-1- DKK-1 Anti bodies The present invention relates to human

engi neered anti bodi es against DKK-1 and their use in treating diseases in
whi ch patwogenedisoi s nedi ated by DKK-1. Di ckkopf-1 (DkleeTjuseeomsomaber of
t he di ckkopf fam |y of proteins that have been 5shown to be negative

regul ators of the canonical Wht-signaling pathway. The pathway plays a
central role in bone devel opnent and formation. Dkk-1 inhibits Wit
signaling through its interaction with the Wit co-receptor LRP5 or LRP6 and
t he krenmen proteins. Dkk-1 prevents nembers of the Wit pat hway from
interacting with either LRP5 or LRP6, thus preventing Wit-nedi ated signal
transduction. DKK1 has al so been BK&ahAntbbodieslOi nvol ved in bone

g'g}[‘ 2?}_}2‘%2523 ﬁ?g%g)ge%?qt Ian’(e:]ilt onlrglgtes% huan engg}{eere% an%\b%dleggisagmsg%f n?n dr gkni‘l 1
have been dthsmnsebedez(tfngﬂlseasamlvﬁylclq&ﬁlog‘ﬁﬁﬁi@&ﬁﬂm&bby bRiever , there |s

still a need for human, engi.ne nti bo t

Thhi bi ¢ e i nt dYSOEPBh g Bt TR ReE e TERBo e R Do " 5vi ew
of the invahsenenbe wkatbi¢keguldtsrs bhie caghicalt W arsig@hliBopuehwayt mat patiwayg here is a
need for th apeut i umgn engi neered anti - Dkk- odies for.use in bone
heal i ng. BN roﬁa%ﬁe etslpget o fumpion %P&mfﬁﬁs 8Pyt here is a
need for hwaﬁ)ﬂglenginfw@ﬁeldwamuemkkrob radthicp AP & Sr LRP6 irfd&ﬁé kiBfle € BOGRILS,
including multip oma, breast and non-small  cel Iungéﬁgncers 20The

ant i bodi es Bk H@Vﬁ}t%%leﬁm piiBRH IS Rathy &y Er%ﬂfaiféﬁtngdwm cjtherd d¥higior BRR

antagon'StSh&ﬁﬁ@ﬁ%ﬁh§@h@nﬁ@ﬁk@%g&ﬂUQQQh&ﬁQ|?ﬁﬁ(pﬂﬁﬁkb%&msﬁ@@nﬂﬂ&ﬁent human
engi neered anti bodies exhibit high affinity ili to human DKK-1, cynonol gus
c

DKK- 1, tht ipkeved in hpipsiactipagizng oamrSp aﬁblﬂtng mglpMpJyupasscapfinanite pr esent
i nvent i on qg&ﬁ%mgggm;an@@gy§Béy%alﬂm%Qhkkpn of al kaline phosphatase, a

mar ker of osteoblast activit Furthernore, 25antibodies of the present
i nvention exhi biAntiypdipribat Mﬁlb@ﬁ@eﬂatéﬂﬂ@ﬁémtVwamkbﬁﬁh anterior and

posteri or C@Uzbms%ﬁ%%g%{}&'tﬁ&k S48 8Gked {Z&r }é‘fg?/aﬁetﬁ}&qﬁhlaﬁ‘ ﬁ‘ﬁ&{%t €

significant gro I't1on of non-sma ng xen s I'n vivo.
The presentmmmuﬁﬂmh@wam¢Mnuhem&thnmnf@HgﬂM@bﬂ@&SBmKLKPanhwhddymon

ant | gen;s bi r}gvlvrol hf ra nttg q %n%ftl)%qleq‘trma o rI gssﬁﬁ‘d" po5.0 X
10- 1M For Matan 6™ BRR ™ SRR T R &S D Ko

30), rat DktkerdpcuSEQuhIN dMN@inedt] antnﬁklbe aﬁ)hﬂédibs (cﬁ%lﬁ@ mmohﬂleaﬂﬁg Inadditioigbbi t
DKK-1 (SEQ I.D NO . 32). -2- The present tion provides. a human
engt necr oq B3GR VBB OHP ! i Sty T denrd PR BaSrenBhEFe e Comt has
the am no sekieatibodis HIr@edtiagNeichss, in€lRAg htvkipld@y domi dr&ece neesoill SEQ | D
NG 47, LCDR3 s the am no sequence of SEQ ID NO 49, HCDRlL has the am no
sequence oﬁmggﬁaqgﬁWﬁ'l HCDR2 has the amino 5 sequence of SEQ ID NO 2, and

HCDR3 hzs the anmihpan$Rdsbee Pifes&Eﬁvb@ow@fe%erapeutlcallyl'l@&umleﬁqnt i nvention
al so provides a pharmaceutica osjtion conprising the human englneered

DKK- 1 ant i FO¢RBOBIFE AASPYER 2BMREFT R df:%lrablﬁ@rﬂpeltt%r@erpreﬁnttmeabP%@%e i nvent i on
and a phar nggutiéscahibit namGeRtighke) dufdaf DK | §8Hholc® DEKCI, Pit KK -1,

mouse DKK-1, and rabbit DKK-1. Antibodies of the present invention block DKK-1-
mediated inhibition of alkaline phosphatase, a marker of osteoblast activity. Furthermore,
25 antibodies of the present invention exhibit an increase in bone mass density at both
anterior and posterior cortices in a cortical defect in vivo model and demonstrate
significant growth inhibition of non-small cell lung xenografts in vivo.
The present invention provides a human engineered DKK-1 antibody or antigen-
binding fragment thereof that has a Kd at 37°C of less than 5.0 X 10" M for human
30 DKK-1(SEQ ID NO: 29), cynomolgus DKK-1 (SEQ ID NO: 30), rat Dkk-1 (SEQ ID
NO: 31), mouse DKK-1 (SEQ ID NO: 33), and rabbit DKK-1 (SEQ ID NO: 32).



The present invention provides a nethod of healing bone conprising 10

adm ni stering a human engi neered DKK-1 anti body or antigen binding fragnment
t her eof oWothw/present invention. The present inventi onPardAs2@008i0des a

nmet hod of treating cancer conprising admnistering a hunman engi neered DKK-1
anti body or antigen binding fragnent thereof of the present invention,
wherein the cancer is selected fromthe group consisting of nultiple

nyel oma, breast cancer and non-small cell |ung cancer. 15The present

i nvention provides a human engi neered DKK-1 anti body or antigen- binding
fragment thereof as described herein, wherein the antibody has a Kd of |ess
than 1.5 X 10- 1Iﬂ\lﬂefpmsemmvamidnlﬁh(@ﬂde(sSm@nhmerl@ee@@)DKMraeti@dEfoeahintliylg t he

present inv ineere
Pt con- bi nRleR P BEONL 155, RUDRD A DRGSR L FRHPRES. SERR2 05 | o
than 1.0 X th@aﬂﬂnMsé@mnd@mfﬁEQDKK\I@ 4QSEQD]2@hdsmad\m1nage)querﬁmof REQ Ilpr ef erred,

ant 1 Gon bi MAPHg. AT BORSRL 0% REPBaroL Iey ST TSt by SRt Bka ot 1 ess

than 5. 05 X stGuch2dbffSHQ NG, BKKHEDRSER thDaGlo sB@)encd\derEQOIﬂJeNer%bl y, the

present inventi rovi des human n ed DKK-1 anti body )

ant i gen- bi ndi ng%ﬁgfﬁgﬁfn@ﬁg}n&ﬁ? %ﬁc&s &Phafﬁﬁ&e‘l&ﬁ% CB‘BB@P“P?&@‘&‘W@“%@FV\B% 0.5
X 10- 12M anghndan2ngindde 3R E 104ntiB&Iy U+ ARkt Bifndln 2R chDh&¥6df of e préswiitt her
preferred, the present invention provides hunman engi neered DKK-1 anti body

or anti gen-BYSHEPH K4 RIGHRIFEUHRBY %Fpta%%%r%?rndlme drFBEdy has a Kd bet ween
1.0 X 10- 12M andrpd pfeseht iedddM fréfiddd Wimmn Jdthdalia Sb&d danfyking9) - The Kd

val ues are est abl i shed by a bi ndi ng equilibriumat 37C as described in

Exanpl el® @@weem%%@manm%?ﬁr?dola Brsantippdieraatices bindingnragamgniibeeeld DKK- 1

anti body Orofﬁlﬁ%rgs%ﬂﬁméﬁ@lb@%ﬁerﬁ&@ﬁ%vehﬁ&{ Q&T pré%d&%ﬁéth&?&h&@ﬂi@ dncepherein
the anti body has a Kd of |ess ‘than 5. for human DKK-1 (SEQ | D NO

29), cynommlsmp(drmln(seeega@umﬁ@mee@@PKKﬁ étantm@@ly or 4SEE bipdiNg:  31), nouse
DKK-1 (SEQ erably,
the pr esentﬁ%nn\l;u’gntth?%%lf Ogr o&)r%fggtq uerl}gi)&r?{(g&llall(eﬁg% &@ %%2 T& o f o@yg{o%

ant i gen- bi nainsigfinfzrodigrmaisipiic mpdomafbreagitvenei and tva-santlicblbtimg haEela Kd of I|ess

DS B¢ 10, A T 0 152

r abbi t DKK- Hin i dnidnNGere829s. defewibt disareip)rvelfoedin éld anitllfmely presabf lessbat | on

d h d - i f t
Phereof . ey &1 1 ¢ MaoaRETBaty < HASPR RA 2 o O A BY PR Th For hurman
DKK- 1 ( SEQ ihl2nNoh pr2)9i)des llitalﬁanlﬁﬁgméerécﬁﬁﬁ(l- [hﬂﬂ@)dﬁdr)ann@ﬂ%mﬂm@ﬁagﬂ@& 1 (SEQID

NO 33). ef er abl h o i des

engi neer ed %?Rgiw Heing “E}‘? F%@ﬁﬁﬁsmﬁ%gs?{ Or %?%ng%gpel n the
anti body hap NOKZQD)bEtu\ﬂEé@ﬁreler@d%hé—@regelaMna&ﬂloﬁ pﬁbv?ﬁeg-ﬁurﬂé]d\én@%ermlﬂﬁﬂ( DKK- 1
(SEQ ID NO 29), cynonol gus DKK-1 SEQ | D NO
31), nouse PRROdY qrapgepBinge fgag)nenfalh%rw wb?r?mwnfﬂqusé@ﬂ ﬂsd fesggn  Fyr t her
preferred, 4H& present KK ANSBOAW NESINUNBR: R8I PR freldit- 1 15ant i body
or antigen-binding fragnent thereof, wherein the anti body has a Kd between

1.5 X 10- 11iyesen grogidss huapeneinesrechilknl oxdRody qraptpanehingmie agment at  Dkk- 1
(SEQ I'D NGO 1,345, wﬁé}&n%%b%a}akﬁ%%e% b@x 3P M e K& val pes; are

establ i shed by a bi ndi ng equli’l 1 brium at as described in Exanple 2. Mre
pr ef er ab y, hunta DisleddhE |IH\}@?»t2i9an1pﬁlewré@§efh theunresantenginAeepredidekK- 1 20

The. am no. aa e BT e e i o
aci dbsgquermmb@ﬁy @E@Hd[beN@en_I 026 80 Whve aral In0 Knl® hMrfalrhtmmngiﬁéfle(aEQKK 1

3.0 X
S0 Lo L or NN IRR RY UHhed LSRRI o NS RS Phc iR 5

rat Dkk-1 (lSE@pIIdZBNO 31), nouse DKK-l 25 (SEQ I D NO 33), and rabbit DKK-1

(SEQ I D 32) .. Further prefe resent in vi des a human
bngrneaiba. ki, Ta R aEdy BHFE Fh R il PR e TR R ap sV eb e Tsi g a
LCVR conpr i sitineh-bihding fragitend dictbos axgieedtibed béreibFkhdrén M@ ahdb@in thasa KCWR

conprising the a Gi ue 12 a e human
engi neer ed R (ﬂgi@oc@f@r q‘&ﬁ?%ﬂﬁ%?ﬁgﬂhﬁlwgb Oﬁiﬁﬁ% Rﬁ]é a Kd of

|l ess than 2.5 30 X 10-11M for human DKK-1 (SEQ ID NGO 29), cynonol gus DKK-1
(SEQ ID NGO 30), rat Dkk-1 (SEQ ID NO 31), npuse DKK-1 (SEQ ID NO 33),
and rabbit DKK-1 (SEQ ID NO 32). Mre preferably, the present invention
provi des a human engi neered DKK-1 -4-



anti body or antigen-binding fragnent thereof conprising a LCVR conprising
the am no acid sequence of SEQ ID NO 14 and a HCVR conprising the am no
aci d sequeoce1nfl78EQ | D NO 12 and wherein the human engiPogarsed oDl

anti body or antigen-binding fragnent thereof has a Kd of less than 2.0 X
10-11M for human DKK-1 (SEQ ID NO 5 29), cynonolgus DKK-1 (SEQ ID NGO 30),
rat Dkk-1 (SEQ ID NO 31), nouse DKK-1 (SEQ ID NO 33), and rabbit DKK-1
(SEQ ID NO 32). Further preferred, the present invention provides a hunan
engi neered DKK-1 anti body or antigen-binding fragnment thereof conprising a
LCVR conprising the am no acid sequence of SEQ ID NO 14 and a HCVR

conpri si ng IhsOafi)net Rkk-d (S Ue Ake 3bf MSEQ PEXKNGSEQ2DAYA: 3dhemdrapbithe human

19,15 neeL0 I, NP B 0L ST RIELIS ATRRLhER, "o @

cynonol gus digiedred BE(B} | EntNGxly Glfh)nxlgdfralblndm(g(fragr(léﬁE@eter M@eredilthe antibude DKK- 1

present. | mERE sk o URRGD S PUALA Bigeh ke B \Bh o Ry TR "¢

anti gen-3i ndkKgl (SEQUIMERD: 3(H)emeDkk-¢ SHID (3 N0y 38), Mbude«OIRK Aq8pQIIBIMG: 13he am no

of SEO 1D NERTS IS RO Ve M e REE chF AR b pbg ey

anti gen- bi nigini@ ehgla@ﬁammmearrﬁ%dﬁwsn@gemlmgvmﬁqeﬁt tﬁerXoﬂQhélr&Mﬂ@d”ld 2.5 X
10-11M for hupan DKK- nonol gus DKK-1 (SEQ I D NO 30),

2
o D 2 (BB o T2 TR M foele T R G510 (DG Bt ¢ DR L
(SEQ 1D 20 -1 330 17hve, Kth. kil gihe DR F4@DID Sited: yidrchkarging, dqui | i bri um

at 37C as described in Exanple The present invention provides a
hunan eHbi riéféﬁeé"dnm@llPr@ﬁ{dPﬂa‘%}Wn@ﬂglae%‘i’Wﬁgl Figedreriantgraresing conprising a

| ght chai ngpatcheiRbgof GaLeR hddm¥iR)dyARd a & dRAYN § 03t To- V&l LY 6 X7 ®a! o
(HCVR), wherein the LCVR conprises conpl ementarity determ ning 25 regions

( CDRs) L CDRbr huremiKKan$EQADRIOaH, OB'h@nN@wRDIéBrﬂmSEQeI@ PR HEDRk-1 HODR2 and

i no’ sequenes o GEd i ReP I LR GEBR AT A BT DR R0 IO, "Seq 1D

NO 2. The pi2esEBwther nm&mlted dhe peewi destian hwmlns hmlgﬂnrmgmeﬂedjﬂKKil anti body or a

75|20 AT g8 OGS S O8R5 T R DR 05, S50 1O

sequence ofX$EQM@nd\B)05§DlO 1|—lM]aiLh1hra&n DRE- afSEQd DeleqQuzh cet DEk-SESREQ I NO. 1,

HCDR2 has t S 4 has the am no
sequence ofIQéE%rﬂ aﬁal{}@uﬁ%l)ﬁghgwp Eﬁvgﬁ?%ﬁ’a@‘? %r%?%%)l?@%ébg\?l des a hunman
engi neer ed tkKngdedqilibrinody 30C 28 dbicritédig Fxaapleent t her eof wherein LCDRL has

t he am no sequence of

has, t he am no. seq e, of SEQID
NO. 47, LCDR3 ha ?rﬁ8re£‘?¥?§$é geeHES@H%‘BV%lPO‘BP@E’éeﬁ ﬁ%nﬁglnﬁ&ﬁﬂﬁa]s t he anmino
sequencg) of anBb&dyl ° alEed-bitdid Rz iRt th&'i@of&ﬂln@ﬁmﬁg?@]E@W&Q:oﬁfpnﬁﬁ&tﬂe@nﬁi@ 2, and
HCDR3 has the anm no sequence of SEQ | pr esent |nvent| on

provi des a Hih&AUBRY? HYNBKK- aildaﬁ%%%a‘;mmﬂ% the %‘PH@CIF‘IS%’Q%P t her eof

wher ei n LCORI) s eardi RS @ UM SEerin e SERDIKIR - Nehibodd- PR Biasindilgan am no
sequence selected fromthe group consisting of SEQ 1D NO 6, SE %) NC: 8,

and SEQ | D Kgmenpthereeiirg a Kaof i tim A8 X B L& e hempieRKEdl (SEQHD @ group

consi sting uence of
SEQ I D NO ﬁ) ﬁﬁ&n&l@us"ﬁ(ﬁ fj@?r%sI @2?%@2&3}?@%@@(} @.?) &%%%Q%%RS has an
am no s%ique@i@@ I@elﬂ@c?@cﬁnﬂrr@xbﬁtﬂi@(gr@ﬁ@ 12 ¥ %i381.i Irvgtherf prefeaed, thenieesgntand SEQ | D
NG 4. 15The y red DKK-
ant  body or "aner e AT BELE] BRI B B e R RS ©

HCDR1, HCDRBeraofcwh@RBg ha@éf Ramnpusmg thd agapuEntequeed elciEsyID NEm 4 dng agr oup

oS g i R S e R TR,
20HCDR3 i S SlgetBl NRK- Bant1b(0dy )>r dn@ERlbmd;n@E@m@t Mereobhas la@RRY 1¢ss tIBEQ.S D NO.
: d

SE 170 Wi e DRISP B o RE o bpaing e B985 (650 Nk 50
'NB NS and LD 1o SEQ D NOE 3 () 3158%@@ D NG LoDR2 5 SEQ
ID NO 10, @ﬁ%@é@rﬁ%ﬁ@ t@jpr%%tséveflgonsﬁey% aﬁgma&,enaiﬁﬁsﬁs’é‘ QH%?EQ ID
NO 2, and HCDR3 is SEQ ID NO 3 30The present invention provides a human
engi neered DKK-1 anti body or antigen-



bi ndi ng fragment thereof wherein the LCVR conprises the amno acid sequence
of SEQID NGO 52 and the HCVR conprises the am no acid sequence of SEQ ID
NO 51. Ww6-2010/117980 The present invention preferably pr@eirdsgo@/obwann

engi neered DKK-1 anti body or antigen-binding fragment thereof wherein the
LCVR conprises an am no acid sequence selected fromthe group consisting of
SEQ ID NO 13, SEQID NGO 14, SEQ ID NO 15, and SEQ ID NO 16. 5The present
invention preferably provides a human engi neered DKK-1 anti body or

ant i gen-bi ndi ng fragnent thereof, wherejn the HCVR conprises an am no acid
sequence selected fromthe group consisting of SEQ ID NO 11 and SEQ I D NO
12. Thngbpdyes entigenbiralintg forgmenetherelsionppsioy @ HE€Y Racomprising éregimieer ed
DKK-1 anti b, r ' =bi,pdi ng (f n : ) e CVR and
HCVR corrpriafcf"gcysae ueﬁlggélfm Jl[gis\@qftfe%ggs se 8%?%?@@%?%358?8%5&%%85 sting of:
(i) a LCVR sHOmp Ns): Hyartdhvéheatin tho haiwhdergegued OK Ko aSHQdY br dbgdiBbiadidga HCVR
conprising the am no acid._sequence 1 r 11: i _conpri sing
t he am no aftéafggleg QEERC 5811{3(@%%5 %a'N%TO ﬁﬁgahﬁfoggwg&%ﬁ@ #?g&m am no
aci d sequenmg, whorkfghd DX KO (B2 IDB( O] 30), rat hKRVR(SEOID NSI: BY), nbgsedV KA aci d
sequence of I 15 and. risi he am no aci d sequence of
SEQ I D NO 1@?&%0%6%7@%@@?5@3@ NG %uﬂ%ar @Efgﬁéﬂﬁél& PSFSCBEQ | D

NG 16 and aint¥ath fRIRIES & hitant diginddFtMDKAC] thtbeUeNGas@ibiREAY fridoNet 11. The
present invention preferably provides a human engi neered DKK-1 anti body 20
or anti gen-%?rﬁ%ﬁ%glpﬁfla%ﬁéﬁt‘)ﬁt%w@wg Esrprinesicitsequqnespf SESME? NS Ifgnele ani no
acid sequengevRicombih@hblehinbhcRNdgRnERECPMPROSIRAGd WiSreRAThO R d
sequence of SEQ ID NO 12. The present invention preferably provides a human
engi neet®d PrRRearedREKybagtibody or %ﬁé@%@lﬁdlﬂgﬁamﬂle@ﬁéhqﬁ@é?%lzftw-o_@ Ant i body
conpri ses ajd? gidna8hak NoWheF& HinkROKK-9$EE P JeRiD ,@%[w{oug%@@l@@.lam no acid
sequence sel ected fromthe group consisting of SE(3 I'D NO.~ 19, SEQ I D NG 20,
SEQ | D NO 2BEQARINGE) By Mdy-R BEQ ID NO: 3 Dhmopreddeiat! (SRQERN@B3prasd er abl y

Dk 1 ant | B ST M R, B P e S S0 an
ami no_aci d lseguengiecsal REKeldanfibadn drhetigenduplioirgneni thgeafcoBPri@iEr | D NO. 17
and 5294 © W om0 SO ELSHE o T8 YR LNGERLOD,
DKK- 1 ant i bthelymmonpidisspsna di SEQYDAN@11A asdhdthaeihitightunth @hgingenddiok kel d
sequence Sea{n%gchydorfa}’ltcl)gngn—tbri]neclir%rt(r)a%%leﬁtotﬂgrieos hiag] QK(afbetween 10X 10" Mand 2.5 X
10" M for human DKK-1 (SEQ ID NO: 29), cynomolgus DKK-1 (SEQ ID NO: 30), rat
Dkk-1 (SEQ ID NO: 31), mouse DKK-1 (SEQ ID NO: 33), and rabbit DKK-1 (SEQ ID
20  NO: 32). The Kd values are established by a binding equilibrium at 37°C as described in
Example 2.
The present invention provides a human engineered DKK-1 antibody or a binding
fragment thereof, comprising a light chain variable region (LCVR) and a heavy chain
variable region (HCVR), wherein the LCVR comprises complementarity determining
25  regions (CDRs) LCDR1, LCDR2, and LCDR3 and the HCVR comprises CDRs HCDRI1,
HCDR2 and HCDR3, wherein LCDR1 has the amino sequence of SEQ ID NO:5,
HCDRI1 has the amino sequence of SEQ ID NO:1, and HCDR2 has the amino sequence
of SEQ ID NO:2.
The present invention provides a human engineered DKK-1 antibody or a binding
30  fragment thereof wherein LCDR1 has the amino sequence of SEQ ID NO:46, LCDR2 has
the amino sequence of SEQ ID NO:48, LCDR3 has the amino sequence of SEQ 1D

NO:50, HCDRI has the amino sequence of SEQ ID NO:1, HCDR2 has the amino



(i)a heavy chain conmprising the am no acid sequence of SEQ ID NO 17 5and

|l i ght chain conprising the am no acid sequence of SEQ ID NGO 19, (ii)a heavy
chai n compoi2eiong748he ami no aci d sequence of SEQ | D NO P8TArsdoia/obioght chai n
conprising the am no acid sequence of SEQ ID NO 20, (iii)a heavy chain
conprising the am no acid sequence of SEQ ID NO 17 10and a light chain
conprising the am no acid sequence of SEQ ID NO 21, and (iv)a heavy chain
conprising the am no acid sequence of SEQ ID NO 17 and a light chain
conprising the am no acid sequence of SEQ ID NO 22. 15The present
invention preferably provides a human engi neered DKK-1 anti body conpri sing
two |ight claimse oftfi@IINOaBhald HADRS had the sompre@escetdiSEQIDMYOAEI d sequence

of SEQ | D Nf%e chf(?st:nte}E'\%nﬁ Ol?ret%%@srl I%Q\f\ggsaf%%ﬁ%%gr}ne%%%rb qva%tllg 0r1] aconpr i ses

t he am no acid Sequence resent i nventron preferably
provi des a WlnﬂmglfrmnnélereeﬂwﬂﬁtﬁnLCmﬁllle)dlﬁ aﬁmlmqmnnccsoﬁﬂﬁq NI fght chal ns

wherein ea hai n co ris uence of SE

21 and t el HRROPFaf o SREPeRT SERABARR ) S T ST EE S HE B no e o
sequences of SISEM NO:MNOHCDR 1 has the amTﬂiwsenﬁ@seaﬁSEQlENU nHDRS exalkd y provi des
a human engi neer ed DKK- i body rising two |i ht ch V\,herel n each
| i ght chain @BW%gofﬁsﬁ%%g’%ﬁm}@ﬁ %n%?e P and two
heavy chai ngowherei n each heavy chain conprises the am no aci d sequence of
SEQ ID NO 17. The present .invention preferably provides a human
engi neer ed DKK- Ehﬁﬁqu%weew?@ﬁieﬁ@ hgpgn nggrr?@reé%lﬁﬁ afpladgiona BigdRe| i ght

chai n conprfr§@gnt MEreSMNSiRECHRI FHVARERIRS seqfidd I 12Q0; 5an8pRvBadeavy
chai ns wherein each heavy chain conprises the am no 30 acid se uence of SEQ

ID NO 1§ an ammq‘ﬁ‘euwe@f‘émedu frapehe iCenp spaséstipg ol PR D AP @it
ant i gen- bi ngiyrgd rAQEE0! LEDRS ﬁ&’sf an MhSLEHPEL &S W dnbihE QFouB ‘éGi?sE!;uﬁ‘QQf neer ed

DKK-1 anti bodé/ or antigen-binding -8- fragment thereof "of the present

i nvention fYQ P A hepd FEQUMBR: SDKICQR](@E@Q minsseqpeice aESieilaNg:hed via an
ant i body Coﬁéﬁkb thhsotﬂe %ﬁ&%%ecglence of SEB%D%G%eﬂId ﬁéﬁﬁ?hésoaﬂrag%&ﬂ%% %Xé des a

phar maceuti cal conposition conprising the human engi nee ant i body
or anti gen-dslentdil figmfthagwemeonsiveredSEG I NO:jpmd SERX IDBNAvYient i on and a
phar ma‘CF5Ut i call yfh%%?e%@nttgpel%lo% réflergf)l g(J)Vla%?nthUmgl{]en% 61%!1 antibod

Furt hernore, the present i1 nvention ovi nmaceu ca corrp%si tion
conpri sing chrhengnnrtn?mdim@agmeertﬁekemmaeiethDledyCDRz AribREmddRdi ng fragnment

(ner ool O BB R TR0 RASIGE: WIS PO ARSPHAEPA e apeut
ingredients. 10l n a {wmMdmR] RSEEAID, NOIE OIDRIENSEQNREND:1 QDCPRAVE §BQ a net hod
of healing bone ID NO: 7, HCDR1 is SEQ ID NO: 1, HCDR2 is SEQ ID NO: 2, and
20 HCDR3 is SEQ ID NO: 3,
(i) LCDR1 is SEQ ID NO: 5, LCDR2 is SEQ ID NO: §, LCDR3 is SEQ
ID NO: 7, HCDRI1 is SEQ ID NO: 1, HCDR2 is SEQ ID NO: 2, and
HCDR3 is SEQ ID NO: 4,
(iii) LCDR1 is SEQ ID NO: 5, LCDR2 is SEQ ID NO: 6, LCDR3 is SEQ
25 ID NO: 9, HCDRI1 is SEQ ID NO: 1, HCDR2 is SEQ ID NO: 2, and
HCDR3 is SEQ ID NO: 3,
(iv) LCDRI1 is SEQ ID NO: 5, LCDR2 is SEQ ID NO: 10, LCDR3 is
SEQ ID NO: 9, HCDR1 is SEQ ID NO: 1, HCDR?2 is SEQ ID NO: 2, and
HCDR3 is SEQ ID NO: 3
30 The present invention provides a human engineered DKK-1 antibody or antigen-
binding fragment thereof wherein the LCVR comprises the amino acid sequence of SEQ

ID NO: 52 and the HCVR comprises the amino acid sequence of SEQ ID NO: 51.



conprising adm nistering a human engi neered DKK-1 anti body or antigen

bi ndi ng fragnment thereof of the present invention. In a further aspect, the
present iwoento/amsprovi des a net hod of treating cancer ®ORAIS2E&I0080039

adm ni stering a human engi neered DKK-1 anti body or antigen binding
15fragnent thereof of the present invention, wherein the cancer is
preferably selected fromthe group consisting of nultiple nyel oma, breast
cancer and non-snall cell lung cancer. Furt hernore, the present

i nvention provides a human engi neered DKK-1 anti body or antigen binding
fragment thereof of the present invention for use in therapy. Preferably,

t he present i nvéieiponeiyentdmprefciablyanovitey i hewarechgiikited Dét-il buthpdpr
20ant i gen bj ndj. f. t I f . jnventi. for use in the
roatmont roniad i AR RSy Rivi) IS RAAPERbor R0l 1 e
cancer is prgiacadrlogted dloacthe drofip oonsistieg off SHIPIZNOSI3S BEQIDANO M SEQIDe

nmyel oma, breast. c hon-smal |l cell |ung cancer. Furt her nor e,

t he presentﬁﬁﬁéeﬁﬁﬁgﬁjgfggjgrovides for the use of a human engi neered DKK-1
anti bodys or ant iThe prdotr éiviegridnrpagrambil ptdvadee @hu@bn Edgnepicé HEIK-1 amb@dy i on 25
in the manufacture . of a. nedi canen or. t he , healing bone or to treat
cancer, mhe‘?ré‘flﬂgeflﬁ’é“({i%%ae%mepgt%ﬁrre@% E’L%fﬁ‘lnﬁges{é'&g%f@ﬂ‘pfl?eﬁ #REOGFup consi sting
of multipl eschyaboOmrctclfRasthe g@ﬂ%%nsﬁﬂﬁlg SFEEGE MRND: Kent SEoND xencer .
Definitions A full-length antibody as it exists naturally is an

i munogl obul i n NEE QS NYeREmErsieiably Provides ¢ Yuipy cngerisd Dida snthognt (L)
chai ns i nt efGARQANIREN P adMctihEl-60 wROBHShe TOCR AT RO VIRESIM RS aRb kéign of
each chain includes a varl able region of about 100-110 am no acids
primaril® resyoagispieecd Bpmabn grgwrrongsdgwifti on via the conplementarity -9-

deter mi ni ng regi ons (;CORYIVIE QiHhHsitRdnd 18HE h&ld schfiEncE BF SRS YD IS R o POT ti on
of each chain defines a constant region primarily responsible for effector

function. The CDRs aH&Viknewnnsppmedeapnine #ei¢ saghenss of BE@ [ANO:hMore conserved,
df Kk I: vBR! B L] i i i LCVR
termed framework r eghﬁgﬁdévﬁ%&n rﬁ?%@c/ﬁkn%tacﬁﬂ@ a0 @g‘ﬁ%ﬁgﬁ%ﬁgﬁ )

and heavy chain 5 va e region I's conposed o 4 FRs,
arranged from am no- H&MR crmgprismg dler dnony adiésaqiiengs of HE@ e N(pl;0wi ng or der

FR1, 1, FR2, CDRZ2.... R%{Eé¥§§n Féq Th? 9?%%7 f EEg %' ?ﬁ} % N are
referred to as "LCDRTPfE , aﬁﬁg lgﬁﬁ: u%w E ?ﬁ é? %g@§ chain
are referred to as " HCORLsonTORE thesaman HEDRSqlienth ef TERED Nent i n nost of t he
resi dues which form specific interactions with 10 the i . Jh
number i ng and posi t1 Oul AGCOR B BRENS SarbtrLetss SRR L TRR and
HCVR regions is in atlkoMlamgrisitgtiic dnfigo wed $eqlienownf $&@abd Naunber i ng
convention. Lig chaiqs ar e cI%ss%fied.gf Eﬁg a ot Iag?ﬁﬁg and are
characterized by "&PFart MG E" PEGHEY E ROV EG P engsETd PR hEMHY  Heavy
chai ns 25 e @laassinflifin@Sad@anteretibompBisihphacvikedondbrisial tRpsliheatid and define
the isotype of an antibody as I I lgA, ]gD,. or .
yp sequence of SEQ ID N%: 14 and%%CVIg %mpr?sing thg amino acid sequence of SEQ ID
NO:12.
The present invention preferably provides a human engineered DKK-1 antibody
wherein the human engineered DKK-1 antibody comprises a light chain wherein the light
25  chain comprises an amino acid sequence selected from the group consisting of SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21, and SEQ ID NO:22.
The present invention preferably provides a human engineered DKK-1 antibody,
wherein the human engineered DKK-1 antibody comprises a heavy chain wherein the

heavy chain comprises an amino acid sequence selected from the group consisting of

30 SEQID NO:17 and SEQ ID NO:18.



| gE, respectively. 1gG anti bodi es can be further divided into subcl asses,
e.g., 1gd, 1g&, 1gG3, 1g&4. Each heavy chain type is characterized by a
parti cul avocongtizgsd regi on with a sequence well known i RCTIES2@0t030086 used
herein, the term "nonocl onal antibody"” (Mab) refers to an anti body that
20i s derived froma single copy or clone including, for exanple, any
eukaryotic, prokaryotic, or phage clone, and not the nethod by which it is
produced. Mabs of the present invention preferably exist in a honbgeneous
or substantially honbgeneous popul ati om- Conpl ete Mabs contain 2 heavy
chains and 2 |ight chains. "Antigen-binding fragnents"” of such nonocl onal
anti bodi es i ncl Merg pfederatdyx.dhqipresenFatentipapgrredess hiredn' en2ibteraPBKts, F(ab') 2
fragnents, an i ngl e in Fy fr ) | l. anti bodi

ant ' gon- b, rir s PR SuTAN deipeabhAGTRDL R- 1 MBRAR QARG SUHISUERABTE, acea
f or exanpl elighbyhairegninb heidsdiqutee kel odtalfir@s thephapeookisiptay t echnol ogi es,

synthetic techngl.ogies,.e.qg., .COR-grafting,. or .conbi nat | m h

t echnol ogi es, o(r%l)ot hera{l%ac\fgﬁ%ﬁubﬁqn@gm%é%g‘?lﬂo %A Seﬁ??qceﬂggg@é Ef n ce can
be i mmurS zed wi t h humamdDigKt dhatrcobipaigine thic sinditvedcedequdnbeo FBEEUNDE 19y
antibodi es can be recovered and purjfied, and determ naf] vhet her t hey
possess bi ndi ng Bhd f uhBREYHARIN Bigiheanypepqt ?eqPWCBP£$1%@II§w§S t he
anti body conpounds di sgldasiggt fRedomgising BR anseasERqict HEST@Imods

di scl osed in Exanples -10- bel ow. Antigen-binding fragments can al so be
prepared by conventi on]é{p_-%)e_t hods. Methods for producing and purifying

anti bodi es and afifyi geng Réad blﬁbﬁ!nédnﬂﬂﬁﬁl%tﬂ% Aifo Y8 beqkORWOr Q&1 and can
be found, for exanple, in Harlow and Lane (1988) Antibodies, A Laboratory
Manual , %ol d Spri ng Hatorlighhghsinegonpyisipg isemimpcyl sgnqnagofidi®E? | New 5York,
chapters 5-8 and 15, 1{BN054£7969-314-2. The phrase "chineric

anti body" refers to an antibody containing domains fromdifferent species
(general |y 2 spédties) . apgavy plerdycomirising tedniae paid spanenso diSEREP RGilT he | ght
chai n and heavy chain rl onal.ns: tai: ' i ne

anti body, whereas the %@ndslﬁgglk?la&e%?{ ﬁ§‘|“ggﬁtaﬁié a%cﬁé%gﬁ?%giﬁlqg?ﬁ?resi dues
conprising a rat kappa22.10 |ight chain and the constant regi on heavy chain
domai ns; cont ai ns-resi dues riSi I ' i ho Vis a
mur s Fat - chi mas PRRg R e R 0 A8t ¢ b APREKRIIAREY, o

I mrune r espongesing thohg cleim vpliceeic bdchilighd chan demprises the aminkheeidoeg@see " human
engi neer ed j &8s, refers to nocl onal anti bodi es that ve bi ndi ng
and funct i GNAEDIENEE 19880 Gisthsb TG 5 PRE s RUhSEY Sh s bl a1
framewor kK regi @gsnthatSEY B Siobst antial |y human or fully human surroundi ng

CDRs derived fr a non-human anti pody. ."Anti gen-bindin nts" of such
hunan eng neer e AT BBAN LR Ry Mads B bor o DR AP GO b,
fragments, dohiBishg thé RGeS, widhdn Sich ikt chbidicompiisch frRAMRNY fid selicabewor K
region” or "framework sequence” refers to any one of framework regions 1 to
4. Human enffiffEiENOant hbbysaRochaing VAREINGan! bravurig sampgneitsaPRer eof
enconpassedychyschit@cPsesentp Novent i on i ncl ude nol ecul es wherein any one or
nore of framework regions 1 to 4 is substantially or fully human, i.e.,
wherein any of tlhe PpaYsimEicgyeFiblyipsyidesp hpmean mgemaqedgﬁ%ﬂ anffaody | y or

ful Iy human. f.f20RWen &g ghansyikrdiPedth 1Bt LG SEMpriscE e aft Rl Eveqidits
i ncl udes nol ecules in which franework region 1 and framework region 2

framewotk redGEShIDINGRE. sndatveviiseky dh8ine giherginaaclt hegie ligikconagisesrthag amipo and 3,

etc., are sybstanitald ko .1 human. Substantially human frameworks are
t hose that eﬁavealgt'{n eastdja%out' 80% sequence identity to a known hunman

gernl i ne framewdibk pseept envertionPreftablaliproyides hbumabeteasticd DKK-hanthody r amewor ks
have at | eas X 8h9 ut, 909 t % . .99% uence
et ty ¢ oS Ea <POR e ol e Mo YmBlid R U EAGRE T
framewor ks @rSEQ IoN6: 2hahd evochehdecitaing atheted caclkinavn climimampgsesithd aeind r amewor kK

sequenc Human franeg (g rrfr ne sequences can be obtained from
| mMvuno e'Ia}citraisisef“l“ﬁk}ﬁr?%l%r H?ﬁ@l 8I‘Websi te http://imgt.cines.fr, or from The
The present invention also provides an antibody or antigen-binding fragment

thereof, which competes with the human engineered DKK-1 antibody or antigen-binding



-11 - Imunogl obul i n FactsBook by Marie-Paul e Lefranc and Gerard Lefranc,
Academ ¢ Press, 2001, |SBN 012441351. For exanple, germine light chain

f ramewor kwocar/ti®ssel ect ed fromthe group consi sting of PCAUS201AD3003A18,

Al19, A20, A27, A30, LI, LI'l, L12, L2, L5, L15, L6, L8, 012, 02, and 08, and
germ i ne heavy chain framework regions can 5 be selected fromthe group
consisting of: VH2-5, VH2-26, VH2-70, VH3-20, VH3-72, VHI -46, VH3-9,

VH3- 66, VH3-74, VH4-31, VH -18, VH -69, VI-13-7, VH3-11, VH3- 15, VH3-21,
VH3- 23, VH3-30, VH3-48, VH4-39, VH4-59,8.and VHS-5I. Human engi neer ed
antibodies in addition to those disclosed herein exhibiting simlar

functi onal feoopsr theresf Cécﬂ@qnd@iemgn‘temtiombr pmdwetd himmnd MK SEQADBEO g¥ner at ed
usi ng 10sever d The eci fic antibody conpounds

di scl osed hgrﬁeﬁglgéjn %gﬁmleﬁga & petmﬁth %Sgap or parent antibody conpounds to
prepar e addi ti orfdk paastrit hrwdlytiancmtqommwm:s alpharmaeeuaqulcmapdm;nomlmempammgnﬂle ant i body
conpound inta a human fra hi gh sequence
Cdentity wimr e by SRt s e e Dsd e Tdent 1ty
of the new hvarivneddka patrhacgetivall@ahdcypthise aetrnérgaﬁientabloaxtnp&a% at | east 15about
85% at l|least a oué 90% .at | east about 9% r at st about 99%
identical to th GUrerte e gresel Ve B P pEf aﬁg‘aﬁaﬁﬁﬁ ROPHF e par ent

ant i body cogg@uisig thEMumad dfifideRd DY- 118600y or Bntief B Gi fRBmER thiradi ng
affinity co ared to that of the parent antibody. If this is the case, the
framewor k cn eo@esaatdkveﬁlﬂ?lafogﬁh%rwlfwhaa?@ﬁ%w%éwewwe i edifusin Ohosi t i ons
based on SpRGiEkhEafIrliBRIg otpbtapach- iRy et al . (1991) Proc. Natl 20
Acad. Sci . R 88: 2869. Additional references describing nmethods useful in
humani zltg rmusénalﬁ‘irﬂl?b%ﬂ)%% theyaretsgeinyengon peovisle 2 Ngthod af lpplingloppe 5 225 539,
and 5, 693, 7&%1pr1§19§9&ﬁ1§ﬁste?1‘h 9hghen é@}@eéﬁﬂkl@}'%@)oﬁ? ofl8Rigkl BiR@ing N Levitt
(1983) J. Biol. 168:595-620; and the nethod of Wnter and co-workers
(Jones et aﬂragn(em%@)?oﬁ‘ﬁéﬁhﬂmesﬁwllﬂ%QmSZS Ri echmann et al. (1988) Nature
332:323-327; an s - : The
identification g yﬁe@?ﬁ% %tﬁfcl)e @Jgsﬁgf 3’9&% ﬁ%?)gic ﬁl%tthéglg%%é@g c"laglggrcarri ed out
as fol | ows: comprising Whremisgming mhnoamenghezt DK K detibadh er énvigkrobwmdige cat egor y,

the fra the h e ei ng used
(the » anceprot A8REldtee NG BN RSt AR IMERARI MRk TohE' PP 12
f ramewor k othe tlvep parnsafibg dnhulﬁpielynyebmaplnrmtt (atnbe& andl oasmmdlh&ﬂémrgrdaﬂc)er -12-

(a) the amno a on o f r amewor k

th K to
i s unusual for %‘%ﬁ%{ﬁﬂ; ﬁlg\%‘?ﬁg ngmf%djcrg‘ﬁg‘%?%ugﬁn ewlé‘?%eggﬁﬁﬁg g‘?ordé(s pondi ng
anm no aci d érnntige bileihay frigiehinbgtatufklicpréssnttiyyental fof ove itherpy f r amewor ks at

that positi osition of the am no.acid {s, imed ately adjacent
to one of t Sfe@%&skheé’ﬁse‘g mvention providsya ?’élﬁ’g?ng‘?%%eef?ﬂﬁ@(ét%ﬁ‘?% %4 framework

anm no agj d dnSigW Bikding 8GNt BreRoASTIBd Frod¥ht inC@fibR for ule i@ et da)mak foany at om of
a CDR amno acid in a three dinensional immnogl obulin nodel 10V\hen each

of the am ntsaHRg Rpge PhInthGIHERGK Of FARREWBIEeR g’@lcéli‘i:eb’ls Prterably SeFRSHI9R anewor k

and a corr egpendh BehsRMhAOS d@lifle yelohR, leROEantrANBNN-kmdiScclener@hdey. unusual
for human frameworks at that position, such am no acid can be replaced by
an amino acid t yprteemorc themivem IR RORSOAdes tThrabe Weof & PRaN Thi s
back- mut at | QBinekrked BIKIKAD 2R §San@P& Bn‘i’d1ﬁ§§£’gﬁ?é'nt ﬁ@i%o?&f%é’ﬁr%s\énﬁhvénﬂ@n parent
ant i bogﬁ/ conpound. 15Anot her” approac ener ati ng human engi neered
ant i bodt%es @xim minufastrs i medicamentclor @n@py,gls@ip@rbpn@@r tp Geatisencan thpisey
conpounds dj,scl 058 Lol leEst 1 a (W thin
the grafted %E)Il?lgér QPQ%U%% &aegégé?nﬁé t E‘?glg%nxlsr , gpgglggﬁfnngﬁrt
resul tant n@hexrahdsonforallgehdinggaskf.i nity and ot her functl onal properti es
that are a Q s or better than those of the parent antibody conpounds.
Si ngl e nut 3’%&&'?}‘&%

A full-length antibody as it exists naturally is an immunoglobulin molecule

30  comprising 2 heavy (H) chains and 2 light (L) chains interconnected by disulfide bonds.
The amino terminal portion of each chain includes a variable region of about 100-110

amino acids primarily responsible for antigen recognition via the complementarity



20 can al so be introduced at each amno acid position within each CDR,

foll owed by assessing the effects of such nmutations on binding affinity and
ot her furwOi2omall7gpoperties. Single nutations produci ngPCrRISeMed3@soperti es
can be conbined to assess their effects in conbination with one another.
Further, a conbination of both of the foregoing approaches is possible.
After 25CDR grafting, one can back-nutate specific framework regions in
addition to introducing am no acid changes in the CDRs. This nethodol ogy is
described in Wi et al. (1999) J. MIl. Bi.ol. 294:151-162. Appl yi ng the
teachi ngs of the present invention, a person skilled in the art can use
common t echdritguesng regigns (CHIRsgeaitaimdtteacinut bgenasy sgrmiml pubet oftaatte ami no

aci ds wit h'éha%n*}ﬁﬁﬁeos PLEIENL }’ongﬁn%'ri?Sn%ggo%ﬁe%&deﬂfe&g%ﬁa{oﬁ sequences and

t her eby generate Ur'ther vari apl e ré’gl N am no acl d sequeinces derived from
t he present sequiCERs aid inteadptwednaith regionathatr ab myreaooservadngrmanti no aci ds can
be introducgd at speci.fi¢ bst.ituti.on site. .The 13- t hods .di scl osed
ner el ' can g Beregean F5°s HeB ke RhuE il FegRaR O eal e TR am no
aci d sequenegiablt eegichgHMOVR) is@aperges 3MER I UITRs| artingat e afinet Vo

functions. In this , further sequences suitable fo r i human

engi neer ed S F%@X%famaﬂ?% lﬁélﬁ-fgﬁ‘?‘?‘fag H‘@leboﬁrﬁa]i’ Gﬁéut Mﬁﬁ :ﬁﬁgccor dance
W th the presRAFRANVIEEBICIRCHMALN et dré tddred ¥uefieBbIl, ycORY 411 aci d
substitution within the franeworks is restricted to one, two, or three

posi ti ons WEARS 2dyheohEDBs ofthe heayy chaip atg referert to@ap A EDRAIGPRRy chai n
framework rggbRBS HleSChRSQMAENEMEI BT (P& REARhKE (RN PLIRChraHOR Wit | on
within the CDRs is restricted to one, or three positions within any

: : ne, two L Nr e oyl
one or Hor ehppntisre Bhqnugieripgaidpositieniog ek pmenaicid repiess webighhat i ons of
the vari ous; GORREEHCHR QLB i GS& SuAPE WM hd LI RIS 1&ARG HRRSnglescr i bed
above are also possible. Mst preferably, these techniques are used to
gener at e f ugonh&Io%ari abl e regi on am no acid sequences using the variabl e

heavy and |ight (¢ icﬁhi@srqréy]aa e a§Eﬁ>§?§§%@8§a‘?§M Argg%iréc@erémgp NQ 12 and

SEQ I D NO 14 respective uman e ant|i es or antigen-binding
fragment s timeticbi codstnt rtSiot gokypetnatt theiatth Helrey ehoing exglclssifi¢das| mped, merei n are

o T BRI R S AR Bl e,

Conpet i ng higBanrspeniyehe dpé dndintdich ol esfuaher ditidegeinte lsubiethisseg, of g. AgGene621t her eof
be id i-Lied, |l e, vi. tibod titi L, F
xapl e, o BIPEG of SUR T e R e B T - BT P B GHe bR T | D

NG 29) is 2Qqixaungel bnaavnsioklicthrisupport. An anti body di scl osed herein and a
test nonocl onal anti body of antigen-bindin [, nt, with either the test
or ant1 body of thasst Bednhs FbrE B AR Borh” AR Ao e

| abel ed2@nt ik b&d&dﬁl@dllatig@%wgﬂp@b@blgﬁ!e ﬁﬂmhi:ﬁi@,dgr @dgﬂ@le'g ﬂﬁ/&ﬁﬁﬁ?@ﬁcl? anfl SIVL sc[1 ete
sites on DKK-1, the e ant i body w ind to the sanme | eve et her or
not the _susIﬁ@larwcp%rPS%%q ea%‘tdinﬁbg‘fl“}e@_oﬂﬂﬁ’é%‘iﬁl.lt IROTBYEH, Maps PHE sites of

i nteracti onygdeht ia@n%rm@ﬂefe%bbpéxis@w h&ﬂp%ﬂ&us bhevdntliapeh&fo@Rddubody wil |
conpete, and the ampunt of Iabel ed antibody bound to the antigen will be

| ower ed. | fPapHigtiom| Gsetiete Mah pasirdy 2 heavy cbaerndi2dickikdheys, “heigcabirdag

ant i body Wi*ralg#&'n@%fﬁ@ﬁ RHERAREMtBEdiLTRIRIE BR Rkarh 1Y 81D HABmeROFRSL | NG human
engi neered anti bodi es or antigen-binding fragnment's thereof are those that
decr eas® t hisagmenti g of fragmenisrand sgleahtin by dicgwenty Wikpeclonplangiberdits ®d9, about
60% about %, 304 o 0 . 0 950 bout
00% Dot ai 15 o Pra e imAR Rl neinn AR BRI R L BINEDD

wel | known bynre¢dmabizant tealmlagan, fhegd ditpid), te¢hoplogikaphtbsticiterhMalpgiowegnd Lane

(1988) Anti@@ﬂi . . at g i -14- . or. Laboratory
bross, ol oS ng st EOMARERY ORI BnngRlel PRl OR el BB ST, %
Such assay sart divr beanpdd enicguan be iraminieedoyithulsinmg DPUK11far édgraatts thodb ghe A
standar ?0 resulting antibodies can be recovered and purified, and determination of whether they
possess binding and functional properties similar to or the same as the antibody

compounds disclosed herein can be assessed by the methods disclosed in Examples



curve is established by titrating one anti body against a |abel ed version of
itself The capacity of an unl abel ed conpeti ng nonocl onal anti body or

ant i gen- bwodbngiifesagnent 5t hereof to inhibit the bindi ngCofusehe/ob@mbel ed
nol ecule to the plate is titrated. The results are plotted, and the
concentrations necessary to achieve the desired degree of binding
inhibition are conpared. \Wether nonocl onal antibodies or antigen-binding
fragnents thereof that conpete with human engi neered anti bodi es or

anti gen-bi nding fragnents thereof of the- present invention in such
conpetition assays possess the sanme or simlar 10functional properties of
t he pr esentbchyrasnteegibmeendtgamnt bodileseqarpatyd b eperentionetimethadst he et hods
di scl osed i erein. oo The t Sinhi bt heqability
Lo subst ant VeT9 LT BRI ruitinesn S TS Mot PRloPl i RES OGS 1
el i m nat e, lstoep,in thedrt@ed carberfeuels e ctdngpldioHagiveald leht 6OR8) OfibDREK:, H. The

term"treatjng" (or "treat" or. "freatnent” ef er r SS i nvol ving a
1551 owi ng. Fhpevt el sBte KBS ERP Rty PR S BePR R MR n. or
reversing thekphapeRsss aid 161 ISBAV@RTI69-ak-2a synptom di sorder, condition, or
di sease, but do not n‘e%ess.ari A i,nv?l ve a tot gl elimnation of all

di sease-rel at ede@wﬁﬁam, “%%‘ﬁ&f“ﬂ'%/o&%sfe St Lo 2BYRAdY SOMRRB dgmaigs PP DKK- 1
activity. ThffereRrspecidr el D¥pected). ARIBYENLS a SHimeik £iB6dy WRETdin FRANS

prohi biting, 20restraining, or inhibiting the incidence or occurrence of a
synptom  di $8F e anddiit e Vel wrearse A pRdusy SRS BRI ¢

condi ti ons JRyYeRehcddoRAkR too@hdight @MBNIRRhin doRtad r@SdilbEcMBRIng a3 K@psd body or
anti gen-bi ndi ng fragment thereof is adm nistered at the onset of a synptom
di sor det0,  clighéiFhainomd ey cogptam aason haawy ¢heingomagnicP A wdees comerizibat e event
ends. In cogffo@gtntd; NAaRblySY RREAFne A SBIHASS andGORl i Qfltiesql rdh&ease is
treated over a 25 nore protracted tinme frane. The term "effective
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20  Acad. Sci. USA 88:2869. Additional references describing methods useful in humanizing
mouse antibodies include U.S. Patent Nos. 4,816,397; 5,225,539, and 5,693,761;
computer programs ABMOD and ENCAD as described in Levitt (1983) J. Mol. Biol.
168:595-620; and the method of Winter and co-workers (Jones et al. (1986) Nature
321:522-525; Riechmann et al. (1988) Nature 332:323-327; and Verhoeyen et al. (1988)
25  Science 239:1534-1536.
The identification of residues to consider for back-mutation can be carried out as
follows:
When an amino acid falls under the following category, the framework amino acid
of the human germ-line sequence that is being used (the “acceptor framework™) is
30 replaced by a framework amino acid from a framework of the parent antibody compound

(the “donor framework™):
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(a) the amino acid in the human framework region of the acceptor
framework is unusual for human frameworks at that position, whereas the corresponding
amino acid in the donor immunoglobulin is typical for human frameworks at that
position;

5 (b) the position of the amino acid is immediately adjacent to one of the
CDRs; or

(c) any side chain atom of a framework amino acid is within about 5-6
angstroms (center-to-center) of any atom of a CDR amino acid in a three dimensional
immunoglobulin model.

10 When each of the amino acids in the human framework region of the acceptor
framework and a corresponding amino acid in the donor framework is generally unusual
for human frameworks at that position, such amino acid can be replaced by an amino acid
typical for human frameworks at that position. This back-mutation criterion enables one
to recover the activity of the parent antibody compound.

15 Another approach to generating human engineered antibodies exhibiting similar
functional properties to the antibody compounds disclosed herein involves randomly
mutating amino acids within the grafted CDRs without changing the framework, and
screening the resultant molecules for binding affinity and other functional properties that
are as good as or better than those of the parent antibody compounds. Single mutations

20 can also be introduced at each amino acid position within each CDR, followed by
assessing the effects of such mutations on binding affinity and other functional properties.
Single mutations producing improved properties can be combined to assess their effects
in combination with one another.

Further, a combination of both of the foregoing approaches is possible. After

25  CDR grafting, one can back-mutate specific framework regions in addition to introducing
amino acid changes in the CDRs. This methodology is described in Wu et al. (1999) J.
Mol. Biol. 294:151-162.

Applying the teachings of the present invention, a person skilled in the art can use
common techniques, e.g., site-directed mutagenesis, to substitute amino acids within the

30  presently disclosed CDR and framework sequences and thereby generate further variable
region amino acid sequences derived from the present sequences. All alternative

naturally occurring amino acids can be introduced at a specific substitution site. The
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methods disclosed herein can then be used to screen these additional variable region
amino acid sequences to identify sequences having the indicated in vivo functions. In this
way, further sequences suitable for preparing human engineered antibodies and antigen-
binding portions thereof in accordance with the present invention can be identified.

5  Preferably, amino acid substitution within the frameworks is restricted to one, two, or
three positions within any one or more of the 4 light chain and/or heavy chain framework
regions disclosed herein. Preferably, amino acid substitution within the CDRs is
restricted to one, two, or three positions within any one or more of the 3 light chain and/or
heavy chain CDRs. Combinations of the various changes within these framework regions

10 and CDRs described above are also possible. Most preferably, these techniques are used
to generate further variable region amino acid sequences using the variable heavy and
light chain amino acid sequences describes in SEQ ID NO:12 and SEQ ID NO:14
respectively.

Human engineered antibodies or antigen-binding fragments thereof that

15  “compete” with the molecules disclosed herein are those that bind human DKK-1 (SEQ
ID NO:29) at site(s) that are identical to, or overlapping with, the site(s) at which the
present molecules bind. Competing human engineered antibodies or antigen-binding
fragments thereof can be identified, for example, via an antibody competition assay. For
example, a sample of purified or partially purified human DKK-1 (SEQ ID NO:29) is

20  bound to a solid support. An antibody disclosed herein and a test monoclonal antibody or
antigen-binding fragment, with either the test or antibody of the present invention labeled,
are then added. If the labeled antibody and the unlabeled antibody bind to separate and
discrete sites on DKK-1, the labeled antibody will bind to the same level whether or not
the suspected competing antibody is present. However, if the sites of interaction are

25  identical or overlapping, the unlabeled antibody will compete, and the amount of labeled
antibody bound to the antigen will be lowered. If the unlabeled antibody is present in
excess, no labeled antibody will bind. For purposes of the present invention, competing
human engineered antibodies or antigen-binding fragments thereof are those that decrease
the binding of the present antibodies to DKK-1 by about 50%, about 60%, about 70%,

30  about 80%, about 85%, about 90%, about 95%, or about 99%. Details of procedures for
carrying out such competition assays are well known in the art and can be found, for

example, in Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring
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thereof that compete with human engineered antibodies or antigen-binding fragments

thereof of the present invention in such competition assays possess the same or similar

10 functional properties of the present human engineered antibodies can be determined via
the methods disclosed in Examples herein.

The term “inhibit” means the ability to substantially antagonize, prohibit, prevent,
restrain, slow, disrupt, eliminate, stop, reduce, or reverse the biological effects of DKK-1.
The term “treating” (or “treat” or “treatment”) refers to processes involving a

15  slowing, interrupting, arresting, controlling, stopping, reducing, or reversing the
progression or severity of a symptom, disorder, condition, or disease, but does not
necessarily involve a total elimination of all disease-related symptoms, conditions, or
disorders associated with DKK-1 activity.

The term “preventing” (or “prevent” or “prevention”) means prohibiting,

20  restraining, or inhibiting the incidence or occurrence of a symptom, disorder, condition,
or disease. Acute events and chronic conditions may be treated and prevented. In an
acute event, an antibody or antigen-binding fragment thereof is administered at the onset
of a symptom, disorder, condition, or disease, and is discontinued when the acute event
ends. In contrast, a chronic symptom, disorder, condition, or disease is treated over a

25  more protracted time frame.

The term “effective amount” refers to the amount or dose of an antibody
compound of the present invention which, upon single or multiple dose administration to
a patient, provides the desired treatment or prevention. Therapeutically effective amounts
of the present antibody compounds can comprise an amount in the range of from about

30 0.1 mg/kg to about 20 mg/kg per single dose. A therapeutically effective amount for any
individual patient can be determined by the health care provider by monitoring the effect

of the antibody compounds on a biomarker.
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DICK-1 fromvarious species DKK-1 Species Kd (pM 95% Confi dence | nterval
for Kd (pwp2biams8. 3 1.4 - 7.5 Cynonol gus 14 8.4 - 26 RaT/U3261083®39 23
Mirine 7.0 4.7- 11 Rabbit 17 11 - 27 Exanple 3: Effect of Dkk-1 anti bodies
in C2C12 al kal i ne phosphat ase assay 5Canoni cal Wit signaling is inportant
for osteoblast differentiation and activity.
-15-
The term “bone healing” refers to the stimulation of bone formation at sites of
injury by blocking DKK-1. Examples of bone healing indications include, but are not
limited to, fracture healing, implant fixation/retention, and dental implant
fixation/retention.
5 The human engineered antibodies of the present invention can be used as
medicaments in human medicine, administered by a variety of routes. Most preferably,
such compositions are for parenteral administration. Such pharmaceutical compositions
can be prepared by methods well known in the art (See, e.g., Remington: The Science and
Practice of Pharmacy, 19" ed. (1995), A. Gennaro et al., Mack Publishing Co.) and
10 comprise a human engineered antibody as disclosed herein, and a pharmaceutically
acceptable carrier, diluent, or excipient.
The results of the following assays demonstrate that the monoclonal antibodies
and antigen-binding fragments thereof, of the present invention are useful as a DKK-1
inhibitor. The antibodies of the present invention possess a number of desirable
15  properties. For example, Antibody II of the present invention has increased chemical and
physical stability, and solubility. Accelerated studies are performed to assess the
chemical stability of antibodies by incubating the antibodies of the present invention
under different buffer conditions (pH and NaCl variation) and incubating at 4°C, 25°C,
and 40°C for 4 weeks. Chemical modifications of the antibodies of the present invention
20  are detected by cation-exchange (“CEX”) chromatography to separate charge variants
(eg., deamidation of asparagine to aspartic acid) and LC-MS analysis to identify specific
sites of degradation. Antibody II has the least amount of degradation detected by CEX
and this result is further confirmed by LC-MS data showing that all three asparagine
residues in the CDRs had the least amount of deamidation compared to the other
25  antibodies described herein after 4-week incubation at 40°C in pH 8 buffer. Solubility for
Antibody II is more favorable compared to Antibody I when formulated at pH 6 + 150
mM NaCl. Furthermore, Antibody II maintained solubility of >105 mg/mL when stored
in 4°C, whereas solubility for Antibody I is only 48 mg/mL and precipitated under these
same conditions. As used herein, “EC50” refers to the concentration of an agent which
30  produces 50% of the maximal response possible for that agent. “Kd” refers to the

equilibrium dissociation constant which can be calculated by the formula: kg /ko, = Kd,



Wit - 3a CM (Condi ti oned Medi a) conbined with BMP-4 induces pluripotent nouse
C2Cl2 cells to differentiate into osteoblasts with a neasurabl e endpoi nt of

al kal i ne whasphiarmsse (" AP"),
i nhi bitor of canoni cal

Wit signaling,

a marker of osteobl ast act iPgirtus201DBe039 an
inhibits the differentiation and

production of AP. Neutralizing DKK-1 10 anti bodi es prevent DKK-1-nedi ated
inhibition of AP. Anti bodi es which block DKK-1 inhibitory activity prevent
the loss of AP activity. C2Cl2 cells are grown to 60% - 80% confl uence in
tissue culture flasks in growth nmedi umigDul becco’'s Mdified Eagle' s Medi um

("DVEM)
("FBS"),

resuspended to
are addgﬂl

pL/ wel |

cont ai ni ng L-gl utam ne,

GB0&

&

féafﬂ Al ﬁf

el e Hde 6

I Ssue CU

10% heat -i nacti vated fetal
| xExamplbil Frpdychioniofrratibedi¢s | x sodi um 15pyruvate).

cir Ileusf{)ﬁl% ?4 RudkoMD,

e and’inc

bovi ne serum
C2Cl12 cells are

A ouer ni ght

at 37C, 95%dswﬁldqut1y as BEK COR EBSAowtCHOEslbither irgnsicedy aceblyirdnsfebod fvith assay

medi um ( DVEM cont ai ni n

anti bi ot i c/ Bt PG E"

o e Ao

% heat -

at & 21 PBLt

i nact

llpgfﬁle‘%{%mgcﬁvfipéf entiation

(and thus 22cion€hitic ®r ARngle ociaisyaemn endodbhg[bbth 16 Sayh aESHQID NOuS3, br SKQWAL - 3a

CM + BMP-4
concentrati

G B RS

Enveah i 5" 350 InRDR2 A NEGm V8! B S

s a final
S contain

only L-cel | IONO( 78 OMiificiam&kia, BMPwiich tifeentiSodgmas bdee vkadted isgturidiéCusi®d %o

hum dity, 5% COR2

for 72

hour s.

Medi um |

19-

CelI's are fgpgeenlarausE ABold BEsharodOBF EbilmPARr Bds®Re

Scientific catal ogue #37621)

i's added

per wel |,

and

IS renoved,
with 200 [13Y9hBephetenenly1issdderhaignes & of wpmshy the mediunypayphes
RRibsdiksy g € (Ther mo

cells

he pl ate

qnyeryieihy

are washed
ved.

is incubated

at roonm® enjsEratible Buffuspyieh praeerhas bﬂlﬁarad saling (81 . Tis C@bm@rlmwa@efl fe
concentrat i @ o0f nddtcicHiRAY doffhob s ARk leﬁnd%hﬁlf)&l&‘?@élht@@l 'f@lrbxa%ié 131y

nol ecul es fromvarious species are titrated
concent r at | herdigu (fucl ag 0. 11N sodpuri phesphate Iwptar pH et fodkl M sodium citifie i ni mal

concentrat i QR.p Hg%ﬁ
uma

is as foll ows:

SRR

§1%%%ie8t§ ‘M}éhc

cynonD ‘gu

to |

S

dentif

k%?SYPAgE %}h

y the m ni nal

f %P i nducti on
};fégt DKK1=5. 8

nM and r atxblotedDKKttlla: peéictioMs opdalidagendies en tenetdnde@se diveentitredy i on of

DKK- 1
anti -

DKIC. 1 m{l#l!)ebé/oaé&@atgh

1iu?d/ (ﬁ’%terl

re-1nc

dﬁifetnléio

In-as

ol JEERSLARSRISEANLILLONS,

say ne

of an
itory

concentratnmnnmmnmkknmybaeﬁaﬂvaynums&dhycmnmnnﬁﬁmn@maﬁnmmMngﬁﬁd nduction is

determ ned as

st andard er?%??mgggﬂﬁ?ﬁ%ﬂﬂV%?F“

Results are r

B SUKSCBRS: of

Y A S NI

AP. For t heTHMMrify @i‘fthé/ﬁlhb@t@&f@ﬂﬁ@%&ﬁroniah%rdf:ﬁﬁ@telss i§ gtewenthas 99 Fhst andar d

error) are as_ fol

2.9 + 0. 25, PragHst may

| o

K iy Fogings 708 S b S URPi . 1

6.4 +

0.25, rat=

pe HB‘PB(‘}?Id(CD) in

Vi vo aszny «@Sin¥estonthéic@hbdirmaleerSdaddpwdawm ey rats are ovariectom zed

and allowed to | ose bone for two nonths.

2 mmdi aneter defects are

introduced into the left and right femurs with an electric drill wth a 2
mm dental bit. This hol e extends tkgpggbﬂ@%f}the anterior and posterior
cortices. Healingof bone is nonitored longitudinally by assessing bone
mass density (" BMBhjibody pugieaviie use Loghtquant IHGYRve| coh@MRed |t onpgr aphy
25("qC1") for 35|days aftercﬁurgery CAt theg end of the experinent, animals
are sacrificed and whol e| fendra afe squected to | oaded-to-faill ure
determ nations to asgertain ome¢hanijgal sftrength of thegywholle di aphysis.
Ant i bodi es are adm ni stered subcutlaneously |at doses and intervals as
i ndi cated. Antibody ffI is dosged as folhows:| 5 np kg oncegvery two weeks
starting one day

11T 17 21 11 15

v 17 22 11 16

v 35 34 37 36




30 after surgery (Goup 1),

ny/ kg

statistically significant
posterior cortices.
BVMD at both cortices,

(G oup 4)

1 ng/ kg (G oup 2),

5 nmg/ kg (G oup 3),

or 15

is adm ni stered once every two weeks starting nine days
after surworyio/BMB0i s assessed by qCT at day 35. G oup PCThisamd/030039

increase in BMD at both the
G oup 4 showed a statistically significant
al t hough Groups 2 and 3 showed a non-significant

increase in BMD. 5 Exanple 5: Cancer in vivo efficacy assay

(femal e C. B-17 mice,

Fox Chase severe gonbi ned i nmunodefi ci ent nopdel

-20- anterior and

increase in

M ce
#

CB17SC-M are acclimated for one week in an animal facility prior to

experi
of 10
cells
t unor

ny/ kg

(citrate buffer

vi a subcut aneou

days.

pl ot growth 15

fluctuations in
nmeasurenment s sh
treatment group
inhibition of h

ment i nit| Qhtikvdy |AACPR1 A DRA HODR3IY CEDRIE LEDPRYMLOHRI ht 0 gr oups
per treatjent. Cultured|human A549 non-snall| cell lung cafci nona
are inplanted subcutanegusly 10 in the rear |fl ank of the pce and
are al | owed 1,0 reach, a frean, TuNor ;vol pme,- 100 mB AnLi body |1 (1
and 5 ng/kg), cortroﬁ | gG anti body (1 ng;kg and 5 mg/Kg),| or vehicle
ed saline suppllemented wyth D. 02% Tweep 80) i-s adm nistered
S injectlion. Apinals receive 2 tregtnents|separated by 7
The tunoris arg neasured|2 ti nes per weeksby el egtronig calipers to
curves Animals|are al $0 nonitored tjw ce alweek fpr
body wei ght and i gng ofd toxicbty.| Tuoor |voloume
wn in tlable 3lare taken on day 291 As shown in [Table 2,
F reétei i ngl Antli bddly |1, 3Yenpnstr atled 43i gni f 4Zanf growt h
bran—A549-—nen-sral—ecelH—lung—xenegratts—in—wvive. 20Table 2:

Ef fi cacy of Antibody 11
xenogr aft nodel

(relative to vehicle contro

in A549 human non-snal |

cel |

| ung carci noma

Treatment G oup Tunor Volune + Standard Error (mmB) p-Val ue

(1 g/ kg) 3Examplg 2: A{ﬁgl@yégm pgRsuremeRss f@g)DKK-l antibodies

To establish a binding equilibrium, a constant concentration of antibody is mixed

group) Citrate vehicle 402 + 36 |

gG contro

with varying concentrations of His-tagged DKK-1 (SEQ ID NO:29, SEQ ID NO:30, SEQ

ID NO:31, SEQ ID NO:32, or SEQ ID NO:33) (1 nM - 1 pM range) in PBS (pH 7.4) + 1

mg/mL bovine serum albumin (“BSA”) or buffer alone and incubated for several days at

37°C. Two sets of binding reactions are set up, one set at low concentration of antibody

(3 pM) and one set at high concentration of antibody (30 or 50 pM).

10

After establishing equilibrium, a KinExA 3000 instrument (Sapidyne Inst. Inc.) is

used to probe for the fraction of ‘free’ (unbound) antibody. Briefly, His-tagged DKK-1 is

covalently coupled to NHS-activated Sepharose 4 Fast Flow beads (GE Healthcare)

which are packed by the instrument to create a small column. The pre-equilibrated

mixtures of antibody + His-tagged DKK-1 are passed over the beads to capture only free

15

in the equilibrated samples, and is detected by injection of a fluorescently labeled

antibody. The amount of free antibody captured is proportional to the free concentration

secondary antibody. Data sets from low and high concentrations of antibody are fit

globally using n-curve analysis in the KinExA software. This fitting returns a Kd value

as well as the 95% confidence interval.

20
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Wnt-3a CM (Conditioned Media) combined with BMP-4 induces pluripotent mouse

C2C12 cells to differentiate into osteoblasts with a measurable endpoint of alkaline

phosphatase (“AP”), a marker of osteoblast activity. DKK-1, an inhibitor of canonical

Wnht signaling, inhibits the differentiation and production of AP. Neutralizing DKK-1
antibodies prevent DKK-1-mediated inhibition of AP. Antibodies which block DKK-1

inhibitory activity prevent the loss of AP activity.

C2C12 cells are grown to 60% - 80% confluence in tissue culture flasks in growth

medium (Dulbecco’s Modified Eagle’s Medium (“DMEM?”) containing L-glutamine,

10% heat-inactivated fetal bovine serum (“FBS”), 1x antibiotic/antimycotic, 1x sodium

pyruvate). C2C12 cells are resuspended to a concentration of 30,000 cells/mL in growth

medium and 100 pL/well are added to a 96-well tissue culture plate and incubated

overnight at 37°C, 95% humidity, 5% CO>. Growth medium is replaced with 50 pL assay

medium (DMEM containing L-glutamine, 5% heat-inactivated FBS, 1x

antibiotic/antimycotic, 1x sodium pyruvate). To stimulate differentiation (and thus

induce AP production), 100 uL assay medium plus 1.5x Wnt-3a CM + BMP-4 (R & D

Systems catalogue #314-BP) are added. This yields a final concentration of 1x Wnt-3a
CM and 25 ng/mL BMP-4. Negative controls contain only L-cell CM (no Wnt-3a or
BMP-4). Cells are incubated at 37°C, 95% humidity, 5% CO» for 72 hours. Medium is
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anterior and posterior cortices. Healing of bone is monitored longitudinally by assessing
bone mass density (“BMD”) through the use of quantitative computed tomography
25  (“qCT”) for 35 days after surgery. At the end of the experiment, animals are sacrificed
and whole femora are subjected to loaded-to-failure determinations to ascertain
biomechanical strength of the whole diaphysis. Antibodies are administered
subcutaneously at doses and intervals as indicated.
Antibody II is dosed as follows: 5 mg/kg once every two weeks starting one day
30  after surgery (Group 1), 1 mg/kg (Group 2), 5 mg/kg (Group 3), or 15 mg/kg (Group 4) is
administered once every two weeks starting nine days after surgery. BMD is assessed by

qCT at day 35. Group 1 showed a statistically significant increase in BMD at both the



Bi ol ogi cal Paraneter Control 1gG Value : Antibody Il Treatnent Val ue

Statistical Significan ce (Dunnet's p-val ue) Tunor Angi ogenesi s
% Tot al Wwee=xelo/Aresa 10.26 : 7.88 0.001 Tunor PCT/US2010/030039
20-

anterior and posterior cortices. Group 4 showed a statistically significant increase in
BMD at both cortices, although Groups 2 and 3 showed a non-significant increase in

BMD.

5  Example 5: Cancer in vivo efficacy assay
Mice (female C.B-17 mice, Fox Chase severe combined immunodeficient model #
CB17SC-M) are acclimated for one week in an animal facility prior to experiment
initiation. After acclimation, mice are randomized into groups of 10 per treatment.
Cultured human A549 non-small cell lung carcinoma cells are implanted subcutaneously
10 in the rear flank of the mice and tumor are allowed to reach a mean tumor volume ~ 100
mm3. Antibody IT (1 mg/kg and 5 mg/kg), control 1gG antibody (1 mg/kg and 5 mg/kg),
or vehicle (citrate buffered saline supplemented with 0.02% Tween 80) is administered
via subcutancous injection. Animals receive 2 treatments separated by 7 days.
The tumors are measured 2 times per week by electronic calipers to plot growth
15  curves. Animals are also monitored twice a week for fluctuations in body weight and
signs of toxicity. Tumor volume measurements shown in table 3 are taken on day 29.
As shown in Table 2, treatment groups receiving Antibody II, demonstrated

significant growth inhibition of human A549 non-small cell lung xenografts in vivo.

20 Table 2: Efficacy of Antibody II in A549 human non-small cell lung carcinoma

xenograft model

Treatment Group Tumor Volume p-Value (relative to
+ Standard Error (mm3) vehicle control group)
Citrate vehicle 402 + 36 -
IgG control (1 mg/kg) 372 +45 -
IgG control (5 mg/kg) 492 +72 -
Antibody 1T (1 mg/kg) 279+ 32 0.01-0.05
Antibody 1T (5 mg/kg) 202 +21 <0.001

Example 6: Angiogenic re-normalization in vivo xenograft assay
25 To understand the mechanism of the anti-tumor efficacy, high content imaging

analysis is carried out on A549 tumors treated with Antibody II or IgG control. Several

Panel
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D1-
phenotypic-based markers are analyzed both quantitatively and qualitatively to assess the
cancer-relevant biological processes of angiogenesis (CD31 and smooth muscle actin,
SMA), hypoxia induction (Glucose transporter 1, GLUT1), cell proliferation (Ki67), and
apoptosis (Terminal UDP Nick-End Labeling, TUNEL).

5 Female C.B-17 (Fox Chase SCID) model # CB17SC-M mice age 7 to 8 weeks old
are acclimated for one week and allowed to feed ad libitum on a normal low fat (4.5%)
diet, which is continued for the duration of the study.

AS549 cells from ATCC origin are grown and divided in F-12 Kaighn’s media
(InVitrogen #21127) supplemented with 10% FBS (InVitrogen #0, and 100x dilutions of
10 sodium pyruvate, non-essential amino acids and pen-strep (Invitrogen #11360, #11140
and #15140 respectively). They are detached and prepared at a final concentration of
50x10° cells/ml in PBS at passage 19 with 95% viability.
5x10° A549 human lung carcinoma cells are injected subcutaneously in the flank
of subject mice in a 1:1 mixture of PBS and Matrigel (Becton Dickinson, Bedford, MA).
15  Tumor and body weight measurements are performed twice weekly. Prior to treatment,
mice are randomized based on tumor size using a randomization algorithm.
Starting when tumors reached 200 mm®, the randomized mice are separated into 2
groups of 10 animals and dosed subcutaneously on day 1 and again on day & with 5
mg/kg of either Antibody II or the IgG4 control. The study is terminated 10 days after
20  administration of the first dose of antibody.
Antibody II is prepared in Citrate Buffered Saline (CBS) (10 mM citrate pH6, 150
mM NaCl and 0.2% polysorbate). 1gG4 control is provided at 6.0 mg/ml in Phosphate
Buffered Saline (PBS).
Xenograft tumors are excised from mice after 17 days of dosing and placed into
25  Zinc-Tris fixative (BD Pharmingen). Fixed tumors are processed, blocked in paraffin,
and sectioned as 3 uM slices onto standard microscope slides. Slides are baked at 60°F
for 1 hour and then deparaffinized in xylene (4 treatments, 10 minutes each). Slides are
rehydrated through a series of ethanol/water immersions with final washes in Tris-
buffered saline/Tween (TBST). Slides are then blocked with Protein Block (DAKO) for
30 30 minutes. For the Tumor Health Panel, slides are stained with a combination of
Hoechst 33324 (Invitrogen), rat anti-human CD31 (Pharmingen)/anti-rat Alexa-488
(Invitrogen), rabbit anti-Ki67 (NeoMarkers)/anti-rabbit Alexa 647 (Invitrogen), and
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TUNEL-TMR red (diluted 1:5 in TUNEL dilution buffer; Roche). For the Angiogenesis
Panel, slides are stained with a combination of Hoechst 33324 (Invitrogen), rat anti-
human CD31 (Pharmingen)/anti-rat Alexa-488 (Invitrogen), rabbit anti-GLUT1
(Chemicon)/anti-rabbit Alexa 647 (Invitrogen), and mouse anti-Smooth Muscle

5 Actin/Cy3 (Sigma). Slides are imaged using an iCys Laser Scanning Cytometer
(CompuCyte) and a Marianas Digital Imaging Workstation configured with a Zeiss
Axiovert 200M inverted fluorescence microscope (Intelligent Imaging Innovations).
Quantitative data comparisons of treatment groups are performed using the Dunnet’s
analysis in JMP statistics software (SAS).

10 As shown in Table 3, A549 xenografts from control IgG-treated animals are
modestly vascularized, have moderate levels of myofibroblasts and many focalized areas
of hypoxia. Control IgG-treated tumors have an extended network of vessels consisting
of both neoangiogenic vascular sprouts and mature vessels that are poorly covered by
pericytes. Control IgG-treated tumors have hypoxic areas (marked by GLUT1) that are

15  clearly demarcated zones some distance from perfused vessels and necrotic areas that are
even further from vessels. Treatment with Antibody II results in decreased vessel area,
decreased pericyte area, and decreased pericyte coverage of vessels. However, this
treatment did not result in a significant difference in tumor hypoxia. Qualitatively, the
Antibody II-treated tumor vasculature appears to consist of smaller, less-networked

20  vessels and with less pericyte coverage compared with the control IgG-treated group.

As shown in Table 3, IgG-treated tumors have proliferating tumor cells evenly
distributed throughout, but also frequently display one or more large areas of necrosis that
are avascular. Treatment with Antibody II results in no change in apoptosis and only a
slight, non-significant decrease in total proliferation area. However, there is a profound

25  decrease in the percentage of area of high-intensity Ki67 cells in the Antibody II-treated

tumors, which could indicate a decreased amount of cells in the G2 cell cycle phase.
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Table 3: Antibody II in angiogenic re-normalization in vivo xenograft assay

Control IgG | Statistical
Value : Significan
Antibody II ce
Phenotypic Treatment | (Dunnet's
Panel Biological Parameter Value p-value)
Tumor
Angiogenesis
Panel % Total Vessel Area 10.26 : 7.88 ] 0.001
Tumor
Angiogenesis
Panel % Functional Vessel Area 9.84:7.59 0.0009
Tumor
Angiogenesis
Panel % Non-Functional Vessel Area 0.42:0.30 0.1341
Tumor
Angiogenesis
Panel % Pericyte Covered Vessels 42.44 : 30.88 | 0.0234
Tumor
Angiogenesis
Panel % Tumor Hypoxic Area 14.90 :11.77 1 0.3615
Tumor
Proliferation
Panel % Tumor Proliferation Area 12.16 : 9.68 ]0.1739
Tumor
Proliferation
Panel % High Ki67 Area 0.66:0.19 0.0012
Tumor
Proliferation % Cycling Tumor Cells with High
Panel Ki67 5.24:1.68 <0.0001
Tumor
Apoptosis Panel | % Tumor Apoptosis Area 8.63:8.24 0.7466
% Total Vessel Area — Percentage of tumor tissue area covered by all vessels
regardless of their functional status.
% Functional Vessel Area — Percentage of tumor tissue area covered by vessels in
non-hypoxic regions.
% Non-Functional Vessel Area — Percentage of tumor tissue area covered by vessels
in hypoxic regions.
% Pericyte Covered Vessels — Percentage of all tumor vessels that are associated
with smooth muscle actin (SMA)-expressing cells.
% Tumor Hypoxic Area — Percentage of tumor tissue area covered by cells
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% Cycling Tumor cells with High Ki67 - Percentage of all Ki67 positive cells that
are designated as having a high level of Ki67 expression. Cells expressing high levels
of Ki67 are in later phases of cell cycle than those that express lower levels of Ki67.

% Tumor Apoptosis Area — Percentage of tumor tissue area with high TUNEL
staining. TUNEL is a routinely used method to detect double-stranded DNA
breakages which is indicative of terminal apoptosis.

Example 7: Bone in vivo efficacy assay
To evaluate the ability of Antibody V (Light chain SEQ ID NO:34 and Heavy
chain SEQ ID NO:35) accelerating the peri-implant bone formation and regenerating
5 bone tissue, four months old male Sprague-Dawley rats (Harlan Sprague Dawley Inc)
weighting around 425gram are utilized. Rats are surgically implanted with titanium
screw (2 mm x 4mm) into the both legs of the media lateral side right above the tibial —
fibular junction. Rats then are randomly divided into 2 groups according the body
weight and receive either Antibody V 10mg/kg or IgG control 10mg/kg subcutaneously
10 injection once weekly starting the same day of the surgery for 21 days. Quantitative
computed tomography (Aloka LaTheta LTC-100 model CT scanner) is used to ex vivo
scan and quantify the newly formed bone with a 60-um voxel size. Volume of interest
(VOI) is defined as 28 slices at 0. lmm interval over the previous implant site. Group
differences are assessed with JMP version 5.1. software (Cary, North Carolina),
15  comparison against IgG-control using Dunnett’s Method with a significance level of
P<0.05. Qualitatively evaluation by ex vivo faxitron x-ray images indicates that Antibody
V treated rats have more new bone or callus around the implant. Quantitative CT analyses
reveal a statistically significant increase cortical peri-implant bone mineral content (14%),
new bone area (16%), cortical thickness (7%) and bone marrow cancellous peri-implant

20  new bone mineral content (18%), and bone area (16%) in Antibody V treated rats when
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SEQ ID Listing
Heavy Chain CDRs
5 SEQIDNO:1 GFTFSSYTMS

SEQ ID NO:2 TISGGGFGTYYPDSVKG
SEQ ID NO:3 PGYHNYYFDI
SEQ ID NO:4 PGYNNYYFDI

10
Light Chain CDRs
SEQ ID NO:5 HASDSISNSLH
SEQ ID NO:6 YGRQSIQ

15 SEQID NO:7 QQSESWPLH
SEQ ID NO:& YARQSIQ
SEQ ID NO:9 QQSASWPLH
SEQ ID NO:10 YARQSEQ

20

Heavy Chain Variable Regions

SEQ ID NO:11
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYTMSWVRQAPGKGLEWVATISGG

25 GFGTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARPGYHNYYFDI
WGQGTTVTVSS

SEQ ID NO:12
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYTMSWVRQAPGKGLEWVATISGG

30 GFGTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARPGYNNYYFDI
WGQGTTVTVSS

Light Chain Variable Regions

35
SEQ ID NO:13
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYGRQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSESWPLHFGGGTKVEIK

40 SEQID NO:14
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYARQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSESWPLHFGGGTKVEIK

SEQ ID NO:15
45  EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYGRQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSASWPLHFGGGTKVEIK
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SEQ ID NO:16
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYARQSEQ
GIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSASWPLHFGGGTKVEIK

Complete Heavy Chains

SEQ ID NO:17
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYTMSWVRQAPGKGLEWVATISGG
GFGTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARPGYHNYYFDI
WGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVE
SKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKG
LPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYT
QKSLSLSLG

SEQ ID NO:18
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYTMSWVRQAPGKGLEWVATISGG
GFGTYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARPGYNNYYFDI
WGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVE
SKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKG
LPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYT
QKSLSLSLG

Complete Light Chains

SEQ ID NO:19
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYGRQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSESWPLHFGGGTKVEIKRTVAAPS
VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:20
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYARQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSESWPLHFGGGTKVEIKRTVAAPS
VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:21
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYGRQSIQG
IPARFSGSGSGTDFTLTISSLEPEDFAVYY CQQSASWPLHFGGGTKVEIKRTVAAP

VS



-26- SEQ ID Listing Heavy Chain CDRs 5 SEQ ID NO1 SEQ ID NO 2 SEQ ID NO 3
SEQ I D NO 4 10 GFTFSSYTMS Tl SGGGFGTYYPDSVKG PGYHNYYFDI PGYNNYYFDI  Li ght
Chai n CORSOSEQ/IDSHNC 5 SEQ I D NGO 6 15 SEQ I D NO 7 SEQ | PCR@SB0186860BD NO 9
SEQ I D NO 10 20 HASDSI SNSLH YGRS Q QQSESWPLH YARQSI Q QQSASWPLH YARQSEQ
Heavy Chain Variable Regions SEQ ID NG 11 EVQLVESGGE. VQPGGSLRLSCAASGFTF
S SYTMSWRQAPGKGLEW/ATI SGG 25
GFGTYYPDSVKGRFTI SRDNAKNSL YLQWNSLRAEDTAVYYCARPGYHNYYFDI WGQGTTVTVSS SEQ | D
NO 12 EVQLVESGGELVQPGGSLRLSCAASGFTR 28 SYTVBW/RQAPGKGLEW/ATI SGG 30
GFGTYYPDSVKGRFTI SRDNAKNSL YLQWNSLRAEDTAVYYCARPGYNNYYFDI  WEQGTTVTVSS Li ght
Chai n Var i abVidFRRYPIOEKSGT SEQVICDLNOFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:22

5  EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYARQSEQ
GIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSASWPLHFGGGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

10
Nucleotide Sequences - Heavy Chain Variable Regions

SEQ ID NO:23
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGGGGGTCCC
15 TGAGACTCTCCTGTGCAGCCTCTGGATTCACTTTCAGTAGCTATACCATGTCTT
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCACCATTTCCGG
TGGTGGTTTCGGCACATACTATCCCGACAGTGTGAAGGGTCGATTCACCATCT
CCAGAGACAACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGC
CGAGGACACGGCTGTGTATTACTGTGCGAGACCTGGATATCACAACTACTACT
20 TTGACATCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAGCCTCCACCAA
GGGCCCATCGGTCTTCCCGCTAGCGCCCTGCTCCAGGAGCACCTCCGAGAGC
ACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGG
TGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTC
CTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAG
25 CAGCTTGGGCACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAAC
ACCAAGGTGGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCT
GCCCAGCACCTGAGGCCGCCGGGGGACCATCAGTCTTCCTGTTCCCCCCAAA
ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTG
GTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGATG
30 GCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACA
GCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAAC
GGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCATCG
AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTACA
CCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTG
35 CCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAAAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGAGCAGGTGGCAGGA
GGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACA
CACAGAAGAGCCTCTCCCTGTCTCTGGGT
40
SEQ ID NO:24
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGGGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGATTCACTTTCAGTAGCTATACCATGTCTT
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCACCATTTCCGG
45 TGGTGGTTTCGGCACATACTATCCCGACAGTGTGAAGGGTCGATTCACCATCT
CCAGAGACAACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGC
CGAGGACACGGCTGTGTATTACTGTGCGAGACCTGGATATAATAACTACTACT



El VLTQ SPATL SL SP GERATL SCHA SDSI SNSLHWQ QKP GQAP RLLI YYGRQ SIQ G
| PARFSGSGSGTDFTLTI SSLEPEDFAVYYCQQSESWPLHFGGGTKVEI K 40 SEQ | D NO 14
El VL TQSPAVOSLBRGERATL SCHASDSI SNSLHWQQKPGQAPRLLI YYARQS! ®GI/US2010/030039
| PARFSGSGSGTDFTLTI SSLEPEDFAVYYCQQSESWPLHFGGGTKVEI K SEQ | D NO 15 45
El VLTQSPATLSLSPGERATL SCHASDSI SNSLHWQQKPGQAPRLLI YYGRQSI QG
| PARFSGSGSGTDFTLTI SSLEPEDFAVYYCQQSASWPLHFGGGTKVEI K -27- SEQ I D NO. 16
El VLTQ SPATLSLSPGERATLSCHASDSI SNSLHWQQKPGQAPRLLI YYARQ SEQ
G PARFSGSGSGTDFTLTI SSLEPEDFAVYYCQQSASWBLHFGGGTKVEI K 5 Conpl et e Heavy Chai ns
SEQ I D NO 17 EVQLVESGGGLVQP GGSLRL S CAA S GF TF S SYTMBWRQAPGKGLEWATI SGG
10 GFGTYYPDEMEKERATCSRONAKNSA VG OUNSIRNEGTAVXYCARPEVIINY R CTNIAGTAXTY S SA S
TKGP SVFP LAEGCCESRST BE GTRALCGHLVKOYER (ERVGOT GUACGAGCATCTS®HIERALQ S S
GLY S LS S\WINBCS@ESUGTHTYTONDHKS TEMAGMBKRVE CSKY GPPCRRCRAPEAGBES G
SVFL FPPKPKDIE M SREBBMTOVABYSGEDPFGA CAGCGGCGTGCACACCTTCCCGGCTGTC
NWYVDGVBVHNARA € RREEQERSTDRVYBYL AV EQDW NGKEYKOEUSNKGATE AT CTCCAG
S| EKTI SKAKGREEPQRGTI(RR ($A QEENTRNOUS. CTIG CAWKGH YR S AVEWES CCAGCAAC
NGQPENNY KT TABVA REIOFSHIA Y SRIGCAVKS RVGEGNYE AGVMEAG FNEYT CAKEICRICA @ SEQ | D
NO 18 20 EMGLVESGEANIESERL BOAERHTE S CRXTNRBUWY/ROQAREKIE EMUATCSCEAA
GFGT YYPDSVKERET A ARIONAENSE YT OMNS U RAE D TAGOKLARPCGYOINGRIIACGTGCGTGGTG
WGQGT T VIV SSAEG S @eSMIcA APCHBE AR AAL CEA N ERPYTVEMNSGAIAC GAAFBAVLQ S S
AY S LS SWIWRPGE ABskkel¢A YA ANoda GANT KXRKKRVEG S GRICCRREPABEAARER A
SVFL FPPKPKIOF & M BRI\ GEMMMBVSAE PR VO (AT CGTCCTGCACCAGGACTGGCTGAAC
NVWVDGVEVHNAKE KRRFAENSE X RAFDNEATME HRENE NESEKOKYENKS R G CCTCCATCG
S| EKTI SKAKGEBRERAOAARPr & AERMINMAEGE & CAlOEEFYEA SRIVEMESGGTGTACA
NCQPENNYKT TERVEEPEE A ¢ e RAIMBPK G BWHAPYESERN AR ARG T RGBSl & PO
Conpl et e Li ghtcEhanns R TEANESAGCCACATCGCCGTGGAGTGGGAAAGCAAT

A SEHARIPH RNSL !

El VL TQSPATLSESP G Eeeiride ArccGacG
! PARFS@@CE@F&? b P URME KEAMMAGGMEEERG GAPEQ-KSGTA
' ﬁ&G%EECFSCﬁS%C%CTACA

SVVCLLNNFYP

KDSTYS G

El VLT ATL L L PRLLI YYARQSI QG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCCQBESMPLHFGEEWKVEIKRTVAAPS VFI FPP SDEQLKSGTA

E\[/)\s/%(gﬁgg}(l_ %ﬁ@@@%&% %ﬁ@ﬁﬁﬁ%@&s 45 SEQ 1D NO 21

El VLTQSPAT SCHASDSI SNSLHWQRKPGQAPRLLI YYGRQS! QG
| PARFS %ﬁ CAT ALK ST RRERISAEAEEH R B cattRicaaac

AGCCACCCTCTCCTGCCACGCCAGCGACAGTATTAGCAACAGCCTACACTGGT
ACCAACAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTATGGCAGACA
GTCCATCCAGGGCATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAC

30 TTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGTTTATTACTG
TCAACAGAGTGAGAGCTGGCCGCTCCACTTCGGCGGAGGGACCAAGGTGGAG
ATCAAACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGA
GCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATC
CCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAA

35 CTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTC
AGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTAC
GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCA
ACAGGGGAGAGTGC

40  SEQID NO:26
GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAG
AGCCACCCTCTCCTGCCACGCCAGCGACAGTATTAGCAACAGCCTACACTGGT
ACCAACAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTATGCTAGACA
GTCCATCCAGGGCATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAC

45 TTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGTTTATTACTG
TCAACAGAGTGAGAGCTGGCCGCTCCACTTCGGCGGAGGGACCAAGGTGGAG
ATCAAACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGA




SVFI FPPSDEQL KSGTASVVCL L NNFYPREAKVQWKVDNAL QSGNSQESVTEQDS
KDSTYSLSSTL TL SKADYEKHKVYACEVTHQGL SSPVTKSFNRGEC SEQ I D NGO 22 5
El VL TQSPAVOSLBAGERATL SCHASDSI SNSL HWQOKPGQAPRLLI YYARQSE@CT/US2010/030039
G PARFSGSGSGTDFTLTI SSLEPEDFAVYYCQQSASWPL HFGGGTKVEI KRTVAA
PSVFI FPPSDEQL KSGTASVVCL L NNFYPREAKVQUWKVDNAL QSGNSQESVTEQD
SKDSTYSL SSTL TL SKADYEKHKVYACEVTHQGL SSPVTKSFNRGEC 10 Nucl eoti de Sequences -
Heavy Chain Variabl e Regions SEQ I D NO 23
GAGGT GCAGCT GGTGGAGT CTGGGGEGAGGCT TGGT CCAGRCTGEGEGEGRGTCCC 15
TGAGACTCTCCTGT GCAGCCTCTGGAT TCACTTTCAGTAGCTATACCATGICTT

G T A‘rmni OO CGGCESAATAACTTCTATC
BCTOGTATASCATCCTCCAATCGGGTAA
CCAGAGACAA@IW@@WM@H@I’MC]&W@ACA@EE@GAG@GCACCTACAGCCTC
CGAGGACACGGUFGRGTATTAUNGY GGGAGACTIIGNF AR CGACAACTACTAGR 20CAAAGTCTAC
TTGACAT GT GGRACTAAGARANTACHET SACEGTINTINTAGCTT GCATGIA ACAAAGAGCTTCA
GGGCCCAT CCHACATOTTRATAGTGCCCT GCTCCAGGAGCACCT CCGAGAGC
ACAGCCGCCCT GEGCT GCCTGGT CAAGGACTACT TCCCCGAACCGGTGACGG
TGT CGT GGAAGTICAGSRBECCT GACCAGCGGECGT GCACACCTTCCCGGCTGTC
CTACAGT CCT CABACTCTAGTCA T CACGACTET GGT@ACGT REECT CAR PECAGGGGAAAG
CAGCT TGHECALGAAGACCTAGRCT TEKARCET AGATONARGELCASGAAB CAGCCTACACTGGT
ACCAAGGT GGALAARAGAGTA AACT CEARM AT GG CCCRGCATECCARAUGCITATTATGGCAGACA
GCCCAGCACCTGACEAFECAEE S EATEAT AGCTATIEIICA T EEECAGY RS GTCTGGGACAGAC
ACCCAAGGACALTTEA €0 £ ETRPCHARASET BAGRH ARG S AXCAPBT €CGCAGTTTATTACTG
GIGGACGT @WW@WM@@%@@C%AGGTGGAG
GCCT CCGAGGT GGAT AA NSCRAEASHS (A& CCGCCATCTGATGA
GCACGTACCGI @%%%@@%WW@%AATAACTTCMTC
GGCAAGGAGT %@Wﬂ%%%ﬂ%@%%&%mcmmcmm“

AAVATAT CCECOOA ;-'e;u: SRR § -e" AGCACCTACAGCCTC
CCCT O g AUAAATE ATACAAAGTCTAC
w%g ”\ﬁ@"'?"ﬂz’.g.ﬁ':-a:‘,mgw N g%‘ ACAAAGAGCTTCA
GCTCCTTCTT SASEETh CCGTGGACAAGAGCAGGTGGCAGGA
GGGGAATGICT, : GATGCATGAGGCTCTGCACAACCACTACA
CGﬁg.é?AAGA CTCCAGGGGAAAG
TCAGA . H GCCTACACTGGT
GGGTCCGCCA £ & TATGCTAGACA
T OeT GETTTORS G, CTGGGACAGAC
CCAGAGACAA e CAGTTTATTACTG
o Ag AAGGTGGAG
TTGACAT ATCTGATGA
G%CC@TCG&@%@WWW&@?AATAACWCMTC
ACAGCCGOCCTEAECHEBET eS¢/ SOEGIASHER) CTCCAATCGGGTAA
THWW@&W@W@W@CCTACAGCGTC

CTACAGT CCT CAGLASE et AT AT O AECAGE P CACASTAS S TEAAB CACAAAGTCTAC
CAGCT TGEGCACCRAGACATH G ECARCEPAGTHXARCECOACEANC ACAAAGAGCTTCA
ACCAAGGT GGAEBACAG TG EAEPCCAAATAT GGT CCCCCAT GCCCACCCT
GCCCAGCACCT GAGGCCGCCGREEGACCATCAGTCTTCCTGT TCCCCCCAAA
ACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGTGGTG 10
GT GGACGT GAADOASGRABNCCCGAGGT CCAGT TCAACT GGTACGTGGATG
GCGT GGMEGT GCATAAT GCCAAGACAAAGCCGCGGGAGGAGCAGT TCAACA
GCACGTACCGT&EQBGTWTCCTCACCGTCCTGCACCAGGACTGGCTGAAC

DAEIETN NG E@S@NBG[EEKEGEKYQTIDNYQPYPCA

1) RCRARKCR GVATMA MECPGNY CKNGICV
' ANCAE MGGBRRMMIPHKGQEGSVCLRSSDC
CCTGGT %AAC&HEC@AEH@WIGK@M COATR SRGASAABEAPPRCY CGEGLSCRIQKD
GGGCAGCCCCABAABAASTRACAAGAREACGCCT CCCGT GCTGGACT CCGACG
GCTCCTTCTTCCTCTACAGCAGGCTAACCGT GGACAAGAGCAGGT GGCAGGA
GCGGAATGTCTTCTCATGCTCCGT GATGCATGAGGCTCTGCACAACCACTACA 20
CACAGAAGAGCCTCTCCCTGICTCTGGGT Nucl eoti de Sequences - Light Chain Variable
Regi ons 25 SEQ I D NO 25
GAAATTGT GTTGACACAGT CTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAG
AGCCACCCTCTCCTGCCACGCCAGCGACAGTATTAGCAACAGCCTACACTGGT
ACCAACAGAAACCT GGCCAGGECTCCCAGGCTCCTCATCTATTATGGCAGACA
GTCCATCCAGGGCATCCCAGCCAGGT TCAGT GGCAGTGGEGTCTGGGACAGAC 30
TTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGI TTATTACTG

—— A R PNA N NI 7N NN SNSNTTT 5 LN NNNT SN N\ SNy g g o NSNS N "N NN A ININT™ NN N I~




- 30- GCAGITGAAATCTGGAACTGCCTCTGITGIGTGCCTGCTGAATAACTTCTATC
CCAGAGAGGCCAAAGT ACAGT GGAAGGT GGATAACGCCCT CCAAT CGGGT AA

CTCCCAGCGAEOGI BINTABAGAGCAGGACAGCAAGGACAGCACCTACAGCCTC  PCT/US2010/030039
AGCAGCACCCT GACGCCT GAGCAAAGCAGACTACGAGAAACACAAAGTCTAC 5

GCCTGCGAAGT CACCCAT CAGGEGECCT GAGCT CGCCCGT CACAAAGAGCTTCA ACAGCGGAGAGIGC SEQ I'D
NG 27 GAAATTGIGI TGACACAGT CTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAG 10

AGCCACCCT CTCCTGCCACGCCAGCGACAGTATTAGCAACAGCCTACACT GGT

ACCAACAGAAACCT GGCCAGGECTCCCAGGCTCCTCATCRATTATGGCAGACA

GTI'CCATCCAGGGCAT CCCAGCCAGGT TCAGT GGCAGT GGGT CTGEGACAGAC

TTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGTI TTATTACTG

TCAACAGAGT COBABETECTBAICCACT TCCECGGAGEGACCAAGGTGGAG 15

ATCAAACGAACTGTGECTGCACCATCTGICTTCATCTTCCCGCCATCTGATCGA

GCAGT TGAAATREGEAANCTEBCCTCTGT TGT GTGCCTGCTGAATAACT TCTATC

C@GAGA@@MHMMWMH&S@VWGN KYQTIDNYQPYPCA
RRRAGRITAMCCPGNYCKNGICV

HI0K FIBOCTARRRASNETITHI AR ACAGBGENGREDED SEQ | D
NO 28 GAAATH‘@GS'N@S@@%G@F CCAGCCACCCT GICTTTGICTCCAGGGGAAAG 25

AGCCACCHI CTCCTGCCACGCCAGCGACAGTATTAGCAACAGCCTACACT GGT

ACCAACAGAAACCT GGCCAGGECTCCCAGGCTCCTCATCTATTATGCTAGACA

GT CCGAGCAGERAAIIRGAGCCAGGT TCAGT GGCAGT GGGT CTGEGACAGAC
TTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGI TTATTACTG

TCAACAGAGT P NSFCECT CCACT TCCECEGAGGGACCAAGGTGGAG 30

AT CAAACGAACTIGISIEGNSRAGRAT SPRTEGA m@%@%@@NKYQTLDNYQPYPC

GCAGT TGAAATCH SEAAGTEEC ESE I &4 AMCCPGNYCKNG

CCAGAGAGCCGMASRTAS G s PR EHPAT AR I YHTKGQEGSVCLR

CTCCCAGGA ﬁ%@@ﬁ&EIFQRGYCGEGLAC

AGCAGCACCCT, G

GCCTGOGAA CAANGE GCTTCA ACAGGGGAGAGTGC Hunman

DI CK-1 40 SEQ I D NO 29

TLNSVLNSNAI KNLP GAAGHPGSAVSAAPG L YPGGNKYQTI DNYQPYPCA

EDEECGTDEY AGVQ CL ACRKRRKRCVRHAMCCPGNYCKNG! CV

SSDONHFRGE! = GNDHSTL DGYSRRTTL SSKMYHTKGQEGSVCLRSSDC 45

A Sron : ERIFER SRR AR TR
CPGNYCKNGIC

EEENE\C/:E.'}'SDEN@' ] KGQEGSVCLRS

SSDONNFRGE! = ERRCYCGDGLSCR

ATGL HF GSHGLE! FORCYCGEGLSCRI QKD HHQASNSSRLHTCOR 10

Rat DKK="1 SEQ I D NO 31 15 TLNSVLI NSNAI KNLPPPLGGAGGQPGSAVSVAP
GVLYEGGNKY LDNY%YPC AEDEECGTDEYC SSP SRGAAGVGGVQ CLACRKRRKRCVRHAMCCP
GNYCKNG | q | EEG | ENLGNDHGAGDGYPRRTTLTSKI YHTKGQEGSVCLR
SSDCATGL CCARHFWSKI CKPVL KEGQVCTKHRRKGSHGLEI FORCYCGEGLAC

R Q(DHH%TS NSSRI FI DYKDDDDKHV 20
TLNSVLINSNAIKNLPPPLGGAGGQPGSAVSVAPGVLYEGGNKYQTLDNYQPYPC

AEDEECGSDEYCSSPSRGAAGVGGVQICLACRKRRKRCMTHAMCCPGNYCKNG
ICMPSDHSHFPRGEIEESIIENLGNDHNAAAGDGYPRRTTLTSKIYHTKGQEGSVC
LRSSDCAAGLCCARHFWSKICKPVLKEGQVCTKHKRKGSHGLEIFQRCYCGEGL
ACRIQKDHHQASNSSRLHTCQRH

40

Antibody V - Complete Light Chain

SEQ ID NO:34
DILLTQSPATLSVTPGDSVSLSCRASDSISGSLHWYQQKSHESPRLLIKYASQSISGI
45  PSRFSGSGSGTDFTLSINSVETEDFGMYFCQQSNSWPLNFGAGTKLELKRADAAP



Rabbit DI CK-1 SEQ I D NO 32 25
TLNSVLVNSNAI KNLPPPL GGANGHPGSAVSATPG L YEGGNKYL PLDNYQPYPC

TEDEECGT DEYCABPARBEGAGVQ CLACRKRRKRCVRHAMCCP GNYCKNG! C BPTS/S2010/030039
DHNHFHRGEI EETI VE SF GNDH S T SD GY SRRTTLSSKMYHAKGQEGSVCLRS

SDCATGL CCARHFWBKI CKPVLKEGQVCTKHRRKGSHGLEI FORCYCGDGLSCR L QNDQHEASNSSRL HTCQR
30 Mouse DI CK-1 SEQ I D NO 33 35 TLNSVLI NSNAI KNLPPPLGGAGGOPGSAVSVAP
GVLYEGGNKYQTLDNYQPYPC AEDEECG SDEYC S SP SRGAAGVGGVQ CLACRKRRKRCMIHAMC CP
GNYCKNG | CMPSDHSHFPRGEI EESI | ENLGNDHNAAAGDGYPRRTTLTSKI YHTKGQEGSVC

L RSSDCAAGL CCARHFWEKI CKPVL KEGQVCTKHKRKGSHGLEI FQRCYCGEGL

ACR! QKDHHQABKSIBRR$TTHTIRMT GO ABNDVCB MY NEY PR DB W KEDGTERRDCAEINS VIDGEB) | D

NO 34 DI LLTIKBSAYSBSSPGEISISABTRABESY SCEMIMOUBSSHESRSANRVASQS| SG 45 P SRF
SGSGSGTDFTLSI NSVETEDFGMWFCQQ SNSWPLNFGAGTKLELKRADAAP - 32-

TVSI FPPSTEQLATGGASVVCLMNNFYPRDI SVKVKI DGTERRDGVL DSVTDQDS

KDSTYSMBSTL SLSKADYESHNL YTCEWHKTSSSPWKSFNRNEC 5 Anti body V - Conpl et e
Heavy Chfai nABEQdyY NCvapleRWavESEAE VKP GGS LKL S CAA S GF TF
SSYTMSWRQTPEKRLEW/ATI SGG GGNTYYPDSVKGRFTI SRONAKNTLYLQLS

SLRSEDTAL YYCARPGY FDY 10 WGQGTTLTVSSAKTTPP SVYPLAP

GTALKSNS Q/ EPVTVT GVHTFPAVI S GQYTLT V| STWP
SQTVTONVAHPARG ﬁ%@%%ﬁg‘é{g é‘\gVRQTPEKRLEWVAT &}(ﬁs

SVFI FPPKPKOVENT ¥ PRSVSRRIDP w IQLSSLRSEDTALYYCARPGYNNYYFDY

WFVDDV/ ) \VESVP| H%ﬂ%ﬁ‘ﬁi@k%@ FBSPFPEPVIVIWNS
EKTI SKPEGR ~ EITIP{‘EEW EVSIT P ENTKEEYPBEP OV %PI%SSTKVDKKIV
PQENYKNTPPTRD) PEMIPRREVAE P body V -
Li ght Chai nWEXDDMGHEAQTBRP E‘&S\Q?GELPILHQDWLNGRTFRCKVTSAAFPSPI
DI LLT@PATL@W@@G@EQ&%&@%I LRI HEVEWQMNGQ
PSRFSGSESGTHRAN SKNSVR THOAENGESNS WY KKEKHIRQENKFRRS Y bBEF LUNHEEEY Yy Chai n
Vari abl e Re¥iBHSPSEQ | D NO 37 EVQ_VESGGGLVKPGGSLKLSCAASG:TF
SSYTVSWRQTPEKRLEWATI SGG 30
GGNTYYPDSVKGRFTI SRDNAKNTL YLQLSSLRSEDTAL YYCARPGYNNYYFDY WGQGTTLTVSS Anti body
V - Heavy Chain CDRs 35

Antibody V - Light Chain Variable Region

20

SEQ ID NO:36

DILLTQSPATLSVTPGDSVSLSCRASDSISGSLHWYQQKSHESPRLLIKYASQSISGI

PSRFSGSGSGTDFTLSINSVETEDFGMYFCQQSNSWPLNFGAGTKLELK

%F%

25
Antibody V - Heavy Chain Variable Region

SEQ ID NO:37
EVQLVESGGGLVKPGGSLKLSCAASGFTFSSYTMSWVRQTPEKRLEWVATISGG

30 GGNTYYPDSVKGRFTISRDNAKNTLYLQLSSLRSEDTALYYCARPGYNNYYFDY
WGQGTTLTVSS

Antibody V - Heavy Chain CDRs

35
SEQ ID NO:38 TISGGGGNTYYPDSVKG
SEQ ID NO:39 PGYNNYYFDY

40  Antibody V - Light Chain CDRs
SEQ ID NO:40 RASDSISGSLH

SEQ ID NO:41 YASQSIS
SEQ ID NO:42 QQSNSWPLN



SEQ | D NO: 38Tl SGGEGNTYYPDSVKG SEQ | D NO 39PGYNNYYFDY 40 Anti body V - Light
Chain CDRs SEQ | D NO 40RASDSI SGSLH SEQ | D NO 41YASQSI S SEQ I D
NO 42QQSNS8VRPLN/117988- Consensus Heavy Chain CDRs SEQ | D PCT/US2010/030039

NO 43Tl SGEGXI X2TYYPDSVKG 5 Xi

is F, GX2is G N SEQ ID NO 44PGYX3NYYFDI X3

is H N 10 SEQ I D NO 45PGYX4NYYFDX5 X4 is H N X5 is I, Y 15 Consensus

Li ght Chain CDRs SEQ I D NO 46X6ASDSI SX7SLH

I D NO 47YX8RQSX9Q X8 is G A X9 is I,

10

15

20

25

30

35

40

Consensus Heavy Chain CDRs

SEQ ID NO:43 TISGGGX X, TYYPDSVKG

X1 is F, G
X2 is G,N

SEQ ID NO:44 PGYX3NYYFDI
X3 is H, N

SEQ ID NO:45 PGYX4NYYFDX5
X4 is H, N
XsisLY

Consensus Light Chain CDRs

SEQ ID NO:46 X6ASDSISX;SLH
Xgis H, R
X7 is N, G

SEQ ID NO:47 YXgRQSXQ
Xg is G, A
Xois I, E

SEQ ID NO:48 YX10X11QSX12X13
X10 is G, A

X11 is R, S

X12 is I, E

X13 is Q, S

SEQ ID NO:49 QQSX4SWPLH
X14 is E, A

SEQ ID NO:50 QQSXlssWPLX16
X15 is E, A, N
X16 is H, N

E 25
33-

X6 is H R20 X7 is N, G SEQ



SEQ I D NO 48YX10XI | @BX12X13 Xto is G A X1l is R S X12 is |, E 30X13
is Q S SEQ ID NGO 49QSXI 4SWPLH X14 is E, A 35 SEQ I D NO 50QQSX15SWPLXI 6
X15 is Ewd200/1B0i s H N -34- Consensus Heavy Chai n Yamitsbéie/oReg? on SEQ
| D NO 51 EVQLVESGGGEVQPGGSLRLSCAASGFTFSSYTVBWRQAPGKGLEWATI SGG
GFGTYYPDSVKGRFTI SRDNAKNSL YLQWNSLRAEDTAVYYCARPGYXI 7NYYF 5 DI WEQGTTVTVSS X17
is H N Consensus Light Chain Variable Region 10 SEQ | D NO 52
El VLTQSPATL SLSPGERATLSCHASDSI SNSL HWQQKPGQAPRLLI YYXBRQS
X19QGE PARFSGSGSGIDFTLTI SSLEPEDFAVYYC Q@X20SWPLHFGGGTKVEI K X18 is G A X19
isl, E15 X20 iS E, A -35- WE CLAIM 1. A human engi neered DKK-1 anti body
t hat has a Kenseiisus éegvy GhainY adiaklelRegiohM f or hunman DKK-1 (SEQ ID NGO 29),
cynonol gus BKKIDNGSHQ | D NO 30), 5rat Dkk-1 (SEQ ID NO 31), nouse DKK-1
( SEQ I D NG E¥Q). VEaGGGLAIGG IDRH-STA /S THSSNOM B2 Y R QavP GG L JE N-ABII$@EG ng
fragment t h@F@DYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARPGYX7NYYF

5 DIWGQGTTVTVSS

X17 is H, N

Consensus Light Chain Variable Region

10  SEQ ID NO:52
EIVLTQSPATLSLSPGERATLSCHASDSISNSLHWYQQKPGQAPRLLIYYX;gRQS
X19QGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC QQSX2SWPLHFGGGTKVEIK
Xlg is G, A
X19 is I, E

15 X20 is E, A



2. A human engi neered anti body or antigen binding fragnment thereof of Caim
1, wherein the Kd is determ ned at 37C using a Ki nExA 3000 instrunent. 3. A
human engwoeeroed7d86K- 1 ant i body or antigen bi ndi ng fragmemtuseienswBy of
10either daim1l1l or Aaim2, conprising a |light chain variable region

(LCVR) and a heavy chain variable region (HCVR), wherein the LCVR conpri ses
conplenentarity determ ning regions (CDRs) LCDR1, LCDR2, and LCDR3 and the
HCVR conpri ses CDRs HCDR1, HCDR2 and HCDR3, wherein LCDR1 has the am no
sequence of SEQ ID NO 5, HCDR1 has thgsam no 15sequence of SEQ ID NO 1,
and HCDR2 has the am no sequence of SEQ ID NO 2. 4. A human engi neered
DKK-1 anti b%dCloxlMant i gen bi ndi ng fragment thereof, of Claim3, wherein
LCDR1 has the amino sequence of SEQ ID NO 5, LCDR2 has the am no sequence
of SEQ ID NO 47, LCDR3 has the am no sequence of 20SEQ I D NO 49, HCDRL has
t he am no sequenceAmhmsE@gl@emqu 1Hmyk1ash¢sma<<am1mtlsawu)eme“dﬂ SEQ ID

NG 2, and an HCDR3 h t of S human
engi neered DKK-1 aﬁ‘?f Hog’ég @E@@%@P@&WBOW? g&n@ﬁ&@é&@l\lgo )E| t her
Caim3 or Cai m 4t bkiel e$EQ L@MSIL@%DK@R&EQH@M 3325ld¢ElfBBltan_d HCDR3
s 'SEQ 1D NG 5, - Loblel (e SR PL o By R PR 7 HODRL [s SEQ
I D NO. 1, HCDR2 7 sA Skt Ehg¥ered ,anti’d'd)dy bmﬁgeﬂ &nﬁﬁgrhg%mhe&of &Qélmlnh LCDRL is
SEQ ID NGO 5, LCDR2|SSE%IDNO LCDR3 i.s SEQ 7, HCDRllsSEQID

NO 1, HCDR2 is SEqren fkeKdis dgigemipessed 7 %HSSE@IFBENG)”QO instrggent. (i) LCDRL

is SEQ ID NO 5,3 LCRRR is SEQ
ID NO 1, HCDR2 3| s SE aﬁ gng%@eh@I@Ql aﬁmcb[g:%g% dégn i aé\@m therddE IR ")

LCORL i ¥ SEQ | D Navithst 1@@19!?2 @@msmompﬂmgaileht Chmlqbie IBSEQ(IPCEYINO (9I
HCDR1 is SEQ I D NQuql, heﬂ%%n'v%rlmelggn%ﬁjVﬁ) @ﬁ%lﬂ‘%\/‘ﬁCOﬁ%‘BS&D NG 3. 6.

The human engi neered DKK-1 anti body of either Caim3 Claim4, wherein

t he LCVR conpri sesconidengifanicy dasirohinegyigente((GIRSEODRD, IS@R%?néMQR@e HCVR
conprises the am ”&d@%& lgc%ﬁ%‘dﬁlﬁﬁé?es @DR@%Q?&')I% %D@andé{@@%g Néhefigran

engi neered DKK-1 ant y one of al'ns 3 erein the LCVR
conprises an am noL@B,RdihwlmanmeS@BbmtOéGEQrIBrN@ He HiDRiphas @resingnd ng of SEQ

'D NG {3, SEQ 1D [hendéor stiefind RN and e ha?taR dnbadBqudie of sEQ 1D
NO:2.
4. A human engineered DKK-1 antibody or antigen binding fragment thereof, of
Claim 3, wherein LCDR1 has the amino sequence of SEQ ID NO:5, LCDR2
has the amino sequence of SEQ ID NO:47, LCDR3 has the amino sequence of
20 SEQ ID NO:49, HCDRI1 has the amino sequence of SEQ ID NO:1, HCDR2
has the amino sequence of SEQ ID NO:2, and an HCDR3 has the amino
sequence of SEQ ID NO:44.
5. The human engineered DKK-1 antibody or antigen-binding fragment thereof,
of either Claim 3 or Claim 4, wherein LCDR1, LCDR2, LCDR3, HCDRI,
25 HCDR?2 and HCDR3 have amino acid sequences selected from the group
consisting of:
(i) LCDRI1 is SEQ ID NO: 5, LCDR2 is SEQ ID NO: 6, LCDR3 is SEQ
ID NO: 7, HCDRI1 is SEQ ID NO: 1, HCDR2 is SEQ ID NO: 2, and
HCDR3 is SEQ ID NO: 3,
30 (il) LCDR1 is SEQ ID NO: 5, LCDR2 is SEQ ID NO: 8, LCDR3 is SEQ
ID NO: 7, HCDRI1 is SEQ ID NO: 1, HCDR2 is SEQ ID NO: 2, and
HCDR3 is SEQ ID NO: 4,



8. The human engi neered DKK-1 anti body of any one of Clains 3 to 7, wherein
15t he HCVR conprises an am no acid sequence selected fromthe group

consi sti Myoah10BEPSID NO 11 and SEQ ID NO 12. 9. The hecasengiosmay ed
DKK-1 anti body of any one of Clains 3 to 8, wherein the LCVR and HCVR
conprise am no acid sequences selected fromthe group consisting of: 20(i)
a LCVR conprising the am no acid sequence of SEQ ID NO 13 and a HCVR
conprising the am no acid sequence of SEQ ID NO 11; (ii) a LCVR
conprising the am no acid sequence of SEQ ID NO 14 and a HCVR conpri sing
the am no acid sequence of SEQ ID NO 12; (i) a LCVR
conprising the ami no(iéﬂbil@m@CialSEQéDdYO SEQCDPB2NGSEQ 3D av{ 62 6eDRENESIE@npr i si ng
the am no acid seque I ( i sing the am no
aci d sequence of SEQ %Cﬁl& é%@'{éﬁsd #@Qébﬁ%h@lléﬁgﬁ/ﬁﬁe%%%ﬂ%c d
sequence of SEQ ID NHCD]M3 is SEQIID(NO'Ehe human engi neered DKK-1 anti body of

Ta"and i e HOVR 30cofist{CRTRSEA NG, FEPRE e S T g U2 1T
The hunmenh engi neer edSD&I{DJN(arEt HToRy1 ©SEQMP 0el, efCHHR 2is SEQIDIN0 R, aitder ei n

t he human engi neer ed ﬁ5 ﬁﬁﬁ% conprises a light chain wherein the
-37- light chain co s1S d Bcid sequence sel ected fromthe group

consi sting of SEQ THe H\i@anfbﬁ’gm@m DK NQntiB&y oBEfkhdr B1dNG3 &:ClalﬁhmdwﬁﬁQﬂ D NO
22. 12. The hunman engl neered DKK-1 anti body of an one of Clains 3 to 9 or

Caim 5 11, wher eMATENE BN dRfpiHBe rad s DRRICE OBRER BA A Cdrtpd Ses a heavy

chain wherein the HeFTRYcoRPALR (EOMRAS S8 scdlerRELINGE ﬂbfﬂl(ﬁ%@luence sel ect ed
fromthe group consisting of SEQID NO 17 and SEQ ID NO 18. 13 The human

engi neetled DKK- T aﬁhqwe@gme@ [¥RE- lomtibedyj afgnigonepf §lagms Step.ghetein t o 12,

wherein the human tﬁ@ﬂbﬂ/‘i{%ﬁﬁh%*ﬁnJam%tdcmgé{ue‘ﬁ@e%[e'ct%g%o%tﬂ@QN)M 10chai n and a
| ight chain am no acid sequence selected fromthe (%rou consi stl ng of a. a

heavy chai n conpri&inpigfingtnd SERI IRON@c] X SERGRE¥ el 4oPEQEOND INQNISEQMY | i ght
chain conprising thg. gy no aci d sequence of SEQ ID NGO 19, 15b. a heavy
chain conprising the anm no aci d sequence of SEQ ID NO 18

8. The human engineered DKK-1 antibody of any one of Claims 3 to 7, wherein

15 the HCVR comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11 and SEQ ID NO: 12.

9. The human engineered DKK-1 antibody of any one of Claims 3 to 8, wherein
the LCVR and HCVR comprise amino acid sequences selected from the group
consisting of:

20 (1) a LCVR comprising the amino acid sequence of SEQ ID NO: 13 and a
HCVR comprising the amino acid sequence of SEQ ID NO: 11;
(i) a LCVR comprising the amino acid sequence of SEQ ID NO: 14 and a
HCVR comprising the amino acid sequence of SEQ ID NO: 12;
(iii) a LCVR comprising the amino acid sequence of SEQ ID NO: 15 and
25 a HCVR comprising the amino acid sequence of SEQ ID NO: 11;
(iv) a LCVR comprising the amino acid sequence of SEQ ID NO: 16 and
a HCVR comprising the amino acid sequence of SEQ ID NO: 11.

10. The human engineered DKK-1 antibody of Claim 9, wherein the LCVR

comprises the amino acid sequence of SEQ ID NO: 14 and the HCVR
30 comprises the amino acid sequence of SEQ ID NO: 12.
11. The human engineered DKK-1 antibody of any one of Claims 3 to 9, wherein

the human engineered DKK-1 antibody comprises a light chain wherein the



and a light chain conprising the am no acid sequence of SEQ ID NO 20,

c. a heavy chain conprising the am no acid sequence of SEQ ID NO 17 and a
| i ght chawo 20ovmprdssi ng the am no acid sequence of SEQ | PCR@S2@023903and d. a
heavy chain conprising the am no acid sequence of SEQ ID NO 17 and a |ight
chain conprising the am no acid sequence of SEQ ID NO 22. 14. The hunman
engi neered DKK-1 anti body of any one of Clains 3 to 13 25conprising two

| i ght chains wherein each |ight chain conprises the am no acid sequence of
SEQ I D NO 20, and two heavy chains whgrein each heavy chain conprises the
am no acid sequence of SEQ ID NO 18. 15. An anti body or antigen-bi ndi ng
fragment thereof whdhtbhatoempetriess anianting dval feguene etgicddonetic Bip 1 ant i body or

antigen-binding fr t ot f A0 €0 WS, t r

bi ndi ng to human Ij%%ﬁ%ﬂ](gﬁg%%pgﬁw §9§E§2%&§§|‘?Pm§%§éﬁ \Ill\f@i 2§han§nt| Itl)jéy
conpetition assay.NO:3B- 16. A pharmaceutical conposition conprising the
human engi neere K-1 anti bod ti gen- bi.ndi ng f.ragme hereof of any
one of Craime 1 Zol i shatniea iR B Y A B8 s CERET Sl PECRRY Plent
or excipment. 17. HA,phachBbehindmaingaodPbbKK- Dintibodypcdngiriags o Heevyhahan

engi neered DKK-1 5a€ti.bﬁgy or antigen-bindi ng fragnent there(g[r of any one
of dains 1 to 15 VoGP s <t alacgwa%e%a@ ar 3“&‘8&%’*&?]&% reRths er

di luent, or excipi @blp @ncis@RtdfeRal IDyNOt edndtSrey mpRot 1 i ngredients. 18. A
human engi neered DKK-1 anti body or_ antigen-binding fragnent thereof, of any
one of O ains 1 ol AR cpgipecteq I?Iﬁlérla?a;%bodmfglﬁy QI MR A Y e IRESDKK- 1

anti body or anti gepn-gijndingeih IRNTBAL e HRCRADKICN adfi¥od9REmPliscCh@bdy® 1 to 15
for use in the treatnment for bone healing. 20. Use of the human engi neered

DKK-1 aHtibody or @winagealishtripingmitogsiesauanpecsted fiom hpgroshe of C ains 1
to 15 in the manufagtwe £ a nmedi canent for bone healing. 1521. A human
engi neered DKK-1 antibody or antigen-binding fragnment thereof, of any one
of lainms 1 to 15 for udsayicheeompesngrinemaio acilearence SEQ luNgnl7

engi neered DKK-1 anti b%ﬂ&liglﬁctﬁﬂéicgﬁr? i r%gtﬂé Elﬁ%rlfo%é’ig EndNSRBMD . any one

of Clainms 1 to 15 for use nt of cancer, wherern the cancer is
sel ected fromthe group9consisting of nmultiple nyeloma, breast 20cancer,

and nong mal [ cell | BNY, h%g\pycceflréin comprising the amino acid sequence of SEQ ID NO: 18
and a light chain comprising the amino acid sequence of SEQ ID NO:
20,
c. aheavy chain comprising the amino acid sequence of SEQ ID NO: 17
and a light chain comprising the amino acid sequence of SEQ ID NO:
20 21, and
d. aheavy chain comprising the amino acid sequence of SEQ ID NO: 17
and a light chain comprising the amino acid sequence of SEQ ID NO:
22,
14. The human engineered DKK-1 antibody of any one of Claims 3 to 13
25 comprising two light chains wherein each light chain comprises the amino
acid sequence of SEQ ID NO: 20, and two heavy chains wherein each heavy
chain comprises the amino acid sequence of SEQ ID NO: 18.
15. An antibody or antigen-binding fragment thereof which competes with the
human engineered DKK-1 antibody or antigen-binding fragment thereof, of
30 any one of Claims 3 to 14 for binding to human DKK-1 (SEQ ID NO: 29) as

determined via an antibody competition assay.



23. Use of the human engi neered DKK-1 anti body or antigen-binding fragnment
thereof, of any one of Clains 1 to 15 in the manufacture of a nedi canent

for the tweabmenrsof cancer. 24. The use aceordiSagowsood® ai m 23,
wherein the cancer is selected fromthe group 25consisting of nmultiple
nyel oma, breast cancer, and non-small cell lung cancer.

-3R8-

16. A pharmaceutical composition comprising the human engineered DKK-1
antibody or antigen-binding fragment thereof of any one of Claims 1 to 15,
and a pharmaceutically acceptable carrier, diluent, or excipient.

17. A pharmaceutical composition comprising the human engineered DKK-1

5 antibody or antigen-binding fragment thereof of any one of Claims 1 to 15
together with a pharmaceutically acceptable carrier, diluent, or excipient and
optionally other therapeutic ingredients.

18. A human engineered DKK-1 antibody or antigen-binding fragment thereof, of
any one of Claims 1 to 15 for use in therapy.

10 19. A human engineered DKK-1 antibody or antigen-binding fragment thereof, of
any one of Claims 1 to 15 for use in the treatment for bone healing.

20. Use of the human engineered DKK-1 antibody or antigen-binding fragment
thereof, of any one of Claims 1 to 15 in the manufacture of a medicament for
bone healing.

15 21. A human engineered DKK-1 antibody or antigen-binding fragment thereof, of
any one of Claims 1 to 15 for use in the treatment of cancer.

22. A human engineered DKK-1 antibody or antigen-binding fragment thereof, of
any one of Claims 1 to 15 for use in the treatment of cancer, wherein the
cancer is selected from the group consisting of multiple myeloma, breast

20 cancer, and non-small cell lung cancer.

23. Use of the human engineered DKK-1 antibody or antigen-binding fragment
thereof, of any one of Claims 1 to 15 in the manufacture of a medicament for
the treatment of cancer.

24, The use according to Claim 23, wherein the cancer is selected from the group

25 consisting of multiple myeloma, breast cancer, and non-small cell lung cancer.



