WD 2010/ 131185PCT/ 1B2010/ 052056 - 1 - BLOCKI NG ANTI - DKK- 1 ANTI BODI ES AND
THEI R USES This application clainms the benefit of U S. Provisional
Appl i cat iwo 2bip/136185177, 650 filed May 12, 2009, and U. SpcPaBuiedzznsd
Application No. 61/244,638 filed Septen‘ger 522, 2009, which are both hereby
i ncorporated by reference in their entireties. FIELD The present
invention relates to anti bodies and fragnents thereof that bind to Dkk-1
and, in particular, BEOHINEMEdPHEETL BHHEERIENAYY (AGHR MHSESt her eof that bi nd
to 10 Dkk-1 and, even nore particularly to fully humani zed anti bodi es and
fragnents that specifically bind to Dkk-1, in particular human Dkk- 1.

Nucl ei ¢ acids encoding anti-Dkk-1 anti bodies or fragnents thereof, as well
as expr essi ohis applicatioardaihtssthedenedit ohoBp Pratisiogaltt Apgeations INo. 6141 Y850 or

br ovi adueaMApaRe 2 BREEaNT D a5 PiavisiBnar ArdiiaioadNe. G B2 MR Ed SegtetBer
cormgr i inagobenAlt ABHIN Hefetly AERIY SIS @renbe WiMdiryRRLiey) are al so

provi ded. Further provided are methods of treating di seases, conditions and
di sorders, such as bone disorders, which result in a |oss of bone. Mthods
of treating or preventing a | oss of Qgﬁﬁéfass, met hods of i nducing

i ncreased bone nmass, and net hods of i ng Wit activity are al so

provi ded. 20rHRARKESEAINR ention reldYesStoddftifrfiésbed BAgmentPirrirast thatbimd isl to
and activate a receptor conplex which includes | owdensity receptor rel ated

pr ot ei rDKK-RFEBIG)in Padtiey|pr APdrpabizedantibosieyand fragmeatsdthereof thal bind 6s)

190P55)0 B4 i S Rt ety R pigee B s T e s et
It has dpeefficallp binasteDkiral inVigdrtitiRED huegnl Bkied . INudeitagidsaencoditptinti-Dkk-1

activation of the Wit signal i ng pathway | eads to accrual of bone nass.
Boyden,antipgdies @r fragroenis Neegll. asnall 32%: exargssign veciors | and Rhest gellg)
(2002) 700 A1 A; 3 : 1) i-Dkk-
07: s1dmoRfioiee Muade Saidiipr el aplormlingit Eroresei br Ehli Qi

i ncl udantibodEsedrarpre@ddéds Alsohpawidad ke fione aDitkelk) agdintan, PRarmaceltical

2003) N Engl..J Med 349: 2483-2494. . The high b B h
CbdBs ) PTRES RS COmRESNG a4 dBodieh o fBomeR eRt Ph e Ma Ton 378 2595
71V)pr0\\/\@eapmfrﬂ={é¥?ﬁg\ﬁ@$6%Qﬁ&h@é@%@rea@n%oﬁ%le:sﬂ%miﬁiéné BBeq ddriéns, of

(GL
Dkk-1 to bind LRPS. ng, Y. et al. (2004) Bi ol . 24(11):4677-84.
The crisuakadshgine disondersiyhidh repulhirbendossoofeorng abléthasse ofriceatingmekes

nor eadtiva i KEE of Benk Prbb: P RbpcaL MAETE TnifbaSBl ot e Tt

bone f ahamioderdbf MdUting Winteefiviesanalso provigé@ase in bone resorption) would
be advantageous to the patient, including, for exanple, by reducing the

nudBer of fractures that occur, e.g., as a result of untreated

ost eoporosi s. W2006/ 015373 (USZO%Q(%@@_!D& scl oses anti bodies to Dkk-1

to treat various di seases, includ rders. US2008/ 0193449
di scl oses Mn&hardsdereses goaoproteimg tHatkind wbhiarhl activdieta becebtog comphiok- 1

ar ot h, WG BOSsS: DRHSTEERISHAG SR aRpitiod BESYEH aH daeFiey BigRens

ooy SN O, SPREPROLEE| 0% JoumENET SfoSBE 2,8 e BogRG08"R

0sP80bl(2903¢ Dentalopment IS 22 pb 28V s¥@dS esand dhichistairgnis. lar{@000) Nature 2000
407(6803):535-8.

It has been disclosed that Wnt/LRP5 regulates bone mass and, that, activation of

the Wnt signaling pathway leads to accrual of bone mass. Boyden, L.M. et al. (2002) N

Engl J Med 346:1513-1521; Little, R.D. et al. (2002) Am J Hum Genet 70:11-19; and

30 Gong, Y. et al. (2001) Cell 107:513-523. Wnt signaling is tightly regulated by

antagonists, which include secreted molecules such as Dickkopf 1 (Dkk-1). Tian, E. et

al. (2003) N Engl J Med 349:2483-2494. The high bone mass (HBM) phenotype

observed in humans was found to be due to a single point mutation in LRPS (G171V)



15 di sorders, such as osteoporosis, where such increased bone formation
woul d be advant ageous to the patient. SUVMWARY The present invention

rel at es twoantiBosses and fragnments (e.g., antigen bi ndiPeg/IBAA0/pI20sd oNns)
thereof that bind to Dkk-1 and, in partjcular, to humani zed anti bodi es and
fragnments thereof that bind to Dkk-1 arfd, even nore particularly to fully
humani zed anti bodi es and i mmunol ogically functional fragnments fragnents
that bind to Dkk-1. The antibodi es and fragnents thereof antagonize the
abi | i t yhat inbituits1 theo abiibi Bf Dkt tading iltRP 5. TABaRG Y betiaés(289¢) Mol Cell Biol.

i rmunolzgﬂi] ffﬁ%}ﬁ_ggncti onal fragments thereof antagonize the ability 25 of
Dkk-1 to'iniibit "'the Wit signaling pathway in bone with a correspondi ng

i ncrease i n Taneriticas sole Di§Vatrgighalthgeia bame formation agd bahkeygrowtre triakes Dkk-1
fragments thereof jnclude antibodies with a naturally occurring structure,
as wel 12 HSEHbI3FBRDI dRe UieRimeRkbYdigfagh PHePNBeR] W@eﬁ%ﬁ’ﬁr%%@? gSteoRIgSHE n
ant isbodyqkiyitg Ne; igdi n gm;d}cH iC Chhona r gof
caanedéluC)tsl\e”éJt gln?t%las?ea %ﬁaeﬁ‘ydsof I ssgg’seﬁclr%%é;léé{]t ?%ﬁ‘g laf.?l @E%Eg\?\@gé%grg

i ncl udicugresspordingeineréase i oneosasarptitrnwoukss e sdeantageoss doptireopatentThe
ant i bodi es and_i munol ogjcal |y .functional fr nts .thereof can al so be
ised t dEPERG. frBEtEue) Y Tessinadie opiihes S dGELres g AU oS QecahadeyUbone
loss,  ighhtated85RobBESSIE.EPUDDOOBI0N 5373 ANS2bbENd 28938 PdistiBse S SAlBb@es to
chronic treatnent with corticosteroids, W 2010/131185PCT/1B2010/ 052056 3
- aronddlded torirgddiviesioys diseaseisansluding doneatiserdeTsz DSIS200800 53449 disclbses

ani Poodt BLodie PKERP GHEICHY bahelfaPhidl BERMG S B8R 1 1o, yRRS PiPhaliots, o

one or dopigridingRUck Raitibotie) for GNP EARTY BbhE Ygra@tier ahdicBepolions scdribising
selected fromthe group consisting of: (|£ a CDRL with at | east 80%
sequencdchdnibpdigstier tsealingbaee disprdgrsisucy asHsieqpemesist | east 80% sequence
identity toSEQ.I 4, ! PR3, AT g%‘?ﬁiée )
identity to SE |‘1§”1‘|§%S%%;”e%8’?§§r ,8%%' gtr) nor gwﬁggvidecﬁgﬁﬁg% %%;VQ Bk
conpl eramtitvity,i thyerdby eincredsing regeaiasticCRiRSiyitgelte@ctteat tiseasede cgnditipns and

consi sting of: i) a wth at | east 80% sequence identity
oqéEQd'ﬁrﬂé‘S’3WCM§%PSWPO§?%§, & Sygh H”%{?aﬁ%‘isqo%%%%ﬂ%hd’%mﬁge%i ty
to SEQ : (tii) a COR3 with at |east 80%
sequenceleolgiab’feg el%t%;?q?éﬁeégaﬁ%m 34 or 52; or 15(c) one or nore CDRs of (a)
and one or nore CDRs of (b). Such antibodies and i mmunol ogi cally functi onal

fragnents thereof can specifically hj k-1 pol ypepti de. Some of these
anti bodi es and i nmunol ogical ly funcgl‘-@w

The present invention relates to antibodies and fragments (e.g., antigen binding

70

20 portions) thereof that bind to Dkk-1 and, in particular, to humanized antibodies and
fragments thereof that bind to Dkk-1 and, even more particularly to fully humanized
antibodies and immunologically functional fragments fragments that bind to Dkk-1. The
antibodies and fragments thereof antagonize the ability of Dkk-1 to inhibit Wnt activity.
The antibodies and immunologically functional fragments thereof antagonize the ability

25 of Dkk-1 to inhibit the Wnt signaling pathway in bone with a corresponding increase in
bone mass. The antibodies and immunologically functional fragments thereof include
antibodies with a naturally occurring structure, as well as polypeptides that have an
antigen binding domain (e.g., domain antibody). The antibodies and immunologically
functional fragments thereof can be used to treat a variety of diseases, conditions and

30 disorders, including those relating to a loss of bone mass, such as osteoporosis. The
antibodies and immunologically functional fragments thereof can also be used to treat
diseases, conditions, or disorders relating to secondary bone loss, such as, bone loss

resulting from or attendant to, for example, chronic treatment with corticosteroids,



fragments thereof include one, two, three, four, five or all six of the
foregoing CDRs. Conservative nodifications of the provided sequences are
al so prowded1o/30BRe LCs and HCs of further provi ded antCihaB2oae0zosh

i mmunol ogi cal ly functional fragments t_hf[eof have at | east 90% sequence
identity to the foregoing sequences. Further provided are anti bodies
and i nmunol ogi cally functional fragnents thereof that have a LC in which
CDR1 has the amino acid sequence as set forth in SEQ ID NO 22, CDR2 has

t he aniafematase JuRitareeondhigeelidinethipnes GED3)Danorexia ahgroe losR3eleted 1o
the am o % in SEQ ID NO 26. Furt her

provi de ggéhgﬁﬁﬁﬂg@ir%? g%tggla&rﬁh%%gi cally functional fragnents thereof
that have a $#nenofmMihe hartbidtiidsasandhéurmtional dicigiherts uttecsofathat etired rrovided
SEQ I D NO .30, 49 or 50, CDR2 has the am no acid sequence as set forth in
SEQ I D! Ud82 or 51 and/or CDR3 has the anino acid sequence as set forth in
SEQsI D NO 5 ther i i LS ARG aqi

i rrm?nol ogi cg(#? ;Q/{ " uﬁ%tr?cgr%almt rﬂ?ﬁ%gggytcﬁgﬁ)e%?%{] ﬁéﬁty E%\%@@n@% Iiersi; I%Si S%Dgéﬂu
has t hesededtad frac thesgmpuprooasasingatf: forth in SEQ ID NO 22, CDR2 has the

201 0 sequendd HEBEE: M A ieas] Bbihfasaaee 9entid SO Nowden wo o
2010/ 131185%?@%@@2%%@5& 8o sSBfinCaRkich e BBEQ 1B0d: 2adHgRCe as set

forth in SEQ 1D NO_ 30, 49 or , as the am no acid sequence as set
forth in SEQii)p QRR33zithat BashBdlccrequeRrse fidentinto SFChD BE):26equence as set

| miinol ogi caP? P PEnaRary st s S Rtletin G SRLIRRHS s ORsLor

has t hesepsate® fraen dqeswg.pm@msmmﬁeﬁ; forth in SEQ 1D NO 22, CDR2 has the
am no acid sequence as set forth in SEQ ID NO 24 and CDR3 has the am no

aci d sequendd &S DEek with @t teash 88keqyaqoe identity e SEQUD iINCWR.AP @ has t he
i id t i 5 th
o ho aci d Jops SR 3 leadadhe sBaligd ey HEAipNoge g AR, Lo°
am no 10 aci(ii) aeQDR3oritaat leatt 80%tdequenSE@drilitiN@ SEQ [ N&2.34 or 52; okl so
i ded ti bodi i |l ogically f i | f ts th f
B nci uder o0& T Dare GaRe SUHE) NELPER Of MOre KAIRRG! B).| east  80% sequence
P dent ity e bhtiBdifies AL SR URSoGEAIY Ridcloha bﬁ)cs'\@er]é’tﬁ;caﬁﬂbépé’ciﬁﬁll\/adih@blte

region (VH) having at |east 80% sequence 1dentity wth the sequence”as se
forth ian [BEQ1I poNDeptde. orSqrog af 1besd afitinaaiesarahdvHmofiur{diggically funétical

i ded i bodi. d_j Logical | y f i onal .t her.eof
Phat antdh e Eaherl aFRufe e TP tgeviour 4151 oL 8B obYReBTRuAED TR 1 ¢,
with the sequenapvaiesbdiieationd of tRERrbWdbPsedlentsl dReal¥biphaided. | east 90%

sequence identity with the sequence as set forth in SEQ ID NO 28. 20Al so
pr@di ded ar elentCecicesiGanef fuithei dirogredianyibpdiestanshimmunatpeicsally funelians

t hat ar ! ' r I ¢ t S o jdentity
wih ¢ nphraifeled bl o el e slfielioe BBy QAR r ORI RALS IR act o5
sequence i defirtHey protibed ee sa0bEdIes aad igehuriclogitallnfupicohd) PEImEds thereof

Al so provided are antibodies and i munol ogically functional fragnents

t her eofthahayg e G icwhigh @D/ h%&hemlm@@éagm as sskforfiipt$ERADIND: | D

NG 20 AN RS hyl tﬂé%nﬁiﬁ@ ooy cBSs3& 1ok isER ﬁ?ﬁd:?@%d@ﬁwm has |

Sonme of the antibodlies an nctional fragnments thereof at are prov

ha?é a th€antiab acahpeduerxeds sairfortls irs SEQ thélGrr@tho aci d sequence as set
forth in SEQID NO 3 r SEQ.ID,NO 42, and/or. a HC that conprises, or
consi sts of tLHE‘e&rHr%g%@ia&e @8&9%‘?1‘_8% 3@6 '5@%@'09'8?%&”&“@&%fﬁrg)'“ﬂﬁi‘tséﬁeﬁﬁf’fSEQ
I D NO A8 have a HC #PWRIcH CDRE 194Y HOsHh B A0 sbHOEREL B sel IRFMRMBBQLIDEKERT

that are provided have a LC that consists of the amno acid sequence as set
forth 130,981 SONCDR#ZBhas treEg@Mim acid sequence as set forth in SEQ ID NO: 32 or 51
and/or CDR3 has the amino acid sequence as set forth in SEQ ID NO: 34 or 52.
30 Further provided are antibodies and immunologically functional fragments
thereof that have a LC in which CDR1 has the amino acid sequence as set forth in SEQ
ID NO: 22, CDR2 has the amino acid sequence as set forth in SEQ ID NO: 24 and/or

CDR3 has the amino acid sequence as set forth in SEQ ID NO: 26, and a HC in which



WO 2010/ 131185PCT/ 1B2010/ 052056 5 - NO 42, and a HC that consists of the
am no acid sequence as set forth in SEQID NO 36 or SEQ I D NO 40.

Furt her pwovhdedimse anti bodi es and i nmunol ogi cal | y funeCiranziiohiagsrent s

t hereof that can conpete with nouse MabJCl8 for binding to Dkk-1+ cells. In
an enbodi nent 5 the invention provides a humani zed anti body or a fragnent
thereof, wherein said antibody or fragnent specifically binds to human

Dkk- 1 anth wherein the CDRs of the LC variable region éCDRl, CDR2 and
CDR3) dpldR¢ Héascﬁjﬁsaramqaréd PeIvenGe®$ et iopihdn SRR, NGDRO, 4% 8r EORGPHADast he

foll

oot dhd. difina%a a6 e ERHE M Se CRANMCSEL 1D 102351 8Y affaidr CBRY hagife
(SCEiQHICEariEﬂ@)oa?bzd seajmer)celc%@N%(fSE@m?ngD:Dg? B0dr62ii) CDR3 (IS[E)QNIOD yg) Orze)-
n y |

?1) and (ii ?ﬁﬁbﬁwr@ﬁﬂ@dl BracRNtROdies 5@73 mmu%o'@a@auﬁ M?@tl@?@'aﬁ@sments
pro;;' d%e@eotﬂwm% thh%@lgh DR h@]QQH%KPn.ﬁJ@%%%Pée u/é?ﬁ@eaéﬂsét%ﬁh%§é@dy

ragnent speci binds to umsm ant |ge wherein t
conpl entBnN&x:i23; @R hassutlmg aneigd casd (s@DBence:stetnfd)rm[]RBSE@f IDheOLR24 and

bl th | tarit te .. . d
CORa). SORAAREAR 268 SRR HE RS S EOTBIT Shchi AiPneSadnds Sdlamdug:
LC ( I )CORRINdsTh@ drﬂnU@c@gbquéhdé a$BEforRER SEQ NS NG4 B0 aangl of | 50' Q:[ﬁ@?ﬁaé SEQ
ID NO 26); and HC. (1) 1 (SEQ ID NO 30, 49 or 50) E}DF&&]

NO. 32 tbe amiino a@nms?qmencemet(fgﬂtp inSEQ IRNO332@r $2e)nd hes tlﬂenemlno

bl e the h | GKV3- 11 m
(- denctd SR ATRGRER T S NG PLBLRZ: on-al 50 brovi des a hamani zed
anti body or mshrmeviest dreeasfodiedendi imraahdlogithilpadyctnal fagmstts thereof
specifically binds to human DKK-1 antigen, wherein the conplenentarity

det er m\Mh'ﬁQ InEdden@) edsryariepioregian aving ehleast80% ﬁ@%ﬂl@%'dﬁ@myo\ﬁ't%nd
th t

vari bl B° ReHRsAbE 2 S BRA Y e EINGR a0 8 HEC Vg rEREH 0 halfnd e
| D NO 1823t 8q%igeqUBRee (i @ity Kbnﬂld%e%équ@nde(as $ot fOMR3N (SEKY IDINBO2826) |(claad
HC. (i SEQ,I D 30, 49 or 50 ii) CDR2 (SEQ ID NO 32 or 51),
and5gl ?V')(;D%i(?”ggé(bqf No 34 or 52), )I n(vvhl)ch the(vagl abl e domai n )
framewor k OfAlwg%rb'@dEB“ér% 5&.6 éﬂég‘a”m?rﬁ%ﬁ%w lc%?y 96hEHIna¢ fﬁa@?f@%f!ﬁe

singl e back nutation nventi on also
provi débaharmrsunllarem atmuctbosd)bubrtha Yl d@seatt Ietasérg@% saqlulenee ndstatutyl with ithedy

or fragnent eC|f| aII d antl rein the. :
corp! o mERLEPEE FSaat it 1 B Ty Ny SRR WRER nffeRs-d e dgentiy
vari ablmHNHeZ&&QJel]%éJa%%%@Té&rBﬂrDSQCP@&@ 286 - region and the

conpl ementarity determ ning regions (CDRl, CDR2 and CDR3) of the HC

vakPabl e redhon pravided neref antinslies) aagh Immamleg icaliy dunetional dragmenteiikereoSEQ

ro. (1) ebaRe cbis B Rerile b e o8t [Saehbr Sebto iy it 158
and (i igequehB8 acSeRfdrth M 8BQ BAND: XPand the Whi %13 Iahl@asmiﬁ%téei]ué@ﬁall@entlty
framework of the LC contains the human | GKV3-11 germline framework and

| GKJ4 e Bie sarvanse agagatdomtle ikl P NQidSwor k of the HC contains the human
| GV3- 07 gew*sggﬁt klﬁ@ﬂﬁéﬂ%r 5ntqbétiot|& %Paglhﬁngr%% Eﬁﬂgtfbr’i’é‘non'gm Qghtents tAELof

| GHJ6 region er provided are fusion pro el n conpr|5|n one or nore
f r 2gmentisicloinclaede and. that bbs ttihe saquermedase setoforthhie SEQ ¢DtNON20 bnddhe VH has

enbodi nent _a fusion ept ryi ded that conprises at |east 10
cont i QHEG§98H?'H%9 ﬁ%lsgg %& 'B#@@M‘B 2%1 e region as set forth in SEQ ID NO
20 and/or atgdRasdy tH@aﬁﬂbé‘tﬂe@‘éhg%ﬁétldn%?fr'a‘@m‘éﬁfé ot tRgt 8 FOVRRID AU 1N

SEQ I D NO 28. I n anot her enbodi nent, "the fusion protein conprises a
LC var ildbthatoogipiseaorconssss obhhteramlnomgi enwEmce2as aeldodh ia SEQ MaM@bB®

t,~f | t her. t th f
ol ypert eadBnit 22 Yaiiong Acoiet Shmored PicgRbisER P e Tline. o ShRfas i ¢y
deer Mgy it f60IPBEQ EPRO: JEbesEed D Non4iphe group consisting of: (i) a
CDR1 with at | east 80% sequence identity to SEQID NO 22; 20(ii) a CDR2

with at | easBosmpkiguanidodierand fyngtiongEagment thGOfaﬁhét are provided have
a LC that consists of the amino acid sequence as set forth in SEQ ID NO: 38 or SEQ ID



(i1ii) a CODR3 with at | east 80% sequence identity to SEQ ID NGO 26; or (b)
one or nore heavy chain (HC) conplenentarity determ ning regi ons (CDRs)

sel ect ed woamot3e18§r oup consisting of: (i) a CDRL with &CTIhBZE0/0B056
sequence identity to SEQ ID NO 30, 49_%[ 50; 25(ii) a CDR2 with at |east
80% sequence identity to SEQID NO 32 0r 51; and (iii) a CODR3 wth at

| east 80% sequence identity to SEQID NO 34 or 52. In another enbodi nent

t he fusion Brotei n conprises HC CDR3 (SEQ ID NO 34 or 52) and LC CDR3 ( SEQ
| D NO N@) 42| andrdlhdhabaprsistaeaiithe @RENe @sichpepiancei 3d & FthsBsSERdDINCrror e
ant i bodg6e rgé@@_) h@e 4i0nventi on and an am no acid sequence to which it is
not attached I'n the native nolecule, such as, for exanple, a heterol ogous
sequence or Fotherqgovided ene antivodies mnarining@tologigaibnfunictional feagroentsehéreolie

revcrolpaeus, scauerce 1< o L2 SElC 9 Leglor LA aE 2oy O e ol el
| m"”fSlnF"tH@' ﬁ%hﬁ(orf upetigesah ﬁrrﬁgﬁﬁ% Saﬁt'ilfdosf%r COY ﬁ’tdtﬁé?eﬁf‘ \ﬁﬁlétl‘étti)% t| fid

facilitates coupling to a so support. Fn an enbodi nent theé ant
and f r antibotly drifeagroéntaspediiicatigdinds dm haigeart Dkkat ahtgen,i waerein tuuflDRg ofo a

SA 5o dhEUaiarabie BedPn R o a2 of BB Y, te (iR i R bl
t her eofrebiorm@m @DRebshd CORGSHve the f@lﬂb\ﬁiﬁ@‘%ﬁﬁi%fﬁcid Beqlidesi 41t RBERIn | S

a fluoreSce nol ecul e or a radioactive nol ecul e. he vari ous

ant i bodheanihady emfragmeiit canispnipgte twithenouse AdakE 18 fardriedingttp dikkat ‘ecells:

P dBor T PTG PRG SRR I P L2 10, COBRERSERS 30" G4 S BE TR, SR HATEL "
that ar®e)pasd HEEdi) DRI SEGID N® 3003925050)! (i) GDRIESSEIBIDEND: 32MorNeand

enbodi nents, the two LCs are identical to one another; and/or wherein, in
sone e GDRAMSEQ MNQIBHRDAr e i dentical to one another. The antibodies

that are prmfﬁ&ggﬁ@%%ﬁgﬁggiﬁegﬁg@fﬂgﬁﬁ%l iﬁgg?i’&téggﬁ_grﬁﬁmtlﬂe Wherein

anti body, a umani ze e 1 munbl ogically
15 f undddie readtibbdagore iagnuent t $pedifically deddsirtdi bhodiaes Dikig 1 | avatigethe , wihereirartiee not

Bl RIRPIERENAIY RGO heraipes (IR GRS BTsbRgDERt Pache: bl Wit
about é’lg M 8hd 'tﬁ‘é%omrg)lemeﬂt%r?t’@?b?érbhir%gg@gfo%‘sﬂmkﬂscwghﬁmbhggioéstr,mef

anti bo s and fragnents thereof are a rovided. Some nuclelc a
exanpl &jCevrar@ate aedion CReninehfdlbeirgranunaciol 26qseteesndd ad) SEIRT ¢BER i

ncode G22I ol e 152 il Gorh el VBT 2gheme BRI T

can spqsHEQ IN®: Bondg arBoy; i) WHRRESEGID NOMB2 Bt B 8ndgiifSDRINSEAD! €,
encode a HC CDR with the am no acid sequence as set forth'in SEQ ID NO 30,

SE@O| D N 34201092)siEQWhicNthe sariakjastonngiatfrarnewericotite LORC@naipgdsedman

anti bo J i call i gnal fragment thereof that can
speci fﬂ?ﬁfﬁ@igﬁﬁ%ﬁh%ﬂ%@%f@é’dﬁ@%bmome enbodi nents the nucleic
aci ds conpriFe PiveatinsBo bvidesentanarizetaintiondpdes feagrhemntiersof awherein
region of an antibody or inmunol ogically functional fragnment thereof

wher ei rPaithen{iPody soratrageesyt siegjficatiy, bindsster NomensBifehcantiaedntwhereld thet he
sequen i - Ry h % ~809 %
30 or g@ 0 s%ﬂ%@%écrgyi etgﬁﬁni/ﬁm%loﬁ %e( seqL’eg;c%kbs?ﬁ ?r[%%gf E)tf éE% ‘I)'% %a@%.
| n 25o0nwegivnoanartmd £otriptementaeity detardsningckegivasaCiHRUeGOR2 hat EDRBY et the VL
that c ri ses or consists of_the sequence as set forth {n.S
b or RCCATRDIR Eed A e bR DIAWIG ARG corth sEaken s et Rt (BB O
sequenqgnas2$¢hi) EPRAYSED IBAOP2N BN Gii) CORS IBANO: 26); and HC: (i) CDR1
2010/ 131185 C%)lBZOlO(/ OE;)QZOSG bpan %”) (ﬁQ ), an M
(SEQ ID NO: 30, 49 or 50), (ii) CDR2 (SEQ ID NO: 32 or 51), and (iii) CDR3 (SEQ ID
NO: 34 or 52), in which the variable domain framework of the HC contains the human
30 IGHV3-07 germline framework (with single back mutation: R100 to T) and IGHJ6 region.

The invention also provides a humanized antibody or a fragment thereof, wherein

or

said antibody or fragment specifically binds to human DKK-1 antigen, wherein the
complementarity determining regions (CDR1, CDR2 and CDR3) of the LC variable



8 - enbodi nents the nucleic acids include sequences that encode both a VL
and a VH with the foregoi ng sequence characteristics. Furt her

provi ded woeopaidyrsscl eoti des encodi ng any of the fol | owpogiBLeE)/03zikabIC18
or its variants shown in Table 4; (b) aeefragrrent or a region of antibody 5
huMabJC18 or its variants shown in Tabl (c) a light chain of antibody
huMabJC18 or its variants shown in Table 4; (c) a heavy chain of antibody
huMabJC18 or its variants shown in Table 4; (d) one or nore variabl e

r egi on("égionr and dh¢ corpipBEN@riiCdgterayiting sagions NEIIR1L8CHRS aad \alPRanod teéown

i Tabl f PPN iy i
cbres e Narldle, 0880l R heSHafofnd, Aftfing iy sbll&fcos. Ttf- (), CORPISER R |
h %‘bﬂ?ﬁo Fe2pi(eoD U (GEQUDTIOCES) 2t @108 Rﬂ‘?]&%a”ﬁﬂm?é%&f”mo DRI i
u rom nti , nereln no aCI
ey e (B WNGapofo e bl s 1 (RS sl IRNe: 33160 B Bhc Qi ke SE 15
\ d
T8 i ol Bk &r¥oy y@éﬁ“ﬁ'ﬁ‘?@ﬁ%@ﬁé'QL"'EY*’W@“% LeNGRafs L IUA ¢, |
E, R Q)GND’3 d)ﬂ germ(mQa fr@DRaWdrkfaruiﬂGJSJct hfeglomamﬂ thetvaniatle HoldabyCagewankeogi n

' ' 27 d/ is D d/ i nQ. acid
ba1 | s 1P HHC Soriins i RerfBhoBining gt iR sivoly ERoKIMEBSITS G
or Y, arfi®fo RThR® IGHUE rdgibni S 1 or L, and/or amno acid S35 is S or A

6
and/ or am no acid F36 |sé§ and/or amno acid 137 is 1 or M (k) CDR
|_2 f r om t he Rurthsfr pawd@d)@ye ﬁmomemsm@mmsmmm@r awire fiegmnends @r seginns

Va0 S h8hriPeiesal A8 hiedlih, In At prbddments dRianDelyneBliGe I isfodded
A or %aﬁé&hpﬂs@ﬁaﬂl@a@ﬂﬂd cﬁﬁ%uwsl%mlno beid¥Vof e LCSvariibié esgieniagseddorth E97
is E or and/ or amni no 8 is Vor and/or amno acid P99 is P or

W and/'BrS%@ﬂF’?oN@cQQ Putior pslepst 60 miop il of the G ovaEibls Tedian 26 spt farthyr
L; (m 'F‘h‘srfﬁ g% omthe LC of antibody huMabJCl8 or its variants shown
in Table é n) three CDORs fromthe HC of antibody huMabJC18 or its

vari ants shdwanathdradrnbodimednt) thiehfusionGBeif comprises L0 @ndariabiee redithiRas fsedm

antBbodgE s S Iy ey 20, sckar oo ol regipn 25 Set fosly jhGece o s 2s. "
conpl ement any atn%tr?é?'yebrﬁb’c'ilﬂrﬁé‘r'\? 16l RushAH So?s@;g%c@&meﬁse%ﬁ@op@w? ded.

Pol ynucl eoti des can si ngl e- st randed I'ng or antisense doubl e-

st randdd) I'@hu Qh’mn KeCDiantpjementarity catigrmoiningy nediens c(pDRS)RBBlemeldefmheﬁhe RNA
nol ecul es i ncl u e HnRNA nol ecul es, which contain introns and

cor r espBAYP tc8n§'8§5i\9\°1;rol ecule in a one-to-one manner, and nRNA nol ecul es,

whi ch do not (}Cé)@tmmwitﬁta"t%t 869@!;&1@?% |§@ﬁiﬂlt&_ do SEQIDNOH2NY Sequences
may, but need not, be present WD 2010/ 131185PCT/ 1B2010/ 052056 9 - within a
pr 80i ded po|(yh@@%2wt@ atdaast8QPoispauenes deastngySEQUP Ned4hand be | i nked

brovi ded whi 0 2R REHT L BH8PRA% JFRhERSE ety fo SECPIT REE AT 0TS Seguence
that enppdsse asr iirﬁtirebﬁéalvy)rchialrIDOQH(B)Ofmoh’imémeﬁﬁarltprdétéb'mm‘fg)rregbné CORs) ant

of such a sequence. Pol ynucl eotide variants can contain one or nore
subst i tSpleQpd frogytne 9reNe, CO(H‘éISé'f‘Q(ﬂﬂs and/ or insertions such that the

'””“”C’reactnm% %oH1 Witk a? ﬁ%’Q &@%uﬁ@nﬂutzfteggb(?’?/ﬁ‘ %t?t X ']%@‘t' ve to

a native i noreactive m) ecule riants pr gast
ab@st 70%|c(ema|CID'R2 mmhheatpeaﬁtéﬂ%Iquaend:eemiehtltytmLSEQG%N@eﬁledrysn Bsnde

f bl bout . 90% t % 10j tity t
2 pol ynucl eotd ad-Sauentet Ensl s8ssensd iGamE SR BN 0R 1 on * °
thereof. = In anbier é‘r\hBB&i‘n%ht%hé%Qbﬁ‘ﬁr@t%“ﬁw eoﬁawﬁsa@m@mwse@ Iy N34

am no acid sequence of humani zed anti body or a fragment thereof
conpr i L) amd)L(?aﬁ‘eDBfr} (SEQelD_m sel ected fromthe group consi St ng of

o0 ui i e it & BBRim it U DT BroE bbb B st i afiftoodied e

wi 30 atthéeiﬁﬁéntﬁﬂi%aﬁéwmnbd@él@léeqdem@ﬁ@ WRIchGt ig6iot(Sttadhiee BY tHOhativE
CDRs selected fromthe group consisti (i) a CORL with at

| east GUMLEEIGUSHIER a%ef@flq)sa”ﬂ@eSEd“Pt@rcﬁ@O@ seqgerge 90:haraelpppus, SEORENGE t h
at | east, ROAHRAURINESH.| 36 U EMobBinrs thB Nterclbg@ls Bdquéitd is a tag selected

from FLAGtag or 6His Tag.



(i1i) a CDR3 with at | east 80% sequence identity to SEQ 1D NGO 34 or 52; or
(c) one or nore CDRs of (a) and one or nore CDRs of (b), in which the

vari abl e wormaio3irsanewor k of the LC contains the human PGKYB201d/05peFa1l | ne
framework and | GKJ4 region. 25The mven}l on al so provides a DNA nol ecul e
encodi ng the am no aci d sequence of a humani zed anti body or a fragment
thereof, conprising: (a) one or nore LC CDRs selected fromthe group

consi st i ng of: (i) a CORL with at | east 80% sequence identity
to SEQ 1D N@\'SQZPFOVIded are antibodigs png igmrenQliPgi¢aly fv@%tanasmgr&méﬁbereof

i dentit I | SOUR

| dent i tc%ém @%%8[48 %gengéat?%?htg% é()drl}p#ﬁgggﬁ%%@érté? ed %gger%at he glﬁgup

ggnsz;tani@ggfes and f@gﬁmﬁsmemcﬂtar}adm%tggaﬁe;ﬁymm(tlaaﬂ gmnltéatbs ¢Cmng% thBa %
or CDI% east sequence identity to

32 or @"dmpg%'@@ﬂcﬁ @B@BE%QL@&%HW%@%%“@W avigin. j ) )a/. CDR3 wth at

| eagt 80% s

of Ca) and aned g7 o8l s dnfifbaiesiahB MrpuidioBleahy tufts 05@5 Gty TRERE

of the lifGedotat ai labeling dgerdn IIrG-aVBe@r?bcghmeht rtbeflabe’mgardgeﬁizmmm s‘lumgeﬁ:elmack
mut ation;, R100 t egion. 5The invention al so provides a DNA

) d | 6
nol ecuIrB°|§ﬁH|§oqrrﬂ;rq(i\%§§W?H”8G—%8P sequence of a humani zed antibody or a

fragnent ther rfé)flarlmﬁﬂltﬁjd’@b aﬁé‘)mﬁﬂﬂoﬂf&é@”ﬁuh&&@?&a@%&% eserebP R Ree
group consisting of: at | east 80% sequence

| dent i tRrovidegraniincinde asingle LC or HC, or g snnpleavmme Vightrdemaineand/oBagingle
SCSHETS BT DSBS BN diofR g, Rt Lefatoi0R:,

t he grauwe cOssInkilormgveOHCs wherein, in some embodiments, the two LCs are identical to

one another; and/or wherein, in some embodiments, the two HCs are identical to one

another. The antibodies that are provided may include, e.g., monoclonal antibodies, a

human antibody, a chimeric antibody, or a humanized antibody. The immunologically

15  functional fragments of the provided antibodies may include, but are not limited to a

scFv, a Fab, a Fab’, a (FAB’),;, or a domain antibody. In an embodiment the antibody

dissociates from a Dkk-1 polypeptide with a Kd of about 100pM or less.

A variety of nucleic acids encoding the antibodies and fragments thereof are also

provided. Some nucleic acids, for example, encode a LC CDR with the amino acid

20 sequence as set forth in SEQ ID NO: 22, SEQ ID NO: 24 or SEQ ID NO: 26, such that

the encoded CDR encodes an antibody or an immunologically functional fragment

thereof that can specifically bind a Dkk-1 polypeptide. Some nucleic acids, for example,

encode a HC CDR with the amino acid sequence as set forth in SEQ ID NO: 30, SEQ ID

NO: 32 or SEQ ID NO: 34, such that the encoded CDR encodes an antibody or an

25 immunologically functional fragment thereof that can specifically bind a Dkk-1

polypeptide. In some embodiments the nucleic acids comprise or consist of a sequence

that encodes a VL and/or a VH region of an antibody or immunologically functional

fragment thereof wherein the VL has at least 70%, 80%, 90% or 95% sequence identity

with the sequence set forth in SEQ ID NO: 20 and the VH has at least 70%, 80%, 90%

30 or 95% sequence identity with the sequence set forth in SEQ ID NO: 28. In some

embodiments the nucleic acids include a sequence that encodes a VL that comprises or

consists of the sequence as set forth in SEQ ID NO: 20 and/or a sequence that encodes

a VH that comprises or consists of a sequence as set forth in SEQ ID NO: 28. In other



(i) a CORL with at | east 80% sequence identity to SEQ I D NO 30, 49 or 50;
(i1) a COR2 with at |east 80% sequence identity to SEQ ID NO 32 or 51; and
(iii1) a CbBRow/Bmsat | east 80% sequence identity to SEQPCDIBEDIO/B208r 52; or
15(c) one or nore CDRs of (a) and one oég nore CDRs of (b), in which the
vari abl e domain framework of the LC contains the human | GKV3-11 germnline
framework and | GKJ4 region and the vari able domain framework of the HC
contai ns the human | GHV3-07 dqerrﬂlne framework (with single back nutation:

R100 t &¢Myodimgentstirsnvdgicacidorhisle spomencen thatsncedenaie e Ml BRA en¥Hewilin e
encodi r{getf&% gmg@e(ﬁfepg?%%gpg grefstR:fs a humani zed anti body or a fragnent
nor

t her eof’, e LC CDRs selected fromthe group

go?m s§| ng d?urtr(er) paO\ﬁHRi é%@)d)l%md}iﬂboﬂﬁés énoo)dlnag ChIRR éﬁﬁlﬁ)el IIbIdNannQ4)(,ar)1and
5(iii one sel ected _fromthe

aroup. CURTSIG 1 O6ts Yaryanis GRRT BEEPPE 1B TaGERt Sy reGidr 0 ABRPOY SEQ

| D wWrdR3T r

mor & AR of R GaknsisrBurtROTIRE & (1 Fonihal opadfddly MEbICRE o |

f r amewdtskvarfantdshb@nciontable; t(bea Hrwaapl dh@Iﬂ/Gf- amtltm}jwhuhdlabﬂ@a&mntskvm&

| GKJ4 i on, t ble d fth HC, WO

2010/ 158 ReT 2201 6555 86 R AT Aol REGHIRLFOT LS. ST0IGEAHIE RS ViABKor K
(with %Mé@J@@@Br yhatibAR sHRVAR id Table an@)IdAd)Er FR8: TDR(s) (one tR)voSQHf%e
enbodi nents of the DNA nol ecul es t he nucl eoti de sequences of LC CDRs

are as four, Ifiyaer six GDRIS) afandiepdy driMabiJe 18§ET itovar@nte shomran T@@I%ét el in

SEQo' P 18R the HC of antibody huMabJC18; (g) CDR H1 from the HC of antibody

huMabJC18; (h) CDR H2 from the HC of antibody huMabJC18, wherein amino acid G57

is Gor W, andlor F58 is F, L, G, Y, M, or V, and/or Q59 is Q, D, H, G, R, or W: (i) CDR

H3 from the HC of antibody huMabJC18, wherein amino acid T100 is T or S, and/or

amino acid L102 is L or Y, and/or amino acid E103 is E, R, Q, D, or K; (j) CDR L1 from

15 the LC of antibody huMabJC18, wherein amino acid E27 is E, Q, and/or amino acid D30

is D or S, and/or amino acid D31 is D or S, and/or amino acid F32 is F or S, and/or

amino acid G33 is G or Y, and/or amino acid 134 is | or L, and/or amino acid S35 is S or

A, and/or amino acid F36 is F or W, and/or amino acid 137 is | or M; (k) CDR L2 from the

LC of antibody huMabJC18, wherein amino acid G55 is G or A, and/or amino acid S56

20 isSorT;(l) CDR L3 from the LC of antibody huMabJC18, wherein amino acid Q94 is Q

or H, and/or amino acid L95 is L, S, A, or G, and/or amino acid K96 is K, |, L, W, M or S,

and/or amino acid E97 is E or D, and/or amino acid V98 is V or L, and/or amino acid

P99 is P or W, and/or amino acid P100 is P, S or G, and/or amino acid T101is T, Y or L;

(m) three CDRs from the LC of antibody huMabJC18 or its variants shown in Table 4;

25 (n) three CDRs from the HC of antibody huMabJC18 or its variants shown in Table 4; (0)

three CDRs from the LC and three CDRs from the HC, of antibody huMabJC18 or its
variants shown in Table 4; and (p) an antibody comprising any one of (b) through (p).

Polynucleotides complementary to any such nucleic acid sequences are also

provided. Polynucleotides can be single-stranded (coding or antisense) or double-

30 stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules. RNA

molecules include, e.g., HNRNA molecules, which contain introns and correspond to a

DNA molecule in a one-to-one manner, and mMRNA molecules, which do not contain

introns. Additional coding or non-coding sequences may, but need not, be present



CDR3: as set forth in SEQ ID NO 25. In sone enbodi nents of the DNA
nol ecul es the nucl eoti de sequences of the HC CDRs are as follows: 10 CDRL:
as set fowbOhRoion3BB® | D NO 29 CDR2: as set forth in SEQPCIDIBEDI0/8R08DR3: as
set forth in SEQ ID NO 33. In s enbodi nrents of the DNA nol ecul es
t he nucl eoti de sequence of the LC variable region is as set forth in SEQ ID
NG 19. 151 n sone enbodi nents of the DNA nol ecul es the nucI eoti de sequence

of the HC variable region is as set forth in SEQ I D NO In some
enbodi n#iti8 SpravifecoORAlyrbrleptifiesancthe prIxIL@eotife g@d{ubh&@eéﬂ nokeb@ tinked 4e

set for NO 41. I n sone enbodi nents
of the%ﬁﬁl&oﬁé‘% % Wﬁrg’%pfcf r$E(R?JJA:|)sequence of the HC 20 is as set forth

i n SEQ | D N®olpducieotie® bf2 PdVi&d which chucbdmgruseramadled sgRieneet (Ges, an

. 0., ex ssi on vectors onprisin of the nucle?tlde sequences or
DNA m@"@iﬂg@@oe%@sav%cq H@téﬁ‘fip%%i?g %ijyé’r‘i&@ rtiphdhergor), or may comprisg an
enbadi d | e aeeRs e
of g h?ﬁﬁ'\ﬁr@ég\ﬁgnﬁ% ?y%8reh§h§g)agﬁgkﬁut@%gﬁg‘%%r&%ﬁ%%gﬁ%Sﬁgerg)&o%ngﬁor nor e
LC CDRssubstitetibed, dddinond)aejgtons araisi msen’mgmefsuchitmaiathemmmwwbaaiviﬂymﬁlne 80%

tity tq. SEQ | NO.. 22; 1), .t h, at t .80%
dent | & eaigTReRiE BanokAinishes. Hibees QR nabe IhunoR Le akcae
i dent i t\Yaﬁéht§%§bﬂePaWex¥1ﬁ)lt 80(dst @BBUOT My, GRBR: pRlBRIA of ﬂ@é@ttehﬁ)ut

group consi sting of: CDR1 | east 80% sequence identity to SEQ

| D NO &5 identity, more( prgfe@bcom Iwasthaaouu 8844, mm@%{u@rﬂf@rabaembpuy&%sm

sedP et Bop BOmpeoles stiRass Baberc5R80 16/ T UBaER Gy SF 1R P,

nore CORsreeff. (a) and one or nore CDRs of (b),
The invention also provides a DNA molecule encoding the amino acid sequence
of a humanized antibody or a fragment thereof, comprising:
(a) one or more LC CDRs selected from the group consisting of:
15 (i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 22;
(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 24; and
(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 26;
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 30, 49 or 50;
20 (i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 32 or 51; and
(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 34 or 52; or
(c) one or more CDRs of (a) and one or more CDRs of (b),
in which the variable domain framework of the LC contains the human IGKV3-11
germline framework and IGKJ4 region.
25 The invention also provides a DNA molecule encoding the amino acid sequence
of a humanized antibody or a fragment thereof, comprising:
(a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 22;
(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 24; and
30 (iil) a CDR3 with at least 80% sequence identity to SEQ ID NO: 26;
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 30, 49 or 50;
(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 32 or 51; and



in which the variable domain framework of the LC contains the human

| GKV3-11 germine franmework and 1 GKJ4 region, in the formof an expression
vect or. Iwoanieisbsdi mrent provided is a DNA nol ecul e encedirngaibves2as no aci d
5 sequence of a humani zed anti body or fragnent thereof, conprising: (a)
one or nore LC CDRs sel ected fromthe'gpdup consisting of: (i) a CDRL with
at | east 80% sequence identity to SEQID NO 22; (ii) a COR2 with at | east
80% sequence identity to SEQID NO 24; and (iii) _a CDR3 with at | east 80%
sequence i ddiit etGDRS vatat IpaskB0%eseauenes idedityio abfelIHYLE4s0s@d;&¥t ed from

th SEi opkl ) | 9 identity t
SEO ID N 3570 o i cRblor tai ot bhnftre 3RS o Seduence | denti ty to
SEQS:EBH;MCDWR%E t?me %riatgeddor(niairi) fraandviahtk of the aHCl en?sttain)&O%&smmmeGI-we}qo?t y
to N or , .or (C) one or nore a ng one or nore

of (b ST (A SHOMA e GBI A RMEHO s BAR §) BNCIREIPCBBR i ne. the
humgn | GV3-fi BREAIGA SIS BTk MEska ONA 'F‘ncﬁé&gbeel%glﬁgﬂlﬁteaém% ?éj@%%qh@ngé

and 1GHJ6 region, In the formof an expression ve
enbodi mdra hymerizddantivody DNA fragneentl teereod,catirmprigihig: am no aci d sequence of a

h i zed ant i bod f t th f i sing. 20 LC
Db e e da) BRakr sy PR e bLETED PO BRICSL OB, o0 Chet hoos
sequence idqg@é@mr@wﬁﬁ@t Iéasw@owggeqdégicéé%%ﬁ@%mh@sdiu@wé%t 80% sequence

identity to SEQ ID NO 24; and (iii) . \ at | east 80% sequence
identity to (BEQADRRWIthE:;leas))8Qhseauenes islertilydDRSEQdPNOed4f aren t he gr oup

No1050, 49 g agDRY FiuiHtsad! bt ren Rk et REREERMTd8: Uy o SE0 1
NG 32 or SJ(bgané ot imdre HC GBRs Weldeted froeatpie F00p tensietsgofdentity to SEQ
ID NO 34 or 52; or (c) one or nore CDRs of (a) and one or nore CDRs of
(b), in whidha Q@_Rﬂa\*’itélﬂt eagh fRIMSEUaREROARNEY 1@ REQ O ML 3.1 emeOhuman
e e T s
si ngl e back (iiyaa@DBR3: wiRi 80least 8)%asetiueBcd teredy SEMID NO:f32r on $2; can
ex%esm on V(?:%r?é or more CDRs of (a) and one or more CDRs of (b),
in which the variable domain framework of the LC contains the human IGKV3-11
germline framework and IGKJ4 region and the variable domain framework of the HC
contains the human IGHV3-07 germline framework (with single back mutation: R100 to
T) and IGHJG6 region.
20 The invention also provides a DNA molecule encoding the amino acid sequence
of a humanized antibody or a fragment thereof, comprising:
(a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 22);
(i) a CDR2 (SEQ ID NO: 24); and
25 (ii) a CDR3 (SEQ ID NO: 26);
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
(iii) a CDR3 (SEQ ID NO: 34 or 52); or
30 (c) one or more CDRs of (a) and one or more CDRs of (b),
in which the variable domain framework of the LC contains the human IGKV3-11

germline framework and IGKJ4 region and the variable domain framework of the HC



WO 2010/ 131185PCT/ 1B2010/ 052056 - 13 - In an enbodi ment provided is a
DNA nol ecul e encodi ng the am no acid sequence of a humani zed anti body or a
fragnent wbepwof3ji8sonpri sing: (a) one or nore LC CDRs selCeaBmdobhi2esm t he
group consisting of: (i) a CDRL (SEQI[I) NO 22); 5(ii) a CDR2 (SEQ I D NO
24); and (iii) a CDR3 (SEQ ID NO 26); 65) one or nore HC CDRs sel ect ed
fromthe group consisting of: (i) a CDRL (SEQ ID NO 30, 49 or 50); (ii) a
CDR2 (SEQ ID NO 32 or 51%4' and 10(iii) a CDR3 (SEQ ID NO 34 or 52); or
(c) onecaptainp e oranoIGKY$-Qhaershimeciramgmer h sfngie pack mutatien RAHQO to

vari abl mp’@’l 1] %n&){vor k of the LC contains the human | GKV3-11 gernline
frarrewo-@k an I_Il“é(F region and the vari able domain framework of the HC
cont ai ns t hdnlsoms emBiddinOmtsasithe IDMNA imcloewies khé€ wutleotde gequéacds ofthatlion:

R100 to 1%826 and | GHJ6 region, in the formof an expression vector.
Al so priod cas 1QllWet transformed with an expression vector of the

[ nvegnt i(?lﬂRﬂ Bs 3Bt mqqig]i_e@tmgq@ybqled is a host transfornmed with an

expression vector conprising a DNA nol ecul e encoding the am no acid
sequendeDBE: as sehfonihziedSEQtIDIAY28r a fragnment thereof, conprising: 20(a)

'D No CBRS: 6rsstRHeRSHQIB NG R 245 and (111) & CORS (SEQ 1D NG 20):"
(b) one or nMRIBNECeHBBRINMENE Wi ede DNIdIScES Uit RONEHEdd B8 X rcedfithe HEDRL
(SEQ ID NO 30, 49 or 50); (ii) a CODR2 (SEQID NO 32 or 51); and
CDRs are as follows:
10 CDR1: as set forth in SEQ ID NO: 29
CDR2: as set forth in SEQ ID NO: 31
CDRa3: as set forth in SEQ ID NO: 33.

In some embodiments of the DNA molecules the nucleotide sequence of the LC
variable region is as set forth in SEQ ID NO: 19.

15 In some embodiments of the DNA molecules the nucleotide sequence of the HC
variable region is as set forth in SEQ ID NO: 27.

In some embodiments of the DNA molecules the nucleotide sequence of the LC
is as set forth in SEQ ID NO: 37 or SEQ ID NO: 41.

In some embodiments of the DNA molecules the nucleotide sequence of the HC

20 is as set forth in SEQ ID NO: 35 or SEQ ID NO: 39.

Further provided are vectors, e.g., expression vectors, comprising any of the
polynucleotide sequences or DNA molecules encoding the antibodies or framents
thereof.

In an embodiment provided is a DNA molecule encoding the amino acid

25 sequence of a humanized antibody or a fragment thereof, comprising:

(a) one or more LC CDRs selected from the group consisting of:

(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 22;

(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 24; and

(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 26;

30 (b) one or more HC CDRs selected from the group consisting of:

(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 30, 49 or 50;

(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 32 or 51; and

(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 34 or 52; or



(i1ii) a COR3 (SEQ ID NO 34 or 52); or (c) one or nore CDRs of (a) and one
or nore CDRs of (b), in which the variable domain franework of the LC

cont ai ns wheotomserss| GKV3- 11 30 germ i ne framework and | @KI4Broagiznseand t he
vari abl e domai n framework of the HC contai ns the human |1 GHV3-07 germl i ne
framework (with single back nutation: Rf0O0 to T) and IGHI6 region. WO
2010/ 131185PCT/ 1B2010/ 052056 - 14 - Al so provided is a host cell
conprising a reconbi nant expression system encoding the light and heavy
chains of a (RLARGPEEWrAKIRBEGY (B)and ageenmaraéréids of herei n said ant | body

or 11 ageRhicAPR Uafigbiey dBiM dfndBRN e I @NbomiEs T, y@f@ g fDRs

of the ave t ovm ng am no aci sequence
mor e LQGerhRaedelneevendk érrobr@KMr@]@upn tronforet ofren ekpre(ssbna/eﬁml (SEQ I D NO

22 CDR2 (SEQ | D NO. 24); d IDNO 6); (Db)

or) rmﬁeI %—lCa(JﬁDR§n ém@gﬁ&le’ﬁtr &WY'A@C‘ a'go@fo N smé’iCD(}ﬁge dinc @'ﬂ%ﬁ E oln%

NO 30, I CDR3 ( SE
& Se?%e%%g))@?a hoLfrﬁ:%r)géd SRBody 5 'fr%g%nt??e(r@f)f %ﬁ'\ (' K ) a (SEQ

one or nore one or nore CDRs of
(b). Fur t her(apooe iod etbred @ GhIRs sslectedrfrarhéhe gemygr ednsistingf ofa hunmani zed

peci 1 bal | i RBEC R aSFobER a SERarcoa GAERA NRPEDRE of t he LC

and the HC uﬁyed[bmwmwé}%@e %%@@q@éh&a @eﬁu%g Q(I@)N@n240éndmre LC CDRs
sel ected fromthe group consisting o (1 %IDNO 22); 20(ii) a

CDR2 ( SEQ | Diiine: CBRB; wighat leiast §0% WHGSE@H’[@/ FOSELBID N5)26one or nore HC
CD% sel ect e(g) %8@rtr#oreq-le%lﬁggalescEédqﬁlo%fthe group consisting of:

(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 30, 49 or 50;

(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 32 or 51; and

(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 34 or 52; or

(c) one or more CDRs of (a) and one or more CDRs of (b),

15 in which the variable domain framework of the HC contains the human IGHV3-07
germline framework (with single back mutation: R100 to T) and IGHJ6 region, in the
form of an expression vector.

In an embodiment provided is a DNA molecule encoding the amino acid
sequence of a humanized antibody or a fragment thereof, comprising:
20 (a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 22;
(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 24; and
(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 26;
(b) one or more HC CDRs selected from the group consisting of:

25 (i) a CDR1 with at least 80% sequence identity to SEQ ID NO: 30, 49 or 50;
(i) a CDR2 with at least 80% sequence identity to SEQ ID NO: 32 or 51; and
(iii) a CDR3 with at least 80% sequence identity to SEQ ID NO: 34 or 52; or
(c) one or more CDRs of (a) and one or more CDRs of (b),

in which the variable domain framework of the LC contains the human IGKV3-11

30 germline framework and IGKJ4 region and the variable domain framework of the HC

contains the human IGHV3-07 germline framework (with single back mutation: R100 to

T) and IGHJ6 region, in the form of an expression vector.



(i) a CORL (SEQ ID NO 30, 49 or 50); (ii) a CODR2 (SEQ ID NO 32 or 51);
and 25(iii) a CDR3 (SEQ ID NO 34 or 52); or (c) one or nore CDRs of (a)
and one owOrreel30BRs of (b), which process conprises pr@®¢raBrgo/es2osst
transformed with either (i) a first egg;qssion vect or whi ch encodes the

|l i ght chain of the humani zed anti body fragnent thereof and a second
expression vector which encodes the heavy chain of the humani zed anti body
30 or fragnment thereof; or (ii) a single expression vector which encodes
both the i dAt aBhampoditaerth®radded ishai PNA Meteasigreencosingibe bamnaracid

fragne ; i |0 L - ditions that each
chai n irgseqté@ﬁéggiSﬂamﬁadﬂ?és&;%g"%dg}g?ﬁ%%ﬁ%@%%%%f@%ﬁ%zolo/ 052056 - 15
-hhunani zed (agbhﬁ@dynore h{¢ @D%Selbb?de‘odmﬁnewmaomm hfg ?f t he .

t hus- express i NS, Further provided is a netho or producing a
humani zed adﬁi%é&%%&&@d@ﬁ%ﬁf 22her eof , whi ch specifically binds to human
DKKgl anti gg}ﬂ)am%ﬁcgE@ijbﬁ_ﬁ?)’?dﬁ the 5 LC and the HC have the

fol 'owi ng anino aci d sequences one or nore LC CDRs selected fromthe
group consi diii)@gCoR3 (SEQ D CIR12G)SEQ | D NO 22); (ii) a CDR2 (SEQ I D NO

24) : d (iij CDR3 NGO  26): .10 or.e HC CDRs | t ed
s ahe { ol GeNrERIC DR Selei e g Bk &P FenSBHe 85 or B0ys (115 a
CDR2 (SEQ I EQ¥N@Ndo(49 by 5@);COR3 (SEQ ID NG 34 or 52); or (c)

one or nore C of (a) and one or nore CDRs of (b), 15said nethod
conpri si ng dii) @8 R (SERLEY NEXI32 onfiidr @neh sai d host cel |l conprises a

B T BRSSP BER A g LG, 0 1, of sai d anti boay o
(c) one or more CDRs of (a) and one or more CDRs of (b),
in which the variable domain framework of the LC contains the human IGKV3-11
germline framework and IGKJ4 region and the variable domain framework of the HC
contains the human IGHV3-07 germline framework (with single back mutation: R100 to
15 T)and IGHJ6 region, in the form of an expression vector.
Also provided is a host transformed with an expression vector of the invention. In
an embodiment provided is a host transformed with an expression vector comprising a
DNA molecule encoding the amino acid sequence of a humanized antibody or a
fragment thereof, comprising:
20 (a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 22);
(i) a CDR2 (SEQ ID NO: 24); and
(ii) a CDR3 (SEQ ID NO: 26);
(b) one or more HC CDRs selected from the group consisting of:
25 (i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
(iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b),
in which the variable domain framework of the LC contains the human IGKV3-11
30 germline framework and IGKJ4 region and the variable domain framework of the HC
contains the human IGHV3-07 germline framework (with single back mutation: R100 to
T) and IGHJG6 region.



The invention provides a humani zed anti body or fragnment thereof, conprising
culturing a host cell conprising a reconbi nant expressi on system encodi ng

t he |i ghtwendi2zGitseavy chai ns of a hunmani zed anti body oPCirnBy@ni20tdher eof ,
wherein said anti body or fragnent speci f4i cally binds to human DKK-1
antigen, and wherein the CDRs of the [*and the HC have the fol | ow ng am no
aci d sequences: (a) one or nore LC CDRs selected fromthe group consisting
of: (i) a CDRL (SEQ I D NO 22); Zgé)ii) a CDR2 (SEQID NO 24); and (iii) a
CDR3 ( SEQ | s progided i anle0gr Calbr eOrpirisingRsa seacosiaant: exprassiaf: Gyptem

. t . - . 0 .. 11

NG5 o v ol G e ahRangn SRl Bt Bhiady) bg e FRapOL
CDRs ofwlerkirasdidoaetibodyrarefrégiRenibipébijicalpndindseteinunsai OKKHtaahtdgeh, and
ant i bod or_frag(g&nt therggl@?cdim conpete with nuMabJC18 for binding to

human CKRETENINEIGRRS Ofigs erdesererBedalyWBg GEeNo api sequenceSy sq
n KRS e 5PH 0! SOAINESEAl so
proyj ded i's @ ghat e SiE0EDREIc] R ATBFAJ BohdsdHynl zed ant] body or

a fragnment thereof, ereln sald anti body or ‘fically binds to
human Dkk- 1 (gret CO&R1, (0@ IMNOelR);t he CDRs of the LC and the HC have the

foll owm ng am.po ' S: a) , one or nore LC CDRs selected fromthe
groupwcogsi 49?%&8?9(??&”@5‘@&&124?:( IDNO 22): (ii) a CDR2 (SEQ ID NO
24); and (i iii)) 22CORBISEUED NONER); 26) ; (b) one or nore HC CDRs sel ected

fromthe grou COﬂSIStiI’l'_? of: 10(1) a CDR1L (SEQ ID NO 30, 49 or 50); (ii)
a CDR2 (SEQ(onnmormor@r G ODRaselected from toBRBOYSEQNSIBLNGDO:34 or 52); or

10 (i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
(iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b).
Further provided is a process for the preparation of a humanized antibody or
15 fragment thereof, wherein said antibody or fragment specifically binds to human Dkk-1
antigen, and wherein the CDRs of the LC and the HC have the following amino acid
sequences:
(a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 22);
20 (i) a CDR2 (SEQ ID NO: 24); and
(ii) a CDR3 (SEQ ID NO: 26);
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
25 (iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b),
which process comprises providing a host transformed with either (i) a first expression
vector which encodes the light chain of the humanized antibody or fragment thereof and
a second expression vector which encodes the heavy chain of the humanized antibody
30 or fragment thereof; or (ii) a single expression vector which encodes both the light chain
and the heavy chain of the humanized antibody or fragment thereof; and maintaining
said host under such conditions that each chain is expressed and isolating the



(c) one or nore CDRs of (a) and one or nore CDRs of (b), and

phar maceutical |l y acceptabl e excipient, diluent or carrier. 15Al so provided
is a a phwomanestissal conposition conprising a humani ze@CanBrboozosr a
fragment thereof, wherein said antibody.or fragment specifically binds to
human Dkk-1 antigen, and wherein the Cﬁ)ﬁs of the LC and the HC have the
follow ng am no acid sequences: (a) one or nore LC CDRs selected fromthe
group consisting of: 20(i) a CORL (SEQ ID NO. 22); (ii) a COR2 (SEQ I D NO
24) ; arinanized 2antbrdy ( gmeROthersp! fopedky apserpbly piCtiEDtRusekpiessed
fromt oup consisting of: (i) a CDRL (SEQ ID NGO 30, 49 or 50); 25(ii)
a CDR2 ‘IDNO 32 or 51); and (iii) a COR3 (SEQ ID NO 34 or 52); or
(c) one or rRurtheeQrovidkd(ig)a anethod fop prasucndgBRaumian(Zed, antibodyeoe frageaind

humani zed anti body or fragpent thereof n conpete with nuMabJCl8 for
b1 ncli ngneTohHRINTSRRETICAIN P, A PRk rRGEN AN JWheeBhar RS Of the

excipPi qit gndith&l &t h§\9é’fhé3ﬁ)ﬁlbigﬁ;/’fgoam]1no acif4ehghcdy:ovided is a method for

produci ng a humani zed anti bo r fragnent thereof, conprising culturing a
host cell cdaponsiongnarerl€e RN asliecteddranshe greyscemisting of:

2010/ 131185PCT/ 1 - A7 - encoding the LC and HC of a humani zed
anti body or (ggf éﬁgﬁe%é@ﬁ@rﬁ\igf ,Z%Merei n said anti body or fragnent
speci fical | yjipa WRQ?SEWN@E‘Q@; ay i gen, and wherein the CDRs of the LC

and the HC have the follow g\? am no aci d sequences: (a) one or nore LC CDRs
sel ected fr djit) @HeDR3JISEQR UANR126) of : 5(i) a CDRL (SEQ ID NO 22); (ii) a

CD% (SEQ I ng\lghe %?')rﬁor%q-?(: CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
(iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b),

15 said method comprising culturing a host cell, wherein said host cell comprises a
recombinant expression system encoding the LC and HC of said antibody or fragment
thereof, and recovering said antibody or fragment thereof.

The invention provides a humanized antibody or fragment thereof, comprising
culturing a host cell comprising a recombinant expression system encoding the light and

20 heavy chains of a humanized antibody or fragment thereof, wherein said antibody or
fragment specifically binds to human DKK-1 antigen, and wherein the CDRs of the LC
and the HC have the following amino acid sequences:

(a) one or more LC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 22);
25 (i) a CDR2 (SEQ ID NO: 24); and
(ii) a CDR3 (SEQ ID NO: 26);
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 30, 49 or 50);
(i) a CDR2 (SEQ ID NO: 32 or 51); and
30 (iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b),
and wherein said humanized antibody or fragment thereof can compete with
muMabJC18 for binding to human Dkk-1 antigen.



(1ii) a COR3 (SEQ ID NO 26); (b) one or nore HC CDRs sel ected fromthe
group consisting of: (i) a CORL (SEQ ID NGO 30, 49 or 50); 10(ii) a CDR2
(SEQ I D N©o 28R/1311851) ; and (iii) a CDR3 (SEQ I D NO 34 ®CTARB)(10/03208c) one
or nore CDRs of (a) and one or nore of (b), wherein said humani zed
anti body or fragnent thereof can conpet'€ with nuMabJC18 for binding to
human Dkk-1 antigen, and recovering said humani zed anti body or fragnment
15t her eof . The invention also provides a nmethod of treating or
preventi ng pePsotediha nhasaseutifial SPAPOSHIANTGADRISIAE atrapraap@gg émtibpey

v 0o il _ g 2tfairga
her eoof A% BT MR Rad oo D PR Al Bhe iR SRR 1O LA

from cébidel drtigenmahdsitesreinethet CDRNSf thienL@rarehihedHIenévé e falowhag aetitoi s
one who suffers frommultiple nyeloma. In an enbodi nent the patient is

sel ect F'9 PEGHISSent s who suffer from osteoporosis, osteopenia, Paget's
Di sgase, periLodR8Gr ) f gm@g b LA ek ilPss due to

i rmgbi lizat i(gﬂ.g ?tr?lran&rgrh)cg i nentgétgﬁ%%lpfgtﬁ]eﬁggu fcex?r;ﬁfﬁ (gg(r)r?%st eoporosis. In
an enbodi neri) a GORIa(SEQtIDNOf 2825 from an estrogen deficiency. 25The

i nvention alsp j a ) of jnducing increased bone mass conpri sing
admi ni steri rﬂﬁ??@%%é@nﬂﬁﬁ%&oﬁr@nereof an effective anount of the
humeni zed antij) Badbrs @Fh In aaneEP)s t hereof of the invention. In an

enbodi ment thé patient is one who suffers from cancer that netastasizes to

bone. | n an (erbbeiorerrethie GRS satecied o thegreup tensistingaf:mul ti pl e
nyel.oma. I n } t~the. pat rent -hs 30 selected from patients who
sufqber from@gq §W(§$@,IDJ§§£§&§8F 5ggget' s Di sease, periodontitis,
rheumat oi d gfi} SICDHRS (SEQIDNE J205r51dugn@ o | mmobi | i zation. In an enmbodi nent
the patient suffers fromosteoporosis. In an enbodi nent the patient is a

bone graft rld¢igrBRS GEQHE NPo34af PEEOrfrom a bone fracture. In an
enbodi nment tB??%pogﬁiégé%&g%?ﬁ%%ﬁg%&%ﬁp%gg%DR%%fgl))pat| ent has secondary

bone | oss due nic trea corticosteroi’ds, aronatase

i nhi bi tandspharmacélsicalgnaceepiahle @xcipiant ediluaynt by pagienadi sm or renal

ost eodyst rophy. , . The invention al so provides a nethod of inducing
wt!dact i vi tyﬂgfanerrqva% is 52 @ nPARrEIRGEUHER SOTNNPLLOEN COMPrisiicy & HiIee)tizeth
ef f ect i MG t i ; : i r : i

nvent (4Ro00) U'a faghen RER RIEE A, Aoy FATRIn el ShFRLGAY, e to
nonoc| dnaharabtkkbbdintigerarahd wimenash dlgeé €DRy of dime LiCoad thie dfirbave thédoleafing | n
an enbodi nment i<$ he anti body or fragment thereof binds to human Dkk-1 with a

Kd of JBHPNMCY RIS EHodi ment t he

(a) one or more LC CDRs selected from the group consisting of:
20 (i) a CDR1 (SEQ ID NO: 22);
(i) a CDR2 (SEQ ID NO: 24); and
(ii) a CDR3 (SEQ ID NO: 26);
(b) one or more HC CDRs selected from the group consisting of:
(i) a CDR1 (SEQ ID NO: 30, 49 or 50);
25 (i) a CDR2 (SEQ ID NO: 32 or 51); and
(iii) a CDR3 (SEQ ID NO: 34 or 52); or
(c) one or more CDRs of (a) and one or more CDRs of (b),
wherein said humanized antibody or fragment thereof can compete with muMabJC18 for
binding to human DKK-1 antigen, and a pharmaceutically acceptable excipient, diluent
30 or carrier.
Further provided is a method for producing a humanized antibody or fragment

thereof, comprising culturing a host cell comprising a recombinant expression system



10 anti body or fragnment thereof antagonizes the action of Dkk-1 with an
1050 <100 nMin functional cell-based assays. In an enbodi nent the anti body
or fragnmew0 20tveBess has a predi cted hunman exposure prof PC&/1Bxp@ei2esh t o

i ncrease Bone M neral Density (BMD) m_sazu_rerrents after once-a-nonth dosing
of <250 ng. Also provided are bone anaboOlic agents which antagonize the
ability of Dkk-1 to 15 inhibit Wt activity and, as such, result in

i ncreased bone mass, useful in treating diseases, conditions and di sorders,
such asertf@ﬂ&ﬂotﬁ\eols@sandaﬁ@ ohadwmanjzed angbedy §é@ofﬁQWﬂ?nb6\%e¢fowe( @inggaid due
to: chr i nhibitors, or TZDs;
anoreX|é§mb§P§/ca%g§{H§t\ghw'ﬂ88Wb|ﬁ8§tt&hefrn%ﬁa ﬂ%g{%t(g@%gtrophy) Wnere such

i ncr easad Wheeir mmGDRybwmechd: laad mblaim agentie folowing grainoceadid seglerdes:

anti bodi es and fragnents thﬁreo the inventi be adm nistered in

on na
combi nat i on ﬁ/?f)ﬂe mqrem% ﬁ?'?ﬁtzﬂd TEQyB/ibe OreuP 6@?%/1“7% @, agents used to
treat or pr 1| & 1B sggpndary bone | oss, decreases in bone nass,
andgt hose tﬁ(g {?a%onqu?rength as described herein below). The
conbi nati on (ilhaICHijSIZI(rSEQJI@ BNOm2di)sared ed i n any suitable way, such as, for

exanpl e: (a),. x’jl &8 W utical 25 conposition which conprises a
humani zed ark 580@9 ereof of the present invention, at |east
one addi tiong) oﬁ@%W%@@R@%@cté&ﬁém th@dgrb@;)B @bRsiafity af:phar maceutical |y
accept abl e exmgl ent, | uent, or carrier; as two separate

phar maceut i déla @rﬁﬂoéSE@stf\l@oa@r‘i%DhQOIl ) a first conposi tion conprising a

phaPraceut i il 15282 ERRENOSG2GE 8o i Plient or carrior. and (i1) a

second corrpqsntacgnmqsgcnmma@ begg; opne additional pharnmaceutical agent
descri bed herein and a pharnmaceutically acceptable ex0|p|ent di luent, or

carrier. ThdChene PAEMIEICRARS O fod PR er mefesedRaef st er ed si mul t aneousl y
056
O (oS MMaeref gl tfndrlz &R Fadthdft thercdt el rtpele R RAD Y oe

fr agrrer‘ansdmg&oe”afmm @kkd’e@nbgem hand neevieriog, said hcmmamzad agtitbday or fragment

ph rnaceutl? conposi tions provided by the invention. In an enbodi ment the
ki t9f urlPR&OTi ncl udes | nstructl ons for how to prepare the antibody or
fragnent andy bR AR {1364 0P QbatRG & BEVRRATing !4 IGAR0GH
5enbodi nent tmé:a rE/é II S use gsagéglg%n@ﬁ |0? fgbé @gtéer%% \/I\Aq%tﬂeor%aépg?ri]eent
has t hemass Iconr;orrsmg admmmerub@rte amaberﬁynmﬁaobtherag‘ ameffentives agraainit iof the

pat hway. rov are made . wi th the ATCC.(under the
Por - giurvarizes sl Bofled iy JeShierie lherB) Bt e TRis618h: o A oS i

pl asm gpdtieat ishefe Whe SiBerdirbabtshdet thAmebstishizteboneasn dpranbbeife @z 1
TOPO fromE. coli in host E. coli 10 DH5a, UC 25553, ATCC Patent Deposit
DeQDgneﬁtat@ﬁt rAnggwho Fuftens ifrappgaultialer mwf‘ﬁﬁashﬁ anterabogisent Hhe  [watieat isbl e

rea, SRR BeltBe RO IR, r8RLBslnketne riResRsit podudl Hidasens

on the paridoabiid,i ryelrpatdie arititisc ahd t bene! @sm daes @ depasbitiestion. | | Ifhean
|rrevocably renoved upon the issuance of a patent fromthe specification of

t he preyBped m%#&pawt suffers fr@irmte@ré%rpe‘ﬁeénaaﬁueraaoam%éae eatiensHiess ent
di sclo fromthe follow ng detail ed description and
Exanpl z?%n#trcﬁ% e construed as limting. The contents of all

r eRér ences, 'mmbawkntcmt ralm proatdast @ anethpdblof sinedcipgt émireapgd | lbarie omass

L o AR RoButPEs ! S B pBSBL ot B SRR B Rgachl R
Fi gur esh ha@ped HatiBawst %b?r@nt@fth&@bf o S Gefio, ”ﬁnﬁﬁ'é?ﬁl%dlﬁ{@n't ()Y

(JC18) in an intact nouse nodel. Total BMD of distal femurs was
si gni f ipsdient is @ wopsutfeds fsynuccarfcer thaitmetastasizes| tb binee Ihane¢mbodimgntéha A) .

JC18 al sq. i f 0 k

ovel iTREnE S ERRGHRE erS o' bRl Bt AR e pBlip gl AR i
chigger asepdctE¥ kirdmnpanents naho agifdrofym( BBt oBbEISTE bateopehiaTePagettU MisedBRLS €
anti body) in an intact nouse nodel. The nouse chinera increased total BVD

at doseriodentitis.t shelamatfit gagbitisr @adwihanesdoshi due. to  immotwigatios. 3Insheis
that I GBBRLETYES ABR: LRS! RIHOEte MBSk P SIBGRRLY 11d pENE RS

St ed, e hree Vehi cl € exhibited ostecopénia at 8

vveeks mme@@ﬁ eecmiennosbhatwuo yffarsifrom i bomd fretureaskn an gnbedimBib.thd C18
dose-



WO 2010/ 131185PCT/ 1B2010/ 052056 - 20 - responsively increased total BMD as
nmeasured by pQCT at distal femurs by 7 to 20% conpared with vehicle

t reat mentwof20@4X1rs5ce. In the nmice treated with JC18 at PCHIRYKGS205G ce
weekly the total BMD was not only hi ghjg t han vehicle-treated OvVX m ce but
al so mai ntai ned at the sham control I, indicating that at this dose and
dosing 5 regi men JC18 conpl etely prevent ed t he devel opnent of osteopenia in

OvX mi ce. igure 4 shows the speC|f| city of binding of JC18 to human
honol ogQ?é@nDkfkaS.L smndaryarhpr@kkoss dre1 405 HERBICWE GRIMBERd Wil tcortieasiRronisk - 4

Vedi at <R BRBHOR R (TRRS) Aadte: T caPog el RESeBdRho8 cenal,

concentdaea)dy%rophyVS H| s tagged h-DKK-1 in rat follow ng single intravenous
adm ni stratign 10 and 10013/ k%ﬂl'ﬁ’é ti e poi ng,%/ > 0.5 hr at
0. 001ng/ kg, "ﬂYer&tO”o RS RIPKECENE B &f G‘dG'f'“.Sn Bt ARYVIYy IRRIHRI
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25 composition which comprises a humanized antibody or fragment thereof of the present
invention, at least one additional pharmaceutical agent described herein and a
pharmaceutically acceptable excipient, diluent, or carrier; or (b) as two separate
pharmaceutical compositions comprising (i) a first composition comprising a humaized
antibody or fragment thereof of the present invention and a pharmaceutically acceptable
30 excipient, diluent, or carrier, and (ii) a second composition comprising at least one
additional pharmaceutical agent described herein and a pharmaceutically acceptable
excipient, diluent, or carrier. The pharmaceutical compositions may be administered
simultaneously or sequentially and in any suitable order.
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The term "expression vector" or "expression construct” refers to a vector
that is suitable for transformation of a host cell and contains nucleic
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disorders, such as bone disorders, which result in a loss of bone. Methods of treating
or preventing a loss of bone mass, methods of inducing increased bone mass, and

methods of inducing Wnt activity are also provided.
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a 10 target, such as car bghydr.ate, polynucleotide, |ipid, polypeptide,
ctc.. thr oug-l!iheatlo(flg}é"é/f? tegis %ﬁ#é@lt@ééﬁgﬁwrﬁn ugﬁf@,othgw%]ﬁwcﬁ%%ﬁe\%tﬂf be
varia t €n | inyshol ecul e. used herein, e term
enconpalg]geegggg? gnlay [ nefk ?cr?% ycl gnrigs or nonocl onal antibodies, but also
fragnent s t h&xkéef" dsusdd hereialncludds, forrgxample, nevine ancpumashative(feors of and

domai n ant i bodi I nc in hark an | id _antibodies),. 1 nd fusjion
or ot e1 12 bmp T TRy DRt medieThar Bl BHEBERE SDBDHES ipurippdied Sa. M
condi guWSL0EEI0PP7398 (WOROOEDPEST3I)N afE! BS20081018B449MTHeS €Srn@rhlSdtihn€letes
recognition site. An antibody includes an antibody of any class, such as

| gG | g/Rriagts phRUCcrnadive-saaencendhaboale innAynEgicalyi eoas reretyenwith thess
any partd.cul I n; ti . am | o he
const aatiE oI “ThesT BRAENSANhER S Ak RBa FRPRURBE T,
different classes. There are five major classes of immnogl obulins: |gA
gD, IgE, 19gG and IgM and several of these may be further divided into
subcl asses (isotypes), e.g., 1gG, 1g&x, 1g&, 1gHA, IgAl and | gA2. The
heavy- chai n constant domains that correspond to the different classes of

i mmunogl obulins are called al pha, delta, epsilon, gamm, and nu,
respectively. The subunit structures and three-di nensional 25configurations

1" £ c S Y o o o o



Anti bodi es according to the invention may be derived solely froma single
source, or may be "chinmeric," that is, different portions of the antibody
may be dewoOwved/Bimsm two di fferent antibodi es. For exanplP€T/IBHa0/CRBSa egi ons
may be derived froma rat or nurine sggﬁqe, whil e the framework regions of
the Vregion are derived froma differé&ht animl 30 source, such as a
human. The anti bodi es or binding fragnments of the invention nay be produced

i n hybridomas, by reconbi nant DNA techni ques, or by enzymatic or chem cal
cI eavad@nbf Tiet g6t ean ialssureler ta)al Bagmenher @ Rativenl Mﬁ't'@@t formeot BKin1 that

"antib ising two full-length
heavy g‘%@'&%hﬁﬁlge tgl‘”ﬂﬁ‘g{e%,&%“f’ ﬁ?gh%g{i‘g%%@%&awm/ 1B2010/ 052056 -
28 - chai ns,Thietevat'pugauchestidethios, "nUCI&gﬂEOhS maads rmn’ag:le%rahhede@n‘ double-

exanpl es of which are described belo ht ¢hai n”
i ncl udedrandeg| | PR H |T?Gﬁt r&%h‘?@’f'd&ﬁd ¢9@8H§'H95 t§1ﬁer @QJV” %l@?%e S¥Bi ch@nt

var igabl r?odn%legﬁd%%‘ﬂ%‘%‘%flgom@cfde% i ’Pﬂoaﬁ/ﬁ@d’anrHP bf Bithér %BF' of FEdtidel. 9Nt

5 chain includes a varia regi on donai n , a const region
donai n SaId mbaificatipna bineludeg ibase d oradificadibns heuth gdet  krbadouridgeatandhenosine

R R T T R e T
i ncl udepogifitatidnd efighh d@%sﬁhé#dﬂhléﬂﬂa f bhesEdrodithieaRof phéyﬂ)rﬁtﬁo%'lfaﬁbé!eent
vari abl e reglon sequence to confer ndi n g specificity. I -Tength heavy

10 chaiphdspobagiseleneaiei abl e n’r@@pbﬂrqaa@niﬁtmpatw and)hqshe@rtﬂcﬂttatant r egn@n

ol DpegtIcae o Al dne e audet SO Raeautiadiffe BRI BHE' Y Che' G

bei ng cl osesthd detne'otigbhidestivbd" Heany §h@cbl?ﬁudé@tﬁdeﬁld@@nﬂr@ﬁd@OO”bﬁﬂ‘bM@ﬁ
may be of any isotype, including 1gG (including Ig gG3 and |

subt ypeyicleqtigas( imepme ﬁ@ho@meaﬁd OIlgw@@%tt%@ﬁe 1QgtM g@] bﬁﬁés lndewhag@ VL
f I d
Compt e efiipddinbhs] HbBfideoRied Bl 1ana57 1R, o, MECl e AR b1 20 PRET
ar e rrorrmcme:utsjesvembngtlar @bgbrﬂuc&erﬁﬁmsl«naya@emsglél‘dﬁ)andédm dddbsndtramided e.g.,
q‘%osed of three
car

and ur FRs, arranged fromam no-term nyus to
oxyOF EEGiim (e |Cﬁ”§tﬁ‘é0t106‘| @‘ﬁwrﬂ@taat gepe. %0”@5?&“ qu&thQDRZ NtgRs May R
FR4. be"en‘é@rérag’rllt%aern%'&@%nﬂleebﬁ&efe@ﬂ bllﬁBHu%I%&}HT ofthe RichBiol YahdinBiLde a

bi ndi ng domai n "t intéracts with an a e constant regions o The
ant i bodalkes, mmgluoﬁleglatredtdlmodm adilmyeecenthlebemmrm@lt@bwnantamtugeelc tabsk ufes or

f I I f f

col | 9) dsipearmasRe igRaineRios Bl e rve Rt bt SFot o i iR Soge PR

W t hi njdrmé\*s @46ﬁ,wep§@ Mbridizitionarbpés.e and constant regions are j 0| ned
a

by a "J" region o bout 12 or nore am no acids, with the heavy 25 chain

al 28 i ncl udiAw "igolated rﬂelgie(bfh a@ﬂ astraule’omeanaw &NAiasdRMAI efsgersyaicg amrNAY, | v,

(1966 C0NOA. O SIS i o Solehimpiieni R nereBF Rty s I BReoG RS wih Ao
"ant i baflgoiehtdfenpglynadedtidslinn@hiehnhe i gted golyruttedtiden®fieund RONEtQtS, cﬁfls an

anti body that retain the abl|lt¥ to specifically bind to an antigen g.,
as5[ 31) .linkedhigs appelyndeieatide Hat whick Hnipi gRInlimfatimdiateres Uit PBFPASES ad th'S

ant | _boch{ g@*{l#rjéelt%ﬁbﬁl‘?ﬁ%@gn@é(rsfdcgﬂfﬁ‘éménﬁél R 44 'mdl@&ﬂé*&oﬁﬂstr ﬁgf% pdrtigfiR es

of bindin agnment's enconpasse hi n e term™antige ng portion
of 28n amidlduiidie sexqﬂercd:e does aoFancOmpassnhtach cmoorovsdrers. fsodaped muateiosacd i ng
of the VL, VH CL abl)2 fragnent, .a hival ent

fr agrrerff‘d@S §pﬂ’@ﬂ§m Isggcga gd}‘r@m%a?:'idrﬁ&é’él’ may %rcT:FudIe, in agdl\{lonefo the
2010/ 1%5%@4%%%@#%’@8%@&10@8 for up to ten or even up to twenty other proteins

or portions thereof, or may include operably linked regulatory sequences that control
expression of the coding region of the recited nucleic acid sequences, and/or may

30 include vector sequences.
Unless specified otherwise, the left-hand end of any single-stranded
polynucleotide sequence discussed herein is the 5' end; the left-hand direction of
double-stranded polynucleotide sequences is referred to as the 5' direction. The



by a disulfide bridge at the hinge region; (iii) a Fd fragnent consisting
of the VH and CHL domains; (iv) a Fv fragnent consisting of the VL and VH
domai ns oVoaowVmgiseé arm of an anti body, (v) a dAb fragmeot/Igae/os2es6 al . ,
(1989) Nature 341:544-546), which consig ts of a VH domain; and (vi) an

i sol ated conplenentarity determining r gi'on (CDR). Furthernore, 5 although
the two domains of the Fv fragnent, VL and VH, are coded for by separate
genes, they can be joined, using reconbinant nethods, by a synthetic |inker
that erfliigicéenohénia 8 additieitief aaseend iRYh drapsefirisrs cefginedi ta aghineHranseriptiornd

VH r egi RA r 0 ' chai

(scruy SERBE, fedibcd RpBR T HECONP S5t BRvinbRl ot SRS o E e RA

al . (19B8)scHpbthatNatl5' tActhd. 5'Sed obUSife BNASEhsBBPBBAre fRfelreditoghs "ubstieaniO
anti bodies are also intended to bﬁﬁen ompassed wi.thin the term

"ant i geRBFREFH g SEOHEN G TCHPNAP R QM?”‘PH SEViRG o §PME ABINEHCS ARG
obt &i n Si i tapl i §u i&C [ PN I igu
kno%n ﬁNahgggsﬁwhﬁﬂi?P ?n@ﬁ@é‘a?t,ém%ndg t[ e%gmant slb%acgyébreet@g%etﬁe?for
utilitydownstreaseseguencagt. as are intact antibodies. An "isol ated

anti body", used herei is intended,to refer to.an anti bod hat | 5
SUbstant i al | 9 18 GorGohapadend RIEES AR POy e PP ARl LRI it dan affect
speci f 'tﬁbté@ﬁes(s%rgand @F'oéé&;%ﬁr%} Sﬂc@dlh? Regiehda toswBRhfit Baldatedi THs nBlife bfi s
substantially free of "antibodi es that specifically bind antigens other than
Dkk- 1) .sush iconitrl egdeauenassdymeliadeppedi fupeal Ithebinegs Drgenismayln heawicelr

ha Cross-r.eactivit t ant i ch._as -1 | es fr qQf her
opdf eiadERTL. ‘<anfrd SeRleice SRl BBk Vel e upltarm PRITGH T cioRtlBler
cel lul éb“in@m?Qsﬁtie@bna(haﬂdhﬂfr_iplibﬂrfbﬂﬂin%tion sequente. E@ é&é’rﬁpﬁl’@f}lﬂ@ht@@iﬁgemes
functional fragnent” (or sinply "fragnent") of an imunogl obulin chain, as
used hdPepHkarygtas @aydneluge mrpneiers MRIRING A Qi Riuralityial recosIEQY SEARi n
that | t A i tod = h_chai n
but - wny h PR BB, fingel GG TERRa R SR REER arrinodHrtiph P RaR, ¢
are bi deggienet! y'Cht@tt sgguenceshabctdreingbitod tepevientiah| yaho indledé atepeler
with intact antibodies for specific binding to a

antigen and can cg;rpz&e
gi Ven S5OUEPESS PRAGR ISP RBTINEF S@IHENCRSent i on, such a fragment will retain

at | east onerdPReph e " | |+ h ~F 1 G he N
some enbodi ?rrent S r\H/)vlﬂil ?éggﬁpmésdg%agm nra{)%@ﬁfga\cl)b égﬁlax Kégh’dﬁﬁgeﬁgﬁg’ ai nfdér
port i orbadeniapdfageToes&ub) okedi toatrbgsfec turotirn reagirgnirsormagtidre intood unesd ¢sll.
r econbi nant 30 fechni ques, or, may be pr.oduced by,en tic or, cheni.cal
Feavage of TR ith ERIEsot Seckl BRYe0Re RS FoRtiY SREF Rt rdp b RE S
f r agmend staBle foReranBiRRigoN df AChesieellifd @rtaif8indcidit ber $equenebs tlhtétlt'ligect

F(ab')2, Fv, donmin antibodi es and single-chain anti bodies, and may b
de0vedrid/@meirol areadunatiosovittt the hogtlagd) aypiessionaf anenert v@re betenpgaous

rouse, BRI BRI AIRHO RS el oo MR il

ant i bodigtdimitedr tee xnjoukace® Meatodffatror ddii®l trepgtbidptizm, alaionl, andoifndirbas a
second protein or to a small nolecule to create a therapeutic agent

di r ect efetrseseBantiect RMA spheigatofiacading AN OpgeaPis R thefefact i onal

t her apeutic i ' P =l thf B

"Fab f ragrren/'%r' Blggé bgﬁébpi ?gﬁﬁlygﬁgéﬂ g tﬁgﬂggkﬁgg@ﬁgﬁ@f tgn\ghl\(/:grtp?ig?@]

r e@bonss cdppbied dreainy acletationshipethat aalpwshtiem ad Garfjabuimttiedc inkesreain fusictibos m a

e A Rt S B

ant i bognkedhe BYRoRAAEYdIR %é%fehégr@ﬂ?éte@rtﬁelﬁlﬁb%ot PREERBFesBIbN YOtharproRdif
di sul fide bonds ‘and by hydrophobic inTeractions of the f domai ns.

"Fab' foosliigerequeooe aisnachiered i ghdercleanditiansl coppatiblenwih thee tiaesoyptidnsl n
t hat caontain he VH in and the CHL domain and al so the regi on between
the CHPS 'P{Eiy ed%%fﬁigga%%??sr hat an interchain disulfide bond can be
fogged bet weg{e tdith tMEst1delnea¥dnS RAEEIS tHift KA bEeR trdrshsHRt, Sortie dapyabie of
F(ab')2 nol ecul e. A "F(abl)2 fragnment" contains two |ight chains and
two hedd8iNG HEANSEOrawe, aVith rity NAICIRIE tACEh SERUEREE @nels tNAREDY YPERPIest Acgene 198

pet waon" Ehest 18 AERT g e bolBhy BF 4\ pEIHEZM, RhEMel Cf Bor B R/ cer g™

Fab' fragnents that are held together by a disulfide bond 20 between the
two heavy chai ns. The "Fv region" conprises the variable regions from
both the heavy and |ight chains, but |acks the constant regions.

"Si ngl e-chain anti bodi es” are Fv nol ecules in which the heavy and |i ght
chain variabl e regi ons have been connected by a flexible linker to forma

si ngl e pol ypepti de 25chain, which fornms an antigen-binding region. Single



detail, for exanple, in WO 88/01649 and U.S. Pat. Nos.: 4,946,778 and

5, 260, 203. A "donmai n anti body" is an i mmunol ogically functional

i mmunogl ovolzor/Biwgment cont ai ni ng only the vari abl e regConBwio/es2savy
chain or the variable region of a light.chain. In sone instances, two or
more VH regions are covalently joined ®'th a peptide 30linker to create a
bi val ent domai n anti body. The two VH regions of a bival ent domai n anti body
may target the sane or different antigens. WO 2010/ 131185PCT/ 1B2010/ 052056
- 31 - identical ; marphelegy Adrin idepglic NRuP $@dhe ROginRl Pgeantisieldsadong asdhe | n
sone | ndlng sites have the sane antigen specificities.
Hovveve %@ ter%é‘t %)H%Sodl es may be bispecific (see below). A

"mul ti speCI fThte aenrm b'ody\édmcstuamnemblaas marmamgenmfegér’fwfrone cmret bgeteriom to
epi t ope. ﬁpem fic," "dual -gpecific’ "bi functiopal” ant] bOdénl s a

ybr | 0 AAtheodFUR Vil begisTiaphaes e T eRRRUGION IR TRPTS Ootie BPagstion
ant KOG} SR8 AASPRRICIBlor RUGLEARRCH [ itjsedy and may be produced by a

variety of methods |ncIu I fusi on of hybridomas or
l'i nki ng of FEi# termagramstectioSemeansghe uptalgesof/ioreign &rlexopenous DNFOOY a «@li, n.

Exp. | | . t el et al. J. | | . .

Tohas: BS ebbRs R fonsfitiedionash Be Srodbriaus INAas hea T RRLGe? insive, o
to two tﬁéféeﬂrrﬁeinb@mé OAQ%mryé}l (S%"'tréﬂ%)feét%ﬁ fé%hﬁmubbearéam Rﬁowhfuﬁ ehErt and
pr ot ein targets. used herein, "nonoclonal antibody” refers to an

ant i boc@reaﬁdom heredn %e@o@gl a@liabnarroet @hb%@b’ht\/mlogy RSifiee Hes0rook et al.,

It T e Mot CsAE AL B B IAGERLY BARE Shilarionhs BOTE ThBRRE) v

pr eSenthI@cmalﬁcﬁloI@g?UEIS@-VldVbQﬁG|C§’rﬁlﬁbt ant 1bgdi eenar£3:MOBhEMcts REsHHiges bam ng
directed against a single antigenic site. Furthernore, in contrast to

pol ycl drfauSathia GG Uge @aapaﬂn@ﬁsexqgﬁneﬁs%mw@ps ity sieitalde host eslls.
anti bodi es dﬁ{eegérﬁﬁ 7 Bﬁﬁaﬁjdrf"fr%'f&gttod?tc% apts c{a rﬁ nan?)cha‘??ﬁgrlstlcs

nonocl onal | rected agarnst a s Ie de
ant i gerandTlhecetibba$ ibeen" mansformeaIWhemmh load @@e‘nhmodli@datot eontafn hbe BNA body

as bei 20 obtained from a substanti honmogeneo opul ion of .
antﬁbo[ﬁ@é QQH&X?@P?%@ egll !?etr%ﬂgfmﬁ‘édﬂh%’g g rieﬁﬁaﬁ\‘ 8&&#‘?&{0& it jpative
anti bo n I X I nal: ~anti. bogi.es
20 bo i MNRALICIRY iy TEAARE: b O sl io MR Rl 0RT b Pple?

hybri ddeehmguésd HollosmngjetrenshetiormyoKotrtaesdlmt@nM thet efrangfogmiby NANAr enay
256: 495, or s such as descg bed

b i DNA net ho
002 PaeeSi Tyt vt say cef By TyARANy miroEng Bk At enisonie Shlnd Sl Br e
from phﬂﬂg bl R4 AEd HRIMRIEAS hsUsh BBisbR®I te%ﬁéhﬂ%ﬂﬁo@i%éiﬁ%; haslicaredVdpahhpr ty
et al 90) Nature 348:552-554, for exanple erm "human

anﬂpbod?pb@rtev@ﬂepéﬁdemtéf @Ss at @'@Wdrm‘kh galleds fapngidered hie hananbeen i 'lstrBly

T horany %ﬂﬁgﬁ%& fh%%%ﬁ%ﬁ@@@ﬂ& hoi g‘P@& Qg{eg‘?\@‘?@gbqoéw% 4 %ﬂ%h %DRhe term

sequences dérhe/@@fnfsr ogol Jba)t@i@" nari 'peotein"amebhes Madrorioleduls perirgs thesaatin@s a
nouse, have been grafte nto human franmework sequences. Additi onal

f r amewdtaid seguencevdier NatiMe BieiRaihalds nadurotlain mredyeed BYifaRaturalheQesYEring
S€QUeNnChy no m%@%%%@%@’sp?_ﬂr @%&006)9? tlcaﬁére]n?gege're’d OF rétehthi H&r‘i?%odl os

"humani zed" ant dy refers to on-h nurine) ant
t h@b arandcloomgrise momecuted dlavingnghe mmmmooayhdbsﬂquencbaomme avatilve apnobgin s or

th f F bl th di )
s couahRed s Haying 6RPaas fPmLactRir tn Hdlbheo iR s ot dere g0
non- hurngyiyd naUaRa| RNkl @eqﬁ’éﬁé@rﬁbytem@ hbaﬁ'ﬁéﬁﬁdje"a%hbb@ﬂ'o?én'arsﬁ)éﬁﬁf&n

i mrunogl obul i ns (recipient antibody) i n which residues froma conpl enentary
det er merioegpasgi ai-PEOR) anbadies, rascigsiuencesithatripleadelatios rfr@m cagshtidnsole, a

CDR of a on h eci.e donor an ody. u bbi t
navi ng TR SO FBRUGRE T Bar 1g Mardl S dnid G B R T ranblhy. od Bk
Fv 30r ampuRblpti@difRiynidrd) réRss does p@fypbbﬁd@lﬂﬁ@tnhammnﬁﬂilrﬂbtérhméﬂ@eléﬁm aged
by correspondi ng non- human
carboxyl-terminal deletion, and/or an internal deletion as compared with the full-length
native protein. Such fragments may also contain modified amino acids as compared

with the native protein. In certain embodiments, fragments are about 5 to 500 amino



10 residues. Furthernore, the humani zed anti body may conprise residues that
are found neither in the recipient antibody nor in the inported CDR or

f ramewor kweegquertss, but are included to further refinepPamdBzpo/HIznze

ant i body performance. In general, the_lak;r[ani zed anti body will conprise
substantially all of at |east one, and“typically two, variable domains, in
which all or substantially all of the CDR regions correspond to those of a
non- human 15i nunogl obulin and all or substantially all of the FR regions

are t h@fdolong. FarBxaMRIe EGMBUS MAYcm st leags SsegBeHb el 4, PRe SAu BN G d 10,

anti bo i y. Wi I J -

g BB 200)2R0 ad Sbal'anh, GPARE Lifind beldE3oho LBAE bJoGd¥ rooments for

menogh'gbiﬂ\,iemioﬁ’r i}euf:b;rdleednmu?om@{jctmdﬂe?tigaali mggﬁ&emegbfgaztimmwﬁé,i attluding
escribed in WD 99/58572. O her_for o) ymani ze nti bodi es have one or

mor e dipg C{W”E-l,'”ébﬁ e Qfmttg,ﬁkém‘ﬁ@dywﬁe Tragmpne 'W‘T—@Ft\ﬁﬁ‘? ch

aregal t o A i ; i i ; I ;

Thedt er s il 10 4 ETRREE0IoA, & VarigbleiAaridr s bedy oMIRTGRIE, &plion of an

i nt endeahtibbody mbbinder jast it eatiaisde hegiominchading hve Cleigs.oaryd the Mde. ch bot h t he

f k i derived f h m i [ | obyl i.
Sequences. A RSt BifeNErebied, o W toneandal & SHEIER PrteRy th 1 he
const arted egi ANicake Bohke AN BLIEHAMAHTRAICGET MDY hETRHARgLRDIIN, (2) is

sequences. The human anti bodi es of di scl osure or antigen bindi ng
por t i orgssentialboireenay othesinndieinmiram theiseme sodiges erght fremdbe s@nts speeias, (3)

gerpd i ne i | obul i ueng. Qe utat | i nt y r om, or
o 18 IS PT84 TOM R ool e el PEFRERRY, Tou AR
Howev erabdul &0t gireertefipolyaitiédtRidg, |ipid8, esrbuRpdralsy, @r dthérsmatrial ivith detlch o

i ncl ude anti bodies in which CDR sequences derived fromthe germine of

anot herit AaMRSOCEES gBchalsre.s(hisa®Peralysessogiaied Hoyncoyaente @ JMANFoNa Rk
frame NG 1.0/ 1. : /: 6 - :

term. AR RIIAETS pgReEtiR st WA iy PP aleaRee o el or (p) fogg et
ref er torcanin batliresGenepli@dNA, eDNANgiRNAIardothgr RN, 6fi yintthyetishoridin hav eny
vari abl e regi ons jn ich both the framework and CDR regions are derjve
fr M huiERPIgRYSN ith_%rq‘gﬁrmmsg%mg RUSe qilbriselated _ﬁrfaﬁ@-f_ ol et elatEian
monoc! afgleiRl LMk eRaIR Fod fBAHIGRAGIRY of poRydbphs BB chthRRaHCthR &R
cell obtaine roma transgeni ¢ nonhuma | , €.0g., a transgenic nouse,
havi ng faugérionits catgral shvigoremanirthatheavlg oiberferet wiln sitge tieerapelutic, | diggnostitai n
transgene rﬂr%/J/nere t he Bﬁcel Ihi s fused to an imortalized cell. The

t er m " rECBAYARYUGERCAMER CARIME IS | as used herein, includes all human

anti bodi es tAatyagiaAt"PbEPA Sslyp&ptiReesegd, afr @atiBedYr corfJrdbsdaRy affe® radidant
nmeans, such 10 as (a) antibodies isolated froman aninmal (e.g., a nouse)
t hd0 | Seaugnsgemnerest oneais BTend3 e RCdoresiiiam arenigasticoiie. delgtedrosh a

2ol a cnydoar S dht "BFLARTAF AC s dlieEL OB igamouR BEBpeBlve.
from a degaeatecyaants Of therinivehtich Brludeoiug rotging.a r econbi nant,

conbi natorial human antibody library, and ( t%i@e?nti bodi es _prepared,
expressed, cedgd@tiye” ol g palypeptisle iBy2 RalyPeplids (e8add anilodyijateaspeeri ng
of hu ”“Hﬁ &t?ﬁg%% CRS i J2My e 1CES ot
reconbn?drbglnt [}png#n antdl bm?) I'es Eﬁ%ﬁaﬁ?gﬁ emrjﬁggnonsllr?i %?Wtﬂ%éprggtﬁg%?k
an@5CDRariegig esg.avia aejugetivnfto@nothereshegecatl moiety.rmunogl obul i n sequences.

o 2 ST oo 2ol SRR B s
human lig ngeaHRRBAGS hSy @J%ﬁéb%ﬁl\@/@ﬁt%@n%%cor%b@%f@éétﬁ)atiéﬁ%f%hh‘élpbh? &N G0

aci d sequences of the VH a regions of the reconbinant antibodies are
sequenciytotokiat T aghii respasse.vpducton idantibiogdiesd T celumediaiger attivationHofaaltergic

sequenc .may .not .. natura xi st within the h n t.l bad rmlin

epor t JEPGQTRY At LR, 2 i B ittt U 8 1o BEAPE. Mypigovtes.
anggobodntigeds prdsenting £&M, ophagiieytit hedlis2Sgiapuritydtedamy ddigvlbemacrehaidiules
constant region %enes. The constant domains of anti bodies are not invol ved
in bi ndiraguees Bnihg@hove gelle ohithe liveaindudingfaniibogies; ghekingss antaostelemgntn
the am i 0 N 0 - i (o n
ant 1 body ol fiaasranprerhale 55 UdulsRb ¢icBE s indtER| o, fthtn B b
i mmunogl obulins: 1gA, 1gD, IgE 1gG and IgM The structures and

t hree-di nensi onal configurations of different classes 30 of imunogl obulins
are well -known. O the various human i nmunogl obulin cl asses, only human
lgGl, 1g&, 1g&3, 1g&A, and IgMare known to activate conpl enment. Hunman

| gGl and 1gG3 are known to nediate ADCC in humans. WO

2010/ 131185PCT/ 1B2010/ 052056 - 34 - As used herein, "subclass" refers



5ant i bodi es, antigen-binding portions thereof, immunoconjugates, and

bi specific nol ecul es. The phrases "an anti body recogni zing an

ant i gen" woaolensimat i body specific for an antigen" are ®BsEdBlmo/esosangeabl y
herein with the term"an anti body whi chbi nds specifically to an antigen.”
The term "anti body dependent cellular €ytotoxicity" or "ADCC' refers to a
cell- 10 nediated reaction in which non-specific cytotoxic cells (e.g. NK
cells, neutrophils, nmacrophages, etc.) recognize anti body bound on a target
cel | arvadipg gthegang, calser figsyes pfegtad Wity paithogens.. Cangerous, celtso ar cincedses

t hat i - YR - C ) imary cells
for nme |zﬁ’ill ﬁﬁWﬁ% tgélloplsc)%@%mgﬁ dﬁﬁ?ﬁa%%éﬁed?slsr%ﬁg%@%éés express
FcyRl, FcyRIA ‘sigaziRradsduatidh pattivesmRl iéferBd® the hiessnoivalorelatihshipnodtogeined i ¢
cells is su rized in Ravetch iand Ki net, Annu. Rev. | mmunol., 9:457-92
(1991) .Vafighn ek sgsanifensdeqtion mplesules thal SY @ rolenin e franyniasies @ls’d gnauch
as that J i o 0 "

per f or r}c{ecgﬁ%{se'e ul Ogﬁ‘fteécté%”r Rg'gp?ﬂy%fgroﬁs%urﬁﬁpgggﬁyé&sl ﬁ(S:%%ﬂjﬂggﬁér Fﬁ:gr aseblcgltl)d
nononudusiacecetépto("HBMOeanidr Baanmpéd, nkdletees @NK)carepleses of metatalés/edpgbler
addi ti onal 'é’v ADCC acfi V(Hﬁ/ of the rmlncﬁcul ps of ilnt er esE ma% be 20

assessdll 'PREVINGS signgl ang e ansnisgion i auch ,8Analac RSt N KePBeedeMP e nes
et al.,of¥e@q,. Natl. Acad. Sci. (USA), 95:652-656 (1998). The terns
"Fc receptor” or "FcR' are used to describe a receptor that binds to the Fc
regi on of arfmnantiedy” vberre imreineglatedin onoleskis icepable of Apecifiedirdinaria @ he

natve AR 1S muferebRio B moliR ol et A Rt og el BB st oay
(a gamgnd %ﬁﬂgé@rr)ec@QditibﬁCéitéi_eﬁ)céfébem ahe wdriddie region .of FAegRIrhmuheyiBbulin .

and FcyRIV subcl asses, including allelic variants and alternatively spliced
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ot d saonodafal i Bddis Bt aRB RabinA FREBLEIsUch 86 £ RS, FERIZCERT
Act | vasinglerepi(SCFyBanajdiin eoiiicuies oldiny.shascepd camelbantisadieskd
t t t ) | S C sm ¢c aonmal n. 1 DI U, rec or,
Foy Rl | BTCONBATROlRINS RHTRGPEGH SR HGEDORY iaD CAeanY A o URERGon O PioR)
0 1tS. hORRACEIGHRITolbE6., 1nBRS APris A3 anfit, rbdBGHIRn si1elAR GPrBady

(1997)). FcRs are“reviewed I n Ravetch and Kinet? Annu.” Rev. |
9: 457- inthaded a0/ drgibbely RETHMyBAeds)/ D&m08S6 IgG A, @AgiviL@e Bub-dapethareot)) and

| h 4: 25-34.(1994) : Ha | . J. b. in. Md., .
Do SouRe PiBagi nesar e et by itiedie: 555 Deptpgingadn lighentigadk aririsid
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t he neonatal receptor, FcRn, which is résponsible for the transfer o
mai2€r ndp ditiexent glassest ethere(aayfie majern classes phifamonoglobuimss gl wis) I9knd

mumodBGh e R RS shusrel of B 0 Be Mo L BRL T Sk e Bl ang
CH2 doremgndgGThigGh] rggB,rIE@'@mgAmaeuﬁa@tAsz. Wrhé Hezeyfoh|in dowstarBtdomains that

| eukocyt es and trlgge[s these cells to attack the target (Wnes et al., J.

| mrunolcorresgand 33 %?J‘l@@@b@@??@s ‘I’ﬁén'ﬁiuﬁ8€|qbé'bﬁ1%ﬁr%ﬁég?ﬂ)é defiat epsilong
limte th e n I bedrd 1l 6, : :
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r eRér s domfigbeatiobs laf dyffevéntaciasepsnof,insoawiogksbiimsaare iviididknowra denonstrat e ADCC

d . ) .t hos. f il] in,th t. Such tivit
S Typ cal | yARHHARES erdosdoHg theamemaan aged be e e Pyt bhmaa nald sputre.
FCRs. WrtrJﬂQWblelb%hWﬁer‘id,ﬂﬁa‘?%,%ﬁ@f’éﬁt B8ftlonsWrahe HREDAAY @‘Eﬁgyb@@%ﬁveé%‘oﬂ‘f tpesi ||

inthe art Wil recognize that the ability of an antik to denonstrate
ADCC c dliffgyent tiotibediaspt @, exampler theeCBR iegionshimiay e definge Hieml @Gt arrmugies) ,

by nutations .introdu into the Fc.region,.or by virt of ifications
Uy ¢ he SouPBEny I, 0 Ea MR rediBoner HEVagoil af'oduveshFoflvn Thicshi At
nmodof i cured Ssudhead g T &€ dThd thi@tﬁ@@bﬁbiddﬂwd—’f@gn@@@@f thePPvERBSA Bihy be
Publ i cati on No. 2007/0092521. 20The term "neutralizing anti body” refers to
an ant iRsedycedhint hyrisiemas by recgaminangRNArdeshmipnes e @ enrgnaliganghemical s
bi ndi n e Nt t { i - p ¢ W ul d
resul © G PAAGREY AR AREOOKE; BdlS, b8t cakaly B for) U@l HoAfel”

bi ndi ngn aadit®petoi dritibodiesodoraprising itho dyll-engttmmeavy ebaingldnd fwonfullilength light
fragnent thereof, an antibody or fragnment wll substantially inhibit
binding of a ligand to 25 its binding partner when an excess of anti body
reduces the quantity of binding partner bound to the |ligand by at | east
about 20% 30% 40% 50% 60% 70% 80% 85% 90% 95% 97% 99% or nore
(as neasured in an in vitro conpetitive binding assay). In the case of

Y



t hereof). Numerous types of conpetitive binding assays can be used, for
exanpl e: solid phase direct or indirect radioi nmunoassay (RIA), solid phase
di rect orwOrdiwsctssenzynme i nmunoassay (El A), sandw ch cecpaBlold/esrosssay
(see, e.g., Stahli et al. (1983) Met hgg in Enzynol ogy 9:242-253); solid
phase direct biotin-avidin EIA (see, e! § , Kirkland et al., 5 (1986) J.

| mmunol . 137:3614-3619) solid phase direct |abel ed assay, solid phase
direct |abel ed sandwi ch assay (see, e.g., Harlow and Lane (1988} .

Ant i bodingéns, Aarveves.ovariavisuipgmenisd ast Niieirgrhereasr examplasopl whishoee

di rect I ing 1-125 | abel (see, e.g., Mirel et al. (1988) Ml ec.

I mmnold.e%gébeéﬁ)éowsol id phase direct biotin-avidin EIA (see, e.g., Cheung,
et al . (1990)heVitgrot dightldtain4trchadds aafull-ldhgteclightadiedirdariel Araghfents thereof
(Mol denhaver et al. (1990) Scand. J. Inmmunol. 32:77-82). Typically, such an
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in_ an animal to produce anti badies ca e 0 inding to that antigen, An
ant1ﬁgenvqﬂa§/n%o@ser§'°6‘ﬁe0@? b fertgh ﬁHE&g'd@ﬁ'atm‘ér@g aBFé‘VBPr\Iarﬂai’Ilgbt ferged
Wi th di I OGBS ini (CBRYORSard i efdysn

capabl eé%”%'gg‘tggﬁhﬁ%aﬁ?%ﬁmnﬁ ﬁrgb%@aﬁg?‘%’ ﬁ}ﬁn{enrjé og%%tgﬁl?l}rﬁr}ég%ﬁ% gﬁalt-%g_:lt lmore
r ecept qonsArveshiteroped framewarlyiregions (BR).aftacheviHtamak VI 3s bomnpdsbg cdrihraet COESy

et SRR FAEHAY. LRGeS R BB LR oL T Jo R e

of ten, R tOPES, IFR2 JEDRR, FRS eCDR3, RR4 i rrh'ieomiémétréqi@% dfae Msevilearf light
ot her ki nds of nol ecules, such WO 2010/ 131185PCT/ 1B2010/ 052056 - 37 - as

nu@lei cchadisdeonteis @ bingling demaiminat dntaeaets withianeartigen. cihe goastent eegiong atte

o sl 1aRpBUEEO RS R RS R FleC FormR i E8lacki oo G Toa i S e,
char actir¢lugingcariqurdéells seel ifirtusd aysent (@ yacdffsctet d:eﬂl%? aﬁdrthéaﬁrbtycomf)onent
anti bodi es specific for a particular tag\get antigen will 5preferentially

r ecogni(£40):0f 186 dlapcalpormdemeng systant-i YEHIn Hoht arshpeaxy shringr heyarrkie ands
and/ or . « bheRRAr ! it cal v ié(];‘ﬂ&s"'
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b i all i i h | i | F 0
et andardaneriel BHRYASPSk e gt N Bt e ReNeR E18eM NS (S80bi nds
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antigen, Dkk-1) in a sanple, oes not substantially FecogniZe or bi
ot her risledcheesin,i referse ta sl or Mbigs fragnmints d¥samyrentibodystval re@inlitne oalylityt toe

ants gertbenariy Bt To i anfodtuis B ufR  pRu s ofeh T inds WRec8deR Hppine
t agget fOpERSIHbLan @ntbedPlsén be @éﬁbrd@@sb}rﬁbgﬁieﬂds bfa duisichigtt bABHGd\ANMEXANpled

ot her conponents present in a test sanple. A variety of assay formats mm

be usedftindiag dagnentaencoewpassedwikiye e teca Taptispaddndingmiosian”©f@n antibody
intere r. I i d- | - [ RARCI P tatd ANy
Bl Acor ahHR) AT, Fagrity. & BBASTalEL PeoiPEVBAAGSRIG of FRVED VA, G i Chy
used t aldmginsj (il saR(afi fragtyehtha bivakeot fiagaldrnt doeamising &0o Wabhfrédrkedts linked
Typically, a specific or selective reaction wll be at |east tw ce the
background signal or noise and nore typically nore than 10 tines the
background, even nore specifically, an antibody is said to "specifically

bi nd" an anti gen when the equilibriumdissociation constant (KD) is 1 pM
for exanple 100 nM and, further for exanple, 10 nM 25An anti body of the



- 38 - established in the art. One nethod for determ ning the KD of an
anti body is by using surface plasnon resonance, typically using a biosensor
syst em suwb 200/1B318B5Acore0 system The term "hi gh af fini PET/IBDN0/8520560G

anti body generally refers to an anti bo having a 5 KD of 1 x i07 Mor

| ess, 5 X 10-8 Mor less, or 5 x 10-9 Kor less for a target antigen.
However, "high affinity"” binding can vary for other antibody isotypes. For
exanple, "high affinity" binding for an IgMisotype refers to an anti bod
havi ng by apigsifidebidge @t thedinge ria;dii) k4, fragman- eneissingl &fstoe \#H@rtdei?i;H
"identi f t [ t t t r
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nmat henehey @anrwedjpinest, usoTgp tecemipnaifr methddse by aaayﬁtbeg@hnkemhh)at eNgblesdbenhtat

b dt | | ate th dent | d
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(Lesk, oleMiesSlindwhIREGhoMeUnJATY (OFiprsbel WgVeIBﬁdiTeYa'Frg%Bhe@'ci&\%mzm
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Academah Bhesedy. SetHesacantfstrlyy fagmBhisTaiay b&rdthgined, udthg aity Seivii€ uschrique,
eds.) (1991) New York: M Stockton Press; and Carillo et al. (1988) S AMJ

Appl | ednBlEEig aEventioral iashpiaues kawm ipdiessnwithgesit in Jhe erle abeqihentagments
el ng_GAUPREad- &l ol 908 ih hdsaReRinAliALs GiiRmd BRbasigest mat ch between
e e conpu

t he sequences. program use rmne percent identity is
t he GCG pr ogmrar'hspmemwtlbmbybras nséd deseiGAR (rendsd to reteratb arf E988pdiNdkat is
ACI d Res 12: 38 s Canput G.oup,,. Universit con Madi son
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det erm ne uences are align or opt’i ma matc
respectarﬂl@eam o’r@eadhdnothd()J edtn am)lzeteﬂeahhimdy'uéldatspaacmcas/ ctbmdsr llﬁklke‘d gy,
t he al

or i peni.n ichis ted as 3. tipes. the
ver aod i vBEh bt JRBe PRty PRy Binet AiBed st e il TumPlasdicst TBRL otner
di agonadfe@fest NRACFSUVRA! 41§ ROI4TB dnib88Y fthM5€ SubstantiallDree of other cellular material
2010/ 131185PCT/ 1B2010/ 052056 - 39 - “di agonal” is the score or nunber

as@0gneand/@r eIhiCplS: f ect amino acid match by the particul ar conparison

openi 1y penai 15 1oe B RRGIEABL ieheBlaf eaid R 3ot b BB R RR v
62 are mma@hogbmm cmm as u\eeamdrbm aémg it bnporhonctﬁratraantumﬁgon@hmmam of
standard 5 corrparlson matrix (see Dayhoff et al . (1978) Atlas of Protein

Sequende@ehain et iacksst deast some o t fsr?énmm%%p%ﬁﬁhm 3 dfl-lergin ghain but
Heni kOfvgf}IEE |§‘|C'a GBf949 bPHﬁfg s;')\@tt, h(fal@ used%@'tlgeﬁ)séuﬁgorajgﬂ%rﬁs 8 ¥olbglcaliye

BLOSUM corrpa I'son matr the a

Re@dmeaudied ipahatritteyr bmﬁospeteﬁﬂlmtm theg l]aege:temtlged“eandto,anf ommpeleymiptlnm or

10 nucl e ge sfequenc usj. t he .GAP pro alm are the f? %
an les for specific bin | to a given e |to e. In one aspect o the |nve tion, such a
fragment will retain at least one CDR present in the full-length light or heavy chain, and
in some embodiments will comprise a single heavy chain and/or light chain or portion
thereof. These biologically active fragments may be produced by recombinant DNA

30 techniques, or may be produced by enzymatic or chemical cleavage of intact antibodies.

Immunologically functional immunoglobulin fragments of the invention include, but are
not limited to, Fab, Fab', F(ab')2, Fv, domain antibodies and single-chain antibodies, and

may be derived from any mammalian source, including but not limited to human, mouse,



Al gorithm Needleman et al. (1970) J. Ml . Biol. 48:443-453; Conparison
matri x: BLOSUM 62 from Heni koff et al. (1992) supra; Gap Penalty: 12 (but
wi th no peoabtwi3iss end gaps) Gap Length Penalty: 4 15Tirceghuiiaozzbse
Simlarity: O Certain alignnment § hemes for aligning two am no acid
sequences may result in matching of on 9'a short region of the two
sequences, and this small aligned region may have very hi gh sequence
identity even though there is no significant rel ati onship between the two
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direction is the carboxyl-term nal direction, in accordance with standard
us@fe aeiweenvieetw@Rhearpth@inser m "ost eopeni a" refers to a patient with bone
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G ycobi ol ogy Varki et al., d Spring Harbor Laboratory PresS, Cold
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covalently attached to a protein (e.g., the glycoform as well as to the
site(s) to which the glycoforn(s) are covalently attached to the peptide
backbone wb 2a10030t88i n, nore specifically to an i munogl eomhBwigrzs n. WO
2010/ 131185PCT/ 1B2010/ 052056 - 41 - 1- It is likely that antibodies
expressed by different cell lines or ff?f transgenic animals will have
different glycoforns and/or glycosylation patterns conpared with each
other. However, all antibodies encoded by the nucleic acid nolecul es

provi ded herfeibivalent apiiRRd)sicegnrisesawormntigenPindigd siessInpsave deanegsitie ar e
part of : | r - : t y t] f

Bt i bodpelneE s iR NAe aniGRTSpeihtigh faReRer BRRIGE A RoBies THAY o
nonhuntse kigpeeific (Jdebélown "nonhuman ani mal " includes all vertebrates, e.g.,
manmal s and pon-mammal s, such as nonhuman prinmates, sheep, d_o%s, cats,
horses, cowd) CWUSRERYIC Bi ShenetRat fargets mpre thashene HWIRBY; FPItGRS:-
"trgat" neangwg; Qg _JdoeRAiHeBE Yhikd  GRti i ; '(?d%aﬁg,- e
expgri enced byﬁlgg%lgt@en(gu%?ﬁ%%t Igrﬂq ?br{fgnrﬁ %@Qt ﬁe I§acy 1 IE|Oé{srtﬁ}r/tga)rl'édl %rr]lﬁi% t he IR
conpound® diffecard rargigeh bindingr @tasntBisiexsiioaatileodies @revee species adl rayltispecitos et
of the synptons, co ications, or biochenm.cal, indicia of i sease

a1 1 v ARV IRICS TR, BRebBRCGR 917 HGTBH PSP g AurHe PubERET BRRENE: o
the di 5g8ipR ofCRKHINPAS oPlinking06IdRAL' FAQABARISeel . gRISHRYsRIIBPBY | 4&Hrhand t O
prevent or delay the onset of 'the disease, or to prevent the manifestation

o:‘ I cl i Hi188P), o ligutbpi n|m?n@|yrﬁ%;3h@-3t2ﬂéraﬂﬂ )K@te|ﬂ¥ie@fﬁ|@éu_(1992§upbr muoal. or
Var ouct4sETad i BHEDLRE D Oifint dtelndet PRl loobhdth fIRF 36 e citieent,

in the dmitobewl WaichURSE eddi@ndn tRE sENRY or different proteif@rgutesent i nvention
provi des novel conpositions conPrisin . antibodi es and antigen-binding sites
of i mmunogl dbulyses §erins i"@mongeloprk-antibgdye refers hes anaantipRy ptaingd from a

anti bo k S 0RS- ] 1 firom.sev | i A
our ced ORI U KRBT haRbheltbolt Kiidhd§S N300 68 (TEAEER! Hhybodies
and fr agpmprisindahe popyletionadfea ddnyichio exédi- for fpassioda enatyrady-esctirmg aubaticers.
The _i nvention al so grov,i des novel neutrali zi ng}eanti bodi es, i,r}ﬁl udi ng?, ,
chi'Rer itBal MaYahe AEESEHINHTIRRN ARCYHEdi Menoglentlkpntibadies,@re sigrly sprgific, being
i mmunol e I L aghnendis, t cl e ' h 04 b
anti bo |%§F§dng¥’f ];dgg%teﬁt ara @Elgg@g%?écm@gmgg& mtl?&ég‘%}rgtéh@ggaggé‘ a@t}l&ﬁ)dy
expr esgirapatationantwhisti dgpiagliyngintlhidse diferieai cantihaties | directetd hexgaassp e differehte
i nventi relates, tq nolecules (e.qg., i nol ogi.cally functional f nent s
and poldRelstnant (epiafBer edes Ruiioictisiel aBFPAS Ruyreties AGRES! ehp el et
pr oper tdretheCantRjdin. DPRY nistificedHodirg ivlic@es théharacter of the antibody as being
2010/ 131185PCT/"1B2010/ 052056 - 42 - The anti bodi es and

i mAdnolanjeiegd| ffomuacsukstentiallyagamrgeneors papeladicscobeatibedies aAndasenet to be
variety of utiliti . S0 f.. i ' f inst

ore skl st pirnd PogRiibh o Ak SREPORE b7 My RAFEEE: Tasthdy. B g
its |ighedaoadclohal setisiéddo avsayed tie doderddricy Wwitheahe asreagoninveation nbdk bk
activity. Certain of the antibodies 5 can be used to treat vario

i seaseBAURAY 4o MPEHOMER GERPE niehaleastiped 13y dfontRaand YR PEalNadure
and 11 3086 Gflaf BSnis b SdedoRaHEDNA heblods SHHBObSscred! A 50 P2 Mo,

such as 1 ncreéasing EE/E” synthesi s of new bone, treatnent of system c bone
| 026 (e1,816,5686nd hermenodshal dtitodiespaiay ,alsonbe isctateddrins phage Viarar@ssgdrerated

f thriti [ f the. i.bodi df t hat [ d,
R I sy R N R T
unrel atsghfQebone di seases. Antibodi es and Fragnents A variety of

sel ective binding agents useful for regulating the activity of Dkk-1 are
provi ded. Thigee tergenbgmancanidedyf derivatisesintefersata iabgdinedifigddform of the human

i W“O'aorﬁfb‘&%{/,' g.gf,uangcgr;jgggtle of the antibody and another agent or antibody.
30 The term “humanized antibody” is intended to refer to antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse,
have been grafted onto human framework sequences. Additional framework region

modifications may be made within the human framework sequences.



15 fragnents thereof that contain an antigen binding domain (e.g., single
chai n anti bodi es, donmai n anti bodi es, i nmmunoadhesi ons, and pol ypeptides with
an ant i gewokorudi3angsr egi on) and specifically bind to a DekTABpad/yizeft i de
(e.g., a human, rat and/or nurine Dkk- 1}’ pol ypeptide). Sone of the agents,
for exanple, are useful in inhibiting ﬁe bi ndi ng of Dkk-1 to LRP5 and/or
LRP6, and can thus be used to stinulate one or nore activities 20associ ated
with Wit signaling. Naturally Cccurring Antibody Structure Sone of

t he bi ndi ng A%&Re herein, ahemprigerdentibedie refres & farstsupeneRpiugean (e.g., murine)
associ (o} b u

thoce génrff%gt%&ts%aﬁéﬁg gfg M’erﬁ: Hﬂﬁuhc&o@lﬂﬁfs ﬁﬂr'n%ﬁoglyﬂﬁhﬁtchgﬁ% Bfe"frﬁﬂﬂ'feﬁs mereof
two i dgsticicals laaummtléamf F@) )chrycpﬂaelt adtgehbinting sbbsgdueees cﬁrmmbeshesb that

mammal s al so produce anti bodi es having only a single heav h_in. [Ln
t ypi calCORRINLBIPIMBla FEGYENFE o dEEUER)| ér%”ﬂ nepuawaﬂe'mmvn05@ﬁzgf " P@%f%«ably

chaign i I sen f e
charn (| naRebd chiBBIRS, ARDhamal eI o ECBRR A HbDAPLA. finicheRsLes
i mmunodtarbd compteanentasy detepugeng oégisr(EDR) df hmmmogjleJﬁLHrerredtamdrts/ fesghods

t 90 t 110 . 30 i d i ) )
oo et & COR P By b fa shecied deahanaaftiady} <086 -8 BaEse Bl & vabpit havio
ant | bOQMeQf@slféé%tp'eéﬁlélt@rai‘ﬁﬁl%ﬂ'@ﬁeébpam anisBATd Ptrtek, POfnmswerk Rafh (FR)

chain typically includes a variable donaln that is responsible for antlgen
r ecogmrtesdueSThé gr hoyen emmuadglpulin arei sepieeed cbyseevespandingit hN@haKMan

1B J??@V‘Q?ioﬁﬁﬁﬁ%i&s??ﬁ@é T eed FntBody day dbfiise’ esidled i AR, b’

gener aldgithar & Heasspigiedamtbdegnivr ianke irapbded ICDRtordhaheworkegsemeRsobut are
t hese contains one vari abl e domain and one constant domai n. Heavy chai ns

are typhedfed te fudber refineaganeneptiokze ant'@%ﬁﬁrﬁeﬁaﬁﬁﬁ'ace ofn éh@@ier&int%apﬁ@nlzﬁﬁjd
these i

(nese SRR, cohBR SR oAkl LB o}, 9, A s,
| gGl1, IngC\‘ﬂhlch ga(BSor sobstagEly iatgMfﬁbbt@lb@sreglmiwderrémdncattﬂthcg;l@of gAon-human

subt.ypes i ncl | gAl an | gA2 s,.th A and I nt ai n
fodP héﬁwirﬁgi@ in; RAds 6'ur°rl ﬁl;)h%taehgﬁfn@q 9héh$ a’fﬁﬂl'qr&E ésoc@n dmngn
two he n S i C, e
vy TG SSIRNGontensd Nediifbos: ﬁmsb%?ﬁﬁb‘%@% %ﬁkﬁékﬂi disd
conpr i SEenETEe ot least 8 hwtien wﬁ anhmmumglh@lrresmanﬂanﬁldmor ebfrexin c()IFc) typlcally
functi .. The nunber_of he chain,.const ant |on domsu

Lhect s 3Ror gl RS i iuoRamRlis ! 3o Sat bR e lif e B8 ESITRL PR bbione B ER &5
donai nsjderaned &s Wibiloo/S8E7 AndtkdiXorm 8 &f Atk PRliEantidtfie Ah8vd bAYIgHeRoA0DRs
have any of these |sotaé5es and subtypes. 15In full-I englth | i ght and heavy

ch&@Ons, (GO LWiarGBI 2,668 Rcbas CAR H 9¢BRsHar @ndrne@Royi3a WfIJCh reegiabieresd with

about e avy chain also including a "D

regi on%?B%%gﬁttﬁq_g%%eg@ﬂﬁosdg 20&*5% 5'@ 58 ., Fundanental | munol ogy, 2nd
ed., Ch. 7 (Ratermé/"husthn) arftiday), d\de‘VMII‘yOTdfharRéM&bb&if ess uéé@rn%beﬁn are intended
|ncorporated by reference in its entirety for all pur%)o es). The variable

r egi ondodnrclage I@”F”P@q’iﬁ I'?@éﬂ?‘)g \&iiabie E%'Q”%MWB!CB;QQW the ﬁmwrbr@tnidg@HRbreﬁéﬂ%g
Site. are arl VeH ith fuhRH g@r?nlﬁfe FnﬁmHHﬁS@bBQl é‘%&é}%egs rRlord. @HH Bihdioddye
sane overall structure, nprising relatrve onserve ranewor k regi ons

(FRp | caoméaindya tdurstaﬁiymnorari@bbenstegt (ueglonnallse isf terivexhlfteed human germline

of  encHTHBA AP EARHIEBnal RO Al o POHES O BesAHOSL ok A geR, Gnang.
al i gne%&ﬂoﬁé‘Qhéfeﬁfeﬁﬂ%&klﬁcﬁﬂ!@rﬁnﬁwg BefdMrasiglies' Chdt @nkbd@éd bhyduman ?(ermllne

specifically wth a spéecific epitope on the target protein (e.qg.
From N-ienunaogidbulin Geaguencesl (€.gat mmﬂatlgns)cmnqduungdl |bghtraad@mheuthel=me¢lﬂc

o1 enont v BRRB R bt BY SR cRRtER iy e ler iR B alHRy
begp deyy gsub hNeirRS nBRintehdueTRERel ide #tibodiedOnaghicls CRscg0ENERs 8eFIdd POS

in each of these domains. This numberi ng systemis defined in Kabat
SequendB§ GAMiNGt @ AROIHET NMFRIAGIiaH| ECIasHtSeICESES @ MIRBEanave JEen Seafiegnanto

I nstit a, Ml.), or Chothia & Lesk (1987) J. Mol.

Bi ol . ifg@ﬁarg&ah?eg\i&}'p Eﬁséﬁ%&det al . (1989) Nature 342: 878-883. Each of the
|'i ght chains provided by the WD 2010/131185PCT/ 1B2010/ 052056 - 44 -
present disclosure can be conbined with any of the heavy chains provi ded by
the present disclosure to forman antibody. In sone enbodi nents, the

anti bodi es contain two identical light chains and two identical heavy
chains. O her antibodies that are provided are variants of antibodies

for rred by conbl nat| on of the prow ded heavy and 5 Ilght chai ns and

o o -~ o~ — o~ g ~NN 7



Compl enentarity determ ning regions (CDRs) and framework regions (FR) of a
gi ven anti body may be identified using the system described by Kabat et al.
i n Sequerwox0f13PK86t ei ns of | nmunol ogi cal | nterest, 5thPEWIB20WB0De . of

Heal th and Human Services, PHS, N H, I_\Iég(_Publ ication no. 91-3242 (1991).

Certain antibodies that 15 are disclos herein conprise one or nore am no
aci d sequences that are identical or have substantial sequence identity to
the ami no acid sequences of one or nore of the CDRs as provided. The
ant i bodi es akte taragmawnan Menogloaapasiiveyd arafullyriiinaar neenoclang antihpdy’ refer

four, fjv r X &QI% i St e ' ' e ;
vari anttbf%]rtfr?r)gdo 9%@%52@{‘ St e'gh!n?? %@%ﬁ@&%, \7\'\r/1\,1h'i“?l Eﬁ%\ﬁ%bgﬁ%ngs%g% %e'.n, WE !Ch
3, 4, Saih the fedméwerkCBRS @BRhrdtonsgrartdelrieas trddn durbBadogeddline rimdminoglobulin
sequence identity

to a specific CDR sequence provided. Conpeting antibodies
and frSpaeRNges. “In om@,tqrgmqhggen&n@q ﬁH&W&I mn@g\qnﬁfimﬁegﬁlggaaref rERE DY @
t hegeof ; A\ 0. 1 L q temal
fr agnenD SFEENRETRRE i desth s (BF REERY R b sfet S lupeiEhiRalog. o
ant i bodrasgandt fmoagee hbsingey gdroondicothprisingha saemandpavwpehais toarsgehet dred a
exenplified antibodies. Antibodies and fragnents that conpete with or bind
Co t he ILEENSRi 0 3aens: WRE'Teth oY el oSHis BBAy AT ZEg A8 are expect od to
show si m | arT{dingfrh ofabobiiz@it t hi@han MaRGEdNalasAtkb olbRSn, Sthtf e tbbadhRm
that are provided include nonoclonal antibodies that bind to Dkk- 1

Monoc| @dibodigssi thetliees pregared, pxpeéased aspieg anisotaiet mygesormbvant means suah,

o PR VA i zing. spl || s haryested f i aninal

200 Pl pofibdsfed HEdREEnroR: 18 UER.fEe” e e TR fafs® o
i mor t gtdrsedrafosemaniort RaRan deenuntgiasLey %éﬂé&ﬁ@'?@ﬂ' hBad3aa Qrépaked thepefrom
known in the art, e.qg., by fusing themw th nyeloma cells to produce

hybr 1 ddRBSCTInARL Lsther dislow). (6} ARSBOFIRS H5elpIatb it AduRtiGRy YaIRTGTMeN o enaress
pref er a:ﬁé%u%a% Bﬂfi‘n%qy %‘?&yﬁ%ﬁ)g‘{f (e ctBA%e 5@' &rﬂibffo% LRI FofN Y rec8MBinant,
enzynme deficiencies t'Hat”Tender emincapabl e of growng in certarn

sel ect icoenbirdiocaiaivhuntansapiody lidbrarygrant (@)cdntiboldies preplaecdl esipressdd) ssedated| drs

(hybridomas). Exanples of suitable cell lines for use in nouse fusions

i néﬁudésggtgﬁo,byPﬁnXe@ﬂA@B,m‘?%rl%(ébahd@\!@s%, SNQU&.%M”!@” SM@@‘M{“W@,G”G
NSO U, 2 5 nd : i b
used | R o oee e AR EE b feReys PRI gHL hu IR oA BB e lERE,
cel | | iregongsaf whi¢lorthe eframiewsiro randareDR- fRAONENATS 0QerGRER franh CRirhaN- ¢épdine

and UC729-6. 0.,n sone instances,. a hybridoma cell line is produced b

muni 2R e AR papSQns oS 4 el oS et TR YRS RurfafeRimaRag! BRta,
sequencgiibodidshcan ws&bjbav@dn@gﬁﬂ;vimﬁmmé%;erﬁ&@ RbERN&E|drs ahingan tr&¥sgenic for
i muni zed ani mal; fusing the harvested spleen cells to a nmyeloma cell |ine,

t h@Pebyhujearerigt sedpenessi Bonsed el ¥ivoesomilic smutRPENEBis) dviith toes the i @mainor aeieh

t he hybr| I nd, i tifying [l el l..1in

or odusaeBEs B sl \H e, PR B iCanodi, 0B Saadghass et
| i nes, e aativedkémlandrdstednalnuaidn §ohlete YHosha vl seyjubheds, rmagnot naturall

enconpassed by the present_ invention. Monocl onal anti bodi es secrete

by a hﬁiﬁ*f'_rtdﬂ%ng@ humeapeantikady gepuling rererigdieny vy techni que known in the
art. Hybridof@gs&y hmsﬁyﬁ@ drUbLBsT 7S8R ahﬂﬁb%ﬁg{%‘sé Xe.éﬁc'\@gﬁ%r‘é‘@@}that

particul ar properties, as the ability to bloc t i'n ivity.
Ex@bpl s eotoded by dbe deasy ahainpranstalddegiont denesx ahipd esndtahbdomemsnefrantibadaks

e 2 ANE P iocina. & e e SBTSRSAE ko SrRe o ol
ther apaHEigmmBeAti§ sBRYieRe M dhé INR@vY thain constant region, a given human antibody or
immunoglobulin can be assigned to one of five major classes of immunoglobulins: IgA, IgD,
IgE, IgG, and IgM. The structures and three-dimensional configurations of different classes
30 of immunoglobulins are well-known. Of the various human immunoglobulin classes, only
human 1gG1, 1gG2, IgG3, 1gG4, and IgM are known to activate complement. Human 1gG1
and lgG3 are known to mediate ADCC in humans.



25 various ways prior to use. One exanple is a "chineric" antibody, which

is an anti body conposed of protein segnents fromdifferent antibodies that

are covalwotby/i3eissed to produce functional inmmunogl obulPCa/IB20gbs2056 heavy

chai ns or imunol ogically functional p%l‘tl ons thereof. Cenerally, a portion

of the heavy chain and/or |ight chain |é identical with or honol ogous to a

correspondi ng sequence in antibodies derived froma particular 30 species

or belonging to a particular antibody class or subclass, while the

remai nder ofAg Heed Rgrei( s jsubslagpe refaentol &l fUVW@hS@%'ﬂ@ﬁﬁﬂ%‘gﬁh@ arblsgtype of the

correspoy i degi E%[%a r

bel ongi ng%g&aa?{g %ﬂg%g]ttrlegi%@yé%fé;ssg&grgééu%ég?ezgsas {h%rr&%?(] G% or I864

chi mer isubaldssbe thithin theelgG kotypexanpl e, U. S. Pat.

2010/ 131185PCT/ 1B2010/ 052056 - 46, - 4, 816, 567, nd I\/brrl s n et al Pr c

Nat|. Acad. AEiUSeOPEINGERA 16HH5 COMVRBYNACOR @%éfm?ﬁ%gu fica o%%ﬁ’?%lfh

exa | &y IN@% tibRS ¢ fﬁmﬁ%?r] % | nd
0, iaonl bagenera{:?érj o e ggggri b g tﬁr’%r%o ng a o8 %ﬁ%néﬁip%s@%ﬁw%aetsg a

ch| mera in vifhe:phEastelsé'aanimodgfreaagnlalr@cardsantlgem ahé "entaniibedy sqeicdiat for an

speci es_i.s _npxi m the rafted”, anti pody, in which
the_ antTHOE) cobrees TURETETORARY HEIeME 41 ¢ Prider @RmPRIOREY eifish binds
( CDRs) g‘ge@mcg”pﬁjéhgﬁh nspeci es or bel ongi ng to a particular antibody
class or subclass, whilTe the remainder of the antibody chain(s) is/are

i dentical wikhe tﬁrnmoamul ke@udependenbeeiteporutaigxicayueicADGCamefdBdices cell-

ot e M R S T SR LA

ant i bodyagrophages, Eetll)aéé@m@bﬁtl@o%mm&ﬂh iabteetyst deﬂl@r@lcstﬂﬁebb@ntly cause lysis
natural l y-occurring V. regions or the human antib

usef ul nytb@ target i5e ﬁl@hawtpm@yw@ that mﬁ%@\liezéaccaaen%r@ay exprafsy B¢ |r90emors

8 ndhCrls. TBgr e G & iR TABEE TR ZRloR EresR PRI b Bl

ant | bo%onbﬁpté@bkbrééchﬂRﬂ mmqenFlb@qunbh'dmgr FOVRIeNS ¢ h@xpﬁf@éé,@ﬁdbn

are nodified to be honol ogous to correspondi ng rem&lues in a human anti body
of 1&or rpramaow@mcmﬂsypesun&maamctm iRevetemabe P@eelf dhmud Rebrln‘eualrn@/l €9:48%i92g

vari ous o] sub itutin | east bl
ooi on @3B Dad, Bte G AR s o B etubah AR ADCREBRSa YIRS that
U.S. Pajeschbéd: mEU@EPélSNo%nCB 3003862762 5,80NE37 ¢fa be erfsiedNaUsetul effector
321:522-25; Ri echmann et al. (1988) Nat ure 332: 32 Ver hoeyen et al

(1988) @@Bé‘h’b@%@s%@MC'QG? pqr'ﬁhgfﬂ@'@%ﬁ@nﬁ@%'@a&@ﬁ@ %M@@ngﬂatﬂfﬁd‘i'”er

" egi on(LgonEs: BRI i atidtRRY  ADRRR AP SR PR NS ictest may be

hu@@n cadsebsel @3 vivos ead).sin ranoamidmll.mmwmﬂm as ehatvadistiabée i C@Iyn&kleltlgalf Wrby.
human antij bodi es. spe fi _f or a gjven antigen w thout exposing human bei ngs
to t he MdiiAfsH. SCf- L‘p%f‘ Z’Qﬁqg §ﬁbs '). One means for inplementing the

product i on_ ofp i --herraeeﬁtap-' BOFiGRS o8 4k 16 BUSBING B dbioPlal B ESfe Fo

hunor al i nmune syst em Introduction o human i nmunogl o ocl Into
m ce i regioincdf arhantibadygehers thegFemeglenets)rhmsesb@@mgmmgjowanddheQﬂﬂendrﬁaﬁs

Chat catpars b DEAT oA e daam R (releR gah LAY P SR SPeRAHTAN FOR
anbsbodf RS FER T bE Bh& %éthﬁndmg@g%ﬁt.@ow@a @bhﬁﬁﬁ'réced(@) and includes receptors
2010/ 131185PCT/ 1B2010/ 052056 - -

of the FcyRI, FcyRIl, FcyRIIl, and FcyRIV subclasses, including allelic variants and

rél

alternatively spliced forms of these receptors. FcyRIl receptors include FcyRIIA (an
"activating receptor") and FcyRIIB (an "inhibiting receptor”), which have similar amino acid
sequences that differ primarily in the cytoplasmic domains thereof. Activating receptor
30 FcyRIIA contains an immunoreceptor tyrosine-based activation motif (ITAM) in its
cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-
based inhibition motif (ITIM) in its cytoplasmic domain (see, Daeron, Annu. Rev. Immunol.,
15:203-234 (1997)). FcRs are reviewed in Ravetch and Kinet, Annu. Rev. Immunol., 9:457-



responses that can sonetines be caused by adm ni stering nouse or
nouse-derivatized Mabs to humans as therapeutic agents. Ful | y human
ant i bodi esocary/13e185r oduced by i mmuni zi ng transgeni ¢ ani raraBioue/oE0iey m ce)
that are capabl e of producing a repert_(’g'gre of human anti bodies in the 5
absence of endogenous i nmunogl obul i n p*dduction. Antigens for this purpose
typically have six or nore contiguous am no acids, and optionally are
conjugated to a carrier, such as a hapten. See, for exanple, Jakobovits et

al . (1993§1999cCapek ¢t aladmumursnethoda, 485846 {19%85and sleobgas ek abt Jal-ab. Clin.
1993 . 255 N | . 9 ] I
Viaa.) B LRe BE0 #1808, Qtfer EROTERAMCE e, to, BEDARatRAL id frg FIRE, e
by i ncammh m;mggelg_bwhmemdogéﬁ?m qepeiaehirhaueaﬁlaibqlihcludg@ithenm_ iang_rbbeptorr{
nouse vy and |jght i mmupogl obulin chains therein, and inserting into the
mouse d%%%i%ewwhg'@g'feﬁ%%{% f %@uﬂﬁHSfﬁérﬂﬁr@aiﬁ@@'clﬂﬁ%F%it% fetsi (Guygr et al,
encede h } i ot gi rtd ivfi L
whi oI P& 1 768 e R I il D21 (TSN PihePhffh? FoR
t hen criosdingrsite oo ininuaogloboliafioagmebtshmesides ial thedfingd eegios ibatdeemtig €1
system nodj.fjcatians. en. adm ni.stered an i n . ~these.transgeni.c
i ST Gie ot b S ediae Mo sHBANRTET 53 o'harot RbeRy s and
have hy fsathBsé cehgto %Fl@@hé"’t‘ér@@t %Wir%sséﬂéﬂe,n&elﬁimumﬂ,U?BMQBH@BY@;(Q@M :

regions. For further details of such nethods, see, for exanple, W96/ 337

and WORIOIEWE regips henrgoenprasesy buhdersolicnied toy thefseauenees Adrficriedan UZXD.
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WO 2010/ 131185PCT/ 1B2010/ 052056 - 49 - (1990) Ain. Exp. Immunol. 79:
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These regions are also referred to as "epitopic core regions."” A
skilled artisan will be able to determ ne suitable variants of pol ypeptides
as set fowOhloteeeiss usi ng wel | - known techni ques. One skiPClras2aior0i20s art may
identify suitable areas of the nol eculg that may be changed w t hout
destroying activity by targeting 25 r Si'ons not believed to be inportant
for activity. The skilled artisan also will be able to identify residues
and portions of the nolecules that are conserved anong simlar .
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(1974) Biochemstry 1137211-222; Chou et 20 al. (1978{ Adv. Enzynol .
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conput dPRiEI LB e abd Aty THERL Mord 10 Riehif AR GRURG: even
secondangrespecifically, Gre aneibload isfsdided cspedficaligobmalr yarst antifen vHien hased
upon honol ogy nodel ing. For exanple, two polypeptides or proteins that have
2 sequeBHILT Weh Gisspeigrion @astantikahis 35 WHalo AIXATRIEI S0Py a8k durthaTafer 4006
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antigen binding affinities, and/or (4) confer or nodify other

physi cochem cal or functional properties on 10 such pol ypeptides. For
exanple, single or multiple amno acid substitutions (in certain
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15 structural characteristics of the parent sequence (e.g., one or nore
repl acement am no acids that do not disrupt the secondary structure that
char act erwgesiot3eispar ent or native anti body). Exanpl es @®CTaBr0/e208ni zed
pol ypepti de secondary and tertiary strcg tures are described in Proteins,
Structures and Mol ecul ar Principles ( ighton, Ed.) (1984) W H New York:
Freeman and Conpany; Introduction to Protein Structure (Branden and
20Tooze, eds.) (1991) New York: Garland Publishing; and Thornton et al.
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di sul fide bridges 5which cyclize the peptide.



Derivatives of the antibodies and i nmunol ogically functional fragnents that
are descri bed herein are al so provided. The derivatized anti body or
fragnent weyowosprssse any nol ecul e or substance that i nmpartiB2oo/oesia ed
property to the antibody or fragnent, §ch as increased half-life in a
particul ar use. The derivatized antibo g'can conprise, 10 for exanple, a
detectable (or labeling) noiety (e.g., a radioactive, colorinetric,
antigenic or enzymatic nol ecul e, a detectable bead (such as a nagnetic or
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as by expression of reconbinant fusion proteins COH@I’I si ng het erol ogous

pol ypept i desCompatseromaiex:\gL@eHM BG4 fiom Hendofi ehad. ([dP9Zhsepre; - Dkk- 1
ant i body pol i-de.. ﬁﬂ{pﬁ% J pepti de may be a
het er ol ogousdé)ﬁg’tr?ggﬁkl'o{r:?rbelg er %8?@/%%@?%@8%&9 the yeast 30

al pha- f act orGhpadagth Penaltypdpti de such as an epitope tag. Anti-Dkk-1

ant i_body- cont ai nj fusi gn proteins can conprise peptides added to
fadPlitate B{nrﬁﬁh“ggtqféﬁmg?”@dgnti fication of the anti-Dkk-1 antibody (e.g.,
poly-His). 51K K, ! i tyd !

FLAG pent | doa BB e o R e i e A b ™ v
2010/ 13nhagsPgrofildaay atsraplaEsion obhe- twansedueBcePaand Mas sBalllaligaed redioe NG

peptide is highly antigenic and.provid an,_epi tope reversi.bly bound a
B pect f AVBoNBHl el St rnbay ERKS) SVemdhpRty Pt 06 48 5oalgett. s HonsHlp
purifi qritivedn dheeiid SIERGMgHe GeGbieReds. REQIEINyly, ReRosaksteds BfighmERY method
preparing fusion proteins in which the FLAG peptide is fused to a given

poPPpeGAR PengsaBy eaftdrecadisipddl e Hasired (csiaghit,in sn.aligoutest thas.spans at least
i AT s {ciegeil n 8. aligoutes) . span b
crp oy SRR AN SR B Rt IRe 07 e PO PGP o= T o

coval ent | y- |Ag1kggédomenein; cevbstantialy |gursednéan®rthat tthemgescrisyd HpgleRys of
oligoners. Aigoners conprising two or nore anti-Dkk-1 anti bod

| ! . y . .
pol yp_erfﬂP'@é@'eaiSe tf&%_rnreﬂglnataé@ $RﬂC'Q§s@,re$/ﬁrlthﬂﬂﬁ{e'Se>@Hhﬁl @Ol@b@?ﬁ@ # is more
homodi tundhfefnal | SRS thet NdiGud]CSPEBRITE S thd108BHG! Thfdure, In certain
heterotrimers, honotetraners, heterotetranmers, etc. e enbodinent is
di 26ct eembadiolengs reessbstantaliygpurg meletulplie asstnpdddiorl waeteib ditky op@cy peetiesies
j oi ned via coval ept Er g/oz-coval (?nt i nt erflchi ons_ bet ween gegt.i de noieties
fused tORRHEESR 19BRK 09 7400 FobiP FoPg3ebel @ @a%rﬁé@P'%@ﬁ?T B C'ﬁ%ﬁﬁ%‘?fﬁeﬂ)@i de
l'i nker sthdPefbBAFBESS; aCSubReattial§our®FonskidMRilPEGRBFisY a@feddt BIOL! 8%,
ol i goneri zation. Leucine zippers and certain pol ypeptides derived from
ant i bodi18%, 9%, ardifyotafealbeacrateslechlar speniesrpesert vl thgoeampasitiprninodther

anti-Dkk-1 antibod ol tides attached fhere s, d ri LN re

et | Gupedierfe X T HREF Biet venretle o1 Passiiry BompeRaety IR (o
f ogo anddntdXlraling 2P eaieisi dxrthot Bel dheset de she TBpRitionIkK cdnwstitioharyet@eti6h | €s
of the oligonmer may be in any of the forns described above, e.g., variants
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polypeg#kgﬁg t hat have Dkk-1 binding activity. I n one enbodi nent, an
ol i goner 1's prepared using pol ypeptides derived from i nmunogl obul i ns.
Preparation of fusion proteins conprising certain heterologous 25

pol ypeptides fused to various portions of antibody-derived pol ypepti des

(i ncluding the Fc domai n) has been described, e.g., by Ashkenazi et al.,
(1991) PNAS USA 88:10535; Byrn et al., (1990) Nature 344:677; and

Hol | enbaugh et al., (1992) "Construction of Inmunogl obulin Fusion
Proteins”, in Current Protocols in Imunol ogy, Suppl. 4, pages
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fusion encoding the fusion protein into an appropriate expression vector,
expressing the WD 2010/ 131185PCT/ 1B2010/ 052056 - 56 - gene fusion in host
cell s trawmeformsdisdi t h t he reconbi nant expressi on vect oPCTARZ1@DI208% ng t he
expressed fusion protein to assenbl e ngﬁh | i ke anti body nol ecul es,

wher eupon interchain disulfide bonds fdrm between the Fc noieties to yield
the dinmer. The term"Fc pol ypepti de" as used herein includes native and
mutein forms of 5 pol ypeptides derived fromthe Fc region of an antibody.
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i ncor porated_by. .reference. .The u f a nodified |eucine zipper,that .a
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approach, reconbi nant fusion proteins conprising an anti-Dkk-1 anti body
f r agneraffestivel@mariits aee raasily aseerained byrneofppdinapy fsilliniéneaad. expressed in

sui t abl e hos. » { S | ! I | - - L:had
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aci ds A‘c‘)ny | ength. They can be, for

30 "Glycosylation pattern" is defined as the pattern of carbohydrate units that are
covalently attached to a protein (e.g., the glycoform) as well as to the site(s) to which the
glycoform(s) are covalently attached to the peptide backbone of a protein, more specifically

to an immunoglobulin protein.



15 exanple, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175,
200, 250, 300, 350, 400, 450, 500, 750, 1,000, 1,500, 3,000, 5,000 or nore
nucl eot i owe 201/13ersgt h, and/ or can conpri se one or nore &AWITBLBONOI2056
sequences, for exanple, regulatory seqyences, and/or be part of a |arger
nucleic acid, for exanple, a vector. THe nucleic acids can be

si ngl e-stranded or doubl e-stranded and can conpri se RNA and/ or DNA

20nucl eotides, and artificial variants thereof (e. I? , peptide nucleic .
aci ds). Nuclleisdikgty nat antdenrfiag expresead by slitterast eglhlingsen indeanseesis yumalwdl
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such asCOFUPNEIRG & 2EHAP @%éeﬂv%ﬁ?\cmwdd%éa@%%!p&yﬂ L fignplasent Slasimuee.
of 8 KNEUBrdi&dH B INRRI BN dFsLKRbhYBSyeS. antibodies may be prepared. In
one approach, polypeptides that are conponents of an anti body of interest
are expresseib ureamerainj thabtarnr esudopdiith andludespaey Siuoransgs henpurmad artimal. The
expressed polypeptides are all.owed to assenble to form ant|body nol ecul es,
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are provided. Due to the degeneracy of the genetic code, each of the
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DA (ﬁ@g.féﬁ Prepibyriactc, A0 Brevsht fcgrd@faya%@upng%ﬁw&é%#we, 69'% foggevent the

and a i ; rat ; t i gl 1di i
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sequenas, rwﬂ are at |east 65, 70, 75, 80, 85, 90, 95, 98 or 99% i denti cal
to eac typically remain hybridized to each other. The basic
paraneters affeeprésenttineerstion providediyibreldcamposiions nsbnipriging amdibgdicdance
for devising suitable conditions are set forth by, for exanple, Sanbraook,
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dily .det 1 b h havi di kill in th it b d f
excanpl LS e TaRg A ST b oS0 SAFUSR UNeh TP TR veBEORYIRS SEORUR be
I ntroduygRel REutFEiARd ntibodies AindHidigy enedrb, HUMPARRYd bRadutsan antibEdigsSas N
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sites.



Mut ati ons can be introduced into a nucleic acid wthout significantly
altering the biological activity of a polypeptide that it encodes. For
exanpl e, woeonar31rsake nucl eoti de substitutions | eadi ng POTABRIME0F0F
substitutions at non-essential am no agbd resi dues. Alternatively, one or
nore nutations can be introduced into nucleic acid that 5 selectively
changes the biological activity of a polypeptide that it encodes. For
exanple, the_nutation can quantitatively or qualitatively change the
bi ol ogi cal adi8 ﬂﬁ@OdE)%aﬁﬁgegn@ﬂnq@QmaI'Y aﬁulnﬁeo%ﬂaﬁgg@eﬁiﬁclth@‘e are ciliseloped,
reduci h i
i ncl ud(ra}%c @ng‘%}\ﬁé&%%r'e@ﬁﬁgg“ﬁ%ego e om?hgﬁocﬂ;% fré&ln aho{}'ﬁgr%%aqscgéct
the pr @emSefmiwerEpemmqobmjlr@easmL eﬁmut&cplmﬂmhemdfd}skk-mair ity Bgarkds and timbl e
for use as prinmers or hybrjdization probes for the detection _of nucleic
e%mef@ R 8

acid s B8 agpayhie iIfRDENGtasr anagorisk ef [kli-d arlivite pertap of fee ARVREAIESN
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ful I - | engt ypept i e of the invention or exa ragment at can
be usecSmeaarmbotimsoanq)rfnagmem canfthlagrbenmsmtmdmagleanoﬁtreatmerpierrelabed to
(e.g., ,a Dkk-1 binding .por n a tldeofth |nvet|o
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CDRs orA digs r | e regi on donai ns). Exanples of vectors include,
but are not t ; ] j
vectors and ‘SYrEEsHie RN e uiftt R tea e ile gy T 2Re
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r edQl atanspcieéefliwiib YNt sigeaigss et al . (1986) Trends Bi ochem Sci. WO

2010/ 131185H 0) Mani atis et al. (1987) Science
236: 1237, r{&%’lﬁ’ %&/ égéyaﬁg?@fngpggé%mké‘] inin their entireties), and those
that di rect ScﬁrﬂerbltI&eemd Siagentf traetnecé gerovideds aguente istruces@otypreally

particular treatnent or condition (e the netallothionin pronoter in
mamal i3890eEted V‘&tﬁ‘antHéaWe@C%"é'?ﬂ)r@@?'b@d'ﬁﬁdﬁ_ Be situckyabrpis f teespagiibedies

t I
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to be t f f f t d d
o o5 SN RO e SN BTN by PHER SRl Quco s Roldesdine s

ther ebMeﬁétﬂd‘H@ﬁt"FHh%Ir?(lHScéPtraer%HIUdéjﬁﬁent'sn%ng! L) kaéﬁ'é?I&I BhET&I- Fé?lgﬂf "heavy"
pepti des,” encoded by nucleic 10acids as descri bed herein. I n anot her

aspect cItaMe(lpuoesterrt einbedinénis, @b@m@ezo kD). Eed:II individgalvilmnauneglodiondiiaiant
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can be introduced into prokaryotic or 15 eukaryotic cells via conventional

t ransf d1afig RIS oF whicArarttivedy 419! neplifee @ee Composed abhe amiaeri¢ratnalopprgen of
manmmal i hC hat n p t he o, v and
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t he f orrecognitihiA Thbocarbeky-tgemnalepottlmnommoreooormkmwcﬂ yevaidtiohalkigc tharheise
integrants, a gene that encodes a selectable marker (e.g., for resistance
to antibiotics) is generally introduced 20 into the host cells along with
the gene of interest. Preferred sel ectable narkers include those which
confer resistance to drugs, such as (418, hygronycin and nethotrexate.
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ant i bodi es may be pol ycl onal, nonoclonal, or may be synthesized in host
cells by expressing reconbi nant DNA. Ful l y human anti bodi es may be
pr epar ed WO 201gB1i85ed above by i mruni zi ng transgeni ¢ aniPERIIB20a@ni2asni ng
human i mmunogl obulin I oci or by selecti gg a phage 5display library that is
expressing a repertoire of human antlb i es. The nonocl onal

anti bodi es (Mabs) of the invention can be produced by a variety of

t echni ques, |nclud|nﬁ conventional nonocl onal antibody nethodol ogy, e.g.
the stanbaer andohde ehaigl anchigpisifenrodto en thecrensjaet wOIdLHreC sgaio '|Hyraam’

onoe A e Al ST e
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preparin bri donas |sthe nmurine system which |s ry well stabllshed
pr ocedif S' 16fAS 28 88!y SeHPs aallﬁ%@t 96h%¥?%1'19@s CPB'PSr s‘%ﬂ&;tth%w efiNgmihe zed
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used. Fusion procedures for making hybridomas also are well known.
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provi ded herein that are of one subclass can be changed to antibodies from
a @0f f dyeicallsiase theaniigendirdingisies swit chi ng met hods. Thus, 1gG anti bodies

et s ARl IRPLEBbor L SRR RerA0C T B e S
ant i gersthichwteNcopgiig | refatiotlya cohy@ed Sframiewerklyregidies pRRENbingat bhothyee

but al so exhibit biological properties associated with an antibody isotype
or subJW&%Vaﬂalbﬂ%rr@Etonﬁr dﬁp'f%&cfteﬁf caliRd pspewierapRtapbeteEtaiRgi FREHENDNAT

t ech

pol yperty 0s e CRREPHN e WonBTtinpoh ARG ERIMIGH Hoid Tl iftioped
co@st ardbadyensipically ae alngnetnbdy tbe ﬂrdameulmk rreglonsdbyfoxem Seglructue thdtamhde et
al . (2002 hod 1.178 tec es for
e i vi RPERICAbOH B HRH iy SRPRSPRMR FrORLPIOE (619 cDRKy 4 510G NalT T S
for thecagthigsn ﬁ&umy%cbhﬁg lﬂbﬁfj)anﬂr ﬁe%f%h%@%rla%erégléﬁs LRERN BRIy

referred to as chain Shuffling, “involves pl ayi ng 1 nmunogl obul i n"vari abl e
domai n apafierm eyt the rf@k)vwngtcbrdes wf fthese eflementsngriR bu€DRIkt ERQo@r[b‘@é F&%3; en

i gn st PREGTEEE RIS R BeSi e pd el areiaan ctfiier e BrE
by 3Whr kfcidd that océa&faabsuﬁb@ér fréaen @gtheséQio?ﬂéans This nURRBETRIGV&sterd is deflned

nodi ficati ons may be nmade to the heavy and gmt chai ns descrl bed in Tabl e

1 (and '6&@@&?@#3’@9% PfQ?ﬁ'md?fsmﬂfBUﬂW@g@l@b erest (&) andcisl) National
d t |
Char actmetafeec Heglth BefRsoanba L, CRob s LAPF 1) 96T BWE Soer 907

above. 917; Cho@lmmléi@ﬂj (eigsamatu:eciiéimme-gaiﬂﬁmt@‘ thadighoEhains prolided by thée
invention may be further nodified in various ways. For exanple, if they are
to be used for therapeutic purposes, they may be conjugated with

pol yet hyl ene gl ycol (pegylated) to prolong the 25 serumhalf-life or to
enhance protein delivery. Alternatively, the V region of the subject

anti bodi es or fragnments thereof nmay be fused with the Fc region of a



WO 2010/ 131185PCT/ 1B2010/ 052056 - 63 - capacity to forma tetraner, thus an
anti body-TTR fusion protein can forma multival ent antibody which may
i ncrease Woolwmdissg avidity. Al ternatively, substamiBzi10/052056
nodi fications in the functional and/or Ql ochem cal characteristics of the
anti bodi es and fragments described herél n may be achieved by 5 creating
substitutions in the amno acid sequence of the heavy and Iight chains that
differ significantly in their effect on nmaintaining (a) the structure of
t he nolREeseRr disalORBE €annbe Horabkiagd ovith RnYs abdhe theavenchains REQUAPH Dy dRe a
sheet i f h g p
ot ccurtsea FRUPERL B TR AR orloly o, SRR EnBea NPT IR afiSdED orein

" consertwat ideatieal Inghtad131n§ st twastidemicahbgaiy\oblairs. a Gthbstantibbdies thbt are 10
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SR ad TN nin' SPmepsERses s aact slfbode: sihine 2 Eaine, R RIS end abé one
can be |ghe¢ham, I\ﬂﬁéwebfsyml SPEF irdthnéds vsdewa/a%nt b6 chRsh Q@omaemmdught
herein, "or to increase or decrease the affinity of these antibodies for
human mtieins and huwe idesdicehheryyt¢h@ing.ndi ng affinity of other anti-Dkk-1
globodl es déé%ﬁ@é’@%gel n. 20 Expression of Anti-Dkk-1 Antibodies

ant i ©Sand i munol ogi cal functional fragments can be

pr epared by @éryig@‘m@wtamyb@éteﬂﬁ. Y&gbho DRI N frarwdrkre§ivABNIFR) of a
anti-Dkk-1 anti bodi es may be produced by reconbi nant expression systens,

usi ng #Hyen eHivogdlem2y f@ﬁomrﬁ'ﬁe‘i‘ hesiag t thesgysterprdasesied eby Neakatl shaal. In

o CoSiuege of BRBEine WL g PR AT HeheRl ST ERS 8 BekE P, LA ane
Manual thlaah@erwnds LRHS, NdidsN)H Poblidat@pr m@gﬁH@Qb@r(ﬂhﬁrboCattarryarﬁtrms tﬁaltd

Spr.i_ng Harqb (1988 Anti bodi es of the present invention can b
expres <48 $P'9§ﬁ¥ﬂ‘ PGE%%C@ Arisg; O ObMQTR an3HORGY SEAHEACS} grRdpentical or

hybri do{Re. s@%rﬁfa‘?'s%uéﬁ’é@‘idé#ﬁ&?tc?ﬂfé)ghﬂ% HeR @é’t&{e%@b%? FRoPRmars ¥ the
transforma nmanmm I nsect or’ mcrobial host | . Transformation can be
perf or r@laResasr@roamiﬁdknovm met hod for introducing pol ynucl eoti des into a

h I, od l.ynucl
or - bacteri optid Uaeyare FE st SEACHH tRBuieT 633 cHgue 8. Mo i dol”
host celve cw'énhsd( betr@@@ﬁy@e@ﬁbbf/@r%métdnﬂao@@@m@rmahﬂmgc;f th8CBRS ,

as exenplified by U S. Pat. Nos. 040, 740, 461, and
4, @99, 458d TEakiptd, wih W%lﬁéffm’fﬁlite oa &6&906&%5@1@% e@répl@a]\dngu@éieaﬁhl ch

et or ol SRS P s 21 SRS I iq H3hECEE Cak el REEPIO b (1 (e

art an(ta)mpém@anbmd@g@ndqﬁaglméntged to, dextran-nedi ated transfection,
cal ci um phos&gat e precipitation, polybrene nediated transfection,

protopl ast f Ib&‘i"eseﬁ%t'ﬁ'tﬁ”b‘éﬂcd@g@ﬁ”y igsal Hegmenss ”Wf@obm%}rﬁﬁmé%tﬁl Wit s)
I

v ect o eftHbMbd Wit @cfodi) Akt bRaPhRihoNE fhr SOSEAE BidiRy 15 D@0 are

co@st r waise prdviddoke Suoheamtlb@d|e;symd:magmeomrmmy%cabmddbehe samedeprtdp@caﬂ ene

encodi n pol tide . co ne or, nDre t he fol g:

cha n BB BeREER AR SSHRS. Sh e ol R gidroripatp gHit arfind 16 e
const arganﬁeega'd%peaad 'twtexéf’rﬁ‘illﬂe& aritidbug 6reﬂb§’r'ﬁen9%?e Axpeefed) @gﬁowfsﬁﬂl%r
| i ght or heavy chain of the anti-Dkkl anti body. These nucleic acid
sequendusctional propartiesl i nt o an appropriate expression 15 vector using

standard liggtio e The vector is typi caIIy selected to be
functional i"A%%% O'E')%[CA]'%E%OFA‘?S host cell enployed (i.e., the vector is

cogpat i bl e WHdahiisodies thatelré piaEaed fidludd BioRdcidnzg antibbdibs ¢adt FIAd a0 BIKRE
expression of the gene can occur). In sonme enbodi ments, vectors are used

t hat enbl"d?n@@@'ﬂ@laﬂtlbpdgi’ﬁefﬂi‘taycbﬂwﬁfmﬁﬂaﬁ'%aa}éé‘é@@'%@ Kgowndndhe art, e.g.,
no” 6. B5muRAA| AT PR SR Bk B EOAT ! §aacr ] ity gt T

expr esshenmvmmlmtmmemhdwlauﬂmélap@@n dails @mbphmmdrta)nzed niging aggnethrigue
Technol ogi es or BD Bi osciences (fornmerly "Clontech”). O her useful vectors
for cloning and expressing the anti bodies and fragnents of the invention

i ncl ude those described in Bianchi and McG ew, Biotech Biotechnol Bioeng
84(4):439-44 (2003), which is hereby incorporated



25by reference. Additional suitable expression vectors are discussed, for
exanpl e, in Methods Enzynol, vol. 185 (D. V. Goeddel, ed.) (1990) New York:
Academni c WOa8H8)/131185 Typi cal |y, expression vectors use@CrnBanyoizbsa¢ he host
cells contain sequences for plasmd or xirus maintenance and for cloning
and expressi on of exogenous nucl eoti de 'Sequences. Such sequences,
collectively referred to as "flanki ng sequences” typically 30 include one
or nore of the follow ng operatively |inked nucl eoti de sequences: a

pr onot MOVEhén dhe ntt.ee &hh A cleisinge thash caith ravelemagcallvto rrrprreathypnidomas.

t ranscrypi 1 nat i C ; e S I.ni ng
2 donorEegRE el HAP 8% 1 by B GRS o e i RIS T pidd ek BERER, SRS KR, O
pol ypeprtidedgerodtidiog, have W2 Blod FHGEMET/ AP @hoy e 2d&ftiendiés thati txpsiene

bi nding, site, a pol yadenyl ati on sequence, a polylinker region for inserting
t he nugh@%'n&epaﬁsrf{fﬁpnéﬂs He CRIR I peiesiys W@dl?e%éi@b‘r %é%ﬁ?t%aroé("tgé?fm'ébl e
mar ker iah Ry i Qi dtybrd CEQ PRl @hBle el RS iRgm
seqﬁence%%{%gtbd'@é%%%ﬂ%(ow g%%%eot ?H?%%F’eggﬁéeaiagcceate Sa]t%Pt e I5' 8lrJS '
end of fusiensaniclnde SmR@NE8;Xa31Ag8) PRothid:Ag8tasde Nl ek é risptiirigpé) K6 s

such aH ., ,Or t " " for i cj al l ai |l abl e ..
ot Do NaOTEEMEC 190 PR MRe R 1R PR Br Bl Sarmiteaceioge f ines)
or nyc.ysEdeint At fusidngPineRideYRDYE LY, t/bf;g«gmt.:'e.lsg)dsegesptaﬁidﬁ 4BPa0. ©tREL TSI ON,
and can serve as a nmeans for affi nltg/bﬂpurl ication of the antibody fromthe

10 hostlineslusefudsien ealk fusionsiare d&266NGHHIP00eCRETH M RslHl - HMyR ancaldiirg9-ty

col,umm chromat o P, N ng. L. iLes i nst t an.affinity
B x. oot nrae ytaitich BRGHeCRIGHR I o Esb B Mo Bidie Blitimals
ant i bodg.qolay pepteéitic banikadl | EsngrBRSars Ugin@fogisouNe sefleridespeapith dagik-1 or
cl eavage. Fl anking sequences in the expression vector may be honol ogous
(i.e., IMpRQgen; hesvesiing spieen £6lladfvnothe imgiunized ﬁﬁénfh'bglﬂs"&@ltm? jharvested

heter O'éb@%fﬁ rclégs ?? 'a Hﬁ?&rﬁafgeeﬂciiﬁé t%ﬂfd% pgﬁgrattiﬂﬁ o 'C{eﬁ&e&tﬁﬁli ing

strain), .e.,”a conbinati’on o i'ng¥sequences Trom nore
one sourybeidonsycdinkriescfrom that hykeridoAsa seltd),anidhideatifyingea dfybedbmandalinigne that

B t dBPHUte A ALY JPeAdR) AN b RslRREIOEN SUCh Bl B Fg B8ReRet i s
functi opad pkiua r%BHoEI%H?B?ntﬁ&tq d YidikkeBYby ;Hé‘?n,hé’r%_t ef&rhp A&y @?Erge pfgsent

FI anki ng sequences use e vectors of this invention nma tal ned
by any io¥edower al met hods well known in the art. Typically, flanking

sequences useful herein.wll have been previ.qusly identified by nappin
andior by r ddorociBraraTinisin PRYBEBY AT EHOIRE edlh b senc e BB om
the propfrtebhsigue KhOWNCiA tHE lafd HyBRdb MR saRAaRs hitfyed Rther Gkfedihed to identify
endonucl eases. I n sone cases, the full nucleotide sequence of a fl anking

sedlenddabaywille pRASMET PEOREtIehesUdhaakithg skilitvelec blagkya h&/ngyndueest aetivitysi ng

2 or RpnES B ShBERedRnS e PRI B AR BE R un, T oy b obt al ned
usi ng RSiinaenid/ ad HynmesizenAnthaligenom ¢ |ibrary with a suitable

ol i gonucl eoti de and/ or 30 fl anki r}% sequence fragnment fromthe sane or
anot her spec@@g‘.er\ﬁhé@‘é huneanizeghig Bog'@éu@ﬁ%d UBOR dhe kiRpraning, JeaHghees 69

DNA Conélééngiré\ﬂdéd.fﬂlléﬂgél{ﬂﬁalsﬁﬂ}b%@% fB‘PB(Jsg?aé' ﬁ@r%é&ﬂicf é@éﬂté rﬁa;y B@rmﬁéjiﬁ@& it
DNA t hat y contaln, for exanple, a coding sequence 0r everm another gene
or 2§enegriclsobas priomeyude @oe@rahipdésl abichirestic'i attibmady, Which is an antibody
2010/ 131185PCT/ 1B2010/ 052056 . Qs _
composed ot protein segments from different antibodies that are covalently joined to
produce functional immunoglobulin light or heavy chains or immunologically functional
portions thereof. Generally, a portion of the heavy chain and/or light chain is identical
with or homologous to a corresponding sequence in antibodies derived from a particular
30 species or belonging to a particular antibody class or subclass, while the remainder of
the chain(s) is/are identical with or homologous to a corresponding sequence in
antibodies derived from another species or belonging to another antibody class or

subclass. For methods relating to chimeric antibodies, see, for example, U.S. Pat. No.



- 66 - endonucl ease digestion to produce the proper DNA fragnent followed

by isolation using agarose gel purification, Q agen(r) colum

chr omat ogwepbhw/30sat sworth, Calif.), or other nethods kmomnB2oaobizesaskill ed
artisan. The selection of suitable enz%/}ge_s to acconplish this purpose wll
be readily apparent to those skilled idn"the art. 5An origin of replication
is typically a part of prokaryotic expression vectors, particularly those

pur chased comercially, and the ori Eli n aids in the anplification of the

vect or 4.81@9RésanedVierrispp atr., recoNallis Aehdi Sel. d4beA 81d8%oB82d (1 UP)o YR n
f l i | i t I . . .

O EPERELSE, bt Pognty TS ChoS Ly 1B Bshacs, Basonzed daon
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o) S R hrineahenos s S5 et Sh Brosr sty e
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manmal i an cell's. Generally, a mammalian origin of replication s not needed
for mareran@e iexpe éSEIRgraftedt’ cardibplyr irewdinghl the ahib@®@\W4O0ompriges ong @t mene
used onl ecau%e. it geont.ai ns the Zﬁhl'%sﬁr onot e@rfﬁ. | 15 The exBr Fssi on,_and
cl oni ngVRIEBIELTRSHY dREETRIRE {EII0RT @ 1@ RAYHPYAr PReYEH CAPRONIBIDIR0T er
that i %d@&ﬂgﬁbﬁﬁbﬂcléﬁohggﬁc@ég%i@ﬁh@ﬁ@n%@delﬁrﬁf%éia‘h‘ﬁi_@éd& I@hﬁM@é)%/%r@Ci d

encodi ng the anti - -1 antibody or inmmunol ogically functional fragnment

t her eofid@ntnabivdins oaNeMaRgeUSs tr Rheairespgndingesequangeei apgradiesnderived fromn )

bp)' 0t na i T 8hedenBidh P AR R o sfbdane PRt B
conventth@nalréyiod rerugsscteatODRBETGh & YodaHt aaRSdy ioTéucand grateanipteshshurnan
constitutive pronoters. Inducible pronpters initiate increased |evels of

t ranscrarﬁ'ppgh, fepRaiImNReunRiEFally RGoUMehY regiong W%ﬁ@éth%h%@ﬁﬁ acfﬁiaﬁglé- in
cullure Condhi srIGD dPCAErR SRS O pSRSEDSEGh S HnotIL o

cont i nlumnsagzee gutibddy tis prodlucsd ffom a2hohbdebnalsantiboalyeraised iritidllg iara mon-
experinmental contral over gene expression. A |arge nunber of propoters,

r eddgni hRNINglaGestan ¢Mipeasid P%ﬁ'g%%t” s I%Q”g%@%rlt'b%bmp'cﬁh%J'ionr%bl e
pr onot i liJ: ; i joe: = j

Fempvi nT AR Rt Tiths oF (R ReRY) Pl ModI o g Mooy
or anplddrespgnding masidusisein byhyroay rantiaedy afadarrespantingnisatype. idemanizgtiome

desired t 30into.th tor. i tapl t N
oo w B8 BEhERea B BXaieIe it Hatie Methors by sibYRS Rl arioHipe”
advant ?&ﬁ%@#d)'ii'eht Uéﬁ@blé’iré@iohq@ﬁhe%d?!”é%b@héingﬁ‘ébl@@'cﬁ’ Eph@r%h%frﬁibf)_éfl (S8 é"gt h
mamral i an host cells are well known and include, but are not limted to

t héde N/@-2I6ab/Nga-ﬁs"s@&ﬁp_ﬁazen@)/@éaaQ@Z;_J@T\es ebtehi (B r MRiLrae3gLABARS; of
pcenov s Sohap ol HAORaE N B S 02 by BT (Jpfgl StRcd 2001534

cyt omed@#)ovilnusbmé eimitsudimes s colstaat rdgicnBfronT Bpedsd ott@sthapr iiraaaldan be
Siman Virus 40 (5v40). O her suitable mamralian pronoters include

het er ol Ys§SEORG MR thaMumahkriahle regients) &x Rrpsiuce dsid-aHiBeR i8S orot er s and
the actin pr Bliman AntiboBfist i cul ar pronoters useful in the practice of

t he reconbi nant expression vectors of the invention include, but are not

| i @5t ed to: Ruily Hvdén eatibgdips @retatso peyided. (MBethods arandaiG@tdetiommakgliully

Nature 290: 304-10); the. ronoter; .the onpter contained  in th '
ong. + 1R PTBARES SHEGH5LrSE GO 019els LRk foPRS T8, Tuman e Tedne

22: 10 AftiGgef 10 fully MEnteH Bﬁﬁbédlé@gﬂbﬂ@ tEBRS foPinBIBMRhtiA Prodlictidh: of (i 1)
Proc. Natl. Acad. Sci. U S A 78: 1444-45); the regul atory sequences of”the
met al | diurhami artibpsiies (i8r thest'Bumanization 1fgihe Naouse AgBoradoinrplne system.

(o R R 6 RLfan Fa5Eh0aPHEM T 108 ARG s if Ve RE SisBbgnaus 1g.y)
or 3phe deresPhai®tisser Mednratet il ond H&ds B3 osrodleing. fuNgaluma®i mdaoeidhal 80:

21-25). 15 Al so available for use are the foll ow ng animal transcriptional
cont r olantidgriess (Maps)k i sReles, tan jadmal dprlcran dhe ymaninizee, evie @nyudesirabiel in

t ransgeqy ni P | t . ge cont. regi. [ i [
pancr eat0ec; UhS ulty e ARBouiR SPnc Bl (e Mol R AR AEIE,
(1986) Cold Spring Harbor Synp. Quant. Biol. 50: 399409; MacDonal d, 1987,
Hepat ol ogy 7: 425-515); the insulin gene control region that is active 20
in pancreatic beta cells (Hanahan (1985) Nature 315: 115-22); the nouse
manmary tunor virus control region that is active in testicular, breast,

| ynphoid and nast cells (Leder et al. (1986) Cell 45: 485-95); the al bumn
gene control region that is active in liver (Pinkert et al. (1987) Genes

NN = oA\



cells (Gosschedl et al. (1984) Cell 38: 647-58; Adanes et al. (1985)

Nat ure 318: 533- 38; Alexander et al. (1987) M. Cell Biol. 7. 1436-44).
An enhancwoO 288gu3ersse nay be inserted into the vector toPCHABHA&ES205E
transcription in higher eukaryotes of % nucl eic acid encoding an anti-Dkk-1
antibody or 5 imunologically functi 0 Z fragnent thereof of the present

i nvention. Enhancers are cis-acting elenents of DNA, wusually about 10-300
bp in length, that act on pronbters to increase transcription. Enhancers
are relrasporiss Baf ean spMeimasd 68isedbhy PdaupsialEg: MoTsR Pr AMLSeHERsyatizethd
f5 and I\ﬁab%f’oﬁﬂr%ahé%’éstﬁérlq%te'uﬂeapghfs. Several enhancer sequences avail able
ro I'an " genes are Known (€. g., globin, elastase, al bumn,

al pha f et o- Htﬂlyphotneinnaanbbdleswam)be Am@d@dnberumqnen@e tfanegemicvaniusalgl so

can be used The SV40 enhancer t omegal ovi r us r onot er
tﬁ%ﬁ)@ge 0%1 4 1 ﬁggt’ ; i

enhancdbsuallye Mies)y Bizh ass A FRRETISa agr @”%@@lﬁﬁ i yhe
enhanci r #

enhancer BeRcE T HrRob8hols InAfclRIUAR oo FUR: YA LEnBGTMEbRa ABBNY .,
aci d ndiaeusig,ori mors conpgoald pnmihacedisatara eptendly are cd)n;ug;ateddbea cardér, | n

expr e55| vec tr nscrl tio rm.na nce typicall

" oeat edUgh 45 8 (Bt St ol BB DR o L oA Hive Ned (680l Gol. Usa
term naé(ﬁ255ﬁ2555* Qékc%bwté &t anf(%%?)t Nefurkesen:ngbixes: %%@UBﬂfg@el#ﬁt%ﬁnf@tr al.
expression in prokaryotic cells typically is a GCrich fragnent followed

by a pd993) ¥eauienownungli F8 Hteoee@(empée pEsiels pIpetbpdnsansgasie anlmaisaurgv or

2040t RUGHORE' b HERHECRUDY B, SRinoeoud APETmribobBhufnBacShedlts e

descrl hadudereialy and lightAire@uaegi@blin rehalRy trigeR, elndneiRertiiRC iieshe Mmobasei n
necessary for the survival and growh of a host cel | ﬂrown in a selective

cul turegerP@dﬂth@rgtﬁyf;ﬁa@faﬁn%PfabtJmﬂﬁ‘ ganreae ghike sopiadtng doeixihipé Ssicede vudnan s
d t t

oo R RIS e BN 31 B5E P, M) 8 Sl B LS

cel I s ddmplemapk @fdntmammmrmmmglabtdmf ioci, earei temnotrdsb&)redltb olstain e)1 snipyaly

criticg1 nutrlents not avai | able from corrpl ex dla | es of sel ectable
g mVBeR

marRer 13N @lk AhdN& FRFRES AMPHdIes (SYste gBiRdi C@r‘i‘@”% | PAMYRISiEER A NBR
gene a tr i t

e g R T PR R Bl P R R R et
cells. tBedImmncmnebui bave;étrmmarceathbethammurmeaamlmd gzctdheecgmeshatclwdlmg be
expres | ificatiaon ocess, whereb ene t cann in_ si n

ooby baie: pEBuE rEfionE o Julher S38lS T BF vl TR, F8andos BxghPl: ©

cel I's wydws/33r3sbnRd 37%94%02@020%111%ar‘é%réb%ﬂ&irb@rra@é&ﬂ ir8fek@nete MaditidHan

t he chronopsonmes of successive generations 2010/ 131185PCT/ 1B2010/ 052056
- 89 - rpethodedalsitingrie tteétsggnlcmmp‘péénaﬂn@ bumas| antinegies argofescsibeddndbSe

ot onot s MRy A RO BT S TLERE: ble2 I, B R ral s

transf @ peHUS8a5 emlzmed 3209 ael ;5458067 IBSWOH / YRy teaind ¥MOP0104©36, and
transformants are uni adapted to survive by 5 virtue of the sei ection
gene pr'@@nﬁdfﬁw?tﬁfeaog(ﬁpogdf %p%btl on pressure is inposed by culturing the
transformed ﬁt‘é np@ﬁfc Frﬁé@'c}és%ﬂ ed Napie Wetcfjét?edi%cﬁ&ter@tdsonHBMa%e'rﬁﬁe' on
agent in the me I'S successl ve y i e ease ereby permtting survival
of 26nl ycdntainea cmjnha;n iimmwirnioglotiutia g@teammlndom@eﬂmtl“emddeenumptnahged hudnaler

t hese circunstances, DNA ad acent to the sel ection r%ene such as

encodi rﬂ?aé(ﬁ nBNg oayansk i ight; Gl iMBHINCOIODUYE cSeaMSNCes o tPasiter WHR tgggeé%d, on
gene. AyBiiofsUhby HRGLERS b GHARIASRS LhndY KBk RPRXRSR! Li1S1 2(fR0s)

synt hesi rom boso I'Ng sl
usual | Natere$68r 856 @59).r Acsdrdingdy) th@imicetéxpibivfeduictd @mleseo@ fmasisy ightd
by a Shi ne-Dal garno sequence (prokaryotes) or a Kozak sequenc

(eukar \BIbE) N TERBORSE M AT UNZaoNe 2y theopioekCed queeam@detgtﬁr@am to
th%ocoqtd?%g?eeﬁgﬁpWS 853% |E:9Ir§°%%' d&mbic By |Bﬁeﬁ§§‘eigarate hughnaﬁuﬁﬂfel |

cases X ere glycosylation i's desired i'n a ryoti ¢ hos

expr esiumars g anmomaclbnasamrbemweumdeerg: shalbesupral; Rohbéegrat® HuspaoVI®95)
gl ycosyl ati on or . For_exanp he pepti dase cl eavage site of a

parti cdf‘EﬂrnsRQHa'ImrﬁéB@'l B3 @a‘iﬁ%eHatotm and Lanbgrg)(%ﬁ)eﬁrmb Aotead. Sii‘éH:

al so Cctr [ 13

the -1 DEpiSETTE EFRRIAEH M tikleR, T | SeRcrBienl F JeiB B P T Rea) ™
one or nore additional am no acids incident to expression, which may not
have been totally renoved. For exanple, the final protein product may have
one or two am no acid residues found in the peptidase cl eavage site,
attached to the am no-term nus. AI ternatively, use of sone enzyne cl eavage

o ~r 1 *



area within the mature pol ypepti de. Where a commercially avail abl e
expression vector |acks sone of the desired flanking sequences as descri bed
above, thwoveorti1ssan be nodi fied by individually |igatipog/IBlages2esquences
into the vector. After the vector has Q en chosen and nodi fied 30as
desired, a nucleic acid nolecul e encodi'ig an anti-Dkk-1 anti body or

i mmunol ogi cally functional fragnent thereof is inserted into the proper
site of the vector. The conpl eted vector containing sequences

encodi MUEIeE AGideResearain20na§’ ®29bnthirdIi@l cdPPy) inievalional Immegelegy o:
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| i pof ection, extran met'ho own techni ques. The nethod
sel ect exB6Ab46; iFmhyaldt ebeala (1006} i Natuod Bibeedypogyf 140845851 ; tilve bieregaeing
These nefhods and ot her suitable nmethods are well kno 0 the skille

art: sareterances Bie. Reriye PP IR IRgaLY AaFTeriien et STIPEY Tl PUPERSHr bat o
condi t ifgARer SYMY hewjtzagosn §m4i5-d6<- & 589 839 dYs 675 f pHcts 893l2br agreniss0; |
t hereof that can subsequently 10 be col l'ected fromthe culture medium (if

t he host,8€&B07 58t @H0;i 2,811 At3d 8t 1968 HedPUnFna 5, 610.829) §s walhas HéShdat. &l |

G B4 S8R i ST SRR 40 S S S Ey B RSB Pl e ™

pol ypepsrodecingdhiimeat bafisodiBat inatitedée standgbricomite caes aiscidsed afdo it WO
(such as % cosyl ation or phosphoryl ation) and ease of folding into a

bi ol ogi ¥dP4§0%and Menslezcel al. (1897 )\hiaiiei @aneless 1Pi Ad6-1nPaiwhigh @radhaiely s

for ex i f o] L i,ngl : | it ed
Lo, manCaRoRled it WierenfBOYS, R, e HRET LG HEE 12 ehsBkficilce e o
Col | ectcamrbd A3&)o generateabudanregieDkietedraibodieasry (CHO) cells, HelLa cells,
baby hanster kidney (BHK) cells, nonkey kidney cells ( ), h n ,
heﬂét ocel | u|lé$'neam&rwg%3 defrolegy.gant '3@9§'¥C dmdnan dﬁ%&w&ﬁ”@wfes&m
| i nes. 204, C e pRSHRRE S Ity fOfn; Si

parti cu#daérﬁ%ll{% %)ﬁnger Bct rra;hlmgga sseﬁlééé(}tecelgﬁ@;n E’rgésttgajrr]fgﬁggfrci Endgé(%;ul%ﬁ ??%Qgs?o
det er mdescribed labovesShelv antithedias gresihe conedsaraf exprpsead Usinglaeseitablamector

produce_anti bhodies with constitutive Dkk-1 bindin erties.

Phar it e e et BRE e b Rarsiee BB M ARdarhE caliscl osur e
provi des a qQyIRoRiLinaANantbdties TaPhalsBepelUddrfld GBRP PhabeMsplaPNibramédgagne
or a conbi nati on of nonocl onal anti bodies, or antigen-Dbi nding porti onSs}

t h@Peofdisalesech& Hpegempoain $1abs(108]) ¢ oMol Biok 27 53l taed Mitks et al. (1991

Combi ndi oG 42288 P A SR e TR TR i SRipckf HSud e’ @
I mrunoahsplagadfeantbodP rebespres fore thel eatbes of fitdneerttoas | ivsdtedopaye, and
exanpl e, a pharmaceuti cal conposition of the disclosure can conprise a

conbi naUbsRAUeNtafelestien & plAde MrisdoRNdNg de ¥ aptigpR Hif Fhaiset ae BHA t o
diff i 1o ; ; j tEk I ;
Get i vi rEenRUE RS BRI 1i Ao A ADTRSRIby Mborbstéfed BTP LBRFEIG which

coposidaseribestthe lisolaticsrbbhigheaffihty acdrfubeticragosaistic eahtibodiesnior MPL-oand
t herapy, | i th other agents. For exanple, the conbination

. e., conbined vy%
t her apy "S5FCGERIPEHS NP St apyaRPioaghy ' body of the present discl osure
conbi ned wi tAysabeifi€p BifdR&idHA AntiBddies! nf | ammat ory or i nmunosuppr essant
agent. Exanples of 5therapeutic agents that can be used in conbination
therapy are Uescantipedids thakaarer pdevided bisioovn¢lnde heispecificomndn bifsestiastal t he
ant| bOde'm?l%ogfesttnSt %'c?uco]eoosrﬁjer 6t more CDRs or one or more variable regions as described
30 above. A bispecific or bifunctional antibody in some instances is an artificial hybrid
antibody having two different heavy/light chain pairs and two different binding sites.
Bispecific antibodies may be produced by a variety of methods including, but not limited

to, fusion of hybridomas or linking of Fab' fragments. See, e.g., Songsivilai & Lachmann



As used herein, "pharmaceutically acceptable carrier" includes any and al
sol vents, dispersion nedia, coatings, antibacterial and antifungal agents,
i sot oni ¢ wodowmsorspt i on del ayi ng agents, and the |i ke tirai/IB2080/052056
physi ol ogically conpatible. Typically, ,,10 the carrier is suitable for

i ntravenous, intranuscular, subcutaneo&g parenteral, spinal or epidernmnal
adm nistration (e.g., by injection or |nfu5|on) Dependlng on the route of
adm ni stration, the active compound, i . ti body, antigen-bindi ng

porti o{198@} e, Expmiioreel (§atd 5-341; Bi@@%lawqt@l n6|988mUelmw0be14,8@ét5éa in
a matery to protect the conpound fromthe action of acids and ot her
natural conditions that nmay inactivate the 15 conpound. In sone
enbodi nent s, VarteusaOtHidoddires of the present dlsclosure may be present in a
neut r al forn1(|nclud|ng zwitter ionic forns) %@p05|t|vely or

negat i vel y- CHAP§& R aptikadies Hr%wneéwé%a"ytﬂalactm' gmet tigee Pppifesked
with a

pharmacaar o Mol Bl diReAe R R %ésﬁf?hﬁveéiﬂé% ey
phar macauinocacidg meyetp& aivided ahtos classes basetptracoauaonisidé Ichaat pepparies:

[t" f t. t hat { t d f th
ar ent BeilobhdeBfobichReneisiys. Wat AaeLahdict iigafo P Andli yatorhiic: "®
t oxi col g, &r, %Feﬂ@rﬁdlﬁe 181P3) aB8[c9RAspOGN; (095224 ) bdst® Hik, Pys, Hh?r [0153¢1 -

66: 1- 19). For exanpl e, e term "phar maceuti cal I'y accept abl e’ sa
| ncl udey r@Stﬁ@l@pltéat wueomchgumgn@ﬁgtm Glys @ranan®dei 24 Gnarosiasicor rpof

codBot T GoRgitie SR Ry B3R hBo R HROLY SRARIYTIER MerkBhs Stans

sal ts igicthede @gssbsad@thta@éthéalmémaad obane @eﬂlﬁetm@s”s s@bhserva®iel antldo tagun
salts include those derived fromnontoxic inorganic acids, such as
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ragnes i RO, bR IE S arhing: a8 BE el “Ayer GPEHEPayl X ane
zi nc, &hen irgpétitRiely dseralintOiisenemses along theimptﬂ@ectﬁamaﬂihcyn aptieptaghl Ragci d
addition salts of the antibodies of the present disclosure can be prepared

from t RESoRSBIANEY Achoprathig Lﬁﬁ% onyfhieh &@sis Phi 'isahb/gff?ph@falﬁ't& ang ghagge

t
car boni &gz, g8, e SRRRICHE (HEPh VAN AN ey RETEERE prEATRRihe:
f e2di zdqHe,8); msmnemysmoﬁxm smatlmonme gky @) |zazlangmleuc(@rh|&) dglgcinec (-0 i c,

o dfregrit LB’ %r&#q‘i(,p% bgtapfiee Vb LA Girelen tyc hitFe
hydr obrg)g) “glutBMHté”(@SF qut’éiﬁﬂrﬁ@( 3l 55)09'3|5ér't:§’te (t3 '55 |é%?i’a‘?§§iﬁé'(93 SPQ\th@( 3.9);

propi onic, anthrani'lic, “mesylic, orotic, oxalic, oxalacetic,
st ear i gncaginne (4. 5)am nosal i cyI ic, silicate, p-hydr oxybenzm c n| coti nic,

pheny) scet ! onndAUBlfon °H Runeiruitl G n BAlERRR RRihe RIS

pampot fantton oaphirbedienesHdéitdd intthe Weneek! fprixemple, Kyte et al., 1982, J. Mol.
hydr oxyet hanesul foni c, sulfanilic, sulfuric, nitric, nitrous, sulfuric acid

nononetBigl &t H5- 139'1:I 16 tige kPP W et gertain @mlm@ﬂﬁyj@r ma)Yle@ ﬁub§tltU§¢C£/é¢rn@ther

gl ycyl n I C, a h 0, fon

o1 UconiMipn Agigd HodhCa SRAREAEhShalci iR BH BB kP IR Fettih' 8"Liftr
chl or oielogicpbaetivity. nndekinichandesdeiseld- Upas [the t hydrogathic irddexe ianckrtain

gal acturoni c acids. Phar maceuti cal |y acceptabl e organi ¢ bases include
trimethylam ne, diethylamne, N, N -dibenzyl ethyl enedi am ne,

chl oroprocai ne, choline, dibenzylam ne, diethanolam ne, ethyl enedi an ne,
megl um ne (N-nethyl gl ucam ne), procaine, cyclic am nes, quaternary

30anmoni um cati ons, arginine, betaine, caffeine, clemzole,



et hanol am ne, et hyl enedi am ne, N-ethyl norpholine, N-ethyl piperidine,

et hyl gl ucam ne,

gl ucam newgl2aoosarssne, hi st i di ne, hydrabam ne, i m dazol e, i sopnppyd/eswse, WO
2010/ 131185PCT/ 1B2010/ 052056 - 73 - nmetRyl gl ucam ne, norpholi ne,

pi perazi ne, pyridine, pyridoxine, neodym um piperidine, polyam ne resins,
procai ne, purines, theobromne, triethylamne, tripropylam ne,

tri et hanol am ne, trometham ne, nethylam ne, taurine, chol ate,

6- am n@me@WFS dhe ﬁébﬁ@fﬁb@n Oﬁamﬁ‘q’l@C@Sﬁ@’ﬂ%ﬁ hndrgppmpmdms(ﬂre within .+-.2
2-amn I I 5 Fboxy.
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al i phatarg |artdherra$pﬁdt$of5wieflnmermcaplthmse withiant-i.0s8 arerinciuded. hydr azi ne,
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N N— b| s(2- hydr oxyet - am noet hanesul foni ¢ acid
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2 I - v oo e 6 o2
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N- tris(0goe d))yaiahrm;el (-0 hipistidine (-0.5); cystelne ( 1.0); methionine (-1.3); valine (-1.5);
foni caci

35329%&%’%% 8l o PLaRRaC 3 2 EPRRE A a1 PTOIAIEROE - 0 e FHpigPnan (-
(cyc' ongay! 3 mk.ﬁ%hméﬁga 1bl§@@ag§§ﬁ1! Ls(agu&racwbrépﬁmw 0p&%¥k aMhNQorde

pr opanesu oni ¢ ac acetam d I acetlc acl
4- (cyclmmmmdhesubbumanemila‘rmnoca@da Whose hydroph|I|C|ty values are within .+-

Ngt ri s(Qydr. et h gl yci ne 2- (h roxy t hyl ) - :
et 5° pPop . .t Pierinin S ndse hies A aah LT S hbgee and
the di sgillasHecerlbd@ir@ts! HdsedRit@inPhapmarUiciRlddy IR MatshcaR! bnexhagnt .
Exanpl es of pharnmaceuti cal |y acceptable antioxidants include: (1) water

sol2Qb| elsmidestifapitepessiiem RimarcaNisiocacidisequepeesPidhe pasiscof drarhiliciydi um

coi ubl o e, B9l ATE e ekt fo o8 ROIBI RS BRIt v at ed hydir bxyani sol e
(BHA),  but ylakkided eetisanyivil e adle BHdterrhpel $uiiable patamts of plolygleptides as set

al pha- tocopherol and the like; and (3) nmetal chelating agents, such as
citric Qﬁthd1er6tnh9$'68e\eﬁ3|éﬂ|?nﬂ‘émtt@?h'&'ﬂé‘@%| PngcshdligErsTAye aébmﬁyt @pnt'fyaﬁl#'éﬁh'%

acid, pheadhd the Afdctuldifat Ray bECchanBd?QiRods b8rblg AR/ (P thkalting 74

25 regions not believed to be important for activity. The skilled artisan also will be able to

h

identify residues and portions of the molecules that are conserved among similar
polypeptides. In further embodiments, even areas that may be important for biological
activity or for structure may be subject to conservative amino acid substitutions without
destroying the biological activity or without adversely affecting the polypeptide structure.
30 Additionally, one skilled in the art can review structure-function studies identifying
residues in similar polypeptides that are important for activity or structure. In view of
such a comparison, one can predict the importance of amino acid residues in a protein

that correspond to amino acid residues important for activity or structure in similar



Exanpl es of suitabl e aqueous and nonaqueous carriers that may be enpl oyed
in the pharmaceutical conpositions of the disclosure include water,

et hanol , wolyw/s18such as gl ycerol, propylene glycol, pecyasibeszesqglycol,
and the like), and suitable m xtures tgﬁr eof, vegetable oils, such as olive
oil, and injectable organic esters, as ethyl 5 oleate. Proper
fluidity can be nmaintained, for exarrple by the use of coating materials,
such as | ecithin, Y t he mai ntenance of the required particle size in t he
case ofprGt%rﬂferQn%ﬁ@ lediutheyart Reayuert for cRernicady gimnitar amino acihgilestitutions for

corrp05|sldeﬁ1rh§, Hﬁgeoall re&g?tg%éﬁ%%gld%gm such as preservatives, wetting

agents, i ng ag I'spersing agents. Prevention of presence of
10 m cr oor gaDhe Bkilleayn tree envanealsdahblyby tisé mrebtoumenennarstwdureeand aupne.,

and by the inclusion of various antibacterial and antifunga ents, for
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the i Keih ofifad nﬁHbﬁé‘rﬁ% e mxtures thereof. The proper fluidity can 30 be
mai nt ai ned, for exanple, by the use of a coating such as lecithin, by the
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the use of surfactants n ncl de
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froma previously sterile-filtered solution thereof he” anount of
act i ve pratpirdistnictuiei Seec Holmestcalnifi 989) Nuch Acid aRese 27 R4de?4 &l IttmaSpbeeltmce

a single d ormw LI _v ependi gL d
and 16 oS RRl B s TIOnERRSE PRI HIE. ZraeGerel Tl e A

i ngoedi|phited\hiBeE anfdigs foaRjivedp @vgp@ptmecew picginreiceihabnte apémw;ucﬁumber
single dosage formw |l generall e that anount of the conposition which
produced Hruaieeggeams beem fr§§@|Ve¢eﬁW@HW prediction Wi eanonte é’da@é%%m MA@ s
anount é’&‘!c'u éange fromabout 0.01 percent to about ninety-nine percent of
active 1ngredient, preferably fromabout 0.1 percent to about 70 percent,
nost 20preferably from about 1 percent to about 30 percent of active
ingredient in conbination with a pharmaceutically acceptable carrier.
Dosage reginens are adjusted to provide the optinum desired response (e.g.,
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several divided doses may be administered over tine or the dose nay be
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preferably results in a decrease in severity of di sease synptons, an
increase in frequency and duration of disease synptomfree periods, or a
prevent i onoabiovsprsr ment or disability due to the di seageTasidip/eizosn. One
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be fornul ated to ensure proper distribution in vivo. For exanple, the
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30 that can be treated with the anti bodies and i nmunol ogi cally functi onal
fragnents that are provided, including ostopenia, osteoporosis,

peri odontwoi2e10/Baigét ' s di sease, bone | oss due to i mmobi IPCTAB20A0V52056 i ¢ bone
met astases and arthritis, including rbgﬁqat oid WO

2010/ 131185PCT/ 1B2010/ 052056 - 83 - arthritis, psoriatic arthritis,
ankyl osi ng spondylitis and other conditions that involve bone erosion.
Various other |ow bone mass conditions can also be treated including a
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20 bone norphogeni c factors designated BMP-1 to BMP-12; transform ng growh
factor-13 and TG~ 13 fam |y nenbers; fibroblast growh factors FG--1 to
FGF- 10; iwoenioewskiss-1 i nhibitors (including IL-1ra, antiPbodBmaobi2odd -1 and
antibodies to IL-1 receptors); TNFa i n§|7b| tors (including etanercept,
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ost eoprotegerin and antagoni stic anti bodies that specifically 25 bi nd RANK
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encoded by a large number of other nucleic acid sequences besides those listed. The



5 activity and further pronoting bone resorptive activity in this disease.
Treatnent of an animal with an anti-Dkk-1 anti body or imunol ogically
functi onavofoegiserss t hereof will instigate osteobl ast a®CIaBio10/03208r eby
resulting in increased bone nmass at th§ site of the tunors. Such treatnent
may result in reduction of bone pain ﬁd may bl ock further netastisis to
bone by preventing the resorptive activity that rel eases bone nutrients
10utilized by the tunor cells. In treating this disease, the anti-Dkk-1
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Anti - Dkk 1 Antibodies Mdifications to the Fcr portion In the
reconmbi nant humani zed anti bodi es, the Fc-y portion can be nodified to avoid
interaction with Fcy receptor and the conpl enent i mmune system This type
of nodification was designed by Dr. Mke Cark fromthe Departnent of

Pat hol ogy at 30 Canbridge University, and techniques for preparation of
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WO 2010/ 131185PCT/ 1B2010/ 052056 - 88 - immune response if the antibody is
used for treating human beings. See, for exanple, U S. Patent Nos.

5, 997, 86 Aweandii 3866, 692. Mdifications to huMabJCl8 huMrbI@e10/852856 ul |y
humani zed anti - Dkk-1 nonocl onal anti b(_)%é._ The present 5 disclosure
enconpasses nodi fications to huMabJC18,”"i ncl udi ng functional | y equi val ent
anti bodi es which do not significantly affect their properties and variants
whi ch have enhanced or decreased activity and/or affinity. For exanple, as
t hose ski | | dduiatopn&agr e Jatradugggriata atruiclein@cithimitbodt pigndiegnty @dedng the
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met hi onyl r dBiangéhesraspest dheipsesgntfingeitionopranidesi nusiric egil malersdes that are

7581 0B B 050 Sy BRIV RR GRS IR S Ref adbe
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shown ian dethlespdrtiondey. tshBkkdatindiggqiorticorsier paly peptidaudSthetinterdion” . | f such

Sul3t ant i ol RERDEESe QO SR PoB N AP BB IR IiRONON paras 4599 @
P iGN Bk il MLOBRSaLR OBl YRR BRI o
O i gi nagolyrepitidesfCoe seentiony EhSphalia can compriEs enfpbal groBpbetg. t airadioisoipe, ( A)
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to identify a cell that expresses the polypeptide.

20 In another aspect, the present invention provides vectors comprising a nucleic
acid encoding a polypeptide of the invention or a portion thereof (e.g., a fragment
containing one or more CDRs or one or more variable region domains). Examples of
vectors include, but are not limited to, plasmids, viral vectors, non-episomal mammalian
vectors and expression vectors, for example, recombinant expression vectors. The

25 recombinant expression vectors of the invention can comprise a nucleic acid of the
invention in a form suitable for expression of the nucleic acid in a host cell. The
recombinant expression vectors include one or more regulatory sequences, selected on
the basis of the host cells to be used for expression, which is operably linked to the
nucleic acid sequence to be expressed. Regulatory sequences include those that direct

30 constitutive expression of a nucleotide sequence in many types of host cells (e.g., SV40
early gene enhancer, Rous sarcoma virus promoter and cytomegalovirus promoter),
those that direct expression of the nucleotide sequence only in certain host cells (e.g.,

tissue-specific regulatory sequences, see Voss et al. (1986) Trends Biochem. Sci.
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11:287, Maniatis et al. (1987) Science 236:1237, incorporated by reference herein in
their entireties), and those that direct inducible expression of a nucleotide sequence in
response to particular treatment or condition (e.g., the metallothionin promoter in
mammalian cells and the tet-responsive and/or streptomycin responsive promoter in
5 both prokaryotic and eukaryotic systems (see id.). It will be appreciated by those skilled
in the art that the design of the expression vector can depend on such factors as the
choice of the host cell to be transformed, the level of expression of protein desired, etc.
The expression vectors of the invention can be introduced into host cells to thereby
produce proteins or peptides, including fusion proteins or peptides, encoded by nucleic
10 acids as described herein.

In another aspect, the present invention provides host cells into which a
recombinant expression vector of the invention has been introduced. A host cell can be
any prokaryotic cell (for example, E. coli) or eukaryotic cell (for example, yeast, insect,
or mammalian cells (e.g., CHO cells)). Vector DNA can be introduced into prokaryotic or

15  eukaryotic cells via conventional transformation or transfection techniques. For stable
transfection of mammalian cells, it is known that, depending upon the expression vector
and transfection technique used, only a small fraction of cells may integrate the foreign
DNA into their genome. In order to identify and select these integrants, a gene that
encodes a selectable marker (e.g., for resistance to antibiotics) is generally introduced

20 into the host cells along with the gene of interest. Preferred selectable markers include
those which confer resistance to drugs, such as G418, hygromycin and methotrexate.
Cells stably transfected with the introduced nucleic acid can be identified by drug
selection (e.g., cells that have incorporated the selectable marker gene will survive,
while the other cells die), among other methods.

25 Preparation of Antibodies

The non-human antibodies that are provided can be, for example, derived from
any antibody-producing animal, such as mouse, rat, rabbit, goat, donkey, or non-human
primate (such as monkey (e.g., cynomologous or rhesus monkey) or ape (e.g.,
chimpanzee)). Non-human antibodies can be used, for instance, in in vitro cell culture

30 and cell-culture based applications, or any other application where an immune response
to the antibody does not occur or is insignificant, can be prevented, is not a concern, or
is desired. In certain embodiments of the invention, the antibodies may be produced by
immunizing with full-length Dkk-1 or with the carboxy-terminal half of Dkk-1. The
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antibodies may be polyclonal, monoclonal, or may be synthesized in host cells by
expressing recombinant DNA.

Fully human antibodies may be prepared as described above by immunizing
transgenic animals containing human immunoglobulin loci or by selecting a phage

5 display library that is expressing a repertoire of human antibodies.

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

10 employed, for example, the viral or oncogenic transformation of B-lymphocytes. One
suitable animal system for preparing hybridomas is the murine system, which is a very
well established procedure. Immunization protocols and techniques for isolation of
immunized splenocytes for fusion are known in the art. For such procedures, B cells
from immunized mice are fused with a suitable immortalized fusion partner, such as a

15  murine myeloma cell line. If desired, rats or other mammals besides can be immunized
instead of mice and B cells from such animals can be fused with the murine myeloma
cell line to form hybridomas. Alternatively, a myeloma cell line from a source other than
mouse may be used. Fusion procedures for making hybridomas also are well known.

The single chain antibodies that are provided may be formed by linking heavy

20 and light chain variable domain (Fv region) fragments via an amino acid bridge (short
peptide linker), resulting in a single polypeptide chain. Such single-chain Fvs (scFvs)
may be prepared by fusing DNA encoding a peptide linker between DNAs encoding the
two variable domain polypeptides (VL and VH). The resulting polypeptides can fold back
on themselves to form antigen-binding monomers, or they can form multimers (e.g.,

25 dimers, trimers, or tetramers), depending on the length of a flexible linker between the
two variable domains (Kortt et al. (1997) Prot. Eng. 10:423; Kortt et al. (2001) Biomol.
Eng. 18:95-108). By combining different VL and VH-comprising polypeptides, one can
form multimeric scFvs that bind to different epitopes (Kriangkum et al. (2001) Biomol.
Eng. 18:31-40). Techniques developed for the production of single chain antibodies

30 include those described in U.S. Pat. No. 4,946,778; Bird (1988) Science 242:423;
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879; Ward et al. (1989) Nature
334:544, de Graaf et al. (2002) Methods Mol Biol. 178:379-87.
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5 antibody (the parent antibody), but also exhibit biological properties associated with an
antibody isotype or subclass different from that of the parent antibody. Recombinant
DNA techniques may be employed. Cloned DNA encoding particular antibody
polypeptides may be employed in such procedures, e.g., DNA encoding the constant
domain of an antibody of the desired isotype. See, e.g., Lantto et al. (2002) Methods

10 Mol. Biol.178:303-16.

Moreover, techniques for deriving antibodies having different properties (i.e.,
varying affinities for the antigen to which they bind) are also known. One such
technique, referred to as chain shuffling, involves displaying immunoglobulin variable
domain gene repertoires on the surface of flamentous bacteriophage, often referred to

15 as phage display. Chain shuffling has been used to prepare high affinity antibodies to
the hapten 2-phenyloxazol-5-one, as described by Marks et al. (1992) BioTechnology,
10:779.

Conservative modifications may be made to the heavy and light chains described

in Table 1 (and corresponding modifications to the encoding nucleic acids) to produce
20 an anti-Dkk-1 antibody having functional and biochemical characteristics. Methods for
achieving such modifications are described above.

Antibodies and functional fragments thereof according to the invention may be
further modified in various ways. For example, if they are to be used for therapeutic
purposes, they may be conjugated with polyethylene glycol (pegylated) to prolong the

25 serum half-life or to enhance protein delivery. Alternatively, the V region of the subject
antibodies or fragments thereof may be fused with the Fc region of a different antibody
molecule. The Fc region used for this purpose may be modified so that it does not bind
complement, thus reducing the likelihood of inducing cell lysis in the patient when the
fusion protein is used as a therapeutic agent. In addition, the subject antibodies or

30 functional fragments thereof may be conjugated with human serum albumin to enhance
the serum half-life of the antibody or fragment thereof Another useful fusion partner for
the inventive antibodies or fragments thereof is transthyretin (TTR). TTR has the
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host cells conprising any of the polynucleotides described herein. Any host

cel20s gptain empodiventsettisrkessicel Iln@tf@rr@mfgw@g @wn@ldar P&A serstrusit majebe

pur pose e cod
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in their entirety. EXAMPLES
the disclosure can comprise a combination of antibodies (or immunoconjugates or

bispecifics) that bind to different epitopes on the target antigen or that have

complementary activities.



10 Exanple 1: Ceneration of muMabJCl8 Preparation A. | nmmunogen Reconbi nant
human Dkk-1 (rhuDkk-1) obtained from R& systens (cat no. 1096- DK/ CF
correspomiiprgiBimas2- 266 of human Dkk-1 fused with a 10XTHB®10/6%8208¢ t he 15
Ctermnal) was conjugated to KLH usi [1% the Pierce Inject | munogen EDC Kit
with ncKLH (cat no. 77622). The KLH conjugated protein was prepared by
Genovac GrbH and used as the i munogen for a fusion which gave rise to the
subcl one JCOH3 (JCl8% SEQ ID NO 1 Human Dkk1-(10Hi s) aa sequence 20(am no
aci ds i n bolRharmacestiegipeompppitionnt ofathaidlistlpswenpisas Can peiradmisistenest & n)

%%@m%%@%%%@gﬁ L)I:I:EKQEE&%AGFW example, the combination

SPT Ghiviirkdiy 6VEHDRMdent disclosure combined with at
FRGEI EETI TESFGN TLDGYSRRT TL SSKMYHTKGQEGSVCLRSSD

25CASG Rmmm PVIEREHATTRARN GSHGRMHEIROYeRRSSant  agent. Examples of
LSCBI Q4 FchmoMation. fHERESY éa%*% P t
segﬁence nucI oti de sequeﬁgle_hl_g_é\ﬂ?ergbm?c I(())tldgs m% g@ talic yepaeefare
j ust ardedsit betat iorthé sectitre os eges ot theantitiddiemostheadisgoswiede sequence i nf 0)

?X@&WM@W le carrier" includes any and all

CCTTCAAG AR TS BW&F@@%%A&EEW ahdifungal agents, isotonic and
CCGCTGEGECGGECECT unoal a9 | |
STINGE R Graphgsiologically compatible. Typically,

A%Uw%%%%ubcutaneous parenteral, spinal or

‘ @@GﬁloG)r Depending on the route of
4OCACGCTATGTGCTGCCCCGGGAA AAAAATGGAATATGT

GICT TC@@FGJ@MﬁW@AThﬂ'@@K@@QQ&MW@AA@(@@QﬂEA@mW binding portion  thereof,

'?'%(132 m%%@%é&%% ﬂ?‘}ﬁ&&g&%‘ted in a material to protect the

GAACCAEG eI EAMAAA T ST @GR MEAGRAAETONditions that may inactivate the
CT TTGTCTCCGGTCATCAGACTGTGCCTCAGGATTGTGTTGTGCT
AGACACTERRIREYNECAAGATCTGTAAACCTGTCCTGAAAGAAGGTCA 5
é%TGTTACTGTIIE%ﬁGAAi% E’GGT' i'ECTIiEE'c3T@'Tc‘%":§'?cq_;ccec;AEiEEﬁ%$ S HGAX’AiaTesent disclosure may be present
GAT CACOAEFOALGCIAGTAATNECTNGY AGHET TGACACTTST GAGR@ALGRely or negatively-charged

A T%’?‘)emes. Ecspéme casescpfﬁe antibodies may be complexed with a counterion to form a

pharmaceutically acceptable salt. Thus, the pharmaceutical compounds of the
20 disclosure 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 (e.g., antibody) and does not impart
undesired toxicological effects (see e.g., Berge, S.M., et al. (1977) J. Pharm. Sci. 66:1-
19). For example, the term "pharmaceutically acceptable salt" includes a complex

25 comprising one or more antibodies and one or more counterions, where the counterions
are derived from pharmaceutically acceptable inorganic and organic acids and bases.

Examples of such salts include acid addition salts and base addition salts. Acid
addition salts include those derived from nontoxic inorganic acids, such as hydrochloric,
nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well

30 as from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-
substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, 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



10 B. I nmunizati on and Hybridoma Generation Bal b/c m ce were

i muni zed intraperitoneally with 50ug/ dose/ nouse of KLHconjugated rhuDkk-1
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protein. Spleen | ynphocytes were fused Wth the non secretory sp2/0 nyel ona
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(Galfre and M Istein, Methods Enzynol 73 3 46 &1981)) A hybri doma

secr et i gl mi@@e@omtpélq §GaHe @@lﬂ%er%@ &8b Un@@eaﬁﬂeﬂb’i%@déﬁjn@ﬂn@

assays gi S
Dkk-1 Srﬂétil& c anp(é |0er§5'1\%r£g]%3e oC ’dbﬁesﬂﬁ%@%ﬁ %ﬁzpenégé@LP%Aﬁ ase
met hod. arfdll!h@Mlkel protein (R&D systenms cat no. 1096 DK/ CF) was diluted to 1

Cat No. " 0° G TR G PR BEUHEA DA HRRRA e 0898 G bASERBERBIRST StaLIScRrS. of
Dkksl | t d
1 WisicAegs g8 e R IR BAIDAR. Ukl ] e3enid PR

over ni wer e washe wash bu
(0. 05%r(1&Va~l/)saITsrvead<ﬂI®er([$nWoglaal mepﬁmemehahlml8$aust teninedCloMbinergaBiig ma

Cat 7 bl ocked wi t.h 200uls/ cki uf f 1°/PVA
(ol g e Btigs o e oo oG ARieT . Gepal wtkdle malfbdRi e
2hrs atmpRQIMdRIPERBHHIS:, @I@ﬁllﬁhﬂgtnﬁlUchSbeNVa\%rﬁBeFﬂer’f&J@Vﬁtﬂmﬁ rﬁﬁ@r@bsuﬁﬂ
decanting. Antibodies were diluted by conséecutive 2-fol'd serial | utions

i n bl odrRanganiafshis, mangappus qedtassienaic ulptiam sadiumoand zirg, ans in. theiratsyal
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secondary arphdraicesinesiyl accdprableidatidhiodysaiRest ©e. aididnlor te present
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absor bad?ﬁiﬁo@élld%m&hsm%éﬂ%' B MOxydEAZDIS hReBEniel @ﬂbﬁﬁab@tld htwBklells, étPbbAic,
10B. Specificity of Binding to other Human” Dkk Honol ogues

The
%pl t ysufpnpCImethengswidonie. ehrephorifaphasthopicet eihasesdioNie s ethesedissifagict he

Etéf’é‘dp%uﬂ%n%%mgeoﬁ%ﬁ%éﬁfﬂﬂ%ﬂﬁ “ehibhet, BERBRILTRsARe" HiEBai R Rna-
Dkk4 ( R&arexaiiearrestifon o sufale, [IKGRE, nitie] Bitsdieved fuee lscidi mahometisy| lgran

Dkk-4 and no binding to 15 human Dkk-3 up to 5ug/m Table 2 JClSd(ng/rﬂ)
HUMAN DBRKlohexgiamirpmmiensKe-Byqdromybutyric, glycine, egcngchme glutamic, cacodylate,

diaminohexanoic, camphorsulfonic, gluconic, thiocyanic, oxoglutaric, pyridoxal 5-

25 phosphate, chlorophenoxyacetic, undecanoic, N-acetyl-L-aspartic, galactaric and
galacturonic acids.

Pharmaceutically acceptable organic bases include trimethylamine, diethylamine,

N, N'-dibenzylethylenediamine, chloroprocaine, choline, dibenzylamine, diethanolamine,

ethylenediamine, meglumine (N-methylglucamine), procaine, cyclic amines, quaternary

30 ammonium cations, arginine, betaine, caffeine, clemizole, 2-ethylaminoethanol, 2-

diethylaminoethanol, 2-dimethylaminoethanol, ethanediamine, butylamine,

ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, ethylglucamine,

glucamine, glucosamine, histidine, hydrabamine, imidazole, isopropylamine,
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methylglucamine, morpholine, piperazine, pyridine, pyridoxine, neodymium, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, tripropylamine,
triethanolamine, tromethamine, methylamine, taurine, cholate, 6-amino-2-methyl-2-
heptanol, 2-amino-2-methyl-1,3-propanediol, 2-amino-2-methyl-1-propanol, aliphatic
5 mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic
acids, aromatic acids, aliphatic and aromatic sulfonic acids, strontium, tricine, hydrazine,
phenylcyclohexylamine, 2-(N-morpholino)ethanesulfonic acid, bis(2-
hydroxyethyl)amino-tris(hydroxymethyl)methane, N-(2-acetamido)-2-
aminoethanesulfonic acid, 1,4-piperazinediethanesulfonic acid, 3-morpholino-2-
10  hydroxypropanesulfonic acid, 1,3-bis[tris(hydroxymethyl)methylamino]propane, 4-
morpholinepropanesulfonic acid, 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid, 2-
[(2-hydroxy-1,1-bis(hydroxymethyl)ethyl)amino]ethanesulfonic acid, N,N-bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid, 4-(N-morpholino)butanesulfonic acid, 3-(N,N-
bis[2-hydroxyethyllamino)-2-hydroxypropanesulfonic acid, 2-hydroxy-3-
15  [tris(hydroxymethyl)methylamino]-1-propanesulfonic acid, 4-(2-hydroxyethyl)piperazine-
1-(2-hydroxypropanesulfonic acid), piperazine-1,4-bis(2-hydroxypropanesulfonic acid)
dihydrate, 4-(2-hydroxyethyl)-1-piperazinepropanesulfonic acid, N,N-bis(2-
hydroxyethyl)glycine, N-(2-hydroxyethyl)piperazine-N'-(4-butanesulfonic  acid), N-
[tris(hydroxymethyl)methyl]-3-aminopropanesulfonic acid, N-tris(Hydroxymethyl)methyl-

20 4-aminobutanesulfonic acid, N-(1,1-dimethyl-2-hydroxyethyl)-3-amino-2-
hydroxypropanesulfonic acid, 2-(cyclohexylamino)ethanesulfonic acid, 3-
(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid, 3-(cyclohexylamino)-1-

propanesulfonic acid, N-(2-acetamido)iminodiacetic acid, 4-(cyclohexylamino)-1-
butanesulfonic acid, N-[tris(hydroxymethyl)methyl]glycine, 2-amino-2-(hydroxymethyl)-
25 1,3-propanediol, and trometamol.

A pharmaceutical composition of the disclosure also may include a
pharmaceutically acceptable anti-oxidant. Examples of pharmaceutically acceptable
antioxidants include: (1) water soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfite, sodium sulfite and the like; (2) oil-

30 soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-tocopherol, and the like;
and (3) metal chelating agents, such as citric acid, ethylenediamine tetraacetic acid
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.
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Cross Reactivity The ability of JC18 to bind to other species Dkk proteins

was asseswoadousidngst he 20 ELI SA protocol described aboveCHIBR10/bR0BXCEpti On
that plates were also coated with recoghi nant rat Dkk-1(R&D systens Cat No.
4010- DK/ CF), nouse Dkk-1 (R&D systens Cdt No. 1765-DK/CF), nouse Dkk-2 (R&D
systens Cat No. 2435-DK/CF), and nouse Dkk-4 (R&D systens Cat No.

3105-DK/ CF)._JC18 showed: (1) simlar binding to WO
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total RNA was extracted according to RNAeasy Mni kit from Q AGEN. cDNA was
synt hedneks® ,uwgfda@@p@f% chtag pf V‘RP"k?‘f‘df'F‘fv?ﬁfqbrlﬁnQrQ%Er?StQiér SHEN @S 8lbns

from t hgeddek- ﬁro?%ﬁgp@?yg%n‘éﬁé%gnnagﬂg%[?%@bw SEnhpE, ﬁé’ ub8 &7 /eoLtR %; ni&i%ﬁal%,r om

Novagen, Whi ch rimers or |'oni ng nouse eavy
chain gaaumesaanldcitrhia byothmueainteimmaeoof ltlaertréquired hpartiblei size I?Cﬁhe;ymasuengf

condit| ns were t ow n e at 94C for 2 mn; five cycles at
94C for %Q?%’@S ﬁﬁ%bygr?e%eé’géugﬂgaé%c for 60 sec; followed by 25 cycles at
94C for 30 SpfeseddSmp8sitidRs posy ard &ﬁﬁeﬁoéd @%r&@%ucﬁhﬁs b@ééér@ét%sp%ttmg

products were cloned into Topo-TA cloning vect or fromlnvitrogen and
sequenagentshenlsifitng aagensdpndedispecsisg wegenisonf Prenantion @f r piasence  of

10  microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic 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, prolonged absorption of the injectable pharmaceutical form may be brought

15 about by the inclusion of agents which delay absorption such as aluminum
monostearate and gelatin.

Pharmaceutically 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 pharmaceutically active

20 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 disclosure is contemplated. Supplementary active compounds can also be
incorporated into the compositions.

Therapeutic compositions typically must be sterile and stable under the

25 conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can

30 be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
surfactants. In many cases, it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition.



15 conpari son using mass spectronetry (MS) analysis of the cloned anti body
sequences and the original antibodies produced from ascites. The
nucl eot i dkozenusnse and the predicted am no aci d sequeneeTaBmires2oseght and
heavy chains of the variable regions of75t he JC18 wi | dtype (nouse)

nonocl onal anti body are provided bel ow. 20 SEQ ID NO 3 JC18 Light Chain
Vari abl e Regi on nt sequence

GACATTGTGT TGACCCAAT CTCCAGCTTCTTTGGCTGTGTCTCTAGGG
CAGAGGEIORDEAT GHEOTRINGAGH AR eTaoMeesTiRsTgan be brought about by including

SRR
CAAACT@%@ , ASQr| élggforzé(ample monostearate salts
CCAGGT Tan g #ReXiMGT GGGT CTGGEGT CAGACT TCAGCCTCACCATC

CATCCTGTGGAGGAGGATGATA@GCAATGTATTTCTGTCAGCAAA
AAGGAGGTTCCTREECTM eSARAERIEAA DY0 IREAPPIGING the jeghve

Li glat
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NGO 5 JC18 L Ch V. bl
T TSR ieRaSloPs eI oR e ATy RikePoiaig 116 SERY EPRBPUBS Jeos BiagiR

Chai n \@hiaétieatRemtans ekicais @Wﬁfédﬁ’ﬁﬁ%ﬁ%@%&%ﬂ 6tr§ﬁq}1d&;@di@ts froaf18

Li ght Chain Vari abl e Region nt sequence
SEQ | D those @ngu@ﬂatadga.bm@haim theacasg loé sRa’ge ROVCERD f@@@gﬁ@@@t@tlomskg@lelo

cadBrpRis POl RomeaLs QitbieBAEoT Bl T e BREMIER, [farehion

CDR3 addr§pgLRitCH: éiéﬁ@?@/ 0} rﬁh_:@ntlda TNeat SwHepwl tHehadtiveVag fealdr i on
nt sequer?\cg GAAG?’GAAA GG@? b &%&A&CTGGAG e¥RY oReg

GGT CCCMF’@'W@ W@ﬁm’ﬂ'@@ﬁ‘fm Algrite-fitered solution thereof.

AR i sy
GGTCGCATCCA K dﬁ%&rw A A %@?&%mbmed with a carrier material to

CECHIGE m&m%%r@&@mﬁﬁmﬁbn the subject being treated, and
TA TGA GICTGAGGT TGTAT
FCHEHRCT BTN ERIRET ACREATREAE SEtiverereslRTERET eRoBRA

combined with a carrier material to produce a single dosage form will generally be that

amount of the composition which produces a therapeutic effect. Generally, out of one
hundred percent, this amount will range from about 0.01 percent to about ninety-nine
percent of active ingredient, preferably from about 0.1 percent to about 70 percent, most

20 preferably from about 1 percent to about 30 percent of active ingredient in combination
with a pharmaceutically acceptable carrier.

Dosage regimens are adjusted to provide the optimum desired response (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

25 reduced or increased as indicated by the exigencies of the therapeutic situation. It is
especially advantageous to formulate parenteral compositions in dosage unit form for
ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermined quantity of active compound calculated to

30 produce the desired therapeutic effect in association with the required pharmaceutical
carrier. The specification for the dosage unit forms of the disclosure are dictated by and

directly dependent on (a) the unique characteristics of the active compound and the



SEQ I D NO 12 JC18 Heavy Chain Variabl e Regi on aa sequence

EVKLVESGGAEL VKPGGSL KL SCAASGFTFSNYAVSVVWRQT PEKRLEVW
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NYAMS SEQ | D NO 15 JC18 Heavy Chain Variabl e Region CDR2 nt sequence

TCC ATT AGI GGI' GGT GGI GAG ACC TAG TAT CCA GAG AGI GTG 40AAG GGC SEQ I D
NO 16 Reci®pethpjargidicneNeqtitabecacigyash anoRb) dae digiadnne it eseddnTtheramsokG

Var  abl 2 R Rl A Y Bafhponeil fog nd aatidel s el s ot} °
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preparation Smal | e expression of Fabs in 96 wells plates was
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expressi on wer e arveste y centrifugation after
expr essandiboty nedeniniSedd t fabds wﬁbnmsrfofeeud%gea Halcagedof Anftifaslies-BBeERsUAND niv
HEPES bqu}c]?nrst léld70rAf muﬁlple occaS|ohs Intervals between single dosages can be, for
example, weekly, monthly, every three months or yearly. Intervals can also be irregular
20 as indicated by measuring blood levels of the antibody to the target antigen in the
patient. In some methods, dosage is adjusted to achieve a plasma antibody
concentration of about 1 to 1000 ng/ml and in some methods about 25 to 300 ug/ml.
Alternatively, the antibody can be administered as a sustained release
formulation, in which case less frequent administration is required. Dosage and
25 frequency vary depending on the half-life of the antibody in the patient. In general,
human antibodies show the longest half life, followed by humanized antibodies, chimeric
antibodies, and nonhuman antibodies. The dosage and frequency of administration can
vary depending on whether the treatment is prophylactic or therapeutic. In prophylactic
applications, a relatively low dosage is administered at relatively infrequent intervals
30 over a long period of time. Some patients continue to receive treatment for the rest of
their lives. In therapeutic applications, a relatively high dosage at relatively short
intervals is sometimes required until progression of the disease is reduced or

terminated, and preferably until the patient shows partial or complete amelioration of
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20 subject's symptoms, and the particular composition or route of administration selected.
Dosage of an anti-DKK-1 antibody can be calculated using such methods as
target mediated drug disposition (TMDD) PK/PD models. Such models can be used to
calculate an antibody concentration response relationship. A PK/PD model can be used
to estimate antibody non-target mediated elimination, antibody turnover and complex
25 formation and elimination. The TMDD model can be used to translate data determined
using an animal model (for example rat or monkey) to human data to predict efficacious
dose. The MABEL model can be used to determine expression and turnover rates.
The PK/PD model can be used to calculate receptor occupancy based on Kd values.
To determine receptor occupancy rate of turnover of the target and/or antibody-target
30 complex kinetics are considered. The PK/PD model may be used to predict safety and
efficiency of clinical studies.
A composition of the present disclosure can be administered via one or more

routes of administration using one or more of a variety of methods known in the art. As
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(HC variable flow implantable infusion apparatus for continuous drug delivery; U.S. Patent



variable region) and SEQ ID NO 42 (LC variable region). The binding
affinity of huMabJC18 1gG to Dkk-1 determ ned using Bl Acore as descri bed
above i s whowmv/i3msFabl e 3 bel ow. 25Tabl e 3: Bi ndi ng af f ipaiTtip20a6/03208
huMabJC18 1gG to Dkkl from hunman, m)uggg and rat Dkk-1 species kon (1/Ms)
koff (1/s) T112 (h) KD (nM human > 1.3°x106* < 2.0 x10-6" >96.27 <0.002
mouse > 1.3 x106* <3.9 x10" > 4.94 <0.03 rat > 1.3 x106* 2.1x104 0.92 <0.1

No. 4,439,196, which discloses an osmotic drug delivery system having multi-chamber
compartments; and U.S. Patent No. 4,475,196, which discloses an osmotic drug
delivery system. Many other such implants, delivery systems, and modules are known
to those skilled in the art.

5 In some embodiments the antibodies or fragments thereof of the disclosure 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 disclosure cross the BBB (if desired), they can be formulated, for
example, in liposomes. For methods of manufacturing liposomes, see, e.g., U.S. Patent

10 Nos.: 4,522,811; 5,374,548; and 5,399,331. The liposomes may comprise one or more
moieties which are selectively transported into specific cells or organs, thus enhance
targeted drug delivery (see, e.g., V.V. Ranade (1989) J. Clin. Pharmacol. 29:685).
Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Patent No.
5,416,016 to Low et al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res.

15 Commun. 153:1038); antibodies (P.G. Bloeman et al. (1995) FEBS Lett. 357:140; M.
Owais et al. (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A
receptor (Briscoe et al. (1995) Am. J. Physiol. 1233:134); p120 (Schreier et al. (1994) J.
Biol. Chem. 269:9090); see also K. Keinanen; M.L. Laukkanen (1994) FEBS Lett.
346:123; J.J. Killion; I.J. Fidler (1994) Immunomethods 4:273.

20 As provided herein, the pharmaceutical compositions that are provided can be
administered for prophylactic and/or therapeutic treatments. An "effective amount” refers
generally to an amount that is a sufficient, but non-toxic, amount of the active ingredient
(i.e., an anti-Dkk-1 antibody or immunologically functional fragment thereof) to achieve
the desired effect, which is a reduction or elimination in the severity and/or frequency of

25 symptoms and/or improvement or remediation of damage. A "therapeutically effective
amount" refers to an amount that is sufficient to remedy a disease state or symptoms, or
otherwise prevent, hinder, retard or reverse the progression of a disease or any other
undesirable symptom. A "prophylactically effective amount" refers to an amount that is
effective to prevent, hinder or retard the onset of a disease state or symptom.

30 In general, toxicity and therapeutic efficacy of the antibody or fragment can be
determined according to standard pharmaceutical procedures in cell cultures and/or
experimental animals, including, for example, determining the LD50 (the dose lethal to
50% of the population) and the ED50 (the dose therapeutically effective in 50% of the
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(1/Ms) kgL} aﬁ&/itgéaﬁ(Be(éMeMgs]%ratio LD50/ED50. Compositions that exhibit large
therapeutic indices are preferred.
The data obtained from cell culture and/or animal studies can be used in
5 formulating a range of dosages for humans. The dosage of the active ingredient typically
lines within a range of circulating concentrations that include the ED50 with little or no
toxicity. The dosage can vary within this range depending upon the dosage form
employed and the route of administration utilized.
As mentioned herein, the effective amount of a pharmaceutical composition
10 comprising anti-Dkk-1 antibodies or immunologically functional fragments thereof to be
employed therapeutically or prophylactically will depend, for example, upon the
therapeutic context and objectives. One skilled in the art will appreciate that the
appropriate dosage levels for treatment, according to certain embodiments, will thus
vary depending, in part, upon the molecule delivered, the indication for which the anti-
15 Dkk-1 antibody is being used, the route of administration, and the size (body weight,
body surface or organ size) and/or condition (the age and general health) of the patient.
A clinician may titer the dosage and modify the route of administration to obtain the
optimal therapeutic effect.
The dosing frequency will depend upon the pharmacokinetic parameters of the
20 anti-Dkk-1 antibody or immunologically functional fragment thereof in the formulation.
For example, a clinician will administer the composition until a dosage is reached that
achieves the desired effect. The composition may therefore be administered as a single
dose, or as two or more doses (which may or may not contain the same amount of the
desired molecule) over time, or as a continuous infusion via an implantation device or
25 catheter. Treatment may be continuous over time or intermittent. Further refinement of
the appropriate dosage is routinely made by those of ordinary skill in the art and is within
the ambit of tasks routinely performed by them. Appropriate dosages may be
ascertained through use of appropriate dose-response data.
To treat a medical disorder characterized by abnormal or excess expression of
30 Dkk-1, a composition comprising the subject anti-Dkk-1 antibodies or immunologically
functional fragments thereof may be administered to the patient in an amount and for a
time sufficient to induce a sustained improvement in at least one indicator that reflects

the severity of the disorder. An improvement is considered "sustained" if the patient
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exhibits the improvement on at least two occasions separated by at least one to seven

days, or in some instances one to six weeks. The appropriate interval will depend to

some extent on what disease condition is being treated; it is within the purview of the

skilled physician to determine the appropriate interval for determining whether the

5 improvement is sustained. The degree of improvement is determined based on signs or

symptoms, and may also employ questionnaires that are administered to the patient,
such as quality-of-life questionnaires.

Various indicators that reflect the extent of the patient's illness may be assessed

for determining whether the amount and time of the treatment is sufficient. The baseline

10 value for the chosen indicator or indicators is established by examination of the patient
prior to administration of the first dose of antibody. Preferably, the baseline examination
is done within about 60 days of administering the first dose. If the antibody is being
administered to treat acute symptoms, such as for example to treat a broken bone, the
first dose is administered as soon as practically possible after the injury has occurred.

15 Improvement is induced by administering the subject anti-Dkk-1 antibodies or
immunologically functional fragments thereof until the patient manifests an improvement
over baseline for the chosen indicator or indicators. In treating chronic conditions, this
degree of improvement is obtained by repeatedly administering this medicament over a
period of at least a month or more, e.g., for one, two, or three months or longer, or

20 indefinitely. A period of one to six weeks, or even a single dose, often is sufficient for
treating acute conditions. For injuries or acute conditions, a single dose may be
sufficient.

Although the extent of the patient's illness after treatment may appear improved
according to one or more indicators, treatment may be continued indefinitely at the

25 same level or at a reduced dose or frequency. Once treatment has been reduced or
discontinued, it later may be resumed at the original level if symptoms should reappear.

Exemplary Utilities for Anti-Dkk-1 Antibodies

Detection and Screening

30 The subject anti-Dkk-1 antibodies and immunologically functional fragments
thereof can be used to detect Dkk-1 in biological samples. Such uses allow the
identification of cells or tissues that produce the protein or serve as a diagnostic for
detecting pathological conditions in which Dkk-1 is overproduced or underproduced.
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The antibodies and fragments that are provided can also be used in methods to
screen for a molecule that binds to Dkk-1. A variety of competitive screening methods,
for example, can be used. In some methods, a Dkk-1 molecule or fragment thereof to
which an anti-Dkk-1 antibody binds, is contacted with an antibody or fragment disclosed

5 herein together with another molecule (i.e., a candidate molecule). A reduction in
binding between the antibody or fragment and Dkk-1 is an indication that the molecule
binds Dkk-1. Binding of the antibody or fragment can be detected using a variety of
methods, e.g., an ELISA. Detection of binding between the anti-Dkk-1 antibody or
fragment to Dkk-1 can be simplified by detectably labeling the antibody. In some

10 methods, a molecule that exhibits binding in the initial screen is further analyzed to
determine whether it inhibits a Dkk-1 activity (e.g., whether the molecule activates Wnt
signaling).

Treatment of Bone Related Disorders

In other aspects, certain of the antibodies and immunologically functional

15 fragments that are provided can be used to treat patients with a variety of different
diseases including, for example, diseases that are responsive to the inhibition of Dkk-1
activity. These antibodies and fragments can also be used to treat diseases that are
responsive to the induction of Wnt signaling. The term "patient” as used herein includes
human and animal subjects unless stated otherwise. Examples of such diseases

20 include, but are not limited to, a variety of diseases involving a bone disorder including
low bone mass conditions, systemic bone loss, suppressed bone formation and bone
erosions. Some of the antibodies and fragments can also be used in bone repair.

In some embodiments the antibodies or fragments have therapeutic use in
stimulating osteoblast activity and increasing bone mineral density or bone mass. These

25 antibodies and fragments are thus useful for treating patients suffering from various
medical disorders that involve excessive bone loss or patients who require the formation
of new bone even where there may not necessarily be excessive osteoclast activity.
Blocking Dkk-1activity results in osteoblast activation via signaling transmitted by Wnt
proteins. Excessive osteoclast activity is associated with numerous osteopenic disorders

30 that can be treated with the antibodies and immunologically functional fragments that
are provided, including ostopenia, osteoporosis, periodontitis, Paget's disease, bone
loss due to immobilization, lytic bone metastases and arthritis, including rheumatoid



8.99x10-5 0. 090 4E8. 33L T54- LS56# G7WF58 L (b9D 1. 13x107 8.55x10-5

0. 008

10

15

20

25

30

2E11. 33L
WO 2010/131185 PCT/IB2010/052056

-83-

arthritis, psoriatic arthritis, ankylosing spondylitis and other conditions that involve bone
erosion.

Various other low bone mass conditions can also be treated including a variety of
forms of osteoporosis, including but not limited to, glucocorticoid induced osteoporosis,
osteoporosis induced after transplantation, osteoporosis associated with chemotherapy
(i.e., chemotherapy induced osteoporosis), immobilization induced osteoporosis,
osteoporosis due to mechanical unloading, and osteoporosis associated with
anticonvulsant use. Additional bone diseases that can be treated with some of the
antibodies or fragments include bone disease associated with renal failure and
nutritional, gastrointestinal and/or hepatic associated bone diseases.

Different forms of arthritis can also be treated, examples including osteoarthritis
and rheumatoid arthritis. The antibodies and fragments can also be used to treat
systemic bone loss associated with arthritis (e.g., rheumatoid arthritis). In treating
arthritis, patients may benefit by perilesional or intralesional injections of the subject
antibodies or fragments thereof. For example, the antibody or fragment thereof can be
injected adjacent to or directly into an inflamed joint, thus stimulating repair of damaged
bone at the site.

Some cancers are known to increase osteoclast activity and induce bone
resorption, such as breast and prostate cancer. Multiple myeloma, which arises in bone
marrow, also is associated with bone loss, in part likely due to the increased expression
of Dkk-1 by plasma cells, which then suppresses the bone building activity of
osteoblasts in the vicinity. Reducing Dkk-1 activity by administering the subject
antibodies or immunologically functional fragments thereof can result in an increase in
osteoblast activity that serves to counteract the excessive osteoclast activity, thereby
reducing the severity of the aforementioned disorders, reducing bone erosion and
inducing new bone formation in the patient. Treatment with certain of the anti-Dkk-1-
specific antibodies or immnunologically functional fragments can induce a significant
increase in bone mineral density in a patient suffering from an osteopenic disorder.

Inhibiting Dkk-1 with the antibodies or immunologically functional fragments
described herein can also be used in various bone repair applications. For example,
certain antibodies and fragments can be useful in retarding wear debris osteolysis
associated with artificial joints, accelerating the repair of bone fractures, and enhancing
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the incorporation of bone grafts into the surrounding living bone into which they have
been engrafted.

As disclosed herein, anti-Dkk-1 antibodies or immunologically functional
fragments thereof can be administered alone or in combination with other therapeutic

5 agents, for example, in combination with cancer therapy agents, with agents that inhibit
osteoclast activity or with other agents that enhance osteoblast activity. For example,
the inventive antibodies can be administered to cancer patients undergoing radiation
therapy or chemotherapy. Chemotherapies used in combination with the inventive
antibodies may include anthracyclines, taxol, tamoxifene, doxorubicin, 5-fluorouracil,

10 oxaloplatin, Velcade® ([(1R)-3-methyl-1-[[(2S)-1-0x0-3-phenyl-2-
[(pyrazinylcarbonyl)amino]propy- I]Jamino]butyl] boronic acid) and/or other small
molecule drugs that are used in treating cancer. Breast cancer patients will benefit from
the administration of an aromatase inhibitor concurrently with combination treatments
comprising a chemotherapeutic agent and an anti-Dkk-1 antibody or immunologically
15  functional fragment thereof.

Anti-Dkk-1 antibodies and immunologically functional fragments thereof may be
used alone for the treatment of the above referenced conditions resulting in loss of bone
mass or in combination with a therapeutically effective amount of a bone growth
promoting (anabolic) agent or a bone anti-resorptive agent including but not limited to:

20 bone morphogenic factors designated BMP-1 to BMP-12; transforming growth factor-3
and TGF-p family members; fibroblast growth factors FGF-1 to FGF-10; interleukin-1
inhibitors (including IL-1ra, antibodies to IL-1 and antibodies to IL-1 receptors); TNFa
inhibitors (including etanercept, adalibumab and infliximab); RANK ligand inhibitors
(including soluble RANK, osteoprotegerin and antagonistic antibodies that specifically

25 bind RANK or RANK ligand), parathyroid hormone, E series prostaglandins,
bisphosphonates and bone-enhancing minerals such as fluoride and calcium. Anabolic
agents that can be used in combination with the inventive antibodies and functional
fragments thereof include parathyroid hormone and insulin-like growth factor (IGF),
wherein the latter agent is preferably complexed with an IGF binding protein. An IL-1

30 receptor antagonist suitable for such combination treatment is described in
WO089/11540 and a suitable soluble TNF receptor-1 is described in W0O98/01555.
Exemplary RANK ligand antagonists are disclosed, for example, in WO 03/086289, WO
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03/002713, U.S. Pat. Nos.: 6,740,511 and 6,479,635. All of the aforementioned patents
and patent applications are hereby incorporated by reference).

In addition, anti-Dkk-1 antibodies can be administered to patients in combination
with antibodies that bind to tumor cells and induce a cytotoxic and/or cytostatic effect on
tumor growth. Examples of such antibodies include those that bind to cell surface
proteins Her2, CDC20, CDC33, mucin-like glycoprotein and epidermal growth factor
receptor (EGFR) present on tumor cells and induce a cytostatic and/or cytotoxic effect
on tumor cells displaying these proteins. Examples of such antibodies include
HERCEPTIN® for treatment of breast cancer and RITUXAN® for the treatment of non-
Hodgkin's lymphoma, and include also antibody-based drugs such as ERBITUX® and
AVASTIN®. Also, combination therapy can include as cancer therapy agents
polypeptides that selectively induce apoptosis in tumor cells, such as the TNF-related
polypeptide TRAIL.

The subject antibodies or immunologically functional fragments thereof can be
administered concurrently with other treatments and therapeutic agents being
administered for the same condition. "Concurrent administration," as used herein,
encompasses treatments that are administered simultaneously or sequentially. Anti-
Dkk-1 antibodies or immunologically functional fragments thereof can be administered
prophylactically to prevent or mitigate the onset of loss of bone mass by early stage
cancer (stages | or Il), or can be given to ameliorate an existing condition of loss of bone
mass due to metastasis to the bone.

Anti-Dkk-1 antibodies of the invention may be used to prevent and/or treat the
growth of tumor cells in bone. Cancer that metastasizes to bone can spread readily as
tumor cells stimulate osteoclasts to resorb the internal bone matrix. Treatment with an
anti-Dkk-1 antibody or immunologically functional fragment thereof will help maintain
bone mineral density at the site of such metastases by stimulating increased osteoblast
activity. Any cancer that has potential to metastasize to bone may be prevented or
treated with an anti-Dkk-1 antibody administered before or after metastasis has
occurred.

Multiple myeloma is an example of a type of cancer that may be prevented and/or
treated with an anti-Dkk-1 antibody or antigen binding fragment thereof. Affected
patients typically exhibit a loss of bone mass due to increased osteoclast activation in
localized regions of the bone. Myeloma cells either directly or indirectly produce RANK
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ligand, a protein that activates osteoclasts resulting in lysis of the bone surrounding the
myeloma cells embedded in bone marrow spaces. The normal osteoclasts adjacent to
the myeloma cell in turn produce IL-6, leading to growth and proliferation of myeloma
cells. In addition multiple myeloma cells produce Dkk-1 thereby inhibiting osteoblast
activity and further promoting bone resorptive activity in this disease. Treatment of an
animal with an anti-Dkk-1 antibody or immunologically functional fragment thereof will
instigate osteoblast activity, thereby resulting in increased bone mass at the site of the
tumors. Such treatment may result in reduction of bone pain, and may block further
metastisis to bone by preventing the resorptive activity that releases bone nutrients
utilized by the tumor cells. In treating this disease, the anti-Dkk-1 antibody or
immunologically functional fragment thereof can be administered concurrently with
antagonistic antibodies directed against RANK ligand or antibodies against IL-6.
Treatment of Other Disorders

In addition to the foregoing uses related to bone disorders, certain of the
antibodies and immunologically functional fragments that are provided can be used to
treat other diseases. The role of Dkk-1 in these various diseases is supported in part by
its expression in various different tissues. The antibodies and fragments, for example,
can be used to treat diseases in which it is desirable to promote stem cell renewal. Such
diseases include, but are not limited to, diabetes, chronic heart failure and various
diseases of the muscle [e.g., disuse atrophy resulting, for instance, from immobilization
or bed-rest); aging frailty (sarcopenia of the elderly); muscular dystrophies; cachexia
associated with cancer, AIDS or inflammation; protein-energy malnutrition in renal
failure/uremia, and muscle wasting in obesity]. Various inflammatory diseases can also
be treated, including, for instance, Crohn's disease, colitis, and inflammatory bowel
disease. The antibodies and fragments can also be used in the treatment of various
neurological diseases (e.g., Alzheimer's disease, Parkinson's disease, and Huntington's
disease). Ocular diseases (e.g., macular degeneration and various retinopathies) can
also be treated with certain of the antibodies and fragments. Different renal diseases
(e.g., end stage renal disease, chronic renal disease, glomerulonephritis,
tubulointerstitial nephritis and IgA nephropathy) can also be treated with some
antibodies. Additionally, various pulmonary diseases (e.g., chronic obstructive
pulmonary disease, idiopathic pulmonary fibrosis and cystic fibrosis) and various skin
disorders, including dermal and epidermal diseases, can also be treated. Examples of
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skin disorders that can be treated include damaged intestinal epithelium (e.g.,
chemotherapy induced damage), and other diseases in which it is desirable to stimulate
growth and survival of the intestinal epithelium.
Kits

Kits that include an antibody or immunologically functional fragment or a
pharmaceutical composition as described herein are also provided. Some Kkits include
such an antibody, fragment or composition in a container (e.g., vial or ampule), and may
also include instructions for use of the antibody or fragment in the various detection,
screening and therapeutic applications disclosed above. The antibody, fragment or
composition can be in various forms, including, for instance, as part of a solution or as a
solid (e.g., lyophilized powder). The instructions may include a description of how to
prepare (e.g., dissolve or resuspend) the antibody or fragment in an appropriate fluid
and/or how to administer the antibody or fragment for the treatment of the diseases
described above (e.g., bone disorders such as low bone mass, systemic bone loss,
suppressed bone formation and bone erosions; stem cell renewal; inflammatory
diseases; neurological diseases; ocular diseases; renal diseases and skin disorders).

The kits may also include various other components, such as buffers, salts,
complexing metal ions and other agents described above in the section on
pharmaceutical compositions. These components may be included with the antibody or
fragment or may be in separate containers. The kits may also include other therapeutic
agents for administration with the antibody or fragment. Examples of such agents
include, but are not limited to, agents to treat cancers, bone promoting agents and
antibodies that bind tumor cells, and other agents listed above.

Further Specific Description of Anti-Dkk-1 Antibodies

Modifications to the Fcy portion

In the recombinant humanized antibodies, the Fcy portion can be modified to
avoid interaction with Fcy receptor and the complement immune system. This type of
modification was designed by Dr. Mike Clark from the Department of Pathology at
Cambridge University, and techniques for preparation of such antibodies are described,
for example, in WO 99/58572, published November 18, 1999. For example, the constant

region may be engineered to more resemble human constant regions to avoid an
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immune response if the antibody is used for treating human beings. See, for example,
U.S. Patent Nos. 5,997,867 and 5,866,692.
Modifications to huMabJC18

huMabJC18 is a fully humanized anti-Dkk-1 monoclonal antibody. The present
disclosure encompasses modifications to huMabJC18, including functionally equivalent
antibodies which do not significantly affect their properties and variants which have
enhanced or decreased activity and/or affinity. For example, as those skilled in the art
will appreciate, the amino acid sequence of huMabJC18 may be mutated to obtain an
antibody with a desired binding affinity to Dkk-1. Modification of polypeptides is routine
practice in the art and need not be described in detail herein. Modification of
polypeptides is exemplified in the Examples. Examples of modified polypeptides include:
polypeptides with conservative substitutions of amino acid residues, one or more
deletions or additions of amino acids which do not significantly deleteriously change the
functional activity, or use of chemical analogs.

Amino acid sequence insertions include: amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more
residues, as well as intrasequence insertions of single or multiple amino acid residues.
Examples of terminal insertions include an antibody with an N-terminal methionyl
residue or the antibody fused to an epitope tag. Other insertional variants of the
antibody molecule include the fusion to the N- or C-terminus of the antibody of an
enzyme or a polypeptide which increases the serum half-life of the antibody.

Substitution variants have at least one amino acid residue in the antibody
molecule removed and a different residue inserted in its place. The sites of greatest
interest for substitutional mutagenesis include the hypervariable regions, but framework
(FR) alterations are also contemplated. Conservative substitutions are shown in Table 1
under the heading of "conservative substitutions". If such substitutions result in a
change in biological activity, then more substantial changes, denominated "exemplary
substitutions” in Table 1, or as further described below in reference to amino acid
classes, may be introduced and the products screened.

Table 1: Amino Acid Substitutions

Original Conservative Exemplary
Residue Substitutions Substitutions
Ala (A) Val Val; Leu; lle
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Original Conservative Exemplary

Residue Substitutions Substitutions

Arg (R) Lys Lys; GIn; Asn

Asn (N) GIn GIn; His; Asp, Lys; Arg

Asp (D) Glu Glu; Asn

Cys (C) Ser Ser; Ala

GIn (Q) Asn Asn; Glu

Glu (E) Asp Asp; GIn

Gly (G) Ala Ala

His (H) Arg Asn; Gin; Lys; Arg

lle (1) Leu Leu; Val; Met; Ala; Phe;
Norleucine

Leu (L) lle Norleucine; lle; Val; Met;
Phe

Lys (K) Arg Arg; GIn; Asn

Met (M) Leu Leu; Phe; lle

Phe (F) Tyr Leu; Val; lle; Ala; Tyr

Pro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Ser Ser

Trp (W) Tyr Tyr; Phe

Tyr (Y) Phe Trp; Phe; Thr; Ser

Val (V) Leu lle; Leu; Met; Phe; Ala;
Norleucine

Substantial modifications in the biological properties of the antibody are
accomplished by selecting substitutions that differ significantly in their effect on
maintaining (a) the structure of the polypeptide backbone in the area of the substitution,

5 for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the
molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues
are divided into groups based on common side-chain properties:

(1) Non-polar: Norleucine, Met, Ala, Val, Leu, lle;
(2) Polar without charge: Cys, Ser, Thr, Asn, Gin;
10 (3) Acidic (negatively charged): Asp, Glu;
(4) Basic (positively charged): Lys, Arg;
(5) Residues that influence chain orientation: Gly, Pro; and
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(6) Aromatic: Trp, Tyr, Phe, His.
Non-conservative substitutions are made by exchanging a member of one of
these classes for another class.
Any cysteine residue not involved in maintaining the proper conformation of the
5 antibody also may be substituted, generally with serine, to improve the oxidative stability
of the molecule and prevent aberrant cross-linking. Conversely, cysteine bond(s) may
be added to the antibody to improve its stability, particularly where the antibody is an
antibody fragment such as an Fv fragment.
Amino acid modifications can range from changing or modifying one or more
10 amino acids to complete redesign of a region, such as the variable region. Changes in
the variable region can alter binding affinity and/or specificity. In some embodiments, no
more than one to five conservative amino acid substitutions are made within a CDR
domain. In other embodiments, no more than one to three conservative amino acid
substitutions are made within a CDR domain. In still other embodiments, the CDR
15 domain is CDR H3 and/or CDR L3.
Glycosylation of huMabJC18
Modifications also include glycosylated and nonglycosylated polypeptides, as well
as polypeptides with other post-translational modifications, such as, for example,
glycosylation with different sugars, acetylation, and phosphorylation. Antibodies are
20 glycosylated at conserved positions in their constant regions (see, e.g., Jefferis and
Lund (1997) Chem. Immunol. 65:111-128; Wright and Morrison (1997) TibTECH 15:26-
32). The oligosaccharide side chains of the immunoglobulins affect the protein’s
function (see, e.g., Boyd et al. (1996) Mol. Immunol. 32:1311-1318; Wittwe and Howard
(1990) Biochem. 29:4175-4180) and the intramolecular interaction between portions of
25 the glycoprotein, which can affect the conformation and presented three-dimensional
surface of the glycoprotein (Hefferis and Lund, supra; Wyss and Wagner (1996) Current
Opin. Biotech. 7:409-416). Oligosaccharides may also serve to target a given
glycoprotein to certain molecules based upon specific recognition structures.
Glycosylation of antibodies has also been reported to affect antibody-dependent cellular
30 cytotoxicity (ADCC). In particular, CHO cells with tetracycline-regulated expression of
B(1,4)-N-acetylglucosaminyltransferase Ill (GnTIll), a glycosyltransferase catalyzing
formation of bisecting GIcNAc, was reported to have improved ADCC activity (see, e.g.,
Umana et al. (1999) Nature Biotech. 17:176-180).
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Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers
to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The tripeptide sequences asparagine-X-serine, asparagine-X-threonine, and
asparagine-X-cysteine, where X is any amino acid except proline, are the recognition

5 sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side
chain. Thus, the presence of either of these tripeptide sequences in a polypeptide
creates a potential glycosylation site. O-linked glycosylation refers to the attachment of
one of the sugars N-acetylgalactosamine, galactose, or xylose to a hydroxyamino acid,
most commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may

10 also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by
altering the amino acid sequence such that it contains one or more of the above-
described tripeptide sequences (for N-linked glycosylation sites). The alteration may
also be made by the addition of, or substitution by, one or more serine or threonine

15 residues to the sequence of the original antibody (for O-linked glycosylation sites).

The glycosylation pattern of antibodies may also be altered without altering the
underlying nucleotide sequence. Glycosylation largely depends on the host cell used to
express the antibody. Since the cell type used for expression of recombinant
glycoproteins, e.g., antibodies, as potential therapeutics is rarely the native cell,

20 variations in the glycosylation pattern of the antibodies can be expected (see, e.g., Hse
et al. (1997) J. Biol. Chem. 272:9062-9070).

In addition to the choice of host cells, factors that affect glycosylation during
recombinant production of antibodies include growth mode, media formulation, culture
density, oxygenation, pH, purification schemes and the like. Various methods have been

25 proposed to alter the glycosylation pattern achieved in a particular host organism
including introducing or overexpressing certain enzymes involved in oligosaccharide
production (see, e.g., U.S. Patent Nos.: 5,047,335; 5,510,261; and 5.278,299).
Glycosylation, or certain types of glycosylation, can be enzymatically removed from the
glycoprotein, for example using endoglycosidase H (Endo H). In addition, the

30 recombinant host cell can be genetically engineered to be defective in processing
certain types of polysaccharides. These and similar techniques are well known in the
art.

Coupling Techniques
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As noted in the foregoing, other methods of modification include using coupling
techniques known in the art, including, but not limited to, enzymatic means, oxidative
substitution and chelation. Modifications can be used, for example, for attachment of
labels for immunoassay. Modified huMabJC18 polypeptides can be made using
established procedures in the art and can be screened using standard assays known in
the art, some of which are described below and in the Examples. Those skilled in the
art will appreciate that any suitable methods for making and screening such
modifications.

Modified Constant Region

In some embodiments of the invention, the antibody comprises a modified
constant region, such as a constant region that is immunologically inert or partially inert,
e.g., does not trigger complement mediated lysis, does not stimulate antibody-
dependent cell mediated cytotoxicity (ADCC), or does not activate microglia; or have
reduced activities (compared to the unmodified antibody) in any one or more of the
following: triggering complement mediated lysis, stimulating antibody-dependent cell
mediated cytotoxicity (ADCC), or activating microglia. Different modifications of the
constant region may be used to achieve optimal level and/or combination of effector
functions. See, for example, Morgan et al., Immunology 86:319-324 (1995); Lund et al.,
J. Immunology 157:4963-9 157:4963-4969 (1996); Idusogie et al., J. Immunology
164:4178-4184 (2000); Tao et al., J. Immunology 143: 2595-2601 (1989); and Jefferis et
al., Immunological Reviews 163:59-76 (1998). In an embodiment, the constant region is
modified as described in Eur. J. Immunol. (1999) 29:2613-2624; PCT Application No.
PCT/GB99/01441; and/or UK Patent Application No. 9809951.8.

In an embodiment, the antibody comprises a human heavy chain IgG2a constant
region comprising the following mutations: A330P331 to S330S331 (amino acid
numbering with reference to the wildtype IgG2a sequence). Eur. J. Immunol. (1999)
29:2613-2624. In another embodiment, the constant region is aglycosylated. In another
embodiment, the constant region is aglycosylated by mutating the glycosylated amino
acid residue in the constant region. For example, N-glycosylation site N297 may be
mutated to A, Q, K, or H. See, e.g., Tao et al., J. Immunology 143: 2595-2601 (1989);
and Jefferis et al., Immunological Reviews 163:59-76 (1998). In an embodiment, the
constant region is aglycosylated enzymatically (such as removing carbohydrate by
enzyme PNGase).
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Effector Domain
Other antibody modifications include antibodies that have been modified as
described, e.g., in WO 99/58572, published November 18, 1999. These antibodies
comprise, in addition to a binding domain directed at the target molecule, an effector
5 domain having an amino acid sequence substantially homologous to all or part of a
constant domain of a human immunoglobulin heavy chain. These antibodies are
capable of binding the target molecule without triggering significant complement
dependent lysis, or cell-mediated destruction of the target. In some embodiments, the
effector domain is capable of specifically binding FCcRn and/or FcyRIlIb. These are
10 typically based on chimeric domains derived from two or more human immunoglobulin
heavy chain C42 domains. Antibodies modified in this manner are particularly suitable
for use in chronic antibody therapy, to avoid inflammatory and other adverse reactions
to conventional antibody therapy.
Affinity Matured
15 In an embodiment the antibody is an affinity matured antibody. For example,
affinity matured antibodies can be produced by procedures known in the art (e.g., Marks
et al.,, 1992, Bio/Technology, 10:779-783; Barbas et al. (1994) Proc Nat. Acad. Sci,
USA 91:3809-3813; Schier et al. (1995) Gene, 169:147-155; Yelton et al. (1995) J.
Immunol., 155:1994-2004; Jackson et al. (1995) J. Immunol., 154(7):3310-9; Hawkins et
20 al. (1992) J. Mol. Biol., 226:889-896).
Library Scanning Mutagenesis
The following methods may be used for adjusting the affinity of an antibody and
for characterizing a CDR. One way of characterizing a CDR of an antibody and/or
altering (such as improving) the binding affinity of a polypeptide, such as an antibody,
25 termed "library scanning mutagenesis". Generally, library scanning mutagenesis works
as follows. One or more amino acid positions in the CDR are replaced with two or more
(such as 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20) amino acids
using art recognized methods. This generates small libraries of clones (in some
embodiments, one for every amino acid position that is analyzed), each with a
30 complexity of two or more members (if two or more amino acids are substituted at every
position).  Generally, the library also includes a clone comprising the native
(unsubstituted) amino acid. A small number of clones, e.g., about 20-80 clones
(depending on the complexity of the library), from each library are screened for binding
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affinity to the target polypeptide (or other binding target), and candidates with increased,
the same, decreased or no binding are identified.

Determining Binding Affinity

Methods for determining binding affinity are well-known in the art. Binding affinity

5 may be determined using BlAcore or ProteOn surface plasmon resonance analysis,

which detects differences in binding affinity of about 2-fold or greater. These types of
analyses are particularly useful when the starting antibody already binds with a relatively
high affinity, for example a Kp of about 10 nM or lower. Screening using BlAcore or
ProteOn surface plasmon resonance is described in the Examples, herein.

10 Binding affinity may be determined using Kinexa Biocensor, scintillation proximity
assays, ELISA, ORIGEN immunoassay (IGEN), fluorescence quenching, fluorescence
transfer, and/or yeast display. Binding affinity may also be screened using a suitable
bioassay.

In some embodiments, every amino acid position in a CDR is replaced (in some

15 embodiments, one at a time) with all 20 natural amino acids using art recognized
mutagenesis methods (some of which are described herein). This generates small
libraries of clones (in some embodiments, one for every amino acid position that is
analyzed), each with a complexity of 20 members (if all 20 amino acids are substituted
at every position).

20 In some embodiments, the library to be screened comprises substitutions in two
or more positions, which may be in the same CDR or in two or more CDRs. Thus, the
library may comprise substitutions in two or more positions in one CDR. The library may
comprise substitution in two or more positions in two or more CDRs. The library may
comprise substitution in 3, 4, 5, or more positions, said positions found in two, three,

25 four, five or six CDRs. The substitution may be prepared using low redundancy codons.
See, e.g., Table 2 of Balint et al. (1993) Gene 137(1):109-18).

The CDR may be CDRH3 and/or CDRL3. The CDR may be one or more of
CDRL1, CDRL2, CDRL3, CDRH1, CDRH2, and/or CDRH3. The CDR may be a Kabat
CDR, a Chothia CDR, or an extended CDR.

30 Candidates with improved binding may be sequenced, thereby identifying a CDR
substitution mutant which results in improved affinity (also termed an "“improved"
substitution). Candidates that bind may also be sequenced, thereby identifying a CDR
substitution which retains binding.
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Multiple rounds of screening may be conducted. For example, candidates (each
comprising an amino acid substitution at one or more position of one or more CDR) with
improved binding are also useful for the design of a second library containing at least
the original and substituted amino acid at each improved CDR position (i.e., amino acid

5 position in the CDR at which a substitution mutant showed improved binding).
Preparation, and screening or selection of this library is discussed further below.

Library scanning mutagenesis also provides a means for characterizing a CDR,
in so far as the frequency of clones with improved binding, the same binding, decreased
binding or no binding also provide information relating to the importance of each amino

10 acid position for the stability of the antibody-antigen complex. For example, if a position
of the CDR retains binding when changed to all 20 amino acids, that position is
identified as a position that is unlikely to be required for antigen binding. Conversely, if
a position of CDR retains binding in only a small percentage of substitutions, that
position is identified as a position that is important to CDR function. Thus, the library

15 scanning mutagenesis methods generate information regarding positions in the CDRs
that can be changed to many different amino acid (including all 20 amino acids), and
positions in the CDRs which cannot be changed or which can only be changed to a few
amino acids.

Candidates with improved affinity may be combined in a second library, which

20 includes the improved amino acid, the original amino acid at that position, and may
further include additional substitutions at that position, depending on the complexity of
the library that is desired, or permitted using the desired screening or selection method.
In addition, if desired, adjacent amino acid position can be randomized to at least two or
more amino acids. Randomization of adjacent amino acids may permit additional

25 conformational flexibility in the mutant CDR, which may in turn, permit or facilitate the
introduction of a larger number of improving mutations. The library may also comprise
substitution at positions that did not show improved affinity in the first round of
screening.

The second library is screened or selected for library members with improved

30 and/or altered binding affinity using any method known in the art, including screening
using BlAcore surface plasmon resonance analysis, and selection using any method
known in the art for selection, including phage display, yeast display, and ribosome
display.
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Fusion Proteins

As noted in the foregoing, the invention also encompasses fusion proteins
comprising one or more fragments or regions from the antibodies (such as huMabJC18)
or polypeptides of this invention. A huMabJC18 fusion polypeptide can be created by
methods known in the art, for example, synthetically or recombinantly. Typically, the
huMabJC18 fusion proteins of this invention are made by preparing and expressing a
polynucleotide encoding them using recombinant methods described herein, although
they may also be prepared by other means known in the art, including, for example,
chemical synthesis.

Conjugation

As noted in the foregoing, this invention also provides compositions comprising
huMabJC18 antibodies or polypeptides conjugated (for example, linked) to an agent that
facilitate coupling to a solid support (such as biotin or avidin). For simplicity, reference
will be made generally to huMabJC18 or antibodies, with the understanding that these
methods apply to any of the Dkk-1 binding embodiments described herein. Conjugation
generally refers to linking these components as described herein. The linking (which is
generally fixing these components in proximate association at least for administration)
can be achieved in any number of ways. For example, a direct reaction between an
agent and an antibody is possible when each possesses a substituent capable of
reacting with the other. For example, a nucleophilic group, such as an amino or
sulfhydryl group, on one may be capable of reacting with a carbonyl-containing group,
such as an anhydride or an acid halide, or with an alkyl group containing a good leaving
group (e.g., a halide) on the other.

Labeling Agents

As noted in the foregoing, an antibody or polypeptide of this invention may be
linked to any suitable labeling agent (alternatively termed “label”), such as, for example,
a fluorescent molecule, a radioactive molecule or any others labels known in the art.
Labels are known in the art which generally provide (either directly or indirectly) a signal.
Compositions

As noted in the foregoing, the invention also provides compositions (including
pharmaceutical compositions) and kits comprising, e.g., huMabJC18, or, as this
disclosure makes clear, any or all of the antibodies and/or polypeptides described

herein.
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Polynucleotides, Vectors (e.g., expression) and Host Cells

As noted in the foregoing with several specific embodiments provided, the
invention also provides isolated polynucleotides encoding the antibodies and
polypeptides of the invention (including an antibody comprising the polypeptide

5 sequences of the light chain and heavy chain variable regions shown in Figure 1), and
vectors and host cells comprising the polynucleotide.

In another aspect, the invention provides polynucleotides encoding any of the
antibodies (including antibody fragments) and polypeptides described herein. As those
skilled in the art will appreciate, the provided polynucleotides can be made by

10  procedures known in the art.

In another aspect, the invention provides compositions (including pharmaceutical
compositions described in more detail in the foregoing and below) comprising any of the
polynucleotides of the invention. In an embodiment, the composition comprises an
expression vector comprising a polynucleotide encoding huMabJC18 as described

15 herein. In an embodiment, the composition comprises an expression vector comprising
a polynucleotide encoding any of the antibodies or polypeptides described herein. In still
another embodiment, the composition comprises either or both of the polynucleotides
shown in SEQ ID NO: 19 and SEQ ID NO: 28. Expression vectors and administration of
polynucleotide compositions are further described herein.

20 In another aspect, the invention provides methods of making any of the
polynucleotides described herein.

Polynucleotides complementary to any such sequences are also encompassed
by the present invention. Polynucleotides may be single-stranded (coding or antisense)
or double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.

25 RNA molecules include HhNRNA molecules, which contain introns and correspond to a
DNA molecule in a one-to-one manner, and mRNA molecules, which do not contain
introns. Additional coding or non-coding sequences may, but need not, be present
within a polynucleotide of the present invention, and a polynucleotide may, but need not,
be linked to other molecules and/or support materials.

30 Polynucleotides may comprise a native sequence (i.e., an endogenous sequence
that encodes an antibody or a portion thereof) or may comprise a variant of such a
sequence. Polynucleotide variants contain one or more substitutions, additions,

deletions and/or insertions such that the immunoreactivity of the encoded polypeptide is



5.4 SL3.1F12 T54- L56# F58G (B9R 137M Gb5A L95 S T10 1Y n.d. 5.52x10-3
5.52 SL3.1&2 T54- L56# F58G (B9R |137M GB5A L95 S K961 n.d. 8.72x10-3 8.72
SL3. 1 T80-201058#18558G (BIR PCT/IB2010/052056

-08 -

not diminished, relative to a native immunoreactive molecule. The effect on the

immunoreactivity of the encoded polypeptide may generally be assessed as described

herein. Variants preferably exhibit at least about 70% identity, more preferably at least

about 80% identity and most preferably at least about 90% identity to a polynucleotide
5 sequence that encodes a native antibody or a portion thereof.

Two polynucleotide or polypeptide sequences are said to be "identical" if the
sequence of nucleotides or amino acids in the two sequences is the same when aligned
for maximum correspondence as described below. Comparisons between two
sequences are typically performed by comparing the sequences over a comparison

10 window to identify and compare local regions of sequence similarity. A "comparison
window" as used herein, refers to a segment of at least about 20 contiguous positions,
usually 30 to about 75, or 40 to about 50, in which a sequence may be compared to a
reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned.

15 Optimal alignment of sequences for comparison may be conducted using the
Megalign program in the Lasergene suite of bioinformatics software (DNASTAR, Inc.,
Madison, WI), using default parameters. This program embodies several alignment
schemes described in the following references: Dayhoff, M.O. (1978) A model of
evolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff,

20 M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical Research
Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) Unified
Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology vol. 183,
Academic Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M. (1989) CABIOS
5:151-153; Myers, E.W. and Muller W. (1988) CABIOS 4:11-17; Robinson, E.D., 1971,

25 Comb. Theor. 11:105; Santou, N., Nes, M. (1987) Mol. Biol. Evol. 4:406-425; Sneath,
P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy the Principles and Practice of
Numerical Taxonomy, Freeman Press, San Francisco, CA; Wilbur, W.J. and Lipman,
D.J. (1983) Proc. Natl. Acad. Sci. USA 80:726-730.

Preferably, the "percentage of sequence identity" is determined by comparing two

30 optimally aligned sequences over a window of comparison of at least 20 positions,
wherein the portion of the polynucleotide or polypeptide sequence in the comparison
window may comprise additions or deletions (i.e. gaps) of 20 percent or less, usually 5
to 15 percent, or 10 to 12 percent, as compared to the reference sequences (which
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does not comprise additions or deletions) for optimal alignment of the two sequences.
The percentage is calculated by determining the number of positions at which the
identical nucleic acid bases or amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total

5 number of positions in the reference sequence (i.e., the window size) and multiplying the
results by 100 to yield the percentage of sequence identity.

Variants may also, or alternatively, be substantially homologous to a native gene,
or a portion or complement thereof. Such polynucleotide variants are capable of
hybridizing under moderately stringent conditions to a naturally occurring DNA

10  sequence encoding a native antibody (or a complementary sequence).

Suitable “moderately stringent conditions” include prewashing in a solution of 5 X
SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight;
followed by washing twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X SSC
containing 0.1% SDS.

15 As used herein, "highly stringent conditions" or "high stringency conditions" are
those that: (1) employ low ionic strength and high temperature for washing, for example
0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C;
(2) employ during hybridization a denaturing agent, such as formamide, for example,
50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%

20 polyvinylpyrrolidone/50mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5 x Denhardt’s solution, sonicated salmon sperm DNA (50 pg/ml), 0.1%
SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium

25  chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency
wash consisting of 0.1 x SSC containing EDTA at 55°C. The skilled artisan will
recognize how to adjust the temperature, ionic strength, etc., as necessary to
accommodate desired factors such as probe length and the like.

It will be appreciated by those of ordinary skill in the art that, as a result of the

30 degeneracy of the genetic code, there are many nucleotide sequences that encode a
polypeptide as described herein. Some of these polynucleotides bear minimal homology
to the nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary

due to differences in codon usage are specifically contemplated by the present
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invention. Further, alleles of the genes comprising the polynucleotide sequences
provided herein are within the scope of the present invention. Alleles are endogenous
genes that are altered as a result of one or more mutations, such as deletions, additions
and/or substitutions of nucleotides. The resulting mMRNA and protein may, but need not,

5 have an altered structure or function. Alleles may be identified using standard
techniques (such as, e.g., hybridization, amplification and/or database sequence
comparison).

The polynucleotides of this invention can be obtained using chemical synthesis,
recombinant methods, or PCR. Methods of chemical polynucleotide synthesis are well

10  known in the art and need not be described in detail herein. One of skill in the art can
use the sequences provided herein and a commercial DNA synthesizer to produce a
desired DNA sequence.

For preparing polynucleotides using recombinant methods, a polynucleotide
comprising a desired sequence can be inserted into a suitable vector, and the vector in

15 turn can be introduced into a suitable host cell for replication and amplification, as
further discussed herein. Polynucleotides may be inserted into host cells by any means
known in the art. Cells are transformed by introducing an exogenous polynucleotide by
direct uptake, endocytosis, transfection, F-mating or electroporation. Once introduced,
the exogenous polynucleotide can be maintained within the cell as a non-integrated

20 vector (such as a plasmid) or integrated into the host cell genome. The polynucleotide
so amplified can be isolated from the host cell by methods well known within the art.
See, e.g., Sambrook et al. (1989).

Alternatively, PCR allows reproduction of DNA sequences. PCR technology is
well known in the art and is described in U.S. Patent Nos.: 4,683,195; 4,800,159;

25 4,754,065; and 4,683,202, as well as PCR: The Polymerase Chain Reaction, Mullis et
al. eds., Birkauswer Press, Boston (1994).

RNA can be obtained by using the isolated DNA in an appropriate vector and
inserting it into a suitable host cell. When the cell replicates and the DNA is transcribed
into RNA, the RNA can then be isolated using methods well known to those of skill in

30 the art, as set forth in, e.g., Sambrook et al., (1989).

Suitable cloning vectors may be constructed according to standard techniques, or
may be selected from a large number of cloning vectors available in the art. While the
cloning vector selected may vary according to the host cell intended to be used, useful
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cloning vectors will generally have the ability to self-replicate, may possess a single

target for a particular restriction endonuclease, and/or may carry genes for a marker that

can be used in selecting clones containing the vector. Suitable examples include

plasmids and bacterial viruses, e.g., pUC18, pUC19, Bluescript (e.g., pBS SK+) and its

5 derivatives, mp18, mp19, pBR322, pMB9, ColE1, pCR1, RP4, phage DNAs, and shuttle

vectors such as pSA3 and pAT28. These and many other cloning vectors are available
from commercial vendors such as BioRad, Stratagene, and Invitrogen.

Expression vectors generally are replicable polynucleotide constructs that contain

a polynucleotide according to the invention. It is implied that an expression vector must

10 be replicable in the host cells either as episomes or as an integral part of the
chromosomal DNA. Suitable expression vectors include, but are not limited to, e.g,
plasmids, viral vectors, including adenoviruses, adeno-associated viruses, retroviruses,
cosmids, and expression vector(s) disclosed in WO 87/04462. Vector components may
generally include, but are not limited to, one or more of the following: a signal sequence;

15 an origin of replication; one or more marker genes; suitable transcriptional controlling
elements (such as promoters, enhancers and terminator). For expression (i.e.,
translation), one or more translational controlling elements are also usually required,
such as ribosome binding sites, translation initiation sites, and stop codons.

The vectors containing the polynucleotides of interest can be introduced into the

20 host cell by any of a number of appropriate means, including electroporation,
transfection employing calcium chloride, rubidium chloride, calcium phosphate, DEAE-
dextran, or other substances; microprojectile bombardment; lipofection; and infection
(e.g., where the vector is an infectious agent such as vaccinia virus). The choice of
introducing vectors or polynucleotides will often depend on features of the host cell.

25 The invention also provides host cells comprising any of the polynucleotides
described herein. Any host cells capable of over-expressing heterologous DNAs can be
used for the purpose of isolating the genes encoding the antibody, polypeptide or
protein of interest. Non-limiting examples of mammalian host cells include, but are not
limited to: COS, HelLa, and CHO cells. See also, e.g., WO 87/04462. Suitable non-

30 mammalian host cells include prokaryotes (such as E. coli or B. subtillis) and yeast
(such as S. cerevisae, S. pombe; or K. lactis). Preferably, the host cells express the
cDNAs at a level of about 5 fold higher, more preferably 10 fold higher, even more
preferably 20 fold higher than that of the corresponding endogenous antibody or protein
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of interest, if present, in the host cells. Screening the host cells for a specific binding to

Ab14o is effected by, e.g., an immunoassay or FACS. A cell overexpressing the

antibody or protein of interest can be identified.

The present disclosure is further illustrated by the following examples which

should not be construed as further limiting. The contents of all figures, tables and all

references, patents and published patent applications cited throughout this disclosure

are expressly incorporated herein by reference in their entirety.

EXAMPLES

Example 1: Generation of muMabJC18

Preparation

A. Immunogen

Recombinant human Dkk-1 (rhuDkk-1) obtained from R&D systems (cat no.
1096-DK/CF corresponding to aas2-266 of human Dkk-1 fused with a 10X His tag at the

C terminal) was conjugated to KLH using the Pierce Imject Immunogen EDC kit with

mcKLH (cat no. 77622). The KLH conjugated protein was prepared by Genovac GmbH

and used as the immunogen for a fusion which gave rise to the subclone JCOH3 (JC18).

SEQ ID NO:

1 Human Dkk1-(10His) aa sequence

(amino acids in bold italic type represent actual N-terminus of purified protein)

MALGAAGATRVFVAMVAAALGGHPLLGVSATLNSVLNSNAIKNLPPPLG
GAAGHPGSAVSAAPGILYPGGNKYQTIDNYQPYPCAEDEECGTDEYCA
SPTRGGDAGVQICLACRKRRKRCMRHAMCCPGNYCKNGICVSSDQNH
FRGEIEETITESFGNDHSTLDGYSRRTTLSSKMYHTKGQEGSVCLRSSD
CASGLCCARHFWSKICKPVLKEGQVCTKHRRKGSHGLEIFQRCYCGEG
LSCRIQKDHHQASNSSRLHTCQRHHHHHHHHHH

SEQ ID NO: 2 Human Dkk1-(10His) nt sequence
(nucleotide sequence, where nucleotides in bold italic type are just an estimation for
the sequence as R&D does not provide sequence info)

ATGGCTCTGGGCGCAGCGGGAGCTACCCGGGTCTTTGTCGCGATGG
TAGCGGCGGCTCTCGGCGGCCACCCTCTGCTGGGAGTGAGCGCCA
CCTTGAACTCGGTTCTCAATTCCAACGCTATCAAGAACCTGCCCCCA
CCGCTGGGCGGCGCTGCGGGGCACCCAGGCTCTGCAGTCAGCGCC
GCGCCGGGAATCCTGTACCCGGGCGGGAATAAGTACCAGACCATTG
ACAACTACCAGCCGTACCCGTGCGCAGAGGACGAGGAGTGCGGCAC
TGATGAGTACTGCGCTAGTCCCACCCGCGGAGGGGACGCAGGCGT
GCAAATCTGTCTCGCCTGCAGGAAGCGCCGAAAACGCTGCATGCGT
CACGCTATGTGCTGCCCCGGGAATTACTGCAAAAATGGAATATGTGT
GTCTTCTGATCAAAATCATTTCCGAGGAGAAATTGAGGAAACCATCAC
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TGAAAGCTTTGGTAATGATCATAGCACCTTGGATGGGTATTCCAGAA
GAACCACCTTGTCTTCAAAAATGTATCACACCAAAGGACAAGAAGGTT
CTGTTTGTCTCCGGTCATCAGACTGTGCCTCAGGATTGTGTTGTGCT
AGACACTTCTGGTCCAAGATCTGTAAACCTGTCCTGAAAGAAGGTCA
5 AGTGTGTACCAAGCATAGGAGAAAAGGCTCTCATGGACTAGAAATAT
TCCAGCGTTGTTACTGTGGAGAAGGTCTGTCTTGCCGGATACAGAAA
GATCACCATCAAGCCAGTAATTCTTCTAGGCTTCACACTTGTCAGAGA
CACCACCATCACCACCATCACCATCATCAC

10  B. Immunization and Hybridoma Generation
Balb/c mice were immunized intraperitoneally with 50ug/dose/mouse of KLH-
conjugated rhuDkk-1 protein. This dose was repeated on 3 occasions over a 4 week
period. 2 days and 1 day before fusion the mice received a final boost of 50ugs of
protein. Spleen lymphocytes were fused with the non secretory sp2/0 myeloma cell line
15 and subjected to HAT selection as previously described (Galfre and Milstein, Methods
Enzymol 73 3-46 (1981)). A hybridoma secreting Dkk1-specific IgG was recovered,

subcloned and detected using assays described below.

Dkk-1 Specificity (ELISA Assays)
20 A. Detection
Dkk-1 specific antibodies were detected using the following ELISA based
method. rhuDkk-1 protein (R&D systems cat no. 1096 DK/CF) was diluted to 1 ug/ml in
coating buffer (Sigma carbonate/bicarbonate coating buffer pH 9.6 Cat No. C-3041
made up according to manufacturers instructions). 100uls of Dkk-1 was added per well
25 to Nunc Maxisorp 96 well plates and incubated overnight at 4°C. Wells were washed 4x
with 250uls/well of wash buffer (0.05% (v/v) Tween-20 (Sigma Cat no. P2287) in dPBS
without Ca/Mg++ (Sigma Cat No. D8537)) then blocked with 200uls/well of blocking
buffer (1% PVA (Sigma cat no. 363170) (weight/volume) in dPBS (Sigma cat
no.D8537)) for 2hrs at room temperature. Blocking buffer was then removed by rapid
30 decanting. Antibodies were diluted by consecutive 2-fold serial dilutions in blocking
buffer and applied to each plate at 100 ul per well. Plates were incubated for 1 hour at
RT and then washed as described above.
Binding of the test antibody to Dkk was determined by addition of a secondary
antibody specific for the antibody species. When murine antibodies were being tested
35 100uls/well of an HRP conjugated Goat anti-Mouse IgG (H&L) was used at a dilution of
1 in 4000 in blocking buffer (Jackson ImmunoResearch Cat No. 115-035-146). When
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humanized antibodies were being tested 100uls/well of an HRP conjugated Goat anti-
Human IgG F(ab’)2 was used at a dilution of 1 in 4000 in blocking buffer (Jackson
ImmunoResearch Cat No. 109-035-097). The plates were incubated for 30 mins at room
temperature then washed 2x as described above. 100uls of freshly prepared substrate
5 (KPL ABTS Peroxidase Substrate 2-component Cat No. 50-62-00 prepared according to
manufacturers instructions) was added per well and the color allowed to develop. Once
developed, the plate absorbance was measured at 405 and 490nm. Absorbance values
were presented as the difference between absorbance at both wavelengths. JC18
showed binding to rhuDKK-1, up to 5ug/ml.
10 B. Specificity of Binding to other Human Dkk Homologues
The ability of JC18 to bind to other human Dkk proteins was assessed using the
ELISA protocol described above with the exception that plates were also coated with
recombinant human Dkk3 (R&D systems Cat No. 1118-DK/CF) and Dkk4 (R&D systems
Cat No. 1269-DK/CF). JC18 showed weak binding to human Dkk-4 and no binding to
15 human Dkk-3 up to Sug/ml.

20

Table 2
JC18 (ng/ml) | HUMAN DKK-1 (OD) | HUMAN DKK-3 (OD) | HUMAN DKK-4 (OD)
5000 2.07215 0.0289 0.5088
1250 2.06405 0.0244 0.3366
31 1.934 0.0226 0.24585
8 1.42005 0.02255 0.14735
2 0.7559 0.02065 0.07895
0.5 0.2986 0.02325 0.0431
0.125 0.11785 0.02265 0.0325
0.03 0.0593 0.02345 0.02715

C. Species Cross Reactivity

The ability of JC18 to bind to other species Dkk proteins was assessed using the
ELISA protocol described above with the exception that plates were also coated with
recombinant rat Dkk-1(R&D systems Cat No. 4010-DK/CF), mouse Dkk-1 (R&D
systems Cat No. 1765-DK/CF), mouse Dkk-2 (R&D systems Cat No. 2435-DK/CF), and
mouse Dkk-4 (R&D systems Cat No. 3105-DK/CF). JC18 showed: (1) similar binding to
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mouse and rat Dkk-1 as human Dkk-1, up to S5ug/ml; (2) no binding to mouse Dkk-2, up
to S5ug/ml; and (3) weak binding to mouse Dkk-4, up to Sug/ml.

Cloning and Sequencing
5 One million hybridoma cells were homogenized using the QIAshredder spin
columns and total RNA was extracted according to RNAeasy Mini kit from QIAGEN.
cDNA was synthesized using SuperScript Il RT kit from Invitrogen. Variable regions
from the Dkk-1 antibodies were cloned using the mouse IgG-Primer Sets from Novagen,
which consist of degenerate primers for cloning mouse IgG heavy chain genes and the
10 mouse kappa or lambda light chains. PCR cycling conditions were the followings: 1
cycle at 94°C for 2 min; five cycles at 94°C for 30 sec, 44°C for 30 sec and 68°C for 60
sec; followed by 25 cycles at 94°C for 30 sec, 54°C for 30 sec and 68°C for 60 sec. The
resulting PCR products were cloned into Topo-TA cloning vector from Invitrogen and
sequenced. The cloned antibody sequences were confirmed by direct
15  comparison using mass spectrometry (MS) analysis of the cloned antibody sequences
and the original antibodies produced from ascites.
The nucleotide sequence and the predicted amino acid sequence of the light and
heavy chains of the variable regions of the JC18 wildtype (mouse) monoclonal antibody
are provided below.

20
SEQ ID NO: 3 JC18 Light Chain Variable Region nt sequence

GACATTGTGTTGACCCAATCTCCAGCTTCTTTGGCTGTGTCTCTAGGG
CAGAGGGCCACCATCTCCTGCAGAGCCAGCGAAAGTGTTGATGACTT
TGGCTTAGTTTTATGAACTGGTTCCAACAGAAACCAGGACAGCCACC
25 CAAACTCCTCATCTATGCTGCATCCAAGCAGGGATCCGGGGTCCCTG
CCAGGTTTAGGGGCAGTGGGTCTGGGTCAGACTTCAGCCTCACCATC
CATCCTGTGGAGGAGGATGATACTGCAATGTATTTCTGTCAGCAAAGT
AAGGAGGTTCCTCCCACGTTCGGAGGGGGGACCAAGCTGGAAATAA

AA
30
SEQ ID NO: 4 JC18 Light Chain Variable Region aa sequence
DIVLTQSPASLAVSLGQRATISCRASESVDDFGISFMNWFQQKPGQPPK
LLIYAASKQGSGVPARFRGSGSGSDFSLTIHPVEEDDTAMYFCQQSKEV
PPTFGGGTKLEIK
35

SEQ ID NO: 5 JC18 Light Chain Variable Region CDR1 nt sequence

AGA GCC AGC GAA AGT GTT GAT GAC TTT GGC ATT AGT TTT ATG
AAC
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SEQ ID NO: 6 JC18 Light Chain Variable Region CDR1 aa sequence
RASESVDDFGISFMN

5 SEQID NO: 7 JC18 Light Chain Variable Region CDR2 nt sequence
GCT GCA TCC AAG CAG GGA TCC

SEQ ID NO: 8 JC18 Light Chain Variable Region CDR2 aa sequence

AASKQGS
10
SEQ ID NO: 9 JC18 Light Chain Variable Region CDR3 nt sequence

CAG CAA AGT AAG GAG GTT CCT CCC ACG

SEQ ID NO: 10 JC18 Light Chain Variable Region CDR3 aa sequence
15 QQSKEVPPT

SEQ ID NO: 11 JC18 Heavy Chain Variable Region nt sequence

GAAGTGAAACTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAG
GGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCACTTTCAGTAATT

20 ATGCCATGTCTTGGGTTCGCCAGACTCCAGAGAAGAGGCTGGAGTG
GGTCGCATCCATTAGTGGTGGTGGTGACACCTACTATCCAGACAGTG
TGAAGGGCCGATTCACCATCTCCAGAGATAATGTCAGGAACATCCTC
TACCTGCAAATGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTA
CTGTGCAACATCCCTTGAGAACTATGCTATGGACTACTGGGGTCAAG

25 GAACCTCAATCACCGTCTCCTCA

SEQ ID NO: 12 JC18 Heavy Chain Variable Region aa sequence

EVKLVESGGGLVKPGGSLKLSCAASGFTFSNYAMSWVRQTPEKRLEWV
ASISGGGDTYYPDSVKGRFTISRDNVRNILYLOQMSSLRSEDTAMYYCATS
30 LENYAMDYWGQGTSITVSS
SEQ ID NO: 13 JC18 Heavy Chain Variable Region CDR1 nt sequence

AAT TAT GCC ATG TCT

35 SEQID NO: 14 JC18 Heavy Chain Variable Region CDR1 aa sequence
NYAMS

SEQ ID NO: 15 JC18 Heavy Chain Variable Region CDR2 nt sequence
TCC ATT AGT GGT GGT GGT GAC ACC TAC TAT CCA GAC AGT GTG
40 AAG GGC
SEQ ID NO: 16 JC18 Heavy Chain Variable Region CDR2 aa sequence
SISGGGDTYYPDSVKG
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SEQ ID NO: 17 JC18 Heavy Chain Variable Region CDR3 nt sequence
TCC CTT GAG AAC TAT GCT ATG GAC TAC

SEQ ID NO: 18 JC18 Heavy Chain Variable Region CDR3 aa sequence
5 SLENYAMDY

Example 2: Generation and Testing of Humanized Anti-Dkk-1 Monoclonal Antibody
(huMabJC18) Obtained Through Mutation of muMabJC18
Binding affinity determination of the humanized antibody and its variants

10 General methods used in this example:
A. Expression vector used in clone characterization
Expression of the Fab fragment of the antibodies was under control of an IPTG
inducible lacZ promotor similar to that described in Barbas (2001) Phage display: a
laboratory manual, Cold Spring Harbor, NY, Cold Spring Harbor Laboratory Press pg
15  2.10. Vector pComb3X), however, modifications included addition and expression of the
following additional domains: the human Kappa light chain constant domain and the CHI
constant domain of IgG2a human immunoglobulin. Ig gamma-2 chain C region, protein
accession number P01859; Immunoglobulin kappa light chain (Homo sapiens), protein
accession number CAA09181.
20 B. Small scale Fab preparation
Small scale expression of Fabs in 96 wells plates was carried out as follows.
Starting from E. coli transformed with a Fab library, colonies were picked to inoculate
both a master plate (agar LB + Ampicillin (50 pg/ml) + 2% Glucose) and a working plate
(2 ml/well, 96 well/plate containing 1.5 mL of LB + Ampicillin (50 ug/ml) + 2% Glucose).
25 Both plates were grown at 30°C for 8-12 hours. The master plate was stored at 4°C and
the cells from the working plate were pelleted at 5000 rpm and resuspended with 1 mL
of LB+Ampicillin (50 pg/ml)+ 1 mM IPTG to induce expression of Fabs.
Cells were harvested by centrifugation after 5 h expression time at 30°C, then
resuspended in 500 uL of buffer HBS-EP (100 mM HEPES buffer pH 7.4, 150 mM NaCl,
30 0.005% P20). Lysis of HBS-EP resuspended cells was attained by one cycle of freezing
(-80°C) then thawing at 37°C. Cell lysates were centrifuged at 5000 rpm for 30 min to
separate cell debris from supernatants containing Fabs. Supernatants were filtered
using 96-well Multiscreen HTS filter plates (Millipore, cat# MSFBN6B50). The

supernatants were then injected into the BlAcore plasmon resonance apparatus to
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obtain affinity information for each Fab. Clones expressing Fabs were rescued from the
master plate to sequence the DNA and for large scale Fab production and detailed
characterization as described below.

C. Large Scale Fab preparation

To obtain detailed kinetic parameters, Fabs were expressed and purified from
large cultures. Erlenmeyer flasks containing 200 mL of LB+Ampicillin (50 pug/ml) + 2%
Glucose were inoculated with 5 mL of over night culture from a selected Fab-expressing
E. coli clone. Clones were incubated at 30°C until an ODssonm Of 1.0 was attained and
then induced by replacing the media with 200 ml, of LB+Ampicillin (50 pg/ml) + 1 mM
IPTG. After 5h expression time at 30°C, cells were pelleted by centrifugation, then
resuspended in 10 mL PBS (pH 8). Lysis of the cells was obtained by two cycles of
freeze/thaw (at -80°C and 37°C, respectively).

Supernatant of the cell lysates were loaded onto Ni-NTA superflow sepharose
(Qiagen, Valencia. CA) columns equilibrated with PBS, pH 8, then washed with 5
column volumes of PBS, pH 8. Individual Fabs eluted in different fractions with PBS (pH
8) + 300 mM Imidazol. Fractions containing Fabs were pooled and dialized in PBS, then
quantified by ELISA prior to affinity characterization.

D. Full antibody preparation

For expression of full antibodies, heavy and light chain variable regions were
cloned in mammalian expression vectors and transfected using lipofectamine into HEK
293 cells for transient expression.

Antibodies were purified with protein A using standard methods.

BlAcore Assays:

The affinity of huMabJC18 to human, mouse or rat Dkk1 was determined by
using the BIAcore3000™ surface plasmon resonance (SPR) system (BlAcore Inc.,
Piscataway, NJ), equipped with a CM5 sensor chip (BIAcore AB, Uppsala, Sweden). For
the huMabJC18-human Dkk1 interaction analysis, reaction surfaces were generated by
amine coupling of huMabJC18 to three flow cells (Fc2, Fc3 and Fc4). CM5 chips were
activated with N-ethyl-N'-(3-dimethylaminopropyl)-carbodiinide hydrochloride (EDC) and
N-hydroxysuccinimide (NHS) according to the supplier's instructions. The huMabJC18
IgG was diluted into 10 mM sodium acetate pH 4.0 and injected over the activated chip

at a concentration of 30ug/ml.
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Using variable flow time across the individual chip channels, a range of antibody
density was achieved: 200-800 response units (RU). The IgG and reference surfaces
were then saturated with goat Fab2 anti-human Fc (Cappel 55053) to prevent
nonspecific binding by Dkk-1 to the chip surface. The chip was then blocked with

5 ethanolamine. Assays were performed at 25° C, with a BlAcore running buffer
composed of HBS-EP (0.01M HEPES, pH 7.4, 0.15 NaCl, 3 mM EDTA, 0.005%
Surfactant P20) + 2 mg/ml BSA + 2 mg/ml CM Dextran. A five membered, three fold
dilution series starting at 30.9nM purified human Dkk1 (R&D Systems) protein was
injected for 1.5 min at 100 pL/min, and dissociation was monitored for 8 hours.

10  Kinetic association rates (kon) and dissociation rates (kosr) were obtained simultaneously
by fitting the data to a 1:1 Langmuir binding model (Karlsson, R. Roos, H. Fagerstam, L.
Petersson, B. (1994). Methods Enzymology 6. 99-110) using the BIlAevaluation
program. Equilibrium dissociation constant (KD) values were calculated as Kot/Kon.

For the interaction analyses of huMabJC18 with mouse or rat Dkk-1, low-levels of

15 huMabJC18 (typically, 100-400 response units) were captured on individual flow cells by
goat Fab2 anti-hnuman Fc, which was pre-immobilized to the CM5 chip surface. A goat
Fab2 anti-human Fc-saturated flow cell containing no humanized antibody served as
reference channel. Mouse or rat Dkk-1 (R&D Systems) was titrated over the chip using
70.1 nM or 30.2 nM as top concentration, respectively, of a three-fold dilution series

20 Association and dissociation phases were monitored at 100 yL/min for 90 seconds and
30 minutes, respectively. Capture surfaces for all experiments were regenerated with
two 30 second pulses of 0.75mM HsPO4 except for the amine-coupled huMabJC18
surface used in the human Dkk-1 experiment, which was not regenerated.

The binding responses were double-referenced and fit globally to a simple model

25 using BiaEvaluation v.4.0 software. Affinities were deduced from the quotient of the
kinetic rate constants (Kp=Kosi/ Kon)-

For screening assays to determine binding and dissociation rates of huMabJC18
variants to human Dkk1, either BIAcore or ProteOn XPR36 (BioRad, Inc.) systems were
used. For the BlAcore assay, biotinylated-human Dkk1 was captured on SA

30 (streptavidin) BlAcore chips according to the supplier’'s instructions. Biotinylated-human
Dkk-1 protein was diluted into HBS-EP, and injected over the chip at a concentration of
5ug/mL. Flow times across the individual chip channels were selected to achieve an
antigen density of approximately 500-600 response units (RU). HBS-EP buffer was used
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as running buffer. Filtered recombinant E.coli cell lysates were injected at high
temperature (37°C) for 1 min at 30ul/min, allowing a 1-5 min dissociation phase.
Surfaces were regenerated with 8mM NaOH + 8% ethanol. A positive control Fab (clone
24) was injected twice at the start of the experiment, and again at the end of the assay
5 to assess reproducibility.

For the ProteOn assay, biotinylated human Dkk-1 was injected for 1 min at serial
fold dilutions empirically determined to yield different levels of immobilization (150-3000
RU) on five channels of a ProteOn NLC Neutravidin sensor chip. The sixth channel was
left unmodified to serve as a reference surface. Recombinant Fabs in filtered E. coli
10 lysates were injected at high temperature (37° C) for 50 sec at 20pl/min. Running buffer
consisted of PBS + 1 mg/ml BSA + 0.005% Tween-20. The ProteOn is configured such
that each injection flows over each of the five Dkk-1 channels as well as the reference
channel, and six Fab samples can be injected simultaneously. Fab dissociation from the
Dkk-1 surface was monitored for 20 min. The chip surface was regenerated with a 30-
15 sec injection of 8% EtOH, 8 mM NaOH. Clone 24 Fab was used as control. Level of
binding during association, and rate of dissociation for each clone was very consistent

between different ligand channels.

Binding affinity of huMabJC18 and its variants to Dkk1

20 The amino acid sequences of huMabJC18 is as set forth in SEQ ID NO: 40 (HC
variable region) and SEQ ID NO: 42 (LC variable region). The binding affinity of
huMabJC18 IgG to Dkk-1 determined using BlAcore as described above is shown in
Table 3 below.

25 Table 3: Binding affinity of the huMabJC18 IgG to Dkk1 from human, mouse, and rat

Dkk-1 kon (1/Ms) Kot (1/8) T2 (h) Ko (nM)
species

human > 1.3 x10°* < 2.0 x10™A > 96.27 <0.002
mouse > 1.3 x10°* <3.9x10™" > 4.94 <0.03
rat > 1.3 x10°* 2.1 x10™ 0.92 <0.1

*onrate is too fast to measure

Aoffrate is too slow to measure
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KD = koff/kon
Tas2 (S) =|n2 /koff(1/S)

The amino acid sequences of the CDRs of huMabJC18 variants are shown in
5 Table 4 below. All amino acid substitutions shown in Table 4 are described relative to
the sequence of huMabJC18. The hDkk-1 binding affinity of huMabJC18and its variants

are also shown in Table 4.

Table 4: Amino acid sequences and kinetic data for huMabJC18 and its variants as

10 determined at 37°C by BlAcore or Proteon analyses
kon koff KD
Clone H2 H3 L1 L2 | L3 (1/Ms) (1/s) (nM)
huMabJC18 >1.36x10° | <2.0x10° | <0.002
T54-
36H.33L GLg%v E103R 5.18x10° | 8.55x10° | 0.017
Q59D
T54-
L56##
2G9.33L G57W | E103R n.d. 2.83x10* | 0.283
F58G
Q59D
T54-
2H10.33L cla_g%v E103Q n.d. 1.48x10* | 0.148
Q59D
1F1033L | 2% | E103D 8.99x10° | 0.090
L56#
T54-
L56#
4E8.33L G57W 1.13x10” | 8.55x10° | 0.008
F58L
Q59D
2E11.33L E103R 2.88x10° | 8.55x10° | 0.03
4F10.33L E103K 2.31x10° | 8.55x10° | 0.037
E27Q
D30S
D31S
F32S
G33Y
35H.LA7 134L 8.92x10° | 2.85x102 | 3.2
S35A
F36
W
137#
N38#
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' ' t h@se| thiat]| alEMshddr | i(hésd. \h re
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10 1g&§ captured ¢n the H Acore [cB3GS ¢r ProfeOn surface. |Underlingd KD
val ues|were therefore detlerm ned BXt#|i mentpl |y py neasur|ing Icon| O her] KD
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honol ogs HuabJC18 mas andl y¥8éd|for bl nding to othgr avail alpl e DkK
honol ogs, includi pg human| Dkk- 3,| hWap Dkk-#, m)Fse Dkk-4 and nouge Dkk-|4
(R&D Systens). The¢ resultls are Sufivgrijzed ih Tabj e 5. 20Tabl e 5:
I nteragti on of hulabJC18 W t h DkkNB3#Hpl ogs | DKK jhonol og
E27Q
D30S
D31S
F32S
G33Y
4F10.LA7 E103K | 134L 2.39x10° | 1.69x1072 71
S35A
F36
w
137#
N38#
E27Q
D30S
D31S
T54- F32S
L 564 G33Y A 1
36H.LA7 E103R | 134L 3.24x10 1.58x10° 48.8
G57W
Q59D S35A
F36
w
137#
N38#
E27Q
D30S
D31S
T54- F32S
L56# G33Y
4E8.LA7 G57W 134L 1.9x10° 1.08x10”" 56.8
F58L S35A
Q59D F36
w
137#
N38#
T54-
L3.1A3 cla_g%v E103R n.d. 1.8x10™ 0.184
Q59H
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kon koff KD
Clone H2 H3 L1 L2 L3 (1/Ms) (1/s) (nM)
T54-
L3.1B12 éé%ﬁ; n.d. 2.1x10* | 0.210
Q59G
T54-
L3.1D7 égﬁz E103R n.d. 1.64x10* | 0.164
Q59R
T54-
L56#
L3.1H3 G57W n.d. 1.15x10° | 1.15
F58L
Q59H
T54-
L56#
L3.2H8 G57W | E103Q n.d. 5.55x10* | 0.555
F58L
Q59G
T54-
L56#
L3.2H10 G57W | E103K n.d. 5.69x10* | 0.569
F58L
Q59G
T54-
L56#
L3.2H12 G57G | E103R n.d. 1.97x10° | 1.97
F58L
Q59G
T54-
L3.4E6 #ggg E103R n.d. 9.9x10* | 0.99
Q59G
T54-
L56#
L3.4E7 G57W | E103Q n.d. 2.76x10* | 0.276
F58G
Q59D
T54-
L56#
L3.4E10 G57W | E103Q n.d. 5.33x10™* | 0.533
F58G
Q59H
T54-
L56#
L3.4H2 G57W | E103Q n.d. 4.8x10° | 0.048
F58G
Q59D




WO 2010/ 131185PCT/ 1B2010/ 052056 - 118 - *onrate is too fast to neasure
Aoffrate is too slow to neasure I nteraction anal yses for huMabJC18
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Dkk- 3 d no specific binding response JC18 Dikk-1 _binding antibody
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for 1 fin L4tEpl/ fi @.57Wfi\éjo I|d series di|ution oh.daungng.0fwise | d0.80&t
Dkk-1 qR&D Systeng; F5B6Gm [0.74- nM wgs 15i phjectled for 1 |mn at
50-100p1/ m n. Di s$0€58Di on was nitojed fof 3-5 mn. Thg chi p was
regene!at ed with §worse- sec pul sles of |100mV H3P(M. Tabl e |6: Kinetijc data
for nogse agti body JG68 b ndi ng |t M: npwss pr rat DKk: ¢ I rjed
by Bl Agore 2% 25C| FBRE&- 1] speci es%lz m?%%s Bof ff (T?]s) k.d1'%ﬁ%f0 hwr‘rﬁﬁTTB. 18
x10b 2)J07x104 0.6% Q59R
T54-
L56# L95 2
24m4 F58G I37L | G55A S n.d. 1.18x10 11.8
Q59R
T54-
L56# L95 3
24m5 F58G I37M | S56T S n.d. 8.74x10 8.74
Q59R
T54-
L56# L95 3
24m6 F58G 137M S n.d. 9.14x10 9.14
Q59R
T54- L95
L56# S
SL3.1D2 F58G I37M | G55A T10 n.d. 4.9x10-3 4.9
Q59R 1L
T54- L95
L56# S -3
SL3.1F11 F58G I37M | G55A K96 n.d. 5.4x10 54
Q59R W
T54- L9S
L56# S 3
SL3.1F12 F58G I37M | G55A T10 n.d. 5.52x10 5.52
Q59R 1Y
T54- L95
L56# S 3
SL3.1G2 F58G I37M | G55A K96 n.d. 8.72x10 8.72
Q59R
T54-
sL3.1Gy | LO6# 137M | G55A n.d 9.47x10* | 0.947
. F58G d. : :
Q59R
T54- L95
L56# S 3
SL3.3A10 F58G I37M | G55A Vo8 n.d. 5.72x10 5.72
Q59R L
Lot L95
2
SL3.3B11 F58G I37M | G55A A n.d. 1.2x10 12
Q59R




nmouse 1.74 x1 Ob 2.54 x10-3 1.5 rat 3.8 x1 Ob 2.75 x10-3 0.72 20 Sequences

for

huMabJC18 SEQ I D NO 19 huMabJC18 Light Chain Variabl e Region nt

sequence VEGANOGTBET GACCCAGAGCCCCGCCACCCT GAGCCT GAGCCCT GPR23/1B2010/052056
GCGAGCGGEGECCACCCT GT CCT GCCGEECCAGCGAGA
ACTTCGGCATCAGCTTCATCAACTGGTATCAGCAGAA (
GCCCCCAGACT GCTCAT CTACGCCGECAGCAAGCAGEECAGCEEC

CG

G

AT AGGTTCA AGCGACT ACCGACTTCACCC
TGACCA]CTCCAGCCT CAACCOGAGGACT TAGCCGTTACTALCTGC Kon Kott Kb
30 CAGCAGCTEImNAGAGET GH2CCACAGI TAGATGT Gb2A CT T 1/s) 119(nM)SHQ
| D NO |20 huMabJC18 Ti4ght| Chai n |Vari alpl e RepiLéh jga sequerjce
El VLTQ$P RATISSERASESVDDH [ KPSQAPRL 2
LI YAGS Q%?ﬁﬁ%%@s@smnﬂ SaLlehz- %&@& pp BfraadThkder ¥ sto'tD No
21 huMjbJC18 Li ghf CH%Rn |vari ablle Regilon CDRIWnt| sequence
GCGAGAGCGT (3GAGBACTITCGGCATICAGCTTCATCAAC940l SEQ I D NO 22 hulfabJC1§
Li ght a| ri alpl e.58¢gi jon CDR1 ¢ ce BASESVDDFG SF 2 |SEQ.I P
NO 23 hubg3¥%f8 Li g5BGChiai n Variggwg %%%%an@BFZ nP'seqLeiQ%X“) T
15GCCGECAGCAAGCAGEGQAGR S
T54- L95
L56# S 2
SL3.3H8 F58G I37M | G55A P10 n.d. 2.29x10 22.9
Q59R 0G
T54- L95
L56# S 3
SL3.4A10 F58G I37M | G55A K96 n.d. 7.3x10 7.3
Q59R L
T54- L95
L56# S 3
SL3.4C7 F58G I37M | G55A Q94 n.d. 7.3x10 7.3
Q59R H
T54- L9S
L56# S 3
SL3.4D1 F58G I37M | G55A K96 n.d. 7.5x10 7.5
Q59R M
T54- L9S
L56# S 3
SL3.4E4 F58G I37M | G55A E97 n.d. 7.7x10 7.7
Q59R D
T54- L95
L56# S 2
SL3.4F1 F58G I37M | G55A P10 n.d. 1.69x10 16.9
Q59R 0S
T54-
SL3.4F5 (5o s |ossa | @ | na 7.8x10° | 7.8
. F58G d. : :
Q59R
T54-
L56# L95
L2.1B5 G57W I37M | G55A S n.d. 4.42x10%° 4.42
F58G
Q59D
T54-
L56# L95 3
L2.1B11 G57W E103R | I137M | G55A S n.d. 2.07x10 2.07
Q59D
T54-
L56# L95 3
L2.1D12 G57W E103Q | I37M | G55A S n.d. 2.78x10 2.78
Q59D




SEQ I D NO 24 huMabJC18 Light Chain Variable Region CDR2 aa sequence
AGSKQGS 20 SEQ I D NO 25 huMabJC18 Light Chain Vari abl e Regi on CDR3 nt
sequence WOGTAGBBTBAAAGAGGTGCCCCCCACC SEQ I D NO 26 huMalpdTaB201d/g32056Chai n

Vari abl e Regi on CDR3 aa sequence QQK
Chain Variabl e Regi on nt sequence

GAGGTGCAGCTGGT CGAGT CTGECGECEGACT GGTGCAGCCTGEC

E,]\/FéDT 25 SEQ I D NO 27 huMabJC18 Heavy

GGCAGCCIGAGACT GAGCT GCGCCGCCA TTCACCTTCAGCA
GCTA TCAGCTGGTGCGGCAGGCCCCTIGECAARGGCCTIEG 30 Kon Kott Kb
AAT CECCImmEGT GAGCH2CACQCCHICT AGAA T¢ acig (1/Ms) (1/s) (nM)
CTA CAGCGT GANGABEZCCET TCACCAT CAGCEGCGGACAAC
GCCAA ACCIGEAGAT GAACA(G AGCIH -3
ACA AT CEsBeAdCT CocT AR ree: | no- | s7x10® | 57
GACTAC| CCCECCAGCGGNACHBARGET CACCGIICTCCTEA 35 BEQ IID NGO 28 |huvabJC18 Heavyf
Chai n Yari abl e Regi oredaa [sequencle
EVQLVE$CEEL VQPGGESHE RILSBAAIG- TFSSYAI SVWYRQAPG Eéa(lw
ASVSGTELGEQIMFYPDSYKGRFIN JRENAIDIGL MBIz Y CABSL EI\NAHWW:XTFTIWVE S
40 SEQ]I D NO 29 8 Heavy| Chai p Varipb Regi on CI)R1 nt sequence
AGCAGCTACGCCATCAGE 839D 0 NO 30 huMalpJC18 Heavy| Chain Vdri abl e Re¢gi on ¢DR1
aa seqlence WD 20107su31185PCT/ 1JB2010{05205F - 10 - SSYATS SEQI NO 49
huMabJ €18 aiuseyar | paogsejquence (K EQ
I D NO O%Q%JC:-SGSEWy %%@ﬂ V%W’Q %‘%egi en CDR?%a de 332% Cﬁ&?hl a)
GFTESSY 10 SEQ | D|N@Q5981 jhuvabJ(18 Heavy Chpin Mari abl e Regi on
sequen¢e AGCGIGA GCCTGEICT TCCAGACCTIACTAQCCCGACA GCGTGAA
L2.1G8 St 37m | assa | N0 | nd. | 25510° | 255
Q59D
T54-
L56# L95
L2.4B10 G57TW I37M | G55A S n.d. 3.45x10°° 3.45
F58Y
Q59D
T54-
L56# L95
L2.4D11 G57TW I37M | G55A S n.d. 3.26x10° 3.26
F58M
Q59D
T54H
G55# L95
L2.4E1 L56# I37M | G55A S n.d. 5.51x10° 5.51
F58V
Q59W
T54-
L56# L95
L2.4G10 G57TW E103R | I137M | G55A S n.d. 2.76x10® 2.76
F58L
Q59D
T54-
L56# L95
L2.P4.B5 G57TW L102Y | I37M | G55A n.d. 5.32x10° 5.32
S
F58G
Q59D
T54-
L56# L95
L2.P4.C10 G57TW E103K | 137M | G55A S n.d. 4.31x10® 4.31
F58G
Q59D
L2.P4.D1 E103D | 137M | GssA | “2° | nd. | 2.88¢10° | 288




SEQ I D NO 32 huMabJC18 Heavy Chain Variabl e Regi on CDR2 aa sequence
15SVSGTALGFQTYYPDSVKG SEQ | D NO 51 huMabJCl18 Heavy Chain Vari abl e Regi on
CDR2 aa swouerB1(s€hot hi a) SVSGTALGFQTY 20 SEQ | D NO 3BChaBxbd/CL8séHeavy
Chai n Variabl e Regi on CDR3 nt sequence 1 GGAAAACTACGCCTTCGACTAC

I D NO 34 huMabJC18 Heavy Chain Vari abl B Regi on CDR3 aa sequence
25TSLENYAFDY SEQ I D NO 52 huMabJCl18 Heavy Chain Vari abl e Regi on CDR3 aa
sequence_(short) SIENYAEDRY 30 SEFQ 1D NO 35 hyulMghlCl18 Heavy Chain nt

sequene with | eafer sequfe k Kot
GIIAAGIAACT.

(1/Ms)
GCGGCRGACTAGTG
:CGCCAGCGGCngé5
3

SEQ

Ko
(nM)

(1/s)

COARMCCGIEAG 5.19x10°
ACCGEECTGEICT
ICGGT TCACCATICAG

AGATGMACAGLTG
e
=+ 4

GJrCA

5 n.d. 5.19

n.d. 2.74x10° | 2.74

AGGACTACT TCCCUGAACTGG T GACGGT GT OGT GGAACT CAGG
TCTGACGAF LT,

sce
%@@ﬁiﬁ" é@é@{ %.@A ot dbfermined.

GGACTCTACTCCCTCAGCAGOGTAGTH CCG%TCCA CrT ne

CGGCACCCAGACTRACADBEGEA CEXIEBATAACTRIRECOATEMADCIUde  both Kabat and Chothia

&:m:;“% %W%%%@ﬂn@on Amino acid residues are
CCCECAMAIRE &R A BEPIOAECECGHAmbering of residues in H2 and H3
CGAAGACCCCGAGGTCCA

”l

GTTCAACPHOMASGITER - mEreiEsEnies in L1, L2 and L3 columns). All
A s PR IS AL Feftical to huMabJC18. Ko = Keikon.

GT GCAAGHT . HCrahde AVt &iatiAe €0 GCadreeAingvdadeAexcept those that are underlined,
TCTCCAAAACCAAAGGCCA! CAGGTGTACA

GCCCcecATtietas e abiantaiycalaeahetalygis cAaorPdadcconcentration series flowed across

A AR e R A R R g, Undertined Ko values were

GCT GGAGM aEREX e CANECTaXPENCTATAGCHNGEEBACOGTKH: Other Kp values are theoretical,

COATCAGESPE AL AR R AACHEHBAN AP NP Bpe RepisscPAAN 15138 TP

GCATGA
36 huMapdiclGe eyl afdands affSRAVBMAS Wb 1k dfeafartos sayeRs: meashfe BBE@ateNS
(A3295, P330S) shown in bold italic)
MVEVWBW/RIffFiticsy/ ameavias EVKR Y ESOGHIo/ePUESL FENSEAASGFTF

SSYAl SVWVRQAPGKGLEVVWASVSGTGLGFQTYYPDSVKGRFTI SRDNA - 25 KNSLYLQM

ggl\_/FPE TAWYCATS#,E:J%@WT VSSASTKG

LTSGVHTFP AVLQSSALYSLSSWWTVPSSN

FGTQTYTCNV i
| SRTPEVTOBVIEL ED B G NANVI E RAK eE R PR UL TN sk

30 CKVINKGPIIHERT NSRIBKGDRRER QVoTE @ HIRERMRINMISUSECIDRk-4 (R&D Systems). The

GV SCEVRHER PRSP SEER Ty cosyl at on Site. HC, N296. 35 SEQ I D NO

3720uMabJC18 Li ght Thilers:ninteragtiemoethuliabJCeaddth BrrIHBARROgS

DKK
homolog kon (1/Ms) Kot (1/8) Ta2 (h) Ko (nM)
hDkk-3 - - - no binding
hDkk-4 1.50 x10* 1.72 x10™ 1.12 11
mDkk-2 1.80 x10" 1.69 x10™ 1.14 9
mDkk-4 >1.3 x10°* <3.9 x107°A >4.94 <0.03




ATGAGT GTGCCCACT CAGGT CCTGEGGT TECTGCTGCTGTGECTTA
CAGATGCCAGAT GT GAGAT CGT GCTGACCCAGAGCCCCGECCACCCT

GAGCCT GAZCRI BAGGARSCEEECCACCCTGT CCTGCCEEECCAG 40 PCT/IB2010/052056
CGAGAGCGT GGACGACT TCGGCAT CAGCT TCAT CAACT (GT ATCAGC
AGAAGCCCGGECCAGGCCCCCAGACTGCTCATCTA GCAA

GCAGGGCAGCGGCAT CCCCGECCAGGT TCAGCGEECAGCEECT CCGEG

CACCGACTTCACCCTGACCATCT CCAGCCTCGAACCCGAGGACTTCG

CCGT GTACMPtT (TtORCeAOTBAARGRGGT GCCCCCCACCTTCGG 45

CGGT %W CTGTGGCTGCACCATCT

GICTTCA GITTGAAATCTGGAACTGC

CTCTGITGT GT (hXeF &£1T0R AT A0Eds Tﬁmmﬁﬁhomologs were run as described
-Ic-;ﬁc;cﬁ'\g Sl m&% @%lzed capture reagent. Human Dkk-

oo AT AT AT A AR LR PR Ll oA LRARMAES WM

| D NO @83haNbbagi Kapgenttatipht redpeichively, iseatiesrbodd dilution sades. Hwgae k-3
MSVPTQVLGLLLL W TDAR i\_r/]lLlT%PATLSLSPC-,ERATLSCRASESV

DDFG SH ¥ PARFSGSGSGTDFTLTI
SSLEPEDFAVYYCQQLKEVPPTFGGGTKVEI KRTVAAPSVFI FPPSDEQL
10KSGTA T@%DWN ,ﬁ L QSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEK SSPVTKSFNRGEC | sot ypes of huMabJC18: |gQ2(Aa)*,

Kagpa Al |l ot y'BEB barfdlmgjlwm}tiﬂfs .of Gagusg ,ankhB8dy 9C3IBAd buN@n,39ohedbrIel P cavy
h d

Chai n @ﬁ%ﬁ%nalyss are shown in Table 6 below.

GAGGT
GGCA g%@ﬁécoupled to the BlAcore chip. Anti-
' “‘Ju"te“rl' A ed for 1 min at 5ul/min. A five-fold

CTA %&%AW&%%W Systems; from 0.4-250nM) was

W@Wmmm%onltored for 3-5 min. The chip
GACTACT GGGAACCACGGTCACCGTCTCCTCAGCCTCCA 25

CCAAGCURSIREENETate e et eecontse reAGARtEAG PO
CTCCGAGAGCACAGCGGOCCT GBGCTGCCTGGT CAAGGACTACTTC

CCOGAACCGGT GACGGT GT CGT GGAACT CAGGOGCT CTGACCAGCG

GOGT GCACACCT TCCTaE TS T KITEACABTAMT CAGRACIGIIAGIYAIT 18 binding to human,

CTCAGCAGCGTAGTGACCGTGCCCT T . §P .
CCTACACCTGCAACGT AGATEN m Acore at 25°C.
CAAGACAGT TGAGCGCH BT CGCCCA
GCACCACCTGTGGCAG ICAAAACC
CAAGGACACCCTCATG | €UET. =T ;Tm@ﬂ/S) Kd (nM)
GTGGTGGACGT GAGCCA - CAACTGGT 35

ACGT GGACGGCGT GGA Sy ACEX10 0.65
GGAGCAGT TCAACAGCAESTFE &F PACEETE——
GTGCACCAGGACT GGC| GAA (Z&HeF 10 1.5
CCAACAAAGGCCTCCCH . APRRGATTT 03 0.72
AAAGGGCAGCCCCGAGE y ATCCC. 40
GG@QGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAA

AGCCTT ACCCCA% GGAGT GGGAGAGCAATGGG
CAGCCG&@%&& CCTCCCATGCTGGACTCCG
ACGGCTCCTTCTTCCTCTACAGCAAGCT CACCGT GGACAAGAGCAGG
TGGCAW1 & hUMSHEAE] EndEcN on nt sequence
45 GCACAACCACTACACACAGAAGAGCCTE@?CCCTEGTCT

2010/ 131185 F@‘KGPEIEG@G@H’ZBB@CCAGAGCCCCGCCACCCTGAGCCTGAGCCCTG
25 GCGAGCGGGCCACCCTGTCCTGCCGGGCCAGCGAGAGCGTGGACG
ACTTCGGCATCAGCTTCATCAACTGGTATCAGCAGAAGCCCGGCCAG
GCCCCCAGACTGCTCATCTACGCCGGCAGCAAGCAGGGCAGCGGC
ATCCCCGCCAGGTTCAGCGGCAGCGGCTCCGGCACCGACTTCACCC
TGACCATCTCCAGCCTCGAACCCGAGGACTTCGCCGTGTACTACTGC
30 CAGCAGCTGAAAGAGGTGCCCCCCACCTTCGGCGGTGGGACCAAG
GTGGAAATCAAA



- 123 - SEQ ID NO 40 huMabJCl8 Heavy Chain aa sequence w thout | eader
sequence (*La nutations (A3295, P330S) shown in bold italic)
EVQLVESG3BOVQRAGHISRL SCAASGFTFSSYAI SVWWRQAPGKALEVWY 5 ABUSEBIB10/62056
FQTYYPDSVKG RFTI' S RD NAKNSLYLQM NSLRAE, RTAVYY
CATSLENYAFDYWGQGT TVTVSSASTKGPSVFPLAPCSRSTSESTAALG CLVKDYF
PEPVTVSWNSGAL TSGVHTFPAVLQSSG LYSLSSWTVPSS N
FGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFP PKPKDTLM | S RTPEVTCVVWDVSH
E D PEVQF NVWYVD GVEVH NAKTKPR 10
EE@NS@@QVMMHM&@CEWSQK&M@@Wa sequence

A\

QPREPQVYTLPR. (LM
\ osyl ation

NYKTTPPMLDS
A
Site: HC, N NO!

| eader sequeHc@CE W%TGCTGACCCAGAGCCCCGCCACCCTGAGCCTGAGCCCTG
GOGAGCGGGCCACCCT GTCCT GOOGGRCCAGCGAGAGCGT GRACG
ACTTCGGCATCAGCT TCATCAACT GGTATCAGCAGAAGCCCGGCCAG 20
GOCOCCARQTOANOA CHBBLOGIEAGANGRABCATARSEEgion CDR1 nt sequence

ATCAGCTTCATCAAC

CAé@AC-}CTGA\AAGA\GGT T
ST GoANATCARGUANEF MR AU R OTRTiRRoY Ragion BHR1 aa sequence

TOCTGAATAACT T AT A KA CEOCAAAGT ACAGT GRARGRTG
?%%%MW%DH CDR2 nt sequence

GAGBAAGCAGAST ACECABRONRA AN CEAREET GCGAAGTCA
30CCCATCAGEECCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGEEG AGAGTGT SEQ ID NGO 42

B VL TosP A ek R R P VR A e 58 S0 BER G

L1 YAGSKQGSG ABBKEGSSGTDFTLTI SSLEPEDFAVYYCQQLKEVPP
TFGGGTKVEI KRTVAAPSVFI FPPSDEQLKSGTASVVCLLNNFYPREAKV

QNSEDNAL CSENSEBSYS FHINREIST IREGYH EVREIA SSHNEHEeFNRGEC
40Exanpl e ?CFN I n \%@tro Func1§%|§§€ﬁétﬁm'ﬁrﬂ%lf huMabJC18: Determ nati on of

the Effect @A@C%CWGN&A%GG/T@QQGC@CGQ@ based Functional Assay

A stable U205 cell line (U205 TF) containing the Luciferase reporter gene
under ceBQrIDINOf 26 HeiMab S @rbight Chainhv aGibleiRetjioy CEIRE aawaguehosen for the
cel | - based CXS %&iﬂ:{é}ﬁll%PCﬂ 1B2010/ 052056 - 124 - functional assay. The
pronoter is L d' through the Wit signaling pathway, when cells are
tré8ted with Wit3a conditioned nedia. This activation is ant agoni zed by

Dkk- 1. Sih@ IBNO12hdwiMakell 1&HeBYY CoainYanakle Regien nhgeauenaeur n, can be

reversed by @fdifgsaaAKTd AR ABRTH Q8B ECGGACTGGTGCAGCCTGGE
GGCAGCCTGAGACTGAGCTGCGCCGCCAGCGGCTTCACCTTCAGCA
GCTACGCCATCAGCTGGGTGCGGCAGGCCCCTGGCAAGGGCCTGG
30 AATGGGTGGCCAGCGTGAGCGGCACCGGCCTGGGCTTCCAGACCTA
CTACCCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCGGGACAAC
GCCAAGAACAGCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAGG
ACACCGCCGTGTACTACTGCGCCACCTCCCTGGAAAACTACGCCTTC
GACTACTGGGGCCAGGGAACCACGGTCACCGTCTCCTCA

35
SEQ ID NO: 28 huMabJC18 Heavy Chain Variable Region aa sequence
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAISWVRQAPGKGLEWYV
ASVSGTGLGFQTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYY
CATSLENYAFDYWGQGTTVTVSS
40

SEQ ID NO: 29 huMabJC18 Heavy Chain Variable Region CDR1 nt sequence
AGCAGCTACGCCATCAGC

SEQ ID NO: 30 huMabJC18 Heavy Chain Variable Region CDR1 aa sequence



5Specifically, JC18 is a nonoclonal antibody that binds to nouse and human
Dkk- 1 with high affinity. Its ability to reverse the inhibition of Wit 3a
si gnal i ngwbyoikisiBswas exam ned in U205 TOPFlI ash cel | s. POZ0B20a@bi2es6ner €

obt ai ned fromthe ATCC and stably tra_n,g%cg_ct ed with TOPFl ash plasmd
(Upstate), a TCF-luciferase reporter c truct. Cells were naintained at
37C, 5% COX2 in MCoys 5A Media supplenented 10 with 10% fetal calf serum
1% Pen Strep, and 2mM d utam ne. U205 TOPFl ash cells were plated in regul ar
growt h medi QYA density of 31,250 cells/cn® and incubated overni ght .

Cells were treated with 0.25 ug/m rhDkk-1 protein or vehicle (PBS, G bco)

over nt o3 O Reniag pReERre erty ThelltVaetle st Gore) 26 SeayPhbs e ga)

and | ucif er seAlD expr ession was quantified using Luci fer ase Reagent
(Prgnega) . HuMabJC18, the fully humani zed anti Dkk-1 mAb showed good

ef f| ca t O?JQM

Tabl e (7\81 ggomgaffs rpﬁM [;«iﬁégx%gh%@d‘gg%)%%% - asgé-%%uﬁce:tﬁr&%nal Assay
Ant i bodﬁﬂﬂﬂahul\/ﬁbJCl& 3nM Exanpl e 4: In Vivo Eval uation of Bone Efficacy
of muMabJC18 gﬂc_i gt%use Chi ner a Fenal e adult C57BL/6 m ce are used
for the evalca § of skeletal effect of test Dkk-1 antibodies in vivo. The

animal s _are housed at 24C with a 12h light/12h dark 25 cgcl e and al | owed
frd@ aceldDiNOnaT duMall Gl &oarey hain Marable iRegion QRIRG NEBRNYEREdent Chow

5001, Puri ”a}ﬁé’b'dﬁaAébGé@%(fcGﬁ@qg%tg%@f?égA@NééTﬂrcﬁ&@@@&RéAacCor ding

to Pfizer ax—:-{fﬁalT roved pro ani nmal's were maintained in
accordance (I nstitute of Laboratory Ani mal Research) GCuide

ci 1 her Sehi I@»ZBS@MM& %%%E, Eapraetak/e ek CRIR2 PAISSBUREFS week f o

varigous weeksysArdise emﬁ,{ f the studies, the mce are euthani zed
and t he serumlss harvegt for t measurenents of free anti body WO

2010/ 1 1 . . - l[s. In dition,
bone sa%r%@qﬁﬁb gﬁm%g%H?a gg?ﬁ?g”%ﬂ%%ﬁ%@é@ﬁ%ggéﬁguﬁﬁg and bone
fornntl(@mowaperl pheral quantitative conputed tonography (pQCT), m cro-CT,
and hi stormr&égmatry The right femurs are scanned by pQCT (Stratec XCT
Research M RIGBQNKdi cal Systems, Fort Atkison, W, USA) with
soROware version 5.40. A 1-mmthick cross-section of each distal fenoral
met aphySEQ IDsNOaRkamuMatrlG htepyyp Chain VacahladRaicn AIDRJIGt sequenaem t o t he

growt h pl at I i ite), and 1-mmthick

Cross-secti %@P@&*ﬁ%@%@%@?ﬁ@taken at 8 mm proximal fromthe
distal end (a cortical bone enriched site) with a voxel size of 0.10 mm
Vol unet$F@ IBIN: 86 Aubiab CidyERaYY S?'hémjVa'r'%%lezﬁ%Q'%@W ABFeOPENERL al |

tragecul ar aﬁt bone. The right fenmurs are scanned by a
m cro- CT mac ? cro- CT40, Scanco Medical, Auenring 6-8, Bassersdorf,

Swi t f distal

oo L eer A oL BB R By SR RS B il b R

t hi ckness=0.§ pNYAFD\ aken at 2.3 to 3.1 nmproxinmal to the distal end
(-1.3to 2.1 mm 15 fromthe growh plate) for the determ nation of

{1 3peCLeq IBOge: 8!HRaIC18 HedBPChlf nf SUChCBLAPIaRBPSBANEAEe

hi St ormor phomet ri ¢ assessment on canc one

are dehydr atk'ﬂGGAIQTGMGCEQ&GTC&WT@T&:BTCET@@T@TGAGTM@WA@AGG

undecal ci f i eTGTCCPACTEC PG BIACTABGCTIGGEPOFGAGTCTAGEGRTAGAGGIE of the
di stal femrcAGECTEGHGACABUCTBAGACTEAGRTETGOSGRCAGRIGRITC J Ung

Pol ycut S 2Qcarr fFC@I@@F\dd—'ﬁﬂ\@@C@K'F’CAd@F@G@@I%@GC@AG@U@CCWKB@A‘

segki ons ar \SEMEEH G‘@ @ AEEC b G%@TG rrent s are

10-T_tm sect}Ciad ‘rﬂ% Arefé es in an
L Ln

perforned i Q;
TACGCC TCGAC ACTG GGCC GGGAACCACGGTCACCGTCTC
40 CTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCGCCCTGC
TCCAGGAGCACCTCCGAGAGCACAGCGGCCCTGGGCTGCCTGGTCA
AGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGC
TCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA

area bet wee
junction usr



25 GA). Cancel |l ous bone volune as a percentage of bone tissue area and
osteocl ast surface as a percentage of total cancellous perineter are
measur ed WO 2410/131185t hi ck, stai ned sections. Trabecul ar RrOFIB2010/0F2W0BKNESS
and separation are cal cul ated. Fl uor OCT%Pma based i ndi ces of bone fornmation
i ncl udi ng the percentage of cancell ous ‘bone surface with a double
fluorochrone | abel (mneralizing surface), mneral apposition 30 rate,
bone formation rates (bone surface and tissue volune referent) are obtained

in 10- i _t m@RAS CTNGTIEtCABSAGRS TAS LGl 6T 668IC BREARGAALT Ti n | nt act
Mouse Mvdel CROCAGCCARIAGSPEDABLHTHASCIAGATCACAAGCEGAGEAHC ant i
mouse Dkk- 1 ADGAAGBAGGATABGACAGTIBAGAGAAMTGRIGEGTOGAGTGCC Fenal e
adul t C57BL/GAGUGT GEOCAGEAOCADSTE TEGEAGBACGE FCAGTGETCEECTAIC JC18 at
10, 530, and GOCTWABAACTCAREGABARCIOTCATBRIICTCEOBGACCUCRBAGETt fenurs
were col | eCtﬁ@A@G’FG@GQ@@‘PG’G’«T GEATSTORBCCABSAAGAEJowBAGGRCeanal yzed
using 5 pQLlGHp A‘N&?réé CACBGE GTECHEE TEE ABARTEICHRA @%ﬁ”' ¢

met hod. Tot Q#,TéA Eﬂﬂ*dde*r@s@l*c?é‘%& gICL8
treat nent at

formation r re 1B).
10BY Eff ect

chinmeric hu %R

L
C57BL/ 6 mi c&@@%%ﬁ@@&@@

Cfﬁ P
R AGAHPAE GO GANSHRGET %GQCeItG/ésCCo 001
0.01, 0.1, 1TG@CT£€GT@MA@GQJ/T@TA%@QAG&S@A%V@@C&Gm@/g%@@@f m ce
was treat ed AGABCANEEGHTABCE GGASABTRAC TALAAGASCASACEBECEATR kS
R dgbt di st alGEFARGACTCAHGARGGCENTCOIITCRRC@NETALKGCAAGLC POETCEEGEhown i n
Figure 2, naGARACAGEAGGTGCEEREAAGEGGACGIC TAGESATGOTGCGTGIN ny/ kg
conpar ed W tGCRgEAGCECTCRGCRTAACERCTAKE AGA GAACRIGCCTaTdIYG{Thu- mu) :

chineric hul\?—pﬁg%%a\ pARDUsSe kappa aa sequence
20EI VLTQSPATLS TLSCRASESVDDFG SFI NVVYQKPGQAPRL

&@@&gm%&ﬁg%wmw leader sequence (*Aa

K\/\KI DGSHRRQNGHE ST ISKENT) YWTMTM‘@HEBHNSYTC EATHKTSTSPI VKSFNRNEC 25
SEQ I D NO 44 Chl meric anti body (hu-mu): chinmeric huMabJCl8Hvar - nousel gGl

const ant aa sequence EVQ_VESGGGL GGSLRLSCAASGFTFSSYAI SVWWRQAPGKGLEVWW
ASVSGTGLGFQIME HLSRONPEMSEISH\(WNSERABBAVRPGGSLRLSCAASGFTF

CAT SLENYAFDYSSQSISWARSEAR GUEMATYYPDSVKGRFTISRDNA
GCRYKGYFPEP\RING KEQBISSERABEHAN Y BOAY SLEPSKAMPSBIGQG TTVTVSSASTKG

WPSETVTCNVAHPAZSP KNPKJH REREESTHACIGO MWAKN SE VR FRPPKBWNS GALTSGVHTFP
KDVLTI TL TPK\AIMYSBIGIHERR—ES (7 PP G IRMEN TAYTEIREBRIKPSNTKVDKTVERKCC
NSTFRSVSEL PhNHOPPEATNK RS AAFHAPK Pk B 1R ISERFAN TCV VWD VSHEDPEV
35QVYTI PPPRESMUARRYBEL Y H IR RVEARNSTF RS YV HQDWLNGKE YK
30 CKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGK

Glycosylation Site: HC, N296.
35
SEQ ID NO: 37 huMabJC18 Light Chain nt sequence with leader sequence

ATGAGTGTGCCCACTCAGGTCCTGGGGTTGCTGCTGCTGTGGCTTA
CAGATGCCAGATGTGAGATCGTGCTGACCCAGAGCCCCGCCACCCT
GAGCCTGAGCCCTGGCGAGCGGGCCACCCTGTCCTGCCGGGCCAG
40 CGAGAGCGTGGACGACTTCGGCATCAGCTTCATCAACTGGTATCAGC
AGAAGCCCGGCCAGGCCCCCAGACTGCTCATCTACGCCGGCAGCAA
GCAGGGCAGCGGCATCCCCGCCAGGTTCAGCGGCAGCGGCTCCGG
CACCGACTTCACCCTGACCATCTCCAGCCTCGAACCCGAGGACTTCG
CCGTGTACTACTGCCAGCAGCTGAAAGAGGTGCCCCCCACCTTCGG
45 CGGTGGGACCAAGGTGGAAATCAAACGAACTGTGGCTGCACCATCT
GTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGC
CTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAG
TACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGA



Pl MNTNGSYFVYSKLNVQKSNVWEAGNTFTCSVLHEGLHNHHTEKSLSH SPGK SEQ | D NGO 45
chinmeric anti body (hu-mu): huMabJCl8Lvar nt sequence WO

2010/ 131 nSBRCIV1BB®BO10/ 052056 - 127 - PCT/IB2010/052056
GAGAT CGT GCT GACCCAGAGCCCCGCCACCCT GAGCCT. X G
GCGAGCGGEGECCACCCT GT CCT GCCGGGECCAGCGAGA CG

ACTTCGGCATCAGCTTCATCAACTGGT ATCAGCAGAAGCCCGGCCAG

GCCCCCAGACTGCTCAT CTACGCCGGECAGCAAGCAGGGECAGCEEC
ATWG&*@K@TW@@&%@G@%@@@M@@&%GCACCTACAGCCTCAGC
TGACCAT CT CCABCCACEHACCAGLECACAELAEEBEAGCHNTARGAGAAACACAAAGTCTA

CAGCAGCT GAAAGA GGIMERCCEACATCADCHA TG GERA CCAARA GUIRABTCAAICACAZAL I D NO 46
chi meri c antAGCITCAACAGGGBAGAGKGIpa nt sequence
GCCTEGATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCA

GTTAACATCTGGAGGT GCCTCAGTCGTGT GCTTCT TGAACAACTTCTA
CCCCAARR@APAART 8F uMataGlidAanieaiahtAbpanapesaguence with leader sequence

AAAATGGCGT T, T SPBERATLSCRASESV
ACCTACAGCAT IPARFSGSGSGTDFTLTI
ACGACATAACA

?ﬁ nu)T:TGrTmu G ; ; A ALQ Ns%é@%é%%ﬁ%@%wy
20 GAGGT GCAGSHERSY BRSHIABMEEEHCAX BEEY T RGESREAT KSFNRGEC
GGCAGOCT GAGACT GAGCT GOGCOGOCAGCGGCT TCACCTTCAGCA

GC%AGAACAGCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAGG
ACACCGCCGTGTACTACTGCGCCACCTCCCTGGAAAACTACGCCTTC
' 2 A mengemihomglemenﬁequemﬁ i body

.\,g, GCTTCACCTTCAGCA
SRECTGGCAAGGGCCTGG

X N (5
B B A A TG BOCTTOCAGACCTA
CTCTGAGCACGCTCASTCAEIGA WWC%TCAGCCGGGACAAC

58084 ARGEPCAGCCTGCGGGCCGAGG

CACAAGAAAAT TR SCOB CCGA T B CEATT G GOCATCATES GOAAAACTACGCCTTO
TACAGT CCCAGASTA R ICTEGIT CAACT ABCEACHTEACMMSTCTCCTCAGCCTCCA
CGASGT CCTCACAA M S CECHA TCHAET FOCC T8 FEEEGECCTGCTCCAGGAGCAC
TAGACATCA&@%%E@%?G@CAAGGACTACTTC
eI ne RN FEAGGCGCTCTGACCAGCG

’i , .A ; R CCTCAGGACTCTACTCC
°1'ec, AACTTCGGCACCCAGA

op ; 6«5 AG G 50,-’
CA TTCCCT O«u .““,..A e
MY aTpn ' ACA Yele .‘ A Q@ACACCAAGGTGGA

l A
A@Tmmﬁ@ﬁmﬁm K@@@%TGCCCACCGTGCCCA
TTCCCTGAAGAGAGHY (G (G5GCA ICAGEGTINEC CTCTTCCCCCCAAAACC
CCEAGAACTAC@M@@@A@Q@TMW@C@TGAGGTCACGTGCGTG
TACTTCGTCTAUCGSAGETAMI TS SCARY CCERGAGGTCCAGTTCAACTGGT
20386/ 131185 FKGGI@@AQG@@GH@GA@MGCATAATGCCAAGACAAAGCCACGGGA
AGGAAATACT TTCBRCICAGTTCIKAG AGCEKS GFECCXATEEICAGCGTCCTCACCGTC
ACCATACT GAGREFACAI EABEAETE BT CRMEEEAAGGAGTACAAGTGCAAGGTCT

CCAACAAAGGCCTCCCATCCTCCATCGAGAAAACCATCTCCAAAACC
AAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCC
40 GGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAA
AGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGG
CAGCCGGAGAACAACTACAAGACCACACCTCCCATGCTGGACTCCG
ACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGG
TGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCT
45 GCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCCGGGTAAA




C. Ovariectom zed Mouse Model 5Femal e adult C57BL/6 mice are subjected to
sham or ovariectom zed (OVX) surgery for the evaluation of skeletal effect
of test DkR-2010a131i850di es in an estrogen deficient condi PCoAB20amdEASM M C
post menopausal bone | oss. The ani mals E%% housed at 24C with a 12h

l'i ght/12h dark cycle and allowed free ess to water and a commercial diet
(Purina | aboratory Rodent Chow 5001, Purina-MIlls, St. Louis, MJ). The 10

experinments are conducted accordi n% to Pfizer animal care- approved .
pr ot ocobBQ IQrMOaADml\éa%}@ Haavy &Naddaa geadenreiwiteutipagen spauenaR (*Aa

(I'nsti trHttJf%tr hs kﬂ?gésa_r@éyom%n Bfﬁgﬁfﬁg cGur de for the Care and Use of

Laboratory ni’ce are treate th either vehicle or antibodies
by oral gavage once or tw ce per week for various weeks. At the concl usion
of the studipgQLVESGGCE VEAIRGESLRISCAASGFTRIBY ABWVROMIPEKGLIEBNE €

har gest ed f%S@SW@BQU"WF‘I‘S‘@V&@RF'I"ISWAKNS%Y*EDMNS‘LNKE’@TAWt itative
conput ed t OrgT BE [ RBESHIPSESRRAL

met hodol og| eSLKD Sl&g E & f\cj ier
section. :ﬁé ﬁ% X P Ant i body
(JC18) Prev ) 5%% use
tO
ei t'Ner sha i
o 1B %% ? 3 I3 G he
vehicle or i@EBEﬁQ‘éYﬁLPESRﬁEMEBK NS NERGEN E‘MESJ@@%N 15 ng/ kg

twi ce weekl NYGTTBRMIRSDESHHAL YKl REDUSRWRDGNVES VM&@ALH@Héﬂpect ed,
the mce trdakKBUSWBPIGK ehi cl e exhi bited osteopenia at 8 weeks post-OvX as
denonstrated by a significant decrease in total BMD (Figure 3). JC18
dosg—rqgggwwm@wsrwcmgamgﬁt otal BMD as neasured by pQCT at distal fenurs
by 7 to 20% conpared with vehicle treatment of O/VX mice. In the mce

treat eds tlbl\] 1§1%M&J@1’ %ﬁxt"tﬁgmvﬁteé@qhehe&v&rf%ﬂ |aker uét%e onl'y

hi gher t an ve |cIe treate m ce but also malntaln e at the sham

control |ev a i

conpl etely pg q % ﬁ% ure 3).
VWO 2010/ 13171 ased bone
rrass in intd¢ AG Al CT@ kI y

Pavenous %@9@9@4\%@%0@%@%@@?@@9QﬁG@AﬁG@AGﬁﬁCAG%@%/ kg for
6 weeks SerAIC 081G AT TeAbEHe Glh GG @h TECratREICGART TiGhEEeased by
30, 26, and TGACCATGECCAGCECTERAACGOGAGGRBITIECAGIGTASTACTGA 100
my/ kg, respeBAGOAGC TEAABASGT REOCECEACETICEBLGE TGEGATGCAAG er ent
from the corGTGGARATEAAACGARERETOSC TGEACTAICT SFCUTCAPCTRCOmE
6981 PLi ON MBCIATC TEATHAGSAGT IARATETEGARSTEOC TR UGG ment .
These Changeﬁe "F(#QL(TM@W@WMQCA@R@AGG@G ARGETEUMADICL8

on bone. AIA%%'@C ARATE ent) were

S|gn|f|cant [ in the

rats treateéggﬁ é‘%% éE;g an
rease of é npl e 6:
Qods for A ‘ na

Antr body Thet 'ﬁaTgetl ng the Sol ubl e Ant | gen Dkk-1, an Antagonist of the

Wit- 15 Si gnal i ng Pathway: Application of a Mechani stl c Preclinical

Phar oSk SIIBNGL o PIRREOM RS L (RERRIn MEdehuLRcSRABE RSt cddudaen

(FI'H) rtrng DoSes o €eoporosis 1s8a bone

o 3“2?@%%%&% éﬁﬁéﬁgﬁﬁﬁéﬁéﬁ@@@ t&%@gﬁﬁ@%
2o§%ar macol dg¥ &S G&S}? o RGPS @B ESL T|Svel il R AY YSYIH ,
cal ci toni n, GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVYCLLNNFYPREAKY

QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

40 Example 3: In Vitro Functional Activity of huMabJC18: Determination of the Effect of
JC18 in Wnt Activity in a Cell-based Functional Assay

A stable U20S cell line (U20S TF) containing the Luciferase reporter gene under
control of the TK promoter with TCF binding sites was chosen for the cell-based



and sel ective estrogen receptor nodul ators (SERM), prevent bone | oss by
reduci ng bone resorption. Restoration of bone mass in patients suffering
from ost ewpanwei3s1sss an area of unnet medi cal need. PCT/IB20B)/n&t0srg of
Dkk-1 to the LRP5/6 receptor and Kr enp{%éﬁ co-receptor pronotes
25internalization of the receptor conp resulting in danmpening of the Wit
signal (Diarra et al. (2007) Nat Med 13: 156-163). Cenetic evidence
for a central role of the Wit pathway in maintaining bone mass has cone
from t Henetignal iassant 6@ RFPMEERMISarGtivatad Hyoual the di/ht si@nPHRE mathwabnahem
t he Wt I : t e e | ne
s angIsanedgaginy WHREL ot dbeineliE, Thicaityfioh s AnfiihBRERY Dk
pseudodleo Dikk{GRIRGIatey nidhiditioni of WrtesigndlBgndn etirnglcan( 2O 0édyerSelil by adding a
107:513-52%) and a sim|ar phenotype in LRP5 knockout m ce (Holnmen et al.
(2004) Dkgbmeufeengmeadd19: 2033-2040). WD 2010/ 131185PCT/ 1B2010/ 052056 -
1305~ I ndivi ; it - ok

5 Sjé@dlﬁcg‘ﬂk horiid Qﬁ‘ﬁ@n%ﬁcgdlbbgggﬁ%lﬁésgﬁfm‘&gé‘%%Id.eﬁl%an Dkk

fracture. eutralizing ant | i's expected to increase bone
mass duewitb higlt efastyd Itsoalalifydomaverse thg inisibaiobl afsiVet dadigriating, bypbek-dnvas

t ti.c fract JC18 i i d t ot i - -1
Poncol GHaimited inadeOBoTOHRAT SaleetiZls oTR.Fet, BhRuRed Mnd The Er and
di sor degtsply! tirapishidsed UFRA, TB@“FI%shr%)]as%ﬁ‘iQ QUPSHREJOUS TORKfePkde Lrdpriert r O

with high affinities (Kd<100pM. It increases bone mass in intact m ce and

r est or ezonstbet. nBeks were nainkinashahnd €' G Kb 8O inMaGnysi ¥t Madia sdppieswented

or dBar QDD EIRERAIE St e 28R, e, Enof2ram ABAMUtET H2ESS Bonmlemh oot
a handfwéreoplateP o trégdir Wb WEh PieRfid idti £ dlendity B, RE@ HeNb/chiteand iincuted
phar macoki netics or efficaci ous dose of antibodies have been published

(Lobo eveanight.26els wereHerateewithnQ:206ug/migbBkkAgaraiain epeelvslegiPBS .dbikeo)

Ph : - - i md I ;

|t er an) Qanda oo AortRY D P Rbs T Q0RmRR (BRBE Afet 3l 0 Ripight

anti ci patwshtionangelist ware 13608\t Repétter ezl Bliffer FFohdegadSdd Iticiferass ,

unli ke smal | nol ecul es interaction Qf an f’igti body with its target often
i

1
af fl@ct SXPRSSIRN Wesiavantifie b, LysiigranecorRA9A (EEOMPEY)-and Phar macodynani cs
(PD) are intiBbehe18OMERIIGhRNSnEES Rt PRRIS HAA GREwEE Wi deericayisdee of
the anti body,utar get ’aﬂ%ean?i blgﬂyr-"t ar get Pnt eracti ons. TE\%B r??gﬁlesgw\}al ue
cones ffuoehdnahkssay WKhwant IS0 frieSpldndabteo’ pr edi ct drug exposure and effect
following a given dose (Agoramet al. (2007) Drug Di scov Today 20
12: 1018-1024). Mechani stic PK/ PD nodeling thus offers a rational and

effective neans of predictipg,b human .PK_an l.inically efficacious dose
of anti bodi es. I'n ﬁlﬁb& &t féé'o V@'iuﬁﬁlf?éagﬁﬂs'&@f%dé(ct erization of
anpipbody huMabJC18 target ([k&DelllhsedtF dHttoRBNkS3aenabl ed a deep

under st andi ng of the pharnmacokinetics and the pharfmcodynam cs of the

response. This was coupl ed] Antiboklgow edgle of IC80get | evel in 25 healthy
vs. di seased subjects, tarpgivbgineger rptesqiapf ant| body-target

associ ation/ dissociation rates tor nechanistic predictions of PK/PD in the
clinic. The purpose of the study was to conpare and contrast
predicted clinical starting doses of an anti-Dkk-1 |Ig& anti body

(huMab E&Eplebt: ai Inedvd Evbhetibodf BunedEftieaoudlnubdI 1) armpMadye Cremetd ect

| evel (NOAELF) I'n toxicaolo { species, (2) mninmum 30 anticlpated biological
ef fect |evel e(rﬂmsaqulhgﬁﬁg {henies gea vsad fei e erlaatihohakelets) efirsEpf Bt ng

" ) . _ : A T ) _ g
ot ud o T BRI 0= LR gl A o L 2Rt R Toh TRER 12T Tk
f a@bor oyake apphbll@ded dreereccSREDL. Wabergate 8 abenraercial aietePdeida satzoratorg Rodent

2010/ 131185PCT/ 1B2010/ 052056 - 131 .-
ow 5(0‘-51, urina- iszis, gt. Loujl’s,jMO). The experiments are conducted according to

Pfizer animal care-approved protocols, and animals were maintained in accordance with
the ILAR (Institute of Laboratory Animal Research) Guide for the Care and Use of
Laboratory Animals. The mice are treated with either vehicle or antibodies by oral
30 gavage once or twice per week for various weeks. At the conclusion of the studies, the
mice are euthanized and the serum is harvested for the measurements of free antibody



dose. The classical Duff equation was used to cal cul ate receptor occupancy
and the MABEL was defined as the dose which resulted in 10% receptor
occupancywoAobM3Dssodel was used to fit free Dkk-1 and &0TiIBmdY/052056
concentrations over tinme in the rat an;g% nkey studi es. The nodel was
extrapol ated to humans and MABEL was e ted to 5 be the dose which gave
10% reduction in Dkk-1. Test materials Monocl onal anti - Dkk-1

anti bodi es were made at CGenovac (CGermany) by inmunization of Bal b/C mce

wi th fand freegPkkrledels. nait addifian, brRe 153mRIesi are Rarvestedsiant agggssing the
M nneanglifhies M) oflesEle JRUSELIBIARAA K S BEYBReANt d ROt ACH RS,
humani zeq na affinirty matured usrng a I'rbrary’sc nn| ng' mutagenest s

st r at eggmogearshyetpGCT), nZBRRC Trrand sistomorphormetepar atl on). In conparison to
t he parent use nt| bod t he humgnj zed &ntl bod 5\/&%@%18 exhi bited a
>100-f ol d i nd1A98t ifamyf ﬁ?t%ﬁﬁ%‘ﬁ bBY PRt crdtrde arch M; Norland

15HBKk- Med‘%gﬁ'&i?v\er e’@(?% &geoh%r IR wikr & SbHmald dbsi qugﬁro N A herfkknidk

kinetic stu ned and expresse - house an Ified as
funct i amass- bgctmh adistdyerpoial metaphys@m&ken Bit Acd mem gxeamattnthe dlstal

201 nt bet h Vab,JCl d t I
ronkey Bk (T RAPET g SEISPIRUSe SERCR R BB08 s Del eyt cion Hhe

CVb senggss-sBtton & é*mf@m&ﬁm M@Bﬁ%l@wls predat)s mhheraasarirei e Asel end (a
di ssoci ati on phases were nonitored during the interaction analysis.

b| ndi ngeorécs dranes eneehed 6i®) withed eioxak seadfd011i0t mgn.obéeluetiic @ogenwréermhndel

qudD? ol AR A s eferfindd Rl iosel Icslleb efP Bfie SRR <l ldios A

anl mal  studiBte Wghe feaifs ciredstanraer ®ydansrerdClTh nedthird  (VAEre-@Ta0,uSanco
protocols approved, by the Institutignal Aninmal Care and Use Commi tt ee

(I AcuoMedigabiduenriagn6td. cBassptgdenh, putitgerland) wiibkgaftwars. eeisiPngs!- A cross

(noal aoreyon ofpidtaftellinkRbb G151 8D HBR5 4} ikl G S0 el ™ ©

2010/ 13%&5@@52\%@4@@&@5@2 332 3:1 ath pekiathl s enslarpealand @ 91d83) nn 25,
0.5, 1, 2, and 24 hours post-dose. rDkk-1- TEV-V5-6H s was

aditPni §fféﬁéfdie SEOVéthscP'ﬁ@l) on the delerrynatigplisakbradan kONeRYQUSr ague Dawl ey rats
(1291005e) Sl g A1y PR PR GoAJHLD) B B s
Ser um viEmeo bBeiefig dthgbigftcfenturs fang alehgdrated is tgpaged abne@ittationisi d>f ethahylsiansd
conductEbPeE HalECRBT gD BRDeITP RIS #ZBEOB%P ) GRtebSeokats §f doer
the COLHuéFal“Ferﬁ@Pa?é‘&M AU ALHAN 0 AT InknBsY Alisih@ P RERRERSIUng Polycut S
20 microtome (Leica Corp., Heidelberg, Germany). The 4-um sections are stained with a
modified Masson’s Trichrome stain and the 10-um sections remained unstained. All
histomorphometric measurements are performed in cancellous bone tissue of the distal
femoral metaphyses in an area between 0.375 and 0.875 mm proximal to the growth
plate-epiphyseal junction using an image analysis system (Osteomeasure, Inc., Altanta,
25 GA). Cancellous bone volume as a percentage of bone tissue area and osteoclast
surface as a percentage of total cancellous perimeter are measured in 4-um thick,
stained sections. Trabecular number, thickness and separation are calculated.
Fluorochrome-based indices of bone formation including the percentage of cancellous
bone surface with a double fluorochrome label (mineralizing surface), mineral apposition
30 rate, bone formation rates (bone surface and tissue volume referent) are obtained in 10-

um thick, unstained sections.

Study Protocol and Results in Intact Mouse Model



10 Wl mngton, MA). HuMabJC18 was adm ni stered once weekly by the

i ntravenous route for six consecutive weeks to fenal e Sprague-Dawl ey rats
(n=8/ doswp2ato/B1B5 1, 10 and 100 ny/ kg. One group of rRCI/IBILBYS20&T €

adm ni stered vehicle control (20 mM h_i,géé’d_di ne pH 6.5 with 140 nM NaCl).
Serial blood sanples were collected pre-dose and at 1, 3, 8, 24, 48, 72,
168, 240, 15 336, 408, 504, 576, 672, 744, 840, 912 and 1008 hours post
first dose from each treatnent %roup. Serum was obt ai ned by centrifugation

and stored & Effed efanti manae yks! manoplanal aailpdyuivel STIrBinsasi deen searogas .

Bone m ner al i i j ] T ess.:Lne f

ant - Dk 1 i PPeadE TR B hic8T LS PR GORe AR REnbRFo TRk i1 or
scanned/@y8 pendpBer ahd @doamtyikgaionce prerpedietbrt® megkeapBoth @bt andt leéttfemuXET
Research M Norlaani cal Systens, Fort AtKki n_s%n, W% with software

ver si orv&/esgpllegted RRER NEPR ak BEETARTY of TRAEIINEITATHIS Ve PaR YEELaHHYS s
was s5SC i I; k ;

oy Pon Sy 30 e g TeBRS wERp drie8 (454 Bl e iR EREThefies. PRReL BMD

m ner alofdbstal temrBMASs sgsifanhdy maneaisens by eMiBonadtyn et ¢ 18l o e(|&eeclst(Fure

ani i (Y TG Stk eRRE OBy GuERRCrabrs cland e e RURIHER® do Y o0
conpl i aARe (Mdulett®s. U. S. Animal Welfare Act and the conditions specified in

The Cuide for Care and Use of Laboratory Animals (Institute of Laboratory
Ani mal Research, 1996). WD 2010/131185PCT/ 1B2010/ 052056 - 133 - Five

of "Bge wei gt nd Tt R OI0ES ORI BF BY PR LRGRED i akitBRo T Mbise Ghipetelar cr
Faci |itohimbiﬂaﬁhﬁﬂan-l:ﬁ%léé)an%b%ﬂﬁ&ﬂtabﬂl\ﬁdﬂlbé Modgly. Animals (n=1/sex/group)
were assigned to 5 gro HuMabJC18 was adm ni stered by slow intravenous

ups. .
i nj ection adntact femalg @gaﬁb@ niceahf dupRthsfofwens Eealgd With siause Fhimesy aht
doses o] 0 r il Ry
veni o & SoFh o1 Biand. 3P Hid o riciRe! GEBYR Al BfeME. A55e BRI BENREs,
col | ecttezhted evithr mausechimed ait5 thdlkg 0wice per ReeB for2d8 wekks. Right 8Btal ZdMur
336, 408, 504, 576 and 672 hours, post-dose from each treatpent gro Vi a
f erter al©of @HEF%JrW?SS%W%H%EySEEpBFE&d@d AS &%PW%I% FEﬂ%%dEESFOU%e chimera
10cent ry} } } 4 i ySi s.
sampl oo GePEel S e ONE! PO TR RO R T ERBS S LEREK Lbalhai? 2,
Dkk-1 assay Assay Designs (Ann Arbor, M chigan) human Dkk-1 ELI SA System
(Cat # = 15, .15 was val idated to neasure .tot -1 in_human serum
oo diol D NG B e bR Letp B RErif Aubhat et vaBmiata, ke R
Syst enssegMeRpgapol is, MN) reconbi nant human Dkk-1 (Cat# 1096-dk-10/cf) was
used as assay standards. To assay free Dkk-1 (unbound to therapeutic
an0bodi es) EINLTRSRANILAoRREGF RATLSERATRESRRFGIGRINBOQREKPRRAPREed f or
capt uri ng urld¥AGSKRLHG IBARAS Gahdb GODF ¢kt lsE Pl DMAMYEY QQEAKEMEP gns hunman
Dkk-1 ELI SA TGGETK\EBIKRAQAAPIVBIEBPSSEQRETSSEA IOV CEhBINFARKDINY St eps
accor di ng t KWkeDESERQNG IINSI TIQDSKDS ESMIS TV LITKDEYERHNS Yo0s: R&D
Systenms (M mrgpRRISTSAYMKSFRNBCnant rat Dkk-1 (Cat# 4010-dk10/cf ) and
hupgn Dkk-1 (Cat# 1096-dk-10/cf) were used as assay standards for rat and

monkey &SGABSNOF 88 RAFhENE MMtibody (hu-mu): chimeric huMabJC18Hvar-mouselgG1
constant aa sequence

EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAISWVRQAPGKGLEWYV
ASVSGTGLGFQTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYY

30 CATSLENYAFDYWGQGTTVTVSSAKTTPPSVYPLAPGSAAQTNSMVTL
GCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVPSST
WPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIFPPKP
KDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQF
NSTFRSVSELPIMHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAP

35 QVYTIPPPKEQMAKDKVSLTCMITDFFPEDITVEWQWNGQPAENYKNTQ
PIMNTNGSYFVYSKLNVQKSNWEAGNTFTCSVLHEGLHNHHTEKSLSH
SPGK

SEQ ID NO: 45 chimeric antibody (hu-mu): huMabJC18Lvar nt sequence



25HuUman serum sanpl es from heal t hy and di seased subjects were purchased
fromBioreclamation Inc. (Nassau, NY). V5 tagged Dkk-1 assay Serum
concent r aWpanr)/1B3118Y5 t agged Dkk-1 were determ ned by anPErCIBAioei2esd. 30
Sanpl es were diluted in a PBS buffer (f\%t ai ning 3% BSA and 0. 05% Tween- 20)
to a final mninumrequired dilution ( ) range of 1/4 to 1/40, used to
reduce background and enabl e concentrations to fall vm'thi n the |inear range
of the assays (-0.195- 25 ng/ M on assa | at é hDkk- 1- V5- 6Hi s or

r Dkk- 1- TEV- \BA T&@EGOJ Cof AP COEEARCCIGAGBCTGAGCCCTG

2010/ 131185FEFCIR206HBE2A8ECTCILCTGE I A CEACAREATGHACEhe same
matri x conposCTTCGGEAIENGE@ETCATE AT WBATATOAGRNGAAGCGSSHCPALL es

(Nal gene NurGCCREOASATTGOYCARI FAOGOTHGGUAGCANGCAGGECAMACGET pi of

ant b- V5 ant i Ap0g 0 GECAGTFTCAGT GESBAGCEGUBCRCCGEEATCCReTTEGRbEd Wi th PBS
buf fer cont aromw@r@ﬁ@oﬂmmé@;mcmmﬂmoomommdﬂﬂfcmo er 5
cont ai ni ng HBhBoAGO @@ﬁ? &C@&%d&%f%%@é(?gﬁgéﬁﬂ@bﬂé”dards

wer e added t(?T 'G%{,@ g\g‘ﬁz and 1 ncubated w I ng at room
tenperature Tor hour e plates were then washed with two wash cycl es,

fol| t th h d ted anti-Dkk- 1
cadBnoarsRNBLAR et ASuSbR bRt BovSE kbR Rer o T or 1 hour.
Af ter wasmrGCToﬂwoc¢ooA®cAno#omAvoomﬁo¢ﬁ@cowdcmTcoﬂoT@Adcm -10 min

with 3,3, 53T T @PCA"@Y@G‘FG'? ﬁf@ﬁ‘éﬁ C,@g@trhr@ﬁpurg, VD)
t hen stoppe

subtract ed % Iength
of %50 nm ( |o ation

st dRdar ds fitting
wth 15 unif s of V5

t agged Dkk- ICA @QW@M@A@@%T@P@T@TEM his standard curve.

Ost eocal ci n assa Serum ost eocal ci n concentrations were neasured
by usi rRE@HD Kax 4IX/IdDTmeI2®aGBbQIQc@ducmn) EIUI\MbJ(E‘[SI-dWrrdlsqueoeezl ence

D agnosti cs ti body
sl o ﬁ*%%@ﬁ%%%ﬁé&é@%% T

det er m nedb | Scal e
Di scovery (NEB GREESKePHA in a
PBS buf fer o‘b‘h @ G@ 6\6 A@(%GGCMCGGG% TTBé?d\@IA\C@tTAon ( MRD)
of 1/2 to 1/(1'5@0{3@@616\%(5)6}6&]@%6&6@@@GH'EDAGQA'IT(EAGC@GSGGAE\AA@ order to
re@sce backgsCOR\GAAEATGTEENCT AT GEAGAT GHIACABGCOIGCGBRECGAQE of t he
assays (- 5- JROACUHBOC TG BASTACTGCELCADRTCBUBGGHAAKRGTACGEOTTuUal ity
control Star@ACd?\CY‘RBGG@@Q%@GGF\%@GR@@F@AG@GTGTGW' tion as sanples.
96-wel |l MSD high 30 bind plates (Cat# L11XB-3) were overnight coated at 4C

Wi th h%ii—‘Q]iDWﬁoeh'g%h rﬂSH@%ﬂf&?ﬁe})s(Pﬁx%ﬂ?dw ?(é“ (9(5‘1 W1%H/286E§ 's‘néﬁgggcé'g the

plate to renove 't coat wer e wth 17) The
di 130t ed smnﬁ@@AﬂkA@Gﬂ@k@@@O@AECEG&QIATC@A@FGGCEE@WGGﬁﬁ@TG@mﬂ
i ncubat ed WTGCEGHAACTAACTOOAT SHRGACOTCT GGGAT BCOTGGTIAAGGBGC
2010/ 131185PNT HR2EEY HRGCTAGTGACAGTGACCTGGAACTCTGGATCCCTGTC
CAGCGGTGTGCACACCTTCCCAGCTGTCCTGGAGTCTGACCTCTACA
CTCTGAGCAGCTCAGTGACTGTCCCCTCCAGCCCTCGGCCCAGCGA
35 GACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTG
GACAAGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATG
TACAGTCCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAA
GGATGTGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTGG
TAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTA
40 GATGATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGC
AGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGCAC
CAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTG
CAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGC
AGACCGAAGGCTCCACAGGTGTACACCATTCCACCTCCCAAGGAGC
45 AGATGGCCAAGGATAAAGTCAGTCTGACCTGCATGATAACAGACTTC
TTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAG
CGGAGAACTACAAGAACACTCAGCCCATCATGAACACGAATGGCTCT
TACTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGC



- 135 - plates were then washed with three wash cycles with PBS buffer
contai ni ng 0.05% Tween-20, followed by incubation with a MSD ruthinyl at ed
goat antiwbure3llS anti body (Cat# R32AJ-1) for 1 hour. pafrtiBzo10vehseng, MSD
read buffer T (4x) with surfactant (Caié RO2TC-1) was added to each well
and i medi ately read on a MSD Sector | 8g'er 6000. 5 Blank matrix val ues
wer e background subtracted fromthe sanple values. The anti-Dkkl humani zed
anti body calibration standards were used to construct a standard curve

usi ng 4- par eCAAATACT hCAIGHT GOTL el Gt AR T GAGKRCHED G ACHNY

Wor kbench v ACCAIHG MaABA SAGREEREERTALE TGNE CIIGGRAAADIIA 1 hunani zed
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Phar macoki neti c/ pharmacodynam c anal ysi s



30A prelimnary non-conpartnental analysis (Jusko, 1992) of individual rat

and nonkey anti body concentration versus tinme data was conducted, revealing
non- | i neawopharsersski neti cs of the anti body. A nmechani sPCe/Bznges2esed at ed

drug di sposition nodel (Mager and Jusk{%,1 2001) was used to describe the

PK/ PD profile of humMabJCl8 WO 2010/13 S?35PCT/ 1B2010/ 052056 - 137 - in rats
and nonkeys (Figure 5). In brief, the TMDD nodel assunes that saturable
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shaft BMC (bone mineral content) were significantly increased by 11 and 16% or 7 and

10 8%, respectively, in the rats treated with huMabJC18 at doses of 10 and 100 mg/kg,

indicating an increase of cancellous and cortical bone mass in these animals.

Example 6: Methods for Understanding the System Dynamics Related to a Monoclonal
Antibody Thera Targeting the Soluble Antigen Dkk-1., an Antagonist of the Wnt-
15 Signaling Pathway: Application of a Mechanistic Preclinical Pharmacokinetic/

Pharmacodynamic (PK/PD) Model to Select First in Human (FIH) Starting Doses of an

lgG2 Antibody.
Osteoporosis is a bone disease characterized by low bone mineral density which

leads to bone fragility and subsequently to bone fractures. The majority of

20 pharmacological osteoporosis therapies, including bisphosphonates, calcitonin, HRT
and selective estrogen receptor modulators (SERM), prevent bone loss by reducing
bone resorption. Restoration of bone mass in patients suffering from osteoporosis is an
area of unmet medical need.

Binding of Dkk-1 to the LRP5/6 receptor and Kremen-1/2 co-receptor promotes

25 internalization of the receptor complex resulting in dampening of the Wnt signal (Diarra
et al. (2007) Nat Med 13:156-163).

Genetic evidence for a central role of the Wnt pathway in maintaining bone mass
has come from the identification of both activating and inactivating mutations in the Wnt
receptor LRP5. Inactivation of LRP5 results in a decrease in bone mass and causes the

30 autosomal recessive disorder: osteoporosis pseudoglioma (OPPG) syndrome in
humans (Gong et al. (2001) Cell 107:513-523) and a similar phenotype in LRP5
knockout mice (Holmen et al. (2004) J Bone Miner Res 19:2033-2040).
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dose “@po&‘@e?gﬂag/éf%bl&ﬁm'ﬁéW@%ﬁ%@kgoréwet al. (2007) Drug Discov Today
20 12:1018-1024). Mechanistic PK/PD modeling thus offers a rational and effective means

of predicting both human PK and clinically efficacious dose of antibodies.

In this study, simultaneous characterization of antibody huMabJC18 target (Dkk-
1) in rat and monkey enabled a deep understanding of the pharmacokinetics and the
pharmacodynamics of the response. This was coupled with knowledge of target level in

25 healthy vs. diseased subjects, target turnover rates and antibody-target association/
dissociation rates for mechanistic predictions of PK/PD in the clinic.

The purpose of the study was to compare and contrast predicted clinical starting
doses of an anti-Dkk-1 IgG2 antibody (huMabJC18) obtained by the following
calculations: (1) no adverse effect level (NOAEL) in toxicology species, (2) minimum

30 anticipated biological effect level (MABEL) using the classical Duff equation and (3)
MABEL using a target-mediated drug disposition (TMDD) model.

Preclinical safety studies in rat and monkey were used to determine NOAEL. A

100-fold safety factor was applied to the NOAEL to generate a recommended starting



derived fromthe NOAEL cal cul ation (1ng/kg). The | owest starting dose was
derived fromthe MABEL cal cul ati on which enpl oyed the Duff equation
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Test materials
Monoclonal anti-Dkk-1 antibodies were made at Genovac (Germany) by
immunization of Balb/C mice with full-length recombinant human Dkk-1 protein (R&D
10  Systems, Minneapolis, MN). A single mouse IgG+/kappa isotype antibody (JC18) was
humanized and affinity matured using a library scanning mutagenesis strategy (Pons et
al., 2009; manuscript in preparation). In comparison to the parent mouse antibody, the
humanized antibody (huMabJC18) exhibited a >100-fold increase in affinity for both
human and mouse Dkk-1.
15 HDkk-1-V5-6His (human) and rDkk-1-TEV-V5-6His (rat) used in the Dkk-1 kinetic
studies were cloned and expressed in-house and qualified as functional by TOPFLASH
assay (Ai et al., 2005).

BlAcore experiment

20 Interaction between huMabJC18 and human or mouse or rat or Cynomolgous
monkey Dkk-1 were analyzed using a BlAcore 3000TM system equipped with a CM5
sensor chip (BlAcore AB, Uppsala, Sweden). The association and dissociation phases
were monitored during the interaction analysis. The binding responses were double-
referenced and fit globally to a simple model using BiaEvaluation v.4.0 software.

25  Affinities were deduced from the quotient of the kinetic rate constants (Ko=Kord Kon).

Animal studies
All animal studies were conducted in accordance with animal care and use
protocols approved by the Institutional Animal Care and Use Committee (IACUC).
30
Dkk-1 kinetic study in rats
hDkk-1-V5-6His was administered as a single intravenous bolus dose to male

Sprague Dawley rats (n=3/dose) at 1, 5, 10 and 100 ug/kg . Serial blood samples were
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Pharmacokinetic/ pharmacodynamic study in rats
Experiments were conducted in female Sprague Dawley rats (n=40, body weight
250-350 g over the course of the study duration, Charles River Laboratories,
10  Wilmington, MA). HuMabJC18 was administered once weekly by the intravenous route
for six consecutive weeks to female Sprague-Dawley rats (n=8/ dose) at 0.1, 1, 10 and
100 mg/kg. One group of rats (n=8) were administered vehicle control (20 mM histidine
pH 6.5 with 140 mM NacCl).
Serial blood samples were collected pre-dose and at 1, 3, 8, 24, 48, 72, 168, 240,
15 336, 408, 504, 576, 672, 744, 840, 912 and 1008 hours post first dose from each
treatment group. Serum was obtained by centrifugation and stored at -20°C until

analysis for Dkk-1 and huMabJC18 concentrations.

Bone mineral density determination in rats
20 To assess the effect of anti-Dkk-1 mAb treatment on bone mass, the excised
right femurs were scanned by peripheral quantitative computed tomography (pQCT,
Stratec XCT Research M, Norland Medical Systems, Fort Atkinson, WI) with software
version 5.40. A 1-mm thick cross section of each distal femoral metaphysis was
scanned at 2.5 mm proximal to the distal end, a cancellous bone enriched site, with a
25 voxel size of 0.10 mm. Volumetric total bone mineral density (BMD) was determined as

previously described (Ke et al., 2001).

Pharmacokinetic/ pharmacodynamic study in cynomolgus monkeys
The animal care and experimental procedures of this study was conducted in
30 compliance with the U.S. Animal Welfare Act and the conditions specified in The Guide
for Care and Use of Laboratory Animals (Institute of Laboratory Animal Research,
1996).



Tabl e 9: Dkk-1 concentrations in pre-nenopausal, post-nmenopausal,

ost eopeni ¢ and osteoporotic femal e subjects Subject N Age T-Scorea Serum
Dkk-1 (ngwoi2p10A3vesue Pre- nenopausal 50 33.3 13 >- 1. 0P2TAB2020/852056P0St -
menopausal 50 54.7 4.4 >-1.0 2.9 4.3.0,35

Five male and five female cynomolgus monkeys (Macaca fascicularis), 2 to 5
years of age weighing between 3.2 and 5.2 kg (Charles River Primates, BioResearch
Facility, Houston, Texas) were used in this study. Animals (n=1/sex/group) were
assigned to 5 groups. HuMabJC18 was administered by slow intravenous injection as a

5 single dose to 4 groups of 1 male and 1 female monkey at doses of 0.1, 1, 10 or 100
mg/kg. The remaining group was administered vehicle control in the same manner.

Whole blood samples (~2 ml) were collected pre-treatment and at 0.1, 0.5, 1, 3,
8, 24, 48, 72, 168, 240, 336, 408, 504, 576 and 672 hours post-dose from each
treatment group via femoral venepuncture. Serum was separated from whole blood by

10  centrifugation after which samples were stored at -80°C until analysis. Samples were
later analyzed for Dkk-1 and huMabJC18 concentrations.

Free Dkk-1 assay
Assay Designs (Ann Arbor, Michigan) human Dkk-1 ELISA System (Cat# 900-
15 151) was validated to measure total Dkk-1 in human serum according to the
manufacturer’s instructions with minor modification: R&D Systems (Minneapolis, MN)
recombinant human Dkk-1 (Cat# 1096-dk-10/cf) was used as assay standards.
To assay free Dkk-1 (unbound to therapeutic antibodies) in rat and monkey
serum, anti-Dkk-1 antibodies were used for capturing unbound serum Dkk-1, and
20 reagents from the Assay Designs human Dkk-1 ELISA System (Catalog # 900-151)
were used for the remaining steps according to the kit's instruction with the following
modifications: R&D Systems (Minneapolis, MN) recombinant rat Dkk-1 (Cat# 4010-dk-
10/cf ) and human Dkk-1 (Cat# 1096-dk-10/cf) were used as assay standards for rat and
monkey assays, respectively.
25 Human serum samples from healthy and diseased subjects were purchased from
Bioreclamation Inc. (Nassau, NY).

V5 tagged Dkk-1 assay
Serum concentrations of V5 tagged Dkk-1 were determined by an ELISA method.
30 Samples were diluted in a PBS buffer (containing 3% BSA and 0.05% Tween-20) to a
final minimum required dilution (MRD) range of 1/4 to 1/40, used to reduce background
and enable concentrations to fall within the linear range of the assays (~0.195-25 ng/ml
on assay plate). hDkk-1-V5-6His or rDkk-1-TEV-V5-6His calibration and quality control
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oses (10 and 25100ng/kg). At later time points, serumh bJC18 ,
concen&hﬁ ip@{gsimer@o%rg@qsﬁgdr\g%tg two was cl:ycles, followed g}’/\/?ncu%atlon with a
horseradish peroxidase—conjugated anti-Dkk-1 secondary antibody (from Assay
Designs kit, Ann Arbor, MI) for 1 hour. After washing, the plates were developed by
10  color reaction for ~10 min with 3,3',5,5'-tetramethylbenzidine (TMB) substrate (KPL,
Gaithersburg, MD) then stopped with 2M H>SO4. Blank matrix OD values were
background subtracted after the absorbance OD reading was determined at a
wavelength of 450 nm (with subtraction of 650 nm). The V5 tagged Dkk-1 calibration
standards were used to construct a standard curve using 4-parameter fitting with
15 uniform weighting in SoftMax Pro 4.8. Serum concentrations of V5 tagged Dkk-1 in

unknown samples were interpolated from this standard curve.

Osteocalcin assay
Serum osteocalcin concentrations were measured by using the Rat-MIDTM
20 Osteocalcin ELISA Kit (Nordic Bioscience Diagnostics A/S, Herlev, Denmark).

Free/partially free huMabJC18 antibody assay for rat PK/PD samples
Serum  concentrations of huMabJC18 were determined by an
electrochemiluminescence (ECL) method using a Meso Scale Discovery (MSD) system
25 (Gaithersburg, MD). Samples were diluted in a PBS buffer containing 1% BSA to a final
minimum required dilution (MRD) of 1/2 to 1/150 followed by an additional 10-4000 fold
dilution in order to reduce background interference and to fall within the linear range of
the assays (~5-1300 ng/ml on assay plate). HuMabJC18 calibration and quality control
standards were diluted into the same matrix composition as samples. 96-well MSD high
30 bind plates (Cat# L11XB-3) were overnight coated at 4'C with hDkk-1-V5-6His
(generated internally) at 5 ug/ml. After inverting the plate to remove the coat, plates
were blocked with 1% BSA in PBS. The diluted samples and standards were added to

plates (25 ul/ well) and incubated with shaking at room temperature for 2 hours. The
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plots. 5 TABLE 10: Non-conpartnmental p macoki netic paranmeters for
free/partially free huMabJCl8 concentrations in Sprague Dawl ey rats
followi ng intravenous adm nistration of huMabJCl8a Dose AUC Cnaxb Cave
Cni nd (M@ERgyere tiehmashedgwith)thregymash cysles mith RBS dpudfier raontaining. §.05%

Tween-20, followed by incubation with a MSD ruthinylated goat anti-human IgG antibody
(Cat# R32AJ-1) for 1 hour. After washing, MSD read buffer T (4x) with surfactant (Cat#
R92TC-1) was added to each well and immediately read on a MSD Sector Imager 6000.
5 Blank matrix values were background subtracted from the sample values. The anti-Dkk-
1 humanized antibody calibration standards were used to construct a standard curve
using 4-parameter fitting with 1/y? weighting in the MSD Discovery Workbench v 3.0
software. Serum concentrations of anti-DKK-1 humanized antibody in unknown samples
were interpolated from this standard curve.
10
Free/partially free huMabJC18 antibody assay for monkey samples
Serum concentrations of huMabJC18 were determined by an ELISA method.
Samples were diluted in a PBS buffer (containing 3% BSA and 0.05% Tween-20) to a
final minimum required dilution (MRD) of 1/4 to 1/100 followed by an additional 10-500
15 fold dilution in order to reduce background interference and to fall within the linear range
of the assays (~8-100 ng/ml on assay plate). HuMabJC18 calibration and quality control
standards were diluted into the same matrix composition as samples. The 96-well
immunosorbent assay plates were overnight coated at 4 C hDkk-1-V5-6His (generated
internally) at 1.5 pg/ml and then blocked with PBS (containing 3% BSA and 0.05%
20 Tween-20) after washing with PBS buffer containing 0.05% Tween-20. The diluted
samples and standards were added to plates (100 ul/well) and incubated with shaking at
room temperature for 1 hour. The plates were then washed with three wash cycles,
followed by incubation with biotinylated mouse anti-human 1gG. (Invitrogen, Carlsbad,
CA) for 1 hour after which horseradish peroxidase—conjugated streptavidin (Jackson
25 ImmunoResearch, West Grove, PA) was added and the plate was further incubated for
30 minutes. After washing, the plates were developed by color reaction for ~10 min with
3,3',5,5'-tetramethylbenzidine (TMB) substrate then stopped with 2M H>SO4. Blank
matrix OD values were background subtracted after the absorbance OD reading was
determined at a wavelength of 450 nm (with subtraction of 650 nm). The anti-Dkk-1
30 humanized antibody calibration standards were used to construct a standard curve
using 4-parameter fitting with uniform weighting in SoftMax Pro 4.8. Serum
concentrations of anti-Dkk-1 humanized antibody in unknown samples were interpolated

from this standard curve.
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Anti-drug antibody (ADA) assay

Presence of anti-drug antibodies (ADA) against huMabJC18 in rat and monkey
was measured with a bridging ligand binding assay (LBA) using the Meso Scale
Discovery (MSD) platform (Gaithersburg, MD). Serum samples (25 ul) diluted 1:10 with
assay diluent (3% BSA, 0.05% Tween 20, PBS) were added to a 96-well MSD high bind
plate that was coated with huMabJC18 at 1 pg/ml in pH 9.6 carbonate buffer. After
incubating for 1 hour at room temperature, the plate was washed and 25 pl of ruthenium
labeled huMabJC18 was added to each well at 1 ug/ml and incubated again for 1 hour
at room temperature. The plate was washed and following addition of 150 pl of MSD
read buffer (2x), the plate was read on a MSD Sector Imager 6000.

Non-compartmental pharmacokinetic analysis

Pharmacokinetic analysis was performed using the WinNonLin Enterprise Edition
computer software, Version 5.2 (Pharsight Corp., Cary, NC). The terminal phase rate
constant (ke) was determined by linear regression of the log plasma concentration time
profile. The terminal elimination half-life (t;-) was calculated from 0.693/ Kei. Crax, Tmax
and Cp, values were obtained directly from recorded data. Area under the serum-
concentration time curve (AUCo.1ast) Was calculated using the linear trapezoidal rule and
extrapolated to infinity (AUCq.ir) using k.. Clearance (CL) was calculated using the
relationship dose/AUCq.inr. Volume of distribution (Vc) was calculated using the
relationship ClL/k,. Cave was calculated as AUC(ist dosing intervay /tlast of 1st dosing
interval.

In the Dkk-1 kinetic study in rats, the elimination half-life value quoted for h-Dkk-1
was a mean of the half-life values determined at 5, 10 and 100ug/kg dose levels.
Insufficient data points were available to calculate an elimination half-life value at the
1ug/kg dose level. For r-Dkk-1 the elimination half-life was calculated from a naive pool
analysis of the 3 rats at 100ug/kg, which was the only dose administered.
Pharmacokinetic/ pharmacodynamic analysis

A preliminary non-compartmental analysis (Jusko, 1992) of individual rat and
monkey antibody concentration versus time data was conducted, revealing non-linear
pharmacokinetics of the antibody. A mechanistic target-mediated drug disposition
model (Mager and Jusko, 2001) was used to describe the PK/PD profile of huMabJC18
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Modgl Modelad miibg (B HUEAS. 18 TIME® —D*TIME +DKKO where A, B, C and D are
constants determined from vehicle data and fixed in the model and DkkO is equal to the
concentration of Dkk-1 pre-dose (t = 0 hr.) This was implemented in the $ERROR block
in NONMEM with an additive effect of drug.

Variability in Dkk-1 response in the vehicle rats was characterized using a simple

15 cosine function: F= Baseline + Amplitude*Cos((Time-Peak Time)*(2*1/24))
(Chakraborty et al. (1999) J Pharmacokinet Biopharm 27:23-43) with a multiplicative
effect of drug.

The goodness-of-fit was assessed from the precision of the parameter estimates

and correlation matrix of the parameters provided by the $COV subroutine in NONMEM,

20 visual inspection for a random spread of weighted residual against time and predicted

concentrations, together with visual inspection of the individual subject predicted versus
actual concentration-time plots for a lack of systematic bias at any points in time.

Simulations of Dkk-1 and huMabJC18 concentrations in osteoporosis patients

were performed using the TMDD model in Berkeley-Madonna (v8.3.9, University of

25 California, Berkeley, CA). The parameters used in the human simulations are shown in

Table 14. PK, target and complex parameters were scaled from rat and monkey to

human via the principles of allometry using a simple power model of the form: Y= a

BWP”, where Y is the parameter of interest, BW is the body weight, a is the allometric co-

efficient and b is the allometric exponent. For scaling of half-life b was assumed to equal

30 0.25, for the elimination and absorption rate constants (ke and ke) b was assumed to

equal -0.25 and for volume of distribution b was assumed to equal 1 (Wang et al., 2008).

Estimates of the predicted clinical starting dose derived from these three

approaches differed by over 5 orders of magnitude. The highest starting dose was
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derived from the NOAEL calculation (1mg/kg). The lowest starting dose was derived
from the MABEL calculation which employed the Duff equation (0.00003 mg/kg). The
starting dose derived from the MABEL calculation which employed the TMDD model fell
near the middle of this range (0.03 mg/kg).

BlAcore Data

A summary of the in vitro Dkk-1 binding kinetics of huMabJC18 versus human,
mouse, rat and monkey Dkk-1 determined with BlAcore surface binding technology are
shown in Table 8. HuMabJC18 binds human, mouse and rat Dkk-1 with high affinity (Ky
< 2pM, <30pM and <100pM, respectively). In most cases, on rates (k.,) were too fast
and off rates (ko.s) were too slow to be measured precisely by the BlAcore
instrumentation. HuMabJC18 also binds to cynomolgous monkey Dkk-1, although a Ky
could not be determined due to impurity of the Dkk-1 sample.

Table 8: In vitro Dkk-1 binding kinetics of huMabJC18

Dkk-1 kon (1/Ms) ko (1/s) T2 (hr) Ky (nM)

species

Human > 1.3e6° < 2.0e -6° > 96.27 <0.002

Mouse > 1.3e6° <3.9e -5 > 4.94 <0.03
Rat > 1.3e6° 2.1e -4 0.92 <0.1

Monkey c < 6.0e -5 >5 d

@onrate is too fast to measure precisely
b offrate is too slow to measure precisely
¢ onrate could not be determined due to mass transport limitation and impure sample

9 not determined

Dkk-1 Expression in Pre-menopausal, Post-menopausal, Osteopenic and Osteoporotic
Women

The concentrations of Dkk-1 in serum samples from pre-menopausal (n = 50),
post-menopausal (n = 50), osteopenic (n = 50) and osteoporotic (n = 50) women are
shown in Table 9. There was no significant difference in Dkk-1 concentrations between
pre- and post-menopausal women in the sample set tested, suggesting that age does
not affect Dkk-1 concentrations. There was a significant difference (p<0.01) between

'nab (day-1) 0.278 3.52 0.051 1.54 tv2mAb (day)a 2.5 Derived
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Dkk-1 levels in pre-menopausal women (mean 2.2ng/ml) compared to samples from
osteopenic women (T score -2.2, mean Dkk-1 9.0ng/ml) and osteoporotic women (T-
score -3.0, mean Dkk-1 10.5ng/ml). These values were included in the PK/PD model to
predict efficacious dose of huMabJC18 in osteoporotic women.

Table 9: Dkk-1 concentrations in pre-menopausal, post-menopausal,
osteopenic and osteoporotic female subjects

Subject N Age T-Score® Serum Dkk-1  P-value
(ng/ml)
Pre- 50 33.3+13 >-1.0 22122 -
menopausal
Post- 50 547 +4.4 >-1.0 29143 0.35
menopausal
Osteopenic 50 61.3+£10.6 -22+05 9.0+4.3 <0.01
Osteoporotic 50 67477 -3.0+£0.5 106 £6.5 <0.01

& A normal T-score is >-1.0, osteopenia is defined as a T-score of <-1.0 and >-2.5,
osteoporosis is defined as a T-score of -2.5 or lower.

Dkk-1 Target Kinetics in Rat:

V5-His tagged human (h-) Dkk-1 and rat (r-) Dkk-1 were administered to male
Sprague-Dawley rats by intravenous bolus administration at 1, 5, 10 and 100ug/kg (h-
Dkk-1) or 100ug/kg (r-Dkk-1). h-Dkk-1 kinetics were linear over the dose range tested.
The mean elimination half-life was 22.3 + 6.4 min for h-Dkk-1 (Figure 6) and 34 min for
r-Dkk-1.

Rat Pharmacokinetics and Pharmacodynamics

The mean free/partially free huMabJC18 concentration versus time profiles
following weekly intravenous administration to female Sprague-Dawley rats are shown
in Figure 7. Non-compartmental pharmacokinetic parameters are shown in Table 10.
The pharmacokinetics of huMabJC18 were non-linear across the dose range with supra-
proportional increases in AUC with dose up to 10mg/kg. This indicates a higher rate of
clearance at the lower doses (0.1 and 1mg/kg) compared with the higher doses (10 and
100mg/kg). At later time points, serum huMabJC18 concentrations in some of the rats
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10  “Values reported as mean * standard deviation
> Tmax = 1 hr for every rat except in 100mg/kg group where Tmax = 3 hr for one rat.
°Cave = AUC 1t dosing intervaly/tlast of 1% dosing interval (not for entire duration of study due
to sparse sampling).
I Cmin = 15" dosing interval (0-168hrs).

15
Mean free Dkk-1 concentrations in the same study are plotted in Figures 8A-8E.
Free Dkk-1 concentrations decreased rapidly following administration of huMabJC18 to
rat. At all but the lowest dose, free Dkk-1 concentrations remained suppressed for the
duration of the study.
20

Cynomolgous Monkey Pharmacokinetics and Pharmacodynamics

Individual free/partially free serum huMabJC18 concentration versus time profiles
in cynomolgous monkeys are shown in Figures 9A and 9B, and non-compartmental
pharmacokinetic parameters of huMabJC18 in cynomolgous monkey are shown in
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Ref erence/ Bosece mAGC bi oaddlCabilityCLYO 75 Ve  Terminal Cmax

(mg/kg) (O-tlast) (0-inf) (mL/day/kg) (L/kg) t1/2 (ng/mL)

(ug.hr/mL) (ug.hr/mL) (day)
0.1 36.4 37.2° 64.6° 46.3° ~1 @ 2.32
1 1720 1810 13.8 413 26,44° 22.3
10 48100 55900 4.56 41.1 12.5 242
100 643000 845000 2.85 32.5 13.3 3040

#n=1 due to AUC(0-inf) >120% AUC(0-tlast).
10  ?Individual t'% values reported due to calculations from different time intervals.

Loss of exposure in the 1 mg/kg group around 14 days and in one monkey in the
10 mg/kg group around 21 days post dose is likely to be due to formation of anti-
huMabJC18 antibodies and these data were removed from the analysis and the plots.

15 However, this could not be confirmed using a qualitative ADA assay.

Mean serum concentrations of free Dkk-1 in the same study in cynomolgous
monkeys are shown in Figures 10A — 10E. Free Dkk-1 concentration decreased rapidly
following dosing of huMabJC18. Duration of Dkk-1 suppression was dose dependent
and returned to baseline at the lower doses. At the highest doses, Dkk-1 remained

20 suppressed for the entire dosing interval.

PK/PD Modeling
A mechanistic TMDD model (Mager and Jusko, 2001) was used to
simultaneously fit free huMabJC18 and free Dkk-1 concentrations over time (Figure 5) in
25 both the monkey and the rat. This model was chosen as it accounts for antibody non-

target specific elimination, target synthesis and turnover, and complex formation and



(Tang et al., 2004) mAb SC absorption rate constant (day-1) 0.5 (Tang et

al ., 2004; Agoramet al., 2007) mAb volunme of distribution (nm/kg) 50 (Tang
et al., 2804p10Agorsam et al ., 2007) Allonetric scaling fPomIBzX10/652d5hmONkey
mAb (non-specific) elimnation rate c_o&g:;bgnt (day-1) 0.03 (Tang et al.,
2004; Hayashi et al., 2007) Allonetric aling fromrat and nonkey Dkk-1

| evel s in osteoporosis patients (ng/m) 10.6 6.5 Dkk-1 half-life (mn) 49

Allometric scaling fromrat and nonkey mAb-Dkk-1 association rate (kon,
nM 1dayelimination. Observed versus predicted PK/PD profiles of huMabJC18 and Dkk-1 in rat

are shown in Figures 7 and 8A-E and in monkey are shown in Figures 9A-B and 10A-E.
Parameter estimates from the TMDD model for rat and monkey are shown in Table 12.

5 Table 12: Estimated PK/PD Parameters in Monkey and Rat
Parameter Estimate CV (%) Estimate CV (%)
from Rat from Monkey
Model Model

V1 mab (L/kg) 0.147 1.74 0.052 2.02

kei man (day™) 0.278 3.52 0.051 1.54
t1/2 man (day)? 2.5 Derived 13.6 Derived

k12 (day™) 1.03 5.82 0.285 2.70

k2 (day™) 0.842 9.73 0.277 1.25

Kon (NnM™ day” 49.4 Fixed 316 Fixed

1)b

kor (day™)? 1.72 Fixed 16.2 Fixed
Ky (pM)© 34.8 Derived 51.3 Derived

Kel target (day™) 93.1 1.05 39 2.18
t1/2 target (Min)? 11 Derived 26 Derived

Kel complex (day™) 9.54 1.75 0.613 1.57
t1/2 compiex (Nr)? 1.74 Derived 26.4 Derived

@Secondary parameter calculated as t;,= 0.693/ky

b kon and ko were determined in a previous run where $COV could not be obtained in

NONMEM. In the final run, k., and ks estimates were fixed to these values and $COV
10  was achieved.

¢ Secondary parameter calculated as Ky= Kor/ Kon

The estimates of volume of distribution (V1) and half-life from the PK/PD model in

rat and monkey are consistent with the pharmacokinetics of an IgG. antibody in rat and

15 monkey (Peppard and Orlans, 1980; Hinton et al., 2004). The estimate of rat in vivo
potency (Ky = 34.8pM) is consistent with the value obtained in vitro in the rat (K,
<100pM, see BlAcore data above). The Dkk-1 half-life estimates (26 min in monkey and
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statistically significant increase in e mneral density (data not

shown). The predicted efficaci ous dose of huMabJCl8 to reduce Dkk-1 by >50%
over the dosing interval is 3.57 /kg}( gi ven once nonthly. The projected
dose hak! Oivit &Y (i) AeterminasciremdaePikin ke aasimiarupdeevaluasedinried ftame the

Ki net i i gh 10wt . -1,
suppreg\g?_ﬁ];s %ggggﬁﬂﬁgﬁc?géﬁ rﬁ%ﬁit@ﬁggégrg}%@ Eae%.( ihge%désa\ﬁdpgdé i'@'lt?é%)%%lvay\’/e
m ni nurseentargepainetichbi sudtigh catbove)f ok MABEL pf Was ddntiden/ (sgtimateds frdasehe s
predicted to transjently reduce Dkk-1 | evels by <20% followed by return to
hasel | FOMBEudob Rontaimssig /Aeiuean i spimplse Yol o toaiviacy JTae s
ef fect. 2 t 18 85PCT/ 1B2010/ 052056 - 146 - These human sinul ations of
Dkksl caonrg\é@r?t rgglt‘%’on are shown in Figure 12 and should be of high value in
dose setting in the clinic. Non- | i near pharmacoki netics of

huMabJCl8 are predi cted across the dose range enconpassi ng MABEL

(0. 03&% é&’?gar%ﬁ'és ’ﬂyfg"@f?pt ed efficacious dose (3.57my/kg). 5 This is due
to TVDD and |haduititd ehhet Dik31, otBeOBlonHIEsSWaRdyihtitated in BRé Aatl $tudy ce
indicate that Dkk-1 is a master regul ator of bone renodeling (D arra et” al.

(2007) ingludmgdstgecaen1eBichda@ Wik establishad biomasken of kone fovpasen nenkbons

hedP: ny ek et SRR Rfne e BREPRGECL o e Ol SisE B, Bate!
el evat esh tHe MEIbORY BoMe DigsaFeLakd isorelees aF Mihoed Métabblidr (RdsBK et oed )
patients with bone lesions (Tian et al., 2003). A sensitivity analysis

showed Rages JPEdit enchdfdn! bsbmsrican arciehpkiRr 1Barm b idines:t Resagreh,
huMab . ol e i N .

15 basePanr i B PLLX PR gtk BBicdnbaRR ieiiyg BYEe 31 1 Hind s Reeks®

requi r gubst dirstetbsean Dké tat Stody laas showe ihdiglire ©f. THeretisuagstatistioallp sigmifidamdown

from prjor §I i nical neasurenents, however the | a(f\rlﬁg?f this jnformation for

DkADL dPoribPaliNeEeass MpFiBREaB SQEEnEALRNs M iiss TMerkaitiRa JBRR-SFOVB A5  n
bot h hegdd iy pSUBIrSCd SR Mt #b 'aﬁahmg@&@r &k d&sd §@r‘ﬁl§§'a‘% 108 seks post

osteoporotic patients) that could be use nore 1n tive dose
predi ctdases at different stages of clinical devel opnent. The anal ysis

showed t hat k-1 | ey wer.e hi gher in. osteopeni c and. ost eopor.oti c nen
(T-score < - 5 SEBWdegtaSQA?tW’ ﬁg@?ggpe\mwgﬁa_l (?eons'&y was Significantly increased in
the rats treated with the huMabJC18 at 10 and 100 mg/kg/week by 11% and 16%,

20 respectively, as compared with vehicle control.

Table 13: Changes in total bone mineral density (BMD) at dista
femurs in female rats treated for six weeks with huMabJC18?

Group Vehicle 0.1 mg 1 mg 10 mg 100 mg

25
BMD 675 +18 677 +22 713 +28 746 +24* 784 + 19**
@ Data are expressed as mean + SE.
*: p<0.05 vs. Venhicle; **: p<0.01 vs. Vehicle.
Female rats were treated with huMabJC18 at various doses weekly for 6 weeks by

30 intravenous injection. BMD was measured at the end of the study.

Human PKPD Simulations



The rate of turnover of target |ligands can vary from m nutes to days which
can have a significant inpact on efficacious dose and even potential of the
target towbeofB3psst urbed for clinical benefit. Sone |i gamdB2thev®20s m | ar

ki netics across species, but for other he turnover is not predictable a
priori. Meno-Tetang et al. (Meno-Tet a'ng nd Lowe (2005) Basic din

Phar macol Toxicol 96:182-192) showed that |IgE turnover rates range from5-8
hr in nmouse to 2.7 days in man_which markedly affected the predictions of

huran ef fectTis TigehgRI et THE) Dekeh (Giguem ) tVar Uyedialsyanipte
(e JE 8y R S AUEBIC18 iy AEry ol i Plericteh dmeBnBde 805 e dBheof o

ant i bodystemsprosied aadory otrer disogiets. tthamwerrepatted destes of ¢g®atarmbow,ast=>K
avai l abl e on Dkk-1 turnover rateE fromthei)\/se ahure an&g‘ﬁtrg?%rg)
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2016/ 13348RRB B 578 i t :
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(hal f - IRKDMazizlisg (T abledr ) e DKar teenduddnr? WHDbsimmul@idnsl) and t hat hunman
and rat forns of Dkk-1 have simlar turnover rates in the rat. The rapid
turnover rate of Dkk-1 was later confirmed by using PK/ PD nodeling to
estimte Dkk-1 fydé-l4t fRaramdtat éstﬁnét@g u&akﬁﬁ%n@ﬁpﬂlwﬂ)fshn@%@@s) C18. PK/PD
Understanding of huMabJCI8 in r nonkey In the rat and nkey
studi gs, huMabJEAfneeterbi t ed noj -I [ neVaquhar rracdkefreeém@éi Seurcehi ghef rates
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11: 81-[88. mp\%‘r‘ﬁj“’é‘@ %ﬂdlst('bem Ali n Pha|59acol e(;raggf 828, 2804, Thi s pat hway
i s satjurated at @nlgkB} doses bedause of the fi m"t\@réﬁb@te@s df th
target|. Upon saturation of the tlarget nedi at ed |fdtometyic scglinatiom5 | gG FcRn
catabdli c cl earance nechani sns pr edoni nat e, whi|loht ghd ewnkeg anti body its
char agt enAbt(honlspagifibpéliminatien MDD i 0.08r e corn@ang @t ap0e4;onal
anti bgdi es gHte@ehs@nd@dyns} profeins expressed |Hairhi efBTICOTYS Wher e
receptfor nedi ated endocytosis rgsults in drug E'AIIBrﬁ@thb%Eahr\‘dP%Nﬁr TMVDD
can allso be observed wi th sol ublle targets: onmal |rét|gﬁ@n%m(egenosurrab are

[N

ant i bqd f Habte—t s |g|: Fregeptgr—20——=acttvator—of—N\fkB

respeqti %K/T‘%ﬁv gégggesiﬁ‘l?@rpg'ﬁon-l i negjr"é‘elq—T i nat|i on kinetics (Hayash| et

al ., 2 : , - Empirigal PK/PD apdels cons{sting
of a AK noddfkk-bNaldiEs (Bl syst efi ¢ dr u§Oconcent|llomgfac SERINGTD yused as a
forcifg function to describe PD| are often not |ABhAOMMQRIKEYS or
char adtreAbzDkig 1 BegBDCciation hatg (ée,, fot acdd2d for [tHemantBlAdersetatency pf 25 PK
and PD. A singlnM4itodgil)descri bing drug PK, tardet dynam cs and thei

i nt er gct ingmo Wk-PURBOGIAtoNYatkBger at @h728mger [angmdnBAacorROdHh J
Phar mgcoki net panrg eqyn 28:507-532). This nodel accounts for spec fic and

non- sgeci yr et mnat of 1 pl | as
provi di ngrh krgltﬁltl gz tgiha?ggunt for tg(r%rg;et dyn%wrﬁ&”?gbgﬁwer casey where

PK nN hn o \E2F bl oo gdl v ool oo o nadal oo ©bhaoaon d t
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provide a direct |ink between dose, exposure and response (Meno-Tetang and
Lowg (2005) Fliﬁtﬁlé‘x rinferfte a4 aﬁmxméugé)bus%sé%démd.cétedethaam%(%@@tuon
Pharm Res 23:95-103.; Wi et al. (2006) J Pharm Sci 95:1258-1268). In this
case thHe DIWE)DW&SOF@FJU\K&@ erseatatlstleallmmraﬂeamstmqrease lrah@meﬁdperahdwa@mta and

e ain ol f S Pl ST okig A PEALRIAnE R i i BRI B o

| evel s. oanahewbém@amer\m i€s3.6Tahgky givenoshdeangsithiyedinat pebjected dose has
phar macoki neti cs of huMabJC18 that were fairly consistent wth typical IgGZ
phar nacHlGeR8iNty. asseciaieanvidth  dusstounserainly aming ‘ih&Hﬁn%tl@SQf)erldr%%QP%@k
40:4683- 0 e
ol 181 nat £09 the T spRsiFkinr Dk NednetePtBh (i The doRel & e et T

of di stdoseupriedictedso e oﬁminatmlantlemjatecabmkbglcm iferd r(MABfElu)nwasrﬂ ®3mgmgnkey
(0. 052L/kg), but hi gher than plaspa volune in rat (0. / . The

61 i okl SHORR I Predcleg o ar S 0Bkr Dk s biabls fetied BY ety fo ¢ a
and 10 2selhe. ANaBRaky0 H0SMIRF (PHOPGY WRASEL [ 9vasTpieuidiRd folnbhie rAdReer der
of magnitude as the elimnation half-life of V5-his tagged h-Dkkl neasured
in the rat (half-llfe =25 mn). The half-life of the huMabJC18- Dkk-1

conpl ex was estinated to be internedi ate between huMabJC18 hal f-I1ife and

Dkk-1 half-life which likely reflects the target mediated clearance
rrechanlsm However , it |s p055| bIe that b| nd| ng of the target to the
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In the rat, increase in biomarkers of bone formation (osteocal cin and bone
m neral density) was observed in addition to decrease in the target
bi omar kerwODRRI0/1B118Fhi s data gave further support to thePaIaBmio/bizhveb]Cl8
for treatnment of skeletal 20 disorders %’-Ch as osteoporosis. Prediction of
human efficaci ous dose and cal cul ati on MABEL For nonocl onal
anti bodies, it is becomng wdely recognized that rational selection of
safe first-in-human doses, on the basis of PK/PD nodeling is essenti al
(see, 2ﬁﬁe§ed1umarhélrwma§@n%pﬁ%ht1 gReantration aneishpwat indrigulsol 2 @Qdéﬁ@U'd be
gui danc t. blications). A new paraneter, m ninmm
anti ci pogtheﬂpglglg 6.5”'%@%?%% t@?bttﬁe CIIIJ]:)H( MABEL) i nvol ves extrapol ati on of
observed pr e*¢d>m-nnea1 prPJﬂrI%laodalmeacs of auMabdal1 8parediretiictad acrosbehdalose rahga
PK/ PD nodel i ng apprt MABEL has been suggested for consideration in
adi CAcog s TR Miek 8 GATGG) [veine, REBBEIES RTIGaSgR ferd (3 S Mafka). 3o
@k&-rm‘ M8l i& sEEwh S ERRBEYIaCS i n recent European regul atory
gw ance %I‘:él\/%x 2007[3 &BA '[slﬁnvg on Zq%at egies to identify and niti gate
risks for first-in-human clinical trials with investigational nedicinal

pr oduct London). WD 2010/ 131185PCT/ 1B2010/ 052056 - 149 -
To predfq{)ge %&%%/EAEFH@ ous dose of huMabJC18, the mechani stic TMDD nodel

used for fithaadntrhigehd@ehiethaaDkRAt®B 4 Hwarsf’ér r@@drar@rrufﬁobﬁ@aﬁena&@émg Didrra
human PK/ PD sinul ations. Literature reEorte val ues of 1g& antib

phar macaslal n@QOZ) plat Med @85 Sontwd)t andyPkkrielasalivg)levels @re@wrmmawly % times

nall e988nel nPbleAot B, dbPBHRRRBl ORI BBy i orRhB i e

vaI ues Houseldsta) DRkt levass ﬁaveeriottseeieémm S b8 SHORItEd lirPBoAd thah SR Pragtha on
rates of the conplex (k" and koff) in the nodel. A sensitivity anal éSIS was

per f or s peripherahblordal mulkplewnyalonsepatignts cywth hers lesienss(Tden 6f Al
di ct k-
or e oLt Aol DRed TR e Pl BB S SO gof ! D EILpiefoce
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t he _huNabJC18- nmpl ex is faster than the off te fromthe rec or.
I n 1§u0%a Hae Dﬁf? }%Yefsy the.Otpater Bie %Q@ﬁ@tr@HOE%@PHQ&)&V ERUEd; torrery Eﬂ(tk
avoi dedy ¥eapaEXicl|RarRebi e &F r@ﬁér?Rﬁoﬂﬁ%eﬁldr%llﬁﬁfépln?éasfur%ents

osteoporotrc 15 patients (see results sectl were used I n
si mul athayvaver Dkike- 1A chvesf tlms;urmfednat]omaﬁore Dkks1 qemptad restamshmeet |orﬁ neferance

d f Dkk-,1, ha
SR GPngbs Jol i Mt T tewds MhehShr hedi Sl A0 pefivd’ Sapgton
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not ed that because Dkk-1 is a rarcg turned over antigen, overal
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nonana (¥ Bl idhelTn RFFondhl B BB bFomen, (acd8s” Sl corpRdetlwh S

day- 1) Haaltalylworeeni c scaling of the conplex half-life which was estinmated
by the m)nk_y PK/ PD nodel . A shorter conplex half-life in humans woul d be
predi cted by hg raiﬁ@frtum%/@arqfﬁgrwr “Qﬁ@d%&ﬁﬁl\@w Aranp minpteselor days é’(ﬂ“%}/(’@’he

ran PRIERSS JBRbfom ricAcRRRSISLY Y 891 ViR RALT AR oY

Dkk-1 suppress erefore dose) was not sensitive nge i n
copl experairbed iféreclmiczdibenetit. fSarne tigandehave srmnIdrelynetlcs acro8s ispeciespeuf ioent s

in OVX del of t | b I d
appr oxiTEE! [TesBINPERILE: homPIoH SRRE15 IRPBE S1GHR TR P s Mt Tatang and
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shown). Therefore, dose predictions for CI8 were nade on the basis
that DWRNge [fionel5s8 hednlatuse He2. Zwmseesne@h wnckﬁowkediynarﬁ‘as@dr the wedictiohe
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per month. By sinulation, the dose predicted to give mninal effect (MABEL)

I N hundpkk- @hzadf%fe ddilica .hrghqrrrnmkemessSofoarrimﬁagwgqum|at Aigher target turn- over
phar maggidd %%‘ﬁﬁk%ﬁtrﬁﬁ P\%é:ta%llé@e; Or[‘glhl i ¢ %rrﬁie‘? ratdg ¥t thd

exhi bi trng er clearance an er h T fe at ower 3oses
TNDD. therefore experiments were completed in-house using V5-his tagged human and rat



5An alternative approach to predicting human pharmacol ogy is to predict
maxi mal receptor occupancy (RO wusing a formula based on equilibriumdrug
i nteract iwo 2btveciss RO(% = [ mAb] Kd + [mAbl i X100 (Fi garaBiod)/oq2Des f
(2006) Expert Scientific Goup on PhasF470ne Clinical Trials: Final Report,
in, Department of Health, UK London)) . 'Estimati on of RO using this method
10 relies on Kd al one and does not take into account target or mAb-target
conmpl ex_ki netics. Dkk-1 has been_shown to have a high turnover rate and,

bi ndi ndPlif-1 Miken inyavanoslyarerathdngee axperimants jirdicated: that fikgkhadTamigh
onder . iARSEr BRI BRI 3200 Ry ATR] SAHCAANE bk B0 TBAG OA iRhen
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equi || BN IAIPECRRITTRG bk Uaino B BimBTe s ShgANGE ke bREe in rats
meckani Ry ﬁ%&f B e$1gan ED50 of 0.01ng/ kg (Figure 14). Use of
the%eq aﬁdl bPﬁEén%/ cu J<!;\1,tt{g'2]trltj couI d result in the selection of doses that are
too lowin the clinic and del ay the progression of a first-in-human study.

At the n rat 20 and nonkey (100 ng/ kg)
isin fm@f%ﬁiﬁ?d’f’ PF&E;Z‘}IK%%’ 632@?%61% ©¥f target to antibody which
woul d not baneg@n&ggabér@ f FhoRk&y 1 ditidies) | Wu‘l\ﬂ’ébm@t igxhiiese edhlimebes.
A PK/ PD nodel based gdgr oach to BEL dose cal cul ations was concl uded to be
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WO 2010/ 131185PCT/ 1B2010/ 052056 - 152 - becone apparent to those skilled in
the art fromthe foregoi ng description and fall within the scope of the
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organi zational purposes only and are nfi 0 be construed as limting the
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Mean Dkk-1 baseline concentrations measured in samples from osteoporotic

15  patients (see results section) were used in the simulations. Dkk-1 was assumed to have
a slower turnover rate in human compared with monkey or rat. Therefore, the human
Dkk-1 half-life was calculated using allometric scaling of monkey and rat half-life values.
This gave an estimated half-life of Dkk-1 in humans of 49 min. It should be noted that
because Dkk-1 is a rapidly turned over antigen, overall suppression of Dkk-1, and

20 therefore dose, is highly sensitive to the Dkk-1 half-life value used in the simulations.

The half-life of the huMabJC18-Dkk-1 complex in humans was predicted to be
2.3 days (kel = 0.3 day-1) by allometric scaling of the complex half-life which was
estimated by the monkey PK/PD model. A shorter complex half-life in humans would be
predicted by allometric scaling of the complex half-life estimated by the rat PK/PD

25 modeling. However, a sensitivity analysis was performed and Dkk-1 suppression (and
therefore dose) was not sensitive to the change in complex half-life predicted from rat
versus monkey.

Prior experiments in OVX mice, a model of postmenopausal bone loss, indicated
that approximately 50% reduction in Dkk-1 levels was associated with a statistically

30 significant increase in bone mineral density (data not shown). Therefore, dose
predictions for huMabJC18 were made on the basis that Dkk-1 levels needed to be
suppressed by >50% from baseline over the dosing interval (1 month). Under this remit
and with assumptions stated above, the predicted efficacious dose of huMabJC18 was
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3.57mg/kg given subcutaneously once per month. By simulation, the dose predicted to
give minimal effect (MABEL) in humans (<20% reduction in Dkk-1) is 0.03mg/kg. Non-
linear pharmacokinetics are predicted in the clinic (Fig 13), with huMabJC18 exhibiting a
higher clearance and shorter half-life at lower doses due to TMDD.

An alternative approach to predicting human pharmacology is to predict maximal
receptor occupancy (RO) using a formula based on equilibrium-drug interaction theory:

[mAb]

RO(%) =—1—
O = Tman]”

100

(Figure 14, (Duff (2006) Expert Scientific Group on Phase One Clinical Trials: Final
Report, in, Department of Health, UK, London)). Estimation of RO using this method
relies on Kd alone and does not take into account target or mAb-target complex kinetics.
Dkk-1 has been shown to have a high turnover rate and, binding of Dkk-1 by
huMabJC18 changes the kinetics of the target (TMDD). Under these conditions, RO is
often not predictable by pharmacological equilibrium approaches and simple K, based
RO calculations have been shown to substantially over predict RO at a particular dose
(Agoram (2009) Br J Clin Pharmacol 67:153-160). For Dkk-1, RO calculated using the
equilibrium formula estimates an EDsg of 0.00001mg/kg, while the mechanistic PK/PD
model estimates an EDsy of 0.01mg/kg (Figure 14). Use of the equilibrium calculation
could result in the selection of doses that are too low in the clinic and delay the
progression of a first-in-human study. At the other extreme, the observed NOAEL in rat
and monkey (100 mg/kg) is in excess of that required for 100% binding of target to
antibody which would not be recommendable for providing clinical starting dose
estimates. A PK/PD model based approach to MABEL dose calculations was concluded
to be more likely to be predictive for Dkk-1 and ensure the safety and efficiency of
clinical studies.

The observed NOAEL (100 mg/kg) is in excess of that required for 100% binding
of Dkk-1 to antibody. At the other extreme, the MABEL calculated according to the Duff
equation is likely a severe underestimation due to lack of consideration of the rapid
turnover of Dkk-1. As such, these methods are not acceptable approaches to setting the
starting clinical dose in this instance. In contrast, the TMDD model provided excellent
characterization of the preclinical data which indicated the role of target turnover in
determining % binding of Dkk-1. Therefore, the MABEL estimate derived from the
TMDD model (0.03 mg/kg) will ensure both the safety and efficiency of FIH studies.
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In conclusion, huMabJC18 is a humanized prototype anti-Dkk-1 antibody for the
treatment of osteoporosis, among other disorders. A mechanistic TMDD model was
used to characterize huMabJC18 versus Dkk-1 concentration response relationship in
rat and monkey. This model was translated to human to predict efficacious dose and
MABEL by incorporating information on target expression and turnover rates. These
parameters were found to have more impact on the dose response relationship than
affinity for this mechanism.

Deposit Information

Applicants have deposited the heavy and light chain variable regions of the
antibody designated as huMAbJC18 herein with the American Type Culture Collection
(ATCC) Manassas, VA 20110-2209 U.S.A. As noted in the foregoing the huMabJC18
HC variable region was deposited on March 19, 2009, and was assigned ATCC Deposit
No. PTA-9835, and the huMabJC18 LC variable region was deposited on March 19,
2009, and was assigned ATCC Deposit No. PTA-9836. These deposits were made
under the provisions of the Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations
thereunder (Budapest Treaty). These deposits will be maintained without restriction in
the ATCC depository for a period of 30 years, or 5 years after the most recent request,
or for the effective life of the patent, whichever is longer, and will be replaced if the
deposits become non-viable during that period. Availability of the deposited materials is
not to be construed as a license to practice any aspects of the present disclosure in
contravention of the rights granted under the authority of any government in accordance
with its patent laws. The foregoing written specification is considered to be sufficient to
enable one skilled in the art to practice all aspects of the present disclosure. The
present disclosure is not to be limited in scope by the materials deposited since the
deposited embodiment is intended as a single illustration of certain aspects of the
disclosure and any constructs that are functionally equivalent are within the scope of
this disclosure. The deposit of material herein does not constitute an admission that the
written description herein is inadequate to enable the practice of any aspect of the
disclosure, including the best mode thereof, nor is it to be construed as limiting the
scope of the claims to the specific illustrations that it represents. Indeed, various
modifications of the disclosure in addition to those shown and described herein will
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become apparent to those skilled in the art from the foregoing description and fall within
the scope of the appendant claims.

The section headings used herein are for organizational purposes only and are
not to be construed as limiting the described subject matter in any way. It will be
appreciated that there is an implied "about" prior to the temperatures, concentrations,
times, etc discussed in the present teachings, such that slight and insubstantial
deviations are within the scope of the present teachings herein. In this application, the
use of the singular includes the plural unless specifically stated otherwise. Also, the use
of "comprise", "comprises”, "comprising”, "contain", "contains", "containing", "include",
"includes”, and "including" are not intended to be limiting. It is to be understood that both
the foregoing general description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention.

All references cited herein, including patents, patent applications, papers, text
books, and the like, and the references cited therein, to the extent that they are not
already, are hereby incorporated by reference in their entirety. In the event that one or
more of the incorporated literature and similar materials differs from or contradicts this
application, including but not limited to defined terms, term usage, described techniques,
or the like, this application controls.
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CLAIMS
What is claimed is:
1. An isolated antibody or immunologically functional fragment thereof, which

specifically binds a Dickkopf 1 (Dkk-1) polypeptide and comprises an antigen binding
region that binds the same epitope on Dkk-1 as monoclonal antibody JC18.

2. An isolated antibody which specifically binds to Dkk-1 comprising a heavy
chain variable region (VH) complementary determining region one (CDR1) comprising
the amino acid sequence shown in SEQ ID NO: 30, 49 or 50, a VH CDR2 comprising
the amino acid sequence shown in SEQ ID NO: 32 or 51, and/or VH CDR3 comprising
the amino acid sequence shown in SEQ ID NO: 34 or 52, or a variant thereof comprising
one or more conservative amino acid substitutions in VH CDR1, VH CDR2, and/or VH
CDRS.

3. The antibody of claim 2, further comprising a light chain variable region
(VL) CDR1 comprising the amino acid sequence shown in SEQ ID NO: 22, a VL CDR2
comprising the amino acid sequence shown in SEQ ID NO: 24, and a VL CDR3
comprising the amino acid sequence shown in SEQ ID NO: 26.

4. The antibody of claim 3, wherein the heavy chain variable region
comprises the amino acid sequence shown in SEQ ID NO: 28 and the light chain
variable region comprises the amino acid sequence shown in SEQ ID NO: 20.

5. The antibody of claim 4, wherein said antibody comprises a light chain
comprising the amino acid sequence shown in SEQ ID NO: 42 or 38 and a heavy chain
comprising the amino acid sequence shown in SEQ ID NO: 40 or 36, with or without the
C-terminal lysine of SEQ ID NO: 40 or 36.

6. An isolated antibody which specifically binds to Dkk-1 comprising a light
chain variable region (VL) complementary determining region one (CDR1) comprising
the amino acid sequence shown in SEQ ID NO: 22, a VL CDR2 comprising the amino
acid sequence shown in SEQ ID NO: 24, and/or VL CDR3 comprising the amino acid
sequence shown in SEQ ID NO: 26, or a variant thereof comprising one or more
conservative amino acid substitutions in VL CDR1, VH CDR2, and/or VL CDRS3.

7. A nucleic acid comprising a sequence that encodes the VH CDR1, VH
CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3 of the antibody or

immunologically active fragment of claim 3.
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8. A nucleic acid comprising a sequence that encodes the VH, the VL, or
both the VH and the VL of the antibody or immunologically active fragment of claim 4.

9. A nucleic acid comprising a sequence that encodes the light chain, the
heavy chain, or both the light chain and the heavy chain of the antibody or
immunologically active fragment of claim 5.

10. A nucleic acid comprising a sequence that encodes the VL CDR1, VL
CDR2, and/or VL CDR3 of the antibody or immunologically active fragment of claim 6.

11.  An expression vector comprising the nucleic acid of any one of claims 7-
10.

12. Anisolated cell comprising the expression vector of claim 11.

13. A method of producing an antibody or an immunologically active fragment
thereof comprising the step of culturing a cell according to claim 12.

14. A composition comprising the antibody or fragment of any of claims 1-6
and a pharmaceutically acceptable excipient, diluent or carrier.

15. A method of treating or preventing a loss of bone mass comprising
administering to a patient in need thereof an effective amount of the antibody or
fragment of any of claims 1-6.

16. The method of claim 15 wherein said patient is selected from patients who
suffer from osteoporosis, osteopenia, Paget’s Disease, periodontitis, rheumatoid
arthritis, and bone loss due to immobilization.

17. A method of inducing increased bone mass comprising administering to a
patient in need thereof an effective amount of the antibody or fragment of any of claims
1-6.

18. A method of inducing Wnt activity comprising administering to a patient in

need thereof an effective amount of the antibody or fragment of any of claims 1-6.



