WD 2007/ 084344FCTI US2007/ 000777 COVPOSI TI ONS AND METHODS OF USE FOR ANTI BODI ES

OF DI CKKOPF-LoANR SR 4 FIELD OF USE  The present |nvent
conpositions and net hods of use for antibodies of . 5D cIJk ?lﬁ’i&%ﬂ?ﬁKKl ),

Di cklcopf-4 ("DKK.4"), or both, to treat DkK-rel ated abnormalltles _of bone

density, metaboli i , i ke G QJ OF THE

| NVENTI ON  The Vm?@gf[g?g]:ﬁ pﬁ&ﬁ\%@hi?@g%ﬁ%k@%#q?@ NEI of - enbr yon| C
devel opnent and 10neopl astic pr GIEEKEOLF-EANDAORI-4 ul ar WAt prot ei ns are
responsi bl e for the growh anddifferentiation of many cell types, including
in particular the growth, di ffer ent i atIEDD oFukE egul ation of osteobl asts,

ost eocl asts and adi pocy tes ~cancers are associated with_bgne _tissues and
can result in ost'&BrESt H“Ee“l“%%'ie 178 tgqEposifions Hgawthogtofass 197 BBl -cancer, or
i n ost eobyt imckkepft IFIBKEUTH DaBkdphe S®KKE dr hoth, touregt BidKedated fmoastitisss€emeer, and

Tl L1 PLS Y SN o, ARl ciilers QT pdEW England 9. Wed. 349 2483- 2494) .
t

Menbers of th gene f encode secreted gl ycoproteins that are required

for a variety of devel oprment al Fej 1999 J. Bio. Chem

074:19465- 19472). A Wit faml@@%@@ﬁe. *?ﬁﬁﬁ—‘l&?& a signal i ng pat hway

that is i rrportant'rhé ot bibRuligE ﬁéMvﬁy&FHjn\daleeﬁBi’tﬁﬂidnﬁ&llcﬁ&nﬁflmﬁ&ﬂ@élb;br%fﬁl,d

whi ch. Cqﬂse neop tac ﬁgesslsesl Q)Qracelﬁlar% rhi3lhs .I?u'g %303}1%&{3?&% Ll ap&)& erglg{aﬁcﬁnoorfpt I on
r iR rocess conduc %8 'b P

i s an ongoi ng nown ost eoc
contrast, r eeeeppvjktyem wmleas m@Pﬁa%@lt‘@ﬁﬂb&%@%ﬁ?@&%ﬁﬁ'@%@f e%&hkw | s the
final rredl at(@ﬂ'eo@gfsts(aﬁ& anedca®d. i ¢ bone resorption, where it plays a nmjor role in

the pathogenesis ,of  DOSE i 2k E&% WR?GO%Q?%[I%SE%IE can%su%l Jste%&rdug k{?‘aﬁhesuéﬁ a§5 :

associated with r a"&’na‘{cers ancer
aromat ase i rthisbfaupt wmeramnen@r mredeRfyiresirep puch a1 'ihe%ff fourd imlype f(ag“éé brf‘éstg ,

Lewi eeki1s( 2QQ6k:r, Bxpeiitiple 2pploma Bigl Tiankaal, 206 NebOdhki£0). Mds s&apspeeg).i n (OFG),
which is expfeSS%gem% ﬁheqp' 35S LPEJJ.LQ etsém%lﬂéko HRGE ﬁ}avggf%g&ea%rqg

ost eocl ast acti vi or na al ance en ana bone formation
and anal yti categnef @len"m"i‘*’éﬁmla%ﬁaﬁ%f”é‘éalné???a'} Bisorient dH& I 93~ 102! & WHE i ncr ease
in one or thﬁmm} Jﬂ&ﬁbdr@ﬂﬂ’ﬁn hﬁ:ateﬂ@&n@@ﬁ@pah@ﬂﬁtIdEEﬁh;icytaﬁtl’fontmgr&\aﬁaﬂld bone | oss,

r espect i vel ydlfferent q'%ste?qnqas hthus%?Jé dg# fon. Cl%lalidlﬁ&r t)%gﬁe DRk S‘l g§neand V\ht

Si gnal in can conlftr“? ute C process. er nor e, enetic
al t er at i%ns rewrptign fseaetoneprworrml arocpsf mﬂévqﬁedcbﬂﬁﬂl%%mkﬁmw%assd byorEtsbus

pol yposi s cqla¢epioﬂydﬂka&bmnac1af e®i-Raphd B tigir@ RANKE N tHelfRslienaianpbexesclisive been
observed in b%et!s %_?gorgtionp\%ﬁre Ir%ysvgng orcyalé ﬁlatﬁgﬁ?aﬂgﬂmmgéf dﬂ op%%la%te&ﬂ)%gr

nmel anonas, ote car CI nonas erratlons of Wht
si gnal i ng pa‘b’?’lWéyfstaF dosy espeniaigdtvith ghqupatot ‘%‘pﬂﬁ‘ﬂ%ﬁtﬁfca‘tcﬁe%“‘aﬁcﬂnyﬁ'ﬁg’ga bly ot her
human cancergorgdrad ﬁnhﬁﬁtoﬂherapﬂe&gQn&ageBHervﬁ&ﬁ erapy Ged, 946 BewBE1 0T Expert

There arg at,l.eas h 8.9 t g, nanely
t he secr%t ed ¥'7 |glz°i ?at e ?St pr(%g% ?@e&g&;ﬁ %m S bﬁl\é%e b?dsgqﬁllltl& he DKK
famly curr eMWLctbﬁfwlaa %eemwsteqres%ewty@fm@mm/ ??an'\ﬂa?hcl

menbers, nan@hiyatibiald e(nhlymn%rpmnegulawwmme d&isity, amnemncrea@eﬂﬁﬁbﬁg or DI CI C2
(human accng RT, accno. NM 015881,

PR T accno. Bﬁ%%g%ﬁ mmgas ﬁ ﬁﬁoﬁ%gl%%%gi’ﬂ\lﬁggg s&%gga?PRT accno.
NP_055235). Di ckk‘b’pﬁ“lﬂld‘s epkaets thioushoties pallspetape profRitsane Wb HERHREARPR P2 ni n

si gnal i @ patbieylastRRoces. Furthekhdpe, gpiitie fiteraipi dat affdconceRIBOOEH drd@et motk ehr s;
U.S. patent applicatio ) t PRI e ability
to inhibit Vt- enoﬁ'aous %ayfg”%f’ i“ cati op%tmg%&gﬁea{ll c aﬁgﬁﬁglgegﬁ?%gﬁ%at es that
DKK1 acts up@eeresshin eddlsionmitisnte wmelseﬁﬁﬁ%qhaﬁb"mwmn Fageey fg?}mr%eﬁ-dant in

skel et al devehapsih: @scitaRsisddat etlathyerefifs of Wnotigialies Jaasayoie Rt sitieuct Ur es

e fksggogﬁ%gfu% PoRIBL YOS RLh PLinE tRRSHEScd Aredi VAL Bibols B! ol 27N KAss( Ti an

There are at least two families of proteins that inhibit Wnt signaling, namely the secreted

frizzled-related family and the Dickkopf (DKK) family. The DKK family currenily contains four
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10349: 2483-2494) . El evated DKK1 serum | evel s has been associated with prostate
cancer, and elevated DI CKI and RANKL | evels in bone marrow plasma and

peri pheral BV@aWPH3Patients with nultiple nyeloma are XEIGSPUTBYWith t he
presence of focal bone |esions See, e.g., Tian 2003, OM M accno. 605189. DKK1
al so plays a role in adi pogenesis, chondrogenesis, proliferation of the
gastrointestinal epithelial proliferation, bone |oss associated with

r heumat i sm &mwlyimgintberst llaonlm?lﬂﬁhﬁhpmilsﬁmmap@bé‘IML(Hé%ﬂePRBpwa? QR0 TR B ccno.

605189. (huma%&kkm oA 4 LD adcso. N@SE5 5989), I DIk kA AL M Ui 5888 PRNkew se a
M I G, T T B g i AT
has no known rol @lqkkpprﬁﬂéﬁl(léllieveftcwp»ﬁderﬂnbltOtﬁehfeWOW%catqmn signplotrathaeedSee, her ei n

t hat DKK¢ h@% e;rs bRkt Bbdiedtdon Qédsam@nmmeﬁrsd@gedafemmm&pzﬁh@bmss1@ need for
conposi tion angc %&abnor mal it:

e
i ncluding s 'B'”ﬁ:f@g]t ‘F?éi"ssfﬁtt'%% iliy fo igpi L‘ﬁ&&‘f P“&F‘iegé’“ ap{ PRy ﬁl at ed
ant agoni sm afdicives thsti QJaEI ampst@wmﬁl{b&]WnTHEnaﬂlhklEDm(m alsziaﬁpprenmb@dlemént of the

i nvention h@é@logmmtqyag.%astmd%weﬁm R 1o R Bk sARARIN g, RRAduan t her eof
that selectively-binds to and neutr zes or a Dl CK4 B(gl ypepti de or

a fragment CREPRUIT PROYIP E'Féﬁ‘?déﬁ"egr?@ﬁﬁlréﬂf‘" e*ﬁh&"%ﬁ“?%&a%)aﬂds' Medici(1/ 4
neut ral 1@i ng4®IMeB3e%Y. ElevataddPKIOUssnemivods e htes assbtigedwith grestatbeandirrgd por t i on of

the DI CK 1/ %le@a@éﬁtﬁ@ki édd’]&m |eb<9§1¥1 bqﬁ@ﬁa%mplgw%&%lgrooélga%% w1?hO| n one
enbodi ment the anti body or an anti In |Hg ort| on thereof ranged

within an i fﬂﬁ'ﬁ‘r‘?&fd’l‘%l?ﬂlalaffqsf%@eg(‘f"éq‘gﬁlpbese'?ﬁﬁf bope {5sigph efb P& g@l‘ %@Ped from
e.g., a humaMIMuacmmenbedes. Diibaieeplad a rell aradipogenesdsneiondrogavadid, ototiferadipddfohe may
addi ti onal | ¥a Q@mfe@tﬁgr%ltﬂ@i@ipmlﬁﬂja [ bdne 18E as%t&%gﬁéan%ﬂsbﬁqllﬁémof Qf halr

|nstance5 t echnol o esigned to mnimze the Human Anti-murine Antibody
responsé (hfﬁ{lé\‘ﬂ"e@?‘i" m‘ﬁﬁo?w B Ut os or humani zati on technol ogy of -

PDL) are 35 cont &iqskatfadDRK#NE fes¢ gl dhmaaerizedbut ifliketies secad iingdtitobofiigd Wt

portions Sp%&h\fv!aﬁ ﬂl@(ﬂﬁ's(%ee%h%ébgﬂ%o@eéﬁn PREu i Mefdnd Qftn hW&QQ'dQDA&L hr |1 ke
scaffold, inclu arrayed wthin an adnectin, -fibrinogen

ankyrin- der Ilw5e§s§:g@ é_xfl§c e. ’eYVet haf %énomn r?lf: mrs ﬁevelov@ent therefore itis posiulated
2007/ 084344 RE&FhUSRDRRKABAOA Thibitory role on Infusdle @aelbpreart.ar enbodi ment, the DkkI
anti bodyyi s char %ﬁ&@fs aa@gb fa,scoln%zglms 2 mﬁadg%nreat caxueg%algonreamsey that is

specifie for . tarq protein D and the-anti b or tunctional fragnent
bi nds to DKRAmogpalies F‘&b‘ﬁ@ﬁf““f‘ RefrEsdhat infesfere "t’é‘f"é’t’“é’d REREA mefitety cka

ant i body i Saahgnaatc€Wnz g@ghalin@s havi ng an . antigen-binding region that is
specific for target protein DKK4, and the antibody or functional fragnent
binds to DKK4 or a fragnent thereof. In a related enbodi nent; the D ck4

anti body is characterized as h A g region that is specific

for target proteiag eMmerﬁGﬂth& imeraqeﬁ hd2@ rrggolaed‘amﬁﬁuoeﬁ&l anfah@@HBREInPp&ES, t 0 DKK4

ant " gen- b1 nfl Do IRRb ool St ou

ont gen. bi ndlRg! GeRraie D ReEB A S ELFD
not to a DKK®reof. IDKKZ st ypleqtirnahé thelamﬂwdaﬁ@tﬂi@ﬁéﬁb@@ﬁmantIMYahtWy or an
antigen bi ndinBai&iis iheBntleBRbR@hg pSrisMTard @1 /4 nduitaiiil MEEodg EbRALBMa the
ant i gen- bi n?; o n is polyclonal. In various enbodi nents, the DKKL
ant i body. an éﬁ I'gen binding portion thereof binds a peptlde consi sting of
30 cont Bguous aninmee ambetiment theBhteicy erranantipkihinging petpr thereof is drranged méithiataa d

enbodi nent, uﬁlhﬁi'noglo&mnrlg(efs&ﬂaﬂl@ucpﬁs aDl%kwb& ssie&t&manme% athulnﬁﬁﬁ&mzblﬁe@ne of the
15f ol | owi ng,assa

transcripti maar?%?? élhaé %rlcé'g?}odnscé%’éyé dloré" AT "f'i yy l?:fefcom mﬁm Ch' ere °ﬁ% l'i nked
i nmunosor begtaﬁasmyoctmsndorngstaneft,eﬂehnomghémgnmﬂon@mmél@%amd\mrMInng anal ysSi s;

FMAT, SET, ARfbod pron@@E&%&nﬁéﬁwo@%m&eamhaﬁﬁmmte@ﬁno%gemmrase such as

ost eoca r ﬁ}
lgg Frizzl ed

ty nitr ous ope
ost eopr tl?)g egﬁg’ﬁer‘( ‘Y&é%th B‘ig?ﬂﬂ' g]p e @t'lge"'g’q IR 08%@6
(Fz), LRP 20@LFsP8 wihimnonkmenmee!gtikitingike slcaffqi@mcaldmgeqman@m@m anfgeneliink|
anti body or figfideaeBultiRdiGd RREL, 06, PRSTEaR&FRAL | east one of the follow ng
properties: selectivity for DKK1 that is at |east 103- fold, 104- fold or 103-
fold greater than for human DKIC2 or DIGO, binds.to-DKICL or DICK4 with a
Kon. of |less than 100 nM 50 nM IOnM 1.0,nM 500 pM 100 pM 50 pMor 10 pM
and has an off-rate for DKKI of |less than 10-2 per sec, 10-3 per Sec, 104
pei sec, or 10-5 per sec, 25In a related enbodi ment, an anti body of the
i nvention corrpetes W|th Dl CK1 and/or DI CK4 for binding to LRP5/6. In a related
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SEQ I D NGs: 2-20, 65-72, and conservative or humaneered variants of these
sequences, which 35provide isolated antigen-binding regions each of which is
an H- CDR- 3. WO02007/084344n g rel at ed enbodi nent, the isol at @§TANRIGRNWIBi ndi ng
region is an 1-1-CDR2 region having an am no aci d sequence, selected from SEQ
| D Nbs: 2-20, 57-64, and conservative or humaneered WO
20071084344PCT/ US20071000777 variants of these. In still another related
embodi ment, the isoiaaticelir emitddgent, Pierltkk hgntibedyi iorhaiastedized gnbeing us aig8BR2 1 egi on
dep:jct ed i nbﬁ:@ﬁé% tﬁ@ls%ADm\i/ f&rtggz m%eugbﬁywﬁﬁ ﬂ{émdo@, M%ncﬁ&amgfygnmt am no
acid sequence avin cid sequence
G SYYGGNTYYABEUR i’ §E€“F‘bﬁ|ﬁ6 E!Qaﬁeiﬂf‘fdrf‘d’"’aﬁ'r%‘ the &%@au@ﬁ% characterized:
A SYYGGSTYYADBViGE,an a:mtem:-blnsleg xegioh thet i spehifionin eegee protear DG4, sndthe antibndy @ci d

resi dueSSOf fﬁn@@&ﬁl ﬁ%’iﬁ% to DKK4 oraﬂdém@ﬁrtﬁe?éop ﬁ@ggbm&rmehp%emxgl sequence
provi ded - is SEQ 11, 20,49 and conservative or hunmaneered

vari ants of a‘ft}?f-}g’é's °Qﬂﬁ‘i°&‘1‘fz‘iﬁira(§\})?"d‘ég aé?r?“i‘?sembé{'tj@é TSR TP Y SR CH U T2 BRTBH™ whi ch i s
an H CDRI r@jikgnand tHeQdnfib@ly pe fuattedaldnoetit hiaid to DIdKet dr 8 dlaghed thardt. gea plefendd ng
region is a.cansaasYR Jnhsogg&a,ﬁ.@w andlwdrm t@epeo@%&goaﬁx&ﬁ%wm (using the
one letter amno acid code) selected fromam no acld sequences G-TFSSYGMTI ( SEQ
ID NO 43), PEEeREsybfiiro(iee PPIYPEREYESNYGMT (SEQ | D NO 45), GFTFSSYWMT
(SEQ | DING  46) , GRFRSSYAMImESBR dnBbddor arkif)igen GREFSSYEVBIHGSEQ mBhdiOnald®) and
conservat i vend@ifer BHEBRRIRGE G2 a“ﬁ%eh%md%‘lgggrtﬁn){; pOfyclbMESE, varlé:%%ﬂl)c%r}ﬁeﬁé \A}]he DKK1 I

anot her enbodi ment, the invention provides amno acid uences are

i sol at ed antTHHamy. giananteg P‘é@‘f‘%?&’“‘i’i‘d@?’ﬁ’éba‘ﬁs ‘LP"@EF-?S’"F%ﬁ?’%Hf Osgttpuges aa‘r'ﬁono aci d
sequences se¢x®01fed)l¢l¢lo¢na$11¢4 mohNeside21- 39, 89-96, and conservative or .
humaneered vari agf asregtedtemsaﬁmé@qwm to bméto'r Hmnpéépe@.r;,m@@!,@éaaq,y%n@mhmnt

t he isol gt ed antigen-binding re on IS an L- regi on having an 20am no acid
sequencé sefYRYVEE 2 Gm! @E@"?‘Uf 105 PREg a“‘?@‘m&s(!f‘ of JMRt-stehrlediransri lpf)%“ yrface
humaneer ed- plawesr rasmhs:wﬁff‘hime@rmmqmnﬂeme-lmkeyeﬁmm@drhﬁt askaylbaided; enbodi nent ,
the isol at eqlea&haﬁmnme@h&%age%m laal 3,@% #M@FQEf %ekoxm%xmqh%oﬁma aci d

sequence selected fromS 8@ and ° conservative or

hunaneer ed GHPERHY Fhiypeees sg‘é‘cﬁﬁéﬁ%‘lﬁ%’m“ (OCN)’ pmc"”aﬁ"ﬁ‘ QRS T IReRAH BIPTREAT s, t he
i sol at ed ani(R1y@n adoi qadpmgtegrégfmﬁ) iagd indisg foabil ﬂlrﬂateghitept@ﬁalsﬂchhavnmyedzsﬂmm no
acid seqyen@@ﬁ%ﬁﬁk@q\eﬁ e SEQeldh m"&ks% Dﬁxadanw&%r Y én-@mﬁ& JysEmneer ed

variants O t hese se uences. [n anot her. enbodi ment I nvent 1 on [ oVl des a

nucl eot i de §%Sd‘i§§“ﬁéb P ef B lloyiRePREeFD specht Et?ﬂ‘)‘ Kok igonst 19 o1
rel at ed enbédd orelot- folé grhtenthart fleelsenan IKKadr iDHE 35 bigdian DEX len OB&@svidn Kyrbho aci d
sequence an%s&ﬂ{ﬁ?ﬁfo\ﬁ@i 'SUﬁMOKOnM%rh‘R@%@@?MafOb%M So pila o l'ﬂ@ae £R%ededAnq 30aci d

sequences are als fhe sc e invéntion herein. In another
related enb&difheth ess?‘ﬁ’e“’n@&!Sébthdéeféﬁ’qUérﬂ?ése&fmé%cwf6?’ SEQ ID NO : 97- 100
encodes28n ant i gbre mbiated embpditepintan elribody, ofltie iavehtiort doapetesolict RIK badsioet DK , t he
nucl eoti e SESMANES BleAGh o Wia SRS 0oc) G NGOHRR AbeRRLABRIG! Ndi ng
heavy chain et anot her rel ated enbodi nent, "each of these nucleoti :
sequences |§“d(‘ﬁr'¥ FouHET M 2™ .or expression in a cell. Preferred cell s

i ncl ude, but  ar elnssil ahotlmrbrelhhmnt ehegnven@& G vides en inalaed emgérebng:lmg@i@)oﬂ:el l's,

bacul ovi r usanyy&mtabomﬁmaieém m&k%ag;@nls%ftha&%%abs aR@RhiRd g Ry &hedsabl y,
sequencg& Feo pt i m zed for e%ffr essi.on an roducti on and cli ni cal use.
i*s

Char act et S PP fDAPENS: fh8r’“"&l‘tf"ﬁ|pﬁ°é'fd%ﬂ'§%latF‘mP'ﬂ?i%°‘do‘°t?ﬂ“°3F“é not
[imted to, sdecgd fromahd grbupf & SEQWND NABOZ-20 84E{POTNQSA007 100t aprarr macoki neti cs

(PK), anti ggmé;,qe;,ydvag;,(tggfttggsegédggluson FeRn cl earance, and patient response
i ncluding antibo dy dependent cel | totoxicity (ADC) or conpl enent dependent

cytotoxicity (CDEythge#n Srytpip additional erbo ingnts ﬂfed’i“teﬂ'é‘?“ REPMitsE PHHER £C1d B9qReNPEvent i on
provi des anSEQdDaitsd2-ahbh-gernt candérngive egiuonndsadivargans ofi iaéysequbraies) waivboded by a

nucl eot sle pe %@nsﬁtedmlga%lﬁ@kn%regmsaa]&rv@m i0dn iPERRLP NGs: 101.103. ~ 1n g
rel at ed eni bodi nent he 1 nventi on q%ﬁow des an, i sol ated anti gen bi ndi ng .r egi on

having a |ight ' BYidPiAted ARbRiERenh yhedsqicd BBsndiding gepiondaandy SEEPHSMBhe gr oup
of .SEQID bi(hnlné)im(l@ﬁuenmsqletedmmmIDrIéDaﬂé@, Endodidnendervatiie@r hitvaandredn
prOV|des an isolated antigen-binding region having a |light chain encoded by a
nucl eoti de sequence selected fromthe group of SEQ ID NGs: 97-100, and a
10heavy chai n encoded by .a nucl eotide seguence selected fromthe group of SEQ
ID N h 101-103. In certain enbodi nents, the invention provides a

nucl eoti de sequence selected fromthe group of SEQ ID NGs: 104-110. In a

rel ated enbodi rrent each of these nucl eot| de sequences encodes an am no acid
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In a further enbodi nent, the invention provides an isol ated antigen-bi ndi ng
regi on having a 20 heavy chain encoded by a nucl eotide sequence selected from
the group of WESREO/PE3MOs: 108-110. I n another rel ated enP&AIUTENT/I07He i nventi on
provi des an isol ated anti gen-binding region haying a |ight chain encoded by a
nucl eoti de sequence selected fromthe group of SEQ ID NGs: 104-107. In yet
anot her rel ated enbodi nent, the invention provides an isolated antigen-binding
regi on havi ngiaats lof gkxe. mllmnmmm eh;boanﬁntctlheeblmdeamgqu\sm:@ sgbested fromthe

group of SE Tienid8in I de
sequence se?%ec“![:Pl ﬁr om t?%mdF%gM ?55% %§ 10%&%%&%5@%%@”% h@ﬂ]&
enbodi nent s amiRacifl pRABFICE G Ty&ARYY ﬁ% '%Wd%’é’dﬂ@ﬁ&‘é“@&déﬁ‘t“é?fef r om t he

group -of SE@IS\D{(B@STYYAJDSWKF anarsdeDCNﬂ) de sa\GaNseto/ald sequevar i ant s of t hese
sequence s an
antigen %I ngl ng cﬁééﬁ{‘?gﬁal n.’ é\rg(;a}tltrsléont' %gggreh%a%@d kglah%(t;ﬁ}&% %&%Slg&gl&

115-117 depﬂ@%essecawn%u gen bi ndi ng heavy chain. In yet another 30relat ed
enbodi ment, the ﬁfﬂeﬁﬂnaﬁb&inﬁ@wmeﬁﬁ/el Sq@ptd provied if SBQ MaPoL s, 641 1,2004%56, f or
clinical use. ‘

sol at od_ angissreepit A ophabth i BARL IR, SR GR AR AR R
sequence selwét?t‘e,f(ﬁnﬁ"éﬁﬁi FPélogr oup of SEQ ID NOs: 115-117, and provides
conservabi ve var tﬂ\&ateefembmﬁ@t SMMnganrbmlﬁge&gaheda edasb@aisrreubm Hgam

i nvention provides an o at ed ant| i.ndi n i chain
dop ctea | nPEngR aR - AhES (ARE s Rl S Ese"e%%d%m 4 5 No:
111- 114, anelequﬁmW§S§Mﬁ§€r(§ﬁﬂlmé@ié?] GHTENDYGYR 65RQ E%HQe SSETHSNYEMT anot her
rel ated enmbegigmntio: 43), GIMFeSY WMIT SEQMDAES: 485 GryessitadTase@ gerobindi ng regi on

havi ng a he an. amno acid sequence d.fromthe
oroup of Seor s e B e o0 5 SR A Bt S bl o e
conser vadi veeawenctsant s of these sequences, and a |light chain depicted in an
am no acid sequemoﬁaleﬁ%mmitrmmnbm.ogﬁlewaemmrﬁﬁadlsaumas wﬂ;&ﬂ-ar&?sél.ateand

provi des. nseryati ve var ese seq d .0
enbodi rrent fff”en Emﬁfelg’o"s ]!'avm a'élgsc 6a{g e lf 3Séan§'3%ﬁcén%e " gerac %-&giqi romthe

group of SE@EQIIPN@? 21132%8&2@ a"%??d?%‘?’fmt’?\@ hawafies@ﬁ aqr@ersaﬁwsgwmcmlﬁgl"r egi on
havi ng a vakhdkk flatdd@gibeMimet, e Isbigbd arﬁllgé}i-lﬁlnd]ﬁg BeibeR VY LABR INegochARg aky t he
respect bée nupnlo%c?lh Isecéllexenscg qblllecgg?rom SlEraznlﬁN g ?9 7?@9%% g(?nrgg att egrn\umanéere%se

nuCl eoti'de Sequences’ encodes a | i conservative or-
humaneer ed variantef dessfequprsse Iamtmwthﬁfrﬂatm@gwgt e t,solaleé atigen-hinding f78ics cope’ of
the inventi @ uooam&giaaha\h@aata&%o&ah@@uuamtsele&daemmsﬂcemme 23aqermseanal. SEQ
ID NO 120.¢ nggmwe ph%‘r;tce %vman}sot? ndin ht chain. In a further related
enbodi ment , “TRe AU Ot A€ sequence of - ‘%(3" NOs: 121 encodes an antigen

bi ndi ng heavy chbi Cf?ftalh nmy@nmmthhéplateéla@ttge@rb@%wsmma vagizhilight chajpdgping

nucl eot pele aemasaﬁssdqsentmetemn FORSEQ IDabs D13 R ¥R R8&hatfivedi timineted Cl i ni cal
use. LN ?{htesac ”u%,%‘%Od' ments, the invention provides an am no acid
sequence sel'8¢ted roup of 118 119 and conservative or. humaneered
vari ants-of thes#® @e@rareiw@egmemnthammﬂae g vides amelagiidel pefpce st fiomNes 118
depi cts an grhp gﬂE@lUﬂOﬂ@7M&’KI]ﬂbhﬁatécﬁ@hlﬂbﬂm&ﬁt dach bghéseatwonde defueatdt her

rel ated enbodi 9 regi on
of a heavy c%a?e% A, rﬁ" meilsqu%c‘)’f ﬁ"]d COQS%BJatI‘;ed) rﬁﬁ%ﬁﬁé rg(ﬂ%ﬁ Q%%Qﬁeggenﬁg&ggﬁli %sequence
is opti APzedcid mqumgfrae%ésoowthmw BPPE G thednyeRiigidiereiiis dn another related empegigerighe
enbodi ment s pudidd@idd Ry@mntd araaqaroems@aswm Sy 00 @ncd@ésthn SAPEE HiadindI Bitit Bigriratin heast 60,
70, 2080, 9Q 9% .1 dent i t icted in
SEQ I'D NGs: h§9”e'a19§ém§°d"l’e"? iy nucte ) ol ecln‘f‘“‘“t' %(the%hl %&Eﬁﬁﬂﬁﬁ E‘g\g/iu Q§c09992 ani no
aci d sequenedtizambindige baavy ehaist I'BYP" a@@‘e" Btedgmbodigent, cagh °f9the @Bleetrdeggwmient ity
Wi n{) hda SeqU@}ﬁﬂleQSﬁlnﬁiéﬂdbﬂeﬂprgEthxﬁ&J@)SPre;&édaéichiuﬂe ysettara:rwmae&d to, erge: at ed 50
enbodi e i.nvention S nucl eoti de_sequenc jng at .| east

20, 50, S50, e S0 8 g ROPE G A0 el SRR E R B0 Bpich T Fo)
ID NOs: 97-110 aRcferstiy. s@sencasrqopsimigsd f‘amﬁpf@ﬁ@bmdr@rﬂmdl‘a‘rﬂ“ apd clinigsl yspove

i sol at ed antdhnbeeiRscs s babpti@atiod Br Ainical @t adiuesi ehe MBI imitea Ry e.0f hdlhigfeabove

i solated antibodies is an 1gd, an 1g02, an 1g& or an 1g&. |n another
enbodi nent, the antibody is an IgE, an IgM an 1gD or an IgA. In a related
enbodi nent, the invention is selected frop a nonocl onal or a polyclonal

anti body conposition. In further enbodiments, the antibody is chineric,

humani zed, hunmaneered, reconbi nant, dein yet another 30enbodi nent, the
|nvent| on provides. an i sol ated human or humani zed anti body or functi onal
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WO 20071084344PCT/ US20071000777 In a rel ated enbodi nent, the invention
provi des an isolated human or humani zed anti body or functional fragnent of it,
havi ng an arW? g¥A%Hdi ng region that is sQecific for aXCEgiStWHRBT t ar get
DKK1 or DICK4, and the epitope contains six or nore amno acid residues froma
pol ypepti de fragnment conprising the CYSI-Iinker-CYS2 domai ns of DKK1 and/or
DICK4. In a related enbodinent, the epitope is a conformational dpitope. In a
preferred epiodicalemndtics (Pe, aapgenope effegordestion, Fénrrleatanes, @MSRtichoresponse | n a
particul ar RpRGL IRBEdy dep&dERLINRRIGRTPIASEE) & cHRplihinedeRicReyREx iy €Si due. In
a related e@f)cgl rrent the epitope contains at |east one glycosylated am no
acid residu afﬂ]’hb“fl onal fragnent.s include Fv and Fab fragnents (incl Uding
si ngl e chai n verlsiadmsheserstpdmsent e dFE)tion peovides 4n lstldmetanagmugleirngbegldl Inging @gi ons
of an argi bﬁ’é%h/y chm%wéngJmﬁaléeuéaue@egeé&éa%q‘ thpg@umﬁsdlmogénow in

scaffol d- and eavﬁ){ hai n "anti_bodi es such as canelid and shark anti bodi es and
nanobodi es. Maielaed enbdrenk MsdRcRARProvidiean Sttt Ateahitdnssyeiashai@géfeed above
is an I gG “thainznaidaeby 4 Blckbédt seqbnd iserentd frdhbe grog) SSEQD IRMNOHOTYESN gescri bed

above is anadoﬁq rela%g ellng&gmedt g@n@ntl@m&%é an 1sglgtre€‘fl'9%gﬁﬂmﬁggxggibmz{%ng all %ﬁt

antibody is au I E, gl 7 n [ ment

15i nvent i on°ae® eacqs‘s‘? D&t W5P“‘§ﬁfqu5?fd§e'%cgﬁ46®€’ the grgwp of SEQ ID NOs §7

enbodi nl@&nt heatthehainrueidtd Bk prBvidiasquancp MdsdmmuithegbumsﬁQSDtNmmMamsng at
| east one of a”yxn%natuh&m?o%weﬁtsatﬂé Inb&%?ao{?ipes 206D ?quér!c@&'l\é%@& fofl'the

conservative variants, and harmaceut | cal I'y accep e carrier or excipient
of it. group of SEQ IPNQy M"i llgnﬁtﬁ@}ateéFﬁB?PdF?Péﬁt‘Ch O(fmgsq HlePHde 81UFIBVi des for a
transgeni c ewrbdesbn 86ins yihgqaengene cdBentvd ongmanerdfvatidne diesemamt dckiodi es: or

functi onal geﬁ@&&@%m:esalsg .th?ﬁﬁé scope of the |Avgntﬁ)¢lrht:x@fn Irpzﬂig@lgll rgﬁ@,h §mednl?en't %ent ion
provi dei&a nmet hod for. treatin i sorder or condition associated wth DKK1l or

OI Cl(4 EXpreskpris, se%@“‘iﬁé’éﬁ?"h 8‘?%@91") NEj: Al Yemprdestregtigindingingdightgpain. Ina
" DI CK4- assoftrtadredatcll aemgiasit, iheabdehede Byienar @ esvblof BEQIID Bihst 03-106 treodeg b C
| esions - eépga.' @hdide 1RHERLK irG el ﬁamgna 2RS35 SRGlaRhGd exmhto?m@sewa%&q@s .ﬁ.@&e' ally

a Multiple nyeloma, or With cancers. of bohe; 25breast, co anocyt es,
hepat ocyt es? ° i ?@PW%@SS&@@W&@@&C“HW&% | ung, prostate or pancreas or

met ast asi s t her dafa;fuldenéntod Bis:na 86 Gioedtoa grovdedant iscangpinaginatindong. redran Habieg a

di seaseg Orheqw&aﬂ%&dw@ Mﬂﬁlem&e s@c{u&cé‘%e éd'??okﬁﬁe pcﬁfs% qnﬁlﬁf €% 1908,

prost at.e cancer, hepatocel | ul ar carci'nona oma including multiple
myel omm, di BFeether m'ﬂffb"s'?‘i“ﬂ‘meﬁbg’@l"é’eﬂ‘ﬁé’§ﬂ%(j’“%‘%’r‘f"é‘f P%e“di'@é‘&ﬁg“’"d’é‘t"éébor osi s,
ost eo_pe_nl a, lighheamadniging brohictebsdeanghene selawairftoactkhé giotip dESR) IDTHEs: net-hod I nvol ves
30admi ni st ey, mtﬁepreaateatémb&meatr}hmeé;tusm&r)ﬁ@és aeﬂoﬁfeé Q&%’ex\’@m@iﬂg}égiton ﬂiv.rﬁgw of the

above phar ITB.CEUtI ca osit10ns. In are di nent

di sorder or '@6%&%“5%*“! By pclepliderseqrencs seeBEEmEnETPYR O A OHREPY £ )+ lq"na“énot her
r el at ed2%enbolHanedthin ehdrdedbipnenudensictyquala edlariiftoy: thogrbe dASEQUPMNGsS 1ashid 0.
presence-of an 0§t.8Q} ditofinlefid] tﬂé]mlzé?ntxw"ﬁoﬁﬁglaﬁ Grhino 30tk BeqBORL DL ABAGATENE . The

di sorder or condition to be t IS an osteoporotic condition such as.an
ost eol ytic FEY BFERIBIEsal b‘dl l\X/l at“ﬁ p&"’l‘?&%"@é?e“'af‘}‘f: ‘é‘“f"é? ofithege seAHIERS iR elate e
cancer to bentodigaheench of SEQRNORH, 14 Utdepas anaiktigepbieding Bito piein. o amtleancer of
the bone, bén%éﬁnenp 9409 Bf sé@i@ﬂ@@ﬁﬁ 9317 de}’,\st%Q Q:Yt{JgQﬁérﬁé‘i %’&EL}@%&O 1L 1ML/

hepat oC tes B | i um ESOE I’al n, gg{g pr os ate or ancr eas OI’

met ast ek éB'Pod"P*ﬁ" i ‘é??ﬁbiﬁﬂ‘f?& '%09“1% fé‘ﬁﬁé‘r"fbt‘?"é"‘“é‘aﬁh‘i"ﬂ' g i s

ost eopor 05| S or lostf@tpedmtadaren( gk @osEios prmides an isolated antigen-b@lirga¢giondrabiogh nent s,
any of the’ @Q@I&a%g&&g@m al'l”éﬁlﬂ@'émh Ele\ﬁgén\l@séi’éé{ai ﬁ'bl%tt}%rér&g) o’i‘sﬁa?ﬂﬁhﬂ;eﬁ%%’t Ic

agent. In .a relate di ment, the chenot herapeutic ?f?ent IS an _anticancer
agent. In TGP 9T Ensaral v R YRS BT ?fé?ﬁse Seﬂﬁeé'c?h&?o‘teﬁ@f"ﬁ‘ﬁé ipent ARpdpYentien an

ant i ost eopogrotides aagelated antigen-binding regh hivingn@hherineafiael imantminb hed saauand i on
provi dess a JREBPHoH e oo %%?sgglmb@rmhlmyhpm&,ta@s co,tg@mm vmv.e'owh@%ob' ocki ng

DKK1 or DICK4 interaction wt ny of the above antibodies or

f uncti onal . FAYGTFENtY bAnothERiatef ﬁmb‘@H@?‘&Fhe ‘F‘f‘f&“‘t"d’r’ Yddtes prpisplatpbantigenbipdinga nt or

t hat bi nds 5Bl BiingerheDYCKAn ddpivtairie areamiiod adidksrtiyentdrelettat f@b the gloup bSSEMID

ost eobl ast, wherein treatnent with the neutralizing anti-DKK114 conposition of

the invention wll enhance proliferation and stinulate bone formation. In one
enbodi nent, the target cell is a nuscle cell, wherein treatnment w |
counteract muscle wasting.' In a related enbodi nent, the nmethod further
involves treating a patient with the target cell .15with a chenotherapeutic

agent or radiation. In a related enbodithent, foI I ovm ng adm n| sterl ng or
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20or antibody fragnents further having a detectable |abel. The I abel is

radi oactive, fluorescent', magnetic, paramagnetic, or chem | um nescent.

I n anot her eKPaUAEAtY, any of the above human or hunmani ZEd/'WEHOT/HYEI’es or

anti body fragnents are synthetic. In another enbodi nent, the invention

provi des a pharmaceutical conposition of any of the 25.above anti bodies or
functional fragments of these antibodies and an additional therapeutic agent.
The additi ondds: tllidr Aped pioeidesgenervetve vdanssif etesdqien@matdreligt duin depinsi 8t i ng of

an anti - Can%@ﬁmﬁ\g%ﬁ seq@é?xc@&tebt‘e@ﬁ&ﬁ%%&ﬁ)'o?S@@%NOS@H1 @ﬂi P4 Hbiifes. aN
ant i nmet abol i c- ent an agﬁ\ di abetic agent; an anti-inflanmmatory. agent; an

anti - angi ogé&N1® ﬁﬂéﬁfr'a“§° BRCHUPHEY or ;. and a cyt oki ne. The
i nvention furt hein methatepdodiment, metrhemiombropnnez\aemblhmge erudnceslecng fipnate f erati ve

di seasesgor S human;
e camn S A A

neutral i zi nFRRGENE gt C‘?%Of aheam ehemencadrd by By reRretinT Y ?té’eﬁFFélF‘}?ﬁ%éﬁf*f"(!%‘fq y
active agenespodivher.ehdh clithebeamsibotivin geqphipesmceid ancalidoacEGtduesce AG@ Bbnstrsatia

anti - cancer.f mﬁxaﬁ&eéawaﬁm%m& M»/oe;;ud sgagmﬁeég %Jag(so cvﬁk,ﬁlth@Sgc Qoﬂ?‘ggmm%swﬂ;.ca'
Con‘pOSI tions con'pr| Sle{)’g utral izl

n ody;
phar maceut i 83t el °‘§§|‘8‘ﬁt‘he wiglpotidper piger? fﬁ%ﬁ%ﬁgﬁﬁl%&mﬂﬁwt)’% ¢c) a
phar macéat | dadiny ligie ceypt. db b durthareiaed pmvdiehi@t, theatuclb@Es teqasmee EBQBOeNL: iizal | y
active agentndofesah amge.l. s.ﬁan ﬁe@v;&srnapsﬁt hufbther J;ﬁteazﬁﬁmmk QXc%mﬂh?&) further

relates to a. conrer ci al age or uct conpri si g

phar maceut i 84 e%‘S???ﬁTea‘f"iséﬁf“@Te &“‘ﬂ(ﬁff‘lf KRIGTI8 PPYRrAY <HRied! Besely; and (b)
a phar nmaceut i cal irf @rtaink@bdddnenef thi inkplian peded dnaalidoycidcdquuiee @Rl fibMrthe

si mul t aneous,, Qmwmsmd,co;és%namtoﬁhaﬁanls,&%mat@éﬁ%%@ge ue\q&@rﬁ'ﬂe@&d' cast one

Phar mac?g active q%gnt i's_an anti-cancer

Certain an'(‘J ot SERADINR dig. F‘?S’I‘Ftspﬁ“&{}‘i‘ﬁfééméﬁgéiﬁtap’lﬁ(ﬁwnt?ﬁ?/f'ﬁﬁ°‘&‘“T|IPst ani no
acid sequenamath*neﬁﬂﬂedles:badnhea,\@EQ:lmmo seldegittesh dnfigem bSHQe VR idNEsegiar 2@ hedd a
sequence ha , , cent
sequence |d\éiﬁa{}?tlshlﬂinﬁ?§l ér-%%)%d :ggbgoldgngegtw aﬁ’% acggﬂ%g r gg}tc;ﬁ%@ %\an%?es Q | D NOs:
2-20; and a®¥EASNE M HE- aci d sequence.which is a light chain sel ected from
SEQ I D NGs: 21- 391,ot1&ndn@d$ﬁipt$eﬂh€ﬁwhﬁi\m pgvidés dn@aiio abid seqdéhce BOing0ead 60, 796 97,

98 or 99gpe tgsS " / o CORoF ggj ons
shown i %Op %6% N @@gfi%g éﬂﬁ%ﬁ‘?mgrtn%%% %gsgdg?@édwslé%e i n\?g?tl on -provi des

an i munoc t‘ifgea’(béd’f‘?ﬁ’&ethé)lﬁ‘f’e"&f’" BroYiigSstn arRQATHRgIEce AT Rhatieast 4R, Wn$9. Bddy or
fragni ent a85,d6sur9%edd abidueinawith Bscgeoanidpicod PEEENID My il NY128. SEgdaththea M. NO
acid Sequen&@ated@fbocﬁ%@%@mvénﬁ@n W&O:P.Qme ts@qu'eﬁceﬁa&:)’gtaq Ee '65' 700§0 é(h 65

i Munocon] ugate IS a-bind ng etn or antl IF%? i ndi nq Specificity
for a targe ‘r’tgﬁ’agigoirgs'éﬁ"f"‘l"@?yéfﬁ ast‘é}ﬁ'i’Wﬁim%‘P SBP(‘:RANOS ”é>>ea?rb3°e12 the target of
t he bi nd¥ ng specinfa ceitdiy edbddingme by dfitiermbBiERsolat@iranDiodiédisias 165. tinAvelatant | gen or

t unor - assoCkAbREhAF, AhPrindBoR .&wtédaaqﬁbogfes%aﬁ@%mea l%e,IZIan Ig&mag?%ﬁ@w

enbodi nents, the inventiaon Et;ow for awz/ bove  anti es-to be a
bi speci fic AMIHPMRPIment, thy qpioReY is @pdeSainigt an keRer F‘h\?éntl‘f difla ginbertigens ki t
havi ng any & nch-aloahJscwbcte@hﬁmdmdme@lomaloraaoiwlbtadgnanscagafemssmn | 1 foEHE

ei nbodi nent smbadh,eenksr &‘e LHmbRaL cmm@hmnae@ RALIBGEH T Gabi Lym %&%g&%ﬁ?&tﬁercar rier

or exciplent of I n ot her related odlnen S ove anti bodies
in the l%t F'§b°2§"e[5‘F’g§é’h"lﬁmi'°f’? PEVifigs- e '6‘8@%" W")?’é?““&ﬁﬁ?%@?b%’ﬁﬂb@Pﬁﬁﬁi “the kit is
an ELI SA di frggwest ofdt, kiving ah ant@en-eindihgdgiontadis senific fdrieediiope ¢fMINKIC &8I the -

i nstructi ongyh i Big .
Subj ect. B tFQJ dg&@fapa%rﬁmgn@at%t %5{ rum@m( 9, B RRRNELBOL bRALL 88DER) &

K4 to a cell surface receptor (e.g., receptors such as LRP5/6, Kremen, Frizzled). In certain
embodiments the aritibody or fragment of it prevents, treats, or ameliorates development of
© 35  osteolytic lesions. In other embodiments, the anti-DKK composition of the invention prevents,

treats, or ameliorates a DKK 1- or DKK4-associated cancer or disease.



FIG 1 is -a graph illustrating no significant |oss of Hi s-Strep-tagged DKK1l
fromthe Strep30 Tactin-coated beads when the non-washed beads are conpared
with those DEQAYMESHed Wth different HUCAL(r) stringe®€rd&s2007/000777  F| G 2
is a bar graph illustrating the results of a Wit activity Assay with 100 ul
Bright-G o luciferase reagent, as provided in Exanple 3. FIG 3
is a graph of an Enzyne Linked I mmuno Sorbent Assay (ELISA). The fluorescence
35i s nmeasur ed i nlnee FECANTBment.alfel ioentip raevedes enidelpted hignan lpe hisanitehantibedves ar e
shown. FI G offuh&iofal Gaghdht bt il, us&.ﬁgaawaﬂggehmd& aémrtﬁbt ;s\éﬁéc%@ﬂam d?@'bftlx@&/ LEF

luc reporte S: I’OVI % 00.7/ 084344P 2007/ 000777
Fle | B0 s SRR bty ulieielirs s BURE: VR R R A CRPPBET o

reporter as@agmq;nhmmlgmglﬂglﬂ\&‘smmﬁﬂé@ dsmpiné ¢fi RKIE yandier DKK4| Tinaetdiatet ed by t-he
CO- expr essi QRb&fimdnl 8ndUpRERNs éi&nfohﬁ&%ml%ntd% Oltneal ﬁ?eferFeJdGmb%nélﬁ the &Et@;&hl c

illustration of t mn resonanc an anti- DKX1/4
anti body b b P BRRY S B o 0 Sa ST S R PSR BT g

af fi ni ty. andmkinagt rqsndwallueselated enfeb@meithi spitoge swhigTat lbat e phesehtedtnge of
full-Iengt haa@ggsggﬁyncat ed DICIC.1 for use in epitope mappi ng. FIG 7B depi cts
bi ndi ng of an anti body of the inventio ns and fragments
of FIG 7A. 10FI &‘"“‘8"%&8%5“6?%}?? ey frlﬁi}f‘\’ gf‘%‘%eﬂtsév’c’@d% gﬁg?%%FI“B’SﬁS?"B?”ﬁ@?ﬁwg in a
conpet i 10 on sdfv), SAwelbsber antigen-bindingte@ionofiag aptibgrya pividing tHossthatatd lmkedotb aDbiEK1/ 4

anti body-as mﬁh@%ﬁgulrn%aﬁo'l&/ﬁtllh%y gltalmttlbodlgsgwﬂlagtﬁl%l1ggﬂlﬁshgﬁc§m%ﬁ&:péﬁdon
downst r eam &“8‘? grap ragi o, nt|

t
reversal DKREPeigspined e'%ﬂ_"ém?é‘c Fhét‘slol?f’?d a“tib:‘?%f ﬁdef"i“g?dsab& vegt %[ﬁﬁ?c 13 §rt ration
of DI CX1/ 4 asttedrodpdiekftedt Solord amibvdio dxenegrbdveds anfk @, al RG2s1ze3 gr aplghe.
i |1 ustratiof, ghmB quoéﬂuemﬂ&le badya,as $PGEAagver 8Y Al aRa AadQRBodlRBsi dhy 1 n Vi vo.

FIG 13.is a graphic illustration corparing anti-osteol ytic efficacy of Zoneta
with a B KM “@ﬁﬁﬁﬁ?&&?l"“ﬁ@ﬁftﬁdﬂfﬂf‘ﬁ% 'A-graphic illustration of the dose
dependent effi cabyanothereenibb@Hithtdthainty ¢ritionyrovidesarhbolaratifnd renpobEd aviaDat least

DESCRI PTI ONof¥orLhy diltnd NYENDEGes Ihﬁnafoﬁé %anén&V&%ﬂsQOatfv@lfﬁrtaﬁt% dnQal sol at ed
DKI C1/ 4 anti bodi €s, Hal’tl cul ar| mgn_an | bod| es, that bind speeificaffy

to DI CKl or PRRIceUiGY $5EPHOIR AR f°rfeﬁ’ﬁ5’f’ft8 pr opertl es of DICKL or DICK4. In
a preferred. enboth smﬂmnqthdrhmbmnt &QMWMO\d@eﬁormwnssmmﬁm@ atrhyynelsi gede t 0

DI CI C2 gp D@ﬁ%dm% %f&iﬂe%b&e%%%ﬁi’em&tnorﬁahﬁag%%!sQ@ﬁllm%s of the invention are

derived fromparticul-ar heav LN seguences and/.or cqQ

particular str uch&F‘"F'@B‘E‘UP%’éS g‘ﬁHWe @“ %F%ag‘f“fm%d QORI Ry I5aLt OBéﬂ“?i‘r ani no
aci d sequenessciatdtheitl DKEhbi BKKpepuisdes Asokdieeth, sPKKbodoested dietatester .of . maki ng

30such anti b@ﬁk@%sso&lm&%&@r Hgaéeeéutammhhﬁ@@% fogteomh@sm eépé‘c@.\lwe&t@dmg such
ant i bodi es and phar maceu %I cal con’pos|,| ons, cont aj ni ng the ant|

i munocon;j udEPBsASHC s SPB @R RSTRER '%%mBF'p’[eH‘@'e MFAY G F2 R E! @ﬁ%}‘é‘r‘?tl on al so
rel ates2fo rm%o:dbnoﬁelmmngs hehaoandsi dpdlitilies, ¢sophiagsi yein, langd progiatder papereasondi t i on

associ at ed qg:aggsl@&lergf( %4]:3 lo@aﬂgo%ﬁp:h i @a@pﬁﬁt@ﬁ&ﬁ FaHidr dlieat gr%s%rdeRQLd-ﬁdi@ but

are not Limted to tic |esi - ‘es aII t eol. t|cl i ons :
associ-at ed R 2t Hﬂ‘?@?dcfﬂ’ef Q/ é’étﬁ‘ésémﬁ‘f‘f yr°§ta§§ﬁ‘%f }1 % °"8‘r Hﬁngf *h cancers of
t he bone, bmyalshaincbiiog muhwlmmae@abewgpéwmym@sle “@ﬁlnghﬁkhmmrs ésephagus,

br ?ihni I ungr)sta{pg,t%h@to@te%;eni?ﬁrn&ma&] QEhtE%E@!&% @%&act e 16ef f[‘hbgn@tﬁoc{ [ssvassoci at ed
Wi r aps ntati.on e eases or disorders are .n

1 it e Bor gy teriipa it Briaet S 300 L PP OIS A OO PP 8 a o

cancer, hepaortm@itlbnﬂ ar carcinoma (HCC), nyel oma including multiple nyel oma,

di abet es, Obesi t Y, » @HEELALNMASk G di kNG BRIGordh 588G .@ﬁﬁﬁem&‘gsn s;

osteopeni a; 1 pn%lflntaa 1at)F Ilg g;llotlgeglrelated em% g{l’lgrll’t thé'I Qgr\g' gctan%gy al ar'xlox[malhty 1o be treated is the

presence. of an osteolytic lesion in the subject.
35 : In another embodiment, the disorder or condmon to be treated is an osteoporotic condmon
such as an osteolytic lesion associated with a cancer. In a related embodiment, the cancer to be

treated is a myeloma, such as multiple myeloma, or a cancer of the bone, breast, colon, melanocytes,



In Order that the present invention nmay be nore readily understood, certain
ternms are first defined: Additional definitions are set forth throughout the
det ai | ed des¥@RWiINHA4 The term . "i mmune response” ref er SAFSRWEONREYi on of , for
exanpl e, |ynphocytes, antigen presenting cells, phagocytic cell;

granul ocytes, and sol ubl e macronol ecul es produced by the above cells or the
l'iver (including antibodies, cytokines, and conplenent) that results in.

sel ective daerapeyteso Pt arophagps. biein, bips efdstaertapaneisas & Giefeps thererin "oy of

i n;/iadi ng pathegmnsts, Qﬁ:col;t&)pefotiﬁ i:(ﬁ]ﬂhieﬁisbﬁlkd}fo&@k?dos%bethim?hagﬁ&ﬁn& cancer ousI
cells, or, in case' s .0 t ol muni Q at (o)]! i i on, - norna
human cell s or -t?"s?&%'g : mbodirer, ay .OE%e'aé?Vgr?gp'%gsrigﬁ'gegﬁngﬂo%%}%@%%' refers to

t he bi'ochenicssotheedpeitic agrhi Ip 2 priatederstbodimpty the pRemethergpeytia peept iasaiict i-On

mol ecul s t RafcedUedi. B n&th® réifted dAgoliIRAG Ak SHdndeRbeudic Sp@|bn dntiom one portion of
a cell to another .Eorti on of a cell. As wused herein, the phrase "Cell surface
receptor” i AEFWGEE” 258y 15 exanpl e, nol ecul es and conpl exes of nol ecul es
capabl e of recei Wi st agotlsir gmbddiagnd) tsdipeshlien mpviddye methad Srirsingptaedet sliche a si gnal
across the. gleaSHRVERRE 86k DRKE 6 bKKAMESXABPIEh BF cdll widbdnl oBE face - recept or”

of the present inventian a receptor to ich the . K. I _or the 4 protein
mol ecul e bi AY .°d‘§h?f%“lfg?rlal fz‘tﬁ"}e% 8;3‘?%'3‘915’@8?3?1tﬁ%iaﬁ8te‘feﬁ)§iﬂs g %e"tﬁf){ﬂ?tl bdSted to,
Fri zz|-ed0 ( FOKKILRPKKARPSormrechbb @@L, thavatkethed irem oftddiast, yhergip Asatmed tvithéhieei n, t he
term "ant i bagralififd SOk POLMHRAS ofdid ihRASESI ARASGONGhiARKD RIS,
humani zed anti bodi es, si ngl %g.hal n_anti bodi es, apd lfr}gments thter. of such as
Fab, F(at 1) 2°"Fomger-db ARTerragients =asheel et B RS YAREIGEA™SMYd ng f uncti on
of t he- par embunganict bogle. watngsuch, an anti body may refer to an i nmmunogl obulin or
gl ycopr ot el o [Jatt%gtéa%b&mmaﬁ&ge rﬁ&?dﬁh@rﬁl@?fnwca]?@s_t&%ir% aGERHE fzklgt‘hi:ﬁﬁgjipiells[ ng an
ant i gen-bi ndi.ng portion conprised, w n ified.i no ulinlike

25f r amewor k,‘”“a% CF%"%W%‘F&C%EW!.%%‘H?‘W@- B‘d’r%f“gge'B%WB??"éWW"&ﬁ?W"?@Sﬁgrt ruct -
conpri si hg aomamiag, iannefiieghd@ing khové fuktberfimaitveswhskviog awelafdtioh dr. retardation of As used
herein, the jtQidimeiRACIRBARYC RAbA.DOdY" refers to an antibody conposition

havi ng a honogeneoti s anti bod opulation. The termijs not. lim “regar.ding
the species or sOUYEEPE ?'?Pé".jé??gf’E‘BW?”?WBPW?GT-Tmﬁﬁ%‘i&%ﬂ@ﬁ’“ﬁd"m%’ited by the
manner i n WG insering. Weidoethdhiovdles drtertiog MEES e OKBOWith aey pitharbord abbddisss as
vel | asohr agpERbSdySHEReASuRAR haliQPBRtechble 3B AhDRES id Bdbackifl Ahdlestdh@ -ant i gen

bi ndi ng function of the antibody. Mnocl onal "antibodi es of -‘any mammalian .
speci es can "B HESEAREHS &7 PIRPUNPIPEH®™ n practice, however, the anti bodies
will typically bén gbtheagmbodimyat anyef te afiva hivegeau bemafizetl hibadies drafgibiody y of r at
or nurine celbmldfsshdkidise i n neking the requi red hybrid cell lines or

hybri domas to producs1 m)nog,l onal antipodies. 35As used herein, the tfeLm .
"bol ycl onal ant i BbHyHer EpoapEept,the mveion poyides appgeceisH cHarrig o et iPogeneous
ant i bodg5 popbdvatntindieRylfyctionbiragaehts bhidlese sntgodiet] en adiigonsidigtrdppwiimagdné pool ed
serum from 'mtf'{ﬁg L Q{ﬁ’c%g&“ cafner@l&?édme MSisting\Q?a_m anti-cancer agent;
20071084344PCT/ US2007/ 000777 As used herein the phrase "sjngl-e chain

anti bodi es” 2P &SRO g B AT SE Ry BY BY U P& {En‘f‘?]f 'ﬁ'g'af’?’i'éa%’l“h&?,ﬁ"d"donai ns
(bot h heavy ifhdiniaioghigeativai angrngdgeaichemtiarpvanfabodyd a atdinrcuppl yi ng a |i nking
noi ety -whi ch per fyt fivRhiSsRIMALLAL B nlel8d BF RSUcRthglod BEdhO ProlifertilSdife@dedBr 1.0
essence, .a radically abbreviated anti bod}/, h%w ng OHIX t at.ﬁlg)?a]rrt of the

vari abl 8°dofErHienHeRaLEFYFd? 2 BRREP BTG KA DR YOR 2 SRR Hat i on and
const r uct i ophaomaguigl eeahahich emiprbesdi es are described in US. Pat. No.

4,946, 778 to Ladgsra ekkd)s neutralizing addnt dFafeUh@hlioh; #RCUrring antibody” is a

gl ycoprotein conprising at |east ,tg? heavy lg:) *chains and two light (L)

chai ns i nt er - confBEPeY TR HfIPETAFT R MFSHELE Bich- heavy chain is conprised of a
heavy. chai n whateinadleest pegihamatabitalip witat egenhis pepmi-ascevihelpp@tid a heavy chain
const angsr €gi on. ThDRyention AAAGAUY:e D BhdImER I PRmpbSEHQ Borhpisa@TPr i sed of three

domai ns, CH, CH2 and . Each light chain is conprised of a light chain
vari abl e region Gﬁbao]?'ég%_}gf‘%‘ﬂ’a}‘@?geﬁ"ﬁ %% v3 .and a light chain constant region.

The |ight chain coOnsptamiacewigalynctivs agatrpnd sed of one domain,. CL. The VH and VL
regi ons can be further subdivided into regions of hypervariability, termed
conplenentarily determ ning regions (CDR), interspersed with regions that are
nore conserved, terned framework regions gFR). Each VH .15and V. is conposed
of three CDRs and four FRs arranged from arnino-term nus to carboxy-term nus.
in the following order: FRI. CDR1l, FR2, CDR2, FR3, CDR3, FR4. The vari able
regions of th heavy and |ight chains contain a binding domain that interacts

A L Y T — D T T . . r 2 . Y .

e - 1" - I IR - TR 2 .



i mmunogl obul in-related scaffold that retain the abilitY to specifically bind
to an antigen (e.g., 25. DKKl1l). The antigen-binding function of an anti body
can be perf VORW7BSA344 agnents of a full-1ength anti body PCEXAMIIEY7EF bi ndi ng
fragnents enconpassed within the term "antigen-binding portion” of an anti body
i nclude a Fab fragnent, a nonoval ent fragnent consisting of the VL, V11, CL
and CHI donains; a F(ab)2 fragnent, a bival ent fragnent conprising two Fab
fragments I|nked(ﬂbyp@"ﬂi‘@uﬂeﬁihd@cmﬁbﬁg@“ab the hinge region; a Fd fragnment

consi sting %e&mtwﬂtmhs;huacadﬁamyaamagmsﬁﬁagmﬁ&ra%mm sting of the VL and

VH d f ., .1989
Nat u?gal:g?li g 4 4a52'h€3 g'es V\H m\ﬁmtlon fa rrtll re} e 90 ay (@ﬁmgmAl?Paclica prodlg(;y\a onrprltmgl%ia

corrpl ementarity détamhmmpqwgcaﬂ fsgmeinﬁC(ﬂ@DRPKW ﬂﬁswzhéﬁiéibndyaaw antigen" or an

‘epi tope} inter ctm%amayeuh@inwmhet@oﬁ@bumweuaenys&que@eam,m{a%g@t protein
speC|f|caII recogni.ze tigen-binding portion of an antibody, 35

anti body fr ﬁW’é’ﬁ" S%‘iﬂ’“?%°é¥"rqu8‘d"3ﬂ\7&| ents. An antigen or epitope conprises at
| east 6 ani mberawiatisast mm#rnmhtyelye@n@ agpniosIan wtltcmqqr‘aellaeﬁuget sequence, or .

non-conti guous ﬁ.&&n&.ewa&d.@mlmememnﬁp msﬁmmm@amm a2 GRMhGMQLS resi dues,

and opti onal con tur

20071884344??6}1/’7'1‘53}2’66“7%36 ‘Pfe 8“"&%%#352@%8385‘13{'86@%““3'%8‘1"1"1g€é‘["i‘56ns to
resi dued0i né9.ur6e8o, m;95,§|6£97n?ﬁ0rl9i9 pet@senoencpidosiphiotye GRR oionglijictbs §PBL | On,
PEGy| ati on, rdikindlHdvideHEGADI Ms: 25267 ABY bdcg it dnfifb achiWqdeh& WilidiSis a ﬁgh't:lsﬂam'b@fe&m e,

al t hough th evara nt for by
separ at e geﬁ@?%@?’gﬁw@aﬁ '8% af"gf ff@tﬁe"“i}?l 1§ a?'ﬁ%ﬁ%?%éﬁ’%ﬂl\g %@32 9% gggpes‘ﬁ‘i'ﬂft hetic
i nker that semeisk 8sntity in thd@PR regidpewithdie CAR regisisnigdver lpt’SEQéDﬂNQshall-w in which the
Vr. and VH regi Oﬂ&tlﬂ%hémégmﬁﬁmmh%%&fﬂmm%Ghﬂ:ﬁﬁmoédﬁ We %a@éou?bﬂﬂ*rﬁ chain
Fv (scF é see €. g.. d-etal 1988 Sci ence 242:423-426; and ton et .al.
1988 prl qonewaw §cﬁ“ a“%%’dy Efrgmey g geser ﬁ%ﬁb°§?ﬁ‘6’|aese%‘1’?8i°?1“"é’ﬂ‘f'\‘ BdiEds are

al so i nt endedotdanpeo sittwapass &dr evanple.rihd imenuneqonuanisiagetatopinmiteg porti on” of

an anti body 1mJ&%§&3@8k'npm5{duﬁgr ;ﬁv&@ﬁm tiBbd HABhah &ﬁ&ﬁné’ﬁie&ﬁcnﬁﬂﬂ%’aﬂg&éﬂﬁh@ts

t echni ques S kill in the a e fragpents _are

scr eened fohr}{cﬁ)fef'fﬁt“frg‘/{)g?fl §K§§n£°'rf’ﬁﬂ?f’e? ﬂﬁstarﬁ?tef#’ ?’éﬁg‘f’gﬁ?‘fﬁ ’6’8 ‘s'e"tfrom As
descri bed h®K&ilnmr Didiet icowger anizenae tweoriagsntisted profeinchea sanficn of amnar eadlsi dues i n
any of bhe am ny BgdifeNRAHRAEESR InGRbE ploifles ALY bEML ML Y fRAB&RYEI4 Ve changes
that are well known t-Q one of ordi nary skill in the art of protein

engi neer i ng PSPECAg atikg g}'at ed antibody", as used herein, refers toan anti body
that is substanizabthy embedmeft, HiGiobdnEen Hmlddgedntdawmvngthdlalfq‘vearemodla;mr| geni c

speci ficitigsipb8y ﬂagmea@ m%e‘lna&e@l)daﬁgntsbmelm hmér csnsﬁgig,}sahacyunbmméce GKL is
substanti all yi.ree eci f.i cal bi nd antl ensﬂjg%ger t han

ant
DKKI). An i§ %[t"éaxcém?"it BfldH)}“ P 5”[’ elé“ﬁé&’?‘? qQdimgnsyang o ﬁﬁ@ 2pqveRgty S’f n Ver, have
Cr 0Ss- r @act prebdnyintagmitiprer Ingyet angthassmbodiotntage BIKiKan rﬁbl@c@h@@stkﬂcommr‘m@wdspem es,

or other faghboifBIRR 1S iRdidls ASrdKA rhusd B hahBHRRE AyQBshe aDRIE 8BABEies B
i sol ated antibody may be substantially free of other cellular naterial

20and/or ch&W¥%€4ls.... The term "human anti body", as used herein, is intended
to include antibodies havi NGRVEN DBYETIIPTEIN QRS‘HlerDmkwmmbot h the framework and
CDR regi ons are derived from sequences, .of ' gin. Furthernore, if the

anti body cont ai n§1G dohgeriritlusiagiesn: S‘g’t"ﬁéa”&lﬁ?ﬁss‘lféﬁ Stf"@di‘ﬁﬁﬁd DK fipw theeitiehed fr om
such huf@n Seginengebbeads gien tRunBnaged blalliee Segpaet eaB thost beriitvadsied widr si ons  of
human 25ger mﬁeggtﬁmmg%enc@e human anti bodi es of the invention may include
am no acid residues not encoded b uman sequences. mut ati ons. i ntroduced
by random or sitEl%pAdea %’amlaﬁ'@%;'?ﬁs‘h%”f’%‘s of &Mt 6‘?‘“’(b’39‘°‘§%¥rﬁtt'i‘ L0%y| Brightdioi n
Vivo). Howeueiferadchegéreraprohidedin Eanhplo®dy”., as used herein, is not intended to
i nclude anti bodi n [ AN

el ude ant| bod % Myl PR SROURIEER R YRD,ICO IS IR AL
framewoPk s EdrepERSn a@@‘?ﬁg Stpé‘it'fﬁ‘ﬂ“?ﬂ!i’f?&rfe?ﬁ’ﬁ‘r?d‘éF*l?r?éﬂd“‘ér‘ft'ﬁ"ﬁ%ﬂ? °VBfers to

ant i bodi es di spl ayG. ags Bgraihillseathig itk spgds P B faidebdnyerniTCEM ER Ak @epoaeriaga) as

regi ons, Wo;dg@m@%%lgpwe framewor k and CDR regions are derived from human
sequences P one e Jlnent t he human nonocl onal anti bodi es are produced by
a hybri.doma which includes a B cell obtained froma transgenic nonhunman
animal, e.g., a transgenic nouse; having @ genone conprising a human heavy
chain transgene and a light chain transgene 35fused to an imortalized cell.
As used herein, the term "hunmani zed anti bodi es” neans that at |east a portion
O the



framewor k regi ons of an i munogl obulin are derived from human i nmunogl obul i n
sequences. A WO 20071084344PCT/ US2007/ 000777 "humani zed" anti bodi es such as
anti bodi es W@ RWTPR3Eequences derived fromthe germ i ne P6F/URHBT/HEY7speci es,
especially a mammal i an species, e.g., a nouse, that have been grafted onto
human framework sequences. Exanpl e technol ogi es include humani zati on

technol ogy of PDL. As used herein, the term "humaneered antibodi es" neans’
anti bodi es that Bi%hd it heageitestrsiéngian dprrotsdtverdion péthe TRF/EEE insmperterBseaypl e

t echnol ogi eshdwikd MRy MMHBURE Shethvignb DREUiIiaRE 0d R eE-clyesisNBNRER iehgn £ Chnol 0gy
of Kal obi os, erein the sequence of the antigen-binging region is derived by,
e.g., nutatior rPAU'R&r than due to conservative amino acid replacenents. .
The term "reconbiFHaf iheemarhiaititgtiteiyof thegurfaps eldsthia resprance meskwielesst effan abfirnan

anti bodi es tpyaty/fdibRiyaRAi@de DRXP! 8RS 6 is LhRAM:BH oalchiaeh 8@ty MYiniemanbi nant
means, such as_av%%qui es isolated from. 10 an animal (e.g., a nouse) that is
transgeni c &Y% ¥HEEhr onosomal for human i munogl obulin genes or a hybri dona
pr epar ed t her ef r §ify- 7anis i brbeihasis répsoengtion of fubiengthhod trurcebd DKKA fig fuss imepftope
express the hypinfBGa habindghe®f an i8Ry e AR RA LONBDKEN IR A8 | sol at ed
froma recog’m_nant, ?(gn;ol natori-al human antibody .|ibrary, and-antibodies
prepared, e B?'B"s“ése‘lff r'éated or i sol ated by any other neans-that involve
splicindOof all &G.& ipoghphinillastragontnd PEK 1/ 4wmtibelyboldink ime gemetitios &fifnsey. t 0
other DNA 15 SeqyeNeesraphrtifihuhesUTDKRANM anhbdiBAsBRhkPRAL R SiAAY @nyari abl e
regi ons i'n whi %{hﬂjt he franmework and CDR regions are derived from human germ

k
l'i ne i munodf&YBi erredBhife .tboééi?wﬁ‘sﬁ'e?f‘értai n enbodi nents, however, such
reconbi nant hunmaflGnvisrogtpde ibsmative oS DEKéGtagibadp raversa) DKKJ imhibirdefkF s (or,
when an ani Qakedohansgeni ¢ for human |1 g sequences is used, in vivo sonatic

m | t agenesi s) and_thus. the an no aci quences of the VET and VL regions of
t he recgﬁbi nant afti béh %%Phéf??éqsgéttj’ﬂ@ﬁggg1%‘11}?5?*?0‘1%%‘1"5.’0"fOV’Ef’e’?EP% fromand -
rel ated to humanFy@ritid 4 grephi¢liflusaaiibn VE DKEd/denidtedy-asragiateiotlevatdnioaf hbrleydewsity gt
within - the;guman anti body germine repertoire in vivo. As used

herein, "isotype" refers-to. the antibody class .0... 'gA.1gD, 1gM IgE, 119G
such as - 1gd, FY&Ed?s "g@"?‘ﬁ’rf lysgesey C?'H%%{mfg §"tb?s6‘i§7ﬁ'ﬂgﬁmﬁa§?9 f’ﬂ%"q'h%aa\v@% hai n.

const ant redikdil/geniésly- The phrases "an antibody recogni zi ng an anti gen" and
“an ant bpody spegid i1q if Dfa AR iRRELERRE thd B Qe pén@sl: dlef shatRepPLMibh& & N Wi th
the term"an .an{,l body which binds specifically to an antigen." As used heérein,
an ant i body 28t ®*®@Reci fical Iy bi'nds to huran DKK1" is .intended to refer to an
anti body that binds to human DICICL with a KD of 5 x 10-9Mor less,” 2 x -10-9 M
or less, or 1 x 10-10 M orpkEgssEpMEseRiF o0 fRt IN@EHesSN eacts with an
antigen other than human DKKI"™ is intended to refer to an antibody that binds
that anti gen w t AhaprRENCveptian rllatege itglagnd g4 amibedigsgpagiiquisfly pgap angigodes, — 30x
10- 9M ons/ esmit BiRd satifibdllyo RAL or DKRE SndBdt inhi@Senctieal propdrtidd oBDRAN bi DKKas
antigen” 'is,intepded to ref 8 i t hat .Di L %}E}!‘: n, with
aKbO 1.5 13? frg V 8‘??“61}()@5 e@??’"or_ a?%?'Fg%uggg%éfBP?&i@%Hﬁ%? %fsléﬁiewl or Q?"eat er.
In certain épffoRtimthefimsntsgheamtipoiiasigbdir eyentivaerederivid froppadisuiprdsey apd tightt he

a{]ti gendeé _hicgln@iﬁ seQSsed3tah@bd A%mﬂM&h?Gﬁlﬁ@h&tMlﬁEﬁtﬁ@pﬁgﬁsﬁiR ﬂegg.&ge_oﬁpﬁmg _nsdi n f
st andar I ndi.ng as N use reln | : " . binding o
Do o o CarpniRE SRHBE D50 o SRR RAM R, meliBl Rrlekinf O

ant i body0t hatehiaptfiogies-dmmKpaconyaaiss pryf bipeeifrompledidss compritingliuch aptiteiesadM or | ess,
0. 75 nM or IpRsfacettidal stMpositidng Sentaififig e aﬁibamso'f'mrhmsemjug&qor bispecific molecules
20071084344%?% H]%g QO ‘Q%@Him ls<l)'I rset?agesr&)erl;]gthpdcs) ofs’ 95%;[ qﬁel a){lﬁﬁosdiesﬂextﬂ%{;l§ ahi?org‘er% cr_ease

. % loz.
in bone density,- which ma 0 . variou chanrsns of action I ncluding,

e due
e.g., decre&s 'i%slfsé%iEiF‘bQéKée‘tPWﬂy?oﬂtW%%f%ﬁaﬁﬁél“@d'@P%{S ingdudeaPut afe nabst eol ysi s
t her ef gr e’ eﬂﬁﬁﬂﬁ@@S@s&‘élyﬁg&g&m-ﬁﬁﬁicf&ﬂl}i?dsteg@ﬂerekiﬁﬂ abslsbcia:éd @&k 2 hosiemdesirtialy de gs zjt y.
As use erej an antibo that “iLnhibits osteo i tivity" is.intended to
Poter s Ban e, 800 s or i BR b2 ENER Pk, B etidctrey B I CET
bone f or mat iegrhagys, Hraye kKinggPretafson @ancesapPrpstasiysis thereof; bonefyspassesiaind witka, | " or
"K.", as usednsprr@iidh Firthel ditervadadiidonicrsaficide box drdvt RGBQIGD,atg  ORtedsalcemf)f a
"particular antibody-atiltigen interaCtion, whereas the term"Ka" or "Ko," as
used herein, is intended to refer to the dissociation rate of a particul ar
anti body-antigen interaction. The term"I@D', as used herein, is intended to
refer to the dissociation constant, which is obtained fromthe ratio of Ka to
Ka 10(i.e. Ka/Ka) and is expressed as a nolar concentration (M. KD values for
anti bodi es can be determ ned using nethods well established in the art. A
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In order to get a higher avidity probe, a dirneric conjugate (two nol ecul es of
IW-1 coupled to a FACS marker) can be constructed, thus nmaking low affinity
interacti onVQ3WEMS4AL wi t h t he 25gerni i ne anti body) nor @CTARHIT/YP0EEL ect ed by
FACS. hi addition, another neans to increase the avidity of antigen binding

i nvol ves generating dinmers or nultinmers of any of the fibronectin constructs
descri bed herein of the DI CKL or DI CK4 anti bodies. Such nmultinmers may be

gener at ed t Brostgharey adpatel RiandikdigprheHEE Mmykoh icthidak mibthld re]onfapdiateseanpl e, by
imtating the patur di mers
that are hefd S?}é e"tsﬁéeyast“h %ﬁ%hellgrg%%o&r%? %ﬁ%%%%%g?%ﬂﬁe%Atggb%%ésggﬁé| neer ed
into the FeNPéafWi‘theFfQiée may be coval ent or non-covalent. In -addition,

di merizing or muigdé érﬂ@'&lﬁalth@@re&'ﬂf in A6 ﬂﬁﬁlﬂmdrh&ﬂd@&ndﬁﬂod@ﬁ‘cmmdemnalBlf@l(] or
DKKA hybgi d 4C te her. .0 I As used herein,
the ter m§ ?6}%8 rf{ecgdg o.nalsd tcn,mon gre set f?r[hqﬁrou ouH% %{aﬁgﬁdesc&n ltJl natl on of antibodi es
bi nding to epi tof:féstem "lmnwe¢ femf}egaﬁ%s toTh agtiqneh, B@%‘&Eﬂ%&“@l"ﬁﬁ@r angigen} o

ﬁVl dity gr %Fé@&iui.g itk )bhﬁ)g’ocﬁf&el&@ﬁh’iuﬂ&aﬂéy aff solileukioipleeulel ps&dua@ttbyans&abgens
aV|ng i denti

ep S
desirabl e V\:ﬁ%‘ 06H1§ 1 W%gfn luég%zénrtla duﬁ: r#d)?( nes, ta%%.)% ?efnaﬁ Zgltd r:_éédxﬁltym ?lecat.ﬁg)?%y S or
when WO 206% #6848 PEP! mzwwogmwmmm easyof ﬁgad@m@os?@ééﬂwr HEB®| i ng when
the antijgen igRidcame ;ﬁaﬂgeaglmncbrsumns, Bk, girdayeseﬂmcﬁmmedtyldapaumbgm Diflammation,  AS
used herein, th hterrpe ghugsffl nity" or "high specificittfor an 1gG anti body
refers to af°HHt M'EoHy 'ﬁao\ﬂ Ny a KD of 10-8Mor less, 10-9M.or less, or 10-1 M
or less for a taﬁg’étgﬂ%lrt\"@ilsgeﬁﬁm pashiteay & refers taithstioghemigg! rgfatiopshipheprper AWTFRIY £ or
ot her anti bQ%Mallt:%ﬁHdM@BS mofeBiilesaXA pRY &role hmghraaéni.ksmntoya sighd) GtomM@nd prrticnf hgM:
i sotype refer ant 1 body havin W " or |ess.
As used her &F i ti?"ertpgrr"ror’l’ 9@% St E‘ gjmge ¢ Bér?%ce&gé tobrnq't(f}r%dgs’ gAI}I/: mal .. The
term ndﬁhumnm impgctles gnd P@Gé@‘eaﬂi mq}‘é’?‘leéﬁﬂpd{"’e%f reqgivipe a sk Paf sapaligiof the :

non- manmal s trafddaRicASf ARAR yi@mn aqdbsk El’ﬁtp&Sma ﬁxbﬁaﬁne dtagell. Apaksnplhalases] sudaws
chi ckens, hi bl a ?nb are:sé3 E mven%bn 1s rece torjto ﬁwg% o?ltl{l D prLt%irn%olecggt imzed”

means t hat éceﬂ%’i e sequence gen al ere e an am no acid
sequence usibingsctbagl wuHfege f@ﬂeéolm'@fué?’rbe'd”? W‘f‘ﬁéedp‘PdHl}é'P‘i' (ﬁﬁ)’égf’ KLRS 3 gani sm
and/ or the rm@k;&gﬁdld@ms,eguﬁjlce has been altered to renove | atent splice donor
or Spl : éﬁ accept OI‘ gédth%rsem %ttelnm“an%go \Y re?ers Io%lgl E8n qmlb\é@'u mlgp&mallagtﬂ;o}a%s art for
a wide variety o > Sequences “f or de donor and acceptor siteés are
al so known |hnmprneedarntrbodﬁa smaleéhqm ypibpdies, mdtf@ém?whﬁéofﬁeré'ﬁ?ﬁba Yeop- Fegpd g py
anal ysi s of otHeﬁﬂﬁéﬁ’f&@'&ha@fetaﬂXtﬁé’ ﬁﬁg&m«ﬂﬁtfﬁnctla’f afintctardnantibbdys Adsoth)ehe, but are
not L1 ¢ ed of hoaf may REEAINR A Soalihl értg Cglo@r&es cgﬁag,qetn P&@Haqur&f%g)tgaaw;ugh as
yeast (e.g. coﬁﬁeﬁlca‘)‘Pf'%Pg@h|aﬁ'€8'ébﬂé‘ﬁ%t’@?‘°wyse€é‘l‘1 lwmfedamwy@qg&%"%@el or a
human cekl . fBhRweR bt ZeMtipediaiid [dRios ecligicdwiltn e agisneet@hrisiog & edrai n

conpletely or as ch e LhRgqam no acid sequence and' resi due nunber
origi nal ly é'ﬁ’cél%lo&g&é Pﬂ?ﬁ e G%Ro g agg nucl eoti de sequence, which is also known

as the "parental Asg’é%fd@mtheﬁﬁ'@ ﬁ'ﬁ'ﬂc}ﬁ’ﬁ'é‘d"@éﬁl}éﬁﬁé‘é anaotibgdy cpERRS tgR Bty ing @
engi neer ed thembguneous @ty pdpalticl Ehererdf ie hst@ithitedrepiraing rho dpeetes arsogred bfghe however
opt i m zed eXR{lbo%SI OnlS(Pt "(];}Erni%%% b%(l:’%wgdllﬁetﬁe lngnng} lq%{hdc?’x%@EX&g e t@rﬂpengtg ggeyOt ic

cells is al S0 envisi m no_acl d sequences_encaode
optin zé8 nuﬂlo@ommeogé%lmﬂwg" &y Erepstt SHTa Rt S FapeFy é‘ti’ qthprfhat sRgin F?Ff'étlfen 251 n
rel ated enboﬂlmnnr&tnomtbmpbddsievts:e;queanaﬁﬂaom"és ofeuy mahinzliangpaits tanDiKiKdeddn
conposi ti ong, mvén*%% lpgr%a de! We@epqhetm%m@ Wﬂ?@yb:@sﬁﬁ/ btefaa,t&&nﬁam@oﬁgmca@se
preferably of ed uction clinic aracteristics that may
be opti ni zatqfﬁﬁ af'%)’rab'bFYQﬁraéST myjigg CF‘h'é:'IeElﬂ’é“sedﬁt“a'élf‘%thﬁfﬁq"‘ﬁdrhy?’éb“e{]&“esé’r
hal f-1ife, b&rdmf‘aelﬂﬁa&fubec&m(oa&al auambdlgsenl city, effector function, FeRn
cl ear an%g and pa}\ & f:'r‘elenS %rt]esng "ang lc%qi b H’eﬁpsdtx aﬁﬁ‘mﬂ%gﬁiﬁéﬁnp&%dn Ravi Lé)é oxicity

( ADCC) of conpl enent totoxi c activities. .As used .

her ei n, " OKHeferagarespcdnt €Q§‘M Pﬂ?"éaé‘a%@g'ycﬁ?al “'E‘)IEK%"‘%%% g padhpesied sum | de:
but are not fdnlinir@Ghizeanisik eofkont defecle@simms. - especi al |y ost-eol ytic | esions
associated with a tnyel oma, especially a multiple nyeloma, or with cancers of
t he bone, breast, colon, nelanocytes, hepatocytes, epithelium esophagus,
brain, lung, prostate or pancreas or netastasis thereof; bone |oss associated
35with transplantation. Further diseases or disorders include but are not
limted to, e.g., osteosarcomm, prostate cancer, hepatocellular carcinom
(HCC), nyeloma inbluding nultiple nyel oma, diabetes,




WO 20071084344PCT/ US2007/ 000777 obesity, nuscle wasting, Al zheiners disease,
ost eoporosi s, osteopenia, rheumatism colitis and/or unwanted hair |oss. As
used herei n,WA20fPEAIent " is.an intervention performed PMIHUR2G0HB07HHt enti on O
preventing ' the devel oPment or altering the pathol ogy of a disorder:
Accordingly, "treatnent”. refers to both therapeutic treatnent and

prophyl actic or prevent at| ve measures. Those in need of treatnent include
those al ready W AJJsed Reeiflitsoiheies "saglewndih ardibodibsd seritnaniihodids preparedibys or der |s to
be pr event egletermmmg't'f!lﬂq;m al%%{g)l\ﬂgmg a:%ﬁeffe)i afu? %’{IF&RHS) &\ atbhﬁfréréﬁhgob§ aﬁtgﬁtBEly

directly decrease g or. render the tunor ce Is nor e
suscept i bl ea tinkingrreigtyrtich pgrmés Pféfe“taft‘é‘r‘éﬁ&f’t'lde‘gafb‘é?ﬁ?"s Thig f‘lj"‘s B &¥"5% fon. and/ or
chenot her apydicdi f}&bbn’eﬂtath@hﬁgydy, 10fving @AIY Eat paRcdf ddtesridld dophzmessas fohtatdiaompr oni se
the well el atie Th AL U padpor mal

or uncorit. ro{?'lea'fgt e cef '"%@Wa yconsﬁucg%"a)sfflgélg?}%t% er M%gg%d\ﬁ“f‘h &e nor el

f unct i-oni ng4.846. Wélttgllaﬁslmflehﬂ cells, release of cytokines or other secretory

products at abnOAnﬁdturlaw&E&mgsamwd@sﬁla(gwcwrotaggﬁxamatng@mem tviotehgi(HRtRing Or
| mmunol Ogl cal tgaigf'?g&a %gps mfer—conBec(tee%tbrr%lsulige bo%@{ 'Egéﬁth%?@/%h;lﬁ fs'c0d AJé&’g)‘ £ l'inical,

bi ocheni cal 2" o <ubiecty |se ‘r such as
osteol ysi s, hmcflamo’mdvée raglpve(pb@'p‘ilﬁgd@mlmasa/m)awq 'tS’P"YsClhc‘hc%'Vﬁp‘t%%f%" B reducing

the predy sppsiy Lam cbﬂstztnh%gﬂh sseéa.s@nsed of three donkdinsJEAEIGH?2, and CHE LEacmlight Einh is

anti-DKKI /4 conPosi i nve orates
Wit - r el at edc‘ﬂ'i‘p?é%tds% gtcg% "a W re71'5’Ilb Ped% %nglvt? ar“ﬁ%%“ c‘% t‘gﬁ%%'hdl seases
associ at ed wigtoh. The@ilst chidp @f@a@rfeamntlh“mm@d qfe@nﬂoataer G- Fhe VhendWyregionsiamy . 20
Vari oul aspeg¢ ﬁxrtﬁér s&ﬂﬂﬁndeﬁ\?ﬁ@&gi@ﬁb &'M?peﬁ&ﬁﬂﬁlxtp Qékmie cérhkﬂénlﬂﬂfandﬁfc&l’dnningl rdglt@s

followi ng s pat f
nmesenchynal %@?@rﬂ"?@’ FSUNVER e f[é‘ ?fgﬁ r@ftcf’%sﬁr\@?%tt%%%@?ﬁéb‘\%rk rreg o (ﬁdl) ir:“aéa?tll ¥ an

i mport ahd semd¥niatoripaedof thfes ﬁ%@n%f?ud%éﬁmgaé frem apinoR @IS 0 %amoa@mmgs a Wit
pat hway ant %&Q@foﬁéw.ﬁé de@:s sed quedﬂm rs@lthJ BR3, (IDhQ,ﬂHw. TheadtihHlSregibith df the

upr egul at ed r%ﬁﬁgmgm%lc g’@“rlla dS in V\A m%?a& Qetrélcts \R}ilth aﬁ%ht?cgtgﬁ Thﬁ IF&SH{I’IJ r@ét&é' ng

ant i - DKK1/ 4"y ough- 1'nhcreasi ng
ost eobl ast i ef thewitippdigs mﬁxlmeé'aylfhﬂﬁitdawwllvmdw@a@l AGoBEEBE HS1Tc activity. .
I'n contrast mcﬁx‘dﬁtﬁezﬂfougédﬂgﬁtﬁﬁﬁhmﬁﬁ syStbh, (e. e Efeddton Eis yaRE ketfed caspoaard foly) & agent s,
in fact jncrea rTE p!i as qm ated with both osteobl ast ands -osteohl asts.
Provi ded | n 95 ﬁ‘“ﬁ 1Of"ar e pol ycl onal and -monocl onal anti bodi es sel ect ed
for binding to 3(§EMFQT¢ "antigknpinding PPiEiEn 0k e HHYYIHaRSTERIY Ffipeipfopt): 3 #8¢ t han 10
pM agai nst hwmeﬂslﬁt the bptmeatmmbMSmgebe gabid or DISKICHIRY iHhiadydes, e.g.,

crossreacts @L q%h aélKF cﬂes oneor cPr_c buitntsn anar}tlégtgg&\ﬁorab&%oﬁ‘g%ryy S ongO| ng)

A preferred or -an an IS mapped to the
Cys- 2 domi mm(nmlomsguze@sf scaffplid ¢t feelrwhpwfttwsseclﬁce@ppn%toepémfgef <et$ot h LRP6 and
Kremen bk ndipigk1). e 3Rigeiin@RDRdbdBR1E an dnhiBode Rid @RLrfomel ugdaseahisloeatll-sigh,  and
Dol ypept | ge tios B B BEraitRR I RIERE GU: Ao ARELRatlfulliiloncte 8 DI
| east six c@nt"lt@a@usc'maﬁ@b fegngpst a preneMalsp efgmémam%?féhe Yin&ugnepdftig

bi ndi ng si t Qothéins; MaBQ@ZéQ&&%%BGHVfH@a&QZ&Gﬂ&%HwﬂBﬂrﬂagn:eas Jinked By a diswifidleudes
non- conti guou dues Theeps) nds on

N- gl ycosyl at(gl ?ﬁ'l %F’"gs re%“’?ﬂ-a raémé']t %ns%ﬁl)&goft el glngfr%pﬁ ﬁomggpgwﬂa%?gue 256 in
the C s32 dommisting ofthe Vi ang Nutdwealmcégéﬁsleiamefmawoda adhifragnens (Werd ghals - DKK1
anti body bl ngettt}esmrmrsas)t ivBiBh EdnsiB 634 Vi diuiri; baRR6 idomtddabinplEhéBAicand cel |
surface bi n((ji % eg expect ed this effectively neutralizes the Wt

suppr essi ve “SETTVIEY at EC50's below 1 nMin vitro. In anin vitro
nodel of osteobl asvsedlhfmteerentamaefoqtan fiepitaRs” fntehpnegrally Fafes top RolYAeRideed wi t h

Wit 3A t O St iskjubik 8n $ B6defrbRA spéc,mhllsaletdgaz@t@ap laatgasaméﬂg’),oma] sran keibofyor

ost eobl gst act.i Pp ct| on | odi es’ of
the i nvggtl 8ﬂmf°§¥f%/g"fegvg'?tgggeqf’ﬁ'f@"tls n’én Eoh P O@F %E%?]%Lst ﬁ%q’ ?%P\ps an
anti body of vwthih mambemnnewuewhhlbnatvggeaeﬁgeenlcts AERI- %Wﬁ‘&ed&%@[’f‘%@“"(’m@f in mce,
Wi th a dose loReRERDhol-&nfbdal rehiddek, ahil bRiondIly3ry nthio ustsrailylorsiereticalisr a dose of
20- 200 gg/ nouse. Using the intratibial nodel of osteolytic prostatée tunor

met astasi s, antibodies of the invention inhibit tunor-induced cortical bone
damage. Effects on trabecul ar bone are copif ounded in 15 this nodel by the
observation that both tunor inplants and shaminplants cause nechani cal damage
to the bone, which results in an initial increase in woven bone that is |ater
renodel ed, thus cau3|ng a decrease |n apparent bone volune. In a certain
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25internalized for Wit pat hway deacti vati on. A neutralizing anti-DKKI/ 4
conposition of the invention preferably binds DICKI or DIClIC4, blocking their
interacti on WPEW7PRPHand/ or Kim thereby neutralizing DRKT{USHO7T/PHOTKA ef f ect on
Wit signaling pathway. Wit pat hway reactivati on occurs only where DKK1 and/ or
DKK4 are limting. Standard assays to evaluate the binding ability of the

anti bodies toward DICK | of various 30 species are known in the art, -including
for exanpl emogifieGAningecid eesiduds| dlodifiarignRp Aesidusiinaluglel it ars seh)imitgd to: described in

detail in tRgosERoARHABSalychiBatidh WG}%UK& Bﬁhblﬁﬁﬂﬁl@n GuranylizAdidh Hgd Bk fikdi tY) of the

anti bodi es al so be- assess anda S S wn, in the ..such as
by Bi acore anal yg?@'emﬁ' Rk, li’ouéﬁgEWa Says Oé%ﬁg %%" itV h?ﬁdn\é‘éggr?gdee% I8 or SPR
assays - si gepatatcigahdsiheyicon lem@IumecmWsmetMswg vah@\?élhkfatl@t Qﬂh@e%f fects
of the apti hogdi®se Qedefa@a%gueaﬁkwpaﬁmﬁ fhieStmel, B, lag,em’p‘ac}e@fam BRHovarnd Ui t her

detail in the ccordi.n n anti hod r nore
of  these DKREICoH EhERTBHA G Gt £ G s E- ‘ﬁfdo%ﬂeﬁ?’%?aﬁmmfﬁ#%ﬁi i

cel lul ar., phipsbottadi &% Por. Nottlh&¢ad b3 IS8R 8831 tShahi sirigteschaig mntibladies ApEelso :
20071084344 RiHab3280 Z&QQQJSZ% »thm),e ffn dﬁ&%amm@ pBRBRY GHal gntfbedmhésgdol ogi es

known to.the art and describ her ei n, Jd e. understood to f[($| ate to. a
statisti cal P§HbOfyirRETMeRYy Ate OBQH‘F%&%'L% PRYepppzabeshpiapss kapwiLiedhass phskildp BEAte t o -t hat
-seen i mot hendibs éagensfird sheersd farlvolly intee gune nennanheare atagomtib@lieant i body of

irrel evant speci fA'sgeswbeJd%mefne&@memﬁoe AbhDdRENad m;.o acrkhlekaaae§ in ttfoirtmact ivity
effects such a statisticall %‘ ‘i% ficant decrease ??/ ﬁ?‘t 10% of

measur ed parBfRef seqyspess deified. Pagelary GoRsE G oy gt ﬁ'eé’@ 27 eBodi rrents an
anti body of otdmrysrkuenthecanoﬂmyoteurmngheehngr eater than 95% 98% or 99% of DKKI
functional ' acti Kitiolad 9&!59@-- faggdlhymkfé.mg@ an Q,%wm £ sabs@nRAREyEBE abol i sm

i nvol ves_a conpl ex we ul at or . 1.nt ections between
ost eobl igt s °ﬂ35ngat“%‘ff'l “—‘égf‘g“ga‘?*\%gf’ﬁé“%%ﬁg? gf'ﬂé (§§T Wﬁomtfcﬁ%‘&g‘ﬁ&é@ésﬂeﬁéfaﬁése :
regul at ory - windhBKKS ii¢ ssbsemeallyrfiee lof sdibediesdist eebifitdllg budnutigenonier $ae PKES). An

ost eopor osi $solateum?t§boh§'ﬁt ?Q:ﬁb’éﬁﬁﬂh&’s@l@(l’:ﬂ@ ‘REWever ﬁﬂ@lcroéﬂdaénbm otHefNS pI ant
i nduced bone | oss, an hornone chenoth el’?.%?{l ndg‘ced one Iosi(MThese

b
condi tions GEHEPAtHE §%’3’é¥‘é molFHeSIHR PHRE FRIGIShH G YR Bembeps SR
vertebral cotipedmsilon, Manebvereauisdaedbbddy tryay bivbdttattindnfreedfotheappulovederaf
current by ugg,ggrcgg,;u@élgal .eval uation act predom nantly by inhibi'ti ng osteecl ast
function. For exa bi sphosphonat es such, .as zol edr oni id (Zoneta) are
the current st an&gg U”’O‘h“&iﬁémﬁ’ﬁ@’ a*lf’l”self])?e"e'r‘i‘h]isB]t?‘id?fbmé'g’f“gﬁ&'i‘tﬁg(f'esfhﬁ‘ﬁ‘(?%| on and
survival . V\Wadwﬁblebegpiwswhdnmm&e &neevgengrddl DR/ regivheat darged Someeqpatcesarit s: do not
respond robyghbVorRkn. SRRt RHR, éh%@oc@lé@m!n{?s 4 &R&hnt Fe%}ﬂncthé Uon%nt?e%ﬁ&%%@@sf osi S
[ Mar kowi t z -2003] gq‘[ero 2004]. In 20addition there' are niul tﬁﬁ
i nvestigati &ﬁ%wed GPEGEH PR BN Tt Bt IEE B BE) 1B IRET O ST S IRANK 2 n
M CSF néfit r akinttinespqeentésbbieki heman artibodi¢sed the drsention mey iirhids aroino agd Eaitlhepsi n K

i nhi bi t0rs. eneoded by humh g&b&késqgg O%u&@n@m%a&u @c.taﬁabhw swweaﬁpmag&leslsamnovel
rrechanlsmbyv\/n ch to treat, tic di

.. 0S se
maj or rol e iVATOPEPRIIALHE fruEfieT By B’ﬁ? |H8%/VF‘6’ﬁ ™ ai‘t"ﬁ‘n a[";)b"%l Fiésefl H%‘X‘& 'Eﬂ(ﬁo pf -
(DKK) fani | yntefdedtotiagdn hgtbadicnin paichiCOR saquehay derbyedfiom tereinfline df asthkiey

regul ators 2ogimafitl s?,ems%e}s& d oudd, ;iR b@&eﬁaﬁeﬁah@ ARG @&Q@Lrﬁs@aiuer,@ew ew. In
vitro, t is an essentla ostegotr)ll ast. su,rv val ari

C8d k;entjétbgfactor
d i ni caP%val i-dat TBR®EFD YRR MEBR© lfa“?l??gyvfﬁ ersQ PHRASICS WSPEY B8 F GBS BY Bt at i ons
in the Wit cepecifieitephiol havk RR@blelrepdms innalti¢chrigptmthie Giamevesk and ALRPSgipesud derived

ost eopor osi %.%%ﬂlqg Léqeénrcesam%v.@ SHh W dn OBR Blimb o IR antMalideEar@piblivel bd
nut ati ons resul i n_high bone_ mass géden 2002 These activatin rrut ations

are found i ﬁ‘y’frﬁiémék“thl"a(‘:‘lﬁﬁdfﬂaaqc PG 2HEVETHE M RIS £18a P EA LTS mpai r
bi ndi ng to trvesedhakigapbndnisl diprifigga lupnaphedhthaamtagomn stis. light chain trar3i#6¢ has been

repor.t egst ofggdm%%f"gmlgeds&q in nmyeloma cells frompatients with bone |esions
but absent in norma % asma cells or ICP Ig ma cells from pati en‘%s wi t hout
a an

bone I esions [ Ti & “SHGAFPYF toFBhustsoBT SaneFy BRE FrE 2 8P ERn 8Kkl by

nyel oma cel [femewyrk ugses otdmemnmndmbubaéra(imefed)@@mbemmsrhmo@l@shxsseamcﬂ%eocI asts
by bl ocki ng osteobl ast differentiation, and thus. 35 pronoti ng bone resorption.
Mor eover, sone of the anti-tunor treatnents used for nyelonia, such as

dexanet hasone, have been reported to upregul ate DI CK1l [ Chnaka 2004].
Therefore, an anti-DKK | neutralizing antibody should allow reactivation of
the Wit pathway in osteolytic |esions, while not WO

20071084344PCT/ U820071000777 affect| ng Wit si gnal i ng in Gher tissues Were
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10A DYCK pol ypeptide of the invention includes DICKI (SEQ ID NO!) and DI CK4
(SEQ ID NO 124), as well as DKK2 (SEQ ID NO 122) and DKK3 (SEQ I D NG 123).

DI CK fam | y WeAtéP&3Have. t wo CYS domai ns (CYS1 and CYS2)PCA4SEREWN7T'n t he Tabl e
A- OICL(1 Fam |y Menber PileUp. DKK proteins contains an acid N-term nal

signal peptide, two CYS donmi ns containing clusters of cysteine residues
separated by a divergent |inker region; and a potential C 15term nal .

N- gl ycoSy! athiugmnigidt entibbhies VIS adtirdicn with CDRI@RRess deriveq fereithigprantingoff unct i on

that nmay f a&lo’tﬂel; ﬁle&ws/p%ﬂamaﬁfnﬂlﬁ&d PBsesdd.g.t VBorRL, A BavEBE AuTed ofeMbdvhaaccno.
605417. {ﬂ e Al DKK1 Fa

Pi | eup hD.. KKl
MORLGATLLC T;Tm‘&ﬂf’?%“ﬁwgﬁamp“ﬁl\%&ﬂ% eIl EgEERﬁRfEWL 201
hDKKLSDON. . HE hDK@sell YerdiEShe teint “HTiRbiepyAL @@boha(maansﬁmq@s PRIEDAFPIMCERQL DEQDGT

| TESFGNDH.
CRPHTKNE @éﬁ%r iﬁyaeergx SBBn%N"@h@l@ls include humaneer@@%t@d&@%&ﬂl by

humaneermg technology of K blOS wherein the sequence of the antigen-bmgmg region is derived
by, e.g., mutation, rather than due to conservative amino acid replacements- o
The term "recombinant human antibody" as used herein, includes all human antibodres that
are prepared expressed, created or lsolated by recombmant means, such as antlbodles isolated from
10  an animal (e.g.,a mouse) that is transgemc or transchromosomal for human 1mmunoglobulm genes
ora hybridoma prepared therefrom, antibodies isolated from a host cell transformed to express the
human antibody, e.g., from a transfectoma, antibodies isolated from a recombinant, combinatorial ‘
human antibody library; and antibodies prepared, expressed, created or isolated by any other means
that involve splicing of all or a portion of a human immunoglobulin gene, sequences to other DNA
15 sequences. Such recombinant human antibodies have variable regions in which the framework and
CDR regions are derived from human ge.rrriline immunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies can be subjected to in vitro mutagenesis (or, when an’
animal transgenic for human Ig sequences is used, in vivo somatic mumgenesis) and thus the amino
acid sequences of the Vy and Vy regions of the recombinant antibodies are sequences that, while .
20.  derived from and related to human germline Vy and V sequences, may not naturally exist within -
the human antibody germline repertoire in vivo. o . ' .
As used herein, "isotype" refers to the antrbody class (e. 25 IgA, lgD IgM, IgE, IgG such as .
IgG1, 1gG2, 1gG3 or 1gG4) that is proylded by the heavy chain constant region genes.
The phrases "an antibody recognizing an antigen" and " an antibody specific for an antigen”
25  are used interchangeably herein with the term "an antibody which binds specifically to an antiéen."
As used herein, an antibody that "specifically binds to human DKK1" is intended to refer to an
antibody that binds to human DKK 1 with a Kpof 5 x 10° M or less, 2 x 10° M or le'ss, or1x10"°
M or less. An antibody that "cross-reacts with an antigen other than human DKK 1" is intended to
refer to an anfibody that l)inds that antigen with a Kp of 0.5.x 10 M or less, 5 x 10° M or less, or 2
30 x10°Mor less. An antibody that "does not cross-react with a particular antigen" is intended to refer
to an antibody that binds to that antigen, with a Kp of 1.5 x 10® M or greater, or a Kp of 5-10 x 10°
M or1x 107 M or greater. In certain embodiments, such antibodies that do not cross-react with the
antigen exhibit essentially undetectable binding against these proteins in standard binding assays.
‘As used herein, an antibody that "inhibits binding of DKK 1 to a cell surface receptor” such
35 as LRP, Fz or Krm, refers to an antibody'.that inhibits DKK1 binding to the receptor witha K of 1
.nM or less, 0.75 nM or less, 0.5 nM or less, or 0.25 nM or less.
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KPSI KKSQGR 251CYS23 DO WD 20071084344PCT/ US21107/ 000777 hDKK1 KGQEGSVCLR
SSDCASGLCC A. . RHEWSKI CKPVLKEGQV CTKHRRK... hDKK2 KGHEGDPCLR SSDCI EG-FCC

A. . RHFWTKI  VERPYI/PEeEEY CTKQRKK. . hDKK3 RGSNGTI CDN QRDCOPHUSTOAMORE_L FPV
CTPLPVEGEL CHDPASRLLE ' hDKK4 KGQEGES | cLE, TFDCGPG.CC A. . R1ll FWKI CKPVLLEGQV
CSRRGHK. . 1 301 350 CyS 2 hDKK1l | FQRCYCGEG LSCRDQKDHH QASNSSRLHT C QRH
hbKK2 ... G SHGLE | FORCDCAKG LSCKVWKD. A TYSSKARLHV C QKI hDKK3 LI TWELEPDG

AL DRCPCASG LLC QASSkIDLhvieM, KEEEEIy@RE}"ers to a decrease in bone density, which may be due to .

various mechanisms of action including, e.g., decreased osteoblast activity, increased osteoclast .
activity. Osteolysns therefore encompasses mechanisms that gener;cally affect bone miineral density.
As used herein, an antibody that "inkibits ‘osteolytic actlvuy" is mtended to refer to an antibody that
5? inhibits-loss of bone density either by increasing bone formation or blocking a bone resorption.
~ The term MKassoc” Or "K,", as used herein, is intended to refer to the association rate of'a
'partlcular ant1body~ant1gen interaction, whereas the term "Kg;" ‘or "Kp," as used herein, is intended A
to refer to the dissociation rate of a particular antibody-antigen interaction. The term "Kp", as used
herein, is intended to refer to the dissociation constant, ‘which is obtained from' the ratio of K4 to K,
10 (i.e. KgK,) and is expressed as a molar concentratlon (M). Kp values for antibodies can be
. determined using methods well establlshed in the art. A method for determmmg the Kp of an
antlbody,ls by using surface plasmon resonance, by FMAT, or by using a biosensor system such as a
Biacore® system. "
As used herem, the term "affinity™ refers to the strength of interaction between antibody and
15 antlgen at smgle antlgemc sites."Within cach antigenic site, the variable region of the antibody
“arm” interacts through weak non-cova]ent forces with antigen at numerous sites; the more

interactions, the stronger the-affinity.

‘As used herein, the term "avidity" refers to an informative measure of the overall stability or
strength of the antlbody-antlgen complex. It is controlled by three major factors: antibody epitope
20  affinity; the valence of both the antigen and antlbody, and the structural arrangement of the
interacting parts. Ultimately these factors define the specnﬁcxty of'the antibody, that is, the
likelihood that the pai'ticular antibody is binding to a precise ahtigén epi.tope..

In order to get a higher avidity probe, a dimeric conjugate (two molecules of IWI-1 coupled
- to a FACS marker) can be constructed, thus making low affinity interactions (such as.fwith the
25  germline antibody) more readily detected by FACS. In addition, another means to increase the
avidity of antigen binding involves generating dimers or multimers of any of the fibronectin
constructs described herein of the DKK1 or DKK4 antibodies. Such multimers may be generated
through covalent binding between individual modules, for éxample, by imitating the natur'al C-to-N-
terminus binding or By imitating antibody dimers that are held together through tﬁeir constant
30 regions. The bonds engineered into the Fc/Fc interface may be covalent or non-covaler.\t.'. In
-addition, dimérizing or multimerizing.ﬁartners other than Fc can be used in DKK:1 or DKK4 h_).'bridS

to create such higher order structures.

. As used herein, the term "cross-reactivity” refers to an antibody or population of antibodies
binding to epitopes on other antigens. This can be caused either by low avidity or specificity of the
35  antibody or by multiple distinct antigens having identical or very similar epitopes. Cross reactivity is -

" sometimes desirable when one wants general binding to a related group of antigens or when

15



-hDKK4 . .. DTAQAPE | FQRCDCGPG LLCRSQLTSN R... QHARLRV QKI EKL--- 351 40.0
hDKK1 hDKK2  hDKK3 QDGEI LLPRE VpDEYEVGSF MEEVRQELED LERSLTEEMA LGEPAAAAAA

hDKK4 hDKIRAO 2WDR§I44 hDKK3 hDKK4 01 (SEQ I D NO 1) PCT/US2007/00078EQ 1- 0

.NO 122) LLGGEEI (SEQ I D NO 123) (SEQ I D NO 124) Ant i bodi es agai nst DKK | and
DK1C4 In a preferred enbodi nent, the antibody of the invention is
specific to a human DKK 5protein.. In a nore preferred enmbodiment, the

anti body of atirepting vestspedies labeling when the antigen epitope sequence is not hlghly conserved in
evolution. ' ' ‘
- As used herein, the term "hlgh affinity” or “high specifi crty” for an IgG antlbody refersto -
an antlbody havmg aKp of 10® M or less, 10° M or less, or 1077° M or less for a target antigen.’
5 . However, "high affinity" binding can vary for other antibody isotypes. For example, "hlgh afﬁmty
binding for an IgM isotype refers to an antibody having a Kp of 107 M or less, or 10 M or less.

As used herem, the term "subJect" includes any human or nonhuman animal. '

“The term "nonhuman animal" includes all vertebrates, e.g., mammals and non-mammals, such as
nonhuman primates, sheep, dogs; ;:ats, horses, cows chickéns, amphibians, reptiles, étc.

- 10 As used hérejn, the term, "6ptimizéci" means that a nubleotide sequence has been altered to
encode an amino acid sequence using codons that are preferred in the production cell or orgaﬁism,
and/or the nucleotide sequence has been altered to remove latent splice donor or splice acceptor .
sites. O'ptimized codc.)n.tabies are We]l known in the art for a wide variety of species. Sequences for ~
splice donor and acceptor sites are also known in the art and latent splice sites may be identified,

15  e.g, by analysis of transcript or expression data. Production cells include, but are not limited to, a
prokaryotic cell such as e.g., a prokaryotic éeli such as a baculovirus or a bacteria (E. coli), or a
eukaryotic céll, for exafnple, yeast (e.g., Pichia), a Chinese Hamster Ovary cell (CHO), a myeloma
cél} or a human cell. The optimized nucleotidg sequence is,engineér.é,d té retain completely ér as
much as possible the amino acid sequence and residue number originally encoded by the éthrting

20. nucleotide sequence, which is also known as the parental" sequence. The optimized sequences
herein have been engmeered to have codons that are preferred in the productxon cells, however
optimized expression of these sequences in other eukaryotic and prokaryotxc cells is also envisioned .
herein. The amino acid sequences encoded By optimized nucledtide ‘sequenc‘:es are optionally
referred to as optifniied. . '

25 In related embodiments, polypeptide sequences of neutralizing anti-DKK1/4 compositions
of the inVentidn, and the nucleotides that encode them, are preferably optimiied for production and
clinical use. Characteristics that may be optimization for clinical use include, but are not limited to,
e.g., half-life, pharmacokinetics (P Kj, antigenicity, e;ﬁ'ector function; FcRn clearance, and patient
response inclu'ding-antibc.)dy dependent cell cytotoxicity (ADCC) or complement dependent

30  cytotoxicity (CDC) activities. ) .

As used herein, “DKK 1-associated diseases” or “DKK4—assocnated diseases” include, but
are not limited to, osteolytic lesions - especially osteolytic lesions associated with a myeloma,
especially a multiple myeloma, or with cancers of the bone, breast, colon, melanocytes, hepatocytes,
epithelium, esophagus, brain, lung, prostate or pancreas or metastasis thereof; bone loss associated

* 35  with transplantation. Further diseases or aisorders include but are not limited to, e.g., osteosarcoma,

prostate cancer, hepatocellular carcinoma (HCC), niyeloma including multiple myeloma, diabetes,

16



A DICKt or DICK4 neutmizing antibody is distinct fromthe Wit pat hway

nodi fi cations that have been linked to tunor pronotion. The Wit pathway is
regul at ed byWa2(3h§PEx network of - extracellular |igan®§T/USEWEMO6Ys and

ant agoni sts of which DICK] is only one. Due to the restricted expression of
DICK I in adults and its functional redundancy with other Wit antagonists a
10neutralizing DICK1 antibody is unlikely to cause w despread activation of

Wit signal i aesioy, nﬁthaas@isonge,Abthumrﬂ@ﬂe&stsopOTwssostespehm@matlgnppbﬁlﬂtaéé/oby t wo
observati on§ w{)lterd%,”o@gt ivati-ng LAPS mutations (inhibiting DI CK binding)

i nduce a hi gh one nmass phenot ype but have no aren&l ncreased cancer .risk

[ Moon 2004], whi IAé“ﬂSF@F{e‘P’%?F@F\:‘B’i‘ytjéﬁ?t‘?ﬁm“f’orb?e NP R AeTHo8 & ETE " Hecr eased
DKKI | evel sxhehlbgehbpb\emﬁar ABsiag h enbilygyef 2bisbrdero Avepdinglpdireatoentarsied to bate of -t unor
15f or mat gon tt[eM% \% ucergnenaggcflgrfphtylactlc Qr D pé@er@z{%é chlsgés | THRE ih BadYbor abhekdndineRad ti vel y

i npact nyel oma-| sease | e not, increasi e risk of de
novo tunori gwsealieady wigh tl‘%d‘%éﬁgt‘té‘a“’?ﬂ'é’fe ‘§ﬁ”&‘f?hé}f‘? déﬁﬂ'tdfrt)'f)we\k’beﬁf'gedog " HEEE i n
conbi nat i on(y\gldan@ﬂ&ﬂeaﬁrﬂmthahmm igemtamyelt;—ecallsrdeqwssﬁmbbgthmgyhf ot ceiorve

resorption dr thak, de L bus eht)ihePhera Uy hbodi eé
Ant i bgdl es of H?‘ﬁlée tl‘"ﬁ%’/eénﬁ%% Eﬁg&tﬁ@%@éﬁ tcl)nal lE’i?\?‘l bgﬁ:{)gééé%@?m(gﬂlwlbﬁ]wfbl

pol ycl onal ard/ersdemaerampoll i |P %iP@’"éIF?“ﬁFéHWS‘Ef Al PBTRCPRR ‘b‘ﬁ(‘j? onist
i muni zed al&h:ﬂ@bﬁh@p’aﬁéﬁtﬁ'ﬂms BkladdspditHouniinstion, WoRGH) 4108 43I RET¢USROMT/ 0110777
Monocl onal Easegs'am foponce with thé%rﬁhqmc%n&g oftnlaghﬁowg&tng QR S BkREAR! Y the

I i uman nonocl ona such as the 1sol ated and §tructurally
char act er i z@#her gergtory HT?F“Eﬁaﬁ'PBP‘g@allle‘gls WHWESSIOP O APEFUFHOR S '&E?’H"%‘%’éjﬁénces of the

anti bodi.es ahRusdinal redofike, etd.N. SEQ | D NOs: 2-20. Specific VL ami no acid

Sequences of the'lai{%zn!let?lpg’lpgt?e Al ﬁﬁéﬂg‘ﬁ@m cHnibal, blécﬂenﬁmr!i@ol&@al 0128115_)%§WGA VH ani no
aci d sequence of e anti 3 e optimzed for express Ogﬁucgﬁx nmammal i an

cell, el§., synethmgef ﬂﬂ%‘é“%@qﬁ}fé‘h‘éfé’s@ﬂm "iahms'eéj pyiRiine sepgor a)l PRCEEI d
sequence Ofort'éa@cuag"thé ﬁedipesmsmyﬂhehmél m zed for expression in a mamal i an

cell, e.g., such as nLr ? §Sﬂ%@ﬂ% ﬁ%/fi&ﬁgglén[gfh@mvlll&npuvkﬂmgs op€qUENCES

may be opti mzed or expressi bacteria, hamster and ot her
cel I's, deperaichyatenVahie Wdé%iﬂs‘ééi‘éﬁ%‘h‘e‘évgif B%’ﬁlfr BFEf’ &F pasty bpigiet ¢iprases

char act er i StasdaciaRil gh DRKR2DRES or WGiih@lier antitiodiotde Bint phievdynvent i on i ncl ude

am no acz| ds that -have been nutated, yet have at |east 60, 70, 80 90, 95, 96,
97, 98 or 99 percent identit in the €DR regions with t CER ons depi ct ed
in the sequences ‘#egesdsnsed of ‘E)Wéent'%?rFH%‘F“begd‘?f““‘“’éﬁfjf‘h’"lt?egf OVeh Seﬁ'é‘?"ént al
nucl eot.i de sequemhewlﬁpzeh\sdyomajar BEQIE oRiesenSigmallbehO@]l (MSC) difemgiatiohipayy

chai n parentalodiie! 88 Lot IRMERGER Al @ctmmnmsﬁmsk@dmopfmqand@ﬁ,sa Ful |

length i ht ¢harn nucl eot i sequences optim zed for ex sion in

manmal i an ce‘l"l’t Pathways HEHEAN Y ISESyd RpdRminantiin beiean agelfp fndig gé’bvyeé?faﬁ n

nucl eot ixde ' spRAHENGESsePlidkdad. AckuelipnessiDKKI/M aalbndbrmaltmbzran@em agamte shown in
SEQ I D NGs: wjl'h%l a%%%m\l:glﬂInlclréaglqggnaol)lhglgtactﬁfﬂ?bvﬂll%ﬂ&néﬁblg d%&Hﬁ%&%cl@ﬂﬁOded by

optinized |i arn nucl eot1de sequences are sho (ﬁ 20111-114.
Ful | length al‘i%‘aﬂ)’y I FeptistWTAY d9es ek afiidhedeh é’f?é‘&i’diﬁfdlﬁ/arﬁg? °ﬁﬁ?‘é9d'“l{%°évy chai n
- nucl eot i deindi-éﬂquﬁma'Sas%cﬁatﬁlhﬁW’boﬂfbsﬁa@stﬁdN@Qoblﬁbé.tS 117. Ot her anti bodi es of

the invention i nC}Jr dg@g@é&%bg§regglyab{ﬁ¥ ﬂd%(ﬁlgélgﬁle; h%dl&@é’i&t&%lﬂi@g ed, yet

have at | east 60, i tg %er cent Q%?(Ht to the
sequenced ddEki b‘éﬂfe%@‘x‘/@‘“bgiyﬁ{?éa‘b‘gﬁﬁty@ff FHaYE! Oaﬁl}f PRB; e °f“8 DKK1,
the VH, VL, dnbbbi nie.aagﬁerhnhmghetl aliBddy croamehc® Hith IDKK4gHgt390 hvb@‘byt mohBKK2sequences

(nucl eoti de no aci d sequences) can be ' mxed and mat ehed” to
reate ot heréﬁﬂwgﬁﬁ%% n%{" nmol ecul es of tg?g' nyentj on. le ng of

such "m xed and naPrEeffEEd eriApy B'iﬁ'laé%‘)&iﬂ pan-B Gntt}?fiﬁh‘@ MERRECHS Yl}af:hsg assays
descr.i bed ab@wrinands il 89-2d3g vikaginesn (ehegesporEiblSAsyoth Misnntl Keseen bhdings Iar e
m xed. ang Mle BRGedifent the %ﬁ%jo%&?cﬁld[e;a@%s&xpﬁatat bk ey Vich Yo PRL B GroSLI I De

repl ace hea ructur al si.m sequence, Likew Ol ength
heavy. chai n @equienei o p & %3 PRKARCYPeRIAE | “féﬁﬁtﬁf‘ﬁmﬁ‘é‘ﬁW?‘tﬁhﬁ?pﬁow "Fﬁﬁ‘l'qe fength
l'i ght chai n g@aich bng leafreitlcantipeous apiraaeids. vin tiftizer shbadgteantsath yrefoimd binding sifelis | engt h
heavy chai n sequence. Likew se, a VL sequence froma particular Ve/VL pairing
shoul d be replaced with a structurally simlar VL sequence. Likew se a full

Il ength |ight chain sequence froma particufbar full |ength heavy chain! full

I ength light chain pairing should be replaced with a structurally simlar full
length [ight chain



35sequence. The VI, VI., full length light chain, and full |ength heavy chain
sequences of the antibodies of the present invention are particularly anenabl e
for mxing aNA2WePERIng, since these WO 20071084344PCT/PUSAGYPTOO0777

anti bodies use VH, VI, full length light chain, and full |ength heavy chain
sequences derived fromthe sanme germine sequences and thus exhibit structural
simlarity. Accordingly, in one aspect, the invention provides an.

i sol at ed nomotllipsali.caivtliudrsdgn-eantigwruf graino mmGP'ﬁGSpbrSPWG)PF“bWEF@@f bipivg ng: a VI |
region Connnfebe%hm I@-@ly@é@ﬁﬂo@@rﬁr SRAUBNGEy 15 6fd i€ Prelit Qi at REIG 2B M HOOBIST i Ng
of SEQ I D N(as -20 and 119; and a VL region conprising-an aniino acid
sequence sel 85‘?&1 fromthe group consisting of SEQ ID NGs: 21-39 and 118;
wherei n the anti Botly pepatinféntiah.laypeiializisg DEZANIK 1 antibody blqekathp prasstienf of f¥dly and

l'ight chai ]p %%rmilﬁgaﬂ NIE_;QH‘ELISF\SJnH@Q} sufac¥lBidafig b QBysC Q@Efdet&ﬁd"ﬁnstehﬁctﬁay Hfjlmaﬁieﬁl f
sequence O ri e am no acl sequence 0
SEQ I D 10 Nd¢fe Vit S“Wesa'thﬁy%ﬁ?fdﬁhé{)ﬁ%‘;:g@? ﬁ“aw‘@é@ﬂ ‘bgh@ 3 and a VL region
conpri sing SEQ | In&Gr v2id;mekl & ovbbblagliBmentiatiqn; mgisa dOBE FdllDarki@eatef] witid -a VL

(/e gi ?29 c 8 E‘p L\g%gg%sﬁﬁglaltgeyglon@ alefne ﬁhc}éﬁma‘&:@g{/@? AGRIRY: kst o BEobREQClifyNBKiG and a
| | | SI

n i on risi ID NO 6
and a VL redihs AR r?%?‘it'e'i‘ H‘dh'SEQiel‘ ‘i\?@“b‘%s °€|‘F“" gg%“’? ﬁ‘g}?f HEEE ?\“E §™SEQ I D
NO 7 an® a VL régiconincompdimsitngn SEGodDIN@ in28tongxhibits\ddse legarpharmeerpelisi ng SEQ
ID NO 8 angA@JC Ewmllémlaqgse%@ﬂﬁérﬁlengin§ﬁgf ilQ o’}‘lg)j-96 Ries lgrrm& oV oIdB g J7R0-
conpri sing NO. L region conprising SEQ ID NG 30; or a -VH
regi on coi npoP é‘ﬁ/HB“SgEQ ID.NO 10.and a VL region conprising SEQ-1D NO 31; or
a VIl region conprsingmmgntﬁlﬁﬁ)al idoddOpf dstieolguichrestaid tumegnestasBpribslies gf tBEQ [ D NO

32, or a V] jhedianaioiRkLRiRkePERi éaPDANQda e. BfIisbn YlabdcBR} e &0 UHbiHdGn SEQ | D
NO 33; or a Wu reglon conprisin

g 1 119 and VL I’e%l on 3338’5“' si ng
SEQ I D N& 1ftigmodgy h“ﬁﬁbﬁeﬁ’évm’aféﬁ gth f“"f%é“'?'?ﬂ?%ﬁ‘i‘f’ FRAT PPEUIsqRSafeThaYP ge
nonocl onal  antlichoigy woich eesilisgean nbmmldnqn@sqmommfbohhwateslatehaviodﬂged thud eabdindengt h

heavy chain &LQ@R@ oS Bge.alﬂo.«%momeam Rt u,ﬁg&eme.elaesquj mm.mﬁt.&nmm‘ses
consi sting of ' B NOs 117; -and a full hai n corrprl si ng

c
an am no acitt® %réﬂ’ﬁ%?fb@ “@é?"etlf‘f’%ﬂ' bethdpreraad ﬁ‘f"&i‘d'ﬁp'é'&f ‘%"‘ls aﬁ%"%‘ﬂ’“
111- 114. Thusne evtampdcesnm@hyifigitemolidingt h heavy chain and full Iength Ilght chain
ol nations, 25NERRGE!dntEhind AEkHAS: bgmam,s&%teomn WS uBERP AR L O
SEQ ID NO 116 wit SEQ | 7 W th SEQ I 3 or
SEQ ID NO  TPI7usgf *Ptﬁ‘e’SE@t’f‘tWNt‘fa‘ ifie&fs °fa““b°d'es°F Hre FH5Rt08 P hejsapipted f‘FFé‘“isﬁ Ation
provi des an gr&fidt alinichl omevaeh oftedatneentsiwi dyarbaceatiailgeffectiveriehelsgf porutralgamgtahgr eof

conpri sing apfu| Lm.w&%@mbﬁ@wer&nm EREASIEE i bpRx A £Ab1 e RPCRABRERS ! ect ed
At mthe.group consistin 103; and.a full |ength Ilgoht chain

encoded 30byfoRWVALgnabiph gé!"%lé\‘aag%éte?étf"éd’f‘@d“l?fp r SmeeR YREGPMUIEHE A B SEQ
| D NGs: 257- liBrnalized for Wnt patflmysieaixaivpl es of nucl eoti desi hat encode full |ength

heavy and Iight Cﬁﬁéuﬂ'ghznr{geaﬁﬁlgﬁﬁlyﬁé%pogsmtof manQﬂxoggmr blh&cﬂl@dleorlﬁﬁg I'D

NO - 101 and 97; or SEQ I or SEQ
ID NO. . 103 Reringdsir intppctionvith LEF pR "fal%’b‘ef'fffe‘”t ’rfé‘"i‘ Wér‘&“r‘%‘ °’€8§‘v“i S‘g%t on Yyt
i sol at ed ND gk bizahthant.i Wochathomy sattivgiém c8&ins endl WigerpOKKiIl end/QrM{Kmllrbelegb

optim zed for exlpgta%t%&lalgélaysrao Ewﬂﬁlaéedu blrulf}\\gagmty & tﬁeléhllbddf%g&wrdm%/oﬁg 1? SEQ D
conpr|S|n a nucl eoti de_ sequence sel ecte consi sting. o

Mo 108511 GPesiiar MY DBCTATE A HPETF GSBlT ROB0T P TRAIL R Fe cha n
conpri si ng asssuycireddstdied sattdine e EedngddseTthefbimaimetkivetigrogpbictimsaBtiiyhgf thd SEQ | D
NGs:  104- 107 ibodies also bdd bX%ses@éMyQ%dﬁ&R‘% kndwSn ma\éermlpa; bpﬁa@a\&,%%%mtl bodi es
that conPrise the ﬁeav hal n and ght chain g t he
anti bodi es, BPVersebil r?ésla}’ (ﬁ%AT ﬁb‘f“é‘bf"‘“e{?‘f?ésea?ﬁdﬁbs%% Fsdayéea‘ﬁ'é‘ﬁﬂ’ Ditigp of 19K3GH CDRL s
of the anti heeiyesasadye tedvale the eSE@ dfDeN@BtodRs by fuBetibiigl pRPertiend DKP=156¢ "The am no
aci d-se nc&gcrggdﬁh%h\e/{%t SRge e e anti bod| es and are shown in SEQ | D NGs:

2-20. an e amno acld sequences of H CDR3s of the antibodi.es
are shown i n. SEQA®PHNELY, s aptibody thaggnhibits” epger H‘err? thets S bineiord r8fithe . VL
CDR1s of t heeanbiokedii@s immencsiamn),ictluBE@hyDINGS! orRthe8Biompidal 23iv8@s, of e ami no
aci d sequences of the VL CDR2s of the antibodies are shown in 10SEQ | D NGs:
21-39 and 81-88. The am no acid sequences of the Vt. CDR3s of the antibodies
are shown in SEQ ID NGs: 21-39 and 89-96. 1gdhe CDR regions are delineated using
t he Kabat system (Kabat, E. A, et al., 1991 Sequences of Proteins of

| munol ogi cal Interest, Fifth Edition, U S. Departnent of Health and Human
Services, N H Publi catl on No. 91- 3242) G ven that each of these ant i bodi es
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affinity O binding characteristics. It will be readily apparent to the
ordinarily skilled artisan that novel Vry and VL sequences can be created by
substi tuti ngveA®78¥3Hore VH and/ or VI. CDR regi on seque®EEYISHOTPP0SH r uct ural 'y
simlar sequences fromthe CDR sequences shown herein for nonocl onal

anti bodi es of the present invention. 30An isol ated nonocl onal anti body, or
antigen binding portion thereof has: a VIl region CDRI conprising an am no
aci d sequendise)sie Heghind hrconiinghemghoispeis Reivsttp g aghnd3EGrbBI NG, Wil B - 8- 11, 20

and 49-56; %nt:\émordeg.le% t@ﬁgtls@i%é&%l ?f‘@agzt@é&re@@15‘91e§§ﬂt:5bls§%&%99e@at§@lo@ﬁéted from

the group consi.sti

conpri si ng é?F“é‘fﬁhﬁgb% 5‘@?}“5 de gs%‘i”é‘t?f‘édmtt'f"g?ﬂt‘t’h‘g Oétr@tfﬁa'ggﬁg‘i%g‘fy g of SEQ

| D NOs: 2- 2@reaemt). Sbarkdpdyathdtinhitrite K ODRY efenpruiisi fagisGBinsiarifienat &eortedrquence
sel ect edsf r ol osR EAHPmERRSE ﬁetréxﬁwer,otfy aﬂggt ktpﬁ,l\é@& oraé%?’egld@rn&dﬁ oBB6difents T €Qi ON
CDR2 conpri sing_an am no aci uence selected fro consi sting of
SEC I D V\D 206‘%?8@4&@@?}1@2%7? Yojbersarer (Res 95?19%’9"’5?36" ‘ng%‘é E VL region
CDR3 conpri scthdgeyan am no aci d sequence selected fromthe gr oup consisting O
SEQ I D NOGs: 21-39 and 89-96;. wherein the antibody specifically binds DI CK].
In a certain enbodl rrent t he anti body consists of: aVil region CDRI conprising
SEQ ID "’ NODigkkopf Fepil SCDR2 conprising SEQID NO 6; a VH regionCDR3
conpri siing SEQ | RpGpridie bohg netablisthegiodas m&blexowprbf seulgoSh@hivaysNel ' 21; a VL
regi on CDR2 ;G0RBES e%Q, t;%obﬂ?sts %éeoc?a@g arfl sunr@eglt,&tm&m?am%ame g SEQ 1D

NGO 23. n anot her -enbodi nent e ant| body consi sts f:aVIIrelon
CDRl conpr i §F%‘fb“°semhﬁ"fm§ arginvolvedin °§“‘€§i“6 FONEHRDS %‘Bhﬁr‘tsﬁ?l’r?&s'eétj“?’e“‘kﬁ 12: a VH
regi on CDR3 ostedstmd Issiang, rSEQndDvéd@anspBint iadudkd tapgices) adDREi-hoompe FigimegeSEQ | D NO.
24, a VL r egﬁ @ed%t?logsomsé édnaﬁo,ﬁli% hile mere%ﬁgptarﬂs ﬁggduﬁg Mne b8l B ERR3

conpri si ng get anot mbodi ment, t he ant| body .
consi st ¢0f "e'éeb{ﬂllm?"éﬁfsé‘ﬁ“ GDRfd‘tcﬁ?r’ﬁ‘P'P Yifossirestmpptpenproyed %{"‘\‘/Senf yrsheleseb

corrprl si ng SkAuavibh ddDpfedbmidahyly &y iﬁlﬁbﬂtﬂgbﬁmcm%nooanmor sxangleSE@hbstBhbd@es ih a VL
region CDR aQQaPJrem%a %%@gr%ttﬁrm cu%%m s@maard .!.fe.gteqnd ngizmﬁmm b&to@gﬁ%ﬁelw NO

28; and a V. reglon rosing S l.n ano her er odlnent

the anti bod;i‘"%ﬂ’r’i‘é‘}"’ét Whejg bispho ?“afeéé‘iecgﬁ"etﬂﬂkleff‘(’fﬁ'h‘brs‘i"&‘? RAGCSEYS NopyeRRand Epbustly T H
r egl on CDR2 oediaqmmnsne rnge GEQ feld] NEcitl 6: os@ondetorie {ViokovGRRBOZ) GRyziesd 20941SEQ | D NO
SE Q D \ég %%blggh %P&re% fd iRde a§§ng 4N ket iRO ost@ocMst d@@e@dpﬂt@mgm?a AR Si ng

|on conprising SEQ I ... Iln a certain
embodi nent , HM-GHR t%ﬁdvﬂtsah%@e*ﬁfs oppsteoglasyfpmnpticg speh aeﬁpétee%wheft?fg SEQ I D 20
NO 8; .a VH regi (Sﬂfﬁﬁlaﬁor&ﬁmfpeab&tsmuﬁ&@dmmV:cb&noael\ﬂdcltaegmcbhm@@R@omnpr| si ng

SEQ I'D NO - 19, oifk Miseh2d *rf?@wgémm\%?gﬂw Shig réﬁg ASQON% dfRrenfutidir al YRR,
P ot had é‘#?%ﬁ&]er%?ﬁmpft(hgqmﬂﬁﬁﬁvt@gﬁgé g‘g’é‘“ﬁ‘l"a’ hgv re‘IP %b‘?‘%‘ﬁ?tﬁgﬁi ’e(%lﬁi‘}Fsl si ng

I n anot her
SEQ I D 61 O thés pébcessliee gitro (sePRBhe0 P0E] $ir ey ieBFQnl VDrdN@! nt {s@p eaenial gseghlan  CDR3

conpri si ng §E.Qdam9dlf%5et.tamafa¥mr r@tm,éam n%}m%@ bPdle %@at@aw prwue%G a VL
regi on CDR2 conprjsin ? NO. | on rﬁsénﬁ\%” SI SEQ ID

NQ 38. by mugtiopid fhe iy éi*FF"eP&“hh'h%Sn I%ﬂ‘it‘Y“b‘B%lS}‘"‘i? M S Sfﬁ"p Si¥ egi ons
or full | engtstudbhgiavy sprdrdniegOPP@HaI PGS, Inaiile axtieatihp natapiprsdesolt indfigh tone thdsr | ved
front a part bsweﬁ‘ﬁOngrﬁ'hQQerli@tl\%@%M@onk breflifa ¥Athe ARh&NLSAIRAR 84 havk Bbdn | Ngt h.
chai ns %f the ant 1 body al e ohtalned from @ ? at uses human germine 30
i munogl 8bu|‘te’f‘i‘°'g§é"f‘fé‘§t° igpritbinding ta e Qigprig Kti;(}/rfsf’ﬂh'lyf J- 4 EPYHS geni ¢ nouse
Carryi ng human t mrKidgs bz répartgien &s owsrexpressbrbinamyeloge relbsffronmiatengswithidrong cr eeni ng
a human i MUgRA QG BRYUIR tggmat dl'ﬂﬂn?gé’hs@} Emlﬁggel@@oﬂ%%ts%lthbuttbbﬁe i@6drds gth Of

i nterest. man anti b s% tlpro uct of "derived from ‘a human
gerni i ne i mAYRBHCEBYPPI)-Setfateeretnssisiprol feh t b 'i“eﬂo'%f’scegﬁ‘(‘,‘f’? ST Rr i ng t he
am no aci d gagueneweaf ostdhBladiuume pstantasth bylylotking daoladast mfﬁenamladorsewewcem of human

germings 35;;:3@@9@},&Q%st%o.artsto;éalmegtmwtte%u.ml;mtegﬂem B ok m{a@a lsgdauki n

sequence th osest I n sequence (I reatest %.identit ﬁ(
sequence of deyranefiieate h&th‘?35'6690“3}&‘91%’1"&?‘\‘aﬁrﬁ]?’%]o@?“‘l‘kﬁéfmi]ST""‘fﬁg‘é’e’p"PB'Eﬂj[:) Kt ' or
"derived fr orbitrgizipgurttibodyl shoulihsihmiregpevavion ngshe Winapithiveg liodtdolytic Beigusewnisite noay WO
20071084344PCT/ US20117/ 0110777 contain am no acid differences as conpared to
t he gendi ne sequence, due to, for exanple, naturally occurring somatic

nmutati ons or intentional introduction of gte-directed nutati on. However, a
sel ected human antibody typically is at |east 90% identical in am no acids
sequence to an anmino acid sequence encoded by a human germine inmunogl obulin
gene and cont ains amno acid resi dues that S5identify the human anti body as



am no aci d sequences of other species (e.g., nurine germine sequences). In
certain cases, a human anti body may be at |east 60% 70% 80% 90% or at

| east 95% O¥O@Wems4att | east 96% 97% 98% or 99% i dent iPEAUSPH7EWV o aci d
sequence to the am no acid sequence encoded by the germine i mmunogl obulin
gene. Typically, a human anti body derived froma particul ar human gernline
10sequence will display no nmore than 10 amno acid differences fromthe am no
aci d sequengicencdietbnblyngtimethérdisaes gemnnbDKKe quﬁIHBmog@itUb‘ullqmorgréne othen certain

cases, the M&E%mséprfebmwe rmd.ﬁtsSznt@yh.ﬂ%emtﬁmtm@eﬁ,ghgrexaxsea A iFesR than 4,
3, 2, or 1.amno acid difference fromthe amno acid ﬁence encoded hy the

germ i ne i nHdRBYH 615%&‘“‘?‘%‘?%’(‘-3?1‘@““%?%@685& i, ey I EEibeee m‘?f@ s 299 Hot her
enbodi-nment, an atn:tahstgadtym&fe otdiexptessitgyitVhid in brast tisshd debadopghdmrrenvarcisomehs| 1 ght chai n
amno acid gﬁ &%ss]fa% 9dveﬂﬂ.ﬁll?.ﬁ W’Xctﬁ@gmcLljs gtve nﬁnlfh%bﬁh xnuﬁteﬁﬂﬁedﬁs sequences,

variable re eavy a aln nucl eotide seq) , _or variabl e region
heavy and | F‘tﬁ‘ﬁ‘t“ BYPa‘iYFPPEﬁ’ﬂ“ﬁ6°'&Qq“8“%‘efd'ﬂfeWEfd§“WéfM%ft"e‘ ﬁ@ﬁ%ﬂf"@ﬁaﬂ‘g’ TSRS %A i no
aci d and nuelietd dessofteine facstiafiol bEhaWni fdthiag sodébea nidbde iltesagddnymand wher ei n
t he anti bodj f neutral izing
anti-Dl CK 1}" %ﬁm{m r%s&treltsgﬁn g? §&[{lttg°q1 é@gﬁyf gﬁm Egrlgg(g%tﬁ%%‘%?&lthea?n@gnt ion

provi des anW@b‘?‘%?ﬁéng‘Fﬁﬁ’éélpeﬁatra' WRET BEERFSSVErolant i'gen bindi ng portion thereof,
conprisitg a Vr yArmg(gmy;ap@heabfuﬂaurveagtoaﬁncluatssemen(n(smeNtbmae@mmmo(sﬁgrmses an
am no acid Wﬁ@pgsewéln@bm& tsqns@&i Bﬂkb&éﬁ'ﬁ)ﬁ@ 136, BRAnACT d sequence

sel ected fromthé group cons 20 and 119; e VL.region
conpri ses aﬁ‘eah‘tfﬁ’d“’a&‘l"bc‘é%méc %t ﬁ”é‘tc’{ )a‘tShP‘é'aé‘ttheBWeﬁbn%ﬁ%bﬁ‘ﬂ’é'yto an am no
aci d sequenvemséel FeleURADKK @ididilieogitiasi ainsteshinagighl pSiEde.| tho NES:do@ddin89 and - 118;

the anti bOd n?a@xﬁfé Jh!lsge% 4f¥¥£é‘&4§i <fugs Qﬁ!ﬂl? cﬂ{;er%ﬁ l%er r@é]& Lm %hg@jy

exhi bits at unct.i on properties: the ant i body
neut r al ﬂéesteernmmgywy'atmem{e | Thir O 32 dompy ip RIS heya lidspiadlingfugtio thaf &Y ant i body
neutral i zesfdathﬁ{fhWgtTﬂiKlanﬂlr&EKAnspfméelaﬁnatxﬁerb}R& BMIMmH:m sd$mm 30In a f_urt her
exanpl e, the—+nventt+on pt U”fé‘bﬁ% }f‘”Dkﬂ“E&hﬂ? Méﬁb‘é&'?‘.ﬂ%b —att UUUy, or—ant- gen

bi ndi ng portion thereof, conprising a full "l ength heavy chain and a ful
| engt h | i ghtbighai n~~whef ~ei ni~~the~f H4~~tengt h--heavy-~chai-n~conpri ses an afri no
aci d sequehB&H¥2hat~i's | Basgt> “8’0%%%~ Trogous toan amiono - ach d sequence
cel ectod 1] BTGP ol Eonar St nG, CrAeEOo O RERT T SE ey ehe full I ength
l'ight chaip conprises an am no acid.sequence that is at |east 80% honol bgous
to an anminp aci d 85 sequence sel %ct ed from-the rGVS consi s’lstOPng of SEQ | D NGs:
111-114; t 1ED%§§t|p~qqy:§:ggcﬁLﬁ i i QWF% g@ fiti body exh|.bits

at | east ongply { AgvERIMNGWdigt émgtmaa AR E Qm@ﬂ’ gbody inhib|ts
bi ndi ng DKKnbxHar ot-ei~A~1-6~t he ~-PKKL-recept-or~0of-~the-~-ant+-bedy-~~phi bits D e].. K1l

WO 2007/ 084344PCT/ 1382007/ 000777. receptor binding preventing or

amel i.oratin Igfate ﬂ’ ar 0L }Q@g Jplahl bIGE\]ﬁY GIKEN or . bindihg
preventing g@meme de0r ¢ mggmo &q\xtteg @ﬁzsengp@egxg %é@fp@ y inhibits| DKKI
receptor bi Rgkiig M@Mﬁtﬁzhn@mtu@dﬁ WGl Re BaRseivee | dkrai®BIIGr exanpl e, | the
inventiori | ppoi des ~anninsoviaizeshire nackonalry antrisbastys, kesmiisgen 5bi ndi n
portion thereof, conprising a full -l ength heavy chain and a full |engthjlight
chain, whegein: the-full length heav¥ ghain conprises a nucleotlde sequgnce
that is at|least B0% honologous: Icl eatide_sequence Se ®Bcted from|he
group consi ggfﬁ:ﬁg FCCERE AT "“ CORER 70T S SR SHR o TR a e Chal n cofrpri ses
a nucl eoti jgm&qu s ; . g sequence
sel ected fr gpxdsherime S ; ORBAN i -ant | bo y:
specifically 10bi nds to DKKl and tne Ant| body exh| bl ts at Teast one offthe
follow ng functiorxal prop ertles t he anti body inhibits bindiSAg DKKI protein to
the DKKI re lor[¥ DQtJhé’F RS Ibod¥FTi AHTSBETE - Wﬁ‘%’@%@?%“ﬁdl ng prevepting
or aneliorg @% P yst-s o "tHE Talt 1Thoty i RRICBP TS ORKI Féapt or bi ndi

.........................

preventing %Ka (24110508 beH [ EnrkeRdOnSeREnd e Rikbady i nhibits Pl CKL
receptor binding eventing or aneliorating cancer. 15In another exanplg, the

i nvention provides an isol ated nonocl onal anti body, or anti.gen binding portion
t hereof that has Zmen optim zed for expressi onG¥BA cell, &ohprising a full

| ength heavy chain and a full length |ight chain, wherein: the full length
heavy chain conprises a nucl eotide sequernmme that is at |east 80% honol ogous to
a nucl eotide sequence sel ected fromthe group consisting of.SEQ I D NGs:
108-110; the full length light chain conprises a nucleotide 20sequence thatis
at | east 80% honol ogous to a nucl eotide sequence selected frontthe gr oup
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30the full length I'ight chain conprises a nucl eotide sequence that is at | east
80% honol ogous to a nucl eoti de sequence selected fromthe group consisting of
SEQ | D NO 1M0200/8e3Hnt i body . specifically binds to D EKI/USHHHOPRE anti body
exhibits at | east one of the follow ng functional. properties: the antibody
inhibits binding DICK | protein to the DKKI receptor or the antibody inhibits
DKKI receptor binding preventing or aneliorating osteolysis or the.antibody
i nhi bits Di ekdki35k@eepi@r _$ADaa$I1gC px .0 REFHIKA CKOV LIgHEOV | @KERRH g lost eol yti C
| esi ons or | FRE&2ank¢H56 Rn$f DT F&FCP) AKREFHEES fNFYVDEIGRE ] FCRfeyvant i ng or
amel i oratin 8‘318‘%0%?”@ i:_A_é!é!___!f._‘_:_ALJ‘_Q‘QE_:.f.'_!zé’_:_»_!gQ!Z_'__’!_-_:‘_.é;:__' embodi frent s,
the anti body ey ERFFHIEEeHE 8 - NGRS SRR S RERS-8f the functi onal
properties|di scus&gd above The anti body can be, for exanplseo a(hYed .
&ds@ o orAs~used herein, Lhe

anti body, 3 \C

percent ho a3 ~fructheot i de seguences
i's equival ¢h KPEGEREes. The pef cent

i dentity b e hiber of identj cal

positions shared p the sequences (i.e., %horml ogy = # of 4peenti cal
posi tions/{ab@ts #--0f-~posi-ti-GAS~%-~100)~~t-aking-~rat-0~~account-~t he nunber bf
gaps, and {hexgzengt-hr~of~~each~gap,~~whi~ch~need-to~be~rntroduced for opti ngal
al i gnnent  ofP¥iHe PAEISRTECITOESEVOPASMCERYPAFP SORSBIFLR FERLES And det er ni hat i on
of percent ha‘entifi/wibbet ween two sequences can be acconplished using a
mat hemat i c<gl al gorithm as described in the non-limiting exanples bel ow
The percent |dentN1y bet ween two am no aci d sequences can be determ nedj usi ng
t he al goritﬁ 1 EMye M | er (Conput. Appl. Biosci., 4:11-1J,
1988) whi ch | @é b@ﬁg&Et._nco 9&;@ o the ALIGN program (version 2.0),| using
a PAM 120 wwebghit K&Sk ep m gap 15I ength penal ty of 12 and a gbp

penal ty of "4
sequences can e determ ne usi ng the Nee eman an V\ﬂnsc J. Mdl; Biol.

be d d h dl d h ( I i ol
48: 444- 453, 1970) al gorithm whi ch has been incorporated into the GAP program
in the CCG gafibtak eRACKRKEa(daVick4 abl e at http://ww. gcg. con), using either a
6, or 4 and a | engtieaapooapeR: i B b SR G Rl Rund (pORC, 10 6
al ter nat?veIPSPte"l Heamofﬁﬂiffﬁ'f%‘é’q‘l&@ﬁ@é@ B¢ antibiedy|of B dHEM9Ryent i on an further be
used as a "quer yASEQUEé}QE{Kétﬁbuﬁﬂfzfx@l’aﬁﬂ:lﬁdﬁﬁarsﬁﬂibt&g:alth‘i:svn@dfhkvhﬁmdﬁf&haﬁaes to,
for exanple I C rehes Gan ke perd.or usi ng
the XBLAST BPbbranr otk GRS TR, wiigihag gt g eI QPR
215: 403- 10. eﬁmemlaprlepés Fopiant dld@atagopstsnd whish P&%aow P ﬂwe%&ﬁn@rﬂ?ﬂ ogr am
score = 50, exwésdibeBUPKK Finddiile adbitafufictiaiil Rduaahg vaagtiendesademitiogous to the

25ant i bogly gpu“gﬁg}égseﬁm%ﬂa&ﬁgdy %{i@& cau-%m&’é@#.@é&cg%gﬁ Whe's %Hﬁ@t@ﬁ for

compari son purpos M ze escr in Altschul et
al ., 1997 Ntfereére tmrtgsnenésTh%@Nfr syREgedoo ohgravtiensi Ik iHiptiBg KBRS and Gapped

BLAST pr ogr afiatiohs{@ihibing WIKIK jadiay@idedes Hgh liohemﬁse$p®6typé/&t|hi\@gb apmree. g., .
XBLAST and Nﬂc?e'aé§nnc9;’%\gk@ﬁo&ﬁ%ﬁ4], ggﬁﬂ&ne%%hgﬂ@b&ﬁn&%cﬁ% d bodi es

wi th conservative no n certain I ments, an anti body of the
i nvent i on h&&crepsad Ry Isyels Bigk Paneinigs Rienatmry but Wﬂeéﬁﬁr%ﬁ?‘%@dﬂ%ces and a VL
regi on ¢ONSif&Gnaig [acliRE 200DR2, and CDR3 sequences, wherein one or more of

these CDR Sequenﬁgsaé‘ﬁl’&l%%%hi Lh%@]@ﬁlﬂ%lﬁ%&’a g??%@%ﬁceh%é QQPEJ;Q gﬂe

ant i bodi es descri erein or° conservative Ications t wher ei n
the anti bodieidngressiag the rifleoldle 89 yosumeripsatsiso Hady expectrgdhat Fusk a’bi‘““f"l’?é( VYPélﬁ*tqeé.'quzu ng
ant i - DKKI / 4 icaopafatidn vath @afi-ninite chémoatirtdpe and3bAcapivih nigi-hone teb@ptidh\dens than -

provi des an.i S0l ate onal - anti body, or antigen binding-portion thereof,
consi sting cl)'J'fh%Dét- eﬁcqasmﬁgﬁkconm sting of CDRI, CDR2, and CDR3 sequences and a
VL regiéf c L ib |, CDR2, and CDR3 sequences, wherein: the VH
regions of CDR1 Mﬁtll&ﬂﬁﬁeﬂﬁeﬁvenm RAOEIHBABAA RIS 04 ¢ Mhbhdn ﬁcomdnsni ng of

am no acid SIS | f

sequences of % ?@nﬁ%&rgger@ ci%&%%pgéfgygggpﬁ%ﬁﬁ%ﬁgzggeg?%gp d| f| cations
t her eof ; théel?f/teM‘"F‘é@l on of CDR2 'is Sequences consisting of amno acid
sequences selected fromthe group consisting of amno acid sequences O SEQ ib
NGs: 2-20, 57:64, and conservative nodifigations thereof; the VH region of
CDR3 i s sequences consisting of am no acid sequences selected fromthe group
consi sting of am no acid sequencee of SEQ I D NGs: 2-20, 65-72, and
conservatlve nodi fi catl ons t hereof; the : regl ons of CDRI IS sequence




15receptor or the antibody inhibits DI CK receptor binding preventing.or
aneliorating osteolysis or the antibody inhibits DI UCI receptor binding
preventing J¥OaWél§étiati ng osteol ytic | esions or the antPCBAES7/HRTGi t s DI UC
receptor binding-preventing or aneliorating cancer. In various enbodi nents,
the anti body may exhibit one or nore, two or nore, or three or nor e of
t he functional propertles |isted di scussed above. Such antibodies can be, for
exanpl e, 20 esrhumani zed anti bodi es or chineric antibodi es.

I P] ot her enbodi ”REEb%dlfeﬁlﬁ t%ﬁ*ehﬁ@ﬂm@ﬁref%ﬂﬁl |t]§b‘4¥ﬁﬂlﬁﬂl Qﬂnd&ﬁﬁa]\;ﬂw{:ﬁﬂUdies kﬁiﬂgﬁ the heavy f
chai n sequence u t q erei n, one qore o
these sequeRR8€ F’fg\f&“"ébréi’ ':fhi"“é‘%eréﬁ??' r’t% & ‘S Egnggec Kageds; ac{dﬁequg?f;[%l Bodi es
descri bed heeentibodies wosiown.eat.iiv BEQHR NOscatd- §m§lft0%r3€wf° acaiﬁenumesr itke t he

anti bodi ¢s 5&#&:@&1& afrmodﬁ%lgr %déﬂ,tﬂﬁii\l@.@@h -30Y1 opert| es. of the neutralizing
anti r DKK1/ 4 ZSCorU)oa ti.o e i nvent

é Accord (pg %/ Shg 1| nvention
provi des an i sol at'ed™Hiss I58‘H’§’i‘°°£ﬁ’thFB‘Bd’§ Y B DERPI RS PEPRETHY Pér tion t her eof ;
consi sting o&manaﬁmnlclell legngtdh ahtavyquetrashowamdSEQ FUIND: | ¥ngtth amingireidstraierrewher ei n:

the full 'eeﬂwam@d{é& n&%é Bpthﬁéed%wea?m@sﬁ;n% §%Hﬁﬁﬁ§r§ceﬂ@%%ﬁ@ﬁbsiﬂe@éﬂuﬁm group
of SEQ ID NGs: 115-1 and conserva ficati ereof; "and the full

| engt h | i ghthopRdr ﬁE(PiH%NQni Ho LEEr HeSEMTRTTE BEY lé ‘Tpgﬁ‘fzég W’Fwsf'ﬂ'émg‘?‘%ﬁ"ﬁa%’f SEQ I D
NOs: 1116 11#gcteginchametasan vhti ogls, depdindingat wideisexB0ssiva spstdm istpreéerrgh far Body

speci ficall XhabchQ§lctmeQl)% Led1 cﬁ\ﬂ?’ﬂ@@a;@ﬂ#%@%m%hﬁéﬂl& SmAb di@ARd nAR®eQf the

foll owi ng functional ies; the a i ndi n rotein to
the DIUC | PERERGENF att'%’é ¢ 6nq By AP % nsﬂq 3%%%{%&{’6?6?%%85?6? BEREK °"pr eventing
or amel i or awiththe@ReBkipss dspioted tnhiee seqla:nctelsucsdtybedlabnvm ts DI CKl receptor binding
preventing or anpliQf &l aggaﬁghea,gmtaaﬁn&ﬁ%e&ﬁeeéqumes @@mo@gdysm MO b3 DI CK]

receptor _bin preventing or ameli ratl ng -cancer us di ment s,
t he ant. ﬂ%od)}oorrd:g‘"éfif'ﬁ'ihlﬁ‘ie”l"yﬁ RFeniRd P e"f‘ 8"?“??5?8 Sf“HY“ 'Pﬁﬁéz{)é& Oﬁrmgf t he
functional puidpettt i:gscmalr&tledomﬁesws@edopabwéfor&m@samtmabm!mre@!an:eﬁﬂabfe for
exanpl e, hugnn 3nEEQAINeS: 1OEqWmﬂlqugﬁ%bwélﬁﬁmﬁgotlgﬂe%é&oﬁtﬂﬁlkéaqgl' es WO

20071084344PCT/ US200710110777 | n ot her enbodi nen

i nvent i on oftATSFFI9RY arpAmmaking %?éléfeoﬁ}i"\v'i‘]méE@e’HNcﬁfgé&sai VH%PIZ&P%RP%&W% "And a
VL, regi on sedgnaess entudechyoptimézed fightolrai oklettive Seuseguengewn ek BpHesf i ed
ani no agjd %?ﬂvﬁn%ﬁﬁ nehgtﬁ ﬁd&&aﬁm.ﬁﬁcﬁ&weﬁ&s dRSsdd dg%gmne&ﬁ{e&g%a.ﬁonser vative

nodi fications thereof erelnth(%i L g ret?dn g |tred

functi onal pPEﬁ%’F‘E"i%&“eB‘Fesla‘ﬁéhm’S"Hé&?r’g g4 t TRy gUes ﬁﬁg‘gf"ﬁmﬁn of the

i nvention. Actde dhmglmydso&heclmmnhaohavpbmmd@@dmt hzve keleatictdh 88:1 981, 26,
antibody, o, %@%ta@&r&hﬂ&unngtp%tséqqaw&mg@mdabs@ﬁs' sting of a VH region and a

regi on V\/nereln t he VI ion | se n el ected fromthe group
of SEQ I D NO 11§'"°%??ah efd %’f"\}'aﬁs ?fe° ai"f"‘%‘glﬂ H%U‘F &é}‘é}g‘ﬁ“g‘%ﬁ% PRI P 1 egi on
has am R® adildegtivencasin sejuesteudisatind sehiracay rudgmind acBE@qYelraNGan bq ¥gxedand
conservati Vgnmgblfehcfatcl'egt@%thtSMBQﬁiKl Elb«ﬁn@tﬂ&lb&@gxf tiaQﬁ:D@ﬁi’oﬁ isedi Mncbﬁéﬁ%u&lo DI CK

I; and the anti body exhi bi t a functional,
properties: PHEI ATy ai“H‘FﬂdlfF t’aé’et’ﬁ “ﬁﬁ?ﬂﬁ"%&:ﬁ'ﬁ&% %SSZWSP%SC'%F? lﬂ&f‘" r &t:hept or or
the anti bodgxamgléstie-bsEDKKE). Véwe tesy chbinnate mixep aedmesithicd g \or searepés format i ng

ost eol ysi S (Bgmtzlheﬁ" VA '}Qgﬂg sﬁdﬂm d@'réﬁacgggastfu@tﬁﬁ QleQJ \ﬂﬂde n2l EMRRisk AuIOr.

arrellor osteol ytic lesions or th ib receptor
bi ndi ng ﬁ’ﬂ‘lhﬁﬁyﬁ“a"é?f‘é't“?“f)‘? \&} ﬁ@arE‘ffﬁ%g‘ﬂ ’iggld%av’a P5( éﬁl lﬁ%gclllfg}%%’? t he
ant i body naybaxexgmhbulti b@nselacﬁd vWibraetrudtyyel ovim iy fig! lergth heyyeaig seqyerice. bikewibea

functional Ry 9&]@&1& %m p%l@gardy HWM)%%%% SRPAME- repﬁé@d"wﬁmﬁ &thl@ﬁlkaf@ s1ﬁ'1§£1‘ \qu for

exanpl e, hundn ant | bod; es ed anti bodjies or c nt i

As used her éyencenkikewiFea fugdﬂgtg é’t ?}%S"@éﬁ’ﬁ‘éh% 2 Byt Trg@[ ‘e%lghea"y c3“"i“2?"élnded to
refer to amiegthaightthiio gaifingcaibild hsrephe vdib aswtctgilyrsihilag &t lbngthelfehedeinor al t er
the bi nding chal-achRIV st Gan Rheth eht @i, Q@Mu?e%ﬁnrs@yeamseamce@mmg aci d

sequence. Such conser vati've nodifrcations i nC|Li am.no' substi.tutions,
addi ti ons aﬁEf"iTéF%‘Pﬂberﬁe“%‘d’e?ti‘°8§ﬁ p&ﬁ%’“lﬁ‘i’ha%eé‘at? "h%’ r“ﬁf“B‘“%rﬁ‘“a% PSody of
the invention by standard techni ques known in the art, such as site-directed
nmut agenesi s and PCRnedi at ed nut agenesi s. Conservative am no acid substitutions
are ones in which the amino acid residue is replaced 25with an am no acid

resi due having a simlar side chain. Fam13i es of am no acid residues having
simlar side chains have been defined in the art. These fam lies include am no
acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chai ns (e g., aspartl e aC| d, gl utam c aci d) uncharged pol ar SI de chai ns

[ L L I L I L L I . L R P I P I Y T




30phenyl al ani ne, methionine), beta-branched side chains (e.g., threonine,

val ine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylal anine,
trypt ophan, Wo3tW@AE) . Thus, one or nore amino aci d 1 edCABS2HORIN t he CDR
regi ons of an anti body of the i nvention can be replaced with other . am no
acid residues fromthe sane side chain famly, and the altered anti body can
be- tested for retained function using the functional assays described herein.
35Ant i bodi esmtibbidss ubd Vgl Vi Ofull Religts i cBph, aDR &S gthewdvy ahdiz seagenaastderiBKRbMa

conposition t he t he ‘i nvention prOV|des
ant i bodi es tthﬁaatmdgiemgmé(g&lﬁJ n%@s;gﬁ&u@%ﬁ%g %Fp& 44PBC}FI S2007/ 000777 epi tope as
do the various - néeeidies inRge amest-IRRISMHOCRIRBERS PR 1SBACOPOPHRLTFIRTEREY 8 provi ded
her ei n. Suciht@dfb:ﬁd;@}ibhno@fﬁekdaeﬁhvﬁ@ Luprepien bcdﬁmtslngnednbaa@dseqmenbmmteabl lity to

Cross- Cong N m ‘he Sfﬁou .consxs m g E)IT\Y(’J:S % 2b Q\E} lt]blanhg% pégﬂ)q%@gp;%ng alﬂqmﬁ‘o acld

statistical 'y si invention in
st andard DI €Hdenbs WGPtﬁgﬁa@é‘quWF@'Sam ?flsWIBfN%F ?b%sf a"'&ﬁt‘? HH’GV“’(‘BB PRI t t he
bi ndi ng of ~Spaahb4n dinaspriki1t he present invention to human DI UCL denonstrates

that the test an]%' bO k%g\gyca%ac etgrclaam cogr?)clﬁaﬁ%% u?:mdle blqﬂy reLI,' g:‘; C(pﬂppigihg e bindY man

DI CK1; such an arit heses, bind t
the same oraqd mveaeeesz@@IQNOéagﬁpNcfqgroa|°Pwpr§r%th%mxaﬂa°sdp§aqwe%ﬂe|°§ SER IR rral)

epi t opei®n Ruo¥ baRr Dwﬁega»s cbhgisRRISEQADWNOM3thd Weéglohkoﬁﬂfﬁp@tSEQ IDIND:22c@mt ai n

enmbodi nent, _the. a as the
ant i bodi es Of "EiFE °°m%"s"¥ Sté&n %aﬁd%glhée%ﬁonscg%rfgr%g ona] ant :\ﬁ) gl Such
human mnocbmislnaﬁ@ﬁ)l}@@i(éé aeﬁm\/b@gm epenrstie /Y 1P &ﬂ’éﬂ 2 ¥y r%f&‘d’f’i“ﬁ’é%“ﬁ n the
Exanpl es. Cgpelbtoapdndd h@fegnbﬁ&ﬂﬂprﬁiﬂ@SBQaDNmQﬁﬂ&SVHNg’idnbﬁdyﬂ@fm mDch)bt ai ned

f nb h
rom ne er? Oa%ﬁhtreegngnc rtsm SEQW Wor?y °§§Q’n?‘l’ %”Q‘%ﬁM’?WW eC| es 15( Lama

dr omaderi us Phes S suc
paccos, 15’r_amfgglhamapfam Sﬁ&dﬁ Nﬁ’ Glgna)Vuresien %B’QHS'%%IH HPi Sa ay l{rﬁg'?'és pect to

si ze, str ucwﬁ@ismg@mlmm Bo:a0nd vahddi@eninpliding SEYY 1dmam aatl bjVe edgton c@epdishign | gG

ant i bodi es n chai ns,
and are thugﬁggbm g} Al fty %egs nlcﬁ%”mfmrgo%ﬁ?#ﬁ? lcl|a(':]&a11 foﬁ %ﬁ‘?‘hr} usgtatelpnary
structure h¥e: ﬁgormnmmyoramng\ﬁcﬁq [Dg¥f: ‘éﬁa‘?ﬁ L Toigp C%lmrlswééfﬁgé NBAP R her
ani mal s. SeevﬁcagldﬁPa&w&?gls@dmeM@Wvam@m séiadishg MBQAh NIR94).. 20A regi on

Of t he S@rre[ I d a tﬂ! Qt%gx)cl?s%ect 8‘1@ an?ﬂtlton §r0§'{r§s an l?Olﬂ&l n?on\éa[) a?mti%o%ﬁ% % l{ dent ! f ! ed

as VHl147can he o rn neeri ng yle rotein having
hi gh af fi ni bipding porgort féPfg‘e‘thaV'Fésull'lt Tenegh H’%WWWW"W%&P&?’"\R/@F‘@H‘tq“e"ce
anti body- degdiaeed’ fﬂhQB@grﬂuﬂ%ﬁMﬂmQ.SfSEQmekIldS-mHn@h[ijjﬂl'llenﬁﬁﬂagMc&m pat ent nunber

5, 759, 808 |ssued Jun - 43 ,Bi ol Chem
279: 1256- 15¥1P" B AbG ‘"ba"‘i%/?%“‘i"%e ?eleg‘!egg'ti‘gt“}ﬁ%&{rg%%?"#g? ﬁ%ks Pslzgglcﬁlger ger, M
et al. 2003 25Bi ab@m@gabeofcﬂ#émghheamwzp@sd futldenethligheghaimsombinafionst a1 . 2002
Int J C@ﬂceFesg&twe‘ﬂﬁﬁrcﬁﬁe saodDhani e s e'jth saunnm 1al; or S99 EMBO6Iwith RE@EH1 2- 3520.

Engi neered |jprar :"g%':rcg DﬁS’TFh W %Eé’]b&%ﬁgqlh iw'&fi‘gﬁ@% ﬁoa'i fa.

commerci al | y avar of exanpl e f om ynx grum W th.
ot her -ant i bodi es InFmoherTrspRGiEN IYERtipn Arovides m%&%&melg@wz&ﬁe@ ‘tSP"%c‘?:arrel id
anti body caBinBmgabies @eresRompiimEatull lenkth heby aian acsiedbenoeldtidseqene cl osel y

resenbles a scl] ! m%lr}rometg ugrogpe?onglstl%' iof %)ﬁgll)?lqggggpqu aff uh ?eng!ﬂtl'gﬁt@h%ﬁ glcode-ﬁh us the

natural | ow anti geni Cli umans can further
reduced30 by anuclephéﬂ Q?&lm'é‘r'el sglepiechiBtio thy Srpa copsisiiest §FQHDMSQ?17F 0é?ppr oxi mat el'y
one-tenth’'that ofrha, éuama;as bfgiaiegidestidtencoantillidngihpealy @hdlifiashains phypsitioel,

d ameter of ol & Joren AOIR! 8£S 1 HOF | 6005 89445 866 18iNd: B, Bk ordlst 1bS. t he

ability of cane antigenic sites that are functionally
35i nvi si bl eNQ)lp?a?ﬂéé'P CaﬁﬁQBBdiP B PD e IHQ i.e., carnelid nanobodies are useful
as reagents det emyeamoldgeﬁﬁect Iﬂ&tm\&ﬁ@onqtrd%demhxseo!etqubrioelou:s'iamgaod}a&su’nml '

i munol qgi cal .t echni gu S i bl e ther apeuti i 2980t hus, y&f, anot her
consequggce%é'fjm%a'f'imS|t§1§s ?es?"?ﬁé?'ge%sfgreﬁ%r SS(ﬁ’lanano body mgnq?ln%n%gt g’é WO
20071084344 PaTpris@2eordleondy sepuence selected from the group consnstmg of SEQ ID NOs: 108- 1]() and

23



result of binding to a specific site in a groove or narrow cleft of a target
protein, and hence can serve in a capacity that nore closely resenbles the
function of VO@M#8%BHal | ow nol ecul ar wei ght drug than tPRAUSHO7/E0¢T7assi cal
anti body. The | ow nol ecul ar wei ght and conpact size further result in canelid
nanobodi es being 5 e8trenely thernostable, stable to extrene pH and to
proteolytic digestion, and poorly antigenic. Another consequence is that

canel i d nan@lﬁmde;fgﬂq m@adiainyommgfarrmmbdthe s@juéncelbeddeed fromyist @onpicsisting SfFSEES,  and
even Ccross hpﬁog prain barrier and can treat disorders that ‘affect nervous
tissue. ies can further facilitated drug transport across the bl ood
brai n bar rier. . - Dot aother a5pack Hie inyspion emvidshansberies it osePrist e Pereer2igtst 19,
2004. Thesehglealiau:ﬁ €BRBONDRB’Ad BDRAS dffie ahohvsdibQan tengfdwmitionsttieréod. Thermnir® 4dcidi cat e
great therapeit g ﬁ%eﬂﬁt%ﬁélsOEMLLM%FdleJab@aewm QEYPROLANS, B 1l 4o 48%gr essed

i n prokaryo i c ce re expressed as fusion-proteins with
bact eri ophagdbe amigo exidsenvatessiopihalVn CDR2s of the mEpsticgiepdary showndnSFQ HANGS: e

present i nvemti708. irke anikadval de(iheﬁc&'& bixady,; ODRBsTOkRO6bdARY highdwngh SBQ D MGy f or
Dot In cgr, Wdls £APAL IR 21\l of oétngvseﬁﬁhwh@e%hpo Qb o hmm?gedyol s

15natural ly pro uce animal, 1.e., uc e canelid

fol | owi ng i MASTAZHAENS A3-RP-{The BRI 2¢if sequipaqsor e Vfu%%é h? %P%ﬁs afeeé?‘ﬂgm

t echni.ques deeapiNmméher zﬁiki rsn‘s@ rrhe LRBD a8l bqhadesed the-V ADIRSs bthe weilbydiestahe

neutrali zi N ant I %lﬁbg\l QQ Bé’"’rﬂ%{%lﬁ% réggﬁongggl ﬁl%gt@&lum tﬁe Kabglrs?gb{]qed by
rom a I 3 a I ng

sel ection for exa rar ria

nut ageni zed(laﬂfbetnﬁ ariabdd! &%Y‘@P&ﬂf [i%fl“ﬁg’fb‘a‘ﬁ?ﬂow‘%'rlﬁté@éfu’? Eg) iph Up}- CKl and/ or
DKK4 as a t@’e%ﬁne&ﬁofd-ﬁﬁlﬂfdnb%ﬂmhﬂS&Q&&QﬁNl@KﬂiﬂiﬂéﬁSn Rereizn42)Engi neer ed nanobodi es
can further be CP}S rq@tz eadh g%hg %jiaocf' es%nlgtzgggrﬂﬂgl éng that g‘ﬁl)\ég‘l Qn(ﬁﬁé %ec!nt' (tlt?' 1{“ a

recipi ent subject of
Canel i d1ant |pbmﬂlﬁfe9ﬂm¢'i@a'%ythe RBRK 2am‘t’ :’3 W&“ééheowkh aepd éﬁqqyewc?f aa@ NeFD§|’n 2rra|
i ncl udi ng buhd mt,udnbmca,est "fixed @n@matclRAT (i8], ODRPR6 @ffettht Sifibddies anobepmikdder f i sh

(see, FE el el SR LDl BB vfé.ggpaqnd%auaa@'@nﬁp%w%eder' ved

from such h&&VTERAI na e -l nventi 6n use of
Canel i d- der icteid otheranyi-UHaI hindir hejerctics 8T tan i Btion DKIHRdiRe. of B1ch "BERARH sequences

thereof is ma%w'rae&oam d:dﬂle &bt @ tsinghhi BRI Zgdsiapidestribamaiees kiigy thaBdaithe | i ke

and/or t,gr % ﬂéﬁgA en\@ ggecﬁmmq%a&% & nmg,em&epcaw E&)Slltﬁizs 30An

ant i body " of “tie TRV E repared using an.-antibody havi hg one
or nore of tSPfEe'VPIﬁaf’Pd'/FBﬁ'CVEF %*e‘qﬁr@ﬁ@ééo%?ﬁmp]ﬁ‘éﬁ Biith 2 glgucyralsimilgr ﬁQFerl al to

engi neer a Re@bicb@l Ladkishatyn VIBDRRedqBItf ire thian hidedshetmye CRRE CAIRR@né/d -
properties féﬁ@s&%ncsé [id %%,cafasvbﬁgyemeféfﬂoamiegﬁ%dma W BN ERTLPEPRY

nodi fyi ng one or ues Wt vari ab erelons (r. e.,
and/ or Vt.) Sect“e'ice@kdh'ﬁl‘@mmetﬁlp?\l SRER25pd/ Ay RROIRUGET T UM PARAYS ViR th n one or
nor e fraHEV\QédﬁerrcegiasaBSspeaEMglbi iafdbally yutated &l drefermtibodieh yhat iady tendsteddety can be

engi neered b ; anple to
al thE,‘I’ the e fa EC 81;_ bl¥(ll thlargc?]tl %Hg IWLmeQeatdhgoﬂéggﬁtt@ﬁlte ol:d%gl'nmfcﬁzd art &F\ waxanp

20071084344 PCH MSEGDV&SGW?W 2an b created b tg}ﬁé‘gaﬁc Farrakh andsdi GPRAGPheer i ng
t hat can be spRedces WRidstiustu@DiRs @ﬁlafstecmag:es fom ilbaResquatasaoin harelnhfot ar get

antigens pre r idresidues thalare located in the six
heavy and Ildqh%?glcrﬁ1 HXO&Q ?H%'gre

eternining regi ongf( CDRsé) For this
reason, 3fhe am neﬁ“a%,qlzﬂed meeefe@heé@odw&am‘&?"emdmg Partin fhgreal hif o HIEsiT IRk n
i ndi Vi dual @B A 2 Smindabid SegHRE caS: 0 fHosi thicerofp GhRsing BRSEUEENCGDR-5s 8 liences
ar e 1 esponsiley Loks, H0o Lol RO BRLL LG i B1aACkI R Selodidy o nPESH D1 € L0

express recenblnan i es erties of specrfic naturally
occurring a&AtsisHRRIPSEQ N@w 312P aed HoPtek ¥k é@Sl“&PPVpé‘t?t“B?@“& W2 REI TR TOR.
sequences f rsa%tédh&mﬂﬂe giolip Eonbistinglod BEY IO BICHT 2~ EMd&B-mZMyregﬁr&CDRdcdhﬁﬁr@mg .
franemor seguences i ties (see,
e.g., Ri éC h rrgn nmo atld seqtggice seqef%ggrr ﬁaﬁe gqmp %9@#111%4)1‘ gtd,jflj(lgﬁge grﬂ%% mcgﬂeég)r W 1986
10Nat ure 32 TesioCBBEconpyjgiagan @me%c‘daieq“e"m‘eﬂﬂ fiem thygropp cosisiie o§SEQ | .
U.S. A ' 86:10029-10033; U.S. Patent No. 5,225,539 to winter, and U S. Patent
Nos. 5,536, 101; 5,585,089; 5,693,762 and 6, 180, 376 to Cpeen dt al.)
Accordi ngly, another enbodi nent of the invention. pertains to an isolated
monocl onal anti body, or antigen binding pgstion thereof, conprising a VH
regi on conprising CDRL sequences 15having an ami no acid sequence sel ected from
the group consisting of SEQID NOs: 2-5, 8-1.1, 20, 49-56; .CDR2 sequences
hai | i ng an am no aC|d Sequence seIected fron1the group conS|st|ng of SEQ



2080; CDR2 sequences having an am no acid sequence selected fromthe group
consisting of SEQ ID NGs: 21-39 and 81-88; and CDR3 sequences consisting of an
am no acid SEQa¥AeE3Lel ected fromthe group consisting GCTEEYHTPORKDs: 21- 39
and 89-96, respectively. Thus, such antibodies contain the VH and VL CDR
sequences of nonocl onal antibodies, yet may contain different franmework
sequences from these anti bodi es. 258uch framewor k sequences can be obt.ai ned
from publ i c NONA2H30 aald 88 88; a0d a Yu Iios §EWR3rcempristeaagimigacid sequerte syestedifiopethe

anti body geRgup %gu@nﬂge&sg@bmsaﬂpbseandqergsmnem) Mtﬁ)&qmmmu}ﬁhd&mmn heavy
and VL regi on genes can b 4 d:-i ntéde ' VB s; human germin .%ggg@riﬁ

dat abase (aVai I aBt 2R Wf'g’rthe ) g\ a1 CheSRam ac Uk , wel |
as i n Kabat NCE2; AVy regton£IDR2 co@BsirBSHREINOR: Gf anwmwnwnﬁnm%% er

| nterest g Fig isitgeBR D012 10§ vHRBoh RDRO camphis Baveixes, N H
Publ i catl ‘on Nlc‘)b %1032421#3& m i sl E (1%/1 e%_ﬁgl , 1992 glr H#éc?m Bi ol .

227: 776- 798204 Y1 sgien CHR3sompyising SEQIONGgg £y 1 i rmunol . 24: 827-836; t he
contents of-each Im:inovuer e)hboamnethp laﬂsbsﬂ)yconﬂﬂevfp@ VateaipnieaIRdi Onmbijsilr%?@ Bhce.

An e?ﬁnp' e ﬁ«f(%fsfé‘(}‘e\‘\ét%fo% ctﬁﬁ@%l%p.sﬁéngfwlqrbsﬁolm r r&,idaﬂ%i&&pﬁiinémimﬂeng i on
are those that are structurally sim rk sequ sed by
sel ected ant!PbbYi B&oBFPRA é°TW§f§‘ﬁ§P8ﬂD%?>@gga Vi réﬁﬂﬁgﬁgggo%péﬁﬁéggézﬁﬁ?g’r
frameworik s agqdeNg egiod SER3ppmposiecI BRI NQrits bodi es of the invention: The VH

CDR1, 2 and 3 Seqy Qgﬁcﬁher%%ﬁﬁnylthegmwy 2oridd o8 ai@qw&l &ﬁﬁrlgﬁg gﬁ@fﬂ) ed
onto franework re%l ons have _t he |dent|§alﬁ mﬁ%‘i that fo An t he

germ ine WY2do7 ese&mﬁ%#/%mf"%ﬁf@ﬂm%‘? | GPmBHRE m whi ch
t he franmewomo seqm‘em:g:odeDR\repmprrsmgISEQ@FRl@@qmﬁﬁc@socQBR%eorgprafngéﬁQdﬁt o °

framewor k f%%%ﬁ%&&@ﬁ@@ &qemgr.g t@Nasuwnons as coMpared to the
gennl i ne _sequences. 'Far exanp ‘Wﬁ’f een nd th n certalﬁg H§tances

it is bdfeficial IP#ost gk F’éeé‘f H‘ﬁd@;" ?ﬂ“ﬁ‘Stfﬂ é??é% ' eFPEHE Y52 i nt ai n
or enhance - tN1@: 528 WVi; gionliDRY cgpadind SEQIIDNO He a ¥nrédhodiDR3seepasing SEQIIENOPat ent
Nos. 35, 530, jiglaVSre QEC%?’cmﬁpﬁs%% S%@?an@ 3@ JaoneEIZQcnge{ﬁﬁﬁxrﬁtSEﬁ 1b-NO: 31;

Anot hertype of varra regi on |cat|on is to nutate amino acid residues
within the ®idaNdrgongP }@DR'"P” Br>2cDR3. regi ons to thereby inprove one
or nore bi ndi ng [in @petain @podiencyy, the aftibpd)q doysistoff: 4 Wieregion CHBd gomprisingtSELREE , known
as "af fijy t ygnk ERzatrég‘?& Cpi éoﬂxpﬁélﬁ%af%cgﬁ) B! AYERNESon DI BmRSL 288 1D NO:

nmut agenesi s. can - erforned uce the nutat] and egt on
10ant i body b1|9nﬁvn§7g‘°6F%‘W@?‘P‘Fmﬁ(}o@ﬂo Trobét ‘Ee§‘°81c %ﬁﬁ:g%-@gsgng Stf’ Dg%é Val uat ed
inin vitro a8 amre\gﬁm@mmnaﬁgmn)ldbeﬁ herein and provided in the -

Exanpl es. Conser viabjyer @mgadm,&@weqmoﬁgéong;gé gysszgdega@mmiu &aﬂmgeg &g rpduced.

The nut ations may e amno_acid su stltutlons

or dele
Mor eover, t YWPCHRM "FRPHOPRE FIRASTHREEQ TR Y e COHPVE%'"‘F%%%?Q?E? within
a CDR r &xfi oni1as ¥y, regioh @D .cothprishre®ED IDGHE:, Vi 36; aNotdgeon C@IR3odinpising SE® N@yvent i on
provi des | sol ALk ViSHlEALbRS wn@gm%sg%wsgonpoa tion or antigen binding
er eo

portions th consi stin rgl on havin

consi sting of an ATHSFBROTR R UREARENEY <8 Pf&&i‘éea%‘ffomf?%ﬁ%‘sa'r%ﬁgﬁﬁ% 0’SEQ | D
NOs: 2- 5, 8ighichai2@ihatke Sk oduaipfaei"doivatiren sereprenegdmaimargausnes, if thowpriablar ee,
four or f'VerSQsHas'Lgﬂﬁﬁk&ﬂ%ﬁ%L bftthktdnaﬁﬁiﬁaﬂ%ame@ﬁémqrsymaﬂue&smﬁan goamay ed to

SEQ I D NGs %I on having. an. am no acid
sequencé%el‘éﬁ“@%‘?ﬁ“&iﬁﬁ’ﬁ% S@?}Hﬁﬁe%ﬁgi‘%ﬁt“i“ﬁ‘@m{ﬁ‘f‘gg (W)t 011 0 3 %'“&rﬁ'&m?? 64, or
an am no aciithnsaeglenie ghreyiviigthe meigert wonterbdt esrechiogs hgnanfiinyenegirbnien geof d

o bgz Ituti OW%rD%@isﬁHeQ'&ﬁ Rlze 3 il '2ARn BBnERIPAKESard e@’u@ﬁ?tﬂagsm prodace8rand

region awg%an am no Sid sequence se ?8‘} from the: gr oup
consi stl ng oferiyedfipp” ghpmaneespling immurosipbulingequspcefan i detified bt 8™ REEng
one, two, thheenind edid seqhenté Mahaininanaaibbdy ts tHesmitoutideegencdedfdumangnoline? 5

addi ti ong as, q%gb%ﬂnésgld§§gtlk9th% f%g:gm@qgmﬁrﬁ:vg%guhr%ﬁ(xenmlsrcﬂ)gésgﬂ havi ng

an amino acid's ence sel ect roup.consi sting E C?%bg l}l\%& .21-39
and 73- 80, o%eq'emcea(n? BTt @ 'ealbR e Sﬁ‘ﬁ\‘ii“i‘fg’fﬁ‘ﬁé“mf'\/ﬁ?“ ‘thir’% umin tioody BRf§

am no aci d suisirodudt dfons'dertbed Ebm'mlanmulaammmlgmmasnmwmplabtéd stqpeBE@ay D NOs:
21-39 and 73-80; a VL CDR2 region having an am no acid sequence selected from
t he group consisting of SEQ ID NOs: 21-39 and 81-88, or an am no acid sequence
30havi ng one, two, three, four or five anmppo acid substitutions, deletions or
addi tions as conpared to SEQ I D NOs: 21-39 and 81-88; and a VL CDR3 region
havi ng an am no aci d sequence selected - fromthe group consisting of SEQ ID
NOs 21 39 and 89-96, or an am no acid sequence having one, two, three, four
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Anot her type of framework nodification involves nutating one or nore residues
within the 10franmework region,.or even within one or nore CDR regions, to
renove T celWO2W¢pP¥4éfes to thereby reduce the potential PCHIHOGENITity of the
anti body. This approach is also referred to as "dei muni zation"” and is
described in further detail in U S. Patent Publication No. 20030153043 by Carr
et al.. ' In addition or alternative to nodifications made w.ttiln the .
framewor k- okordEDRarhigghohdifferkianis dongiretto dfe gehdint maerricd.dne teafpr bemelegiaedlved to

i ncl ude nmodifi G s&ﬂéﬁxc uu?x'or% Jrli}ﬁen'tzgna'f ﬂgb&l@montdf lecﬂ}ebﬁd l‘hgtaﬁ&rl wa&@ﬁ aOr er e
functional properties o anti b %/S such as .serumbh

fixation, Félscisddbppat a“BP??dl‘ﬁﬁ“”’él‘?&f'B E Y 195w ee iR pERA AT ! SS%‘IeP‘i?l WFO% Oxi CI ty.
Fur t her nor e seqaéhcadicoliddy adiimérh@rmiinednmargloraln deee oldenitgad dnyingase rmléla‘-s thet g.
one or npre; &ﬂﬁg"m%%'ulngi%n‘?ﬁabo?’%s Sé}Hg mﬁnaﬁ%é}?&%alfeﬁ’tottfi'@geﬁﬂl‘idebﬁﬁlnﬁﬁog@ibume nodi fi ed

to alter”its g tion to alter one 20or nore unctlonalg,8 ertles
of the anti body ac‘Ea?,‘Hefb‘FS qfﬁ@gespe‘rmdag RTINS P ligessapnpEY 1t FFTE oS A PERT

bel ow. The RKEIAY inbgbeOk b @ S0 LRS6, BOV619085, Bt te@gDEM, drsvanhateaP6% wé%EQB%,rvdex of

Kabat. In 04815 I&Tb&a'l m%ﬁum gn%e&gme%&sﬁmaagé selidncd e%cwaalb; th@gerﬁm;b that the

nunber of cysSte ues e region is al tere i ncreased
or decr eased“mmgg’bbip’pﬁeb%té"ﬁp‘P%'YWP o et i ramhe Rgrisy aF"é"z"&‘ﬂtge it 677, 425
by Bodneo etsec@lancemednwybermceéthﬁym@hmeucrdemmuees fram thbi@ninb ngésedBmegi on of CHI
is altered to, L0y ﬁmmkgemﬂﬁecm@e@&uﬂﬁg&mwerefm LB, thd manamﬁmhseaw chai ns

or to increise of “decr eas he anti bod n anot her
ei nbodi ment displReng@onsitigd. rEuinaIe nefre hip %ﬁt? Botyme a%‘ﬂ‘ﬂ%lréb"etﬁ(?"‘dleﬁiﬁ"@%@ he

bi ol ogi cal Rajubndsehdailbytthegeanline hasynogibiler ggpeci fical |y, one or nore anino
acid nutatiqps are intraduced into the CH2-CH3 domain interface region of the
Fe-hinge fr t the 30 anti bod¥ has i npaired Sii1 Azl 0Co cyI :
protei n1A (SpA) B yRIpteEher entodimrat epanisedypé thednveitiog dasfivisr s g% hg Thi s
approach is cﬂ@ﬁ@rhinb@dd keﬂuffnUé’st fid leng@thadvly abdlidht ShainPatienide Nouenbesl Giabld gloy \War d
et at.

i ot ogi cal HEHY an @%‘PE el meihedi éar%ake Lﬂ@r.mJeggweab,samghéa&ﬂamo LOgrease its

R T approaches are possi ble. -For exaﬁgg) e, one or

nore of the SP%‘P!‘%WW@WH’&E%@!’?@ tiaAmHe a‘f'i’m?%&'&%‘d’e segerseexf thopaaRdies To56F, as

described i me:ia!nﬁed HRatre Md WNRreiith@Zhfib3dS rétain Wardekired\Finetionaltpirapettiys ofttles i ncr ease t he

biologicgl half life.. Al Re..abiered within the CH or CL region

to cont aPh é‘e‘é‘é"z‘“ G-5RE bR B30, BBl O 000777 receptor binding

epi tope taken frdm ‘E%P'deb’ﬁ'vedf’o'hpr@i‘defzn okie moptelogn! apbadydr aiest Sadng gG as

descri bed i rpokdoSthefat, dthprivdg a Vi r&H&, 404 6 Vargtios, WiRisiO 2R \nyrefpestpriests am| . -

In yet other m?nrgg? 1%' \r;a?xntﬁ]c% ’thali E?&} IE{?St §(ﬁgb&ﬂbl$g§usatbtax¢5rﬁﬂo Ba £e‘agin@&§eﬁgte@¥roxln%3t one
ue

am no acid resi ent- amno-acid residue to alter the ef fector
functi ons ofereuReowitindHYREQ 'P(Nose%‘z?rprﬁ‘l’delwo‘ﬁ‘évb?eg%f"é“‘ﬁﬁ?sr?& apedeid sese

repl ace@sw tiut & adlichst 60% RbmétbEonOtoaB iatlinb @il Syeers e siectel fbmithegrowpvondirtdy ohas  an
al tered aff '%‘Qtﬂbm% ﬁ%%%?gﬁ 8 akdbgésﬂsﬁleé?ﬁﬁau& Ehad tG%Kt}d]%na/BI rb@em am mdl ng

ability-of the parent anti ector |igand %

al tered can 3ebody G’Fh“e'&?éh‘ﬁ?sé"“eaﬁthlzé"”r"@fﬁ‘é Bgnstiongt pr ‘?fé“eﬁtltheca(?ffh%jﬁéﬁ‘tm o5 %‘ﬂ‘ﬂgement
Thi s appr oaddta DK Klgsa€ih BelcRB6NFE andtoh Erm,dethaiahtibody hdufalizReinding dle DK, B4in821 and
5, 648, 260, btggﬁfb;éa%grt@;n et al. 10l n anot her enbodi nent, one or nore am no
aci ds sel ecte rom am no aci d residues can be repl aced VY' t tL ﬁ%dl fferent am no
aci d resildue sucHn e RubersiemeintheiBRptianasoaies ar sejatey gowcia' ag aMa Lo E&duced or
abol i shed ccmimu%rﬁaﬂtondefzaeﬂdamnsﬁagta(fmlblxmgﬂl hepvy BBXG)and T Hilldergthdizbecbiini whegds cr i bed

in further qﬁtﬁ le”gtﬂ hyavg ch'f 9&0%;’]54¥Q§ amﬁo%&é 5&1c9%atllgéﬁé§@8©%%m@fo ousto an

In anot her enbo d or nore amno acid resi ue?) ﬁ z,;tere? hthereby
al ter ‘the . 135 4crdtsymts1*°et5ﬁ'e°%ffq“bf§aﬁmt%cqnﬁ'i“"éc?ﬁfﬁ%H%H RS AP eHn

descri bed furghh&ﬁmlcanﬁﬁérs Auplincc@id sequeM© 19 /s 20851 813y hBodeeens ekn gpino acid .| n
yet anot egc%'s”gaédfr&nbﬁgg&,a@&ge%goﬁ"st@@ﬂwsetﬂntmlﬂeaﬁegceysga@rce lity of
the anti ody |aean| e

endent ceéh %93 é tOXIlCIt ) and/ or
to increase Ritfls ‘@PKKHiapg thspntibrey %ﬁli‘ﬂ“b't‘fd??“fo(?f’ TP BRETG? P Vpé i Fyi ng one
Or NDre. am riakibedly Ghhibit BinBing PBIKO @edtein ® telSEKil eept@Or the amtibiody inhihits WK Publ i cat i on
W). 00/ 42072 by Presta: Moreover, the binding sites on human Igo | for FcyRl,
FcyRI I, FcyR111 and FeRn have been mapped and variants with inproved binding
have been described (see Shields, R L. et2al., 2001 J. Biol. Chen.
276: 6591-6604) . In still another enbodi ment, the glycosylation of an
antibody is nodified. For exanple, an aglycoslated antibody can be made (i.e.,
the ant| body | acks gl ycosyl at| on). Gycoiylati on can be 25al ter ed to, for
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30antigen. Such an approach is described in further detail in U S Patent Nos.
5,714,350 and 6, 350,861 by Co et al. Additionally or alternatively, an
anti body canV®eliB#é+4 hat has an altered type of gi ycosCAUSHR70WICh as a
hypof ucosyl at ed anti body havi ng reduced anounts of fucosyl residues or an

ant i body having increased bisecting GeNac structures. Such altered

t heosyl ation patterns have 35been denonstrated to increase the ADCQ ability
of anti bodi esepiGtighligarbehygroateelivodihg ostatysio nsthe anibbdy ialobici K ishegtoby, f or

exanpl e, . ex B 'p@erttﬂg o%éhpﬁgﬂfg dsQo@tnths?&ns%ﬂhL ax‘Mbt)Jﬁ/ tﬁhr‘)ﬁg Iﬁdl( g}ey Q§y| ation
chlnery Cel | tered glycosylition nmachi nery have been described in

the art and be&wgw&veWlee@ RELABET/ US2007/ 000777 used as host cells in
which to expressii sptrbixaaplk, thaiidodi gsavidd ab kelaied wenddiaoal angbodper edigerpr oduce an
ant i body swi tbﬂ'ldﬂgtp?&%ﬁlthg ¥ O ,Jfrgﬁggam 15 Lﬁanﬁffuimekgmg&@hm WiRRg,. et al.

descrlbes a t1ona I"srupt ed ene whi ch encodes a

fucosyl tranksfal kaghheayy phaireompesee p wdeo@ée ﬁ?%ﬁf‘%ﬁ‘s@%& qt f?a§ 80A hemelpgaus oo e

exhi bi t hypahueaﬁykeahéxﬁaseldeea’ frbi [otkel gﬁatpicamsm GHEQIDAVSs: byl-RPeete aullSdescr i bes a

vari ant CHO; ec ,a,ﬁg,] fucose to

Asn(297) - I%E clgalll Carbo s rrgtuglggtﬁeé g%ﬁ% tehgt u %ﬁ%g% %Xusttga ﬁ;acge?g% of

anti bodi es EXpPreEs §@€th Wik SHEREENEEIIE of %Féém Y- i85 e e§'b°4¥ specifigally)

20023. " Biool bidds @ KRT, 42 e 3dibdd Abipits H#GHhst BMﬂthlanm&Qﬁﬁﬁﬁ)ﬁ&n&ythUmna et

alL' descri be r f | ycosyl
scri %n?t@o.dl' m'htbggﬁfmﬂgbg&? p%@elé 8 ufeyrfi{x«?ﬁ.%c%‘ of 8106]{; %ﬁ?k@rmﬁl{s piieg gl ycosy

transferases acet cosa ase 111 (OnT111))
such t hat ar‘i‘E‘ieB‘@%? @engesrwm@aamﬂwaﬁéga g Aebe @ulbeféw iphibifs DK ISR ERPIST t
i ncreased bibaidgiphgeftighbandibiatiad difseltindRiials of 88 uhtitedy MhibitCDICs 2dephldCC acti vity
of the anti cal., 1999 Nat. Biotech. 17:176-180).
Anot her rmd?’? % f%%rﬁg'?%lﬁ%hg tl Ogl €es herein that i.s contenplated by the
inventidi is pegyt aotiisnexampledht npBHYN eravidesan felgipr mraepicral pphody,caafiee? i ncrease
t he bi ol 0gi Galdife@ofiion tHBRBEMt haabetn btiezea Fortehi@esaidh i@y, cohPrid@gyfuRlcgtan
anti body, t n 0 15with

r?l CL&]F Q%%E&@en%d\ %gﬂg&tm mg&ﬁ r]jw fuqlxmgﬁnq'le!a% c'h? a ﬁ-%ggs

pol yet hyl ene g yco active ‘ester erivative of
PEG under @gEetdr enquerce thiis &teaghR8 sdiomaispess pEugleatifsSepees AEecdtiioaHEd to t he
anti body or g@dipicoithying &FRPOEIINOST NEs- pegyt Al l@rRthapnt dhein@aih priseth idieotil an

acyl ati % r ea«%&ehc%”ha? a?‘l@as?‘!}ds){ L{f}nﬁ\{)?ggug t%%%hélg %dg\%épen@e %‘%ﬁtﬁ& hgrﬁ tl‘P%ﬁB BDI eCUI e (or

an. anal ogous feactive wat

"pol yet hyl erfengstigeef SEQ @W%n‘d’édo? @eéaaewgseglﬁaﬁv byds E"rf%"‘fb??ﬁs‘h%?m'lb% t hat
have been usegibisut RAdefid Maﬁdfzmvmgmﬁcqambﬁpmes &Hﬁr’ﬁlba@y imiibie bifdingCIAY1 al koxy-
or aryl oxy r certain
enbodi rrents%%% %ﬁlom(éﬁ ﬁlgcl.cx&gljorﬁleaﬂﬁ{ O TIg yCOSy pygvgﬁm L{;O .
Met hods f or aﬁ@gwtata%*golwb?ré‘r%%ﬂdélqb%aﬁw rCRIIOr; 'td"&mevef&ﬁ'gwéa%ﬁrar% to the
anti bodi2ss @ktebli®: lediohe BF the tntibS@anHibits KaNpteptor ERdidg pladenBiGorlayneiratiigRatcar. et al .
and EP 0 401 384 A
wi de variety of altﬁ%{]? h%m%é% rmtﬁé ﬁlé ntlgﬂ)\}%aés%\%%?E%H%‘!r]&saﬁﬁwd?d’?gégﬁn
enpl oyed so binstg pagiop H@r%@%ﬂhﬁ be6n PROTIT5E SR icHRECTSRE [arsd: empPritngst. *o'i‘fé“’bF"h’dl ng
regi on whi chVLSregmewérbm timé)fulltléi@ththaxvgehaxpcmﬁpeisaanSuedmdé E@n@ieothkids areasicaf f ol ds

el de the sobMifnigh Bl RIS < B @a&tdﬁg‘m bbb dBi%ing OF s AORRNS 7, L her eof

(such as t hose osed e se ereln e 1 Amuno [ins of
300t her 3&ni g full ragt dight cbér'@mpamv nyelFqtidR BFanTfiiRt et lepsiieethemoRee fiea
heavy- chai n nagitdtiae siqesncs wttdated Sroinhisoipdenistifig ebEQIDMaOE 108 amibody shark are

of par ti cul ap LAY ARls d Bikh! iR, ML ARG o B6R) pkgaend

fragments cohtinue to ere devel. ose s In-the aft.
In one aspedropeitis thefpdbndy m‘bﬁéP'ﬂ%iP%QKFcB Pfj’é"l’féﬁ"é‘i‘i hERERRUASHIIEH i n based
ant i bodi es  ustibig DI reé<ptot Biagih OV dntingar ant odraiBig 08t Oy sivttir @l afiib8y @hibitBKK1 -

| nventi Ca}gcegt%r l%cﬁ{.%&gv i maroraﬁgu% ific Q135! JTRNRALR0 IR blkgewor ks and
scaf f ol d i as“they conprise a I'ng region specific
for the tar geqepfsr'aﬂ P%Prﬁ‘fe“‘SEQ‘P'Ee‘NG“"&c%ﬂF“SEQ I D NO 122. Such conpounds are
known herein as "pofypeptides conprising a target-specific binding region”
Known WO 20071084344PCT/ US20071000777 non-i nmunogl obul i n framewor ks or
scaffol ds include, but are not limted to, Adnectins (fibronectin) (Conpound
Therapeutics, Inc., Waltham M), ankyrinzf Ml ecular Partners AG Zurich,

Swi t zerl and), donmain antibodies (Domantis, Ltd (Canbridge, MA) and Abl ynx nv
(2w j naarde, Belgium), lipocalin (Anticalin) (Pieris Proteolab AG Freising,
Germany), small 5 rmdul ar i mmuno- phar ITB.CEUtI cals (Trubion Pharmaceuticals
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The adnectin scaffolds are based on fibronectin type Ill domain (e.g., the
tenth nodul e of 10the fibronectin type |1l (10 Fn3 donmain). The fibronectin
type |11 dortk? AVOAA%34 or 8 beta strands which are distriPSRfleOHROWEen t wo beta
sheets, which thensel ves pack agai nst each other to formthe core of the
protein, and further containing |oops (anal ogous to CDRs) which connect the
beta strands to each other and are sol vent exposed. There are at |east three
such | oops at eamhaﬂdgemeédnﬁnm betaiwheaty sabivwhcd, mor) eveortiee, edgeciostht he
boundary of rot a-strands.
(Us 6. o1, atiyionboRthids SELBEPloE L aliBodte & FECLHBL, Shorkalehntisd

i munog| obul“imr'iamza*ll ?ﬂ‘i'@ﬁ@'f?flﬂﬁ@mﬁﬂr‘éi‘“&mdb’f old is closely related to that of the
smal | est functi onahsean&relquypewemgmtogy bdweeuawd aliheadieghomcehbr theubieady chain,
whi ch copprises the ent i1l rraIgG
Because %']E’ TRPEeStE et ullre rét%? é'gect)lglde %ehgﬂlt‘?ﬁg UAHQ%S g’werc%ﬂgdsekgntl gen

bi ndi ng pr opewedndke thatauences is p fignptign of F'i‘eZE’f“‘PFaPUﬁ@“aﬁ(ﬂf’%tf"F‘F H}afeg} by gt hose of

anti bodi es. seEh&ﬁ@s(s@aezmh@lsg)camofheenu&egosmngm{awpf;foandam 108}, taking anel -shuf f | i ng

strat egy in Vltr ho aclp ed%f 1rm' Xce&r%r tﬁ&l on of

c
t ? ele E \91? OE
anti bodi es FHVIVE “"‘fhéé’eg bronectrl n-based hol ecul es can be use as scaf f ol ds

where the | eligpmeetgi§ tinswqﬁeqvaqne%rfmeeempaéw@faqf sprencesring deermipatinn Cpresew fdepiify

i nventi of USétwgenatvaEks&aéndesQJaﬁmd e{éemi;ﬁﬁlkya|ugu§smar(1¢ma)ncﬂralg¢mhﬁ. as dvakiseith &e Part ners
25The technol o fe Qn..using proteins wit h ‘ankyrin derived repeat

nodul es as 8%% ’(S'f‘%igxaf“BesBee%rl ng variabl e regions which can be used for

bi ndi ng to di f f eTkrrerqeatridratity betPigen tauelagyncianid sepyenees ¢#p efidermiedusme thivi no aci d
pol ypept i’ dearg&ﬂﬁin%?m@eﬁfs W, M fdr(Dahrk. | ARb!. amlstel,ucresandsaw]aﬁhhwu'een Bi ndi ng of

the variable re timze i

Maxvbodi es/ K\?f"ﬁg t° t%e g?‘?é'N é’@ i errssfo“g2r @yltl:f i ve rggv}h%ﬁgﬁeﬁé%%b? %Igé?a )

cont ai nilthg ﬁnnwepwlts ef:ﬁ and agmmenaltrpﬁésleawm thespeapest idedity Weﬁ‘at"ﬁ’r"é“ﬁ%‘d

Er ot Sl &DLOE&;h&chHa%@a‘e&drﬂnﬁd mthm&uman ﬁM@Vun&é?(J A& Bionas:asaedsst racy ur al |y
ase - Mer s conS|s r_of .di mai n"

nononers (2 %g')?t'h‘i" W"@é’aweﬁn IRRYST ‘"9 g 1 pr)mg “Rv mwgrds&gséﬁw 136 pﬁérkg ted that can

bi nd to t he (availagistat bitpt/{vgem eesiomy Uﬁiﬂée'ﬁ@t HBEEPB gy METEr pBAY I hmaFiEgrand R AR e,

20040175756 2805065391631 0,206 3PP ARSI Qictangen362006000884¢. WO

2007 108?7844PCT/ U 9 Qnonago 817 altemgtlvef éﬁg ?rto?e{n se uence'sAH thp &g&éotfinventicw .%&.%}%QY( r)

affinity ' ligands are’s Hs" conpose bundl e
. based on tupd aseésfuﬁmsenuerﬁcebﬁ@ex@fmtarfearﬂgacsamtmmlwgia@bqﬁﬁﬁ tﬁsf"cfl"a‘ﬁ?l%)tl@r’ﬁfyA
Protein A i selfedddifcats. s@w;eeﬂcﬁesfcﬁmaehanbaﬁiuegthmsﬁmpbmgﬁmmu& Aalceus.. This

scaffol d do{,xﬁtﬁgﬁyftai ]%5@.] R'Iol lol\;% ?(?:IB(E,%ST#%I (?II sem e%Qat{alge aﬁﬁ%?%ﬁﬁg to

generate Af rarres variants (Se
e.g., US 5, SBLAST D osraf. S¢dod ] Merdienedcid ‘@§th1“ Woalﬁ@lswarcés omojpggusta e
mol ecul as WehtHatly Rblefulds Bathe GRERBA eXb dbarirt gaiapeﬂalnmhalfor\nahgdﬂsomﬁur@ﬁsj tb@decES

which is- 15%LA%I'-I)%Im be l{ti? Idtag dQscrgbeEi?n El@élbet?l Z@E W@lepr@Q ﬂgs §§(E‘§I39§9 ﬁtf &' body(r)

nmol ecules is Sim I ns

10Ant i cal i nd(tep “H'r’%“gpﬁle%ﬁ]'c‘t"é Gaened [BOPEd ngrafrﬁé coipdmgrappisrsio§thprespetieab AG
They are derpwg%sf(ganlm,,psmailem.Asar)wndes.perdeswl hgp:owp . ebisralhlgoand robust

pr ot ei ns thq,} e U3 consgwan walvyed. dop t he physi ol ogi cal transport or storage
of chem cal onpounds, Several natural gocal i ns
occur . | A0hunan t iimsesttais ewbodimenys: pi #Pery of the THentop s Y 'ﬁg‘ehf‘{"é‘étt%r"é

reni ni scent cpfR2l MUY sefichder Snd nghgnhymmmgbabbm Iconnsarﬁlrcumedlﬁocfesa rigid
framevork. - Hgweyer, bnGoREhaS Lol d ueggag mgq‘%e@. oPhnhBEld o RGONRLAAEY ykr agmENt S,
I'i pocal i ns are "conpose asin Sle% de ch to 180 amn

aci d resi duestibodies mcr}ba%berﬁapmon%mava “‘t“ﬁétﬁreaf ardhyreesin deaRbedieuern
dﬁmal n. the desxre-(imﬁlcﬁ&ﬁal ;S}f)pef'tﬁbléfth@mﬁahzwglaﬁtthel&ohiposﬁthﬁ obiha mvagnomocke':]
shows pronour tructura icit e chains.
The bin 3I9ng Sc:lc rgmsl t ?lﬁven e]pr?ﬁ § san 1S M}egﬁlQngcan?Ogﬁll?og %{%ﬁ%@%é@@é Io?]t!logr der to
recogni ze prieeseof, |°b@e$tlt‘%ﬂ?fg’e‘fﬂ rﬁ&‘l”h@ﬂf"é@gefC’aN tndGRfFeseqiensss MdghY . dFEiPhi t y
and speci f i Gbdsyting of CDR1, CORE, 428 CDRBReqabncks, poaeihi the Varszioys oftdnR 105 belqtmnbasndl ng
protein (BBP) of Pieris Brassicae has been used to devel op anticalins by

mut ageni zi ng the set of four |oops. One exanple of a patent application
describing "anticalins" is PCT WO 19991684g3. 25(vi) Affilin - Scil Proteins
AffilinTM nol ecul es are small non-i nmunogl obulin proteins which are designed
for specific affinities towards proteins and small nol ecules. New Affilin TM
nol ecul es can be very qU| ckl ly seI ected fromtwo libraries, each of which is
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Affilinmnolecules do not show any Structural honol ogy to inmunogl obulin
proteins. Scil 30Proteins enploys two AffilinTM scaffolds, one of which is
gamma cryst VP RW&84dhuman structural eye |ens protein Z&AUSHETMOREr is

"ubi quitin" superfamly proteins. Both human scaffolds are very small, show
hi gh tenperature stability and are al nost resistant to pfl changes and
denaturing agents. This high stability is mainly due to the expanded beta
sheet st r uctasnsstiof off dnenqucit sequesces Emwp Iﬁes tlm‘ grgmnesisonysiaalinc aqd sepenopeel
proteins ar esagfm gac& §.R1 200404144 XA OhereoDihg Wi, kiofin o3TDREE"
proteins are described.in W)2004106368 8871084344PCT[ US2 71000777
Met hods of dh¥fAREESSICAYISERR Pf5BIoggd sequences R4 Jestedi T Qe SEuP SHBHRE Y RTMOAFH. DK |
anti bodi es haiengs M-5E0D NVOs: Saquﬁlﬂ@ewd@ms?eudaﬁvelrmdglchtldneMO%lthd Viirggiin afhai n
sequences S[}F&}fﬁﬁ@?é Bhide Bk HEfnd RidkARRE: LAMARbh b SHLOARRL OAMES | bY

nodi fyi ng f ain and I ght chain_seg uences and/ or VL
sequences, (ﬁc‘dtsﬁé'ewb?fsst%% ¥Qg P@H(@)na%“f’éeﬁé’aatt"ﬁé?"é’cﬁﬁa“‘”i'ﬁ!??eo the Yn oretrar
aspect of thﬂ“OD’IK\IQd"liehﬁﬂccsTchﬁxsﬁﬁg'df@.hiﬂ’oabldfsﬁﬁérlsté@lectexffr«amt}ﬁlgtduia Bikisting cint | body
of the inven '19&0%5%(,&4&%9 fétcgﬁﬁ@b? 255D USIA! ﬁh'cxnsgﬁztﬁkﬁgdﬁ@mms KL fhe v,

antibodi es that retaln at oné funcfionhal property of-the antibodiés of
the inventi dﬂgw‘}?l&’EﬁDgé ISFEHHINGFE CANSISHG PR AMIDP e f‘lb"r"c‘ﬁl%ﬂﬁct?ﬂ' °Hb‘f‘ﬁg’8ﬁ% al so

i nhi bi ti10g  oJeasifig BPdnEnd Atﬁms‘eq&n&ls of SHIPEY HOe2 10D, DK, dnd @onsBiitive aodifiostions - 10For
exanpl e, ON&;, OL o tRL ?L xgé\ggns %e Coﬁ%gﬁeehbe% ca{}}s pé)&aﬁl%ogf:ldtséh%el{%gseﬁ@a&d ﬁw%tl on,

or mutations trﬁe’r eo reconbl nant Aé known framewor k
regi ons and/ BeupsprRinEpRSitrcihsesieacen pAEQ HHAPs: 214 (?ﬁ‘ﬁ’?*?&ﬁf‘l"?e'éaﬁw neer ed,
ant i - DKK1 anhédimdii@s tifeot; i antitodn bpedifical g $irds ®MISSE dndboaeibodtelbibits af fros of:
modi i cat | ong elop t%e Foqswﬂlh%%tlcgﬁe[tﬁ% Bﬁg tfler!m{l%y l%ﬁ)‘{tk RH@ ?ﬁﬁk‘l %thenﬂ&%héﬁlﬁki I'ng

material for’the eng one of nor

sequence’s priovpiteer t ‘541’@?@@ it D %ﬁeptﬁbP'éd‘WWé@géﬁ§mfll?éaf'é%?5te°'l3’(§‘st9f ®ste t he
engi neer ed - aditibda9 @yhibils DKIKS re@ptofEif@sEEEWN iR oa ehel@kdiyg prtepaic &siohs @ the expr ess as
o Dvr et hey RO ARG DA 0p NGl FELGu o hlMihRHLL Y he | nf or mat i on
(F:)ont ai ned' in thdn geieerekaiinentsstheauyodygnayeshiBit aetor Agrentodt mare: Pghiee 8t e a
"second gene;h&%ﬂme ﬁﬁ.aqiplarwﬁ;éﬁl)ss 1keddi dwedsddrabonet fieh adtibgdiesadan b€ Guteraa(s) and t hen
the "se ?n’%%ﬁnbogl hérﬁ%l%§99§%§aleslo?'cﬂ&gﬁ@e{nﬁgod?egd 20. expressed as a protein.

Accordingly, 1n nvention provides a nethod for
preparing an ant i'DRiber Wﬁ%ﬂ‘? aa @ndiody piikp igrentiop hope fulldensth hempi ByayeREKBence
havi ng .a CDRlndaeﬂue@Eh@meblae{seqhencet WhiRih Bie @ ot f deftske@iehdrg hok siBEQed BniNes :
2-5, 8-11,.20., 49-5 . ] 1€ L QERUR ing of
S0 1 b N, B bBeCHT R ARAUAL ARG A LLAM NG A eLRRANBLSLLAD ©f |
consi sti ng oWhesgaghe prtjyogies '2‘132‘0“%9?8“&Ef““??"“ahli’fape&‘e?/°ftf'%’©‘i“8ﬂ‘ZﬁﬁtaP‘BBlﬂ(]é quence
havi ng a2LDR} Gk UT €he Si8leREINE A e drdingl{, i€ igVeatigh EoMEs & isslgedhoBBEhdl Bniied s :
21-39 and 73 ogge S g&‘é r?eg.vt%& : éroﬁLlaﬁg%PiaFu'iut?énﬁ&m@avgrcwpanwﬁm RhdiggRf SEQ ID
e SRR AT o

NOs: 21-39 and sequience selected fromthe ‘gr oup cqnsi sting
of SEQ | D NCEhinpvhersin: Qﬁ&"h‘gngyshea‘@l ‘théﬁhhfga“af“’ Jeplrequeggrd selssicA Jondheeaidhe

wi thin the Vibwxegi 051 EDirdaoakranglsnitfeatune fereof hrel th full G Mightrebdilb babypmwquenc e
to s0creale flqdafles WG Alrlfil FlrBIY drRBRMDIRGUPICH:, ABCoRAMRS RbAGicR: Al ter ed

ant i body sequenc w@(s) ccordi ngly, 1n_anot di nent, the
i nvent i off prGeeefelde ant YrﬁBﬁF"F%P-‘/ pirdsgaPiKds %fﬁt%ﬁi"ﬂ’ékix"é‘ﬁ’ts?blﬁﬁf/mﬁ&ﬁ%stl ng of :

a full | engt hubeiay suntivaiiprapited adynsedu ahibas biadinDKE 1 pegiende ¥ ectepwrf r om
the group oo dulibdilinid bict hcep@ln ﬁgﬁuenér@wL,nedotagn%os%wsfa 0Pk i-body

sequence 35havi ng uence se omth rou 111- 114,
altering at #&hey '@h'@tsg’rﬁﬂde?fei"dblf‘@% e nting B eme ‘1’i"é‘"$ ﬂ?tfobf‘@ﬁ“gjt"ﬁs ‘I’fé%ﬁ/y chain
ant i body  seqaeBeR. idiblis KK ihecebtat bindliengttentingirameliting cAfCr.

2007108434 4PCT/ USR0R {000 ifime tsaagmggxyrﬁspﬁﬁmﬁ@n B ok £ Fordlord, 6P ONe
altered antibody se uence, éxpressin tered antibo of sequende as a
protein. |n mesCRee fertrsal mmf"es Nﬁ‘ié‘ q‘%‘i\?sé‘?ﬁ’t%bBYF B‘f"B\?Ptd’éé‘esacaﬂ/Bf ﬁ?fcfx‘i"ﬂ? ®pr epar i ng
a neutral i zi RgnaaRbtibodied, Glhindzes aiposits drommept amibadd. f or ' mam nal i an expr essi on
consisting-of: a V region anti hody sequence having a sequence selected from
t hegroup of SEQ ID NO . 119; and a VL region antibody sequence having a
sequence sel ected from.the group of SEQ IB9NO 118; altering at | east one
amino acid residue within the Vu region anti body sequence and/or, the VL
regi on anti body sequence to create at | east one altered anti body sequence; and
expressing the altered anti body sequence as a , protein.




10St andard Mol ecul ar bi ol ogy techni ques cari be used to prepare and express the
altered anti body sequence. The anti body encoded by the altered anti body
sequence(s) We2¢¥n8s#Hat retains one, sone or all of the PCERASRIOGHARIpr operti es
of the neutralizing anti-DKKI /4 conpositions described ' herein, which
functional properties include, but are not limted to, specifically binding to
human DKK1; and the antibody exhibits at |east One of the foll Os ng functional
properties: the améthéeopodibem$ipdpirttibodyi querhgzenrtonlbtﬁlﬁnlkzeqd’pmxetesslctnonahﬁél HaKK
receptor, “ory trbg r?s.@&dep&%d W'régtotnsse&&%e wilREC Rl OF mbaeraﬂih@g sBIuENENAEg O

arrelloratlng oS sis, or the antibody 1nhib CK'l receptor binding ..
t her eby pr evest feﬁgmb‘f’ agifsareicst sy °6§teé‘61‘t3?fjieﬁd‘15%‘§1€‘6h"§e'“ 85 COPfFEUYR | body

i nhi bits Dl @ddificetmpthereobamiditrepipthemeihddissgetain theniediied fumttiangl poapacies of the

The al ters ed%@&&%%%?g%@tﬁm %hgos.%.?o he fiP4Gon. ‘AQoRg§THh Einy Aliok Bo68esqn nore of

t he 20f unctiona I es scusse functi onal ropert| es
of the-al ter‘@&?“’&ﬁ‘ﬂq“[ﬁﬁﬁﬂae@“é%ﬂi' Hentees Bindisg rerpherseiaitasiittre ass Uy weigiard bt e in

the art and/rég’lord\a&&!’rl lBRd/ hegiai s a@ii6 Aeid Seqtidiossaels@éd i thh giotp wsseqamﬂmi es
(e.g., ELI Sﬁ?é d ponge%ath@é Ro& HE?QASWFJPJO? aQIl tht: pr_ rc{é?otnhlg%ﬁmgé acmg Egeﬁ&ted

anti bodi es of the I nvent I on, tions can be intro ran
sel ecti vel y fervhigerarn Of&EQdéPr]’ﬂosoF‘%Wdﬁﬁﬁe”ﬂb&lm%rﬁ?%ﬂ?me%w ﬁ’@f‘b2 equence and
t he resulbt i ngecifdiyf bied taDKK1 DinClelantitoty bodite st l&afbnbeﬁﬁefoae\megfdnatonml ndi ng

acti Vity, angl S QLR bAgLhELpRI OBRK: RS IIH0E! RERLDERL Dupddyt ol | ona

met hods hav een descri In fhe art. Por exa | catl1on WO -

02/ 092780 bynhrits K KderegepiopRigdingpmRYsaEng ¢ pmelicsaing ﬁﬁe"é}ﬁt& OSE‘Pé'é'r‘?P%m%*h‘Eﬁ oy

mut at i ons  usédegtosiiidikgiiréveftinglilk ageResihs ost@it heibhor kliegatiioaninadsenkKy, or a
conbi hati on t blication WD 03/074679. by -Lazar et
al . descri berésQ@%F&x%“#ré\gﬁﬂ%sﬂk%ﬁé%m %Jc‘rateiuonal screeni ng nmethods to optim ze
physi ocHéni cal propeiet @%boélfnea‘ﬁ’tth gy may exhibit one pRBOEWE SHEPEAT tHEfiTon of an
ant i body .i S n@dré bfi theafundtiohal 6%eﬁéﬁllﬁteﬂlgls&f§§eﬂ abdval Suelk ankiBods’ daretief € bxampfelinct i ons,
ot on ! P Ibe REREEMfilka SYLEIQY! Gl 0 conpl ement. dependent
CytOtOXI city e can engineer specific mutants of the Pc
fragment. to al t erAstprs herefrethe dmf epiesryadive es%e/'md' fidh T dntnded tp gefgrdeaming g,
Xencor t echneldogyifics®as @bkisid,notsighificall 20040220} binding charactefiies sbdadbddy al ter
ef fector f“’l&‘iéaﬂi%éﬁ%‘! %rakéi']‘s&ﬁ\LJce' uh?c %r@apv@m&a.ﬁeq ns nﬁ:leQalﬁirngfa&dt he variable

regi on of an.anti rane ment havin propriate.

ef fect or V\@‘"?GB‘?&@B@SH‘&F’GFF FBZEYO?M’F?*P“FEH‘P ”B’iﬁ’d“"F@Gm "(Hra"q’?j)@ﬂﬁf‘g?)t ypes can
be sel ected ni\&hu@ealylstakdalrd tetl@igaetinvivii iy, thavie el ss digGRedtesioburpenesaandi®CRised f or
silent or negy 'nﬁ;!tdéﬁn FHI;I'[I bodies (wth no cell killing activity).

Silent anti bo |es Wt serum half-life can be obtained by making chineric
fusi on of vari ablc‘@“?eé‘@F"éfrPé“”éﬂaC&‘rf“%%‘ﬁ“l“BW et | vgickdha iR s arTive iFeFPiated NSA or
a protei2s biwidi aagmind asidehidsehavimgprsoiir side GwiohFabiBkes of inclaciyepdet Biving

Effector. fur;ﬁ@aam Gifhs ﬂiv%geéﬂ%eﬁlehgtﬁgarpﬁ‘hégg% ifdsiiRelat Qramgwssom eglb 9 pat tern

of the antibo cart ., Blowa (e.g 946, 292) and
Genent ech (é! Q“W@S '358%’)‘"%5\5*&’ RrgPiAeSidE haRg qsﬁfﬁt‘%"él“l’ g'l"?ﬁ@sac'f’b produce
ant i bodi es whntHurgeth psl@assie dhoiis (eigcgleamaeebpaﬁgne@gmranfmnshtm@rhreoEs:p,esabahd y, non
fucosyl.at ed c?&ﬂélhp%tgﬁnaw chanQQr ﬁle%mqggdalmaﬁgﬁhhy'lgoleﬁéne ﬁoﬁﬁeof i has also

developed yeast prod u0|ng peci f or s, of
ant i bodi*¥s. Pﬂﬂ&‘%ﬂnﬁ’cdﬁ“ﬂom)éi?ﬁrlﬁ@c@ﬂéﬂﬂ ehgpsdne fﬁea?'e% "?Jf“c’t‘ “F'ﬁ?)é‘ﬁ‘? i on
Anot her aspeeatmaaf sitldéhaing (eanttjrosing pireh@hlasing, oymodhe ihstidiod)dT g loee o rese shiab  encode

the anti bodi la& r&fduésh@itﬂn{'%g &bkqghlorg)émnﬁl%d%fof b Hvexltlglmgitnh)e Irép&béd \Qlﬁladﬂ%r par ent al

nucl eoti de sequences _are shown in_. nE es o fdl |
| engt h heavy™ &K ’Wéﬁﬁ‘ﬁ‘l‘ the sepeeteichn Meﬁ?éé’?aﬁ?"é" %‘HB%% cpmhbedestsdifes Nos:
101-103. Exaepihesfumdfiof lﬁlrlgtheﬁg&thnéllagh&scbhabemhertucl eoti de sequences optim zed

for ex P138SS IA%deEetha? 91%11 to‘f:lﬁéesaﬁlg g[\ﬁﬂ_)ge A réEtgllEQg MDKI%)A c(lngg_csmg% %me %eﬁfonf ull
| engt h heavy chai n nucl eo € sequences or expression in a cell are
shown in SEQ ID NIE‘O‘*TO‘B“@fU‘e“?@THHeT‘?WEIp[éﬁ"lfie%ﬁf’it'a‘éd RN bPEEHTC i n whol e.

cells, in acell lysate, or may be nucleic adds in a
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partially purified or substantially pure form A nucleic acid is "isolated" or
"rendered substantially pure" when purified away from ot her cellul ar

conponent s O¥O3t'A8¥3tont ami nants, e.g., other cellular PCRESPWIR07Hci ds or
proteins, by standard techni ques, including alkaline/SDS treatnent, CsCl

bandi ng, col um chronat ography, agarose gel el ectrophoresis and others well
known in the art. See, F. 25Ausubel, et al., ed. 1987 Current Protocols in

Mol ecul ar  Begalopgag, do Greaan@:s Relnh Ay amg D/ AW dneppsitiont ettsdinveniis, prav@isd Yorik. A
nuclei ¢ aci g QhaliiGl JAV@J&EAS% i e fenffed thl omnpinﬁty DRt MRy Or Ty

not contain I nt n an the nucleic %9 z

mol ecul e. CW“%‘GM ‘éli‘h“ ‘&E P'(‘.l‘“ﬁ&?f e s %?é'l'ﬁ S‘&"ﬂﬁcé“t\f‘é’t??e&w‘gtﬂf‘??r VR T 81?

di spl ay VeCthEntllen stad@d Dﬁmmmgﬁisayspﬁasmlﬁiy w0tk a mntiboBOlirdibds the edieksofof -t he
| nvent i O§' C 1bo ies o?&aelﬁxpeg%t gn%l:n ?oth% ngﬁl{rf%lerg&ﬂlrﬁés tmtmeQ&)’anklﬁ thg&ﬁxﬁ)ete For

ant i bodies &xpress domas prepar ed m.t r ansgeni c
m ce carryi wih H@mﬁquarﬁqr r‘?@g‘f%mq"ﬁ“ & Sugh a‘&i@'é‘é?‘fyd% ”fcﬁ?’f"ﬁ%F’ ’lﬁ’é1 BUI"E ¢ DNAs
encodi ng 't hﬁydothgm baiido IKe 3ye oF a raktal @S, 8 ftnicheallgniniloehspaviatieprbyimui epitopdr i doma

can be obt af D Bitabrch ARG Ll AR kicBhb oA, B csgr\l;m&dogmen@m%%mﬂms For

ant i bodi es 8‘[’) a| e rom an i g ul'rn” gene ousi ng phage di spl ay
t echni ques) bindyfelthsisemaenitdremdoipmgikhes faﬁﬁ“?t%a‘éi? E8K PEFée'}‘ BeeEier B3 M8 var i ous
phage Ch@nesohétidnaBh8bdap MOk Sufdn hdidclbhdd adibydies cm&zﬂ&ﬁﬂe@&%ﬂdﬂéaﬁslds%ﬂ&alooo 777
Once DNA frargtgegt ?nCOdI ng VH and VL segnents are obtained, these DNA
fragments -cAh b& TUrther mani pal ated by standard recombi nant DNA teehni ques,
for exanpl eCamelidand ether hemy chainjantibadiese regi on genes to full-1ength anti body
chain genes, to Eainad‘dy %mbbmmmmcm&rmmemnemmmy (selus

mani pul at i Oﬂaa%fng% arld’ Ca?elus onza%rfus;&gll%ud{nggéw Qt)rl& e wsegua{ ds‘fﬁlny s;legngé(ed to

anot her anot h pittein, such as an
ant i body> cohlg{mnmcqoedﬂmg@rm angd ﬁqwzqys@) havslbegn:c q‘ﬁ@e‘tzé‘f' Yﬁ“" GERSFER Fi%fel v | i nked”
as used in Tsthﬁoﬁarﬂ@&ﬁﬁ&tlty ah@aﬂtn@énﬂnﬁ(ﬁd ht@a@ajactt. N&drtatnhgG anttbatiesDNAn thissfgnidnt s ar e
joined iri a.function I A% deas€quences
eneoded by toﬁgxalflmals nfd in na Go %ack %h?xl%rgg a?ld]gu%lt'lﬁllg ?&%?Irelsllh/?ﬁn%% t %]qc fotein is
expr essed uﬁ@ephwiewrmﬂ“‘éurﬂb%’i%éﬁo presyiestddivo lighs hadnsi @bf'&?‘éﬂeslﬂ%‘% odi ng the

NTH regi on Gamakese&onverrosmb2tia (wd aldsst epglitheh®miaychabai)n- gene by operatively

const an?0r egt ons (et oyt BIEIY S ENIRIASIER BRI RIRAeaD 1
const ant r edirerangeebigingd by g@nﬁmanwﬁetoareﬂd 3(%’@3 peotgjn haviagihigh affipity jor a tagget, 5|
1991 Sequen@&ﬁltlﬁé ml?iﬁQ\I' fbRsul@fwelghnnapdgletald protéui'lkl&fv\&&'s a “dﬁmﬁ:lﬁd‘lnaﬁdioﬁy’b rSee U. S
Depart ment, atent numgerq 7Hblg(28nlssﬁgc{ JYII’\&§§998NLJE| EB' QJ: &1@&“ %”et'é!P 20941]' Bll)ﬁé]%ﬂ)z) and

DNA f r agnent s> EAEEM g al Red tandard

anpl i fi catl 89 1??@4%6&'9“%%&% tdns (&%t%@%%?ﬁ%a%%%@%‘f?%&M gl Age2, I gG3

g4, |gh hag&»mnghé Ctfeml 19D4mmst(am€ez-ketgmm Vool 200Baly JfCaagnéhtsdheauyd chai n

gene, 1he VioG0GOd0% LAy, PRSEALIS! gnguleals@qbrmsammﬁ&alﬁb&.smh@cul e

encodi ng only t?{eeysheavy constant region. The ted DNA encodi.ng
the VL regi @ntr@énfrweeﬁﬁwwgamtaay avaflafly. f‘rréﬁﬁ‘iﬂlf f‘i"@'tﬁb'y&‘ﬁ’a@}‘f"‘ggﬂé'“'?o Aas wel |
as to a Fa&d.ﬂhgiﬂ{er ﬁlﬁi&bd‘es@eﬁ@)hubmn opg,ah kvt ycill kaykienrgoft dremvlid aaribwiglicagbeDNA t 0

anot her DA IRLEGH it “tgyot%'oegam adEoueholbec BRI HPRRLA ok PAlgueile, i 11

sequences of n stant region genes_are_knoivn i e art
(see e. g9, NaMPdY%“b?B\ ‘humapizegf"- Th“IQ‘@I‘*“S@hU’@’r?&E%"“BfW Pfr°6?‘8'f‘jr1’§t‘l8f1d'esf°g?ﬂlﬁﬁsl ogi cal
| nterest, Fichi be ek reditedU. S. Department .of Health and Human Services, NTH
Publ i cation No. 91 %,%,%ﬁa B%ggodggﬁa{mgau&?%%h&gﬁgmwomng&@ofaemﬁansg@an be

obt ai ned by 25stan ht “chai n_const ant region can
be a kappa arolesuleavd ths Peasris baaaPhysisgl %ﬂ“et"”’f""'yafFB’ PSS S LEBGIGRHET 't he Wu-
and VL- encodhdghaldiie fs&]&gﬁﬂi@tcﬁ'cﬂﬁﬂnd&pl&ibadles\kebiﬁd kol ankigatictsdesaimo traduncfiorally nent -
encodi Ngsa o ailoSerel i Rlony Frofins, {0 L0 R BRI ATk ko SEAURRAG S 4

- Ser) 3, Such™ t'HE sequences can be expressed cont1 guous

si ngl é- chai ﬁhqﬁPGtOé'PﬂV'SWYtPH" P %Wa' ‘"ﬁﬂd‘o\?ﬂc?'éﬁf‘b'ﬁgesjaaii ﬁse‘%Tssb'S}e ?‘Ffépel“f“‘em bl e

l'i nker (see a@erf@s. , ThBE el adthetonseqilHBBofSoake pieeis B ARBLARGbIdy sAnGrhigt asat ., 1988
Proc. Natl. Acad. Sci. USA 85:5879-5883; MCafferty et al., 1990 Nature

348: 552-554). Production of nonocl onal antibodies of the invention Monocl onal
anti bodi es (nnAbs) can be produced by a variety of techni ques, including.
35conventi onal rnonocl onal anti body nethodol ogy e.g., the standard somatic cell
hybridi zati on techni que of Kohler and MIstein, 1975 Nature 256: 495. Mny
techni ques for producing nDnocIonaI anti body can be enployed e.g., viral or
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Chinmeric or humani zed anti bodi es of the present invention can be prepared
based on the sequence of a murine.nonocl onal antibody prePared as descri bed
above. DNA eKe@aWih¥3tthe heavy and |ight chain i nmunogl oBGT{UR200¢HR7Be obt ai ned
fromthe nurine hybridoma of interest and engi neered to contain non-nurine
(e.g., human) imunogl obulin sequences using standard nol ecul ar bi ol ogy

techni ques. For exanple, to create a chinmeric antibody, the marine variable
10r egi ons ca&ulber Hiidilead a b cific sigrin @ grstanhar@gilens ausagrawt, hotisnéenanserien t he
art (see e. , . a
humani zed ag‘% ? %ag éﬁy tfﬁégﬁtglro:s\gr?lyemégyerg é%%"r‘f ts'&c(g%% eél%%ggrnﬁéﬁhﬂmngggﬁaﬁ%?r@

f r amewor k ué‘?ah@f Herdanedan in the art. See-e.g., U S. Patent No. 5225539 to
Wnter, and U S. TRabemnholdakr wagﬁaﬂ&)do;npﬁaaﬁé)ﬁﬁtheﬁ&%Hﬁﬁmalmhaﬁdlﬁaﬁmhtg‘o Queen el
al. In ascer bdd

nonocl onal an%@%&l tﬂg%g %%%ﬂgﬁueﬁgﬂgé n%gﬁg feo} ced‘% %ﬂgddgﬂ?tg%tﬁg agal nst DKK
| can be gerfé‘P&F'é‘@“ﬁﬁS‘F%@e if thatrapmelif ranehodies ekl MBRTLB MeCTRYIREY SEIS NPy parts of
the human i rfma.e@ aWEﬁmis%Wod%Mnbmamﬁ Gedt IBbraen thihEca nbivansigeli ¢ and

transchrono: fug?ta trglxs grE aecﬁzI gﬁ]e g%‘égbrgﬁ%gntlépwpU@bﬁ ‘imd KM

mice, respec |ve°Id can d{]’are co{yf' |ve$ referre erein as rner'

mce." Thépmmzﬁ%i’é@ﬁﬁ P‘(méﬁéﬁus‘l%%ooﬁ dBese EPivess RemnediHdEY obul | n gene
m r nf ociiot haht.gzeﬁimc@d.emmnﬁd&afergadagméaﬂswﬁwm&mavyur(rpr,iheaa\dolyc)neami vk filliyght chai n
i munogl obul i n_sequ et her t.ar t Q i nactivate the
endogenous. 1 BRaep Rarroese bl b bR M A Wi\ N0
368(6474): ®s@ergpyee anbrofadtivgly, the m ce exhibit reduced expressi on of mouse
IgMor K, and in Acespanse fdburt a'nfuaprzahﬂ ifNentidnfi€a tdrfelio aHtied) diuiBody@aviyz and

[ight chaint pe der tehin ‘to.
generate hi g %{ﬁs&ﬁl t;SP lﬂ& i &ﬁa'&gﬁdhﬁ c?%ltaél g'g?%gehgqm%hilmmoq’%? . ,Q 1994
supra; révi ey professp aythe CaNehd andyoal. ij9g fiotssRe IS t‘B&ﬁ'@?‘l“rfE'{'ﬂ“&Pg PHEP RS ogy
113:49-101; Wihhiek Qor aNeptﬁ!Bﬂ#aﬂhl&zﬁléreoi{).lsmgjtgﬁﬁlqhd’atded’cﬂbedRer‘ém forathen entibddes. 65- 93,
and Hardi ng, . l §5°46) . The
preparation ‘%{!r%ﬂ‘a gY B’fenﬂ] e &g[gﬁﬁcatnﬁl d %mbo &%8'3‘*?9‘; E’ﬁ |pg?1d§l§e§a|y ried by
such ni ce, |ssleqt@pfqﬁe¥a%fm bb'aralvﬁf g 6?P'ay1q_g amerppr&re'y mytegoizeq @meit Aci ds
Research 20: rﬁ&%dﬁﬂ&ans E3npannlng @bcedires wilt AN | Mdalr DAII4QE akargdOasl daziribal ingy 5:
647-656,,,Tugj |l on et : s . Choi
et al . f893 xam les eﬁeé 'E 51%%?;3(!3 nfgn%é)gj\?&(%'f l‘&%lalg cu§gx1m|2ecH>§%tgg' gl{%’% l%zgzté

821- 830: Tuahavq %ﬂﬁ‘fé*fedl" arecm&w!mecq ORGP mimses. t@Wf’z@zo Tayl or, L. et aI .
1994 | nternationah addmw ROCOGYid atBoBiSk] heady chafmi Shiddied pcchk nagitrally.i u; oth@AGinMAL UT e
Bi ot echnol Ogn{c:lud4 né b§ ot ?%%& haeg %9;@4&%%&5 off lﬂalrl! and ut‘PéH‘ &Qse@r Xlication U S

specifically 1n ‘g g/ ntiret er, U
Patent Nos. ¥OB28186H: Almme! %9"182?}“5"? %2586‘1?26' sugh gy 91*2'5 aﬂ@m}*sgm%‘t?“ed

5, 877, 398; Sn 66 Inverkon, the B2 4f Cablid Wedvéd h@9P chaiinhtibodies Bndd@ Df thavériable dbemiber g and
Kay; U S. P a WO
20071084344%@%%5%8?? gﬁgffﬁgdvﬁt“ %‘%’9%" agb@d"fs?“l"g%?ﬁg \%‘)Jl %’%}"5’%@%’
97113852, Woligigzlpsedhumg: WO 99/ 45962, all to Lonberg and Kay; and PCT

Publ i cati on No. WDO 1/14424 to Korman et al. In another enbodi nent, human
anti bodi es qf the jnyenti-on.Gabule raised using a nouse that carries human

i mmunogl obul_ﬁm enes and transehonosones such as a nouse
that - GArries a %@ﬂﬁWdMéﬁ‘Wmdﬂ‘éfPﬁfW%{ﬁ%@We%WS using R AEHPQdY JRtinetig PHmore

t r anschr onosome.v,aud'br Vi seqiendes fi@phhadreinas hietieg maasal tddkinka @ moddie@amibsdyt | bed in

detail in P%x(ﬁ)“p(ldl ﬁtal‘t%gdm )O vé1 %ZC% pﬁ'o eJté“Sl@th%tsékmg antibody. An§1tatib|o!i éaH'BIa her,

alternative trans enl c ani maf pr.essi ng hunman | nminogl obul I I’l genes
are avail able@g'P??W(dH’é "&dtﬁla&we@awowei@éﬂwmn Prigi o Both warjablpreaiens Yt i8S of t he
i nventi on.  Rap, fexaasmpplewitdif aie @niogr CBR reg@ni dralrve g@hinone mynx:tremm@foenbgdnst o as the

Xenonou ( n g., US
Pat ont Mo, gyl ok Mgl G0 ot Bitay BUGRT 6P B Ry BRRTCIRE B85,
KueherlapatPoﬁﬁﬁngwwﬁb869§kaéPP@?Hﬁ?ﬁ?@“f?ﬁﬂ@@ﬁPBﬁﬁ?ﬁﬁP%’anlnal syst ens
expressing human i munbgl obulin genes are available in the art and can be used
to raise anti-DKICl antibodies of the 15invention. For exanple, mce carrying
bcith a human heavy chain transchronosone and a human Light chain
trartchronosone, referred to as "TC m ce"3gan be used; such mce are described
in TOni zuka et al., 2000 Proc. Natl. Acad. Sci. USA 97:722-727. Furthernore,
cows carrying human heavy and light chain. transchronpsones have been
descrlbed inthe art (Kuroiwa etal., 2002 Nature Blotechnology 20: 889-894) and
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30Human anti body libraries sereens may be used to identify an anti body of the
i nvention. Choice of screening technol ogies include, but are not limted to,
e.g. phage aVQploa)s4Nbr phosys), the type of libraries (&CHFHUS2QCHI77| i brary
from Morphosys), affinity maturation technol ogy and further codon optim zation
sequence. Ceneration of human nonocl onal anti bodi es agai nst D CK].

35Purified reconbi nant human DI CK1 derived from E. coli, baculovirus or

HEK- EBNA cel | s, @&mepweiof vageble eeionbigimatingtharam Ritkiforood js (iR eefting Akelydids e

| i npet henmogyaniRyik Klr. antf &s%&gmﬁﬁnttyh@roééﬁtalxﬂ%md YJues that ‘are located in the six
20071084344PCT/ USZQO? ‘; X Bgfryo‘g_ﬁonal ant%ébodl es .} o DKK1
are prepar ed}¥iepgy’ ‘%Ef)hf"" miemémmj d‘ﬁf&"‘? gs‘ﬁ‘a?sr{g B RSP %k %l ce and
t he KM st r aisaquefices wihis GBRE ere hrosndi chyedrvsanindivivid entibediehthof sequeheh ouas«pqrefss human
ant i body sgengsgs; b&a\%@%l@staq\}en&§ gemy&elb%ﬁa&mﬂwﬁ ﬁﬂ&q%a%nmmsmppa

I'ight chal n gene can be honmozygously disrupted escri Chen et al.

1993 EMBO 3. tﬁ?‘l’sefim%]@@“%‘fab%dr?é ‘*@h‘&ﬂd%ﬁ&ﬂ??%ﬁféﬁ Slﬁ’éﬁ\?f}“&'ﬁ@r HYERe can be
honozygous| yanélbosifes P @ﬂsmmm;mssbmdreams thegingihde CDRofeqiR@des Fobl thaeapbdin WO ‘
01109187, E%{a;raﬁag ozcggg,gn 3 grwdaan i cvuk% ?u@néayﬁ@rna'aﬁmﬁt Jnh%%vﬁtha' n

transgene, KCo Nat ur e Bi ot echnol ogy

14: 845- 851. ﬁﬁfé?ntpfef?ﬁ@t(%e&ﬁrﬁ é‘é?“?"i"é‘?’ HFéall ‘&W‘Wﬁﬁ%ﬁ?zﬁéawmﬁﬁé‘ ffal-r W€ gene as
descri bao i mMdthrS3212ab-ans; Q\l@&,C5¢t5]4;598Dlﬁ'pc Blath28ca8 Xee. LaRd. §5: BUID-8073; Ulke HCo12
strain carri V. < L0 gegpe geskhi.hed in Exanpl e
2 of PCT Publﬁ?eggt(?gz%%@y{%géﬁ%T ggtH 7 stBQ?Q]Scarr?%:Sthe ACol 7 hurman
heavy chai n %¥83Asy@mueengigl)kNM strai n contains the SC20 transchronpsone as
descri bed i n PCT ARodlingigtanoder\dbOBMmé3 47 the 1n17mt@ape-raatseo nubdlaedhumaciombnoc| onal

antibodies tg B@Kg%mlg%@p?lﬁg &%mﬁer{wcﬁ?ﬂsﬁsaﬁr Jlggum&,ﬁ,qsmg EBRP WA ced

reconi-bi nant COI’I]B@ ate 1s .15 ant| gen.

Gener al Prminrizast BHNSeHEREseoPIoHEAVEND i gouR FRIsiEeAf S NPsL ottiellg2ON. et
al ., 1994 - MNatssr eDBﬁ&(qMZe‘k)hawB@ﬁra‘ﬂﬁﬂq dEicEisehde selB:ted fadm ek gr;ouﬁ.&ﬂﬁsth@bﬂ BEQ
Bi ot echnol ogy, 4. §?ﬁa ?S%r"qn&?ﬁ?l equencsdd] .ﬁ@&d a%né@u?s% &ﬂ?e%‘e‘lec ot Ing Em%f, e 6-1.6

weeks ‘of age ‘upon st Ston of anti urif r econmbi nant

pr epar at i on ©3YBEE PP GNP ERP a3t fre fEspestivyD, b a‘ﬁ’tﬂ'Y‘f fegign 'l'ar"S%CHRdrfE‘f“éE‘t"éd E.
coil cell s maxpg essiingaddddenteSeldaedifrdnd thie groUp ba}ensﬂiﬂgeafﬂawhb N@scB-Brdd KB4 m ce
I ntraperjyt 0”&%""&%!{2 ?eﬂéél@&%@ﬂ%&%ll% e(ciicsL%&EceQXle&QooﬁrMQ ' HJuSGJnE:&HTg of SEQ ID

Transgenic m Ce- antigen 1 n corn Freund' s. adj uvant
or Ribi adj LN,%?l é?me?ﬂ -8 SRSt BRReSF SPnEiftpE of eARRin. ﬂn‘éef"jf‘ selegtyd fé‘?mB';?

f oot pad ( FP)group@bhsBwgloftSEQIDNOAaY-39 and|89:96 Sespeetively. Thnausnéhzatitodivs ¢apiihea t ot al
of 11 i muni h;BC L&k 604 Stk wBibi ~ adj uvant .
The i mune - r\é?ﬁgﬁ);?)lk\geér%"éepgf‘ﬁﬂ%&%%rigtt&gc;r b|9t aa9bl éedg T?lte alpI ‘gsrra is 25.
screened by SEIYeSEs frofA dheps WELSHSh sufficient titers of anti-DKKI: hunan

i mmunogasobul i n aueh fasedvofioieqfeds oashe oMaihed &o@ p{nomﬂrefddatabhsreambméq with

anti gen. 3 af}gfegen&@m ,Ea i€ aﬁtfbo&,egeapgﬂeqne%%vﬂr egjmpwger&me%m sdhubiceal 1y,

10-35 fusions for -each anti gen are perfornmed. Several dozen mce are inmuni zed

for each ant/Pgfan heayyng Vigraigneshrcan Bt fopmkin ey Bajgohuman eepriine $9u578° KM ni ce

strains are datibaseiasthbliohkhe DhtGiét.at 30T onis alpecidm. MuMalbase), akivelnisde Ko Busi, ag

anti bodi es tha LI SA
f99|??élﬂgn%%jg%teﬁse&?ﬁnfnﬁ%g%%]m%éﬁgifWEQlﬁnoﬁ s Dseph GGk

as descrlbe Briefly, mcrolijter Fates are
coated wlh 334 rlﬁfe%fw'é%dﬂ%‘i Pn’ézh?atw#*@flf3%°rn’l‘em"esal‘/1 Mt e2r21939 Jt i°hf'9'n PBS, 50.
al / wel | s i ncubatrewsdadoer P ghtet 415 €94 Huo ¢ ke unil.t2H: 82063 6 ke werltdntsoff eho€ hi cken

serum in PBY[,Iwee Ltk Rfdlasma from DKK1-inmuni zed .mice are
added to each A@w%l {3(%1% %gﬁmp%te §y 1-2 hours at anbi ent. tenperature. The

pl at es are washed"V##RPipRErammyarK S&ﬂft?“‘feﬁgﬁ iR ths e diss efiheinysaitn asyibeseiitan 1 gG
Fe pol ycl onalre antidhbdyinangafretdewk keqnaicearsatbyshleget oxibaizs ef theRMntibar 1 hour

at roomsenper g

20071084344PCT Eﬂg‘%‘%&%ﬁﬁ%‘%@wﬁ% ‘g‘gf cB{fff%teﬁseélE”e""gﬁ’\éﬁ)'"ﬁl%,q"’%\"‘gz‘tz}“’rﬁg/ m) . and
anal yzed by i8ysaten gt oHRl-@randg Swrﬁi%a%’g‘;’)e M:IB LHAT 3 RIVEF e e e g ghest
titers of andnkoBInEKprkangibbot Bse aeadedt@tlschomcd asshaofimnd fhulsi songinar e. " per f or ned
and hybridoma supernatants are.tested for anti-DICKL activity by ELI SA

The nmouse spl enocytes, isolated fromthe FluMab m ce and KM m ce, are fused
with PEG to a nouse nyeloma cell |ine basegl upon standard protocols. The
resulting hybriclornas are then screened for the ?reduction of
antigen-specific antibodies. Single cell suspensions of splenic |ynphocytes
frominmuni zed mce are fused to one-fourth the nunber of SP2/0 nonsecreting
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origen (IGEN) in DVEM (Medi atech, CRL 10013, with high glucose, L-glutam ne
and sodi um pyruvate) plus 5 mvHEPES, 0.055 nM 2-nercapt oet hanol, 50 ngl nni
gent anyci n aRA20K044AH (Sj gma, CRL P-71 85). After 1-2 wRERS20EP10877ar e
cultured in nmediumin which the I1AT is replaced with /IT. Individual wells
are then screened by ELISA for human anti-DI CK] nonocl onal 1gG 15anti bodi es.
Once extensive hybridoma growmh occurred, nmediumis nonitored usually after
.10- 14 days:mrﬂ'dmeglawmnnbmt}frosednétﬂmgamwmk siquense deries, pelht EDBdequserewnde agai n
and if st '% &po%ott’rayn%wg& eé?HMt chQQ n o%%}mg?k gﬁatz%@@%rﬁ‘&?&d r@iﬂ& bhpdhes are

subcl oned a eas twce by |i ilution.. Li | ones ﬁre t hen
cul tured i nSSAPenEes- £or gRRRiF: éttr@s 'é‘??ﬁf‘i““‘é%ﬂﬁf?at?fm%f"?sbtdﬁ e“f’ﬂc'*l fBYfRte I PG e

medi um f or {vithih BefragBesriedgink Babdigain oRGhinvertha patigen bindiog athlipafthe gntipdydsee

ynen hunph L. OICP gt R ﬁ%%go tA; s$5%9%w6@mléo@abe§tocéuesmahnventI on, such

m ce can -be Thmuni ze or. enriche reparati on of antigen
and/ or- r econbi naﬁt‘oqlﬂf BRP °f‘@F'até‘h’eE)K1’<T°‘|“ﬁ§‘1“8ﬁ‘sﬁ? B‘P@Ieﬁm"}i’é‘c'dé%stﬂ"Fso‘?é‘a”’bﬁbnber g,

N et al., 1994 ViNatomw SCBRB{rdb? $PR3 85p6on8 EherBiySinpiolloneOr mete bitlding pi@8iGesNat ur e

Bi ot echnol e aérgn%)g@th%g %m,o% QfIE‘EEstPMQLvh 99‘ ?fﬂ.ﬂy\l}@m%?ﬁl%24§§éd.%§éa\#m%é@n%é 14424.

The nice ca S o age upon t IrSt 1 nfusion. For exanple, a
purified ororREombdisethinuiprapiicat P‘ﬁ??"fGS“eSGO hgduss thprrietigDieptie efsst ¥e used to
i muni.zeo t h@tﬂﬂdﬁﬂndl@,m&l&r funétioaRl@Fdpk By \&ahtigst, can be evaluatBetndn Vied opinetedur es t o
generate ful s's%s DR IPROGH O o AL PRUE Rt Cn K0l RodlfSfbsRaiEhoue-

Currul ati ve exper various antig has s he transgenic mce
respond 30\/\Aﬁ*§%"f‘¢)|ctﬁ\'il b¢ iaredpcqdnipringdigns 'ﬁ%yr%?p?é‘r“?%aﬁﬂéa‘l’sf‘?“?‘l'smdd\f\h"?st?’ getiogen in
conpl et e Fr eibndve, @pibdlly &b noref tBdnl caity@dlo, by Ve yr foleh@iduvieeikhid FCDRagiinzét | ons (up
to a total of 6d) W th anti gen in inconplete Freund' s adjuvant. However,

adj uvant s of lher than Freund's are also found to be effective. In addltlon

whol e cé&fls in thecostingbnieangiherabadimatt he BVIomeroY gesielasdghripiFdiogeni c. The
i mmune res p@m;sxa/mmpm;dﬁpalaﬁ@eedmwgﬁortlm tieef, sens@fing dfa Viuragion matng:arvpr ot ocol
wi th plasma can be
Ser cened by R ation Sk SIRAh R AGH spiel-ELIQR Hohhe GoEARIm IR IDNORTR

i munogl obubitllgah 48é6 aswnflmacmgm@n@ hayingenect, BEeFpUSr B I e nous| y With
antigen 3 daystith@nofdele6&s bi {ddtnsiR domeraa SEQTD N8 55l 82020, h9-56;3 \axGRR2 ed t hat
23 g0 R L AN SRR S éejt%%ome%.% GG TFYR A8 ORI ARpaneed to

be perfor med " Be m ce. are fi zed for each anti gen.
Usual |y bot B76GST amgiin-ed Sauspeediapigs 8’Peet"ﬁ’s e, fppr Oa&aﬁ %’F'B?]ac‘%%'f’ﬁ““tmllfé:o? and HCo
12 transgengeleis badbiies ot egehaheto $EY D OS2yl aad 1BGse \havbkiyegivohaingker ent
human - Nea 63k Lo [ R0SARNE hob ek R iR o SENIENA0L Aok VAL belaTas
produci-.ng hdman “Aono c ona ant | bodi e gener ate hybri domas produci ng
human nonockeinglacid sREeE hadeepetie ﬂ?r?ﬁr EW Proye ag‘mOéﬁ‘S é%é@t*%ﬁdiﬁl‘}f*?’vﬁb h node
cells fpem itk Zﬁd’mﬁhﬁéeto(%m IDNOs Mmhmjssmnda Vyser1 tregi@rhaving an amino acid

appr Opr I at e I DRE Ee‘?eclea %K% %’0 C@RSI élﬁg @HﬁNB‘Pg$ @9 gyde'hoﬁﬁflor%ﬁlalmrlo aag The

resul ting hy%qruenﬁorras can b Feene e producti on of ant|j ﬁen specific
ant i bodi es. SEyence katisioas, ‘é’P’ﬁ*g’F“e fouppr f"f@‘"%?b‘éﬁ%‘lsﬁﬁ‘l‘émﬁ’f delehpns F WP RS Rocyt es

from i nmmuni zedpaiddas SEQND osf 11smdint 03-80@-\5CTR2 redien inuivgen aino R3X63uehg8. 653
nonsecc et ngelgc'?e%%’eon{wT %r%g@coﬁ%{{gg of éﬁcfﬁz NGBL?.] 55300 54, Br ai%,%'%@d sQﬁ,L..lcé are

pl ated at approxi nma tommcrotiter plates, gl | owed by
a two w8k ihadudrae) typt fﬁeé‘élfé’E:fﬁYe\Pé‘"f?éﬂld&H‘?SEB‘H?'&r ‘?ﬁ’%@"%%q‘ﬁ‘éf‘s ©MBHE Ser um
18% " 653" c@EQiDINDCL-FRaida] -85%n0 b Vg EDRE IgaM)havidg adnking hdid @niene, selkctbdiM sodi um
pyruvate, Sg, dEEERcofidn gom\@@ﬁﬁ%gaﬁw@m@% or en 3D an'a's&fﬂérr& R&Mgthb | 0 50
nmg/ M streptony i, %8 cin and I (S i s added
24 hours af twe “tfPRefﬂﬂ'r vrﬁveﬁ')lmolw é'be‘éfb“ctﬁ‘F SeieHue &r %ﬁdttkﬂbs %@Rgaredéélsﬁ@ "BS'PSbe

cul tured i nomedusigags. Wwhi ch the HAT is repl aced WI th HT. Individual wells can

then be 3! eened gtr’fémredﬁf\hboe{es &L{mﬁw@fgmm&% m%@%a@&g ?‘?’3%‘?& - Once

ext ensi \? hybri d Pumcan b served usua 10-14
days. The ama:db@cfsarrsyer#eﬁ'q«rgs Wittr Vel ntées Ve f?e'mrpé’pffﬁ‘ﬁéﬂmré‘%‘rﬁéﬁéﬂ“ °§30 agai n,
and if stil ITylamzalytshmmmnmmmirch@ﬁs are hadaonieataantk imntiocpodiie of hamtbedy.

subcl oned at leaSttwice by Iimting dilution. The stable subcl ones can then be
cultured in vitro to generate snmall anmounts of antibody in tissue culture

medi um for characterization. To purify higrman nonocl onal anti bodi es, selected
hybri domas can be grown in two-liter spinner-flasks for nonocl onal antibody
purification. Supernatants can be filtered and concentrated 25before affinity
chr omat ography with pr otein A—sephar ose (PharrnaC| a, P| scat away, N.J.). Eluted
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WO 20071084344PCT/ US20071000777 |linked" is intended to nean that an anti body
gene is ligated into a vector such that transcriptional and transl ational
control seqUEPEWI0HBt4hi n t he vector ser-Ve their intend®§TASHOTPEH7of

regul ating the transcription and transl ation of the antibody gene_ The
expressi on vector and expression control sequences the chosen to be conpatible
with the expression host cell used. The antibody |ight chain gene and the
anti body heparyexaliad; ongpppadicinitoliback nfieid’ @tk driidde Bayatost ©sitiestoaahe Or, nore
typically, [ ot il s P il b ma‘iﬁa%%h&'? ¥eGhAte The

ant i body gegn)og;s?tbé’rg(gn?%ngr‘ estkil(ml%ne f ﬁs&k X lpeasrgé?'onc’d\?ec tor by $t'and arl%l met hods
(e.g., Ii ga‘E‘PTGFPfU?aYcC@WﬁWé‘ﬁ@ﬁ‘t’%{FWEdé%Stﬂi‘ﬁ‘ elffﬁbﬁﬁo%fheémlﬁe NS T BEGh Bene

fr agmant anght¥estioderived. Sb&hu-&ﬁidueﬂﬁin bé gaitifieqby fonpariigss antnedsdymn%wbms are
present)s T f desqri herehhcan be
used to or e%t‘é %F‘%th?égmyﬁl’;eﬁ gﬁ’wg]‘é]cggho “i&gﬁgy&g‘ﬁtu bortm:ﬁsgtyf) %

i nserting t1eeien Fegnencesipi sgwﬁﬁnwe &’r’@‘%ﬂh@‘é’ﬂ?‘"@ﬁ%’d‘?"ﬁ@a% (0Agk EMiteR” '@onst ant
and |ight ciighmtignshante syear %&pﬂf saﬁeheedﬂeasnw@énds&m JOR-netakd ihAgerkdie VH |
segnent is fy l, i vector and the
Ve Pegnent SRRoBich lalay LSSy 4 Tt BUERL LBl b o iflor) 024 O 27

Addi tional |y or Afqtesrfse pﬁ/@ngﬁwom@dpfecemmnm\ﬁf MR RSN PHROR EBId8rs YWl Bhcode a
si gnal " pept frékgevidiiategiomGr Iawehameﬁ ofi€6Tidrk ODRAEgidrE Qo dbovO DY Ghigtipes th fHertbya host
Cel I ) 15The lr}CtelﬂpeOd ‘(aq en?cr% tthrﬁ%IOéén%ﬁliS a{'ptroacl!’l Eecllsgge?én%%to agCh t hat t he

si gnal pept| eish e anti body chain
gene. The S|<§munwemr1"@@i 'é&?f’ml!h?d arﬁmbﬁmmgmdb@nHawntsﬁugh“arwrp%t"-mé1%?P%by

het er ol OgOUGal‘Sbtgl'IGJ peptide -(i.e., a si gnal pepti-de froma non-i mmunogl obul in
proteiny. In addjt}, poég%ﬁat@@%o mo% (i gdwﬁhﬁéthe¥£s ARG R A ongXPT essi on
vectors of the i nven ifat or sequen f

expr essﬁ)n gftibpdies O£ﬁ16|"b'6@rym@wa|bﬁe'§m@“§d i°n“°&'dﬁ@§9‘ﬁé%ﬂ°|"5 wifije the &F Fpgiopegul at or y
sequenlce :@plcﬁltyaadl@éil ohorintbed ﬁlgtﬁlmﬂ? PIOPéradsDf the ANEIEE kSchal sbr@h heen.fe,xpr ession
control. eleme at i

Cranscr i pti Sgppt Sl P Reus SR D S0 E et 2, EP B B %wat ory
sequences aFethdeaes pberdibodyort ﬂ@x*smim majy e chsE8y me Pfé(cExﬁf‘Qa@"ﬂ%‘?F ©Ahol ogy.
Met hods in ESZaymhxﬁgyau&aﬁd tﬁmﬁmdg) 5. SifddifiSRTd a[ﬂarﬂ@%lyc@ﬁlaﬂ:&@@éam tbtaltasiohd be
25appregj at e t hos ession
vect or Q(;) nCPurao fthonel spr?peerétltes % rtlgxeo ]p&bo%§1 agl% &qﬁ‘ése Lml?odgn?e%tsgy degénbgc;]ﬁ) f&xﬁ‘l%é n such
factors as g¢igl l@ﬂm dbe pyfmbeties A grsiduesdn | ef@rqs@nvsfthmf EB‘F ﬁb‘dﬂdefﬁfeKabével of

expression of prmtoe\é BmblRshdn€ the hergereglaegﬂtal anyodii&ﬂ YEMERSHE aimbmBTEbEian host
cel | expr esrsels Qes Imnt © gge r\él%lgli? llls af?ereedma ot %crez@g‘& o ‘[,rgasgd t}h? g?;lr ﬁ ¥ssde§%r— bl otein

expression- | ancers derived
from eyt orreéﬁtl"?f\)‘i' pL%P"(’t@WWP 5 @GS?ﬁ'mﬁoiwer Efsﬂl 2!"@)6 (ﬂsn‘vneﬁcystaa%waé'feﬁ frithe figeeg.  t he
adenovi pusS pajoRbf CAI B apéed o] oF exbAdib) ilitate assemflobiaeaght MdieaRahiinedryg nonvi r al
regul atory sg%usgngg% e%hes?abH%ﬁCQFthe G d s the ubiquitin pronoter or P-globin
pronoter. EPUT T her , reg ul (fory e nts conposed of- sequences from .

di fferent source®, a"@‘h%ﬂ?mﬁgd"ﬂ‘ﬁéo torEe 'p'?&ﬁﬁ?ﬂ‘é‘r"fw epqY inmbielsd Eolitrssadesequences
fromthe SVHﬁlogiaiﬂh}ilf-IIIfew‘rﬂfeQﬁnbaﬂﬂ Mdi€speafigilly @hebnadre bameatid afutaiozare T cel |

I eukem a vi l’ %%d %uogtojt?e(%ﬁ%egg HOrmim %Eerl%le re é’? hel\f!%-hm %59%“%: sm!%h mm thg 466 472) .

In addition to the an aln _genes a equences,

r econbi Ant 2wkphdes rrwprwe%frtbv@cwl Pﬁ’é‘?"l AGBHYI b mﬁra‘g}atwaﬁqvtlwd‘f'wgaﬁa'rm" ‘
sequences, Spihindifg JBGUBHERS idd3atibsdig tilratcdetadNo BBOFEBH3 44 RCTAS208rd/000777
replicationof the vector in host cel I's (e.g., origins of replication) and
sel ectabl e marker genes. The sel ectable marker gene facilitates sel ection of
host cells into lnenethertembodjetiohe amabodydoRodifitdte Hgtay it Sielogice hg!f-life jVmioupyt
Nos. 4I .399, Z%aéheﬁm,pﬁﬁﬁleamljﬁaniﬂ@p&l&,moﬁ of tiyFokouathg @bitatddns Fan be@itrogcadpl e;
typi ca t nar ker r

A héym?ﬁgm S205 3058 T oo IR S ﬁﬁé6ﬁfgﬁttgwag&]Aqtﬁggtﬁggvtgg#gegsehas
been i nt r odtieéiplozial hailifh the artibpieian fe pseed Wb e Clher @ fFplr ST Onatne spgbct ase
(DHFR) gene (for use in dhfr- host cells with methotrexate

sel ection/anplification) and the neo gene (for (418 sel ection). For
expression of the |ight and heavy chains, the expression vector(s) encoding
the heavy and |ight chains is transfectedsinto a host cell by standard
techni ques. The.various forns of the term 10"transfection'i are intended to
enconpass a w de variety of techniques comonly used for the introduction of
exogenous DNA | nto a pr okaryotic or eukaryot| C host cell, e.g.,
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25. expression vectors encodi ng anti bodygenes are introduced i nto mamual i an
host cells, The antibodies are produced by culturing the host cells for a
period of tiMe2¥iP¥PLi ent to allow for expression of t hCAABPHHAY71'n t he host
cells or secretion of the antibody into the culture nediumin which the host
cells are grown. Antibodies can be recovered fromthe cul ture nedi um using
standard protein purification nmethods. 30Pharnmaceutical conpositions In -
anot her aspegtptottheizesedpt takanvRd ivarlods ¥4 dBS d@nRosRO FT kdgln of g GG, asa

phar maceut i i i k nati on of ‘a neutrali zing
ant i - DKK1/ 4%@0"&&@8%0%&?)?0%9@iﬁiﬁ E(%? 602985%6%%%?(%3) thereof, of the pr esent
i nvention, for rrul"bxeéefh?rcﬁg‘é?qﬁ'@F“‘ e eeinay Fared Y 1eelaping Atdeastant aping 24 r i ‘er .
Such COprOSIrésIcKIHSIItIiTB.MﬂbﬂaﬁdaHﬂ&) aaiaeesafue&;mm&uoﬂmn@fom(aﬂgaamba’aﬁtm or nore

differ eng ) antnlxp e)?(gr:grq[e) (ﬁ' ’moperamlur)r?) JUH9 05Uy (F \%lthog dlg'%rgrgeaﬁllirio a&ﬁ';lgldgg kucﬁﬁla%%:;he

i nventioh. For maceut i e I nvention
conprise a evtittofi s pp plteestd aﬁSU‘E forw%@’lE%dhwwwﬂﬁwwwmﬂéh?ﬂ%d| es (dr

i nMmunoconj uga%ﬁsnmodialmpawcfok GSehd thaticHiffity iDaldieh f:aﬁ'ﬂﬁl’\for eainbrpaFcosepthe tar get
anti gen or tht% Ctl1c mpongnqg com mentyTI%Iggl yolaé[:h Eﬁéscrx ed in fartll;ra %% m% P%t% %I tions
of the inveftio an ﬁcf &I n° coni |nat|on erap I

conbi ned wi t5#$26§ﬁ@ﬂdééé¥a%6§ both woVingx &bl e, the conbi nation ther apy anl ncl ude

an anti 1PKK1l ant llrbe@nd&‘ner&fmbbchlﬁleﬂ[&ﬁ@anodeQ){)ﬂﬁtabnﬁﬂsemfrﬂﬁdm‘{ﬂofahd@ésuﬂ:&&&ﬁ poONe
other anti - I n acecgevw O&lﬁereor[t ar%molac_:l r s;%og gu?]%]{hat tf?‘eganPlt)ody as arf@re c? Lm&ﬂg rn%%?m ic

agents t hat | n-conbi Ion escri cat er "det aj |
bel ow in t heedgesdtor ehelighsd epserderngt Cteh@damc}'tb‘@&i“@s(c@ﬁ)t% i’iPPWQ*Tt‘? ¢eribpdinysed

herein, "phairreceutiiicals. Pat@€ NEPE A, €510 Ndusesd etianc| udes any and al | sol vents,
10di Sper si on ITBdIl dnogo aetn‘lbggs entatg'atelmb %?&e%;‘nln%lam ?qlsldagstalrg thn %gl‘cotﬁqubnta%brt SOt oni ¢
and absorption del ayl ng age f t S1 0 y
conpati bte. @ 2 Khovcampema Brofco s qeprr an S&u ar,

Bf e. abitiey of dhe iltéwod qq(f | emw @&Tihémp feris 4 l:bed/@ﬁbﬁzi PGTYyoLpALISE Ul
subcut aneousvo pap®sst ayabdmespudaal or epidermal admnistration (e.g.,
i nj ection or. I nf lIISIePnr)od\ere lrr;elq the ?c ;['eh%n';sonlilg xegfto 1[1:11 rnASnl:he F?%/ (Pﬂie antﬁ)%d)ZCt Ive
conpound, i.e. mrunoto Se or _bispecitic e a%q
coated in ato mediae imalpoqydelpﬂ"é‘tﬂé?;et“"‘PWQEWMHC?}@%%M‘W%@‘? @)‘ﬁ“'@f"f ds and

ot her nat ur ahtivo@dk &d msecta,hatbymmfylngmtel oY abe: dhe aemmunq;pmach is deschH’&&

phar maceyt i nt nc

phar mac Zﬁt [ garihler o %%m a tIIon JVB%? )45%2 ylpﬁma rrp;%rgﬁﬁef’ %:haeﬁj‘l?"ﬁj "&C é% St aB'f'a" I§GIl ¥ refers
to a salt t ﬁaxRLrli@tﬂalﬂ @%lﬁén@ié@@rl@ae ltﬁ%mgieéard vaganEs gl imgrovehizindiag e EBnpound
and does notedcARANdce SRYIdY RACSI 1.67b0t OXBislobRgi T@leseféaers (see e.g., -Ber ge

S.M, et al., 197n tx%]l amE pe@@tﬁbod%% éh t%l&ogy?gtllon @(a%nmlbguﬁy g Cr,no%%ﬁ' F%?‘%)Ia% fena ude

acid 20addition sa tion salts Include
t hose deri vedyosiewd anitednaee be Medeghti the angibetky lacks glyroadatipp Bhepifiprcange t r i c,
phosphoesc, aseulecftu,rfblce,xa.hmelrmbdsa@meafrh\yyddfmeadnwy Pl as PAoFaUSucrRekbblYaratd ke, as
wel | as from toX] S S

carboxylic aC| S %H?? lsﬁ%u?’ IE? B%E‘g%o?lfghgggﬂmgu ﬁﬁ'gg?%f y gg%k a!rlltg) I'c aci ds,
aromatic ac M@m thg anjmﬁv F?Sl“%ﬂ‘f& Fat Pl cone a1 MefRRing arid §““<§WPE‘W§ cqny heanadgthate

addi ti on sakdssit inrGhideont dTosEordekd waeidbié regioh 2oabwat Eipeoseatidntsitesad alesby such as

sodi um. pot %ﬁ,ﬁ{ng{”% e,g@glg@ﬁa\hﬂﬁngmﬁ G e{El Esq,fah L; lh&eas@&e\éﬁ{nk%@fm{ §RB3PIG Oxi C

or gani ¢_ani nes enz enedian ne ucany ne,
ehl or opP®carrigen-SHell anrfgproghdt ‘??é“r‘i'@F‘h%f\‘fg‘er detayn BSeBrtemiNee 5 7hf gw‘tﬂaﬂnﬁé 35h8P1t he

like. by Bophir maceut i cal conposition of the invention also may include a

phar maceut | cal 1Y \aGRERIFE! SeARer O Ay R TRlieda0los BNAERBERULF cal |V

accept abl e anti oxi dant s ant1 oxi dants, such as"

ascorbi ¢ acislfcos¥lptene push ati e FsYAEd etibedydiatig twer pratgs of &5giv residues or an

met abi sul fi hﬁ;bo&ﬁﬁiivmmx&whsfeuuaeecfmngiGtchJec btiuk@ies Gukh Aetedplyeosghtibnpeiretantase such as
ascor byk t ) | uene
e 35 Pab{lnl a8 SusurhU il Qetmbggxg]p gk gg,opﬁ\gmhgwﬁéa aﬁ%@fﬂs Ll

chel ati ng a@é?ﬁcgmp@b‘?,‘ﬁ’)'a r @jamplecexBEpYNe t@c‘ﬁ' 1Pasdi R BT 578 Witbelerstalysopylatiop g
(EDTA), SoOr Riatighery. [cand @it terd ighcosphiosphehiney agietbeerafstribiibin|ticle.and %H&xanpl es of
sui t abl e aqueous and nonaqueous carriers that may be enployed in theé

phar maceuti cal conpositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polygthylene glycol, and the Iike), and
suitable m xtures thereof, vegetable oils, WD 20071084344PCT/ US200710110777
such as olive oil, and injectable organic esters, such as ethyl ol eate. Proper
fluidity can be maintai ned for exanpl e, by the use of coati ng material s, such
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These conpositions may al so contain adjuvants such as preservatives, wetting
agents, 5enul sifying agents and di spersing agents_ Prevention of presence of

m cr oor gani SH8 2WaY84BE ensured both by sterilization prodedSe870¥{iira, and by
the inclusion of various antibacterial and antifungal agents, for exanple,
paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include i sot oni c. agents, such as sugars, sodiumchloride, and the
i ke into thedeomposllsinovidch td meddmombmantpnmtodwgeﬂhabsm-pm fodreradly ptdece an
injectable 9&2@5&519‘9%1&:%@'glyf:&szmn&ﬁyor*éﬁax#&@"59‘!9BE 155Uk an B ¥e 41, m@schgélalé&l @ of

agents which_del ay ab t| on uUm num nonost ear at e and tin.
Phar naceut i 8’&\‘?9’“&%@ F%‘edclgffq 8PS Wa‘ﬁgF’ﬂFG%eS tgopy! frangdgsgfuchd it 6’%&’8 & or
di sper si oni exptessdden juklpa pt)mdeb@lﬁxmypom@)syixﬁoen‘ﬁc‘ifa'nb!aatsonpk’@ma/iﬂéa%@hy Bkstat eri | e

injectabke a&t&ﬂeg QDR CIflh SARER] 1081 cdREwHSRaRkd M&p tdmga?fu@aa@lm%ﬁ(fbﬁ)-f or
phar maceutical |y active substances is_known in nsof ar as

any convent f'ﬂﬁﬁPa'Hﬁ‘éﬁ“&teﬁralsa@E’éﬂf‘“ﬁ g hYH‘?E‘{?ﬁﬁéi‘PP‘beé“WCldﬁs F’fPéeséFét“FR?ét h@ﬁr‘iﬁl use
t her eof i n -alsd $igelh RILTBCELR002 &IBigdODROS 217 26M33-2f740)hBCT Anteindtioo V(D 89/643A2 ayrpl at ed.
Suppl ement aﬁ%m?&ét'af’ﬁes&@d@f?éfﬂgés f‘n?ﬂee@éd%g e%?esk %\gwpf’og&@hgﬁw ﬂah:) Dbie tr&%%?é?a?é' tions.

Ther apeutic conpositions g}éﬁl ca [l under
condi ti ons &re-sRliadt arrleiseramingliaperasy HL (Griiiba §‘i'°f‘|“8‘ﬁa‘E'3?1d“B§xlf"Bﬁs‘FﬂjP§Fed as a
sol uti oh) neireerd tdllmas exBbitliicpasd biectiag G&Nlaestrwruﬁhem&h $dsltsci lneeassdinDabl e t o
hi gh drug CQ&QR&‘L{‘tﬁéinﬂﬂod&QEegﬂ{Jln%(a e%m%}?at%ﬁ&t)!&”h Pls.@hsper si on medi um

contai ning, for” exanple, water, ethanaol for exanpl’e, glycerol,

propyl ene gl ycol A“‘%’é’l‘f‘d W@ﬁﬁ?‘ﬂ’“ﬁ&hﬁé‘t‘ﬁ%‘éﬁ’f@e& 5%% °°“'5ﬁ8'afteﬁ8y ThF l{%f?"“"&ﬁd suitabl e
m Xt ur es t hedgglafion. Rhentitodpedn bk begyduteﬁyo,me&m@IWcmltmeﬂqloilm (eex.aérpinkhalby - t _he
use of a Coﬁ'}elolpq\e #ﬁ%d}asfo rpgé\}hgtéunrﬁ tllgxy,tt anﬂ@dd?é&?%@rﬁ%t ﬁlferegpg'p{cglﬁ)“lé lregcqed:) article

size in_the case o on an use sur f act ant 5many cases,
one canl? ncMibBoYLHoRBE A §RFE)ssuck v "é%?éﬂ‘ﬁﬂs@r orgalighyde deriyafiveqf EERoprdersych as
manni t ol , sesditiond in which acloruimre PE® ot bie¢vnteh@adhedpals dntibady oRinGibayd@gment.

absorption @f; 1diadidl csﬁf,@é;h?ed%eemquaag@ms&ﬂm EoiQHRBH reammmnx rdaBifleUdi NG i N

t he conposition an a? sorg ion Tor exanpl e, nonostearate
salts and gBFEfYFeuistsep. F'?—f‘"‘lgﬁ‘j‘séﬁﬂc%ﬁﬂ"@tes‘ﬁ?‘ﬂ I B‘i’f’é‘“‘é’élﬁ“b‘éﬂdd\e@b’aﬁhééfnﬂy
i ncor por at i N@lehelenctlyat' ic drpdidnderconpadaean3 OF the tiirme df ZiOtiathaverbeamnusapr opri at e

SOI vent o { Be:28x QincPorSRIDI b ianOlc 1118 Q%‘g%&rﬁ&wﬂ%m&?@n@g%\é? as

requi re sterillzation mer ration.” Geéneral | di spersions
are pr epar ea"'b‘i}h)i"??éé%ﬁﬁ?’%ﬁ"‘t"ﬁtﬁ‘etlﬂée’?tf‘tef'\?éd‘t’f‘ﬁﬁ‘fﬁéltﬁ?&“'?‘ﬂ%’ & ‘?fp§¥yé"1“‘r'4 8% ehi cl e t hat
contains a b@ﬁosyldecs@ébmymetnﬁﬂlfmmbmandg ploeins egkinoedinabiderand ngriedpgit & from
those enu”erh@mgooa@w@he ,mnwles%afaeexm.px tﬁd 158 3ROUPIRL o file LGhaRPORS 384 ON Of
sterile injectable solutions preparation are vacuum dryi ng and
freeze- 3583( bhikgva9tebphi |1 i zati on) that vyi eI d a powder of the active

i ngredi 2iit pbusmamocwddint Scafiatlis desi red i ngredient froma previously
sterile-filter edA%&Qbé"\ta'thp o}‘gﬁg&f}p rmmu\%lglgﬁ)iz %Qﬁé\%‘rﬁf ﬂééfi%%@%%@%&@%ﬂi so

The anpbunt of active ingfedient which can onbined wth a carrier material
to produde ¥n&phYE @Slaws%d@&pfr&wmwﬁqs avg?sponed’érﬁéﬁd?w YIRS theeifis fepfre dareshei ng
treated; angrotelie Sparftaimeubiks oo ldfincluedd e fiivs toniatidiampes Shiunambumbnogfobelos, ve

i ngredi ent yhig eﬁ@{h%#}@v%&ﬂ’% 6 d%k&d%ﬁ%ﬂe'reﬁi{erémtﬁﬁ'nﬁludk Qnrﬂfn\(%glUﬁﬁm?mS' ngle

dosage 3 rmw |1 genera at anmount  of the nposi t roduces a
t her aped? i c"‘é?‘faélf’ial S@%Pﬁfeﬁ?‘y havipe Bymagired HarRdy éd’gtférwrfﬂmf‘rﬂbgd'me}hfts will
range from abgitien@fi@ilin panelidentd/dr shaglroudf paitieltyinwicsdn pésregnt Nofveldatrewerks,

i ngredi ent, Jbout gg%gm&tslmn ue $EBH dido G eRAAHE a ek QIoP&HH n%smredﬁmm@bout 1

percent to ér cent o active ingredient in conbination wth a

phar ni aceut i eal | V%EE%’&T%B‘F BVOLPT PEipins SEERFRINE B repreoglpiin 464 RG4S provi de
t he opti nuMmudeSioneichniv@sgiongie s¢a€olgs ont@whie CRBRe Ut theinldiries@ans grfted-0noexanpl e, , a
single Bol ug, Xoxpﬁmﬁ;qg%&lugﬁ RLGorRONE Ec%:folqg Mhﬁﬁeden%%gé alR¥g Qeth%%]nﬂx'ns% ered

over time or t ose proportion reduced or increased as I ndicated
by the exi gBi¢ipaseisp Sl?%éytf‘l’fékfeéﬁéﬂtpf%e‘%?ﬁst}:éﬁ%o } ¢r SEQ IR & ¢34 15u6h advant ageous
to fornul at eong@ieiRherkabwe beEe 8¢ tpolypeptides cdopde ataigtt-shaifin imingease” 0Known

adm nistration and uniformty of dosage. DOsageunit form as used herein refers
to physically di Screte units suited as unitary dosages for the subjects to be
15treated; each unit contains a predetermyned quantity of active conpound
calculated to produce the desired therapeutic effect in association with the
requi red pharmaceutical carrier. The specification for the dosage unit forns
of the |nvent|on are dlctated by and directly dependent on the unlque
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250nce per week, once every two weeks, once every three weeks, once every four
weeks, once a nonth, nee every 3 nonths or once every three to 6 nonths.
Dosage regi MEA30fB¥3Hn anti-DKK | antibody of the inventPCoVSPREPUEE 1 ny/ kg
body wei ght or 3 ng/ kg body weight by intravenous adm nistration, with the
anti body being given using one of the follow ng dosing schedul es: every four
weeks for six dosages, then every three nionths; every three weeks; 3 ng/kg
body wei ght naarioeudfiaiuliofmdewsykslor sgffkigs inddde, mlaghrpt lawigadyo, t Ainetingeek's .

In sone Wet@BFL%ectﬁ.y\&o%om&ﬁe,gwm&l ﬂ@awamm mwa%ﬁyrm(mnéémﬁmhﬁe}s ABi ndi ng
specificities are adm nistered simul taneoui%/ g TMP‘ %égj t he dosage of
each anti bo@'cﬁnﬁﬁ‘ﬁF’éﬁ"g}’ dynainygntigodigs (Hppanfipy - %‘Iﬂ dage P IRPY "W i body is
usual I'y adrmzmmi@deeﬂelgmmm)uh;tocpine{/\mms|(ha$PrbtmmrzvalErelbeg, emng), pgdle dosages
can be, aﬁ[ mB& A r,%uno\ﬂﬁﬁmaxeun@@w% n 1R PR SaVeutibi A, r@%n@swgsemaydoxm Intervals

can 35 eqular. as 1 ndica patient bl ood- I'evel s of

ant i body to(At"I'ﬂ%\a fngr Gequnigist YigsrC A P&Fe“éér?éfftﬁ’i"@fﬁ?’éfedg‘l}éf‘fi afBliERmMEPG or Pl NP.

| n sonme. net &ed4dlin asagein) ScibPhiotest ethbHOHalehGeveny. pl asma ant i body concent ratl on
of about 1- %Wt hods about 25-300 ng/m.. WO

20071084344 Al ternatively, antibody can be

admi ni stered as’ Breqdarchp sratdolivarebased mdforpeeintyis 11 deeip (et toeisdh medde pf oquent
adm ni S10° at the FibroSectif Gk 112 0 FRDsage) Attt fireatraney: Iabyaid @pendisigtaaranih e

hal f-1ife of o Alackhy how_t he
Pangest  bar FrEE e SR RRL el A e Rk LD IR BARLR ek TR RRLAGA LR R0 NG
nonhunan an%qu?fdi‘ee&mte"l‘h@dM&@@“@ﬁd‘gf‘?"@ﬁ@éﬁwuw’ GRS VRFR ERTT BR b8an vary
dependi ng oOstrawiiab Beh othBeant hie abINEnd txposdPTHeRyd A thit Ghrarsutihiesgpessth ege bfthe
prophyl act i ¥ I

el ot vl y DotpEts s erdln EleBls ok ds PN IR3AA b LR Gl or &

conti nub tothPé?féFtTP@d% FEBe 38t 8 or the rest of their liVes. In therapeutic
applications, a Tiekéfibriebin-hisghcdpsRge nat adiehdhodi@hln, ahiefugh thabesralbboll i$'s

Somet i nes rags}é af rglgteiil Q)t h:!t OP&IQ %ﬁ?%:ﬁﬂ\@tl&%] atnngo lﬁ%%—ﬁé:? tlllesval:xﬁgéjlgggn ?‘F thé ﬂa@ nat ed

or until the Oconpl e anel 1 orati o synptoms of
di sease. Th‘é\aé‘a’f"f"éﬁ‘ commgesplmqngﬁtamﬁh regeenAifUAl rcarednd ynuigly Patarreof fégi ne.

Act ual dosagficlugyfk Soimriaeglamilih uitiboigh Rdésemntignibmdinh @ropbdicsha atstsindRk in

conposi tj on n anount
of the %(%:t i ?/aél?rlgn (;r]agfé‘a%%ﬁm%olfﬁa{% 5eff %t%?é?zfgltdg%gﬁﬁsee\égn Qﬁgﬁ ggé?ée & erapeutic
response f o?hua“*w@tem"aﬁ“ oghat iisesipilar toghpriesess BATTInEnpatysgen Bﬁ‘a“i‘!’s’&&ﬁi’h‘i”ﬁ ration,

Wi t hout bei Tigesé BdkbectiBbdsbibm@atulled Bin be T 28 elaffoitiedhaoths &Y rdgMed s tid holeddpend
upon a vari gl oo BhAl @we fiveh @008 seam}&%nmgpécm% getivity of the
particul ar conpo Itrons: of t resent 1 nRAvention e or the ester, salt
or ami de th@ﬂ-éém;h%—@%ﬁr—@—r&%dm ni stratl on, the tinme of adninistration, the
rat e of2excr et i Onheatchhfiegyiabdsedat Bing prERG G abl@iriﬂgemmlr@yaed;odﬁlbﬂsdmtdbOn of
the treatmepf,. %ﬁg%, glr L WG Bns &WPQau%gﬁsea@g/bmd, g%mr@ktsargé@%é ﬁkﬁr@r@bé&@t ion
with the parlldl 5 0l t1ons enpl oyed q Sex condi tion,
general hearpfhlaisd 35#1!1519 afigh BpleRePtidsi cORTIPE offtvp pui-prslichenhelies 49 2w @t ed, and

l'i ke fact or BindRk bf #8 Gaablk Fegloe ishREHCSptimadel By using rtbb@fn&pmptaycal ly eff ective

dosage” of ﬁathoﬂs%}mé’}gt i,0ody of the invention can results in a decrease
in severit Eglf—dﬁxreqse—‘?'m an increase in frequency and duration of.
di sease3%yrrpt om Ayigersgerdegers, fragy nagrg) iednseint ontaBinsiprazdn purk At LIS 1.dibsbi | ity due

tg the di seasmimfabd ised byotature f35ﬁoﬁmrﬁa&6ih1ima&btxeﬁs adhdl B HRFr@S Bk 250 taBhE 08 can]c be

adm ni stere re rout [ ti n - of a
vari ety of  Herumd SRRl oRRIAmERL St B0 F Shhbl sHBLA BRGC hoRR P
artisan, the&-rpiinkedyirdymro aﬁ'éd'@k%? fh‘dﬁﬁ?’ﬁf’@t%&feiﬂﬁ%thﬁﬁqal’ bvéfvhﬁféfﬁé'rﬂﬂ%?g upon the
desi red resifgsthe RaHbRBHgd fiesa@id i, & eadnpR) 200201 BM6; buwddEss ot 26036048 Add ON

i ncl ude gnt%&%g ggf, i ntranuscul ar, "intradermal, intraperitoneal,

subcuta%eou é? & or ot her parenteral routes of adm nistration, for 30
exanpl e by injection or infusion. The phrase "parenteral adm nistration" as
used herein neans nodes of admi nistration other than enteral and topical

adm nistration, usually by injection, and includes, without [imtation,

i ntravenous, intranuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, sgntraperitoneal, transtracheal,
subcut aneous, subcuticular, intraarticular, subcapsul ar, subarachnoid,
intraspinal, epidural and intrastemal injection and infusion. 35Alternatively,
an antlbody of the invention can be adm ni stered by a nonparenteral route

P P L - | D B | I | D T . r D . L I




10needl el ess hypoderm c injection device, such as the'clevices shown in U S.
Patent Nos. 5,399, 163; 5, 383,851; 5,312,335; 5,064,413; 4,941, 880; 4,790, 824
or4, 596, 556 WEIWAPEELE of wel |l known inplants and nodul e PGI&BHO7PW7Fhe resent
invention include: US. Patent No. 4,487,603, which shows an inplantable

m cro-infusion punp for dispensing nedication at a controlled rate; U S

Pat ent No. 4,486, 194, which shows a therapeutic device for adininistering

nedi cant s t livibbighintAde Affskiy n; U.S. Patent No. 4,447,233, which shows a

medi cat i on i nf usiQpRUERATAL iSR! HELhOs B bRl WmalsoPor REL A bidis] ON T AL e;
U S. Patent No. 4,447, whi ¢ a vari ab f &;IJV)I | ant abl.e i nfusi on

appar at us f Srsed gpite ﬁ‘ii’@‘éj "5 P‘ffd’fﬂ‘éll$‘\3/ 3?‘9‘"% ﬂ?"@‘“sﬁéf Eﬁtﬁ'" rotgin £982 §8E° HAPEHh shows
an osnotic dioughdekievien Baplydécenubavéungrhinskafiolddvarinarongongls turian 1as¢s ahdf U. S.
Pat ent Ng L%vh‘kzgre]rglﬁiom%ﬁ %eﬁQQMﬂ%Bd)% imLHieQ vﬁm Hgargeerlul'n\lxglr(}f hg&ﬁﬁ R%QntsTﬁ@%S e

patents are 1 ncorporated herein }/ r ef erence, g Oot her_ such | npl ants,
del i very sy$teis, 83441 Hodditedvsme eR‘H‘Ef\M‘i'mL"cfmf‘PRS‘éeé’ iyl ﬁcqaﬁé’e'ﬁ?‘t"%

In certain &nia,aﬂmaaad&thdrhﬁednuﬁwagmnmbml wisich ishealkms Irodpitt dfdtsismaiesize, on can
be fornul at 0 L oM VQibgOr exanple, the

bl ood- brai n a{)ﬁ?dlm?lﬁ%gwggﬁgﬂgée@ nﬁ%i)’/“] aPBﬂ} yoﬁygr%bﬁhfl i ¢ conpounds. To
ensur e t hat (OHetiesliss 38KLE i ¢ conpounds of the i nvention cross the BBB (if .
desired)lp the' cantibgini®implodiceticvilaied BXaEpbepany Rietis PoBOLBSAG. Fosy ar@dmwédods of
manuf act uri T}%HJ l}p%gﬁﬂgg%hdéﬁgad gro% %f small‘f a§d rolgﬁgt ﬁl%te%sélha%;g uén%l:ly m5ql\§zz4n §|Q8 and

5, 399, 331. 0SOl nes rrse one or nore noleties which are

sel ectively Pf‘¥séf’r'|‘§(!ﬁ9|"t"§'6’qr‘tﬂ’€f°§ﬁ% ichrpicaly engitiys orgpghifsls comRrads: BRvRghed tar get ed
drug del i venipodai®ece iighumal tisuesRamaddiquii89 J. Cine Pharnmacol . 29: 685)

Exenpl aryt ar geti e F1%§ ﬁltz{rcgf?tec!nn‘g %%ms&k%f?mrgnno@ogglliﬂ V(Ilﬁ) erfardble ]oU nt @t ent

5,416, 016m Low et a Urezawa I ochem BI ophys.
Res. Corun.of 3gid famengi- HW?’UBGP‘&’?“(WE an‘BflOé@ﬁ%fﬁheé'tfe%rnb'naTé@smﬁﬁss Lett.
357:140; M Ilipvaliss a8¢ coddposed oft DGiTziApily peptiziE olrin WiteTHOSo Cloeumihdweld. resiBies 86hg
sur f act ant gus@;ng tgﬂxa‘fy ,;lg%ggltmqg S“(%é W%]J%uhgldomal 995 Am J. .Physiol.1233:134);

p120 (Schreier e | em 269:9090): see al so K. Kei nanen;

M L. Laul ci canen:The &2f frerpagpesthichaugsesuphe bindjng gockst, d"‘é’fs Prongueeq FiiiGHE et hods

4:273. The Goititpahd fbmﬁate'ﬁﬁ'vh&tydﬂselﬂblhaﬁm Thebindeg sitedaaties bé estapaiah hod of

pr event| g I ancer,
il e B B B O P gent s

Whl ch corrpr ia é%‘yampm084344PCT/ US2007/ 0110777 (a). a neutralizing .

anti - DKK1/ 4 conp@si piosdi ofdipoalibfamiifahdisilinybinding prateime@8a]} oftadris Praagitae wes legent s.

The invent| Q.@edftss'ﬁéJaf%,Eamrcg\}réwﬁm{ag e MY HBGE ag%lg%ﬁ%mgm,ﬂeom phGRPIISing: (@)

a neutrali zi nq anti - A sition; ; pharmaceutical [y active agent;
and (c) a pha® Wﬁ%lﬁ‘??cé‘ﬁ'F‘Fya"él@&‘%t'%]EﬁTé CaOPYYBT3- The present i nvention further
rel at es 260 avitammarccalPrgpaeskage or prroduct corrprl sing: . (a) a

pharmaceuti cal f %quuratao%@rl@sfarésn%%ﬁ %moggbmtamtmm& gpaa;gﬁéd%pgawﬁ@d

(b) a phar maceutl cal formulation ‘2 armaceutical |y active agent fo
si mul t-aneou<inise s PeRins aagimallapdecyles- Seyuefits af m?ﬂ%%"esfﬁbbelj‘ﬁ%(rqﬂ%éutl cally
Active Agentsslected from two libheiet, earcnbi‘wphlais paed o 4 diffbdet hamtn deivaesitad prosina br oad

one covering mnYAfﬁhﬁ‘*%ﬁ%@MEé KAl hoBGhH gﬁ%c@gem d%?va mgnﬂbgmmg,toteﬁmcmm SIs
of acti Conmbi nati ons of sone of these with /4 neutrﬁul zi ng

ant i bodges/ c!’é?fﬁb%‘i“iﬂ'?yﬁéw%‘éff'“i’%‘s‘ﬁ?ffo“?s Oweﬁf)wb\s‘éﬁéﬁwa R '?ﬁ’fé?’&‘iﬁ'g‘fa‘ eye
Ceneral |y, idisphaimadenstdicals"yiqadti" vepeefgeit poaing Bottesgiah setfoldcaoray poplt, 0 t he
mechani sm of as:ﬂ%a{empbm% spafomm%dq,\e%k@hlegstggwm@a% Maenﬂm&gggn&stﬁﬁs of

deVel opnent various tunors, or react wt t he tunor
cell's. Ther é“@ﬁ@b'&%’s‘éma’db’rﬂ“%“’\ﬁm eRadrh e slheeéﬁ'ﬁ‘ﬁfﬁ’é"soméelﬁf?fe‘a% Et*ﬁ'ﬂb‘F%‘Efrrer ase 1
and topoi sonenas erykthllinoderivki ehreias fe datribedint YORE 184G bl exByiplbe "tdquinirt-

phar mRegyt | GRL Mo @Al LY AB6RR whBofiRafks especi al |y any pharmaceuti cal |y
20active agent other than a neutralizing anti-DKKI/4 conposition or a
derivative thereof. It includes,
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but is not limted to: an aronmatase inhibitor; an anti-estrogen, an
anti-androgen or a gonadorelin agonist; a topoisonerasel inhibitor or a

t opoi Soner askO 107PHA4bI t or; 25i v, a microtubul e active adeéRtUS2AA0WIKYI ati ng
agent, an anti-neoplastic anti-mnmetabolite or a platin conpound; v.a conpound
targeting/ decreasing a protein or lipid kinase activity or a protein or lipid
phosphat ase activity, a further anti-angi ogenic conmpound or a conpound which
i nduces cel Metiolif &raditeedtd aribglisacesses; 30vi.nonocl onal anti bodi es;

vii. a cycl Ooxygﬁpé‘é&séeamd%ttﬁkfanu@n@h%hs&:waﬁmtgevﬁaﬁdhela&{uarﬁass&ﬂ,mm@ntor a
bi ol ogi cal response nodifier;

cqQgen c
i sof orms;  heavy and light chainsequgices shawn P‘?i‘ﬁ'i‘ Efl"th Pser‘]é%?(eaée ﬁ"gaéléﬁ?%ﬁfm& ?% '
mat ri x et aby epdiolig ftihBegth hiiviptHadrand/ar tight bhamneqtencam\h@pﬂptt Ydesen¢en o Biet or - or

a prot eagonginhi bl 16 agtac tﬁQQ ]19\§4§14zf}18&y ak{ﬁ%@&?ﬁk%@&ﬂ the structura! ﬁatures agent S
o

used in the treat ogi ¢ malignanci es or Go vy{f}ﬁ target
decr ease or °f4¥rﬁ‘5ﬂ(‘$lri’é8'?,‘{dp’\9ﬁh§’/'“ﬁ?“"ﬁ‘ pre gsed to create strugtygal y? (P Ktbitor:
Xiii. anti pﬁﬂlbb&&itﬂitlrélﬂn atnéastame fi@stional property of thexantibodges ot &t owentideaodtay] ase

(HDAC) i nh' %l‘g% to human D, 1)8\[ DK%4%EQER9M!SMh%:JgEUng&II§We %Qﬁoﬁ@ﬁﬁﬁ)egﬂés J)fnm bits

the activit tion o serl ne/threonine miOR Ki nase; xvi..a somatostatin
receptor an rir SEKAeEPeth- an anti - | eukeni c corrpound 10xviii. tunor cell
damagi-ngo appr oac hwa&;xaeﬁpbé ondBr RGANRNEgb)s of Fe agtibolieosfuie] potitdyentaduct ase

DO oA RS IOSRLD DI AR AP AT BRI ARE DRl Bttt - 2

monocl onal  ant 15xXxi11. photodynamc¢ ther ap XXi V.
angi ostatic CQRéﬁQﬁ'%P‘e sdgijionahricompinamly- pgRtesRdrAnHP IO Rertigsef B‘F drgentio ﬁﬁ an ATI
recept or ant agaﬁkeﬂfabovafﬂihqr typés of modifications include those described in the previous section. The ’

starting material for the engineéring method is one or more .of the Vy; and/or Vi, sequences provided
15 herein, or one or more CDR regions thereof. To create the engineered antibody, it is nbt nec_:essary to’
actually prepare (i e., eXpress as a protein) an 'antibody having one or more of the Vy and/or V.
sequences provided herem or one or more CDR regions thereof. Rather the information contamed
in the sequence(s) is used as the starting matenal to create a "second generatlon" sequence(s)
derived from the original sequence(s) and then the "second generation” sequence(s) is prepared and
20. expressed as a protein. ’ ’ ’ .
Accordingly, in another embodiment, the mventlon provndes a method for preparing an anti-
DKK1 antibody consisting of: a Vy; region antibody sequence having a CDRI sequence selected
from the group consisting of SEQ ID NOs; 2—_5, 8-11, 20, 49-56; a CDR2 seciuence selected from the
group consisting of SEQ ID NOs: 2-20 and 5‘7-64' and/or a CDR3 sequence selected from the group
25  consisting of SEQ ID NOs: 2-20 and 65-72; and a V| region antibody sequence having a CDR1
sequence selected from the group consisting of SEQ ID NOs: 21-39 and 73-80, a CDR2 sequence
selected from the group consisting of SEQ ID NOs: 21-39 and 8]788 and/or a CDR3 sequence
selected from the group consisting of SEQ ID NOs: 21-39 and 89-96; altering at least one amino
acid residue within the Vy region antibody sequence and/or the V| region antibody sequence to
30 createat leést, one altered antibody sequence; and expressing the altered antibody sequence as a
protein. ' )
Accordingly, in another embodiment, the invention provides a method for preparing an anti-
DKK 1 antibody consisting of: a full length heavy chain antibody sequence having a sequence )
selected from the group of SEQ ID NOs: 115-117; and a full length light chain antibody sequénce '
- 35  having a sequence selected from the grm.;p of SEQ ID NOs: 111-114; altering at least one amino
.acid residue within the full length heavy éhain antibody sequence and/or the full length light chain
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xxvii. an ACE inhibitor. . 20The term "aromatase inhibitor", as used herein,
relates to a conpound which inhibits the estrogen production, i.e., the

conver si on OYORW&&¥tst r at es andr ost enedi one and t est ostPETERYT/H0ESt r one and
eStradiol; respectively. The termincludes, but is not limted to, steroids,
especially. : atanestane, ezenmestane and fornestane; and, in particular,

non- st eroi ds, especially am nogl utethimde, roglethimde, pyridoglutethimde,
tril ost ane, aitgdyoleasharie creite tidtesimaz ekwed apBhady spapinee; andehprssvneghe disedt r ozol e and
| etrozole. Exg a,;}gcelaga pRideet ed as AROVASI N, fornmestane as LENTARON,

fadrozol e as AF nastrqzole as AR M s FEMARA or FEMAR, and
ani nogl utethimd gﬁfﬁﬁp’bﬁ‘%@ﬂ“ U REHEP Y Séﬁ agfet“toﬁeorlpfte\’/’aerh |a6’ﬁut(r:a(l)'%r'[5' Mg a
phar maceut i D&Y coppsitenagtmizedior wiminglioa exmessinmecrsietingiolii HV ¢ seion anthady i cul arl y

;JS eful f 9r Eé%ﬁerlcé ﬁa%‘idg%@& Whice RAEIRTR N BEERLOS SBOIDINGHE 1)UABE ¥, re@iod am.ﬂaap ast
unors.

he term™ a i-estro oaco
whi ch ant agé‘?ﬁ‘i“"z“é%h"t"ﬁ’é AEFFUERT sggets Jf%taeﬁgu%?f%ﬁgbiéj r‘éé’eﬂbf”t“ééé%t%?"ﬁa The
t er m i ncl udedd residie w:shlmtbe thmmedtlltody seqaamoxanfienthe VL tdgicosihtitady seqpenkcoto fene and
ral oxifene @%QEQ&EQSPJ b GoredAIRAY bRk PE AL JthS LR niitda} RGudiRE M0aS it s
mar ket ed, e.g N ,re and rgl %Effeng hypgér;o '%Ihorl de |ns rr%%ﬁ?atned as .EVI STA.
Ful vest rant P‘Ef’éﬁ‘f‘ be for mul ated as disclosed in U S. Patent No. 4, 659,516 and is
mar ket ed0 as -35FASk@BEXnoléeuto hiologateriornues cah heused wem¢naorand owpss be nlgerfa'

phar maceut i Gatiy, eatényee TRE SitbodY UnEdch By BB afRldl anmt QQELhek(S) lp@retma@ Hhaas| y useful
for the treatnent of estr ggen recept.or E)OSI ti

unors.
WD 20071084 32% B Weh 80 Bfesippal properties of thejigutal F‘H$ a'&h@?“é(ﬁ&?‘tﬁ‘é’éﬂ""s ‘§§°“E% ed
herein, rel atreis, widctefayctiond) ptoperdes indhidebui sre oepiatitedtoofpedifitvilp binfling toitymabi ol ogi cal

effects of MIO%QH&anh%VﬁQ%§ts%pga§t Qxﬁelolfl q\%@‘ollob/mg fh&tl&ﬁi p&)bemiersqge ingbod_y
bi cal ut am de ( CASODEX] iC

o can bﬁ> rmul ate gd a€b ggﬁtﬁsedlnus
Patent MD. hé%b’eé‘sgf’fﬁ*ﬁ'é‘ prateth o g5 ol srepie 8@%9&?‘& o0y 1RO SRR :
i ncl udes, bwbinding preetntihg on dretiortting oatbelysd, bixthe gmb@yehhlmtszm@(lge%toebmwnacet ate.
Coserel in | $ulD 6038k &bl RariBAk 0 uciond ol B ofefa Pl DRRI kel

ZOLADEX. Abarelix can be formul ated e.g., as disclosed in U.S. tent No.
5,843, 901. binding prevepipg erme|iorgigis5A%her ase | inhibitor”, as used herein,
i ncl udes, but i sThoiltetell mtitedy hay, exhibpobegamre, gra@tacan, thrqelonmble(oaﬂne

canpt ot ng AN drb RO QQUE Svovd- Ni trocanpt ot hecin and the 10macronol ecul ar
canpt ot heci.n conlru gate PNU- 166148 ( in WD 99/ 17804 I rl%gt eean can

be adni ni st ered, T8 gnctiony pfﬂﬁ@*‘?stﬂffﬁea?ggp‘t a‘t“godr‘r"ﬁr"'ﬁ'e‘tee"‘dsesséd geine
trademar k CAMPAKISHRe art gpdioedaeribederdie, sadhivs tiost set fodh inghggExamples felpe HLEFAR:as it is
mar keted, e.g., tm&tﬁsm tmeoétmeknéz%mwneemgmtems otaemvemm rAsifiond

inhibitor", as used herein, inclu i.S ‘élg ‘i '
15ant hr acycl"i"ht@é"“"é’ﬂ?f’ﬁ faé@o'ak)b?bﬁﬂsi“fﬁbfﬁlm]gﬁg|°[,Qﬁ"‘,ﬂja'i‘ f”B" ﬁbf‘“@fﬁ yrﬁfff"étgl on, e.g.
CAELYX, 26launeajuerdk endthe iendiingomadifiel apoBE KA lantitodirgdaa be omeenal fgr bindHANOEEIVE,

Ie|m rO}(JbI fl N, 2hd@'d gtaltr ﬁ.ha.oa%tq,r@em%tae&hm helRf. ﬁﬂﬁh&rﬁ%lgﬂ?ﬂ%ve%éng}é?dﬂﬁécﬁﬂe agd
osOxantrone; an e podo ot OX] nd. t eni posi.de oposide is
mar ket ed as }ET‘GD@"I-T@%“ H"&E"'}ﬁlg\ﬁ%ﬁ)@&@% I‘?gft‘?acd?ﬁsr'ﬂﬁF d?ﬁ"r SETHBR F LASTI N
or ADRI ANNCLsedg:enqulanmiody:mmatlm uFARNDRUBR Gluidgeneda syitiett hgatisn ZABDOS: 2 20 and

m t oxant r On% ASindNGY: mwlwmaﬂvel pCT ABILRLAWGS @/Wél@'iWLa@ar%pil iM&riggent " as
used her relates to mcr.ot E\),

ﬁ ul e stabl‘%|2| nl?lg n‘%’? ubulle dereta ilizing
agents afd meé?ﬁst‘tfb‘ls‘f‘%c‘ﬁtﬂuffﬂ‘é"f"‘ SEENBRMPARTHP PRI RIS PG pB’Bf 'Fot' 1inited
t 0, taxanesgantibodies. paciltaxel. and -docet axel ; vinca al kal oi ds, -e.'g.

vinbl astine, espeglal do¥seddt Pe%loﬂ%% M‘ﬁnﬁd&bf @ctrﬁcal Ydr@@t@ﬂnﬁﬁth@ﬁmnemelﬁ'e aild ffector .
vincristinesul fate and_vi norel i ne and:

epot hi | ones&¥ltiensy! revé'ttlbf)@édeé’ﬁlgf“gﬁfn cyé"t‘@\'c"‘yéﬁgght ?rc?ﬁ'eplémf)'}tgﬂ’eﬁ‘geﬂ “t?'&t“?x\féty
t her eof-.. Pa¢tDCpacalitiéss OnarkengitecaspediiXBlutand ot bt Bx Ehgrast § AXOTEREectyifiristierst | ne
sul fat e33s \ét&tﬁls@ﬁmld\tfﬁf&seeaag th@mtc%taﬂ@gy swhiales, a&oﬁﬁRMbﬁ)B;N A 50 i ncl uded

are the generic rns o clitaxel sage for

paclitaxel. Genef “E'“P@P‘Hé’%f S fineet a‘tdr?ﬁrf’ﬂ%@f%f)eu"? a'éf"g'% T°|%'ﬁf{rg%j

bet axol ol hyeiidehrbgsd afen aMipedoimmeosdgen ffo firsnat hapaelthetaawebﬂqterm’eerde but are
not limted to 30 al bumi n nancparticle paclitaxel marketed as ABRAXANE, ONXOL,
CYTOTAX Di scodernol i de can be obtained, e.g., as disclosed in U S. Patent No.
5,010,099. Also included are Epotholine derivatives which are disclosed in

U S. Patent No. 6,194,181, WD 98/10121, WD 98/ 25929, WD 98/ 08849, WD 99143653,
WO 98/ 22461 and WO 60/ 31247. Especi ally preferred are Epotholine A and/or B.
35The term"all cyl at| ng agent”, as used herei n, | ncl udes, but is not I imted
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( TEMODAR) . Cycl ophospham de can be adm nistered, e.g., in the formas it is
mar ket ed, e.g., under the trademark CYCLOSTIM and ifosfam de as HOLOXAN.

The term "aYP2We®PPHsti c anti-netabolite" include; but PCIUFHOTPIORt ed t o,
5-fltiorouracil (5- - FL); capeeitabine; gerncitabine; DNA deLnethyl ating
agents, such as 5-azacytidine and decitabine; methotrexate; edatrexate and
folic acid antagoni sts such as, but not limted to, penetrexed.' Capecitabine
eanbe adm nifettémedG] er G4 iSofypesTen boserrias for teli lslllrmachebedheras@GZ isyigtercat he

trademark’ X@Q@Aforamt&%mﬁmgﬁma&Q%%A«Eécenk.nmgmw;term platin conpound”,
as used herein, |nclu not }gmtedt C rbgﬁlatl CIS | atin,

ci spl ati num oxaPi ikl ?ﬁ'esgﬁ'ﬁ‘r‘%lsﬁﬁ”i"ﬁ'a e Br B Y tige Mﬂ'cafg AYa73. -

Car bopl at i nva@able ré@ine ofeantibogdy itk d ser@n groteiri sockt drséiSoncnmpaSem bindigg wandbetmoh, e. g.
CARBOPLAT;  aReLiP%ah 'rﬁlq&tﬂlﬁh.@pmtéhOXAﬂ N. The ter m "conpounds -
targetlng/decreasm protein O |ipid kinase activity; or a protein or I|p|d
phosphat ase act i Hifeer. ‘B‘tc“‘?"ﬁf‘f"rf’ésro bﬁﬁl‘fireda'ﬁ(gﬁ“ﬂd@wfgéh’b%}’ﬁ?@dﬁtﬂ’g pattegiofthead her ei n,

i ncl udes, buitibbdy. Gbfcart (e, 1USd, 6026 84prRibved (a.gt, YS6,34G 92 Kand aB:genall(eQy serl ne and/ br
di er o ne ki QRss)qsSENsPhOE firREreh ihatkln B finel B U rbchres W, 1A

i) conmpounds targe cg decreasi-ng or In 5% e activity o the vascul ar
endot hel i al dgFawMIkTrALTEIteREdRseiahs nenvitegsylated greihodies Wilh RS GMaBesAMiRIF t ar get
decresel@r hdikites. Gijch® hacisoeteyoped yeudtGH) lnesmmla&ﬂpyodﬂaﬁg)@uﬁﬂ:sgwwam bfnhi bi t
the VEGF reggpt@Le W tch as, .but not limted to, 7Hpyrrol.of 2, 3-d] pyrim di ne
deri vati ves (AEE788) BAY 43 9006; i sol choline conpounds 20di sclosed in WO
00/ 09495 Sugﬁ___alg_a@ molecules encoding antibodies of the invention

(4-tert-butyl - pheﬁgtﬂé-a%tpythbmvmtén)tértmtslng/ﬁuclescaeﬁuchulsst&atyac)ode mahmtbo4xML881)
and i i)cogpqu 89%5@@%@.&%faﬁgxmhp&a? Fgaéemggrmuwag R

pl at el et derive actor-receptor npounds "whi ch

t ar get ,.1decPEQLR MO TnH0pErantiies of il "?ﬂgfhs}‘eb‘fyc “taé§}ffé‘if’?%§e9“e&€ﬁsrp’6unds whi ch
i nhi bit t hesiRGH $BCEPNOE:, 10€-103., Examplepbieily bngth Pyt biirchiudRotidd Sajentes deri-vati ve,
e.g., imati c n decr easi ng
o %5 i by 11 B g e BLRGE P lek il i LS RN R B B0 b Tl it

i v) conpoundEVY gidetiriigide a@e?rzs&%qpﬁgﬂzaﬁ‘ foqr ﬁ’fﬂ"lﬁ'f‘?’! g cethare ghopini $5R
insulin-likeosgriemt h factor receptor | (G~ 1R), ‘such as conpounds’ Whl ch

target, Hgecreas eTfPJ nucl@kl'api!d& mb¥% p%‘sEA%IOM{oleOJe I, ﬁ:a ceﬁ %lne Sor RS%@Mciém%@ﬁF&%”ds

which' inhibit the |G- recep e bu ted to
t he corrpounﬂ%mﬂlysﬁt'ﬂﬁ%déﬁ s‘f‘ﬁtam”mzvremgé nugheic it ‘F visglatere or {refdprgd subgipntially :
4- am no- 5- ph@erywiren pydficalauhy fremp piheode 0§12, cBmadripiyts bibtickr BehtGletidnisad. i Vediser CAMAB4 1) ;
v) conpoundg, A& oP&oteﬂg%Q‘?ﬁ%aﬂﬂe% qh&h#ngbél O&Ska‘i né?sﬁ%éa‘éh Y QE1 dofi@ind " K

receptor tyrosine kinas Apoun ecrea3|ng or
i nhi bi ting tHERePUegRRY- asﬂese/sf\ e'%e@ﬁfea? a‘tdﬁ"“t&‘éﬁ‘ﬁg '%Pwa@éheraahﬁqey

Vi i) conphundssubell get.iedgosUEar@aBiongoloin Nisiéuli Biokgy,.tdreenaetblivhibyandfwildye e- Met
eceRtor: MR- A8 HAAPRTL LB R0 HAOMATIT o bLINAQIRALIAG: bACGELLL
decrea5|ng or 1| nhi e activit recept or rosi ne ﬁése

i X) conpound& P& WEEIR mm%sg&%‘f@ '5?“ PRt srent: WQ"P%C?MWF‘P AgtolgeHl- Ki t / SCFR
receptor tymrEsinkickiidase be bixjenoinpondsuthas gebdzadispldecregsi ing raombinkitbi ti ng t he
activity of ltdg}gﬁ Csdkdet Feceptor tyrosine kinases (part of the PDGFR famly),
such as gon'pounas whi ch target, decrease or inhibit the activity of the c-Kit

recept 0PVt yr osi nBUR§IH s Ofﬁﬁ“?")?m"’ééfﬁbt&o&?alnﬁ ERsHAaS mRksFHas biotsy frchnigysee- Ki t

receptor, erq. antithodE exprddsed by hybridomas (e:g., hybridomas prepared from transgenic mice carrying

human immunoglobulin genes as described further below), cDNAs encoding the light and heavy

chains of the antibody made by the hybridoma can be obtained by standard PCR amplification or

¢DNA cloning techniques. For antibodies obtained from an immunoglobulin gene library (e.g;,' '
© 35  using phage display techniques), nucleié,gcid encoding the antibody can be recovered from various

phage clones that are members of the library.

42



xi ) conpounds targeting, decreasing or inhibiting the activity of nenbers of
the ¢ Abl 10fam |y and their gene-fusion products, e.g., BCR-Abl kinase, such
as conpoundsVQRIGHSBHr get decrease or inhibit the acti viPGy/USROFOMKI7 family
menbers and their gene fusion products, e.g., a Nphenyl-2-pyrim di ne-am ne
derivative, e.g., imatinib, PD1 80970, AG57, NSC 680410 or PD 173955 from
Par keDavi s; BMS354825 Xii) conmpounds targeting, decreasing or inhibiting the
activity of menbense DNAtfagméMmoinedding VilbK Vi sepeiefls {rp obaidedarhdseR2N A fragmdnts carf
serine/threqn nd

Ros/ gk 1 At 0+ HOARER SRR i (s Pt Ko

t het 1(3) - k| rYa%?é’ erreaiof geaesip ﬁ‘é!s'%“%‘hﬂ?f‘ pfly chaiigeaps: Wé‘?/‘?'bgf‘%m"d‘f‘ get“ﬁ%”é‘iﬁf‘l PR #8pendent
ki nase fam Ilrythémlé)npamdoxﬁ,raev.,esp!e{;rbﬁbhlyg DNAS’&g&émwaperﬁmdlyﬂ&kmIaVcaﬂldr‘mB‘\

di scl Oseg in q%c@e or?‘oal;;‘l gddQn%‘?ﬁh%ﬁfQ elrgéuch %1 L@d&&'c@nstaﬁ%@él&l&% _Of further

conmpounds ‘i nc 006 Bryostatin

Peri f osi-ne; f@@bklllm e irsm "EralYgy finked @W@Z‘Uﬂ@zte"m"ﬁ dtovwgthsstbﬁ
LY3335311LY3IWODIG; frdgﬁﬁn&hﬁx’@jﬂmcﬂ% £RIADLA dennds,fetexasplt, Rasatdieenbsaddi n * 0
00/.09495; FTlSub clé)sDIencc%f1 §§ th%m%h'ﬁ%? %re{ni} lélrl Hﬂ%p Imt &Eh that the protein is expressed
conpounds tarcb et ng, dect easi ng or e activity: ot proterln-tyrosine
ki nase, suchmé@‘??mt‘?fm%ﬂwésmteé (GLEEVEC) tyr phostin or

pyr ]}/m d%Ibam nobenmzaeheemcbnm&rmm depiescdnive e@ErtddAVNRDAngthehwyrdphiost i nI : s
preferably a t HRGemthcal Iy
accept abl e s,gaﬁ1 yt°ﬁerat've$', 'mli“"m%eqp ﬁ"gM"gﬂé’Qg%aﬁ'gltﬂs i e'g?' 859‘?6 é}'cm}ﬁi el
benzyl i deneratst *Fglpv%cbllle@?- rmd Gﬁ% Tge éﬁquns@rvf ByeapeIcdRichTin eonspntEredfseisat e
qui nol i ne claasiio®h inGREPOWRLSs., KHBAEE.08 P2 all, add yScqutyics oNpotdnd ofleineaslegicdl r om:t he

roup consistin / 9,

'?’yr pﬁostl n 2@“?.%4]‘3% %Xlwrh%% b@pﬁz %ﬁag}égﬂﬁ%gﬁg‘é??nn mlg% gl?fﬁl ui&tléhqcl)%% ?n 844 (+)
enant i orér 3?92)p%@ﬂﬁﬁmgz@elswcom@sawheswsmb@v PRoYEnesidy: S‘%@gﬁgﬁnd adaphostin
E; goil [18 2, 5dd|aﬁbbdf&ii<yrph'ﬂéﬂjda}§mﬁh)ébﬂswﬁl Rgibn HA M2 ek GACindg@zlagsa) tyd4, AL BIE, IgNBE

adap I n X1V t c ; I ng the,
activity of t?é}wngtad“ %.Cpongmgggmegﬁ,g% H% g%ee %'{ekg%g%gir\ﬁ%'?%%sl ne ki nases
(EGFR, Er bB2periivg SmkEHBBBPﬂa% Dﬁ’@rmolecwieen@ﬂmg@afwm@w chms%ﬁeﬁl%gf eFPhounds
whi ch target, deagheasredDNAM Kty thd1e, Bgibi wntbyc@i‘vertéaeo £ pilldefgrElghgihaimebne act or
recept OI‘ fa;Pﬁsl %eélaés_.?o aeéagﬁctnt%'halg( en%mo gé\m e *ngltt{pv JncMg' %gea%ot“@ﬁhkl nhi bi t

menber s “of ros n “Kin receptor
ErbB2, Er bssmamleemsmgéhe lightrdaip sorsiapt region. (Ap %ew&&&sﬂ%ﬁ»@w 'Lﬂma'r/cemﬁarw
EG--rel at edlre@argiaes aadWho@h @ thélarp@éd d.&, K adit, IE.10S# 2l 0 aIReqEsicespr Poeina of Of

nonocl onal. nt| dle i 97/ 02266,
e.g., the cgmg '“’5% ’ﬁ‘aéé;é‘%“g‘?gu ﬁf‘ég"%l gﬁﬁ‘l’agfﬁgmgv'\!ﬁ%gg? g’ Sﬁ%EP 0520722,
EP 0 566 22&u Elatl@lwwl?%@) a‘Elj?TGA§'38'"?J‘G“Se"°Q9‘FBSS"13é'Fé‘?1TCg'NGS can bepoppaingd®Y\\D

98/ 107675 Weta3ddrSPORB 4mplifid&lidh/THEARREhaieorR18hi38HEBcaa bela kmpacalahlbd,a cond@nO6/ 30347,
e.g., corrpound nknown as CP 358774 WO 96/ 33980, e.g., compound ZD 1839; and WD
95/ 03283, e. gg conpound ZM 05180, e. trastuzumab ( HERCEPTI Ne cet uxi mab,
Iressa, 081774, G creayas schzjemnenthg - mypMag1gdingONA fragngnts pes ogerpiively lipkedgtg 3y
E7.6.3, and ahdthdrfrapért ohdHih2a Be:ddipyiikieriedi Brecodieg ihv aminv esid whjueke aitet Gkl osed in
WO 03/ 01354%uch%£t9$' :j':lﬂd %ngeqq%%é@kpexgé dJeesg mopt,gq,%us Jaﬁglea&mn%m@wmmen the

formas it is tinib

ni onocl c¥al \éuﬂ“ﬁ U@mggglsm hléthelﬂﬁ’éb'ébl“tféfs%‘fgg‘?‘mtﬁ’ -f8%4 YePeRddtB#2% nel udi ng
ABX- EGFR; andlsm)eﬁa (po3a mets. M. abBad a¢igess sTBRTP Sa%ke MeCaffertyi doalt, 1990&Nature -
activity/fung 9% ? serine/theronine i nTOR ki nase are especially conpounds,
prote| ns or ant| 0 es whi ch target/i nh| b|t menbers of the nTOR kinase famly,
e.g.; RAD, RASSKA opgepnal pgtipdies ofgheiuention anamyci n 15and deri vati ves/ anal ogs
t her eof . AP23573 mﬂclém&&ftbdnésr(ﬁmt)é)rdaﬁﬁh prﬁmeéctﬂyt avadety QEECRhGAR) inctidting Si r ol i nus.
CERTI CAN(ever ol B morl3R e Alb AV ESAARE) 0D QN éa&mc ERhAuOR! onal

i nhi bi t or t ha prevents proliferation-o ascul ar snooth nuscl e
cel I's. technique affieafiler gifddYlilsteiy 195 Makits B s Ma“Y @c't“tﬂ“i’srf&'f ISRt act

monocl onal  androbioki egibodadan boehgsyed pal, yied! onaicoank:mbnndoresuonaﬁwﬁnmpacesf iC

anti bodies forned fromat |east 2 intact antibodies, and 20anti bodi es
fragnents so long as they exhibit the desired biological activity. - The
phrase "conpound which-targets, decreasesg®r inhibits the activity of a-
protein or |ipid phosphatasemas used herein includes but is not limted to

i nhi bitors of phosphatase 1, phosphatase 2A, PTEN or CDC25, e.g., okadaic acid
or a derivati ve t her eof The term "nonocl onal antibodi er, as used herein,

o1 I R 1. . .4 L I L. T | b




25bevaci zumab, cetuxi mab, trastuzunmab, |britunomab tiuxetan, denosunab,

anti -0040, anti-Gw CSF, and tositunonab and i odi ne 1131. Bevaci zunmab can be
admi ni st er edVPRAFHE3flormas it is marketed, e.g. AVASTI NCTESRUXPWEE as

ERBI TUX; trastuzunmab as HERCEPTLIN, Rituxi nab as MABTHERA; 1britunonab tiuxetan

as ZEVULIN, anti-RANKL as denosumab (AMG 162), anti - CD40 as HCDI 22
(U.S. patent application 2002-0106371), and tositunomab and jodine 1131 as 30
BEXXAR. Aheniphirsaséan fdr grepdridg hebitdomadnigihe garincsygempdwndstia prodictches but i s

not 1t edyl S RTPONRN RN doAlBL N TBARAN R O kdiflfs a6 oY or ©. 9.

unrel ated to protern or nase 1 n dom de (THALOM D)
and TNP- 470immunized splenocytes forffisgoniie kpewn i hprpd Hten WFTch eiEn A1ES BEpma ool
differenti aﬁﬂd&‘ﬂs:@f@&%&&&ﬁ‘amﬂﬁﬂmsed herein, include 35but is not limted to

I‘ eti noi CS acid,- aChlﬁlElbc c?r axli 96%01191}]) G%i ofqg rfglcsentXnvgﬁ)tfon%gI &%Qip'éxleg B%Lxli on Ttlﬂg t er m

cyclooxygenase 'n use erei to,
e.g., Cox- 2sdapdychoftagnusine swawkcwl agiilhpsly preptrestps gessrilad 2TV OPNA ﬁsﬂoa%fheé’ewl d and
der i vat | Ves and9leGiehas an\Qno%QGJlm%Mm&E&Q%/nQ&&QFyBTdW @a0ukd af CEL EBEL EX) ,
rof ecoxi b ( \é:%yrlee ed %oectogtgm %gr)x(-lmtaméev .£., E&n?g% an%)lfnogloéjlﬁ‘l &X&ncgs using standard

aryl ami noph% ace
5- et hy1- 2 (ngrecldmbmlqu@echmn%rl’@a?ﬁamphdyﬁwetﬁyr«h'ale@t 4neb°&'whemvrmﬁvlma%%u b.
The term" bte@@h@&ma@nﬂieeso hunasc&ﬁﬁﬁtrbge@ﬁlumngina%dm%m iBee attssenet., Uisri ted to,

etridonic, qu%nli ’6 5t6!7 ko@abqﬂle?al )E@ c.r%?[e ar“uglamge Egog{'] lufe m\gag‘wngé 818 .

ri sedroni.c an z0l é rbn acl m ni ste
in the for nradeiinserted ifjpp kepadramewgrk usipg EJRﬂRELk"OW%I"d'EPr%WSEe agi g8 %?ée“BMEFOS
“tiludroni Csmss@ to @BintaKEld DS, Papaniel; SB]SK)OOI&SSSGUS%S@A%BM\Mgbmwﬁ(hhmlet‘,alacI d" as

,FosaMex; i bandf onl.g %gégo. i PRl b nd 1nOGALLIL Rl ntbnodhaf SliGhL:  and

"zol edronic acid aranase 1 nhibit as us
her ei n, 1% ef Svah Pw@arc@m[gndgnmﬁ@hdqeatp@esams Ik beppde gpnefapen |“BP$ "‘H’éﬁ?&f"l"ﬁ S uI phat e
degr adat i 0N anEBRorh&bMic nicd é&d@ﬁlg pirtitof ihS hix@4dn 1hirrﬁihé 86tein @3thdrkhaB the mouse systeﬁl'he term

" bi ol ogi cal ted t
| y:‘l‘[o)hgg: ?]2 a“p ese ﬁr%ngg & lcrgljl %ransce:l'lr(émom{mc mIC? mg deGhile rel”exirﬁé é&qlgr%in a;? HQM%%% 'clng‘:c IeDaI S 0

oncogeni ¢ i &M@rcﬂﬁesPE%'Selusae@aIIﬁIéP‘@PWCIYfﬁ%l‘"m)‘égerelﬂ@f ""i“%'a?]&tm‘F‘i mted .15 to
H Ras, K-Ras or: %ﬁa@wxa&ou&@mm:fem IRc.) ¢onfalk GurhO imeNReuUdds: sehe ﬁlh\lrbﬁrﬂgft

decreas or inhibit the nlc i Vit I sferase
i nhi bi el (ﬁ"ﬂ’?" ngeqrtanged B B%ég%)s“?‘dx 1y FE s ??&‘ﬁﬁ)&g‘%’gﬁ 4 bl
term"tel omtb%gqfqﬁlmlmt@@?ﬂ’at "&é‘“@?é’@? rdeaenays Hiapd K eaEdoci Gge o-g-st £re| ‘i‘ﬁ*rted to
conpounds \m@gamaw g@t@tw}e 85EFFOR AQEordifgy, kel mibhexhaxiréditddyex@bssiog loOFausatsdl -

Conmpounds whi ch « gegrease. or, 2 I Humb N Bea @ Vi rase are
especially coﬁpou'ﬁ'dsp%l gh ﬁé% t{l%g{r‘%mlg&rlr%r g@@ sz&nd\{ﬁﬁ%hm tr&rgge%@ }

t el onest at i H“deﬂgﬁ’élaﬁ%ﬁ‘%@"ﬂ&%’}dl SRMptStaHidtop fooreaia Bigh pITRIObRYMSR TG meneRjops!

i nhi bi top), (ambéigedehar e ,suprﬂe&\mea in bdnberk, N.NBV4 Hambb@chf Egperidehtabgen

pept i domt ITEI’PL %m?cg‘) ) n?[ﬁ ‘gﬁ nrll.;lerg hﬂ@h.bga%% lnttel%t ﬁ%%ﬁkdn@?lé&dgg bﬁ’%d ves,

e.g., hydroxana 1 C |nh| Itor t 1 mast

or al | y- bi oaviatdingoF- é" E%a'lgoﬁu&%eﬁf“i‘%s‘f #read- 8H- 75186 54‘13”*1‘?(9?&%*?'&1“ PAGEL0)
met ast at ( NW&)chh@g&Zﬁ?ﬁﬂqdlﬁc%\ﬂs da2ii QB 6uch AL STfurtHdMie2at(tisd o' TaNed 996.

The term ”Etg FWQS@N@C%]@RP?&&#QQ%%OI&Q* E’idsoéhen P8 HS88; ﬂ?ern%'uﬂnal' ncl udes,. but

is not |imtec oun 9%% decrease or 1nh t he act|V|ty of
met hi onidAe ARPHEAREYST HHL36: Togilion airitis! SRR PEoR- Nty fead. Scaé@%%‘s’éz%ﬁ%‘*nﬂh%ﬁa t he
activity of 19%tmut@aaa&nasm nopepicHdageetar,a99xEMBO J30H &TIgEn0] Tiailoh ewal dEI% Vat | ve

h f h 1 i
f;oﬁ{ggﬁn s V\EI §Hl‘tlot Mg 2 %g?@sr%g% éL”Q'af)'lb&Lﬁnemaﬁéna n%éﬂ 59'1%11 #LSila,

Vit he proteosone.
Conpounds whl e‘hﬂlt@P é‘?mred@@t?@aglegbb‘r“ B0 the ?‘1’?&’—"‘58&15 Fivt >£’i)“hé‘f" he& pr ot.eosone
i ncl ude, bugpearfﬁalmﬁcowomadeﬂ réferend2 Br 1Bl entiMuN S3ilirthdd,ar. 8. Paend Nbsos,549ed06;ade.  35The
phrase. 3?96’3 56885305 1535, 1885 b4:94BAb,656; SROTBE05261 61604 14318NH A S0, aRE USEd

her ei n, _
5,770,429, all to Lonberg and Kay, U.S. Patent No. 5,545,807 to Surani et al.; PCT Pubhca‘uon Nos.

44



includes, but is not limted to, FM5-1ike tyrosine kinase inhibitors, e.g.,
conpounds targeting, decreasing or inhibiting the activity of FMs-I1ike

tyrosi ne ki t4Q&0078¢ét ors (FIt-3R); interferon, 1-b- WHCT/US2007/000777
20071084344PCT/ US200710110777 D-aral ti nof uransyl eytosi ne (amc) and bisul fan;
and ALK inhibitors, e.g., conpounds which target, decrease or inhibit

anapl astid | ynphoma ki nase. The phrase "conpounds which target, decrease or

i nhi bit the WO92V030y8,0YO0 F3/12237, VO 942 &BShWO7h] 38 h AV @ 882483 herd WO ME942i ati ted to

conpounds, b @bRlchSan8KaRRhd PO P&sticMdh N3, Withd 1Piala4ih tkodnant 8:
Nbenzoyl - st aur os orine, ej“?ﬂ?}OSta rin Porine derivative, SU11248 and

S
Misl 518. The ter P8t BP@a“t‘%%d‘eﬁgfeg © [REgnEIOR oan; bR LAIGH BUNE RUsF Bt o
limted to, ceoienpoimdsmuicidelii segyencteon easiames tmmshhdmcmmng sedhe@s & mopsenist C -

ATPase agli Viglks QBurﬁ-ﬁR@Q'y cﬂﬁg&ﬁ%éﬁgam{é{uﬂﬁhhg\gchaﬂ’?ﬁzfnﬁéh%nﬁworﬁ’é sbémah]@é ting the
HSP90 cl ient grotel ns. vi a ubrquitin proteosone p

targeting, JeEFELSNEENGE "Wm'tﬁ ﬁ%esw?éd I"ri’f‘?‘i‘ A WPM’%“%&’&?%#%%?“‘% | SP90

are especi aldtyi. 10conpounds, proteins or anti bodi es whi ch ‘i nhi b|t 't he ATPase

activity of Fl SP9§|’11 fﬁrﬂgr alt&%atw@%r:ln}% ﬁﬁ‘aﬂ%a}%’stgrﬁg&gr@é%gﬁm@ gbl.(‘l:l'l%g)

gel dananycin derivative; ananyci nrel ctg oun I cicol .and

HDAC i nhi bi t%7 &/ailapfdin thepariand con bah%ef‘ 8§ ?f@r%’ﬂ‘b@t'aﬂwswéav ‘"Va‘§‘°ﬂsFé’d REPE; N,

i ncl udeslo Buin altem@dt trhisganiopstén reférad tusuingrtenfaREEABEEMN,, Ind Y cas basedrabelDM- |

erlotinib ( ﬁﬁgﬁg seri gi,Z N i | 6T AN an R064553

(anti - CD40) and @1“ ‘%Yxﬁ Hrgap i ngc??%ggsﬁgwr%gf%g 5.()5|6nt act rmdr?ocl onal

anti bodi es, pYPE} E?H%li““é\ﬁt’ﬂttféﬂr es, nmultispecific anti bod| es formed from at

| east 2 intact anmrbmdt,else,mandnﬂwnrdmﬂbre@ afiimayBerhSexp@sdirg tgmis they exhi bi t

the desired s Aheused

herein rel at@érRl Itn gggér)bglrrlé%&ggfir&‘wable U thé’ artv\ﬂcch%b %HL(O 'l_@é%\d IE‘PIS(? %’E\tgg eeadq}?‘et yl ase

and whi dR pdawsty E?ft‘?‘m}?ﬁ’%IW'TW'P&/@“&%’f“fm“thﬁavyT‘Pﬁ‘%“?‘ﬁ‘EH’m%mbiﬂdal MABt

[imted 20 -tighcciap@andsontsstd, 6Sethd kdlas\WOC Bdée? 281bE us@ls pek madelaye described in

i\F gxé?rzogxrf Oge‘[l:]cgnmb%ggt Mgfoeisae@tﬁguymd%& W A0 Y Ful I YE] o AUEASLEBLAN] 1 pheny 1

N- hydr oxy- 3w g lighs chain FrprqhEemoserts havapeyn deptipeq indhh AT KHIRIWRAL PloREIRAUE- 2- pr

openani de arsioRERbRBLCELESD-Bak) dyid amae phdald Mise s@l-DEKN hatteoiks (fluBHba8jon. | t furt her

especi al i ncl U a n an also be sin e displa

(2am no- ;"phenyl car %?5 Q%Jngﬂ' Adgegr EX,%I{ 8%@?%‘9 aAFSI % Fﬁgﬁ@-ul %éﬁi}% fisp! el er and

derivatives metwﬁﬁéﬁ‘éﬁﬁ’““gb‘m"??ﬁ of hupangmmygeedcba g %Fé‘es tSP‘ith'?bgftdéfPiahmAtm"s for

Q<am‘ | ati n, .iapithigdiman doeifaslicp e titaiished @iptiel @C.iSae NEkaiMpRPUSL Patent Nos. 5,223 4U%e phr ase
(compound Wh.£ SsR1085 5716 &%94@@%&%@ U1BAB N 587 364 dnkIsTH0.b G Do B

serine/the

conpounds, - p‘?ét'@“‘r‘?‘sN%ﬁJ%‘?ﬁi%éE{ﬂ %§7ZVM9|76‘11ME%§¥ F‘lah?rﬁ"BHS r?étﬁ'b‘é*“é 561‘8 t7ﬁ% mTCR

ki nase fam |§521008.6,54RA0,; 6RADDIGL 6,580 15 AdD6,5BMSABTGTBiths BAR543, rapanyci n and
derivatives/ anal I

C CERY ) ang L Qg },mnﬁ)é&?éml AP@&%Z%M@%@P%@%&JO e @Jréoagmﬁ;%&ﬁﬁ Qhde TS

(ever ol i nus, VEXD)UmaR "I“ﬁ‘é)‘éﬁ'?sd'a‘(q ‘Ifﬁ’hTec‘?PéVéFd i’)’rcbftla‘fael?“&laMﬁ‘b@?yg’ﬁ%“sleﬁﬁ'?‘Eﬁ tor that
prevents pr cgehérabaaﬁpoa tmigdniZtiore Sheh minelary dscritled in, SreRtplaylisc Paent Blbs. $,476,996

The term rsoap;gts%gﬁ %ﬂg“rlg ptor antagonist”, as used herein, inclucks, but is
not limted to 5agent I.ch_target, treat or inhibit the somatostatin
recept or?? such as”‘ﬁ‘?,af‘taé‘&f’i’kﬂlé famsm{w be wigd o5l eR avtbpdy9f U207 M00777 The
term"anti |@iskert ereonpechindlogiasintsddbitaregioniimitedcd, m@eﬂxag@jiplaySMbﬂi}lodyB)[nhé ed to
Ara-C, a py . I C [ Si de)
der vat | ve' of FOkoRy st PG, e Iial henBy gl p LI RN QREFg SRS
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radi ati % The tq_{ 1ed rgwrrﬁ)lxr[;gt huﬁ\gﬁ Bkqu&eﬂveﬁ ofnl 2. 91 lSaQulQQRMSrﬁﬂ@EBﬁ’Aeéeﬂ?f ter,

means ionizing ra iation that occurs as either e ectromagnetlc rays, such as
X-rays and AR qdd?f@mb'ﬂ?“‘ﬁ&?‘%“l It coninigefid tedediofsHEmP bR (hk Hivis w5ed a5 ¢l es.
| oni zi ng r adhaisitigen.i s provided in, but not linmted to, radi-ation therapy and
is known in the art. See Hell man, Cancer, 4th Edition, Vol. 1, Devita et al.,
Eds., pp. 248:275 (1993). 10The term "EDG bi nder" as used herein, includes,
but is not limted to, -a class of ithnunogsippress. ants that nodul ates

| ymphocyte recircul ation, such as FTY720. The term "ri bonucl eoti de
reductase inhibitor” as used herein, includes, but is not limted to,

pyr| m di ne or purine nucl ebS| de anal 0gs [ ncl udi ng, but not I imted to,
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Nandy et al., Acta Oncologica, Vol. 33, No..8, pp. 953-961 (1994). The term
"S- adenosyl net hi oni ne decar boxyl ase i nhi bitors", as used herein, includes, but
is not |im tA2003084BHe conpounds disclosed in U S. Pat e®CTN§20050857, 076. .
20The phrase "nonocl onal antibodies of VEG- or VEGFR', as used herein,
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VI SUDYNE andeseribed SR ¥ Pyhlipatien HQPR43#% t erm "angi ostatic steroid”, as used
herein, includesioReherateSuloiunah moh@ﬂbnhlcanalgﬂre‘s&MKQMumbmﬁ& 04 Kivhickite

angi ogenesi s uc o eribdd! ne, 11-a-
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est rone andNdexImihAS0836-859; Fishwild, Dl kieal piuoa siaturd Biplectinblogo it &5 185 hgnd PCT -

cortl coster ol RS e38MAaT Bl Micd MEEHEIG Sk Bilye Lion Wbt it BAG0! S, such

as, e.g.,. fI'ther nol one-an receptor
ant agoni. st " PafsfelSiS@dmh'@F‘éPﬁpari‘th’el(ira‘éég) 0591“1@“5‘1%%‘ (9-g-rRutiBeA Fon ugyefeted £59¢h as

DI OVAN. cells exﬁbﬁ@nn&ﬂ]ﬂ@])ls:ﬁ@tb ArkthdiZe @te Hidabusietant GIN infie mtﬁﬁérltkdeﬂy but is not
limted,jo G BACEN, b ﬁnja\ozr%gfoo ad«l?ne%grprl | (LOTENSIN), captopri-l, enalapril,
fosmoprll IR I nop i ) april-,- rampril, perlndoprll and -

trandol apri | . 10%@“6?’[’3&‘3@{3 'aeeme?ct:tmqeyvﬂaeW&Fé incomRtets Frenaf bieruvapet Rif e not
limted to, apuwait cithbriidrpbritonca R QIPNGHELtaAGEEN Scantbydodymg ORf)sbBowddibgBagidewl
response mogyfd ar g, nﬂ{ﬁfz%o%tzpym Mg&eﬂ?'ﬂ PERunfaibdd) $hi B am;ge,] AMbagmse

oli gonucl eoti’des or onuc derivatives; or m scée aneous agents or
agents wit h Fownds QIrR"UﬁRIHWh TheWHzHTP SAPFe i BEPEHed Yy jetinopitatbiceds- TARRIZS ™A1t at i ons
of patenf apﬂledn&ﬁf’)l EIISAQdnd Sideaithi shifficiepitidrs efainti@KK lahuenag invieimogslobulib parnsddc ul ar
with regard f&%sﬁ g hﬁl‘éépr@%asﬁ@m%gg@m%m AhH 3aarﬂﬁ|2td§5% bEfoRAherPOMGISoaf the

wor ki ng exanp matter of final products, the
phar maceut i @ﬁ?he pﬁl@pa?yaﬁn'é»héo-éﬁ’a’swh%f%?aafr ?’fﬁ‘g?“sa'ﬁ%?’f-?ﬁvdr PRYGR R Bige ‘?rﬁt o the
present applihdatibddoraych afighen eeal bos hies ef thuBCh T #Cot) $1CoCOMEIKN edkeatraind | kewi se

t he correspqgndin rs, as well as the correspondi ng crystal ,
nodi ficati o%rL l"mgm%d‘%l}ﬁﬁ\b}g}tgfen; and pol ynor phs, whi ch are _discl osed therein. The

conpound® used a§"°2@%féﬁ”\"/1éb PrGY! eriseanie °‘F‘E\3"t‘ﬁ@d‘ﬁsdh‘t’ilbﬁ‘5‘til%% ¥aEIsed herein
can be pr epa:hﬁdmﬁdﬂdmé’ﬁiﬁh bé @ited BOEIASA dedserivhebly FishwilieDoit bigd 9%hoBefnt s, -
respectivel YiordE: PALR B 8 tlbéﬂ%eﬁlpeu%fﬁnﬁgﬁﬁié ﬁ'oswuz % ,@//mm%snsmber S,

generic or rom t act ual e |t|on of the standard
conpendi um "*hellsiequbated hifervemight themblpekad Win 2wl of 5% phiekep s it er nat i onal |

e. g., | M5 WeBorwRebloiosed).i mingons@F pldie frubbKEatinonsizaeiitd oaadedioeued validn@5bel ow.
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It WII "be understood eren e co onents a) and (.b). are neant
to al so i nclinfybatedsthpreerratdynpeigo) F)? Pdé(&'&%t“&lﬁ?f) “ﬁ@e"o‘f'“haﬂ?ffeﬁfm'i he active
subst ances. pkfoxiagst Kmﬁublsﬁoameﬁoncﬁﬂmmtsed&ﬁ&y vastigothe plags (a:a)ie\&ndéd)mﬂ( b) have,
for exanple, at |east one basic center, they can formacid addition salts:
Corresponding acid addition salts can aI so be formed having, if desired, an
30addi tionally present basic center: Actiye substances having an acid group,
e.g., COOH, can form




salts with bases. The active substances conprised in conmponents (a) and/or (b)
or a pharmaceutically acceptable salts thereof nmay also be used in formof a
hydrate or iWePWdE4dtther sol vents used for crystallizat iPORUSZOTARES, in a
first aspect, the present invention relates to a method for the prevention of
35treatment of proliferative di seases or diseases that are triggered by

persi stent angi ogenesi-s in a manmal, preferably a human patient, which
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pharmaceutically active %%ents se cte fromthe }%rou consi sting of an
aromat ase i FHFHE4 BT the rgduckien %fsaP?@QéPFC‘fﬁﬁ“‘&WE’les ArsEhrsPASGHPASRITE i n agoni st ;
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activity of |tor I
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conbi na ?on Of C0 &hmag( ) nd (b);, the net hod of treating a warmbl ooded .
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can repl ace '8 Ricg infrapssitafFdy e appr opriate). 30Sinultaneous adm nistration nay,
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admi ni st.r at re3poned cah lbe momirREINL Bt tBe @hirst BEthEaminkatidngiotbdatl @ pie pidenitshiypled beggch -
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over | appi ng infaneisly aith infigenSdi®s helfdreacrifice and remAbs of o sidenat iserwcted thea®s3 or nor e
of sequential, separate and sinultaneous adm nistration are possi bl.e,
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t herapeutic efficiency can be found, a synergi sti c effect being especially
prefer red The term del ay of progression” as used herein means
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15such tine intervals that they preferably, in the warm bl ooded ani mal,
especially human, to be treated, still show a (preferably synergistic)

i nteracti on WP a1iP84BHer apeutic effect). Wiether this isPCRAAUSEHIMO7Tan inter
alia be determ ned by followi ng the blood | evels, show ng that both conpounds
are present in the bl ood of the human to be treated at |east during certain
time intervals. "Pharmaceutically effective" preferably relates to an anount
that is therafastor ath inim@tization aa)mbama;deérfcsﬁemaealesm prdap myiteaed tysiedilyy
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preferably from about 20%to about 60% acti ve | ngr edi ent (wel ght by wel ght, in
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enpl oyed, the node of adm nistration, the condition being treated and the
severity of the condition being treated. A physician, clinician or
veterinari atVofVldPHiHary skill can readily deterni ne th@CEUSERTIWE 7anount of
each of the active ingredients necessary to prevent, treat or inhibit the
progress of the condition. 35Tyrphostins, especially Adaphostin, are
preferably adm nistered to a warm bl ooded animal, especially a hurran in a
dosage in t hekedangsenkd about thbt GOG) |¢rdw;gamm pregoeswgh thyt (RBsHHHal WO
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5, especi al I‘V"*f‘%‘f’ﬂ“f"ﬁ%“?‘ﬁ%"ﬁ agfipdy gene. e eXRER S P AN £ Preiﬂc’éﬁ%ﬁ” i ons for
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adm ni stration, u npl o
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wat er, dPycdihs ant&oﬂxschaalgewev ke cl?qeém 'ihﬁ(gw&g &fth ghat the gigpal 9%??9%&“66} %‘P’i‘%g :
agents. Pharigae ahltlioec&}nin)as &ﬁﬁﬂhh&myehzﬁﬁgd’nb 68 sighd peptide Sindk eh@spunsgigaiis,
merocrystalll |l |
bi nder's, di Sim [?tgf .°ﬂ%9“’ge§§°%°% %l%%e?f%%g@or%g %ﬁd &g[é%?%g; {;'}106 r‘*é{g‘.r“'é%f‘%g“nd al so
suspensi ons, P“&ﬁd) especi ally isotonic agqueous 20sol uti ons or suspensions, are
useful for par entleﬁcﬁllmoaddmahraibb@tdhan gafes, tilt@c@aibind@ ek pregsoa ivedmirs ofitlie 1b®nﬁsg1
Poss! bl &g € Gy reblladb S flREs R.Lt o e e&;ﬁegkof; BARORboBIfaih Bes HAMBL ISP ThiIE

active i ngr ne or t har maceut’i ca y accep

carrier, e.derm regdlionoicauepess ’Ss‘ﬁ'é'l'f*eéﬁl ‘B‘i“i“lﬁrﬁ’?"b}‘e’ B GUPRTTE B S ‘E’ci’xbréssﬁf‘(‘}ﬁﬂﬁ'i?ed
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and/ or buff e?esh"‘)&ﬁti "é‘i‘t@dpr‘%ﬁk“é‘d(’@ﬂ"é AMafrds Pieso <) 19@)9“ willhe neans of

convent i28nal apphiesised by thse Skillddyio laatt ittt he dg3lz0 ©EBS e:emesél'bxevcswlr tidleling tier

suspensi ons gy, oﬁ%fnémas \é&@@&%&,w %Qﬁf%%h%a&b‘n@%ﬁ@@lﬁceo?hﬁGhos@&lﬁQgé um
Tcel Car hyl'ce

car boxynet hyl c oxynet | ose, dextran vi nyl E‘ rrolidone
or gelatin. "Sﬂgfﬁ@%ltb"n@"“i‘ ﬂf“éP’IeSSE’Gr?ﬁPm?lé‘ dggiredyfic. d?eﬁ“létﬁﬁ‘p%‘m?ﬁ“te ton8yEgEapl e,
syntheti c orhosiesil expyiiibitihlcdenirhisl@uats drmdiyect ogh levejsed piotiin pprepdses. 30The

i sotoni ¢ agqnflmmn pe@lls %ﬁih%%%%ﬁa’é@a@h/@ﬂ%h%e% Ggﬁgd K%Wo}n%a‘&ﬁusa(ﬁhvﬁ g.

marm te], dextrose, cose an rum chloride. The inf u3|on for nuf ati on may

be di | ut3¥d- i Vias 24GYEDs2dsraYirtnie-STHe aATREYRHE M3or S RpnLen A W)ﬁ?ﬂl oyed as a
diluent is odmee.a Attﬂﬁd‘tdem,@ohﬁral Rkeulglegise@ehceongertusal, swwh aothe eta-t;untve:-romgeredl ent

in the infus r9 kg, .#19@' s}nffmgpgga%&teue%ﬁtswpogafur@é@emmm SXGlRi ents

commonly enpl o or mul at1 ons adm ni stered ravenously such as
35ant i oxi darfeyess, such as the SRperojpRIE SRt AR CPYA T GAteRess fremtha D0y ydtfﬂ’B?thed
preparati on "and Wailha termithalis@dt dfaneamT cdigéikaem vospepd BTakeba, Y.lei 41, 0f88paait s" i n

t he sen %@g ggg%Jggatl on partners (a) and (b) as defined WO

2007108 44P / 80 777 above can be. dosed independently or by use of
different fixed dBisitieate bAatRPEOHEER Lo BT "SEEO AGUTICES BF reHBYEBhbi nat i on
partners (a)expieshidplipstors ofthe inSéntii hay@oy slditionr! aquehaks fsfidras piquénceshqpeignke. The
parts of the kit of parts can then. e.g., be adm nistered sinultaneously or
*chronol ogically staggered; that is at different tinme points and wth-equal or
different time intervals for any part of #dhe kit of 5Sparts. The ratio of the
total anmounts of the conbination partner (a) to the conbination partner (b) to
be admi nistered in the conbined preriaration can be varied, e.g., in order to
cope wth the needs of a patient sub- popul at| on to be treated or the needs of
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. 15and non-human ani mal s. Non-human aninmals includes all vertebrates, e.g.,
manmmal s and non- manrnal S, such as non-human prinmates, sheep, dogs, cats,
cows, horsesVO@Wiekéts, anphi bi ans, and reptiles. The nmPCARAH0ZPW777
particularly* suitable for treating human patients having a di sorder
associated wth DKKJ expression. Wien anti bodies to DKKI are adrninistered
toget her with another agent, the two can be adm nistered in either order. or

si mul taneous&pﬁcatﬁﬁbnthé)mmenﬁmticeﬂm"(ég bripgnsaifitepiadorg snd ®irctablrmarkecesngsutiet es and
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exanpl e, by (%S’Bar?t&?eé{ $-Fgt Alos 4rgp-el & éﬁ%"lﬁﬁ%@‘bﬁ‘ﬁpl a’flrbé A§%frf‘b?‘§) of Ftpmpley ont ol
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DKK1- speci f i whigithé Rtkie@Sark 50 tARibblIESARn meMvér):d frbl’ﬁltl&rcylt&ﬁﬁbﬁm‘apﬁn@ icC
anti bodies a al ns Hropurra DICKL protein-are generated by selection of clones

havi ng.. h| gh ‘ﬁ"ﬁfatnlmérs“ using as the soufce of antibody variant

pr ot ei .nS? mmﬂmmbl e-phage display library., the MrphoSys Fl uCAL
GOLD - library. hiGAheSIpE e présem ifvakiidniphivadeya {dfipagiponke. g];aﬂtama'b&ﬁ&a'ﬂ 'l\/bI

Bi ol . 296:57-86; Kr ebs. et al
Rauchenber gé romg?m otn 002861§1g§n Fr aé'ﬁ)m%m‘gt o?glg“gg%ﬁ%%@!ﬁgg)ﬁ%é?h Q)?nrﬁ)og cm, ﬂr al | si X
CDRs are 20dintigsndiindingpotipagshihepei efithe prseninverion RN MIIcPEERDY B t he .
Oqlf /S 8'53 El ayl |pham%medlggycetneme karridé] Sigh Ld:(ﬂ;h,oﬁ;hagmmr&ufdeoﬁerw apbageteusf@ge (W)

i nni ng Procedur es
arrpl fi (?35{| d 8016 Lclll:_li’l}~ enge{xt?bogjes or 1mmunocof_H.l§atf_T é%ESB 6{0 cgﬁg? grtgc{}g&?gmarrpl i fied
in standard ffqre*ﬁﬂw&e{* elrarmiceytiselicampysitioy 7§ the SIVEion FHGOBANSAGPTHINIOP 6F anpheni col
and 1% gl ueose (2xY-14-CG. After infection of cells at an 250D600"", of 0.5
with VCSM 3 hel per phages (incubating the mx of cells and phage for 30 nm at
37C without shaking followed by 30 min at 37C shaking at 250 rpm, cells are
centrifuged (4120 g; 5 nmm 4C), are resuspgnded in 2xYT/ 34 jig/m
chl oranpheni col / 50 pg/ m kanamycin/ 0.25 nM | PTG and are grown overni ght at
22C. At the end of this period cells are removed by centrifugation, and phages
are PEG precipitated twi ce fromthe supernatant, resuspended in PBS! 3020%
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Pre-ex_perinents for solution panning using Strep: Tactin magneti c beads WO
20071084344PCT/ US20071000777 The Strep-tag Il has been reported to
have | ow af fWAR/¥4+ the Strep-Tactin matrix (KD -1 pMP&ECSPWIPY 7T o0 (Voss and
Skerra, 1997 Protein Eng. 10:975-982), therefore, a pre-experinent is
performed to assess the suitability of using Strep-Tactin-coated MagStrep
beads for the capturing of the antigen during the antibody selections, and to
avoi d anti gﬁrﬁlbbdlSﬁoﬁHlﬁridﬂgthjﬂ@atﬂ&iﬁﬂkmﬁ' cs) e bibdatdiffnpesepes®n by tofet Magst r ep
beads is i'ncu ecom em Q_ﬂ?gcn fiotli s-Strep-tagged DKK1 for 1 h attoorri
terrperature an f“h 5 Fe IVI ded into four pre-bl ocked: Eppendorf tubes.
One tube served B@rmmutﬁe@ompwwewﬁthedpveew Wrasht b mageehi "'B’Ph‘é?t‘ot‘ hr ee

sanpl es ar emeas)1ed, Whibined iwith emendgesd.r i ngenci es according to the HUCAL GOLD(r)

manual nni ng 's ctlon tection of bin &d,DKKI to
t he MagS?r ep bead$ e(@f 9'% ac 'inant’o(’:'%’afa@g %annet |a'(':£'ﬂ ié'k? a§§) ﬁ’p%ff‘ﬁ"g‘g from | BA,
CGot ti ngen, @epmnyC)mh“!Pdp’e?hfabkﬂﬁéehq qftleBF'@Véﬂ*’r“ﬁ““\S@V aLpng-agiserrotisrerntixerrIentft i body
and a RUb' dkﬂé%é@b@éﬁg i Ednbg Qe idl @i GHaliéiNh@dpylaROdbycribABin $h@ianddtdil HeloG in 1

her ei n, i can tre tagged DICK1l-fromthe Strep-

Tacti n- coat 3‘8%5%%%“ Sgs‘ggl?s ag{t%%iresog\ﬁe mv{)"ﬂe non-washed beads are conpared with
t hose beads washedsedhehindiphfrmpesnticaly@atrtable catriet"riepdsies wy andp{|selvepthe

Hi s- Strep-t agﬁﬂo ia, c&ﬁﬁémtlt)&tehﬁl ana-érﬁlﬂ&rtgatib&ltéc Qﬁtoﬁlbﬁndkﬂa%rbtlbntdbﬁy16§| ution

anni n th r qat e ne d . Sel ection
Ey planglsn\gljvI 8¥" Tﬁp'fT B‘ “?Pés‘apﬁgﬁg ggtbggfnh tscﬁ#vfaglgsld%ps or t he sel ecti Ion
of anti bodi égrayesowginirathyrgulirusvientaDE] paremml panﬂpn@l@pﬁﬁ@egtnegatmée S0P i ed.
20l n sunmmar én ?cbu%h?mmépemgﬁtwmﬁtb&dﬂ&&1s'&ﬁﬁbndihh!hdﬂd chifiolnd, Quranp&myi/ c
conprising different co ene X;
o 2" cont AR e IE PaEt T et kR 0 AR Sy TRTLARGRE

pool cont ai ned
V41-6 AlK) . tiEhetim Oﬁ@mssmapféenm@raw@dézmvhm nenbjaewpedtetcempmdr ounds- of sol ution

ganm ng H:j S- StTefmnd aﬂgﬁﬂe@k%m\mwfa@ tmt&nStawﬂasmerbrmmmcmaag (Mega
trep beads

se I‘ oun e n
Hi s-Str ep zgce{)t%%%ag dk a%aﬁflltllp%ld agce{)taé)l o a r?gl'lgrgt ré ins th% gcp or on
APP-t agged |ristieaDic@Hty of frotperkrt comprund end 4996 "St mpttaw lmdpﬁuts'éad@oie@y% sftesds(r)
M 280 Str ept@gb QI Bergpﬁr}ﬁl 3t 2V 1t9|77 . Phér@:t sdiysat i@l rahpleARBudhihits@tyie acid I n

det ai | {)I n h;gtdﬁyes? 1S angg%sa E(? 1t?o|ﬁ|nglfsu1§%19 gddlkth% sa ttsrmecpud[: aggee%and%at no% I ed to

St repTa@ oW ng toco re “bl ocked
tubes are pimpsnigdcifs sEhp hyﬁm?blnd‘eﬂfm@mqamy shiuricy 'ééfql?mlc \M"ifﬁ'oi’% m  2x
Chem BL MEBh&bi\dx'&f?,QnJ the |1ké/\/b§\hell%§oﬁl\lﬁﬁtoﬂb gﬂéﬁnl@&cuﬂ@achaﬁ thhbﬂicﬁﬁdéﬂdarheﬁ-ds are

prepared by t 8 ads)w trenT. thlrs1 rragnetl c '
Deans are wavhEd bR e shEs BRe Tkt AR, B6R0 T ERIAT
Chemi BLOCKERighdti¢ andepmiafic efenio etidimad the lipgSBpse anheemtahgmelfldtth@e Beraﬁé frpg '

per Lgrsnﬁé ) Q%k&h%le%tﬁfn&lal@(‘sk?@sﬁé@% pOM&Hun) ingfesiah, A(BaunP&iﬂdg& Ifxay s inell egfé&hl utj ed
in to a final volume o nni n re m xe
with 500 il I"YRCHER'S "é’t‘tiﬁéé?!) a PB%’ ‘Eﬁ qgﬁr‘ne"%%a’fgmeq\l fC“ %&ylg l('3%r at room

t enper.at ur e Cbhroarmmﬁ\at:hqhge,Wﬁé’éﬂolaﬂpﬁeﬂaﬂslvﬁtﬂt"i'@wfé‘fm"ﬁﬁ&b’ée b'&f’rt icles for renoval
of StrepTactin OrA lhtemﬂmbﬂdémsﬁbﬁ&aﬁe .hsenaafaﬁ@rﬂwdmnuueae,har&:muﬁdanpf bl ocked
StrepTactin rra 4 mg) .i.S

2007108434 4|3&;F %l?%ampr% of tl?rmdacelﬁlcal g acée})ﬁbleWnofndatgamlchsadei rv]vgtaxbat ed for
30 min &0 roomble efnp@ﬂfatfws‘éh eﬁasaofbletﬂ%lﬁ |°M§C‘W’i@ét°°hlﬂ1“{ee§°d§'éﬁ%i%“éf?¢>éﬁd‘b‘f‘ t he beads
by a ]lcvagne;[j|n§éta@%¥l:cﬁ&eso@m1fté\ﬁ@'tﬁ)hke tdnaopbRgetickidpes, Radhar hscorbil. phinitale, | S .
transferred-to a fres epeate
usi ng 160 a|b“8fat?81?§‘§°’bvé‘aa° @ﬁg?ﬂ’?’f Jhyg[ﬁﬁgbl%eﬁngg ?65%9%% o gf]éag%&zﬁjhge t her
400 nivi or tdQpherdland the el @ed mealtdteatbtg@g%éﬁdsuﬁ%efgfempa?'@ |e&wl@§edram"s? tptageshic

bl ocked. 1.5 .8l (ESBLY ioRiieol, eh@rieingh, mpm.xtam end GeliRcubated for.60 M n at room

tenperature on a rot E% e-ane captur ed
usi ng e|t3$her 320 E¥R ?so?g‘ﬂmgaa%"feo‘bslag)% 1 'gﬁ rep 5%’?? HQ\QH’QJ E%&% m%of added to
the 400 nM oharmaecuti@Dcariopihiengef hamyeHign pebiswatpreetet: P?)é‘l"?/(s“%?ﬁ éhcqr%} t hen

i ncubat ed f QfopeRndEfboBipok QR TRHRNREN ald\WeAikoNardl subibid hiGrastieador, vEsage opar ti cl es
bound 10t o the StrepTactin magnetic beads are again collected with the
magnetic particle separator. Beads are then washed seven tines with
PBS/ 0.05%1iween (PBST), followed by waski ng another three times Wth PBS
only. Elution of phage particles fromthe StrepTactin magnetic beads is
performed by addition of-200 p120nmM OTT in 10 mh4 Tris-HCL, pHILO to each
tube for 10 mn. The eluate is collected, and the beads are Washed once with
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15to the OIT eluate. This eluate sanple is used to infect 14 m of an E coil
TG 1 culture that had been grown to an Donn, of 0.6-0.8. After

i nfection arMO3Wd8¥eEtient centrifugation for 10 mi aat S50FOTAPMO7/ENENR bacteri al
pellet is resuspended in 500 ul 2xYT medium plated onto 2NYT- CG agar pl ates
and i ncubated overni ght at 30C. The next norning, the resulting colonies are
scraped off the plates and the phage is prepared 20by rescue and' amplification
as descri bedudb®kve oil, and injectableerrg@ic @steks,rsathrid e o@teuRropn flpidipnéandgs on -

Hi s- St eep-t aagg ﬂ%éxahéle%tﬁ@&s%ﬂco%&?ﬂa@rﬂg dbh ds&itRik qg%%alﬂgnal;l&%fiﬂer st
round, except -t ecreasi ng anmpunts o e nM

antigen are us M- and 10
and the str IR EPERArSte 25 dn \R&%‘ﬁ? Al ﬁﬂ?rﬁe@%m‘*@ﬁ@ usge ¢ é’F’é%fm&ﬁpr opriately. Two
di fferent panni ngh&t kahggitiesans asppbrtdtladioant heh ahprednadiegoteiton agatsnd:  t he’

S e R L R T g e

two diffeéren con I rst age output is used
for the st aﬁwﬁg bp%ir?msﬁgh@f‘?'altré“@?“rﬁns‘ﬁ[?ﬂﬁﬁ byjithe. 'S’c“fsé’ﬂpéﬁﬁé’ﬂs PRRertegal 3 thr ed ont o
StrepTact i n sheREE! aSntl@sCikhhiEel palabyeoh{castiutag6l[Iphaiitd wibis acid,and e k4. Gmay akV]
respectivel .08 t [ LeGidpn round is
per for med oftH as"?bexpsﬁ‘?w%oﬁ’%%“% R Lk LR
concent r at i GAMpAsitvEs. fraddisien. o ‘PWF‘? @S?FP%@d’fWiet"hwlab'r‘?lph%ﬁ“afﬁ“%cabfo%f"éﬂbe second
round phage bRakhia6be sy tha i iusHE ofdgiittiwEich deldyRewhabe sichbs, BRdMunanpeseirac e for 1
hour on a rotating wheel. In parallel, 8 nmy pm bl ocked Dynabeads M 280

Strept avi di n %)y is incubated with 40 jig biotirnyl ated nouse antj-APP
anti body for 30 rﬁmmafeumam@émﬁé?cafrwrsenweatew‘staatewﬁgwl}aﬁ@@lor fisnersippeendoy t wo
washi ng st ep&nw;;ohdé?B&TtheIhem&frﬁm&@rpfeas}amrqakteme&J&anslssltmdago.cxflspersmn The
35phage- anti bo APP coat ed
M 280 Str eptué‘?/? f’% rQn%Va anfi B%enﬁfor s,gg.gcqu%f%c%gwggg%gng.g g"%r‘%{?'grmg% %

el uti on !and m&rpsranta?nvaﬁwml@es'erof werfatingesnrgide yith dig a%mswpouwse thereof in -

2007/ 084344 Wﬁr&ﬁ&@&%ﬁ e&z,;oz.t.&mm Mivegtioa itotppees.isapplahcn@el atklecolpburdds agment
The Fab- encodl inserts d HuCAL GOLDphagem ds are subcl oned
into expr esst oﬁgovtéec'?corpor %&%ﬁggﬁ’ﬁ%&& in order to facilitate rapid and

ef ficient expresdihemapaytic cOWFIHﬁS@pPa‘bSm"SFB?St?fH‘T and 5iapig gader. the pRNIBIOBSH d DNA of
the sel ect etnbARGS ahGstet@L Th@Bmpbsition oaSte fordruilaia a5 e B itive, windenucbeases Xbal
and ECO%IO’ tgggoe% or Oé’\%ll’ (?rlde g’l}tru@tnr’é%&% Olg% &%@Jnhat Oan:Plé cyljng‘caﬁ‘ gg a SO]&IHPA Fd)
Thi s insert the oned I nto este ressi on vector -

pMORPHI )XQ_%BEPEFF’O" medium cqpiging é?raﬁ’§'an"§efeS‘<‘ ek g@w‘wbﬁsﬂ%'?sg'%fe{ -or, and as
a result carpmpytewglg%ﬂ:raﬁa niqiid foR@ehylefd ool Bmcnellile), hnd fiStable @Scpe&tthateifyl)hef or both
detect! on and, RUAlikhaal bORanmahdMS LKA Bk 02 o9 cmo bucfE iy, BARe ant i bod es

in E. coli aln sufrftici-ent a In enco each of
the cl ones owtiziPnaecs o4 weaviredsartislegirp Hehs ‘“é’éﬁ Q rd§§?r§f"aﬁld bé’lﬂ??g'F"e"fBa'&cfé’f‘?/

col oni epsar enam@kaed, 66k @h iRudsshelioncny, fofeximge, ss@tepilgdcohdbsich it wanhhe,
PMORPHX9_Fah fH, PERbERRL Sl nae%ﬁfh% %.%J%Q.?P %&g@ms&s AN ER .Aj&m%ﬁ%gmpfs%n; 0

i noaul ate the werT a steri otlter%&_@, , eac

cont ai ni ng rembﬂrrmgk@o@@ymdm"p@? compogitigign agend Higt ¢riaye ghspration far YRR

over ni ght atmchéfeardle Sabtifldgeltin.p. 1) of each E. coli TG 1 cuI ture is transferred
to a fresh, steri 0 i 2XYT.

medi um suppl em&*ntgcta‘%]e\?miﬁ e%é soﬂ]u% rﬁg h Bﬁ o&ge%tbgéﬁgﬁo{ahhé 596c 1% "Epu%gs}ltélheer wel | .
The mi.criti trequird apquat laﬁeawmlstats‘éumafv't%@eWf%ﬂ‘@ﬁ?&k? Agnetd AFEPPRIHE

m cr opI at e asb&k&rreq’wad, ifdllotvBEbyCirtlitkties mixr@filgdtiogNidnyrally ispesigns Arerdprisd byvi th an
oD600™ ° LmQ ﬁ.e act.végf fou cﬁn{o%%@nmeh aehaecotqerngatba&cfmstp@.@éﬁm@&.%%ﬁd 20

fil.2xYT rred enent pglnil chl oranpheni col " and

(i sopropyl - Bbq}eﬂ%'ieé@QF’&E&‘W%‘“%?“?@’%@&V% QS Of(SFT"I"TQP“’%W@éWPr ation
0.5 nM | PTG)p;eﬁaheormfefeﬂtehﬁJaﬂabm salufsns teamnetodaiot isrepnrzgnas a@@hduedlakéng aap &eezand .

i ncubat. r.ni [ el |

| vsat es DELd%éx% t'ﬁgﬁﬁ D%lgc we ro{l@'? a&ﬁlmng pr ggpgsggy%dﬁgltoé\%%&e& BEL
buf f er (2x5wrew°m2&rew'%vly Herilp-Elteged %ﬂ"“t'°'1§'e"?°fg Nadl /1, 1.49 g EDTA/I pH
8.0) containing 2.5 ng/ml |ysozynme is added, and plates are incubated for 1 h
at 22C on a mcrotiter plate shaker (400 rpn). The DEL extracts are used for
bi ndi ng anal ysis by FMAT (see Exanple 2). Expression of mcrogram anounts of
HUCAL GOLD(r) Fab antibodies in E. coil agd purification 30Expression of Fab
fragnents encoded by pMORPF11)>C9 Fab FHin E. coil TG 1 cells is




carried out in 50 m plastic tubes. For this purpose, pre-cultures inocul ated
with single clones are grown in 2xYT-CG nedi um overni ght at 30C. The next

mor ni ng, 50 VPP 28f0%atth pre-culture are used to inocul at @C2SHHOTYWYT nedi um
suppl emented with 3.4 pg/m Chloranpheniccil, 1 mMIPTG and 0.1% gl ucose in
sterile 50 m plastic tubes, and incubated over night at 30C. E. coil cells
are 35harvested, the cell pellets frozen and finally disrupted with Bug Buster
( Nov agen) The Falke sfnﬁcagmfncttsze agediesoliathadn bsdondinblil witiT AcAgameseial tQpaden a

Bi | den, Gﬁ%o\)ios 9]7&8%964:6E%6J: %%&Zét@é&&%&?ed%rﬂ%ﬁﬁhﬁma%o@ok ligr am

anount s of H ﬁlurl I cation
Expr essi On - 8fmipigatiop. ‘r‘i‘f"é“t et BErBe MRPRRG e parpbingd Wik argriepmateii % i's
carried out ptoducs haloele dbdagsfornt wilt gehaslyusi thg ando Ot d&ﬂthe{)tfonﬁXS?{Tonmﬂﬂthmdusasppl errent ed

W th 34 94}%@&% QFRTRRER Oy opt %ethu&ﬁﬂi J@Fc?t%itﬂ@%ﬁgun@tvﬂ?’xgg%e% %boﬁthﬁ)l

reached ression 1s In ol | one by
i ncubat ion P& t°2'@°‘ﬁ niggty Sye peregt PgacélY“e'“ﬁF‘é‘?%pﬁoé‘o“ijéﬁ OrigPer rabtoyhant 74 R cebh
fragnent.s abefréns shoat eﬁtr&m tBlaboldl ) [RieoRhaige mplyiet@ agptinatii disns  Ger many) .

Protein con a ned by UV-spectrophotonetry (10-ebs et al .
2001) . n%ﬁa%éc Etf ggacgép?aggt%%%ﬁmof DI GO speci fi ¢ HUCAL@ ant i bodi es 10BEL

extracts of i ndi Ppegaieeinpnyiss pdivsted tprroyds Be eriimup\detired respoive (riedtticvedicpanni ng
strat egiles asponad)aioy 2athphya fhdlObdiinlybk adivhicleeu kv dAsBaostaadnel ogy!

(FMATTNI 8% .%ng@rehgbe@'a s %FE&Q” gx ggpar@&%{%s&edén Jfréaggﬁnqax%ey . Fost er

Cty, Cal entiT ones - speciti FMATTNI
. 8100 FI TS s ?féheath?rpmﬁl@ste@weét Wawreee ty@ﬁ\‘aa@afousmfaw"ﬂwr@&gmt screeni ng
i nstrunment  téoagos@ibisdndsese iR Femitfbiasealf admmhsﬁdndn éﬁﬁd\;foﬂﬁ@-dfa&hgbaDﬁdagﬁnﬁlssays

with live 1 Cr%'as lise ?E\erpg ers (()Mh??‘&llly g‘i’sscrgie u ls(g as |§1C§lr 3@9 g}ojecé

193-204). Fluoronetric M¢ro hnol 0g as ana ysi S.
(FMAT) #&r @eriek pachpnibfonpira Pedmrnmeﬁguqnawf fﬁtwmmﬁ@qamﬂﬁ%%@xce 1B t he
det ection OfiesDb’thbrapdﬂhd’lﬂfeﬁgn Eabcianh I\ﬂilﬁﬂie@é‘qufré@]ihﬁ:acﬁﬂbdl chryisraTieSspédiichtion

t t ! t
(e');prp?lcez ), B g%%{dé% tni o syo%ﬁfe] nW egg)n aj d1ct 2%9? d&e%é)ahl%egx%degﬁ%%ﬂnp S)éipg )r(ny

beads (Dynalcl)aracs?nst&ﬁpf tbe @frmngpumanwe Epﬁ%s}afﬁtsmswefffz% thetseliersy. andthe
transferred ;.mmﬁbnamh&aﬁ il @8art sf2empAfldiaa pich hegtivé ddmpaurtargingd iretat 6 Cl e

separ at g§ . Thgm§ ’l’iﬁk&aﬁ is renmoved. and.the beads are washed four t| mes in 1
m of L ate buffer,- pH 7.4. For antigen coating, g

Hi s- Strep- taggedFMTmi‘%m%m’déé’etaB“‘{OH)é “l?é’&@?gg{ﬂ%féﬁ@{“@hmftﬁ09%]0‘0@&‘1’29’6& sodi um
phosphat e buofealsual ple.oT tsts0 M@re, antht GeObdAe adigslIBREAShINddsSzes bdnve BB3ahgick f.or 16 h

at roomte g : hed
Chree ] mos oL I Pad b e b°9%@§§%hﬁea’%?‘mdg i B w087 B MRS IO e
384-wel | pl aeight o wighigithfrrangsof ba0 mg/kpeyr %ﬁ?'aﬁymeﬁq'eg%mem@'se@s%smén 20, 4
DKK17coa$ ed ohRpeswdel, dxcldbryheadsdks anek @e@lthr%'m dﬁﬂeeeéry eur addki lvacka i s

S nel | EVE B SRS ep sty shcdsperd B kpé’f*f’*tﬁs R R OO0 2 g
BEL extract aftiosy 9f thesm‘a:amnql'ef‘eéaesﬁka werﬂ*f@f Wgﬁp%)t weeht phtraveppps bat ed at
room t enper aamihEtraibe,rwuhghet antiBdi® bEIAY kiveDisitighee die: Pliatiesdamng sandaliaszedryi N t he

8200, Cel I ul e RELSGL1 Q0SS! G LARRLEHo hOMA GIBLeckEOShLLL KB SleAREm.a" ©

ot ai ned, an al n sequences
posi tivé 80 .sfrllered by smghabadyivwsigbhavrrydhiee weekfyzed. 1t i s obser ved that 57"
uni que (non r eduncant Jnetiddls, twolb biskelmalocibes amibediesdanitdifférad binhiag s;ﬁbiﬁkﬁ&d; are

sufficient 35.?.9 g g,'}tQ% £, RUTRG, gic% 405 gﬂﬁéﬂ&?h ?rlug&g/sad% n‘?stev%%ﬁsséﬁx%

purified an I'Arty an t1ona :
2007/ 084344 P@’r?ngssszwwdeemcry Passhnedrripterd of mRERS ﬁfﬂaaianSahfeMStbP@@%m ng
surface pl asinga dés@@e@ Beﬁﬂﬁ:@for Hainpg, Whesemelianessry Kireaidnths SPRadnahtyiS4lS cdnS

perfor rrggl og lsc?‘ be 1rregu(far ap mggétgpb(}rméasu% 95%)& blood levels of antibody to the target antigen or

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

plasma antibody concentration of about 1-1000 pg/ml and in some methods about 25-300 ug/ml.
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whi ch had been coated with a density of -400 RU of either reconbi nant human
DKK I, nmouse DKKI (R&D system), or cynonol gus DKK1 in 10 nM Na-acetate pH 4.5
usi ng st anda¥e2@m08438 NHS ani ne coupling chem stry. A cE&pasAYI/eatount of
human serum al bumn (HSA) is imobilized on.the reference flow cell. PBS (136
nM NaCl, 2.7 mMMKCI, 10 mM Na2l-1PO4, 1.76 mM KH2ZPO4 pH 7.4) is used as the
running buffer. The Fab preparations are applied in concentration series:-of
16- 500 nM at a fllewathatyeantibodd@anibd ainmistodscBaisaddied rguasermngatiostin vdic0 s and
di ssoci atio of
uman. . moues A Ao Lafinrds WY Shadsd At LEPalplrdiiith thehafRRD Of
Tabl e 1 her &f e a"Fﬁ’B‘I’Ye’"{he Pﬂx‘i‘ﬁl"?ﬁ’? goPeh Bfmesantlogiscis N sk loreed Ze ke folemty nouse,
and cynonol gusaniset ialxibdyiedSthinadidlankibetie, doli @dhuldih riibddisaoTis@ofaldant fieqidakyf 6tV cyno

2DK$1K/D %g}ggé&gmgtrgtbonéan Vf;y &g&d?ﬂgw métﬁgr%e%fegtmegt IZpr%p}élla%ﬁc orl\@eﬁgéiﬁ c4[n32 0:4 6

prophylactlc apphcatxons, a relatively low dosage is administered at relatwely infrequent mtervals
over a long period of‘ time. Some patnents continue to receive treatment for the rest of their lives. In
'therapeutlc applications, a re]atlvely hlgh dosage at relatlve]y short intervals is sometlmes requlred
until progression of the disease is reduced or terminated or until the patient shows partnal or
10 complete amehoratlon of symptoms of dlsease Thereafter, the patient can be administered a
prophylact1c regime. ) .

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the
present invention may Be varied sé as to obtain an amount of the active ingredient which is effective
to achieve the desired therapeutic response for a particular patient, composition, and mode of '

15  administration, without being toxic to the patient The selected dosage level will depehd upon a
variety of. pharmacokmetlc factors including the actlvny of the particular compositions of the

present invention employed or the ester, salt or- amide thereof, the route of administration, the time

of administration, the rate of excretion of the partncular compound bemg employed, the duration of -

the treatment, other drugs, compounds and/or materials used in combination with the particular
20  compositions employed, the age, sex, weight, condmon general health and pnor medical hlstory of
the patient being treated, and like factors well known in the medxcal arts.

A "therapeutically effective dosage" of an anti-DKK 1 antibody of the invention can results -
in a decrease in severity of disease symptpms, an increase in frequency and duration of disease
symptom-free ;;el;io;is, or a prevention of impaimﬁent'or disability due to the disease afﬂiction..

25 A composition of the present invention can be administered by one or more routes of
' administration using one or more of a variety of methods known in the art. As will be appreciated by
the skilled artisan, the route and/or mode of administration will vary depending.upon the desired
results. Routes of administration for antibodies of the invention include intravenous, intramuscular,
intradermal, ihtrapéritoneal, subcutaneous, spinal or other parenteral routes of administration, for
30  example by injection or infusion. The phrase "parenteral administration" as used herein means
modes of administration other than enteral and topical administration, usually by injection, and
includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,v
intraarticular, subcdpsular, subarachnoid, intraépinal, epidural and intrastemal injection and infusion.
35 Alternatively, an antibody of thé invention can be administered by a nonparenteral route,
‘suchas a topical, epidermal or mucosal route of administration, for example, mtranasally, orally,

vaginally, rectally, sublingually or topically.
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IVDR04461 7.6 3.3 12.8 7.3 MIR04455 1.6 0.3 n.d. . 1.5 * single neasurenent
n.d.: not determ ned Exanpl e 3: ldentification of anti-human DIM Fab
candi dat es iMRRW7 P43 t he Wit 15ant agoni stic activity ofPCBHIUSKIC7qME7r esul ti ng
57 different DKKLl-specific antibodies selected fromthe HuUCAL GOLD(r) library
are used to obtain purified antibody, which is then tested for potency to
inhibit the Wit antagonistic activity of human DKK I O these, 17 anti body
candi dates are f UmehdtioeadnkppuRis ki, prepared Maibariidrs k@Sl BrossacthélconPOiliiengiivnct i onal

activity of gpa&{;;cgsfe#égfﬁ%@ areFéé%%oAnﬁnaerﬁ,lef‘uqm W&tsatrL&;%gxrpaﬁﬁesrﬁ@orter

gene assay. sites are c upstream o e luciferase
report er . gerECPRISERSFPE delivery PXF&“?S igdssrageitie biveymnagble P‘é‘%‘ﬁﬁﬁ%ﬁ“\}’é usegchasnoni cal
Wit pr ot ei nstilyRagvihd agetad, pblidrihgdide Polpflydait fid; a&lﬁgdnnpoljzd”ithbﬁbys, agitpolyaiiing

transer! B Al hhbsh 120 pRERIHS! DYk Sl AL SLARENRI LBl ARSI hon of

DI CK1 protein b and ore al ra scrlptlon of
the | ucifer dase gdlied in thp ae g é@uémﬂed@%CP@@ll¢@%%@@ Iprag Prldvepr aa®ed-Roj r t he

respecti ve q@binSondés, magp@gm&dr,u& mwr\eir@t]msv\n th the potency of the selected

Fabs to bl ock Ol - F esponsi v ellgline.
HEK293T/ 17- 12xST gé?e" °c°m §“§?“§ ca"ebe g,'r,f Y re&s“"%ﬁ_]g“e e S¥'4 %ﬁ(gg&r’lnu'r?éne ehbryoni c

ki dney cel | ereprie ttre?ne@enbpdmmﬁea tmgtwmvosrms el"Y‘PTé‘%éi}“I@aélf‘@'SE?cﬂdtW‘%t ed in
DMVEM hi'gh glndedngas mpdiidtmc(ihjgitioh BOGRIuch as thAei0& sAOBAZ 4L CTiehiSR0.G 190003 77

cont ai ni ng 1056 §%|5(3§98%;0§ ol W’A §$1a§§5’r4)796’§24cg43%% e“{ngp sowalﬁﬁwwn

Bi osci ences)’; conf ueriey’ 1S reac are
t rypsi ni zed, implatpensgnodglegussfol u'ttbfwwsﬁiﬁe%ﬁtmﬂem#@m%ﬁﬁmeﬂMﬁ 4BUeBnykirh to a

con\fwe1 ntrati Qﬁov@‘anéiﬁsg;eﬁamehicﬁ_iaﬁlaloﬁrbumpggbsigﬁu@rgtrléaﬂ;caﬁmtIsleédnsnarrae gesded i:nt IoI )
a ite, - t r.nLn 1 ce er we
and i ncubat ePaEen{}Q %gé ?Sgl )\é\(ﬁ},clti@wovgllgr(a euti h {jevg:'&j;or aﬁmlmsten{ng Erileds ca%g?hrméémheo

medi uni d5pr efsiaréd: PRBONA i 47,25 pitich Wslasnedﬂﬁé’d infesiopusia f@@ﬂb‘l"—t‘l‘&m@!ﬂcml um
(M. hThe anth ix%&éhnﬁghigwa(erm .SEadusnt (Wb 2)al7, 200 MG KalsiaGariadl: ﬂb@/nffﬂ;)alnﬁﬂd t he goat
anti - human anti bo ro

concentrati % " %’paratfn%féar e og}i/? gg'l'erﬁs%%llai?"%FQ%M%egg %“"“8 osn"1m| §
renmoved fr oM%hV%*ﬁte@ﬁlat‘WdQS“rhan}?r epmaipetiy ard U skatpnbiNer g 4i®t1?f'ewé&her i ng
eells,.and ssuasadnto%&iid@ogéﬂvea} sy@bm] iR sd R&hts artihdddiatedme@ DYy k&brence byt €d i n

G, The 5! g G gGHEEEy L 210Dy O RO By S Tt e

read in a |um noﬁ%ﬁ%ﬁam(e@m'@m%the"hé@é!h'}"’""ﬂ?éalP@%F‘P%Ofé'lﬁ’a‘feﬁ@d"W‘E"h 20 O the
57 Fabs ar e rsfRveditdledshiGprogertgstr@ution ik RBo0Exdr einpf tht bicbd-BaMSarreX@BBIsed. i S a

measur e of. thcquc? Xgn%rr& g1%9%0é399 g ero%ﬁc?sn’}‘ nsurétl%mmelgﬁeutlc %@%%ﬁh%e

anal ysi s of Br nai I ng ermnation of. antr -
candi dat es t'h"&t‘t'an?msb?h? BERdiNdptire@nthaxesn ibe fareulated. iferiexammy: idirepemes-Afef i ni t y
det er mi 123t i’ Gbthods of manufacturing liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; and 5,399,331.

The liposomes may comprise one or more moieties which are selectively transported into specific
cells or organs, thus enhance targeted drug delivery (see, e.g., V.V. Ranade, 1989 J. Cline
Pharmacol. 29:"685). E?cemplary.targeting ﬁloietiés include folate or biotin (see, e.g., U.S. Patent
5,416,016 to Low et al.); maﬁnosides (Umezawa et al., 1988 Biochem. Biophys. Res. Commun.

30 . 153:1038); a_ntibodies (P.G. Bloeman et al., 1995 FEBS Lett. 357:140; M. Owais et al.; 1995

" Antimicrob. Agents Chernother. 39:1 86); surfactant protein A recép;(or (Briscoe etal., 1995 Am. J.

.Physiol.1233: 134); p120 (Schreier et al., 1994 J Biol. Chem. 269:9090); see a156 K. Keinanen; M.L.
Laukkanen, 1994 FEBSLett. 346:123; 1.J. Killion; 1.J. Fidler, 1994 Imrnunomethods 4:273.

The Combinations

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

pharmaceutical agents which comprises
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In order to further characterize the anti-DKK | antibodies, the affinity to
human, 20 cynonol gus, and Mouse DKK1l is determ ned. The reconbi nant DI CK1
Protein is iWAWB#B¥ed on a CMS Biacore chip and the FEHI/VRPW7/4p17i ed in the
nmobi | e phase in different concentrations. For a reliable determ nation of
nonoval ent affinities only such Fab batches are used for Biacore neasurenents
whi ch showed >90% nononeric fraction in a size exclusion chromatography. The
summari zed af fi ni@)ya da&rali@ﬁgéh\urmml/wmiaﬂdncbynonol gus DKK1 is shown in
Table 2.5-2. Al 17 chave affinity to human DKK1 bel ow
100 nM Furt her, t;rlfonégr (%?R cgﬂggll}uw‘éfua “antibodies with affinities |ess
than 10 nM In aiThe t“é%’tt'éﬁif‘{',‘ta%féslateﬂq@ %ﬁqehﬁlqai @@W%ﬁ“’"&?‘mﬁmlngus and nouse DKK1
are al nost ident () ad neu@alizthga@i-DRIK 1AWORPoskISK; | . Tabl e 2. Affinity data of

sel ect ed ;Fabs on no d cynonpl gus Anti body KD [nM human DI CK | KD
[nM roude DI CK]’ﬁB 'F'W“ﬁg%’aﬁ)&ﬁf‘gé’ 4480 1.0 0.0 2 n.d. MDRO4455 1.6

0.3 n.d. 1.5 MRO43pEarmagutigllyageptable cprrgr.N\DRO4470 3. 2 2.03.6 1.7 IVDR04454

3.2 0.46 The present invention further relates to a commercial package or product comprising:’
(a) ‘a pharmaceutical formulatlon of a neutrahzmg anti-DKK1/4 composmon, and
(b) a pharmaceutlcal formulatlon of a phannaceutxcally active agent for snmultaneous,
10 concurrent, separate or sequential use.

The Pharmaceutically Active Agents’

The term " pharmaceuticélly active agents" is a broad one covering many pharmaceutically'
active agents having Qiﬁerént mecfxanisms of action. Combinations of some of these with DKK1/4
neutralizing antibodies/compositions can resuljt ‘in impro&éments in cancer therapy. Generally,

15  pharmaceutically active agents are classified according to the mechanism of action. Many of the
available’ agents are anti-metébolites of deVeldpmeni pathways of various tumors, or react with the:
DNA of the tumor cells. There are also agents which inhibit enzymes, such as topoisomerase | and '
topoisomerase I1, or which are anti-mitotic agents. ’

By the term " pharmaceutically active agent"” is meant especially any pharmaceutically '

20 active agent other than a neutralizing anti-DKK1/4 composition or a derivative thereof. It includes,
but is not limited to:

i . an aromatase inhibitor;

if. an anti-estrogen, an anti-ancirogen ora gonadorélin agonist;v

. a'topoisomerase 1 inhibitor ora tépoiéomerase nn ihhibitor;

25 iv. *  amicrotubule active dgent, an alkylating agent, an anti-neoplastic anti-metabolite or
. a platin éompdund; )

v. a compound targeting/decreasing a protein or lipid kinase activity or a protein or
lipid phosphatase activity, a further énti—angiogenic compound or a éompound which induces cell
differentiation procvesses"

30 vi. - . monoclonal antibodies; 4
vii. a cyclooxygenase inhibitor; a bisphosphonate, a heparanase inhibitor, a biological

response modifier; -

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

aminopeptidase inhibitor, or a proteasome inhibitor;

56



2.7 MDR04483 5.5 * 0.7 n.d. n.d. MR04466 6.5 2.1 n.
2007/ 084344PCT/ US2007/ 000777 MIRO4461 7.6 + 3.3 12.8
0.9 11.6 .8 VNORDRO#AB2 . 16.5 12.1 .-.n.d. . n.d. MRO

M)RO4469 36 0.0 n.d.

10

15

20

25

30 .

35

xi.

d n.d. WO

7.3 MOR0O4456 .: -
A4 PETHSR007004777
n.d.. MR04482

' agents used in the treatment of hemato]oglc mahgnanc:es or compounds whlch

target, decrease or inhibit the’ “activity of Flt-3;

xil.
xiil.
-Xiv.

XV.

an HSP90 inhibitor;
antiproliferative antibodies;

a histone deacetylase (HDAC) inhibitor;

: a .compound which targets, decreases or mhibits the act1v1ty/funct|on of

serme/threonme mTOR kinase;

'

XVi..’
XVvii.
Xviii.
Xix.

" XX.
xXxI.
xxii..
XXiii,

. xxiv
XXV.
XXVI.

XXvii.

a somatostatm receptor antagonist;
an anti-leukemic compound;
tumor cell damaging approaches;
an EDG binder;

Ta nbonucleotide reductase inhibitor;

an S-adenosylmethionine decarboxylase inhibitor;

" a monoclonal antibody of VEGF or VEGFR;

photodynamic therapy;
an angiostatic steroid; -
an implant containing corticosteroids;

an ATI receptor antagonist; and

“an ACE inhibitor.

The term "aromatase inhibitor", as used herem relates to a compound which inhibits the

estrogen producuon i.e., the conversion of the substrates androstenedlone and testosterone to

estrone and estradiol, respectively. The term includes, but is not ]lmlted to, steronds, especxally

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

aminoglutethimide, roglethimide, pyridoglutethimide, tnlostane, testolactone, ketokonazole,

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

formestane as LENTARON; fadrozole as AFEMA; anastrozole as ARIMIDEX; letrozole as
FEMARA or FEMAR; and aminoglutethimide as ORIMETEN. A combination of the invention

7.

9

n. d.

comprising 4 pharmaceutically active agent which is an aromatase inhibitor is particularljr useful for

the treatment of hormone receptor positive turhors, e.g., breast tumors.

The term "anti-estrogen", as used herein, relates to a compound which antagonizes the effect -

of estrogens at the estrogen receptor level. The term includes, but is not limited to, tamoxifen,.

it is marketed, e.g., NOLVADEX; and raloxifene_hydrochloride is marketed as EVISTA.

Fulvestrant can be formulated as disclosed in U.S. Patent No. 4,659,516 ai‘nd'is marketed as

fulvestrant, raloxifene and raloxifene hydrochloride. Tamoxifen can be administered in the form as '

FASLODEX. A combination of the invention comprising a pharmacoutically active agent which is

breast tumors.

an anti-estrogen is particularly useful for the treatment of estrogen receptor positive tufpors, e.g.,
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36 5.7 n.d. n.d. MR04468 41.5 21 .9 ad. n.d. MR04476 .44* n.d. n.d.
MOR04481 65* n.d. n.d. MIR04503 93* * single neasurenent ' n.d.: not

det ermi ned O0¥Q&WiHAtH on The data showi ng the ef fecti v@CEAREWAPWAYI on for 50%
inhibition for the clones of antibodies having the greatest affinity for
DKK1 is shown in Table 3 herein. The data show that effective 5concentrations
EC50 range from 39-95 nM with a nedian value between 58 and 83 nM . Table 3.
Ef fective concentmhatdotantiond5g94,ias hichhérbioyreidks seheotbaehcEabih Amhpdbtecby

Luci ferase rlm{ldged)e ﬁ§l%§l¥a] emf %rl}ééﬁg ﬂgizxgnei%nd includes, but is not limited to
blcalutamlde (CASODEX), which can be formulated, e.g., as disclosed in U.S. Patent No.
4,636,505. . .
5 " Theterm gonadorelm agonist", as used herein, mcludes but is not limited to, abarehx,
| goserelin and gosere]m acetate. Goserelin is disclosed in U.S. Patent No. 4,100,274 and is marketed
as ZOLADEX Abarelix can be formulated e.g., as disclosed in U. S. Patent No. 5,843, 901
‘ The term "top01somerase I mhlbltor , as used herem includes, but is not limited to,
topctecan, gimatecan, mnotecan camptothecnan and its analogues 9—mtrocamptothec1n and the
10 macromolecular camptothecm conjugate PNU-166148 (compound Al in WO 99/17804). Irinotecan
can be administered, e.g., in the form as it is marketed, e.g., under th.e trademark CAMPTOSAR.
Topotecan can.be administered, e.g., in the form as it is marketed, e.g., under the trademark -
HYCAMTIN. e |
~ The term "topoisomerase 11 inhibitof", as used herein, includes, but is not limited to, the - .
15 anthracyclines, such as doxorubicin, including liiposon'xal formulation, e.g., CAELYX,. daunorubiein,'
including liposomal formulation, e.g., DAUNOSOME, epirubicin, idarubicin and nemorubicin; the
authraquinones mitoxantrone and losoxantrone; and the podophillotoxines etoposide and teniposide.
Etoposide is marketed as ETOPOPHOS; tem'poside as VM 26-BRISTOL- doxorubicin as '
. ADRIBLASTIN or ADR]AMYCIN epirubicin as FARMORUBICIN; idarubicin as ZAVEDOS
20 and mitoxantrone as NOVANTRON.

The term "microtubule active agent" as used herem relates to mxcrotubule stabllxzmg,
microtubule destabilizing agents and microtublin polymerlzatlon inhibitors mcludmg, but not
limited to, taxanes, e.g, paciltaxel and docetaxel vmca alkaloids, e. g., vinblastine, especially
vinblastine sulfate, vincristine, especially vmcrlstme sulfate and vmorelbme, discodermolides;

25 cochicine and epothilonesand derivatives thereof, e.g., epothilone B or a derivative thereof.

" . Paclitaxél is marketed as TAXOL; docetaxel as TAXOTERE; vinblastine sulfate as VINBLASTIN
R.P; and vincristine sulfate as FARMISTIN. Also included are the generic forms of bac]itaxel as
well as various dosage forms of paclitaxel. Generic forms of paclitexel include, but are not limited
to, betaxolol ﬁydroehloride. Various dosagebforms of paclitaxel include, but are not limited to

"30  albumin naquarticle paclitaxel marketed as ABRAXANE; ONXOL, CYTOTAX Discodermolide
can be obtained, e.g., as disclosed in U.S. Patent No. 5,010,099. Also included are Epotholiné
derivatives which are disclosed in U.S. Patent No. 6,194,181, WO 98/10121, WO 98/25929, WO
98/08849, WO 99/43653, WO 98/22461 and WO 00/31247. Especially preferred are Epotholine A
and/or B. . '

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

.cyclophosphamide, ifosfamide, melphalan or nitrosourea (BCNU or Gliadel), or temozolamide
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MOR04516 42 MOR04454 83 MOR04456 95 MDR04461 57 M)R04455 39 10 Exanple 5:
Affinity maturation of selected anti-DI CKl Fabs by parallel exchange of LCDFt3
and HCDR2 ca3%¥Qeaqof/a%t344 For optinzing the affiniti STAP200HR0ANML i bodi es
described herein for DICKL for a pool of parental Fab fragnents, the LCDR3,
framework 4 and the constant region of the |ight chains (405 bp) of each
parental Fab is renoved using Bpil and Sphl, and is replaced by a repertoire
of 15di ver si(TERDIADRSsloplagehnek ca Eel’hdﬁfn&lslﬁﬁ&@é K, #h tirrort fidt ic oagkbadte.gdorme n. A

sampl e of 0. Ritefln iy e pRRlaERk lolcho .02t od wi Lh & 3-fol d ol ar

excess of the |nserr1:k fr"a gnent> carr rsified LCDR3s. - In a
sim|ar. . approacHthefeys "quineppgstip §“td?‘%tétr°§?ef insbdshui & nehiémited g SdvaroBesiHL sites,
and the conmeoi daperithirsyRiMMitkbine PNONGe- ﬂt@lkﬁ@hgaﬁ@l@blﬁﬁt&uﬁd@n&hﬂﬁﬂ de@itabingr ease

the cloni ng rgétggn%;{egﬁ%XQﬁe;aQee an%oig?‘ (! z*ecp %lagcaus:{‘scsgag ém%‘? F%%% gé‘ne{?}eéego bp stuffer

sequence pr| or Insertio IVersit sette
20071084344 FEptaigpionan @emmstered &g in thp Ganiapiy 'Sr’f‘i'%(l“iﬁﬂde%g ofndgrthefradgmagri nt
libraries areciebmaidnepaicihek dsiemzarl E. coil -TOPIO F cells (Invitrogen;

Apl 1 cati on of Wk pPir Roebnl o bl phey iditel BORERRRAMn £RaRRR R, i

( Ranchenber gé?“"e‘tlspéﬂtm“m»%@‘?’al““’BiaB‘PPI@r'?ém‘ PE’?‘&{“AW“‘BS@@ 380478) Carpeplatiggar i t v
cont r ol ;10S euRladhinistdr@ANES, ReHe hinbdsayiy madkaed, 330 CARBOPLA K Echdandipragenced -
(Sequi Serve, EL%@I etten, CGermany) using primers CFR84 (VL) and.-OCAL_Seq_lip
(VH). Selection of candidate's for affinity maturation Six selected :

mat urati on candi dedesm (‘equnewns freefagdecieasites setin of Brid ipash a¢ivity obe erytein or

char act er i zapidshokiytbRGedig; erlr{hewnﬂgngsgbpekbmﬁﬁmdsajafs lu£Hd1hb1@Ea fhaudw neatis DI CK1

| ess than 10 h i cant [0SS-Ie vityto cy nd nouse
DKKI , - EC 50 ﬂogls}%m\flgﬁg r} bg‘M ng/o 0 am%&th rom%'éﬂasgk r eg’éf’orf’ l? evel s in A
coi | and?l adRhlb‘forsadgfreé@mlPon af t er Fab purl fication. : During the course

of the affinity npasurce;ﬂpmlsstaﬂgétm@%&m.@\& d\amttmgmucﬁ«@@wﬁ%asbﬁarhl ghly
unst abl € at hl gﬁel owt&‘n 9ac§ - e'ge rtor%1 I§Gl£ su?‘| ascom oun?’sv%} cT:h t%tg{:fyn‘clie(ztfse lnhqnt Cﬁl he list

of maturation canltz:’ii Yates a e hi
beet ECso nMFtidd- %WPGF@P@&IIF&B@OU&‘S RO bt thes JEGF FPF@%ﬁora‘f’?ClhﬁFalby“@fh'S't@ nM to
human DI CK] tbutH- pﬁmsd[mmmpyﬁniaeleaémweeemfme) BQYWDLHB% ; lofehbline caﬁlsbumROMSs

Those tan artiRaefih SRIMOA0S Qo oA BB e Bl Bl BBl LT 1 ©
eval uation d‘lm"bﬂ (IAA:N&UJ #Hl e data, six maturation candl dat es (MR 04454,
MOR04455, MOR04456, -MiRAddtads tarlyBiRg Adtdi@asingidel inMbIRD4 SikGtivady of e beeleeabrivdhe
IF:)’: ggg: E : g: ?&I'th tf;l?o? ?eég@&gg%m sﬁgh Ichlglgo%gdsl%i;ﬁqpljg& cﬁcn@%’é%}' ﬂhibi-[ﬁ;lglaaiv‘*y
of PDGFR, especially compounds which mh1b1t the PDGF receptor, €.g., a N-phenyI-Z-pyrlmldme- .
25  amine derivative, e.g., imatinib, SU101, SU6668 and GFB-111; :
iii) compounds targeting, decreasing or inhibiting the activity of the fibroblast growth
factor—receptors (FGFR);
iv) ~  compounds targetmg, decreasmg or inhibiting the activity of the msulm like growth
factor receptor 1 (IGF-1R), such as compounds which target, decrease or inhibit the activity of IGF-
30 . IR, especially compounds which’ mh1b1t the IGF-IR receptor. Compounds include but are not
' limited to the compounds disclosed in WO 02/092599 and derivatives thereof of 4—ammo-5—phenyl-
.7-cyclobuty1-pyrrolo[2 3-dlpyrimidine derwatlves (AEW541);
v) compounds targeting, decreasmngr mhlbltmg the activity of the Trk receptor
tyrosine kinase family; o ‘
35 : vi) compounds targeting, decreasing oriinhibiting the activity of the Axl receptor
_ tyrosine kinase family; ’ '

vii) compounds targeting, decreasing or inhibiting the activity of the ¢-Met receptor;
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Antibody ED [nML human DKK | KD [nM nouse DKK |* KD [ti.M cyno DKK I * -EC50
[IM Cross- reactivity nouse Fab expression briWI Size excl usion

chr omat ogr aph9Q 2N0FEA¥W70 3.2 + 2.0 3.6 1.7 58 -H 318 # WMOROA2M79877.6 + 0.7
2.4 1.9 42 ++ 1.5

) viii). compounds targeting, decreasing or inhib.iting the activity of the Ret receptor
tyrosine kinase; ' . N .
‘ Y] compounds targeting, decreasing or inhibiting the activ‘it‘y of the Kit/SCFR receptor
tyrosjne kinase . .
5 Cx) compounds targeting, decreasing or mhlbltmg the activity of the C-klt rcceptor
‘ tyrosine kmases (part of the PDGFR family), such as compounds which target, decrease or mhlblt
the activity of the c-Klt receptor tyrosine kinase family, especially compounds which inhibit the c-
Kit receptor e.g., imatinib; .
xi) compounds targetmg, decreasmg or 1nh|b1tmg the activity of members of the ¢ Abl
10  family and their gene-fuswn products, e.g., BCR-AbI kinase, such as compounds which target
decrease or inhibit the activity of c-Abl family members and thelr gene fusion products, e.g., a.-N-
phenyl-2-pyrimidine-amine denvatlve, e.g., imatinib, PD180970, AG957, NSC 680410 or ' '
PD173955 from ParkeDavis; BMS354825 _
. i) compounds targeting, decreasing or inhibiting the activity of members of the protein

15 kinase C (PKC) and Raf family of sering/threoﬁine kinases, members of the MEK, SRC, JAK, FAK,’
PDK and Ras/MAPK family members, or PI(_;i) kinase family, or of the PI(3)-kinase-related kinase
family, and/or memberé of the cyclin-dependent kinase family (CDK) and are especially those
staurosporine derivatives disclosed in U.S. Patent No. 5,093,330, ¢. g m}dostaurin‘ examplos of
further compounds include, e.g., UCN-01; safingol; BAY 43-9006; Bryostatin 1; Perifosine;

20 Ilmofosine; RO 318220 and RO 320432; GO 6976; Isis 3521; LY333531/LY379196; 1sochmolme
compounds, suchi as those disclosed in WO 00/09495; FTls PDI 84352 or QAN697 aPI3K
inhibitor;

‘xiii))  compounds targeting, dec_reésing or inhibiting t.he activity ofprotein-tyrosine
kinase, such as .imat.inib mesylate (GLEEVEC); t&lrph'ostin or pyrymidylaminobenzamide and

25  derivatives thereof (AMN107). A tyrphostin is preferably a low molecular weight (Mr <1500)

' compound, ora pharmaceutically acceptable salt thereof, especially a compound selected ﬁorh the
benzylidenemalonitrile class or the S arylbenzenemalonirile or bisubstrate quinoline class of
compounds, more especially any corflpound selected from the grouo consisting of Tyrphostin
A23/RG-50810, AG 99, ;I'yrphostin AG 213, Tyrphostin AG 1748, Tyrphostin AG 490, Tyrphostin

"30 B44, Tyrpﬁostin B44 (+) enantiomer, Tyrphostin AG 555, AG 494, Tyrphostin AG 556; AG957 and
adaphostin (4-{[(2,5-dihydroxyphenyl)methyl]Jamino}-benzoic acid adamanty ester, NSC 680410,
adaphostin); .

xiv)  compounds targeting, decreasing or inhibiting the activity of the epidermal growth
factor family of receptor tyrosine kmases (EGFR, ErbB2, ErbB3, ErbB4 as homo- or heterodrmers),

© 35  such as compounds which target, decrease or inhibit the activity of the epidermal growth factor

‘receptor family are especially compoundé, proteins'or antibodies which inhibit members of the EGF _' .

receptor tyrosine kinase family, e.g., EGF receptor, ErbB2, ErbB3 and ErbB4 or bind to EGF or
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~ EGF-related ligands, and are in particular those compounds' proteins or monoclonal antibodies. )

generically and specifically disclosed in WO 97/02266, e.g., the compound of Example 39, or in.EP
0 564 409, WO 99/03854, EP 0520722, EP 0 566 226, EP 0 787 722, EP.0 837063, U.S. Patent No. -
5,747,498, WO 98/10767, WO 97/30034, WO 97/49688, WO 947/3 8983 and, especially, WO
96/30347, e.g., compound known as CP 358774, WO 96/33980, e.g., compound ZD 1839; and WO
95/03283, e.g., cqmpound ZM105180, e.g., trastuzumab (HERCEPTIN@) cetuximab, Iressa, OSI-

'774 CI 1033, EKB- 569 GW-2016,El.1, E2.4, E2.5, E6.2, E6:4, E2.11, E6.3 or E7.6.3, and 7H-

pyrrolo [2.3- d]pyrlmldme derivatives which are disclosed in WO 03/013541, erlotinib and gefitinib.
Erlotinib can be administered in the form as it is marketed, e.g. TARCEVA, and gef~ itinib as '

" IRESSA, human monoclonal antibodies against the epidermal growth factor receptor including

~ ABX-EGFR; and , . T

XxV) Com'pohnds which target, decrease or inhibit the activity/funetion of
serine/theronine mTOR kinase are especially compounds, proteins or antibodies which target/inhibit
members of the m;FOR kinase family, e.g., RAD, RAD001, éCI-779 ABT578 SAR543, rapamycin
and denvatwes/analogs thereof AP23573 and AP23841 from Ariad, everolimus (CERTICAN) and

. sirolimus. CERTICAN (everolimus, RAD) an investigational novel proliferation signal inhibitor that

prevents proliferation of T-cells and vascular smooth muscle cells.
When referring to antibody, it is to include intact monoclonal antibodies, nanobodies,

polyclonal antihodies miulti-specific antibodies formed from at least 2 intact antibodies, and

antlbodnes fragments so long as they exhlblt the desired biological activity.

The phrase “compound which targets, decreases or inhibits the activity of a protein or llpld

phosphatase” as used herein includes but i is not limited to inhibitors of phosphatase 1, phosphatase

- 2A, PTEN or CDC25, e.g., okadaic acid or a derivative thereof.

The term “monoclonal antibodies™, as used hefein, includes, but is not limited to

' bevacizumab, cetuximab, trastuzumab, Ibritumomab tiuxetan, denosumab, anti-CD40, anti-GM-

CSF, and tositumomab and iodine I 131. Bevacizumab can be administered in the form as it is
marketed, e.g. AVASTIN; cetuximab as ERBITUX; trastuzumab as HERCEPTIN; Rituximab as
MABTHERA; .Ibritum'omab tiuxetan as ZEVULTN; anti-RANKL as denosumab (AMG i62), anti-
CD40 as HCD122 (U.S. pateht application 2002-0106371), and tositumomab and iodine I 131 as
BEXXAR. ’ ’

The phrase “further anti-angiogenic compounds” includes but is not limited to compounds

.havmg another mechanism for their activity, e.g., unrelated to protein or lipid kinase inhibition, e. -

thalidomide (THALOMID) and TNP-470.

.The phrase “compounds which induce cell differentiation processes™ as used herein, include

but is not limited to retinoic acid, a—, y— or 8-tocopherol or a—, y— or 8-tocotrienol.

The term “cyclooxygenase inhibitor” as used herein includes, but is not limited to, e.g.,

Cox-2 inhibitors, 5-alkyl substitutedQ-ary]amino;ihenylacetic acid and derivatives, such as
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* single nmeasurenment n.d.: not determned 25 - # nononeric portion > 90%
Ceneration of selected Fab libraries for affinity maturation I n order
to obtain clVWAEYHeting i ncreased affinity and inhibitoPFTdERIVINY70f t he
anti-DI CKI antibodies, the selected Fab cl ones MIR0O4454, MR04455, MR04456,
MOR0446 L MIR04470, 30and MOR4516 shown in the previous exanple are subjected
to further rounds of diversification and selection, a process known as .
affinity r‘rmewcailb mwlﬁm%ﬁ&ﬁ?ﬂ@&%ﬁﬂﬂ@ﬁémﬂpsmwm@?ﬁalkﬂ -2- - For this

purpose. DR fLEdholE L i B> STl 180 RfoRaE IS RANHY R and 1| CDR2
mat ur ation. cr’o[tg's"e es’ pre c%! et ?} n?cl eotide mut agedz;g]sel s (V inekds et al:
1994 Nucl ei @"WGPQ&@ Res 22: 5600 5607 Nagy et al., 2002 Nature Medicine

8:801-807). Tabl EheXerEhabkbsprlvames" {4 esed GBI, isdgiitevods nftdimitehe, gadait al cl ones

I\/DR04454 45 MDRO4 MRA
sequences :‘vgrRCP '§efe %l nﬁ’ CF%'éanltyP{gqgémc%M%@D%Ysgggﬂg%%e SEQﬁillﬁmdl\IjC-)@lll{/%ﬁngégDE?

LQYYGW P 2g_en¢;1}ﬂ@hqgig1m@gen@v|gsprpm @Qn RDIRG Angtefs. w} Ly“clodronic acid” as
‘ BONEFOS; “tiludronic acid” as SKELID “pamidronic acid” as AREDIA; “alendromc acid” as

F OSAMAX; “ibandronic acid” as BONDRANAT, “risedronic acid” as ACTONEL; anq ‘zoledronic
acid” as ZOMETA. - | e -
10 The term ;'heparanase inhiBitor"; as used herein, refere to compounds which target, decrease
or inhibit heparin sulphate degradation. The term includes, but is not limited to, PI 88. '
The term "biologieal resi)onse modifier", as used herein, includes, but'is not limited to
lymphokine or interferons, e. g., interferon y.
The term "inhibitor of Ras oncogenic isoforms”, as used herein, includes, but is not limited
15  to H-Ras, K-Ras or N-Ras as used herein, refers to compounds which target, decrease or inhibit the -
oncogenic actwnty of Ras, g a famesyl transferase inhibitor (FTI), e.g., L-744832, DK8G557 or .
Rl 15777 (ZARNESTRA) ' ‘

The term "telomerase inhibitor”, as used herein, includes, but is not limited to compounds

which target, decrease or inhibit the activity of telomerase. . Compounds which target, decrease or
20 inhibit the activity of telomerase are especially compounds which inhibit the telpmefase receptor, )
e. g telomestatin. ' . ‘ . .

The term "matrix metalloproteinase inhibitor" or (MMP mhlbltor), as used herein, includes, -
but is not llmlted to, collagen peptldomlmetlc anq non-peptidomimetic inhibitors; tetracycline
derivatives, e.g., hydroxamate peptidomimetic inhibitor batimastat; and its ora_lly—'bioavailable

25 analogue marimastat (BB-2516), prinomastat (AG3340), metastat (NSC 683551) BMS 279251,
. BAY 12'-9566' TAA211, MMI270B or AAJ996.

The term "methionine ammopeptldase inhibitor”, as used herem, includes, but is not limited
to, compounds whlch target, decrease or inhibit the activity of methionine ammopeptldase
Compounds which target, decrease or inhibit the activity of methionine aminopeptidase are, e.g.,

30  bengamide or a derivative thereof. .

The term “proteasome inhibitors”, as used herein, includes compounds which target,
decrease or inhibit the activity of the proteosome. Compounds which target, decrease or inhibit the.
activity of the proteosome include, but are not limited to, PS-341; MLN 341. bortezomib or
Velcade. _

35 The phrase "agent used in the treatment of hematologic malignancies", as used herein,
.mcludes, but is not limited to, FMS like tyrosine kmase inhibitors, e.g., compounds targetmg,

decreasing or inhibiting the actmty of FMS-like tyrosine kinase receptors (FIt-3R); mterferon, 1-b-
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MORO4470 .' L2 QSYASGNTKV 25 MIR04461 .L2 STVWDMIVDF 24 MOR04516 L1 ASFDMGSPNV

26 Tabl e 6 herein shows the HCDR2 sequences for the parental
cl ones MOROA¥G20079%3NMDR04455, MIR04456, MOR061, MIR0447FCARG200DMA%T6. Tabl e
6..1-1CDR2 sequences for selected Fabs ' . Antibody -VH HCDR2 Sequence SEC | D

NO MIR04454 H3 DGSHIVDKPPGYVFAF 2 MOR04455 , H3 HYMDH 3 MOR04456 H3. TI YMoY 4
MOR04461

. D-arabmofuransylcytosme (ara—c) and bisulfan; and ALK inhibitors, e.g., compounds which target
decrease or inhibit anaplastic lymphoma kinase.

The phrase “compounds which target, decrease or mhlblt the actnvnty of Flt-3” as used
herein, includes, but is not limited to compounds, protems or antlbodles which inhibit Flt-3, e.g., N-

5: benzoyl-staurosporme, midostaurin, a staurosporine denvatn,ve, SU11248 and MLN518. .
~ The term,"HSP90 inhibitors", as used herein, includes_, but is not limited to, compounds
targeting, decrea.sing or inhibiting the intrinsic ATPase ‘actiyity'of HSP90; degrading, targeting,
decrea'.sing or inhibit‘ing' the HSP90 client proteins via the ubiquitin proteosome pathway. .
Compounds targeting, decreasing or inhibiting the intrinsic ATPase activity of HSP90 are especially
10 = compounds, proteins or antibodies which inhibit the ATPase activity of HSP90, e.g., 17-
~ allylamino, 17—demethoxygeldanamycm (17AAG), a geldanamycm derlvatwe other geldanamycm-
related compounds; radicicol and HDAC inhibitors.

The term “an antiproliferative antibody” as used herein, includes, but is not limited to

trastuzumab (HERCEPTIN), trastuzumab- DMl erlotinib (TARCEVA) bevacizumab (AVASTIN),
15  rituximab (RITUXAN), PRO64553 (ant1—CD40) and 2C4 Antibody. By antibodies is meant e.g.
- intact monoclonal antibodies, polyclonal antibodies, multispecific antibodies formed from at least 2
intact antibodies, and antibodies fragments so long as they exhibit the desired biological activity.

.The term “HDAC innibitor”, as used herein relates to relates to compounds which inhibit
the histone deaoetylase and which possess anti-proliferative activity. This includes but is not limited.

20 to compounds disclosed in WO 02/22577, especnally N-hydroxy-3-{4-[{[(2- hydroxyethyl)[Z-(lH-
' . mdol—3-yl)ethyl]—ammo]methyl]phenyl]-ZE-Z-propenamxde and N-hydroxy-3 [4-[f[2 (2-methyl—
1H- mdol 3-yl)-ethyl]-ammo]methyl]phenyl] -2E-2-propenamide and pharmaceutlcally acceptable
B salts thereof (LBHS589). It further especially includes Suberoylanilide hydroxamlc acid (SAHA) [4-
(2-amino-phenylcarbamoyl)-benzyl]- carbamlc acnd pyr1dme-3-ylmethy] ester and denvatlves ‘
25  thereof; butyric acid, pyroxamide, trichostatin A Oxamﬂatm .apicidin, Depsipeptide; depudecm and
trapoxin. ..

The phrase “compound which targets, decreases or inhibits the actwnty/functlon of
serine/theronine mTOR kmase” as used herein, includes but is not limited to compounds, ‘proteins or
antibodies which target/mhlblt members of the mTOR kinase famlly, e.g., RAD, RADOO1, CCI1-779,

30 . ABTS78, SAR543, rapamycin and derivatives/analogs thereof, AP23573 and AP23 84 1 from Ariad,
' everolimus (CERTICAN) and sirolimus (RAPAMUNE), CCI—77§ and ABT578. CERTICAN .
. (everolimus, RAD) an investigational novel 'proliferation signal inhibitor that provents proliferation
of T-cells and vascular smooth muscle cells. ’ ) .
* The term "somatostatin receptor antagonist”, as used herein, incldde's, but is not limited to,

35  agents which target, treat or inhibit the somatostatin receptor, such as octreoride and SOM230.

63



H3 . Md DLDY 5 MOR04470 H3 FI G DFDH 6 MOR04516 H5 G PFRVRGFDY 7 Fab fragnments
from expression vector pMORPI eX9 Fab FH are subel oned into the 15phagem d

vect or pMORMP2B7P%E US pat ent nunber 6,753, 136). Thi s PeEASYOTHIOBYi des t he
phage protein pill fused NNterminally to a cysteine residue as well as a
C-termnal cysteine to the Fd antibody chain and thus allows-disulfide-Iinked
di splay of the respective Fab fragnents on the phage surface, Two different
strategies are app t'elﬂd'ahtmepwna& &oa{potum" apiskdThezén, hetuded, b isafof limitddyto ArdCtahe

ef ficacy of the g%r; r'teap?t al .Fabs EV}/, a,QRa%‘%am mos1d9jj¢§én@ﬁf3 L{&Bﬁfc&tﬁneaﬂﬁo

gener at ed i Wi onés 1s replaced by
a repertoi r acoflediindge wrdlqahalm fg" hw%&#mi"m @R&amw@ﬂ(ﬁe@?) W‘H@uﬂm Phashdif-at i-on

of MOR04454 is nefe ;ﬁﬁ@arsé Qﬁrﬁ&@ell %na%ﬂ'gﬁp&&a@ﬁb@s" 13855 18 Bpélidhds) sOEIﬂ'is idhdidg restriction
site in one of  the CDR g ons an ge «P rest cg";)a Qz mea ”c?mz'ms Used for the
library @l omdﬁg%rT&e&&a Riging fadiatipry) jefgpred o520 Vfi&flﬁﬁ of & par ent al
clone is rephaseds iyiherrbpentaghatie rof, 88 4 Pfdlamaljdlafllmm@aw Otmctlﬁswssequences

Each parent gJFhfaéaa I gﬁmﬁﬁqcn@mmﬁ .a@.@tdmflgxm\ade'a@.o blihostiifdaas, radmos DNA
stuffer facilitates the

aratjo si.n fr m.doubl ested
vect or bandg‘eﬁﬁlﬁla’}déﬂ]ﬂ’é’é’g i Ea‘ﬁa%q?&pgﬂﬂhcﬁ e't’ﬁthﬂ%ﬁﬂ’ fi’{r%i3 ! eﬁ‘grg“ Fabs
during the p#&sgt99Gn pari nings. WO 20071084344PCT/ U8200710110777 I n a

subsequegt step, Tﬁ&@nétéﬂé%dérsas%&ilrér%& i‘nt’:ﬂ&@stﬁhexslﬁauhmﬂféa@dhBgssp,kasm ds of each
parental clone and repl aced

diversifje mat ur ati oh
cassette.. ‘m"‘“""E‘&’P@éﬁ&‘F f'\ﬁ'rﬂ‘?‘&‘l‘ yﬂ?pﬁ?‘%&r{g‘i'mbl?téqnl Sé’§'!’ 65de Igggr eE t han 2x107. menbers
are generated by Th¢ tamdaibdnuctsbiidvireiyctpseddeiior'as used hereinhicldies.dusis notdicnited nes ar e
transf or rred rm'ngmgL%lﬁ@n&%ﬁ@éa@xﬁ%gﬁnc]wg bJQBhQF te@ﬁJ hﬁda(ai;ﬂ%bﬁd’/&gﬁﬂ) 6.

Fab- pr esentt ng pl.i ages are_ prepared descri, t?l} E raa V. LFour
mat urati on FBAURing FHUF‘F‘!"W"W F‘aré?pt?péi“'i’ a&PFie t'é°°["H’é"a TR eﬁ ect’on
pr ocess.15 poehd/érpegonsins R@dnmeonmed@@mtorwsmasﬁﬁowm Fsrawi es; pool
I'b consi st e?Hq%]o13d@%—1@89rﬂ&46zgvat@&dsuwgﬁﬁll 611 bCBRA b i api @spLpepbL Basee

consisted o 4 MDRO4461 LCDR3 i braries;
and pool 2bMNEBHSE %’t’é‘dtad?“c?'ﬁ%cﬁ\ﬂ%g%t%’iw 9%%%6 &gg‘t) MOR04456, and MOR04461
HCDR2 |i braries. The terlﬁo'rS—asamiaylp@thontnhéeop@nmlasglmhéﬁtpre‘f porsedkbrdim sol ut i on
by St ep: Tagk] Apandi finfa U b AIERIRAC TS @8“““’*“39’?%‘8‘2‘2' oo Caﬁi.“f];”g
decr eassﬂg am)unfrgeUFésﬁl 'B?'P W‘ﬁf‘@ﬁ’oﬁﬁﬁf E%%h \)ﬁ%]:g (ot ?eurheer " ’]A SHati
Neut r avi di neoetnetd pi, adngundsiiislogtd in WE 98/35PEase- t h‘éclﬂxatmmﬂmg)'é{‘?‘l ngency and tO
\?\:: IeC; fO;’]I g elyg}éé%lg/l ﬁ&alﬁﬂe%gpmm éc%tametsmtm%bffégdthQQrfc@ﬂﬁt@;'or g\rabzdas

s u S cubat i ods
| mredi atel y V&‘PP%/PWﬁewﬁa"HW?&%ﬂPZ” sgg& e%;{)ﬂa% y"%ﬂggpoo S ar el"%u 421 oned into
t he p. MORP11%8e Fidegxiprdds Froretteeat Ganceryoulol 2800 - §203gi2és dPYRet aarealpPioRed, “and
the Fabgsar uindLEes ught Vol @T& ﬁﬂdyawma@mm ZP@BiH1 NCand 4 RAL, 861188, pp. 3209-

NI A SR U, T L N
for two or tahd B® J409R0% AN@@[S%TNéftsyﬂbEFbY Ogitedlly avhl..10e ‘b}éﬂgc mg3$t328t egi es,
conpeti tion (Yol ENB%SI@M&N 8BRS’ RbiFall Dt ebiNgs, p5. 2vd-245 (ustl73baheditic
APPAagged Dlagléallmdeg %pFdo; 2334440%5‘3% HR86£ QNCENLLAL L ONE VAR LGRS LV Gsashi ng,
30  VEGEF receptor antibodies, e.g., rhuMAb and RHUFab; VEGF aptamer, e.g., Macugon; FLT-4
inhibitors; FLT-3 inhibitors; VEGFR-2 IgG 1 antibody; Angiozyme (RPI 4610); and Avastan.
The term "photodynamic therapy", as used herein, refers to therapy which uses certain
chemicals known as photosensitizing agents to treat or prevent cancers. Examples of photody'nami(?
therapy include, but are not limited to, treatment with égents, such as, e.g., VISUDYNE and
* 35  porfimer sodium.

The term "angiostatic stercnd" as used herein, mcludes but is not limited to agents which

block or inhibit angiogenesis, such as, e.g., anecortave, mamcmolone hydrocortisone, ll-a-
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25are used to increase stringency. The sol ution panning on unl abel ed
Hi s-Strep-tagged DICK is perfornmed over two selection rounds mainly according
to the stand¥?apP¥8tcol described.in Exanple |I. Except iP6RYSEH7PHESe
procedures are the application of reduced anounts of antigen (decreasing from
5 nMdown to 1 nM, the high stringency of the washing procedure either wth
conpetitor or without, and prol onged 30i ncubati on periods of antibody-phases
t oget her w tebmw]ecoam,logeékolone 17a hydrbgprogbierdrief Bitics@draet doasdytirtiadtetsat,ng
bi oti nyl at eq Este L estmneamjn({exa a8 Neutravidin plate are washed two tinmes with
300 ul PBS. The i ar e iked W th 2x Cheni BLOCKER (Chemi con, Tenecul a,
CA) diluted 1:1 |Trhe PIRSSS (‘BRREk FOngitg qorticpstermifly '@ ugeg herpig, igelpdssthiin 8ot limed Hu CAL
6055( r) phagg%ﬂsega 8. @Im@léieaowamd@;aﬂem&bme Bl oclgl nnguf fer containing

o t ween or. m. t mte lLocke a arations
are tr angf erred ITrq %66 R?‘?ref:ep?odgrt)t%goPrsm useﬁ Hfrfm m% udes utn noa\l/ll (r}l %E)@ sgd ol at e
for 30 nun abchas®APYANperature. This pre-adsorption step is repeated once.

Bl ocked and- pre- @hemd;xéhmantm’epa;eamrensnaﬁces lbmymu.eﬁtemordm&cmm

st e e AP BB S ey et bl e
sanpl es ar e ramiptib atrzdoroil epdtiagtlapal. 4C on a. rotating wheel . -

Ant i gen-jghage cormixee;s@asmgéeeumgp&m&gemmm@e wla}esmpmmaedmewahaamaw.& plate for

20 m n at omte ext ens hage
particles ag’é"%ﬁ“a{%ﬁ‘%ﬁ}ﬂﬁa‘a%‘ims Snb‘?)lf’g'?gffs ci"s'eo 0%%%[ %"F“?FPY 'Xmglffld r| s pH-8.0
per well formtillﬁermsmna&enmmrtueln‘pteipmrlﬁleonumhteldeﬂqm'?fe/eﬁ or méspglirecpusnradntaeded t o.

14 m E.. colg enTglmp&i,érsrlg{kgm,{,&hm,me@Bm of 0.6-0.8. The wells are ri nsed
once with 20 PBS.; and n.is the. E c el ls.

Phage. i nf ect i on (3? cqch casg, Wﬁ’frg c'é"’l%'f“bsvveﬁat?"é Fppzi‘ﬁa“r?i‘s °r5f‘e'g‘f&p{7\? RS ar% Iﬁ’é{ﬁ PAg. Af ter
centrif udat iponichlarwittOegsrhtoghe rEOOTIve pmpotitecldimeandthedfinaprspdusts of the eorkingh

resuspended exinf@Qndddin, ZaeYIbJea ehauénofme @Bﬁ@rd&ﬂ&t@ u%mmgaua@aﬁe,mraafo@ssand #and
i ncubat ed overni

ol oni scra fromthe
Lo oae ot e e e i BBl e B B SR PEAR [ [ g ae
descri bed alféwerisedpredikseise d carrrdpanting elenegisametrsofs wﬂ'ease‘elcemsvmdmmce'sﬁgbrfor med as

descri bed ahgyugrich@ns,tehe sbivhistand Q&p.qo@ﬁs, SekRGt | Uﬁﬂose@ﬁﬁ@g atle t:maoumslkudrag
trati

conditigns are nore.s ent n .

respect iVel fct'vei%ﬁdéeéés "6@'%@%”‘?'"aﬁ1°?15e‘£s€!§’gedq’° ‘“\'/E ?rCSaret? agégg'l’omm reﬁg anal yS| s of
DI CK1 bi ndi rigscHagskin the cited docurfagfs, '[eFF@Ctd’éb’eCtl on of affinity-inproved, DI CK
1-speci.fic anti bagly séacamesacé.@ agemsqeénk.ﬁw@%@esn&ﬁas @xérrcaﬁtr&de,naaesBmVeri s

M 384 SERI. E%% éz)k §Om§} R tl?d%Qltl% oft Ver Inﬁar& o S(Prldl *heﬁ%érel%d&m H egéta 'S

used. The as propyl ene mer S es and
PBS suppl emers. @Gt%ﬂﬂﬁer%%%/g,lwﬁdelm%lmmzﬁ Pabhqah@smw%ﬁhof’e?nd '

EI 0; l nzflzat e:ia)ehwnlm@cdaleg@dlngoﬁtehﬁmbufl.d %Ry mor%raéé)bﬁereemaw din par amagneti c
eads (Dynal) accordi t tructions o ution
of the bead st OCE sgl ¥ ersmog?ha §§ "cestto e f?mpog‘cntse(fa)sangg?) afdbcaﬁm a‘s? g ed BEL
extract and tb@&@snaa?tecqlw@mae@elsatbtsef%ivgﬁﬁle agtive %h‘?‘tce%rdé?%t’ﬁ?"é“ﬁﬁesamg‘ﬁfa%ér For
det ecti on, &ﬂtcbmponenl&y(mﬁh&&@b)aa\% foPe:an9lsddt 1dastiond bLid cmérhh&éah gorm@di¥l accor di ng
to instructi t u Veris Eu fordshire, UK) is
used: -25A sg Salt ht?o ?%8%5 ac'd( %d O" Sall ];(anéFSQF%ﬁ)gge ahrae na eSl?’éida"by t he net hod
descri bé@ at?é@*éona}ly Br@wgehasepenie@ertrveﬁ@ewm%hwglgtanemﬁg@mﬂg Qrbsari flerg hosen

for further sapaliyases TlheS&h&btst&hneéildbﬁlpxﬂédl leohpdnedt (a9 Bnd/dPe)@F i1 nat i on of
ggfgm (I?llrat ?]::;)nlrpnlaz[:elu?callyzsulfcg al eosa s ?re?fEaaglallsolg Sg ngf:g]rtcr)rt;rrcgff_ah Hra{egﬁ-lrllug%(g yzed by
30anal yt i calsolsEgs Usshfs’e?ldékl?@mft\rrer sham Phar naci a) of Fab are used.

El ectrochem | um- msg;arhcﬁst(aEﬁha thb@&@&lt aténm&n fe;atedeiaaﬁéfhdm&w @preventi&l dft | on and
conat ant SamsarRre PRRFFER R b SR ur e B e BB Ry (corial
3" di | uti ongijamyhal, mmfanblmk&mseupaw S’thm*’tc?fﬁg“seb‘ﬁee’?ﬂthmf\’“@ﬁ)cm?cﬁr@tﬁ‘b’Gt| on.

Bi ot i nyl at ededudnmiy RitCkharGaddpicanl érRcparaaagsnataicombaans of:M 280 Strept avi din,
Dynal ), and By- 35 tagTM (Bi oVeris Europe, Wtney, Oxfordshire, UK). | abelled
anti-human (Fab)'2 (D anova) is added and the m xture incubated for 30 mn.
Subsequently, the concentration of unboungs Fab is quantified by ECL detection
using the M SERI ES 384 anal'yzer (BioVeris Europe). WO

20071084344PCT/ US2007/ 000777 For this purpose, 160 single clones are
sel ect ed and purified by N -NTA Agar ose | n the ng scal e. Prel i mnary
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ng scale. MIRO4950 is excluded fromaffinity determnation and further
evaluation clue to partial aggregation of the Fab which is detected in size
excl usi on cHYOAWIB¥PEphy. Final affinities are determnm n@§TIUSTY/PRG7i ndependent
bat ches of each Fab clone using an 8-point SET neasurenent and human, nouse,
and ccnonol gus DKICL.' Affinity determ nation to nouse and cynonol gus
DKK1 is done essentially as described above using nouse DKK1 (R&D Systens) and
cynonol gus DI CK Ka)yasndunaliziigenti-DKKdluompositionsdnéad OF 10 human DKK1. For

det ection of freqbfmhamaggd"g&ﬂy%@gag&pan DI CK1 coupl ed to paranmagnetic beads-
is used. Affinities are cal culated according to Haenel et al:, 2005 Anal

Bi ochem 339. 1: 1831 Riglrred emb°d‘me“w18ﬁ§esi'1ﬁE'V%{’é‘g'éifol’:'ﬁ?fd‘lW‘FW?“H@’%B’FP%'&“ above, the
affinities foompitidag: af fi ni ty-optim zed anti-DICK | Fabs are determined in

sol ution.g Affinitje Ngggo 10 and MD)R04946, w th Kos bel ow
30 pMto human Dl@?ne%{r% Zg%aﬁﬁ %%ng i}hgto nouse and cynonol gus 15DKK1.
Further even ant |(b)o€neé’§”@f?d%ké'ﬁ’a%ﬁ“f'@r'\‘}'?‘fté@a&i’é’lséﬁﬁcieﬂdmm\ﬂ‘? gouw jontiriingaf @t i gens.
Cl one MDRO4QbdinaiisélinhibitorS frOantirBgkn g dnt-ahidiegeh] afohailttetih BgbnidKiopodtigerakfii ni ti es

2:)|euts :J?ga;:qﬁilﬁlﬂ L i Ia-l,ll; Itl Zra%lﬁf lﬂglgito %ﬁlc?cbt%ale%&weghﬁﬁ %ﬁ)ﬂ?@fu!: &Qg@ntétl%{gal t ?\//bl[,lgg‘l] :

DI CK' MR04gEplmpge anﬂsnﬁibohtewplam cpmwmmma@d Ixgetigg/desrepsing yroteinps i RO4907
64 + 7- 100 +kindke abBViBSor WWlpﬁﬂ)hﬁspﬂxﬁasg Qctivind b aZ%ignogemc compound; a compound

) which induces cell differentiation processes; monoclonal antibodies; a cyclooxygenase mhnbxtor, a
b .

bisphosphonate; a heparanase inhibitor; a biological response modifier; an inhibitor of Ras
oncogenic isoforms; a télorﬁerase fnhibitor; a protease inhibitor, a matrix metalloproteinase
. inhibitor, a methionine aminopéptidase inhibitor; a proteasome inhibitor; agents which target,

1 5‘ decrease or inhibit the zictivity qf Flt-3; an HSP90 inhibitor; antiproliferative antibodies; an HDAC
inhibitor; a compound which targets, deqre'asés or inhibits the activity/function of serine/theronine-
mTOR kinase; a somatostatin receptor antagonist; an anti-leukemic compound; tumor cell dgmaging
approaches; an EDG binder; a ribonucleotide reductase inhjbitor; a’ﬁ S-adenosylmethio_nine ‘
decarboxylase inhibitor' a monoclonal antibody of VEGF or VEGFR; photodynamic therapy; an

20  Angiostatic steroid; an 1mplant contammg cortncosteroxds, an AT1 receptor antagomst and an ACE
inhibitor. . X ..

Any of the combination of components (a) and (b), the method of treating a warm-blooded
animal comprising administering these two éomponents, a phan'nace‘utical c;)mposition comprising
these two compoﬁer;ts for simultaneous, separate lor sequential use, the use of the combination for

25 the delay of progression or the treatment of a proliferative disease or for the manufacture of a

' pharmadeuticél preparation for these purposes or a commercial product comprising such a
combination of components (a) and (b), all as mentioned or deﬁngd above, will be referred to
subsequently also as combination of the invention (so that this term refers to each of these
embodiments'whic.h thus can replace this term where appropriate).

30 Sixﬁultaneous administration may, e.g., take place in the form of one fixed combination with
two or more active ingredients, or by simultaneously administering two or more active ingredients
that are formulated independently. Sequential use (administration) preferably means administration

of one (or more) components of a combination at one time point, other components at a different

time point, that is, in a chronically staggered manner, preferably such that the combination shows
© 35  more efficiency than the single compounds administered independently (especiaily showing
synergism). Separate use (administration) preferab]y means administration of the components of the _'

combination independently of each other at different time points, preferably meaning that the
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MOR04914 94 + 5 140+3 200+261 MD1t 04920 53 + 37 50 + 20 40 + 30 MD)R0O4954 110
54 112 + 25 36+4. MDR04952 ' 100 + 12 58 + 17 71 + 34 MDOR04948 57 + 8 67 + 17
65 + 25 MDROMO1@®708434 + 3 . 37 + 11 4238 MOR04921 - hi gRCHABN|IPW7Bat ch

vari ation MOR04947 32 + 19 58 35 30 + 17’

_ components (a) and (b) are administered such that no overlap of measurable blood levels of bot}r '
compounds are present in an ‘overlapping manner (at the same time).
Also combinations of two or more of sequential, séparate and simultaneous administration
are possible, preferably, such that the combination comporrent-drugs show a joint therapeutic effect
5: that exceeds the effect found when the combiriation compor)erit-dru'gs are used independently at time
intervals so large that no mutual effect on their therapeutlc eﬁ“ c:ency can be found, a synergistic
' effect being espec1al Iy preferred
" The term "delay of progression” as used herein means administration of the combination to
patients being in a pre-stage or in an early phase, of the first manifestation or e relapee of the disease
10 ' to be treated, in which patlents e.g., a pre-form of the correspondm g disease is diagnosed or which -
patients are in a condition, e. g., durmg a medical treatment orta condition resultmg from an accident,
under which it is likely that a corresponding disease will develop.
"Jointly therapeutlcally active" or "joint therapeutic eﬁ‘ect" means that the compounds may
be given separately (in a chronically staggered manner, especlally a sequence-specific manner) in
15  suchtime intervals that they preferably, in the warm-blooded animal, especially human, to be
: treated stlll show a (preferably synerglstxc) intéraction (joint therapeutic effect). Whether this is the A
case, can inter alia be determined by following the blood levels, showing that both compounds are
present in the blood of the human to be treated at least during certain time intervals.
"Phamiaceutically effective! preferably relates to an amount that is therapeutically or in a
20  broader sensealso brophylactical]y effectiy"e against the progression of a-proliferativedisease.
' . ' The term "a commercial package" or "a product", as used herein defines especially a "kit of
parts"” in the sense that the components (a) and (b) as defined above ean be dpsed independently or ‘
" byuse of different fixed combinations with distinguished amounts of the components (a) and (b),
i.e:, simultaneously or at different time pomts Moreover, these terms comprise a commercial
25 package comprising (especially combining) as actlve ingredients components (a) and (b), together
with instructions for simultaneous, sequential (chronically staggered, in time-specific sequence,
preferentially) or (less preferably) separate use thereof in the delay of progression or treatment of a
proliferative dieease. '_I“he parts of the kit ef parts can then, e.g., be administered simultarleously or
chronologically staggered, t}rat is at different time points and with equal or different time intervals
30 . forany part of the kit of parts. Very preferably, the time intervals are chosen such that the.effect on
" the treated disease in the combined use of the parts is larger than the effect which would be obtained
. by use of only any one of the combination partners (a) and (b) (as can be determmed according to
standard methods. The ratio of the total amounts ‘of the combination partner (a) to the combination
partner (b) to be administered in the combined preparation can be varied, é.g’., in order to cope with
35  the needs of a patient sub-population to be treated or the needs of the single patient which different
) needs can be due to the particular disease, age,.sex, body weight, etc. of the patients. Preferably,

there is at least one beneficial effect, eg.,a mutual enhancing of the effect of the combination
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MDRO4951 136 + 120 62 + 2 132 + 90 MJRO4918 110-690 236 + 23 ' 550-3144
MOR04919 64# 132# 1 | 1 # MIR04949 30 + 23 55 + 35 6536 M)R04922 90W 70# 50 4
MOR04911 140¥%0190#84650# 83 WD 20071084344PCT/ US2007/ 0 PEGVRPOMIRIZAI50 no
binding *: at |east two i ndependent nmeasurenents performed fromtwo different
Fab baches

partners (a) and (b), in particular a more than additive effect, which hence could be achieved with
lower doses of each of the combined drugs, respectively, than tolefable in the case of treatment with
the. individual drugs only. without combination, producing additional adv’antageous effecfs, e.g., less
side effects or a combined therapeutic effect in a non-effective dosage of one or both-of the . .

5 combination partners (components) (a) and (b), and very preferably a strong synergism of the
combination par;ners'(a) and (b). -

Both in the,. case of the use of the combination of componente (a) and (b) and of the '
eommercial package, any combination of simultaneous, sequential and separate’use is also possible,
medning that the components (a) and (b) may be administered at one time. point smultaneously,

10  followed by admlmstratlon of only one component with lower host toxicity either chromcally, e.g.,
more than 3-4 weeks of daily dosing, at a later time point and subsequently the other component or
the. combmatlon of both components at a still later time point (in subsequent drug combination
treatment courses for‘an optimal anti-tumor effect) or the like.
~ The COMBINATION OF THE INVENTION can also be applied in combination with other
15 treatments, e.g., s'urgical intervention, hyperthennia and/or irradiation therapy. ) ‘
The phannaceutical compositions aceording to the present invention can be prepared by
conventionalA means and are those suitable for enteral, such as oral or rectal, and parenterai
administration to mammals including man, comprising a th_erapeutiealIy'effective amount of‘ a
VEGF inhibitor and at least one pharmaceutically active agerit alone or in combination with one or
20  ‘more pharmaceutically acceptable carrlers, especially those suxtab]e for enteral or parenteral
applxcatlon .
The pharmaceutical compositions compnse from about 0.00002 to about 100%, especially, -
e.g., in the case of mfusnon dilutions that are ready for use, of 0. 0001 t0 0.02%, or, e.g., in case of
injection or 1nfusxon concentrates or especially parenteral formulatlons from about 0.1% to about
25 95%, preferably from about 1% to about 90%, more preferably from about 20% to about 60% active
. ingredient (weight by weight, in each case). Pharmaceutical compositions aecording to the
invention may be, e.g., in unit dose form, such as in the form of ampoules, vials, dragées, tablets,
infusion bags or capsules - . '
The effectlve dosage of each of the combmatlon partners employed in a formulation of the
30 present invention may vary depending on the particular compound or pharmaceutical compositions
employed, the mode of administration, the condition being treated and the severity of the condition
being treated. A physician, clinician or veterinarian of ordinary skill can readijly determine the
effective amount of each of the active ingredients necessary to prevent, treat or inhibit the progress
of the condition. o
- 35 Tyrphostins, especially Adaphoebin, are preferably administered to a warm-blooded animal,

' especially a human in a dosage in the range of about 1-6000 mg/day, more preferably 25-5000
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4: single neaurenment only Exanple 6: Characterization of affinity-optim zed
anti-human DI CKI Fabs Enzyne Linked | nmuno Sorbent Assay (ELISIO Techni ques
Bi ndi ng spedV®RWP843Hf the nmatured Fabs in the presence PO/USEYG/MYAEN serum
(HS) is determ ned. Serial dilutions of human reconbi nant, biotinylated D CK1
in TBS are coated onto Neutravidin rricrotiter plates for 2 h at rooni
tenperature, from8 ng DKK1 per well to a 'concentrati.on of- 125 ng DKK1 per
wel | . After nugdlyi mgt pefetahly S0 eg/daywdinliess gatel diheoekelbran, thy cFBSundis05% Tween

(TBS-T) SUP%&&FQ&?} &f%:m&t&'@d J’r(/ﬂi%%ofSOJspécxﬂ %mﬁ%és%xﬂfa ature. Purified Fabs 10
descri bed above are di | ut eith er 4% BSA Ofé S/ 50% HS at a fi nal

concentration of Thifgpsitica 6’8’?—5’6"“%5 f"ht @Hmh ) BRER R L H\d t he pl ates
are i ncubat edmfnprrationhreat.gs Gomit enpesat Gres, skbras deheskicd mbleancaasules oF LAG

al kal i ne sphag gl ASE addiknebRg u,geéur‘eé Ak m&yed(o&xeﬁﬂ&OmerelfwnheamrsrareTBST) and

the fluorogenic substrate AttoPhos (Roche) are used. After each incubation,
the wel I's ofrePREd By eoryttipnal mEinstcels bX Meaiieed FRIYCRAORH MPHRET STy iing; el -cogiipge pt
after the fldmactlvmgmub:amilﬂihg posésep. Witilihbd ztpereb:arbetmdhsmomdamwambbodyn when

wells are inlf‘& c&«ﬂ{,&ﬁ 1dual ose h‘% Jgﬁe?é&%&?n&tﬁn uﬁ@l?&}ﬁ&ﬁﬁ{e hﬁl}lef?ect-r\'r:eCAN

Spectraflu te'rea curves are shown In ‘
her ei n. Tablaé‘°8“t§'lﬂ?ﬁrth? r‘efeéafr ﬁ’éec rer?arorrgt ca'e;txr fr;rcﬂrgﬂ Ryfadmipdstigiian ofe PREPISIRT - DKK1
Fabs i n 1pr eésiesigeuwns. 6096 fskifiemnths e Umtwmpmytedetemdm apghopgataptainvactutically 4% BSA,

whi ch'’ rangeﬁe%rvgmlﬁgéoo %el%gt/&atfm‘@?n%%rﬁ‘é‘ value,is found to be 93% thus the

anti-DICK 1 S are oun bind to target in the presence of human
serum Tabl e 8. "Brsidntiy thecempungs ‘thewéb@‘aiﬁ*ﬁ'?ﬂ%difeﬁi"lﬂ?ﬁaﬁﬁth%fé? YPty w 50%

HUMBN Ser uMaisindlérdaSAa 6l MBIROAGHEE BImuIGHMOROE it B4 tablbt, MPROA BAGr@3or ad. -
MOR04913 89 9 ﬁ%ggoq 0Q 7 MIR0O4948 100 15 NDRO4952 100 5 MDR04921 93*
IVDR049141583*D “‘%‘% ki i

In preparmg composmons for oral admmlstratron, any pharmaceutically acceptable media
: may be employed such as water, glycols, oils, alcohols, flavoring agents, preservatives, coloring
agents. Pharmaceutically acceptable carriers include ‘'starches, sugars, microcrystalline celluloses,
diluents, granulating agents, lubricants, binders, dieintegreting agents.
Solutions of the active ingredient, and also suspensions, and especially isotonic aqueous
20  solutions or suspensions, are useful for pare'ntefal administration of the active ingredient it being ‘
' possrble e.g., in the case of lyophilized compositions that comprise the active ingredient alone or
together with'a pharmaceutically acceptable carrier, e.g., mannitol, for such solutions or suspensmns
" tobe produced prior to use. The pharmaceutical compositions may be sterilized and/or may
comprise excipients, e.g., preservatives, stabilizers, Weﬁing and/or emulsifying agents, solubilizers, -
25  salts for regulating the osmotic pressure and/or buffers, and are prepared in a manner known per se,
e.g., by means of conventional dissolving or lyophilizing processes. The solutions or suspensions
may comprise viscosity-increasing substances, such as sodium carboxymethylcellulose,
oerboxymethyleellu]ose, dextran, polyvinylpynolidone or gelatin. Suspensions in oil cornprise as
the oil component the vegetai)le, synthetic or semi-synthetic oils customary for injection purposes.
30, . The isotonic agent may be 'se]ected from any of those known in the art, e.g. mannitol,
" dextrose, glucose and sodium chloride. The infusion formulation may be diluted with the aqueous
. medium, The amount of aqueous medium employed as a diluent is chosen accordmg to the desrred
concentration of active ingredient in the infusion eolutron. Infusion solutions may contain other
excipients commonly employed in formulations to be administered intravenously such as
35  antioxidants. . )
The present invention further relates to "a combined preparation”, which, as used herein,

defines especially a "kit of parts" in the sense that the combination partners (2) and (b) as defined
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MOR04954 > 83* MDR04937 95* * single neasurenent WO

20071084344PCT/ US2007/ 0110777 Luciferase reporter cell assay in presence of
human ser umWQRHF#4AE U2CS cell 1ine For a furt RET/§EVEPW Hat i on of

bi ndi ng specificity of the optim Zed anti-DKK1 Fabs, the . luciferase reporter
cell assay is repeated in presence of 15% human serum usi ng the oSt eosarcoma
cell line U205. The 020S cells (ATCC No. |11TB-96) are grown according.to.

t hdpr ovi der 'aBovgroen brodsbed (indpamdentbvnkeiss of differenyGagd coppinatiens with dénguislgdsi ni zed,

count efl ?n%ﬂu#ty&ﬁﬁk doPhbin@didnl ptaﬂﬁ&s aamulew a(el\/tamymnesuslﬁ@/at &Qﬂ@,ﬁ@&_pmtsam
concentration:o ution is..
prepared t h&f™ %fﬂb)ﬁwloxf’ftﬂ‘séa'&’e'beﬁ'? g %%fx%'ﬁlgébf “Ihoffffoé g“&gﬁecb04 lig
PhRLSV40: Thiesas és.at differentitiveabointy and fith @an Hlff?@“Ufm@m@r‘@qu’r-aWEMﬁ dﬂﬁ@ﬁﬂt@f 2 gl

FUGENE 65. E@ﬁn@%ﬁom@m%&unés%?%%ommmhﬁarmer @?ioﬁ%)nbin&no%‘iﬂﬁ&r (6T s
transfection m x. | 10i.ncubat ed

e prev
prepared cel §dm'§ﬁ[?§e§cﬁ'ht§ﬁf ineg Wéepﬁré'i“i"s"a’ég aé'gcgaéd " ‘ﬁger R0l fvihh B‘g F'ee\ﬂ%ﬁl of a
whi t e fl.at - lpeticnosmbebopBatismltd be(j@htled eiuthe needs d s hlingleghatientiryak cadhesevediBO®fapnd 5% CO2

over night. S‘gggﬁg@gggat%*at,egge)‘?gngggj um are renoved fromeach well of the assay
pl ate and substituted by 10 of HuCAL(r). Fab anti bodies dilutions front (10

to 0.01 ggirtil diluted in serum. free culture nmediun), 15 gl of either 70%

FCS or- HQmarlUsSeand methadabfHify iglentidn t he Wit 3a 15Condi ti oned Medi um cont ai ni ng

600 nenl DICK |- Alﬁeamoa infrun SRR & ahd blspec,FQrno@cmesgaéthyﬁesegnwe%m
scrumfree diumis %

i nst.ea ant i bad ut i . I'n_ order. oobtaln
B R T AR A A Y AR
i nstead of adminitalyd tdrdilatin @itsre.angl il5trgybr iNWive, dain@Mubiedt regtin [/)I\'@thrml?reacm added.

After 24 h ipglbakl mr.@& osz&;rde‘ﬁs/erm%m tshﬁjeétua@um&me iltShdBRB MR nhadnh t he
Dual -d q_Luci f erase linalé%/stem 20 USA) according to
1

the mandfactXf BP-Rimaay! man anim S '“?%g‘fsé‘ geﬁ%ff\'i% S HAANEBPY acti vity
of the opti mapedhlamnich aDithufRabsrinatespshespe tazs, catfs, cbB/shlaspa rhiskensuamhitompandd t o

the inhi bit qsaméome\memdg s}e aaﬁt/@uF@)mamQ@m%mgﬁn.qm@pamﬁJ hat,iagaag&ldw ty

obtained in the sen seru % t di an val ue
of 70-74% THEE! 9.13’ tﬁDgﬁd\ﬁ/’“E’ﬁsé'Png‘}% gt‘%j’eﬂ‘f‘g}é& ?refﬁ'ﬁﬁs?'eﬁwgth%fr m?'obt ai ned
t hat functi another abdne ﬂprtwgeamd@ adhinistenginin SiBeegrdamor Smbltame@slyl nhi bi't or'y activity

of Fabs pAnt i bodyy, Luelf85iass, hERRHLEL %samuw!ce F 8RR b@@&rymn&mé@) Jdeafie Human
serum (% MRO4945 1% KOROZOT0, O0% NYD4D4E 0Bl ORoaotd adinipaso”
. achieved, for example, by contactmg a sample (such as an in v1tro sample) and a control sample
with the antl-DKKl antlbody under condmons that allow for the formation of a complex between
the antibody and DKKI Any complexes formed between the ant:body and DKKY are detected and
25 compared in the sample and the control. By non-limiting example, standard detection methods that
’ are well'knowh in the art, such as e.g., ELISA, MALDI and flow cytometic éssays, can bé
performed using the compositions of the invention. 4 '
Accordingly, in one aspect, the invention further provides rﬁethods for detecting the
presence of DKKI.(e.g., human DKK 1 antigen) in a sample, or measuring the amount of DKKI,
" 30 comprisiné contacting the sample, and a control sample, with an antibody of the invention, or an
antigen binding portion thereof, which specifically binds to DKK 1, under conditions that allow for
formation of a complex between the antibody or portion thereof and DKK 1. The formation of a
complex is then detected, wherein a difference in complex formation between the sample compared
to the control sample is indicative of the presence of DKK1 in the sample. . .
- 35 Also within the scope of the invéntion are kits consisting of the compositions (e.g.,
. antibodies, human antibodies, lmmunoconjugates and bxspeclﬁc molecules) of the invention and

instructions for use. The kit can further contain a least one additional reagent, or one or more
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af finity-optWar0ze#3tnti - DKK | Fabs by | uciferase renor tPEA/GSHO0WEEay. The
test of the affinity-inproved Fabs in the standard Wit 3a- dependent TCF/ LEF | nc
reporter assay used 10 nMDKK | in order to obtain inhibition of the

luci ferase expression. his seen 5 . that ECso val ues could not be generated by
this nethod additiprabargibpdigstof the iryesion (he. arggtiipdy Baving@ cP@plem PHary aqtyity Hgﬁcbat ed by
very, steep Hlﬂﬂbt&ﬁntdpmbeQHméQﬁg@MIgSﬁ MtlnafﬂcECﬁa@ﬁkéaiﬂﬁBGdyﬁ Wts@lpicaﬁa:h&udeeﬁt ed as

seen in FIG. [ d J.eporter
assay is devalo e;’ggaa%"ﬁ) hél(]mlged“ eo{th#?%'?e %&f %érgr%ﬁ 1%@ ?% 1§b5f3n11'.9:é !rl?gr%rhﬂ e proteins
and this intreqosset mgisriplenrpdied en o wathtiesrigh @WW@“@W‘&C Jepamasnies dakitoof Wit -
signaling (Mo etThalinvexaQQRad}iagtUéé:efuuﬂaezenb@@%lﬁﬂmherTme&aémﬁhe Knemag ebiyds i S

co-transfecte orter.a e r
Wit 3a- depen(f(ggfla'r‘"ép%}?'%}b‘?m @Fsétrzi‘gves“ \7\15 S TRy be §"rt%¥r()h\/e{(;"gsgﬁgslets%lb? U S KK 1

medi at ed- by il resgizess bosblop aschdaikpsineen msee ﬂl@t@p‘!@rﬁxrpﬂﬂw@?wr‘ jumetdy s- assay,
033 NM DI CK dquilvSeridh ficGh&c fredunsbuecribddl Herelnn B &l quanem arv\mtmﬁ k@Radpe BPthe The

Fab titrations (at ten centration eat ed usi.n and
yi el ded si g6 "H'F"i‘l’tb’i“tai'é(;?qa'g'ﬁr’lrw econte'?%?fa fff{:rg Fars g’ﬁ "gf'sF 'ﬁs ﬁ'lxlﬁgéﬂbs}'val ues
coul d beolc aI reghtzpplicatiisccitad fhiougtopt hjsapaticativd a@r’ilmebmh(qrp@etbdsbm@rewﬁer eby

anal yzed with respect to ECso as described above. As shown in Table 10 herein,
the ECso val ues obtained by this net ho% E\angﬁd from02 nMto 5.6 nM Table 10.

ECso of Fabs Anti body TCF/ LEF | uc assa remen: EC50 .fnM
Example 1: Generatlon of human DKKl-speclfic antlbodles from the HuCAL GOLD®

Library
15 Therapeutic antibodies against himan DKK1 protein are generated by selection of clones
: having,higﬁ ‘binding affinities, using as the source of antibody variant proteins a commercially
available phage display library, the MorphoSys HuCAL GOLD® library. HuCAL GOLD® is a Fab
library (Knappik et al., 2000 J.Mol. Biol. 296:57-86; Krebs et al., 2001 J Immunol. Methods 254:67-
84; Rauchenbefger etal, 2003 J Biol Chem. 278(40):38194-38205), in which all six CDRs are
20  diversified by’ appropnate mutation, and whlch employs the CysDisplay™ technology for lmkmg
' 'Fab fragment; to the phage surface (WO 01/05950 Lohning 2001).
General procedures: phagemid rescue, phage amplification, and nu‘riﬁcation .
The HuCAL GOLD® library is amplified in standard rich bacterial medium 2xYT)
containing 34 pg/ml chloramphenicol and 1% glucose (2xYT—CG) After infection of cells at an
25 ODggonm Of 0.5 with VCSM13 helper phages (incubating the mix of cells and phage for 30 min at
37°C without shaking followed by 30 min at 37°C shaking at 250 rpm), cells are centrifuged (4120

g; 5 min; 4°C), are resuspended in 2xYT/ 34 pg/ml chloramphenicol/ 50 pg/ml kanamycin/ 0.25
mM IPTG, zindA are grown overnight at 22‘;C. At the end of this period cells are removed By
centrifugation, and phages are PEG-precipitated twice from the supemnatant, resuspended in PBS/
30 . 20% glycerol and are stored at -80°C.
' Phage amplification between two panning rounds is conducted as fo]lows mld-log phase E.
coli strain TG1 cells are infected with phages are eluted following the selection w1th DKXK1 protein,
and are plated onto LB-agar supplemented with 1% of glucose and 34 pg/ml of chloramphenicol .
(LB-CG plates). After overnight incubation of the plates at 30°C, bacterial colonies are scraped off
35,  the agar surface, and used to inoculate 2xYT-CG br(;th to obtain an ODjgonm 0f 0.5, then VCSM13

helper phages are added to obtain a productive infection as described above.

Pre-experiments for solution panning. using Streg-'Tactin magnetic beads

71



MOR0O4913 0.5 MOR04946 0.2 M)R04907 -0.9 MR04945 0.5 MJ)RO4914 1.1 M)R04920 1.8
MOR04954 1.3 MOR04952 0.6 M)R0O4948 0.5 MIR04910 0.3 MIR04921 0.7 MIR04947 1.7
MORO4951 2. 2VQRROAY3Y 2. 7 MOR04949 5.3 MOR04922 2 PCT/US2007/000777

The Strep-tag 11 has been reported to have low affinity for the Strep-Tactm matrix (Kp ~1
pM accordmg to (Voss and Skerra, 1997 Protein Eng. 10: §75-982), theref'ore a pre—expenment is
performed to assess the suitability of using Strep-Tactin-coated MagStrep beads for the captunng of
the antigen durmg the antibody selections, and to avoid antigen-loss during the pannings.

5 " For that purpose, 8 mg of MagStrep beads is incubated with 46 pg of Hxs—Strep-tagged
. DKKI1 for1h .jat'room temperature and the sample is divided into four pre-blocked Eppendorf tubes.
One tube éerved as, the positive control (no washing) and the other three samples are washed with
dnfferent stringencies according to the HuCAL GOLD® manual panning section. Detectlon of
binding of the Hls-Strep tagged DKK] to the MagStrep beads (Strep-Tactin coated Magnetlc beads
10  obtained from IBA, Géttingen, Germany) is performed in Bl_oVens using a goat anti-DKK 1
~antibody and a Rubidium-labeled anti-goat detection antibody. . . : -

As shown in FIG. 1 herein, no significant loss of His-Strep-tagged DKK 1 from the Strep- '
Tactin-coated beads is deteétable »;lhen the non-washed beads are compared with those beads ~ '
washed with different HuCALP stringencies. Thus, the His-Strep-tagged DKK 1 seemed to be -

15 suitable for the use in the solution pannings witim Streﬁ-Tactin—coated magnetic beads (MagStrep
beads). ’ o '
Selection by panning of DKKl-specuﬁc antibodies from the library

For the selection of antibodies recogmzmg human DKK1, two panmng strategies are
applied. . o
20 - Insummary, HuCAL GOLD®. phage~ant1bod1es are divided into four pools compnsmg
different combinations of VH master genes (pool 1 contamed VH 1/5 Ax; pool 2 contained Vi3 2.1(
pool 3 contained V42/4/6 Ax; and pool 4 contained Vi1-6 Ax). These pools are individually -
subjected to two rounds of solution panning His-Strep-tagged DKKl capturéd onto StrepTactin
magnetic beads. (Méga Strep beads; lBA), and for' the third selection round only, either on His-Strep-
25  tagged DKKI1 captured onto StrepTactin magnetic beads or. on APP-tagged human DKKI1 protein
A captured by Sfreptavidin beads (Dynabeads® M-280 Streptavidin; Dynal) with a biotinylated anti-
APP antibody. ' _ '
In detail, for the solution parining using His-Strep-tagged DKK] coupled té StrepTactin
magnetic beads, the follc:;wing protocol is ap]ﬁlied: pre-blocked tubes are prepared (1.5 ml Eppendorf
"30  tubes) by treatment with 1.5 ml 2x ChemiBLOCKER diluted 1:1 with PBS over night at 4°C. Pre-
blocked beads are prepared by treatment as follows: 580 pl (28 mg beads) StrepTactin magnetic -
beads are washed once with 580 ul PBS and resuspended in 580 pl 1x ChemiBLOCKER (diluted in
one volume 1x PBS). Blocking of the beads is performed in the pre-blocked tubes over night at 4°C
Phage particles diluted in PBS toa final volume of 500 ul for each panning condition are A
© 35  mixed with 500 pl 2x ChemlBLOCKER( 0.1% Tween and kept for one hour at room temperature on
.a rotating wheel. Pre-adsorption of phage'particles for removal of StrepTactin or beads-binding

phages is performed twice: 160 ;il of blocked StrepTacﬁn magnetic beads (4 mg) is added to the

72



MOR0O4911 5.6 20 WD 2007/084344PCT/1JS2007/000777 Sequence anal ysis of the
affinity-optimzed Fabs The nucl eoti de sequences of the heavy and , VL
regi ons (V1ANVQAWNRS4Hof all twenty- Fabs are determ ned. PARYPOZRI0G 'sequences
of the conmplenentaritS, determning regions (CDRs) are listed in Table 11A and
Tabl e 11B herein Table 11A. Ami no acid sequences of Heavy Chain CDR s
Antibody . VH' HCDRI SEQ ID No. 11CDRI HCDR2 SEQ I D No. HCDR2 HCDR3 SEQ I D
No. HCDR3 PbivBIRO 41458 pyHEcCRTRSSYERE! S /S SCOCSYTNTHDS YR Graating Nike! 3\ frer

separation of the beads by a magnetic device (Dynal MPC-E) the phage supernatant (~] 1 ml)is
transferred to a fresh blocked reaction tube and pre- adsorptlon is repeated using 160 jul blocked
beads for 30 min. Then, H;s-Strep-tagged DKK1, either 400 nM or 100 nM, is added to the blocked -
5: . phage particles in a fresh, blocked 1.5 ml reaction tube and the mixture is incubated for.60 minat

room temperature on a rotating wheel. '

The phage-antxgen complexes are captured usmg elther 320 ut or 160 pul of blocked
StrepTactm rhagnetic beads added to the 400 nM or the 100 nM phage pannmg pools, respectlvely,
which is then incubated for 20 min at room temperature on a rotating wheel. Phage pamcles bound

10 " to the StrepTactin magnetic beads are again collected with the magnetlc particle separator.

Beads are then washed seven tlmes with PBS/ 0.05% ITween (PBST), followed by washing
another three times with PBS only. Elution of phage particles from the StrepTactm magnetic beads
is performed by addition of 200 ul20 mM DTT in 10 mM Tris-HCI, pH 8.0 to each tube for 10 min. -
The eluate is celleeted, and the beads are washed once with 500 pl PBS and the PBS eluate is added

15 tothe DTT eluate. This eluate sample is \'Jsed to infect 14 ml of an E. coli TG-1 culture that had been
: grown to an ODggpqrm 0f 0.6-0.8. ’ .

. After infection and subsequent centrifugation for 10 min-at 5000 rpm, each bacterial pellet is
resuspended in 500 pl 2xYT medium, plated onto 2xYT—_CG agar plates and incubated overnight at
30°C. The next morning, the resulting colonies are scraped off the plates and the phage is prepared

20 by rescrie and'ampl‘it" cation as described ab‘ove o .
. The second round of solution pannings on His-Strep-tagged DKK] is performed according
to the protocol of the first round, except that decreasing amounts of antigen are used (50 nM and 10
" nM) and the stringency of the washing procedure is altered appropriately.
Two different panning strategies are applled for the third selection round: the. amphﬁed |
25  phage output of the second panning round is split and subjected to two different panning conditions.
The first half of the phage output is used for the standard panning strategy on human His-Strep-
tagged DKK1 captured onto StrepTactin beads as described above (antigen amounts are 10 nM or 1
nM, reSpectiveiy).. . . ' '
The second panning variation for the third selection round is performed on human APP-
30 . tagged DKK1. APP-tagged DKK1 protein at a final concentration of 50 nM or 10 nM is mixed with-
1 ml of pre-cleared, second round phage particles, and the mixture is incubated at room temperature
for 1 houron a rotating wheel. In parallel, 8 mg pre-blocked Dynabeads M-280 Streptavidin (Dynal)
is incubated with 40 pg biotinylated mouse anti-APP aﬁtibody for 30 min at room temperature on a
rotating wheel followed by two washing steps with PBST. The pre-formed complexes consisting of
35  phage-antibodies bound to APP-tagged DKK1 are caprured by the anti-APP coated M-280
_ Streptavidin magnetic beads for 30 min at room temperature. Phage elution and amplification are

performed as described above.
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Subcloning and expression of soluble Fab fragments

The Fab-encoding inserts of the selected HuCAL GOLD® phagemids are subcloned into

exﬁrqssion vector pMORPH®X9 Fab_FH, in order to facilitate rapid and efficient expreésion of
solub_le Fabs. For this purpose, the plasmid DNA of the selected clones is digested with restriction
5  enzyme endonucleases Xbal and EcoRl, thereby excising the Fab-encoding insert (ompA'-VLCL and
phoA-Fd). This insert is then cloned into Xbal/EcoRI-digested expressnon vector A
pMORPH®X9 Fab_FH.
Fab proteins are expressed fréﬁ this vector, and asa result carry two C-terminal tags

(FLAG™ and 6les respectlvely) for both detection and punﬁcatlon .

10 Mmroexpressnon of HuCAL GOLD® Fab antlbodles in E. coli

To obtain sufficient amounts of protein encoded by each of the clones obtained above,:

chloramphemcol—res:stant smgle bgcterlal colonies are selected after subcloning of the selected Fat;s
into the pMORPH®X9_FaB_FH expression vector. Each of these colonies is then used to inoculate
the wells of a sterile 96-well microtiter plate; each well containing 100 pl 2xYT-CG medium per

15 well, and bacteria are gfown overnight at 37°C. A sarriple (5 pl) of each E. coli TG-1 culture is
transferred to a frésh, sterileA%-well microtiter plate pre-filled with 100 pl 2xYT medium
supplemented with 34 i;g/ml chloramphenicol and 0.1% glucose per well. The microtiter plates are -
incubated at 30°C with shaking at 400 rpm on a mlcroplate shaker until the cultures are shghtly
turbid (~2-4 hrs) w1th an ODGOO,,m of about 0.5. ) ' .

20 -+ - Forexpression in the format of these plates, 20 pl 2xYT medium supplemented thh 34 .
ug/ml chloramphenicol and 3 mM IPTG (isopropyl-B- D-thxogalactopyranosnde) is added per wen
(final concentration 0.5 mM IPTG), the mlcrotlter plates sealed w1th a gas-permeable tape, and
incubated overnight at 30°C shaking at 400 rpm
Generation of whole cell lysates (BEL extracts)

25, To each well of the expression plates, 40 pl BEL buffer (2xBBS/ ED'I;A: 24.7 g/l boric acid,

. 18.7 g NaCl/l, 1.49 g EDTA/I, pH 8.0) containing 2.5 ﬁg/ml lysozyme is adaed and plates are

incubated for 1 h at 22°C on a microtiter plate shaker (400 rpm). The BEL extracts are used for

binding analysis by FMAT (see Example 2).
Exnressxon_ of microgram amounts of HuCAL GOLD® Fab antibodies in E. coli and purification
30 Expression of Fab fragments encoded by pMORPH®X9 Fab_FH in E. coli TG1 F- cells is

carried out in 50 ml plastic tubes. For this ptirpose, pre-cultures inoculated with single clones are’

grown in 2xYT-CG medium overnight at 30°C. The next moming, 50 pu! of each pre-culture are
used to inoculate 25 ml 2xY T medium supplemenfed with 34 pg/ml Chloramphenicol, 1 mM IPTG,
and 0.1% glucose in sterile 50 mi plastic tubes, and incubated over night at 30°C. E. coli cells.a‘re '
" 35 harvested, the cell pellets frozen and finally disrupted with Bug Buster (Novagen). The Fab
.fragments are isolated using Ni-NTA Agarose (Qiagen, Hilden, Germany). '
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 Expression of milligram amodnts of HuCAL GOLD® Fab antibodies in E. coli and purification.

Expression of Fab fragments encoded by pMORPH®X9_Fab_FH in TG1 F- cells is carried

out in.shaker flask cultures using 750 ml of 2xYT medium'supplemented with 34 p.g/rﬁl

chloramphemcol Cultures are shaken at 30°C until the ODﬁoo,,m reached 0.5. Expressnon is induced
by addition of 0.75 mM IPTG followed by incubation for 20 h at 30°C. Cells are disrupted using
lysozyme, and Fab fragments are isolated by Ni-NTA chromayography (Qiagen, Hilden, Germany).

"Protein conce_ntration§ are determined by UV-spectropHotometry (Krebs et al., 2001).

Example 2: Identification of DKIK1-specific HuCAL® antibodies

BEL extracts of individual £. coli-clones selected by the above mentioned panning strategies

- are analyzed by Fluorometric Microvolume Assay Technologi/ (FMAT™, 8200 Cellular Detection

Systerri analyzer, Apblied Biosystefns, Foster City, Calif.), to identify clones encoding DKK1-
specific Fabs. The FMAT™ 8100 HTS System is a ﬂuoresc_enjce macro-confocal, high-throughput
screening instrument that automates detection of mix-and-read, non-radioactive assays with live

cells or beads (Miraglia, J. Bionﬂo] Screening(1999) 4(4) 193-204).

. Fluorometric Microvolume A ssay Technologv-based binding analysns (FMAT[ for detection of

DKXK 1-binding Fabs from bacterial lysates

For the detection of DKK1-binding Fab antibodies from E. coli lysates (BEL extracts),
binding is analyzed wnth the FMAT 8200 cellular detection system (Applied Biosystems). To couple

_Hls-Strep-tagged DKK1 onto M-450 Expoxy beads (Dynal) a sample of 300 nl M-450 Epoxy beads

(1 2x108 beads) is transferred into a reaction tube and captured wnh a magnetic particle separator.

The supematant is removed and the beads are washed four times in 1 m1 of 100 mM sodium

Ny phosphate buffer, pH 7.4. For antigen coating, 60 pg His-Strep-tagged DKK1 is addéd to the bead
) suépension in 150 pl 100 mM sodium phosphate buffer, pH 7.4. The antigen-bead suspension is

incubated for 16 h at room temperature on a rotating wheel. The coated beads are then washed three
times with PBS and resuspended in a final volume of 250 pul PBS.

For each 384-well plate, a-mixture of 20_m]'PBS containing 3% BSA, 0.005% Tween-20, 4
pl DKK1 fceated beads (1.9x10° beads) and 4 pl Cy5™ detection antibody is prepared. A sample of
45 pl of this solution'is dispensed pe.r well inte a 384-well FMAT black/clear bottom plate (Applied
Biosystems). Fab-containing BEL extract (5 ul) is added to each well. The FMAT plates are

_incubated at room temperature overnight. The néxt morning the plates are analyzed in the 8200

Cellular Detection System (Applied Biosystems).
Postitive clones are obtained, and the heavy and light chain sequences of clones yielding
positive, specific signals in FMAT are analyzed. It is observed that, 57 unique (non-redundant) anti-

DKK1 clones are identified that showed sufﬁcieny strong binding to human DKX1. These clones are

- expressed, purified and tested for affinity and in functional assays.
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Determmatnon of nanomolar affinities using surface plasmon resonance

Using these clones, kinetic SPR analysis i is performed on a CM5 chip (Blacore, Sweden)
whxch had been coated with a density of ~400 RU of either recombmant human DKK1, mouse
DKK1 (R&D system), or cynomolgus DKX1 in 10 mM Na-acetate pH 4.5 using standard EDC-

5  NHS amine cocp]ing chemistry. A comparable amount of human serum albumin (HSA) is '. .
immobilized on the reference flow cell. PBS (136 mM NaCl, 2.7 mM KCI, 10 mM Na2ﬁPO4, l..76
mM KH2PO4 pH 7 4) is used as the runnmg buffer. The Fab preparatlons are applied in
'concentratlon series of 16 — 500 nM at a flow rate of 20 ul/mm Association phase i is sett0 60 s and
dissociation phase to 120 s. A summary of the affinities in nM to each of human, mouse, and

10 cynomolgus DKK1 determined by that method are shown in Table 1 herein.

Table 1. Affinities of selected Fabs to each of human, mouse, and cynomolgus

KD [nM] | KD [nM] | KD [nM]
: human mouse cyno
Antibody DKK1 | .DKKI1* | DKK1*
MOR04470 | 32+2.0 3.6 17
"MORO04516 | 2.6+0.7 24 1.9 .
MORO04454 | 3.2+ 04 6 2.7
MOR04456 | 7.9+ 0.9 11.6 8.1 .
MOR04461 7.6+3.3 12.8 73,
‘MOR04455 1.6+ 0.3 nd. . 1.5

* single measurement
n.d.: not determined

Example 3: Identification of anti-human DKK1 Fab candidates inhibiting the Wnt
15  antagonistic actw:ty of DKK1 : ' ‘

The resulting 57 different DKK1 -spec1f ic antlbodles selected from the HUCAL GOLD®
library are used to obtain purified antibody, which is then tested for potency to inhibit the Wnt
antagoni‘stic activity of human DKK1. Of these, 17 antibody candidates are functionally active, as
shown in FIGS 2 and 4. . .

20 The functlonal activity of each of the HuCALP® Fabs is checked using a lucnferase reporter
gene assay. Twelve TCF/Lef binding sites are cloned upstream of the luciferase reporter gene
rendering the luciferase gene TCF/Lef-responsive. The canonical Wnt proteins lead to a -
stabilization of beta-catenin, thereby activatmg transcription of TCF/Lef and producing the
luciferase protein. Addition of DKK1 protein blocks Wnt activity and therefore also the

25  transcription of the luciferase gene. In consequence, the luciferase levels produced by the respective
cells are expected to correlate with the potency of the selected Fabs to block DKK1 action.

Stable TCF/Lef-responsive reporter cell line HEK293T/17-12xSTF

Bioassays are performed .using the stable humap embryonic kidney cell reporter cell line

HEK293T/17-12xSTF. The cells are cultivated in DMEM high glucose medium (Invitrogen),.
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containing 10% FCS (PAN othioWhittaker) and 1 pg/ml puromycin (BD Biosciences), until 9.6%
confluency is reached. The cells are then trypsinized, counted, and diluted in'culture medium
‘without puromycin.to a concentration of 4x10° cells per ml Subsequently, the cells are seeded into a-
white, flat-bottom 96-well plate (Commg, 100 ul cell suspensxon per wel]) and incubated at 37°C
5: and 5% CO, over night. On the next day, the assay medlum is prepared 500 ng/ml DKK1 -APP i is
added to Wnt3a Condmoned Medium (CM). The anti-DKK1 HuCAL® Fabs (final concentration 20
' ug/ml) and the goat antl-human DKK1 antibody (R&D Systems) used as a positive control (final
concentratlon 1.5 pg/ml) are diluted in CM.
A volume of 60 pl medium is removed from each well of the assay plate without disturbing

10  the adhering cells, and substituted by 60 pl of the test antibody or control, diluted in CM. The cells -
are incubated for another 24 h and 100 pl Bnght-Glo luciferase reagent is added to each well. After
5 min incubation time, the luminescence is read in a luminometer (GemoPro, Tecan). The results
obtained with 20 of the 57 Fabs are shown in FIG. 2 herein. The extent of luciferase expressed is a
measure of the extent of antibody present.’ o

15 B -

: Example 4: Quantitative a'nal&sis of binding affinities: determination of anti-human DKK1
Fab candidates that inhibit the Wht-antagonistic activity of DKK1.
Affinity determination )
In order to further characterize the anti-DKK 1 antibodies, the affinity to human,

20  cynomolgus, and fnouse DKK1 is determined. The recombinant DKK1 protein is lmmoblllzed on a
CMS5 Biacore chip and the Fabs are apphed in the mobile phase in different concentrations. For a
reliable determmatlon of monovalent affinities only such Fab batches are used for Biacore '

- measurements which showed >90% monomerlc fraction in a size exclusion chromatography.
) The summarized affi inity data on human, mouse, and cynomolgus DKK1 is shown in Table

25 2, Al 17 tested Fabs are found to have afﬁmty to human DKK 1 below 100 nM. Further, nine of

' the clones produced antibodies with affinities less than 10 nM. In all tested. cases, the affinities for

cynomolgus and mouse DKK1 are almost.identical to those for human DKKI.

Table 2. ‘Affinity data of selected Fabs on human, mouse, and cynomolgus

KD [nM] KD [nM]. | KD [nM] cyno

Antibody ‘| human DKK1 | mouse DKK 1#* DKK1*
MOR04480 1.0+ 0.0 2 nd.
MOR04455 16203 | ° nd 1.5
MORO04516 2.6+0.7 2.4 1.9
MOR04470 3220 - 3.6 1.7
MOR04454 3204 6 27
MOR04483 5507 | . nd nd.
MORO04466 6.5%2.1 n.d. nd.
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MOR04461 7.6+3.3 12.8 7.3
MOR04456 - |* 7.94+0.9 11.6 8.1
MOR04462 - 16.5+2.1° n.d. " nd.
MOR04447 22% nd. . .n.d.
MOR04469 36+ 0.0 " nd. n.d.

. MOR04482 36+5.7 n.d. n.d.
MOR04468 41.5+21.9 n.d. n.d,
MOR04476 44* n.d. n.d.
MOR04481 65* n.d. n.d.
MOR04503 93* nd.” - n.d.

"* single measurement
" n.d.: notdetermined

ECQ'O determination )
The data showing the effective concentration for 50% inhibition for the clones of antibodies
having the greatest affinity for DKK 1 is shown in Table 3 herein. The data show that effective

. 5 concentrations E¢5° range from 39-95 nM, with a median value between 58 and 83 nM.

Table 3. Effective‘concer;tration- for 50% inhibition of selected Fabs

Antihody Luciferase
reporter assay;
ECsq. [Il M]
MOR04470| -~ ~ 58. .
|MOR04516 42
MOR04454 83
MOR04456 95
MOR04461 57
MOR04455 39

‘10-‘ Example 5: Affinity maturation of selected anti-DKK1 Fabs by paraliel exchénge of LCDR3
and HCDR2 cassettes . . . '
For optimizing the affinities of the antibodies described herein for DKK1 for a pool of
parental Fab fragments, the LCDR3, framework 4 and the constant region of the light chains (405
bp) of each parental Fab is removed using Bpil and Sphl,.a;‘nd is replaced by a repertoire of
15  diversified LCDR3s together with ffamewqu 4 and the constant domain. A sample of 0.5 pg.of the
binder pool vector is ligated with a 3-fold molar excess of the insert fragment carrying the
diversified LCDR3s. ‘ .
In a similar. approach, the HCDR2 is diversified using the X#ol and BssHII sites, and thé
connecting framework regions are kept constant. In order to increase the cloning efficiency, the
20  parental HCDR2 is replaced by a 590 bp"stuffer sequence prior to the insertion of the diversified
HCDR?2 cassette. ’
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Ligation mixtures of 11 different libraries are electroporated irﬁo 4 ml E. coli TOP10 F ." '
cells (Invitrogen, Carlsbad, CA, USA), yielding from 2x1 07 to 2x10® independent colonies
‘Amplification of the libraries is performecl as previously described (Rauchenberger et al 2003 )
Biol Chem. 278(40):38194-38205). For quality control, several clones per library . are randomly

5 plcked and sequenced (SequiServe, Vaterstettén, Germany) usmg prlmers CFR84 (VL).and’
OCAL . Seq_Hp (VH)

: Selectlon of candldates for affinity maturation

" Six selected maturation candidates (“parental Fabs™) are selected by having been .

characterized as having the following properties: affi nities to humian DKK1 less than 10 nM, with’
10 significant cross-réactivity to cynomolgus and mouse DKKI, ECs, less than 100 nM, and good to
. moderate Fab expression levels in E coli and lack of aggregation after Fab puriﬁcation.‘ .

- During the course of the affinity measurements, it became evident that MOR04480 is highly
unstable at high dilutions For this reason, MOR04480 is omitted from the list of maturation
candidates albelt havmg the highest afﬁmty (1 nM) and the best ECso (7 nM) of all tested Fabs.

15 MOR04483 had a high affi inity of 5.5 nM to human DKK1 but is shown to be crossreactive to
* mouse DKK] and MORO04453 contained a high proportion-of Fab aggregates after purification.
Therefore, these two antibodies are also excluded from the mz.ituratton.‘
After careful evaluation of all available da_ta, six maturation candidates (MOR04454,
MORO4455,-MORQ{1456; MORO04461, MOR04470, and MORO04516) are selected. The properties

20 of these candidates are listed in Table 4 heréin.

Table 4. Properties of selected Fabs

KD [aM] { KD [nM] | KD [nM] ] Cross- Fab
. human- mouse cyno “EC50 | reactivity | expression Size exclusion
Antibody DKK1 DKK1* DKK1* [nM] mouse [mg/1] chromatography
MORO04470 | 3.2+2.0 3.6 1.7 58. ++ 32.8 ' #
MOR04516 | 2.6+0.7 . 2.4 1.9 4?2 - 1.5 #
MOR04454 | 3.2+04 6 2.7 83 -+ 17.8 #
MORO04456 | .7.9+0.9 11.6° 8.1 95 ++ 10.7 . #
_MORO04461 | 7.6+3.3 128 7.3 57 ++ 12 “#
MORO04455 | 1.6+0.3 n.d. 1.5 - 39 +—+ 9 #

* single measurement
n.d.: not determined .

25 # monomeric portion > 90%
Generation of selected Fab libraries for affinity maturation A
1In order to obtain clones having increased affinity and inhibitory activity of the anti-DKK1
antibodies, the selected Fab clones MOR04454, MOR04455, MOR04456, MOR04461, MQR04470,
30  and MOR4516 shown in the previous example are subjected to further rounds of diversification and

- selection, a process known as affinity maturation.
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For t.his purpose, CDR regions are diversified usf‘ﬁ'g corresponding LCDR3 and HCDR2
maturation cassettes pre-built by trinucleotide muiagenesis (Virnekis et al,, 1994 Nucleic Acids Res.
22:5600-5607; Nagy et al., 2002 Nature Medicine §:801-807). Table 5 herein shows the LCDR3
sequences for the parental clones MOR04454, MOR04455, MOR04456, MOR061, MOR04470 and
5 MOR4SI6. o

Table 5. LCDR3 sequences for selected Fabs '

LCDR3 .
Antibody VL Sequence SEQ ID NO:
MOR04454 Ki. |. LQYYGMPP 21"
MORQ4455 K1 QQYDSIPM 22
MOR04456 . K3 QQYGDEPI | 23
MOR04470 | L2 QSYASGNTKV 25
MOR04461 L2 STWDMTVDF 24
MOR04516 L1 ASFDMGSPNV 26

Table 6 herein shows the HCDR2 sequénces for thé parental clones MOR04454,
10 MORO04455, MOR04456, MOR061, MOR04470 and MOR4516. ‘

Table 6. HCDR2 sequénces for selected Fabs "

Antibody |- VH HCDR2 Sequence SEQ ID NO:
MOR04454 H3 DGSHMDKPPGYVFAF 2
MORO04455 .H3 HYMDH 3
MOR04456 H3. |~ TIYMDY 4
MOR04461 H3 MGIDLDY 5
MORO04470 H3 HGIDFDH 6

7

MORO04516 H5 GIPFRMRGFDY

Fab fragments from expression vector pMORPH®X9_Fab_FH are subcloned into the
15  phagemid vector pMORPH®25 (see US patent number 6,753,136). This vector provides the phage
‘ protein plll fused N-terminally to a cystéine residue as well as a C-.terminal cys.teine to the Fd
antibody chain and thus allows diéulﬁd,e-linked display of the respective Fab fragments on the phagé
surface. Two different strategies are applied‘in parallel to optimize both the affinity and the efficacy
of the parental Fabs. 4 . ' .

20 Five i)hage antibody Fab libraries are generated in which the LCDR3 of five of tﬁe six
pdrental clones is replaced by a repertoire of individual light chain CDR3 sequences. The LCDR3 .
maturation of MOR04454 is not performed, as this clone has an additional Bp}'I restriction sitein
one of the CDR regions and the Bpil restriction enzyme is used for the library cloning procedure.)

In parallel, the HCDR2 region of each parental clone is replaced by a repertoire of

25  individual heavy chain CDR2 sequences:' Each parental Fab is excised and replaced for a 590 Bp

stuffer. This DNA stuffer facilitates the separation of single digested from double digested vector

bands and reduces the background of the high-affinity parental Fabs during the maturation pafnnings.
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In a subsequent step, the stuffer is excised from the Fab-encoding plasmids of each parental clone
and replaced for the highly diversified HCDR2 maturatioii cassette.

Large afﬁmty maturation llbranes of more than 2x10” members are generated’ by standard
clomng procedures, and the diversified clones are transformed mto electro-competent E. coli
TOPlOF cells (Invitrogen). Fab-presenting phages are prep_ared as described in Example.1 above.

Four mzi'turation pools are built in order to facilitate the subsequent selection process: pool la

’consnsted of the MOR0447O and MOR04516 LCDRS3 libraries; pool 1b consisted of the

MORO4470 and MOR04516 HCDR2 libraries; pool 2a consisted of the MORO04454, MOR04455,
MORO04456, and MOR04461 LCDRS3 libraries; and pool 2b consisted of the MOR04454
MORO04455, MOR04456, and MORO4461 HCDR2' llbranes

For each pool the pannmg lS performed in so]utlon using decreasing amounts of Hls-Strep—
tagged DKK 1 and phage-antlgen capturing by Strep-Tactin beads. In parallel, each pool is applied in
pannings using décreasing amounts of biotinylated DKK1, which is captured onto Neutravidin-
coated plates. In order to increase the pannmg stringency and to select for improved off rates,

ompetmon with purifi ied parental Fabs as well as unlabeled antigen is performed during prolonged

* incubation penods

Immediately after the pannings the enriched phagemid pools are subcloned into the
pMORPH®X9_FH expression vector. About 2300 single clones are picked, and the Fabs are induced
with IPTG. -

Maturation panning .strat%iis_‘

Panning procedures using the four antibody pools are performed with His-Strep-tagged '
DKK1 and with biotinylated His-Strep-tagged DKK1 in solution for two or three rounds,
respectively. For each of the panning strategies, competition with the purified pérental Fab proteins

or with unlabeled APP-tagged DKK 1, as' well as low ahtigen concentrations and extensive washing,

are used fo increase stringency.

The solution panning on unlabeled His-Strep-tagged DKKI is performed over two selection
rounds mainly according to the standard protocol described in Example 1. Exceptions to these

procedures dre the application of réduced amounts of antigen (decreasing from 5 nM down to 1 nM),

- the high stringency of the washing procedure éither with competitor or without, and prolonged

incubation periods of antibody-phages together with the antigen.

For the first selection round using blotmylated DKKI, the wells of a Neutravidin plate are

‘washed two times with 300 pl PBS. The wells are blocked with 2x ChemiBLOCKER (Chemicon,

Temecula, CA) diluted 1:1.in PBS (Blockmg Buffer). Prior to the selections, the HnCAL GOLD®
phages are also blocked with one volume Blocking Buffer containing 0.1 % Tween-20 for 30 min at
room temperature. The blocked phage preparations zlre transferred in 100 pl aliquots to the wells of
a Neutravidin-coated plate for 30 min at room temperature. This pre-adsorption step is repeated

once. Blocked and pre-cleared phage preparations are incubated with 5 nM biotinylated DKK1 for
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2h at 22°Cona rotating wheel. Parental Fab, APP-DKKI1 or no competitor is added and the
samples are incubated overnight at 4°C on a rotating wheel.

Antigen-phage complexes are captured in the wells of a Neutrawdm plate for 20 min at
room‘ temperature. After extensive washing steps, bound phage particles are eluted by addition of
200 pul of 20 mM DTT in 10 mM Tris pH 8.0 per well for 10 min at room temperature. The eluate is
removed and added to 14 ml E. coli TG1 cells grown to an ODsgonm 0f 0.6-0.8. The wells are rinsed
once with 200 pl PBS and this solution i is also added to the E. coli TG1 cells. Phage mfectlon ‘of

‘E. coli i is allowed for 45 min at 37°C without shaking,. Aftcr centrifugation for 10 mm at 5000 rpm,

the bactenal pellets are each resuspended in 500 pl 2xY'T med|um, plated onto 2xYT-CG agar plates
and incubated ovemlght at 30°C. The colomes are harvested by scrapmg from the surface of the
plates and the phage particles are rescued and amplified as described.above.

The second and third round of the selection are performed as described above for the first '
round oi’ selection, exgépted that wdshing conditions are more stringent and antigen concentrations

are 1 and 0.1 nM, respectively.’

Electrochemiluminescence (BioVeris)-based biﬁding analysis of DKK1 binding Fabs

For the detection of éﬂinity-imp,roiled., DKK 1-specific antibody fragments in £. coli lysates
(BEL extracfs), a BioVeris M-384 SERIES® Workstation (BioVeris Europe, Witney, Oxfordshire,
UK), is used. The asséy is carried out in 96—w_e|l polypropylene miéfOti,tér plates and PBS .
supplemented with 0;5% BSA and 0.02% Tween-20 as the assay buffer. Biotinylated human DKKI1
is immobilized on M-280 Streptavidin paramagnetic beads (Dynal) accordmg to the instructions of
the supplier. A 1:25 dilution of the bead stock solutxon is added per well. Samples of 100 pl diluted
BEL extract and beads are incubated overnight at room temperature on a shaker. For detection, anti- .
human (Fab)’2 (Dianova) labelled with BV-iagTM according to inst;vctioné of the supplier
(BioVeris Euroi)e, Witney, Oxfordshire, UK) is uéed.' ’

A set of about 2300 randomly picked clones are analyzed by the method described above. A
subset of 160 clones giving the highest values is chosen for further.analysis in solution equilibrium
titration.

Determination of picomolar afﬁnitieé using Solution Eguilibrium Titration (SET)

- ForKp detérmination, monomer fractions (at least 90% monomer content, analyzed by
analytical SEC; Superdex75, Amersham Pharmacia) of Fab ar¢ used. Electrochemiluminescence
(ECL) based affinity determination in solution and data evaluation are basically performed as
described by Haenel et al., 2005. A constant amount of Fab is equilibrated with différent
concentrations (serial 3" dilutions) of human DKK1 (4 nM starting concentration) in solution.

Biotinylated human DKK1 coupled to paramagnetic beads (M-280 Streptavidin, Dynal), and BV-

tag™ (BioVeris Europe, Witney, Oxfordshire, UK) labelled anti-human (Fab)’, (Dianova) is added

and the mixture incubated for 30 min. Subsequently, the concéntration of unbound Fab is quantified )
by ECL detection using the M-SERIES® 384 analyzer (BioVeris Europe).
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For this purposé, 160 éingle clones are selected and purified by.Ni-NTA Agarose in the. .pg
scale. Preliminary affinities are determined by 4-point solution equilibrium titration (SBT) in
BioVeris. From these data, 20 clones showmg affinities are selected. These Fabs are punﬁed in the
mg scale MORO04950 is excluded from affi inity determination and further evaluation due to partial
aggregatlon of the Fab which is detected in size exclusion chromatography. Final affinities are

determined from two independent batches of each Fab clone usmg an 8-point SET measurement and

'human, mouse, and cynomolgus DKKI1.

" Affinity determination to mouse and cynomolgus DKK1 is done essentlally as described

above using mouse DKK1 (R&D Systems) and cynomolgus DKK1 as analyte in solution instead 6f

" human DKK 1. For detection of free Fab, bxotmylated human DKXK1 coupled to paramagnetic beads -
_ is used. Affinities are calculated accordmg to Haenel et al 2005 Anal Biochem 339.1:182-184.

Using the assay conditions described above, the affinities for the affi mty-optlmlzed anti-
DKK1 Fabs are determmed in solutlon Affinities are determmed for MOR04910 and MOR 04946,
with Kps below 30 pM to human DKK1 and between 36 and 42 pM to mouse and cynomolgus
DKK 1. Further seven antibodies showed aff nities below 100 pM to.all three antigens. Clone

- MOR04950 did not show binding to the biotinylated DKK1. The affinities are summarized in Table

7 herein.

Table 7. Affinities of Fabs

Affinity [pM]: solution equlllbnum
titration®
__Antibody . Human DKK1 _|Cyno DKK1| Mouse DKK1

MOR04913 38+8 5110 44 + 48
MOR04946 259 36+9 41 %15
MORO04907 114+7 170 + 35 167+ 68
MOR04945 69+ 18 80 + 31 74+ 21
MOR04914 94 %5 140£3 200 =% 261
MOR04920 53 +37 50 % 20 40 + 30
MORO04954 110 + 54 112£25 36+4
MOR04952 100 = 12 58+ 17 71434
MOR04948 57+8 67+ 17 65 + 25
MORO04910 . 24+3 3711 42 +38
MOR04921 - high batch-to batch variation )
MOR04947 32419 58 £35 3017
MOR04951 136 = 120 622 132 £ 90
MOR04918 110-690 23623 | 550-3144
MOR04919 64 # 132 # 1114 -
MOR04949 30 =23 5535 65 +36
MOR04922 90 # 70 # 50 #
MORO04911 140 # 190 # 650 #
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MORO04950 L no binding
*: at least two independent measurements performed
from two different Fab baches
#: single measurement only

Example 6: Characterization of affinity-optimized anti-human DKK1 Fabs
Enzyme Linked Immuno Sorbent Assay (ELISA) Techniques '

. 5 ; Binding specificity of the matured Fabs in the presence of 50% human serum (HS) is
detennmed. Serial dilutions of hiiman recombinant, biotinylated DKK1 i in TBS are coated onto
Neutravidin micrétiter plates for 2 h at rooni temperature, from 8 ng DKX1 per well to a'
concentration of 125 ng DKK1 per well. After coating of the ahtigeri, wells are blocked with TBS/

"7 0:05% Tween (TBS-T) supplemented with 1% BSA for 1 h at room t‘emperature. Purified Fabs

10 described above are diluted either in TBS/ 4% BSA or TBS/ 50% HS at a final concen{ration of 1
p.g/rnl added to the coated and-blocked wells and the plates are incubated for 1 h at room
temperature For detection, an anti-FLAG alkaline phosphatase (AP)-conjugated antlbody (1 5000
dilution in TBST) and the fluorogenic substrate AttoPhos (Roche) are used. After each mcubatlon
the wells of the microtiter plates are washed with TBST five times, except after the final incubation-

15 step with the labeled secondary antibody when wells are washed three tlmes '

. The fluorescence is measured in a TECAN Spectraﬂuor plate reader. Exemplary bmdmg
curves are shown in FIG. 3 herein. Table 8 summanzes the binding activity of the OptlleCd antx-
DKKT1 Fabs in presence qf 50% ‘human serum compared to bmdmg activity in'4% BSA, which’
ranges from 83% to 100%. The meﬂian value is found to be 93%, thus the anti-DKK1 Fabs are

20  found to fully bind to target in the presence of human serum. '

Table 8. Bmdmg activity of Fabs

Antibody Binding activity w/ 50% .
Human serum vs 4% BSA (%)
MORO04945 89+6"
MORO04910 84 x4
MORO04946 93+2
MORO04913 ) 89+9
MOR04920 907
MOR04948 . 100+ 15
MOR04952 100+ 5
MORO04921 93*
MOR04914 83*
MOR04907 | ~ > 83*
MOR04954 : > g3*
MORO04937 95*
* single-measurement
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_ Luciferase reporter cell assay in presence of human serum using the U20S cell line

For a further determinhation of binding specificity of the optimized anti-DKK1 Fabs, the .
luciferase repmter.cell assay is repeated .in presence of 15% human serum using the osteosarcoma
cell line U20S. The U20S cells (ATCC No. HTB-96) dre gréwh accofding to the provider’s

5: protoéél (ATCC, Manassas, VA, USA). The cells are trypsiniied, cbunted, and diluted in culture

medium (McCoy’s 5a/ 10% FCS) to a concentration of 2x10° cells/ml. For each 2x1 0 cells, a-
‘solution is pre,pat:ed tﬂa}' is a mixture of 0.075 pg pTAfl.'.UC¢12xSuperTopFlash and 0.004 pg phRL-
SV40.‘ These are mi;(ed in a final volume of 9.8 ul OPTI-MEM. Then 0.2 pl FuGENE 6 .
Transfection Reagent (Roche, Mannheim, Germany) is added. This transfection mix is briefly

" 10 ' incubated and then mixed with the previously prepared cells. Subsequently, the cells are seeded in
100 pl per well of a white fiat-bottor:ned 96-well cellicultui"e dish and incubated at 37°C and 5% CO;
over night. The next day, 75 ul medium are removed from each well of the aséay plate and
substituted by 10 ul of HuCAL® Fab antibodies dilutions from (10 to 0.01 pg/ml diluted in serum-,
free culture mediu.m), 15 pl of either 70% FCS or Human Se?uin, and 50 pl of the Wnt3a

15  Conditioned Medium, cbntaining 600 ng/mi DKKI1-APP is added to each well.

. . Fox.' a negative control, sérpm-free medium is added instead of antibody dilutions. In order to
obtain a maximum luciferase signal, controls containing 10u! serum-free medium instead of
antibody dilutions and 50 ul Wat3a CM without D_I(Kl -APP are added. After 24 h incubation at
37°C, 5% COZ,' the [qmihéscence is measured with the Dual-Glo Luciferase Assay System

20  (Promega, Madison, WI, USA) according to the manufacturer’s instructions. '
' ' ' Table 9-shows the inhibitory activiéy of the optimized anti-DKK1 Fabs in presence of 15%
human serum (compared to the inhibitory activity in 15% FCS). .Thé data shows that the activity - ‘
" obtained in the presence of serum ranged from 26% to 90%, with a median v.alue of 70-74%. 'i“hese
data show that clones of the anti-DKK 1 Fabs are obtained that function in the presence of human
25  serum. _ ‘
Table 9. Inhibitory activity of Fabs

~ Antibody Luciferase reporter
’ . assay w/o Kremen;
Activity in 15%

Human serum (%)
MORO04945 74%
MORO04910 90%
MOR04946 | - 60%
MORO04913 88%
MOR04920 " 75%
~ MOR04948 | - 70%
MORO04952 60%
MORO04921 26%
MORO04914 | . 80%
MOR04907 . 54%
MORO04954 | 55%
MORO04937 84%
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ECs, determination of affinity-optiniized anti-DKK1 Fabs by luciferase reporter cell assj;tx.

The test of the affinity-improved Fabs in the standard Whnt3a-dependent TCF/LEF luc
reporter assay used 10 nM DKK]1 in order to obtain inhibition of the luciferase expreésion. It‘is.seen
5. ‘ thet ECs, values could not be generated by this method as the sensitivity of the assay is too low. This
is indicated by very steep inhibition curves and similar ECsp values for all Fabs tested as seen .in
FIG. 4 herein.
An 1mproved version of the TCF/LEF luc reporter. assay is developed. DKK!1 binds to the
Kremen 1 and -2 transmembrane proteins and this interaction, leads to a strong synergistic inhibition
" 10 of Wnt signaling (Mao et al. 2002 Nature: 417: 664-67). Therefore, Kremen ¢cDNA is co-transfected
v wﬁth the TCF/LEF luc reporteir assay. The resulting Wnt3a-dependent reporten assay showed highly
improved sensitivity to DKK 1, mediated by co-expression of the Kremen co-receptor protein. In
this-assay, 0.33 nM DKK 1 is sufficient to induce full inhibition of Wnt signaling. The Fab titr%ti.ons
(at ten concentrations) are repeeted using 0.33 nM DKX1, and yielded sigmoid inhibition curves
15 (FIG. 5 herein) from which ECso values could be calculated. .
' The affinity-optimized anti-DKK1 Fabs are thereby analyzed with respect to ECs as
described above. As shown in Table 10 herein, the ECso values obtained by this method ranged
from 0.2 nM to 5.6 nM. .
' Table 10. ECs of Fabs

Antibody TCF/LEF luc assay .
. w/ Kremen: EC50
[nM]
MOR04913 0.5
MOR04946 0.2
MOR04907 0.9
MOR04945 0.5
MORO04914 1.1
MOR04920 1.8
MORO04954 1.3
MORO04952 0.6
MOR04948 . 0.5
MORO049210 0.3
MORO04921 0.7
MOR04947 1.7
MORQ4951 2.2
MOR04919 2.7
MOR04949 . 5.3
MOR04922 2.
MOR(04911 5.6

20
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~ Sequence analysis of the aFﬁn'igy—ogtimized Fabs .
The nucleotide sequénces of the heavy and Vy regions (Vyand V) of all twenty Fabs are

‘determined. Amino acid sequences of the complementarity determining regions (CDRs) are listed
in Table 11A and Table 11B herein *
' Table 11A. Amino acid sequences of Heavy Chain CDR's

SEQ ID SEQ ID SEQ ID
INo. No.’ No.
Antibody . [VH JHCDR1 HCDR I|HCDR2 . |HCDR2|HCDR3 HCDR3
P [MOR04455|VH3[GFTESSYGMS 3WVSGISGSGSYTYYADSVKG 3HYMDH 3
1 IMOR04918|VH3|GFTFSSYGMS 49|WVSGISERGVYIFYADSVKG 57{HYMDH - 65
P [MOR04456|VH3|GEFTFNNYGMT 4WVSGISGSGSYTYYADSVKG ATIYMDY 4
2 IMOR04907|VH3|{GFTFNNYGMT 8WVSGISGSGSYTYYADSVKG 8{TIYMDY - 8
3 [MOR04946|VH3|GFTENNYGMT| 10jWVSGISGSGSYTYYADSVKG 10{TIYMDY 10
4 IMOR04949VH3|GEFTENNYGMT 50/WVSGISGSGSYTYYADSVKG 58{TIYMDY 66
5_[MOR04913|VH3|GFTFNNYGMT 9lWVSGISGSGSYTYYADSVKG 9ITIYMDY 9|
P ]MOR04461|VH3|GFTFSSYWMS 5WVSGISYSGSNTHYADSVKG 5/MGIDLDY
6 [MORO04911|VH3|GFTFSSYWMS 51|WVSDIEHKRRAGGATSYAASVKG| . 59\MGIDLDY 67
_ |7_I[MORD4922lVH3|GFTFSSYWMS 52|WVSMIEHKTRGGTTDYAAPVKG 60/MGIDLDY 68
8 [MORO04910[VH3|GFTFSSYWMS 11|WVSGISYSGSNTHYADSVKG 11|MGIDLDY 11
9 [MOR04948|VH3|GFTFSSYWMS 13(WVSGISYSGSNTHYADSVKG 13IMGIDLDY 13
10[MOR04919|VH3|GETFSSYWMS 53]WVSGISYSGSNTHYADSVKG 61MGIDLDY 69
11)MOR04921|VH3[GFTFSSYWMS| _ 12\WVSGISYSGSNTHYADSVKG 12|MGIDLDY 12
P [MOR04470|VH3|GFTFSSYWMS 6|WVSVISSDSSSTYYADSVKG 6{HGIDFDH 6
" [12|MOR04914]VH3|GFTFSSYWMS! 14/WVSVISSDSSSTYYADSVKG 14|HGIDFDH 14
13]MOR04945|VH3|GFTFSSYWMS 16|WVSVISSDSSSTYYADSVKG 16|HGIDFDH 16
14IMOR04951|VH3|GFTFSSYWMS 54/WVSVISSDSSSTYYADSVKG 62|HGIDFDH 70
15[MOR04952|VH3|GFTFSSYWMS 55WVSVISSDSSSTYYADSVKG 63HGIDFDH _ 71
" {16IMORQ4950{VH3/GFTFSSYWMS 56(WVSVIEHKSFGSATFYAASVKG 64/HGIDFDH 72
" h7lmoro4954lVH3IGFTFSSYWMS) 18|WVSVIEHKDKGGTTYYAASVKG 18|HGIDFDH 18
18|MOR04920/VH3|{GFTFSSYWMS 15MWVSSIEHKDAGYTTWYAAGVKG 15|HGIDFDH 15
P [MOR04516|VHS|(GYSETNYYIG 7WMGHYPTDSYTNYSPSFQG 7lGIPFRMRGFDY 7
19[MOR04947|VH5|GYSFTNYYIG 19|WMGIYPGTSYTIYSPSFGQ - 19|GIPFRMRGFDY 19,
Table 11B. - Amino acid sequences of Light Chain CDR's
MOR " |ISEQ SEQ SEQ
|Antibody . " ID 1D 1D .
No. v, |HCDR1 No. |HCDR2 No. |hCDR3 No. |Comment
P {04455 K1 |RASQDISNYLH " 22|LLIYGASNLQS 22lQQYDSIPM 2
N 04918 K1 [RASQDISNYLH 73|LLIYGASNLQS 81/QQYDSIPM 89,
P {04456  [K3 |RASONLFSPYLA 23|LLIYGASNRAT 23]QQYGDEPI 23
2 104907  |K3 |RASQNLFSPYLA 27)LLIYGASNRAT 27|QQYLSLPT 27
3 (04946  |K3 |RASQNLFSPYLA 29|LLIYGASNRAT 29/QQYLTLPL 29
4 lo4949  |K3 [RASONLFSPYLA 74|LLIYGASNRAT 82/QQYLFPL 90
15 04913 K3 |RASONLFSPYLA 28|LLIYGASNRAT 28/0QYMTLPL 28|FW4 mutation
P l04461 L2 [TGTSSDVGGFNYVS 24|LMIHDGSNRPS 24|STWDMTVDF | 24
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6 104911 L2 |[TGTSSDVGGFNYVS 75\LMIHDGSNRPS 83|STWDMTVDF 91
7 (04922 L2 |[TGTSSDVGGFNYVS -| 76|LMIHDGSNRPS 84|]STWDMTVDF 92
-|8 104910 L2 [TGTSSDVGGFNYVS 30,LMIHDGSNRPS 30|QSWDVSPITA 30
9 104948 L2 |[TGTSSDVGGFNYVS"® 32]LMIHDGSNRPS | - 32|QTWDSLSFF 32

10{04919 L2 |TGTSSDVGGFNYVS 77ILMIHDGSNRPS 85|QSWGVGPGGF| 93
11104921 L2 [TGTSSDVGGFNYVS 3HLMIHDGSNRPS' 31QTWATSPLSS | 31

P {04470 L2 |TGTSSDLGGYNYVS 25[LMIYDVNNRPS 25|[QSYASGNTKV |  25].
12{04914 " |L2 |TGTSSDLGGYNYVS 33|LMIYDVNNRPS 33|QSYTYTPISP 33
13104945 L2 ITGTSSDLGGYNYVS |. 35[LMIYDVNNRPS 351QTYDQIKLSA 35
14104951 L2 |[TGTSSDLGGYNYVS 78LMIYDVNNRPS 86/QSYDPFLDVV | ~ 94
1504952 L2 |[TGTSSDLGGYNYVS T9LMIYDVNNRPS. 37{QSYDSPTDSV 95|
1604950 L2 [TGTSSDLGGYNYVS 80{LMIYDVNNRPS 88/QSYASGNTKV | " 96
17{04954 L2 [TGTSSDLGGYNYVS 37[LMIYDVNNRPS | - 37]QSYASGNTKV | 37

- ’ . . HCDR2 point
'+~ 118[04920 L2 |TGTSSDLGGYNYVS 34[LMIYDVNNRPS 34~QSYASGNTKV' 34|mutation .

Potential N-glycosyl

P 0.45 16 L1 |SGSSSNIGSSFVN 26|LLIGNNSNRPS - .26 ASFDMGSPNV |  26sites .
’ ] . : . Potential N-glycosyl
19104947  |L1 [SGSSSNIGSSFVN 38ILLIGNNSNRPS 38|ASFDMGSPNV |  38|site
consensusl RASQxxxxxYx 131 LLIYGASNxxx [132 [QQYxxxPx 133
consensus2 TGTSSDVGGFNYVS 134 |[LMIxDxxNRPS [135 |xx WDxxxxx 136

" The sequence analysis . showed that five of the six parental (P) Fabs yielded affi nity-'
improved successors. MORO4461 and MOR04470 could be optlmxzed in HCDR2 as well as in
LCDR3. No optimized successors of MORO4454 are obtained. In addition, high homology appears

5 between disparate parent antlbodles, as shown in consensus]1 and consensusZ sequences for the
various CDRs in Table 11B Similar consensus sequences may be provxded for parent sequences
shown in Table 10A using methods well known to one skilled in the art.

In addition, it is determined that MOR04920 has a mutation in the HCDR2 region (a Ser
residue to a Gly at pos. 73 according to the numbering scheme published by Honegger and

10 Pluckthun, 2001 J Mol Biol 309.3:657-670 thus deviating from the HuCAL® design.

MORO04913 is shown to have a point mutation in framework 4 of the kappa light chain (Lys
to Asn exchapge at position 1'48). As this position is not expected to have an effect on the binding
properties of the antibody the mutation is reverted back to the gefmline / HuCAL® compositien
dﬁring IgG conversion, yielding antibody MOR05145. . ‘

15 MORO04947 has a potential glycosylation site in LCDR2. This site is not removed as
MORO04947 is selected only as one of the back-up candidates. '
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~ Example 7:° Production of HuCAL® immunoglobulins

Conversion into the IgG format

In order to express full length lmmunoglobulm (Ig); variable domain fragments of heavy
(V) and light chains (V) are subcloned from the pMORPH®X9 FH Fab expression vectors either
5 into the pMORPH® h_Ig or the pMORPH®2_h_Ig vector series for human I ¢G1 and human 1gG4.
Alternative ve"ctors may be used for human IgG2. Restriction enzymes EcoRlI, Mfel, and Blpl-are
' used for subclomng of the Vy domain fragment into pMORPH® h IgGl and pMORPH® h lgG4
Restriction enzymes A/_ﬁ'el and Bipl are used for subcloning of the Vi domam fragment into
pMORPH®2 h_IgGl1fand pMORPH®2 h- 1gG4. Subclomng of the V|, domain fragment into
" 10 ' pMORPH® h_IgKand pMORPH®2 h_Igkis performed using the EcoRV and BsiW] sites, whereas-
subcloning into pMORPH® h_Igh and pMORPH®2_h Ig?\.2 is done using EcoRV and Hpal.
Transient expression and purification of human IgG
HEK 293 cells are transfected with an equimolar amount of 1gG heavy and light chain
expression vectors; On days 4 or 5 after transfection, the celi' culture supernatent is harvested. After
15. ad_]ustmg the pH of the supematant to 8.0 and sterile filtration, the solution is subjected to standard
' protem A column chromatography (Poros 20A, PE Biosystems).
Conversion of parental Fabs into the IgG formats ) B .
In parallel to the start of the affinity maturation, MOR04454, MOR04456, and MOR04470
are cloned into the pMORPI—I® h_IgG1 and pMORPH® _h_IgG4 expression vectors. Alternative

20  constructs may be used for creation of IgG2 expression vectors. Small scale expressxon is

‘ performed by transient transfection of HEK?293 cells and the full ]ength immunoglobulins are
purified from the cell culture supernatant.
The data show by size exclusion chromatography that the antlbodles are in monomeric form
Testing in the Wnt3a-dependent reporter assay proved that the proteins are functional.
25 | ’ , '
Example 8: Amino acid sequences and nucleotide sequences of genes optimized for expression
To increase mammalian expressnon changes are introduced into the heavy and the light
chains of Fabs hereln for optlmlzatlon of codon usage for expression in a cell. It is known that
several negatively cis-acting motlfs decrease expression in mammals.” The optimization process
30 . herein removes negative cis-acting s1tes (such as splice sites or poly(A) signals) whlch negatively
influence expression. The optimization process herein further enriches GC content to prolong
'mRNA half-life. ‘
Variable light and heavy chain regions are optimized using a clone of a Fab, MOR04945
(full length light chain parental nucleotide sequence is SEQ ID NO: 98 and full length heavy chain
35  parental nucleotide sequence is SEQ ID NO: 102), isolated herein by selection with phage display.
Then the nucleotide sequences encoding each of the entire light and heavy chains of this and other

clones are each optimized using these procedures
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Optimization process for Vi and V|, chains of MOR04945

For optimizing the nucleotide sequence and amino acid sequence of each of the V._ and Vy
chams for expression in mammalian cells, the codon usage is adapted to the codon bias of
mammahan genes. In addition, regions of very high (> 80%) or very low (< 30%) GC content are
reduced or eliminated where possible. Alternatively, optimization for expression in bactei'izi? yeest or
bacu lovirus would entail adapting codon usage biased for their respective genes. ‘ :

During the, optlmlzatlon process for mammalian expression, the following cis-acting -
sequence motifs are avoided: mtemal TATA-boxes, chi-sites and ribosomal entry sntes AT-rlch or
GC-rich sequence stretches, RNA mstablhty motif (ARE) sequence elements, mhlbltory RNA
sequence elements (INS), cAMP responsive (CRS) sequence elements repeat sequences and RNA
secondary structures, splice donor and acceptor sites including cryptlc sites, and branch pomts
Except as indicated, mtroductlon of Mlul and HindlIlI sites is avoided in the process of optlmlzmg
the nueleotlde sequence of the V. cham Except as indicated, introduction of Mlyl and BstEII sites
is avoided in the process of optimizing the nucleotlde sequence of the Vy; chain. . '

Amino acid sequénces of Vy; and V; chains of MOR04945 optimized for expression

Codon usage is adap.te»d to that of mammals to enable higher and more stable expression
rates in a mammalian cell for the resulting optimizéd amino acid sequences for the Vy and Vi, chains
of the clone MOR04945 described above. See Example 5. - .

Table 12A below shows the sense and anti-sense (AS) nucleotide sequences of the vanab]e
hght chain (SEQ ID NO: 120) and the resulting vanable light chain ammo ac1d (deSJgnated AA)
sequence (SEQIDNO: 1 18) as optimized for expressmn

Table 12A. Nucleotlde sense and antlsense sequences, and ammo acid sequences of Vy chain

optimized for expression

MluI ECORV . BstNI

ACGCGTTGCGATATCGCCCTGACCCAGCCCGCCAGCGTGTCCGGCAGCCCTGGCCAGAGC '(Sense)
1 e e Fom e oo +

TGCGCAACGCTATAGCGGGACTGGETCGGGCGGTCGCACAGGCCGTCGGGACCGGTCTCE (AS)
T R C.D I A L T Q P A 'S V. S G S P G O S (AA)

PvulIl BstNI BstNI

ATCACCATCAGCTGTACCGGCACCAGCAGCGACCTGGGCGGCTACAARCTACGTGTCCTGE ( Sense)
61 W e Fm e ——— Fomm—————— Fom Fmmm o +

TAGTGGTAGTPCGACATGGCCGTGGTCGTCGCTGGACCCGCCGATGTTGATGCACAGGACC (AS)
ITISCTGTSSDLGGYNYVSW (AA)

TAT CAGCAGCACCCCGGCAAGGCCCCCAAGCT GATGATCTACGACGTGAACAACAGACCT (Sense)
121 e o e e O e Fommm e e ———— +

ATAGTCGTCGTGGGGCCGTTCCGGGGGTTCGACTACTAGATGCTGCACTTGTTGTCTGGA (AS)
QQHPGKAPKLMIYDVNNRP (AA)

———___.—__-——__—_—_.—_._—*_,——._.—
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HJ.an
AGCGGCGTGTCCAACAGATTCAGCGGCAGCAAGAGCGGCAACACCGCCAGCCTGACCATC (Sense)
181 e o ————— o —— Fmmm e ——— o ————— e —— +
: TCGCCGCACAGGTTGTCTAAGTCGCCGTCGTTCTCGCCGTTGTGGCGGTCGGACTGGTAG (AS)
SGVSNRFSGSKSGNTASLT (AA)

PstI
TCTGGCCTGCAGGCTGAGGACGAGGCCGACTACTACTGCCAGACCTACGACCAGATCAAG (Sense)

2817 mmmmmemm e e e e e TN N o

AGACCGGACGTCCGACTCCTGCTCCGGCTGATGATGACGGTCTGGATGCTGGTCTAG’I‘TC (AS)
: S_G__I.__Q___A__E__D__E__A__D___Y_Y___C_Q__T___Y_D___Q__I__K___. (AA)
HlndIII
CTGTCCGCCGTGTTTGGCGGCGGAACAAAGCTT (Sense) (SEQ ID NO: ]20)
301 ——mm—m——— B S —— P RS,
GACAGGCGGCACAAACCGCCGCCTTGTTTCGAA (AS) |
L 8 AV F G 6 G T K L (AA) (SEQIDNO:118)

T e e — e — o— s s e

Table 12B below shows sense and' anti-sense variable heavy chain nucleotide sequences

(SEQID NO 121) and the resultmg variable heavy chain amino acid (designated AA) sequence

* (SEQID NO: 1 19) as optlmlzed for expression.

Table 12B. Nucleotide sense and antisense sequences, and amino acid sequences of Vy chain

optimized for expression

MlyT

HinfI BstNI PvuII ) .

GAGTCCATTGGGAGTGCAGGCCCAGGTGCAGCTGGTGGAGAGCGGCGGAGGACTGGTGCA (Seﬁse)A
1 memeeme——— Fom——————— e o —— e —— Fomm——————— e ——— +

CTCAGGTAACCCTCACGTCCGGGTCCACGTCGACCACCTCTCGCCGCCTCC‘I‘GACCACGT (AS)

BstNI
GCCTGGCGGCAGCCTGAGACTGAGCTGTGCCGCCAGCGGCTTCACCTTCAGCAGCTACTG (Sense)
61  —m—mm———- Fmmmm e Fom e R e +
CGGACCGCCGTCGGACTCTGACTCGACACGGCGGTCGCCGAAGTGGAAGTCGTCGATGAC (AS)
_P_G__G_S__I._R__L_S_C__A___A__S____G_F___T___F___S____S__Y_W_ (AA)
BstNI BStNI BclI -
] GATGAGCTGGGTGAGGCAGGCCCCTGGCAAGGGCCTGGAGTGGGTGTCCGTGATCAGCAG (Sense)
121 —memmemme— o ———— e o ———— e ———— o —————— +
CTACTCGACCCACTCCGTCCGGGGACCGTTCCCGGACCTCACCCACAGGCACTAGTCGTC (AS)
M S W V R Q A P 6 K G L BE W Vv 8 Vv I 8 8 (AA)

. CGATAGCAGCAGCACCTACTACGCCGATAGCGTGAAGGGCCGGTTCACCATCAGCCGGGA (Sense)
181  —mmmmme—— Fommm e e Hmmmm e e R + .
GCTATCGTCGTCGTGGATGATGCGGCTATCGCACTTCCCGGCCAAGTGGTAGTCGGCCCT (AS)
DSSSTYYADSVKGRFTISRD(AA)

e — — s ertrtttn” e s st — — — s i e st o, .

o1

131 LLI YGASNxxx 132 QQYxxxPx 133 consensus2 TGISSDVGGEFNYVS



XXVDXXXXX 136 The sequence anal ysis showed that five of the
six parental (P) Fabs yielded affinity- . inproved successors. MIR04461 and
MOR04470 colWe 28980t mi zed in HCDR2 as wel |l as in LCDRFCTNS2BHPI0A7zed
successors of MIR04454 are obtained.'|ln addition, high honol ogy appears

5bet ween di sparate parent antibodies, as showh in consensus] and consensus2
sequences for the various CDRs in Table 118 Siml|ar consensus sequences nmay be
provided for parent sequences shovvﬁsttIn Tabl e 10A u5| ng nmet hods well known to
one skilled in the art ned that MR04920 has
a mutation pp; t he 1CORPPY ECSHTS(TQC% GrcA?%Tsﬁz%‘ifgCFBGA:?A@S?A%A%S%GCC‘?% GRErding to

the nunberi ng S CHEIRCPIBh bSHRE DY 28R il A0 Uk AU gd0ts s Dl Di al

have a point nutation in framework 4 of the kappa I|ght chain (Lys , 'to Asn
exchange at position 148) _As this position is not e;g%ecteﬁftt’b have an effect

on the ndi n ol back to the
germ i nzb/ w&pé%%%ggﬂ%fgﬁf ﬁ‘j‘%ﬁ%&ﬁ&%&%ﬁ SLmkaﬁi{‘é %_ﬁhzg%an T ody

MOR05145. 15MIRO4894ZArdras.cecpatemnictadccgbaeasydrabtancstdcectdtchéddddc @A) s site is
not renoved as MIROX947 ps KseHedt el &nl¥y Aas on® ¢f ¢he back- Up _ecandi dates. 88
WO 2007#)84344PCT/ US20071000777 Exanpl e f7 " Producti og-of HuC@L(r) Ul

i mmunogl obnl i ns Si e InGforniat In order to ekpress fu

| engt h i musegl| ogb:ﬁﬁ%%s 00@&\}/Ea[?‘ltkgbllEB domai n fragnents of heavy (Via and |ight
chains (VO are saliskhoned from the pMORPH(i)X9_FH Fab expression vectors either
5into ‘ge pMORPHe{PRhi g (R IPM®: PRIDRPI - 12_hi g vector series for human I gGl and
human |§ on -
enzynes EcoRl, Mel, and Bl pl are used for subcloning O the Vi1 domain
fragment into pMIRRInd phstiopi@iizativd clrs GRPPrVide thg G cenRest af seuerga caoryfimsicM el and
Bl pl are usgginé ,sa'reneu&qha.eésagd estm{liya ng-és @3{@.@& 5@&&{@%3 {h@EQAhBJ\&BEMth_m gGLf

Into
and pl\/[RPHGZ ectmgqg’élieoti%e sequgxrclzlesn gncodmg the%H and ams Que?]ﬂy va ue as used herein

25  means that the most frequent codon used for'a given amino acid in the desired expression system is

set as 100, and the remaining codons are scaled accordmgly to frequency of usage. (Sharp PM. Ll,.
W.H., Nucleic Acids Res. 15 (3), 1987).
Further, the codon adaptation index (CAT) is a number that describes how well the cedbns:
" . of the nucleotide sequence match the codon usage preference of the target organism. The maximum
30 value of CAl is set to 1.0, thus a CAI of > 0.9 is considered as enabling high expression. The CAl
for the V, chain prior to optimization is found to be 0. .73, and after optimization, the CAI is
determined to be 0.95. Similarly, the CA] for the Vy chain prior to optimization is found to be 0.74,
and after optlmlzatlon is determined to be 0.98 in optimized constructs, the GC content inthe Vi,
chain is increased from 51% for the parent sequence of MOR04945 to 62% for the optimized
35 sequence derived from MOR04945. As shown in FIGS. 9A and 9B, the GC content in the Vy chain
is increased from 54% for the parent sequence of MOR04945 to 64% for the optimized denvatlve of
MORO04945.

Optimization for expression of full length hght chains and heavy chains of MOR0491 0. MOR04945.
40  MORO04946, and MOR05145 _
The optimization process is applied to each of the parent full length nucleoticie sequences of
the light chains of MOR04910 (SEQ ID NO: 97), MOR04945 (SEQ ID NO: 98), MOR04946 (SEQ
ID NO: 99), and MORO05145 (SEQ 1D NO: 100) and the parent full length nucleotide sequences of
the heavy chains of MOR04910 (SEQ ID NO: 101), MOR04945 (SEQ ID NO: 102), MOR04946
45 (SEQID NO: 103), and MORO05145 (SEQ ID NO: 103).
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10 pMORPH gl h Igic and pMORPH2 h_Igic is perforned using the EcoRV and Bs/W
sites, whereas - subeloning into. pMORPH6_h | g2k. and pMORPH62 h Igi2 is done
usi ng EcoRV V8@ @ P$at4. Transi ent expressi on and puri fi cRCETER2GTOWittan | gG
HEK293 cells are transfected Wth an equi nol ar amount of 1gG heavy and |i ght
chain expression vectors. On days 4 or 5 after transfection, the cell culture

supernatant is rvested; After 15adjusting the pH of th ernatant. to 8.0
and sterile filtF5CePERZHREEHE ifEHto %“s@‘tfgfaégt’fetg e °‘§‘f’§ﬁ€]‘awg’"ﬁ?‘8'te%ti'dﬁ A col um

chr onat ogr aphyenéePassogat@DwWith tEpaBin slyst rembyrs: o bloer DB 93D the aptenizal nubladglei nt o

the.laG for eﬁce is SEQ I]b WCP%@Hr%loné IQOtRla®4§ttththugfzec§ rméle@{mfe nguEB/ce W@Eﬂﬁg i on,
MOR04454, M) are cloned into.the

PMORPI T h |T§%41 Oéxfﬁf ‘égf?%ﬂR?/“éét @FQP““AF%dé‘t“? a‘tttde/éeqm%ﬁéigpdt?&o rtﬁ@ q°Used for
creati orp of ciérg020RNP #HEHS betimixdadeside Siqadnke is SERAED AP @B Shudther] the pmnﬁxmnmed by
transient ttraatglsﬁtea Q;toetmtt%ﬁ%%mttIo%mﬁgm@amﬁmt Htéleol. t;jtl;nte OWQ%dQQHll ins are

purified fromt ure erna ant Si ze

excl usi on cﬁ?%b‘@?ﬂb‘ﬂ'&eﬁshg’f °'t° QRO B Hre oatimized 'P“ﬁ'e?ﬂfjﬁdﬂ’éi"lcﬁ isf N@sting in
t he Wit 3a- deyseheddnic MOROIK S the agtBiyedpruciveide sdyatnce RSEQIDND:NGY;d@oeidnenct i onal . 25
Exanpl e 8: tﬁ@k@&b:t@‘%ﬁe%fﬁﬂg@ﬂféEér:&@gqu&%‘élls%%td EENGCHYERE RS ﬁ o DRIBS1 3Rt M zed

for expression | ncrease nmanmal i an expression, changes are Introduced
into the he%l’\'??"%ﬁﬂ“‘t“}?@d ﬁe@‘ﬁf'cedﬁﬁlﬁ(ﬁg)ﬁp Pdbs herein for optim zation of ‘codon
usage for expresBieoptimizedlighedbhin nhiledtige kqouestafaiisosiané wvith tha@gabingepymizéd - act i Ng
motifs decr ?&aﬁ&%&%ﬁid%@q&&emr@ MthtﬁwﬂP&.t BReFled QiR 99@?@?%9;}%5@ n

renoves ne ive cls-act |n8%5|tes (such as _splice sites or'yg]é A)_signal s)

whi ch negat IV@‘Py litnler glennddCRY B2 e PUW"“?H@“WPE“I?F‘B‘&’E"F SOES EQS RePei n furt her
enri ches GGloeM@RA4944 e pptbiuadgnmal\déqdhaiuénch isfSEQ ID NO: 113Mad fabloge | | ght and
heavy chai anﬁGS R5%heHpfim! :}QJ ddth& g&: i@skh BRPI 12 ﬁ@@ﬁn%@%%hagﬁ ul I

I ength |ight chaln parent nuc sequence i s full
| ength heav‘y“’t?ﬂ%ﬂeﬁe%‘sncﬁ%ﬁ’%i’Fts%ﬂat"’ﬁ’JEthé'Eﬁﬁ"%"‘%%?ﬂﬁ%é Py §E®‘1“[9’N9‘ 102),

i sol at ed ha’eqilelﬂceb’yfcs elosCMOB04900 tHe opthaigel atinspidsgqueldeenSEQE NOC | Bofor dlene
sequences %6Rh,hd19 u?e%%ﬁmgéd i EJ}I ée&&nie! @é‘x&% ﬂﬁﬁoh ‘??6V Yor 1AL MORBo4k S and ot her

cl ones are eac t1-mzed using these proce
20071084344@8‘?",‘19@,2'0@?%6eeﬂvef‘c'tﬁtsﬁﬁﬂ%i‘? i ﬂ%@églgmr%?“%@“éﬂ‘a ORAMIEHATMHL of
MOR04 942D Factdseqnenmlzsmgmhe nurcl eot i de sequence and ami no acid sequence of
each of the Vi, apdi ?'a'fm?éb{tf%aﬁ&ﬁotﬁ?éﬁ&%édu%eé&c@iﬁmté@ﬁn%ﬁgéﬁ.gmtanﬁ codon

usage is adapted to the codon bias o enes tron, regions of
very high ( heagRhgin SrauensesATe By ideddn Iab I Acudale 138 -eTPlsdddepistes entitizelat ed

wher e possidvklectidalséqpentat andetieyolypgtridevienatledby thon. Ehepressbiih séquelRactrer i a, yeast
or bacul ovi thtﬁueé@w rgmé‘\rétlaﬁéllt s;ﬁtgé‘mek G a(}@'@&&ntié@ng%aamn%ﬁeﬁﬂexp%snom%témsr qgpective

genes Dur t he, timzati onépr ocess mral | an -expression, the
foll ow'%?g BB Pé‘é‘t“?eﬁ& @éfﬁtfé‘weee%ﬂf searenggsdorhes! EI“S“?‘HT eral3ATATA- boxes,
chi-sites and ribosonal entry sites, AT-rich or GC-rich sequence stretches

RNA i nst abltabttx 1r§atlﬁlgséml§qauem;.e 200 hk8n auahlsm;tl.@,tagsRNeth&eeguence

el en’ents roacnon coauanca ol anpnt o —epa cnnllnnr\\qs and

LE\I\.(bpt) \me hﬁ,cuigokﬂlefe v \.; \ SCTOUTTTITC T C T CTeTTT o, T E .AxD N

RNA seconfigis Shriieutcerepl Logdonor and sessntorsires el iiina sout o

sites, an

Hindl Il si F%"%G?TSGT&@W&%"HGTGHC’FH%A&ASE%’%TCS?GG8 CEIC PR Tt He NGB é 6 quence
of the VL|EHErHACERTRBH S THHFCRET, P HIET tIGRFOT M T AR ES P8 tles i s
avoi ded i hCARRAHTBEEE S TGFCDBPIT TRCZA G "CHET LT EotT e T SEHEEHCESBF T HEYST ¢hai n.
. 15AM no aBTACASEHRe PREBCCRFCTHACAC AR AT CTACCEITaT 1§ ST 6 FARERDZPO AT CHT PP PEBCTERACT
exnr essi ONGTCICATAAGTCATHHBPACGSRGECCI S Cariapiceekrrer crdrgrcCafccpeatTRbE et cesratice | hi gher
and nore $tabtEcexpressihonaratESTIGCECHRMTETiTartacelitkadorrcidrascemghddcags
opti'm zed azmcmwmbctascaqmm&deomctmewMMWAMGQC@MCR@AMTMT@G cl one MPR04945
descri bed B ) tDde . _ |ao| e 12A uelsﬁdv:ctmidvmnne sense
and anti - $e5Ek SerH - EIe —of hte20ttahtcha EO | D

NO.  120) ié’%@% svtn@&lilrﬂ\’EQ&T%ﬁ*@i&%PJV’T%ESﬁgﬂnﬁh@mcrﬂﬂD@@GQVTC%&SQQ\%@QTAA)

sequence Mas}ﬂs@m@v&s%k ;P%QS;VQEETV%&esm on. Tab e 12A. Nuclegtide
sense and ense = O : optHm zed

for expreSS|on_25
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: NM EcoRVBst NI

"(Sense) 1 ++. +++ '+
TGCGCAACGCT ATAZOHEIAH T GGGT CGEGCGGT CGCACAGGCCGT CGGGACCGGPETES2(0A%Y 777 30T RCD

TAT. TQ PA SVSGSPGQS
ATCACCATCAGCTGWACCGGCACCAGCAGCGACCTGEECEECTACAACTACETGTCCTGG (Sense)

+++++4-
TISCT
TATCAGCA(
ATAGTCGI(

'7; RNA/C“A?
et e
CGA

yejjececoscigioscececiny

YQOHPGKAPRE MYV RS AC AAT TTW%“EY@%%%%%&%??%S%@%B‘&SW?G “r" APGCFGAA
Ad CGGCGT GRS AN A T A EEA G TEEAA

T CGCOGCACAR S PG T P AR ST T ST T R CES FC TG T SO AT IS ARG CEARE F TS SOV!

(AA) Pvcl | Bst NI Bst NI

"L AA)

W&?ﬁfﬁ&?ﬁi\?&%&ﬁ%&&&%&w %CTtAGC“‘ifA
CTAGATCCT AT TG TG CT

TAAT

CRECECA] SeRSeyears

SGSK S G\ G’]"CTASE&RqTGPCTTG'WS&CGP@AGFC]:GTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAG‘I’GGAGACA

TCTGECCT
+

, S GLQAEI

(Sense)

(A8) ( SEQDmiagaen%qmifwmimmpéﬁx&%
heavy chalp. Augleallde

heavy cheé

for eXpr¢99|nﬁ)

% @vﬂms%%aé&T

e resu tlng var
O

-
'(/N

a
SEQ ID NO: 99

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGAGCGAGCCAGAA
TCTTTTTTCTCCTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGTGCTTCTAATCGTG
CAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGAC
TTTGéGGTGTATTATTGCCAGCAGTATCTTACTCTTCCTéTTACCTTTGGCCAGGGTACGAAAGTCGAGATCAAACGAACTGf
GGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATA
ACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAG
CAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGAQTACGAGAAACACAAAGTCTACGC
CTCCGAAGTCACCCATCAéGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

ACGCGT TGCGATAT CECCCT GACCCAGCCCGCCAGCGT GTCCGECAGCCCT GECCAGAGC

viar i abl e
i abl e
i m zed

LC4946 (BHQB8398) polypeptide SEQ ID NO: 113

QIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTiSSLEBED
FAVYYCQQYLTLPL?FGQGTKVEIKRTVAAESVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE

) QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC -

LC (opt) 5145 nucleotide SEQ ID NO: '100

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACéTGCGACCCTéAGCTGCAGAGCGAGCCAGAA
TCTTTTTTCTCCTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGTGCTTCTAATCGTG
CAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGAT CCGGCACGGATTTTACCCTGACCATTAGCAGCCTGGARCCTGAAGAC
TTTGCGGTGTA%TATTGCCAGCAGTATATGACTCTTCCTCTTACCTTTGGCCAGGGTACGAAA¢TCGAGATCAAACGAACTGT
GGCTGCAéCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATA
ACTTCTATCCCAGAGAGGCCAARGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT GTCACAGAG
CAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGC
CTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

LC5145 (BHQ90l1l) polypeptide SEQ ID NO: 114

DIVLTQSPATLSLSPGERATLSCRASQONLFSPYLAWYQQOKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPED
FAVYYCQQYMTLPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
ODSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

HC (opt) 4910 nucleotide SEQ ID NO: 101

CAGGCACAGGTGCAATTGGTGGARAGCGGCGECEECCTGGTGCAACCGEGECGGCAGCCTGCGTCTGAGCTGCGCGGCCTCCGG
ATTTACCTTTTCTTCTTATTGGATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGGTATCTCfTATT
CTGGTAGCAATACCCATTATGCGGATAGCGTGAAAGGCCGTTTfACCATTTCACGTGATAATTCGAAAAACACCCTGTATCTG
éAAATGAACAGCCTGCGTGCGGAAGATACGGCCGfGTATTATTGCGCGCGTATGGGTATTGATCTTGATTATTGGGGCCAAGG
CACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGG.
GCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACfCAGGCGCCCTGACCAGC
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25Tabl e 1211. Nucl eoti de sense and anti sense sequences,

sequences

and anmi no acid

of VIl chain optim zed for expression Myl, HnflBs tNl Pvull

30GAGT CCAT T CBZAGTRARBCCCCAGGT GCAGCT GGT GGAGAGCGGCGGAGGACPCETSHN /I 8E s e) .
CTCAGGTAACCCT CACGT CCGGEGT CCACGT CGACCACCTCTCGCCGCCTCCTGACCACGT (AS)

GVQAQVQLVESGEOLY CZ(AA) 35Bs tNI

CGGACCECG
AAS GP T
GATGAGCTG
+++++ + GTACTCGA
" MSW TROA
TCACCATCA
50GCTATCG
6SSSTYYAD
BspM CAA
241 ++, +-
(AS) NS R
10GTACTAGHT

OO

G v = T o 215 7=

GLOGGACTCT, COGARCT, 9@&9%1%&%&@@

M&@%@@W@#@%ﬁ&%&%ﬁ %Cense%;é

POREERISE T 18 L RAS ™ LA A A A AE TRCT R CACE AT AEGTIEAY
WCE%WC%%CQ_GGC&GAATGGCAAGGAGTACAAGT GCRAGGTCTCCAACARAGCCCTCCCAGCCCCC

ST EPECAT G ST AFEECACT GTCEECECTE PRASFATCAC

SVIKGRETI SRBEAARACCIDCRGIPAEBY BUARCTA ) SROC P GOGFAFTRCPSAGCAATCECCAGC
CAGBAAGAADABCETGTA CCTERAGAT GAMARRTT GAGACTCBACRABACCRCOGTACHAS
+adcae<ﬂ'&ﬂ’@@sesﬁc@il’cT?WTWM@CI@MW(
l\béEGd:c‘éb@bﬁA.L:dRAED T AV( AA) BStN .

Bst NI Bst st El |

3

(o7 GIDLDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGV
HTFPAVLQOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVE PKSCDKTHTCPPCPAPELLGGPSVELEPPKPKDT

KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPARIE 3

1

|+
LE. L SC

21

HC (opt) 4945 nuclieotide SEQ ID NO: 102

CAGGCACAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGCCTCCGG
ATTTACCTTTTCTTCTTATTGGATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGTTA?CTCTTCTG
ATTCTAGCTCTACCTATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGATAATTCGAAAAACACCCTGTATCTG
CAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGTCATGGTATTGATTTTGATCATTGGGGCCAAGG
CACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGG
GCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC
GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCAGCTT
GGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTG
ACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCC¢CCAAAA¢CCAAG
' GRCACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGT T CAA
 CTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCA
GCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCARGGAGTACARGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC
ATCGAGAAAAchTCTCCAAAGCCAAAGGGCAGcccceAGAACCACAGGTGTACACCCTGCCQCCATCCCGGGAGGAGATGAc
CAAGAACCAGGTCAGCCTGACCTGCCTGGTCARAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACARCTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCARGCTCACCGTGGACAAG
AGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTQATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTC
CCTGTCCCCGGGTAARTGA ' ’

| HC4945 (BHQ892)

polypeptide SEQ ID NO: 116

QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPQKGLEWVSVISSDSSSTYYADSVKGRFTISRDNSKNTLYLQM
NSLkAEDTAVYYCARHGIDFDHWGQGTLVTVSSASTKéPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGV
HTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIB
KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVESCSVMHEALHNHYTQKSLSLSPGK

HC (opt) 4946=5145 nucleotide SEQ ID NO: 103

CAGGTGCAGCTGGTGGAGAGCGGCGGAGGACTGGTGCAGCCTGGCGGCAGCCTGAGACTGAGCTGTGCCGCCAGCGGCTTCAC

| CTTCAACAACTACGGCATGACCTGGGTGAGGCAGGCCCCTGGCAAGGGCCTGGAGTGGGTGTCCGGCATCAGCGGCAGCGGCA
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C (Sense)
post - opti

(SEQ ID NO 121) 361 G (AS) (AA)(SEQ ID NO 119) Pre- and
m zation charts may provide the Percentages of sequenee codons for

each of the War¥MHEP4sequences and optinm zed genes resp@ETWYI003Hd anal yses
the quality class of the respecting nucl eotide sequences encoding the VII and
VL chai ns. QJaI ity vaI ue as used her e| n 25 neans that the nost frequent codon
used for-p TR BT Ad THCBEEGEE NGB TE AL Lt TR c A 3 R BICRSS CATIA A RdretOTE TheRecadame 100,
and the r emmucm@mggca&c%c&ﬁ@&&%@@ﬁ@&%&&kﬁeﬁm&@@ﬂ@%@%c@ésea&@g@m Shar p,
P.M, Li,| WekbrerdMEl ik cAchscResreodrerdcddocrde @Bt rocktnb Bikacct etk cas

adapt at 1 Ofedopllexsdtilnd 2o ABMIRRE el ARRELIAES LA MBLdcc e, RGOSR G BT L he
nucl eot i de. seience Mt Eh the, codon Heade Brel &7 T s L I
enabl i ng. h?’*éﬁmg F‘é@é‘fGSﬁAATﬁ?@Aﬁ?AG?’ﬁ‘FA?Cﬁ%GG\”ﬁfAﬁﬁgAGr?GTTF P B0 0Pt i hT 28t 0 | s
found to B A T Vo = = M) i i -V ) ol o (< 9 %Cﬁéf‘&ﬁ%ﬁcﬁ@ﬁ@%%cﬁéc 0. 95.
Simlarly MlGhTéTENGPGFCGcTﬁ’é;GW%Tﬁ’a‘F’ﬁGWFTQ?PCQTBAGG&QGMGQ%F%GTCQAQTSWGTGLGBACEE 0.74,
and aft er | ePEIFELALICBPEATHECHRPRF P AEECICEPPC DS IBMCACBPTIPRTCZEE LRSI FEFEL $, t he
GC cont entCanCCtl‘h@CWGWMQNGAASGQCWGMQQ@GTQCMGWWAA@¢F€T?§a$@ﬁ@ccsme@ﬁ€ of
MOR04945 | sccS2%cdrorsctirec@pbdan echa8i caagemngectierdceaycdacorps MR OE2ACAS | Shown
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| FRET RO FATT Z-E B RERTP e 6 TR S i ETTe P P A BEC B IR PPBHGECACTGEAGACA
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S B d BN caldiar TR c QRE L ZR 6L REAVNECERET ARG R A d- SR LRHNEA
GA\M;&d&C&,Q&AE&Jck&%&gcﬁeém@a@&%gﬁé&/&@&éa%@m&H&&QGA%AAQG&%Q&%&@‘ :

D

%@%&&E&%&%&%@ GMCR‘%G&Q - SEAUERECS,

(F]TCTCA ?RGTGACT‘I&:TACC-CGGGAGC G’I&SACAGT UC% GEAJG§ F%% C’GG gTC?G% %Q ¢

9 p .z GCAG CTATCTGA ﬁCBCCﬁS\G Ciéf-?GAAGTCCCACACA

| e QP T i 2 ed A no- 2g5¢°d i@ gf
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(e&SAPTIAT L eehCATRICCE RCr HIe A EEPE PREEES CarTECAT e P O S P PACEESPAE AT ¢
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nucteotide Sequences for the clones Iisted in Table I3A

96



Tabl e 13A: Light Chain (LC) and Heavy Chain (HC) Sequences - optimzed LC
(opt) 4910nucl eotide. SEQ I D NGO 97
GATATCGCACT CACZAEREAGCT TCAGT GAGCGGCT CACCAGGT CAGAGCAT TAGEATETCHNGT/ACCGGT ACTAGC

AGCGA

TGITGGTGGTTTTAA. TTATGTGTCT TGGTACCAGCAGCAT COCGEEAAGGCGECCGAAACT TATGATTCATGATGGT T

CTAATC

GTCOOT CAGGCGL,

GGAA

CACGAA GO TR E A AP AT S PO P A

GICCT

TTCGCCGTGTACTACTGCCAGCAGTACCTGACCCTGCCCCTGACCTTCGGCCAGGGCACCAAGGTCGAGATCAAACGAACTGT
C

CAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGC

6 TGAAGC

CBRAGCTTACC

AW%%%WW@FWWW%WW&W@G

GGIGT

LC. (parental) 5145 nucleotide SEQ ID.NO: 107

GTCTCATAA@*@WEWQ@W%@%%%%&yxﬁgygFGﬁ@ﬁﬁ#@%ﬁ%ﬁ@Eﬁ%EEE$E¢G¥E§W¥H§393SF@ﬁA@EEKEEAGTGG

AGACA.
ACCACA
CACAG
AAGCTACA
LC4910 (
DI ALTOPA

AGVET TTR

CCTGTTCAGCCCTTACCTGGCCTGGTATCAGCAGAAGCCCEGCCAGGCCCCEAGACTGCTGATCTACGGCGCCAGCRACAGAG
CTBCAAAEAA '

TTCGCCGTGTACTACTGCCAGCAGTACATGACCCTGCCTCTGACCTTCGGCCAGGGCACCARGGTCGAGATCARACGARCTGT

T AR AECRAT RAIAGEACKIT SEAAAAACACTI RS AT GTT G
ENQB SR RRbYREREEIESER drB B redakdacaccerccanTcaeaTARCTCCCAGEAGAGTETCACAGAG
>¥;§@§LP @&&&&Qﬁ%&@d@@ﬁé\w&w&&f M&M JK@W@E&@/&%@@@

QHRQYQ(NTHF(‘QT\/FKTVAPTECS SW)I” NG 108

;aﬁﬁﬁéﬂi&ﬂaﬂﬁﬁ@ﬁﬁﬁﬁﬁﬂ&%ﬁ&&%ﬁfCF#VMETCC

TAG

[TASLTI S

KADSSPVK

20071084
GATATCCC,
AGCGA
TCTTGGTG
TAATC

GT'CCCTCAS
CGGAA

GACGAAGC
GICCT
AGGTCAGC
GGIGr

GTCTCATAAGT CGACT T CLAS

AGACA
ACCACACC
CACAG
AAGCTACA
LC4945 (
DTALTOPA
GQAB .,
DEADYYCQ
GVET TTp
4946nucl
GATATCGT
CAGAA

NETERCEEAEEEA S A A S P A AT T R CERT EFEBTBrACSA]

G@Fﬂ?ﬁﬁ?*ﬁﬁ@ﬂ@ﬁ€W$@EW%Eﬁ%EI¢E£mWU£E%EE%WE%EEEE@##%@T@A¥G@¥$mﬁﬁC

GGCGTGCACACCTTCCCGECTETCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTCGTGACCGTGCCCTCCAGCAGCTT
;Gﬁ%ﬁﬁ%ﬁﬂE&ﬁﬁﬁéﬁﬁﬁiEﬂiﬁﬁ&ﬁﬁﬁﬁaFAAEE&EEG%GEﬂ&EEJKEﬁEE&EE&EEﬁ@&AA

ACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAG

AT FECRET A CAGE GG G

CTGGTACGTGGACGGCETGGAGGTGCATAATGCCAAGACARAGCCGCGGEAGGAGCAGTACAACAGCACGTACCGTGTGGTCA
& : CLRxC
G T oops
(CEREET AT CreACCTEA Brd
CAAGAACCAGGTCAGCCTGACCTGCCTGETCARAGGCTTCT ATCCCABCGACATCGECET GAGTGGEAGAGCARTGGGCAGC
CHIEUPAE SIEVACEPAIRE VAC ECALPABUE L ECATINENWNEILEC SO AP T E T EhE ML =Y

3%%G%$I—Vﬁfé§ﬁ%?(}a (é[‘TC'gE’@C{I‘WGR@TG(iAI?AGGCTCTGCACAACCACTACACG CAGRAGAGCCTCTC
SVS@%PWGTSSDLGGYNYVSVW@PG(APELM YDVNNRPSGVSNRFSGSKSGY

A

(‘ﬁ?ﬁﬁi\‘&?
3ﬁ%ﬁcﬁ*f‘%ﬁﬁﬁﬂsﬁﬁiﬁ?f‘fi@éﬁpﬁﬁﬁG%@%@ﬁﬁ@f?&?ﬁGﬁ%ﬁﬁB@CFﬁGﬁT@mC§SCCAG°GG "
CETIENBTER

GCGGCAGCAATACCCACTACGECCGACAGCGTGARGGGECAGGTTCACCATCAGCCGGGACAACAGCAAGAACACCCTGTACCTG |-

CACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGG .

5T ACTAGC
ATGTTAA
ICTGCAAC
CCTTACC
CCACACT

ceocee cjee

BGAAGT CC
AG

[TASLTI S

HC (parental) 4945 nucleotlde SEQ ID NO: 109

WMW&GWTGMﬁW%MWE%GTCdG@GATé@@EC)CG
o Qilalc b2 BITeE TR TANE)cc @9 A6CcaTGAAGGECCGETTCACCATCAGCCGEGRACAACAGCARGAACACCCTGTACCTG

EZTLATSLIE SPASECEIE SEMLE SEEITUMISSCEIE Liesrens Isomrr ea e e

) CACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGG

TCTTTTTT
ATCGTG
CAACTGEEE
AAGAC
TTTGCGE
ACTGT.
GGCTGCAG
GAATA

GAA R LG AR AR L AR AEARAEGI AT EATILALEET

C C
R A A e e T AR A TR

G17 ECRCTATETTACTETTCETETA CEOCAGSET ACERARGTCERGAT

GACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAR

PP T S P AT T T S A T PR T A AR P TR A T T R AT T T eSS 1

GCGTCCTCACCGTCCTGCACCAGGACTGGCTGRAATGGCARGGAGTACAAGTGCARAGGTCTCCAACAAAGCCCTCCCAGCCCCC

ACTTCTATEEE

AKADSSPVKA

BAGCGAGC
GCTTCTA
BGAACCTO
CAAACGA
(GCCTGCT

b@HGWCA

CAGAG

CAGGACAGCAAGGACAGCACCTACAGCCT CAGCAGCA
TACGC CTGCGAAGT CACCCAT CAGGGECCTGAGCT

LC4946 (911QB96) pnl ypepti deSEQ I D NO 113
DI VL TQSPATL SLSPGERATL SCRASQNL FSPYL AWYQOKPGQAPRL LI YGASNRAT GVPARFSGSGSGTDETLTI SS

LEPED

GACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTC
CACAAAGACCT TCAACAGGECGAGAGTGT TAG

™ AN INZNZSON\7] "1 'Sl "“T"I™ /7/N/N\NN"TIL/7\ IF1 17ZI™T"\ /A AI'SSC\ I rrrMraeecorsnr=sS 170507 A CSA AJZSL I O MAMNIMIFVN7/ISIESI™ A LN 7179 AUZN IFSK LA L S CNS/SA IO



HC4945 ( BHQS92) pol ypopti deSEQ I D NO 116

QVQLVESGGAE. VUGGSL RLSCAASCETTSSYwiVBW ROAPGKGLEVWSVI SSDSSSTYYADSVKGRFTI SRDNSKNTL
YLQ WO 2007/084344 PCT/US2007/000777
NSLRAEDTAVYYCARHG DFDHWEQGTLVTVSSASTKGPVFPLAPSSKST SGGTAAL GCLVKDYFPEpV Tv s WNSGAL
TSGV

HTFPAVLQSSAL YSLSSVWTVPSSSLGTQTYI CNVNHKPSNTKv | DKRVEFKSCDKTHT CETCPAPEL L GGPSVFLFP

PKPKDx CRAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCT TCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGT
LM SRTPEVTGCABVSHEDEREWKEMAYT ¢ cDEVEMNARIH PREEQYNSTORVMESNECEMCHIONENGIKENKCKVSNKA
LPAPI E AGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA’I‘GAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTC

FLYSKLI
| D NO

103 | CAGGTGGTGGCGGCGCGGCTGGCAACCG G CTGCGT T :
mwwﬁmmm @@&% iﬂ? T cocee

T CGAGTGGGTGAGCG TATCTC‘I‘GGTTC'I’GGTA

CTTCAA ﬁﬁw&%ﬁé&ﬁm&m M%@FW@W@&G&AG
C(II:A D %%?iﬁgﬁ?ﬁW%ﬁ%ﬁ%@WﬁGCGCGTACTATTTATATGGATTATTGGGGCCAAGGCACCCTGGT
GCT ACACCT AT AR X S A B P R A e S A RS T T A S AT A S I SA T A R TR ACSR ACCACICCTGT ACCTGC

AC;A\TG CCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCAC

AACAGCCT GACATICCTGACICATATRE

CTGGT GACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGCACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTC
MMﬂCWWWm@TWmmmmmmﬁmc
AGCGG ATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGT
CCCT GEGCT et c AR r A TRACET GRS e CAk T G6

TGCAC CCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCC CATCGAGAAA

ﬁg&mw@m@@%&%&gw@%@&g@mw&%@%@ﬂ TGGC

GGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACAT GA
GACCT ACATI X AN CARTCACAAGK L ACC AR A AN R ACH A T EACORCART T roTencan
ACACAT GOQCALEE Wﬁﬁ%&%ﬁ&ﬁﬁ%ﬁ%ﬁ%&%&%%@@
cdcTe GGGTAAATGA
ATGATCTCCCGGACCCCT GAGGT CACAT GCGT GGT GGTGGACGT GAGCCACGAAGACCCT GAGGT CAAGT TCAACTGG

TACGT Example 9: Bioactivity Assays

A CGaOGT ARG AT A A A AR A AR AGTA %measureggﬁrmepm'egwmms'

aCTCA )
CCGT CCT GCASTAGEAC T e GEhAn G AGTATANGTEC 293 AT BCANREAAGOHCI TBBTAGCCCCCATCG

AGAAA 5  SuperTopflash Krm17. This cell line is derived from the human embgomc kldneil'l cell HEK293 and

AC@TU%M&%%%%&% in wgrﬁ%promo er 1s fused upsiream GG#‘Afhe TA G

AACCA
GGT CAGCCT GRCET et BSraRAAGECTPCTATOREAGECACATISE 0GP ASACTOBEACRGAANI SGECAGCCCGA

GAACA *  cell. In this cell line, exposure to the Wnt protein stimulates the expression of luciferase in a dose-

AT A AN A A T O L AT AT ST GRAGH S ATA ARG CACOGT CLACAAGAGCA

GGTGG
CAGCAGHSGAREETTR T ARG T emE PEATORATSAGBOTET (A CARCSAMTAOATEERANAGNECCT CTCCCTG

TCCQC. GCGT Ak fdE4D&G LA Boulrs3 HEXD9 840D ll)ls Wiby Mﬂodﬂﬁgcif@adél@ udrkified
O S GaaL Y S B S A T YU WARA P BB R SRR N T YA VT SAONSKNTL
NSL RAEDTAVYEARTR meﬂw\)mwmw mmwgrmmmww&@a@wvsmse

ALTSGVH.  is then determined with an appropriate luminometer.
TEPAVL5SG. VST SHY TV Rk o) e R RSP EGAREL L GRS VL PPIP
M SRTPEVTCHRYB¥SHEDRLEOKE MWVWPREEQYNW@WLW NBKEYKCKVSNKAL P

(GGGCACC

AGCCCECG

APl EK samples and standard are normalized on the basis of protem content. Relative potency is then
Tl SKARGOPREPR: LPFSREI? SLTCLVE%:%RE a 2 EIGUENNYKTTP t @? F,FLYSKLTVD
KSRI 4 QQG\R#“ NEEAT P SPETEH PR PR R 7 P =SS Heavy

Chai n ( HC) *Besige avsistive Fp’mnébdﬂ'a%meﬂ@(’iﬁa‘ﬁ@ﬂlﬁaPTPM@'IQ)ﬁ’Ge#f@mGPdfend@EQ ID NO 104 '
GATAT CZICCCT GACCCAGCCCGCCAGCGT GT CCGERCAGCCCT GGCCAGAGCAT CACCAT CAGCT GTACCGGCACCAGC
AGCCA
TGTGGGOGGCTTCAACTACGTGTCCTGGTATCAGCAGCA@@CC(I{:AAGGCCCCCAAGCTGATGATCCACGACGGCAG
CAAW

GACCCAGCGGCCTGTCCAATAGAT TCAGCGGCAGCAAGAGCGGCAACACCGCCAGCCTGACCAT CAGCGGCCT GCAGS
CTGAG

P aY . Valay.

AN LNT N LSSNT N LSSNTNPNPESNAN SN SSPENT NN SN "T " ™NT" ™S N\ 7SN NINE™S A "T 7N N\ SONNPNNPNT™ NI~

N ALSA A N SSIONT"T NN 7/IN/5©S



HC (parental) 4945 nucl eoti deSEQ I D NO 109
CAGGCCCAGGT GCAGCT GGT GGAGAGCGGCGCGAGGACT GGT GCAGCCT GBCGEOCAGOCT GAGACT GAGCTGT GCCGCC

AGCGG WO 2007/084344 PCT/US2007/000777
CTTCACCTTCAGCAGOTACT GGAT GAGS TGGGT GAGGCAGGCCCCT GGCAAGGECCT GGAGT GGGTGTCCGTGATCAG
CACCG
ATA@A@A@ACCTACTAC@CGATA@GI’GAACIRC@FTCACCATCA@CCIISACAACA@AAGAACACCCTGT
ACCTG ~ Example 10: In vitro activity on relevant biological targets

CAGAT GAACAGCCT GAGAGCCGAGGACACe GCCGTGTACTACT GT GCCAGGCACGECATCGACT Te GACCACT GEGEGEC
CAGGG Lead FAbs are selected that have affinities in the low nanomolar range and potent activity in

mmwmmmgg@@@sw AR PREGGRTIOERARG IS USRARGACCACCTC
&M@&W&&?&%&&P@meﬁﬁmmc

CAGC 5  desirable to further improve affinity in order to better compete with the physiological DKX1

%_ﬂ GCACAC@IJWBGT&QIW ED(HIOLF BERAL- SRS TBRIGNHIGHFROCCTCCACGC

qxaCAccCAGAdE’éfﬁ&ﬂ‘fﬁ&ﬂmﬁﬁﬁfw%&tﬁﬁﬁE&W&W&Tw@&&memm

CTTGTG mutagenesis [Virnekas 1994]{Knappik 2000][Nagy 2002].
ACAAACT CAUACAT GRGIRAGHEHRG AR CANCT QI GRRRERA CART AR TRART GITGRRECCAAAAQ

GACACOTH AT A B A PP SR B A RCIRECCT GAGGT CAAG
TTCAA -~ monkey, mouse, and rat DKK1. The variable regions of this FAb are then engineered into two
CTGGTACGT%m@@%%@m@%m@quwwwWAmq
GGTCA'

GOGT CCTCACCGTCCT SRADEAC A eotbe g s i e e rRe R SR e PR KRR kT CocAG

CCCCC typical for an antlbody of this aff' inity. See Figure 6.
ATCGAGAMAC CATCT GLARAGE o STATACARRET SROGHARKGCCCCGAGEAG

ke A %&%&%ﬁmmwmmw@rmmm

GCAGC ' a Biacore T100 (Biacore, Uppsala, Sweden) instrument containing a CM5 (S) sensor chip (Cat#BR-

ﬁgMCAACﬁ 066 R RREIGT (LEOPT adiER bl bRkl etk T 69 d0C0b8 i TAGERMYEE T CKCCGT GG

AGCAGGT GGCAGHR R ERN APl o e P R AR ARG E RAREIRETACRBEAGAAGAG
CCTCTC 28 TCFOatCeRETRAnTaAsNCDK d (engel- 195 4346361 wsh mectreatcpeie 8@, B NO: 110

%%TWTT%MWWM%WM QR GARETSFEEGRECCT COGGA
c

mTTMTMTTX*M?@%@MM%%@m&&TW&CTGGTTC

T6GTA . mass transport model using Kinetics analysxs in BIA evaluation 1.0 software. This experiment is

EXTA%EACCTATIM i K Ao AGKLAL G\‘AAAQ&:‘E}G&ME& TAGATFTLASEEGATALT W@ATCTGC

A4CAGOCTCe G?&”c?%&AGATAc GGOCGTGTATTATTGOGCGeS TAC TATTTATATGGATTATTGGGGCCAAGOCACC
CTGGT
mmawmm@m@mm@gﬁgmammmmwmmwwdmc
AGCOG
CCCTd GGCT GOCT OGT SAABHASKAGERICE0EAACOEERGAGEOTOT S A CTENSIEEI08T GAECAGCGRIG

TGCAC 2). The Cys-2 domam is res Eon sible for binding both LRPs and Kremen proteins and is necessa

ACCFWnEL%n% r inhibition of Wnt srgnﬁlng%%%g%mmmunopremplt%cr CCAGCTE G

GACCTACATCTEXRADEHts ENATIRATANGEE F GBACAAGATAGECTIRABCCTAANFCT TGT GACA

ﬁ‘éﬁg_? domain, but not the Cys-1 don&qll_n anti-DKK 1/4 antxbody 1S on akly actlve in Western blottin c
ACCOTC . WltE enaturea 1 an 5 ina peptl € mapping cxperlmgﬁ 1S not oun to specn lcal y bind any o

AT GAT CT CCCGii: c0aBoH GAEGTtiAe KT GraflGSTEETGRAISTHEAGIBACGANGNELCTLAGBE @AAGT TCAACTG
GTACGT 35 anti-DKK 1/4 antlbody likely recoEnlzes a non-linear epitope within Cys-2

%m%w%-r% ows asc matxc representation %%qxran truncactgﬁb%zﬁ ul lengt CACCG

I CC. TCA
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Mature DICK! is a 266 amno acid protein with two cysteine rich regions (Cys-1
and Cys- 2). The Cys-2 donmain is responsible for binding both LRPs and Krenen
prot ei ns andVP 300A8¥BLlsary 30and sufficient for inhibiti &TAB200HP00SI7gnal i ng [ Li
2002] [Brott 2002]; I munoprecipitation experiments (FIG 7A, 78) denonstrate
that inti-DKK1l/4 antibody binds specifically to the Cys-2 donain, but not the
Cys-1 domain. anti-DKK1/4 antibody is only weakly active in V‘éstern bl otting.
wi t h denat uagilo Mhl tﬁiﬂéhtddr(AH @aﬁtrﬁr@eesm&pl srgplesxﬁ@auem'Vtzesﬁ aﬂ&(ﬁised @iingh t 0

speci ficall . thg“ 0\{1 c n 1315ma g the
| engt h of tﬁA p% n (?SIR a on to t"ha a l%gstgikgftﬁltdng g}{t?(fl E
recogni zes He ﬁﬂﬁmPgai?éEPS )@W‘w}r t ﬁiGn7@9§ei2°tS *I“P‘t‘l‘g o @R)?"%@}%aﬂé"% Hat | c

represent at kdibo®f ant Wik 1l Roghd Candtidne e GolluGiientif tihisfcRnptinog Edlls cont ai ni ng

resi dues 1 26 car nal. truncate t al ues 1-185),

and 99 ‘)ii E)i‘zﬂﬂ{%ﬂ“b%%ﬂb‘t?d?‘? ‘*Z“n%a%é’ﬁgér"ﬁ"ﬁa T i B“%?B”?l{ﬁ e

cont ai ni ng ine agth pntELy sy s 0 Sr 1 ariepofigys Btrogin HA epi t ope
'eha&d jth potblyseavrs IaCesiontird or the gl 1/4 gpegbodi @azw H

at their C tgipbiafife, a@nﬂln@h&eﬁgekdata@ cauémmbﬂo&m @K&Bﬁﬁ&bﬂ&i agﬁms:m@n,der t he

control of he cyt o b|nd|ng of a
neutralizin e{'¥é ﬁﬁ@ {h aB y aﬁﬂpﬁaﬁh °ff°tal mgm '@%ﬁgtl SHEY nedi um from

transiently transfected Hek293 celI's Sexpressing containing full Iength, am no
truncat ed, eanh@¥yi: Egidpemmppﬁgwngiy&{; IRidaCl proteins are incubated wt h
anti-lysozyne 1gGlL control or. the anti-DI CKI/4 antibodies for 2 hrs at room

t enper at ur e, andAinmmberet profrine véthingredV otolgndloe @ethway e otvelentlydsifzed by peesol ved by

SDS- PAGE, t gafkfistal &éym@mu&nl SHulcRcthit deuiancanlyl DR ARl RefVers, Wclingf t ot al

input is lo 1 l sylation A
nunber of pﬁ%{e&gr “\R?‘?ﬁ"???’Nﬁé’CW a%?%ﬁ'ﬁ’l"%@%ab%@éﬂ’ &P @gret'fagﬁq 8% d‘r)mdl fied by
pdst=- transklatdspEdn séaatami apldi28 f witkig thedlve 2 dbiin. Gkl bk arghbt@tmsvrweqmaum@(
fam |y menmbagSysb aehtAli NG Ak anuaasled.x%?tf% BMK NFGLX0oaYd Atiisxk /4 SAwpdy K

1999 DKK1 .h ne th r | IatLo oald 256
S Che e Digfl deme edelrgine RankPE R i RaE i B e Nty B
domai n, andDKid. potEatA démdyistrathis gt gititlRKIST/4 b@tbhdyDK'tO@hlfosahe W-@peosalated frrtniof DKKl/ 4

anti body f OEhdﬂti&an b‘ét@éﬂ@m] tﬂe@p&mcarmmceu fde gmdsyme@k{m&/oﬁrmmmw eeOgni zed
the N-glyco Kl /4

l.a nonst M es
anti body r ei%’]ﬁl 53'“? %r«%teﬂ-s gr 'ec%?"fe F‘é"gh’f 8éﬁ]rﬁV§l}ase (BRI?T % a"be ér ireg 5eh t he
speci fi é@l | §0“NrdS|th¢Ifm§d eleitogé ?EGSW‘af tbelrebembrinanf preficDK Khis Fikiremeetia Affinipyiis| e -t he  same

gr ot el ng g(r) GuahBEREBY Zﬁnqg saﬁmlplaymmleéonymcé Bnd¥ourQAQDI l@MdnES&ily td @vE i1 60HLIR)

irecte t ion eco pr ot ei n.

This di fferéﬁ 'élhr?mé ef%bﬁ’o ?dgegltﬁgg’ﬁ?et“%?teh g?"'wsﬁ el 06 3 "a%eé%?‘%nﬁ% resonance

and found anti-DKK 1 /kantl body to have 100 fold h| gher KU to the glycosyl ated

rhDKK I, then toTidheidergbaeomyingt adcpyntigi dtperatRe SABLID KK A4 antibody binding

Tabl e 1§§ P@r&g] Bi nding -.d ycosyl ati on dependence of anti-DICK 1/4 anti body
5-

bi ndi ng K1 -Antibody WF DI CK1 DI OC (dyglveosylated) anti-H S tag 100%
100% ant i - IDF\@R!WM' 100% 12- 18%f WT DKK1 ' DKK1 (dyglycosylated)

anti-HIS tag "100% | 100%

anti-DKK1/4 . 100% : 12-18%

Table 14B surface plasmon resonance

Protein Ka (1/Ms) ' Kd (1/5) KD (M)
WT DKK1 7.440E+6 231965 3113E-12
DKKI (N-degly) | 1.424E+6 3.071E-4 2.157E-10

The binding of anti-DKK 1/4 antibody to wild type (WT) rhDKK 1 (HEK HIS eiptope tagged .
30  Batch# BTP7757) and N-linked deglycosylated (N-DEGLY, N-linked deglycosylated with the
) enzyme PNGase F (Sigma, Cat# E-DEGLY) rhDKK1 is measured by ELISA. Brieﬂy, a high
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Tabl e 14B surface plasnon resonance Protein Ka WNW Kd (1/s) W DI CK1 7. 449E+6
2.319E-5 3 113E-i 2 DICKl (N-degly) 1.424E+6 3.071E-4 2.157E-10

The bi ndi ng VWO 2¥AP$433KKI / 4 antibody to wild type (W) r RORKSPOOTANER H S
ei pt ope tagged 30Batch # 8TP7757) and N-Iinked degl ycosyl med (N DEGAY,
NI i nked degl ycosylated with the enzyme PKGase F (Sigma, Cat# E-DEGY)
is nmeasured by ELISA. Briefly, a high W 20071084344PCT/ US2007/ 000777 bi ndi ng
ELBA’ ( Nunet ivfidi24@:4)s phrainesa4sioappiie & carédwith pe/ind Willlor D-DBEDEGKK IDHKd ratidh® rat i o

f both ant I | CK1
gon’pgr eda[‘ olbf) ﬁe%ﬁrﬁe‘éﬁ%% |ve¥%%§ﬂ§%ﬁbfo h@ﬁ%@;{o 1<E41”¢Qlc ated ol as

|s experiment is
carried out TewPecHve bipdieg ?ﬁN'P@F’éP{t'S %PBWF: ehitis apprgprat (Sdﬁ'f igd s pith Heee diffire@é ent at i ve
concentr at | @BndeftraBiBRVgta forbie re;ﬁmasttvre abricamnstifieid stiwi, lal corkEr@@tids ad BmilFhe

tl?)ll gll ?aE fglégsllu\tl%/ gnﬂﬁlﬁg@et ! Lndqp &ehcs%lgw SKRQAI p@&é}'{oonogp\k’lﬂ %%N M\N- DEGLY

are measur ed usi ng ntir-Mad/4
ant i body. ' cdMEfKHER2I3Bawhd BIPTHE) qlrameasms\ml%&aflﬁlmleroar ang- P A améh°d¥ hen it

does for. WFc%kgkemlﬁmrmloefa&ow@mfﬁﬂ@tfoﬂmmmwmm kO déamarlwT pewher s 10The
human Di ckkopf fam |y consists of four. paral ogs (see Table 15), three of
which (DLUC I, 2, 8z. 4)bind to LRP6 and Kremen proteins, induce

i ni t emal | zatBxemplyf12| RPEEE identity of DIIK fareilyroembent Wit si gnaling [ Mao 2001] [ Mao

2005 000 8 0 S LS kSRS RS R SRS & 07 o

pat hway[ Mao (PBE3] 2, & ibedBKI-RR6 adiKreredn pa@elb%thU%nntagdﬂPtsCtﬂ ARBPHA a'a‘n‘tﬂag'énl st
]gepelndl ng n‘g Q:aﬁo“?cal \i’g’t sfg%lalﬁdél [Rfao Q@ﬂ][ﬂﬂ) 2009KK3K k'S al&&@néxﬁﬁ&thﬂﬁﬂ@%b\é&dxﬁsm&g /96 g

am |y menbe respon r an
Kremen inter" %8‘?‘?’6%3"9 ﬁﬁ'&"ﬁqgg \égug‘i"'eﬁ‘@iessf%"%riﬁﬁﬁ eme"BI ?f%r?‘;%&zeing g’nﬁn Oéﬁ as it
does not bi rrdthivRAY a0 20 .eFirve K KRredn aft esbotiorn ab?fe% Rndman@g‘gnsaﬁ?pﬁ@dnfa\mhezoo 1] [ Mao
2003] .  (FablgudEReks@NDKKISNhE fodst OfnsdN It fra Rinlily niERIEBEY iScladineOsishit fhe cybipl e

protein and d%mam ms&nonsnble%r ngPS%) arIB ﬂemen mteraélign&md is distinct from the other DKK family
' members as it does not bind LRPs or Kremens and does not block Wnt signaling [Mao 2001][Mao

r hDKI Cl

2003].
'_Tablé 15 .P.ercent identity of DKK family members across the whole protein and
20  within Cys-2 (.iomai.ns'. N '
‘ = DKK2 | DKK3 | DKK4
E[ pkk1 | 387 | 155 | 325
S| DKK2 - | 134 | 346
§ DKK3 - - - 15.1
- DKK2 DKK3 DKK4
g DKK1 | 693 23.0 56.6
é DKK2 - 24.1 54.7
| DKK3 - - 20.8

Homology ambng members of the DKK family is evaluated (Vector NTI Advalnéea 9.1.0)
-using AlignX algorithm for péirwise se.quencé alignments comparing ratios of aminé acid idep;tities.
Gap opening and gap extension penalties of 10 and 0.1 respectively are applied. This evaluation -
25  included comparisons of whole pl;oteins, as well as comparisons of Cys-2 domains only. As
‘ ir'ldicatednin the table above, DKKs 1, 2 and 4 share 30-40% amino acid sequence homology across
the entire protein. Comparison of Cys-2 domains.alone shows DKKs 1 and 2 share 69% homology -

" within this region, while DKK4 shares roughly 57% with the same domain of DKKs 1 and 2.
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111(1(3 DICK4 rnucl 38.7 15.5 32.5 111(1(2 .. 13.4 34.6 111C1(3 - - 15.1
111(1(2 DICK3 111(1(4 DKK1 69.3 23.0 56.6 11EC1(2 24.1 54.7 DK1C3 - 20.8
Honol ogy anohg2#éftsétis of the DICK fanily is eval uated PYEABSHO7/MPI77Advanced
9.1.0)

DKK3 shows the lowest level of homology to other famxly members Amongst all members

homology within the Cys-2 domain is greatest.

Example 13: Aff' inity of anti-DKK1/4 antibody for human PKK famlly members

5 In addition to ‘binding DKK 1, anti-DKK 1/4 antibody also binds to DKK4, see ’I‘able 16.
While the affinity for DKK4 is approximately 100 fold less than for DKK1, it is still subnanomolar
and therefore likely biologically and clinically relevant. Of note, neither DKK2 nor DKK:4 con'serve
the Asparagme residue that is predicted to be targeted for glycosylatlon in the Cys-2 domain of
DKKI1. Preliminary immunoprecipitation experiments suggest that anti-DKK 1/4 antibody does not
"~ 10 specifically bind DKK2. The binding affinity of anti-DKK1/4 antibody binding to DKK2 will be
. dotermiried following successful purffication of DKK2. Consistent with the distinct function and
binding properties of DKK3, anti-DKK 1/4 antibody does not bind DKK3. b

Table 16 Affinit'y of anti-DKK 1/4 antibody for human DKK family members

DKK Famlly Member T Kp.
DKKI . | 20x10-12 M (20.7)
DKK2 - | "~ ND
DKK3 _ NSB
5 DKK& 2.97 x 10-10 M (+1.5)

The binding affinity and kinetics of anti-DKKl/4 antibody for other members of humaﬁ
DKK family of proteins are meaourod using a Biacore T100. As before, experiments are carried out
in triplicate'for proteins' with significant binding to anti-DKK1/4 antibody and are reported as the .
average of three experiments with standard deviation., DKK3, which is the léast homo]ogous family
20  member, did not have binding that is detectable above background levels and so is considered NSB
~ (No Significant binding). Likewise, recent data suggests that an ant1 DKK1/4 antibody of the

invention also has no significant bmdmg to DKK2.

Example 14: - anti-DKK1/4 antibody blocks DKK1 binding to LRP6

25 DKK} mediates its Wnt antagonist activity through interactions with LRP5/6 and Kremen,
inducing internalization and blocking Wnt induced interaction of LRP5/6 with Frizzled receptors.
anti-DKK1/4 antibody competitively inhibits DKK1 bmdmg to LRP6 in a competition ELISA assay
in Figure 8. A
HEK?293T cells do not express sufficient levels of endogenous LRPS or 6 to allow
- 30 visualization of DKK1 binding. Howeve':'r, upon co-transfection of LRP6 with a surface trafficking
'chaperone protein, MESD, GFP-tagged DKK! can be detected on the cell surface, illustrating the
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using AlignX algorithmfor pairw se sequence alignnments conparing ratios of
am no acid identities. Gap opening and gap extension penalties of 10 and 0.1
respectivel YWARW78H3H4 ed. This eval uati on 25i ncl uded co®SAUSIHHEBY whol e
proteins, as well as conparisons of Cys-2 'domains only. As indicated in the
tabl e above, DICKs 1,2 and 4 share 30-40% am no aci d sequence honol ogy across
the entire protein. Corrparl son of Cys-2 domains .alone shows DKKs | and 2
share 69% hmroggtumnofthe DKKNILRPE @géradtion. Mmﬂl@wIDKIMmaIameshers@:ugbdm&blﬁégidhtt h the

sane donai n ?gmlggg, %wﬁé@%?ﬁl%%%%@f}%?q/ US2007/ 000777 DKK3 shows t he
nber s.

| onest | eve Anmongst all nenbers honol ogy
within the q/s 2 ml?ﬁmoﬂagﬂ-&%d{wlbodmw’wpé%l bipdfneiresily ¢F LR is meperred 4
anti body f oby BLISAN BEENHY, hawirtayed Rl eFisheh Cawadskist 10y uré @atall Reth M@ oIKF |,

A T ] e OhbRaEyR A S LR, Cau K A8 SIRRL R Smpiahify Sdeeldonn ty for

DKK4 is appr oxI nmat e ess than"f IS st nanonol ar
and t her ef of#v4 qﬂgglpe\yam W@a‘ﬂ@y artde @] (la'i*ﬁ lyacrzwe Wl@@&hﬂcmﬁ‘lﬁb@epfenel t her

DKK2 nor . DI Gk&bdted 6 &€ Fat 80 hveitA SR vagh ity bR D@etEorkdIBRPd aBl pakctortndds. be
tar get ed f Of’lagL rg%%% Q‘Emdcme lle\r/'ég ofkﬁl(lalgm%h% hagactgdt\%{lﬂ%éﬁ%(gﬁﬂxbdm&lgg%es not 10

i munopr eci pitati on experinents sugges
speci fi cal | yYSEMdFRIE-. Shppe atﬁtbﬂ)‘iawé) Yaiyes (bagkegfund piibfraqmydi 1 ingreasing body bi ndi ng

t o DI CKED Wi tdncdr@atitat ef fitimadk ﬂ/?hklﬁﬂﬁ&lﬁté@@&sﬁlhﬂméﬂﬂebtfyl t6 ARPOM anoseDKKZ :

Consi st ent S G i.ndi [ t

ot - i ity okl RSt ML O B8 SO DaRr PRRNE DRE) PladE S/ 4

anti body f oFRPfuman DI CK famly rrenbers DKK Fanmily Member KD . DKKL . 2:0 x

10-12 M (0. 7) DKk abMg) JHKKSROMIEEo DI 12K R 7/LKP Bindiflg d deft Face is measured b}he :

bl ndl ng af f h&ur%sxen@?glc¥(!590§§’ l&é(ﬁgrl’%eq{s are%lr%n%cépgnsg dcYanderan Ot {:ran eC Of
ed" Us & 109 ™ RS tSef or

human DKK f are e,
exper i neht sWik ela%raﬁqné@"t&hmﬁ and ME'§P| @ﬁlﬁ efef"@ﬂubﬁ}.fﬁddt"él WSKWH ceridgiondd cant
bi ndi ng to aediim Eﬂg&hém@rmhmdaymambaf ﬁmtmmr msl mmozbnm @wemoa.ga 39kcthnee
experiments 5@d§ ard deviatio f?K %h Eom)l ogous
fanmily 20me r%’l‘n n guor cenﬁavgzr scor?ﬁerP uﬁ)refsdence cts l?( éFi’ E ding ackgr ound
| evel s and etrexerewerhsRefeandte iNSBa("NG‘bB‘l“ng b P‘éa‘ﬁKKWﬁm‘h@@) blogks ililse, recent
dat a suggesingrdchiais wadh LR bn Edil/tateant i body of the invention also has no
si gni figant binding to. DKIC2. Exanple 14; anti4llCKl/4 antibody bl ocks DI CK1
bi nding to.LRP6 25DKK1 nedi ates its Wit antagonist activity t hr ough .
i nt er act i on§*amRrinl4: PgPrEcntuararsyationalBKig inkibisrdECT/EEFigor temderititboki ng Wit
i nduced interactjion .of v%‘RPSI h. Frizzl ed rec }ll -DICK 1/ 4 _anti body
conpetitively inhi B ta alqi"%)fuh I"AS® 'f'%etﬁ E ﬁg’éfg&%ﬁ‘ﬂg’[ TSI A assay in
Fi gure 8. -HEKRPGSF with rpwscrifsion factopqy ﬁ@§"§F§tHFffmmheqq§u1¢@we¢®amed endoipdpoos LRP5 or
6 to al | ow wabikmHald adsi OvetiteDlsGilis dRiaBitbhtusinBQWRNATEF rpBRive QrdmionsT ect i on of
LRP6 wi iSh adrxsvlflr{gfLal‘xgl ergsre ?g‘f];rieltr(z:lhslcn ion, facﬂltatmg detection of Wnt pathway modulation. DKK 1
’ effectively blocks luciferase activity induced by Wnt3A conditioned media (CM) in this assay.

Anti-DKK 1/4 antibody reactivates DKK1. supprgsséd Wnt signaling with an apparent EC50 of 0.16

nM Figure 9. Since the assay requires about 1 nM of DKK1 for complete suppression and the

affinity of the antibody is 2 pM, 1t 1s likely that this EC50 reflects the sensntwnty of the assay and

30 - relative amounts of each protein rather than an absolute limit of anti-DKK 1/4 antibody competmon
293T cells stably transfected with SuperTopflash reporter and Kremen are treated with 10

ng/ml of thDKK1, 50% Wnt3a conditioned medium, and various amounts of anti-DKK1/4 antibody -

antibody. Eighteen hours later, luciferase activity.is measured by the Bright-Glo luciferase assay kit

(Proméga).
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chaperone protein, MESD, G-P-tagged DKK1 can be detected on the cell surface,
illustrating the WD 20071084344PCT/ US20071000777 specific nature of the DI CK
| / LRP6 i nt erV4@2¢06A843DR04910, whi ch shares the sane var iP&BIUE20EHI06Hs as
anti-DKK1/ 4 antibody, specifically blocks this interactign. The
ability, of anti-DKK1/4 antibody to inhibit D CKI binding directly to LRP6 is
measured ' by ELISA. Briefly, non-treated plates (Fisher, Cat# 12565501 j are
coat ed Wi t hEiampgails:oRep@eomBidyan reviiRtof DRI SHyshiedsikateplbOiata) sectdiion ib00
ng/ M of rhDRr&@tedblastdikacdbbncentrati.on curve of either anti 7DKI Cl/4 anti body or
higG | (anti-1ysgozynme MOR3207, ACEI 0915) are pre- ' incubated on Ice for 3'0
mnutes after whi SACEREY GrEeribiR GhantbedyibsskJIE bingiogt B2 MBE 2 hour's.
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di ffer et i atek Dubld e M@ddbkR atEDKK 18 @6tietendalrkiakd Dfophpapiabias enedhied Wnd

phenomena -nhi bi | P% K1§4 ant | bo t not 19gG
control, b:’\%kﬁrgssﬁa%ltngﬁ 1%?‘85?? %g’g%{ngf. !ﬁe ezég\géllésfsg’ﬁé% ik Yaé‘#glrg T‘?%Qyp?“gsence of
W 1t 3A condifffeevi@edebedi um Wit has been reported to induce proliferation and

i nhi bit apopt osi®bien7a nurshatiesefosgdclividGnd pntralihSonafOK&at | vati on of the Wit
pat hway, as indicated by beta-catenin stabilization or nuclear |ocalization,
is frequently associated-wi th tunor progression. Furthernore, downregul ation
of DICKI in some cancers (e.g. colon carcinoma and nel anoma) [ Gonzal ez- Sancho
2005] [ Kuphal 2006], has |ead sonme investigators to suggest that DKK1 nay be a
tunmor suppressor for sone - cancers. To test whether DKKI has effect on tunor
proliferation or survival, tunor cell lines are 15treated with anti-DKK |14
anti body and anal yzed for changes in growmh. No tunor cell line tested is '
found to be significantly affected by ad@yti on of anti-DKKI/4 anti body:

The effect of anti-DKKI/4 anti body on the Survival and proliferation of
several cancer cell lines is assessed in vitro. In this assay anti-DKK1l/ 4

anti body (100 ughtil) is incubated with a tunor cell line, after three days
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assay is carried out in three different serumconcentrations (serumfree,
m ni mal growh, and conplete gromh). No significant changes, as conpared to

unt r eat ed artMORGEH 344 eat ed cells are found. Cell |ine PGHANHNRT/E0EFe anal yzi ed
for DKK | expression by EL1SA. 25Exanpl e 16: Species erossreactivity and
neutralization of DKK1l A neutralizing anti-DKK1/4 antibody is selected

not for its high affinit
al so based upon [ts crossreacti
efficacy and saf ty studies.' a

n

agai nst hunman DKK | and neutralizing ability, but
0 ai ght be. used for

4 @ haml»g FI’OFEFISQE‘)S th nouse,
rat, and eynonol simlar

, cy D q faSCI .
affinity as for human Bﬁ%“‘ g%gﬁ%@ﬁl e 17: % antl - DK 1/ 4 anti body
neutralizes all {Humapecies’ D CKItmedijat ed - Wht sgojer essive acjivity (Table

17), suggesting . omBIBEE SPEC| €S shoulld be rel evgpe Tor bo Th raf ety and
ef fi cacy nodel s. 7TSPECTEp CT{psT qacti vity aggsneutraltzaji on of DI CKl1

WO 20071084344P RgtJ.b4UJ._L// ITTIP77T7g DI}‘KTPr‘UFE‘rnEgE\'KD“[‘p‘N]—Re‘iCtI vation of

L [l e\ AN Y Az QO

wnt 3a si gnal i ng FEPH asS1Ty—CoU (1) terrren I7 o0 o Cy1onoTrgts Y 54.2 Nbuse 10
60.5 Rat, 16 255 Affinity determigftion for Hymere Canamaigitsi Mpusk,eind Rk ©ysardbgus, Mouse,
ﬁ/[‘gsiats EglKEISoluﬁo | mﬁdmbmraagl\./ HEIrPRLidEatM hisRY Bﬁmﬁﬁwésg&ie?mé@@lﬁﬁde %"tégfuu o
ana i.oVeri et erm-na
Equi | i bri um % I“S%""q’géfgt“’% ﬁ?é‘f’meﬂtéiJgP’%% (“H’P‘"P%&E""F"@ﬁ% ¥8%oWér ~ cont ent ,
anal yzed5by menehgricpetert, BHGed Sy peihdieal BEC; SuperetiamRirsiameRhaaacio) ofligGppredt ei n are
usgdOI tEI ect aﬁqﬁfdndn&m&%mgéfﬁézgu %aﬂafﬁ,tlwatewm%hg{%\uﬂaﬁ H!;QQiat'an fol :Jtl on
and data eval yat.i-on ar al ly cribed by ene| et a
20051 - the. BYHRIHLT PEabdariorise e RO HGE FbabRacBF BRAGE COnTe Bhi or
al ., 1997] ) apihied Grysedafind aggvplimg to il R4D.1 PIV} GAI consepuiarhduit fMORAN 0 FeCHis f f er ent
concent rat i Qplitraed Witk dlﬁ‘raelqlcbwemn&)s (&i.am ran@tibn%h&mgn%ﬂhfi Sitn@k LehISk

10concent.rati on tio uman DKKI coup] ed to parana netic
beads ( 2860nce12tratlon) n SO&JUU nBtotmy?ated%man SKKl coupled to paramagnetnc%eads (M-% 9

Streptavxdm Dynal) and BV-tagTM (BioVeris Europe, Witney, Oxfordshlre UK) labelled goat anti-

human (Fab)’z polyclonal antlbody is added and incubated for 30 min. Subsequently, the
concentratxon of unbound 1 8Gis quantlﬁed via ECL detection using the M-384 SERIES® analyzer
(BnoVerls, El_lrope). ‘Affinity determination to rat, mouse, and cynomolgus DKK1 is performed
15 - gssentially as de‘scﬁbed above~using mouse, rat, and cynomolgus DKKI1 as analyte in solution .
ips,.tead of; human DKK . For detection of free IgG nioleculésa biotinylated human DKK1 coupled to’
paramagnetic beads is used. MOR4910 and anti-DKK1/4 antibody neutralizeé human DKK1 .
" (Novartis) with equivalent EC50, anti-DKK 1/4 antibody also-neutralizes monkey (Nc;vartis),
- mouse(R&D Systems 1765-DK-010) and rat (Novartis) DKK 1. The TOPFLASH reﬁoﬁer assay to
. 20  human, rat, mouse, and qynomolgus DKK1 is performed essentially as described above (Figure 9)
using each species recombinant DKK1 as the inhi'ﬁitor of Wnt conditioned media, instead of human
DKK . Rat recombinant DKK1 required higher concentrations of protein to achieve si gnificant
inhibition.of the TOPFLASH assay.

25 ’ Eiample 17: Effect of anti-DKK1/4 antibody on intratibial growth of PC3IM2AC6 ;.cenografts

Prostate tumor metastases are unique among bone metastases in that they are
overwhelmingly osteoblastic rather than osteolytic [Keller 2001]. However, even predominantly.
osteoblastic bone metastases have underlying regions of osteolysis and fréqﬁently have low bone
mass densities (BMD) especially when patients are on androgen ablation therapy [Saad 2006].

30  Recently, it is demonstrated that DKK1 can‘ actasa sw?tch, whereby expression of DKK 1 enhances

osteolytic properties of a mixed osteoblastic/osteolytic prostate tumor.cell line (C4-2B). In addition,
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Streptavidin, Dynal) and By-tagTM (Bi oVeris Europe, Wtney, Oxfordshire, UK)

| abel | ed goat anti human (Fab)'2 pol ycl onal anti body is added and i ncubated for
30 nm SubsefAeWiP§t344 he concentrati on of unbound. |gG IPETHRANTPHVEd via ECL
deteetion using the M 384 SERIES(r) analyzer (BioVeris, Europe). "Affinity
determnation to rat, nouse, and cynonolgus DKK | is perfornmed 15essentially
as descri bed above using nouse', rat, and cynonol gus DKK1 as analyte in
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1765- DK- 010)kstatiidhinga métmammtchs)»utDKbséﬁuefmem DOPKEKASH rosepio nteestasas s@yertsshe. 20hunan
, rat, rrgusqumcgqganc&gﬁmlng 1 is perfornmed essentially as described above
(Figure 9) using eac ecl es reconbl nant DI CKI as the inhibitor of Wt

condi ti oned ' nedi*4, °S‘Fﬂ§i°éﬁ?ftaéeft"ﬁﬂrrfﬁ‘??ebf<?@‘ed fregm @ method i B0 BK K variangaf r ed
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ost eol ytldc [emmlegmaaeog@wthmmeum aiiesdypreadkandwiad inhipitios beohbostvite. hoane

met ast ases have,; u{g)%ﬁg b0 o.%fsmgﬁt.ﬁ%'sx&mmams.&g teds Lgiqiave 1 ow bone

mass densities (B speci al ly. lents are on an en a atlontherapy
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wher eby expmressiganiok siakikIFienhamcasilp abedinifidact tino pevatd iBifibiodn @cirrededth '

ost eobl asti n addition, WO
20071084344%@?@3%%3%% ggfgﬁédarh%NA su%cﬁ%%%llslgg o Agéfé%ﬁa %ﬂ ‘bited ost eol ytic
activity’of a prderaimicAlsatesiprtekeredsy y pps "mlwtﬂaw%mmn gy animaDpanticIE8Y/4[ Ha| |
2005] [Hal | 236y is aBhicKierddriiv € atkidessaedos 60, intiooijip@ebukdidaly af.d. ,tmaﬂ.esgr“&wt frof the

t unor Xenogr\@}ﬁs’ cén‘?.%ﬂx'gfigs %&%.&&LJ‘W S 36D psglf}%S&‘se/%Eé,?th?%m%ngek aEt ivity may

be i nmportant astatic nic dent 10ss of DKKI
in prostati & eh‘éleég‘t“é’é(é@sbtﬁﬁ%ﬁ“t%ﬂqdhé Sl uprimes pvash fesStvessht: Bistlicficanelsreghe.
An ost eol yt |b6dyp.mgttanaegeta:iérmcurmdaherln‘éataxdapt ed froma nmethod by [Kirm 2003]. A

vari ant o8f the ORLROlNLAGIRLANAN Bt HIBESEk s LRS! RiEMANaky BBl

expresses lucifer I njected 1 nt
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noni t or ed byunitr &fSlart0aHp WA iinpedtst-arpgedpliyal (e o hdhona fet BiustiDhhigyial Rat.her
than 10enh ¢ { i nhibition
of tunor gr %&h&%\w@bo%%r{} b?e?l}%nr? S r?gsfl'?g}ldep[% ,J%?ﬂg,ﬁﬂc,&e?/)é%&ng study, it
has occur r ede@BYrsiettepitney Y fArmsA svoxgn agneand ‘@B“ﬁﬂ'ﬁ?;?‘é‘d’efaﬁ bgag velumg/tiagsplas ent at i ve
study show rguet {BeTy) afioshreibeesradbsartd HDKKIef, 4 iaslédr BackntiaKK Uadtibgdyowt h i s
shown FI G t ed with
- Duicr) 4 e g Sl Pt AR Pl Bkl Al G bNRK Bl I B0 BBGHL =

. 15Tr eat nenf’gméf%mé’ﬁlaer%'aleaﬁoawmgﬁﬁg? cfingy Usine Stei saie fumopingider pesp ytw
cel I s/ ani malmodel 2atii DKM dndibadytdetnoghythiss a;drvmamt&h@bﬁd)lytwmuwtﬁhs Toses sefrigt 60,
and 200 pg/ I )
adm I’]I St g?%ﬁjbqgé’mga% it eﬁec}srﬂ?‘gﬁlse %@ﬁ%ntciggy g‘e g@s@!&%ﬂ%onggp;n tﬁ ral#ggﬁog‘szv(\)BEkS
Vehi cl 3 on??‘b!r PeEs)vitha r%eamaHr gffigqcioys #ose between 30 and6q pehpause SWe"éf(“f? bt ' 2 Weeks.
Fi nal ef fi caepetigathascaind sugghd et amu:g«h(w:h}anbg@ sased Bat enlinghad @mbeididkeat nent .
20Usi ng thi I - i.bo
tunor - i nducg gg(i:)%rﬁtdfsgégﬁ bLPHgﬂdést O%Eﬁ?cgva?g%rt' gmg;r'l.é(# gggcsg Sg%/h Jbggr}%&g{c’gs ¢onf ounded
inthis rrodé’l’hab‘i/“&'ﬁ%?"rc?éé%'re\fﬁfwfﬁ that both tumor inplants and shaminpl ants
cause nmechani cal damage to the bone that result in an initial increase in
woven bone which is | ater renodel ed causing a decrease in apparent bone
vol une. Relative effects of newy forned woven bone and trabecul ae on overall
bone vol une/trabecul ar 25volunme (BV/TV) ratios are therefore obscured.
However, it is clear that anti-DKK1/4 antibody increases' the production of
bone in both tunor and shaminplanted tibias and inhibits or delays the
decrease in bone vol une acconpanyi ng renodel i ng. Using the sane tunor-induced
osteol ytic nodel, anti-DKK1l/4 anti body degpnstrates equival ent anti-osteolytic
activity as Zoneta, see Figure 12. The bone netabolic effects of anti-DKKI/4
anti body are dose responsive in the range from20- 30 200 jig/nouse, with a
m ni rral Iy efficacious dose between 20 and 60 gg/ nouse, see Fi gure 13 Toget her
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Representati ve exanples of McroCT reconstructions of the tibias of treated

m ce are shown 10in FIG 12A Cortical damage is scored from O=nb damage to
3=severe dark@el7ef434 12B. Cortical damage in tunor-inplP&RUSHTPEIEs i s
manual |y scored by mcreCT analysis that are blinded with respect to the study
groups. No cortical damage is observed in any of the shaminplanted |egs.

Met hods Fermal e nude m ce atage of 12 weeks old are inplanted intatibially with
2x105 PC- 3MEAGHpleaBd anti-DKIKI¢t dm@ibbdy inhinthidntevafeaibond dyneiet in@idth fanioh @nd sliaght
tibia. Treaimplatted biasted on day 5 15post inplantation. NVP-anti-DKK1l/4

anti body- NX (anti-DKK1l/4 antibody) and 1gG control are admnistered i.v., at
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ki dney, andtdtheagtctivalldzhohgRBREAueHErES SO0 H*p>Beensi n a subset of
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expr essgon of DI CKI hy In sit di zat 1 on no expression In
st omach3&nd™Ery s %%Haﬁe berRRAC 29 Gﬁlrawngvﬁaﬁf/wcﬂy Jigmelgapge mice Darage of 1 -
expressi on apaks yiliage implanted antrattbicdia il 2ki 0GP CERANCKA Coooepls @slsd leftibigwed skarh-n bone,
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tissue, thynus and_duo m[L otel n expression Is eval uated
in myel oma %@e?yr%%ﬁéaﬂﬁs[?%”ﬁ ﬂé‘bgdoi?rb“ aﬂ'@&'ﬁ““é"rﬁ’t‘ Vb BHPSEPHEG PRI 2% he current
study (Ti anpg/@0@8)ay, gal., B hines paperfor :ewme@snmlgcs:ss&eimsterbdnyehtanapgel | s of

pati entgs wi muLganyL@dﬂlm RN RYY WK Venidl Bhédi e %§§A Qé}ealﬁyl Qf, sdet ect ed
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anti - DKl C1/ @t Vl%‘&"ﬂ@ Body (3GANTQdiwdiderhyd)s Grabemian borictdeiaiia (B TV pis aslyzed asof

nor mal human and nonkey tissues. Both whole tissue sections and tissue

m croarrays are evaluated. Positive controls included a comrercial antibody
for DICK that is evaluated in the sanme g{gssue set. DKK1_15 (FITC
conj ugat ed anti-DKKI (4 anti body) and DKKIJI (FITC conjugated Goat anti - DKK1,
R&D Systenms, AF 1096, |ots GBL0O13 101 and GBLI4111).




250 her bi or narkers Since little is known about the pathophysiol ogic
role of DM', a significant anmount of effort is and has been focused on

bui | di ng up WRWRABt4edge base about the in vivo effect PCHUSHGTPORKL/ 4

anti body by bi omarker studies and how this could be exploited to further the
devel opment. Key areas of focus have included 301) Understanding the effect of
anti-DKK1/4 anti body in normal and netastatic bone netabolismby the

measur ement dakriled frcétadds Ngin dieatdsermstiod] sigsifient Hiffstene fanmthloottedbingdeditg act i Vi ty.

2) Co t |
tZ) Coﬁf‘;fn g%gclgi%féggﬁbw @Rl Sanfa1 Al e barhd Vich Yl olirle B < 03! omR and ot her tunors

target 1 ndications. 3) Effects at a gene
eXpression level in key tissues |ike colon, bone marrow, |ung, skin and
35br east t oEassps 38:bBloameireAs acti vati on. Prelim nary nol ecul ar
epi dem ol ogy st udi es "have confirnmed increased DICKI serumlevels in patients
with nmul &i pl e nmyBK&ddicsmekesspport a POC in this indication. WO

2007/ 88434;]1PCT / 1&&2@1@1@9&&2}32 pattem ofDKKB&rSQEI:eﬁ)ﬂes&X:IeStlirﬁ@ﬂkﬂM)@ldﬂ\ed Tabl e 18
provi des t ose e manker 0 t Tabl e
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Ti ssue Phar moﬂylnfahn@scle@m?)wms Wa?hg&003)I§bva§tl?¢éaﬁ%@ﬁérﬂis§m*b‘!v%&dp% . NA
Free and antiq kKL Athofkh 100N BehresBikis doch 8V LB sAEH HopadHIRRHAE adal @ne db@bisn NTX,
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no expression in stomach and colon, whether normal or malignant (Byun 2006)

RNA éxpression analysns in mice revealed high DKK1 expression levels in bone, medlum
expression in fetus and placenta, and weak expression in brown adipose tissue, thymus and
duodenum [Li 2006]. A »

.15 DKKI1 pr;)tein expression is evalugted in myeloma specirﬁens using the same goat antibody -
employed in the current study (Tian, 2003). In this paper, expression is seen in myeloma cells of
patients with low grade morphiology; DKK 1" protein éxpression is not detected in the bone marrow ’
biopsy specimens of five control subjects.

Tissue distribution and species crossreactlvny of the therapeutic antibody antl-DKK1/4

20  antibody i is studied by screening it agamst a series of normal human and monkey tissues. Both ‘whole -
tissue sections and tissue microarrays are evaluated. Positive coptrols included a commercial
antibody for DKK1 that is evaluated in the same tissue set. : '

.DKKI_._IS (FITC conjugated anti-DKK 1/4 antibody) and DKK1_8 (FITC.conjﬁgated Goat
anti-DKK 1, R&D Systems, # AF1096, lots GBLOlSIbI and GBL14111).

25 che} biomarkers A

Since little is known about the pathophysiologic role of DKK1, a significant amount of

effort is and has been focused on building up the knowledge base about the in vivo effects of anti-
DKK1/4 antibody by biomarker studies and how this could be exploited to further the development.
Key areas of focus have included
30 1) Understanding the effect of anti-DKK1/4 antibody in normal and metastatic bone -
metabolism by the measurement of circulating markers of osteoclastic and osteoblastic activi{y.
2) Comparétive expression levels of DKK1 in multiple myeloma and other tumors to
confirm and expand target indications.
3) Effects ata gene expression level in key tissues like colon, bone marrow, lung, skin and
35 | breast to assess beta-catenin activation. - '
Preliminary molecular epidemiology studies have confirmed increased DKK1 serum levels

in patients with multiple myeloma and support.a POC in this indication.
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Uine total Mprotein, b2 mcroglobin, LDH NTx, QW PINP, Osteocal cin, RANKL,
OPG PTH, calcitoninBone - ALP, CCP, CTx, NIx, etc Predictive Mrkers
StratificatiVbR200PpE3E| ecti on DI CKI expression DI CK-1, CP¢I/USRIQPO00TEt eocal ci n,
RANKL, OPG, PTH, Vit D3, calcitonin DICK | serumlevels Safety

| mmunogeni city Pharmacokinetic anti-DKK1/4 Ab 5 Exanple 19: Amino Acid
Sequences of Heavy and Light Chain Variable Regions of anti DKKI Antibodies
The am no aci d sBegakoresstiod kiokéedga Thldd | Eprpadps drrprapbsed petehtiaf) Rtomarkers fiwavy chai ns
of anti D(Kla,ﬁmqu@,dg%ody\hose CDR regions are shown in Tables 5, 6, 11A and

11B, are pr,ovi.de,gﬂ)l n, full %é( 10Table 19. Amino Acid Sequences of
Heavy and Light &4 W vari 81“%’ &’8 15pd BREY 959881 Ant i bodi es (SEQ I D
NCS: 2- 39) Medalted VI | : ( SEQuinbbr NO. 2) . Blood Surrogate | -
QVQLVES \/ LRL TESNYGE HW/!I RGKAE_EVWSSI SYYGSSTY. YADSYKSRET SRDN
SKNTL YL QUNSLIRAirbihdodywaicDESHVDKPPGYVFAFWGQGTLVTVSS MOR04454 VL: (SEQ I'D NO 21)
- @D | N/A Free and anti-DKK 1/4 Ab bound
- Target . DKK-1 levels
-Downstream Activation of beta-catenin . a:
. ‘ . ; . Adipose/ .
skin
Mechanism of Action | " NTx, CTx, PINP, Oéteocalcin,
RANKL, PG, PTH, Vitamin D3,
 calcitonin
Efficacy - . “Serum M protein, NTXx, G’fx, PINP, Osteocalcin,
Urine total M protein, RANKL, OPG, PTH,
b2 microglobin, LDH | calcitoninBone - ALP, CICP, CTx,
o _ NTx, etc
Predictive Markers ' ' DKK-1, CTx, PINP, Osteocaléin,'
Stratification A RANKL, OPG, PTH, Vit D3,
calcitonin
Preselection ‘ DKK1 serum levels
DKK1 expression
Safety . : " Immunogenicity
Pharmacokinetic ‘ anti-DKK1/4 Ab

5 . Example 19: Ammo Acid Sequences of Heavy and Light Chain Variable Regmns of anti-
DKK1 Antlbodles

The amino acid éequences of the variable regions of the light and heavy chains of anti-
DKK1 antibodies, whose CDR regions are shown in Tables 5, 6, 11A and 11B, are provided in full
in Table 19. ' ~

10 Table 19. Amino Acid Sequences of Heavy and Light Chain Variable Regxons of
anti-DKXK1 Antibodies (SEQ ID NOS:2-39)

MOR04454 VH: (SEQ ID NO: 2 ) :
'QVQLVESGGGLVQPGGSLRLSCAASGFTFSNYGLHWVRQAPGKGLEWVSSISYYGSSTYYADSVKGRFTISRDN .
SKNTLYLOMNSLRAEDTAVYYCARDGSHMDKPPGYVFAFWGQGTLVTVSS )
MOR04454 VL: (SEQ -ID NO: 21 )
DIQMTQSPSSLSASVGDRVTITCRASQGIKNYLNWYQQKPGKAPKLLIGAASSLQSGVPSRFSGSGSGTDFTLT
ISSLOQPEDFATYYCLQYYGMPPTFGQGTKVEIKRT .
MOR04455 VH: (SEQ ID NO: 3 )
QVQLVESGGGLVQOPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSGISGSGSYTYYADSVKGREFTISRDN,
SKNTLYLOMNSLRAEDTAVYYCARHYMDHWGQGTLVTVSS

MOR04455 VL: (SEQ ID NO: -22 ) :
DIQMTQSPSSLSASVGDRVTITCRASQDISNYLHWYQQKPGKAPKLLI YGASNLQSGVPSRFSGSGSGTDETLT
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DI QUTQSPS3L SASVGDRVTI TCRASI DGl KNYLNNYQQKPGRAPKL LI GAASSL QSGVPSRFSGSGSGTDFTLT
| SSLQPEDFATTYCLQTYGVPPTEGQGTKVEI KRT. - MIR04455 VI |: (SEQ | D NO: 3)

QVQL VESGGGL WP BBHPREBCAASGFTESSYGVBVWRQAPGRGL EVW/SCI EGSGSYTHFAOBYRTRFTI SRDN.

SKNTL YLQVNSLKAEDTAVYYCARRYMOHWGQGTLVTVSS MOR0445S ' I L: (SEQ I D NO. ' 22)

DI Q\/ITQSPSSLSASVGDR\/TI TCRASQI)I SNYL I—NWQQ(PGKAPKLLI TGASNLQSGVPSRFSGSGSSTO:TLT

2007/ 0843 , .

. (SEQ
O\/(]_VESGG N§RDN
SKNTL YL OVNS
DI VI TOSPA FTL

TI SSLEPEDF
QU@L VESGaiomq’(ﬁgﬂyRL bumms:‘lfm I:z&YW\JbVWHQL\PbKu_ I:NVbu SYSGSNI HY/-\L)bVRb HI— TTSRDN
SKNTLYL QM\@WEWVWMSWH@GWMW&&MWS&I SVEGS»(TSE@ SIVEBEN@I QRI;N
DI ALTOPAS) R A TAS

DI REEDED .
&5%%¢ﬁ%§%mﬁ§§%§m 7 %%W%%%%%%%%%@ e Gron

SKNTL YL OVNSLHRAEDIT AvYY CAREIT IVIVS 4
DI AL TOPASVESSPEXISICTY BCFTSSEMSEYRYY SVW WWWRWS%MF@S‘@WWAS
LT| SG.QA\EW QWW% %D'FWI@ L %‘@SAS:ILR \ i1 : (SEO- 1D NO—7)

VL VOSGAEN] rOKBRES b i SRR G A VRN G MR Lo VR OS5 TSRS QERKE! [BADK
Sl STAYLQAS&KAM‘AM@AE@NQWGMVSS MOR04516 VI: (SEQ I D NC:. 26 )

DI VLTQPPS PGTAPKI LI GNNSNRPSGVETRESGSKSGTSASL
Al TGLOSEDES -‘- ‘§m. gg%%l(@ﬁaﬂw NGFIvTTsADK
CrEss SRON

OVOLVESGG
SKNTLYLOM

DI VLTQSPA! N FTL
Tl SSLEPEDIF%%

WOLVESGGG SGARSF TEN VRS DN
SKNTLYI QVNEtAAE] £ HVIVbb VOROZ913 VL (SEQ TD N 28 )

DI VLTOSPATQMSWS}MWMAWLMWMYMAWT DFTL
TI SSLEPEDREA P By ISP U EOETIAGE T\I)WIKRT .

QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

MOR04913 VL: (SEQ ID NO: 28 )
DIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDFAVYYCQQYMTLPLTFGOGTKVEINRT

MOR04946 VH: .(SEQ ID NO: 10 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

MOR04946 VL: {SEQ ID NO: 29 )
DIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSLEPEDFAVYYCQQYLTLPLTFGQGTKVEIKRT

MOR04910 VH: (SEQ ID NO: 11 )
QVQLVBSGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSGISYSGSNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSS

MOR04910 VL: (SEQ ID NO: 30 )
DIALTQPASVSGSPGQSITISCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRESGSKSGNTAS
LTISGLQAEDEADYYCQSWDVSPITAVFGGGTKLTVLGQ .

MOR04921 VH: (SEQ ID NO: 12 )
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSGISYSGSNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARMGIDLDYWGQGTLVTVSS

MOR04921 VL: (SEQ ID NO: 31 )
DIALTQPASVSGSPGQSITISCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTAS
LTISGLQAEDEADYYCQTWATSPLSSVFGGGTKLTVLGO

MOR04948 VH: (SEQ ID NO: 13.)
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVSGISYSGSNTHYADSVKGRFTISRDN
 SKNTLYLOMNSLRAEDTAVYYCARMGIDLDYWGQOGTLVTVSS

MOR04948 VL: (SEQ ID NO: 32 )
DIALTQPASVSGSPGQSITISCTGTSSDVGGFNYVSWYQQHPGKAPKLMIHDGSNRPSGVSNRFSGSKSGNTAS
LTISGLQAEDEADYYCQTWDSLSFFVFGGGTKLTVLGQ
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MOR04946 VI | :

-(SEQ I D NO 10). - -

QVQLVESGGEEL VOQPGGSL RLSCAASG-TENNYGVTWRQAPGKGLEWSGE SGSGSYTYYADSVKGRFTI SRDN
SKNTL YLOWNSIYRARITASHHMCARTI YMDYWEQGTI VTVSS MOR04946 VL: ( SEQUSEOMINIZY )
Dl VI TQSPATL SLSPGERATL SCRASONL FSPYLAWYQQKPGQAPRI LI YGASNRAEGVPARFSGSGSGTDFTL

TI SSLEEEDFAVYYCQQYLTI PLTEGQGTKVEI KRT MOR04910 Vi i

: (SEQ I D NO 11)

QVQLVESGGEELVOPGEGSL RL SCAASG-TFSSYWBWROAPGKGLEWSAE SYSGSNTHYADSVKGRETI SRDN

SKNTL YL QVNSPHRAEDT AYY Y CARMGLD) | VIVSS I\/[ROévlq210 V. 30

DA O T SN kR G ST RPESK St TAS
LT|SGLQAE4@%MJQ YWVOREEY FWLESY VWURUHFIZT Vi \OEV o~ iINOIZ)
O\/CJ_VESGG%W&W:EE&&%%WB%M@&%MWM@%@QE@&W
SKNTL YL OVNSLIRAEPAFERYADHE AR

IV*Ff SCT@?IQSSB\)&EWSVWPG(APKI M HDGSNRPSGVSNRESGSKSGNT

T SGECAR G o S ERET R T G M VT (S B 13
QVOLVESGGH omww SCARSGT! '

SKNTLYL WWNNEVQ&HPGMPWMHMNWSQ%@FB@MGN'B%) .
DI ALT(PAS AN TN T O S PN AN RAAY

kgkﬁ%?f %ggﬂ%@ﬁimEr\gmwvmp%s%&m@v@%@ém%%99245@99%7 |

SI NTLYLQM
DI AL TQPASKS]
LTI SGLQAEDg
QVQLVESGH

YCARHGIDFDHWGQGTLVTVSS
9 Y

S M@L%osms&@ymsb@ﬁ@mm
mm&&s&mw&a@ﬁ%@_ ENVSSI EHKDAGYT TWYAAGVKGRFT

ONSKNTLYL
' DI ALTQPASK
LTI SGLQAE

DI ALTOPAS
LTI SGLQAE

WE%WAVYYWHGI YOEDHABOGTI VTVSS MDR0O4920 VL: '

CSPaRET Ps 1is) 5_1' WEWW%@@W%C
NP Y IR LOVEN oV ESgt Y ECQv
GhMOPEXEBIER 5 é:‘wf‘s EE&S VWMI@SM?WQ&

RG WMWVSQTB@@O4945 VL: (SEQ I D NO 35 )

PGF\’APKLM YDVNNRPSGVSNRF$ GSKSGN
QQHPGKAPKLMIYDVNNRPSGVSNRE‘SGSKSGNTAS

A

MOR04947 VH: (SEQ ID NO: 19 )
QVQLVQSGAEVKKPGESLKISCKGSGYSFTNYYIGWVRQMPGKGLEWMGIIVPGTSYTIYSPSFQGQVTISADK
'SISTAYLQWSSLKASDTAMYYCARGIPFRMRGFDYWGQGTLVTVSS

MOR04947 VL: (SEQ ID NO: 38 )
DIVLTQPPSVSGAPGQRVTISCSGSSSNIGSSFVNWYQQLPGTAPKLLIGNNSNRPSGVPDRFSGSKSGTSASL
AITGLOSEDEADYYCASEFDMGSPNVVEGGGTKLTVLGQ

: QVQLVESGGGLVQPGGSLRLSCAASGFTFNNYGMTWVRQAPGKGLEWVSGISGSGSYTYYADSVKGRFTISRDN

MOR05145 VH: (SEQ ID NO: 20 )

SKNTLYLQMNSLRAEDTAVYYCARTIYMDYWGQGTLVTVSS

-] MOR05145 VL:

{SEQ ID NO: 39 ) '
DIVLTQSPATLSLSPGERATLSCRASQNLFSPYLAWYQQKPGQAPRLL I YGASNRATGVPARFSGSGSGTDETL

AS

| SR
CSEQ 1D NCB4).
INTAS

RDN

TAS 1

TISSLEPEDFAVYYCQOYMTLPLTFGQGTKVEIKRT

The CDR and FR sectjdns of the variable regions in Table 19 are aligned in Table
20A for heavy qhainé (SEQ ID NOS:2-20; VH3 is SEQ ID NO:125, VHS5 is SEQ ID

- NO:126), Table 20B for kappa light chains (SEQ ID NOS: 21, 22, 23, 27, 28 and 29; VKI :

is SEQ ID NO:127 and VK3 is SEQ ID NO:128), and in Table 20C for lambda light chains
(SEQID NOS: 24, 25, 30, 31, 32, 33, 34, 35, 36 and 37; VL2 is SEQ ID NO:129 and VL1
is SEQ ID NO:130).
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.Additional consensus CDR sequences may be determined by one skilled in the art from the

alignments in Tables 20A-20C using standard methods.and methods provided Herein.

EQUIVALENTS
’ . From the forggoing detailed description of the specific ‘emb,odiment's of the invention; it
should be apparent that novel antibodies and immuno]bgicél fragments thereof have been described.
Although pz‘irticular embodiments have been disclosed herein in detail, this has been. done by way of.
10 example for purposes of illustration only. In particular, it is contemplated by the inventor that
various substitutions, a]teratlons and modifications may be made to the invention without departmg

from the spirit and scope of the invention.

115



...... ? erpm 0444 444404 > " -A poop poopoo o 00 0400 g9 ggcfllm ;nun
5 -ern 2 2222 222222 S 22 U CLe 9200 202280 0 APt 01000 WO

20071084344 PCTPWUBYRA 000777 Consensus CDR seque®€dd/SEVEWMYGvi ded at
least iri SEQ I D NOS:40-48 and in Table 1111. Additional consensus CDR
sequences may be determ ned by one skilled in the art fromthe alignnents in
Tabl es20A- 20C usi ng standard net hods. and net hods provi ded herein. S

EQUI VALENT SWHroinxhinedisor qgoi ng det ai | ed description of the specific

enbodi ments of the invention, it should be apparent that novel anti bodi es and

i mmunol ogi cal fragnments, ther eof have been descri bed. Al.though particul ar
embodi ment s | have AGEBPOSHIO8 EPBRIEH AR PUiskr-PiRdipteaiop thag fppcdfi %B%blbéeseaﬁ BitARE Ay way
of . 10exanpD&EK@olypeptipoSES IDING:| 1) eislardrt 4 DKRKO pblypeptide (SBQ U did: a22), wierdiiSthe

cont enpl §‘t egmmd} J}%r{cﬁ% %ehﬂﬁéfeo\f girnhéjty 3t lgz}ép&% eLlH)tpE %KK?‘!)]I&?@E iop Q(ﬁe anpl )

nodi fi cati ons nay be e 1 nventi.on out "departin rom:t spirit
and scope of the invention. WD 20071084344PCT/ U820071000777 What is clained
is: |.A conposi t TR nabulp hécdidig tatlaigil, ingedinbinatiz DK EYoODKKh &t detpriaéd ihaal | y

bi nds an epj¢ %18 8% J[ %yi”elected {r Ia \A%gonglnyo? SRt L le(d$El%§ B Jy%lecazch%gq(uﬁm?gcg}\cg‘ DKK4

pol ypepti de erein the 5anti uncti ona ragnent
t her eof bi nB&sed gjndipe malysis: "'B’ﬁ’é‘eé}ﬂf‘?ddﬁ‘é’“f’?W‘DF@@S%P’“%)KKAFM@? SE&t R 2. The
ant i bodyo ac ea¢ddileig (GONdeiRohgentidiidh gisRoRbtagin(QPPGPseRIfikdontdntrBidaldodosiagbat eni i ned

N at | east; g0¢,A3aaK.SELLO R A gamrﬁez;n@&yml&mA% pHLaphanghed dransr i ptfon:

el ect rochem™ um nescence anal ysi's I mmunosor bent
assay bi ndi #§¢ liopajpgrostegiyyis. SPR; 1005t eocal cin (OCN) serum concentration;
osteoprotegrin (OPG serum concentration; procoll agen type 1 nitrogenous

pr Opept i de § Pl NP)\n fs@fa{ég‘a&%% HEerqﬁéan &’lecﬁb Rogrt}%d# o?gEQTBRII(:ZJsafg'() a%d SEQ ID
amel i or at | n%Ogslltoen and conservative or humaneered varlants thereof. ’ .

4. The 1solated amino acid sequences accordmg to claim 3, wherem the amino acid sequences
se]ected from: i .
a) the group of SEQ ID NOs: 2-'20, 65-72, each’ comprising an antigen-binding region A
20 compnsmg an H-CDR3 reglon . .
b) the group of SEQ ID NOs: 2-20, 57- 64 each comprlsmg an H~CDR2 region;
c) the group of SEQ ID NO: 40 comprising the sequence GlSGSGSYTYYADSVKF,
SEQ ID'NO: 41 comprnsmg the sequence GISYYGGNTYYADSVKF and SEQ ID NO: 42
comprising the sequence GISYYGGSTYYADSVKF each comprising a consensus H-CDR2 reglon
25 d) - the group of SEQ ID'NOs: 2-5, 8-11, 20, 49-56 each comprises an H-CDRI1 region;
. and, ' . , '
) the group of SEQ ID NO: 43 having amino acid sequence GFTFSSYGMT, SEQ ID
NO: 44 having amino acid sequence GFTFN SYGMT, SEQ ID NO: 45 having amino acid sequence
GFTFSNYGMT, SEQ ID NO: 46 having amino acid sequence GFTFSSYWMT, SEQ ID NO: 47
" 30  having amfnq acid sequence GFTFSSYAMTF, and SEQ ID NO: 48 having amino acid sequence
GFTFSSYGMS of each comprises a consensus H-CDR1 region; or
f) SEQ ID NOs: 21-39 and 73-88; and

conservative or humaneered variants thereof.
35 5. The isolated antigen-binding region according to claim 4, wherein the amino acid sequences

selected from the group of SEQ lD NOs: 21-39 each comprlses an L-CDR3 region, the amino acid
sequences selected from the group of SEQ ID NOs: 21 39 73-80 each comprises an L- CDRI
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3. An isolated am no acid sequence selected fromthe group of SEQ ID NGs: 2-20
and SEQ I D 15NGs: 40-72 and conservative or hunaneered variants thereof. 4.
The i sol at edVAAA884ati d sequences according to clai m 3, PARASEIOAOWOAE ami no acid

sequences sel ected from a) the group of SEQ I D NGs: 2-20,
65- 72, each conprising an antigen-binding region 20 conprising an H CDR3
regi on; b) the group of SEQ ID NGs: 2-20, 57-.64 each conprising

an H CDR2 r egiodthe amino-acid seq)entdigelepiqiffpnothe Shtp HSERDD MGs: eDBPBI-8B BGht he
sequence d

a Syy VY RER &m’;%%s%bn, thesﬁ%(l%d\@ ueﬁc?eg ?ér?]%gﬁ 'ﬁ'él‘nge cét\% o§§35?8%s

G SYYGGSTYYADSVRach compritesomipiisiesign af"dtﬁ“lé‘@ﬁ@us H CDR2 regi on; 25d) the ‘group
of SEQ ID NGs: 2-5, 8-11, 20, 49-56 each conprises an I1-CDRl region; and,

e) the geoup of SEQ I D

NO 44 hgw ﬁg amﬁﬁgoggfi 3@ é?ég%ngy%%ﬁg%ﬁﬁk%?%g?%ﬁ)%g—hgﬁl}{%ﬂram no acid
sequence CGETESNYGMI, SEQ ID NO 46 having am no acid sequence GETESSYWMI, SEQ
D NO 47 36. havi«ﬁg;oat&lraema@i:nds@aque&&edﬁ?ES&YM&éq@eﬂds DERIhPoN@im 48 havi ng

am no acid conpr i $PSAs0nsensus | 1-CDRI region;
fs"?oac%&?%% %\%{9 a"aﬁg%h%? @nd € “ﬁ%"e%‘v@ Ve or. hunaneer ed
varl ants thereof? 35®°'Th%33%'(97&@%(97dﬁ9 mgeq@sm sieieencPindéngilisht cieieondi ng to cl ai m
4, wheredn the apj no @ch 6f STEOWENOES 05 elRGERE: o @figeh BdGE Abby OainoEQ | D NOs:
21- 39 each conprises an L-CDR3 region, the am no acid sequences selected from
the group of SEQ ID NGs: 21-39, 73-80 each conprises an L-CDR1 116 WO
20071084344PCT/ US2 GolrEd oerieptide ssgicorr aceidingigiclaén éﬂ‘ﬁf%'@ﬁﬂm%dwlémeeﬁ from
the group OfurbEaQplikizdCEr explesIh and/br BBcl@a@huseonpri ses an L-CDR2 region, the
amno aci d sequences selected fromthe group .of SEQ ID NGs: 21-39each
conprises a variable region of a light chain. 56. An isol ated nucl eoti de
sequencé5 sePect ednfsplaief nrrdeofdigpreate ssiEcted s grogr ofi 2R ID NOs: AR4-il Kb| at ed ani no
acid sequence encoded by a nucl eotide sequence according to claimé6, and
conservative; or gred variant s cid se in a)each
of S£0 1D N o9t TRARE R AN AN, Bloalelfy RARRSR S SR AR08 cachof
SEQ | D NOs: aHFPusEpyativeee efeaseeird van'wg@fﬁhwmn % sh@aw: wham 8. An isolated
nucl eoti de sequence a&eRHEBEYIINI0OSE [164- mﬁncd&bﬁ{n@nﬁgehIBﬁxdmg%kleQﬁainﬂ%n@equence i's

further,optimzeg for aﬁﬁ(g’fr %sa?ﬂ{ 2fo efngordesc mE% %ggga%[ mriilgol at ed

nucl eot I de .sequence se ect group 10. An
i sol ated am no aci d.sequence encoded by a nucI eot i de sequence accor ding to

claim?9, and. Con.‘&esro%&ﬁln\iﬁe@lﬂe RdienBeRt QdinY & dAdoSwikeit e nadlonge RGislcsequence,
wher ei n: a)e Q7 .encodes an antigen binding Iight chain,

and 20h) eacﬂp 'ze é‘&ﬁef“g"?%‘s‘y%‘tf orfiﬁ'ceﬁ'(s:eodes an antigen binding heavy chain.
11. Aisolated nucleotide sequence according to claim9, wherein the

nucl eot 25le’ SEQUEAR Bolatd BRIND BEid Sduéndl seBXRE BSS i ErapdF 011-f10TanCédnBirGdile siS€.

2512. An |sol“§‘t‘a¢\g man&‘%%egofs\g&gﬁgnce sel ected fromthe gr oup of 111-117 and
conservative or urraneere variants ther eof , wherein - »
a) each of SEQ ID NOs: 11 1 114 encodes an antigen binding light chain, and

b) - each qf SEQ ID.NOs: 1 15 117 encodes an antigen binding heavy chain. -

30 13. The isolated amino acid sequence according to claim 12, wherein the amino acid sequence -

is optimized for expression and/or for clinical use,
14. An isolated nucleotide sequence selected _from the group of SEQ 1D NOs: 120-121.
35 15. An isolated amino acid sequence encoded by a nucleotide sequence according to claim 14,

and conservative or humaneered variants of the amino acid sequence, wherein

a) SEQ ID NO: 120 encodes an antigen binding variable region of a light chain, and
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a) each of SEQ ID NGs: 111-114 encodes an antigen binding |ight chain, and b)
each of SEQ I D NGs: 115-117 encodes an antigen bindi ng heavy chain. 3013. The

i sol at ed amWMe2¥éP#H38Bequence according to claim 12, whe®P&THVSEHERIHi no aci d
sequence- is optimzed for expression and/or for clinical use, 14.An isol ated
nucl eoti de sequence selected fromthe group of SEQ ID NGs: 120-121. 3515. An

i sol ated am no acid sequence encoded by a nucl eotide sequence according to
clai m 14, and comser vaEQUB Nar: 1 hiuemeoree areghtigartimiitgs/ aodbld ragomefiareavachan.sequence,
wherein a)SEQ I D NO 120 encodes an antigen binding variable region of a |ight
chain, and - WO 20071084344PCT/ US20071000777 b) SEQ I D NO, 121 encodes an

anti gen bi ndPng varifokasidanuelaside sraysncaadgerdipg taegiim 4> whegsin thp nycleghide sEareptsds eot i de
sequence ac eptidizadfot éxpakadnand/ds; fonklicai wse.t he nucl eoti de sequence is optim zed
for exprgssion-and/or for clinical use. 17. An isolated antigen-binding
region conprising a variable region of a light chain encoded by a nucleotide
sequence selléct edrfifdaidabecgbadpesteiocgEompryingg vanisghie regipriofe Kt shapieacofediYon of a
heavy chai n aeheedresdayende Sttt Hbinde: 3G WEREE@ I3 B0 ¢10p shdfa armitidvegigi oyheady SEQ | D

NO 121. 1018..An isalated am.no aci( I e group of

118- 119 and cg%'"ngrg? ?/egth?' \73"%%“ ?Jsﬁﬂ%g%érjsgﬁa\g)&jaﬁ}gﬁ'tegp%uﬁgfg%?mﬁgli EIzﬂé -?sol gt ed am no
aci d sequence according to claim 18, wherein SEQ ID NO 118 depicts an antigen
bi ndi ng 10ar i18b! e Anagilad afincacldisediiende Bakdied flom th2@roupléra 18-8 0f @t @chsamitive oaci d
sequence accQordin . ¢l ai 8, wherein SEQ ID NGO 119 depicts an antigen

bi gdi ng var i%g'tr)' "eee'r%%g?rgﬁtsg*ep@g%heavy chai n. 21. The i sol altoed am no aci g
sequence according to claim 18, wherein the am no acid sequence.20is optim zed
for expressiion amué @blafe®tmmbbdid GalendSRcordidg to ofiimi1 8 GliateadSENDNMROATIsdesasuence

havi ng at | east. 95 rcent didentity.with.at |east one CDR region sel-ected from
t he regi ons aaérﬁ)tfgg't' g’ﬁ%ﬂ 9@@6‘*?‘“’%" whé{tﬁlgf 2523. An isolated anmno acid -
sequencdShavi ng a consensus sequence of he CDR regions as shown in Tablei 11 A
and 118. 24.5phe iThels3kedadinb bhOsuaceRrstiing to i 18] whekin SHQ INOONPIdesies a
scaffold selég%tgg%n Liﬁg}%‘%@ia{,lgMg%gcéﬁgpegtlyg%gmher ein the 1gGis selected froman
lgd, an 1g&, "and T'g ar "an~1g04. 3 . The isolated anti body according to
claim24, wherein the 1gMor the 1gGis selected froma polyclonal or

nmonocl onal . 2126. ThéRok&ehdingaci@squdhedytcating thdih QB abhefeirtgoRiho idi€secq@ince
conpri si2 g an_anti gcfeor;-e’tgi ndi ngld;oeg(i)r% mig,a%ga_t is specific for an. epitope of
|

Dl CKI , erelf the ant %%Sa]f/mor' unc |ona7’fragn'ent binds to DI CKl or DKK4, and

prevents or aneliorates devel opnent of a DI CKl-associ ated di sease or a D C1C4-
associ at ed dpseag.isolated amino acid sequence having at least 95 percent identity with at least one CDR

region selected from the regions depicted in 'SEQ ID NOs: 2-121.

25  23. An isolated amino acid sequence having a consensus sequence of the CDR regions as shown

in Tables 11A and 11B.

24. The isolated antibody accorciing to claim 1, which comprises a scaffold selected from an
1gM and an IgG, wherein the 1gG is selected from an 1gG1, an IgG2, and 1gG3 or an IgG4.

30 - _
25. The isolated antibody according to ciaim 24, wherein the IgM or the IgG is selected from'a

polyclonal or monoclonal.

26. " An isolated antibody or functional fragment thereof, comprising an antigen-binding region
- 35  that is specific for an epitope of DKK 1, wherein the antibody or functional fragment binds to DKK1
or DKK4, and prevents or ameliorates development of a DKK1-associated disease or a DKK4-

associated disease.
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WO 20071084344PCT/ US20071000777 27. An i sol ated anti gen-bi nding region of an
anti body or functional fragnment thereof according to claim26. 528. An isol ated
anti body or WQRAWIDHAHE fragment thereof conprising an aRCIgeHOBPRAI’'ng ' regi on
that is specifie for an epitope of target DKKL or DICK4 or both, wherein the
epitope conprises at |east six or nore amno acid residues of a CYS2 domain a
target DKK1 or DKK4. 29. The isolated anti body or functional fragnment
according to any of the preceding clains 1-28, 10 which is selected froma
whol e i mmunggl obyl i n -

neavy chai nCint | Bbiy " PAH s ARFRgn B arliltoop Bl WA G Rl AELRRe

non-i munogkotami2h- scaffold. 30. The isolated anti body or functional
fragment thereof according to cI ai m 29 wherein the epitope is a conformational
epi tope. . 15__31. A, e ant i body
or funct?on%? fré‘éﬁgg)pf g'gtcor “° 'O"apFﬁ“e;‘tﬁg&e&ggm&lsﬁlgrq%ﬁ% ﬁ%fﬂg(g\tﬁl%ggccept abl e
carrier or 8wt pieefit fqrheﬂe‘foeﬁro“%@t DK ron RE& iy EOtB:HYW“ PRt FgMAriZge Ale

encodi ng an|aftixReAYredmidodrt-isenal of f & @gsERmaln e teet DRAacEDKRING t 0 any of .
claim?29 33. Anethod for treating a disorder or condition associated Wth
the presence of DICK! or DI CK4, conprising adm nistering to a.subject in need
t hereof an @9 ecThaieoletpbantibodyfor fnetiont Aiegmens atcPidine t‘wmyégwreewlwmdi Ay t

claim 3ip 23JnicB% selI&@dﬁ@ﬁE'@ﬂol@-ﬁﬁﬁfndglﬂ&lthr E&b&ta@n&&,or wFe eRibodyt frRmehtaBirehEr or

dit | ect ed t | |
associ ot ed NPT SR EYbHE: waehBueHl PG RRPE PesSrp EpaR ol SR 7o ORe

t he bone, breast, colon, nelanocytes, hepat ocyt es, epithelium esophagus,
brain, 1unggppr 0$B@E&at@J arﬂ%roemcmaxrmgﬁ&ﬁaﬁztesztcb&aﬁg)fqclzb.enewhasls tassock at ed
with 30 transpl antati I s an osteosarconm, 'prostate cancer,

hepat ocel | ule%Fpﬁﬁrac?"‘ﬁ W&“f'ﬁtf’f)'m iyel oma i ncl udi ng nul tiple nyel ona, diabetes,
obesityl5Snuscl e wasting, Alzheiners disease, osteoporosis, osteopenia,

rheumati sm 3gol i wpﬁamguuaéal Ls.mmmledcm».gmg QS&SI 035ant1-5563' dmnhmd.am@mem ng to
claim 33, wherejn t%él d further o m ni st.er.i ngca 35second

t her apeut i ¢ 24§ ﬁﬁ?aﬁ‘B%fe"tbcé E?fl ta ec‘faré’ler ARSI S n t he

chenot herapeutic agent is Zorret a. WO 20071084344PCT/ US20071000777 37. The
phar maceutigal c wm%ealb OImACERYiE Hgnt BncBliak M BEbodwRefattdniliagaddticteonal

t her apeghi c age Ff@'t IS S lectﬁ)d fromthe group consisting of an anti-cancer
agent ; aRtCHEEDBPI ¢ “4etit; an anti di abetic agent, an anti-osteoporotic
agent; an antibiotic; an anti -| nfl ammatory agent; a growth factor; add a

%t OEi ne. 33. An ‘t&mda&ﬁda%?d@s@dﬁr &QeoRfidoniab@ciaed WitSihe Brkdnce amldqs&N%l;en(z:ezo
ichis a chain el ecte rom.t I nsi | D

and a sequeﬁ’@%&%pﬁéméf’ 'elétg?"ggtgasubl’e(:cg'ﬁ'g °e§‘§’? eﬁeeo(r%(a:'eefl?ed{w ""tl%ﬁ% he CDR regions
with the CDlﬁhar@megmldempm@dwmndm@E@aP@N@ 2-20; and a second 10 amino acid
sequenceswhich is a light chain sel ect ed from the group consisting of SEQID
NGs:. 21- 39,  and uence haV| rcent e ntity in
the CDR regl?’éi'ns \AF? tﬁ&c&ﬁﬂ“’%e ‘ﬁ?ag"ﬁgg eh efeé"tthe ‘%Sdo&élc:’rdwﬁ?w&gseq?%dgg% 39. An

i Munoconj ugsedytisdespams séspepiadly P$t?@ﬁlcd@r?pb#é9ﬂat%m'@w mglog wprcilyaPubiPlef r agment

15t her eof a%@romanﬂ“m c@d¥rs Of thé mepfree@wmgmeiawcpes hepAdeytés, Yithelm@PY i Sing an
A oY ot S Bt RS B e orredlite Rlocb OB RIGERAARAClAY 75 © 41

The kit accd? to ¢ rconprisin arnmaceut 1 cal |
accept aBPe c;:anaplaetptnqn; onigexestepiaraea estast GRS heQF?“‘WPé cRFipoBe ¢RI ¢l ai m

40, wherein lﬁdﬂﬂu@mmtm)éjlﬁydkﬁm@ﬂl@&@gtobbé’ity,&m!lkﬂletwaﬁiﬁ@e!\lzh%ers di lssaselsbs&eoamem ding to

cl ai m 40, furt ohi Cl?emr)na is glltlsg.g /rruu%;[zv!am eashaxr(?o use in admnistering to a

25subj ect . AGPENEEHPOLT T On " Eonp neutral i zing anti-DKK1/ 4 anti body.

35. - The method according to claim 33, wherein the method further comprises administering a

35  second therapeutic agent.

36. The method according to claim 35, wherein the chemotherapeutic agent is Zometa.

119



45. The anti body of claimO0, wherein the antibody binds to DKK | wth a K " of
| ess than 100 30nM 50 nM IOnM 1.0 nbil, 500 pMor 100 pM and has an

of f-rate forWORKRI/OHPE4 ess than | eper sec, 10-3 per sec, PEOASHEYOMEEY, or 104
per sec. 46. The antibody of claimO0, wherein the antibody has 102_106 hi gher
affinity to DICK or DKK4 conpared to DKIC2 or DICK3. 47. The anti body of
claimO, wherein the anti body conpetes against a neutralizing anti-DICKI/4 for
bi nding to DKKI or DKK4. WD 2007/084344PCT/ 1JS2007/ 000777 43 A met hod of
treating di ses. Wi,th t

sequence of §gEQ I%E)e ?\}Iﬁma%i‘gg g'%eéts’t{aﬁa&gmégg&%g’ %evrvll]éegg’g kal%’l%.g or
conser vat i veswt iskigerinddeomse S!ﬁ'éﬂf@é%“t“ﬁéf@@fm °Wé‘ra§?“\‘r aE‘Hé‘"E"(S??ﬁ ?gf"i‘to‘ﬁ‘ e -
neutral i zi N@ja8&tciagerbKIAtlbstlAorait dgbrachys andifiorid; iiﬁhhmdlaﬁfmafbﬁ-ﬁageﬂtdgtgwmrfadtdrﬁatl ng
prollfergtlve dﬁﬁ(ases or diseases, such as a cancer, in a mantrial,
particularly a human, wi'th a conbination of phar maceut i cal agents whi ch
conprises (a) a neutralizing anti-DKK1/4 conposition; and 10(b) one or More
pﬂar maceut i Qal |y ARGEol R 28@RBY SompFibiRtg h meéﬁzmlh?ﬂ:lcf déﬁxleh&hlvl’ﬁéﬂ iah B&vy Ehain selected
parmaceutl onposi ti. a neutrali

CONposi t | on$r°(“o§ H{OPhRP m%oﬁ)é% @b%l%tzlovégg JeRt" and & ¢ 3 Qg?ﬂem PK%"eP chaI ly
accept abl e ddentity érthe CHRhegiqus vitb e QDR/leaPlilsohplf)fm* MHEQ IDaNQ: é@OI@daS@GMTBr ci al

pac|t<ag|e 107 Rhadusl Bs&?m Which & a lighttthaid saé&ﬁn%aaué grs@J cohggtmtg begE@m Qbs: al-t f
neutralizin i - uti.ca ion o

a phar maceu?? ft’ A T '\’/%”"53@%?“%0" e'ds?f’tnsﬁ %egcﬁécgﬁgg "b%:@%ﬁ Nt W'té%ﬁra e.or
sequenti al m@@nsgmdtlhéEQﬂPh@s 2f3%I ai m 49, wherein the pharnmaceutically
active agent is neant espeC| all'y any pharmaceutically active agent other than
a neutrali zi %g arXu -DKKI /4 ¢ osr i.tio (S)trconq & %I‘tl val |l;/aen angodeglffra wh| ch agent is
selected frd AT AV OIRYAE |°nﬂ'50“gta e RPNt est T ogen.  an Yandr ogen or
a gonacilér eltherwégmndsfgfo @Bpfﬂheareieémelcbmmer ase | inhi b| tor or a t opoi soner ase
I'l inhibitor; iva mcrotubule active agent an al kyI ating agent, an
ant i neopl ast c antii 7 Jret abholite Qi & conmpound
targeting/ deh‘r ea%}ﬂgcog'pﬁ?'&ﬁa&aﬁ“ Py Py Plf%?gﬁ‘ ei??‘heéesogg cacgr{‘]i" RAvad -t re‘r’ec‘)ifnéc}?mésr l'ipid
phoi phatase activity, a further anti-angi ogenic corrpound or a conpound whi ch

i nduces cel l4130dithé @i Edagrldﬁlg td)ﬂalﬂmo(}ﬁﬁlﬁae&mprlsmgapharmaceutWally A04pRole@Rdikr or

ant i bodi § ¢ therefl a cycl ooxygenase i nhibitor, a bi sphosphonate a
hepar angf e ICRHPIBTESES °r31' bi ol ogi cal response nodifier: viii. an

i nhi bitor of Ras oncogeni c isoforns; 35ix.a telonerase inhibitor; x.a protease
inhibitor, axmat FinkkifRkaking By BHiRi40 AR RrdinMRE Btbedy, is frodthi iRk ARt Nife.

43. The kit according to claim 40, further comprising instructions for use in administering to a
25  subject.
44. A composition comprising a neutralizing anti-DKK1/4 antibody.

45. The éntibddy of claim 0, wherein the antibody binds to DKK1 with a K,, of less than 100
30 nM, 50nM, 10nM, 1.0 nM, 500 pM or 100 pM; and has an off-rate for DKK1 of less than 1(.)'2 per

sec, 10 per sec, 10™ per sec, or 107 per sec.

46. The antibody of claim 0, wherein the antibody hasl_()2 - 10° higher affinity to DKK1 or _
. DKK4 compared to DKK2 or DKX3.
- 35 :
' 47. The antibody of claim 0, wherein the antibody competes against a neutralizing anti-DKK 1/4 .‘
for binding to DKK1 or DKK4. '
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am nopeptidase inhibitor, or a proteasone inhibitor; WO

20071084344PCT1US2007101111777 Xi . agents used in the treatnient of
hemat ol ogi ¢ WaPYGAMALH es or conpounds which target, decP€34e2¥/040ANI bit t he
activity of Flt-3; Xii. an HSP90O inhibitor; xiii.antiproliferative

anti bodi es; 5xiv.a histone deacetylase (HDAC) inhibitor; xv.a conpound which
targets, decreases or inhibits the activity/function of serine/threonine nifOR

ki nase; xvi:a sonmatostatin recept or antagonist; xvii. an anti-|eukenic
conpound,; XV gqgh Jols el #Bg! hj.nder; xx. a
ri bonucl eot i ge redmetﬁase f%% lsga x%’%?ﬁ lt%?gggﬁ&éla%%sﬁ?p omine decar t boxyl ase
i nhi bi tor; j»sduenceaf HERAHNOWEP aath E%@GV'dGFCQVE@F"%?E 119, 5qnpsrvativn et odYnani ¢
therapy; : adMmaRred Bgin@sidhdot whtRAhdtomp¥sitionasla ﬁdﬁﬁhl&n{g aBOITHA DK 4

corti cos%er oi dDO xxvi. an ATl receptor antagonist; and xxvii. an ACE :
inhibito An anti body that binds to D CK-l with an affinity of (KO

or le or Iess apd conpetes with any of the antibodies of claim1. 52. The
anti body acgor di NgmétoddrdidMemihg binathtifdqrsifiatve detRed @lalsyasky fich i k&7 s DI CI O

§5q ?)? O;rhio%%al?OdXﬁlé ?rlyczl'l%mrzpn 5w21th avy:r(])m mat?ontori) eha%ggcleltx]t%gy?gentp vgl§ch%}§1lprlges DKK.4 Wi th

(a) a neutralizing anti-DKK1/4 composition; and ' :

10 (b) one or more pharmaceutlcally active agents
The invention further relates to pharmaceutical composmons comprlsmg
“(a) a neutrahzmg anti-DKXK 1/4 composition;
(b) a pharmaceutlcal ly active agent; and
(c)a pharmaceutlcally acceptable carrier.

15 The present invention further relites to a commercial package or product comprising;
) (a) a pharmaceutical formulatlon of a rieutralizing anti-DKK.1/4 composition; and
(b) a pharmaceutical formulation of a pharmaceutically active agent for simultaneous,

concurrent, separate or sequential use.

20  50. The method of claim 49, wherein the pharmaceutically active agent is meant éspecially any
'pharmaceuticglly active agent other than a neutralizing anti-DKK1/4 composition or a derivative

thereof, which agent is selected from:

i. an aromatase inhibitor;
ii. an anti-estrogen, an anti-androgen or a gonadorelin agonist;
25 iii. a topoisomerase I inhibitor or a topoisomerase Il inhibitor;
iv a microtubule active agent, an alkylating agent, an anti-neoplastic anti-metabolite or

a platin compound; ° _
V. a compound targeting/decreasing a protein or lipid kinase activity or a pfotein or
lipid phosphatase activity, a f.'urther anti-angiogenic compound or a compound which induces cell
30 . differentiatiqn processes;
vi. . monoclonal antibodies;
vii. a cyclooxygenase inhibitor, a bisphosphonate, a heparanase inhibitor, a biological

response modifier;

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

aminopeptidase inhibitor, or a proteasome inhibitor;
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X1,

agents used in the treatmient of hematologic malignancies or compounds which

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

Xii.
xiit.
Xiv.

Xv.

an HSP90 inhibitor;
antiproliferative antibodies;
a histone deacetylase (HDAC) inhibitor;

-a compound which targets, decreases or inhibits the activity/function of

serine/threonine mTOR kinase;

XVi.

* Xvii.
xviii.’
Xix.
XX,
Xxi.
xxii.
xxiii.
XXiv.
XXV.
XXVI.

XXvii.

a somatostatin receptor antagonist;
an anti-leukemic compound;
tumor cell damagiﬁ g approaches;

an EDG binder;

. a ribonucleotide reductase inhibitor;

an S~gdendsylmetﬁionine decarboxylase inhibitor;
a monoclonal antibody of VEGF or VEGFR;
photodynamic therapy;

an angiostatic steroid;

an impiant containing corticosteroids;

an AT1 receptor antagonist; and

an ACE inhibitor.

51. An antibody that binds to DKK-1 with an affinity of (KD) or 10°® or less and competes with

any of the antibodies of.claim 1.

52. The antibody according to claim 51 that does not detectabiy bind to DKK2 or DKK3.

53.  The antibody of claim 52, wherein the antibody binds DKK1 or DKK4 with a (KD) of 10

or higher.
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