCTGETCAAGGACTACTTCCCCEAACCGGTEACGETGTCGTGGAACTCAGGCECCCTGACCAGT

94




WO 2007/084344 PCT/US2007/000777

GGCGTGCACACCTTCCCGGC?GTCC&ACAGTCCTCAGGACTCTACTCCCTCAGCAGCG?CGTGACCGTGCCCTCCAGCBGCTT
lGGGCACCCAGACQTACBTCTGCAACGTGAATCACAAGCCCAGCAACACCARGGTGGACRAGAGAGTTGAGCCCAAATCTTGTG
ACBAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCC?GGCGGGACCGTCAGTCTTCCTCTTCCCCCCAABACC&AAG.
GACACCCTCATGATCTCCCGGRCCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCRCGRAGACCCTGAGGTCRAGTTCAA
CTGGTACGLGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCA
GCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACRAAGCCCTCCCAGCCCCC
ATCGAGAAAACCATCTCCABAGCCARNGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGEGAGEAGATGAC
CAAQAACCAGGTCAGbéTGACCTGCCTGG%CAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAG
AGCAGGTGGCRGCAGGGGAACGTCTTCTCATGCTCCGTGRTGCATGAGGCTCTGCACRACCACTACACGCAGARGAGCCTCTC
CCTGTCCCCGGGTARATGA

Y] emra

"HT4S510 (BHQBSS0) - polypeptide : : SEQ ID NO: 115

QVQLVESGGGLVQPGGSLRLSCAASGETFSSYWMSEVRQA?GKGLEWVSGI?YSGSNTHYADSVKGRF?ISRDNSKNTLYLQM
NSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSSASTKGPSVEFPLAPSSKSTSGGTARALGCLVKEDY FPEPVTVSWNSGALTSGV
HTTPRAVLOSSGLY SLSSVVTVRSS SLETQTY ICRVNHKPSNTKY DKRVE PRSCOK T HTCPPCPAPELLGGPSY FLEPPKEKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVENAKTKPREEQYNST YRVVSVLTVLHQDWLNGKEYKCKY SNKALPARIE |
KT:sxnxcoeaEPQVQTLppSREEMTKNQVSLTCLVKGFYPsDIAVBWES&GQ?ENNYKTTppvnosossFFLystrvaKsR
WOQGNVESCSVMHEALHNHYTQKS LSLSPGK

BC (opt) 4945 nuclectide A : ' SEQ ID N0: 102

CAGGCACAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCRGCCTGCGTCTGAGCTGCGCGGCCTCCGG
ATTTACCTTTTCTTCI TATTGEATGTCT TGGGTGCGCCAAGCCCCTGEGARGGGTCTCGAGTGEGTGAGCGTTATCTCTITCTG
ATTCTAGCTCTACCTATTATGCGGATAGCGTGARAGGCCGTTT TACCAT T CACCTGATART TCGAAAAACACCCTGTATCTG
CAAATGARCAGCCTGCGTGCEEARGATACGECCATGTATTATTGCGCGCETCATEGTATTGATTTTGATCATTGGGECCARGS
CACCCTGGTCACCETCTCOTCAGCCTCCACCAAGEECCCATCEGTCTTCCCCCTGGCACCCTCCTCCARGAGCACCTCTGGGE
GCACAGCGGCCCTGEECTGCCTGETCARGEACTACTTCCCCGAACCGOTGACGETGTCCTGGAACTCAGGCECCCTGACCAGE
GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCETGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCARCACCARGGTGGACARGAGAGT TGAGCCCAAATCTTGTG
ACARAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTEGGEGEACCGTCAGTCTTCCTCTTCCCCCCARRACCCARG
| GACACCCTCATGATCTCCCGEACCCCTGAGGTCACATGCGTEGTGGTGGACETGAGCCACGARGACCCTGAGGTCAAGTTCAR
| CTGGTACGTGGACGGCETGGAGETGCATARTGCCARGACARRGCCGCGECAGGAGCAGTACAACAGCACGTACCGTGTGGTCA
GCGTCCTCACCGTCCTGCACCRGGACTGGCTGRRTéGCAAGGRGTACAAGTGCAAGGTCTCCAACARAGCbCTCCCAGCCCCC
ATCGRGAAAACCATCTCCARAGCCARAGEECAGCCCCGAGARCCACAGETGTACACCCTGCCCCCATCCCGEGAGGAGATGAC
CAAGAACCAGGTCAGCCTGACCTGCCTGET CARAGGCT TCTATCCCAGCGACATCGCCGTGGAGTGOGAGAGCARTGEGCAGS
CGGAGAACARCTACAAGACCACECCTCCCETGCTGGACTCEGACGGCTCCTTCT TCCTCTATAGCARGCTCACCGTGGACAAG
AGCAGGTGGCAGCAGGEEARCETCTTCTCATECTCCGTGATGCATGAGGCTCTGCACARCCACTACACGCAGARGAGCCTCTC
CCTGTCCCCGGGTARATGA ) '

[HC7945 (BHGBS2) polvpeptide SEQ ID NO: 116

QVQLVESGGGLVQPGGSLRLSCRASGFTFSSYWMSVVRQAPGKGLDWVSVISSDSSSTYYADSVRGRETISRDNSKNTLYLQM
NSLRAEDTAVYYCARHGIDFDHWGQGTLVTVSSASTKGPSVFPLA9QSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTV?SSSLGTQTYICNVNEKPSNTKVDKRVEPKSCDBTHTCP?CPAPELLGGPSVFLFPPKPKDT’
LMISRTPDVTCVVVDVSHDDPBVRFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQ?REPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWBSNGQPENNYKTTP?VLDSDGSF?LYSK TVDKSR
WQQGNVESCSVMHEALHENRYTQKSLSLSPGK

HC {opt) 4546=5145 nucleotido . SEQ ID NO: 103

CAGGTGCAGCTGGTGGRAGAGCGGCGGAGEACTECETGCAGCCTGECEGCAGCCTGAGACTGAGCTETGCCGCCAGCGGCTTCAC
{ CTTCAACAACTACGGCATGACCTGGGTGAGGCAGGCLCCTGGCARGCGECCTGGAGCTERGTGTCCEECATCAGCGGCAGCGGCA
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’ GCTACACCTACTRCGCCGACAGCGTGAAGGGCAGGTTCACCATéAGCCGGGACAACAGCAAGAACACCCTGTAGCTGCAGATG
AACAéCCTGAGhGCCGAGGACACCGCCGTGTACTACTGTGCCCGGACCﬁTCTACATGGACTACTGGGGCCAGGGCBCCCTGGT
CACCGTCTCCTCAGCCTCCACCAAGGGCQCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGG&CACAGCGG
CCCTGGGCTGCCTGGTCAAGGACTACT?CCbCGBACCGGTGACGG%CTCGTGGAACTCAGGCGCCCTGACCRGCGGCGTGCAC
ACCTTCCCGGCTG?CCTACAGTCGTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCAGCTTGGGC#CCCA
GACC@ACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGRGAGTTGAGCCCAAATCTTGTGA&AAAACTC
ACACATGCCCACCGTSCCCAGCACCTGAACTCCTGGGGGGACCGTCRGTCTTCCTCTTCCCCCCAAAACCCAA@GACAC&CTC
ATGATCTCCCGGNCCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGbCACGAAGACCCTGAGGTCAAG%TCAACTGGTACGT
GGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACRGCACGTACCGTGTGGTCRGCGTCCTCA
CCGTCCTGCACCRGGACTGGCTGAATG§CAAGGAGTACAAGTGCAAGGFCTCCAACAAAGCCCTCdCAGFCCCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGRGABCCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGBACCA

AT, !\mhf\f\hﬂﬂﬁ!\ﬂh Lilalalalat Tolal - Talilfalalny.] kR atabil Ui lal L¥olalalalel Wk . S . Vak:]
COTCACCCTEACCTOCCTGETCAARGGCTTOTATCL GARCAT puuuGTuwn\:T\:uoranvumTuGGCn\:u\.\:oaumvn

AC?ACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGG
| CAGCAGGGGRACGTCTTCTCATGCTCCGTGATGCATEAGGCTCTGCACARCCACTACACGCAGARGAGCCTCTCCCTGTCCCE |
GGGTAAATGA ’

HC4946=5145 (augaga/901> poiypaptide ; SEQ. ID NO: 117

QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTNVRQAEGKGLEWVSGISGSGSYTYYADSVKGRPTISRDNSKNTLYLQM
NSLRAEDTAVYYCARTIYMDYWGQGTLVTVSSASTKG PSVFPLAPSSKSTSGETAALGCLVKDYFPERPVTVSHNSGALTSGVE.
TFRAVLOSSGLYSLSSVVIVPSSSLGTQTY ICNUNHK PSNTKVDKRVEPKSCOXTHICPPCPAPELLGGBSYFLFPPKPKDTL
MISRTPEVTCYVYDVSHEDREVKENWYVDGVEVENAKTKPREEQYNS TYRVYSVLTVLHEQDHLNGKE YKCKVSNKALPAPTER
T TSKAKGQPREPQUYTLPPSREEMTKNQVSLTCLVKGFY PSDIAVEWESNGQPENNYKT T PPVLDSDGS FELY SKLTVDKSRH
QUGNV FSCSVMREALHNHY TQKSLSLSPGK o

.

LS

Table 13B: Light Chain (LC) and Heavy Chain (HC) Sequences - parenté;l.

LC. (paxental) 4510 nucleotide } I L SEQ ID NO: 104 —

| GRTATCGCCCTGACCCAGCCCGCCAGCETGTCCEGCAGCCCTGGCCAGAGCATCACCATCAGCTGTACCGGCACCAGCAGCGA
TGTGEGCGGCTTCARCTACGTGTCCTGETATCAGCAGCACCCCGECARGECCCCCARGCTGATGATCCACGACGGCAGCAATA:
GACCCAGCGECGTGICCAATAGAT TCAGCGGCAGCAAGAGCGGCAACACCGCCAGCCTGACCATCAGCGGCCTCCAGGCTGAG
GACGAGGCCGACTACTACTGCCAGAGCTGEEATGTGAGCCCCATCACCGCCGTGTTTGGCGECGEAAGARAGCTTACCGTCCT
AGGTCAGccCA5GGCTGCCCCCTCGGTCACTQTGTTCCCGCCCTCcTCTGAGGAGCTTCAAGccAAéAAGGcCACACTGGTGT
GICTCATARGTGACTTCTACCCGGEGAGCCGTGACAGT GRCCTGEARGGCAGATAGCAGCCCCATCARGGCGEGAGTGGAGACA
ACCACACCCTCCAARCARAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGARGTCCCACAG
ABGCTACAGCTGCCAGGTCACGCATGAAGEGAGCACCGTGGARRAGACAGTGGCCCCTACAGAATGTTCATAG

LC (parental) 4945 ) SEQ ID NO: 105

GATATCGCCCTGACCCAGCCCGCCAGCETGTCCGECAGCCCTEGGCCAGAGCATCACCATCAGCTGTACCGGCACCAGCAGCGR
CCTG6GCGECTACAACTACGTGTCCTCETATCAGCAGCACCCCGGCAAGGCCCCCARGCPGATGATCTACGACGTGAACAACA
GACCTAGCGGCGTGTCCAACAGATTCAGCGGCAGCAAGAGCGGCAACACCGéCAGCCTGACCATCTCTGGCCTGCAGGCTGAG
GAQGAGGCCGACT&CTACTGCCAGACCTACGACCAGA%CRAGCTGTCCGCCGTGTTTGGCGGCGGRACAAAGC?TACCGTCCT
AGGTCAGCCCAAGGCTGCCCCCTCGETCACTCTGTTCCCGCCCTCCTCTGRAGGAGCT TCARGCCARCARGGCCACACTGGTGT
GTCTCA*AAGTGACTTCTACCCCGGAGCCGWGACAGTGGCCTGGAAGGCAG&TAGCAGCCCCGTéAAGGCGGGRGTGGAGACA
ACCACACCCLCCAAACAAAGCRBCAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAG
AAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAAAAGACAGTGGCCCCTACAGAATGTTCATBG

LC (parental) 4846 nucleotide ., SEQ Xp MNO: 106

éﬂCRTCGTGCTGACCCAGAGCCCCGCCACCCTGBGCCTGAGCCCTGGCGBGAGAGCCACCCTGTCTTGTAGGGCCRGCCAGBA
CCTGTTCAGCCCTTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCCAGACTGCTGAICTACGGCGCCAGCAACAGRG.
CCACCGGCETGCCCGCCAGATTCAGCEECAGCGGECTCCEGCACCGACTTCACCCTGACCATCAGCAGCCTGGAGCCTGAGGAT
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TTCGCCGTGTACTACTGCCAGCAGT#CCTGACCCTGCCCCTGACCTTCGGCCAGGGCACCAAGGTCGAGATCBAACGAA&TGT
.GGCTGCACCATCQGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAARTCTGGAACT&CCTCTGTTGTGTGCCTGCTGAATA
ACTTCTATCCCAGAGHGGCCAAAG"ACAGTGGAAGGTGGATAAbGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAG_
CAQGACAGCAAEGACAGCACCTACAGCCTCAGCASCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAABGTCTACGC
CTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

T

ic. (parental) 5145 nucleoctide . SEQ ID.ND: 107

GACATCGTGCTGACCCAGAGCCCCGCCACCCTGAGCCTGAGCCCTGGCGAGAGAGCCACCCTGTCTTGTAGGGCCAGCCAGAA
CCTGTTCAGCCCTTACCIGGCCTGGTATCAGCﬁGAAGCCCGGCCAGGCCCCCAGACTGCTGBWCTACGGCGCCAGCAACAGAG
CCACCG§CGTGCCCGCCAGA&TCAGCGGCAGCGGCTCCGGCACCGACTTCACCCTGACCATCAGCBGCCTGGAGCCTGAGGBT
TTCGCCGTGTAéTACTGCCAGCAGTRCATGACCCTGCCTCTGACC?TCGGCCAGGGCACCAAGG?CGAGATCAAACGAACTGT
GGCTGCACCATCTGTETTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGﬁACTéCCTCTGTTGTéTGQCTGCTGAATA
’nuz;u;nzuCCAGAGmwuLLAﬁHGTACA TGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAG
CAGGACAGCAAGGACAGCRCCTACAGCCTCAGCAGCRCCCTGACGCTGAGC@AAGCAGACTACGAGAAACACAAAGTCTACGC
| CPGCGARGTCACCCATCAGGGCCTEAGCTCGCCCGTCACARAGAGCTTCARCAGGGEAGAGTGTITAG

HC (parental) 4910 nucleotide SEQ ID NO: 108

CAGGcccaeeTGCAGQTGGTGGAGAGcGqCGGAGGACTGGTGCAGCCTGGQGGCAGCCTGAGACTGAGCTGTG&CGCCAGCGG -
CTTCACCTTCAGCAGCTACTGGATGAGC TGGGTEAGGCAGGCCCCTGGCARGGECCTGEAGTGEGTETCCEGCATCAGCTACA
GCGGCAGCAATACCCACTACECCGACACCGTGARGGECAGETTCACCATCAGCCEEGACAACAGCARGRACACCCTGTACCTG
CAGATGRACAGCCTGAGAGCCGAGGACACCGCEGTETACTACTGTGCCCEGATGGECAT COACCTGGAT TACTGEGECCAGRE
| CACCCTGETCACCGTCTCCT CAGCCTCCACCAAGGGCCCATCEGTCTTCCCCCTGECACCCTCCTCCAAGAGCACCTCTGEEE
SCACAGCEECCCTGERCTGCCTGGTCRARGEACTACTTCCOCGAACCEOTGACGETGTCRTEGAACTCASGCGCCCTGACCAGS
GGCGTGCACACCTTCCCEGC TG TCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCETCETGACCGETECCCTCCAGCAGCTT
GGGCACCCAGACCTACATCT GCAACGT GAATCACAAGCCCAGCARCACCAAGGTGEACAAGAGAGTTGAGCCCARATCTTGTG
ACARAACTCACACATGCCCACCGTGCCCAGCACCTGARCTCCTGEGGEEACCGTCAGTCTTCCTCTICCCCCCARAACCCARG
GACAcccrcaéGAchccéecaccccrGAGGTCACATGCGTGGTGGTGGACGTcacccncénAeacccTGAGGTCAAGTTCAA
CTGGT%CGTGGACGGCGTGGAGGTGCATAATGCCAAGACARAGCCGCGGG&GGAGCAGTACAACAGCACGTACCGTGTGGTCA
GCGTCCTCAGCGchTGCACCAGGACTGsCTGAATGGCAAGGAG"ACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC

. ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGRGATGAC

' CAAGAACCAGGTCAGCCTGACCTGCCTGETCARAGGCTTCTATCCCAGCGACATCGCCGTCGAGTGEGAGAGCAATGGECAGC
_CGGAGAACAACTACAAGACCBCGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTéACCGTGGACAAG
AGCAGGTGGCAGCAGGEEAACGTCT TCTCATGCTCCGTGATGCATGAGGCT CTGCACARCCACTACACGCAGARGAGCCTCTC
CCTETCCCCEGGETARATGA.

HC (parental) 4545 nucleoctide . SEQ ID NO: 109

CAGGCCCAGGTGCAGCTGGTGGAGAGCGéCGGAGGACTGGTGCAGCCTGGCGGCAGCCTGAGACTGAGCTGTGQCGCCAGCGG
CTTCACCTQCAGCAGCTACTGGATGRGbTGGGTGAGGCAGGCCCCTGGCAAGGGCCTGGAGTGGGTGTCCGTGATCAGCAGCG
ATBGCAGCAGCRCCTACTACGCCGATAGCG&GAAGGGCCGGTTCACCATCAGCCGGGACAACAGCAAGBACBCCCTéTACCTG
CAGATGAACAQCCTGAGAGCCGAGGACAC&GCQGTGTACTACTGTGCCAGGCACGGCATCGACTT&GACCACTGGGGCCAGGG
' CACCCTGGTCACQGTCTCCTCQGCCTCCACCAQGGGCCCATQGGTCTTCCCCCTéGéACCCTCCTCCAAGAGGACCTCTGGGG
GCAéAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCbCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC
GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCRGCGTCGTGBCCGTGCCCTCCAGCAGCTT'
GGGCACCCAGACCTACATCTGCAACGTGAATCACARGCCCAGCARCACCARGGTGGACAAGAGAGTTGAGCCCARATCTTGTG
ACAAAA&TGACACATGCCCACCGTGCCCAGCRCCTGAACTCCTQGGGGGACCGTCAGTCTTC&TCTTCCCCCCAAAAGCCAAG
GACACCCTCATGATCTCCCGGACCCCTGAGETCACATGCGTGGTEETGGACGTGAGCCACCAAGACCCTGAGGTCAAGTTCAA
CTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAéTACAACAGCACGTACCGTGTGGTCA'
GCGTCCTCACCGTCC?GCACCAGGACTGGCTGAAEGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC
| ATCGAGAAAACCATCTCCAAAGCCRAAGGGCRGCC?CGAGAACCACAGGTGTACgCCCTGCCCCdATCCCGGGAGGAGATGAC
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CARGAACCAGGTCAGCCTGACCTGCCTGGTCBAAGGCTTCTAT&CCAGCGACBTCGCCGTGGAGTGGG@GAGCABTGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAG
AGCRGGTGGCAGCRGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTC
CCTGTCCCCGGGTAAATGA

HC {parental} 4946:5145 nucleotide SEQ ID NO‘ 110

CAGGTGCAATrGGTGGAAAGcsGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCrGCGCGGCCTCCGGATTTAC
CTTTAATAATTATGGTATGACTTCGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGGTAT;TCTGGTTCTGGTA
GCTATACCTATTATGCGGATAGCGTGARAGGCCGTTT TACCATT TCACGTGATAAT TCGARARRCACCCTGTATCTGCAAATG
AACAGCCTGCGTGCGGﬁAGATACGGccGTGTATTATTGCGCGCGTACTATTTAmA@GGamTATTGGsGCCAAQGCACC&&GGT
caccGTCTCC&CAGCCTCCACCAAGGGQQCATCGGTCTTCCCCCTGGCACCCTccTCCAAGAGCAdCTcgGGGéGCACAGCGG
CCCTEEECTGCCTGGTCAAGGACTACT TCCCCGAACCGETGACCGTGTCGTEGAACTCAGGCGCCCTGACCAGCGGCGTGTAC
ACCTTGCCGGCTGTCETACAGTCCTCAGEACTCTACTCCCT CAGCAGCETCETGACCETGCCCTCCAGCAGCT TGGGCACCCA
GR@CTACaTCTGCAACGTGAATCACAAGCCCAGCAACAQCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTC
ACBCATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACAbCCTC '
ATCATCTCCCGGACCCCTGAGGTCACATGEG TEGTGGTGEACGTGAGCCACGAAGACCCTGAGGTCARG T TCARCTGGTACGT
GGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGRGCAGTACAACAGCACGTACCGTGTGGTCAGCGTbéTCA
CCGTCCTGCACCAGGACTGGCTGAATGGCARGGAGTACARGTGCAAGGTCTCCARCARAGCCCTECCAGCCCCCATCGAGAAR
ACCATCTCCAAAGCC&RAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCBAGAACCA.
GGTCAGCCTGACCTCCCTGGTCARAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGEGAGAGCARNTGGGCAGCCEGAGARACA
ACTACAAGACCACGCCTCCQGTGCTGGACTCCGACGGcrcCTTCTTCCTCTATAGcAAGé?CACCGTGGACAAGAGCAGG?bG
CAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCC?GTCCCC
GGGTABATGA ' N

Example 9: Bioaciivity Assays

The biological activity ‘Qf a neutralizing anti—D'KKllfl antibody is measured in a reporter
gene assay, using the genetically médiﬂed cell line HEK293 T/17 STF_70IRES_Krm_(17) called
SuperTopflash Krm17. This cell line is derived from the human embryonic l'cidney cell HEK293 and
is stably transfected with i) a reporter construct in which the promoter TCF is fused upstream of the
firefly luciferase gene and ii) a construct leading to overexpression of Krm on the surface of this
cell. In this cell line, exposure to the Wt protein stimulates the expressmn of luciferase in a dose-
dependent manner, Addition of graded amounts of anti-DKK1/4 antlbody to a fixed, sub-maxnmal
dose of DKK 1 in the presence of Wnt causes an increase in the cxpressnon of Juciferase diring an
incubation period of sixteen hours. At the end of this period, the amount of luciferase is quantified
based on its enzymatic activity in the cell lysate. Luciferase catalyses the conversion of the substrate
luciferin to oxyluciferin, a chemiluminescent product. The rcsulte;nt glow-type chemi-luminéscence
is ﬁen determined with an appropriate luminometer. ‘

The biological potency of a neutralizing ant:—DKKlM antibody test sampie is determmed by
comparing its ability to increase the luciferase expression to 'that of a reference standard. The
samples and standard are normalized on j:he basis of protein content. Relative potency is then

"calculated using a parallel line assay acco}'ding to the European Pharmaco-poeial. The final result is -

expressed as relative potency (in percent) of a sample compared to the reference standard.
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~ Example 10: In-vitro activity on relevant biological targets

1ead FAbs are selected that have affinities in the low nanomolar range and pogent activity in

the éc'llular assay. The physiologica[ binding pariners for DKKI are LRP5/6 (K4~340 pM) and

Kremen 1 and 2 (K+~280 pM) [Mao 200]}[Mao 2002]. Given these high affinity- mteractxons itis
desirabie to further improve affinity in order to better compete with the physno!ogwal DKK1

interactions. To i increase affi mty and blologxcal activity of the selected FAbs, CDR-L3 and CDR-

H2 rchons are optimized in parallel by casscttc mutagencs:s usmg trinucleotide directed
mutagenesis [Vimekas 19941{Knappik 2000]{Nagy 2002].
Pc;}}awiﬁg affinity maturation, a FADb is selecied that has fow picomoiar affinity, reactivates

DKXK inhibited wnt signaling with an EG50 under 1 aM, and cross reacts with cynomolgus

- monkey, mouse; and rat DKK1. The variable regions of this FAb are then engineered into two

different human IgG§ frameworks. )

A’nti-DKKiM antibody has high affinity for human DKK1 (2 pM) with binding kinetics
typiéai for an antibody of this affinity. Sce; Figure 6.

FIG. 6. METHODS: The bindiné affinity and kinetics of lead candidates and rhDKK1
(recombinant human DKK]j (Batch BTP7757) are measured using, surface plasmon resonance with
a Biacore T100 (Biacore, Uppsala, Sweden) instrument containing a CMS (S) sensor chip (Cat#BR-
1006-68). Anti-Human 1gG1 Fe (Jackson Immuno Research, Cat#109-006-098) is immobilized

onto each flow ccli;foll;)wed by capture of a lead candidate at an expected capture of about 100 RU.

_Finally, six concentrations of DKX1 (range 0.195 — ~6.25 nM), with one repeat concentration, is run

over the chip. Flow cells are activated for binding of DKXT for 240 seconds, and disassociation is

followed for 30 minutes. The normalized data {background subtracted) are fitto a 1:1 binding with

. mass transport model usmg Kinetics analysxs in BIA cvaluation 1.0 software. This experiment is

) carried out in tnphcate and data presentcd are the average of these three experlments with standard

deviation.

Example 11: Epitope mapping

Mature DKX1 is a 266 amino acid protein with two cysteine rich regions (Cys-1 and Cys-
2). The Cys-2 domain is responsible for binding both LRPs and Kremen proteins and is necessary
and sufficient for inhibition of Wnt sighaling [Li 2002)[Brott 2002): Immunoprecipitation

- experiments (FIG. 7A, 7B) demonstrate that anti-DKK1/4 antibody binds specifically to the Cys-2

domain, but not the Cys-1 domain. anti-DKK1/4 antibody is only weakly active in Western blotting’
with denatured DKK 1 and ina péptide mappingle‘xperiment is not found to specifically bind any of
the overlapping 15 amino acid peptides covering the'length of the protein (JTP), suggesting that
anti-DKK 1/4 antibody likely recognizes a non-linear epitope within Cys-2.

FIG. 7(A) shows a schematic representation of full-length and truncated DKX1. Full-length

(FL, containing residues 1-266), carboxyl terminal truncated (AC, containing residues 1-185), and
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amino terminal truncated (AN, containing residues 1-60 plus residues 157-266), are fused with an
HA epitope at their C termini, and ¢loned into a mammalian expressxon véctor under the control of
:he cytomcgalovxrus (CMYV) promoter, FIG. 7(B)-depicts binding of a neutralizing anti-DKK 1/4
antibody and DKK1 proteins. Conditioned medium from transiently transfected Hek293 cells
cipréssing confaining full length, amino truncated, carboxyl terminal truncated DKX1 prot'e_ins are
incubated .with' apti-[yéozyme IgG1 control or the anti-DKK 1/4 antibodies for 2 hrs at roém ‘
temperature, and in;munOCOmpchcs are collected on protein G bendé, resolved by SDS-PAGE,

tfan,sferred,'and blotted with an anti~1;iA antibody. 1/10 of total input is loaded as control.

Example 11 Epﬁo_pe mapping - N-glycoéylaticn

‘A number of protein§ within the Wnt signaling pathway are covalently modified by post-
translatxonal enzymes which regulate their cellular activity. DKK family members, mcludmg
DKXK1, are modlf' ed by N-g!ycosylatlon [Krupnik 1999]. DKK1 has one theoretical N- llnked
glycosylation site at amino acid 256 within the Cys-2 domdin. Given the highly conserved nature of-
the Cys-2 domain_, and the potential binding site of both DKK1 for LRPG and anti-DKK 1/4 antibody‘
for DKK1 we sought to determine if anti-DKK 1/4 antibody recognized the N-glycosylated form of
DKKI. An ELISA demonstrates that anti-DKK 1/4 éntibody recognizes the N-glycosylated form of
rhDKX1 much better then the specifically N-linked dc~glycosylatea form of rhDKK 1 TABLE 14A. .
While the same proteins are recognized equally well with a'second antibody (antn-HlS), d:rected
towards the fused epitope tag region of the recombinant protein. This difference in affinity is
quantitated by using surface plasmon resonance and found antz-DKKiM,antxbody to have 100 fold
higher KD to the glycosylated rhDKKI, then to the de-glycosylated protein, sce TABLE 14B.

Table 14A Percent Binding - Glycosylation dependence of anti-DKK1/4 antibody binding
toDKKI .

Antibody ) WT DKXK1 | DKK1 (dyglycosylated)
anti-HIS tag "100% -1 100%
anti-DKXK1/4 . 100% . 12-18%

Tabié 14B surface plasmon resonance

Protein Ka (1/Ms) Kd (155) KD (M)
WT DKK1 7449E+6 2.319E-5 3.113E-12
DKKI (N-degly) | 1.424E+6 307164 2.157E-10

The binding of anti-DKIK 1/4 antibody to wild type (WT) thDKK1 (HEK HIS eiptope tagged |
Batch# BTP7757) and N-linked deglycosyiatefi (N-DEGLY, N-linked deglycosylated with the
enzyme PNGase F (Sigma, Catf E-DEGLY) rhDKK1 is measured by ELISA. Briefly, a high
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_ binding ELISA (N unc#44240£1) plate is coated with | pg/ml WT or N-DEGLY DKK1. The rati'dof'

both anti-DKK:1/4 antibody and anti-HIS antibody binding to WT DKK1 as compared to their
respective binding of N-DEGLY is shown This expenment is carried out with three different
concentrations (data for. one representatlve concentration is shown), all concentrations had similar
results.-B. The binding affinity and kinetics of antavDKKlm ant:body to both WT snd N-DEGLY
DKXI1(HEK293 Batch# BTP7757) are measured using a Btacpre T100. anti-DKK1/4 antibody

‘consistently had a 100 fold lower affinity for N-DEGLY DKKT then it does for WT DKK1.

Example 12: Percent identity of DKK family members

“The huma:; Dickkopf family consists of four paralogs (see Table 15), three of which

- (DKK1, 2, & 4)'bind to LRP6 and Kremen proteins, induce internalization of LRPS/6 and inhibit

canonical Wnt signafing {Mao 2001][Mao 2003]. DKK?2 also synergizes with LRP6 overexpression
to enhancé Wnt sx:'gﬁa]ing, but co-expression of LRP6 and Kremen?2 restores DKK2 inhibition of the
path\;vay[Mao 2003]. Thus DKK2 can act as both an agonist and an antagonist depending on the
cellular context. DKK3 is the least consérved of the family members, including within the Cys-2

' domain responsible for LRP5/6 and Kremen interactions and is distinct from the other DKXK family

members as it does not bind LRPs or Kremens and does not block Wat signaling [Mao 2001][Mao
2003).

Tablé 15 i;ercent identity of DKK family members across the whole protein and
“within Cys-2 domainsl ' B '
‘ = DKK2 | DKK3 | DKK4
2 prx1 | 387 155 | 325
‘_ig‘ DKK2 - 134 | 346
£ | DKX3 - - 15.1
- DKK2 | DKK3 | DKX4
2| DKK1 | 693 23.0 56.6
HEA 241 | 547
5| DKK3, - - 20.8

Homology ambng members of the DKK family is evaluated (Vector NTI Adva-rgc‘:ea 9.1.0)
-using AlignX algorithm for péin;vise sequence alignments comparing ratios of amino acid idep-tities.
Gap opening and gap cxtension penalties of 10 and 0.1 respectively are applied. This evaluation -
inciuded comparlsons of whole proteins, as well as comparisons of Cys-2 domains ‘only. As
indicated in the table above, DKKs 1, 2 and 4 share 30-40% amino acid sequence homology across

the entire protein. Comparison of Cys-2 domains alone shows DKKs | and 2 share 69% homology .

" within this region, while DKK4 shares roughly 57% with the same domain of DKKs 1 and 2.
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DKKB shows the lowest level of homology to other famlly members Amongst all members
homoiogy within the Cys-2 domain is greatest.

Example 13: Aff tnity of anti-DKK1/4 antibody for human DKK famlly members

In addition to binding DKK1, anti-DKK1/4 antibody also binds to DKK4, see Table 16. .
While the affinity for DKK4 is approximately 100 fold less than for DKK1, it is still subnanozpolar
and therefore likely biclogically and clinically relevant. Of note, neither DKK2 nor DKK4 conserve
the Asparagme residue that is predicted to be targeted for glycosylatson in the Cys-2 domain of

DKK1. Preliminary immuncprecipitation experiments suggest that anti-DKK1/4 antibody does not

specifically bind DKK2. The binding affinity of anti-DKK1/4 antibody binding to DKK2 will be
determined following successfil puriﬁcation of DKK2, Consistent with the distinct function and
binding properties of DKK3, anti-DKK1/4 antibody does not bind DKK3.

Table 16 Afﬁnitﬁ; of anti-DKX 1/4 antibody for human DKK family members

DKK F'amaly Member - Ky
DKK1 :  2:0x 10-12 M (£0.7)
DKK2 ' ' © ND
DKK3 . NSB
DKK4 2.97 x io-lo M (¢1;5§

The binding affinity zm.'d‘ kipcti.cs of anti-Di:{K'I /4 antibody for other members of humayn
DKK family of proteins are measuréd using a Biacore T100. As before, experiments are carried out
in triplicate'for proteins‘ with significant binding to anti-DKK1/4 antibody and are reported as the ‘
average of three experiments with standard deviation.. DKK3, which is the Jeast homologous family
member, did not have binding that is detectable above background levels and so is considered NSB
(No Significant binding). Likewise, recent data suggests that an ant|-DKK1/4 antibody of the
invention also has no significant bmdmg to DKK2,

Example 14: - anti-DKXK1/4 antibody blocks DKX1 binding to LRP6

DK:K} mediates its Wnt antagonist activity through interactions with LRP5/6 and Krgmen,
inducing internalization and blocking Wnt induced interaction of LRP5/6 with Frizzled receptors.
anti-DKK1/4 antibody competitively inhibits DKK1 bmdmg to LRP6 in a competition ELISA assay
in Figure 8.

HEK?293T cells do not express sufficient levels of endogenous LRPS or 6 to allow

visualization of DKK1 binding, Howcvér, upon co-transfection of LRP6 with a surface trafficking

'chaperone protein, MESD, GFP-tagged DKX1 can be detected on the cell surface, illustrating the
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specific nature of the DKKI/LRP6 interaction. MORO04910, which shares the same vanable reglcms
as anti-DKK1/4 antxbody, specxf' cally blocks this mteract:on ’

- The abxhty of anti-DKK1/4 antibody to inhibit DKK1 bmdmg directly to LRP6 is measured °
by ELISA. Briefly, non-treated piates (Fisher, Cat# 12565501 )are coated with 1 pg/ml of
recombinant LRP6 (R&D Systems Cat#1505-LR), then SQQ ng/ml of thDKK 1 and a conceritration
curve of either anti-DKIK1/4 antibody or higG1 (anti-}ysoiyrge MOR3207, ACE10915) are pre-

" incubated on ice for 30 minutes after which they are pléced,onfo LRP6 coated plates for 2 hours.

Plates are v&_a’shed and the level of DKKI1 binding is detected with anti-DKX | antibody (R&D
Systems AF1096). Shown are the raw OD values (background subtracted). increa§ing

" concentrations of anti-DKK1/4 antibody inhibits DKK 1 binding directly to LRP6 in a dose

dependent manner, while iﬁcreasing'concentrations of hIgGl does not block DKKl-binding to
LRPS. |

The ability-of MOR04910 to inhibit DKK 1/LRP6 binding on cell surface is measured by
fluorescence micré»scopy HEK293T cells'are either mock lr'z;n'sfected and transiently transfected
with p&asmzds encodmg LRP6 and MESD. Cells are incubated with DKK1-GFP conditioned

- medjum together with anti-lysozyme FAb or anti-DKK.1 FAb MOR04910 for | hour at 37 °C, and

examined by fluorescence microscopy. GFP fluorescence reflects DKK1-GFP binding to
gverexpressed LRP6 on the plasma membrane. The anti-DKK1/4 antibody blocks DKK1

interactions with LRP6 on cell surfaces.

' Exampie 14: Reporter Assays - reactlvatlon of DKK1 inhibited TCF/LEF gene transcnptnon

Canonical Wnt signaling culminates in beta-catenin translocation to the nucleus where it |

. associates with transcription factors of the TCF/LEF family resulting in enhanced trabscription of

Wht-responsive genes.' A reporter assay is established using a TCF/LEF responsive promoter
driving Luciferase gene transcription, f‘aciiitating detection of Wnt pathway modulation. DKK1
effectively blocks luciferase activity induced by Wnt3A conditioned media (CM) in this assay.
Anti-DKX1/4 antibédy reactivates DKK!.supprc_:sséd Wt signaling with an apparent EC50 of 0.16
nM Figure 9. Since the assay requires about 1 nM of DKKI1 for complete suppression and the
affinity of the antibody is 2 pM, it is likely that this EC50 reflects the sensitivity of the assay and
relative amounts of each protein rather than an absolute limit of anti-DKK 1/4 alntibody'coxhpetition..
293 T cells stably transfected with SuperFopflash reporter and Kremen are tieated with 10
ng/m}l of thDKK 1, 50% Wnt3a conditioned medium, and various amounts of anti-DKK1/4 antibody -
antibody. Eighteen hours later, luciferase activity.is measured by the Brighthlo luciferase assay kit

(Proméga).
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Example 15: Reporter Assays reversal of DKKI inhibited alkaline phosphatase seeretion in
pre-osteoblast-like cells

To determine whether anti-DKX1/4 antibody blocks DKK1 fuh'c'tions ina more
physzologtca! relevant setting, an in vitro assay is established to measure Wnt-mediated osteob!ast
differentiation of the pluripotent mouse cell line C3H10T1/2 (10T1/2), see Figure 10. Upon
osteoblast differentiation the 10T1/2 cells secrefe alkaline phosphatase (AP), a phcrl_omena whici1
can be inhibited by DKK1. Anti-DKK1/4 antibody, but not IgG control, blocks DKK1 suppréssion
of 10T1/2 differentiation in the presence of Wnt3A conditioned medium.

Wat has been reported to induce prollferatlon and inhibit apoptosis in a number of cell
contexts and actxvatton of the Wnt pathway, as indicated by beta-catenin stabilization or nuclear
localization, is frequently associated with tumor progression. Furthermore, downregulation of.
DKK1 in some cancers (e.g. colon carcinoma and melanoma) {Gonzalez-Sancho 2005] [Kuphal
2006}, has lead some‘in.ves‘tigators to suggest that DKK1 may be a tumor suppressor for some ™
cancers. To test whether DKKI has effect on tumor proliferation or survival, tumor cell linesare
treated with anti-DKIK1/4 antibody and anaiyzéd for changes in growth. No tumor cell line tested is”
found to be significantly aﬁ'ec;éd by addition of anti-DKK 1/4 antibody.:

The effect of anti-DIKK 1/4 antibody, on the survival and proliferation of several cancer cell -
!fqes is assessed in vitro. In this assay anti-DKK1/4 antibody (100 ixg/gﬁl) is incubated with'a.tumor‘
cell line, after three days cell number is asseséed by quantitation of ATP (Promega, Cell Titer Glo
Assay®), as a measure of metabolically active cells thh a lmear relatlonshxp to cell number, Thls
assay is carried out in three different serum concentrattons (serum ﬁ'ec mmnmal growth, and '
complete growth). No significant changes, as compared to untreated and higQG1 treated cells-are
found. Cell line supernants are analyzjed _fdr DKK1 expression by I;‘,LISA. ‘

Example 16: Species crossreactivity and neutralization of DKK1

A neutralizing anti-DKK1/4 antibody is selected not for its high affinity against human
DKK1 and neutralizing ability, but also based upon its crossreactivity with other species that might
be used for efficacy and safety studies.” anti-DKK 1/4 antibody crossreacts with mouse, rat, and
cynomolgus monkey (cyno, Macaca fascicularis) DKK1 with similar affinity as for human DKK1,
see Table 17: Moreover, anti-DKK1/4 antibody neutralizes all four species” DKK1-mediated Wnt
suppressive activity (Table 17), suggesting that these species should be relevant for both safety and
efficacy models. ‘ ) '

Table 17 Species crossreactivity and neutralization of DKXK
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Reacfivafion of wnt3a
- j ' signaling (TOPFlash)
DKK1 Protein Kp [pM] ‘EC50 (pMm)
Human . C 17 . ' 80.6
JCynomolgus 7 542
Mouse . 10 ' 60.5
Rat ., 16 . - 255

Aﬁ"mity detérmination for Human, Cynomolgus, M‘ouse, and Rat DKX1 is assayed by
Solution Equilibrium Titration (SET) using the M-384 SERIES® analyzer (BioVeris; Europe). For -

. KD determination by Solution Equilibrium Titration (SET), monomer fractions (at least 90%

monomer content, anaiyzed by analytical SEC Superdex75, Amersham Pharmacia) of I1gG protein

" are nsed. Elcctrochemxiummcscence (ECL) based affinity determination in solution and data

e\'aiuat;on are basrcal!y performed as described by [Haenel et al., 2005], the binding fit model is
applied as modlﬁed according to [Piehler et al., 1997]). A cénstant amount of MOR4910 IgG is
equilibrated with different concentrations (serial 3n dilutions) of human DKK1 (4 nM starting

, concentration) in sojution. Biotinylated human DKK coupled to paramagnetic beads (M-280

Stl‘epta;lidin, Dynal) and B\/—tag‘TM (BioVeris Europe, Witney, Oxfordshire, UK) labelled goat anti-
human (Fab)’z polyclona} antibody is added and mcubated for 30 min. Subsequent!y, the
conccntratxon of unbound 1gGis quantzf ed via ECL detection using the M-384 SERIES® analyzer
(B\Ochs, E}g{opc). ‘Affinity determination to rat, mouse, and cynomolgus DKK! is performed
essentially as déscribed above'using mouse, rat, and cynomolgus DKK1 z;.s analyte in solution .
}{nstead of human DKK 1. For detection of free IaG nioiecuic':s,. biotinylated human DKK1 coupled to’
paramagnetic beads is used. MOR4910 and anti-DKK1/4 antibody neutralizeé human DKKI1 A

* (Novartis) with equivalent EC50, anti-DKK 1/4 antibody also-neutralizes monkey (Novartis),
- mouse(R&D Systems 1765-DK-010) and rat (Novartis) DKK 1. The TOPFLASH reporter assay to

human , rat, mouse, and gjmomo!gus DKK is performed essentially as described above (Figure 9)
using each species recombinant DKK1 as the inhibitor of Wnt conditioned media, instead of human
DKKI. Rat recombinant DKK1 required liigher concentrations of protein to achieve significant
inhibition.of the TOPFLASH assay.

E:'gample 17: Effect of anti-DKXK1/4 antibody on intratibial growth of PC3IM2AC6 _:'cenografts

Prostate tumor metastases are unique among bone metastases in that the).! are
overwhelmingly osteoblastic rather than osteolytic [Keller 2001]. However, even predominantlyA
osteoblastic bone metastases have underlying regions of osteolysis and fréqu'cntly have Jow bone
mass densities (BMD) especially when patients are on androgen ablation therapy [Saad 2006].
Recently, it is demonstrated that DKK1 can actasa swftch, whereby expression of DKK1 enhances

osteolytic properties of a mixed osteoblastic/osteclytic prostate tumor cell line (C4-2B). In addition,
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shRNA suppression of DKK1 inhibited osteolytic aétivity'of a predominantly osteolytic prostate
tumor cell line (PC3) [Hall 2005} {Hall 2006). DKK 1 kiidckdown also intiibited intratibial growth
of the tumor xenograft, leading the authors to speculate that, osteolytic activity may be important for
estabéishing a metastatic niche, but subsequent loss of DKKI1 in prostatic metastases converts the
tumor to an ostéob]astic phenotype.

An osteo]ytic'prostate turnor mode! is adapted from a method by [Kim 2003]. A variant of .
the osteolytic prostate tumor cell line (PCBM) that stably expresses luciferase (PC3IM2ACSE) is .

‘injected mto the tibia of mice. The growth of the tumor xs monitored by luciferase whzle changes in

boné are momtored by mlcro-computenzed tomography (mlcro~CT) and histology. Rather than
enhancing tumor gro_wth, anti-DKK1/4 antnbody trended toward inhibition of tumor growth. While
the inhibition is not significant in any one study, it has occurred conéistently in 5/5 studies
conducted to date, a representati?e study showing effects of 3 doses of anti-DKK1/4 antibody on
tumor g;"owth is shown f‘lG. 11. A similar non-significant trend toward inhibition occurred with
anti-DKK1/4 antibody treated mice with subcutaneous PC3M2AC6 xenografs, )
Treatments are started on day 5 post implantation (0.2 million cellsfanimal). anti-DKK1/4
antibody is administered i.v., at doses of 20, 66 and 200 pg/mouse/day, q.d., 3 times a week for 2
weeks. Control 1gG is administered i.v., at 200 pg /mouse/day, q. d., 3 urnes a week for 2 weeks
Vehicle control (PBS) is administered i.v. »q.d., 3 times a week for 2 weeks Final efﬁcacy data and ~
body weight change are calculated after treatment, ) b
Using this model, we found that an antx-DKK]/tl antibody mhlblts tumor~mduced cortical
bone damage. Effects on trabecular bone are confounded in.this modeI by the observation that both
tumor implants and sham implants cause mechanical damage to'the bone that result in an initial
increase in woven bone which is later remodeled causmg a decrease in apparent bone volume,
Relative eﬂ‘ects of newiy formed woven bone and trabeculae on overall bone vqume/trabecular
volume (BV/TV) ratios are therefore obscured. However, it is clear that aptl-DKKIM antibody
increases the ﬁroduction of bone in both tumor and sham implanted tibias and inhibits or delays the
decrease in bone volume accompanymg remodeling. Using the same tumor-induced osteolytic
model, anti-DKK1/4 antibody demonstrates equivalent antl-osteolync activity as Zometa, see Figure
12. The bone metabolic effects of anti-DKK 1/4 antibody are dose responsive in the range from 20-
200 ug/mm-xs,e, with a minimally efficacious dose between 20 and 60 pg/mouse, see Figure 13.
Together these data suggest that anti-DKK 174 antibody should have an impact in tumor-induced -
osteolytic disease, but may also be effective in non-tumor bone diseases such as ostéoporosis or

enhancing repair of bone fractures.

106



10

15

20

25

30 .

WO 2007/084344 PCT/US2007/000777

Example 18: anti-DKK1/4 anhbody maintains elevated bone density in both tumor and sham
implanted tibias.

In an effort to assess pharmoeodynamxc markers of efficacy in the mice three serum markers-
of bone meétabolism are analyzed: osteocalcm (0C), osteoprotegerm (OPG), and secreted receptor
activator of nuclear factor B ligand (SRANKL). These osteobiast markers are used rather than the

more typical osteoclast markers due to the expected mechamsm of action of the antibody. However,

‘no conmstem changes are "detected in animals with tumor versus naive animals. No correlation of

bone Ioss, as measured by micro~-CT or THC, with any of these markers are consistently observed.

Representative examples of MicroCT reconstructions of the tibias of treated mice are shown’

" in FIG. 12A. Cortical damage is scored from 0=no damage to 3=severe damage. FIG. 12B. Cortical

_ damage in tumor-implanted tibias is manually scored by microCT analysis that are blinded with

respect to the study groups. No cortical damage is observed in any of the sham implanted legs.
Methods: Female nude mice at'age of 12 weeks old are implanted intatibially with 2x10°

PC-3M2AC6 c'el!sl in the left tibia and sham-injection in'the ?ight tibia. Treatments started on day 5

post implanéﬁoﬁ. NVP-anti-DKK1/4 antibﬁdthX (anti-DKIK1/4 antibody) and 1gG control are

- administered i.v., at doses of 200 pg/mouse/day, q.d., 3 times a week for 2 weeks. Vehicle (PBS)

control js also administered i.v,, q.d., 3 times a week for 2 weeks. Animals are scanned at day 7, 14,
and 18 post tumor implantation using the p-CT ViyaC’NQ Scanner (SCANCO, Switzerland).
Trabecular bone density‘(BV/I’V) is analyzed as described in methods. An asterisks (*) indicates
statistical sngmﬁcant difference from both vehlc!e and 1gG controls (n=12) at the same time pomt at

'p<0.05.

In FIG. 13, to determine the bone mass, the secondary sponéiosa of the tibia is imaged with

" the Zeiss Imager 2.1 and Axiovision software based on Giemsa stain. The rcadout is.based on the

percent calcified bone in the entire field.” Every column represents the mean and standard deviation

" of the stated number of animals. In the PBS, 1gG, and anti-DKK.1/4 antibody treated‘groups, only

animals with tumor are analyzed. Right legs did not have sham injections and left legs had tumor.
Statistic: Dunnett Multiple Comparisons Test One-Way ANOVA. Left legs or right legs compared
to the respecnve leg in the PBS group p<0 05*,p<0.01%* p>0.05 n.s,

F1G. 14 shown an anti-DKK 1/4 antibody’s anabolic bone efficacy is dose dependent with
minimal efficacious dose between 20 and 60 pg/mouse 3x/week. Female nude mice at.age of 12
weeks old ax;e,impiante(i intratibially with 2x105 PC-3M2AC6 cells in the left tibia and sham-.

‘ injection in the right tibia. Treatments started on day 6 post implantation. NVP-anti-DKK 1/4 -

antibody-NX (anti-DKK 1/4 antibody) is administered i.v., at doses of 20, 60, and 200

pg/mouse/day, g.d., 3 times a week for 2 weeks. Control IgG is administered iv,at200pg
/mouse/day, q.d., 3 times a week for 2 weeks. Vehicie control (PBS) is administered i.v., q.d., 3
times a week for 2 weeks. Animals are scaz;negi at day 7 and 20 post tumeor implantation using the p-
CT VivaCT40 Scanner (SCANCO, Switzerland). Trabecular bone density (BV/TV) is analyzed as
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described in methods. * indicates statistical significant difference from all controls including,

vehicle, IgG, drill only, and naive animals at the same time point at p <0.05.

Example 18: Biomarker status

DKK} biomaykers

The RNA expression pattern of DKK1 has been described. Krupnik (1999) showed
expression in placenta by Northern Blot analysis, with no expression detected in heart, brain, fliﬁg,
liver, skeletal muscle or pancreas. Wirths (2003) showed lack gf RNA expressidn in liver, kidney,

R TR ST 15 S
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as and Wilins” Tumors.
Workers examining gastrointestinal tract expression of DKX1 by RNA in situ hybridization showed
no expressnon in stomach and colon, whether normal or malignant (Byun 2006)

RNA éxpression analysns in mice revealed high DKK1 expression levels in bone, medlum
expression in fetus and placenta and weak expression in brown adipose tissue, thymus and
duodenum [Li 2006].

DKKI1 pt'otein expression is evaluated in myeloma specimens using the same goat antibody
employed in the current study (Tian, 2003). In this paper, expression is seen in myeloma cells of
patients with low grade morpliology; DKK1'protein expression is not detected in the bone marrow
biopsy specimens of five control subjects.

Tissue distribution and species crossrézicf;ivity of the therapeutic antibody anti-DKK1/4 -.
antibody is studied by screening it against a series of normal human. and monkey tissues. Bofh'whéle :
tissue sections an& tissue microarrays are evaluated. Positive controls included a commercial
antxbody for DKK1 that is evaluated in the same tissue set. ' '

DKKI1_15 (FITC conjugated anti-DKK 1/4 armbody) and DKK1_8 (FITC conjugated Goat
anti-DKK 1, R&D Systems, # AF1096, lots GBLO13101 and GBL14111).

Other biomarkers 4

Since little is known about the pathophysiologic role of DKX1, a significant amount of
effort is and has been focused on building up the knowledge base about the in vivo effects of anti-
DKK1/4 antibody by biomarker studies and how this could be exploited to further the development.
Key areas of focus have included

1) Understanding the effect of anti-DKK1/4 antibody in normat and metastatic bone -
metabolism by the measurement of cireulating markers of osteoclastic and osteoblastic activit::,r.

2) Comparétiva expression levels of DKK1 in multiple myeloma and other iumors to
confirm and expand target indications.

3) Effects at a gene ekpression level in key tissues like colon, bone matrow, fung, skin and

_breast to assess beta-catenin activation.

Preliminary molecular epidemiology studies have confirmed increased DKX1 serum levels

in patients with multiple myetoma and support.a POC in this indication.
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Based on existing kndwiedge, Table 18 provides the proposed potential Biomarkers for an

anti-DKK 1/4 antibody.
Table 18 .  Biomarkers for DKK1 and DKXK4 targets
Categories | .| Tumor Blood Surrogate
B Tissue
_Pharmacoedynamic
(D) N/A Free and anti-DKK1/4 Ab bound
- Target . DKK-1 levels
~Downstream Actwanofx of t?eta-catgznm Adipose/
skin
Mechanism of Action | " NTx, CTx, PINP, Osteocalcin,
RANKL, OPG, PTH, Vitamin D3,
calcitonin
Efficacy ‘ Serum M protein, NTx, CTx, PINP, Osteocalcin,
Urine total M protein, RANKL, OPG, PTH,
b2 microglobin, LDH | calcitoninBone - ALP, CICP, CTx,
. NTx, ete
Predictive Markers DKK-1, CTx, PINP, Osteocalcin,’
Stratification RANKL, OPG, PTH, Vit D3,
calcitonin
N " DKK1 serum levels
Preselection .
DKXK1 expression
Safety Immunogenicity
Pharmacokinetic anti-DKK1/4 Ab

DKIK1 Antibodles

. Example 19: Amino Ac:d Sequences of IIeavy and Light Chain Variable Reg:om of anti-

The amino acid éequences of the variable regions of the light and hieavy chains of anti-
DXK1 antibodies, whose CDR regions are shown in Tables 5, 6, 11A and 11B, are provided in full

in Table 19.

Table 19. Amino Acid Sequences of Heavy and Light Chain Variable Regxons of

anti-DKK1 Antibodies (SEQ ID NOS:2-39)

MORO4454 VH: (SEQ ID NO: 2 )

'QVQLVESGGGLVQPGGSLRLSCAASGFTFSNVGLHWVRQAPGKGLEWVSSISYYGSSTYYADSVKGRFTISRDN

SKNTLYLOMNSLRAEDTAVYYCARDGSHMDKPPGYVEAFNGQGTLVIVSS

MOR04454 VL: (SEQ ID NO: 21 )
DIQMTQSPSSLSASVGDRVTITCRASQGIKNYLNWYQQKPGKAPKLLIGAASSLQSGVPSRFSGSGSGTDPTLT
ISSLQPEDFATYYCLQYYGMPPTFGQGCTKVEIKRT

MOR04455 VH: (SEQ ID NO: 3 )
QVQLVESGGGLVQPCESLRLSCAASGETFSSYGMSWVRRAPGKGLEWVSGISGSGSYTYYADSYVKGRFTISRDN,
SKNTLYLOMNSLRAEDTAVYYCARHYMDEWGQGTLVTVSS

MOR04455 VL: (SEQ ID NO: ‘22 ) . .
DIOMTQSPSSLSASVGDRVTIITCRASQDISNY LHWYQOKPGKAPKLLI YGASNLQSGVPSRFSGSGSGTDETLY
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ISSLOPEDFAVYYCQOYDSIPMTFGQGTKVEIKRT

MOR0O4456 VH: {SEQ ID NO: 4 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

MOR04456 VL: {SEQ ID NO: 23 )
DIVLWQSPATLSLSPGFRATLSCRASQNLFSDYL&WYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDFATYYCQQYGDEPLTFGQGTKVEIKRT

MOR04461 VH: {SEQ ID NO: 5 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQRPGKGLEWVSGISYSGSNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARMGIDLDYWGQOGTLVTVSS

MOR04461 VL; . (SEQ ID NO: 24 )
DIALTQPASVSGSPGQSITISCTGTSSDVGGFNYVSWVQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTAS
LTISGLOAEDEADYYCSTWDMIVDEVEGGGTKLTVLGO

MORUO4470 VH: (SEQ ID NO: 6 }
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSVISSDSSSTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARHGIDEDHWGQGTLVTVSS

MOR04470 Vi: (SEQ ID NO: 25 ) '
DIALTQPASVSGSQGQSITISCTGTSSDLGGYNYVSWYQQRPGKAPKLMIYDVNNRPSGVSNRPSGSKSGNTAS
LTISGLQAEDEADYYCQSYASGNTKVVFGGGTKLTVLGQ

MOR04516 VH: {SEQ ID NO: 7 ) .
QVQLVQSGAEVKKPGESLKISCKGSGYSFTNYYIGWVRQMPGKG&SWMGIIYPTDSYTNYSPSFQGQVTISADK
SISTAYLQWSSLKASDTAMYYCARGIPFRMRGFDYWGQGTLVTVSS

MOR04516 VL: (SEQ ID NO: 26 ) :
DIVLTQPPSVSGAPGQRVTISCSGSSSNIGSSFVNWYQQLPGTAPKLLIGNNSNRPSCVPDRFSGSKSGTSASL
AITGCLOSEDEADYYCASFDMGSPRVVEGGGTKLTVLGY

MOR04907 VH: {SEQ ID NO: 8 )
QVQLVESGGGLVQPGGSLRLSCAASGETFNNY GMTWVRQAPGKGLEWVSGISGSGSYTY YADSVKGRETI SRON
SKNTLYLOMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

MORQ4207 VL: {SEQ ID NO: 27 } '
DIVLTQSPATLSLS?GERAELSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDEFAVYYCQQYLSLETTFGQGTKVEIKRT

MORO4913 VH: {SEQ ID NO: 8 )}
QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTiSRDN
SKNTLYLOMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

MOR04913 VIL: {SEQ ID NO: 28 )}
DIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDFAVYYCQQYMTLPLTFGQGTKVEINRT

MOR04946 VH: S(SEQ ID NO: 10 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRETISRDN
SKNTLYLOMNSLRAEDTAVYYCART I YMDYWGQGTLVTVSS

MOR04946 VL: (SEQ ID NO: 29 )
DIVLTQSPATLSLSPGBRATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDFAVYYCQQYLTLPLTFGRGTKVEIKRT

MOR04210 VH: {SEQ ID NO: 11 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSGISYSGSNTHYADSVKGRFTISRDN
SKNTLYLOUMNSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSS

MOR04910 VL: {SEQ ID NO: 30 )
DIALTQPASVSGS?GQSITISCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTAS
LTISGLQAEDEADYYCQSWDVSPITAVEGGGTKLTVLGQ

MOR04821 VH: {SEQ ID NO: 12 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSGISYSGSNTHYADSVKGRETISRDN
SENTLYLOMNSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSS

MOR04821 VL: {SEQ ID NO: 31 )
DIALTQPASVSGSPGQSIT;SCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTAS
LTISGLOAEDEADYYCQTWATSPLSSVEGCGTKLTVLGY

MOR04948 VH: {SEQ ID NO: 13.)
QVQLVESGGGLVQPGGSLRLSCAASGETFSSYWMSWVROAPGKGLEWVSGISYSGSNTHYADSVKGRETISRDN
SKNTLYLQMNSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSS

MOR04948 VL: {SEQ ID NO: 32 ) ]
DIRLTQPASVSGSPGOSETISCTGTSSDVGGENYVSWYQOHPGKAPKLMIHDGSNRPSGVSNRESGSKSGNTAS

LTISGLQAEDEADYYCQTWDSLSFFVEGGGTKLTVLGQ
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MORQ4914 VH: . (SEQ ID NO: 14 )
’ QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSVISSDSSSTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARHGIDFDHWGQGTLYTVSS

MOR04914 VL: = (SEQ ID NO: 33 ) : .
DIALTQPASVSGSPGQSITISCTGTSSDLGGYNYVSWYQQHPGKAPKLMIYDVNNRPSGVSNRFSGSKSGNTAS
LTISGLQREDEADYYCQSYTYTPISPVEGGGTKLTVLGO

MOR04920 VH: {SEQ ID NO: 15 ) R
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSSIEHKDAGYTTWYRAGVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARHGIDFDHWGQGTLVTVSS

MOR04920 VL:. {SEQ ID NOi 34 )
‘DIALTQPASVSGSPGQSITISCTGTSSDLGGYNYVSWYQQHPGKAPKLMIYDVNNRPSGVSNRFSGSKSGNTAS
LTISGLOAEDEADYYCQSYASGNTKVVEGGGTKLTVLGO

MOR04945 -VH: {SEQ ID NO: 16 ) ‘
QVQLVBSGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSVISSDSSSTYYADSVKGRFTISRDN

SENTLYLOMNSTLPARNIAVYYCAREGIDEDEBUGQGTILVTVSS

NIL Y IAMNS LEABUINAVITUARSGL UL UnaGLG Lo

MORG4845 Vs (SEQ ID NQ: 35 3
DIALTQPASVSGSPGQSITISCTGTSSDLGGYNYVSWYQQHPGKAPKLMIYDVNNRPSGVSNRFSGSKSGNTAS
LTISGLQAEDEADYYCOTYDRIKLSAVFGGGTKLTVIGQ

MOR04952 VH: (SEQ ID NO: 17 )
QVQLVESGGGLVQPGGSLRLSCAASGETFSS YWMSWVRQAPGKGLEWVSVISSDSSSTYYADSVKGRFTISRDN
SENTLYLOMNSLRAEDTAVYYCARHGIDFDHRGOGTLVTVSS 3

MOR04952 VL: =~ (SEQ ID NO: 36 ). <
DTRLTQPASVSGSPGQSITISCTGTSSDLGGYNYVSWYQQHPGKAPKLMIYDVNNRPSGVSNRFSGSKSGNTAS
LTISGLOAEDEADYYCQSYDSPTRSVVFGGGTKLTVLGD

MOR04954 VH: (SEQ ID NO: 18 )
QVQLVESGGGLVQEGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSVIERKDKGGTTYYRASVKGRFTISR .
DNSKNTMYLQMNSLRRBDTAVYYCARHGIDrDHWGQGTLVTVSS

MOR04954 VIL: (SEQ ID NO: 37 )
DIALTQPASVSGSPGQS!TISCTGTSSDLGGYNYVSWVQQHPGKAPKLMIYDVNNRPSGVSNRFSGSKSGNTAS
LTISCLOAEDEADYYCQSYASGNTKVVFGGGTKLTVLGQ

MOR04947 VH: L(SEQ ID NO:-19 ) ’
QVQLVQSGABVKKPGESLKISCKGSGYSFTNYYIGWVRQMPGKGLEWMGIIVPGTSYTIYSPSYQGQVTISADK
SISTAYLQWSSLKASDTAMYYCARGIPFRMRGFDYWGQGTLVTVSS

MOR04947 VL:z {SEQ ID NO: 38 )
DIVLTQPPSVSGAPGQRVTESCSGSSSNIGSSFVNWYQQLDGTAPKLLIGNNSNRPSGVPDRFSGSKSGTSASL
AITGLOSEDEADYYCASEDMGS PNVVEGGGTKLTVLGQ

MOR05145 VH: (SEQ ID NO: 20 )
/ QVQLVESGGGLVQPGGSLRLSCEASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

- MOR05145 VL: {SEQ ID NO& 39 )
DIVLTQSPATLSLS?GERATLSCRASQNLFS?YLAWYQQKPGQAPRLLIXGASNRATGVPARFSGSGSGTDETL
TISSLEPEDFAVYYCQOYMTLPLTEGOGTKVELKRT

The CDR and FR sectﬁdns of the variable regions in Table 19 are aligned in Table
20A for heavy chaibn.s (SEQ ID NOS:2-20; VH3 is SEQ ID NO:125, VHS5 is SEQ ID
NO:126), Table 20B for kappa light chains (SEQ ID NOS: 21, 22, 23, 27, 28 and 29; VKI
is SEQID i\I.O:127 and VK3 is SEQ ID NO:128), and in Table 20C for lambda light chains
'(SEQ ID NOS: 24, 25, 30, 31, 32, 33, 34, 35, 36 and 37; VL2 is SEQ ID NO:129 and VLI
is SEQ ID NO:130). '
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Table 20A. Alignment of the Amino Acid Sequences of Héavy Chain Variable Regions of anti-DKK1 Antibodies (SEQ ID NOs:2- -
20, 125-126) '
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Table 20B. Alignment of the Amino Acid Sequences of Kappa Light Cham Vamble Regions of amtx—DKKl Antlhodies (SEQ 1D
NOs: 24-25,30-37, 129-130) . ' . ‘ .

Vi

Pastka

SEQIDKRO2Z VKt
SEQIDKOZI 45
SEQRND2E M55
SEOIONGRT WS
SEQDRQZE M55
SEQDDNI2T 47
SEOPNHOZ8 4913

SEQHO2Y 1846
SEORKON  SHS

j . fromenstk §

VL kappa sequences L‘)KK‘I blnders

Franework 2 Fresmanok 5 — v “Homenakd ]

2 T - 3 7 E g - 10

1234551530123(55?380123(557380!h:¢!ll2348678801 23‘55?090123‘567!!9123!551!90113#55709!‘1?3(567'90!23!50557890‘134 587989 .

€ty Bard - - Pt b Sea . A Sxi Dsci By B
pianrelselssisasvoory el Hoaneafearkee iy 'smovr}surs}os[osownu.nssLor[nImmwcTr{ea]oucv € x[n u|

BT
. ,\.‘ "
080TDF1L11$5I.OFEDFAI’YYC Pif OOIK\'E tRIRT

0 1AM TASPISSLEASYODRVY | 1]

ONTQ[SPISSLSASYODRYTLIY

VL TQS P ILSLSPOSRAILSC trieels TR Y Bt RIR T

viaaxiesjahg Rl ity
deeTaselaTesLseOERATLSCH i A vQ A K[P.CIO AR K LL oY Tripalein’y & 1 K[R ¥
IVLTOSPATLSLSPOERATLS ‘ vioaxlp 6o A2 R LJL HYP velooe Ik v € 1 K|R T
HvrralsPATUSLSPOERATLSICAN ivpek/palaarRLlL iy Triofotk v E ) NIR T
IVLTOSPATLSLSPOERATLS viooklraaarRLL iy TERQEIKY £ 1 K[R T
D (VLTS PATLSLEPOERAT LS nhﬁ'aqus HTFmoloTKY £ | K[R T

YRR OK{POJAARRLIL I|Y "OSO!DF’TL'IISSLEF

'TFOOOTKV E 1K R7E )

FEETBU/LOOT OM

LLLOBO/LOOTSN/LDG



11

Table 20C. Alignment of the Amino Acid Sequences of Lambda Light Chain Variable Regions of anti-DKK1 Antibodies (SEQ ID
NOs:)

VL VL lambda sequences DKK1 binders ) ) '
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Consensus CDR. sequences are provided at least iri SEQ 1D NOS:40-48 and in Table 1 !5.

-Additional consensus CDR sequences may be'deter.mincd by one skilled in the art from the

alignments in Tables 20A-20C using standard methods.and methods provided herein.

EQUIVALENTS

From the'forggoing detailéd description of the specific embodiments of the invention; it

should be apparent that novel! antibodies and immunological fragments thereof have been described.

Although pé:rticutar embodiments have been disclosed herein in detail, this has been.done by way of.
example for purposes of illustration only. In particular, it is conternplated by the inventor that
various substitutions, alferations, and modifications may be made to the invention without departing

from the spirit and scope of the invention.
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What 1s claimed is:

1. A composition comprising an isolated antibody or a

functional fragment thereof comprising:

(a) CDR sequences of a variable heavy chain comprising:
CDR1 with a sequence comprising amino acids 26 to 35
of SEQ ID NO: 11, CDR2 with a sequence comprising
amino acids 47 to 66 of SEQ ID NO: 11, and CDR3 with
a sequence comprising amino acids 99 to 105 of SEQ ID
NO: 11, and

(b) CDR sequences of a variable light chain comprising:
CDR1 with a sequence comprising amino acids 23 to 36
of SEQ ID NO: 30, CDR2 with a sequence comprising
amino acids 48 to 58 of SEQ ID NO: 30, and CDR3 with
a sequence comprising amino acids 91 to 100 of SEQ ID
NO: 30,

wherein the antibody or functional fragment thereof spe-
cifically binds to human DKK1 and/or human DKK4.

2. The composition according to claim 1, wherein binding

to DKK1 or DKK4 is determined in at least one assay selected
from: antagonism of Wnt-signaled transcription; electro-
chemiluminescence-based binding analysis; enzyme-linked
immunosorbent assay binding; FMAT; SET; SPR; osteocal-
cin (OCN) serum concentration; osteoprotegrin (OPG) serum
concentration; procollagen type 1 nitrogenous propeptide (P1
NP) serum concentration, ALP production; TopFlash or ame-
liorating osteolysis.

3. The composition according to claim 1, which comprises

a scaffold selected from an IgM and an IgG, wherein the 1gG
1s selected from an IgG1, an 1gG2, and 1gG3 or an IgG4.

4. The composition according to claim 3, wherein the IgM

or the Ig(G 1s selected from a polyclonal or monoclonal.

5. The composition according to claim 1, which is selected

from a whole immunoglobulin or Fab fragment or scFv anti-
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body fragment thereof, a heavy chain antibody, and an anti-
gen-binding region thereof on a non-immunoglobulin scaf-

fold.

6. A pharmaceutical composition comprising a composi-

tion of claim 1 and a pharmaceutically acceptable carrier or
excipient.

7. An immunoconjugate comprising a first component
which is an antibody or functional fragment thereof compris-
ing:

(a) CDR sequences of a variable heavy chain comprising:
CDRI1 with a sequence comprising amino acids 26 to 35
of SEQ ID NO: 11, CDR2 with a sequence comprising
amino acids 47 to 66 of SEQ ID NO: 11, and CDR3 with
a sequence comprising amino acids 99 to 105 of SEQ ID
NO: 11, and

(b) CDR sequences of a variable light chain comprising:
CDR1 with a sequence comprising amino acids 23 to 36
of SEQ ID NO: 30, CDR2 with a sequence comprising
amino acids 48 to 58 of SEQ ID NO: 30, and CDR3 with

a sequence comprising amino acids 91 to 100 of SEQ ID
NO: 30,

wherein the antibody or functional fragment thereof spe-
cifically binds to human DKK1 and/or human DKK4.

8. A kit comprising composition according to claim 1.

9. The kit according to claim 8, further comprising a phar-
maceutically acceptable carrier or excipient therefore.

10. The kit according to claim 8, wherein the antibody is
present in a unit dose.

11. The kit according to claim 8, further comprising
instructions for use in administering, to a subject.
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