COVPCSI TI ONS AND METHODS OF USE FOR THERAPEUTI C LOW DENSI TY LI POPROTEI N -
RELATED PROTEIN 6 (LRP6) MULTI VALENT ANTI BODI ES Rel ated Applications This
appl i cat iR 281148388 1priority to U S. Provisional ApplicafCaEPSE1{05T20N0.

61/ 331,993 filed May 6, 2010, the contents of which are incorporated herein
by reference inits entirety. Field of the Invention The present invention
relates to nmultival ent anti bodi es conprising at | east two receptor binding

domai ns for ' t, i R j : idvent i re

peci 11 cal | GOMPOSLLRISS ab Mk THADS T B3 mOR PR AMGRIG T 0. o1 s
Backgr ound PENSIEY IINPORROTEINS- REL/ATED #ROTEIN® (LRP6) MULTAVALENYEr se

bi ol ogi cal Xrocesses duri ng devel opnent and tissue honeostasi s through
nodul ati ng ANLIBOBIES, stability of I13-catenin (Oevers et al., (2006) Cell
127: 469- 480; and Logan etal., (2004) Atnmu. Rev Cell Dev. Biol 20:781- 810).
I n the absepggtedf Ap¥licagibfi®al i Ng, cytoplasmc I3-catenin is associated with
the 13- catenin destruction conplex that contains nultiple proteins

i ncl udi ng enomat ous Rol yposi s i (APQ)., in. and glycaqge nt hase
i mase 3°( CRBgPcAten ey oy S Pamiond Apaliction Serong. Doy at ed
by GSK3 andgde830900y, thdiSoréiid SORRICE a&thﬁﬁ‘ﬁdrateﬁhﬁ_re\fmby PdfefdAte inSts
transduced across the plasna nenbrane through two distinct receptors, the
serpent i ne enéiedpt or Fri zzl ed, and the single-transnmenbrane protein LRP5 or
LRP6. The Wit proteins pronote the assenbly of the Frizzl ed-LRP5/6
si gnal i ng | % eﬁc*%niﬁgguce phosphoryl ati on of the cytoplasm c PPPSPxS

5/ By 3

notifs of L and Casein Kinase 1. Phosphorylated LRP5/6 bind to

Axin and inactivate the 13- catenin degradation conpl ex.

St abi | i zed| Theguesent invenfiaayrglatasdo mydtivalent apfibodics cgmprising eflepsy tvp yeceptor
transcri ptiQRy: Aot . A | ar
domain of L g%';.l %%@%ﬁlglfns P oﬂu{f%ﬁ@&@@%gﬁ ‘fg -nE)Er opéﬁhglr?ﬁeég{ngﬁ??{%%?ﬁ%lﬁgyeach
fol | owed byrekatesEemultivodent astibodjes aind ateneRP@hiiRaglatims.n. Each propel | er regi on
contains six YWD notifs that form a six-bladed 13-propeller structure.

Bi ochem cal | that Wit proteins physically interact with both
Frizzled an?c%%%daﬁfé%?ﬁﬁ%%néaﬁor mation of Frizzl ed-LRP6 signaling conplex
(Senenov et al., éZOOl) Curr. Biol 11, 951-961; and Tamai, et al. (2000)

Nat ure 407, TiE3WngBsptenmawithieay regnlatgs diversadiolpgiealpreageses during déveldpmentonai n

of LRP5/6 bhings.t |tiple searet t |.at i pgl udin t

ant agon ot rilehdeciel Sp i Faflodé o AR B fi o bredhiclSers o

Mut ations id1, pzooeyayll deTa69480;sandU®gaier APQEUAY Ansiat e OclhBée. IIOE20:781-
associated wth human cancers. Recent studi es suggest that overexpression

of Wt pr ot Hilhdnheiabsencsiaf Het signabing.\sitoplaside Brerishia is awpcigtedpributhe fy sp and

sFRPs pronp Y} . Lon. Wl 009)
Oncogene 28&%11@@5]%%5%8% I cé?@’%%‘?d?’%‘@ﬁgﬁﬁ’féc%ﬁ%é‘%%i}?’h%9@?"%‘%‘% Suzuki
24: 7945- 1082 NoBCK oL al 1. 2008) OhcoGenE. 253470 3485 2eng GLar
(2007) HumCasRThis|consigutively nlmyhowh%éﬁu?@gﬁ% ,an@\ﬁ?gref?e@lﬁm thé, groReESome.an

i nplicated 1 i .
(2604) " Canderiogly! THERA SRAAEE Sty ADREssthE PGBy bRl S (BRI fho Bstinct
12: 528- 541 )receputrs tbelserpérgina pscehtws Feded, aséd theasingle-transmembrane pratein ERPaion

cancers. Eff t Q.0 ncrease the val ency, .or the.nu antigenic

det er mi nant%ﬁézﬁhegﬁnﬁ R{afemsd’agf“’t&_ﬂiﬁ‘? %ﬂﬁblmfi‘tfﬁﬁfé”@ﬁi%ﬁés lgng ead to the
devel opnentcopfpldi, aRE fdutEpRIRPhRPILIOS of The oy PRI EBP RIS SThoRs oF LRP5 A by

Mol ecul ar Cancer Ther apeult)| cs 2005:4427-434, Lu et al., J. of |nmun.

Met hods 1998SK3end Casein Kinasn il Phosphopdated L. RBSH bindtq AxinNed insrogaodef#o4 and

20050100543 Bi specj f.i.c_anti badi a i munogl obul i | g)-based ecul es
Chat bi nd Bt I bl fpisR e E-al P skt BRRaR el Byl Y,

antigens. Tamilgnidniaiption fadiés, Mdammk on uamdrigtioe specific for a tunor cell
antigen and an effector cell such as an activated T-cell or two functional

t t it A TR bst in th t of bi i fi
ant  bodi os T8 B xRt mRGHIRIR/4 fontaife 55 ¥ VEFERs Rpraelibiontai e
in suffici enht féleathl fbMoﬁémeqMﬁEGFMilJe%nﬁiﬂ, ah§ fHe INDIUR dBMain. BadlPpropelithrar ,

tradi tional nethods, including hybrid hybridoma, in which two distinct
hybri domas regienicoslamssix ¥R motifcthat form psisbladest B-aropsBerstmttureavy and

Homat of her by e R ueESFLHRR BRuHEbLRlcll Bl sy uspedand o

two different sets of 1gG |light and heavy chains in a hybrid hybridoma may
produce up to 10 light- and heavy-chain pairs, with only one of these pairs
form ng the functional bispecific heterodinmer (Suresh etal. (1986) Mt hods
Enzynol . 121:210-28). In addition, purification of the antibodies fromthe




functional species, such as honodi ners and m spaired heterodi ners of
non-cognate I g |ight and heavy chains produced by the hybrid hybridoma is
cunber sorwoaod/izg®ffi ci ent. Chenical crosslinking of twecig®onstbei r
fragnents is also inefficient and can lead to the | oss of antibody activity
(Zhu et al. (1994) Cancer Lett. 86:127-34). Miultineric aggregates resulting
fromchem cal conjugationresult in a poor yield (Cao etal. (1998) Bioconj.

Chem 9:635: . Accordi.ngl v, a.pee ists. far functional nultjval
ontibod: oo LAPkapd SERCS Fotthetion B PRELETR B Sighing Smiples GRmeniy 4/l
affinity. |ougaBlol ¢yl 991-941N8hE ThhaNges!. {2000 NatGld 725301583 Badi@Rtwnt

antibodies that nodify receptors with nore then one nodifying |igand, such
as the canopiogins, Wt laegegrtin¢eallylas domeinegdtl PS5/ Rimds tosunltiple seofetadn® nt nvent i on

The present _jnvention.provides novel Y t anti i.es bi nd.to
mui t ot e bi MAHERET PRIBER VAT Spd i, BRI H Slera@P iseBiarand Wal oA o
provi des LRBporilihg i val ent anti bodies that inhibit thecanonical Wt
signaling pathway. The present invention is based on the discovery that the

I tival ent,anti bodi . d. ingl.e L bi t opj ti body th
Thi 11ty o Mlihs o Bngy Sistpdheils BobiEas € it BRaRunEhS e 3en propcibeed 21 1 "
Wit 3) | i gaR@fan EHcERERERNEstudiBslsubipest BIRE bestexpresdsivh W hi prle@ittand/dyi body

(e.g., a si n_?l e LRP6 biparatopic anti body%N di splay no significant
pot ent i at i ofileneinga Yententagopntsguihes BKEda .IS?W@dﬁ%gRHDTQFIWCEHﬁ@ﬁ body bi nds

ent ' iauees BREiaVI> s coer :
0 or opel | or A4S buttns BB IeStip AR oL 100G ORoatn A RA O BafiGh b2 "
bind (o the 19 pranel Lot 3 dom e and. bl ock Bronel Lot o dentndant s such

I n 0 - | - S Su
25 Wit Sa. an@lADES) ERpE s GO 355 Mepcl €t GRDOLPOPIEPE S RS o or
3 | gands i 5 {075 PRAL PhfioP h8396513300h o W SElaGE hRl BclhhoRbdiep Of

the LRP6 target teceptor. Conversion o ragnents o
(e.g., Fabsjorthe maintenbreegifltangeGstant ¢elblo dlamiemulet g/.,i (3004 CantediOell6:56hb533

potenti ates hances) Si L presence of another protein such
as a Wit 1 ?#de:&?ﬂo%a?’i @Rﬁh‘g%ﬁfﬂ?{}@!ﬂ%ﬁ%égﬁﬁ bodi es inhibit both propeller 1
(e.g., Witl) and propeller 3 (e.g., Wit 3) ligands but w thout potentation.
| n addi t i onAhtbdthttherapgahatsbdeRBSedPssapatdmsito freanerthiodansrar Bffexypedhadasto

inhibit the,interaction with ot her Prqpeller 1 bindi digands (e.q.
Scl erostin, ‘}‘BIXRF*P?Y OBﬁ%ﬁi“Fﬁ‘ﬁ’Fﬂ/‘,’fIqﬂFlgﬁBF 38‘?‘-‘"@“3‘?}? thaban E@g‘ﬁii‘éaq é?‘gé(@[(yéﬁ‘%%ﬂe
i nhi bit thecdndifd Bae 108 ¥ thd d&leliimedt 8PSk RIficartibbdieNEot YRS &8 InenPk K

). Furthernore, propeller 1 and 3 binding antibodies nmay be expected to
af fect the elotli Malscubdr (enperr Therapeulicsr?00 442 Trdddl lat e, &.of ImRuwpbiethods .

exanpl o, oxboni g 174 FaBtb SRR PSR YEE Ab iy a2 a0t T
speci fi ci t i Bepedific aftitsodibsped BMfino gddtohlin 919 bgswll meletdsd that biad to Avesdifgieat LRP6
mul tival ent antibody can bind to nultiple r3- propeller domains on a single
LRP6 t ar get CRiOPepebEithss therame prdistiney antigens. i he amsibedigs: fos pxaraple.rguld k¢ one
enbodi nent ' At [ ' e 3-
propel or dieeyquLL e Zah ABhcriptnpnRty bt GRY A€ SRRl 0P

propel | er 2funptiopgtldrgsts 8 epatogespr opel l er 4. I n one enbodi nent, the

mul tival ent anti body binds to propeller 1 and propeller 3 donmains of LRP6.

Thus, a single,. £ i i C tion by
b ndi ng to PR b HENEondilnt SR JRSEARCEANEAEREY el vaf

medi at ed bydi€¢Gafitydn priducingahe atibailies in sufficiogt @ahiRyGndguility @bedinicnsiubiesly
inhibits both propeller. .1 and propeller 3 pediated Wit signaling binding to
bot h propel Pbﬂa”i“&%fd“’b‘i‘%‘@l msthogls fyehyding hypad hxbadapas, yn witeh typcisting d

pot ency of i i Wl i ading. of the
Rpe 01 v eidmaTE G réfle  BAT ARACNE W HLLY oPhedt§ ohBTight! Al

pert ai ns t oclemitad ebpjueation(Caitendrent (1985) b dtynanstheragy 41 68-Fashavelren ecept or

bi ndi ng donmj ns f di f f t_bi ndi i f tor,
wher ei n ¢ herpoupth EoEBrmPIE: SOGRHG I ORI TEn S0 JELARIAY s t e on
the target ¢RaahahydHd hk&@do’iﬁ&@xﬁ? pFRGEPHPTo 11 REHtNshddRER-Bhdlh ?}Q§s,tvﬂtha

second binding site on the sane target receptor, wherein the first and

second r ecepilyong phthesrgpaisiaimmiag dredunetitnebbisprydiclsteradioter (Hraresh ¢e! il $&ng
of the firs n : [ ngi. A I.ns _t he i k.St .an econd
bi ndi g o1 ¢ eTRs EREARG), 202 28, L aich, BRFRLARf gl ubodia: nERgRE RS
transducti on pat hway; and wherein the anti body or antigen binding fragnent
di spl ays no significant potentiation of a Wit signal. The nultival ent

anti body has an affinity for target receptor of approxi mately nanonol ar
affinity, or of approximately | pi comoPar af fi ni ty. The nul tival ent

- g, - g, o



bind to the first and second binding sites, respectively. In one

enbodi nent, the linker is a Gy-Ser linker. In one enbodinent, the

mul ti val ewD 2anvi3gddy has the functional activity of i nhipbirtEpp@18s2anoni cal
Wht signal transduction pathway such as the Watl signal pathway and/or the
Wit 3 signal transduction pathway. In one enbodi ment, the nultival ent

anti body has the functional activity of depleting a cell population

i nhibiting _or reducing proliferatjon of a,cell ul.ation nhi bi ti.ng or
reduci ng s&¥ICEONY FPRAics: WQ%MPBQW%B?%W@W‘F g‘ﬁgé?dlé’éqff Of)'b(ﬁhF%&“?‘ e

i nhi biting a:}l%éf I S

popul ati onhgv%e?gjlré%b{'ﬂ] r?&%cggb’ fzti}%e:: r?? %as@?igluglgtg lied frl%%s%%ﬂg?gﬁg&em

consisting of tunor cells, T cells B cells, and Wit . dependent cells. In
anot her as shemical prosslmking ofdwo e6s af '&hslrtf@gaﬁmisg%ﬂaew ieRtaDa cahleagint | body
havi ng at Rhen di ng
sites of ahl%ﬁ&% éﬂglpée %gé@é%?%wét%ere th %rﬁgﬁ%t{\rsjgég%tsgﬁ bgl Ht‘l"r?g domai n
bi nds t o aafgregitedienulting front chentical bmjugat@mesnbueppmr yaeld (Cheersd od A9B)
receptor binding domain gtpgs to a second binding site on the sane LRP6
target recdBewn. GEL %6394 4ind second receptor binding domains are |inked
toget her such that the binding of the first and second receptor binding
dormains to the first and second binding sites of the LRP6 target receptor
i nhibits a canoni cal Wit sj nal transguctl 0 t he .anti body or

anti gen b| ducoginglngrisst cuisEdpniactona mgmaleegmtlbvégteéﬁ & frbindingat

si gnal . Fﬁuﬁm} by as £ ind % rle@d £ FRRTonkIeC Ot OF
of apprOX| n‘%? n%gﬂgﬁpar a?ﬁlﬁ? h Intyano C&%rﬂ)oéé )réer?t t he antnl body
has an aff mulﬁyalérﬂranﬁbmbﬁthaten@:bf)mecqﬁomppthmonmh@i gtlehnpdlﬁong)ilgandawchnl ty.

I n one enbodi nment first receptor, binding domain is an 1gG anti body and
t he seconda?é’l?éﬁ?%?wg%ﬁmwa&Bﬁﬁ?ﬁequtoérﬁ@év fragment, where the 1gG

anti body and scFv fragment are linked together by a linker with a spati al

di stri but i oSwihiiiry p€the Inveidien | G anti body and scFv fragnment to bind to the
first and second epitopes of LRP6, respectively. In one enbodi ment, the

l'i nker is Serlln r.se t | T
(ayaser) a el FarghaBER TR EE bbb AR BANSHS L Bile tipaipg,

LRP6 tar getsltémﬂm&mﬁeacpk& i paeichler, the idoemion pmddésﬁeRB&mndramm t ope of
the LRP6 target receptor.is a 13-propeller 3 domain. In one enbodi nent, the

anti body oranibrdigrethatinhibittbecan Nentisignaling pathway.| PRe 13- propel I er 1

dormai n and conprises a heavy chain CDRL selected fromthe group consisting
of SEQ I D N@e ptesemfifvdrilohG baddd o ik dhicQvery thiidthdrhultvalebRéntiboliRs (eegl, 41 om t he
group consistin of SEQID NGO 2, SEQID NO 22, and SEQID NO 48; and a
CDR3 sel ectsingle ERAS bivaragopici prtthods) lwcﬁge ahlitggeoinhibingpth propsies 1 (5. 00Vmph.  and

SEQ I D NG r ting of
SE0 15 No T veffles (o Wt S AnEDT N ARIESHE A GRS B BufiRRRE | 1O
group consiastibety (efg., IAdIOLNE6 bipardiblx hﬁhWy) ai'éplaﬁﬁd sighifidait pN@entiafion and a
CDR3 sel ect ed fromthefégrwoup consi sting of I D NO 26, and

S0 1 BN (Ehangamesics @asxmtThqmeltmlenwwo@f biadt [ SHISERBPRG T  aqment

bi nd he L - CDR1
el ected | PEEREaGPe ESReRE  niBaRe QR o AREPaE ke PR B S seo
ID NG 115pr8pefiH2dgRh&Sk $hth 56R 2k 'ventd] W2, OPG! Wit T8, Whit 7B/, WQthZﬂO SEQ

ID NO 94, and SEQ I'D NO 116; and a CDR3 sel ected from the gr oup
consi sti ng Wht1GBP1opellin3 antibodiehindtodthe fopropeliat 3iemaimandblock propelirt3a | i ght

oo P aedependees Woisth b R W RBS LRPE A Rl S bttt pBEHG TR EeD | b

NO. 73, SEQ@rdiails thndsaﬁ\é tﬁggeﬂa&:élaasska 9nd B 16 dﬁ% bﬁﬂixﬁ?ﬁx&g of MR e
group consi sting of NO 74, SEQID NO 98, and SEQID NO 120. In

one enbodi r’mgﬁt reggpdony g@nhelamyl of razmenta of BsdyRRasantibodiss é@slg f Fahs) tonfallgr oupd
66
From the oGS IS ey sesis Speg AEBREY b Pgldites (0T In SerBPs it ol

the scFv i rés%h@ézémofﬂe@motémsm@ Wanb bsWink g 1ighndSBQuithalde) arkibddied 44, 146,
148, 150, 154, 156, 158, 160, 162, and 164. | n one enbodi nent, the

scFv frag nﬁﬂhlbé&ﬁﬁm@&[%ﬂ (¢ 8a¥nthrand prppedlen 3 (ie-mim S0 Hgands but WiHBOWy es

stability erein

t he am no e&i" Fll%&éﬂ@qéﬁnmgtdﬂd%];%‘%u%?dﬁ%%w; ?\%Qgﬁ%ttengoodi ment ,
the mul ti vah]elbtt thdintdpaudiyn wath dther Fropetier b baldirpcligands (e.gSclendstib] PkinD. a

canoni cal Wit signal transduction pathway selected fromthe group
consisting of Witl signal pathway and Wit 3 signal transduction pathway. In
anot her enbodi ment, the nultivalent antibody has the functional activity of
depleting a cell popul ati on, | nh| b| t| n@; or redu0| ng prol i ferat| on of a cel I

T -, r




I n one enbodi nent, the linker conprises a spatial distribution that permts
bi ndi ng of the 1gG anti body and the scFv fragnent to bind the n-propeller 1
domai n ofwoRPfi/@8®1t he 11- propeller 3 domain of LRP6, resmreditiosizgo | n one
enbodi ment, the scFv is linked by a Ser-G@y linker to the Fc binding site
of the 1gG anti body, where the Ser-A@y linker is selected fromthe group
consisting of (Ay4Ser)4, and (G y4Ser)3. In another enbodi nent, the Fc

binding sitg. of the | tibody is a CH3, dammi n., I n. anot her, enpodi ment,
the scFv i sg}mﬁﬂl@dﬁwgge%ﬁm‘%oa%ﬁ PRGIEEPeGiE ©rehibi g maqﬁ%thna‘fﬂhqqgef; 9G

anti body, \A@ﬁfpeuérmebi@&h@igaﬁdsma@rDk@l).s%ﬁmgref, P%‘bﬂé}q HIOHRngAP ahgbddHG of
(AydSer)4, and (A ydSer)3. In one endodi nent, the scFv conprisés at |east
one ami no auiag begxpeciesiiotalffact therpetovtyrof otheb Wiitisignaling medalators cpripapading t h
the umut ated scFv fragnent, wherein the amno acid nutation is selected

f Fi - T OFF ' ) hai
rom 'gureﬁdﬁt?va%%xltﬁh@%&ﬁsk% g%ﬂ%&fﬁ;agﬁﬁgr%&%ﬁﬁﬁnﬁ%ﬁ?&b PexdmplEavy chain

vari abl e region avy chain variable redion CDR2 of
SEQ | D NO 2xpaadingakereptridire ofaaigats| lavirepieon bibDiRg spécifitiGed, vdu@seBpotendyi ght
chain variable regign CDRL, of SE! 4: a light chain variable region
CDR2 of SEQa'FCE‘Q\B.g“ Polgafjation. i@ﬁ‘?gkm WH'r‘]"él?F‘Eaf’r‘é’Qﬁbﬁ “b\““l;’s@@ ﬁD NO.
6, wherein tq i 5 r garmﬁl . a sckv
heavy chai ni’e’?ﬁ ab Og% %g@oyng%%l%? JtaéE%ﬂ?%éﬂtN%onégg a ‘Kél”é%““é al r%t %?i abl e
regi on CDRZsighalisigQlh Dnéénbadimeat, teauyltichlantrantibodyahihds toegy @omBiEBonbf SBQ | D
NGO 71; a light chain varjable region CDRL of SEQ ID NO, 72; |.ight chain
vari abl e reamﬁll%lﬁzlagfs selegteq fyompihe ggoupgogsigting efpropailsr b, Rfap?lﬁ%ﬁepm@gl &n
CDR3 of SEQl j i Ao ha of
[RP6. 1 n ond aapocpir 4 1F0Rt BmbRBrGal Yheth MiSalkf AuiBoll SRE, Lbrapt ke TRt ¥ o
posi ti on 45gropellSBEQdnDiNGf [, ThusomsingleildRémenktivaleheangibodpbakyinéraasetier

i P Al 0 iti 77 of, SEQ, | D, NO. 6. |
enbbdi ment - POEPYAchon Y bBHiNE to BuBElR S-argpe inmaiog odh i 8 1 om t he
group consi gthAtheGhed?R bPeMBlom&E F&r@mm#ﬁye?a sﬂiééilii%sﬁluﬁ%leﬁpgmﬁ)gay' n

conmbination wth™a |Iight thai n sequence selected fromthe group consisting
of SEQ | D N@ibitstoth ro8¢llet 9nd gnepelOs3 mediatedeWendgiline bindingie tart plopeler

conpri ses a,combi nati of .heav nd, Ii.ght. chain _sequences. sel ected from
The oroup obiSh PRI fr el oo pREH HEsToh 1S Bedfie 1
201/ 199, 20#{cFdaSed AiditylSGHekEBbinding @0 thedMTINRRGlent ARibaAY.1 body conpri ses
heavy and |ight chain sequences wth SEQ ID NOs: 166/ 170. In one

enbodi nent, .t he anti body conprising heavy and |ight chaip. sequences with
SEQ 1D Nos: Arsibly 19 SRSl SR, beriis o fst B REt RHERY onal
activity of hdnﬂﬁgQt']Eés'ﬂﬁy@re‘é@;?tgﬂv\l;]ifnlﬂing)ﬂﬁhlalﬁisthkmtdiﬁ@l%gt»'&hﬂi‘ﬁ@ sR&d &}%Xrg%?' ect ed

fromthe group consisting o si gnal pat hway and Wit 37 si gna
t ransduct i orecppiphwehgrein thesirst rreeptenbivdingalomain bindsieta fstiyindiag sithen the

functional activity of | eting a cell populatiqn,, inhibiti r r.educing
ol 1 ferat i S Fiolmd (R sEon s eri fipBRE HhBbiinds A St rdndhe S

i nf | ammat or yheneshe 24r@étSeédplst) Whéreinl the iy hiad §@bnd tabptbi bindighg Aonfadilaed ligked
secretion of cytoplasm c granules froma cell popul ation, wherein the cell
popul ati on fogether awhdbpt theohinding of the fisiawd speanddgrepior binding danaigs tothe frgts B
cells, and : i I.on pertains
to an isol a%ﬁg:lseg?%gggtﬁi%isgggaér’]iftlh%gag%&g%te r?‘s‘ﬁ%ﬁg&;@%@gﬁn‘wﬁ%g@a@t hat bi nds
t 0 al3- pr opehhsductbroataivay; and sheleitPhe batilgely or antgendiinding fragimefivdispiats oi nds
to a O-propel 1.?1 1 domain on tﬂp LRP6 target, wherein the 1gG anti body and
the scFv ar SBPitigpRRipofptiation afaWnt Signali nat "t he bi nding of the IgG anti body
and the scFv to the O-propeller 3 domain and the n-propeller 1 donuains,
respecti vel Yhé niultbialenit antitmdg hiac at affihity Sorgmakt tecepradifehpxinatlwayomaiad
wherein the pj parataopi c anti body di splays no sjgnificant potentiation of a
wit si gnal . aﬁjw%n@ EBRORHRAEL Tt mieoretes %fg‘ﬂw-hi@e BRy therenhaiibody s 4 ar get
recept or of i 3 : I, s : gglg:,,h | : e
ant i body hagﬁlgtﬁrag‘f# ?ﬁ?%ﬁ%‘?ﬂt&lﬁ?ﬂ g%’lthbgée%gp% rcjg# rzlgppr oklslrn%t gﬁﬁ%ﬁ%g)ﬁg?ar
affinity. |norenbhladentetht firsthied keookd recepiop birdew donsymiat is ah 1gli antibdolyt aron

that permts binding of .the |IgG,antibod nd the scFv to bind the

0 ot opel 11 SFdamaredrsriakpehalnd aPiy” 8% Sr By el s nOboSH Yebibie
respectivel Yombin. ahe fRRAAHERAH redepRr Skiing dondifas lihNe@to%ﬁhelcﬂ_yYa lihieser to
the Fc binding site of the 19gG antibody, wherein the Ser-GAy linker is

sel ect ed f r vithtarspaial digyriewiesithatipagniss the Grst 4sé sgcond seaptochipd Swrdomaingioone
enbodi nent, the Fe binding site of the 1gG antibody is a CI13 domain. In
one enbodi nent, the scFv conprises at | east one am no acid nutation that

i nproves stability of the scFv conpared with the umutated scFv fragnent,
wherein the amino acid mutation is sel &cted from Figures 29-32. In one

I Y L - = o o o Py — Y



In one aspect, the invention pertains to a nucleic acid conprising a

nucl eoti de sequence encoding a nultival ent anti body conprising a heavy

chai n sequenoa/seisect ed fromthe group consisting of SE@cirBprhansh66, 171,
173, 175, 195, 201, and 207; and |ight chain sequences selected fromthe
group consisting of SEQ ID NGs: 170, 193, 199, and 205. |In another aspect,
the invention pertains to a nucleic acid conprising a nucl eoti de sequence

encodi ng | tival ent anti body .c rising_a.heavy chain, sequence ,selected
From t ha gbugo sttt s Sl I BSpduaeyY y SRARbSGHIRD G JRREES 5,
and 207; agfly KeOliket "B SheS@BUAMGER, e nAfiiRder AOIbIdYha8 (RURneYNE] sotivitg Of
SEQ ID NGs: 170, 195, and 205 |east, where the antibody or antigen binding
fragment hafinh@tispacaneisal Warisigngl tragsdetion pathwsy su@eas the Wnth yignaly 75 195,
201, and 207, and Light .ghai n_seque S ed_f consi sting
of SEQID H&Ma{?ﬁf&/‘o%’ﬁ,\ﬁ&@@f%ﬁ%m?aﬁ&?anﬁghﬁ’g hcei]r1 oégg%lépﬁn%hg%nventi on
pertains t emdtiviiklt ahbodlyi Hls eRManRdtRnabactivity of @glétity satlyppaktiondakibiimga

mul tival ent anti body conprising a SEQ D NO 166 and SEQ I D NO _170. In
anot her aspetducingeroliferation sha erll pepulationginhibiling ireduginesseerstign ki ng a

nucl eoti de. ' ' : Bl | east 98%
sequence i ﬁ%@Sﬁoﬁg&%&wﬁﬁ@h%@éﬁgﬁﬁi é@%ﬁlllngg gil\il}cl)réa?E’-‘ili(ﬁ;‘é Siédrgagorﬁfh er

aspect, theyfoplaemid granyles framrascetl population, evleran the etmopilationisscleoet dom de
sequence encodi ng a nul tiyal ent antj body canpri.si,ng,a s ence sel ected
fromthe glﬂéﬁ#f"%F&‘lséff‘PEQ\i[BF"‘Elf %Bl‘iﬁ&% Cfﬁ?:”&%f“gdﬁﬂan%%??egﬁt chain
sequence of SEQ ID NGO 181. In another aspect, the invention pertains to a
nucl ei ¢ acilg assth@rdspécigh@invent@peridins e g Botaeedancividalent antibudy hasahgeatt

anti body conprising at | east 98% sequencg. identity to SEQ . 177; and
a |ight chagsast Bwygester tinding-dpmpns for twsﬂlfquﬁﬂ'gﬁ'&ilﬁﬁﬁﬂeéé)géeiﬁipgr?é'g%venti on
pertains t ' ' 1184 'b%fﬁsi HEDRE siRNGPHE R ed

mul ti val en?e%ﬁ{b?’g‘g Jgg%(r?ﬁprrgﬁlg?%&ab?%dgg%g%@éﬁse eé?géﬁ%romt Sel group &

consi st i ng refepE@nd theNSsond¥8kptarbindigddoraaid bindsitg hsewnd bdimpmieringhef SEQ
I D NO 185. In_another aspect,. the inyention rtains to a.nucleqtide
sequence erfdBei 64angg TepPfTe fhe Eﬁf F‘Efgwoﬂ‘gﬁﬁgﬁgfﬁﬁd% domgins %@ﬁ?&quence
identity tQ,sdfdr sEHNES thd Bifidir U st APscBond @BéptSHhding GaMETHE € 0k fp8tQ | D

NGO 185. In another aspect, the invention pertains to a vector conprising
t he nucl ei andséwndbindieg sites efithediRP6 targghisceptor iabibite e cangnacal Wt 5t

pertains tqQ a pharmaceutical,.co SLtilon CoOMplisl ARV t anti body
havi ng at 3@%‘?“@%1’?@8’8&3&9@7 %gll 88Y gomliesy ng}ngc%ﬁﬁlfi ispla %ggi ndi ng
sites of a i@t pRefRition ofAWVR signal.maceutical |y acceptable carrier. In
anot her aspect, the invention pertains to a nmethod of obtaining a

mul tival ent._anti body. of the i.nveniion . roviding a first re tor

bi ndi ng dorf&Re SRPReimspt, dae 3nybidy f"’fssaf‘ "%‘P@? ‘F‘Pg taggt dectptol r‘?]} Eﬁﬁ%"‘!"a?%ggt
receptor; (jRhoRbRYainhy. B HBERPEMbEHERRHO theltinfBodyoh Aiafinihof lrfitnds to a
second binding site of "an LRP6 target receptor; and (c) linking the first
recept or birectpty of eppronimately H i cdaffimdept or bi nding domain. In one
enbodi ment, the first or second receptor binding donmain are selected from
the group qRRsL _E@bﬂain%t,% fid bifling @BmamRY ah 1G9 BRBody And kRGeor@nai n
di abody, an antibody mnetic, and an antibody variable donmain. |In one
enbodi nent ,retdpeorfhimding dordais écamstFv dagpreot, Whieredhe bg(dl entihods and scHv fisgpent
together by a.linker with a.spatial distribution.that r . fl.rst and
second recéept Bﬁﬁiﬁﬂﬁ%ﬂ&ﬁﬁgﬁﬁgwﬁﬁ ak?Pﬂtéglflif??%’flémPiﬂ?aéPegﬁgs tg%ic%%%&gb&d b’ opes of
LRP6, respeglis¥e fraghénta98irTH @l fifiind sbditrdl dpitipds df LRP6CHetp&tivelyl Ninine

sel ected fromthe group consisting of (dy4Ser)4, and (4 y4Ser)3. In one
emdodi ment ,enebpdlimenthidig Linkentina Gly-Seplinkse selpdied Bomdhe group cpaasingdde ani no

aci d nut ati@ﬂ 4§o )t he ,f} [s egr second receptor binding domain, such that the
amino aci d Wi Ffbr?nflr(r%yéve "stability of the first or second receptor

bi ndi ng donmai n conpared with the unnutated first or second receptor binding
domai n. | n Inrmeambediment, ke firsyeritdpe of ferliRitrisrgebregeptor isad-popellerdtdomgpim

cancer conprising selecting subj ect (e.g., hunman ving an LRP6

expr essi ng %’éﬁb@?ﬁco%ﬁﬁlm%togaleﬂdlé%taégei[FBF@E'E ‘Sia:éqﬂ’)é’ggﬁ‘tr@e‘?"é?ﬁm'a Wt ective
amount of a _co si.t,Q ri SLJ3 . L ty: i i east
foo. T ecept P BT Mot EaRERA o ShiiEerbifp} o nE ARk RGN st | 02°
receptor. domain and comprises a heavy chain CDR1 selected from the group consisting of SEQ ID

NO: 1, SEQ ID NO: 21, and SEQ ID NO: 47; a CDR2 selected from the group consisting



In one aspect, the invention pertains to a nethod of treating a cancer
conprising selecting a subject having an LRP6 expressing cancer,

adm ni st ewongit@s®@1subj ect in need thereof an effectiveprarmprdl1os72a0
conposition conprising a nultival ent anti body having at | east two receptor
bi ndi ng domains for two different binding sites of a target receptor, where
the cancer is selected fromthe group consisting of breast cancer, |ung

cancer, nultj 0 rian.can {yer .cancer l,adder cancer,
gastric can8£$t6r}%l§{)ag’gs%§m§& c@é%:ﬁpe‘%@ I4§u QDEQWF fied Wéﬁ‘ﬁi d
I eukeni a, o0gicRPLBAGATHRY of SRGITYND: GeEEQIH NP 25 BanESEQ 1B NOOSR anll A 1RAE
enbodi nent, the cancer is breast cancer. In another aspect, the invention

pertai ns t ockamEiiasedsctad feem ithegraupirarsissiag pEAEQUIBINGY4.SEQA KRN @24, wwd

the i nvent | SHeqEVEE 0% EoRAMEEALE RO BEL RN bobee B RpiF ot
sel ecting aNsuisemid $RQIDNGIS I; B a IR Es8dc0g] @ eles groagl sdrdistihglof BEQUD sai d
subj ect an tive amount of a co%si tion conprising a antibody with

ef f eg
heavy and | Nihit eRQ Y N0 demmd SERIR N2t r om t he group consisting of SEQ
| D NOs: 166/170, 171/170, 173/170, 175/170, 201/199, 207/205, and 195/193

i n conbi nat ipsnendrhtibdaniyntSihe ARy afGgd Hiﬁdlﬁ?fr_aéﬂﬂ@ﬁﬁﬂﬁcﬁsto_tﬁélﬂ@%her
aspect, the invention pertains to use of a nultivalent antibody in the

manuf act ur epwpeleredfingainend copriseh @ heavwahan€DBA selectad fiom thelgemiped from t he

group consitlj . ncer acer l.4phe, el varijan
cancer, |i vééd}%gﬁégr gﬁ@fﬁa)dlgér 8@’%%%?@8{3@1 r%“‘t%ﬁ@éb,%r b@gt@sﬁ%ﬁ‘g%&?d acut e
nyel oi d | eukefi the geduh@dhsistmped(SRY T2 MR M0aSEQINaeea9£,arR SESHURNEHY 16:84d
carci noma, and nelanoma, |n another aspec the invention pertains to a

t
mul ti val ent @ &MRhsslRetedfem ghegtow capptingoRBEQIR NOQt 7 bfSEEED NO:D, andSEQH of

SEQ | D NO ; faq'gfaq- lﬁﬁ j L. ed by
a canoni cal ﬁgwiﬁtd{?ilgha |ng11éﬂ§§t aacﬁjR{ %rl%lcno r&é@t%‘gs%géé Qg?sﬂséﬁgﬁggﬁt on &
pertains to72 SHQ ID WNO: 6 amh$EQADYWNOaVi8ng CDRDEeIGHEY frénke prbdp cMhsiningSFQ | D
NGO 13; VH D VL of S for use as a drug. In

anot her aspgégiaqﬂg VM ﬁglli«ée(ﬁt %Ei‘qf&.(bgl)z'}@%fﬂq;%‘#%HD%%‘iqlwr%W%g SEQ
ID NO 166 \A%@qp%&saigdagm@w b Ney: 74ssud IDING264, Afd SEBATFRD: 136l L& by a
canoni cal t signaling pathway. In another aspect, the invention pertains
to a nul ti venbedimgnt thedg(s Heavy ehpirs&E@body NGelet@@ feoml 8RR ddGIsting 6f 8B use

as a drug. 19t,N a t he. i pventio ertains to a nul.tival

ot body 5 oI nRRY8068, RERBE n e Tighl et isRECER Bt e itah AR R0 1 ai ns
to a nmulti vab&iw: 12n86,kadBsf rond embdginfeniREE SFVEteléctéd froraahd Brdp @bnsidtink RP6

expressi ng cancer. I n anot her aspect the i nvention Pertal ns a nultival ent

ant i body foff HQ@ IRNG: el Mhridhs 1481 54,1182t Hdni St S8l GORPE2, anprl 64 Inege
, wh i 04: j | f . . 1.5t .of b t
Concer 1ngbuble, GG ohindsl BARESL NALIR SRR SR o s

bl adder cangebilitygafahe savaanpared wittoht ahmueadiceFy fagtieat, hetein thelagiikeadia,
chronic nyeloid Ieukgm’ ost eosarcomm, squanpus cell carcinoma, and

mel anoma.  \ABFabigR 1y MFW]??/’% 1 gpe embodiment, the multivalent anti%ody has

the functional activity of inhibiting a canonical Wnt signal transduction pathway selected
from the group consisting of Wntl signal pathway and Wnt3 signal transduction pathway.
In another embodiment, the multivalent antibody has the functional activity of depleting a
cell population, inhibiting or reducing proliferation of a cell population, inhibiting or
reducing secretion of inflammatory mediators from a cell population, inhibiting or
reducing secretion of cytoplasmic granules from a cell population, wherein the cell
population is selected from the group consisting of tumor cells, T cells B cells, and Wnt

dependent cells.

In another aspect, the invention pertains to an isolated biparatopic antibody comprising
an IgG antibody that binds to a B-propeller 1 domain on an LRP6 target receptor and a
scFv that binds to a B-propeller 3 domain on the LRP6 target, where the IgG antibody and



Brief Description of Figures Figure 1 is a graph show ng FACS EC50

determ nation of selected Fabs on PAl cells, U266 cells and Daudi cells and
t he correwpandingaRNA expression data (A) and knockdowrcwfEPdiPB51290 ShRNA
and the correspondi ng nRNA expression data B; Figure 2A-L are graphs

show ng anti-LRP6 Fab fragnents activity in HEK293T117 STF cells (gene
reporter assay) expressing Witl or Wit 3A |igands The data shows that

anti LRP6 Fabs sel ecti vel | ock tl or Wit.3 si.gnal j.ng;.. Figure. 3 ows the
Cross-r eact?l?e\ﬁ Vaﬁalllrﬂgg béﬁﬁ TSﬁ‘i\{;\glg%"‘t%?—%P%‘B%Pigﬁﬂalﬁbaﬁﬁb‘i‘%?%hw &3
ant i bodi es -Flee'ﬁ i ?gg& - o

show ng trztil?]eg[l5 gnt e%plr g@ﬁ?%rﬁlﬁg ejgpli‘y us %@?gﬁ%ﬁ@itﬁm 1%%53%%/% 2111%{1%&%2

cel | s ( gendvVntesimial gansdastion) pathnchyt, medtvienstthebiparatopid ahfitk@lyahipldysdioes,

showi ng act]j vitly I nhi bj t.i on o%ﬁarti ul ar WNTs based on anti body

bi ndi ng/ bl StERIfgnt Rpteiation pfa Wt signak) | er regions of LRP6; Figure 5is a
bar chart showi ng that Fab conversion to IgGresults in potentiation of

si gnal fr om bheembaditenr ecntibody hagandffifitygfor eargetirsceptones agproxiaatly show ng
selective target, inhibition of LRP6, in c%ﬁl ul ar syste%_fi ure 71s a
ta 1

graph showitAgomRoaY agmity i Inanothesembpdiment, eantbedygingpn Phireso
3- |1 ' . - ; Fi 8A i bl h h
pr ope ﬁkﬁ%?w?r%bﬁﬁlﬂ%ggldom&rram I gure Is a table that shows

genes in nor s were upredul ated >2- fold relative to t=0
control with an adjusted P-value of /<0.01 and Figure 8B is a table fthat
shows genedn ppaembedimeniihielinkar canaprissa spatial disiriutign thag permitsdipding et thet h an

adj usted Pqval ug, of <Q. t } Rl ' o] . S| f
voros 168 (et R adiRi s drileRl 0 Be AEbuRE s NonyFbLOR B AR e
showi ng Pr gpsfeller 3 dombintof MP6Preapekively. T sAblemiRditas, the sofiwie linketby a
regression in MMIV-Witl nodel. Figure 9B is a graph showi ng the effect of

di fferent des6dy Gnkartie therksundiag site afnbe ta(s antibagy owhare dhe Sescdilylimyenigt |t unor
Causes i nniBreriagiony fedral tonting bt (RGN S Fanpsiny Rt rliBh b imen "
gr aph showithgFPbingiziglséte oBthelpG antbodyrie p€lHedoraimAn aauixe snibobintdnt,ither of
it 3A-| nducsslg v iSsulgi?(red -ll)_)? g Slzlr-z(i}?)b li Cetr itc\)/ {hte)ilgi'-tn cth:ﬁAr; (:)Lf tilg llglé ailtri]bo\éiiyyo-here the Ser-
Gly linker is selected from the group consisting of (GlyaSer)s, and (GlysSer);. In one
emdodiment, the scFv comprises at least one amino acid mutation that improves stability

of the scFv compared with the unmutated scFv fragment, wherein the amino acid

mutation is selected from Figures 29-32.

In one embodiment, the antibody comprises a heavy chain variable region CDR1 of SEQ
ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a heavy chain variable
region CDR3 of SEQ ID NO: 3; a light chain variable region CDR1 of SEQ ID NO: 4; a
light chain variable region CDR2 of SEQ ID NO: §; and a light chain variable region
CDR3 of SEQ ID NO: 6, wherein the antibody binds to a §-propeller 1 domain of LRP6;
and a scFv heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy chain variable
region CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3 of SEQ ID NO:
71; a light chain variable region CDR1 of SEQ ID NO: 72; a light chain variable region
CDR2 of SEQ ID NO: 73; and a light chain variable region CDR3 of SEQ ID NO: 74,
wherein the scFv binds to a B-propeller 3 domain of LRP6. In one embodiment, the
antibody further comprises a Lys deletion from position 454 of SEQ ID NO: 166. In one
embodiment, the antibody further comprises a Pro to Ala mutation at position 677 of SEQ
ID NO: 166.



Figure 12 is a figure show ng solvent protected regions of LRP6 PD3-4 by
MORO6475 by HDx M5 (A) and that mutations of specific residues result in
| oss of hwodbngissdoiscFv MDR06475 (B); Figure 13 is a sclremmreaiisbmos ng t he
n- propel l er regions of LRP6; Figure 14 is a photograph of an SDS- PAGE gel
showi ng that all scFv nol ecul es successfully expressed and purified fromE.
coil; Figure 15 A-D are schenmatic exanple of nultival ent anti bodies. (15A)

F F tach t,0 t Ct ' f full 19G.(15B F E t.t ached
ot he N t el TRt e ab e FoRpRoesia ek 0 SedbuCeelec IS o
(15D) scFv gehp caﬁgi@mgeﬂfsm IROY: pewl 191, 1EBM 7913991207 Gnd BHI W EomBinktford

phot ograph of an SDS- PAGE gel showi ng purified biparatopic anti-LRP6 | gG
scFv under Wéth-arlightieleain sqqueecesyleaied fromithe gioypl cmsistiyg @ﬁ)ﬁiﬁﬂpdﬂési 170giMBe 17

h I Vi ' f..a bi 0PI | bod d . '
Component phrt B0 JFERCHnBraifedl HEBHBRY cBbRT S ROGHSTRIR R | icer

| engt h conpHghtchaia sequencdsseiBoteddtinethe drowpiédhsibing 6f SEQabIrOsh@eing, t he
bi ndi ng activit aratopic a [ e 20 shows the activity of a

a_bi nt i body: Fi gur ;
bi par at opi ¢ 1B Thady/ 120d 73/ B0caY 9% PHTA0S e 1759% by asiembodimentythe n a

PA- 1/ Wit 3a | -.g6el =G < ~El: ' ] a

conpari son %‘2?"&52ﬁ@?ﬁ%%séhg{"?yvmﬂ%‘é%@é‘?%%ﬁﬁﬁW‘Lﬁ:@ g‘%ﬁ(g%g\é%gg% gl%lreopll 3
bi par at opi cemabbditedy tigtanfibyd kepmprising ledentind Fglgehain28quetca witlafRQIBowW ng
bot h Propel g’ﬁ #f’}ﬁﬂ bi paratopic propeller 1/3 antibodies cause in vivo
tunor regressiton’i MMIV- Wit | nodel ; Figure 23 is a graph show ng
dose-response relationship of a Propl/ 3 binding biparatopic antibody in
MVITV- Wit | mhdere; enthiogirhént 2de attdwaly thasitheduhdt@handctiaity ofinhibitiag 4 cmoMyBMInt 1
manmary tunors i s i pduced by antagonjstic LRP6 antibodies. A:-B) Fragnents
of MVITV- Wht F1epg] iapsduglipn pathway selected from the group consisting of Wntl signal pathway

and Wnt3 signal transduction pathway. In another embodiment, the antibody has the
functional activity of depleting a cell population, inhibiting or reducing proliferation of a
cell population, inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group consisting of tumor

cells, T cells B cells, and Wnt dependent cells.

In another aspect, the invention pertains to an isolated biparatopic antibody comprising an
IgG antibody that binds to a -propeller 3 domain on an LRP6 target receptor and a scFv
that binds to a f-propeller 1 domain on the LRP6 target, wherein the IgG antibody and the
scFv are linked by a linker such that the binding of the IgG antibody and the scFv to the
B-propeller 3 domain and the B-propeller 1 domains, respectively inhibits a canonical Wnt
signal transduction pathway, and wherein the biparatopic antibody displays no significant

potentiation of a Wnt signal.

In one embodiment, the antibody has an affinity for target receptor of approximately
nanomolar affinity. In another embodiment, the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

In one embodiment, the linker comprises a spatial distribution that permits binding of the
lIgG antibody and the scFv to bind the B-propeller 3 domain of LRP6 and the B-propeller
1 domain of LRP6, respectively. In one embodiment, the scFv is linked by a Ser-Gly
linker to the Fc binding site of the IgG antibody, wherein the Ser-Gly linker is selected
from the group consisting of (GlysSer)4, and (Gly4Ser);. In one embodiment, the Fc



i npl ant ed subcut aneously into nude m ce. Tunor-bearing mce were treated
with either a single dose of PBS (control) or 5ng/ kg MOR08168I gGLLALA 6475
scfv. A) Wepoesesisati ve i nages of G| Red 0 staining forcrigreeli/oB)200
Quantification of Gl Red O staining. G aph represents neanSEM val ues. n=4
in the 72 hour group, n=3 in 24 hour group, n=2 in the 5 Day group, and n=1
for PBS (control); Figure 25 is a graph show ng activity of Prop 1/3

bi ndi ng bi par.at opi c .anti hody..in th dherin negatjve MDA.NB231 xenograft
SO o A P T Ay o e TS A AT ey
MOROG475 apghy, GLRE: I b £ RuBiol (e imPRISDIUEBI Ity JFRSsIPW chinparid
PD3/4. A su ry table of the affinities and on/off rates as determ ned by

Bi acor e analithghsunBitated seEs Eagmentywheseindhe gminer agidsmytatiph és sehncted fromg

nol ecul es %or coir'?r pondi ng LRP6 receptor domains, PDl/2 and PD3/4. Q)
sequent i al *HHi g?%f LRP6 PD 1/2 and PD3/4 to MOR08168I gGLLALA 6475 scfv;
Figure 27 shows a schematic drawi ng of |1gG based bi paratopic anti bodi es;

Fi gure 28 #u engémobatimenththeahtiBRl-doA@Eseed beayhohiingatiable oggiomCPRiof L&}

anti - LRP6 expression in E .coli.; Fj [ i tabl e show ng the

ef fect of iﬁ%?:eéﬁﬁﬁﬁ?‘fyoﬂ?‘q Wﬁb%d%&?%dﬁﬁﬂfoig@}m @Pgﬁﬁg%ﬁw %Haé{‘g tabl e
showi ng t hgagdHiefdeidf CORD G SEQUIDANO7S; d HeHYIoRAR agatsle topi@nNCDRI JFiSBQ D 31 i's
a table show ng the effect of double nutations in M)RO8168 scFv.on Tmin

mat eri al eX§):é8sadightchaist varishblstregipa CDROMEHAPING: By snd adighthgin varigblej 5

tabl e sunmari.zi h i hdl d nctional, acti viti of LD. TYPE
and si n;I ef?éﬂ%agm%ﬁég%m?gnngtqu\%ﬁ@%ﬂ@yyH\@s Y ﬂgg&l%ﬁé%ﬂ}ahn | SA,
Prot eon af f iRt ¥ndifscFURvilEPREV G chal R RAriasS fdpfon EDRUMGE SBR) IBN@? 1i h hewtyr at i on

of selected exanpl es of the designed nutations. In all figures, the protein
backbone i shaiadaabde ragionr COB3of SEQBNOME! 2 beayy|chainagrighla segiomCRR 3afe

rendered a i a(a)e.d n the honol o e 4,75, VH 37 1S close
to two ar o%&ﬁ gf@si‘?’dﬁl\'gi,ﬂ %Wc‘hana r e‘eﬁ}ﬁ’?{f?@& aéﬁfdéﬁ%?@\m“%gﬁg}{mﬁﬁe VH: | 37F
mut ant of safivdiédrdzionttDR3 6 Q) IV-INOL G 3arballightchsimvaripisle peiichi CDR3rof [SEQI

stacking interaction, while VH F37 and VL:F98 coul d form anot her
per pendi cullBN@j 6,pvhesein the ssbv therenf binds do a Berrppallsr d demashel bV mbuene of

Vit Naooa. CHPoRtERaRg RIS AIRRRANT A 1 bl SRS dofufir b Ahinh GRE R
coul d f or MagotysRIRIMBANthe WEENVMHRIN O are [iikgd edtheditker banplisiay4 amitel i ng.

The hydrogen bond between the two residues is jllustrated by a bor(‘i%.m(e):
In the hondridgy meresambsdiment, he gptibady cormaisesetheany chaip ssayepeeselscled fgam ¢ or m

a salt bridge. w (6. Nesgi H, B R tiott chain 58 eﬁ\@pﬁﬂﬁﬁg@
si de chai ng&o %Q?%ifg‘%é‘%@éﬁ@@g“?dm’ or r§1 a sa?tlg}grc%lgllge @Je {0 the
VH: VB5E nutSE( Hh Nih 186 AnGhe @mbdtiemeat, thami ibote hasethn firvdobalactvigyr ofe gr oups
could be 2. 61A;. and Fi gur %34, is,at abl e shqw ng Bger rﬁ)st ebgi | tl}/ ..
measur enentighibiing agaperieal WntgmbiapsdectioBaat e ted o the groyp qopsisting
I nventi on Rehy i {dA9Fpathway and Wnt3 signal transduction pathway. In another embodiment,
the antibody has the functional activity of depleting a cell population, inhibiting or
reducing proliferation of a cell population, inhibiting or reducing secretion of
inflammatory mediators from a cell population, inhibiting or reducing secretion of
cytoplasmic granules from a cell population, wherein the cell population is selected from

the group consisting of tumor cells, T cells B cells, and Wnt dependent cells.

In another aspect, the invention pertains to nucleic acid comprising a nucleotide sequence

encoding a multivalent antibody.

In one aspect, the invention pertains to a nucleic acid comprising a nucleotide sequence
encoding a multivalent antibody comprising a heavy chain sequence selected from the
group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain
sequences selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205.



In order that the present invention nmay be nore readily understood, certain
ternms are first defined. Additional definitions are set forth throughout

t he det aiwedodess3diipti on. The phrase "imune response” @ReTEP26L16T260 N
refers to the action of, for exanple, |ynphocytes, antigen presenting
cells, phagocytic cells, granul ocytes, and sol ubl e macronvol ecul es produced
by the above cells or the Iiver (i ncluding antibodies, cytokines and

| t) . th |t tive d dest r.uct
o1 i a1 onT PO AP A PSSR GF A Ry e i i I8 GURENS B R AL S s

i nfected w §dyuBilehaesiisg muRRGRNOHRIHOEY LompRSing h ReSARSRainteqidHcOséBAEd ty OF
pat hol ogi cal 1 nflanmation, normal hunan cells or ti'ssues. The phrase

'signal t raﬁ‘Q@l}hQ gmuppanﬂﬁmbfﬁﬁQ 5 st 16y lal:,th7\3l 175, 198, Weﬂ)lhénfél?w,r efers

to a biochem Iat| i neraII Ltl

prot ei n- prot € ﬁ | o%essfiﬁ {;1}% ﬁgggtﬁ' gﬁog‘;lpo ﬁﬂ?gdtﬁ%s {80495
receptor, r m;ul(lﬂ 18, lvVheInf ﬁfa&mls(sdm aeflgal ﬁh@iﬂglﬁagmm 1eR@8POILETte Aentitycel |
t o anot her ortion of a ansni ssion i nvol ves specific

phosphoryl a Sﬁ«Qé@T‘HPﬁsléﬁ lr?drb73t 3}?6s1|9ﬁe2013é9¢%%7 apd llghtr@am Sr?ﬁ“‘?ﬂé‘@ﬁ dues on
one or noreg NS;0C [

transduct|one% enu thé“%r{)ﬂg?:?)@'ieégg 8?%9?1&5???3 I|S7r(1)(:?‘y3cgie1@gu ear events,
resulting in a change in gene expression. The phrase "Wt si glnal i ng
pat hway" as m@&ehémpfn theapegniiop pexiaias ammisleiaicidnemprsingapuclpotidsi ch

menbers of 1.9

conpl ex of e&ﬁ Wé%{m&ﬁt%%@%dgﬂc ﬂi@% %‘eﬁr@ﬁ) nggg%tmr“g%gﬁgcat ed
into the nuBIDeusO |nteract with the LEF/TCF transcription factors and
activate tar get gene expression. The Wit signali ng pat hway can be neasured
using a V\ht r ur si gnal i ng
(o o, L rpeltsiBish SinsPARR AR M Bordh B BN F G Bhofiins REGH B

transi oc at l sﬂquexmelehwcaﬂig P il tivatnd ttibady Sumptivial ht R8st Ge%lieqbﬁﬁe hddnheliyto alhe
phrase signaling pathway" refers to a canonical Wt pathway that is
acti vat ed b§EQ in@?%(@ﬁ%lﬁﬁ(ﬁ e witl ligand and the class of Wtl

bi ndi ng |igands, such as Wit2, Wit 6, Wit7a, Wit 7b, Wit9a, Witl Oa, or

Wit | Ob. ThelntibaRe aspdty thd 1ﬁv@ﬁah gﬂﬂaxﬁzﬁiom/hmﬂelé gfie E(Smﬁﬁ)sxﬂg g anEIBotERI Wit
pathway that is activated LRP6 interacting with the Wit3 or a Wit 3a

| i gand. TheSeMEeREE enEIUENE 3 emitr\@l%amnhﬁaéﬁ COINPHSIHE ad%qqeﬁ@fdsenl%“ﬂcfé‘é@ dheggonp .
NP002327. T i I bpdi es
that i nt er aar s PhUL g D3R 37, HRE Snd Fh R kol SEOTDAT! b

stabi | i zi ng/ dest abi I'i zi ng, spati al d| stribution) an LRP6 epitope and

i nhi bit si ghiaanothenaspgele thegnvenon aetidiag 1oy wuclaig aqldmgomammmaycle@tyiea

gl ycopr ot ei r L)
chai ns int egr’é g%e%@%?ﬂg# ti\%fe%n gﬂiﬁ%ﬂﬁgk{%p@%sﬂ%@% qué’}ﬁe ldeg‘ﬂ%}'rtlgsed of
a heavy chasﬂQ\IBrNcakxl197rﬁgizomgl(tabhheuqlﬁhmM@ﬂIDNa(s l\ﬂﬂ) and a heavy chain
constant region. The heavy chain constant regi on is corrpri sed of three

domai ns, ... Each Ii ht chain ht chain
vari abl e ?e_%l oﬁm(%a%?lg eV|h§t %F"li’]g P as 0\7LI}UCIEr1|° A gr@aﬂ?s‘g&%f’ﬂagmh%t ant

regi on. Thesedqugtt eabiitg £ anfihvaint astibiodn coMpASiAP b iseR@ned sewt&:ddﬁmilt}m grélp The
VH and VL regions can be further subdivided into regions

hyper var i abfdnsising pepRdDNNRp| 8hetndaldd tw%lléﬁﬁhwmaqueeg‘? %%EQ@FWO 185.

interspersed with regions that are nore conserved, ternmed framework regi ons

(FR). Each Mrnettdr Mpetistteanpasion p@lﬁalhﬁfoQﬂltl@%ﬁd@E&huftﬁﬂérenE@E%? malgederdtr om
am no-term nus to carboxy-termnus in the follow ng order FR2,

CDR2, FR3, wtikedy Fpmprisipgatleast S8losequegroidsntty to ﬁEQq%NPSamV g rh89 @ndins

Cnt a1 Ohf i SO 0 1S AL e e RBARIRE, |

host ti ssueeecturrcbmptieungthemlw@laojgoﬂﬂkumumel | s of the imune system
(e.g., effector cells) and the first corrponent (CI gq) of the classical

conpl enent r. i ude manogcl onal
ant bod s, MATeRR ahafy U lenth bR uig DG uGE0 FRERIGL T BRETRER s,
chi meri c anmuhidieasantibally hﬁ\aggmm&x tvirg Bdeptof biading Womairdfor @R diffe@not ypi C
(anti-1d) antibodies (including, e.g., anti-ld anti bod| es to anti bodi es of
the i nvent | BRYINEAHes ofs targsbisreRIPRNdMA Rlgrasmestiellyasseniable patighove. The

anti bodi es can be of any isotype (e.g., 1gG IgE 1I1gM IgD 1IgA and IgY),
class (e.g., 1gd, 1g&, 1g&, 1gHA, IgAl and |1 gA2) or subcl ass.
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Both the |light and heavy chains are divided into regions of structural and
functional honology. The terns "constant” and "vari abl e" are used

functi onavbyo1lmisiohi s regard, it will be appreciated thatTiEPRINAFT280] €
dormai ns of both the light (VL) and heavy (VH) chain portions determ ne
antigen recognition and specificity. Conversely, the constant domai ns of
the light chain (CL) and the heavy chain (CH, Cl12 or CH3) confer

i nportant bpiol agical properties such as segreti.on, .Lrans . ility,
F(r:Tp recepto ﬂ}oﬁ%f' H&GCQHT?EPE%WP pﬁHﬁ&f’ ﬁ’gam ﬁ'&ﬁtoﬁggﬁaf%'&agslht@%ﬁé\%n t}b@ﬁ?t he y
nurber i ng gf thk i RAREHRE) proflingh GRIRLES 0! Fisdina domaiswhidh bidde e@agsror e
distal fromthe antigen binding site or amno-term nus of the antibqody. The
N- t er mi nusbinding sitaof aw LBPp dajeefreesptprath) praviding a sesond seqeptox bayliag dgmpaif e gi on;
t he CH3 and domai ns t.yal |. i - ] . Of heav
and 11 ght SR8 aedy i FREH e e fealit ol SRk R ey
speci fi cal fateptoebindmp domalethe fcohd rerapter bindisigalomaim Ihiape bakobBimehnah¢ er m

"receptor binding domain" or "RBD' refers to ortth?ns of a .bi ndiin | ecul e
(e.g., an SritPpEregyd recppier bigdingdopain yre seieelpd Hpm Hie grpupsogsisting o Ly Png,
steric hin e LLizing/ Az g, i LSEL i i

bi ndi ng si %ﬁ%ﬁghﬂ%rgﬁablﬁ%l&ggtsgﬁ%%%g%ﬁﬁsdgg’rgfgﬁfsﬂota %nﬂﬁﬁ%gﬂ%&g%ﬂ%ﬂﬁﬁgmm S
of an anti badhblé d@haincinaing etrtbediiuinkt,ithy fitso aispsecodd catptor bindieg domaiwistate (e. g.
by bi nding,. steric hinderance, stabjlizing/destabilizing,. spatial

di stri but i GAkedineqtheseyaph b&l@ﬁépﬁwidgﬁwng%&ﬁﬁ% e B O 6RY sBotfpt s of
ant | body f tRGHRAbalrColtins (BWindAb et rdicbSill éropalofIatG, réspEalicly.
fragnent, a noval ent fragnent consisting of the VL, VH, CL and CH

domai ns; alir¢mdrabddimgntethe linketis adiprficr finkayselacted diopt the igraypranssipting of

fragments | jnked b i sul.fide bri at. t.he hin egion. .a FE nt
consi sti ng(gg"‘%{g’ %’l‘ﬂgﬂ&‘ Ei IB(S’H%FW?,&%QE %7“??%8%%?"{ cl}??ggcl?% r|lsraléa ]%fg:@ Eie?\a/L
and VH dongi Rgst@he mio@iEmataibfto 8 fsitor babyd récepdp bindagdithaif,\sacldthat al .
(1989) Nature 341:544-546), which consists of a VH domain; and_an_ isql ated
conpl ement &he anying eeid mutpiongimpseyes $abdtrp! the dirstas seaongd receptos SUKkNE danaito
domai ns of the Fy f. t .V I : .separ at e genes,

t hey can bé:o?lgfrﬁéa‘fl{hﬁtgl 1‘6 trltgg'gr%?tne{n%éor?laatrﬁcggg)?%ﬂjﬁ%%@%? etic |inker that
enables themto be nade as a single protein chain in which the VL and VH
regi ons pailn onoaspectnthednnentipe pertaies to@unethod RAERAINE 8 cangey campriging sekctingc Fv) ;

see e.g., Bird etal. 19 .Scl e X - ; ot 1k 1988)
Proc. Nat!| 3SHRSH (§§C P%gﬁ%ﬁ %]gg'ﬁ é"%ﬁ%ﬁ‘%ﬁﬁg ré@ﬂ%ﬁ?@ﬁ? ? g%@%ﬁécst "gr e

al so i nt endgél therdbfarceetive amotntiftaliompokitioh eompricing & hadyvdleragneiidy. These
anti body fragnments are obtai ned using conventig&al t echni CL'LIJes {}lnom to
those of skavingiahleasidwa recepton gindHe dompsdiar tvodifferent bioding Sites ola targety i n

t he sane m?‘%'&ﬁ{o as are intact antibodies. Antibody fragnments can al so be

i ncor por at e nto "si ngl e domai n anti bodi es”, "maxi bodi es”, "m ni bodi es”,
"di abodi es", "triabodies", "tetrabodies", "v-NAR' and "bisscFv" (see, e.g.,
Hol I i nger Amane-eepeetnthe (TGDEPn RertainstoR metbed AIGAYNE 2Pancer seMPRiSsiag selpgiingnody

fragnments can, be .qrafted 4 j

i bronect | A Pe e AP SulBink Bailty. WORffsRRAPR { QERlel HPfeel thcdedtp

fi bronect i rffeefynemiintef aenapesiticsdompiisinghadyitivalagnatibedy Bavityeatilexsotvaor at ed
into single chain nolecules conprising a, pair of fandem Fv se nﬁanttsn

( VH CHL- VHregspior Rinding darpaing fos twoudiiferens Btdingesies p aﬁr%fecéﬂfaﬁrgi” ere the

pol ypeptid f ' ' eI afar i IH{BZ@JH ., (1995)
Protein Eng:gn?fr T%%];@ng’&(fm g-rr?ogq %Sﬂs&ﬁ%g?hé‘%ﬁ}g%s& g%&g%) . R%élir)s?mg%t!s%é i ncl ude
si ngl e domanyelémni,idvadaresancemivéyadnes, bladiieb catices gastiio cdngel, paistaié ednoeti, es,
triabodi es, tetrabaodies, v-NAR and his-scFv.(see, e.q., Hollin and
Hudson, (2063 Tﬁ?ﬂﬂgﬁﬁf%gﬁﬁ%}c@v&?@é:laﬁ‘fﬁ’é& Pi@%ﬁa_,rc“%ﬁws pREHE g‘ﬁ ngl e chain
di abodi es, ﬁ%fciﬁ\d ) lafid GlaBinBmd! BRAIcRbodRSdng 1RE cdriReris BekabtMangirst i nct

epi t opes. Ds al so 1 nclude antibody-1ike nol ecul es or anti body m netics,

whi ch include, but not limted to m nibodies, xyhodi es, Fn3 bas rotein
scaf f ol ds, !ngrether asppriths lr(vsnwwt%%m% AT EISHHE ‘F‘gg%, Avi an

pancreatic ] [ ELhtidddy tins, 5H3

domai ns, Pﬂ%ﬂ%%ﬁgg%%ﬁggﬁtgﬁ% hgﬁé%%&iﬂ?ﬁa}tﬁ%éfbgﬁdgs} t%#K‘?}?gi n A domai ns,

Li pocalins, Transferrin, and Kunitz_ domains that specifically bind

epi t opes, vihiaobthar aspegts the invientonspestainsde ammeshqd ofdrmalinga caneer eUppRising

"mul tival ent i N f. i . Malsl I L agr.e t han
one val encyﬁele\?\ﬁ}ég gg&ﬁgﬁtéﬁ‘@éaﬁlgﬁggs‘egﬁégﬁ% %g@%’hg nu %ir;{éot Sévﬁis?%lgﬁ-agli ndi ng
noi eti es present per nol ecule of an anti body construct. As such, the single
bi ndi ng nol ecul e can bind to nore than one binding site on a target
receptor. Exanples of nultival ent antibodies include, but are not limted

- g, - g, e - Y 2 o o o "




The phrase "isol ated anti body”, as used herein, refers to antibody that is
substantially free of other antibodies having different antigenic

speci fi ciwoes1(ss®1, an isolated anti body that specifi caChrgErbomads72bdP6 i s
substantially free of antibodies that specifically bind antigens other than
LRP6). An isolated antibody that specifically binds LRP6 may, however, have
Cross- reacti vity to other antigens, such as LRP6 nol ecul es from ot her

speci es. over | at ed ti bod bst ant i aI I of ot her
ol utar maPBreae R s DRl <OHRts R R ARChSHoT BT and Hehierhs Lo
herein, ref gdguehdesdtleadd ﬁbﬂm‘neiglfb% cbhﬂﬁﬁlgtdis@(%lmﬂi(ﬁ m/lrrpqwm@ target

receptor such as LRP6. The term "bival ent anti body" as used herein, refers

to an anti bddy/1Thd7SHTARDIYI9% AT/, raghe85/693 imconthirationweth anyrstandald afar get
receptors ( ody that binds to the 13- propeller 1 donain of
two LRP6 reg%rgf%‘%‘:gpth%n‘*‘tpa% anti body that binds to the O-propeller 3 domain
of two LRP6 receptors). The bivalent antibody nay al so crosslink the target
receptors tbl%m)éh@rﬁmelﬂbﬁhe inverdiopaledains mrmaeb)édyﬂultiv@mtraaﬁbq@ inghean anti body

thatbind to_two.diff es t two | trcal tar
Feceptors.  THETEEM ke ERpRRSIN? PeBingnr8S bt HEFRH 5% tkBER , 4
anti body t hasnskirpds bréast ducet fung cider, @It plRSyeIind, B af@N®antér, Ueér dafceept or ,
e.g., an antr body that binds to the 13- propeller 1 domain and the

3- pr opel | er bladdeseaneer gastac anegt. raskRBCaNsele peUe myrrmd leskemial duonip@yghed an
ant i body, J i t ropel l er 3 domai ns
of at Ieasmu\i/%\/éo}n é"rs}‘a“f:&é’%t%b %ﬁu&&f&%%rﬁéaﬂ}}g%ﬁ%&g& I paratopi c anti body.
The term "bi specific antibody" as used herein, refers to an anti bodé t hat
bi nds to twh &othasaspegl. thednugntioapertaipe tp mmuliivaleabantibods having ¥bef SEQABet
receptors ( t r

receptor). ﬁg lghr@gsolgs%%‘é)rm dgayﬁn&tﬁb%@% 32 %ﬁ%{é@lﬁﬁﬁ\gﬁti{'l?ﬁuse "

conposi ti ontreamgtﬁ@dcéreﬁaimedbj‘reemohn:apWryp@nhlmgepathwml udi ng anti bodr es,
anti body fragenents, bisepcifi c anti bodi es, etc. that have ubstantially

dent i cal g, SP ALLE (RRERES Rhaft & PELNERL ARSI ES S QI

si ngl e nol edip: d4; VOSHQ IDNO: A3NWHag SBGRID ait:i 8208y, SFORPH) N@BIdbsideays a
single binding specificity and affinity for a particular epitope. The

phr ase " hundfTugat | body", as used herein, includes antibodi es having

vari able regions in which both the franework and CDR regions are derived

f r om sequengegnotfer BsHERM) tiY ihGérition peFthiRe to@maltivafent ARiL3AY hRELY SEQTDENDS a
constant region, the constant region also is derived fromsuch human

sequences, &6Gand SEAAR N@r 1) fonusedia figatinga canser mediated by vergenienl \Bnt hunan
germine se ti body containing consensus framework sequences
derived fro%ﬁﬁﬁﬁéﬁjﬁ{ aﬁgwork sequences anal ysis, for exanple, as described
in Knappik, et al. (2000. J Mal Biol 296, 57-86). The structures and

| ocati ons ofn aﬂﬂﬂmﬁ@gleebmq lnvmmn@srt@nammnhwabngannbgmbavmw@elmm ned
usi ng wel | @@%r g,-8Chenes.,. .e t he Kabat nunbering schene, the
Chot hi a nuntlgerr ng sthe RO %@@rg%e Sadrﬁ ‘on of Kabat and Chothia (see, e.g.,
Sequences of Proteins of | munol ogical Interest, US. Departnent of Health
and Hunman Shr aroghes agpeon the inveigion petiains tst amultivalent aptibody foratsabs 2 (1997) J.

Mol . Bio. 273,927 94 abat 991) . Sequence el

ol ogi cEURApsta anolfy nsf the iy b 1R SRBivalplBgipgl fosthe s
Depart ment ginedRaticht R tedtdiFaNo fSANRIGES rﬁbﬂhhhﬁceﬁ“n%heﬂwn(és@g&)thé Mol
Bi ol . 196:901-917; Chothia etal., (1989) Nature 342:877-883; and

Al - Lazi kani msgeafion pe(rtfgw)meltwr\ram anfibegly fop usp ayEmedigamer dorrariRenof BBodi es
of the inve n
cequonces. ( SRR EhUAT (AR EhiLE BILALED A0 1 EUFRH DAL 6P

mut agenesi Sbieastweatden, long tancso mailtipe mybh)tna;)avarmn\cnnm, lower aaxccensberddant ive

substi tution to pronote stabilit manuf act urj n However he term
"human ant i FBE§ 881G CUCH RFASfale g‘i ey AfUl§ Wtyﬁlﬁdﬁd I?%ma, ﬂer"uaé“ygiﬂ& bodi es in

whi ch CDR spgi&haesstdRbicuhfd, {quaibld&108tdhdhE Al nfitalapy manmal i an speci es,
such as a nouse, have been grafted onto human franmework sequences. The
phrase "reconbi nant human anti body" as used herein, includes all human

anti bodi es that are prepared, expressed, created or isolated by reconbi nant
means, such as antibodies isolated froman animal (e.g., a nouse) that is
transgeni c or transchronosonmal for human i rmunogl obul i n genes or a

hybri doma prepared therefrom antibodies isolated froma host cel
transforned to express the human anti body, e.g., froma transfectons,

anti bodi es isolated froma reconbi nant, _conbi natorial human anti body
I|brary, and antrbodres prepared expré%sed created or |solated by any

o o b1 I | - - Y




The term"linker" as used herein refers to a peptide linker that consists
of glycine and serine residues used to link an scFv to an 1gG An exenpl ary
d y/ Ser |woker/essypri ses the am no acid sequence (d y- GpgTEPr)1d/057i20€. ,
(Gly2 Ser)n where n is a positive integer equal to or greater than 1. For
exanple, n-1, n-2, n-3. n-4, n-5and n-6, n-7, n-8, n=9 and n=10. In one
enbodi ment, the linkers include, but are not limted to, (Gly4 Ser)4 or

(A Y4 Ser)§ n apot her . enbodi ment, the linkers Gu and Lys residues

i nterspers H‘*\R})t"FﬁrFPtE‘We“ 9‘"§ér linkers for better solubility. In another
enbodi ment, the linkers include nultiple repeats of (@y2Ser), (dySer) or
(dy3Ser). Figtlr&ihtsl’eegraﬂnﬁﬁﬂhngﬁt\CStE(éso Idetekraimatiomof seliestacidiabs naPAdresllsnd

mul ti pl es of SSer +(.d y4Ser,) ot her enb Ser can
be repl ace&lzﬁﬁﬁﬂ I&“’Q“ Cgi](S@Q ‘{dé‘ exﬂr??sti’r‘i‘ E?e(;gsé'lﬁgodl ment ,
the linker kﬁ&ﬁ%fvﬁ%ﬁmw %ﬁkwadcptﬁe%néépxndlﬁgmmﬂ Afnesmd)mdat@ta, anot her

enbodi nent er conprises the notif (d UAl aAl aAl aLys)n, where n is a
positive integer equal to or greater than he term .an'" used
her ei n ref Eimirg 2Ad. 98 g"ﬁ%‘ﬂﬁﬁhﬂé’lmtyﬂga@ ﬁég‘@ﬂﬁs awtydﬂg{éfﬁﬁﬂ]gt@
portion of ﬁ%"\ﬁ’ afhaMth BRAYs that anti-
Optional ly, éﬁ Ell 0&&% Qipr@ﬁ hA Wﬁfoﬁga:ﬁﬁdgr esent in ssotmet az]ilnltl body

cl asses. Amm%gsﬂmtlvmlmmbmwm& sgaling; hi nge regi on of a constant
domai n of an anti body. In one errbodi ment, the invention conprises an Fe

20 on 2 gt shSA AR el PRIl Bk or NS OPBRIE d P o

t he i nvent LR EInH ﬁlﬁﬁalﬁmdﬁﬁe mﬁmlo@lﬁhﬁoﬁe@ on and a Ckappa/l anbda
region fromthe constant domain of an anti body. In one errbodi ment, a

bi ndi ng nol ecul e.of th nv.ention |ses cons

heavy chai 1%?15115&2}]grapﬁal?qmngirﬁn% <& mogﬂmh E%(rég)al 6? is
modi fied caTpaens Géeﬁe eeﬁahlcfiastsasgen&ﬁeaﬁ@ﬁt wnﬁqnm,RPMhbb&es tsh@wmglayﬁam i des
of the invention scl osed herein may conprise alterations or nodifications

to one or nwhikitioh of harticlaeWNikschagedomantibody binding/kloskangite sperific Papopaler CHI)
and/or to the |i ain constant region domain (CL). Exenplary

modi fi cat i S%OWSrmaddl tions, deletions or substitutions of one or nore
am no acids in one or nore dorral ns. Such changes nmay be included to
optinize effigee Grisibaaaihhnrshomgfthdtithpomtemioﬁl’twelgGe'cmltSbil polienigatimintod'signsl used

herein conpris rea get receptor to which an anti body or

anti gen blnHWhngW&§ﬁ§§FdSQ?2 rel y binds. For exanple, the binding sites

on LRP6 include the 13- propeller 1 binding domain, 13- propeller 2 binding
domai n, [ 3Figirepet 4 erst@miblacihoginiowiictive angtt ifhibifiompBLRE6 inlcdbiut sygerdomai n.
The term’ epitope" as used herein refers to any determ nant capable of

bi ndi ng w h affi to _an i mu | obul YeTRe) region of
an anti gent['h gil%agﬁﬁﬁdﬂ% nﬁﬁsgl'ﬁll‘f b‘é%gﬁt%fbatn %‘%%%. 1bo§ﬁ aP?%’r“gé‘f% t hat
anti gen, 81 tMorPi SntPKL in%a Rdetot ei n, i ncl udes specific amno acids
that di rectblq?/wgonta the anti tl)lody Mbst often epi topes reside on

proteins, but in . sone  in ther klnds of u

such as nudii@ite Sédﬁaéablﬁﬁ?‘t Q’ﬁé’“&@t‘ '%ﬁW%;‘/ WROTS ik WeFRPRTESH "I’tﬁg t| ve
surface grqyp 26A Olo 17BcBRIAISRSMELH] e PPIvERe BF 091 afidl SRrs8B e £{ABleBat
phosphoryl or su t’ony groups, and may have specific three dinensional
structura lshcvha peres dit seercdownmegillated Sﬁéclldfrﬁbtlwm@rtg@ centsrl aothean thlilsé,@l P-

an opi { ope ‘ARSI B ganeie S o RO A Bl or

macr ondl ec YWIRAFv- WY t@msrsPearfngdinicen poI ypeptide that include an epitope can
be identified using any nunber of epitope mapping techniques, well known in

the art. Seg, Epi Pr ot ocol s in Iar

5i ol ogy, VBB iepke Risbi Bropaler | 198 Praafiita A Ser P oy IR
Jersey. Forp.gx fov MMT\eaJVnt@ RdRPEBigiRWEPR ack%ﬁf JRoW@Eh tBY effed-of different
concurrently synt esl zing | arge nunbers of peptides on solid supports, the
pepti des calosesgfohelPropelies IpuAbionrtke giowtinef the MM TY-Nntbbwner mededs r eact i ng
the peptides with antibodies while the peptides are still attached to the
supports. r f, US
Pat ont  No. 1150397 EHASHARe ERMMe! 8 SulfoSPrhpdles WG calpd ptiuiton O

8: 3998- 4002tunﬁegmnhataMMTV(W985t)lomﬂoc NatI Acad. Sci. USA 82:78-182;
Geysen etal ., (1986) Ml . Immnol. 23:709-715. Simlarly, conformational
epitopes are readily identified by determ ning spatial conformation of

am no acids such as by, e.g., x-ray crystallography and two-di nensi onal
nucl ear magnetl C resonance. See, e.g., Epltope Mappi ng Protocols, supra.
Ant| gen| c reg| ons of pr ot e| ns can aI sol?oe [ dent| f| ed u5| ng st andard
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t han 5x10-7M | ess than 10-7M |ess than 5x10-8M |ess than 10-8M | ess

t han 5x10-9M | ess than 10-9M | ess than 5x10-10M | ess than 10-10M | ess

t han 5x10wokM1/13e®ms t han 10-11M | ess than 5x10-12M | epsTiHP20110828@M | ess
t han 5x10-13M |l ess than 10-13M |ess than 5x10- 14M |ess than 10-14M

| ess than 5x10-15M or less than 10-15M or |lower, and binds to LRP6 wth an
affinity that is at Ieast two-fold greater than its affinity for binding to

a nonspeci fi Can I n 0 odi men he LRP Jtl al ent
anti body had? Lio %@h%&%ﬂ%ﬁé’el&?’( j¥ n? L in M?"Fﬁ f han
2500 pM Iewntshamde&a@ NPMTd;ﬁﬁﬁsﬁdwmty’tﬁpmnl\denk%ﬁv& han 1000 pM Iess t han
750 pM less than 500 p | ess than 250 pM |ess than 200 pM |ess than 150

P Sessed 52 e e o sdlv B et S reagnal LBRB L GE B bARopAe°
art (e.g., m;quh A9 2§ S mukdtiorof fp‘é@;%c redidules (r&'uﬁciﬁ’[(fss bPbigaigtor efs AB

Uppsal a, vaeden e term "Kasso, Ka", as used herein, refers to the
associ at i onM@R@@UfS (B)spartl cul ar antl body antigen interaction, whereas the
term "Kdis" as used herein, refers to the dissociation rate of a
particul ar L0 P Ah L ASEE dHY as used herein,
refers to t géud%)ssocalasgtléon congg{gtﬂgbmogﬁté&égg%{p&fﬁeﬁgfromthe rati o of I Q
to Ka (i.e. Kd/Ka) and is expressed as a nolar concentration (M. KD val ues

for anti bodFimire khiserhetagsanh ofea SIS- B@G%gqh@b;wmelﬂnat@&tsaﬁrmgm e$n the art.
A net hod fOguc%gésﬁhg)&pﬁe%séd%%d?ﬂ%n%%d Rt ZOdy is by using surface plasnon
resonance i'osens SYS em sUéH’ as a B acore(r) system The

term"affinity" as used herein refers to the strength of interaction
bet ween ant Fisvasy 1 andD are schematic examplg of Ianlttlwglem emtlbodles (154 seF M sefach

ek mon. cotictd ¥ Ecleois SERUACT' 56 ForRh b 8tne lehe NGIpRES 8¢ BT o190

i nt er act i ongl5Q)kerssdFen@achedne taf ¢ idtindius ofiFe (lﬁDmcFa‘éblds* tyach@BtoUtbew dnar ei n
refers to an informative neasure of the overall stability or strength of

the anti bodf-'&MRingeef Konpl ex. It is controlled by three major factors:

anti body epitope affinity; the valence of both the antigen and anti body;
and the strUfpued B4 isarphafgeafhif afSDNRAGE @i aﬁdmn ﬁam&b]philatdﬂi@&rﬁi YRPHESE
factors define the specificity of the antibod is, the likelihood
that the patd§ selivandgnmamisdycdddlane dpnreduces @D g@lchmnsgen epi t ope. The
term"Wt 1" as used herein refers to Witl, Wit2, Wt6, Wit 7a, Wit 7b,

Wit 9a, Wt Oanro17 Wots@tivili $H f5say/¥ita lﬁﬁara%n&aﬁﬁﬂo@ﬁﬁﬁl RspRfigt s to Wit3a
and Wit3. The term "potentiate” as used herein refers to a process whereby
the Wit si gAenpenenpparisysgpasatebind enhanced upon conversion of a fragment of
an anti body to a full length 1gG LRP6 anti body in the presence of a Wit

l'i gand. Thepwm § SHOwslGiity MAE R4 EH kel RAgthUomAN K Sn RGtvaRblatIben”
refers to a Wit signal that” is not dctivated or enhanced conpared W th an

control ant phady1®fs JfthiRe SBWin hertﬁﬁémga@ﬁw mQ kha%nﬁ ep' tope. No

significant potentiation can e at | east han control antibody or

fragment thPfg%Pef2 HowsqRShctidt ﬂ{ thsd ?ﬁ%élcggtrﬁodztanhgg’géyﬁ Q}Lbﬁtﬁiﬂ%%o 50%
?thalne??ltenesgﬁﬂ 36‘!“ E‘?ff%‘ﬂ&gi/f&& f‘g t% "t‘?’r@'i“é%‘f“ %he term ‘cl 5§fter' as/ {ngz

and pot ent | SR Yot ARRAP R ESoAirsen BrOveet Aoe e Ines PREPIUS, LU oo

not |im tedagibody¥ihd aﬂ@ﬁ@ﬁnpa%p@aﬂtibgaﬁgtsslﬁﬂﬁgWE Adehgands. These

pr ot ei ns can cause mul tinmerization, e.g., dinerrzation of two endogenous
LRP6 recept Thi s dinerization ma esult in increased avidity due to
i ncreased | 'cgélF ﬁsé‘r%'alg%hew b%PE‘}r/P [l?F } pnd DjparatoRicTape Er\]/\ﬁ’taqt‘¥@‘§ﬁ?j can

potentiate guMbiy SbdRRhor rdi8ssRINIANEMIGLWRI YRfdeyel y modi fied variant”
applies to both amno acid and nucleic acid sequences. Wth respect to

particul ar puclejc. aci d _sequences, conservatively nodified variants refers

to those nuE!gerE@%e|aceamﬁhew1waéespamr?@apn%w s Biopd &l bipding iveraiepic

amno acid &ﬁ%@g?@ﬁ/m?f/ -WhEI fioddie nucleic acid does not encode an am no
aci d sequence, essentially |dent| cal sequences. Because of the

degeneracy of the genetic code, a |arge nunber of functionally identical
nucl ei ¢ aci E@“&%‘g@“ﬁﬁl}ﬁt&if\%ﬁmﬁmﬁﬂéfmurlpéMMWerbmW%@HW§ igaducedcc

GCG and ’
Shor oS o el e BRERRA KT s S0 1B Ror NRKEY Whu TNEN 088 1 0N

of the correspondi ng codons descri bed without altering the encoded

pol ypeptide. Such nucleic acid variations are "silent variations,” which

are one species of conservatively nodified variations. Every nucleic acid
sequence hereln mhlch encodes a polypeﬁ9|de also descrlbes every p055|ble

Y 1 - "



For pol ypepti de sequences, "conservatively nodified variants" include

i ndi vidual substitutions, deletions or additions to a pol ypeptide sequence
whi ch reswbtoim3sgdvye substitution of an am no acid wth acechereaabizgo si mlar
am no acid. Conservative substitution tables providing functionally simlar
am no acids are well known in the art. Such conservatively nodified
variants are in addition to and do not exclude pol ynorphic variants,

i nt i es_homl d allel f the i tion. The foll.ow i ght
o oups. contEPARERSHG BRI Fif M aniser DR OLE SRR PP E PSS HORUEhE
anot her : 1);in§e%is@8f16ﬁs oﬁﬂsgiq?sn(gﬁa'MQBoﬁsQ@I@tilﬁAicimev.q)ut ani ¢ _acid

(E); 3) Asparagine (N),(CGI utamne (Q; 4) Arginine (R, Lysine (K); 5)
| sol euci neRepiesentasiveiimaggslof OiMB et Omtdiming fon) LipididB) Qeantifiratian) ofibRgd 8 ani ne

(F), Tyrosine. rypt ophan X erine . Thr eoni ne. () 8)
Oysi e me ¢ EmS KR AcRis Rl Mot g g o8t g if e 72 MF B Y i ) |
sone enbod'gm;t&z tnhfe 5 PaP grésp) afd Hat forPBRREUREsIE nodi fications” are used
to refer to amno acid nodifications that do not significantly affect or

alter the binding.characteri.stics.of _the i hody . cont ai ni he ,amd. no acid
sequence. THRIG & fid arapl shoning W,“""’éh@’ﬁ%‘lt’lﬁ} wgﬁnpaéﬁapmgp@lg%&_ydp& ing" are
used int er@aaﬁg}ﬁﬁmfgxﬁm@kqmmowﬁ mddel; ty of the nultival ent

anti body, to interfere with the binding of other antibodies or binding

agents to LRP6 [n a standard conppet.itive bindi VA ility or

extent 1o Fraver2aorn bt ool amdpknees o MORGETHR MORfeRiand Y ne

bi ndi ng of \aHRHERIBI i(tjmeﬂsmqs s&tv RS kR BmBRaRELR G PD 11RRG, PRI, Ahamahaye
e sal

whet her it can S to cross-block according to the invention, can be
det er mi ned taidé ofhe affimsiigscind onfeék fates am defermined) b Biarpre an@lysiss B) reprisentaideny

i nvol ves the use of t Bi ac t echnpl e.g. b i I re 3000
i nst runent (‘@?‘}%:W‘é?s c%glﬂfsﬂ]l ‘a&i@%@i‘ﬁ’}‘f‘)’s ?%ﬁogﬁ%s@?ﬂlmé:%c%%gr %)5@3 Nt of
i nteract i op)1ushiiDpBWaf €% &qRbREIBIMdIRSATRIGEPID B2RAGIPOBY toANOt her assay for
measuring cross- bl ocklugllgLuses an ELI SA- based approach. The term "opti m zed"

as used heMOROBK8IgE 4 6448 et i de sequence has been altered to encode
an am no acid sequence using codons that are preferred in the production

cel | “or OF $41ird 7Y SRERCL ahkafc it/ G vaSd biphatopRo@iibaies;a cel | of
Pichia, a cell of Trichoderma, a Chinese Hanster Ovary cell (CHO or a

human cel |l .  The_optim zed nucl i de sequence.is,engineered to.r n

conpl et el y Fagurg 8 ﬁfﬁdﬁlow of Sﬁéﬁ%@ﬁﬁaﬁﬁ Owg&h%gﬁtﬁﬁﬁétéo‘b?'aﬁ\“ﬁﬁ#%
encoded bysgllc\ge,éjrgsrsfomg@y&}.eoti de sequence, which is also known as the
"parental " sequence. St andard assays to eval uate the binding ability of
the nultival ent _antibodies toward LRP6 of various ,ssﬁgﬁ@%re kno in the
art, incl udigse 28 s atahleshawing thesplect gsingle myptigns in > seflY PP assays
are descri ' W d : Endis ' ' :

Bi i g af FHArE o 964 Bbls BdRbEHALROF SpelL MBI A MOROBIREN By 1
standard assays known in the art, such as by Bi acoreTm analﬁé/si S. says to

eval uat e t Héguse Bbds stable shawing the eifeqt ehdouhle Mwaions indMORNSA 6% sty onplmBpdrt i es
of LRP6 (e. g, .H . bi ndi ' the Wit pat hway, or 1gG
product i on)’gaé?réalggélgésggélgb‘?{ﬁ b?%?‘?ﬁ??‘“?‘e% al @}%nﬁs&%tﬁlgs’aarrpl es. Accordingly, a
mul tival ent antibody that "inhibits" one or nore of these LRP6 functional

properti es Rigirg 32 ibi tableewinmagrizingthe hindingrand finctional agrivitics phtjig WILAYTYRE or

ot her bi ol ogi,cal tivitie r.th j i } to

met hodol ogi QSWE?\#P“%E Tﬂtg%grvg rséoﬁla%gie\&sdél?%%@é aﬁgﬁ\g{)gbgfv% ﬁ%ﬁﬁgfnﬁﬁl@gﬁét ood to
relate to oprsicah hﬂmitgalhaygl"pirgpdrfetga{&asgtg@r ease in the particular activity
relative to that seen in the absence of the multival ent anti body (e.g., or

when a contr.ol tibo of.irrelevant specifigcity.is.present).

Ul 1 val entISHE PRo Tt ioniat SPESE] pyskiaen ¢ty fe §okidea BOEAGRL o ft fgores,
stati sti calthy pRkRbhdkband isFardeRASE rid¥oRbiabRaswhilOieded fige sRamsured
paraneter, by at |east 50% 80%or 90% and in certain enbodi nents an

anti body ofrendgsed apatinks. 60: nethe homplogy mpdebelscFyvéid. YB3 7dgckogsn todwe, of LRP6
functional actiyvity., The r " i i " . identity,"
e contEpa fefiduds FrRINESE YIRS RN HIWEDS. P O UK BOL Gl N | Y

refers to taBvel75NWHEFFEAIAEVH 6K 108 calbfesuepephdidubir pipEsthdkéngintagactionp
sequences are "substanti all §$i dentical" if two s.equences have.a specified

per cent age WhileaWHiF3 7pnd VI E%8 eonld form angthes perpgadicylprn-p slacking inderaehiqn. o
60% i dent i ) 1. ORE haRBloEY o of 148 168" B98kopRaRt Mk \IBY330E dBRavEr 2
specified r blon, or, en not speci ieg, ovgr the entire sequence), when
conpared and al i gned for nmaxi mum correspondence over a compari son w ndow,
or designated region as neasured using one of the foll owi ng sequence
conparison algorithns or by manual aliY¥nnent and visual inspection.

-, N N . o o, .




Two exanples of algorithns that are suitable for determ ning percent
sequence identity and sequence simlarity are the BLAST and BLAST 2.0

al gori t hrwo 20hi/GRs9ar e described in Altschul etal., (197PrThireo11hsizde Res.
25: 3389-3402; and Altschul et al., (1990) J. M. Biol. 215:403-410,
respectively. Software for perform ng BLAST anal yses is publicly avail able
t hrough the National Center for Biotechnology Information. This algorithm

| dent | 1yi ngPORHERS N NI For ROmaReY P AT i 5 SHYBTA & T e ner
mat ch or sathdih ¥of@ TP hidroy&r dealdugeth Ve sl ﬁlg’?ﬁﬁé&bﬂ' R0 9Iﬁdaleﬁ= wth a
word of the same length in a database sequence is ref erre to as the

nei ghbor hoodhabydrogeropand: bietwermdheitwortesislueris ilkustrated bysuhond) (e):thdre i niti al
nei ghbor hoo t egds i ni S s to fi Ionger
e cont a i iBIoy BhdeRr EL ORI A Enleha Ll s RAT TR 1G el it ong
each sequenogthfthe hy’kﬁo;ﬁl&fb(ﬁl&ﬁih@Vﬂiﬂi qb)i: The alo dmgdaim&cmmsmrvmﬁ% and

i ncreased. Cumul ative scores are cal cul ated usi ng, nucl eot i de

sequences, MIEESAFaHd farpsa sl brides dye i be S H: V85K ’W&F‘wabq’n sedv8Hiadbeesi dues;

al ways > 0) RBHcLblRARINYwS CRlEe bRupIbATBHE G ufig! dues: always < 0). For
am no acid sequences, a Scoring trix 1s used to6 calculate the cunulative
score. Extension_of the word hlts in each direction are halted when: the
cunul ative &igughdrbisa tableshowiar thergpstabilityt measyremants gf bodratepiciangbediss. mum
achi eved val ue; the cunul ative score goes to zero or below, due to the
accunul at i omepfile@NFeseFipfibh 6f HRAAVEMESCOr i Ng residue alignments; or the end
of either sequence is reached The BLAST al gorithm paranmeters W T, and X
determne the sensitivity and speed of the alignnent. The BLASTN program
(for nucl eobDefinitmagiuences) uses as defaults a wordlength (W of 11, an
expectation (E) or 10, M5, N=-4 and a conparison of both strands. For

am no aci d 1 | en of

3" and expelf SUEEEH ne biSelf Ve o hRY CARALE RORT w2 b IR BR ot
and Heni kof Hefife9&8JitiBr4lclefitNaibhs ardGeatfortBalirouglont 8R:dbBNEd Hewtipgomrent s ( B) of
50, expectation (E) of 10, M5, N=-4, and a corrparison of both strands. The

BLAST al ~St.atist t
oot nacn foo REE AN GuRRLEILTEn G <A AU OISR U8 51%h ob 35 SUPRIE "\,
Acad. Sci . u&&)}&@yt’éﬁEﬂﬂg&7ﬁ3§ent1@66lm?ﬁmg68ytﬁfceﬁb rgriuﬂﬂ(bdy}éspirﬁl\/sloﬂiﬂﬂe by the

BLAST algorithmis the snallest sum probabl lity whi ch_provi des an
i ndi cati on chliﬁ#@émwwbwe\ahpwce&Sﬁﬁf@ﬁl%@ﬁlﬁéﬂﬁlngmhm%ewh@%r

am no aci d g&f HIZIIIaII SGltddh spl\écm%gef \ dﬁm%Ilﬁ eﬂIﬁﬁIa‘ﬁIoﬁ EI%EI dis
considered simlar ference sequence-1f 'the sma és sum probability
in a conpar ileduneh bbldyeof avhding phtho gerapdedls botitdues inddotrdewitle patbiegemsc acid i s
| ess than about 0.2, nore é)re%@traor%lgless thati_ll bouf 01, .and m)st
preferably ¥ am no
ferably FEEETURgHISaBbR CaseoRRuoMEBLy o Rpthe apaiaieanoryg!
aci d sequeng@gfarcadlisdrsi9suee determ ned using the algorithmof E. Meyers and
W MIller (Conmput. Appl. Biosci. 4:11-17 (1988)) which has been

i t fot | GN ML.20 i ght
Fesi due. t abithe Pl urah A BURIRIM 05 HRARE g PE AR bR reipy (3
addi tion, thRcRehiestautd B Adn¥hiBEeNESIy In‘fﬁht@&‘b)nbpﬁﬁélﬁ ﬁ&&%ﬁﬁﬁ%}t glg%l&%g? o)

determ ned usi ng the Needl eman and Winsch
al gori t hm whindmghds greeth factontopoeatpéat, rersukung lire tr@higriayofasignal floe @BG

sof tware pag e (av abI VW elther a.Bl ossom 6
matrix or aP ?&%ﬁ@g ﬁ'%I 580%10588 &Eﬁ %L(?II% Tﬁsmfﬁ?"ni‘d“’??S SBECHYE 4
and a | engt Bhovph&iatieh oilone?or rdore4yrosine Merifie, ogtlﬂ‘%mh@&@lcﬂ@i &SEBhAE Sk
sequence identity noted above, another indication that two nucleic acid

sequences oPTOiRINSindhe seties ofreactians sauging signay tiagsdyction |Pengltinate proegsses
I tid |
Feant ve wi DEERS TR hifeal bt RYFHEL fy Ephek ) %fh;- SRR gat chﬁdééc’ii the
d I dy d I N
second nuc %g P%(eék Wﬁf& 1%?13% é)Qﬁﬁq/ag‘e Oy sed hIIe referis g(r) hégg‘?&ﬂ ?W\Iﬂ o Lgally

substantial I'y ica econ e two

pepti des di fif whichfleynBeys efahe Wt ﬁmi\}'ﬁoﬁ%bﬂddtptbleﬁﬂﬁganﬂélbﬁlﬁﬁrreédptﬁr(é@ﬁipm t hat
two nucleic acid seqguences _are substantially identical is that the two

nol ecul es off %RB?Pd Hrded it )alleying Bricatenindo be imndeqatad iniedbe nugleysygigiact
condi ti ons Ef:egd, eic
acid sequenggtg are substazIIlIgI: on\ﬁ? gﬁ{@g@]@ﬁva&é‘%ﬁ %@g@néogmne%%an be
used to anplify the sequence. The phrase "nucleic acid" is used herein

i nterchangeably with the term "pol ynucl eotide"and refers to

deoxyri bonucl eoti des or ribonucl eoti des_and pol yners thereof in either
S|ngle- or double stranded forn1 The téFnIenconpasses nucl ei ¢ aci ds

. o, o o o o o



The terns "pol ypeptide" and "protein"” are used interchangeably herein to
refer to a polyner of amno acid residues. The terns apply to amno acid
pol ymer s wo 2ehi/GB39one or nore am no acid residue is an actidpeeilab72ohemn cal
m netic of a corresponding naturally occurring amino acid, as well as to
naturally occurring am no acid polyners and non-naturally occurring am no
acid polyner. Unless otherw se indicated, a particular pol ypepti de sequence
also inplicjtly enconpasses conser,vativ nodi fied variants thereof . The
Ler m " subj SiEaNnE RARANCCAR HrRea G HSE RO FERAFGTARe R OF Ret e s

i ncl ude al - . 000, w : . l< by unman
pri mates, M%%%@%ggfgﬁg%n,(e%ﬁléken , Sgﬁgﬁg?g%%gﬁg S?Sgt&?ﬁ‘g}ém&%&? when
not ed, t he ttanglomtiopadelleht prodiferasentsjsacival)asalessbedd hereai.n i nt er changeabl vy.
The term "anti-cancer agent” means any agent that can be used to treat a

cell prolitferative.g.sor . ; o ugdi '-g@%
chenot her aé@ﬁpﬁﬁa\égg@r@ i’s%ﬁélg? %‘?ﬂ%‘?@pﬁg{;&gﬁ{oraagﬁ g%‘ﬁ%r‘ggte@t@‘ga}g%ﬁts g t aé:dg et ed
ant i - cancebydR# iaterathitlg withithoWnrt Jiged dnd the elasssof Wiktlrbinding &fands, duoh as

neopl astic _cell growh and proliferation, whether malignant or benign, and
al | pre- ca¥aiZoWatgintdanVe 7&9"5%%%“@% of'vg%‘ﬂl@é. The term "anti -t unor

activity" nmeans a reduction in the rate of tunor cell proliferation,

viability, or t as LC.activity. A ppssible wa howi io

et vey” | dherbisa Bk piabane e BRPE Cq Saftept BRI LPRLH e YRR
during thewminwﬁeﬁhg%ﬁﬁh§\ﬁhﬁb}hwlﬁsal‘igﬂﬂcti on. Such activity can be
assessed using accepted in vitro or in vivo tunor nodels, including but not

limted to xenograf dels. ,The t 3 i gnancy" r.ef on- beni gn
tunor or aﬁ‘ﬁr‘iﬁrg} al‘];&gf@&@ tﬁehr“glaﬂ,ﬁ{%eastr%bﬂgg'@a‘%cé’ﬁs’mf ﬁéislﬁhggﬁgfahal i gnancy
characterized by deregul ated or uncontrolled cell growh. Exenplary cancers
i ncl ude: carcinomas, sarcomas, |eukem as, and | ynphonas. The term "cancer"”

mar atod | IGes HbORE B apblrein THistFo oAU SRSt HT WETREIONEL GE-d gi nal
tumor) and BRRARY daniy hﬁiﬁ:i&@?@,%bﬁl%ées(a%il&m%, %Mﬁ?dﬁfribﬁliﬂg)i Al ORPEiRpe 2Si S,

the mgration ol tunor cells to secondary sites that are different fromthe
site of thandinhgbinsignaldransduction/akx hauslliswewTtisg ointibledy’ is\aesly¢aproteine

described in further detail in e, f.ol | ow ng,. { qns and subs kons. LRP6
and the V\ht°9§1p§'ﬁ’§5iai15a§£fvﬂ\”§ V}Lr(%g *Wéﬁ‘%‘ﬂ&%"g@?gg %%a“fsomﬁf’ﬁg r?u%%‘i Yal ent
anti bodi es gAdRASEsdS. R Bkavy! dhRink tomPried oftheavddtain taiable regioacul es
directed to LRP6 lead to a | oss of canonical Wit signaling. Therefore,

ant agoni sm(abrevated hereispasoY H andca hesy whain censtant gegjen. dhe haayy ¢haincapstant
inhibit Wit _l.igand signalj 1 dek ! I i ant
canoni cal \Wig'® i'sg(ﬁ’a Fr%ﬁ?og&%e%%fﬁsépmrﬁi_%g@? mﬁzﬁrﬁ‘?ﬂ‘ﬁ%&f‘&@égﬁﬁ |s\r/egl ent
anti bodi es gfanighpelin vatiblerepion(siteevisied Haeimaas\el mingrelighn ghair domstand by Wit |

or Wit 3a class proteins in different disease settings.. S ti of
the Wt/ | 3-regipBnihe liahgabain repstut FRgiSP ingempred afionk damal. (e TR
0 seases SUERoRScAMGRHNANILAONEA S RAGEST HYRCEHLRy| Rahed oSt ol @ the

bal ance of signaling in these ases t have therapeutic
pot enti al . ddaipign@itaie doeseimingaegiong(CIDRRGntarspérbatiwith rdgaans thasere imdeent i f i ed

that either inhibjt or enhance Wht signal.i e abl t as of
LRP6 ant agcﬁﬁ’F‘%‘ftrYi‘{’ éﬁﬁ“?ﬂ AMEYOHGFEI PR h@ﬂ?yﬁ %’g%lg'fecoﬁpé’ég%ﬁhﬁﬁt i es
speci fi cal | yqiroi iR sraiftd REMAIAS-ErRMIRIE BirdexRieriius in WRi foBowing okdsond
class specifically inhibits Wit proteins represented by Wit 3a. Epi t

ope
mappi ng exp&R i, GDRE FRIJCER2% FRAACDRAEt FR4.sHheciatinble apgionyeflbe hepyjand EgEtRP6

antibodies hind to the.first, 13-propeller and the. third 13-propel of
LRP6 res pec‘?‘lﬂ\?é Icﬁ?tagif’glagé'flg HﬁmPWatpﬂWEefacﬁfn‘@ﬂ‘/\ﬁ atigen. T con S%’lt'tnrggi P %ﬂ’f
di fferent |Be phitRAidsPha rﬁ@diﬁ’t@%@ﬁin&iﬁgﬁfﬂ\@@ﬁmhmbgroﬂaﬁﬁ st Ssuesdr taors,
PCT/ EP2008/ 064821 filed QOctober 31, 2008, the contents of which are

i ncor por at eticldingivaripys gelis of dirdmmuge syrem (@8 pifestgncellpkmdthe et component

characteri zation of the ' shlﬁﬁg Ldens i .l eshdues in
this domain %)s(g&ﬁ%?]%?%écar {;)o(r%’qllglﬁlklgétasﬁtlg%g%\ﬁe t he ar‘nik’ i E{oémdfgéﬁg %tl olg’dy

bi ndi ng si t@snodldral intibalies Hidmanhemtibodied, hidhamietd anibddics reamelexnkdnfibedies)si ng
hydr ogen- deut eri_ um exchan (HDx) nass spectronmetry (NS) and caqrrespond to
a concave s“thlma'é‘“ea‘ﬁ@lod@é#g I%@eﬂtsaﬁﬁﬁé%@gﬁwfép@di%Fl'lg}%m&m‘ﬁq’ie Wat
signal ing. Pglams lificidRE!d. & nd-t AP0 LOBITRE tnveor) OfHa i tBbe-

ti ssue main tgﬁ‘éﬁﬂés&bﬁcﬂh{jﬁg&li@. a%:’ﬁf. 1(glve ?figé;{logaggts ‘I\-{(ﬁg a spenci lf[llfi;i(():rg’set q%f i(gjeenes
t hat cont r cbindiagfagmentanf aspaf the hbovegThasntibodies caebd ofpnyusdiypenforeaedt and
cell survival (reviewed in Barker and Cl evers (2006) Nature Rev. 5:997).

Proper regulation of this pathway is inportant for maintaining tissue
hormeost asis. Chronic activation of thi#/pathway pronotes uncontrolled




cell growth and survival and can consequently drive the devel opnent of cell
proliferative di seases, such as cancer. Alternatively, abnormal inhibition
of this pabheayissan result in many di sease states, for exampb@iloseso of bone
mass and ot her bone di seases. Wit proteins initiate downstream signaling by
interacting with a Frizzled receptor and one of two cell-surface receptors,
whi ch are nenbers of the Iow—density | i poprotein receptor (LDLR)- related

proteins (LRRs):, LRP5 and P d.in ment
31: 1663- 167%]5?)[31}%%[&1%‘&@5&%3& @aﬁﬁﬁﬁﬁéaﬁg&&%ﬁ&% iR 8? 5@%&&& ed
via geneticgficudies. Mutant mce | acking LRP6 exhi bited conposite
phenotypes simlar to nutations in several individual Wit genes (Pinson et

al ., (2000) ture 407:535-538). I n, Xenqpus enbryas, dom na negati ve LRP6
bl ocked sigﬁ‘gqttrl‘é?g N @Ftéf ﬁéntom?m s @lﬁ?‘gé%‘%‘?ﬂaa)f LRP6
activated WihhoRe6atiRnbminsStBRahitdnd TanBblee
407: 530- 535) . (I%urgghernoress‘c?tﬁlhﬁasg%%en Bble® b St‘f%ﬁﬁ?%as‘?a%ﬁfh%f” il | Ree
or LRP5 is waltbsapnrecifted theéihesyatiable deyeind of botrhalmhglttaVLWnd héagm(aVHt)gham
(reviewed i 2004) . LRP5 d P6 ar ghl ogous
tna shar e 7BoigRseiSine SR yedoRRithi apd pe R GoRvst oot b i
respecti vel yf thén gm @Haﬁlwlg%hﬁtlféQIe@iﬁ?Elﬁiiﬁﬁg{ﬂLEH@Gr@H@?]E&m Bfjoptagnd i n
adult tissues and share sone functional redundag‘gélm e extracel |l ul ar

|

donmai ns of DPRIgicHharaprEs swlmsiseeretion, érenw@tab Feryceptophirding yr osi ne,

t t ophan, 2 EGF
(el el SrabERRb ndBE RAAC I BS o B0l P ARG B o HEL iRt BR
The YWDt ygemdids hfcfﬁﬁ@éslzﬁﬂhdy%baﬁe ané dista fidmxthy Wiehapeih s sief or%lﬁ&l am no

aci d residues each %’F ﬁ Sj x- b] aded 13- ropel ler structure. In LRP5
and LRP6, t famEugpft dlt}tl qexr bhe Dolermings ¢ b“p”e‘qu@ lerregiop 3ad atfhe Coleamiays js 2

fol | oned by 998 i

resi dues w %(ﬂﬁga(?% lrd\}légﬁcyst eld]ngL\rﬂglsﬂléHE%g{mr f}%‘{%{ %F%Qgﬁ;te?ﬁ’zfrﬁﬁ 0@Hwby

t hree LA dohwvysind {ighirdhaiperespectiatly, Il(lm@tﬂjlar,]themm “datibbdy”2p8cifidilly 862; Jeon

domai s appketm s gads peslin in g W o extr acel | ul ar donain of

LRP6 is defined by am no acid residues 19 to 1246 and contains four
13- pr opel | eThelemi“nseptor binding dooiath™r@SRBIESrefds @2pbrii@dsdfadindinghofztle and

957- 1250, h dt | |
respecti vel I C i é\‘ Ogﬁ h‘g-‘c% O“ite‘?%q??rjﬂ’ret I OnB>’§Ht°‘b‘¥ ?L‘Q"nglderé‘ﬁﬁe
Propel | er dstaah.@ag@neétamnahg AP R ARG a @ﬁﬂanﬂg?sﬁé on zhﬁtngt é@&ﬁt&OMaI%@e

present invention provides antibodies that specifically bind to LRP6
human LRP6, reéqrﬁmmeagusorﬁlﬁaemenﬂsnf g ARtitwdy olit megainghe abibtypp spanficallyvent i on

provi des ant |, hat i nd t u and ¢ nol ogus
PRes. “The VISR (2B it ndbidhitn R A A s Can o

di vi ded i nt gistribatich)BHITPEES0pL aivd BB Jignall trbAiueidn, IExaaﬁmaiftaﬁﬁbdcggl ons of
LRP6 for signaling as described in International Serial )

PCT/ EP2008/ 8@!8?!!5 ficludg, bt pesonat lignted 2008, schhe Kebritagment, @fmmvehntafr@ment

i ncor porate ef n iC
LRPO. ant | bodrastif BLARE V15 A8 Gnd £ et B fadofes A B il £
exanpl e t hr cugprisigevd Ezﬂatfrztgmants lakdd he nalisulfikRridgthethe higgeutktidonsapdest that
| 3-propel ler 1 and ii 0 ifferenti II required for signalin
act | vi by of HodipatsesiTRe of tery e QP LorBang v et e PRGBS Gyl and 0
wat - nducedvmf’&naﬁé (5f\’aast1ﬁ%]9 aRdf W{ﬁtbbﬁ b f@%m&tﬂ?“ﬂd‘?a &l P gm'e%@faut@%
anti bodi es to nodul ate gnaling i n fere i'seases. Furthernore,
conver si on H1: $4ﬂa@4fénwhwbi:0nms QHD'@'Pbdwwmmndannmlateémmpj@nEmtaﬁm results
in an anti bg % t.hat cl. us @éﬁ LRP6 receptors and in the presence of a |igand
protein can®PotEREEITRCY )signal . In one embodiment, the antibodies
potentiate a Wit signal with the proviso that potentiation does not occur
wi t h bi par aFmpiiea:mam, altwaiigb sheafwot dvendimsaeithé Bn fragmerstU¥'h aad \diboe codedtfor bhe

Wit signal is activat and enh ed. upon conversi.o f afra an
ot i body. t oS RARlH SRS SRR S A GBI (R dYer e Gerhat

l'i gand. For efbREMietn tFbMhdelashidinddé priteih ehdif$n %%Qﬁ@txt%d vy ?ég%d% Iﬁir thhe
LRP6 receptor and blocks the Wit 1 pathway in absence of a Wit

e.g., Wt 3f0rmnn@wal@ne@el¢@eles)fknawwas smg&enhdmléz(chV)Wﬂee:g BhéeWit (1988ab
blocks sign but S| 0 occur
t hr ough tﬂeg%'?&gt 425‘?%’\9/\}29 dh’é\ng%ilet 'OQ\%?éhPrOﬁ sfl 'e ?@3 ) )1/ Fab

is converted to a full length Wit 1 1gG the Wit 1 IgG binds to the
p- propel ler 1 donmains of two LRP6 receptors and bl ocks the Wit 1 pat hway,

however, in the presence of a Wit Ilgand e.g., Wit 3; signal activation
occurs through the V\nt 3 pat hvvay and |§ aI so enhanced V\hl |l e not reqw red

o o, o 1



The reverse results are obtained with a Wit 3 Fab that binds to the
13-propeller 3 domain of the LRP6 receptor and bl ocks the Wit 3 pathway. In
t he presewoeonfizssoit 1 |igand, the Wit 3 Fab bl ocks t hecWrr2@1pstzbenay, but
activates the Wit 1 pathway to generate a signal. Wen the Wit 3 Fab is
converted to a full length Wit 3 1gG the Wit 3 1gG binds to the
13-propeller 3 regions of two LRP6 receptors, and in the presence of a Wit

1 ligand, inhihits signaljng through the Wit 1 pathway. ..n gne enbodi nment,
the anti bod® S‘&%’Sicgalg&fl%f’ﬂqq%%ﬁfﬁ@ls‘g“\f?ﬂ‘ﬁéi‘%hﬁF‘?d%mPaéﬁ?ﬁé“h}%gﬁitﬁ%t s, the
present 'n\*ﬁmvoag ﬁﬁé&\éhﬂ?ﬁh@@hhMy%gmﬂis 206Gthinkd 8ihY chivedtibml bot h human
and cynonol ogus LRP6. In one enbodinent, the LRP6 antibodies are

ant agoni st techarquéslodivasto these afiskildn therao dindrthetfragnieats| arpscregned derandiy by e
agonistic gntibodies. As different Wit proteins require different

(3- propel | SIeSaGTRITNET &} 2F B ?B{}boé% Ghal ing, and as clustering or

di neri zation of LRP6 potentiates Wit signaling, therapy using the LRP6

ant i bodi es Angibothefragmentatadalsnbe ihtomperatedieth' “singledomajn dintibashiesiis

conbi nati ons of t| hodi.es.. L.n. one enhadi. t,,th RP6 .ant i i es,.are used
as nonomer irlE‘aé‘rli’P ‘l?ﬁ%ﬂ?@‘émg?d‘ﬁ agq‘?}@r\?ﬂd%est hgﬁ"%%?hd:?uc feteabodies, g E’Ihgﬁgi fpd Bi
ant i bodi es gcpipi (0Qd i 65 HoMshet Bfd Hull®dn (Z@OQﬁﬁaﬁf@Bﬂi&ﬁﬂélo?@mﬂgﬂﬂﬂBG). LRP6

anti body that bindsto the 13-propeller 1 region of LRP6 is used in
conbi nat i orniibpdy fragmemisrean ke g1 min saaBfaldstbased asi pedepeptidesisach as propel [ er 3

regi on of LRP6. |.n an oié’ﬂi,n t o0 ant i ' ed as

mul timeri c%??%&&it&eoﬁﬁﬁlpggbﬁ%ﬁt S Pm‘:’egﬁoﬁgﬁ’ "é@i"%f“g’%ﬁ@? il‘l@bg%ﬁlﬁ%ar at opi c
LRP6 ant i bediypeptidemasltibolliesymy to Wit |igands LRP6 Propeller 1 antibodies are
expected to inhibit the interaction with other Propeller 1 binding |Iigands

(e.g. Sclerostin, .Dkkl). Simlarl Pr.opel.l er 3.antibodi es ar.e ex ted to
b bi 0t nA el SeEREHS 6 BF wPREb iR yasié o MRt SmRHEnEEBE T oRe )
Fur t her nor @andefaneldgfients (FPHCEI 1 VAT D) which aogitRs: viay cdisplempaadydibht 0 af f ect
the activity of other Wit signaling nodul ators _e.g. R-spondins The present

i nventi on ghsio pehyweptitss, fermiaineitiof antigeatbindieg regiens|(Vopat efar+ 61935) FtEIBr ot ei n
(e.g., hu | 10 ) anti bodi es conprising a VH CDR
havi ng an%gﬁg‘qgﬁ'aﬁés%&g%pggq%'@E&’Ggrll?}g}' the VH CDRs listed in Table 1,
infra. In particular, the invention provides antibodies that specifically
bind to a [REBs gswinelude cimgls. donraisrantibodied/ waxibydienwhibgdiss.rmmglodicshe

anti bodies ¢ risi. .or _alternati y onsisting of ee,
four, five db&%ﬁ’e"‘%‘éﬁf&’ge%ﬁgﬁlﬁgVﬁ‘ggrﬁhgom&%’l a’t(sseé’q%% hggﬂb e%#@g?&sp e VU
CDRs i st eq*z@osl) Tablre Bloteétmbrogy 23hel 35- EBEhbidpevitiotsirple ¢habvdidbsdianbi dingle es
that specifically bind a LRP6 protein (e.g., human and/ or cynonol og_us
LRP6), t he chainiditheidies devenditebing tavovdistinghenitopesa RBRp alsp inslude antthodydikguence
of SEQ I D : , . 4. . T j EQn provi des
ant i bodi es%sﬁ&%poém*lll)éé@lmg/}n%ﬁcﬁ l@%}gggﬁﬂ%ﬂgpg{g@ﬁ teollgﬁl E%an and/ or
cynonol ogusndxiyB6dics, Fnd basedi paadinessaffeldnrAmkiringepeatd (atho kaown s DARpiag), am no
aci d sequence of SEQ |D NGs: 13, 33, 35, 43 51%, ?nd 61. Th@ _Pre'gqtlant.

i nventi on pfASh aekypertidesAnatpansiratic palypentids (g eigpogctinepghifiip Rpgitips ¢ |
human and/ PFHEAJRRR, Tehdn Rl NLAS o SRR Hr&teltoA doifhinsdOMaI N

havi ng an ERSLI Soquance of "SELTD NGs: 85 88, 106, 108 28, 130,
and 138. THeapeuatisgfransfergntandKipritadothassdbeit ishexificadly tbivat epstopes, whochl drg  bi nd
to a LRP6 pr.ql{mei n e.%. human. and/ or cynonol ogus LRP6), the anti bodies
conpri si ng Wi heHAPAOHEG MYEUUOP- ami no aci d sequence of SEQ ID NOs: 81, 90,
105, 107, 127, and 129. O her anti bodies of the invention include am no
aci ds t hat Tievernb&aoltivalicat antibodetrefessio actingle bailinpGoledideovitBohore @Hon®5% or
98% identity in the CDR regjons Wth the CDR regions depjcted. i.n the
sequences d@kaEY.pERere nvai%Velsfi.%s‘PrWeE &Frg'eém}mﬁf ?‘R‘@Fn’l(i!‘!‘%“?ﬂ:‘lnﬂ’&é‘gs Pratetht
anino aci d ity OnSTRICE ABRRhL thedingh bifldRk nbladldQuntihdie have
been nut at ep??ﬂ%?%‘éﬁ?o&%%%?g%l grr}?nvmgn conpar eg \l/:,ilgt%h lt heg_CDR regi ons depicted
in the sequeorec¢habesertimtiog site Nablacget recepiot. eExsamplés efanultisalentragtibodies

specifity for, th he or.. nti.body’. ito her antibodies of the
i nvention i‘H@P@%@ué‘?‘FF HB{ @%H@‘Ltoﬁﬂﬁle]ﬁ_ﬁiﬁtﬁ%ﬁ%ﬂhﬁfﬁﬂ %‘ﬁ"‘@@ﬁ’a‘ﬁ‘éﬁ‘/" At | east

60% 70% %Vfbocﬂgs(),/‘gaex%ﬁ%l&ft afBB6dicked tY 1ike, dsWeellf 4 HEPABINK anGgiddisndi t h the
framework regions depicted in the sequences described in Table 1. In sone

embodi nent shiparatopiecintiblediesm s sxaraple ner theildRRfeigoeniere theupetivalent agibedy e t han
1, 2, 3, 4, 5, 6, 7 i id b t ated i h Kk
regi ons V\he(ﬁgc@ﬂﬂ%[&éoblﬁﬁargaﬁggﬁggt’?@%ﬁ%gkmﬁggIﬂ&fgg'cfgﬁhlc?{heémgﬁietrrﬁ% \éﬁe%lrlbence

described Table 1, while still maintaining their specifity for the the

orignal antibody's epitope The present invention also provides nucleic acid
sequences that encode VU, VL, the fullldength heavy chain, and the ful

Y M = - b1




to a LRP6 protein (e.g., human and/or cynonol ogus LRP6). Such nucleic acid
sequences can be optim zed for expression in manmalian cells (for exanple,
Tabl e 1 fwo 2M3IRGR&HG8, MOR08545, and MIRO6706 for | 3-propelrierroih/osmve bodi es
and MD)R06475, MOR08193, and MIR08473 for |3-propeller 3 antibodies). The
LRP6 anti bodies of the invention bind to distinct LRP6 |3-propeller

regions. Propeller 1 antibodies bind to the |I3-propeller 1 domain and bl ock

Propel l erl -de dent uch as Wit1l, Wit2 Wit 6, Wit Wit 7B, Wit 9,
Wit 10A, Wit P! g%ﬂfed'ﬂé\?‘tbé‘ids ing ‘&H’cqﬂvﬁ\’glﬂ&ﬁ‘m%“?r@ %Wéam@%ﬁ i{e| of LRP Ol o rmi n
and bl ock P&ggg%ﬁﬁﬁilbdependent Wits such as Whit3a and Wit 3. Table 1:

Exanpl es of L odi es of the Pr esent I nvention SEQ | D NUVMBER Ab

regi on Sequence MOR08168 Pr oP QID NO 1 (Kabat) HCDR1 DYVI N
The term “multivalent antibody” also refers to a single binding molecule that has more

than one antigen-binding moieties for two separate target receptors. For example, an
antibody that binds to both an LRP6 target receptor and a second target receptor that is
not LRP6 (such as ErbB, cmet, IGFR1, Smoothened, Notch receptors). In one
embodiment, a multivalent antibody is a tetravalent antibody that has four receptor
binding domains. A tetravalent molecule may be bispecific and bivalent for each binding

site on that target receptor.

The multivalent antibody mediates biological effect (e.g., which modulates cellular
activation (e.g., by binding to a cell surface receptor and resulting in transmissjon or
inhibition of an activating or inhibitory signal), which results in death of the cell (e.g., by
a cell signal induced pathway), or which modulates a disease or disorder in a subject (e.g.,
by mediating or promoting cell killing, or by modulating the amount of a substance which

is bioavailable.

The phrase “isolated antibody”, as used herein, refers to antibody that is substantially free
of other antibodies having different antigenic specificities (e.g., an isolated antibody that
specifically binds LRP6 is substantially free of antibodies that specifically bind antigens
other than LRP6). An isolated antibody that specifically binds LRP6 may, however, have
cross-reactivity to other antigens, such as LRP6 molecules from other species. Moreover,

an isolated antibody may be substantially free of other cellular material and/or chemicals.

The term “monovalent antibody” as used herein, refers to an antibody that binds to a

single epitope on a target receptor such as LRP6.

The term “bivalent antibody™ as used herein, refers to an antibody that binds to two
epitopes on at least two identical target receptors (e.g., an antibody that binds to the -
propeller 1 domain of two LRP6 receptors, or an antibody that binds to the B-propeller 3
domain of two LRP6 receptors). The bivalent antibody may also crosslink the target
receptors to one another. A “bivalent antibody™ also refers to an antibody thatbind to two

different epitopes on at least two identical target receptors.

The term “biparatopic antibody™ as used herein, refers to an antibody that binds to two

different epitopes on the same target receptor, e.g., an antibody that binds to the B-
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SEQ ID NO 2 (Kabat) HCDR2 d SWSGVNTHYADSVKG SEQ I D NO 3 (Kabat) HCDR3 "
LGATANNI RYKFMDV SEQ I D NO 4 (Kabat) LCDR1L SG DSLRNKVY SEQ I D NGO 5 (Kabat)
LCDR2 KNNRBS011/138391 PCT/EP2011/057200

propeller | domain and the B-propeller 3 domain of a single LRP6 receptor. The term
also includes an antibody, which binds to both the B-propeller 1 and -propeller 3

domains of at least two LRP6 receptor(s) e.g., a tetravalent biparatopic antibody.

The term “bispecific antibody” as used herein, refers to an antibody that binds to two or
more different epitopes on at least two different target receptors (e.g., an LRP6 receptor

and a receptor that is not a LRP6 receptor).

The phrases “monoclonal antibody” or “monoclonal antibody composition” as used
herein refers to polypeptides, including antibodies, antibody fragements, bisepeific
antibodies, etc. that have ubstantially identical to amino acid sequence or are derived from
the same genetic source. This term also includes preparations of antibody molecules of
single molecular composition. A monoclonal antibody composition displays a single

binding specificity and affinity for a particular epitope.

The phrase “human antibody™, as used herein, includes antibodies having variable regions
in which both the framework and CDR regions are derived from sequences of human
origin. Furthermore, if the antibody contains a constant region, the constant region also is
derived from such human sequences, e.g., human germline sequences, or mutated
versions of human germline sequences or antibody containing consensus framework
sequences derived from human framework sequences analysis, for example, as described
in Knappik, et al. (2000. J Mol Biol 296, 57-86). The structures and locations of
immunoglobulin variable domains, e.g., CDRs, may be defined using well known
numbering schemes, e.g., the Kabat numbering scheme, the Chothia numbering scheme,
or a combination of Kabat and Chothia (see, e.g., Sequences of Proteins of
Immunological Interest, U.S. Department of Health and Human Services (1991), eds.
Kabat et al.; Al Lazikani et al., (1997) J. Mol. Bio. 273:927 948); Kabat et al., (1991)
Sequences of Proteins of Immunological Interest, 5th edit., NIH Publication no. 91-3242
U.S. Department of Health and Human Services; Chothia et al., (1987) J. Mol. Biol.
196:901-917; Chothia ef al., (1989) Nature 342:877-883; and Al-Lazikani et al., (1997)
J. Mol. Biol. 273:927-948.

The human antibodies of the invention may include amino acid residues not encoded by
human sequences (e.g., mutations introduced by random or site-specific mutagenesis in
vitro or by somatic mutation in vivo, or a conservative substitution to promote stability or

manufacturing). However, the term “human antibody” as used herein, is not intended to
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SEQ ID NO 6 (Ka bat) LCDR3 QSYDGXKSLV SEQ I D NGO 7 (Chothia) HCDRL GFTFSDY
SEQ I D NO 8 (Chothia) HCDR2 SWAGVN SEQ | D NO 9 (Chot hia) HCDR3
LGATANNI Rvbkbiviz&ie® | D NO 10 ( Chot hi a) PCT/EP2011/057200

include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafied onto human framework

sequences.

The phrase “recombinant human antibody™ as used herein, includes all human antibodies
that are prepared, expressed, created or isolated by recombinant means, such as antibodies
isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human
immunoglobulin genes or a 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 sequences. Such
recombinant human antibodies have variable regions in which the framework and CDR
regions are derived from human germline 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 mutagenesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while derived from and related to human
germline VH and VL sequences, may not naturally exist within the human antibody

germline repertoire in vivo.

The term “linker” as used herein refers to a peptide linker that consists of glycine and
serine residues used to link an scFv to an IgG. An exemplary Gly/Ser linker comprises the
amino acid sequence (Gly-Gly-Ser),, i.e., (Gly: Ser), where n is a positive integer equal to
or greater than 1. For example, n=1, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and
n=10. In one embodiment, the linkers include, but are not limited to, (Gly4 Ser)4 or (Glyy
Ser)s . In another embodiment, the linkers Glu and Lys residues interspersed within the
Gly-Ser linkers for better solubility. In another embodiment, the linkers include multiple
repeats of (GlyzSer), (GlySer) or (Gly;Ser). In anther embodiment, the linkers include
combinations and multiples of (Gly;Ser)+(GlysSer)+HGlySer). In another embodiment,
Ser can be replaced with Ala e.g., (GlysAla) or (GlysAla). In another embodiment, the
linker comprises any combination of Gly, Ser and Pro. In yet another embodiment, the
linker comprises the motif (GluAlaAlaAlaLys),, where n is a positive integer equal to or

greater than 1.
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LCDR1L DSLRNK SEQ I D NO 11 (Chothia) LCDR2 KN SEQ I D NO 12 (Chot hia) LCDR3
YDGQKSL WD 2011/ 138391PCT/ EP2011/ 057200

WO 2011/138391 PCT/EP2011/057200

The term “Fc region” as used herein refers to a polypeptide comprising the CH3, CH2
and at least a portion of the hinge region of a constant domain of an antibody. Optionally,
an Fc region may include a CH4 domain, present in some antibody classes. An Fc region,
may comprise the entire hinge region of a constant domain of an antibody. In one
embodiment, the invention comprises an Fc region and a CH1 region of an antibody. In
one embodiment, the invention comprises an Fe¢ region CH3 region of an antibody. In
another embodiment, the invention comprises an Fc region, a CHI region and a
Ckappa/lambda region from the constant domain of an antibody. In one embodiment, a
binding molecule of the invention comprises a constant region, e.g., a heavy chain
constant region. In one embodiment, such a constant region is modified compared to a
wild-type constant region. That is, the polypeptides of the invention disclosed herein may
comprise alterations or modifications to one or more of the three heavy chain constant
domains (CH1, CH2 or CH3) and/or to the light chain constant region domain (CL).
Exemplary modifications include additions, deletions or substitutions of one or more

amino acids in one or more domains. Such changes may be included to optimize effector
function, half-life, etc.

The term “binding site” as used herein comprises an area on a target receptor to which an
antibody or antigen binding fragment selectively binds. For example, the binding sites on
LRP6 include the B- propeller 1 binding domain, p- propeller 2 binding domain, 3-

propeller 3 binding domain, and 3- propeller 4 binding domain.

The term “epitope” as used herein refers to any determinant capable of binding with high
affinity to an immunoglobulin. An epitope is a region of an antigen that is bound by an
antibody that specifically targets that antigen, and when the antigen is a protein, includes
specific amino acids that directly contact the antibody. Most often, epitopes reside on
proteins, but in some instances, may reside on other kinds of molecules, such as nucleic
acids. Epitope determinants may include chemically active surface groupings of
molecules such as amino acids, sugar side chains, phosphoryl or sulfony! groups, and may
have specific three dimensional structura | characteristics, and/or specific charge

characteristics.

Generally, antibodies specific for a particular target antigen will bind to an epitope on the

target antigen in a complex mixture of proteins and/or macromolecules.
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SEQ I D ND: 13 VL DI ELTQPPSVSVAPGQTARI SCSG

DSL RNKVYWYQOKPGQAPVLVI YKNNRPSG PERFSGSNSGNTATLTI SGTCt A
EDEADYYCQ8uREISEISFGCGTKLTVL SEQ I D ND: 14 VH PCT/EP2011/057200
QVQLVESGGGELVQPGGSLRLSCAASG-TFSDYVI NWRQAPCGKGLEW/SGAE SWSGVNTHYADSVKG RFTI SRDN
SKNTLYLQVNSLRAEDTAVYYCARLGATANN | RYKFIVDVV\G(I;TLVTVSS SEQ I D ND: 1S DNA VL

GAT| CrT T TR FUFERH TaTARG

SHETEAN TATAAGA

ATAAT CGT CCCRAGER oA ELIEBI APl WM&MW@@@N@AG
CGGCACT CAGGCGGAAGACGAAGCGGAT TATTATTGCCAGT CTTATGATGGT CAGAAGTCTCT TGTG TTGGC
GGOGGCACGAAHPTocaésdnetrodsap dyiplerulan HiglagaV b p6 (Glenn E.Morris, Ed., 1996) Humana

CTOCGOATTTACET T AT TAT R T AT AR T o L AT DR BT o

AGCGGTATTTwmmmmmmnmtm&mmsﬁimmmiwmﬁwCACGTGAT

AATTCGAAAAACACCCT GTATCTGCAAAT WW ATT TTGCGCGC
GTCTI GGTGCT ARPRT Aﬂ@‘ﬁﬂrﬂ?
TAGCTCA SEQut{Bolifes Wwhile the peptides are still attached to the supports. Such techniques are known

in the art and described in, e.g., U.S. Patent No. 4,708,871 ; Geysen et al., (1984) Proc.
Natl. Acad. Sci. USA 8:3998-4002; Geysen et al., (1985) Proc. Natl. Acad. Sci. USA
82:78-182; Geysen et al., (1986) Mol. Immunol. 23:709-715. Similarly, conformational

epitopes are readily identified by determining spatial conformation of amino acids such as

by, e.g., x-ray crystallography and two-dimensional nuclear magnetic resonance. See,
e.g., Epitope Mapping Protocols, supra. Antigenic regions of proteins can also be
identified using standard antigenicity and hydropathy plots, such as those calculated
using, e.g., the Omiga version 1.0 software program available from the Oxford Molecular
Group. This computer program employs the Hopp/Woods method, Hopp et al., (1981)
Proc. Natl. Acad. Sci USA 78:3824-3828; for determining antigenicity profiles, and the
Kyte-Doolittle technique, Kyte et al., (1982) J.Mol. Biol. 157:105-132; for hydropathy
plots.

The term “specific binding” between two entities means a binding with an equilibrium
constant (K4) (kon/kofr) of at least 102M'], at least SXIOZM'I, at least 10° M'], at least
5x103M'1, at least 104M'], at least 5x104M'], at least IOSM'I, at least SXIOSM'l, at least
106M'1, at least SXIO(’M'], at least 107M'1, at least 5xlO7M'], at least IOSM'I, at least
SXIOSM'], at least 109M'l, at least le()gM", at least IOIOM'I, at least SXIOIOM'I, at least
10! ]M'], at least SXIO“M'I, at least 10"2M™, at least SXIOIZM'], at least 10]3M'1, at least
5x107 M, at least 10"*M™, at least 5x10'"M™, at least 10"*M}, or at least 5x10"°M"!

The phrase “specifically (or selectively) binds” to a LRP6 multivalent antibody (e.g., a
biparatopic antibody) refers to a binding reaction that is determinative of the presence of a
cognate antigen (e.g., a human LRP6) in a heterogeneous population of proteins and other
biologics. In addition to the equilibrium constant (K 4), an LRP6 multivalent antibody of
the invention typically also has a dissociation rate constant (Kp) of about (k,s'kon) of less
than 5x10°°M, less than 107M, less than 5x107M, less than 10°M, less than 5x10™'M, less
than 10‘4M, less than 5x107°M, less than 10°M, less than 5x10'6M, less than 10'6M, less
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Li ght Lanbda

Dl ELTQPPSVSVAPGQTARI SCSGDSL RNKVYWYQQKPGQAPVLYVI YKNNRPSGA PERFSGSNSGNTATLTI SGT
Ct A EDEABYVECGEYBSINISL VFGGGT KL TVL GOPKAAPSVTLFPPSSEELQAN PCT/EP2011/057200
KATLVCLI SDFYPGAVTVAW CADSSP V KAGVETTTPSKCt SN NKYAASSYL SLTPEQV\KSH
RSYSCQVTHEGSTVEKTVAPTECS SEQ | D NO 18 Heavy 1gGl LAM

8&%{5?%%%?@;&%& 107D ledh MR ey Miath VAR AR SRYS R b SRON

MDVWGQGTL VRS IDSTK GRS VAL ARBSKETISGEIRAALO 1M, less than 5x107''M, less than 107''M,
GCLVKDYFPEPVTVSV\NSGA TSGVHTFPAVLOSSGL YSL SSVWTVPSSSL GTOTY] GNVNHKPSNT. EP
| CS CDKTHTG&mptimn eas thapHK| gﬁb SMWEQ/\TQP WMWJ\?Bé%@K
NAKTKPREE s KG QP R
%@éé‘é@(ﬁ%&%@%o% KSrveshthdnGo ﬁ%ﬁotveﬁalg by KG QP

E PQVYTLP
GFYPSDI AVEWRSGGREM\MRHTR At RSDRISFGSHGld MDheBHRa

HYTQKSLSLSP CGK SE% | D _NO t-[_é Dl\%l ghtI Eanbda H ﬁ*t’ﬁl - é
GATATCGAA ue) %%é@fﬂ eRkARt @@%
GATTCTCTT W%W TAAGA
ATAATCGT %@WTTAWT CAGCGGCAA -Eggrméﬁ[C%‘IﬂgA i TTAG

CGGCACT CAGRSSHaaGACGANGIBCATRAIIDA TMOSA G T TATAATICSTEAGAENIT BFT thae2 3G GGC
A@W&M@%@W@W 11

CCTGGAA W@&ﬁ&i\m CANGER
AAGTA . CI:ACIJTAT"‘TGAGCCTGA GAGCAGT GEAAGT COCACAGAAGCT ACAGCT GOCAG
GTCACGCAT Gin et acedideanmenc G sdocs At Bresprdantarmaional ABy 20 DNA

Heavy 1 gGl LAL
CAGGTGCAAT%M GGT GCAACCGGEECGECAGCCTGCGT CTGAGCTGCGCGEC

CTCCGGATTTQ%%E %GATTAI L TATS %ﬁ? GGGTG
AGCGGTATTT CACGTGAT
AATTCGAAAA%‘%@ I&T@é&ﬁ) EREOGE Gl W@QAWEBMMR@@@CGC

GTCTTGGTGCTACTGCTAA AATATTCGTTATAAGI TTATGGATG TTGGCEOCAAGGEAQCO GGT GACGGT

TAGCTCAGC EretemecCior CA
WW@WW@%@%&

TGCCCUCCAGCARIBEZACH GO APk EANFICEAGTANOA@TIN@FEREan
T
e aTand LR A RS S E SR P A

GTCCTGCACCAGHABTOBET @R FEBOAAGGAGT ACAAGT GCAAGGT CTCCAACAAAGCCCT CCCAGCCCCC
ATCGAGAAAACCAT CTCCAAAGCCAAAGGEGECAGCCCCGAGAACCACAGGT GTACACCCTGCCCCCATCCCGG

GAGGAGATGA " g)ﬁ%

GAGTGGGAGA bu%%%‘@[ &%@wmo@%
Cl TMCCTCT A%WWT@Q@AMlMWN@W BFIGOHTE:
ATCLATGA antcl;g %:A arm mteracts ouéﬁ non-cova{ent ;orces wﬁﬁ % en at humerous

sites; the more interactions, the stronger the affinity.

The term “avidity” as used herein refers to an informative measure of the overall stability
or strength of the antibody-antigen complex. It is controlled by three major factors:
antibody epitope affinity; the valence of both the antigen and antibody; and the structural
arrangement of the interacting parts. Ultimately these factors define the specificity of the
antibody, that is, the likelihood that the particular antibody is binding to a precise antigen
epitope.

The term “Wnt 1> as used herein refers to Wntl, Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9%a,
Wntl0a, or Wnt10b

25



WO 2011/ 138391PCT/ EP2011/ 057200 MOR08545 Pr opl SEQ I D NGO 21 (Kabat) HCDRL
VNGWH SEQ I D NO 22 (Kabat) HCDR2 VI DGVIGHTYYADSVKG SEQ | D ND: 23 ( Kabat)
HCDR3 WO 2011/138391 PCT/EP2011/057200

The term “Wnt 3a™ as used herein refers to Wnt3a and Wnit3.

The term “potentiate” as used herein refers to a process whereby the Wnt signal is
activated and enhanced upon conversion of a fragment of an antibody to a full length IgG

LRP6 antibody in the presence of a Wnt ligand.

The term “no significant potentiation” or “avoids potentiation” refers to a Wnt signal that
is not activated or enhanced compared with an control antibody or fragment thereof that
binds to the same epitope. No significant potentiation can be at least 10% less than
control antibody or fragment thereof, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100% less than then

control antibody or fragment thereof.

The term “cluster” as used herein refers to any protein that gathers or groups together
LRP6 receptors and potentiates Wnt signaling. Examples of such proteins include, but
are not limited to, Wntl ligands, Wnt3a ligands and Wnt3 ligands. These proteins can
cause multimerization, e.g., dimerization of two endogenous LRP6 receptors. This
dimerization may result in increased avidity due to increased interactions of LRP6, which

in the presence of a Wnt ligand can potentiate a Wnt signal.

The phrase “conservatively modified variant” applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids which encode identical or essentially identical amino
acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic
acid variations are “silent variations,” which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes a polypeptide also
describes every possible silent variation of the nucleic acid. One of skill will recognize
that each codon in a nucleic acid (except AUG, which is ordinarily the only codon for
methionine, and TGG, which is ordinarily the only codon for tryptophan) can be modified
to yield a functionally identical molecule. Accordingly, each silent variation of a nucleic

acid that encodes a polypeptide is implicit in each described sequence.
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YDYI KYGAFDP SEQ I D NO 24 (Kabat) LCDRL SGDNI GSKYVH SEQ I D NO: 25 (Kabat)
LDCR2 GDSNRPS SEQ | D NO 26 (Kabat) LCDR3 TRTSTPI SGV SEQ | D NO: 27 ( Chot hi a)
HCDR1 G-TWo6\bi1/138391 PCT/EP2011/057200

For polypeptide sequences, “conservatively modified variants” include individual
substitutions, deletions or additions to a polypeptide sequence which result in the
substitution of an amino acid with a chemically similar amino acid. Conservative
substitution tables providing functionally similar amino acids are well known in the art.
Such conservatively modified variants are in addition to and do not exclude polymorphic
variants, interspecies homologs, and alleles of the invention. The following eight groups
contain amino acids that are conservative substitutions for one another: 1) Alanine (A),
Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and
8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)). In some
embodiments, the term "conservative sequence modifications” are used to refer to amino
acid modifications that do not significantly affect or alter the binding characteristics of the

antibody containing the amino acid sequence.

The terms “cross-block™, “cross-blocked” and “cross-blocking™ are used interchangeably
herein to mean the ability of the multivalent antibody, to interfere with the binding of
other antibodies or binding agents to LRP6 in a standard competitive binding assay.

The ability or extent to which an multivalent antibody is able to interfere with the binding
of another antibody or binding molecule to LRP6, and therefore whether it can be said to
cross-block according to the invention, can be determined using standard competition
binding assays. One suitable assay involves the use of the Biacore technology (e.g. by
using the BIAcore 3000 instrument (Biacore, Uppsala, Sweden)), which can measure the
extent of interactions using surface plasmon resonance technology. Another assay for

measuring cross-blocking uses an ELISA-based approach.

The term “optimized” as used herein refers to a nucleotide sequence has been altered to
encode an amino acid sequence using codons that are preferred in the production cell or
organism, generally a eukaryotic cell, for example, a cell of Pichia, a cell of Trichoderma,
a Chinese Hamster Ovary cell (CHO) or a human cell. The optimized nucleotide sequence
is engineered to retain completely or as much as possible the amino acid sequence
originally encoded by the starting nucleotide sequence, which is also known as the

"parental" sequence.
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EQ I D NO 28 (Chothia) HCDR2 DGVGH SEQ I D NO 29 (Chot hia) HCDR3 YDYI KYGAFDP
EQ ID NO: 30 (Chothia) LCDRL DNI GSKY SEQ I D NO: 31 (Chothia) LDCR2 GDS SEQ
D NO: 32 wOhotihizado1 PCT/EP2011/057200

Standard assays to evaluate the binding ability of the multivalent antibodies toward LRP6
of various species are known in the art, including for example, ELISAs, western blots and
RIAs. Suitable assays are described in detail in the Examples. The binding kinetics (e.g.,
binding affinity) of the multivalent antibodies also can be assessed by standard assays
known in the art, such as by Biacore™ analysis. Assays to evaluate the effects of the
multivalent antibodies on functional properties of LRP6 (e.g., receptor binding assays,
modulating the Wnt pathway, or IgG production) are described in further detail in the

Examples.

Accordingly, a multivalent antibody that “inhibits” one or more of these LRP6 functional
properties (e.g., biochemical, immunochemical, cellular, physiological or other biological
activities, or the like) as determined according to methodologies known to the art and
described herein, will be understood to relate to a statistically significant decrease in the
particular activity relative to that seen in the absence of the multivalent antibody (e.g., or
when a control antibody of irrelevant specificity is present). A multivalent antibody that
inhibits LRP6 activity effects such a statistically significant decrease by at least 10% of
the measured parameter, by at least 50%, 80% or 90%, and in certain embodiments an
antibody of the invention may inhibit greater than 95%, 98% or 99% of LRP6 functional

activity.

The phrases “percent identical” or “percent identity,” in the context of two or more
nucleic acids or polypeptide sequences, refers to two or more sequences or subsequences
that are the same. Two sequences are "substantially identical” if two sequences have a
specified percentage of amino acid residues or nucleotides that are the same (i.e., 60%
identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% over a specified
region, or, when not specified, over the entire sequence), when compared and aligned for
maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual alignment and
visual inspection. Optionally, the identity exists over a region that is at least about 50
nucleotides (or 10 amino acids) in length, or more preferably over a region that is 100 to

500 or 1000 or more nucleotides (or 20, 50, 200 or more amino acids) in length.

For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and

reference sequences are entered into a computer, subsequence coordinates are designated,
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LCDR3 TSTPI SG SEQ | D NO: 33 VI

Dl ELTQPPSVSVAPGQTARI SCSGDNI GSKYVHW QQKPGQAPVLVI YGCDSNRPSG PERFSGSNSGNTATLTI S
GI' QAEDEAR®SCRBSSPIPI SGVFGEGTKLTVL SEQ | D NO: 34 V H PCT/EP2011/057200
QVQLVE5 GGEL VQPGGEE L RL SCAASGFTFSVNGVHWRQAPCGKGL EW/5 VI DGVIGHT YYADSVKGRFTI SRDN
SKNTLYLQWNSLRAEDTAVYYCARYDYI! KYGAFDPWEQGTLV1IVS5S SEQ I D NO: 35 VL Gernl i ned

GT QAVDEADIETRTST PSR RO PR el G PR K et =TT AT S

program parameters can be used, or alternative parameters can be designated. The

sequence comparison algorithm then calculates the percent sequence identities for the test

sequences relative to the reference sequence, based on the program parameters.

A “comparison window”, as used herein, includes reference to a segment of any one of
the number of contiguous positions selected from the group consisting of from 20 to 600,
usually about 50 to about 200, more usually about 100 to about 150 in which a sequence
may be compared to a reference sequence of the same number of contiguous positions
after the two sequences are optimally aligned. Methods of alignment of sequences for
comparison are well known in the art. Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of Smith and Waterman (1970)
Adv. Appl. Math. 2:482c¢, by the homology alignment algorithm of Needleman and
Wunsch (1970) J. Mol. Biol. 48:443, by the search for similarity method of Pearson and
Lipman, (1988) Proc. Nat’l. Acad. Sci. USA 85:2444, by computerized implementations
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by
manual alignment and visual inspection (see, e.g., Brent ef al., (2003) Current Protocols

in Molecular Biology).

Two examples of algorithms that are suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul ef al., (1990) J.
Mol. Biol. 215:403-410, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information. This
algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying
short words of length W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word score threshold (Altschul et
al., supra). These initial neighborhood word hits act as seeds for initiating searches to
find longer HSPs containing them. The word hits are extended in both directions along
each sequence for as far as the cumulative alignment score can be increased. Cumulative
scores are calculated using, for nucleotide sequences, the parameters M (reward score for
a pair of matching residues; always > 0) and N (penalty score for mismatching residues;

always < 0). For amino acid sequences, a scoring matrix 1s used to calculate the
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EVQLVESGGGEL VQPGGSL RL SCAASGFTFSVNGVHWRQAPCGKGLEW/SVI DGVIGHTYYADSVKGRFTI SRDN
SKNTLYLQWNSLRAEDTAVYYCARYDYI KYGAFDPWGEQGTLVTVSS SEQ | D NO 37 DNA VL

GATAT CGAALD GMIAGEKCCCCCT TCAGT GAGCGT TGCACCAGE CAGACCGCCCeCAVEETGHDSTRASCCEC
GATAATATTGGT TCTAAGTATGTI TCATTGGTACCAGCAGAAACCCGEECAGECCCCAGI TCTTGTGATTTATG
GIGATTCTAATCGI CCCTCAGGECATCCCGGAACGCT TTAGCGGAT CCAACAGCGGCAACACCGCGACCCTGAC

CATTAGCGGCA% I éﬁﬁ X
TT

CTCCGGATTTACCTI TTC GTAT % GGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGA CRATREPFN éP@tﬁrI&!&@@H@dﬁ rRICENEOT TAREGTGATAA

T ATOATTATAT AR T AR T AT MR R AT TACE TR v

2011/ 138391 BCHHPaadrithobr2a0et8EQV| D &id>8 ﬁetbrrgﬂnt’: theasehslevidl &nd speed of the
TGPPSVS AP GRS, G G EPYL . YCDSNEP S0 PR SR TATL T S

KAAPSVTL FPPHaEAL: |e‘?'ﬂ-| AL P EEMOhMRYEARS M =5, N=-4 and a co E'Rarison of both
PVKAGVETTTPSKQSN SYL SLTPEQWKSHFt S CQE‘/T HEGSTVEKTVAPTEA SEQ | D NO 40
strands. For amino acid sequences, the BL P program uses as defaults a wordiength

of 3, and expectation (E) of 10, and the BLOSUMS62 scoring matrix (see Henikoff and
Henikoff, (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of 50, expectation
(E) of 10, M=5, N=-4, and a comparison of both strands.

The BLAST aigorithm also performs a statistical analysis of the similarity between two
sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-
5787). One measure of similarity provided by the BLAST algorithm is the smaliest sum
probability (P(N)), which provides an indication of the probability by which a match
between two nucleotide or amino acid sequences would occur by chance. For exampie, a
nucleic acid is considered similar to a reference sequence if the smallest sum probability
in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.2,

more preferabiy iess than about 0.01, and most preferably less than about 0.001.

The percent identity between two amino acid sequences can also be determined using the
algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci. 4:11-17 (1988)) which has
been incorporated into the ALIGN program (version 2.0), using a PAM120 weight
residue table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent
identity between two amino acid sequences can be determined using the Needleman and
Wunsch (J. Mol, Biol. 48:444-453 (1970)) algorithm which has been incorporated into the
GAP program in the GCG software package (available at www.gcg.com), using either a
Blossom 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and
a length weight of 1, 2, 3, 4, 5, or 6.

Other than percentage of sequence identity noted above, another indication that two
nucieic acid sequences or polypeptides are substantially identical is that the polypeptide
encoded by the first nucieic acid is immunologically cross reactive with the antibodies

raised against the polypeptide encoded by the second nucleic acid, as described below.
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Heavy Fab
QVQLVESGGEEL VQPGGSL RL SCAASGFTFSVNGVHWRQAPGKGL EW/SVI DAVIGHT YYADSVKGRFTI SRDN
SKNTL YL QWMELRAABEAYYYCARYDYI KYGAFDPWEQGT LVTVSSASTKGPSVFRPCARBINIDSGEN AAL GCLV
K DYFPEPVTVSWNSGAL TSGVHTFPAVLCt SSELYSLSSVVTVPSSSLGTOTYI CNVNHKPSNTI NDKI NEPKS
SEQ I D NO 41 DNA Light | ambda

o) .em AGCGGC

CATART AT T HC R AR e Y A
GATAATATTGGMCTARCTAY ACCRERES ' : GATTTATG
GTGATTCT AT GRS GH RASHAR R AA RTI I AE AT RAR A GIBSAAARACURREACCCT GAC

CATTAGCGGCACT CAGGCGGAAGACGAAGCGGAT TAT TAT TGCACTCGTACT TCTACTCCTATTTCTGGTGTGT
TT GRCGCCGGiAtEtinT v nders padeeausncesorp sstanhadyydeptsabchatiths tYOooCcaA
GCAGCGAA COCACCETO . GA
CAGTGR00T e e A R A R e SRoncec
AACAACAAGT AESGBECRACRAGGT ATE R GARGCTBAIERIRGABCRETERNGIAREADAGABETTAIAGC

TGCCAGA CA TGAG(Jé(SGAGCACCG'I.’GGAAAAAACCGT T ! GECC .
Heavy Fab ! entical is that the same primers can be used to ampilg tfn%-rs%s\uence. SEQ 1D NG 42 DNA

CAGGT GCAAT T GGT GGAAAGCGECEECEECCT GGT GCAACCGGEECEECAGCCT GCGT CTGAGCT GCGCGEC
CTCCGCGAT T TAGE phriabEFhakTAAd BT & MiséN e einGrtetdhat gAY (HBEA(CET CTCGAGT GCGT G

AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGT TTTACCATTTCACGTGATAA
TTCGAAAAACAPEIvIResTRotide (and spfrrsim dapx Xobanusiegtdes &) 1??@@@%5@%% }A;’FR!%GCGCGr

TATGATTATA eeeep AAGCG
MR R

CI:CTGGTTAAAG@G{TNE; EGRARCGACTOM

ATACCTr T GCGECCTGT AT A GCAGCGTIT

T AGECACTEAERRT %@@%ﬁﬁ%ﬁi AN R ARAGT OO

AACCGAAAAGK; 18p¥teéd s (HE r@l"eﬁ&! ﬁtﬁ:ijelc acid, and which are metabolized in a manner

SYELTQPI SVSVAL ARl TCGGEDNI GSKYV CI}A\PVLVI YGDSNRPSA PERFSGSNSGNTATLTI S

RA QAGDEAD¥MGITRTSTHR @@mﬁ@@mﬂmtm@s SEgumplenct sih ghalogs intlude gvithout
limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl

phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).

Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon
substitutions) and complementary sequences, as well as the sequence explicitly indicated.
Specifically, as detailed below, degenerate codon substitutions may be achieved by
generating sequences in which the third position of one or more selected (or all) codons is
substituted with mixed-base and/or deoxyinosine residues (Batzer et al., (1991) Nucleic
Acid Res. 19:5081; Ohtsuka et al., (1985) J. Biol. Chem. 260:2605-2608; and Rossolini ef
al., (1994) Mol. Cell. Probes 8:91-98).

The phrase “operably linked” refers to a functional relationship between two or more
polynucleotide (e.g., DNA) segments. Typically, it refers to the functional relationship of
a transcriptional regulatory sequence to a transcribed sequence. For example, a promoter
or enhancer sequence is operably linked to a coding sequence if it stimulates or modulates
the transcription of the coding sequence in an appropriate host cell or other expression
system. Generally, premoter transcriptional regulatory sequences that are operably linked
to a transcribed sequence are physically contiguous to the transcribed sequence, i.e., they

are cis-acting. However, some transcriptional regulatory sequences, such as enhancers,
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EVQLLESGGEELVQPGGSLRLSCAASGFTFSVNGM HWRQAPGKGLEWSVI DG MG

HTYYADSVKGRFTI SRDN SKNTLYLQ vI NSLRAEDTAVYYCARYDY! KYGAFDPWGEQGTLVTVSS SEQ | D
NG 45 DNAWEL20Gersdo ned PCT/EP2011/057200
AGCTATGAACT GACCCAGCCGCTGT CT GT GAGCGT GECGCT GGGCCAGACCGCGECGTATTACCTGCGGTGGEC
GATAACATTGGCAGCAAATATGT GCATTGGTATCAGCAGAAACCGGGECCAGGCGCCGGTGCTGGTGATTTAT
GGCCGATAGCAA T TT GCAACA! CCCECGACCCTG
A TT T O R R e kA R o R e e
GTGI'TTGCCCCaHadAcamdadtionihesdntahde. SEQ | D ND: 46 DNA VH Gernl i ned
GAGGTGCAATTGCTGGAAA GGTGCAACCGGEGECGEECAGCCTGCGT CTGAGCTGCGCGEC

AGOGTTATT T R A T ORI R PR R PRAECAT T NS G aAT A
TTCGAAAAACAREIyieT AT nh HoABRITEAAGACIRE Gk GohIFA0 G sTAAVHIEH AP CT

TATGATTATATTAAGTATGGTGCTTI TGATCCT T GGGECCAAGGCACCCT GGT GA TAGCTCA MOR0O6706
Pr op, SEQOrpannospid 1kaIMY¢ Is an@nficigheghemical mimetic of a corresponding naturally

occurring amino acid, as well as to naturally occurring amino acid polymers and non-

naturally occurring amino acid polymer. Unless otherwise indicated, a particular
polypeptide sequence also implicitly encompasses conservatively modified variants

thereof.

The term “‘subject” includes human and non-human animals. Non-human animals include
al] vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep,
dog, cow, chickens, amphibians, and reptiles. Except when noted, the terms “patient” or

“subject” are used herein interchangeably.

The term “anti-cancer agent” means any agent that can be used to treat a cell proliferative
disorder such as cancer, including cytotoxic agents, chemotherapeutic agents,
radiotherapy and radiotherapeutic agents, targeted anti-cancer agents, and

immunotherapeutic agents.

“Tumor” refers to neoplastic cell growth and proliferation, whether malignant or benign,

and all pre-cancerous and cancerous cells and tissues.

The term “anti-tumor activity” means a reduction in the rate of tumor cell proliferation,
viability, or metastatic activity. A possible way of showing anti-tumor acitivey is show a
decline in growth rate of abnormal cells that arises during therapy or tumor size stability
or reduction. Such activity can be assessed using accepted in vitro or in vivo tumor

models, including but not limited to xenograft models.

The term “malignancy” refers to a non-benign tumor or a cancer. As used herein, the term
“cancer” includes a malignancy characterized by deregulated or uncontrolled cell growth.
Exemplary cancers include: carcinomas, sarcomas, leukemias, and lymphomas. The term
“cancer” includes primary malignant tumors (e.g., those whose cells have not migrated to
sites in the subject's body other than the site of the original tumor) and secondary
malignant tumors (e.g., those arising from metastasis, the migration of tumor cells to

secondary sites that are different from the site of the original tumor).
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SEQ | D ND: 48 (Kabat) H CDR2 G SYSGSSTHYAD5VKG SEQ | D NO 49 (Kabat) HCDR3
GSHGNI MAKRYFDF SEQ | D NGO 50 LCDR1 SGDNI RKKYVY WO
2011/ 1383906RCI/BR2911/ 057200 (Kabat) PCT/EP2011/057200

Various aspects of the invention are described in further detail in the following sections

and subsections.

LRP6 and the Wnt-Signaling Pathway
The invention pertains to LRP6 multivalent antibodies and uses thereof. Inhibition of

Whnt signaling by molecules directed to LRP6 lead to a loss of canonical Wnt signaling,
Therefore, antagonism of LRP6 receptor function with a multivalent antibody will inhibit
Whnt ligand signaling and aid in diseases associated with aberrant canonical Wnt
signaling, e.g., cancer. In particular, the LRP6 multivalent antibodies can specifically
increase or decrease signaling mediated by Wntl or Wnt3a class proteins in different

disease settings.

Misregulation of the Wnt/B-catenin signaling pathway has been linked to various human
diseases such as cancer and bone disorders. Molecules that restore the balance of Wnt
signaling in these diseases might have therapeutic potential. Using phage-based panning,
LRP6 antibodies have been identified that either inhibit or enhance Wnt signaling.
Remarkably, two classes of LRP6 antagonistic antibodies have been identified. One class
of antibodies specifically inhibits Wnt proteins represented by Wntl, while the second
class specifically inhibits Wnt proteins represented by Wnt3a. Epitope mapping
experiments indicate that Wntl-specific and Wnt3a-specific LRP6 antibodies bind to the
first f-propeller and the third B-propeller of LRP6 respectively, suggesting that Wnt1 and
Wnt3a proteins bind to different 3-propeller regions of LRP6 (See International Serial
No. PCT/EP2008/064821 filed October 31, 2008, the contents of which are incorporated

herein by reference in their entirety).

Additional characterization of the Propeller 3 domain of LRP6 identified residues in this
domain responsible for interaction with the antibodies. Antibody binding sites within
YWTD-EGF region of Propeller 3 were identified using hydrogen-deuterium exchange
(HDx) mass spectrometry {MS) and correspond to a concave surface between blade | and

6 of Propeller 3 domain.

The Whnt signaling pathway is important in embryonic development and postnatal tissue
maintenance. This is achieved by directing a specific set of genes that control temporal
and spatial regulation of cell growth, movement and cell survival (reviewed in Barker and
Clevers (2006) Nature Rev. 5:997). Proper regulation of this pathway is important for

maintaining tissue homeostasis. Chronic activation of this pathway promotes uncontrolled
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SEQ I D NO: S1 (Ka bat) LOCR2 EDSKRPS SEQ I D NO 52 (Ka bat) LCDR3 STADSG NNGV
SEQ ID NO. 53 (Choth ia) HCDRL GFTFSDY SEQ | D NO: 54 (Chot hia) HCDR2 SYSGSS
WO 2011/138391 PCT/EP2011/057200

cell growth and survival and can consequently drive the development of cell proliferative
diseases, such as cancer. Altematively, abnormal inhibition of this pathway can result in
many disease states, for example loss of bone mass and other bone diseases. Wnt proteins
initiate downstream signaling by interacting with a Frizzled receptor and one of two cell-
surface receptors, which are members of the low-density-lipoprotein receptor (LDLR)-
related proteins (LRPs): LRPS and LRP6 (reviewed in He et al.,(2004) Development
31:1663-1677).

The role of LRP6 in canomical Wnt signaling was discovered via genetic studies. Mutant
mice lacking LRP6 exhibited composite phenotypes similar to mutations in several
individual Wnt genes (Pinson ef al., (2000) Nature 407:535-538). In Xenopus embryos,
dominant-negative LRP6 blocked signaling by several Wnt proteins, whereas
overexpression of LRP6 activated Wnt/ B-catenin signaling (Tamai ef al, (2000) Nature
407:530-535). Furthermore, it has been shown that expression of either LRP6 or LRPS is
necessary for cells to respond to canonical Wt signaling (reviewed in He ef dl., supra,

2004).

LRP5 and LRP6 are highly homologous and share 73% and 64% identity in their extra-
and intracellular domains, respectively. They are widely co-expressed during

embryogenesis and in adult tissues and share some functional redundancy.

The extracellular domains of LRPS and LRP6 comprise three basic domains: 1) a YWTD
(tyrosine, tryptophan, threonine, aspartic acid)-type B-propeller region, 2) an EGF
(epidermal growth factor)-like domain, and 3) an LDLR type A (LA) domain.

The YWTD-type B-propeller region contains six YWTD repeats of 43-50 amino acid
residues each and forms a six-bladed B-propeller structure. In LRP5 and LRP6, there are
four YWTD-type B-propeller regions that are each followed by an EGF- like domain,
which comprises about 40 amino acid residues with conserved cysteine residues, which in
turn are followed by three LA domains. (Springer et al., (1998) J. Mol. Biol. 283:837-
862; Jeon et al., (2001) Nat. Struct. Biol. 8:499-504). The B- propeller-EGF-like domains
appear to bind extracellular ligands. The extracellular domain of LRP6 is defined by
amino acid residues 19 to 1246 and contains four B-propeller domains at amino acid
residues 43-324, 352-627, 654-929, and 957-1250, which correspond to B-propeller
regions 1, 2, 3 and 4, respectively. Propeller domains 1-2 include amino acids 19-629, and

Propeller domains 3-4 include amino acids 631-1246.
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SEQ I D NO: 55 (Chot hia) HCDR3 GSHGNI MAKRYFDF SEQ I D NO: 56 (Chot hia) LCDR1
DNI RKKY SEQ I D NO: 57 (Chothia) LDCR2 EDS SEQ I D NO: 58 (Chot hia) LCDR3
ADSG NNG v88Qo111238831 59 PCT/EP2011/057200

LRP6 Antibodies

The present invention provides antibodies that specifically bind to LRP6 (e.g., human
LRP6, cynomologus LRP6). In some embodiments, the present invention provides

antibodies that specifically bind to both human and cynomologus LRP6.

The Wnt proteins capable of activating B-catenin signaling can be divided into two
classes and they require different B-propeller regions of LRP6 for signaling as described
in International Serial No. PCT/EP2008/064821 filed October 31, 2008, the contents of
which are incorporated herein by reference in their entirety. In addition, dimeric LRP6
antibodies (e.g., IgG) strongly sensitize cells to Wnt signaling, for example through
dimerization of endogenous LRP6. These results suggest that -propeller 1 and f3-
propeller 3 are differentially required for signaling activity of Wntl and Wnt 3. These
findings provide new insights on Wnt-induced LRP6 activation and pave the way for the
development of LRP6 antibodies to modulate Wnt signaling in different diseases.
Furthermore, conversion of fragments of the LRP6 antibodies into an 1gG format results
in an antibody that clusters LRP6 receptors and in the presence of a ligand protein can

potentiate a Wnt signal.

In one embodiment, the antibodies potentiate a Wnt signal with the proviso that
potentiation does not occur with biparatopic antibodies of the invention. In such an
embodiment, the Wnt signal is activated and enhanced upon conversion of a fragment of
an antibody to a full length IgG LRP6 antibody in the presence of a Wnt ligand. For
example, a Wnt 1 Fab binds to the B-propeller 1 domain of the LRP6 receptor and blocks
the Wnt 1 pathway in absence of a Wnt ligand, e.g., Wnt 3. In the presence of a Wnt
ligand, e.g., Wnt 3, the Wnt 1 Fab blocks signaling through the Wnt 1 pathway, but signal
activation may occur through the Wnt 3 pathway, thereby producing a signal. When the
Wnt 1 Fab is converted to a full length Wnt 1 IgG, the Wnt 1 IgG binds to the B-propeller
1 domains of two LRP6 receptors and blocks the Wnt 1 pathway, however, in the
presence of a Wnt ligand, e.g., Wnt 3; signal activation occurs through the Wnt 3 pathway
and is also enhanced. While not required to provide a theory of action, one possible
mechanism is that the IgG clusters together two or more LRP6 receptors by binding to the
B-propeller 1 domains of each LRP6 receptor, which in the presence of a Wnt 3 ligand
results in a stronger signal through the Wnt 3 pathway. Dimerization of the LRP6
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VL DI ELTQPPSVSVAPGQTARI SCSG DN | RKKYVYWYQQKPGQAPVLVI YE DSKRPSG | P
ERFSGONSG NTATLTI SGTQ AE DEADYYCSTADSG | N NGVFGGGTKLTVL SEQ | D NG 60 VH
QVQLVESGHEOYORAEGRIIRL SCAASG FI TS DYAI HWRQAPG KG LEWSGr8Y &6 1 dARD VKG
RFTI5R 0 NSK NTLYLQWNSLRAE DTAVYYCARGSHG N | MAKRYF DFWGQGTLVTVSS SEQ I D
NO 61 VL Germ |l ined SYELTQPPSVSVSPGQTASI TCSG ON IR

E&%@;B%ﬁ%@&?ﬁgﬁ%@%ﬁﬁﬁﬁ W&Eﬂ% %%;f-lé%eeﬁ‘ I\élvidity of the various

EVQLVESGGEL MR&HinRiSGMBEIT.EPES DYAI HWRQAPG KG LEWSA SYSGSSTHYADSVKG R
FTI SRDNSK NTLYLQWNSLRAE DTAVYYCARGSHG N I MAKRYF DFWGEQGTLVTV55 SEQ | D NO 63
DNA VI

The reverse results are obtained with a Wnt 3 Fab that binds to the B-propeller 3 domain
of the LRP6 receptor and blocks the Wnt 3 pathway. In the presence of a Wnt 1 ligand,
the Wnt 3 Fab blocks the Wnt 3 pathway, but activates the Wnt | pathway to generate a
signal. When the Wnt 3 Fab is converted to a full length Wnt 3 IgG, the Wnt 3 1gG binds
to the B-propeller 3 regions of two LRP6 receptors, and in the presence of a Wnt 1 ligand,
inhibits signaling through the Wnt 1 pathway. In one embodiment, the antibodies avoid
potentiating a Wnt signal. In some embodiments, the present invention provides
antibodies that specifically bind to both human and cynomologus LRP6. In one
embodiment, the LRP6 antibodies are antagonistic antibodies. In another embodiment,

the LRP6 antibodies are agonistic antibodies.

As different Wnt proteins require different B-propellers domains of LRP6 for signaling,
and as clustering or dimerization of LRP6 potentiates Wnt signaling, therapy using the
LRP6 antibodies can be regulated and “fine tuned” by using different combinations of

antibodies.

In one embodiment, the LRP6 antibodies are used as monomeric antibodies or fragments
thereof such as single chain antibodies, unibodies, and the like. In one embodiment, a
monomeric LRP6 antibody that binds to the B-propeller 1 region of LRP6 is used in
combination with a monomeric LRP6 antibody that binds to the B-propeller 3 region of
LRP6. In another embodiment, the LRP6 antibodies are used as multimeric antibodies or

fragments thereof such as bispecific, biparatopic LRP6 antibodies.

In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to inhibit the
interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkk1). Similarly,
Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3
binding ligands (e.g. Dkk1). Furthermore, propeller 1 and 3 binding antibodies may be

expected to affect the activity of other Wnt signaling modulators e.g. R-spondins

The present invention also provides antibodies that specifically bind to a LRP6 protein
(e.g., human and/or cynomologus LRP6), the antibodies comprising a VH CDR having an
amino acid sequence of any one of the VH CDRs listed in Table 1, infra. In particular,

the invention provides antibodies that specifically bind to a LRP6 protein (e.g., human
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GATATCGAACT GACCCAGCCGCCT TCAGT GAGCGT TGCACCAGGT CAGACCGCGCGTATCTCGT GTAGCGEC
GATAATATTCGTAAGAAGTATA TTATTGGTACCAGCAGAAACCCGGECAGECECCAGI TCTTGTGATTTATG
AGGATTCTAROCHEIAGEIDCAGECAT CCCCGAACGCT T TAGCGGAT CCAACAGCGERAMNBAKIE0SAMCCT GA
CCATTAGCGGCACT CAGGCGGAAGACGAAGCCGGATTATTATTGCTCTACTG CTGATTCTGGTATTAATAATGG
TGTGTTTGECGECEECACGAAGT TAACCGTTCTT SEQ | D NO: 64 DNA VH

CTOCGOAT TTABAHSFEHIOREA TR RS SR A A oo

AGCGGT AT CT od, Akd Ghede] fvak; TivEAERiane VAT CORARNGEah GANACRETsdquEN AGTARY DEAMEGT GA
TAATTCGAAAAACACCCT GTATCT GCAAATGAACAGCCTGOGTGEG GAAGATACGGCCGTGTAT TATTGOGCG
CGTGGTTCTCNIECPRatisedAr dable AAaT TATTTTGAT T T TTGGGGCCAAGGCACCCT GGTGACGGTTA
GCTCA SEQ | D NO: 65 Li ght Lanbda DI E LTQPPSVSVAPGQTARI SCSGDNI RKKYVYWQQKPG
QAPVLVI YE BRKRRIEA(RERnG6Meid¥s Adtidddi¥s bt specifically bind a LRP6 protein (e.g.,
AEDEADYYCSTADSG NNGVEGGGTKL TVL GOPKAAPSVTL EBPSSEELQANKATLVCLI 5DFYPGAVTVAWKAD
5 SPVKAGVEmmmpsraErnkemenedaus LRBSH ke tikadicocympeasg vk Jemamndsviogan p

(Ewis SYolBeEERE o B e el PR e

NI MAKRY FDF W Jealds iy brtiss T GiRpati e Ny I SSITR PO\ pfdtkin (e.g., human and/or

VKDYFPEPVTVSWNSGAL TSGVHT FRPAVL SG LYSI SSWVI VPSSSLGT ({I’ Y| CNVNHKPSNT| NDKRVE P
KSCDK cynomologus LRP6), the antibodies comprising a VL domain having an amino acid

TFI TCPPCPAR %&%@%k{l\gﬁ%P@@%@5HEDPEVKFNW(VDGVEVHNAKTKPREEQY

N S1YRWS5VL
KALPAPI EKTI SKAKGQPREPQVYTLPPSREEMIKNQVSLTCLVKG FYP
SDI AVEVESNGhPErRSsRTTrmtipmpsesies yshadissikarpesmmay Jund A LB RO mpiondr 81 SL SPGK

VO 2011/ 13%}1%%1?%!1/%? %Ho%sgzg %?(P%?%é EhelBafeé comprising a VH domain having an
amino acid sequence of SEQ ID NOs: 82, 89, 106, 108, 128, 130, and 138. The present

invention provides antibodies that specifically bind to a LRP6 protein (e.g., human and/or

cynomologus LRP6), the antibodies comprising a VL. domain having an amino acid
sequence of SEQ ID NQs: 81, 90, 105, 107, 127, and 129.

Other antibodies of the invention include amino acids that have been mutated, yet have at
least 60%, 70%, 80%, 90%, 95% or 98% identity in the CDR regions with the CDR
regions depicted in the sequences described in Table 1. In some embodiments, it includes
mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been
mutated in the CDR regions when compared with the CDR regions depicted in the
sequence described in Table 1, while still maintaining their specifity for the the orignal
antibody’s epitope . |

Other antibodies of the invention include amino acids that have been mutated, yet have at
least 60%, 70%, 80%, 90%, 95% or 98% identity in the framework regions with the
framework regions depicted in the sequences described in Table 1. In some
embodiments, it includes mutant amino acid sequences wherein no more than 1, 2, 3, 4, 5,
6, or 7 amino acids have been mutated in the framework regions when compared with
the framework regions depicted in the sequence described Table 1, while still maintaining

their specifity for the the orignal antibody’s epitope

The present invention also provides nucleic acid sequences that encode VH, VL, the full
length heavy chain, and the full length light chain of the antibodies that specifically bind
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DNA bl anda

GATATCGAACT GACCCAGCCGCCT TCAGT GAGCGT TGCACCAGGT CAGACCGCGCGTATCTCGT GTAGCGGC
GATAATAT NG RAAGEASSST ATGT TTATTGGT ACCAGCAGAAACCCGGGCAGCCCCEATEPANTGIRAN TTATG
AGGATTCTAAGCGT CCCTCAGGCAT CCCGGAACGCTTTAGCGGATCCAACAGCGEC. AACACCGCGACCCTGA
CCAT| AGCGGCACT CAGGCGCGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATI AATAATGG

LTS TR RRRATIE:

Tmmmmmmm(mmm CCAAACAA
AGC. AACAACAAGT ACGCGGCCAGCAGCT AT CTGAGCCT GACGCCT GAGCAGT GGAAGT CCCACAGAAGCTAC
AGCT GCCAGGT AACRERHBANEHA A cod PO RO AL for BTimarsitert AnibpdigmidMOBOGA T D

L e e e e pp—

CTCCGGATTTACCTI TTCTGATTATGCTATTCATTGGGT GCGCCAAGCCCCT GGGAAGGGT CTCGAGTGGGTG
AGCGGTATCTCYRAT RPBGGHAGETCIABCRATTATGOHEATAGHET GRS PESOEIITEE FAGGAT TTCACGTGA
TAATTCGAAAAACACCCTGTATCTG CAAATGAACAGCCTGOCGTGOGG AAGATACGGCCGTGTATTATTGCGCG
cGTGaTTCTCATepERatThantibrdissbindAatin framopritesrdonmaicantbloskh EomstedTapraRacGTTA

GCT CAGCCT W&% eﬁ(m&tm Wwnt9, Wnt10A, Wnt10B. Propeller 3

GGCCCTGGBCT@EHEGEE%MEH' PpIdsetiei S orabinahbdecld P S elE L8186 ARG (udIGAC
CAGCGGCGTGCACACCTTCCCGG CTGTCCTACAGT CCTCAGGACT CTACT CCCTCAGCAGCGTGGTGACCGTG
CCCTCCAGCAGET Wt amuO¥AEACCT ACAT CTGCAACGT GAAT CACAAGCCCAGCAACACCAAGGTGGAC
AAGAGAGTTGAGCCCAAATCTTGTGACAAAACT CACACAT GCCCACCGT GCCCAGCACCT GAAGCAGCGGGG

GGACCGTCAG GEbeGT Gl AR P P EAR AT SIRCGGACCCCTGAGGT CACATG
CGT GGT GGT GGACGT GAGCCA GACCCTGAGGTCAAGT TCAACTGGTACGT GGACGECGTGGAGGTGC
ATAAT CCCAAGACAAAGCCECOECACGACCAGTAG-AACAGCCACGCTACCCEGTGGTICACCGTICCTCACCGTCC

TGCACCAGGAE‘f GAA A AGEACTACAAGT GCAAGGE CTCCAACAAAGOCCT COCAGOOCCCATCG
AGAAAACCAT CT CCAAAGOCAAAGGRCAGCCCCGAGAACCACAGGT GTACACCCT GCCCCCAT CCOGGRAGG
AGAT GACCAAGMWEIA SGTICAGCCT GACCT GCCTGGT CAAATET TCTATCCCAGCGACATCECCGTEEAGT
GGGAGAGCAAT BBBCAGCIGGAGAACAACT ACAAGACCACGCCT CCCGT GCT GGACT CCGACGRCTCCTTCT
TCCTCTACAGLAAGCT CAGCGT GGACAAGAGCAGGT GGCAGCAGEGGAACGT CTTCTCATGCTCCGT GATGC
ATGAGG CTcrEQRCRACCA@RACACG:N@AAGAGCCTCTCCCTGTCTCCGGGTAAA MOR06475 Prop3
SEQ I D NO 68*{Kabat} HCDRL

SEQID ND:2 HCDR2 GISWSGVNTHYADSVKG

{Kabat)

SEQID NO:3 HCDR3 LGATANNIRYKFMDV
(Kabat) .

SEQ IDNO:4 LCDR}1 SGDSLRNKVY
(Kabat)

SEQID NO:5 LCDR2 KNNRPS
{Kabat)

SEQ ID NO:6 LCDR3 QSYDGQOKSLV
(Kabat)

SEQID NO:7 HCDR1 GFTFSDY
{Chothia)

SEQID NO:8 HCDR2 SWS5GVN
{Chothia)

SEQIDNO:9 HCDR3 LGATANNIRYKFMDV
{Chothia)

SEQID NO:10 LCDR1 DSLRNK
{Chothia)

SEQID NO:11 LCDR2 KN
{Chothia)

SEQ D NO:12 LCDR3 YDGQKSL
(Chothia)
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NRGEGVG SEQ I D NO 70 (Ka bat) HCDR2 W1 DW DDDKSYSTSLKT SEQ I D NO 71
(Kabat) HCDR3 MHLPLVFDS SEQ I D NO 72 (Kabat) LCDR1 RASQFI GSRYLA SEQ I D

NO 73 ( Kawet2p11laB3392 GASNRAT

PCT/EP2011/057200

SEQ ID ND:13

Vi

DIELTQPPSVSVAPGQOTARISCSG DSLRNKVYWYQQKPGQAPY LVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVL

SEQ IDND:14

VH

QVALVESGGGLVYQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSS

SEQ ID ND:1S

DNAVL

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTIGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATFCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTFCTTGTGATTTATAAGA
ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATTATFATIGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGTTTGGC
GGCGGCACGAAGTTAACCGTCCTA

SEQ ID NO:16

DNA VH

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGL
CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATTTICTTGGTCTGGTGTTAATACTCATTATGCTGATICTG TTAAGGGTCGTTITACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTTGGTGCTACTGCTAATAATATTCGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT
TAGCTCA

SEQ ID NO:17

Light Lambda

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOANKATLYCUSDFYPGAVTVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGS TVEKTVAPTECS

SEQ ID NO:18

Heavy IgG1
LALA

QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRY KFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSYVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLP PSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK

SEQIDNO; 19

DNA
Light Lambda

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATTCTCTTCGTAATAAGG TTTATFGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTICTTGTGATTTATAAGA
ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATFATTATTGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGTTTGGC
GGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGG TCACTCTGTTCCCGCCCTCCTCTG
AGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGG
CCTGGAAGGCAGATAGCAGCCCCGTCAAGGLGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAAC
AAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG
GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTICA

SEQID NO: 20

DNA
Heavy IgG1
LALA

CAGGTGCAATTGGTGGAAAGCGGLGGLGGLCTGGTGCAACCGGGLGGCAGCCTGLGTCTGAGCTGCGCGGC
CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATTTCTTGGTCTGGTGTTAATACTCATTATGCTGATTCYGTTAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGLGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTIGGTGCTACTGCTAATAATATICGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT
TAGCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA
GLGGCCCTGGGLTGLCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG
ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCG
TGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGG
GGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAG GACACCCTCATGATCTCCCGGACCCCTGAGGTCAC
ATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTICAACTGGTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACC
GTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC
ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCLGG
GAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGG CTTCTATCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTC
CTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA
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SEQ I D ND: 74 (Kabat) LCDR3 QQYYDYPQT SEQ I D ND: 75 (Chot hi a) HCDRL GFSLSNRGG
SEQ I D ND: 76 (Chot hia) HCDR2 DWDDD SEQ | D NO: 77 (Chot hia) HCOR3 MHLPLVF DS

SEQ | D NQv6Qo{(14d38d9hi a) PCT/EP2011/057200

MORO08545

Propl

SEQIDND:21 HCDR1 VNGMH

(Kabat)

SEQID NO:22 HCDR2 VIDGMGHTYYADSVKG

(Kabat)

SEQIDND:23 HCDR3 YDYIKYGAFDP

(Kabat)

SEQ ID ND:24 LCDR1 SGDNIGSKYVH

(Kabat)

SEQ D NO:25 LDCR2 GDSNRPS

(Kabat)

SEQ ID NQ:26 LCDR3 TRTSTPISGV

(Kabat)

SEQ ID NO:27 HCDR1 GFTFSVN

(Chothia)

SEQID NO:28 HCDR2 DGMGH

(Chothia)

SEQ 1D NQ:29 HCDR3 YDYIKYGAFDP

{Chothia)

SEQ 1D NO:30 LCDR1 DNIGSKY

{Chothia)

SEQ ID NO:31 LDCR2 GDS

(Chothia)

SEQ 1D NO:32 LCDR3 TSTPISG

(Chothia)

SEQ ID NO:33 VL DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVL

SEQ ID NO:34 VH QVQLVESGGGLYQPGGSLRLSCAASGFTFSYNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ D NO:35 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIGSKYVHWYQQKPGQSPYLYIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAMDEADYYCTRTSTPISGVFGGGTKLTVL

SEQID NO:36 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFSYNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ D NO:37 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
GTGATTICTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAL
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT
TIGGCGGCGGCACGAAGTTAACCGTTCTT

SEQ 1D NO:38 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGLGGLCTGGTG CAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGT
CTCCGGATTTACCTTITTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGRAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TICGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
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LCDRL SQFI GSRY WD 2011/ 138391PCT/ EP2011/ 057200 SEQ | D ND: 79 ( Chot hi a)
LDCR2 GAS SEQ | D NO: 80 (Chothia) LCDR3 YYDYPQ SEQ I D NO 81 VI

DI VL TQSPATOSLBRGERATI SCRASC! FI GSRYLAWQQKPGQAPRW GASNRATCYRARRSGSGEGST DFTLTI
SSL EPEDFAMCQQYYDYPQTFGQGVE! K

SEQ 1D NO:39

Light lambda

DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQOKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGQP KAAPSVTLFPPSSEELOANKATLVCLISDFYPGAVTVAWKADSS
PVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTEA

SEQ 1D NC:40

Heavy Fab

QVOLVESGGGLVQPGGSLRLSCAASGFTFSYNGMHWVROAPGKGLEWVSVIDGMGHTYY ADSVKGRFTISRDN
SKNTLYLOQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS

SEQ 1D NO:41

DNA Light
lambda

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTIGTGATTTATG
GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACTITTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC
TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC

SECQ 1D NO:42

DNA Heavy
Fab

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGLGCGGE
CTCCGGATTTACCTITICTGTTAATGGTATGCATTGGG TGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGLT
GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGLGCTGACCAGCGGCGTGC
ATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATITGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC

SEQ 1D NO:43

VL Germlined

SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQOKPGOAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISRA
QAGDEADYYCTRTSTPISGVFGGGTKLTVL

SEQIDNO:44

VH Germlined

EVCQLLESGGGLVOPGGSLRLSCAASGFTFSYNGMHWVYROAPGKGLEWVSVIDGMGHTYY ADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ ID NO:45

DNA VL
Germlined

AGCTATGAACTGACCCAGCCGCTGTCTGTGAGCGTGGCGCTGGGCCAGACCGCGCGTATTACCTGCGGTGGC
GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGBGCCAGGCGCCGGETGCTGGTGATTTAT
GGCGATAGCAACCGTCCGAGCGGCATTCCGGAACGTTTTAGCGGCAGCAACAGCGGCAACACCGCGACCCTG
ACCATTTCTCGCGCGCAGGCGGG TGATGAAGCGGATTATTATTGCACCCGTACCAGCACCCCGATTAGCGGE
GTGTTTGGCGGCGGTACGAAGTTAACCGTTCTT

SEQID ND:46

DNA VH
Germlined

GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGETGCAACCGGGLGGCAGCCTGCGTCTGAG CTGCGLGGC
CTCCGGATTTACCTITTICTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

MORO6706
Propl

SEQ 1D NO:47
{Kabat)

HCDR1

DYAIH

SEQ |DND:48
{Kabat)

HCDR2

GISYSGSSTHYADSVKG

SEQ 1D NO:49
(Kabat}

HCDR3

GSHGNIMAKRYFDF

SEQ D NO:50

LCDR1

SGDNIRKKYVY
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SEQ I D NO 82 VH QVQLKESG PA LVKPTQI LT LTCTESG SIS NRGGGVGW | MP PG KA
LEW. AW DWDDDKSYSTSLKTRLTI SKDTS KNQVULTMIN MDPVDTATYYCARVH LP LVF DS WG

QGTLVI VSSvEE® 1/1Bs3 83 DNA VL

PCT/EP2011/057200

GATAT CGT GCT GACCCAGAGCCCGECGACCCT GAGCCT GT CT CCGEGCGAACGT GCGACCCT GAGCTGCAGA
GCGAGCCAG TTATTGGTTCTCGI TATCTGGCT TGGTACCAGCAGAAACCAGGT CAAGCACCGCGTCTATTAA

TTTATGGT GOt ket MATCGTCCAACTG
AGCAGCCT GGAACCT GAAGACT TTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTC. AGA

CCTGACCATT

T COCEECECAVITACCEECTCTGEATCCGSCACCEATH T TAC

CCTTTGCCCAGBIPARGAAAGKT GAAATEPKRRA SEQ | D NO 84 DNA VH

CAGGTGCAATTRANAGAA/ \GCGGCCCCGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCNH’
COGGATTTAGCCTGICTAATOGTGGETAG
GGCTGGCTTG 5FTcatﬁﬁi\*rGATcAsf’)f;&‘i‘é"l"E‘rTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTQ TCAGGTGGTGATGACT ATGACCAACAT GGACCOGGT GGATACGGCCACCTATTATTG
CGCGCGTAT CRIECTGIRGT T T T[T&HAST CT TCEEECCAAGECACCCTGGTGACGGT TAGCTCA SEQ 11
NO: 8S Li ght (ckeampa
DI VL TQSPATLSL SPGERATL SCRASCEI GSRYL AWQOKPGQAPRL LI YGASNRATGVPARESGSGSGTDETLIT
I SSL SEQ ID NO:54 HCDR2 SYSGSS
EPEDFATYYCESNRDYPQOTFGQGTKVE! KRTVAAPSVFI FPPSDEQLKSGTASWCI | NNEYPREAKVQAKVON
\ /T LA NN T\V/ L OAOITLTL L
AL QSGNSQERY B RO RSy SHSST AR ERHKAYACEVFHEHGESSPYFKSFNREEE-SEQ+DB—
NO: 86 (Chothia)
SEQ ID NO:S6 {CDR1 DNIRKKY
(Chothia)
SEQ ID RO:57 LDCR2 EDS
{Chothia)
SEQID NO:58 LCDR3 ADSGINNG
{Chothia)
SEQ ID NO:59 VL DIELTOPPSVSVAPGQTARISCSGDNIRKKYVYWYQQKPGQAPYVILVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCSTADSGINNGVFGGGTKLTVL
SEQID NO:60 VH QVALVESGGGLVQPGGSLRLSCAASGFTFS DY AIHWVROAPGKGLEWVSGISYSGSSTHYADSVKGRETISR ONSK
NTLYLOMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSS
SEQID NO:61 VL Germlined SYELTQPPSVSVSPGOTASITCSGDNIRKKYVYWYQOKPGQOSPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQO
AMDEADYYCSTADSGINNGVFGGGTKLTVL
SEQ 1D NO:62 VH Germlined EVQLVESGGGLVAPGGSLRLSCAASGFTFS DYAIHWVROQAPGKGLEWYSGISYSGSSTHYADSVKGRFTISRDNSK
NTLYLOMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSS
SEQ D NO:63 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTCGTAAGAAGTATGTITATTIGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA
CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTICTGGTATTAATAATGG
TGTGTTTGGCGGCGGCACGAAGTTAACCGTTCTT
SEQID NO:64 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGLGGLCTGGTGCAACCGGGLCGGCAGCCTGCGTCTGAGCTGCGCGGL
CTCCGGATTTACCTTTTCTGATTATGCTATFCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATCTCTTATICTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCG
COGTGGTTCTCATGGTAATATTATGGCTAAGCGTTATTTTIGATTTTTGG GGCCAAGGCACCCTGGTGACGGTTA
GCTCA
SEQ ID NO:65 Light Lambda DIELTQPPSVSVAPGQTARISCSGDNIRKKYVYWYQQKPG QAPYLVIVEDSKRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCSTADSGINNGVFGGGTKLTVLGOQPKAAPSYTLFPPSSEELOQANKATLVCLISDFYPGAVTVAWKADS
SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS
SEQ ID NO:66 Heavy IgG1 QVALVESGGGLVOPGGSLRLSCAASGFTFSDYAIHWVROAPGKG LEWVSGISYSGSSTHY ADSVKGRFTISRDNSK
LALA NTLYLOM NS LRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPYTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVWTVPSSSLGTATYICNVNHKPSNTKVDKRVEPKSCDK
THTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVY DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQVSLTCLVKGFYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTOKSLSLSPGK
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Heavy 1gGlL LALA

QVQLKESGPALVKPTQTLTLTCTFSGESL5NRGGGVGW RQPPCGKALEW. AW DWDDDKSYSTSLKTRI TI SKDT
S WO 2011/138391 PCT/EP2011/057200
KNQVVLTMINVDPVDTATYYCARVHL PLVEDSWGEI GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL GCLVKD
YFPEPVTVSVWNSGAL TSGVHTFPAVL QSSGL YSLSSVWVTVPSSSL GTQTY1 CNVNHKPSNTKVDKRVEPKSCDKT

HT SEQIDND67 | DNAhlamda_ | GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGL |
CPPCPAPEANGGPSVFL EPPKPKDTL Vs SR AW hA SN R SHERR R KA B SAKGTIKIRIR G OINS T Y
RVVSVLTVL NGKEYKCKVSNKAkdSAFcThacEdfdc 1B KA KGORAAERIETRGRSEATLARIR BIREGE A G CaACCCTGA

NQVSLTCLVKGFYPSDI |AVEW ES INGAREBSMTRRRYIABBRBRILFATNSKIGTVRRSRMDOGARSTRTAH
EAL HNHYT S| S| SPG< SEQ | D N@TWTGMGEC'AWG WAGGTCAGCC('AAGGCTGCCCCCTCGGTCACFCI’GTTCCCG
GATAT CGT GETGACCCAGAGCCOGEORASEE FeECT e CCETCEECTECATE
GCGAGCCAG[TTATTGGT|l CTCGTTA] Y RECRAAS”
TTTATGGTGETTCTAATAGT GCAACT(
CCTGACCATTAGCAGCCTIGGAACCTG
CCTTT Nedalin e d A N el AAY
GATGAGCAG[ TGAAAT CTIGERAMGT GCX
TACAGTGGAAGG GGATAACGCCCT
GACAGCACCTACAGCCT GAGCAGCACO T i S AT SHATIAT R W@W
-II\_IO 38 gll\_lg\AHe av;I/_C'IA\(f:]:Gl L A(LBQG G(:Tcmsc(:TcCACCA»'!\GGGTCCATEgccsi ??Cicc%cr[ G] ;CA! %aﬁc‘gmi G: %Gi gi gg@G ic
CAGGT GCAATTGAAAGAAAGCGEOCK N “UCAGGCGCCUG}‘E
CCGGATTTAGCCTGTCTAATCGTGGT GE:EEQGEGE%HE&G(&HQGG&&WWGE
GGCTGGCT TGGAT CGAT TIGGGAT GAT GAKANGT GEIARAGTACCAGRITR GAMAOGEEBHCAGACCAERHA GG
AAGATACTTGAAAAAT CAGGT GGT G
CGOGCGTATECATCTTCOTCTTGTTTT
CCAAGGGTCEATCGGTCT[TCCCCCTH
CCTGG CAABGACTACTI [CCCCGAACH
CACCTTCCCBRCT GTCCTIACAGT CCT(
TGGEGCACCCAGACCT ACATCTGCAAC NGB AL AN AN TP
CCAAATCTTGT GACAAAACT CACACAT eeterai K dckad cbacécicheldadday A EAGES il ceichrt A icbérd Axdc T
CCTCTTCCCECCAAAACCCAAGGACACREAGATIEAE AR EOEERALEREICARRICACATERET GGT GGT GGAC
GTGAGCCAC GAGGT CAAGT TCAACT GGT ACGT GGACGRCGT GGAGGT GCATAATGCCAAGAC
5T ACAACA(BCACGT ACCGRGT GGTCAGCGT CCT CACCGT CCTGCACCAGGACT
NCAAGT GCAAGGT CT CCAACAAAGCCCT CCCAGCCCCCAT CGAGAAAACCATCT

NCCCACAANRCACACOCTECEACACCCT CCCOCOCAT COCCCAOACLARAT CACCAAC
\ W gV au\¥ TOTACACTC T T T OO OO UAT OO COOOAUOA0OA T OAULULAADS

T GE CAAA TCTATCCCAGCGACAT CGCCGTGGAG GGGAGAGCAAT
TACAAGACTACGCCT CCCGT GCTGGACT CCGACGECTCCTTCTTCCTCTACAGCA
AGCTCA AGRGT COTAEBABEEBFNECGT CTI TTCATGCTCCGTGATGCATGAGECTCTGC
WO 2011/ 138891 PCT/ EP2011/ 057200

SEQID NO:71 HCDR3 MHLPLVFDS
{Kabat)

SEQ ID NO:72 LCDR1 RASGFIGSRYLA
{Kabat)

SEQID NC:73 LD:}CR2 GASNRAT
(Kabat)

SEQID ND:74 LCDR3 QQYYDYPQT
{Kabat}

SEQ 1D ND: 75 HCDR1 GFSLSNRGG
{Chothia)

SEQIDND:76 HCDR2 DWDDD
{Chothia)

SEQIDNO:77 | HCDR3 MHLPLVEDS
{Chothia)

SEQ ID NO:78 LCDR1 SQFIGSRY
{Chothia)

43



ACAACCACTACACGCAGAAGAGCCTCTCCCTA CTCCGGEGTAAA SEQ ID NO 89 VH Germl i ned
QVI LKESGPALVKPTQTLTLTCTFSGF5L5NRGGGVGW RQPPGKALEW. AW DWDDDKSYSTSLKTRLTI SKDT
S KNQVVL TWBNYLAGEIPATYYCARVHLPLVFDSWEQGTLVTVSS SEQ | D NOpe®/E¥Ro1@®sTEI Ned

El VI TQSPATLSLSPGERATLSCRASQFI GSRYLAWYQKPGOAPRLLI YGASNRATAE PARFSGSGSGIDFTLT
| SSLE PEDFAVYYCQQYYDYPQTFGQGTKVEI K SEQ I D NO. 91 DNA VH Germ i ned

CAGGT CACACT trtier S TIGEEECCCT e CT GG T CAAACCCACCCAGACCCTGACCCTGACATGCACCHTCA
GCGCECI TCAG e dnhy CAGAGGCGEECGEGAG GEECTGGAT CAGACAGCCT CCCGGECAAGGCCCTGGAA
TGGECTGGCCT GGAT CGACTIGGEACGACACAAGAGCTACAGCACCAGCCT GAAAACCCGGCTGACCATCAGC
AAGGACACCAGCEARGAACCACE GE GLTE@RCCAT GACCAACATGGACCCCGTGGACACCGCCACCTACTAC
TGCGCCCGCEA] F@TA’TCTGCCCCTGGT GITCGATAG CTGGGGECCAGGGECACCCTGGICACCGTICAGCTCA SEQ

|DN092DN€E"' Frd-hed
g QIDRO ‘8t’ VL DIVLTQSPATLSLSPGERATLSCRASCIFIGSRYLAWYQOKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQAGTKVEIK

SEQ ID NO:82 VH QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLYISKDTS
KNOGVVLTMTNMDPVDTATYYCARMH LPLVFDSWGQGTLVTVSS

SEQLID NO:B3 DNA VL GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGLCTGCAGA
GCGAGCCAGTTTATIGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTG GGG TCCCOGOLGCGTTTTAGCGG CTCTGOATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQID NO:84 DNA VH CAGGTGCAATTGAAAGAAAGCGGLCCGGLCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTIT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTEGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATIG
CGCGCGTATGCATCTTCCTCITGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ 1D NO:85 Light kappa DIVLTQSPATLSLSPGERATISCRASCQFIGSRYLAWYQOKPGQOAPRLLIVGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPATFGQGTKVEIKRTVAAPSVFFPPSDEQLKSGTASVYCLLNNFYPREAKVOWKVDNAL
QSGNSQESVTEQDSKDSTYSISSTLTLSKADY EKHKVYACEVTHOGLSSPVTKSFNRGEC

SEQ D NO:86 Heavy IgG1 QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
LALA KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTATYICNVYNHKPSNTKVDKRVEPKSCOKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS KAKGQPREPQVYTLPPSREE MTKNQVSLTCLVKGFY PSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTQKSLSLSPGK

SEQLID NO:87 DNA GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
Light kappa GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAG AAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGLTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATIGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATT AAACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT
GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG CTGAATAACTT CTATCCCAGAGAGGCCAAAG
TACAGTGGAAGGTGGATAACGCCCTCCAATCGG GTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG
GACAGCACCTACAGCCTCAGCAGCACCCTGACGLTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC
TGCGAAGTCACCCATCAGGGCCTOAGLTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

SEQID NO:88 DNA CAGGTGCAATTGAAAGAAAGCGGLCCGGLCLTGGTGAAACCGACCCAMACCCTGACCCTGACCTGTACCTTTT
Heavy IgG1 CCGGATTITAGCCTGTCTAATCGTGGTGG TGG TG TGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
LALA GGCTGGLTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
COCOCGTATGCATCTICCTCTTGTITITGATTCTTGGGGCCAAGGCACCLCTGGTGACGGTTAGLTCAGCCTCCA
CCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGLCCTGGGLTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGALGGTGTCGTGGAALTCAGGCGCCLTGACCAGCGGCGTGCA
CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGLT
TGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGC
CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGLGGGGGGACCGTCAGTCTT
CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGG TG GTGGAL
GTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGAL
AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGALT
GGLTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCOGGGAGGAGATGACCAAG
AACCAGGTCAGLCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCOTGLTGGACTCCGACGGCTCCITCTTCCTCTACAGCA
AGCTCACCGTGOACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGLTCTGL
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GAAAT CGT GCCTGACCCAGAGCCCCGCCACCCTA CTCTGAGCCCT GGCGAGAGAGCCACCCT GAGCTGCCEG
GCCAGCCAGT TCATCGGCAGCAGATACCTGECTI GGTAT CAGCAGAAGCCCGEECCAGECCCCCAGACTCCTG
AT CTACGCEHOCGMIAASSICCEECCACCGECATCCCTGCCAGATTTTCTGG CAGCECEABKIEONGM-AC! TC
ACCCTGACCAT CAGCAGCCT GGAACCCGAGGACT T CECCGT GTACTACT GCCAGCAGTACTACGACTACCCCC
AGACC TCGGCCAGGGCACCAAGGT GGAAATCAAG IVO?08193 Pr Op3

SEQ I D ND: 93 (Kabat) H

CDR1 N GSEOHD NG54
(Kabat) H MHLALVFDS

SEQUID NO:89 VH Germlined QVTLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQIDND:90 | VLGermlined | EIVLTQSPATLSLSPGERATLSCRASOFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGIPARFSGSGSGTDFTLTISSLE
PEDFAVYYCQQYYDYPQTFGQGTKVEIK

SEQID NO:91 DNA VH CAGGTCACACTGAAAGAGTCCGGCCCTGCCCTGGTCAAACCCACCCAGACCCTGACCCTGACATGCACCTTCA

Germlined GCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGLTGGATCAGACAGCCTCCCGGLAAGGCLCTGGAA

TGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCACCAGCCTGAAAMACCCGGCTGACCATCAGC
AAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACCAACATGGACCCCGTGGACACCGCCACCTACTAC
TGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAGCTGGGGCCAGGGCACCCTGGTCACCGTCAGCTCA

SEQID NO:92 DNA VL GAAATCGTGCTGACCCAGAGCCCCGCCACCCTGTCTCTGAGCCCTGGUGAGAGAGCCACCCTGAGCTGCCGG

Germlined GCCAGCCAGTTCATCGGCAGCAGATACCTGGCTTGGTATCAGCAGAAGCCCGGLCAGGCCCCCAGACTGCTG

ATCTACGGCGCCAGCAACCGGGCCACCGGCATCCCTGCCAGATTTICTGG CAGCGGCAGCGGCACCGACTTC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCGTGTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG

MORO08193

Prop3

SEQID ND:93 HCDR1 NRGGGVYG

{Kabat)

SEQID NO:94 HCDR2 WIDWDDDKSYSTSLKT

{Kabat)

SEQ ID NO:95 HCDR3 MHLPLVFDS

{Kabat)

SEQ D NO:96 LCDR1 RASOFIGSRYLA

{Kabat)

SEQID ND:97 LDCR2 GASNRAT

{Kabat)

SEQID NO:98 LCDR3 QQYWSIPIT

{Kabhat)

SEQ 1D ND:99 HCDR1 GFSLSNRGG

{Chothia}

SEQID NO:100 | HCDR2 DWODD

{Chothia)

SEQIDND:101 | HCDR3 MHLPLVEDS

(Chothia)

SEQ 1D NO:102 | LCDR1 SQFIGSRY

(Chothia)

SEQIDNO:103 | LDCR2 GAS

(Chothia}

SEQ ID NO:104 LCDR3 YWSIPI

{Chothia)
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SEQ
SEQ
SEQ

| D NO
I D NO
| D NQv

96 (Kabat) LCDRL RASQFI GSRYLA SEQ I D ND: 97 (Kabat) LDCR2 GASNRAT
98 (Kabat) LCDR3 QQYWSI PIT SEQ I D ND: 99 (Chothi a) HCDR1L GFSLSNRGG
0Q011(GBs3t hi a )

PCT/EP2011/057200

SEQ ID NO:105

VL

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFAVYYCQQYWSIPITFGQGTKVEIK

SEQ ID NO:106

VH

QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMMLPLVFDSWGQGTLVTVSS

SEQID NO:107

VL Germlined

EIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGIPARFSGSGSGTDFTLTISSLE
PEDFAVYYCQQYWSIPITFGQGTKVEIK

SEQ ID NO:108

VH Germlined

QVTLKESGPALVKPTATLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NC:109

DNAVL

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGLCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCRTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGG TCTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQ ID NO:110

DNAVH

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGG TGGTGG TG TGGG TTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGG TGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATIATIG
CGCGCGTATGCATCTICCTCTTGTTTITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGLCTCA

SEQIDNC:111

Light kappa

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRA TGVPARFSGSGSGTDFTLTISSL
EPEDFAVYYCQQYWSIPITFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEYPREAKVOQW KVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEA

SEQID NO:112

Heavy Fab

QVALKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNOQVVLITMTNMDPVDTATYYCARMHLPLYFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKS

SEQIDNQ:113

DNA Light
kappa

GATATCGTGCTGACCCAGAGCCCGGLGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTICTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTIGGTCTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCTCCGAGCGTGTTTATTTTTCCGCCGAG
CGATGAACAACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTGAACAACTTTTATCCGCGTGAAGCGAA
AGTTCAGTGGAAAGTAGACAACGCGCTGCAAAGCGGCAACAGCCAGGAAAGCG TGACCGAACAGGATAGCA
AAGATAGCACCTATTCTCTGAGCAGCACCCTGACCCTGAGCAAAGCGGATTATGAAAAACATAAAG TGTATGC
GTGCGAAGTGACCCATCAAGGTCTGAGCAGCCCGGTGACTAAATCTTTTAATCGTGGCGAGGCC

SEQIDNO:114

DNA Heavy
Fab

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGT GG TGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAAT CAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTITITGATIC TIGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTTTCCGC TGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT
GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGLGTGC
ATACCTTTCCGGCGGTGLTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATTTGCAACGT GAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC

MOR084T73
Prop3

SEQ ID NO:115
{Kabat)

HCDR1

SYGMS

SEQID NO:116
{Kabat}

HCDR2

NISNDGHYTYYADSVKG
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HCDR2 DWDDD SEQ I D ND: 101 (Chothia) }-1CDR3 MHLPLVFDS SEQ | D NO 102
(Chothia) LCDRL SQFI GSRY SEQ I D NO 103 (Chothia) LDCR2 GAS SEQ I D NO 104
( Chot hi a)wbGDR3138391 PCT/EP2011/057200

SEQID ND:117 HCDR3 FQASYLDIMDY

{Kabat)

SEQ ID ND:118 LCDR1 SGDNIGSKYVH

{Kabat)

SEQID NO:119 LDCR2 NDSNRPS

{Kabat)

SEQ 1D NO:120 LCOR3 CAWGDNGTRY

{Kabat)

SEQID ND:121 HCDR1 GFTFSSY

{Chothia)

SEQ ID NO:122 HCDR2 SNDGHY

{Chothia)

SEQIDNO:123 | HCDR3 FQASYLDIMDY

{Chothia)

SEQID ND:124 LCDR1 PNIGSKY

{Chothia)

SEQID ND:12S LDCR2 NDS

{Chothia)

SEQID NO:126 LCDR3 WGDNGTR

{Chothia)

SEQ ID ND:127 VL DIELTQPPSVSVAPGQOSITISCSG DNIGSKYVHWYQQKPG QAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQID NO:128 VH QVALVESGGGLVYOPGGSLRLSCAASGFTESSYGMSWVRGAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ ID NO:129 VL Germlined SYELTQPPSVSVSPGQOTASITCSGDNIGS KYVHWYQQKPGQSPYLVIYNDSNRPSGIPERFSGSNSGNTATLTISGT
CAMDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQ ID ND:130 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVROAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDNS
KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWG QGTLVTVSS

SEQID ND:131 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG
ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTIGTGATTTATAAT
GATTCTAATCGTCCCTCAGGCATCCOCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATIGCCAGGCTTGGGG TGATAATGGTACTCGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTT

SEQID ND:132 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCEGCCTGOTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGE
CTCCGGATITACCYTTTICTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTG TTAAGGGTCGTTTTACCATITCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTTTTCAGGCTTCTTATCTTGATATTATGGATTATIGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ 1D ND:133 Light lambda DIELTQPPSVSVA PGOSITISCSG DNIGSKYVHWY QOQKPGQOAPYLVIYNDSNRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCQAWGDNGTRYFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADS
SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTEA

SEQID NO:134 Heavy Fab QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPG KGLEWVSNISNDGHYTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
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YWEI Pl

WD 2011/ 138391PCT/ EP2011/ 057200 SEQ I D NG 105 VL

Dl VLTQSPATLSLSPGERATL SCRASQFI GSRYLAWYQOKPGQAPRLLI YGASNRATGVPARFSGSGSGTDFTLT

| SSL EP BMBAVMMGEXIYWSI Pl TFGQGTKVEI K SEQ | D NO 106 VH

PCT/EP2011/057200

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGEVGW RQPPGKAL EW. AW DMDDDKSYSTSLKTRLTI SKDT
Ger m i ned

S KNQ\/VLTMI'NNDPVDTATYYCARM-lLPLVFDSV\G(XETLV'I'VSS SEQ I D NO. 107 VI

El VLTQSPAT

SLE PEDFAVYYCQQYWEI

LS RIRGIEE oAt O

Rimbdz GQGT

KMEATKT(SE@AA&)\TH@A&&&ACCAGCAGAAAccceeGCAGGCGCCAGTTcrrGTGArrrATAAT
GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGCACTCAGGCGGAAGACG AAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT
TTGGCGGCGECACGAAGT TAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGAT TAGCGACTTTTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGE
TGOCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGES

ZRS)

SEQ ID ND:136

DNA Heavy
Fab

CAGGTGCAATTGGTGGAAAGCGGCGGLGGLCTGGTGCAACCGGGLGGLAGCCTGCGTCTGAGCTGLGLGGL
CTCCGGATTTACCTTTTCITCTTATGGTATG TCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGG TCGTTTTACCATTITCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
OTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGLCGTC
GACCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGLLCTGG
GCTGCCTGGTTAAAGATTATITCCCGGAACCAGTCACCG TGAGLTGGAACAGCGGGGLGCTGACCAGLGGLG
TGCATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCA
GCAGCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAG
TGGAACCGAAAAGC

SEQ 1D ND:137

VL Germlined

SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQOKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISRA
QAGDEADYYCOAWGDNGTRVFGGGTKLTVL

SEQ ID NO:138

VH Germlined

EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYGMSWVRQAPGKG LEWVSNISNDGHYTYYADSVKGRFTISRDNS
KNTLYLOMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ 1D NO:139

DNA VL
Germlined

AGCTATGAACTGACCCAGCCGCTGAGTGTTAGCGTTGLGCTGGOTCAGACCGCGCGTATTACCTGCGGLGGT
GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT
AACGATAGCAACCOTCCGAGCGGCATTCCGGAACGTTTTAGCGGCAGCAACAGCGGCAATACCGCGACCCTG
ACCATTAGCCGTGLGCAGGCGGGTGATGAAGLGGATTATTATIGCCAGGCGTGGGGCGATAATGGTACGLG

TGTGTITGGCGGTGGTACGAAGTTAACCGTTCTT

SEQ 1D NO:140

DNA VH
Germlined

GAGGTGLAATTGCTGGAAAGCGGCGGLGGCCTGGTGCAACCGGGLGGCAGCCTGCGTCTGAGCTGCGLGGC
CTCCGGATTTACCTTTICTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGG TCATTATACTTATTATGCTGATTCTGY TAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCG TGCGGAAGATACGGCLGTGTATTATTGCGCGE
GTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGG TGACGGTTAGCTCA

Biparatopic
construction

MORO06475

SEQ 1D NO:141

DNA VL-
(GGGGS)3-VH
scFv

Gatatcgttctgacecagagtecggcaaccctgagectgagtocgggtgaacgigecacectgagetgtcgtacaagecagtitatigetageeg
ttatctggcatggtatcageagaaaccgggtcaggcaccgegtctgctgatttatggtpcaagcaatcgtgeaaccggtgttccggracgtittag
ceplagiggtagtgecaccgattttacectgaccattagcagectggaaccggaagattttgeaacctattattgecageagtattatgattatee

geagacctttggteagegcaccaaggtggaaattaaagptegtggtgetagegetggtegtegcteaggtggtgecegtagtcageticaattg

aaagaaageggtccgecactiggtiaaaccgacocagaccctgacectgacatgtacetttagegpttttagectgageaategtggtesteetpt
tggtiggattcgteagectecgggtaaageaciggaatgactggeatggatigattpgeatgatgataaaagetatageaccagectgaaaace

cgtctgaccattagtaaagataccageaaaaatcaggtgetictgaceatgaccaatatggatecgettgataccgecacctattattgtgeacgt
atgcatctgoegetpptitiigatagetggegtcagegtacactagttacegttageage

SEQ ID NO:142

VL-{GGGGS)3-
VH scFv

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGESGGGGSAVALKESGPALVKPTQTLTLTCTFSGFSLSN
RGGGVGWIRQPPGKALE WLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMODPVDTATYYCARMM LPL
VEDSWGQGTLVTVSS
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Vii Germlined

QVTLKESGPALVKPTQTLTLTCTFSG-SL SNRGGGVGW RQPPGKAL EW.AW DWDDDKSYSTSLKTRLTI SKDT
S KNQVVL TWBNVOAGEIDATYYCARVHLPLVFDSWEQGTLVTVSS SEQ | D NOpCTO®20WH52ho
GATATCGT GCTGACCCAGAGCCCGGECGACCCT GAGCCT GT CT CCGGECGAACGT GCGACCCTGAGCTGCAGA
GCGAGCCAGITTATTGGT TCTCGTTATCTGGCT TGGTACCAGCAGAAACCAGGT CAAGCACCGCGTCTATTAA

T A

TTTATGGE R Tt S T R R e e R R e A e b S b e g IAIC
CCTGACCAT [T AGCAGCCT|(adeavh (P\Rartelcledi Skt A b bak ddcdpit Hghclaetiortinark ek & {ckadgliat et elecdealomeded A
CCTTTGGCCAGGGTACGAAMGT TGAAAH Iz AR e okekda &@ﬁm&&ﬂa%ﬂlﬂcymmcgccacctauactgccagcagtactacgac
CAGGT GCAAT TGAAAGAAAGCGECCCEEaE GERGAAACEREEEARACETIRACEETAAGETPERAGSTRRT
CCGCGATTTAGCCTGT CTAAT CGT GGT (>2#Ee3e W*W?WWW@
GGCTGGCTTEGATCGATTIGGGATGAT
AAGATACT TEGAAAAAT GAGGT GGT LA
CGCGCGTATGECATCTTCOTCTI GTITT]
NO 111 Li gteq k@R vi(cocess
DI VLTQSPATL SLSPGERAKL&CRAS : A
Tl SSL GFSI.SNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPVDTATWCAR
EPEDFAVYYCQQYWSI Pl [TFGQGT KVEMRRYNASRSHYSFPPSDEQL KSGTASVVCL LNNFYPREAKVQAKVDNA
L QSG NSQESVIEQDSKIDSTYSLSST LT LSKA DY E K H KVYACEVTHOG L SSPVTIKSE N RG-EA
SEQ | D NO iEfQ) Iﬁéﬁv D é&- CaggttcaattgaaagaaagcggtccggcactggttaaaccgacccagaccctgaE&tgacatgtacctttagcggttttagcctgagcaatc
(GGGGSY3-VL gtegiestagtettggtiggattcgteagectecgggtaaageactggaatggctggeatggattgatigggatgatgataaaagctatageace
agccigaaaacccgictgaccatiagcaaagataccagcaaaaatcaggtigtictgaccatgaccaatatggatecggtigatacegeaacct
attattgtgcacgtatgcatetgecgetggtittigatagetpgeetcapggtacactagtiaccgtiagcagcgptBgtEgtERtagCRRIRIE
geegttcagetgptgptpcagtgatatcgtictgacceagagtecggcaaccctgagoctgagtecgagtgaacgtgecaccetgagetgtegt
geaagecagttiatiggtagocgttatctggeatggtatcageagaaaceggeteaggraccgegtetgetgatttatggtgcaageaatcgtge
aaccggtgttccgecacgtitiageggtagegetagtggeaccgattitaccctgaccattagtagectggaaccggaagattttgecacctatta
ttgccagcagtattatgattatccgeagaccttiggtcagggeaccaaggtggaaattaaa

SEQIDNO:146 VH-(GGGGS)3- | QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTS
VL scFv KNQVVLTMTNMDPVOTATYYCARMHLPLYFDSWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTASPATLSISP
GERATLSCRASQFIGSRY LAWYQQOKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQY
YDYPQTFGQGTKVEIK

SEQ ID NO:147 DNA VH- Cagettcaatigaaagaasgcretccgecactggttaaaccgacccagacectgacectgacatgtaccittageggtittagectgagcaate
{GGGGSM-VL glegtgptegtatiggtiggaticgtcagectceggptaaageactggaatggctgecatggatigattgggatgatgataaaagctatageace
scFv agcctgaaaacccgictgaccatiagcaaagataccageaaaaatcaggtigttctgaccatgaccaatatggatccggitgatacegeaacct

attattgtgcacgtatgeatctgecgctggtittigatagetpgegteapggtacactagtiacegitageagcgetBRIg e RtagceRtEaty
geggttcagetpetpptepcagtegergtggtggtagtgatatcgtictgacccagagtecggeaaccetgagectgagtecgggtgaacgtyce
accctgagetgtegtgcaagecagtttatiggtagocgttatctgecatggtatcageagaaac cggetcaggeaccgegictgctgatttatgat
gcaageaatcgtgcaaccggtgttceggeacgttitageggtagegetagiggcaccgattttaccctgaccattagtagectggaaccggaaga
ttttgccacctattatigccageagtattatgattatecgeagacctitgglcagggcaccaaggtagaaattaaa

SEQID NO:148 | VH-(GGGGSY- | QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDOKSYSTSLKTRLTISKOTS
VL scFv KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSGGGGSGGGGESGGEESGGGGSDIVLTOSPA
TISLSPGERATLSCRASQFIGSRY LAWY QQKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYY
CQAYYDYPQTFGQGTKVEIK

MOROB168

SEQ IDND:149 DNA VL- Gatatcgaactgacccagectecgagegtiagegtigeaccgggtcagaccgeacgtattaget gtagegetgatagectgogtaataaagtita
{GGGGS)3-VH tiggtatcageagaaaccgggtcaggeaccggtictgatiatitataaaaataatcgiccgageggtaticcggaacgtittagcggtagcaata
scFv gcggtaataccgeaaccctgaceattagegeeacccaggeagaagatgaagagattattatigeccagagetatgatggicagaaaageeteg

tttitgetgetpecaccaagettaccgtictggetpategtagtagcgetgptgetagcteagetegtggcggtictcageticaattggtigaaag
tggtgategtctggticagcctggtggtagcctgegtetgagetgtgeageaagegpttttacctitagegatiatgtgattaattggeticgecag

geaccgegtaaageictgpaatggpttageggtatiagetgetcaggtgttaatacecattatgcagatage gtgasaggtcgttttaccattag

ceglgataatageaaaaatacectgtatetgcagatgaatagectgcgtgcagaagatacegeagittattattgtgcacgtetgggigeaaccy
caaataataticgctataaatitatggatgtgtgpgpteappptacactagttaccgtiageage

SEQ ID NO:1S0 | VL-(GGGGS)3- DIELTQPPSYSVAPGQTARISCSG DSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
VH scFv EDEADYYCQSYDGQOKSLVFGGGTKLTVLGGGGSGGGGSGEGESQVALVESGGGLYAQPGGSLRLSCAASGFTFSD
YVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDNSKNTLYLOMNSELRAEDTAVYYCARLGATANN
IRYKFMDVWGQGTLVTVSS
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QVQLKESGPALVKPTQTLTLTCTFSG-SL SNRGGGVGW RQPPGKALEW. AW DWDDDKSYSTSLKTRLTI SKDT
S KNQVWWLTMINVDPVDTATYYCARVH LPLVFDSWEQGTLVTVSSASTKG PSVFP LAPSSKSTSGGTAA

LGCLVKD WO 2011/138391
YFPEPVTVSVWNSGAL TSGVHTFPAVL QSSGLYSLSSVWTVPSSSLGTQTYlI CNVNHKPSNTKVDKKVEPKS SEQ

| D NO 113 DNA Li ght kappa

PCT/EP2011/057200

AN NN NN N

GATAT CGT CCT GrGsNeAY *%éMMméﬁkWBﬁMEMé@MA Gae
GCCGAGCCAGT TTATTGGT TGdécGabalA T Chfglakaf il bl s e
TTTATGGTGCT TCTAATCGT&<AACT G%Wﬁ?ﬂmﬁﬁ% Aai€atct b gAktfaica
CCTGACCATTAGCAGCCTGEGAACCT GAA@&@E@@@@(@@MMET ACGAL tWA‘E@E@@EﬁAﬁEA
CCTTTGGCCAGBGGTACGAAAGT TGAAA P LA W@@@T@Wﬁﬁﬁfm (CEREEE
CGATGAACAACTGAAAACC ‘ ?WWMW“
AGT TCAGT GGAAAGT AGAGAACGCGCT %ﬁgﬁm&% &mm@@ﬁm;@www
AAGATAGCACETAT TCT CTIGAGCAGCA( CEETER R PR SRR PRERSTGTATGC
GTI GCGAAGT Gl b e AT ds CLAE i deke Ak 6ot RE SRR Ml ddPebiial kanhr SiPeeias neNedTITES TaA |
NO 114 DNA Heavy FallovH scrv EDEADWCQSYDGQKSLVFGGGTKLTVLGGGGSGGGGSGGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAAS
CAGGTGCAATTGAAA GCGGECCCA T@®
CCCGATTTAGLCTGTCT. CGTGGT GW@FW CGCCAGCCGCCT GGGAAAGCCCT CGAGT
mcmTTG‘ATPPI\TT ATCATG
AAGATACTTCE deeliesien
CCCGCGTATGLATCTTCC Gl G TTTY 4
CCAAAGGT CCAAGCGTGT | [TCCECTGCH .
GCCl GGTTAAPGATTATTI |CCCGGAACK
ATACCT TTCCEGECGGT GCTIGCAAAGCA
GCTTAGGCACT CAGACCTATATTT GCANCEF GAACEATAMACTRABEAY
AACCGAAAAGE MOR0847]3 Prop3 “%%@“rtetﬂﬂ@aﬁﬁstw)accrqwzsmvs
SEQIDND:154 | VH-(GGGGS)3- | QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
VL scFv SKNTLYLOQMNS LRAEDTAVYYCARLGATANNIRYKFMDVWGQG TLVTVSSGGGG5GGGGSGGGGSDIELTQPPS
VSVAPGQTARISCSG DSLRNKVYWYQQOKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYC
QSYDGOKSLVFGGGTKLTVL
SEQID NO:155 DNA VH- Caggticaattggitgaaageggiggiggtctagticagectggiggtagoctgcgtetgaget gigcagcaagcgatittacctttagcgattat
(GGGGS)4-VL gigattaattgggticgtcaggcaccggptaaaggictpgaatggetiagoggtattagctggtcaggtgttaatacceattatgeagatagegts
scFv Jaaggtegtittaccatiagecglgataatageaaaaataccetgtatetgcagatgaatagectgcgigcagaagataccgeagttiattattgt
gcacgtctgggtgcaaccgcaaataataticgctataaattiatggatgtglggagtcagggtacactagttaccgttageagtegtegteptagt
agcgetggtgecegatctgataeceetgpticagetggtagtgacagtgatatcgaactgacccagectcegagegttagegttgcaccgggte
agaccgeacgtatiagetgtageggtgatagictgegtaataaagtitatiggtatcagcagaaaccgggteaggctecggtictggttatttata
aaaataatcgtccgagegetattecggaacgtittageggtageaatageggtaataccgcaaccctgaccattageggeacccagecagaag
atgaagcegattattattgtecagagctatgatggtcagaaaagectggtititggtggtegcaccaagcttacegtictg
SEQID NG:156 | VH-(GGGGS)- | QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
VL scFv SKNTLYLGMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSGGGGSGGGEGESGGGGSGGGGSDIE
LTQPPSVSVAPGQTARISCSG DSLRNKVYWYQQKPGQAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAED
EADYYCQSYDGQKSLVFGGGTKLTVL
MORD8545
SEQ ID NO:157 DNA VL- Gatatcgaactgacccagectcegagegttagegitgeaccgggtaagacegeacgtattagetglageggtgataatatiggcagcaaatatg
(GGGGS)3-VH tgcatiggtatcagcagaaaccggptcaggcaccagtictggtiatitatggtgatageaategtecgageggtattceggaacgttitagegeta
sCFv geaatageggtaataccgeaaccetgaccattageggeacccaggcagaagatgaageagattattattgtaccegtaccageaccoegattag
cgglgtititggtpgtppcaccaagcttaccgtictpgetgptagigatagegatgpteptepctcapptesteatapttcacagsttcaatiggtt
gaaagtggtggipggtctggitcagoctggtagtagectgcgtetgagctgtgcagcaageggtittacctttagegttaatggtatgeattgggtic
gecaggeaccgpglaaaggtctggaatggpttagegttattgatggtatgggccatacctatiatgecgatagegttaaaggtegttitaccatta
gecgtgataatageaaaaatacectgtatetgcagatgaatagectgegtgcagaagataccgeagtttatiattgcgeacgctatgatiatatta
aatatgetgocttigatecgtggpetcagggtacactagttacegttagcage
SEQ 1D NO:158 | VL-(GGGGS)3- DIELTQPPSVSVAPGQTARISCSGONIGSKYVHWYQOQKPGQAPVLYIYGDSNRPSGIPERFSGSNSGNTATLTISGT
VH scFv QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGGSQVQLVESGGG LVOPGGSLRLSCAASGFTFS
VNG MHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYDYIKY
GAFDPWGQGTLVTVSS
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SEQ I D NO 116 (Kabat) HCDR2 N SNDGHYTYYADSVKG WO
2011/ 138391PCT/ EP2011/ 057200 SEQ I D ND: 117 (Ka bat) HCOR3 fl aASYLDH MDY SEQ
| D ND: 118wOKabhats$39 CDR1 SGONI GSKYVH SEQ | D NO 119 ( KabatrrTiEp&iR2/057200

SEQID NO:159

DNA VL-
(GGGGS)4-VH
sty

Gatatcgaactgacccagectccgagegttagegtigeaccggetcagaccgcacgtattagetgtageggtgataatattggcageaaatatg
tgcattggtatcagcagaaaccepetcaggcaccegttctgettatttatggtgatagcaatcgteccgageggtattccggaacgttitagegeta
geaatagegetaataccgeaaccctgaccattageggcacccaggeagaagatgaageagattattatigtaccegtaccageaccecgattag
cggtetttitgetggtegcaccaagettaccgiictggpteategteetagcteaiggtpecicagetsatpecagtictggtppcgptagtica
taggttcaattggttgasagtgetegteetctggticagectgetgetagectgegtctgagetgtgcageaageggttitacctttagegitaatg
gtatgcattgggttcgecaggcac ggetaaagetctggaatggettagegttatigatggtatggeccatacctatiatgecgatagegttaaa
getcgttttaccattagecgtgataatageaaaaataccctgtatetgcagatgaatagectgegtgcagaagataccgeagtttattatigegea
cgctatgattatattaaatatggtgectttgatccgtggegteaggetacactagttaccgttageage

SEQ ID ND:160

VL-(GGGGS)4-
VH seFv

DIELTQPPSYSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGESGGGG5GGGESGGGESAVALVESGGGLYOPGGSLRLSCAA
SGFTFSYNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
YDYIKYGAFDPWGQGTLVTVSS

SEQID NO:161

DNA VH-
(GGGGS)3-VL
stFv

Caggttcaattggttgaaagcggtggiggtctggttcagectggtgetagectgegt ctgagetpgtgcageaageggtittacctitagegttaat

gRtatgeattggaticgtcaggeaccgggtaaagetctggaatgggttagcgttattgatggtatgggceatacctattatgecgatagegttaaa
gRtcgititaccattagecgtgataatageaaaaataccetgtatetgcagatgaatagectgegtgeagaagataccgeagtitattattgtgec
cgttatgattatattaaatatggtgectitgatecgtggeptcaggetacactagitaccgttageagtggtagtgetegtageestgetggcega
tetggtggcgaiggitcagatatcgaactgacccagectecgagepttagegtigeaccggpteagacegeacgtattageigtageggtgataa
tattggcageaaatatgtgcattggtatcageagaaaccggeteaggctecggtictggttattiatggtgatagcaatcgtecgagegsgtattce
geaacgtittagcgetageaatageggtaataccgeaaccctgaccattagegecacccaggcagaagatgaagecgattattattgcaceegt
accageaccecgattageggtgtititggtgetggcaccaagettacegttctg

SEQ ID ND:162

VH-(GGGGS)3-
VLscFv

QVALVESGGGLVOPGGSLRLSCAASGFTFSYNGMHWVRQOAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYY CARYDYIKYGAFDPWGOGTLVTVSSGGGGSGGEGSGEGGESDIELTOPPSVSVA

PGOTARISCSGDNIGSKYVHWYQQKPGOAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCTR

TSTPISGVFGGGTKLTVL

SEQ ID NO:163

DNA VH-
(GGGGS)4-VL
stFv

Caggttcaattggtigaaagcesigetgetctgeticagoctggtggtagectgegtctgagetgtgcageaagegptittaccittagepttaat

getatgcattgegticgtcagpcaccgagtaaagetetggaateggttagegttatigatggtatgggecatacctattatgecgatagegttaaa
geEtcgittiaccattagecgtgataatageaaaaataccctgtatcigeagatgaatagectgogtgeagaagataccgagtitattattgtgec
cgitatgatiatattaaatatggtgectitgatecgtggggteaggatacactagttaccgitageagtggteetggtegtageegtagtegegea
tctegtggcRgtEgticagetgetegtggcagtgatategaactgacccagectecgagegtiagegttgcaccggeteagaccgeacgtattag
ctgtagcggtgataatatiggcageaaatatgtgeattggtatcageagaaaccgggtcaggetccggtictegtiatitatggtgatageaateg
teegagegetattecggaacgttttagegetageaatageggtaataccgeaaccctgaccattageggeacceaggeagaagalgaagecga

ttattattgcaccegtaccageacceegattageggtettittgatpptgecaccaagettaccgttcty

SEQ ID ND:164

VH-(GGGGS)4-
VLscFv

QVALVESGGGLVAPGGSLRISCAASGFTFSYVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARYDY!IKYGAF DPWGQGTLVTVSSGGGGSGGEGESGGGGSGGGGSDIELTAPP
SVSVAPGUTARISCSGDNIGSKYVHWYQQKPGOAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEAD
YYCTRTSTPISGVFGGGTKLTVL

Biparatopic
MOR08168/
MOR06475

SEQID NO:165

DNA Heavy
MOR08168
higGl LALA
MOR0BA7S
scFv

caggtgeaatiggicgagtctggcgeaggactegtacagectggtggeagectgagactgagctpegecgecageggcttcaccticagegact
acgtgatcaactgggtgegacaggecectggaaaggecciggaatgggtgtoecgecatctetiggtetggcgtgaacaccactacgecgacag
cEtgaaggecaggticaccatcagecgggacaacageaagaacacectgtacctgcagatgaacagectgagageegageacacegecgtet
actactgtgccagactgggegecaccgecaacaacatccggtacaagticatggacgtgtggggccagepcacactggtgacegteagetcag
ctagcaccaagggccccagegtgticccectggcceccageagcaagageaccageggcggeacageegeccigggetgectggtgaaggact
acttccccgageecgtgacegtgtectggaacagegeageectgacctecggegtgeacaccticcccgecgtgctacagageageggectgtac
agectgtecagegtggtgacagtgoccageageagectgggeacccagacctacatctgeaacgtgaaccacaageecageaacaccaaggly
gacaagagagtgeagcctaagagetgegataagacccacacctgecceccctgoccagoccagagecagegggepgeacccteegtgtteet
gttcocccecaageccaageacacectgatgateageaggacceccgaggtgacctgcgiggtgetggacgtgagecacgaggacccagaget
gaagiicaaciggtacgtgeacgecatggaggtgcacaacgecaagaccaagcccagagaggageagtacaacageacclacageptagigt
ceglgetgacegtgetgeaccaggactggctgaacgecaaggaatacaagtgeaagetctecaacaaggeectgecagececcategaaaaga
ccatcagcaaggecaagggecagecacgggagecccaggtgtacacectgeccecctece gEgaggagatgaccaagaaccaggipieecly
acctgtctggtgaagggctictaccecagegacategecgtggagtgggagageaacgeccageccgagaacaactacaagaccaccoccoea
gtectgpacagegacggcageticticcigtacageaagelgaccgtggacaagtccaggtgecageagggcaacgigticageigeagegtaa
tgcacgaagegetgeacaaccactacacccagaagagectgageetgteccocggeaagggegectecggcgeaagegatategtgetgacac
agagccctgecacectgtetetgagecctggegagagagecaccetgagetgecggeccagecagticatcggetecegetacctggectggtat
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NDSNRPS SEQ | D NO: 120 (Ka bat) LCOR3 QAWGDNGTRV SEQ | D ND: 121 ( Chot hi a)
HCDR1 GFTFSSY SEQ I D NO 122 (Chot hia) HCDR2 SNDGHY SEQ | D NO 123 ( Chot hi a)

HCDR3 FQABBLD 138361

PCT/EP2011/057200

Ccagcagaageccggacagectcccagactgetgatetacggegecageaacagagetaccggegtgccegecagattttctggeagegpcage
gecaccgacticaccotgaccatcageagectggaacccgaggacttcgecacctactactgecageagtactacgactacccccagaccticg
gecaggpcaccaagetggagatcaagppceragecgpatecggegptgacagaagtggagpceRagasgcEEsLeRRRCERaARCCAE
glgcaatigaaagagtecgpcccigecciggtgaagectacecagaccetgacectgacatgeaccticageggcttcagectgageaacagag
geggcgeagipgectagatcagacagectcecggeaaggecctgpaatggetggectggategactgpggacgacgacaagagetacageacc
agcctgasaacceggelgaccatctccaaggacaceageaagaaccagetegtgelcaccatgaccaacatggacccegtgpacaccgocac
clattattgegeccggatgeatctgeecctggtgttcgatagetgggeccapgeaacectggtgacagigtecage

SEQ ID NO:166

Heavy
MDR08168
hlgG1 LALA
MDRO6475
scFv

QVOLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPYTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTATYICNVNHKPSNTKVYDKRVEPKS
COKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLYK
GFYPSDIAVEWESNGQPENNYKTTPPVLDS DGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTQKSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASOFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGVPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGAG TKVEIKGGGGSGGGGSGGGGSGGGGSQVALKESGPALVKPTO,
TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEW LAWIDW DDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPY
DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO:167

VL MDR08168

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPYLYIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQIDND:168

DNA VL
MOR08168

GACATCGAGCTGACCCAGCCCCCTTCTG TG TCTGTGGCCCCTGGCCAGACCGCCAGAATCAGCTGCAGCGGC
GACAGCCTGCGGAACAAGGTGTACTGG TATCAG CAGAAGLCCGGCCAGGCTCCCGTGCTGGTGATCTACAAG
AACAACCGGCCCAGCGG CATCCCTGAGCGGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATC
AGCGGCACCCAGGCCGAAGATGAGGCCGACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTT
CGGCGGAGGCACCAAGCTTACCGTGCTG

SEQ 1D NO:169

DNA Light
lambda
MOR08168

Gacatcgagetgacccagoceoctictgtgtetgtggeocctggecagaccgecagaatcagelgeagegpcgacagect gegpaacasggte

tactggtatcagcagaageceggecaggetecegtgctgptgatctacaagaacaaccggeccagegecatecctgagegeticagegpeage

aacagcgecaataccgecaccctgacealcageggcacccaggcegaagatgagpccpactactactgecagagetacgacgpccagaaaag
cctggtgticggeggaggcaceaagettaccgtgetggeccageccaaagecgeccctagegtgacectgticocccccageagegageaactg
caggccaacaaggecaccctggtetgectgateagegacttetacectgpegecgtgaceglggectggaaggccgacageageccegtgasg

geegecglgpagacaaccacccccagoaagragagcaacaacaagtacgecgecageagetacctgagectgacceecgageagtggaaga

gccacagaagetacagetgecaggtcacccacgagepcageaccgtggagaaaaccgtggeccccaccgaglgeage

SEQ 1D NO:170

Light lambda
MOR08168

DIELTQPPSVSVAPGQTARISCSGDSLRN KVYWYQQKPGOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEE LQANKATLVYCLISDFYPGAVTVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:171

Heavy
MOR08168
higG1 LALA
(w/o K)
MORO6A75
scFv

QVALVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGYHTFPAVLASSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVIHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSYMHEALHNHYTQKSLSLSP
GGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGVPARFSGSGSGT
DFTLTISSLEPEDFATYYCQQYYDYPQIFGOGTKVEIKGGGGSGGGG5666GG5GGGGSQVALKESGPALVKPTQT
LTLTCTFSGFSLSNRGGGYGWIRQPPGKALEW LAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTN MDPVD
TATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO:172

DNA Heawy
MDR08168
higG1 LALA
(w/oK)
MOR06475
scFv

CAGGTGCAATTGG TCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGLTGCGCCGE
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGG TGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCOGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG

GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCG TG TTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCTGGGCTGLCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGLGE
AGCCCTGACCTCCGGCOTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTG TCCAGCGTG
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SEQ I D ND: 124 (Chothia) LCDRL DNI GSKY SEQ I D N13: 12S (Chothia) LDCR2 N DS
SEQ I D NO 126 (Chot hia) LCDR3 WG DNGTR SEQ I D NO 127 VL

DI EL TQPPSVE\MARARSISTI SCSGDNI GSKYVHWQQKPGQAPVLVI YNDSNRPSECRPEREGEBNAGNTATI TI S
GTQ AEDEADYYCQAWEDNGTRVFGGGTKLTVL SEQ | D NO 128

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCLTGTCCCCCGGLGGCGGC
TCCGGCGGAAGCGATATCGTGUTGACACAGAGCCCTGCCACCCTGTCTCTOAGCCCTGGCGAGAGAGCCACC
CTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGLT
CCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTITCTGGCAGCGGCAGC
GGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACT
ACGACTACCCCCAGACCTTCGGUCAGGGCACCAAGGTGGAGATCAAGGGCOGGAGGCGGATCCGEGGGTGE
CGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTG
GTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGLGGCGGA
GTGGGCTGGATCAGACAGCCTCCCGGLAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAA
GAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCAC
CATGACCAACATGGACCCCGTGGACACCGCCACCTATTATTIGCGCCCGGATGCATCTGCCCCTGGTGTTCGAT
AGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

SEQIDND:173 | Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
MDRO8168 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
hlgG1 LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
MDRO6475 CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

scFv (DP to DA) | QYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTOKSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQAPRLLIYGASNRATGVPARFSGSGSG
TDFELTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGS5GGGEGS5GEGGSQVOLKESGPALVKPTG
TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDAY
DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ (D ND:174 | DNA Heavy CAGGTGCAATTGGTCOAGTCTGGCGGAGGACTEGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGLGCCGC
MORO08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGLCTGGAATGGGT
higG1 LALA | GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
MDRQB475 GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

scFv (DP to DA) | TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGE
CGGCACAGCCGLCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGE
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCLCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGBBAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCOCCCGGCAAGGGE
GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG
GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCATGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGUGGATCCGGGGGT
GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC
CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
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VH QVQLVESGGGLVQPGGSLRLSCAASGFTT SSYG
MBVWRQAPGKGL EVWWSNI SNDGHYTYYADSVKGRFTI SRDN

SKNTL YL QWWBL2RAABTAYYYCARFQASYL DI MDYWSQGTLVTVSS SEQ | D Necta®20di/o€ene i ned
SYEL TQPPSVSVSPGQTASI TCSGDNI GS KYVHWQOKPGQSPVLVI YN DSN RPSG PERFSGSNSG

NTATLTI SGT QAM DEADYYCQAV\G:)NGTRVFGGGTKLTVL SEQ ID N D 130 V HG erm I [

YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQXSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQOAPRLLIYGASNRATGYPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGG5GGGEGESGGEESQVALKESGPALVKPTQ
TLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDODDKSYSTSLKTRLTISKDTSKNQVVLTMTNMTAVD
TATYYCARMHLPLVFDSWGQGTLVTVSS

CAGGTGCAATTGGTCGAGTCTGGLGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGL
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGLACCAGCGG
CGGCACAGCCGLCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGLGG
AGCCCTGACCTCCGGCGTOCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACALT
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAG CACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGLCAGCCCOGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGT
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGT
GGCTCCGGLGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGLCGUGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG
GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT
GUCGUAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTG CAATTGAAAGAGTCCGGCCCTGCC
CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGLGGTC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
CACCATGACCAACATGACCGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC
GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOXKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGESQVQLKESGPALVKPTQTLTLTCTFS
GFSLSNRGGGVGWIROQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPYDTATYYCAR
MHLPLVFDSWGQGTLVTVSSGGSGGSDIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKN
NRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCQSYDGOKSLVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOQA
NKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY LSLTPEQWKSHRSYSCOVTHEGSTVE
KTVAPTECS

ed EVQLV EEG GG NG PG GSER
DGHYTYYA DEVKG R FT|l SRD NS
SEQ I D ND: 131 DNA M
GATATCGAACT &aemeaaCErCl TCA
ATAATATTGGL TCTAAGTATSIPEATT
GATTCTAATCEITCCCTCAG
TTAGOGGCACT CAGGOGGAAGATTAA
TTGGCGECGECACGAAGLTIAACCGT T
SEQ ID NO:176 | DNA Heavy
MOCROB168
higGl LALA
MOR06475
scFv (DP to TA}
SEQ ID NO:177 Light
MOR(06475
scFv
MOR0B168
lambda
SEQ ID NO:178 | DNA Light
MOR06475
scFv
MOR0B168
lambda

GATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTG GCGAGAGAGCCACCCTGAGCTGCCGG
GCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCTCCCAGACTGCTG
ATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGCGGCACCGACTTC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGGCGGAAGTGGAG
GCGOAGGAAGCGGAGGOGGECGGAAGCCAGGTGCAATTGAAAGAGTCCGGLCCTGCCCTGGTGAAGCCTAC
CCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGAT
CAGACAGCCTCCCGG CAAGGLCCTGBAATGGCTGGLCTGGATCGACTGGGACGACGACAAGAGCTACAGCA
CCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGG TGGTGCTCACCATGACCAACA
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CAGGT GCAAT TGGT GGAAAGCGEECGEECEECCT GG GCAACCGEECGEECAGCCT GCGT CTGAGCT GCGCGEEC
CTCCGGATTTACCI TTTCTI CTTATGGTATGI CTTGEGT GCCGCCAAGCCCCT GEGAAGEGT CTCGAGT GEGT G
AGCAATAT WO RAATGESHGGT CATTATACT TATTATGCTGAL TCT GL TAAGGGT CeCT/EPAGTAITROCACGT GAT
AATTCGAAAAACACCCT GTATCTGCAAAT GAACAGCCT GCGT GCCGGAAGATACGGECCGTGTATTATTGCGCGEC

GITTTCAGCECTI CTTATCT TGATATTAT%AITATTGGGGCCAACISCACCCT GGT GACGGT TAGCT CA SEQ | D

N D: 133 Lirght—tanbta—BHECTER; e 3 VRGO LV
l TN DS NR PSG PERF SCBNSG\]T 5\It}rG-K}l«C§_%G-‘I'_(QCJ‘\GTGTCCM.-?C(:‘-!:‘-Ct:‘-t:‘-(‘.'I'CCGGCGG.t-‘uﬂtGCl:iACATCGAGCT GACCCAGCCCCCTTCTGT
AEDEADYY CQAWCEDNGT RVFGGGT KL T Wic etk bleSivada teRte AT cAGC TGCAGCG 6 CGACAGCCTGCGGAACAAGG TG TACTGGT
ELQANKATLYCLI SDFYRGAVTVAW CAIDES CASPABKICOVEASTCTIOGRIORNTGATCTACAAGAACAACCGGCCCAGCGGLATCCCTGAGE
NKYAASSYLs;LTPEQ\/\KsHRSYSCQNF{EM@WT@EQAF@WTW&GG% CQEAfI§ATGAGGCC
QVQL VESGGHEL VQPGGSLRL SCAASGF HELSYY: G@@q@;ﬁ Y
RFTI SRDN GGCCAGCCCAAAGCCGCC CTAGCGTGACCCTG’JTCCCCCCCAGCAGCGAGGAACTGCAGGCCAACAAGGCC
SKNTL YL QMVINSL RAEDTAVYYCARFQA ? R RS S AN o v
K DYFPEPV|VSVWNSGALITSGVHTFPA HEAMMHKR SN KAAASKNEPKS
WO 2011/ 138391PCT/ EP2011/ 0'>¥&Q&A§&QGE@CCWC&3@CAH:\IA Li ght | anbda
GATATCGAACT GACCCAECCCCCTTCAGT GAGCGT TGCACCAGGT CAGAGCATTACCATCT CGTGTAGCGECG
ATAATAT TG ER@NOAG T ARG PHEIAT | : ' I PGGENGFTGFINGT AR IR TNAT
GATTCTAATCGT CCCT M%ATCCOMMEWAWWW@WCCCT GACCA
TTAGCGEC. ACTCACCCHEAAGACCANSCCG
TTWMA&TML pice
GCAGCGAAGAATTGCAGG LA
CAGT GGCCT GGAAGGCAGAT AGCAGCPG % (e CLIGAC /
AACAACAAGTACGCCGECCAGCAGCT. ATCT GAGCCT GACGCCT GAGCAGI GGAAGT CCCACAGAAGCT ACAGC
TGCCAGGT CAGBUAP@EAG G : © GV NTHYAPIBGRE BHEON
MDROB168 SKNTLYLQMNSLRAEDTAWYCARLGATANNIR\'KFMDVWGQGTLVI'VSSASTKGPSVFPI.APSSKSTSGGTAAL
higG1 LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNYNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK
SEQ IDND:182 | DNA Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGALCTGG TETAGCLCTGRTGGTAGCCTGAGACTGAGCTGCGCCGC
MDROB168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGG TGCGACAGGCCCCTGGAAAGGGLCTGGAATGGGT
hlgG1 LALA GTCCGGCATCTCTTGGTCTGGCG TGAACACCCACTACGCCGACAGCGTGAAGGGCCGG TTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGOACGTGTGGGGCCAGGGLACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGLCCCAGCGTGTTCCCCCTGGLCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGOCCTEGGCTGCCTGGTGAAGGACTACTTCCOCGAGCCCGTGACCOGTGTCLTGGAACAGCGG
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTRCTGCAGAGCAGCGGLCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGLCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAATCACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGLCCAGCCTCAGA
GGCAGCGGGLCGGACCCTCCGTGTTICCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
COTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTEGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAG
SEQ ID ND:183 VL MOR06475 DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGYPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIK
SEQ ID NO:184 | DNAVL Gatatcgtgetgacecagageccggegaccctgagectgictecgggcgaacgtgegaccctgagetgcagagegagecagtitattgeticte
MOROG475 gttatctggertgetaccageagaaaccaggtcaagcacceegtctattaatttatggtgctictaategtecaactggggteecggegegttitag
cgpctctggatccggcacggatittacectgaccattageagectggaacctgaagactitgegactiatiatigecageagtatiatgattatect
cagaccttiggccaggetacgaaagttgaaattaaa
SEQ ID NO:185 | Light DIVLTQSPATLSLSPGERATLSCRASOFIGSRY LAWYQQOKPGOAPRLLIYGASNRATGYPARFSGSGSGTDFTLTISSL
MDROG47S EPEDFATYYCQQYYDYPQTFGQG TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNAL
kappa QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEC
SEQ ID ND:186 | DNA Light GATATCGTGCTGACCCAGAGCCCGGEGACCCTRAGCCTG TCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
MDRO647S GCGAGCCAGTTTATIGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGLGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGLGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
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DNA Heavy Fab
CAGGT GCAAT TGGT GGAAAGCGGCGGCGECCTGGT GCAACCGEECEECAGCCTGCAE CTGAGCTGCGCGEC

CTCCGGAT WOGLI BT TCT TATGGTATGI CT TGEGT GCCGCCAAGCCCCT CEGAAEEPE6I 10820 GCGT G
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGGTCGLTI TACC. ATTTCACGTGA
T AATTCGAAAAACACCCTGTATCT GCAAATGAACAGCCT GCGT GC%AAGATACGGCCGT GT ATTATTGCGCGC

GITTTCAGCCTTCT TATCTTGATATTA]

GCTGCCTGGET TFW@TTATTTW%@@W@M&%ﬂWeM@@@G
TGCATACCTTTCCGGECGA CCT W<WM¢@@@W¢@@@@@E@@@@Q&MAG
GCAGCTTAGGCACTCAGACCTATATTT( JGA JAANRATETA
TC{EAACCGAAAAC{: SEQ O ND 137 QifCCT@%;f\(fﬂT(fAFFEﬂ:CAGGGCCI'GTCCAGCCCCGTGACCAAGAGC'ITCAACAGGGGCGAGTGC
SYEL TPL Sy SRR ECPooN Soitn R

A QAGDEADYYCQAVGDNGT Kl( P KGPSVEPLAPSSKSTSGGTAALGCLYKD
EVQLLESGGG]| VOPGGSL RLGGAASGF] mmmmmmw&mcm kSTREANS

KNTLYLQWNSL RAEDT AVY|YiaahbdASY

Gernl i ned

scFv (VH-3-VL)

kripte MERXWBE e e Ao WSk T Qv s o v i A O o ENMAN ARk PREEQYNS TY

RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI

AGCTATGAACTGACCCAGOCECTGAG (WWWWWWRWSG

GATAACATTGECAGCAAATATGT GCAT]
AACGATAGCAACCGT CCGAGCGGCATTH

ACCATTAGCCK
TGTGT TTGECS

5TGCGCAGH
SGTGGTACA

CGGGTGAT
AAGT TAACS

r@%‘m‘lﬁé‘f‘iﬂ% & '@A YOS EWFW@RW"FNE
- W&%@%&?&%&&?ﬂ*&ﬂiﬁ&@

SEQIDNO:188

DNA Heavy
MOR0G47S
higG1LALA
MOR08168
scFv (VH-3-VL)

CAGGTGCAATTGAAAGAAAGCGGLCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGG TG TGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAG TCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTITITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
CCAAGGGCCCCAGCGTOTTCCOCCTEOUCCCCAGCAGCAAGAGCACCAGLGGCGGCACAGCCGCLCTGGGCT
GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGE
ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTOGTGACAG TGCCCAGCAGCA
GUCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG
GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGLCCCAGAGGLCAGCGGGCGGACCCTCC
GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG
GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAG TGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCOCCTCCCGGGAGGAGATGA
CCAAGAACCAGGTOTCCCTGACCTGTCTGG TGAAGGGLTICTACCCCAGCGACATCGCCGTEGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGT
ACAGCAAGCTGACCG TGGACAAGTCCAGGTGGCAGCAGGGCAACG TGTTCAGCTGCAGCGTGATGCACGAA
GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA
GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGG TGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC
GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA
ATAGCAAAAATACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGTITATTATTGTGCACG
TCTGGGTGCAACCGCAAATAATATICGCTATAAAT I TATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT
AGCAGTGGTGGTGGTEGTAGUGGTGGTGGCGGATCTGGTGGCGGTGGCAGTGATATCGAACTGACCCAGLC
TCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGLGGTGATAG TCTGCGTAATAAAGTT
TATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAATCGTCCGAGCGGTATTC
CGGAACGTTTTAGCGGTAG CAATAGCGGTAATACCGCAACCCTGACCATTAGCGGCACCCAGGCAGAAGATG
AAGCCGATTATTATIGTCAGAGCTATGATGG TCAGAAAAGCCTGGTTTTTGGTGGTGGCACCAAGCTTACCGT
TCTG

SEQ 1D NO:189

Heavy
MOR06475
higG1 LALA
MOROE168
scFv (VH-4-vL)

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTN MDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVOKRVEPKSCDKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE POVYTLPPSREEMTKNQVSLTCLVKGFYPSDE
AVEWESNGQPENNYKTTPPVLOS DGSFFLYSKLTVDKSRWQQGNVFS CSVMHEALHNHYTQKSLSLSPGKG GSG
GSQVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVYNTHYADSVKGRFTISR

DNSKNTLYLOMNSLRAEDTAVYYCARLGATANMNIRYKFMDVW GQGTLVTVSSGGGGSGEGGSGGGESGGEGS
DIELTQPPSVSVAPGOTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOQA
EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQID NO:190

DNA Heavy
MOR0G475

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
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GAGGT GCAAT TGCT GGAAAGCGEECGEECEECCT GGT GCAACCGEECGEECAGCCT GCGT CTGAGCTGCGECG GC
CTCCGGATTTACCTTTTCTTCTTATGGTATGI CTTGEGT GCCGCCAAGCCCCT GEGAAGEGT CTCGAGT GEGT G
AGCAATAT WO RAATIGESDEGT CATTATACTTATTATGCTGATTCTA TAAGGSGT CeCT/EPAGTAITRDECACGT GAT
AATTCGAAAAACACCCT GTATCTGCAAAT GAACAGCCT GCGT GCCGGAAGATACGGECCGTGTATTATTGCGCGEC
(3TTTCACECTTCTTATCTTGATATTATGEATTATTGEEECEAAGGCACCCTGENGACEENTAGCTCA

i |i par at opre—cons
Gat at cgtt ¢t gacccag
agccagtttattggtagc
ttatctggcat ggtatca
cggtgttccggcacgt!i
ccggaagatfttgca ac
gcagacct aggt cagggc
gt agt caggftcaattg
aaagaaagcggt ccggc
gcaat cgt ggt ggt ggt g
t ggtt ggat cgt cagcc
t agcaccaggct gaaaac
cgtctgaccatt agt aaa
gccacctatfattgtgca
at gcat ctggcgcetggtt
VL- (GGEES)y3- VH sc
Dl VLTQSPATLSLSPGER
| SSL
EPEDFATWCQQYYDYPQT!
RGEGVG W ROPPGKALE
LPL VFDSWBEQGTLVTVS

O \

aﬁﬁ&@990<
CsEFv (VH-4-VL)

gcagaaac
tag cggt {
ctattatt(
accaaggt (

t ggt t aag

t ccgggt ag
C

cgt
ttgat ag¢
v
ATL SCRAS

FGQGTKVEY K
W.AW | D\

S WO 20

gat accag¢

R0
Vi o041

ATCGA

) SR

¢
GA

GGCACCAAGCTTACCGTTCTG

"

eACe)

{ NG <H‘Fﬁ 'F"j"‘
i1 a&aﬁﬁh&am&@e@&&m&m MT%&Q&%W@Q&I\@&%@
CGCGCETATGCATCITCCTCITGTITITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
Hichieielew:n ez il pietaion fcclins i Seolseoticis sotole g Sels vl Toni = e cladsi o e

) QTG TIPS H ECE AL TAE BT TR S
f(‘f‘\ %TGTACAGCCT GTCCAGCGTGGTGACAGTGCCCAGCAGCA

o

GTGTTCCTGTTCCCCCOCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG
R s e AG LG LS Al oA bk

CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
) ageredrggaaiagaiTaaaadcggaicicgat-hgogat gatgatraaasgc
CATCAGCAAGGCCAAG GGCCAGLCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA

SAAASETRIC g SACETE TR ATS O E A L EP BEGf R ECE T BYF TCEAEA

GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTITCCTGT

A A AT
JEEW%%M WGAGGGTGCAGCM%

GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA

AKX M T e SEdefdcAdCie MtabcEtab TG GlaGN
Nﬂﬁﬁﬂﬁ%@ﬁShkmﬁﬂﬂfﬁ8W@ﬁEﬁﬂ@ﬂﬁﬁﬂﬂ“ﬂ@ﬁ#@@ﬂﬁ#M@ﬁRNH

1 MAF TN RGN AEPFEE 1§ O AR OTGGCGGTGGTTICAGG TGG TGGTGGCAGTGATA

TCGAACTGACCCAGCCTCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATA
GTCTGCGTAATAAAGTTTATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAA
TCGTCCGAGCGGTATTCCGGAACGTTTTAGCGGTAGCAATAGCGG TAATACCGCAACCCTGACCATTAGCGGT
ACCCAGGCAGAAGATGAAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAAAGCCTGGTTTTIGGTGGT

TRACYATIABCR

ETCEge@ec

REGERE b RAGSCsE

NJ

SEQID NO:191

VL
MDROB168wt

EDEADYYCQSYDGQKSLYFGGGTKLTVL

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

SEQID ND:192

DNA VL
MOROB168 wt

GCGGLGGAACTAAGCTGACCGTGCTG

GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGLCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCA GCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGG TTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGLCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG

SEQID NO:193

Light lambda
MDROB168 wt

DIELTQPPSVSVAPGQOTARISCSGOSLRNKVYWYQOKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOANKATLYCLISDFYPGAVTVAWKADSSP
VKAGVETTTPSKOQSNNKYAASSY LSLTPEQW KSHRSYSCQVTHEGSTVEKTVAPTECS

SEQID NO:194

DNA Light
lambda
MOROB168 wt

GACATCGAGCTGACTCAGLLCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGTA
GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTG TGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG
TGGCCTGGAAGGLLGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ ID NO:195

Heavy
MOROB168IgG
1LALA_6475sc
Fv wt

QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSYKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPYTVSWNSGALTSGYHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLIHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTP PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGOAPRLLIYGASNRATGVPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPOQTFGOG TKVEIKGGGGSGGGGSGGGGSGGGGSQVALKESGPALVKPTQ
TLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEW LAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMODPY
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SEQ | D ND: 143 DNA VL-

(GEEES) 4- VH scFv

Gat at cgt gct gacacagagccct gccaccct gt ct ct gagccct ggcgagagagccaccct gagct gccgggcc
agccagt t omdegpeiede
gct acct ggcct ggt at cagcagaagcccggacaggct cccagact gct gat ct acggcgccagcaacagagct a
ccggcgt gcccgceccagat t

PCT/EP2011/057200

tt ct ggcagcggragcygycaccygac
ct gccagcagi act acgac
tacccccaga¢

gcggaggaag

ggggcggaag¢caggt gc
gcaccttcagecggcettca

gt ggacaccg
gt gacagt gt
Dl VLTOSPAT
SL

EPEDFATYYC
GESI SNRGGG
VHLPLVFDSW
Caggttcaat |
ggttttagccl
gt ggt ggt ggt
at gat aaaag
agcct gaaaa
ccggttgata
attattgtgc
gt ggt ggt ggt
gcggtt cagotf
gt gccaccct
gcaagccagt
t at ggt gcaa
aaccggtgtt

/G RQPP

gaaagaaa
gagcaat G
gttggttg
°t at agcad
cccgt ct gd
ccgcaacct
hcgt at gcd
agcggt g
ggt ggt gd
jagcet gt cg
tattggta
jcaat cgt g
ccggcacgt

tt

hoat ggagat caacoacagaqdacagat ccaaaaat aacacaaaat agaa

CQGTLVTVSS SEQ | D

gcggtccg

gattcgtc
c
ccattagc

tctgccgce

tg
cagt gat a

—+

gccgtt at
c
tttagcgg

CAGGTGLAGCTGGTGGAATEAGGLGGAGGALTGG TLLAGCCTGGLGGRTCACTTAGACTGAGCTGTGCCGT

TAGTGGCTTCAL AGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGET
Bk DTS b b B B ARG Gl bk ARG L BRG Dl A
GGATAACTCTAAGAACACCCTGTACCTG CAGATGAATAGC CTGAGAGCCGAGGACACCGCCGTCTACTACTG
C tagfedc er gREAGE s a0 gas P Qg Rttdsggaadsgacisageetgga
CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG

) SR ETAE S LI Ta T O AT C B CaRy a5 40e G A8 ECE®6 C

CTCTGACTAGCGGAGTGCACALCTTCCCCGLCGTOLTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT

i (el e

AAGCTG

e e T e e e S iy S imy
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA

KA R A AP ALIERECEdTddcTRESE F
| CTEVEBIDEAS WETShCTRIAS T BN AT IMMOEVADTCATAGYGA
mGAg_M@CWWTG(CgTg[GVEAAQ@QVCI’ACCCTAGCGATATCGCCGTG

e

BT e
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT
EAGalrREQaGLAARACHhage 6 taglctGlgRmeatdachrAtalaga
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTG TCAGCAGTACTACGACTACE

| ggichactitogah HGET GHYGUHCAYHGEETATE TG BOTC G TWEFC/EG C

TGGTGGTGGETAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA

S e e e e

L AGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGALT TGAClAATA
OO AL AL A SR AL GO AL AR A T O kgt
GGGAACTCTGGTCACAGTCAGTAGC

| agcggt agt ggcaccgattttaccct gaccatt agt agcct ggaac

—r

—

O A0 O @

[(@]

Q

- (@)

()

ggaagatttt
tt gccagcag!
VHAGGEGEES) 3

0 aietsat
at t at gat

tvamoros168
tbht ccgca

SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

pEeYEsRedgegeatcaaggt ggaaatt aaa SEQ | D NO 14

[e2)

QVQLKESGPA!
S

KNQVVLTMINIVDPVDTATY

GERATLSCRA
RATGVPARFS

oo t=V

BT T

Vl_scE\
LRI

SQF1 GSRYL
SSGSGTDET

Bxeses

AWYQOKPG
LTI SSLEP

'YCARMHL PLoE

S R S A PR = R R el

CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT
- G
le) (34 P O v ¥

B Gt CVAGII-GJTOSE
QAREIC AL XEASRh 6T CTG

GetbrlseP
EDFATYYCQQY YDYPQTFGOGTKVEI K SEQ 1 D _NO 147

O PAZIORT

_|

SEQIDNO:199 | Lightlambda SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
MORO8168 DI EDEADYYCQOSYDGQKSLVFGGG TKLTVLGOPKAAPSVTLFPPSSEELOANKATLVCLISDFY PGAVTVAWKADSSP
VKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS
SEQID NO:200 | DNA Light TCTTACGAGCTGACCCAGCCCCCTTCLGTGTCTG TGGCTCCTGGCCAGACCGCCAGAATCTCTTGLTCCGGCGA
fambda CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGG CCAGGLCCCTGTGCTGGTCATCTACAAGAA
MORO8168 DI CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT
GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGL CAGAAATCACTGGTGTTCGGE
GGAGGCACCAAGCTGACAGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCAGE
GAGGAGCTGCAGGCCAACAAGGLCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCGTG
GCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAACAA
CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCA
GGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC
SEQID NO:201 | Heavy QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
MOROB16812G | SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
1LALA_B475s¢ | GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
Fv DI CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCYVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

QYNSTYRVVSVLTVLIHODWILNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSDIAVEWESNGQPENNYKTTPPVLDS DGS FFLYSKLTVDKSRWOQGNYFSCSVMHEALHNHYTQOKSLSLSP
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DNA VH (GGEEES) 4- VL scEv
Caggt t caat t gaaagaaagcggt ccggcact ggtt aaaccgacccagaccct gaccct gacat gt accttt age
got tt t agowbQapeBed
gt ggt ggt ggt gt t ggt t ggat t cgt cagcct ccgggt aaagcact ggaat ggct ggcat ggat t gat t gggat g

at gat aaaagct at agcacc

agcct gaaa

t gagt ccggq
accct gagct

ccgc. gtctgctgattta

gcaagcaat (

gt agcct gggaccggaagp

ttttgccacd

a SEQ I D NO 148 VH
QVQLKESGPAL VKPTQTL

TS KNQWLT
L VFDSWGEQG]
| GSRYLAWY(

CQQYYDYPQ]
Gat at cgaagq

agcct gcgt aat aaagt t
tt ggt at cag

cgttttagcd
gcggt aat ad

at ggt cagaaaagcagg

tttttggtgg

ctcaggttcaattggttgpaag CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC
t ggt ggt ggtjct ggt t capcct ggt ggtragpaingagieiaaretatsgpIgEaagougtiderairtcagtemst |
t gt gatt aat|t gggtt cgfcag TGGTGGTGGTAGTGGCGGLGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
gcaccgggtaaaggtctggaatgggttagﬁ@QFENFﬁg@FQQF@aﬁgﬁ ﬁﬁﬁ&ﬁﬁ%ﬁ%%ﬁ%?@%ﬁﬂﬁ%ﬁ@gtg
aaaggt cgt t|t t accat t hg TTAGACAGCCTCCAGGLAAAGCLCTGGAGTEGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
ccgt gat aat|agcaaaaa accet gt 46 AT AR e Qe A B C A C AT Y |
tgcacgt ct gggt gcaacgg GGGAACTCTGGTCACAGTCAGTAGE
caaat aat at|t cgct at apat t t at ggat gt gt aggt cagggt acact agt t accgt t agcagc SEQ | D
NO 1S0 VL-[(sEd@#Roop3t viYAoRoB1GE\ SYELTQPLSVSVALGQTARITCSGDSLRNKVYWYQOKPGOAPY LVIYKNNRPSGIPERFSGSNSGNTATLTISRAQA
6L GDEADYYCQSYDGQKSLVFGGGTKLTVL
SEQID NO:204 | DNAVL AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC
MOROB168 GL | GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTG
SEQID NO:205 | Ughtlambda | SYELTQPLSVSVALGQUARITCSGDSLRNKVYWYQQKPGOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISRAGA
MDROS168 GL | GDEADYYCOSYDGOKSLYFGGGTKLTVLGOPKAAPSVTLFPPSSEELOANKATLVCLISDFYPGAVIVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCOVTHEGS TVEKTVAPTECS
SEQID NO:206 | DNA Light AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGE
lambda GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCG GCCAGGCCCCTGTGCTGGTCATCTATAAG
MOROB168 GL | AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTICCCCCCCAGEA
GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGLLGTGACCG
T6GCCTGGAAGGCCGACAGCAGCCCCGTGAAGGLCGGCGTGEAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC
SEQIDND:207 | Heavy EVOLLESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDNS
MOROS1681gG | KNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLYTVSSASTKGPSVFPLAPSSKSTSGGTAALG
1LALA 6475sc | CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC

G&sF4 ]
TDFTLTISSLEPE DFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGESGGGGSQV QLKESGPALVKPTO

C 1.9 girisé NG el a1 GG O v OOy OHDECSATHT A T ETHO QY TG TR

DTATYYCARMHLPLVFDSWGQGTLVTVSS

at aat qaat aagt gat at catt ct gacccagagt ccagcaacccectgag
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At

gt cgt gcala
gt gcaaccyg
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[MI'NIVDPVD

[FGQGTKVH
t gacccag
[
cagaaacc
gt agcaat
cgcaaccct
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) [EEUA Heavy

TLTCTFSGF
TATYYCARI
[LVTVSSGEGCGESGGEEES
PKPGQAPRWY GASNRA]
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A

Agct t accg

e
JGt

~/|§FG

[GGLG

CCTAGCETG

K MORO1j

a

gaccatta

GRS

b

L L0

CRECE

TAI ATATCGTG!

 CAGETGCAGLTGG TEGARTCAGGCGGAGGACTGGTCCAGCCTGEUGGATCACT TAGACTGAGCTGTGCLGC ™
ACAGGCCCCTGGCAAGGGACTGG

RN AT ol

Al

TGGGT
Rk A AR as h oG Ladg
GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGECTGAGAGCCGAGGACACCGCCGTCTACTACTG
gt gt t cC{esepeRidcbRGaedreaagt-adgif@eatcdahdridcaritgaccat |
CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTGTICCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG

cagcagt dbtaatigatTiat Tl eIAeS AT Y g TACeBATGEgYazsalst

( C;GC;GS) 4] CTONGPCTARGEBAGTGCACACCTTCLLLGLCGTGCTGCAGTCTAGLGGLCTGTATAGCCTGTCTAGCGTCGT

E1§AAGCGGGTGGMC2 : Mﬁ

AAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGLCLCAGAAGCTG

&G

CA| G TAGGACCCCCGAAGT

Sl

TGGACGGCGTGG

=&

B L 1adrecacOlbactsbtrbllcad A AN VT arn§rOikakem) 3 el sz v
b gistcageghdrotacsgggictagactgeasicaicragetgtagcgerhg at
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCLGTG

LS T A A AT MR T S E TS ENOERA ST
G

TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAALCGTG

LRBHIERE R AR et R

GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGLOCCTAGACT

PRGN RIS e Tatofeie R o TeToce Ton ey sUTE LR et e e e e Y e o Tavr Lo e TeL

w&\éCTATAGGGTGGTGTCAGTGCT GA

D
o]
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Dl ELTOPPSVSVAPGQTARI SCSCDSL RNKVYWYQRKPGQAPVLVI YKNNRPSG PERFSGSNSGNTATLTI SGT

OA

EDEADYYCOb ¥R 1G81oYEGGEGT KL TVL GEEEECEEEEGCEEESQVAL VESCEEL YOR®ESMRIOSCANSCG-TESD
YVI NWRQAPCKGLEW/SG SWEGVNTHYADSVKGRFTI SRDNSKNTLYLQWNSLRAEDTAVYYCARL GATANN
| RYKFMDVWGQGTLVTVSS WO 2011/ 138391PCT/ EP2011/ 057200 SEQ I D N 0: 151 DNA VL-

( G3GGS) 4- VHSTEY
gacccagcpet ccgagc (isagegitgaaveggghets e eaaacaiativagekdinaaeggieal

Gat at cgaact

Fv GL

agcct gcgt aat aaagttt

tt ggt at caggagaaaccgpgt caggc aGesgePVLIEdsRiTsLEPQHIRA TLSEHASPA SR AV OAKEIFARBICFASNGAT GHPARESE TS
jgt agcaat
ga a gcapa tta tt
ggcaccaagct t accgt

acgttitagcg
caga a ga t
tttttggtggt

g cggta

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ,

YPSDIAVEWESNGQPENNYKTTPPYLDSDGSFFLYSKLTVDKSRWQOGNVFSCSYMHEALHNHYTOKSLSLSPGK

LS

BRSO AR L R ek
PWCQR%:S;"N%G E"&'E“ﬁamf"w?f@éf@s&%m&“%{ R4 T vPvoT

agcggt ggt ggt ggct caggt ggt ggegat |

ctggt ggcggt

tcaatt ggtt gaaagt ggt Oadekgdsed § HetROFREHYBLBGhREREAGREELHRGECEGEERRAHRGRGET |

aat t gggt t cgccaggcacicigegt aaaggesig

t at gcagat ag

L TOPP5 V5 VAR

EDEADYYC(H
GFTFSDYVI

GATANNI RYK
Caggtt caat
ggttttacct
gtgattaatt
acccattatg
aaaggtcgtt
agat accgca
gcacgt ct gg
ccgttagcag
agcggtggtg
ggt cagaccg
gctgtagcgg
tttat aaaaa
acgttttagc
ttatta ttg
SEQ I D ND: |

UsalH NpGa2C

t accat t ggccgt gat
tttattatft gt

t gcaaccgcaaat aat
ggt ggt ggt ggt

eggat ct ggt ggcggt
acgtatt
gat agt ctigcgt aat a
aat cgt cdga gcggt

gt agcaatfagcggt aat

cagagct gt gat ggt c

GAGGTGCAGCTGCTGGAATCAGGCGGAGGACTGGTGCAGCCTGGCGGATCACTGAGACTGAGCTGTGCCGC
GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG

ORI ERMTAG O AFaiCCRGHL gt @RTATCE al
CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT

R T e e o A S
CTCT aﬁlﬂ AGCi cﬁg'rl' G C.'\CCI'E‘I@:‘F Cg(;FGTGCT (gcg%;’ CT, AGCGGCCTﬁ TA;ﬁg(é(éTT i;ﬁ:ﬁiﬁg ii;

CCCCCCTGCCCTGCCCCAGAAGCTG
WMM%W@GAHEEE@

j8))

ErMNSENEAIdadcb €Al &A
X8 A6 WisTERASD MR GBIl SEAAS

WWWWAWNT ATAMCONVINSATRAE BT AV CARL

%T@GWG@%GWGWAG B AGPEFCTARCABGCCCTGCCTGCCT

O e e e e
GAGTGGGAGTCTMEGGCCA%%E%% E %\ﬁﬁtal\ggCCCCEGCT ?GA'&:&(@E&&C@

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCE
h el eug o aaeraat arestgicehtcgnagrigand-ageat@egignaga
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT

D B A ACEICET AT AT T S G T TP T EAGLHETTEIE TR AR

CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC

R e A e R A S T A e

CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
A aadakdaath dcEERL CRECAIRRRAGCHIAL S AR da GRS CIBEL B
AETh GO RACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA
asagraascctgacsatdrageggostecagitagaagaigaagrag
N EREEHTSORQEIgATAGt t ggt ggt ggcaccaagctta ccgttctg

)

—

©

Other antibodies of the invention include those where the amino acids or nucleic acids

encoding the amino acids have been mutated, yet have at least 60%, 70%, 80%, 90%,

95% or 98% identity to the sequences described in Table 1. In some embodiments, it

include mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids

have been mutated in the variable regions when compared with the variable regions

depicted in the sequence described in Table 1, while retaining substantially the same

therapeutic activity.

Since each of these antibodies can bind to LRP6, the VH, VL, full length light chain, and

full length heavy chain sequences (amino acid sequences and the nucleotide sequences

encoding the amino acid sequences) can be "mixed and matched™ to create other LRP6

antibodies of the invention. Such "mixed and matched" ILRP6 antibodies can be tested
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VH (GGEES) 3- VI scFv QVQLVESGGGELVQPGGS LRLSCAASG FI TSDYVI NWRQAPG KG
LEW/SGAE SWSGVNTHYADSVKGRFTI SRDN 5KNTLYLQVI NS LRAEDTAVYYCARLGATANN | RYKFM
DVWGEQGT L WWESHEEAGEHIGCEESCEEES DI E LTQPPS PCT/EP2011/057200
VSVAPGOTARI SCSGDSL RNKVYWYQOKPGQAPVLVI YKNNRPSGA PERFSGSNSGNTATLTI SGTQAEDEADYY
C SYDGXKSLVFGGGTKLTVL SEQ I D NO 155 DNA VH (GGGGES) 4- VL scFv Caggtt ca a

tgtcggz E ga @ gglpg@%ﬁg(gagg%sﬁg%o&n&% the 5% (29! BRISAD Ghd HGHE! L5683 UELiA GFaRCa @

gtgattaatt @ggmplégba&ggcmmggmsaahggi atggiaed agbinbbal g\l sepehcofraaggi gt t a
at acccatt at gcagat

aaaggt cgt t PRHEELRE %@é@ﬁg&gﬁ?&'&@&dﬁﬁéﬁ%‘@& getpcturglly similos YEL3a0ueeEqt gcagaa

gat accgcagt%ﬁe%&lgeaé it length heavy chain se uence from a particular full length heavy chain /
gcacgt ct gggt gcaaccgcaaat aat a tcgcta aaatttat ggat gt gt ggggtcaggé’?’acact agttacc

gt t agcagt gdinlyhghitlipdt chain pairing should be replaced with a structurally similar full length

agegat g9t 9geagatet a0t 0gegot 9L Sag 9 Ia el 0950k RLALISOORFY I AaRARURS G oa0e

gtt agcgt t g&&

agaccgcacg ¢ ¢ Cea
getooagtte {bg‘gr{;{?gﬁ t&gf}g@gﬂkaamwlﬁﬁlgmasa&&%a 1 hahiseGifall (agarE@adR&d, 00t cag

aaaat aat c gisma@:@gnatnadug@éf@@ {engthehrayy chaje ABtlblgogth dight chabrgpaineg thogltb cat t a

gcggcaccca attattgt.c

aaag0ct got P raNgen gt By dnEhaal i M FRR R AR TR Arcortingyin
scFv one aspect, the invention provides an isolated monoclonal antibody or fragment thereof
QVQLVESGCGGELVQP LRLSCAASGF‘FFSDYVI NVWRQAPGKGLEW/SA SV\B GVNTHYADSVKGR I SRDN

SKNTL YL QUNSERAE THRavY ¢lEARNY anaioragiqreompNisma anaonny 48 sextensscrsssaddey

TSR S N A R L R “@E%@i%f’ﬁ%ﬁ?@%

VL- ( GCCGSké&gidire@fprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 13, 33, 35, 43, 59 and 61; a heavy chain selected from the group consisting of SEQ
ID NOs: 82, 106, 108, 128, 130 and 138; and a light chain variable region comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 81, and 90, 105,
107, 127, 129, and 137; wherein the antibody specifically binds to LRP6 (e.g., human

and/or cynomologus LRP6).

In another aspect, the present invention provides LRP6 antibodies that bind to the 3
propeller 1 domain of LRP6 that comprise the heavy chain and light chain CDR1s,
CDR2s and CDR3s as described in Table 1, or combinations thereof. The amino acid
sequences of the VH CDR1s of the antibodies are shown in SEQ ID NOs: 1, 21, and 47.
The amino acid sequences of the VH CDR2s of the antibodies and are shown in SEQ ID
NOs: 2, 22, and 48. The amino acid sequences of the VH CDR3s of the antibodies are
shown in SEQ ID NOs: 3, 23, and 49. The amino acid sequences of the VL CDR1s of the
antibodies are shown in SEQ ID NOs: 4, 24, and 50. The amino acid sequences of the VL.
CDR2s of the antibodies are shown in SEQ ID NOs: 5, 25, and 51. The amino acid
sequences of the VL. CDR3s of the antibodies are shown in SEQ ID NOs: 6, 26, and 52.
The CDR regions are delineated using the Kabat system (Kabat ez al., (1991) Sequences
of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242; Chothia et ai., (1987) J. Mol. Biol. 196:
901-917; Chothia ef al., (1989) Nature 342: 877-883; and Al-Lazikani et al., (1997) J.
Mol. Biol. 273, 927-948).
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Gatatcga a ctga ccca g cct ccga gcgtta gcgttgca ccgggtca ga ccgca cgta
ttagctgtagcggtgata a ta ttggcag ca a ata tg

t gcat t ggtwoeapeBg®aaccgggt caggcaccggttctggttattt at g, gt getagraatog2e€ gagcggt
attccggaacgttttagcggta

gcaat agcggt aat accgcaaccct gaccatt agcggcacccaggcagaagat gaagcagattattattgtaccc

gt accagcacc . . . o )

cggtgttttt ggrf%%%eg%%pcecc%ig’ge&rf FOLP PP FE YR bGrtihediss it bids et got g
t ggt t cacaggpiopaBériiodirhain of LRP6 that comprise the heavy chain and light chain CDR s,

gaaagt ggt ggt ggi ct ggt t cagcct ggt %gt agcct gecgt ct gaget gt gcagcaageggttttacctttage
gt t aat ggt at éﬁﬂi&sg@gﬁ s as described in Table |, or combinations thereof. The amino acid
gocaggeac cogahBRagof oA TSRl de i nBli0al.49b 3h SEREADANEL A, 85 dpgoat 20co

ttaaaggtcgttttaccatta gccgtgataatagca aaa
at accct gt at ¢1Hddganiansdd sajugnas of dgdid QRRDgald Aitiolizt bk geahewh al §BOL at a

SEQ | D NO 158
'{/}[_ii( ggtc_g[s? giﬁ%&gsts %33&4(,: gr% ?Pég gh?eaa%%%g %gi%%g(%?etngt%cocf%é %Iqlcéi]gﬁ% of the antibodies

GT_ QAEDEADY YT ] SV R TV RSO 378 Neseof e VELDRAE TS

L VQPGGSL RL Soiheaatipedieg®: shown in SEQ ID NOs: 72, 96, and 118. The amino acid sequences
MHW/RQAPGKGL I ADSVKGRFTI 5RDNSKNT] Y/ % DJ. YRYI Ky
CAFDGGGT DB T GEIGH b1 e 35 ekdies e S MR 30 Nty 153 nd S50 TRDX A -

( GBEGS) 4- VHasmiiloyacid sequences of the VL CDR3s of the antibodies are shown in SEQ ID NOs: 74,

Gat at cgaact gacccagcct Cc(gja(ﬁcgt tagcgtt (ly_cacc ggt cagaccgcacgt at t agct gt agcggt gat
aat att ggcag & andd g The CDR regions are delineated using the Kabat system (Kabat ef al.,

Lgoal L9t al gt peaRaRRIUgbRAIASAPRALASL AN ALIAE A0 BRBYSAR! Hekersaeco0t o

tt

gcaat agcggt apteathgmd dhanirgse-ciatd, AJEJubHcaRLAT0S. ) 3292 ORatBagal [@dsAUL gt accc
gt accagcacc

t . L
cggtgattt gg%&a%ﬁﬁgg@a%’dc? W aEbathiact gh ot g8yt Hae 8 5T-88% 9o dddwetkgniadgt ggc
ggttct ggt ggggqy Wgtjpﬁol. Biol. 273, 927-948).
caget caat t ggt t gaaagt ggtat at ct'ggt t cagcct ggt ggt agcct gegt ct gagcet gt gcagcaageggt
tttacctttagcgttaatg o _ T -
gt at gcat t ggéﬂ‘teéélé%&@‘é‘b%féb"g“ﬁg‘ﬂﬁ%@‘@‘t%ﬂé’gﬁﬁpdﬂﬁa@@dhﬂt@ﬂilgﬁt@gﬂ@gggwﬁﬁtyacct a

ttat gccgata {@@Pprimarily by th :
ggt cgttttac% tt‘ggccgrtl%%rt'l oy A SRR 1,7 and 3 resions, the VEL GDRL 2.and 3 seauences. 1 aagat

accgcagt t t asdaYL.gdR R 2 and 3 sequences can be "mixed and matched" (i.e., CDRs from different

SE
O B 0o R o RO e L 5o g A LS aPRR oA A VP ERAC, 50

gT EL TQPPSVSY PRI RY BEEHRA GtV R PR P b Y b e RS R EERRRGRNSRTATLTI S
QAEDEADY YCTSUehT Imi g ardansteh el | BREGatBais CeaisGaaabRiG ME SGEBIZAFPGESL RLSCAA

Tov! Kyer PV AL hor fophbedan e BXalpie 1o BLIS XSS WRen VP CDR %

sequences are mixed and matched, the CDR1, CDR2 and/or CDR3 sequence from a

particular VH sequence should be replaced with a structurally similar CDR sequence(s).
Likewise, when VL CDR sequences are mixed and matched, the CDR1, CDR2 and/or
CDR3 sequence from a particular VL sequence should be replaced with a structurally
similar CDR sequence(s). It will be readily apparent to the ordinarily skilled artisan that
novel VH and VL sequences can be created by substituting one or more VH and/or VL
CDR region sequences with structurally similar sequences from the CDR sequences

shown herein for monoclonal antibodies of the present invention.

Accordingly, the present invention provides an isolated LRP6 B-propeller 1 monoclonal
antibody or fragment thereof comprising a heavy chain variable region CDR1 comprising

an amino acid sequence selected from the group consisting of SEQ ID NOs: 1, 21, and
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DNA VH (GGGGS) 3- VL scFv

Caggt t caat t ggt t gaaagcggt ggt ggt ct ggt t cagcct ggt ggt agect gegt ct gaget gt gcagcaagce
ggt t t t acowbtapegsisaat PCT/EP2011/057200

ggt at gcat t gget cgt caggcaccgggt aaaggt ct ggaat gggt t agcgt t at t gat ggt at gggccat acct
att at gccgat agcgt t aaa

gat cat | ! aggal | agGeakALARIE AR RHRLGhIRARFLIAUANRE! Rdlgoa0aagat

accgcagttt

cgttat gat t dont ﬂﬁ%@é@@ﬁﬁ@ﬁlﬁg o SEQ IDNOY 2922 a0dgRas hedvaghhincathblageggt ggt ggt
ggt ggt agcg tIgg{ ggcgga £

t ct ggt ggcg SQRPFANInG ¥hpmmogsieauare sdeged, rgmthe group sendegsgf S gcacg

tattagctgt bl CDR1 id

ot t gocageaat ot B ana eyl chuin arisble replon CORI comprisiog an aminoid o+ 461 gat ag

caat cgt chagapggtea?.eﬂecmd from the group consisting of SEQ ID NOs: 4, 24, and 50; a light chain
ggaacgtttta aa t aat ac caaccct accatta ce cagaagat gaagc

cgatt at t at t 8%%% é@%gg@@&‘éﬁ'ﬁ Eldviolac) F‘ﬂ“ﬁﬁ‘ieg“‘gf g%@&%‘éﬁ%&r cgttctg

SEQ I'D ND: 184l NO¥ 5% %nd 51: and a light chain vanable region CDR3

QVQLVESGGGLVQP LRLS SGFTFSVNGVHW/RQAPGKGL EW/SVI DGIVGHT ADSVKGRETI SRDN
SKNTL YL QUNShRAEBTA WY WOARYD seq@emmv@;@tmm/@s ESOn

o SR MBI i oo

Caggt t caat t ggi t gaaagcggt ggt ggt ct ggt t cagcct ggt ggt agect gegt ct gaget gt gcagcaagce
ggttttacct Dﬁt(ﬂgﬂijﬁglﬁéthe present invention provides an isolated LRP6 B-propeller 3 monoclonal

tatgcatt et t caggcacc t aaa t at ttagcgttat t a ccat acct
gtg t at gccgatgagﬁ ytqiggaggment t%gl%of conglgrtis(ingg g ﬁeav?rgc ain v%rlgble regtign (EB%I g‘l%c}’lsmg

9gt cat  { aghaliATRagLaRkA RRERATRA BRIFHE AneiARZERSAQIDIAGEIACH Ghagangat

accgcagtttattatt
cgt t at gat t dtlas 4 hevay ahgjagadatle gaiacODBIgompagiag ao actianididsapetagekgtedgt ggt gg

t e e o0ttt e L n couristing 9LSRR ADMNOE 79524 gl d 1652 bEwe SABEGRENE ot t geaccy

ggtcag aCCgQ@%‘:Gﬁ eYircomprising an amino acid sequence selected from the group consisting of
ct gt agcggt gat aat at t ggcagcaaat at gt gcat t ggt at cagcagaaaccgggi caggct ccggtt ct get
attt at ggt g BEAYUAMQsg 71, 95, and 117; a light chain variable region CDR1 comprising an amino

L 0020000t afLfeagnac Ly LPGATN SRR OATARL AP RS RERESS SACARI HAOARGRC o020

ttattat t gc apainGhfAase gaetC DBt doaeBiehHniine hdd sagreaccRkgaidifest tHet gbgp SEQ
| D ND: 164 VH (GGGGS) 4- VL _scFv

QVQL VESGGGOTREtmg| MW@M%P@GBEWWW%@@#TI SRDN
SKNTLYLQNN%)E@E%% ARYDY KY. GGS

SVSVAPGQTA ‘ ¥

D YYCTRTSTPMSER/RGEEIH WhireiBltiaraibogy binkORBPE68/ MOR06475

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain
variable region CDR1 of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID
NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain variable
region CDR1 of SEQ ID NO: 4; a light chain variable region CDR2 of SEQ ID NO: 5;
and a light chain variable region CDR3 of SEQ ID NO: 6.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain
variable region CDR1 of SEQ ID NO: 21; a heavy chain variable region CDR2 of SEQ
ID NO: 22; a heavy chain variable region CDR3 of SEQ ID NO: 23; a light chain variable
region CDR1 of SEQ ID NO: 24; a light chain variable region CDR2 of SEQ ID NO: 25;
and a light chain variable region CDR3 of SEQ ID NO: 26.
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SEQ I D NO 165 DNA Heavy MDR08168 hl gGL LALA MDRO6475 scFy

caggt gcaat t ggt cgagt ct ggcggaggact ggt gcagcct ggt ggcagcct gagact gagct gcgccgccagce
ggct t cacowoeapegesst PCT/EP2011/057200

acgt gat c?act gggt gcgacaggcccct ggaaagggcct ggaat gggt gt ccggcat ct ctt ggt ct ggcgt ga
acacccact acgccgacag
gg;gg:ggggSg%%%g?ﬁﬁ%%ﬁ%%ﬁﬁ&ﬂﬂﬂﬁ%ﬁ%&@ﬁ@ﬁQﬁﬁ&ﬂ%ﬁﬁhﬂ§éﬁﬁ&ﬂé@@ﬁ&ﬂ%%ﬁ%ﬂCCtgagagc
act act gt gccegrableyggiog 2R t gf SBQADAN@L £ gdicacyegiin caiabipaegios QNIRYeLSBQgcacac
t ggt gaccgt c cag. . _ _ o
ctagcaccaaggggﬁéggg%BFBWF@%@G@F@@EEﬁﬁﬁhgggédgéﬁgbgéégﬁdgg@E@g&ﬁ%@d@ﬁ@@&ctgg
gct gcct ggt gARARACIHR 1 of SEQ ID NO: 50; a light chain variable region CDR2 of SEQ ID NO: 51;
acttccccgagcccgt gaccgt gt cct ggaacagcggagcecct gacct cggegt gcacacct i ccccgeegt ge
t gcagagcagcabalightabain variable region CDR3 of SEQ ID NO: 52.

agcct gt ccagcgt ggt gacagt gcccagcagcagcct gggcacccagacct acat ct gcaacgt gaaccacaag
cccagcaacac kidic embodiment, an antibody that bin?s to LRP6 comprises a heavy chain
gacaagagagt ggagcccaagagct gcgacaagacccacacct geececcect geeeageectagaggcageggge
ggaccct ccgt wrtabletregion CDR1 of SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ

g1 cccoacaacgeragearacs ol a2\ S eRSaTIARS I RPhIRE A Sh g gk aag gL o°0°
gaagi t caact Eﬁn@k{ﬁ‘?ﬁ)ﬂg%fSEQQWS@QGQ;%W@HQEQM%@SRQ%@@EW@F ggaacag
cacctacagggtggtg . . )
ccgtgctgacc@ﬂﬁth@ﬁ&b@&g@&dﬂgg&mga@@@é&ﬁé@@hﬁ)M&h&@tgcaaggtctccaacaaggccctgc
cagcccccat cgaaaaga

ccat cagcaaggns dRERCHABANAGAZHMARBERAUMH HhACRIIHEGHARRE! SREFYLRgIaTat gacca

agaaccaggtgtccctyg
acct gt ct ggt varblegegivo (IR tobBlc@ 0N YR gthggagtipiyeynhkaagigy CRRZ cLffEQaacaac
t acaagaccacgy&g}j ? . . . Cac. 1 ) .
gt gct ggacagey gg 2BBFavY cheil yeiably ER CRRIAS SFRIRNG oy lissbagoagale aacy
t gttcagct gcﬁ@{iﬁt@ﬂRI of SE? ID NO: 96; a light chq[in variabtle {egion CDR2 of SEQ ID N?: 97;
cacgaagc. gct gcacaaccact acacccagaagagcct gagcc cccccggcaagggcggct ccggecgga
agcg a? at ggt %}gltzglég;lg@hain variable regiongCD%B%f SE% l% NO? 98. 99 999¢99 99¢99
agagccct gccaccct gt ct ct gagccct ggcgagagagccaccct gaget gccgggecagecagtt cat cgget
acgct acct ggmcd §etific embbdribhl/ah3B88BIRRAFHRGLS 1A Y prises a heavy chain
cagcagaagcccggacaggct cccagact gct gat ct acggcgccagoacagagct accggcgt gcccgecagat
tttct ggcagc@@é@degmn CDRIT of SEQ ID NO: 115; a heavy chain variable region CDR2 of SEQ

ggcaccgact t t,gaccat . Jgaacee o t act act gccagcagt act ac
ga ctaccec Cﬁagggg tl?%gaclgegggg%agg g%%%ﬂg reglongé’lgﬁg OtftSE%CIBaﬁB ?ﬁ, A gql(t: R
aggt ggagat ceapbiaggieg CIRPSLERQIDNQILIRY adighOdRin variable region CDR2 of SEQ

ggcggaggaagcgga gcggaagccag . .

gtgcaattgaagggﬁggggﬁﬁggﬁr gloptin et aceionddeR3 o REQIPPPal Yeacct t cagegget t ¢
agcct gagcaa cagag

gcggcggagt ?E@Csi]ﬁéiﬁbQWGW,Q@I@@QW%ﬁ@Q@M@EQ&WW@ana
cgacaagagct acagcacc _ _ _ _
agcctgaaaaé@@bgﬂ?@%yﬁdﬁéﬂﬁlH%éﬁédécéﬁgéﬁﬁ@ﬁh@@ﬁ@bﬁ@@ﬁg@@@&@é&ﬂ@ﬁb&ﬂaé&tggac
cccgt ggacac : : . :
ctattattgcg%ggggg?g%%?gpg38£§F8&PB§QCa%Fg5¥ é&éﬁ% §68§%§§c5?65 %%%%gtgtccag
¢ SEQ | D NQrikidiifientyyn AMDROSE Rt hindSlo LRPAHBRG&S 45/140FSEQ ID NO: 35 and VI,

SKNTL VL QU1 N8 THAEBNRVACARE CREANAFRIRAROUAEDETE PRV SN STisto LRPG comprises
PSVFPLAPSSKS{H$1 5N YKY, T )
L SSWTVPSSST Cr O RN KPS THRUDRVE JARg - P i 4 Ao Snieotifen, an

CDKTHT CPPCRAPEAdGERSMAL FoAKRIKOTd ey PEMTEBBIDUT MNEDRR\ACE N YOG VBINNET KPREE

QYNSTYRVVSVL TV G KEYKCKVSNKALPAP. T1. SKAK P LPP S
LTCLVK GEYP3h R&%@EW‘?@B@E %Q@K&% SV or SES TR
NVFSCSVVHEAL B P TXTEHBLoBLSHIO) 1D NO: 6]. In e(%lgfciﬁc embodiment, an antibody that binds to

GKGGSGGSDI VL TOSPATL SLSPCGERATL SCRASQFI YLAWYQOKPGCE APRLLI YGASNRATGVPARFSGS
GSG LRP6 comprises a SEQ ID NO: 82 and VL of SEQ ID NO: 81. In a specific embodiment,

UL TCTFSr TSR/ PR ARI N DKy ST e A T GBSk Py

DTATYYCARI VW&t PL.VEDEMEIBETELeVIBddiment, an antibody that binds to LRP6 comprises a VH of
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SEQ I D NG 167 VI NMDR08168 DI ELTQPPSVSVAPGQTARI SCSG DS

L RNKVYWYQQKPGQAPVLYVI YKNNRPSG PERFSGSNSGNTATLTI SGTQA
EDEADYYCQBuREISEISFGCGTKLTVL SEQ | D ND: 168 DNA VI MORO8268/EP2011/057200
GACATCGAGCTGACCCAGCCCCCTTCTGTGTCTGE GECCCCTGECCAGACCGCCAGAATCAGCTGCAGCEEC
GACAGCCT GCGGAACAAGGT GTACTGGTAT CAGCAGAAGCCCGECCAGGCTCCCGTGCT GGT GATCT ACAAG

CCC
GoccCACC ML X PR B PR PR S
&mmmmmewﬁesaw of BEQ IDENODINAS kildjWL. of SEQIED NORIBL6E
R g g hmont o weh ey A B S RFR LS SASS AARL £ 8961 BAge 99002
tact ggt at C%S%%?ﬂgg‘%g{fﬁ‘%tl% S0 A RAN I AACEHARAARASAGOAt cCct g

agcggt t cagcggcagce ggcaat accgccaccct ga
ccat cagcggiRPscagprisgany Ht af 8 Hy 26 :ddDant §dcalSiEQ IRMYAcYc dagapexalc

cctggt gtt cggcggag, gca . . . _

ccaagct t ac%ﬂ&’&%&é@ﬁ&@@%&hﬂ&%&ﬁ&&é%ﬁﬁ YRS N4 8 gaact g
caggccaacasggseang thaahigect gat cagegact t ct accct ggecgeegt gaccgt ggect ggaaggece
gacagcagccccgt gaag

gccggegt ggagacaaccagcaca cag caacaacaagt ac ccgccagcaget ac cct gaccc
ccgagcagt gdaagpenbedy E‘S’gtag‘ﬁ @é‘@%{@@t@%@ @aé‘&ggegeﬁaﬂ’gg@ﬁ
CCcgt ggcceeoRLCRPLAMRBRs §EQQ0BS{\Qtﬁ)Z>Qle§.' qRtcerAnRABAMIARI ST &8ibody that

binds to LRP6 is an antibody that is described in Table 1.

As used herein, a human antibody comprises heavy or light chain variable regions or full
length heavy or light chains that are "the product of" or "derived from" a particular
germline sequence if the variable regions or full length chains of the antibody are
obtained from a system that uses human germline immunoglobulin genes. Such systems
include immunizing a transgenic mouse carrying human immunoglobulin genes with the
antigen of interest or screening a human immunoglobulin gene library displayed on phage
with the antigen of interest. A human antibody that is "the product of" or "derived from" a
human germline immunoglobulin sequence can be identified as such by comparing the
amino acid sequence of the human antibody to the amino acid sequences of human
germline immunoglobulins and selecting the human germline immunoglobulin sequence
that is closest in sequence (i.e., greatest % identity) to the sequence of the human
antibody. A human antibody that is "the product of" or "derived from" a particular human
germline immunoglobulin sequence may contain amino acid differences as compared to
the germline sequence, due to, for example, naturally occurring somatic mutations or
intentional introduction of site-directed mutations. However, in the VH or VL framework
regions, a selected human antibody typically is at least 90% identical in amino acids
sequence to an amino acid sequence encoded by a human germline immunoglobulin gene
and contains amino acid residues that identify the human antibody as being human when
compared to the germline immunoglobulin amino acid sequences of other species (e.g.,
murine germline sequences). In certain cases, a human antibody may be at least 60%,
70%, 80%, 90%, or at least 95%, or even at least 96%, 97%, 98%, or 99% identical in
amino acid sequence to the amino acid sequence encoded by the germline

immunoglobulin gene. Typically, a recombinant human antibody will display no more
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Dl ELTQPPSVSVAPGQTARI SCSGDSL RNKVYWYQKPGQAPVLVI YKNNRPSG PERFSGSNSGNTATLTI SGT
Ct A EDEADYYCQSYDGKSL VFGGGTKL TVL GQPKAAPSVTLFPPSSEE

L QANKATL Mo 260RSEXAVTVAVWKADSSP  VKAGVET TTPSKQSNNKYAASSYL SCTREOMKSEY200
RSYSCQVTHEGSTVEKTVAPTECS SEQ I D NO 171 Heavy |VIOR08168 hl gGlL LALA (w o K)
MORO6475 scFy
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PA LVKPTQT ddahdiCERSBdS, hoNBGGE/EM RAIBBAEEALAWIngle-chain antibody" (scFv) consists
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R06475 sc I:ydomaln and VH domain are paired to form a monovalent molecule, Siggle chain antibod
CAGGTGCAATTGGT CGAGT CTGGECGRAGGACT GGTGCAGCCI GGTI'GECAGCCTGAGA GAGCTCIII:C&

CAGCGGCT TCAGTThegnaReARAaE At palsrHEeavaOaABAatGeedt CaauboEiaT&GAAT GRGT

CerCacA e R R QP e e e R R A s S CTacT e

3 0 OAAGANIRTOREKE ACAS TR EXoNCRlkrtoln %%%MQACTG Gr
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCA GAGCACCAGCGG
CGGCACAGCCE e etishtdeimearebleacgoror trceorErhrraiiondatrcs

Ammw%@g@@gf%%m%%% AR AR G ACGTG

WO 2011/ 138
GT GACAGT CCCACRAIEABRTHBBUCATECABALTACGAT Ao Had CETRANBEABAMGOCTEACTCAACACC

bispecific molecule. Methods of preparing diabodies are known in the art (See, e.g,,
Holliger et al., (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448, and Poljak et al., (1994)
Structure 2:1121-1123). Domain antibodies (dAbs) are small functional binding units of

antibodies, corresponding to the variable regions of either the heavy or light chains of
antibodies. Domain antibodies are well expressed in bacterial, yeast, and mammalian cell
systems. Further details of domain antibodies and methods of production thereof are
known in the art (see, for example, U.S. Pat. Nos. 6,291,158; 6,582,915; 6,593,081;
6,172,197, 6,696,245; European Patents 0368684 & 0616640; W005/035572,
W004/101790, W0O04/081026, W0Q04/058821, W004/003019 and WO03/002609.
Nanobodies are derived from the heavy chains of an antibody. A nanobody typically
comprises a single variable domain and two constant domains (CH2 and CH3) and retains
antigen-binding capacity of the original antibody. Nanobodies can be prepared by
methods known in the art (See e.g., U.S. Pat. No. 6,765,087, U.S. Pat. No. 6,838,254, WO
06/079372). Unibodies consist of one light chain and one heavy chain of a IgGG4 antibody.
Unibodies may be made by the removal of the hinge region of IgG4 antibodies. Further
details of unibodies and methods of preparing them may be found in W02007/059782.

In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to inhibit the
interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkk1). Similarly,
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AAGGT GGACAAGAGAGT GGAGCCCAAGAGCT GCGACAAGACCCACACCT GCCCCCCCT GCCCAGCCCCAGA
GGCAGCGGEECEGACCCTCCGT GT TCCT GT TCCCCCCCAAGCCCAAGGACACCCT GATGATCAGCAGGACCCCC
GAGGT GACGY 6QGNIAGE 85T GGACGT GAGCCACGAGGACCCAGAGGT GAAGT TCARCTBBIATGIBHBACGG
CGTI GGAGGT GCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGT ACAACAGCACCTACAGEGT GGTGTCCG

Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3
binding ligands (e.g. Dkk1). Furthermore, propeller 1 and 3 binding antibodies may be
expected to affect the activity of other Wnt signaling modulators e.g. R-spondins

Homologous antibodies

In yet another embodiment, the present invention provides an antibody or fragment
thereof comprising amino acid sequences that are homologous to the sequences described
in Table 1, and the antibody binds to a LRP6 protein {e.g., human and/or cynomologus
LRP6), and retains the desired functional properties of those antibodies described in Table
1.

For example, the invention provides an isolated monoclonal antibody {or a functional
fragment thereof) comprising a heavy chain variable region and a light chain variable
region, wherein the heavy chain variable region comprises an amino acid sequence that is
at least 80%, at least 90%, or at least 95% identical to an amino acid sequence selected
from the group consisting of SEQ ID NOs: 14, 34, 36, 44, 60, and 62; the light chain
variable region comprises an amino acid sequence that is at least 80%, at least 90%, at
least 95% , or at least 98% identical to an amino acid sequence selected from the group

- consisting of SEQ ID NOs: 13, 33, 37, 43, 59, and 61; the antibody binds to B-propeller 1
of LRP6 {e.g., human and/or cynomologus LRP6), and inhibits the signaling activity of
B-propeller 1 dependent Wnt proteins, which can be measured in Wnt reporter gene assay
or other measure of Wnt directed signaling (e.g., LRP6 phosphorylation, 3-catenin
stabilization and nuclear translocation, cellular proliferation/ survival) as described
herein. In a specific example, such antibodies have an ECsp value in a Wnt] assay of less

than 10 nM when using conditioned medium or using transfected cells.

For example, the invention provides an isolated monoclonal antibody (or a functional
fragment thereof) comprising a heavy chain variable region and a light chain variable
region, wherein the heavy chain variable region comprises an amino acid sequence that is
at least 80%, at least 90%, at least 95%, or at least 98% identical to an amino acid
sequence selected from the group consisting of SEQ ID NOs: 82, 89, 106, 108, 128, 130,
and 138; the light chain variable region comprises an amino acid sequence that is at least
80%, at least 90%, at least 95%, or at least 98% identical to an amino acid sequence
selected from the group consisting of SEQ ID NOs: 81, 90,105, 107,127, 129, and 137;
the antibody binds to B-propeller 3 of LRP6 (e.g., human and/or cynomologus LRP6),
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TGCTGACCGT GCTGCACCAGGACT GGCTGAACGGCAAGGAATACAAGT GCAAGGT CTCCAACAAGGECCCTGC
CAGCCCCCAT CGAAAAGACCAT CAGCAAGGCCAAGGEGECCAGCCACGEGAGCCCCAGGT GTACACCCTECCCC
CCT CCCCEORMIABSIATCCAAGAACCAGGT GT CCCTGACCT GT CTGGT GAAGGGEE TEPAGTOCAMCGACA
TCGCCGT GGAGT GGGAGAGCAACGGCCAGCCCGAGAACAACT ACAAGACCACCCCCCCAGT GCTGGACAGC

and inhibits the signaling activity of B-propeller 3 dependent Wnt proteins, which can be
measured in Wnt reporter gene assay or other measure of Wnt directed signaling (e.g.,
LRP6 phosphorylation, 3-catenin stabilization and nuclear translocation, cellular
proliferation/ survival) as described herein. In a specific example, such antibodies have an
ECsp value in a Wnt3a assay of less than 10 nM when using conditioned medium or using

transfected celis.

Further for Propeller 1 antibodies, variable heavy chain parental nucleotide sequences are
shown in SEQ ID NOs: 16, 38, and 64. Variable light chain parental nucleotide
sequences are shown in SEQ ID NOs: 15, 37, and 63. Full length heavy chain sequences
optimized for expression in a mammalian cell are shown in SEQ 1D NOs: 20, 42, and 68.
Full length light chain sequences optimized for expression in a mammalian cell are shown
in SEQ ID NOs: 19, 41, and 67. Other antibodies of the invention include amino acids or
nucleic acids that have been mutated, yet have at least 60%, 70%, 80%, 90%, 95% or
98% identity identity to the sequences described above. In some embodiments, it include
mutant ammno acid sequences wherein no more than 1, 2, 3, 4 or 5§ amino acids have been
mutated by amino acid deletion, insertion or substitution in the variable regions when

compared with the variable regions depicted in the sequence described above,

Further for Propeller 3 antibodies, variable heavy chain parental nucleotide sequences are
shown in SEQ ID NO: 84, 110, and 132. Variable light chain parental nucleotide
sequences are shown in SEQ ID NO: 83, 109, and 131. Full length heavy chain
sequences optimized for expression in a mammalian cell are shown in SEQ ID NO: 88,
91, 114, 136, and 140. Full length light chain nucleotide sequences optimized for
expression in a mammalian cell are shown in SEQ ID NO: 87, 92, 113, 135, and 139.
Other antibodies of the invention include amino acids or nucleic acids that have been
mutated, yet have at least 60%, 70%, 80%, 90%, 95% or 98% identity identity to the
sequences described above. In some embodiments, it include mutant amino acid
sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been mutated by amino
acid deletion, insertion or substitution in the variable regions when compared with the

variable regions depicted in the sequence described above.

In other embodiments, the VH and/or VL amino acid sequences may be 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set forth in Table 1.
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GACGGCAGCTTCTTCCTGTACAGCAAGCT GACCGT GGACAAGT CCAGGT GECAGCAGGGCAACGT GTTCAGC
TGCAGCGT GATGCACGAAGCGCT GCACAACCACT ACACCCAGAAGAGCCT GAGCCT GT CCCCCEECEECEEC
TCCGECEEAMOGEATIAZISGT GCTGACACAGAGCCCT GCCACCCT GT CT CT GAGCCEeT GREHATHEAMCCACC
CTGAGCT GCCGGEGECCAGCCAGT TCAT CGECT CCCGCTACCT GACCT GGT AT CAGCAGAAGCCCGGACAGECT
CCCAGACT GCTGATCTACGGECGECCAGCAACAGAGCTACCGECGT GCCCCCCAGAT TTTCTGECAGCGGECAGC

In other embodiments, the VH and/or VL amino acid sequences may be identical except

an amino acid substitution in no more than 1, 2, 3, 4 or 5 amino acid position.

An antibody having VH and VL regions having high (i. e., 80% or greater) identity to the
VH and VL regions of those Propeller 1 antibodies described in Table 1 can be obtained
by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid
molecules encoding SEQ ID NOs: 14, 34, 60, 13, 33, and 59 respectively, followed by
testing of the encoded altered antibody for retained function using the functional assays

described herein.

An antibody having VH and VL regions having high (i. e., 80% or greater) identity to the
VH and VL regions of those Propeller 3 antibodies described in Table 1 can be obtained
by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid
molecules encoding SEQ ID NOs: 82, 106, 128, 81, 105, and 127 respectively, followed
by testing of the encoded altered antibody for retained function using the functional

assays described herein.

In other embodiments, the variable regions of heavy chain and/or light chain nucleotide
sequences may be 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the

sequences set forth above

As used herein, “percent identity” between the two sequences is a function of the number
of identical positions shared by the sequences (i.e., % identity equals number of identical
positions/total number of positions x 100), taking into account the number of gaps, and
the length of each gap, which needs to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the

non-limiting examples below.

Additionally or alternatively, the protein sequences of the present invention can further be
used as a “query sequence” to perform a search against public databases to, for example,
identifies related sequences. For example, such searches can be performed using the

BLAST program (version 2.0) of Altschul ef al. (1990) ].Mol. Biol. 215:403-10.
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GGCACCGACFTCACCCT GACCAT CAGCAGCCT GGAACCCGAGGACT T CGCCACCTACTACTGCCAGCAGTACT
ACGACTACCCCCAGACCT TCGECCAGGGECACCAAGGT GGAGAT CAAGGEECGEGAGGECGEGAT CCEEEEET GG
CCGAAGT GBORREEASIMAGCCCGAGGEEEECEGAAGCCAGGT GCAAT TGAAAGAGPCTEBIGT/H AT G
GIGAAGCCTACCCAGACCCT GACCCT GACATGCACCT TCAGCGEECT TCAGCCT GAGCAACAGAGGECGECGEA

Antibodies with Conservative Modifications

In certain embodiments, an antibody of the invention has a heavy chain variable region
comprising CDR1, CDR2, and CDR3 sequences and a light chain variable region
comprising CDR1, CDR2, and CDR3 sequences, wherein one or more of these CDR
sequences have specified amino acid sequences based on the antibodies described herein
or conservative modifications thereof, and wherein the antibodies retain the desired

functional properties of the LRP6 antibodies of the invention.

Accordingly, the invention provides an isolated Propeller 1 monoclonal antibody, or a
functional fragment thereof, consisting of a heavy chain variable region comprising
CDRI, CDR2, and CDR3 sequences and a light chain variable region comprising CDRI1,
CDR2, and CDR3 sequences, wherein: the heavy chain variable region CDR1 amino acid
sequences are selected from the group consisting of SEQ ID NOs: 1, 21, and, 47, and
conservative modifications thereof; the heavy chain variable region CDR2 amino acid
sequences are selected from the group consisting of SEQ 1D NOs: 2, 22, and 48, , and
conservative modifications thereof; the heavy chain variable region CDR3 amino acid
sequences are selected from the group consisting of SEQ ID NOs: 3, 23, and 49, and
conservative modifications thereof; the light chain variable regions CDR1 amino acid
sequences are selected from the group consisting of SEQ 1D NOs: 4, 24, 50, and
conservative modifications thereof; the light chain variable regions CDR2 amino acid
sequences are selected from the group consisting of SEQ ID NOs: 5, 25, and 51, and
conservative modifications thereof; the light chain variable regions of CDR3 amino acid
sequences are selected from the group consisting of SEQ ID NOs: 6, 26, and 52, and
conservative modifications thereof; the antibody or fragment thereof specifically binds to
LRP6, and inhibits LRP6 activity by inhibiting a Wnt signaling pathway, which can be
measured in Wnt reporter gene assay or other measure of Wnt directed signaling (e.g.,
LRP6 phosphorylation, 3-catenin stabilization and nuclear translocation, cellular

proliferation/ survival) as described herein.

Accordingly, the invention provides an isolated Propeller 3 monoclonal antibody, or a
fragment thereof, consisting of a heavy chain variable region comprising CDR1, CDR2,
and CDR3 sequences and a light chain variable region comprising CDR1, CDR2, and
CDR3 sequences, wherein: the heavy chain variable region CDR1 amino acid sequences

are selected from the group consisting of SEQ ID NOs: 69, 93, and 115, and conservative
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GTI'GGGCTGGAT CAGACAGCCT CCCGGECAAGGCCCT GGAAT GECT GGCCT GGAT CGACT GGGACGACGACAA
GAGCTACAGCACCAGCCTGAAAACCCGECT GACCAT CTCCAAGGACACCAGCAAGAACCAGGT GGTGCTCAC
CATGACCAALA RGEAGRXITCGT GGACACCGCCACCTATTAT TGCGCCCGGAT GCAT e &Beeus 168520 TCGAT
AGCT GGEECCAGCGAACCCTGGTGACAGIGTCCAGC SEQ I D N D 173 Heavy

modifications thereof; the heavy chain variable region CDR2 amino acid sequences are
selected from the group consisting of SEQ ID NOs: 70, 94, and 116, and conservative
modifications thereof; the heavy chain variable region CDR3 amino acid sequences are
selected from the group consisting of SEQ ID NOs: 71, 95, and 117, and conservative
modifications thereof; the light chain variable regions CDR1 amino acid sequences are
selected from the group consisting of SEQ ID NOs:72, 96, and 118, and conservative
modifications thereof; the light chain variable regions CDR2 amino acid sequences are
selected from the group consisting of SEQ ID NOs: 73, 97, and 119, and conservative
modifications thereof; the light chain variable regions of CDR3 amino acid sequences are
selected from the group consisting of SEQ 1D NOs: 74, 98, and 120, and conservative
modifications thereof; the antibody or fragment thereof specifically binds to LRP6, and
inhibits activities of Propeller 3-dependent Wnt proteins, which can be measured in Wnt
reporter gene assay or other measure of Wnt directed signaling (e.g., LRP6
phosphorylation, B-catenin stabilization and nuclear translocation, cellular proliferation/

survival) as described herein.
Antibodies That Bind to the Same Epitope

The present invention provides antibodies that bind to the same epitope as do the LRP6
antibodies described in Table 1. Additional antibodies can therefore be identified based
on their ability to cross-compete (e.g., to competitively inhibit the binding of, in a
statistically significant manner) with other antibodies of the invention in LRP6 binding
assays. The ability of a test antibody to inhibit the binding of antibodies of the present
invention to a LRP6 protein (e.g., human and/or cynomologus LRP6) demonstrates that
the test antibody can compete with that antibody for binding to LRP6; such an antibody
may, according to non-limiting theory, bind to the same or a related (e.g., a structurally
similar or spatially proximal) epitope on the LRP6 protein as the antibody with which it
competes. In an embodiment, the antibody that binds to the same epitope on LRP6 as the
antibodies of the present invention is a human monoclonal antibody. Such human

monoclonal antibodies can be prepared and isolated as described herein.
Engineered and Modified Antibodies

An antibody of the invention further can be prepared using an antibody having one or
more of the VH and/or VL sequences shown herein as starting material to engineer a

modified antibody, which modified antibody may have altered properties from the
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K within one or both variable regions (i. e., VH and/or VL), for example within one or more

CDR regions and/or within one or more framework regions. Additionally or

alternatively, an antibody can be engineered by modifying residues within the constant

region(s), for example to alter the effector function(s) of the antibody.

One type of variable region engineering that can be performed is CDR grafting.
Antibodies inferact with target antigens predominantly through amino acid residues that
are located in the six heavy and light chain complementarity determining regions (CDRs).
For this reason, the amino acid sequences within CDRs are more diverse between
individual antibodies than sequences outside of CDRs. Because CDR sequences are
responsible for most antibody-antigen interactions, it is possible to express recombinant
antibodies that mimic the properties of specific naturally occurring antibodies by
constructing expression vectors that include CDR sequences from the specific naturally
occurring antibody grafted onto framework sequences from a different antibody with
different properties (see, e.g., Riechmann et al., (1998) Nature 332:323-327; Jones ef al.,
(1986) Nature 321:522-525; Queen et al., (1989) Proc. Natl. Acad., U.S.A. 86:10029-
10033; U.S. Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089;
5,693,762 and 6,180,370 to Queen ef al.)

Accordingly, another embodiment of the invention pertains to an isolated Propeller 1
monoclonal antibody, or fragment thereof, comprising a heavy chain variable region
comprising CDR1 sequences having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 1, 21, and 47; CDR2 sequences having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 2, 22, and 48; CDR3
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 3, 23, and 49, respectively; and a light chain variable region having CDR1
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 4, 24, and 50; CDR2 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 5, 25, and 51; and CDR3 sequences consisting of an
amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52,
respectively. Thus, such antibodies contain the VH and VL CDR sequences of
monoclonal antibodies, yet may contain different framework sequences from these

antibodies.
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LKTR LTI Sﬁ%-(lz_osrdﬁlgly, anot!ﬁ;arrl\érn'}{)(;\éir%ér\l{ of the invention pertains to an isolated Propeller 3

monoclonal antibody, or fragment thereof, comprising a heavy chain variable region
comprising CDR1 sequences having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 69, 93, and 115; CDR2 sequences having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 70, 76, 100, and 116; CDR3
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 71, 95, and 117, respectively; and a light chain variable region having CDRI
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 72, 96, and 118; CDR2 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 73, 97, and 119; and CDR3 sequences consisting of an
amino acid sequence selected from the group consisting of SEQ ID NOs: 74, 98, and 120,
respectively. Thus, such antibodies contain the VH and VL CDR sequences of
monoclonal antibodies, yet may contain different framework sequences from these

antibodies.

Such framework sequences can be obtained from public DNA databases or published
references that include germline antibody gene sequences. For example, germline DNA
sequences for human heavy and light chain variable region genes can be found in the
“Vase” human germline sequence database (available on the Internet at www.mrc-
cpe.cam.ac.uk/vbase), as well as in Kabat et al., (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242; Chothia ef al., (1987) J. Mol. Biol. 196:901-917; Chothia
et al., (1989) Nature 342:877-883; and Al-Lazikani ef al., (1997) J. Mol. Biol. 273:927-
948; Tomlinson et al., (1992) J. fol. Biol. 227:776-798; and Cox et al., (1994) Eur. ]
Immunol. 24:827-836; the contents of each of which are expressly incorporated herein by

reference.

An example of framework sequences for use in the antibodies of the invention are those
that are structurally similar to the framework sequences used by selected antibodies of the
invention, e.g., consensus sequences and/or framework sequences used by monoclonal
antibodies of the invention. The VH CDRI1, 2 and 3 sequences, and the VL CDRI, 2 and
3 sequences, can be grafied onto framework regions that have the identical sequence as
that found in the germline immunoglobulin gene from which the framework sequence
derive, or the CDR sequences can be grafied onto framework regions that contain one or

more mutations as compared to the germline sequences. For example, it has been found
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MDR06475
maintain or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos.

5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et al).

Another type of variable region modification is to mutate amino acid residues within the
VH and/or VL. CDR1, CDR2 and/or CDR3 regions to thereby improve one or more
binding properties (e.g., affinity) of the antibody of interest, known as "affinity
maturation.” Site-directed mutagenesis or PCR-mediated mutagenesis can be performed
to introduce the mutation(s) and the effect on antibody binding, or other functional
property of interest, can be evaluated in in vitro or in vivo assays as described herein and
provided in the Examples. Conservative modifications (as discussed above) can be
introduced. The mutations may be amino acid substitutions, additions or deletions.
Moreover, typically no more than one, two, three, four or five residues within a CDR

region are altered.

Accordingly, in another embodiment, the invention provides isolated Propeller 1
monoclonal antibodies, or fragment thereof, consisting of a heavy chain variable region
having: a VH CDRI region consisting of an amino acid sequence selected from the group
having SEQ 1D NOs: 1, 21, and 47or an amino acid sequence having one, two, three, four
or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 1,
2], and 47; a VH CDR2 region having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 2, 22, and 48, or an amino acid sequence having one, two,
three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID
NOs: 2, 22, and 48; a VH CDR3 region having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 3, 23, and 49, or an amino acid sequence having one,
two, three, four or five amino acid substitutions, deletions or additions as compared to
SEQ ID NOs: 3, 23, and 49; a VL CDRI region having an amino acid sequence selected
from the group consisting of SEQ ID NOs: 4, 24, and 50, or an amino acid sequence
having one, two, three, four or five amino acid substitutions, deletions or additions as
compared to SEQ 1D NOs: 4, 24, and 50; a VL CDR2 region having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 5, 25, and 51, or an amino
acid sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 5, 25, and 51; and a VL. CDR3 region having an
amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52, or
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GGACAACAGCAAGAACACCCT GTACCT GCAGAT GAACAGCCT GAGAGCCGAGGACACCGCCGI GTACTACT G
scFv (DP to DA)

TGCCAGACMIOREGHEGHICCCCAACAACAT CCGGTACAAGT TCATGGACGT GT CCBGCLBASHIEOACHCT GGT
GACCGT CAGCTCAGCTAGCACCAAGGGECCCCAGCGT GT TCCCCCT GGCCCCCAGCAGCAAGAGCACCAGCEG
CGGCACAGCCGCCCT GEECT GCCTGGT GAAGGACT ACT TCCCCGAGCCCGT GACCGT GT CCTGGAACAGCEG

AT GACC L P RIRiAG At b qubiiel Having e ta il oo v ntrlo At Bt i TG

deletions or additions as compared to SEQ ID NOs: 6, 26, and 52.

Accordingly, in another embodiment, the invention provides isolated Propeller 3
monoclonal antibodies, or fragment thereof, consisting of a heavy chain variable region
having: a VH CDR1 region consisting of an amino acid sequence selected from the group
having SEQ ID NOs: 69, 93, and 115 or an amino acid sequence having one, two, three,
four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs:
69, 93, and 115; a VH CDR2 region having an amino acid sequence sclected from the
group consisting of SEQ ID NOs: 70, 94, and 116, or an amino acid sequence having one,
two, three, four or five amino acid substitutions, deletions or additions as compared to
SEQ ID NOs: 70, 94, and 116; a VH CDR3 region having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 71, 95, and 117, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 71,95, and 117; a VL. CDRI region having an
amino acid sequence selected from the group consisting of SEQ ID NOs: 72, 96, and 118,
or an amino acid sequence having one, two, three, four or five amino acid substitutions,
deletions or additions as compared to SEQ ID NOs: 72, 96, and 118; a VL CDR2 region
having an amino acid sequence selected from the group consisting of SEQ ID NOs: 73,
97, and 119, or an amino acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to SEQ ID NOs: 73,97, and 119; and a
VL CDR3 region having an amino acid sequence selected from the group consisting of
SEQ ID NOs: 74, 98, and 120, or an amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 74, 98,
and 120.

Grafting Antibody Fragments Into Alternative Frameworks or Scaffolds

A wide variety of antibody/ immunoglobulin frameworks or scaffolds can be employed so
long as the resulting polypeptide includes at least one binding region which specifically
binds to LRP6. Such frameworks or scaffolds include the 5 main idiotypes of human
immunoglobulins, or fragments thereof, and include immunoglobulins of other animal
species, preferably having humanized aspects. Novel frameworks, scaffolds and

fragments continue to be discovered and developed by those skilled in the art.
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GT' GACAGT GCCCAGCAGCAGCCT GGGCACCCAGACCT ACAT CTGCAACGT GAACCACAAGCCCAGCAACACC
AAGGT GGACAAGAGAGT GGAGCCCAAGAGCT GCGACAAGACCCACACCT GCCCCCCCT GCCCAGCCCCAGA
GGCAGCGEIOMIAGTIHBCGT GT TCCT GT TCCCCCCCAAGCCCAAGGACACCCT GREGAPSAGOSRBACCCCC
GAGGT GACCT GCGT GGT GGT GGACGT GAGCCACGAGGACCCAGAGGT GAAGT TCAACT GGTACGT GGACGG

In one aspect, the invention pertains to generating non-immunoglobulin based antibodies
using non- immunoglobulin scaffolds onto which CDRs of the invention can be grafted.
Known or future non-immunoglobulin frameworks and scaffolds may be employed, as
long as they comprise a binding region specific for the target LRP6 protein (e.g., human
and/or cynomologus LRP6). Known non-immunoglobulin frameworks or scaffolds
include, but are not limited to, fibronectin (Compound Therapeutics, Inc., Waltham,
MA), ankyrin (Molecular Partners AG, Zurich, Switzerland), domain antibodies
(Domantis, Ltd., Cambridge, MA, and Ablynx nv, Zwijnaarde, Belgium), lipocalin (Pieris
Proteolab AG, Freising, Germany), small modular imnmuno-pharmaceuticals (Trubion
Pharmaceuticals Inc., Seattle, WA), maxybodies (Avidia, Inc., Mountain View, CA),
Protein A (Affibody AG, Sweden), and affilin (gamma-crystallin or ubiquitin) (Scil
Proteins GmbH, Halle, Germany).

The fibronectin scaffolds are based on fibronectin type I1I domain (e.g., the tenth module
of the fibronectin type III ('° Fn3 domain)). The fibronectin type III domain has 7 or 8
beta strands which are distributed between two beta sheets, which themselves pack
against each other to form the core of the protein, and further containing loops (analogous
to CDRs) which connect the beta strands to each other and are solvent exposed. There are
at least three such loops at each edge of the beta sheet sandwich, where the edge is the
boundary of the protein perpendicular to the direction of the beta strands (see US
6,818,418). These fibronectin-based scaffolds are not an immunoglobulin, although the
overall fold is closely related to that of the smallest functional antibody fragment, the
variable region of the heavy chain, which comprises the entire antigen recognition unit in
camel and llama IgG. Because of this structure, the non-immunoglobulin antibody
mimics antigen binding properties that are similar in nature and affinity to those of
antibodies. These scaffolds can be used in a loop randomization and shuffling strategy in
vitro that is similar to the process of affinity maturation of antibodies in vivo. These
fibronectin-based molecules can be used as scaffolds where the loop regions of the

molecule can be replaced with CDRs of the invention using standard cloning techniques.

The ankyrin technology is based on using proteins with ankyrin derived repeat modules
as scaffolds for bearing variable regions which can be used for binding to different
targets. The ankyrin repeat module is a 33 amino acid polypeptide consisting of two anti-
parallel a-helices and a B-turn. Binding of the variable regions is mostly optimized by

using ribosome display.
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CGT GGAGGT GCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGT ACAACAGCACCTACAGEGTGGTGTCCG

TGCTGACCGT GCTGCACCAGGACT GGCTGAACGGCAAGGAATACAAGT GCAAGGT CTCCAACAAGGCCCTGC
CAGCCCCCAV OGAAMASATCAT CAGCAAGGCCAAGGEGCCAGCCACGEGAGCCCCABGTEPAGAGEZHIGCCCC
CCTCCCGGEGAGGAGAT GACCAAGAACCAGGT GTCCCTGACCT GT CTGGT GAAGGGECT T CTACCCCAGCGACA

Avimers are derived from natural A-domain containing protein such as LRP6. These
domains are used by nature for protein-protein interactions and in human over 250
proteins are structurally based on A-domains. Avimers consist of a number of different
“A-domain” monomers (2-10) linked via amino acid linkers. Avimers can be created that
can bind to the target antigen using the methodology described in, for example, U.S.
Patent Application Publication Nos. 20040175756, 20050053973; 20050048512; and
20060008844.

Affibody affinity ligands are small, simple proteins composed of a three-helix bundle
based on the scaffold of one of the IgG-binding domains of Protein A. Protein Aisa
surface protein from the bacterium Staphylococcus aureus. This scaffold domain consists
of 58 amino acids, 13 of which are randomized to generate affibody libraries with a large
number of ligand variants (See e.g., US 5,831,012). Affibody molecules mimic
antibodies, they have a molecular weight of 6 kDa, compared to the molecular weight of
antibodies, which is 150 kDa. In spite of its small size, the binding site of affibody

molecules is similar to that of an antibody.

Anticalins are products developed by the company Pieris ProteoLab AG. They are
derived from lipocalins, a widespread group of small and robust proteins that are usually
involved in the physiological transport or storage of chemically sensitive or insoluble
compounds. Several natural lipocalins occur in human tissues or body liquids. The
protein architecture is reminiscent of immunoglobulins, with hypervariable loops on top
of a rigid framework. However, in contrast with antibodies or their recombinant
fragments, lipocalins are composed of a single polypeptide chain with 160 to 180 amino
acid residues, being just marginally bigger than a single immunoglobulin domain. The set
of four loops, which makes up the binding pocket, shows pronounced structural plasticity
and tolerates a variety of side chains. The binding site can thus be reshaped in a
proprietary process in order to recognize prescribed target molecules of different shape
with high affinity and specificity. One protein of lipocalin family, the bilin-binding
protein (BBP) of Pieris Brassicae has been used to develop anticalins by mutagenizing the
set of four loops. One example of a patent application describing anticalins is in PCT
Publication No. WO 199916873.

Affilin molecules are small non-immunoglobulin proteins which are designed for specific

affinities towards proteins and small molecules. New affilin molecules can be very
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TCGCCGT CGAGT GGGAGAGCAACGGECCAGCCCGAGAACAACT ACAAGACCACCCCCCCAGT GCTGGACAGC

GACGGCAGCTI CT1 CCTGTACAGCAAGCT GACCGT GGACAAGT CCAGGT GGCAGCAGGGCAACGTGT TCAGC
TGCAGCGT GO GEAGGEMGCCCT GCACAACCACT ACACCCAGAAGAGCCT GAGCCPGT BB HITERGAMNCEEC
GGCTCCGECCGAAGCGATAT CGT GCTGACACAGAGCCCT GCCACCCT GT CTCTGAGCCCT GGCGAGAGAGCC
ACCCT GAGCT GCCGEEECCAGCCAGT TCATCGGECT CCCGCTACCT GECCT GGTAT CAGCAGAAGCCCGGACAG

quickly selected from two libraries, each of which is based on a different human derived
scaffold protein. Affilin molecules do not show any structural homology to
immunoglobulin proteins. Currently, two affilin scaffolds are employed, one of which is
gamma crystalline, a human structural eye lens protein and the other is "ubiquitin"
superfamily proteins. Both human scaffolds are very small, show high temperature
stability and are almost resistant to pH changes and denaturing agents. This high stability
is mainly due to the expanded beta sheet structure of the proteins. Examples of gamma
crystalline derived proteins are described in W0200104144 and examples of "ubiquitin-
like" proteins are described in W02004106368.

Protein epitope mimetics (PEM) are medium-sized, cyclic, peptide-like molecules (MW
1-2kDa) mimicking beta-hairpin secondary structures of proteins, the major secondary

structure involved in protein-protein interactions.

In some embodiments, the Fabs are converted to silent IgGl format by changing the Fc
region. For example, antibodies MOR08168, MOR08545, MOR06706, MOR(6475,
MORO08193, and MORO08473 in Table 1 can be converted to IgG1 format by adding the

amino acid sequence:

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGKEYKCKVSNKA
LPAPIEKTISKAK GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK (SEQ ID NO: 209).

and substituting the light chain with: CS if the light chain is lambda, or C if the light chain
is kappa. As used herein, a “silent IgG1” is an IgG] Fc sequence in which the amino acid
sequence has been altered to decrease Fc-mediated effector functions (for example ADCC
and/or CDC). Such an antibody will typically have decreased binding to Fe receptors . In
some other embodiments, the Fabs are converted to IgG2 format. For example,
antibodies MOR08168, MOR(8545, MOR06706, MOR06475, MOR08193, and
MORO08473 in Table 1 can be converted to IgG2 format by substituting the constant

sequence with the constant sequence for the heavy chain of IgG2:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP A
VLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCP
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GCTCCCAGACT GCTGAT CTACGGECGCCAGCAACAGAGCT ACCGEECGT GCCCGCCAGATTTTCTGGECAGCGEC
AGCGGCACCGACT TCACCCT GACCATCAGCAGCCT GGAACCCGAGGACT TCGCCACCTACTACT GCCAGCAGT
ACTACGACTWOCOEAASACCT TCGGECCAGGECACCAAGGT GGAGAT CAAGGGECGGACEREW 1 083MECGT
GGCGGAAGT GGAGGCGCGAGGAAGCGGAGEEEECEEAAGCCAGGT GCAAT TGAAAGAGT CCGGECCCTGCC

APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCK VSNKGLPAPIEKTISKT

KGQPREPQV YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
(SEQ ID NO: 210).

Human or humanized antibodies

The present invention provides fully human antibodies that specifically bind to a LRP6
protein (e.g., human and/or cynomologus LRP6). Compared to the chimeric or
humanized antibodies, the human LRP6 antibodies of the invention have further

decreased antigenicity when administered to human subjects.

The human LRP6 antibodies can be generated using methods that are known in the art.
For example, the humaneering technology used to converting non-human antibodies into
engineered human antibodies. U.S. Patent Publication No. 20050008625 describes an in
vivo method for replacing a nonhuman antibody variable region with a human variable
region in an antibody while maintaining the same or providing better binding
characteristics relative to that of the nonhuman antibody. The method relies on epitope
guided replacement of variable regions of a non-human reference antibody with a fully
human antibody. The resulting human antibody is generally unrelated structurally to the
reference nonhuman antibody, but binds to the same epitope on the same antigen as the
reference antibody. Briefly, the serial epitope-guided complementarity replacement
approach is enabled by setting up a competition in cells between a "competitor" and a
library of diverse hybrids of the reference antibody ("test antibodies") for binding to
limiting amounts of antigen in the presence of a reporter system which responds to the
binding of test antibody to antigen. The competitor can be the reference antibody or
derivative thereof such as a single-chain Fv fragment. The competitor can also be a
natural or artificial ligand of the antigen which binds to the same epitope as the reference
antibody. The only requirements of the competitor are that it binds to the same epitope as
the reference antibody, and that it competes with the reference antibody for antigen
binding. The test antibodies have one antigen-binding V-region in common from the
nonhuman reference antibody, and the other V-region selected at random from a diverse
source such as a repertoire library of human antibodies. The common V-region from the

reference antibody serves as a guide, positioning the test antibodies on the same epitope
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CTGGTGAAGCCTACCCAGACCCT GACCCTGACATGCACCT TCAGCGGECTI CAGCCT GAGCAACAGAGECGEC
GGAGT GGGCT GGAT CAGACAGCCT CCCGGECAAGGCCCT GGAAT GECT GECCT GGAT CGACT GGGACGACGA
CAAGAGCT ACAGRAGGRESSCCT GAAAACCCGGECT GACCAT CT CCAAGGACACCAGCCAAEAMKIAGETROIST GCT
WO 2011/ 138391PCT/ EP2011/ 057200

CACCATGACCAACAT GGACGCCGT GGACACCGCCACCTAT TAT TGCGCCCCGATGCATCTGCCCCTGGTGITC

GATA&TW&;@_ %%ﬁg@;%%, so that selection is biased toward the highest

antigen-binding fidelity to the reference antibody.

Many types of reporter system can be used to detect desired interactions between test
antibodies and antigen. For example, complementing reporter fragments may be linked to
antigen and test antibody, respectively, so that reporter activation by fragment
complementation only occurs when the test antibody binds to the antigen. When the test
antibody- and antigen-reporter fragment fusions are co-expressed with a competitor,
reporter activation becomes dependent on the ability of the test antibody to compete with
the competitor, which is proportional to the affinity of the test antibody for the antigen.
Other reporter systems that can be used include the reactivator of an auto-inhibited
reporter reactivation system (RAIR) as disclosed in U.S. Patent Application Ser. No.
10/208,730 (Publication No. 20030198971), or competitive activation system disclosed in
U.S. Patent Application Ser. No. 10/076,845 (Publication No. 20030157579).

With the serial epitope-guided complementarity replacement system, selection is made to
identify cells expresses a single test antibody along with the competitor, antigen, and
reporter components. In these cells, each test antibody competes one-on-one with the
competitor for binding to a limiting amount of antigen. Activity of the reporter is
proportional to the amount of antigen bound to the test antibody, which in tumn is
proportional to the affinity of the test antibody for the antigen and the stability of the test
antibody. Test antibodies are initially selected on the basis of their activity relative to that
of the reference antibody when expressed as the test antibody. The result of the first
round of selection is a set of "hybrid" antibodies, each of which is comprised of the same
non-human V-region from the reference antibody and a human V-region from the library,
and each of which binds to the same epitope on the antigen as the reference antibody.
One of more of the hybrid antibodies selected in the first round will have an affinity for

the antigen comparable to or higher than that of the reference antibody.

In the second V-region replacement step, the human V-regions selected in the first step
are used as guide for the selection of human replacements for the remaining non-human
reference antibody V-region with a diverse library of cognate human V-regions. The
hybrid antibodies selected in the first round may also be used as competitors for the
second round of selection. The result of the second round of selection is a set of fully

human antibodies which differ structurally from the reference antibody, but which
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SEQ I D NO 175 Heavy MOR08168 hl gGl LALA MOR06475 scEv (DP to TA)
QVQLVESGGEE.VQPGGSLRLSCAASGFTFSDYVI NWRQAPGKGLEWSGE SVWWSGVNTHYADSVKGRFTI SRDN
SKNTL YL QWNEL2RAABEAYYYCARLGATANNI RYKF PCT/EP2011/057200
MDVWGEQGT LVTVSSASTKGEPSVFPLAPSSKSTSGGTAAL

GCCLVKDYFPEPVTVSWNSGAL TSGVHTFPAVLCl SSGLYSLSSWVI VPSSSLGTQTY! CNVNHKPSNTKVDKRVE

CORTHT PPN TSRS SR OF BRI S, B ISP SPOREE MG AT KPREE

QYNSTYRVVSHigfeHRmMNGHIBHISK YRNKA L RARN Pt ORI REREM T PRS REEN IS N@CSL TCLV
K

GFYPSDI AVMWWBW%WW&%W%W%&SP

GKGGSCGSD! Y FGRFATY S SRCERRAL VR IR RARRATCURARF SGSGSG
TDFTLTI SSLEPEDFATYY! DY KVEI K GCEEGESCEEESCEEGSQVQALKESGPALVKPTQ
TLTLTCTFSG

FSL SNRGGGVE Mo e thermpusponainmsis i) jothodicadeseaked RRave of Mgrralorsnce
TATWCARWEE&BWX%eﬁ%%thelhﬁo}J@to%MﬂnM%&@s {RhO6hd bALA

MOR0O6475 sckv
CAGGT CCAAT hEEaCGREGGGAECEAGCMIIRERBEAGCINT GENBECAGORT BAGABTHENEAIBUGCABC

CAGCGGCTTCACCTTCA CAGGCCCCT. GGAATGGGT
HWTC@M%@&%@K BeaTcaccea
GGACAACA ALAGRACTG
TGCCAGACT%%%&IGCCAACAACA@ ACAAGT TCATGGA( g%@GGCCA CAC%

GACCGT CAGC MipT ASCACCAAGGGCCCCAGCGT GT TCCCCCT GGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCT GEECTECCT GGT GAAGGACT ACT TCCCCGAGCCCGT GACCGT G CCTGGAACAGCGEG
AW@WTW@&A@&AW@A@M@C@MG

GIGAC. AGT GGGCACCCAGACCTACATCTGCAACGT GAACCACAAGCCCAGCAACACC
AAGGT GGACAAGAGAGT GGAGCCCAAGAG CTGCCGACAAGACCCACACCTECCreeeecrecccAcceeccAeA
fromanembets ef e sameiand dremeeryGemeiin geacocce

s R AL S 0

T&T@C@TWMWWWWWWM&
%WMWWMMTMW@@A%@@FWW%W@

GACGGCAGCTTCT TCCT GT ACAGCAA ; GACCGT GGACAAGT CCAGGT GGCA%GGGCA’ACGT GI'l CAGC
TGCAGCGT GATESG:tnElirABEEaTIEDAGRAT DA TIND NG SeYZ

et S A AR AT

GCT CCCAGA AGCAACAGAGCTACCGECGT GCCCGCCAGATTTTCT GGCAGCGEC
CTTCACCCTGACCAT CAGCAGCCT GGAACCCGAGGACT TCECCACCTACTACT GCCAGCAGT

T AR ORI AR RO,
%%%%%%%@W%W
CAAGAGCTACAGCABaRGISIRivgNncdosmiaataATdginEan

GATAGCT GO R CCREA LR LD QJWTG%%%%“W e

MORO8168 | ®tipdmans ef al., (2004) J Biol Chem 279:1256-1261; Dumoulin ef al., (2003) Nature

Di VLT@PATLSLSPGERATLSCRAS QFI GSRYLAVW%JPGQA\PRI L1 YGASNRATGYPARFSGSGSGTDFTLT!
SSL 424:783-788; Pleschberger ef al. (2003) Bioconjugate Chem 14:440-448; Cortez-

G5 SNRE R ISR A O D S T PSR A R DT ATYY CAR
VHL PLVEDSWEQEIB 91836 CERERSHtEl FARESHSHARGRAFDERSGRG 2RI BV IHQMRGRAEVL VI YKN

NRPSGA PERFSGSNSGNTATLTI, SGTQAEDEADYY YD%(P(SL GGG]I TVL KAAPSVTLFPPSSEEL
OA commercially available, Tor example, %m ynx, }é% Iﬁl_gl c?awuh other

NKATLVCLI g@'ﬁé NI %\(Jﬁ%@,/ght SRV 9 Y la RrhRE U S Y Bl THEGSTV

E KTVAPTE EQ ID 117 MORO6475 scFv
altered recombmantly to obtain a sequence that more closely resembles a human

sequence, i.e., the nanobody can be “humanized”. Thus the natural low antigenicity of

camelid antibodies to humans can be further decreased.
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MOR08168 | anbda GATATCGTGCTGACACAGAGCCCTGCCACCCTGTICTCTGAGCCCTG

GCGAGAGAGCCACCCTGAGCTGCCGG GCCAGCCAGI TCATCGGECTCCCG

CTACCT GG RailiA BEABCAGAAGCCCGCGACAGECTCCCAGACTGCTG PCT/EP2011/057200

ATCTACGGCGCCAGCAACAGAGCTACCGGECGT GCCCGCCAGATTTTCT GGCAGCGGECAGCGGCACCGACTTC

ACCCT GACCAT CAGCAGCCT GGAACCCGAGGACT TCGCCACCTACT ACT GCCAGCAGTACTACGACTACCCCC
O

CoaoAGEAM e PR S SRS

GCGCGAGGAAGCEA ' A C

CCAGACCCT GARCONIGRCATEGOAGHET prode GaCT pAGETTGASEALCHTNCEEEEANGIAGESCGEEGGAT

CAGACAGCCT CCCGGCAA TGGCT CAAGAGCTACAGCA
@Am%@%@w@gﬁg%m%m@% G HHERTEAACA

%011/ 13% agf/a%%ééfrdﬁ] #sible to lar§er antibod C¥ grotelns, ie., cam&lég\ nané)cl:)_(lgdles

GGGAACCCT GGremsHal WWM?WMWT TCTGT

AT CAGCACAA S P B L PR Ll A AB R AR L AR AT T CACE

GGTr CAGOGGCABSAMGAG ST TARSGEIRADCEHGRORAD ggﬁ&%@c
GACTACTACT GCCAGAGCT ACGACGGOCAGAAAAGLCT GGTGI TC COLACCANGCTTACGTECTO
GGEOCAGCOCAAN

ACCCTGGTCTGLGT

GTGAAGGCOGEGT

GAGCCT GACCCE@@AMA&tWWWACA@T GCCAGGT CACCCACGAGGGCAGCACCG

TGGAGAAAACCGT GGCCCCCACCGAGTGCAGC SEQ I D NO 179 VH IVDR08168

QVQLVESGGGEL el V Tl SRDN

SKNTLYL QVNST(% ity r\%‘%éé%éﬂ ' n?\‘l’[? gs ENRE

MORO8168  extremely thermostable, stable to extreme pH and to proteolytic digestion, and poorly

Caggt gcaat t%gt cgagt ct gcggaggact ggttgcagccté:]gt g%cagcct agact gagctt%cgccgccagc
ggcttcacct t @E@‘&c no er consequence 1s that camelid nanobodies readily move from

acgt gat Caacaﬁg.%&g%&@&q&ﬁqggwaﬁm& L3O AR IS S BT AR0 hi B84Ct 99cat ga

acacccact acgccgac
cgtgaagggcc@gmﬂau¢hﬂmﬁhgamgggau&amagmmégdasamtﬁt@mﬂﬁwﬂmnagémgaﬂmqgnntgagagc
cgaggacaccgcc

act act gt gc c%cégségéfgglf?ﬁ% b brrtieta Ses daS Rl aedlisgtion 204043k shedagggeacac

tggt gaccgt CAG&lst 89, 2004. These features combined with the low antigenicity to humans indicate

great therapeutic potential. Further, these molecules can be fully expressed in prokaryotic

cells such as E. coli and are expressed as fusion proteins with bacteriophage and are

functional.

Accordingly, a feature of the present invention is a camelid antibody or nanobody having
high affinity for LRP6. In certain embodiments herein, the camelid antibody or nanobody
is naturally produced in the camelid animal, i.e., is produced by the camelid following
immunization with LRP6 or a peptide fragment thereof, using techniques described herein
for other antibodies. Alternatively, the LRP6 camelid nanobody is engineered, i.e.,
produced by selection for example from a library of phage displaying appropriately
mutagenized camelid nanobody proteins using panning procedures with LRP6 as a target
as described in the examples herein. Engineered nanobodies can further be customized
by genetic engineering to have a half life in a recipient subject of from 45 minutes to two
weeks. In a specific embodiment, the camelid antibody or nanobody is obtained by
grafting the CDRs sequences of the heavy or light chain of the human antibodies of the
invention into nanobody or single domain antibody framework sequences, as described

for example in PCT/EP93/02214.
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SEQ I D ND: 181 Heavy NMDR08168 hl gGl LALA

QVQLVESGGE.VQPGGSLRLSCAASG-TFSDYVI NWWROAPGKGLEVWSAE SWEGVYNTHYADSVKGRFTI SRDN
SKNTL YL QWNEL2RAAEBSAYYYCARL GATANNI RYKFVDVWGEQGT LVTVSSASTKGPESYRBLARSSIKET SGGT AAL
GCLVKDYFPEPVTVSWNSGAL TSGVHTFPAVLOSSGLYSLSSWVI VPSSSLGTQTYlI CNVNHKPSNTKVDKRVEP
KS

CDI(TWCPPWKE& PKDTLM SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRWS SNKALPAPI EKTI SKAKGQPREPQVYTLPPSREEMIKNQVSLTCLV

The present invention features multivalent antibodies (e.g., biparatopic, bispecific

GFYPSDI AVEVEESNGOPENNYKTI, TPVL DSDGSFFL YSKL T VI FSCSV] N SLSLSP
&K SEQ ID Rt an]é%%a agEecent a@nﬁgm\ZM two ci\lqilgé HanSK

CACGaCT TP R A R A AR ot AR T S ARACAC LT A Cr

GTCCGGCAT ColWCETeNEtici GAYReteiins MibrosAaRibody AMAcEoTeGET (E2TNRBRECCG
GGACAACA .
Tmma%%%%w&f %
GACCGTCAGCP .-
C@A@M&G{qﬁw
AGCCCTGACCIBCEROGPOERATRGT2T
GTGACAGT
AAGGTGGA%@%&@ e‘
GGCCAGCCCECC M uty M &t mﬂl’ COACABTRRCI{ AT {

GAGGT GACCT GCGT GGT GGT GGACGT GAGCCACGAGGACCCAGAGGT GAAGT TCAACT GGTA CGG
CGT GGAGGT GeAZARDEc Nt Anela A0 Eab Mgt Mchasisap el G000 s bt rocs
TGCTGACCGT GCTGCACCAGGACT GECT GAACGGCAAGGAATACAAGT GCAAGGT CTCCAACAAGGCCCTGC

CAGCCCCCAT CGAAAAGACCAT CAGCAAGGCCAAGGEGECCAGCCACGEGAGCCCCAGGT GTACACCCTGCCCC
CCT CCCGCCATRAPARGACRHANGAAGIAEE 6T (HECIEAGEY BIaCTHEGhEHAMSACHTIBINSOCQAGCGACA

CACOCACCT PR ROAI SRR OGS DA A B A R R B REACC
TGCA G CA T AN MO ARAISF R FIRAREROGRAAAG SEQ

| D ND: 183 MOR0O64 7
DI VLTQSPATW@%T%MW&WW%M@@W@PARFMDFTLTI

SSL EPEDFATYt\l(b lspfo %E%%T E t€§1|l_:fgt10n OPJO'“} 1% D'z}![A‘Tma mwgiqpa?é"nzgntibodies

bind to distinct LRP6 B-propeller regions. Propeller 1 antibodies bind to the B-propeller 1
domain and block propeller1-dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A,
Wnt7B, Wnt9, Wnt10A, Wntl0B and inhibit a Wnt 1 signal transduction pathway.

Propeller 3 antibodies bind to the B-propeller 3 domain and block propeller3-dependent
Wnts such as Wni3a and Wnt3 and inhibit a Wnt3 signal transduction pathway. LRP6
antibodies differentiate propeller 1 and propeller 3 ligands into two separate classes and
bind to distinct epitopes of the LRP6 target receptor. Conversion of fragments of the
LRP6 antibodies (e.g., Fabs) to full length 1gG antibody results in an antibody that
potentiates (enhances) a Wnt signal in the presence of another protein such as a Wnt 1 or

Want 3 ligand.

Multivalent antibodies provide advantages over traditional antibodies for example,
expanding the repertoire of targets, having new binding specificities, increased potency,
and no signal potentiation. A single LRP6 multivalent antibody can bind to multiple
propeller regions on a single LRP6 target receptor on the same cell, and inhibit Wnt
signaling. In one embodiment, the multivalent antibody binds to any combination of a 3~

propeller regions selected from the group consisting of propeller 1, propeller 2, propeller
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Gat at cgt gct gacccagagcccggcgaccct gagcct gt ct ccgggcgaacgt gcgaccct gagct gcagagcg
agccagtttattggttctc
gttat ct ggwotgoiBs®agcagaaaccaggt caagcaccgcgt ct att aat t t argytrpeditioszas cgt gcaa

ct ggggt cccggegegttttag
cggct ct ggat ccggcacggat ttt accct gaccat t agcagat ggaacct gaagactttgcgacttattattgce

E?Sﬁ?%%ké "g‘% g%{diﬁ%%ﬁfer £29360t the9GGAMI WARARRALAE 47854) BRfs tFopdeMahg

DI VL TQSPATL BtoBPIBERATINSGRASKIER FI5 Rtk W SRR GRIRRMIGASRRATEYP AR SGRGSGEDFTLTI S
SL
EPEDFATYYCQRRIPEEaetenhxbindigarty anpinle Prpprgeorseiss aadihibiting YnisigeotingvDNA

L QSGNSQESVERAHTYSH S SRV N A TRPG ARSNGBl Boty

ND: 186 DNA Li ght
GATATCGT GCT RABEBAGARIQEaRIBAR CETBMONTCH ARG EIEMAET ,",. ABEPEHAQCIHACAGA

W
GCGAGCCAGTTTAT%/ET CGTTATCTGGCTT GGT ACCAGCAGAAACCA CTATTAA
TTTATGGTGCTPEP Mi"&%&@f@wé OEEATTI TAC

WO 2011/ 1383R4da6cd HMi @%{llﬂtﬁzgﬁgdmg of the LRP6 multivalent antlbody.

In one embodiment, multivalent antibodies are produced by linking an scFv to an IgG
antibody. The VH and VL domains used to make an scFv may be derived from the same
or from different antibodies. The scFv comprises at least one, two, three, four, five, or six
CDRs.

The Fc region of the IgG antibody and the scFv fragment may be linked together in many
different orientations. In one embodiment, the scFv is linked to the C-terminus of the Fc¢
region. In other embodiments, the scFv is linked to the N-terminus of the Fc region. In
other embodiments, scFvs are are linked to both the N-terminus and C-terminus of the Fc
region. In another embodiment, the scFv can be linked to a light chain of an antibody.
The multivalent antibodies of the invention can bind multiple binding sites of a target
receptor concurrently. The receptor binding domains of multivalent antibodies of the
invention may bind at least 1, 2, 3, 4, 5, 6, 7, 8or more binding sites. Each receptor
binding domain can be specific for the same binding site. The multivalent antibodiesof
the invention comprise one or more receptor binding domains that are specific for distinct
epitopes on the same target receptor, e.g., f-propeller 1 domain or B-propeller 3 domain
of LRP6. Alternatively, the multivalent antibodies of the invention comprise one or more
receptor binding domains that are specific for epitopes on different target receptors, e.g.,
LRP6 and a receptor that is not LRP6 such as Erb, cmet, IGFR1, Smoothened, and Notch

receptors.

Each receptor binding domain within the multivalent antibodies of the invention can also
have different (i.e. a higher or lower) affinity for the antigen compared to the traditional

antibodies.

In one embodiment, the multivalent antibodies of the invention are biparatopic antibody

comprising at least one receptor binding domain for a first eptope on LRP6 target receptor
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kappa

CCTGACCATTAGCAGCCI GGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGCCORORENAGEAMNAGT TGAAATT AAACGT ACGGT GGCCGCT CCCAGCGT e T@ARTIEGT/HCRMCCCCAG
CGACGAGCAGCT GAAGAGCGEECACCGCCAGCGT GGTGTGCCTGCTGAACAACT TCTACCCCCGGEGAGGCCA
AGGT GCAGT GGAAGGT GGACAACGCCCT GCAGAGCGGCAACAGCCAGGAGAGCGT CACCGAGCAGGACAG

CooCT oA AT AR AP eI STRERRRERGE o0 ) o

NO 187 Heayatep@R0647S hl gGILALA MDRO8168 scFv (VH- 3- VL)
QVQLKESGPALVKPTQTLTL TCTFSGFSL SNRGGGVGW ROPPGKAL EW. AW DWDDDKSYSTSLKTRLTI SKDT

ENQJVLTlvrrNMWAWM%@HBWEW@Q&%@W&%%@%@PML&VKD
YFPEPVTVSWHAGAWLISRE GPAYVEBaaHbOT: S5\ I SRS hifde GTIRY bIGNYiNEIKRBIFOKY RICRAEPKSCDKT

CHjTPPCPAPEAA@meEF anfiboryratlepst AxerVRRE ob - gieR AR RV EA-MAGRPKIIREEQYNSTY
RVVSVL TVL NG MetsaY- P Sl vt S doREy MnE b erReir MRS atl (ehe( KGR YPS

DI
AVEVESNGOPGhBVIKLIRIVAI DS DES Bt 6L AT R SR IGNVRSES - At 0K Sir St IBREKGGESG

%%%ﬁ%g@&%ﬁqlgﬂng one > LFd-LII:nSa?n o Rl%d G'écFv EW{ccules can be constructed

DNSKNTL YL QL N BRIV SCABS GFAM N BNV DNRRGTLNTVSSGGGCSAO335CE06SD! ELTO
PPSVSVAP KVYWY QQKPGQAPVLVI YKNNRPSG PERFSGSNSGNTATLTI SGTQAEDEA

D YYCQSYDGKSLVFGGGTKLTVL SEQ | D NO 188 DNA Heavy MIR0647S hi gGLLALA

MDRO8168 VhE 3- VL)
CAGGTCOAAT TBA ARG i scesles OIS PSS R AR T
CCCGATTTAGKHE L(al G&é&m&ﬁ@% T‘?‘?%%W @ECTCGAGT
GGCTGGCTTGGATCGAT TGGGATGATGATAAG TAT CCA GAAAACGCGTCTGACCATTAGCA
AAGATACT T Ceppyveniiped comat s marnir@sedah baeticmtbodcioeng ambostimsac heT TATTG
CGCGCGTATGCATCT TGTTTETGATTCIT : T AGCA
ARG %&%ﬂ%&ﬁ%ﬁ%@ﬁ%ﬁ%ﬁﬁ&n
A%ﬁWGCAGAGCAGCGGCUGTACA GACAGT

acal m@%h@%@%@%@tﬂ%%%s
GAGCCCAAGAGGT GO >

GTGTTCCTGT uéuc ACCK %W%&Aﬁwa " Emé%%é & iGGT“i%cc‘ré géGCGTEE EGGTG G

TGGACGT GAGUEAEEA WME%EW%QWW%T@WAACGC
Wmm%ﬁﬁ@%&&@@@%@ AT CCARAAGAC
GGACTGGCT ORX TCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGT GTACACCCT GCCCCCCT CCCGGGAGGAGATGA
CCAAGAACCAGGTGTCCCTGACCTG CTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA

@%ﬁﬁ%ﬁﬁ%ﬁ%@%ﬁ%ﬁ@%’

GGT TCAATTG@H@M&@%@?%J falento Z’WM%MHQ @CAGCAAG
CGGTTTTACCTTTAGCGAT TATGT GATTAATTGGGT CGTCA CCGGGTAAAGGT CTGGAATGGGTTAGC
GGTATTAGCT Goreanticradensbaiycdaans smbog enmittralentanteocyof AnoRyentiondareaTA

%&%m@m%%@%w~ A e acoor

AGCAGT GGT Glgn{Boll (st ival e HEBAICH b Myt hisAGPGA T e AT mACSanGGC

TCCGAGCGT TAGCGT TGCACCGGGT CAGACCGCA %EAW
TATTGGTAT CASCARRAKEEH ‘ EDOHT AN R GIA ATTC
CGGAACGTTTT, ] (l5hA

T AL oI YT CLEAT RE CAMNGATC
TCTG SEC | DsNﬁkt]b&&dlt&avynMEﬁﬁﬁiﬁtlﬁddgmomparkohﬂmﬂkﬁﬁa@C For ckaiple; betyveen
%_DglligegﬁLE/K Ol fcafe 1nvcnt10n @NIE %:r)lpiec ies maﬁe using prior art methods or

KNQJATWNNEBD}(P&%WQ&BM&%\AE@?%B Y SEASTHIEES)Y FEARSSK eSS A a¥d- VKD
YFPE PVTVSWNSGAL TSGVHTFPAVLQSSG LYSLSSWTVPSSSLGTQTYI CNVN' H

KPSNTKVDKRVERKSEDEEEEd. Thermal stability can be measured using methods known in the art. For
%I?PCPAPEAAGC)I—(I;%% eL anc?nlépc:ﬁlcgnﬂll&l/el:rlltsﬁT%Envge meag)l}r/es(i_' %/'PPEV(!( FMasmEgWaKryﬁ gE QVNS
RVVSVLTVLHQDW.NGKEYKCKVSNKAL PAPI EKTI SKAKGOPREPQVYTLPPSREEI VI TKNQVSLTCLVKGFY
PSDI

AVEVWESNGQPENNYKT TPPVLDSDGSFFL YSKL TVDKSRWIQGNVFSCSVMHEAL HNHY TCQKSL SL SPGKGGESG

GSQVQL VESGGGL VQPGGSL RL SCAASGFTFSDYVI NVROAPGKGL EW/SG SWEGVNTHYADSVKGRFTI SR
DNSKNTL YLQUNSL RAEDTAVYYCARL GATANNI RYKFI VI DVAGQGTL VTVSSGGEGSGEEESGEEESGEEES

Pl = mEmEN SN J O FTA PN NNVT" A FSE N NESNNESNeSE SR 2y NN ANV ZNN 77 A ™\ 71 IR NSNS~




| VI OR06475

CAGGT GCAAT TGAAAGAAAGCGGCCCGGCCCT GGT GAAACCGACCCAAACCCTGACCCTGACCTG TACCTTTT
CCGGATTTAGOGI GIGIAAT CGT GGT GGT GGT GT GGGT TGGAT TCGCCAGCCGCCPCERMAGEEGTCGAGT
WD 2011/ 138391PCT/ EP2011/ 057200 hl gGL LALA MDR08168 scFy (VH 4- VL)
GGCTGGCT TGGATCGATTGGGATGATGATAAGTCl TATAGCACCAGCCT GAAAACGCGT CTGACCATTAGCA

AAGATAC T%@%ﬁ%@lﬁ%’[ (5 eeecciX CCTATTATTG
CGCGCGTATGCATUTCCTA TGITTT cee é%ﬁ CCCTGSI GCTCAGCTAGCA

CCAAGGGCCCCAGCGT GT TCCCCCT (XB(ICCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCT GGCCT

GGACT GGCT GAAGIGHECAMIGAAIMCA RSO oIt DR AN GV OBC G SR ARCREIA IGEAGAAGAC
CATCAGCAAGGOCAAGEGCCAGOCACGEGAGCCCCAGGT GTACACCCT GCOCCCCH CCCGGEGAGGAGATGA

CCAAGAACCAGERest A8t epaut fEroyiuseuisiadenstiy dir angtherxmtodopnatcocer

ACACCAAGTTOL N AR R B AR

GCGCT GCACAAGTACTACACHEA GMGAGOE TGACAERET IRTSHIOCCANGEEA
GGTTCAATTGGIT GGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTI TTACCT VR @RS OEROrIRSTOTTNERSN AT GEMTTVAGC

ﬁ%ﬁﬁ“&%@%ﬁ%}%ﬁ%&%ﬁ@%@%ﬂ%@&

GI

TammmmMmAﬁmmﬁmﬁmg@m@m EACCGTT
AGCAGTGGT GTGATA

TCGAACTGA%%F i - S\ R ’1%%%*? TA
GTCTGOGTAAT AAGEITAGAGEEA m% mggaCTCCGGTTCTGGTTATTTATAAAAATAA
TCGTCCGAGCGGTATTCCGGAACGTTTTA TAGCGGT AATACCGCAACCCTGACCATTAGOGGC

CCCAGGCA TTTI
éemmeﬁﬁ;?é%%@%%mwé% NESIEEHC Of T PRGATOBRETDISES an ScFY finker having the
DI EL TQPPSVSYARGIEAR: W YL e SR LRRRIPANSEANAHLT! SCT
QA EDEADYYCQSYDGQ CSL GGGTKL VL SEQ I D NO 192 VI MOR08168 wt
GACATCGAGCT decy Broddiicharadoy aedbkahbradisatigk bpadCT GTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAAT AGCCCTREGEFEE e Ieb X YRS Al LA A Al ] AR A W@w ATTA
GOGRCACT CAGGCCGAGGACGAGBCOGACTACTACT GT CAGT CCTACGACGECCAGAA CTTTG
GCGGCGGAACT whahmkeasaairceid in the VI domain with an amino acid in the VH domain.

Cysteine residues are necessary to provide disulfide bonds. Disulfide bonds can be
included in an scFv molecule of the invention, e.g., to connect FR4 of VL and FR2 of VH
or to connect FR2 of VL and FR4 of VH. Exemplary positions for disulfide bonding
include: 43, 44, 45, 46, 47, 103, 104, 105, and 106 of VH and 42, 43, 44, 45, 46, 98, 99,
100, and 101 of VL, Kabat numbering. Modifications of the genes which encode the VH
and VL domains may be accomplished using techniques known in the art, for example,

site-directed mutagenesis.

Mutations in scFv alter the stability of the scFv and improve the overall stability of the
multivalent antibody comprising the mutated scFv compared to a multivalent antibody
without the mutated in the scFv. Mutations to the scFv can be generated as shown in the

Examples. Stability of the mutated scFv is compared against the unmutated scFv using
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SEQ I D NO 193 Light | anbda MDR0O8168 wt

DI ELTQPPSVSVAPGQTARI SCSGDSLRNKVYWQDJ ( PGQAPVLVI YKNNRPSG PERFSGSNSGNTATLTI SG
TQA EDEARVHGE1S¥RSDKSL VFGEGTKL TVL GOPKAAPSVTLFPPSSEEL QANPCT/EP2011/057200
KATLVCLI SDFYPGAVTVAWKADSSP VKAGVETTTPSKQSNNKYAASSYL SLTPEQW
KSHRSYSCQVTHEGSTVEKI VAPTECS SEQ | D NO 194 DNA Li ght | anbda MDFt 08168 wt
GACATCGAGCTGACT.CA , ACOOCTAGAAT GCGGC
GATAGCCTGC&%%W%% A 06 A JClCTé| L—L"Ig(-l::l:‘ﬂ ATAAG
AACAAT AGGCAFAGBEREATCERENAISECERT BAGINEEapATTHAT AGGRHGANGR TTA
GCGGCACT CAGGCCGAGGACGAGECCGACTACTACT GTCAGT CCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTHRIRgaTaxesush@s FEEACAGOCT AAGETE GOOCCCAGCGTGACCCT GYTCCCCOCCCAGCA
GCGAGGAGCT GCAGGCCAACAAGGCCACCCT GGT GTGOCTGAT CAGCGACT TCTACCCAGGCGCCGT GACCG
TGGCCT GGAAGLREARNSAYehiCE ial ARt Iy UPERGACE AR ACRIPESAGUAGENeAGCAAC
AACAAGT ACGCOGCCAGCAGCT ACCT GAGCCT GACCCCOGAGCAGT GGAAGAGCCACAGGT CCTACAGCTGC
CAGGT GACCCATttmnarAnsAtcrrbdmi xanuetsiact ceofpsmaprored atabiliseto they NO 195

v VS e b A ancoidimont g pltiyplery anfibadk eL R NRERR T sron
SKNTLYL QVNSbﬁﬁE.Eé'E/WIé‘A@GlRQQMNM,WKFWWMVQBA&N@BBWWS&&&BSGGT AAL

GCLVKDYFPEPVTVSWNSGAL TSGVHTFPAVL AL YSLSSVVTVPSSSL Y1 CNVNHKPSNTKVOKRVEP
KS CDKTHT E@@S%EWPWI%S muﬁll_va%nt antﬁ))ogy. Icr;lT a?;!;ther em[\bloclﬁment, a

| SWPWWBY%%%@‘WW@KP&E& a comination of mutations in an scFv
QYNSTYRVVSVLTVLHI EYKCKVSNKAL PAPI EKTI SKAKGQPREPQVY TLPPSREEMIKNQVSLTCL
VK G F YPSsibth that tB\nES:ted3PE chnfirsyiniprdredRiabiisy besite rrulivalysikantib@ks RWOQG N V
FS CSV MH EA LH NH YTQXS LS LS P

GKGGSGGESDI VL TQSPATL SLSPGERATL SCRASQF1 GSRYLAWYQQKPGQAPRLLI YGASNRATGVPARFSGSG
SG TDFTLTI SSLEPEDFATYYCQQYYDYPQIFGQGTKVE

| KGEGGSCECHBIHEISEEnEBOAEY, KiBGRAINCRGfic BhilbodissFE ErSinShiRieBEVENSEIQRIAGKAL EW

LA DIOCD! GSYSTSHTRET! SKOTSKNRNL TVINIERY, W0 2011/ 1383910 EE2014) 057200

linked to an Fc region, for example at the hinge region, using linkers such as GlySer
linkers. In one embodiment, the invention pertains to an antibody or antigen binding
fragment that binds to the B-propeller 1 domain of LRP6 linked to an scFv that binds to
the B-propeller 3 domain of LRP6 using a (GlyGlySer), linker lined to the CH3 region of
the Fc. In one embodiment, a full length 1gG antibody that binds to the LPR6 B-propeller
1 domain is used to attach a scFv fragment of an antibody that binds to the LRP6 B-

propeller 3 domain.

Multivalent antibodies, such as biparatopic antibodies of the invention can be constructed

using any combination of heavy and light chain sequences shown in Table 2.

Table 2: Biparatopic Constructs of the Invention

Construct Heavy Chain SEQ ID NO: Light Chain SEQ ID NO:

BiPa 166, 171, 173, 175, 195, 201, | 170, 193, 199, and 205
and 207

Propeller 1

IgG/Propeller 3 scFv
attached to Fc

Alternative BiPa 177 181

Propeller 1
IgG/Propeller 3 scFv
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DTATYYCARVHL PLVFDSWGQGTLVTVSS SEQ | D NO. 196 DNA Heavy MOR08168IgG
1LALA 6475sc Fv wt
CAGGT GCAGEDGE 13GAT CAGGCGGAGGACT GGT CCAGCCT GGCGGAT CACT TABACRBAGI N BRCCCC
TAGTGGCTTCACCTTTAGCGACTAT GTGATTAACT GGGT CCGACAGGCCCCT GGCAAGGGACT GGAAT GGGT
GTCAGGCATTAGT TGGAGCGGCGT GAACACT CACTACGCCGATAGCGT GAAGGGCCGG TCACTATTAGCCG

WV _V_N

FW_V_WW_WW_V_V_V_§

GGATAACTCT/
CCCTAGACTA

XA I

AN C

SCCGCTACC

CCTAACA

CCAGATGAATACCCTGAGAGICG
NCATCCGCTATAAGT TCATGGA

ICGAGGACACCECCGTCTACTA
CGT GT GEEECCAGGECACCCT

G
CGT

CACAGTGICTI
GCACCGCCCC]
CTCTGACTAGK
GACCGI GCCT/
GTGGACAAGCK

CTGGCGGACCH

RALEARACTAA
CTGGGECTGCCTGGT

CBEASEEEACACC] TC

NECTEDAEHECT £BBCA(
CABrBEAAACCTAAGI C

SR G e T GT TCCCCCTGE
MAGGACTACT TCCCCGAGCCCG

CCCGCCGT GCTGCAGTCTAGCH
CTCAGACCTATATCTGTAACGT
[ TGCGATAAGACTCACACCT G|

AGCCGIGITCCTGIT

- TAGCTCTAAGICTACTA
T GACCG GTCTTGGAATAGCG
GCCTGTATAGCCTA CTAGCG
GAACCACAAGCCTAGTAACAC
CCCCCCTGCCCTGCCCCAGAA

CCACCTAAGCCTAAAGACACCC

LCGTG

CCG

TCGT
TAAG
CCTG

TGATGATTAGTAGGACCCCCQ

Gr

GACCTGCGT GGT GGT GGACGT CAGCCACGAGGACCCT GAAGT GAAGT TCAAT TGGTATGTGGACGECGT GG
AAGT GCACAACGCCTAAGACTAAGCCTAGAGAGGAACAGTATAACT CCACCTATAGGGT GGTGTCAGTGCTGA

CTATCoAAACACT A B A e A A S e

CTATCGAAAAGACTAT
AGAAGAGAT GAEToRalbAATIRAGETED dCaTiA PO TRREF CANGEREETHOTNGDE TNEDBARPBSCCGT G

GCCC
AGTAG

GAGTGGGAGTCT CAACTATAAGACTACCCCCCCT, GCGACGGCTCT
TTCTTCCTGTA&%P% G%@i@‘r@? % EPMBTAGCGTGA
TGCACGAGGCCedifshistiaAdT SPOTINCROE QReANET GAC TGS GAGT: IaCCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGA CACTGAGCT
GTAGAGCTAGT SSAOeces¢ eged fro \HO A%, AACT
GCTGATCTA% CCGA
CTTTACCCTGACTA CTACC

TGGTGAE GGTA

BraeA G cacT

L FAGSICTATBACO,
CCAGCTGAAAGAGTCAGGCCCTGCCCI GG CAAGCCTA
TTAGCCT GAGT AATAGAGGCGGOGGAGT GGGCT GGA

KOOIDANGAGIAATA

CTCAGACCCT

TTAGACAGCCT CCAGGCAAAGCCCT GGAGT GECT GECCT GGAT CGACT GGGACGACGATAAGT CCTACT CCA
CTAGCCT GAAAR I E B AA THA %ﬁlﬁﬁﬁ@‘l@'

TGGACCCCGT GGA ACCTATTATTGCGCTAGAA

GGGAACTCTGGHEh
SYEL TQPPSVSVAR
QA EDEADYYCQSY

Hterbei

GCACCTCCCACTGGTAE TCGATAGCTGEEE CA
b BEEHIEMG: |1|301\]®0119?n\l,79d“m dhe kipayafopic antibody comprises

e SRS R R S

TCTTACGAGCT taaABODEboTY CEGHERE He GG I BINAGTBCHAGAAT CaGT SBQTDCGGCGA

CTCCCT

CAACCGGECCCT

GGCACACAGGORGAGGAGHRA

GGAGGCACCAAGCTGACAGT
SYELT@PSVSWAMMW@@

G SEQ

AT

GAA

ﬁé&%%%%%ﬁ%ﬁéﬁ% 5&590
NO 199 ng%_t | anbda MDRO81 B

hi4hakKNBER 30 IR RFESGENSBNTATLTI SGT

EPEADYYOO, SYBRRIET e bipteetppic ahadERauART s e SRR RN 307 Aekiotiankan
SSP VKAGVET ¢HASKEONBKNOAIEY L bbheabbineiny tieidrHomb kB oy donisrises heavy
chain SEQ ID NO: 195 and light chain SEQ ID NO: 193.

In another embodiment, the biparatopic antibody is an “alternative biparatopic antibody™

whereby the scFv is attached to the light chain of IgG. In one embodiment, the
biparatopic antibody comprises heavy chain SEQ ID NO: 177 and light chain SEQ ID

NO: 181.

In another embodiment, a full length lgG antibody that binds to the LPR6 B-propeller 3

domain is used to attach a scFv fragment of an antibody that binds to the LRP6 [3-

propeller 1 domain, referred to as “reverse biparatopic”. In one embodiment, reverse

biparatopic antibodies of the invention are constructed using a Propeller 3 IgG antibody
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SEQ | D NO 200 DNA Li ght |anbda M)R08168 DI

TCTTACGAGCT GACCCAGCCCCCT TCCGT GTCTGT GGCT CCT GGCCAGACCGCCAGAAT CTCTTGCTCCGGCGA
CTCCCT GCOGEOACAMIBHET ACT GGT AT CAGCAGAAGCCCGGCCAGGCCCCT GT GEE EEPEATGTAGAAGAA
CAACCGGCCCT COGGCAT COCCGAGAGAT TCT CTGGCT CCAACT COGGCAACACCGCCACCCT GACAATCTCT
GGCACACAGGEOCGAGGACGAGGCCGACT ACT ACT GOCAGT CCTACGACGGCCAGAAAT CACT GGT GT TCGGC

S ) o m
mww&m. & W bk %@@%@re
CAAGTAWM m’ééﬁ%mmm Mm&%&% eI
GGl GACCCA CNRYSH¥1 Heavy
MOR08168] g fh MipHbes B, 187 ar haig SEQ ID NO: 185.

QVQLVESGGE. %% {0235, shifp %DY\??‘IQ(/\?/R%AP@ N DA SV R KGR sron
SKNTL YL QVNEh SEERBoAYMEMREEATANS WWWMWWAAL
GCLVKDYFPEPRYTVS GLYSLSSWVI VPSSSLGTQTYI CNVNHKPSNTKVDKRVEP
KS med&@éﬁﬁé@ﬁ%ESmgﬁm |' S RTPEVTCVWVDVSH E DPEVKFNWYVDGVEVH
NAKTKPREE QYNSTYRWVSVLTVLHQDW NGKEYKCI NS NKALPAPI E KTl SKAKGQPREPQVYTLP PS
REE MTKN QUSt TiSSleo1CHYE Pot WO EEpIEERR ahYBOATE: HaVinpS @Sy Ehain variable region

FLYSKLTVDKSRWOQGNVF H EALH S LS L5
2011/ 13839 f@@?ﬁﬁpee%%)s%gﬂ gnces ha mg;n amﬁlo acﬁ:l se\c/l\ﬁoence selected from the group

CRCESCESDI Vi3 ble $L5F, Ghld 4. SEROdqhériebs haW g Aok R0 R HRMRA S REARF SCSCSG

TDFTLTI SSLEPE
DFATYYCQQY YioWPHR REREROvEKERHS CaCEedEcCRRGEa QoL KRS GRANAMING atidT | TCTFSG

AR R BB TE5 B, PR

1LALA_64753%ghfehald variable region comprising a CDR1 sequences having an amino acid sequence

selected from the group consisting of 4, 24, and 50, CDR2 sequences having an amino
acid sequence selected from the group consisting of 5, 25, and, 51, CDR3 sequences
having an amino acid sequence selected from the group consisting of 6, 26, and 52;
combined with a heavy chain variable region comprising a CDR1 sequences having an
amino acid sequence selected from the group consisting of 69, 93, and 115, CDR2
sequences having an amino acid sequence selected from the group consisting of 70, 94,
and 116, CDR3 sequences having an amino acid sequence selected from the group
consisting of 71, 95, and 117, respectively; a light chain a light chain variable region
comprising a CDR1 sequences having an amino acid sequence selected from the group
consisting of 72, 96, and 118, CDR2 sequences having an amino acid sequence selected
from the group consisting of 73, 97, and 119, CDR3 sequences having an amino acid
sequence selected from the group consisting of 74, 98 and 120; the antibody binds to
LRP6 (e.g., human and/or cynomologous LRP6) and inhibits LRP6 biological activity
which can be measured in a Wnt reporter gene assay or any other measure of Wnt
directed signaling (e.g., LRP6 phosphorylation, B-catenin stabilization and nuclear

translocation, cellular proliferation/ survival) as described herein.

Antibodies that can be employed in the multivalent antibodies of the invention are human,

murine, chimeric and humanized monoclonal antibodies.

The multivalent antibodies of the present invention can be prepared by conjugating the

constituent receptor binding domains, using methods known in the art. For example, each
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CAGGT GCAGCT GGT GGAAT CAGGCGGAGGACT GGT CCAGCCT GECGGAT CACT TAGACT GAGCT GTGCCGC
TAGTGGCTTCACCTTTAGCGACTATGT GAT TAACT GGGT CCGACAGGCCCCT GGCAAGGGACT GGAATGGGT
GTCAGCCATWOGHTAGESICCECGT GAACACT C. ACTACGCCGAT AGCGT GAAGCGECEBPIGAGIAIN AGCCG
GGATAACT CTAAGAACACCCT GTACCT GCAGAT GAAT AGCCT GAGAGCCGAGGACACCGCCGI CTACTACT G
CCCTAGACT GGGECGCTACCGCTAACAACAT CCGCTATAAGT TCAT GGACGT GT GGGEECCAGGECACCUGET
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fusion protein. Methods for preparing multivalent antibodies are described for example in
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DNA Li ght | a)gR¢a7RE8R&SEt Bhumber 5,132,405; U.S. Patent Number 5,091,513: U.S. Patent
AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC

GATAGCCTGA TG
AACAATACRC%%W%TTAGC@CTCTAATAGCGGCAACACCGCTACCCTGACTATTA

Binding of the multivalent antibodies to their targets can be confirmed by, for example,
enzyme-linked immunosorbent assay (ELISA), radicimmunoassay (REA), FACS
analysis, bioassay (e.g., growth inhibition), or Western Blot assay. Each of these assays
generally detects the presence of protein-antibody complexes of particular interest by

employing a labeled reagent (e.g., an antibody) specific for the complex of interest.

In another aspect, the present invention provides multivalent antibodies comprising at
least two different receptor binding domains of the antibodies of the invention binding to

LRP6. The receptor binding domains can be linked together via protein fusion or
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GTAGGCECT CAGGCCGECGACGAGECCGACTACTACT GTCAGT CCTACGACGECCAGAAGT CACTGGThi i I b
GCGGCCGAACTAAGCT GACCGT GCTGGGACAGCCT AAGGCT GCCCCCAGCGT GACCCTGE TCCCCCCCAGCA
GCGAGGAGGY OCMIAGEAACAAGGCCACCCT GGT GT GCCTGATCAGCGACT TCT AECTABHITOOGIGACCG
TGGCCl GGAAGGCCGACAGCAGCCCCGT GAAGGCCGECGT GGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGT ACGCCGCCAGCAGCTACCT GAGCCT GACCCCCGAGCAGT GGAAGAGCCACAGGTCCTACAGCTGC
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TD fragments (e.g., Fabs), scFvs, single chain diabodies, or IgG antibodies. Examples of
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fragments linked by a disulfide bridge at the hinge region; a Fd fragment consisting of the

VH and CH1 domains; a Fv fragment consisting of the VI. and VH domains of a single
arm of an antibody; a dAb fragment (Ward ef al., (1989) Nature 341:544-546), which
consists of a VH domain; and an isolated complementarity determining region (CDR).
RBDs also are also components of single domain antibodies, maxibodies, unibodies,
minibodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger
and Hudson, (2005) Nature Biotechnology 23: 1126-1136.

The multivalent antibodies of the invention are generated in any orientation using at least
one receptor binding domain (e.g., an scFv, a single chain diabody, an antibody variable
region) as long as the resulting multivalent antibodies retain functional activity (e.g.,
inhibiting Wnt signaling). It should be understood that any number of receptor binding
domains can be added to the C-terminus and /or N-terminus of the Fc as long as the
resulting multivalent antibodies retain functional activity (e.g., inhibiting Wnt signaling).
In an embodiment, one, two, three, or more receptor binding domains are linked to the C-
terminus of the Fc region. In other embodiments one, two, three, or more receptor binding
domains are linked to the N-terminus of the Fc region. In other embodiments, one, two,
three, or more receptor binding domains are linked to both the N-terminus and C-terminus
of the Fc region. For example, multivalent antibodies of the invention can comprise more
than one receptor binding domain of the same type linked to the C-terminus and/or N-
terminus of an Fc region, e.g., scFv-scFv-Fc —IgG. Alternatively, the multivalent
antibodies of the invention can comprise more than one receptor binding domain of a
different type linked to the C-terminus and/or N-terminus of the Fc region, e.g., scFv-

diabody-Fc-IgG. In another embodiment, one, two, three or more receptor binding
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SEQ | D ND: 208 DNA Heavy

GAGG GCAGCTGCTGGAAT CAGGCGGAGGACT GGTGCAGCCTGECGGATCACTGAGACTGAGCTGTGeeaC
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an IgG. In another embodiment, one, two, three or more receptor binding domains (e.g.,

scFv) are linked to the N-terminus and C-term:nus of an IgG.

In other embodiments, the multivalent antibodies of the invention are generated using
more than one receptor binding domain of a different type linked to the C-terminus, e.g.,
scFv-diabody-Fc-IgG; diabody-scFv-Fe-IgG; scFv-sctv-diabody-Fe-IgG; scFv- diabody-
scFv-Fc-1gG; diabody- scFv-scFv-Fc-1gG; antibody variable region-scFv-diabody-Fc-
IgG; and the like. Multivalent antibodies with any number of permutations of receptor
binding domains can be generated. These multivalent antibodies can be tested for

functionality using the methods and assays described within.

In other embodiments, the multivalent antibodies of the invention are generated using
more than one receptor binding domain of a different type linked to the N-terminus, e.g.,
IgG-Fc-scFv-diabody; 1gG-Fe-diabody-scFv; IgG-Fe-sclFv-sclv-diabody; IgG-Fe- scFv-
diabody-sctv; IgG-Fc-diabody-scFv-scFv; IgG-Fe-antibody variable region-scFv-
diabody; and the like.

In yet other embodiments, multivalent antibodies of the invention are generated using a
single receptor binding domain (e.g., an sctv, a single chain diabody, an antibody
variable region) linked to the C-terminus and N-terminus of the Fc region. In another
embodiment, multiple receptor binding domains are linked to the N-terminus of the Fc
region, for example, at least 1, 2, 3, 4, 5, 6, 7, 8 or more receptor binding domains linked
to the C-terminus and N-terminus of the Fc region. For example, the multivalent
antibodies of the invention can comprise one or more scFvs linked to the C-terminus and
N-terminus of the Fc region, e.g., scFv-Fc-scFv-scFv; -scFv-scFv-Fe-scFv-scFv, and the
like. In other embodiments, the multivalent antibodies of the invention are generated
using more than one receptor binding domain of a different type linked to the N-terminus,
e.g., scFv-Fe-scFv-diabody; scFv-Fe-diabody-scFv; scFv-Fe-scFv-scFv-diabody; sclFv-
Fec- scFv- diabody-scFv; scFv-Fe-diabody-scFv-scFv; scFv-Fec-antibody variable region-
scFv-diabody; and the like Multivalent antibodies with any number of permutations of
receptor binding domains can be generated. These multivalent antibodies can be tested

for functionality using the methods and assays described within.
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CGCTAGACTGGGCGCTA CCGCTAACAACATCCGC TATAAG TCATGGACGTAE GGGEGECCAGGG CACCCTGG
T CA CAGTGICTTCAGCTAG

CACTAAGGCHOGaINAALPGT TCCCCCTGGCCCCTAGCTCTAAGI CTACTAGCGGT @CT/EP2011/057200
GCACCGCCGCTCTGGEGECTGECCI GA CAAGGACTACT TCCCCGAGCCCGTGACCGTGTCTTGGAATAG CGGECG
CTCTGACTAGCGGAGTIG CACACCTTCCCCG CCG TG CTG CAG TCTAG CG G CCTG TATA

GCCTGICT. AGLI%%erTgecr;rgIh

It is known that linker length can greatly affect how the variable regions of an scFv fold
and interact. In fact, if a short linker is employed (e.g., between 5-10 amino acids;
between 5-20 amino acids) intrachain folding is prevented and interchain folding is
required to bring the two variable regions together to form a functional epitope binding
site. For examples of linker orientation and size see, e.g., Hollinger et al. 1993 Proc Natl
Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos.
2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.
W02006/020258 and W02007/024715, is incorporated herein by reference.

It is also understood that the receptor binding domains may be separated by linker regions
of various lengths. The receptor binding domains can be separated from each other, a
Ckappa/lambda, CH1, Hinge, CH2, CH3, or the entire Fc region by a linker sequence.
Such linker sequence may comprise a random assortment of amino acids, or a restricted

set of amino acids. Such linker sequence may be flexible or rigid.

The multivalent antibodies of the invention comprise a linker sequence of at least 1, 2, 3,
4,56,7,8,9,10, 11,12, 13,14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 63,
70, 75, or more amino acid residues between one or more of its receptor binding domains,
Ckappa/lambda domains, CH1 domains, Hinge region, CH2 domains, CH3 domains, or
Fc regions. The linker sequence may be comprised of any naturally occurring amino acid.
In some embodiments, the amino acids glycine and serine comprise the amino acids
within the linker sequence. In another embodiment, the linker region orientation
comprises sets of glycine repeats (GlysSer),, where n is a positive integer equal to or

greater than 1.

In one embodiment, the linkers include, but are not limited to, (Glys Ser)s or (Gly, Ser); .
In another embodiment, the linkers Glu and Lys residues can be interspersed within the
Gly-Ser linkers for better solubility. In another embodiment, the linkers include multiple
repeats of (Gly,Ser), (GlySer) or (Gly;Ser). In anther embodiment, the linkers include
combinations and multiples of (Gly;Ser)+(GlysSer)+(GlySer). In another embodiment,
Ser can be replaced with Ala e.g., (GlysAla) or (Gly;Ala). In yet another embodiment, the
linker comprises the motif (GluAlaAlaAlalys),, where n is a positive integer equal to or
greater than 1.
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GACCGT GCCTAGCT CTAGCCT GGGCACT CAGACCTATATCTGTAACGT GAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGEGT GGAACCTAAGT CTTGCGATAAGACT CACACCT GT CCCCCCTGCCCTGCCCCAGAACGCT G
Cl GCCCGAGLDAEGEBE3PT CCTGT TCCC, ACCTAAGCCTAAAGACACCCT GAT GAPCAEPAGEASCUCCGAAGT
GACCTGCGTGAE GGT GGACGT CAGCCACGAGGACCCTGAAGT GAAGT T CAATTGGTATGTGGACGECGT GG
AAGT GCACAACGCTAAGACT AAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTG TCAGTGCTGA

Hinge Region

The multivalent antibodies of the invention may comprise all or at least a portion of an
antibody Hinge region. The Hinge region or portion thereof may be connected directly to
an receptor binding domain, a CH1, a Ckappa/lambda, a CH2, or a CH3. In one
embodiment, the Hinge region, or portion thereof may be connected through a variable
length linker region to a receptor binding domain, a CH1, a Ckappa/lambda, a CH2, or a
CH3.

The multivalent antibodies of the invention can comprise 1, 2, 3, 4, 5, 6, or more Hinge
regions or portions thercof. The Hinge regions or portions thereof can either be identical
or be different. In one embodiment, the multivalent antibodies of the invention comprise a
Hinge region or portion thereof from a human IgG1 molecule. In further embodiments,
the Hinge region or portion thercof may be engineered to remove a naturally occurring
cysteine residue, introduce a non-naturally occurring cysteine residue, or substitute a
naturally occurring residue for a non-naturally occurring cysteine residue. In some
embodiments, the multivalent antibodies of the invention contain at least one Hinge
region or portion thereof that comprises the following amino acids sequence comprising;:
EPKSCDKTHTCPPCP (SEQ ID NO: 211) or EPKSC (SEQ ID NO: 212). In some
embodiments, at least one Hinge region or portion thereof is enginecred to substitute at
least one naturally occurring cysteine residue with another amino acid residue. In some

embodiments, at least one naturally occurring cysteine residue is substituted with serine.

Non-naturally occurring cysteine residues useful for site-specific conjugation can be
engineered into the multivalent antibodies of the invention. Such approaches,
compositions and methods are exemplified in U.S. Provisional Patent Application Ser.
No. 61/022,073 filed Jan. 18, 2008, entitled "Cysteine Engineered Antibodies for Site-
Specific Conjugation" and U.S. Patent Application Publication No. 20070092940, filed
Sep. 22, 2005, each of which are hereby incorporated by reference in its entirety for all

purposes.

Methods of Evaluating Protein Stability
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CCGTGCTGCACCAGGACTGG CTGAACGGCAAAGAGTATAAGT GTAAAGT CTCTAACAAGGCCCTGCCTGCCC
CTATCGAAAAGACTATCTCTAAGGCTAAGGEGECCAGCCTAGAGAACCCCAGGTCTACACCCTG CCCCCTAGTAG
AGAAGAGAMIOGIAAGENRT CAGGTA CCCTGACCI GTCTGGT CAAGGCCTI CTACECT ABIEAVIATRECCGT G
GAGT GCGAGT CTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCl GTGCTGGATAGCGACGECTCT
To assess the stability of multivalent antibodies, the stability of the least stable domain of
a multidomain protein is predicted using the methods of the invention and those described

below.

Such methods allow for the determination of multiple thermal unfolding transitions where
the least stable domain either unfolds first or limits the overall stability threshold of a
multidomain unit that unfolds cooperatively (i.e. a multidomain protein which exhibits a
single unfolding transition). The least stable domain can be identified in a number of
additional ways. Mutagenesis can be performed to probe which domain limits the overall
stability. Additionally, protease resistance of a multidomain protein can be performed
under conditions where the least stable domain is known to be intrinsically unfolded via
DSC or other spectroscopic methods (Fontana, et al., (1997) Fold. Des., 2: R17-26;
Dimasi et al. (2009) J. Mol. Biol. 393: 672-692). Once the least stable domain is
identiﬁed,. the sequence encoding this domain (or a portion thereof) may be employed as a

test sequence in the methods of the invention.

a) Thermal Stability
The thermal stability of the compositions of the invention may be analyzed using a
number of non-limiting biophysical or biochemical techniques known in the art. In certain

embodiments, thermal stability is evaluated by analytical spectroscopy.

An exemplary analytical spectroscopy method is Differential Scanning Calorimetry
(DSC). DSC employs a calorimeter which is sensitive to the heat absorbances that
accompany the unfolding of most proteins or protein domains (see, e.g. Sanchez-Ruiz, et
al., Biochemistry, 27: 1648-52, 1988). To determine the thermal stability of a protein, a
sample of the protein is inserted into the calorimeter and the temperature is raised until
the Fab or scFv unfolds. The temperature at which the protein unfolds is indicative of

overall protein stability.

Another exemplary analytical spectroscopy method is Circular Dichroism (CD)
spectroscopy. CD spectrometry measures the optical activity of a composition as a
function of increasing temperature. Circular dichroism (CD) spectroscopy measures
differences in the absorption of left-handed polarized light versus right-handed polarized
light which arise due to structural asymmetry. A disordered or unfolded structure results
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TTCTTCCTGTACT CTAAACT GACCGT GGACAAGT CTAGGT GGCAGCAGGGCAACGT GTI CAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACT CAGAAGT CACTGAGCCTGAGT CCCGBCAAGEECEG CTCAGECG
GTAGCCGATAVOGH IO BACT CAGT CACCCGCT ACCCT GAGT CT GAGCCCT GGCGABCEEBMAGACIGACCT
GTAGAGCTAGT CAGTTTATCGGCTCACGCTACCI GGECCI GGTATCAGCAGAAGCCCGGECCAGGCCCCTAGACT
in a CD spectrum very different from that of an ordered or folded structure. The CD
spectrum reflects the sensitivity of the proteins to the denaturing effects of increasing

temperature and is therefore indicative of a protein's thermal stability (see van Mierlo and

Steemsma, J. Biotechnol., 79(3):281-98, 2000).

Another exemplary analytical spectroscopy method for measuring thermal stability is
Fluorescence Emission Spectroscopy (see van Mierlo and Steemsma, supra). Yet another
exemplary analytical spectroscopy method for measuring thermal stability is Nuclear

Magnetic Resonance (NMR) spectroscopy (see, e.g. van Mierlo and Steemsma, supra).

The thermal stability of a composition of the invention can be measured biochemically.
An exemplary biochemical method for assessing thermal stability is a thermal challenge
assay. In a “thermal challenge assay”, a composition of the invention is subjected to a
range of elevated temperatures for a set period of time. For example, in one embodiment,
test scFv molecules or molecules comprising scFv molecules are subject to a range of
increasing temperatures, €.g., for 1-1.5 hours. The activity of the protein is then assayed
by a relevant biochemical assay. For example, if the protein is a binding protein (e.g. an
scFv or scFv-containing polypeptide of the invention) the binding activity of the binding

protein may be determined by a functional or quantitative ELISA.

Such an assay may be done in a high-throughput format and those disclosed in the
Examles using E. coli and high throughput screening. A library of scFv variants may be
created using methods known in the art. scFv expression may be induced an scFvs may be
subjected to thermal challenge. The challenged test samples may be assayed for binding

and those scl'vs which are stable may be scaled up and further characterized.

Thermatl stability is evaluated by measuring the melting temperature (Tm) of a
composition of the invention using any of the above techniques (e.g. analytical
spectroscopy techniques). The melting temperature is the temperature at the midpoint of a
thermal transition curve wherein 50% of molecules of a composition are in a folded state
(See e.g., Dimasi ef al. (2009) J. Mol Biol. 393: 672-692). In one embodiment, Tm values
for a scFv are about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,
50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,
64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,

96



GCTGATCTACGGCGCTAGTAATAGAGCT ACCGECGT GCCCGCTAGGT TTAGCGECT CAGGAT CAGGCACCEA
CTTTACCCTGACTATTAGIAGCCT GGAACCCGAGGACT TCCCTACCTACTACTGICAG CAG
TACTACGAGY OG0 1/1383DCAGACCT TCGECCAGGGAACT AAGGT CGAGAT TAAGCECEE PRHITEET 200
TAGCGCCCGAGECGGATCAGG TGG

TGGT GGTAGT GGCEECGEAGGT AGT CAGGT CCAGCT GAAAGAGT CAGGCCCTGCCCTGGT CAAGCCTA

CTCAGACCCT GREETHRIERE, $14C, BEIARFIEH LTG5, G/ PO R FF - E R e CA
92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm
values for an IgG is about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,
50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,
64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,
78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C,
92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm
values for an multivalent antibody is about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C,
47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C,
61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C,
75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C,
89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C.

Thermal stability is also evaluated by measuring the specific heat or heat capacity (Cp) of
a composition of the invention using an analytical calorimetric technique (e.g. DSC). The
specific heat of a composition is the energy (e.g. in kcal/mol) required to raise by 1°C, the
temperature of 1 mol of water. As large Cp is a hallmark of a denatured or inactive
protein composition. The change in heat capacity (ACp) of a composition is measured by
determining the specific heat of a composition before and after its thermal transition.
Thermal stability may also be evaluated by measuring or determining other parameters of

thermodynamic stability including Gibbs free energy of unfolding (AG), enthalpy of
unfolding (AH), or entropy of unfolding (AS).

One or more of the above biochemical assays (e.g. a thermal challenge assay) is used to
determine the temperature (i.¢. the T¢ value) at which 50% of the composition retains its

activity (e.g. binding activity).

In addition, mutations to the scFv alter the thermal stability of the scFv compared with the
unmutated scFv. When the mutated scFv is incorporated into a multivalent antibody, the
mutated scFv confers thermal stability to the overall multivalent antibody. In one
embodiment, the scFv comprises a single mutation that confers thermal stability to the

scFv. In another embodiment, the scFv comprises multiple mutations that confer thermal
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| TAGACAGCCT CCAGGCAAAGCCCT GGAGT GECT GECCT GGAT CGACT GGGACGACGATAAGT CCTACT CCA
CTAGCCTGAAAACTAGGCT GACAAT CAGCAAGGACACTAGTAAAAACCAGGT GGTGCTGACTATGACTAATA
TGGACCCCOVOGAMGAGEXILCTACCTAT TATTGCGCTAGAAT GCACCT CCCACT GGT e TRRAMAGERMSCGT CA
GGGAACTCTGGTCACAGTCAGTAGC

stability to the scFv. In one embodiment, the multiple mutations in the scFv have an

additive effect on thermal stability of the scFv.

b) % Aggregation

The stability of a composition of the invention can be determined by measuring its
propensity to aggregate. Aggregation can be measured by a number of non-limiting
biochemical or biophysical techniques. For example, the aggregation of a composition of
the invention may be evaluated using chromatography, e.g. Size-Exclusion
Chromatograpy (SEC). SEC separates molecules on the basis of size. A column is filled
with semi-solid beads of a polymeric gel that will admit ions and small molecules into
their interior but not Jarge ones. When a protein composition is applied to the top of the
column, the compact folded proteins (ie. non-aggregated proteins) are distributed through
a larger volume of solvent than is available to the large protein aggregates. Consequently,
the large aggregates move more rapidly through the column, and in this way the mixture
can be separated or fractionated into its components. Each fraction can be separately
quantified (e.g. by light scattering) as it elutes from the gel. Accordingly, the %
aggregation of a composition of the invention can be determined by comparing the
concentration of a fraction with the total concentration of protein applied to the gel. Stable
compositions elute from the column as essentially a single fraction and appear as

essentially a single peak in the elution profile or chromatogram.

c¢) Binding Affinity

The stability of a composition of the invention can be assessed by determining its target
binding affinity. A wide variety of methods for determining binding affinity are known in
the art. An exemplary method for determining binding affinity employs surface plasmon
resonance. Surface plasmon resonance s an optical phenomenon that allows for the
analysis of real-time biospecific interactions by detection of alterations in protein
concentrations within a biosensor matrix, for example using the BIAcore system
(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, N.J.). For further
descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin. 51:19-26; Jonsson, U., i
(1991) Biotechniques 11:620-627; Johnsson, B., ef al. (1995) J. Mol. Recognit. 8:125-
131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.
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O her anti bodies of the invention include those where the am no acids or
nucl ei ¢ acids encoding the am no aci ds have been nutated, yet have at |east
60% 70%w80%1/B88H#M 95% or 98% identity to the sequencegcaaresithsttos n Tabl e
1. In some enbodinments, it include nutant am no acid sequences wherein no
nore than 1, 2, 3, 4 or 5 am no acids have been nutated in the variable
regi ons when . sonpare i labl e regions depicted in the sequence
descri bed ?‘rﬁ't#’é’ eé“fﬂ‘%lepg&?ga\gﬂ#ﬁg substantially the same therapeutic
activity. Since each of these antibodies can bind to LRP6, the VH _ VL, full
| engt h 1 i gffhe present ineention pravides fep dntibediosandhmpliivaleaaniibedies thet snecHically

sequences ang .t cl eotide, sequences gt he ] i es)
can Do+ TUM BARISFRELMREL FEPRLEL SRS RR AR DO (RK R HER

i nvent i on. pfeh’s 1EXEE iaiso MRbicdxamplds RBnan iratioh, eGetatuliseinttkskiwd, usi ng
t he bi nding assays known in the art (e.g., ELISAs, and ot her assays

descri bed degragrsiombyirspieolytic ensmes (PsFSeNhed IMMHIAECTAT ESRPRES (PRSIt hed,
Struct urar Ro et S Wl B inkGRahEP i actfBERIRE P, Mol &

sequence f sk giepedn becuskdto éxténd the half hifehefathy atitoidies /of thel predeanmvéntianght
chain pairing shoyld be replaced with a, structur sim l.ar Il .Jength
heavy chai 05%&%?[1%&}' "E’FW&E& g%l,‘agﬁ tw&ggta&lgﬂggquql g‘#@ﬁ@b@ﬁﬁ# WP*{E'_‘RQ
pai ring Sheﬁﬁmﬁgkgﬁ%ﬁ%ﬁ a&shﬁ, l@dﬁix&b'ﬁn&l‘itﬁ‘ch)(HES)'Palt%hmi?{Jbirftﬁﬁg‘ﬁgbﬁﬁs and

Li kewi se a I'ight chai'n séquénce froma particular full l'engt h
heavy chai marbohydrhte|shistishby geypietic fisaontopadteing dinding ogetven propling euchpist h a

tructural ly similar full length light chai . ingl Vi i
aspoct ¢ natmiiiefoRtkh so R0 Ermedty st grraer e shEREal) Hotter agman:
thereof hawifiiig Molfiay thathiad o s6Xith PRdteink, AL KMEB6diSd, Tabs I ARPiRG, aci d

sequence sel ected fromthe group consisting of SEQ ID NGs: 14, 34 36, 44,
60, and 62avamets,affibaghas, akanticalans; by Benetie §asion B sibugindomimef aci d

sequence select.ed fromit.he gr ksting rB% - , : é@ 5, 43,
56 and 61; APRUE AR REf BRIGRE ART E) o oo Banshitierslign’s: (o
82, 106, 1Q@8castZSmulattbra) ¢t mabcaldedcea. | i ght chain variabl e region
conprising an am no acid sequence selected fromthe group consisting of SEQ

I D NGs: 81,.and, 90., 105 107, 127 . 129 .and 137; erein t Nt

Speci 11 cal Ty IPISRS tecrpimaReuatonahfibooi i b isHahing Ifely bR Ry

anot her as moleBflaPWeiBRNPEG RYEBE ht@ithed vthelamtitodRe vatl soigh@sat hat bind to
the 13 propeller 1 domain of LRP6 that cogpri se the heav¥ chain and |.i ght
chai n CDR1 meultifyproienah Hakeoprbe thrpugh sit-snestici qeningatien af the PEGIthaRt Piohs

t hereof. Th 1N g . %ﬁﬁ ] Leg.are
showmn in S 1®ﬁ\&ﬁ§ f’q tl@‘%&éé:dgg?ﬁepgﬁﬁgﬁ g}nq'%'o a |5&gﬁe(}:|lpu§rﬁglgtsré%@g% 'hZOVH
CDR2s of 'afibeg)ﬁﬁﬁei bmtibfdwgﬂicaﬂ)eisswm\ivinhﬁﬁ@thﬁeiglﬁ)élyc@l,(PE&), sﬁmhlasls. The
am no aci d sequences of  the YH CDR3s the anti bodies are shown in QID
NOs: 3, 23reaghye ager opHee e RIKIST eAndjtiaos {p W i %PEQ'E
ant i bodi es I Y ; (A~ 1 ¥ Toy gquences
of the i d3gps P Ak i Mibead o hibep hebent FERRI RIS L BT ST
The ami no aerrikdsm by ag esylafontrhactivh oEBR3Kkylfion heacton with direactine EE6hown i n SEQ

I D NGs: 6, 26, and 52. The CDR r.egi ons del i neat ed usi.ng.t abat

Syt em ( KalaIeae o an apggRguaERglun B ET 5P B LG o PHTCY Bhe AP

| nterest, %B&Ethgﬁ:hs g&llol”li’s Ptcrided & ¢iveiipaifanR@iHeYoRREof PG MhapBavd efi, NI H
Publication NO. 91-3242; Chothia et al, (1987)J, Ml . Biol. 196: 901-917;
Chot hi a et aised to(degigatjzeNghermeotgins, sugh 7s ®eBo (Gh& 14) alkoxyaor retexyepalyethylenog7)
J. Mol. Biaol. 273, [927-948). .|l n another aspect N r a1V, ion
provi des LF%%coiﬂ'E ?%B%ﬁ%lgmt %lgfolbrpﬂam%l%e.ﬁ lﬁgerﬁ@n Brrng(ﬁéelm%]elr ’@1%%%{&%(:"&3( tg;ﬂ LRP6
that conpr ip%gyrma ihapNgly cdfatedantdbddyq Mtineh ot BrahbRlpolyhirderiaakkaGoiifut as
described in Table 1, or conbinations thereof. The am no acid sequences of
t he VH CDRrTesudis in manigat lasyef kiglogical aghyith wikh bepsgd; Jhadseres of cagugaligy can 15
The am no i V j i . wn in
S0 1D nes: oA FHORKEE RE DI AGE e tpel imaR} o Eh & prafie Bhifafonst

t he anti bodifPEG@imelestilesviv the afiilégdly D Unesacted PE(®Ean trsdpdrhied fidne astibode-Fi€i d
sequences of the VL CDRls of the antibodies are sho i LD. . 712,

96, and 11&°Wngateshy Sige-A¥FINsioR QUNIOBEXS qgﬁéﬁ&s@a@a@v&oﬁﬁ%ﬁgﬂwv dies are
shown in SEQ:1 Dy : i/ : . i VL
CDR3s of thEdcga?l liaj.{;lhtll 0 |b§§esgf%ef0§ %gﬂ#gl]a%mé@é%l %Q“N%f&%qv%g%g% 1%&3%25 CDR
regions are delineated using the Kabat system (Kabat et aL, (1991)
Sequences of Proteins of Imunological Interest, Fifth Edition, U S.

Department of Health and Human Service® N H Publication No. 91-3242;
Chothia et al., (1987) J. M. Biol. 196: 901-917; Chothia etal., (1989)
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Accordingly, the present invention provides an isolated LRP6 13-propeller 3
nonocl onal anti body or fragnent thereof conprising a heavy chain variable
regi on CORD 200mp8393i ng an ami no aci d sequence sel ected fromrki@/ ogr2o0up
consisting of SEQ ID NGs: 69, 93, and 115; a heavy chain variabl e region
CDR2 conprising an anmno acid sequence sel ected fromthe group consisting
of SEQID LB

conpri si ngN%lla%llgﬁgqég]}%eggélégﬁ%te&se go\({;%éé%n? ?T\)/%hﬁl%rag% gg%sﬁglbs amof SEQ
| D NGs: 71, M&hodarfar fepylatiag Ipraéins atedkinowndn 'thebireandegn(ba afibdiet todiqmmbodlgs an

amino acid sequence selected fro e group consjsting of S

96, and 118,9? el'?&ﬂ'°€-t§Fﬁ°&WF‘é‘3%=ﬁ’r%g{4oﬁ5@$'S W%?F%?’n@dgﬁ’ Qr‘h{’%ﬁ%é
sequence selgqte iLem the group consisting of SEQ ID NGs: 73, 97, and 119;
and a light chain variable region CDR3 conprising an am no acid sequence
selected fr the group consisting of SEQ |D NGs:; 74, 98, and 120; wherein
the anti bod niﬂﬁ r%%dg {-_ LY %woat%tbgglpglie%"15—!%’6a?q?éﬁﬁtut%clmwlyoeﬁhoaa@alb. nds

to LRP6 co I ARG §EQP
heavy chai ﬂ“ﬁ%ﬁ?ﬁ%@“‘%@“%ﬁ@%@@? SE QEI D NO&HIS a Il"i-[g:T AN var i abI e
regi on CDRBSpﬁCIfEEQIddIEI'mmS 11} bwsbfn@hmc prlottiins wiap retohstitnied smem:mm ntcﬂudéEQ | D

NO 4: ali chaj n vari | D NQ. and
i o var | aRuAS AR Stad R SR eIty Enples oo of fseiaR Al new,
anti body t haxnnku aws ih@ bR Bt PFISASInE. BAR¥as) %urfnafaﬁam Q115 eThORIGIRL of

SEQ I D NO 21, heavy chain variable region COR2 SEQ ID NO 22; a heavy
chain vari am@mﬁwnmv%ﬁmw@clmlacg@n agbler gbﬁoncmmmnmda civertinggi on

an a1 ght vt 68 5 Bp s & 8kl SphA o BN oS st gh bR, *°

enbodi ment , amincaatid.body t hat b| nds to LRP6 conpri ses a heavy chain variabl e
regi on CDRl of SEQID NGO 47; a heavy chain variable region COR2 of SEQ ID

NO 48; aha hai.n_v i.0 ht .chai n
O e 2 AR Ra bkl eI aRe e Srgiie termsrt ) e elfifg 5T i G
of SEQ | D NOhis¥dchnaldgy anvol @R tge fdiithlly Aairgadd (- 6@DirRino GEIdImeiructir@d phatdi.  52.
In a specific enbodiment, an antibody that binds to LRP6 conpri ses a heavy
chai n vari abidopagrsHNEPRIMgseutca) nrofeijo. Begrusethe aaparewtiaglacularrweishteofr egi on
CDR2 of SEQq m” 1 D NO 71,
a light chai I#Bvarlg émr%(el\ ?%%M ‘%?B/‘%fzg%ﬁ&%@@f% %‘%ﬁ Ec%lar{ vari abl e
regi on CDR2weighfHlg stelﬁuhl@alﬂ]& ofalndipratein gtgreatllyahﬂea,sadi dhlcentigtooradiidial of SEQ
I D NO 74. bﬁ speci f errbodl nent, an anti badlﬁ hi nds to LRP6
conprises a Qédf\}‘o&h‘é{ W?rﬁ%F]@"?‘%?dl"BWU r@E@ ICAINmt "9‘@3“‘%%03‘?%%0%/
chain vari ano%ds‘?le‘EBtl%h‘ﬁEd%He%r&@ct%‘ho nbgf@Y. chai n vari abl e r egi on

CDR3 of SEQ ID I'i ght chain varlab egion CDR1 of SEQ ID NO 96;
a light chajn va |abIe gi on, CDR2 of D NO 97; and a_light chain
vari abl e reBP]dﬁ‘ tachnplegy.ggic weaﬂ?d@arﬁmlmdmlmtcacm%m

anti body th SRR CDR1 of
SEQ I D NO! B 'gloggﬁlé%%tllvgﬁg? n Valﬂr g‘%lsﬂé@?tgﬁ%y %E%Beg‘ffﬁgg%%% @H}%;’ a
heavy chai nsuﬁ:hrasabllbpdlﬁglfmlne BRI omf PSEQSIa[poﬂ\j(merbﬁtaliaatitlgmugah)aiWhmausiedbl e
region CDR1.0 E hai n vari abl e reqi. CDR2 of SEQ ID
NO. 119; i @WQ&‘P]%?H?%PF% 6‘§B’ﬁf3’ Siic apdPridasa proeiiye
speci fic emipgtosMitonmiit @Néd oh.NTthis PhdPelBed Be LERR 160 @fue%ﬁaaﬁeu\é'a' paﬁtel%EQ
ID NO 14 and VL of SEQ ID 13. In a specific enbodinment, an antib

that bi nds ERPG‘JIQWCISESV@@%\H fromfbegmyeragnived b34hamamyne syfsteBEQThDPSl@

In a sp i.b at._bi.n 0 r a
Wi of SEQ Pl isTERGHT of“a@é%“f"ﬁ RRESly S0 Was ﬁd%}’q%‘béﬁ o b ‘ﬁﬁ.ﬁﬁ an
ant i body t hatolddwier hﬁlllbﬁ&’ﬁf mmblcSEtSthar Wl ©{vitBHQ Tli@sé\ﬁtuﬁﬁy PN sMlylsbd SEQ
ID NO 44. |n a, specific enbodinent, an antlbody that binds to LRP6
conprises atafigia werethen atds, by yirispfolequ lasmmmiesyND fOElghe badyzs defencef i ¢
enbodi nent n NGO, 62
and VL of SI':%R:'IH% WWU&?%hgmstgg%?wtekﬁF% igé&ﬁl] Bhti Bé)cfdfyéggu%&)m nds
to LRP6 C0rrbaqter&ﬂnelalgE@.umhtM}chﬁuthIpthd‘dlenﬂfne&lﬁ@dlﬁl kkara@dristica. Bastpeali fi C
enbodi nent n.anti body that binds to LRP§ co riges a YHof SEO 1D NGO 90
and VL of  SEOMpOIRPIEy nqTImmUBEE i eeR WS HRRIES CUROIGRY Bothys SIICHds
to LRP6 conpeh&@s téPYAlin e hupfeRtoByNO 106 and VL of SEQ ID NO 105. In a
speci fic enbodi nent, an antibody that binds to LRP6 conprises a VH of SEQ
ID NGO 108 and VL of SEQ I D NO 107. In a specific enbodi nent, an anti body
that binds to LRP6 conprises avVH of SEQ ID NO 128 and VL of SEQ | D NO
127. In a specific enbodi nent, an anti y that binds to LRP6 conprises a
VH of SEQ ID NGO 130 and VL of SEQ ID NO' 129. In a specific enbodinment, an
ant| body that b| nds to LRP6 corrprl ses a VH of SEQ I D NO 138 and VL of SEQ
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As used herein, a human anti body conprises heavy or |ight chain variable

regions or full length heavy or light chains that are "the product of' or
"derived woaniy@asparticul ar gernline sequence if the varcampeomnegizons or
full length chains of the anti body are obtained froma systemthat uses

human germ i ne i mmunogl obulin genes. Such systens include inmunizing a

transgeni c i i | b i of
ntor ot of TOAFEEASNLT hoMUTRR JLERYRASRERANBBEPHES) RhiEx g
phage wi t hahtitsdiest iHEhisafmodified sattiral pollfonenderavetiftvm yak h ataizestdr¢thandoraoduct
of' or "derived fronj, a_h ermine_i nogl obul i n, sequence n be

i dentifi ed%?@@h?%l/byc@ﬁﬁﬁnﬁ?ﬁg%wsaﬁﬁm@f S?Eq\‘fé‘ﬁ'&%f“ﬂ?mﬁieée‘ﬁ%n

ant i body t&%ﬂﬁn@ﬂ%ﬁt@eﬁu&d%w&ﬁﬁo%pm &%618@1&{3%2?3@4@50&&9@51&3.5 and

sel ecting uman gernline imunogl obulin sequence t s closest in
sequence ( Hesylatign efznesitibody creables the prolongationsfdbesical gionthalf-lfabsin  ant i body.
A human anti body that Ji.s "t roduct of'.or, "deri.ved fraon a parti.cul ar
nunan- ger niterEsTR i gp Bt Re Bafibifce el Aot BheE ol el A RbE e
as conpar e¢h iirlcR@sdibiflobiRal REHENBS; g@ﬁﬁ%diﬁ‘creﬁ@ﬁmﬁ?ﬁ_@m, Suchnatthy al |y
occurring somatic nutations or intentional introduction of site-directed
nut at i ons. madegaasweight of HESva vade range eBiHERO#IIbpdigs epn ugatessan be cadomizsdn
antibody typically is at |least 90%identical in amno acids sequence to an
am no aci d A3@BHERSE RaRRE ARErdaVedhalfUiR M 986 Thi AISo bEPHNPAL® Ritloldlicifg Bc &nd

contains amno acid residues that identify the human antibody as being
human when mxgerpainecacidmptidicaéensi(i. a esubsitutionts ifisobions or daletimmshinidansigiuences

of ot her specie e. g. i ne.gerqline se C In ri.ai a
human ant i 8’6@5"’&3}‘7"‘8&1 o %Q?d%g%a%%é‘g%kf Gﬁ?e)é)oab rag§85 li@é{?é@i}? %& even
at least 9¢Mpm3nfye S88%g dhteARittohsl @iblicaioni No. ANOM3/Z80Rd; Eegheivasl t o the

am no aci d _sequence encoded b&l t he(hger mine_ i mmnogl obulin gene. Typically,
a reconbi nXublicptionNa WY QI3 BAo% 1and & Fasgnt 9. /.3 79 han 10 ani no aci d
differences fromthe am no acid sequence encoded by the human germ i ne

i munog! obgyitRerd Mtebodibs che by/Ebrifiigawd thrafilif il ofdeficdiiske the mEbbdtsimeASES,

t he human anti body nay display no nore than 5, or even no _nore than 4, 3,
2, or 1 anistabledgivévodirthies  langer habinlife e visgd Abe teehpiquesque well-kagwadetheyt. t he
germ i ne i muunagl,opul i.n . t i | rei .

der i vat | vesthp i R B PBc R S0 WO R A1 OS3T206 G wEAl) PA 7
nanobodi es an@BdropeadPate@No. AP $130682e- chai n anti body" (scFv) consists of a
si ngl e pol ypeptide chain conprising a VL domain linked to a V-domain
wherein VL dq inb(gmd V?I} dormain are paired to forma nonoval ent nol ecul e.
Single chait! gﬁ’t"? YYUERES be prepared according to method known in the art
(see, for exanple, Bird et al., (1988) Science 242:423-426 and Huston et

al ., (1988)ThepoesentNavéntioApeaiideSantibadiys B8 a8 alegad)ibodics hersbfithiat consi st s

of two chains, .each.chai ri sing a,hea chai n var.i abl e regj gn

connect ed thecéﬁ?%n’t‘"‘Q‘r?aﬁwgB'ioé%’ E&P@QF%HM%@SF&IBT EWC%B'I Vﬂ&#iege chain
connect ed RipcfudftpOtdih B&RidnE 8nd hatkedvaloEdhghtibhe) 16 WheleRILEAS phdteinlte sane
chain do not pair with each other but with conplenent a*r)lz domai ns on the

ot herk chai molypeptadenton fingmpridhdreef, mﬁs@lﬂm a pelypeptisle of ableashdPi atdeast Ababi gs
i , , ' . 9 Acad.
Sor VoA ol Sl B0 R ey o A 185 3ot el 10950 e gy

Domai n ant i1po@ixfifo 4sid)3d géviepats fldn froteiisi Ompartidulag iegnvdtition pedvidestfutioni es,
corresponding to the variable regions of either the heavy or |ight chains
of anti bodinsateinpsamprisias an peidgeainding {agment,of antibadiesidesesthed desel (e §ehst |
and mamal i [ i i i { d

rot hods. of AP diimienS 8 filrenl ¥ MiEHCRPINE rRmERTE VB AthRAFUBCOR e ) o
Pat. Nos. 6O/28dmin&ir aVE 8D knd ahetddofHBiE,préieih/ dolyPeptids, ddPephds ; MEhodpea
Patents 0368684 & 0616640; W05/ 035572, .X‘l)04/ 101790, V‘l)04ﬁgf1026, .

W004/ 05882 10T (98 198 630/ B S PG 5, RDIEDUCCN A RABHHFCIL B ABIDRID] < 28 2PHBOY: he
heavy chai WhOflihe o0, RREQDIY S YRIAANLY SCRBRI03SS828959,n0l €

vari abl e d?alﬁngﬁgq{%’\o const ant d’orr'gi ns (CIS:IZ and CH3) and retains

ant i gen- bi riB 59046 p349.0§3,0% 447RS 1pandyh, hE, 94m tHubapdgn Patentdiberd EBS307 434 bad
prepared by 5 kno in the art.(See £ .S, . 6 5,087,

0 S pat . T B amalions” Buiran s Vi non sl wp MBS B0 R
chai n and Cya«az.,hﬁ_@m Eh&iNutRAcad. |SeEAT S BE N 08H5-10930b 2R fSer GBY(1995ymRde by the
removal of the hindge region of 1g&4 antibodies. Further details of

uni bodi es and net hods of preparing them may be found in W2007/059782. In
addition to Wit |igands LRP6 Propeller anti bodi es are expected to inhibit
the interaction with other Propeller 1'% ndi ng ligands (e.g. Sclerostin,
Dkkl). Simlarly, Propeller 3 antibodies are expected to inhibit the

o,y o




and inhibits the signaling activity of n-propeller 3 dependent Wt

proteins, which can be neasured in WAt reporter gene assay or other neasure
of Wit diwecbadissisgnal ing (e.g., LRP6 phosphoryl ati on, @ccatremiinsr200
stabilization and nucl ear translocation, cellular proliferation/ survival)
as described herein. In a specific exanple, such antibodi es have an EC50
value in a N kb . j_um or
using trans ectegﬁggf%ggi%ﬁ?ﬁ%@é@?g?$gﬁggg Ie?a é%gf§§§§%§?9€§§922f2 heavy
chai n parentldB4lnucl eoti de sequences are shown in SEQ ID NGs: 16, 38, and
64. Variable Iight chain parental nucl eotide sequences are shown in SEQ ID

NOs: 15, 37, | i ; i i
expr esel on FRibnbtusfot phott el pRSRIK M BuGRM KARERuEEY dhe St
Ful | | engt h ndtigishuftihag, oxeesushingsamipir cod@eshiiffingduglteeisélp efemicditodiDN A an
| hown.in,SEQ ID NOs: 19. 41, and 67. O ti bodi ft
G o I AT TR T
have at | eagiveGRA (/P ‘VﬂmuﬁlQr%ilhm? g%hra%ﬁ%/% g:(fj liaigé%iﬂcd&%b&i& ?ﬂﬁ%ﬁéﬂ’s hBrebPRith

sequences de§cr|bed_ébove. n sone e nts, 1t 1 nclude mutant am no
aci d sequenbizhendféingien andlaver disseaation rais). FHeedgeneraly AdiSnBateoi Nes.have been

Fegi ons whedt0arsar el (i il At il o5 el SR ek el L G Eience
descri bed alpision Eu:néémm.%m4m@pﬂidyema§(1a%§ih@ﬁds@iote\éﬁﬁdlﬁ%(@):#@eyy chain
parental nucleotide sequences are shown in SEQ ID NO 84, 110, and 132.

Vari abl e |i lapssenar . .44P¥hdaMohfiple 887:de5-d6pndiesenzamad Blasgp, (LAIBEQ | D NO

83, 109, ang: . ] ' .

expr ossi on TIOBRIGH pACRBEETHITRIN IR pRRBNRT RRBRLHE £Efcl , 156
and 140. Fulndcotpngtdby rd@ienahiaiins entiekyoAintibodiesioefiggtcn@ptherto?, @ tHeancoded
expression in._a m lian cell are shown in SEQ ID NO 87, 92, 113, 135,
and 130, O ABHBOYRSI 0B Sapments fharend may breiesrd by brpgeutisstebionandim or nucl of o

aci ds that BaseRRRTkH fne POR, AAYS Huck SRR Shes3RMmo G Hor %% OF
98% i dentity 1 gntith¥% Hﬁemgequénces deg%rl 83 a%%béP Iﬂqgéﬁ% or
enbodi nment s recombinatibndd polyraxieotide ermodimige medtjuaontentihbdy e fragnenntheecof han 1,
2, 3, 4 or m nq. aci ds_have n tated by am.no,acid deletion,

Pnser t1 on ol GETIEY PES e LREC Pestrina e bl SRR BN EBREE R i ¢ h < he
vari abl e regb@pencahePhetied sécliohd) pafis WIRARR, FBSRGID R, 3PEor thétre HelRBlogous
enbodi nents, the VH and/or VL am no acid sequences may be 50% 60% %0@6
80% 90% 9BWeccul® 97% 98% or 99% i dentical to the sequences set forth in
Table 1. In other embodinents, the VH and/or VL ami no acid sequences may
be i denti caM@XGRPUth@MtHIURS of frafneMb BletdofthiPPe fled ' HRS: kﬂﬁéhcl-s, séeh & 4
or 5 amno acid position. An antibody having VH and VL regi ons having high
(i. e., 80Ya@eplifedaifanilitaiequmiicatjon dniohe embodiment/the mgikenamip acldosequence

Propeller 1.antibqgdies described in,Table 1.can b bt ain tag is
(e o o ¢ el ety Rl S0 Rk RodeEEia Pl kbl ERALTINROPER, o
encodi ng SEGtdnDA N@ue, GHatsvstth, 6\, 9181 1)3@moeth&S, mespEtkhive b, cohithdrelatd by
testing of the encoded altered antibgﬂngor retai ned function usin e

t
functional &%ilable. dssleserhed ip&icaizes a $i Bsea WNatladicady SoH Wiy 801821 38ftons

havi ng hi ghg(i; Y0104 | j . : .ans of
t hose pr opel arsifes, FRGEHideHeTaL A fof ERNhikp} RurltGudfEE ol BEY

mut agenesi s Ofker gpeptidel thes whiefud dbrquliridicatR@Rnoladée, duearenot Hgeed s, $he of nucl ei ¢
aci d nol ecul es encodin | D NQs: 82, 106, 128, 81, .105, and 127
respecti vel ?m?%ﬂqﬂlm&lqﬁga%%ﬂ'}qg%ﬁmm@déﬁ%%%ﬂf%%‘é’flé?f %mtgwélu@eﬁa
retai ned fufghhutiih pebtdileWikok bl AN 9835 8RN 379851 ahP AL <L | n other
embodi ments, the variable regions of heavy chain @and/or Iight chain

nucl eoti de sequences nay be 60%. 70% 80% 90% .95% .96% 97% 98% or 99%
i dentical t 31 gtﬁ%r pbpsiimens angibodigy efthe proset NyveptinionEagments theeepk ent
identity" b P : j i : URbel ref

i denti cal pg@???@%gggﬂggggﬁﬁe&?ﬁgﬁfggigﬁggs 2Lé@?3§%ﬁ%%@ﬁ%y eqagﬁs nunber
of identi camopisring onmbguisalg the mivet, dofelppuernti progrexsidD@d/on sekenity of atdisease

account the nunber of gaps, .and.the | ength of eac ap, .whj,.ch needs.to be

e otucen PRONGTE: Alnaai it e Fackdl sud e TelaRin g AT SER_ of

sequences apshid@heihiapat 8aéh ShoRRIEA el &Mace&hmﬁd%gﬁegé@mgqﬁses can
e |

be acconplished using a mathenmatical algorithm as descri nthe
non-limting exanples below Additionally or alternatively, the protein
sequences of the present invention can further be used as a "query
sequence” to performa search against pyblic databases to, for exanple,
identifies rel ated sequences. For example, such searches can be perforned
usi ng the BLAST program (version 2.0) of Altschul etal. (1990) J.Ml. Biol.

PN AP APNSSN AN




Anti bodies with Conservative Mdifications In certain enbodi nents, an

anti body of the invention has a heavy chain variable region conpri sing
CDR1, CDRRo 2andi3839R3 sequences and a |ight chain vari ablpeTmegilansoepri si ng
CDR1, CDR2, and CDR3 sequences, wherein one or nore of these CDR sequences
have specified am no acid sequences based on the anti bodi es descri bed

herein or conse i if i r eqf el %&]@ i i es
retain thealg{é]io?l%e\eég& fj %t(rél%tg@gﬁal?&%}rc%%@?ltu?g%’%ﬁqohgﬂlﬁlﬁwgﬁ??%% I sg%fS Qgﬂe

i nventi on. afdaondtilingited to} lesdradisnpéroxidpepalkalérs phosplmatdsetbeth-Palapedidase, df
nonocl onal antibaody, or a functional fr nt thereof, consi st.i of
heavy chai ﬁf"’\’lélPh‘%{&"é‘ePéﬁi%?Ft%ﬁpﬁr‘i"gsnﬂlcg%ﬁ ut “@BF@‘,“ tr?d“@%é’“é@gg’é‘ﬁ@@g and
a light ch iﬂhﬁ/ﬁ'ﬁ){iﬂ;bftl]lﬁzrés%&'it(?ﬁht )51 A6 EmiePRR unfiRHifIIRS, MAMEERES.
wherein: the heavy chain variable region CDRL am no acid sequences are

sel ect ed f finovesdedn Gothigryoatasthetdamige odicl8e@trifinyGaning flupesceimaiansyl chlgnide
conservative nodifications thereof.. lt he heayy. chain vatril;abl.e regi on CDR2
ami no aci d °5 BRYFERYEYIN, [WMEEHoept B Ry u és’éi‘b ot o M SEQ 1 D Nos:
2, 22, andpfffumiesbenPMaRridR! u¢R afB&t dot HiRfilc@ RS 16diREAe] lucifdim, BedNsqueHal N
variabl e regi on CDR3 am no aci d sequences are selected fromthe group
consi st i ngrafiosstge mptaxats, s@h azhut antlimied wnivding{sek vaki vb ard di k). eabpons

t hereof; tha. light in..varbsabl.e.r egiignsn J AAIACH ar e
ol coted f ol SRR BRRibER Sy T Nl " 35 e RO = Por
conser vat idyjeauﬁmﬂ i1 talivgn ff'(ea égti;?, paladiuirgiPay &idlybdaﬁﬁrﬂlq?gmt?,e;gainﬁﬂs CDR2
am no aci uences a ec m the ogrLeuUpP,6oNsisSti of .S | D NGs:
5" 55, "and (B aforodegh S0 hbd: it ot Bt Ebe o Hon o, Aghe. R n
vari abl e reghLon® f 10 TR M i desgecpa 1 1 etreds4f 4.0 h&cgr oup
consi sting o? SEQ I D%:W%G%ghdiﬁ’z, §‘2§$£ﬁ§’er&y§’§i [\?2’ I’é)/f(ﬁlla ?:S%’at isg’ns

t her eof ; t lagd &ATinbasty/psitrdr ittt méthls using varieus fdsitedn emibsiomdoniogrdgdhige, and
inhibits LRP6 actjvity by inhibiti ng. a Wit signal i ng pat hway, which can be
measur ed | ANGAPradiogehehaTyRaRReUC BIGlAl NSyt her neasure of Wit direct ed
signaling (e.g., LRP6 phosphorylation, O-catenin stabilization and nucl ear
t r ansl ocat iThe présehtl itvdtion fardter encumpsies aseswiaatidodics aldrgmchsdhdresfei n.
Accordi ngly, the invention provjdes_ an i f’%at ed. Propel | er 3 nocl onal

anti body, G&Pniaedted itherapraicpiety, obhe aptibedies,er fragmcay thepspl May\pgr i abl e

regi on co i iqa1 vari abl e
regi on CO%HI@ Fﬂgd ,ra%c’ mgﬁﬂ’%ggg"&?ﬁg?@%&ﬁ%’ﬁg&ﬁ@vy chain
vari abl e r eagemna thioRipeatid agentar aradivgetorondaldpe, gl aphaednitteom A kptotpxaupr

consisting of SEQ ID .. 69, 93 nd 115, and conservative nodifications
t her eof ; tﬁ&%%?g%gigﬁ’d@%ﬁyaﬁegt ‘?‘@‘g‘?éﬁ“‘éﬁﬂﬁﬁéﬁeﬁ% aci d sequences are

sel ected fromthe group consisting of SEQ ID NGs: 70, 94, and 116, and
conser vat i \Rarthe] aftitealids @ fragiments dieredfmeayHeaopjugh@i o ¥ dargielise megitpor CDR3
am no aci d sequences are selected,fromthe group.consisting.of S | D NGs:
71, 95, andirigmoichyhatmRdiiey A €1VFR biRIp A CSPDRNs IGEAPEUC MORLSY STATHE c hai n

variabl e I GRERS LTI (8 Bon ks aSRAHENRIasRicE CHRIAGA GibrddcRiRt b0 TRHD
consisting of SEQ 1D NGs: 72, 96, and 118, and conservative nodifications
t her eof ; t leaainplghtheciad moietr inap be a peyeionsepGIRDr polypoptidsi sseesjog adesiredr e

| ected f t.he qr. i Sti f. SEQ I.D NOs: . 73, 97 d 119, . and
conser vat i VOREERAHRT. RGeS incogs. Gonchamalen 2 oy swhis abisicdd oy
CDR3 am no Rgseh@Riaseatodh hdRPOKRY of ARRNeRL 1R WpréRisiueh ad@inedr SEQ 1D

NGs: 74, 98, 'and 120, and conservative nodifications thereof; the antibody
or fragnentnetiosisdasttors panterferoal Byntpiferas, nesva grpwth fagter. matelst denivgdwrawthi es of

gene. assay TOBERGF Mty 3R of Hikili Refal FAEM S0t iy ERCT €1

phosphoryl ﬁél@?icalk@sﬁﬁ&@ﬂbﬂifﬁf alvhlab Aot &xmpad & Inmpheldne.t r ansl ocat i on,
cellular proliferation/ survival) as described herein. Antibodies That Bi nd

to the Sa Epi t ope .. The, present .i nventian ovides .antibodi es that bind to
the sans. efnoBpeediins R e, A AntuPluthethl ERullhe S Ferapbile. i {F ona
anti bodi es rﬁ&e?rt, SRheh Ac9tddsxin, dedting {d. g.garbﬁajﬁﬁﬁld%ﬂ%ﬁrbﬁhﬁt) @b ddidtokif. Such
cross-conpete (e.g., to conpetitively inhibit the binding of, in a

stati sti caldopjughtgsafe referned tmberein)as immupgaeaiugalgs |- Jounwnpcenjugaies thatiaeluden i n

e 1 g R RS il B FuATEE K SR P Lo dkfe

and/ or cynonol ogus LRP6) denbnstrates that the test anti body can conpete
with that antibody for binding to LRP6; such an anti body nay, according to
non-limting theory, bind to the sane or a related (e.g., a structurally
simlar or spatially proximal) epi topelcgn the LRP6 protein as the antibody
with which it conpetes. In an enbodi nent, the antibody that binds to the

o -, 1 NS o M = Y b1 T




One type of variable region engineering that can be perforned is CDR
grafting. Antibodies interact with target antigens predom nantly through
am no aciwonresids®s that are located in the six heavy amdTiEpgiti/ostras n
conplenmentarity determ ning regions (CDRs). For this reason, the am no acid
sequences wWithin CDRs are nore diverse between individual antibodies than

sequences o | f a j or nost
anti body- ant T pee ol afeilat RRAURR D CE AL Ehs CE Rt BRPRLRLE Bl

anti bodi es tjtathatasim B, giamigidind2rethiémmobroayidss eficting) atitonatcin, eaposide,i ng

ant i bodi es construct.i ng expressi on ctors that .include CDR sequences
from the spg%‘PP?% ﬁaé{msrlaﬁ"?evag%aﬁ% hg© %618§°@3m Bawe%v_ Sy GRENBRR
sequences f pARKRICHIbAS nBfxaRlS ARG Yoih, dbdddt it DP gcll%@.&aio%to(s&%e €.g.,

Ri echmann etal ., (1998) Nature 332:323-337; Jories e ;7 (1986) Nature
321: 522- 525 glugpenshicaids procaine gg B cairey Hidodsirtel propoaadlo), aud PuremBén agbalogs0033;

U S. Patent . 225, 53 o Wnter nd U. S. . Patent s. 5,53 01;

5 585, 080, 8 BYRBStERar Bl CirenRiadiTags For e ampls antiaRoo R fer
embodi ment ﬁfetHdﬁ%xhtB,VfBﬁiet@ﬂto?ﬁfiﬁé}|6El§idg9a1ﬂﬂe,|c AR SHMRRR/IrhGT dekasPafiag), onal
anti body, or fragnment thereo conprising a heavy chain variabl e region
conpri si ng GMRinEasais{ees meshionfhamingthiespaehlarasabisilneesipbalaaceasustingm t he

group consi shd Q- W‘I , @99 X S es haying an
am no acid g%%ﬂag?]glféd gggesé{%e rg#clyﬁ%thé)r oupz}((zz%rlf,'5(‘39]5?\){%|n h%ggbﬁﬁ‘%%"lﬂﬁxm: 2,
22, and 48; st@pR¥oseinemoesydia i agl dsdrhionadiaaing platimuan@h (BDEIP¢isphatihy om t he
group consistjin f SEQID NGs: .3, 23, and 49, respectively;. and_a l.ight
chain vari aB‘Pté”gé&“Gﬁ F%%vi%’rﬁ‘om“ Qéﬂﬂggb&é‘nﬂwpﬁba%émm&biaHt"%‘@H‘EFence
sel ected framtDRtdsM ARSkat Lath, : indl '

sequences hg% ng etaln a?haﬁg acF‘g}gqug{gg@'i?el{xgg@ I?i?lo’r%%?ﬁlg’ %l?hoaalgmco sIsting
of SEQ | D NGMQ), apé antamdtosit agemsl (¢GDRAnsétine aud sinblastnedt i ng of an ani no
aci d sequence selected fromthe group consisting of SEQID NGs: 6, 26, and
52, respect} t i ' .

cequences. of e asaTRespr BLEPAR RGBS Ha0BhYebohiifaih bo ARy B o1
sequences f mymtidreigeluden dudradhpdns, clbeardicing| maytansihdsend entisdiimeand of t he

Fragnent ¢ P BRSP AT el A RS A ARBTS PGBt EEBRESAY coRL
sequences hagwilasl Mg%fh' oW feth ce selected fromthe group consisting
of SEQ ID NCB:l 68? 3, lFaynrd 11ge; %%gdms:equences havi ng an am no acid

sequence selected fromthe group consisting. of SEQ LD . 70, .76, 100, and
e “Cora Sy atiseen Rasrgear BamhBoSes of EEimenin s Rea iRl Ehe or bup
consi sting ofaji9bQih MeNeB Exdrhpledsf HARE tybke that ﬁ%%%h\ﬂ?éd%b_cgfﬁggﬁela'cg?toﬁﬁa' n

variabl e region having CDRl sequences ‘havi ng an am no aci quen
sel ect ed f r torantangbgdwimoludetyit ate nog liofiteSES hiyDraxiees, thivetl@ss, ested, dis@lfidGDR2

sequences hayj ng..an am no aci.d sequence sel ected, fromthe group consisting
of Se0 1D N PepyBe SBMaATGr AN s B R Rt PTG B SRIBE no
aci d sequengleaw@k 8¢ 1@d pH withih e FEYMar &tpaFtnhdhd oPSusSEIbl o N&vagtdby 98, and
120, respectively. Thus, such an?i bodi es contain the VH and VL C%Ry
sequences OPIOfRgPRSc FUSHAS PEieaspopieasentially exprgssed in aimer disfycahelhes ¢atkapsiner k
sequences f t [Fbpdi es. Such framewor k sequences can be obtai ned
from publ i c(e%agge?%g?ég’ gﬁi publ i shed references that include gerniine
anti body gene sequences. For exanple, germnine DNA seauences_ for human
heavy and | Fgrurtheradiscugsion ablypes egiytnioph diskera andmethods dricanjugating/ase”

human germ j u val | e l.nt er.net .at

WWW, T gcpe. {chgﬁl g@fbﬁ%\ﬁ/@%%@%@g&# Ia?sgss‘%ﬁ!ﬁ ek?glgé%&@t)é AR bﬂ%@%‘['&%ences of
Prot ei ns of 535:1904008;004i1t & all, (26038 Sancdrilintinnbd IhindAothek. $2:308 13317t PRmE, Of
Heal t h and Human Services, N H Publication No. 91-3242; Chothia et al,
(1987) J. MAVOIE @Icer €l 3967-2d 27Allem 62423 Nat- Ajev, Canagsdy7 SRy0dr Rastamand77- 883

and Al -Lazi i il ; 9B N J I Q. 3id7 . i al .,
(1992) J. fo Hmdt, .OO%E%%‘?@‘%%’;V%%%% 3é%@8§)? ‘.%%@%‘“ﬂﬁﬁm”?&?@.ﬂ’ﬁ%|.
24: 827- 836; Athddmgiladivt BRenfS3exd26af whi ch are expressly incorporated herein
by reference. An exanple of framework sequences for use in the antibodies
of the inveRrtj:Rh; i, M . f wor k
equences. PR g Senh Wen RS Kt ohiatied o' itiodevd Gk BC1C
sequences agaeote Eytatorivandiopleamacagisalyda leferrednead adihmaninbbogngsesof t he
invention. The VH CDR 1, 2 and 3 sequences, and the VL CDR 1, 2 and 3
sequences, can be grafted onto franework regions that have the identical
sequence as that found in the germine,jpmunoglobulin gene from which the
framewor k sequence derive, or the CDR Sequences can be grafted onto
framework regions that contain one or nore nutations as conpared to the

o o o o o o o N .




Accordingly, in another enbodi ment, the invention provides isolated

Propel | er 3 nonocl onal anti bodies, or fragnent thereof, consisting of a
heavy chawo 2oariss®dhie regi on having: a VH CDRL regi on comeirgpreeg/osf2o0an amni no
acid sequence selected fromthe group having SEQ ID NGs: 69, 93, and 115 or
an am no acid sequence having one, two, three, four or five amno acid
substituti ' QS It ANSn B8 £ InfbES foP . 69, 93,
and 115; aﬁ%gﬂ%g%klfbgg?\%ﬁsﬂg%sn%ﬁan am'cﬁlg Cléd sequence Isg%étleld fromthe
group consiighasicaly GHferapeuically #dludedut arechat ligyitedrto,dodiae’ nindawn'd', sequence
havi ng one, twog three,. four or five am no acid substitutions |.eti.ons or
nad £ Pons. R, bt Mo orogart aigim i ughlgs Ao e 8

having an a{@a@f?Eﬁ&ﬁlg}é BAMANGRANRAbESH; Bhtds ARkt ey R aAbH, Shilitin®f SEQ | D
NGs: 71, 95, and 117, or an am no acid seguence having one, two hr ee,

four or fi Zevatim M¢DEEi Rhasuagsuticaks)iaod Bexwmi & Conina Rharmacsutivalis andssimilapar ed

to SEQ ID c 71 5 nd 117: a,.VL CDR1 reqi.on _havj ) cid
sequence SBITC%H‘!&&&'? g%ﬂ%ﬁﬁ%*"&#’%ﬁ&%‘8ﬁ%‘%‘%‘%"ﬁal“g ‘e%,lé%% F}%%fggo@gg 5}8&9 and 118,
or an am ngmaffich. SRR nibadiniehts) fies mhokbeyclib chéatof BUN4,9/10fi ve ami no acid

substitutions, deletions or additions as conmpared to SI_E(?SI D NGs: 72, 96,
and 118; atetzazgopclodedseane-Nal il g.Nan -tsracstiaaqid (RO de vhicksemdwiaiachedden t he

o 0up O o] 354 o5yl e SRSy By BT

havi ng one, ree, tour or rive amno acid su S, etions or
addi ti ons aad dextibédial Denafiio@s aD, (1988) Clin Carcer Rog 41109;248@0aPatbrs@DR3/r, egi on

havi ng an am no_aci d, sequence selected.fromthe grqu i St f SEQID
st 4 oblSoRnBoEpDiuEck heth KRS ok ZueEe fadh g oanguct M. Biglce,
four or fi 8?@5 [ Ifl; ] 'p%]&e del8hdiPasir&esaddi tions as conpared
to SEQ ID i 2?’09 ,cgél?l‘%pp}g%‘wg'a ti %g Antél:lﬁo ; Fersagrrents Into

Al ternative Frameworks or Scaffolds A wide variety of antibody/

i munogl obdieslmiqyes fesgoniigating herpewicgotes toantihedies arg well kngwg. %5, ¢ &e

resultin i i at 1 i 0 i i
speci fi cgl %%‘?%’psl?@ Ohﬁigéﬁhq&g%h?l% g@&@@%@%{%@%@gﬁg@ :irrllgah e the 5 main
i di ot ypes hefapyin Monoologhlofatibiodies Ao GanaeyBrrapyt Reistedd ef dn@ds. h ppuis-

i | obyl i f oth ' i es, ferabl i ng,.hunani zed
oot o, C NabEATnh oo s Ok e B &t PABRRPoc e DRAVHS ™
di scover ed capdofi&y BhAsd; Yy{zﬁﬁﬁ.ﬁkbbih% ¢ L(B&s. Pph. 623193 @NcAINREKEr, the

invention pertains td generating non-imunogl obul’in based anti bodi es using
non- i mrundug. dB8T); Therpef fAuitibedy farienhOf CyDRac genthdn CancenTherapxah be

grafted. Kgown qr.future non-i. nogJ. lin fra Ik d f 0l may be
enpl oyed, kvf%‘hg"‘a@t"?ﬁ@a@&%%? gi.g_’ﬁﬁlagﬁal é@%ﬁﬁﬁlcg%ﬁélwﬁgﬁo?ﬁpﬁ%at ar get
LRP6 pr ot eigfaf Gedg.), pp UPMRB0GIRSY; “AnARsR! Resufs, LAAROutulé Tewspective Of The |

non-i nmunogl obul i N frameworks or scaffolds include, but are not limted to,

fi br onect i MTheepewins OhRadiplabelpd Antibedy In GagicemBhieranyiy in Memgelonal ( Mol ecul ar
Par t A ' i : ' i.pad; gLt d.
Canbr ; dge. APogies Pog Ciflek BEteB) and S8Ry, DAY 6P (AP BILOSAE L1

Prot eol ab Afcadentit Predg 19839, andrihorpeserad. | (1982iUnanunoliRivo 6pHags8ceut i cal s
(Trubi on Pharmaceuticals Inc., Seattle, WA), maxybodies (Avidia, Inc.,

Mountain Vig Protein, A ffiRo A 2den n FLild

(gama- cr ysﬁfn\fﬁbf)?ﬁg Wyﬁgﬁo%iwée%g(%ifdd%‘P B‘i%ésl’ ﬁ'\sﬁ? Par?l—ﬁﬁfgyﬁlgeﬂrﬂnrfgﬁy) . The
l'i bronect i imsfmbi@hficorPusifibRfRbURe fatdel aiReh] Such¥pRd khpgpofte il wle( Butgre t he
tenth nodule of the fibronectin type Il (1 Fn3 donmain)). The fjbronectin

type |11 dowhlimited o, Elass, cellpesea palypemigmidn nylonapalydyrens.inglivaryl shloride r ¢ wo
bet a sheet f{j‘)}));g% %{iuen%hensel ves pack agai nst each other to formthe core of

t he protein, APt her cont ai ni ng | oops (anal ogous to CDRs) which connect
the beta strands to each other and are sol vent exposed. There are at | east
t hr ee such Methods af Pesbicingigutibddiesne bet a sheet sandwi ch, where the edge is
t he boundary of the protein perpendicular to the direction of the beta
strands (s : ihognect i n- based scaffol ds are not an

i mmunogl obgﬁiﬂr?,ﬁ‘lgf%ﬁ%g&%ﬁlgggeez?gﬂ’&?%d is closely related to that of the
smal | est functional antibody fragnment, the variable region.qof the heavy
chai n, whi cihedbysstion rovides sibitantially ppm Z"d‘i)%i?ﬂ%‘??u%ﬁi"fq“‘? encgfiel  and

| lama 1 gG : : e, ankiREd; =3 |4 i

i o ant (gD R e bilig BRAUIES W antiBGRO ARUAP AN rBnRALRAR
to those of antibodies. These scaffolds can be used in a | oop random zation
and shuffling strategy in vitro that is simlar to the process of affinity
maturati on of antibodies in vivo. Thesg | ibronectin-based nol ecul es can be
used as scaffolds where the | oop regi ofe of the nol ecul e can be repl aced
with CDRs of the invention using standard cloning techniques. The ankyrin

. o . Ly



qui ckly selected fromtwo libraries, each of which is based on a different
human derived scaffold protein. Affilin nol ecules do not show any
struct ur avohonmize®y to i munogl obul i n proteins. Currentlpgr/EPemiasi2od i n
scaffol ds are enpl oyed, one of which is gamma crystalline, a human
structural eye Iens protein and the other is "ubiquitin" superfamly
proteins. B $onAt sipssat
stability a%g H%Fﬁ%ﬁéﬁ{§&|staﬁ%ﬁﬁgé%gfc éﬂgezQﬁmgQH%%gPurrng aggﬁegf
This high sttlubmc:lemyamés ofethe iryvenlurm ¢ormpﬂse tlexpaledtde sepencelenesdisg thect ur e of

t he proteins. anpl es qf . ga | i ne ive i bed
in vw2001o4P&’4’EQFFgP i’ﬁﬁ?é‘ga‘@fc F?ﬁ‘?rkg“’ %&ﬂﬁm léeigr%qb in
V020041063680, andr¢HitRd ﬁh&&itfd@@ &h&@éﬂc&&ing E@aﬂeﬂﬁaﬂr@ Rlafho 6% Gh BEQ
pepti de-1ike ol ecul es (MW 1-2kDa) m m cking eta hai rpi n secondary

structures &P ij@dﬁe?(hs% aﬂdé%ﬂp@mpeceﬁ@mh@mnt thetnuclei anidmplagules are those

protein-pro o s.are converted
to silent t“%fﬂfl aﬂo‘%/ll [ Earrrrla Pﬂlﬁ 't ‘Eﬁ""&é‘c‘ g?qe‘f’iltleslf)(;irlﬂ %{ﬁ’ﬁfoél Ol Pbodi es
MOR08168, NB%S@P& seh@diﬁ@gﬂiﬁt ard/DIRR Sy MRl B3y, ANchsMIRBBYY, 9504) of aikop 1

can be converted to GL format by addrn the am no acid sequence:
CD(TWCPPCPM WE\’]‘%@WW BRisHECReS the nucleic acids of

MPSXTEIVEKNQET 5 %ﬁ%ﬁ%ﬁ%&%ﬁ%@ﬁ@m§ chain variable region

NGCPENNYKTT@RMMDEDBSEEDYQKLEND&SRMQQG&VEB@SHMHE&&HMHWmiﬁ&ﬁksmﬁaﬁﬁgﬂﬁEQ | D
NO 209). and bst |tu ng .the |igh i he light. chain is

| anbda, or Ell b"?trg%'ﬂ’éﬁli’f"’l"'g "R%E%E@wi{] éﬁﬁ*@ﬁé?ﬁ ﬁ‘a a speeifient | g@

is an | gGL Eﬁrb§&%&%mﬁe mruee@hab nidh&uRFaROhasd lqeaﬁrvaqﬂ%biaqs n%)%ge;htﬁért ered to

decrease Fc-nedi ated effector functions (for exanpl e ADCC a Such
an ant i body nugleic aciighelgtulgs ¢fthe inventicmasatprise nuélpgtideseeencectbptave s. | n some

ot her enbodi th are .co ed Lo | For . exa

ant 1 bodi e, ERETRNY MEpGEE,E: SIERDES T bt et 7o R atesiariatbegion o
in Table 1 @ffRe RRnGAGYRITE 1. OWHﬁ?ex:p%sﬁﬁifr&ﬁ aﬁprbﬁhmbtékp@gm&heecﬁﬁast ant
sequence with the constant sequence

or the heavy chain o
ASTKGPSVFPL ApartidsEeradedsby Yiessyp Ern\ﬂwmpmémmlbmng ERPG antigen
VL@SGLYSLSﬁWWQTYTG\NDI—IKPSI\WKVDKTVERKCCVECPPCP
APPVAGPSVFL SRTPEVTCVVWDVSHEDPEVQFN WYVDGVEVH NAKTKPREEQFNS TFRV
VSVL TVVHQDWLNGKEYKCKVSNKGLP API EKTI SKT KGOPREPQVYTL PPSREEMIKNQVSLTCLVKGFYP
SDI AVEVESNGARNpyKitied pRe DSpasrrry griynveksimsodisrscoiasbmsHne T DRIESBPGK

(SEQ I D NO i oIy n

o o B TR LB B2 S B SR RGN
(e. 9., humaforénsbore. Syimewthco golynudRiies EusHanldr fhiubstahtalbhailief the variable
humani zed anti bodi es, @Eﬂﬁg}nan LRP6 anthbodles of the invention have

further decFEbWAHFHRE eayy erwehalmﬁt r&glerfealrrqf the RR6 anfthadyset forthe
human LRP6 awreb%@cﬁgse%@m 3k NOv AR cﬁé?@&clé”'s&]déﬂééé”%wh” the

art. For exanpl e, htunan erln t echnol ogy u convert non- human
ant i bodi es emode eadi ofabe omhorgebwintairbioeacd sequeﬁ?cesPat ent Publication No.
20050008625 descri bes an in vivo nethod for replacing a nonhuman anti body
vari abl e 1 eqhoRudbikRefd BB A R ENISAUaR Int e HRUPL VAR reld fid o

mai nt ai ni ng the same or providing better binding characteristics ré ative
to that of tdmtammrdgunmf thermhtﬁmdy.. Sdine ofmudiad acidlseqeenoes ¢fphé impentiwi ded

repl acenent of varraP &@ %s of a nﬁg n ref {enqe anti body with a
fully human®dRPIEIYY’ o e P P PG AEAVYAHIRID B Diedegian ssaense a3 at ed

structurall k’uﬁs&nhmy {REGERCL, RSNV, 9% | RaDY4) 15 we Iﬁbtﬂg.shetagy thgn sane

epi tope on the san® antigen as the reference ant’ibody. Briefly, the serial
epi t ope- gurd@mﬂﬁbwgkeneqwamcsqfb@mhéﬁﬁﬂéﬁﬂﬂépbrdac%lﬂsd6®a5¢mdoﬂyramﬂmcng
up a conpetit.,on in cel etitor” i brary of. diverse
b i g o - Pl SaeBs SR PrG a0 fae GSPRER A 298 Shash Vi Reiof
limting a bicethatdRbhtgeMtialy bR QSE N Geaf smrwerdr@)fmyﬁ)ttﬁmﬁtursh

|->

responds to e brndrng of test anti boc y to anti he conpetitor can be
the refer enbéh‘eﬁhﬁlnb@@? lsregien pspuencpeset foethdn SE Né)s lé, 20, 484 adfai n Fv
fragnment. The conpetitor can also be a natural or artificial ligand of the

antigen which binds to the sane epitope as the reference anti body. The only
requi renents of the conpetitor are that it binds to the sanme epitope as the
reference antibody, and that it conpetes with the reference anti body for
antigen binding. The test anti bodi es have one antigen-binding V-region in
comon fromthe nonhuman reference antijgpdy, and the other V-region

sel ected at random from a diverse source such as a repertoire library of
hunan antrbodres The conmon Mhregron fronrthe reference anti body serves as

) - b o o -,



on the antigen, and in the sane orientation, so that selection is biased
toward the highest antigen-binding fidelity to the reference antibody. Many
types of weporiysssssystem can be used to detect desired ipotraraetiosnso bet ween
test antibodi es and antigen. For exanple, conplenenting reporter fragnents
may be linked to antigen and test antibody, respectively, so that reporter
activation f IOk V. ti body
binds to tr’}[@%gﬁl?@éﬁﬁﬁ%féﬁﬁﬁ%ﬁp %@e%f@%gy@&%ﬁﬁ agn??gaeﬁrllgfegﬁ)(gf g?dnf r agnment
fusi ons ar eonstar® x¢pi@softtle untibods. Sonpelf niceic ackivequacesof thy atventiotbecones

dependent on the ability of the test antibaqdy to. efe with the .
conpeti t or FOWHPWWCE%#%Wé@EQImQW%éV%‘F %Yﬁriﬁ%&%.g‘r‘?é‘ S?WC%&]?‘ Body for
the anti geRunhially I@RAE RE.¢ > ¥ALRTBOI06,CAN9E) (dSRmafiid WOy Ihifin
reactivator of an auto-inhidited reporter reactivation system (RAIR) as

di scl osed ivariahlSregirat sequentp péti forb inBEQdD. NQio82, 106 208, 1280 Spmehitharamilele No.

20030198971),,. or conpetitive activation.,systemdisclosed in. .U S .Patent
Aopl | cat | oRbAPINRES RIS CARElepFFOAE R L2 SoA5 YAETE R ¢ ne
serial epi topRneu hded sERRIHENT ealiédl Ye. 5. SR 1840 §B%H, 99%S6:099%)5 &) i€ inhadirel S NMade
to identify cells expresses a single test anti bo%afon wth the

conpet i t or lighhehaipevanahledegiop sequencecsshrfuthanSEQ IMNGidd el@nind 12%ach test

anti body conpetes one-on-one with the conpetitor for binding to a limting

amount of gk iﬁ)gg)ﬂucléﬁﬁ&evéeéﬂerﬁés Eaﬂg)ggﬁ&ﬁfv(\:ﬁ%i@ E ld€ nBV P RATILHHASEDNAD sy s UNt

of antigen bound to the test anti in turn is proportional to the

af finity obytRGR mesigenesis dfadyexisting sm,em(k-gersemcttm descaibed in theof t he t est

ant i body. st antipodies are ipitjially selected.on.the basis of their
Setivity reraiwls belpOiatodh Lk bl Ruthal or B bR e e P dbetiEL e
test anti begyihesI6r fiRTl hci@ cahR abédriplish€d!BE nREhods kARG Athe artdsueRtas tHe
"hybrid" anti bodies, each of which is conprised of the same non- human

V-regi on f mbasrhetiesiet mctodeof Naranged ¢l o4 874 Methrahnzyma f&90:thom t he |ibrary,

and each of_,whi.ch. bin t epy i . t he reference
ant i body. (3]?831%1?’ Hﬁtfreglg?'o r?gﬁﬁ"y‘%'?%"am%g%}e@g ésngfggpégqﬁg t@%e first round
wi |l have @ibtﬁilbhdsghwaﬁ@ditdrhahadlbf Befucag@al. o158 1 )t Tetew, Lbit.gb2n 85N and tHeat of

the reference antibody, In_ the _secaqond V-region replacenent, step, the human
V-regi ons Selidsuppartimethpdof Y S Patgntdyo. ‘bgsvfgéd nfrogugip MUBRtioph0 &) ecti on of

human repl : N e, anpihRody V-regi on
nh o v 2OSHEPRdeeatee b FERILADRMORERS dstmichife APPCROTY. i os

sel ect ed i Mechelbgy: Principlesdnddpphtaiond for A Axsplifioapen, Hav. Erlidr (Bdje second
round of selectiaon. T I e second, round of. selecgtion i.s a set of
oS T S B Stk PP el Ghaids 6 Memedkiah drPesiond

anti body, hyhis WPLCHE, £ ARG Sic Wrdsh, $aneDiesd, &2 N®s0 Aithe éWall, e1992) Nt to the

sane antigen. Sone of the sel ected human anti bodies bind to the sane

epi t ope on Adids Resd 9267 apdrEckert end., ( E199) BRBMathodpandl Appisohigns Héde sel ect ed
human anti bodi es, one or nore binds to the sane epitope with an affinity
which is cq i in{d FestiBA Ve@Qbrsai& hb&IENERE Profibind sty . Usi ng
one of the %ﬁé@gﬁdgﬁ%?ﬁﬁﬁg%ééﬁt isblodi %s rgesgri becd abo?re as n?he

ref erence antibodieh/destiibest abovd oWarieus ehpressieniidojore g byemplopedjoreaprsethauman

anti bodi es tha ind to human LRE ith th ane. bi ndi n ecificit nd
the same orpog'é’t“f: PH%ISI%‘F n%&?laﬁﬁ&fw 1%%“5&& t?‘?'r(?ﬂf‘ b]%?r}g H’rﬂbﬁ%ﬁg . nviraf’
anti bodi es &afs@bs Qedibrs CRNHE4U b pdodabd the A8GbI i Th GaHEAMARE 3L &N,
customarily produce human anti bodies, e.g., KaloBios, Inc. (Muntain View,

CA). Carel iNomyiral yestire andssistepsdycipdeoplasmidls.aipisemab vedtorafypisaiewh R t he

I d d d | b i q . |
ncludi ng RO ener teea s P S n BN URGR SiShosile Y

and Lama vi(sagpa), Hiangetbe el (E9dy Ner Gt 194345). g ReshpleOndiviral vestorgict ur al
conpl exity and anti geni_ci t%/ for human subjects. Certain |gG antibodies from
this fanil yuseful ferewraressiersof the ratibedynpalypusleotides andgiolyneptidesdn magmaliag  hus

structural ly disti f.r - i Gall r ' t t QU re
navi ng 1 vo (éaypaifbelsifidelfrriofiiae's o peMRN3 AR, PEBYIE R BUEC T 6.
See PCT/ EPQBive23deh, SMIDREH0BAY, MPSY vestbsdarii idmerbusl@Ber) vectérs lagivaninakie arhe
canelid ant| body which is the small single variable donain. identified as
VHH can be fopexirasmenheriens lgaﬁifl-‘hﬁﬁql i"?ﬁjo‘tsdn‘i]'i“gq chﬁ’rgﬁ%fF‘li OB FtINS%Savi ng
hi gh af fini ] ' ' : ] il

ant body- dciEpQifusds bAoA ot B, P S O Gl pevilioma,
nunber 5, 759, 808 i ssued June 2, 1998; see also Stijlemans etal., (2004) J
Bi ol Chem 279: 1256-1261; Dunoulin et al., (2003) Nature 424:783-788;

Pl eschberger et al. (2003) Bioconjugat®¥’Chem 14: 440- 448; CortezRetamozo et
al . (2002) Int J Cancer 89:456-62; and Lauwereys et all (1998) EMBO J
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The | ow nol ecul ar wei ght and conpact size further result in canelid
nanobodi es being extrenely thernostable, stable to extrene pH and to

pr ot eol ytwo 2digesisiion, and poorly antigenic. Another coprsegrena®sizeot hat
canel i d nanobodies readily nove fromthe circulatory systeminto tissues,
and even cross the bl ood-brain barrier and can treat disorders that affect
nervous tis h BSrrGARsf her. L r r oss

t he bl ood b?gllgsr’l arr eér“.1 See U.S ’s%%‘g{ﬁevﬁ{‘égﬁ%ﬁsg‘%tﬁ ﬁgﬁﬂ%gg%ﬁ%ésﬁﬁ& i shed
August 19, 3&0Brenflresk (122 wugs; Swoithi Avenh. Ret.Micdnebidlodd:807; .me Rosérfyldten
humans i ndi cat her.apeutic potential. Further, these nol ecul es can
be fully exﬁﬁéi%%ah@rﬁ{éaryoti c cells such as E. coli and are expressed
as fusion proteins with bacteriophage and are functional. Accordingly, a
feature of Theclpiesdxpressiemvécor deperalsoartkd intendad hiw dylloin widelothedyctbaisi ng

high affinity for LRP6. In certain enpodinents herein, the canelid anti body
or nanobody™; & S¥REE§Fes vaﬁftagﬁﬂif‘éﬁxﬂr?ﬁs{%é’ CEIORETONtRI A PRnoter and othsts by oduced

by the camelegialdhy bjiefites|(H BhigRk O/ drblobeTiily Bnkét RIRE pSnddiasiiment
thereof, using techni ques described 'herein Tor other antibodi es.
Al t er nat i ve¢ngodinga dnkibedycenfedgmennthesiobdyn seme embodierests, ani indugiblerpooincted by

l ection f le f library. of ph di spl ayi i at el
mut ageni zed>EIATTH W AMOBEA PSP EYEPHiESerted RN orgTH BRI Sy ( h LRP6 as
a target asceRfnkbediutibld HBmtakREe e CirBbin5RY102 el R AMIEHofkaN

further be custom zed by genetic engineering to have a half life in a
reci pi ent sef keat shoekprametars Galhuesey tragsfomedergreismp pambesgpandddounder

enbodi nment , _ {.k i.g-ant | . L aj.ned. h rafkting the
CRe. sequenSri ALt WS, o8l TIARE Radah BPLAHRE ol B0 ' e

i nvention i edpoessipn@badiytseire Bétteg kderd@dwiynhaldst bellly IH badiaw® (kprogues) Older as
descri bed for exanp]e in PCI/EP93102214. ~Multjivalent Antibodies The
present i nvERLRIEY Flemenisanayalsa besawrd ofdepisuior stficieny expressiparof i ¢,

bi specific i i L i t tAding: dongd ns for
Cuo i 11 er carebidl nepmbERi ot The @ clans pRauL FER:2h BL TSN IR AS
benefits meandosljgeentuitdedmb pindie dite wdiothgr sfquenees.on additeon thediffigency of

specificities within gne antibody, (Mrr.iso t al., (1997 ture Biotech.
Be o 765, Styesion sy {esB e B il Of gfandeys sopropagt s thecel s
Protei n Enginnge(deBl 4 3SREF 367 ; (1094ymtAuls PlodP @) Difer. 2091228 2Rt BRAS: erlat, €t
alL, (2005) JBC 280:19665-19672;: Marvin etal., (2005) Acta Pharnacol ogi ca
Si ni ca 26: 6498'B5deth\Enpzamplet 53516). (Froewmderthe SYHA eBhangeBirEMBeanbanger

9: 184-193; . o TR 18:65-74;, Wi et al., (2007)
Nat Bi ot ec hﬁgfﬂe ﬁéﬁdﬁég&!%gggﬁrﬁ%m By g{ﬁ‘l"lg"’i?‘ﬂ’,%s‘(z‘fgég) J. Ml Biol.
393:672-692;, and M chael son etal., (2009) inAbs 1:128-141. The present

i nvent i on i Bherxpeassion vettersdnascaseprp vida atse¢rhgomsinal gequence pmitidnadifesn ée. g. |

a single L i.paratopnl ¢..or bi,specifigc anti av. he ability. to
i bt bot B GRaFRafthSoigPepBugRTEb AR Rresifody Sepiget o
| i gand- medi efteglit@iigieakd DRPEWL BRIy L encad e BKARYXPRG BeHAY sequbfcelBbicie/al ent

anti bodies (e.g., .a_single LRP6 bgiv\gar atopic or bispecific antibody) display
no si gni fi CAAPSIEBIRHEVEEtoR N VeFtons tg\ae usegdgn sgceivesequenres apgpding LRRG b bodys

bind to distg |.R=:0r [ : e ' ' jnd to
t hen- propel IF%{rP%%d h‘?r?gicﬁalgrﬁﬂ ?}’%gﬁm%@gBgfﬁﬁ%rlr'lgaﬁ%p@r?ﬁé%#ﬁ%ﬁﬁsggg%%%ggé tl,
Wit 2, Wit 6, thikeof7 ASudihveZRyrs Mo exphétsion@A, tha/Mdrl 208 repidns adhfubioh peotéiht withshgnal
transducti on pat hway. Propeller 3 antjbaqdies bind o the 13-propeller 3
domain_ and BPSER fﬁB%B%Yhe -Iwéﬁé%faé’mdum%o intast aRtibpgies ar HAgMeRs thegrod
inhibit a Wysiciviairh cbh@ii 5640 R&hyey. LRP6 antibodi es differentiate
propeller 1 and propeller 3 ITgands into two separate classes and bind to

di stinct epjtopes of the LRP6 target receptor. Conversiaon of fragnents of
t he LRP6 anJ{lF"o‘HHf Is g lba.f!,;"f exprepsing the eaiiibadiey eanbp sitsHprokaygiie 8 i n an
anti body t hak.R8LENE! i ' i e of

anot her prot eia{r%gsluch ?sl 3o\%ﬁ?&%&ﬁ?ﬁ%ﬁst?@%ﬁls\fg)ﬁgﬁh%[@?@%@%ﬁé@%l bodi es
provi de advarymgbstideserf the presdnt arvahtiant@thedmesolialrhostsanjiatde foryusaindivlg t he

repertoire jof.targets, having .new hinding specificitieg, increased potency,
and no si gnZcll ’ost“gﬁfif’ Heqitlys s t'g?"ﬁ‘é‘ B%F{EJ%GWEF?FW%%FUQHW%W@& bind to
mul tiple prapekiheind @fbeIBse@Borofds RPtSesl M theb@pRhryoRE B8O one Rart BiSo SARE
cell, and inhibit Wit signaling. In one enbodi hent, the multival ent

anti body binds to any conbination of a 13- propeller regions selected from
the group consisting of propeller 1, propeller 2, propeller 3, and
propeller 4. In one enbodi ment, the nulj4d val ent antibody binds to propeller
1 and propeller 3 domains of LRP6. Thus, a single LRP6 nultival ent anti body
has i ncreased potency of action by binding to nultiple 13-propeller regions

N o - o



and a second receptor binding domain for a second epitope on the sane LRP6

target receptor. The nmultival ent anti body of the invention conprises at

| east onewODBRof3smn anti body, at |east two CDRs of a gi vemrepdiihstyg or at

| east three CDRs of a given antibody, at |east four CDRs of a given

anti body, at least five CDRs of a given antibody, or at |east six CDRs of a
gi ven anti i :

Peact one RS eollhs, s Gplsaybortexles bl cdreP Biulecs SRpHAAS it

anti body, efe laist detlo(@le. ,aneriyit sfeplicatian)d Inrdditbngdmyaiumbef ofavaiety bibasll- ScFv

nol ecul es can be constructed in linker-VL orientation or VL-I|inpker-VH
ori ent at i oKNOYR BroZReiers I"f"ti &’e (B’FES%FQPCE%F gg:jpggscd?romgr SHRIERtd thPLh"PL@Pb n
proteins Cgfﬁgﬁgéﬂ %Bﬁ%%ﬁqgctgrﬁfl&;’ﬁbﬁﬂe? dystdin | GfaSfrbmoRr Sftdd ?rom ﬂﬁ@w cal

properties . 0., ermal sta of a conventional control scFv
mol ecul e oﬂanmbdfauIﬂhelpemg@thrsampmaibdgontrbhe)qm@smanmqmﬂy withlag opgtatarval ent

anti bodi es of the inyventi,on ha e a thermal stabi at. 1s.greaier than
about 0.1, SeM&HEe- Bnggaveé'%’a?mﬁ @d‘%tﬁrse‘@'e'fges aélgéf&et mie %{BB‘W%%&, about
1.5, about c&mﬁﬁtméﬁﬁhﬁcnﬁtloﬁwﬁmﬁlaﬁoma@%& nAbRYEs 3uck?d%%hst3ca'ﬂ1als%hﬁu'[ 4,
about 4.5, about about 5, about 6, about 6. 5 about 7, about 7.

about 8, akoploysd % expivesst RP6 mbmhes)ofghe inysntion, Ongesg eellssn Cal‘a"bma“&llwéibgr ees,
about 12 diﬁr about 13&% about 14 degrees, or about 15 degrees
Cel si us thaf® ovcdc}ﬁ VEEeTS AR ﬁ’g ecul e (e.g. a conventional scFv

nol ecul e). The scFv nol ecul es conprise an scFv linker with an optim zed
| engt h and/lmsomcrpnﬁermdlmhndnpaﬁs,ma@mnalmndfoaweﬁd agecysed Ko mmaadptqﬁlg

i nvention i e, the.thernmal .stahili of a | tivalent f it he
vent i on Y abpdist ot B BirteaRhion b ol YieneRbE MG a gt tei
anti body. hije eRfreQMROMIdBBE ous AnfihbglyRlIR denad el pally 1D6.Gh@yélaiant i on has a
1C i nproved thermal stability as corrpare to a conventional antibody. In

anot her denﬁl@bﬂdﬁlﬁm cloge sdeserikaddn thealiampden) ope mammaliapesstilign harbering o
oot her _eriSoeons SO ssioh¥eBlr GOFTAE 8F2 oot GRR KON SRR AEY biBRR el

e 1 nvention has’a ,
7, 8, 9, lGQuclide an¥orthd, m&ﬂal oiﬁéinhath@r mnhhﬁmﬂalahmhnl lok hmnmsceibrﬁmr ed to
a conventional antibody rlsons can be nade, far exanp

| e, tween the
scFv nol ec GP‘%P'@faF‘HEb‘?TeréWﬂ osheelbupss capable S&greﬂﬁaé“%%u"ﬁamﬁ% ghulirs,
met hods or agrs from
whi ch the sh Q%B%a%gﬁggﬁd@w&@g%g% gje]g) ge?lﬁg{re%a s?éagoﬂ:?@m::egnnﬂ?ﬁ]é@%lgsur ed
usi ng net hanleldmoveil fimess transformed Becellsmadhymdqmasoﬁbeelmboﬁnmantallaﬂ'mscan be
measured. Methods for measu d ot t hods det.er
protein stéﬁ\tll"}‘llt‘yeé? %"Hﬁ%?cPP[yl?é lqeﬁ lsh‘ﬁf%'sﬁ’ gaff‘?rgﬁﬁflb\ﬁ/gﬂq& mpﬁent
the sckFv | idpeEs 9eN8LoNE VAN PUBIhER, RYY. dNS;eqqu)&p@sw&)ﬁ%&tarsqbrcowprl ses
a (dy4Ser)4 sequence. Ot her exenplary |inkers conprise or consist of
((d Y4Ser)5nanmal(lz@ l}crssgall)saaswwn@asr68$wmn0hmu§n®s, wpleas averigineh can be
of varying | I n odi e an scky |in on is
fr om about %‘ﬁ{‘% ‘%ﬂb&ﬂm% e&rﬁ“ 8“38%“”&'&61’(&"‘“1 5§gt uee n}(‘gﬁéﬁ]%ﬁ% #tg{r’]t an
scFv i nkerggefg. 5§)eaﬂmmsh@fbrb&s§1ﬁgmﬁhﬁﬁbn%ﬁei @u@mﬁuiboé(ﬁnaﬁinﬂmgaﬁesjs in
| ength. In _another enbodi nment, an scFv linker of the invention is from
about 15 tdﬂ*&b@nhcmtearﬁoh@dawl%tm sifes. @ng {rnscriptionad terrinatonssanenes  These scrv
arer O LG Q4EDid Qﬁu%u}{éﬁﬂ%aﬂfﬁﬂﬁlo@eﬁs&é} VA Hin AAmAEIAR gBfds G frofh | ENgt .
Variation ifrl N or enhance activity, "giving rise to
superi or ef:ﬁarﬁ@auan vinged. | S(ulta}bleﬁrdlﬁbtes may by cdristitutive, celnyeespenificoddageed i nt o

pol ypepti de se uences u5|n technl ues k in the a For exa le, PCR
nut agenesi sspé(a c,pad{ps spd § Prasey Gtﬁglec&ﬁmg‘épﬁ’é?ﬂt?rﬁ ﬂfgfldﬁyg Auritrde
anal ysi s. I

fg]ﬁgdg(yﬁupept ngnﬁb%&dmg%ﬁ%@ﬁmfe%%mg gﬁﬁd ey afm&elamee

producti on o‘f es produce I n one enb ment, a scFv nol ecul e
of the |nveltkmnathampnncheﬂ)laMMEV\prbmmeanheh&V#&hgrctntt&eratheMRquoHHsequence of
(A y4dSer)3 or GIy4Ser 4 i.nt ed between a VH.damain a VL donmai n,
wher ei n t h'om ?fﬁ&h%"%fiﬂ'&i"ﬁgiﬁi ‘%"?93%%’633‘5?0&? ﬂ?rﬁﬁcgblﬁgﬂée PHIROSE Fy

mol ecul es qfyudthi thé MG ﬁ’lﬂn&ﬁﬁefe v{b‘MV PRIRGtED &thd bonsBifitfve UM Virémbiet,de bond
which Iinks an amno acid in the domain with an am no acid in the VH
domai n. Cysindipnemoteseunhmaseraombinatiensknop i the &t de di sul fi de bonds.

Di sul fi de bonds can be included in an scFv nol ecule of the invention, e.g.,
to connect FR4 of VL and FR2 of VH or to connect FR2 of VL and FR4 of VH.
Exenpl ary positions for disulfide bonding include: 43, 44, 45, 46, 47, 103,
104, 105, and 106 of VH and 42, 43, 44, 45, 46, 98, 99, 100, and 101 of VL,
Kabat nunbering. Modifications of the enes whi ch encode the VH and VL
dormai ns may be acconplished using tech ques known in the art, for exanple,
S|te dlrected rrutagene5|s NUtatlons |n scFv alter the stablllty of t he

o " S o T B Y b1 a - o,



In one enbodi nent, a multivalent anti body of the invention conprises at

| east one nmutation in an scFv such that the nmutated scFv confers inproved
stabi l it ywbaotinessyul ti val ent anti body. | n anot her enbodipocempr01@/08m2bé i val ent
anti body of the invention conprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
mutations in an scFv such that the nutated scFv confers inproved stability
to the nmulti | t l: , |+ Fbody
of the i nvents eoicioritodat el iClor ORI Mo potyllieblisllnRbl |01

t he nut at ed istefest Gonfepesdingpnabeyps bhbdlluldrhosto Fohexample,i caklen chlerite body .

Mul tival ent antji bodi.es, such as. bi paratopic. antibqdies of, the invention are
di sc: \(;sed hé‘?@#ﬁﬁ”ﬁ-}ég@“ﬁpﬁ&‘ﬁﬁgﬁﬁl‘l ré’ﬁ?l?a%@dﬁcégh%i rqag cyRRmHPhasBhale e i t opes

of LRP6. Schiamn€ot éI8kRpoldion dytbenREd R otfeP LelfHAMLR, ded RaeMiIpoe 1 egion,
using linkers such as GySer |linkers. In one enbodi nent, the invention

pertai ns t o Sambzuki pody senra)a dthgremetbpdmdinplydé. reagyraderttropheation, catigurn phospbate

13- propell er, in of LRR6 linked to.an.sckv that .binds to the .

oo oper 1 er m s he st R S i SR &P s iR BB ene. oo
regi on of t lgetliels, VifosonRs,efbatolipstomes golcatibeRedléic h&@c@ﬂﬁ?ﬁl@ﬁhaﬁé}ﬂbNm, nds
to the LPR6 n-propeller 1 domain is used to attach a scFv fragnment of an
ant i body t hattifii yériang, fusien|tihs hemes yirsparyciyralpratsinaVR22 (llies and| @Hare,

anti bodi es, | i ' ' t ' ' }
construct ed (g el 88123, BRARinditky BRI Ear O Al bPVERRRER, Fordongio
in Tabl e 2. tékabhigh2yielBippaduetiopbfreCianbinantqirsteins, stitde bxpresiionomillGireatheuct

' . i ght.  Chai EQ | D NO BiPa 166,171, 173,175,195,
|2-|8<’ivy 1%a| n dgsl?r d! Il-goz[‘\lg(ampl'[é,%eh linesa \Ivﬂic[? st(gb{y express antﬁaody domains or binding

fragments can be prepared using expression vectors of the invention which contain viral
origins of replication or endogenous expression elements and a selectable marker gene.
Following the introduction of the vector, cells may be allowed to grow for 1-2 days in an
enriched media before they are switched to selective media. The purpose of the selectable
marker is to confer resistance to selection, and its presence allows growth of cells which
successfully express the introduced sequences in selective media. Resistant, stably

transfected cells can be proliferated using tissue culture techniques appropriate to the cell

type.
(i) Generation of Antibodies

Monoclonal antibodies be produced using the methods disclosed in the Examples. These
antibodies or fragments thereof can be used to generate multivalent antibodies, (e.g.,
bispecific/biparatopic) as disclosed in the Examples section. For example, a biparatopic
LRP6 antibody can be generated by linking scFvs, e.g., an scFv that binds to the -
propeller 3 domain of LRP6, to a full length IgG monoclonal antibody.

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

transformation of B lymphocytes.

An animal system for preparing hybridomas is the murine system. Hybridoma production

in the mouse is a well established procedure. Immunization protocols and techniques for
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isolation of immunized splenocytes for fusion are known in the art. Fusion partners (e.g.,

murine myeloma cells) and fusion procedures are also known.

Chimeric or humanized antibodies of the present invention can be prepared based on the
sequence of a murine monoclonal antibody prepared as described above. DNA encoding
the heavy and light chain immunoglobulins can be obtained from the murine hybridoma
of interest and engineered to contain non-murine (e.g.,. human) immunoglobulin
sequences using standard molecular biology techniques. For example, to create a
chimeric antibody, the murine variable regions can be linked to human constant regions
using methods known in the art (see e.g., U.S. Patent No. 4,816,567 to Cabilly ef al.). To
create a humanized antibody, the murine CDR regions can be inserted into a human
framework using methods known in the art. See e.g., U.S. Patent No. 5225539 to Winter,
and U.S. Patent Nos. 5530101; 5585089; 5693762 and 6180370 to Queen ef al.

In a certain embodiment, the antibodies of the invention are human monoclonal
antibodies. Such human monoclonal antibodies directed against LRP6 can be generated
using transgenic or transchromosomic mice carrying parts of the human immune system
rather than the mouse system. These transgenic and transchromosomic mice include mice
referred to herein as HuMAb mice and KM mice, respectively, and are collectively

referred to herein as “human Ig mice.”

The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci that
encode un-rearranged human heavy (p and y) and k light chain immunoglobulin
sequences, together with targeted mutations that inactivate the endogenous p and k chain
loci (see e.g., Lonberg, ef al., (1994) Nature 368(6474): 856-859). Accordingly, the mice
exhibit decreased expression of mouse IgM or k, and in response to immunization, the
introduced human heavy and light chain transgenes undergo class switching and somatic
mutation to generate high affinity human IgGx monoclonal (Lonberg et al., (1994) supra;
reviewed in Lonberg, (1994) Handbook of Experimental Pharmacology 113:49-101;
Lonberg and Huszar, (1995) Intern. Rev. Immunol.13: 65-93, and Harding and Lonberg,
(1995) Ann. N. Y. Acad. Sci. 764:536-546). The preparation and use of HuMADb mice,
and the genomic modifications carried by such mice, is further described in Taylor ef al.,
(1992) Nucleic Acids Research 20:6287-6295; Chen et al., (1993) International
Immunology 5: 647-656; Tuaillon ef al., (1993) Proc. Natl. Acad. Sci. USA 94:3720-
3724; Choi et al., (1993) Nature Genetics 4:117-123; Chen et al., (1993) EMBO J.
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12:821-830; Tuaillon ef al., (1994) J. Immunol. 152:2912-2920; Taylor et al., (1994)
International Immunology 579-591; and Fishwild ef al., (1996) Nature Biotechnology 14:
845-851, the contents of all of which are hereby specifically incorporated by reference in
their entirety. See further, U.S. Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425;
5,789,650, 5,877,397; 5,661,016; 5,814,318; 5,874,299; and 5,770,429; all to Lonberg
and Kay; U.S. Patent No. 5,545,807 to Surani et al.; PCT Publication Nos. WO
92103918, WO 93/12227, WO 94/25585, WO 97113852, WO 98/24884 and WO
99/45962, all to Lonberg and Kay; and PCT Publication No. WO 01/14424 to Korman et

al

In another embodiment, human antibodies of the invention can be raised using a mouse
that carries human immunoglobulin sequences on transgenes and transchomosomes such
as a mouse that carries a human heavy chain transgene and a human light chain
transchromosome. Such mice, referred to herein as "KM mice", are described in detail in

PCT Publication WO 02/43478 1o Ishida et al.

Still further, alternative transgenic animal systems expressing human immunoglobulin
genes are available in the art and can be used to raise LRP6 antibodies of the invention.
For example, an alternative transgenic system referred to as the Xenomouse (Abgenix,
Inc.) can be used. Such mice are described in, e.g., U.S. Patent Nos. 5,939,598;
6,075,181; 6,114,598; 6, 150,584 and 6,162,963 to Kucherlapati ef al.

Moreover, alternative transchromosomic animal systems expressing human
immunoglobulin genes are available in the art and can be used to raise LRP6 antibodies of
the invention. For example, mice carrying both a human heavy chain transchromosome
and a human light chain tranchromosome, referred to as "TC mice" can be used; such
mice are described in Tomizuka ef al., (2000) Proc. Natl. Acad. Sci. USA 97:722-727.
Furthermore, cows carrying human heavy and light chain transchromosomes have been
described in the art (Kuroiwa et al., (2002) Nature Biotechnology 20:889-894) and can be

used to raise LRP6 antibodies of the invention.

Human monoclonal antibodies of the invention can also be prepared using phage display
methods for screening libraries of human immunoglobulin genes. Such phage display
methods for isolating human antibodies are established in the art or described in the
examples below. See for example: U.S. Patent Nos. 5,223,409; 5,403,484; and 5,571,698
to Ladner ef al.; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al.; U.S. Patent

112



| gG Propell er 3 scFv WO 2011/ 138391PCT/ EP2011/ 057200

WO 2011/138391 PCT/EP2011/057200

Nos. 5,969,108 and 6,172,197 to McCafferty ef al.; and U.S. Patent Nos. 5,885,793;
6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths ef al.

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

(iii) Framework or Fc engineering

Engineered antibodies of the invention include those in which modifications have been
made to framework residues within VH and/or VL, e.g. to improve the properties of the
antibody. Typically such framework modifications are made to decrease the
immunogenicity of the antibody. For example, one approach is to “backmutate” one or
more framework residues to the corresponding germline sequence. More specifically, an
antibody that has undergone somatic mutation may contain framework residues that differ
from the germline sequence from which the antibody is derived. Such residues can be
identified by comparing the antibody framework sequences to the germline sequences
from which the antibody is derived. To return the framework region sequences to their
germline configuration, the somatic mutations can be “backmutated” to the germline
sequence by, for example, site-directed mutagenesis. Such “backmutated” antibodies are

also intended to be encompassed by the invention.

Another type of framework modification involves mutating one or more residues within
the framework region, or even within one or more CDR regions, to remove T cell -
epitopes to thereby decrease the potential immunogenicity of the antibody. This approach
is also referred to as “deimmunization” and is described in further detail in U.S. Patent
Publication No. 20030153043 by Carr ef al.

In addition or alternative to modifications made within the framework or CDR regions,
antibodies of the invention may be engineered to include modifications within the Fc
region, typically to alter one or more functional properties of the antibody, such as serum
half-life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular
cytotoxicity. Furthermore, an antibody of the invention may be chemically modified (e.g.,
one or more chemical moieties can be attached to the antibody) or be modified to alter its

glycosylation, again to alter one or more functional properties of the antibody. Each of
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attached to light chain Reverse Bi Pa Propeller 3 1gG Propeller 1 say
attached to Fc 187, and 189 185 Accordingly, the invention pertains to
bi par at opivo 2anti3Bxdi es constructed using a Propeller 1 pg@&repiétiithstyo and a
Propeller 3 scFv. In one enbodi nent, the biparatopic antibody is
constructed using any heavy chai ns sequence selected fromthe group

consi sting @fesSEihbddd is &&@1’1 H'ih fUI%}Ye% dethil Beloh? The %gljn'be gé%gl B?sﬂ]gbl?en 170,

| i ght chain sequence sel ected romt e group consisting o
193, 199, ahdr&ién islthatdebae@bpdinent, the bi paratopic anti body conprises
heavy and |ight chain sequences selected fromthe group consi sting of SEQ

| D NCs: 166;[%@ Qfm%ebnlzgﬂ)zgﬁ F%Iﬁ%gl%g ’mojdlﬂ% Ju%h Zlga’t l‘%qgc/ %é%z n?eor% 1dﬁl&qn

195/ 193. In one € aratopic an I Ses eavy chai n
SEQ I D NO tletHiagd rdgncgh’s altérad,re. §E@cﬂeﬁ)seu®:r d&cﬁ@aseﬂn Thmappmaddlsrdemnbetihe

bi aratoicatib S ajn SEQ I 171 _and . light chain
SEQ 1D NoO  Dder iy 5, ESERGSR i@ﬂe& ggﬁww&%ﬁ neh GGy SEIRRCFIdESS Heavy
chai n SEQ | @ie”@ﬂ é—?e%n(ﬁﬂ?f di oRtaichaih BEQ n;ﬂlé\l%mﬂt;% aské?nlﬂ?%f a{gq QA fgnt . the
bi par at opi c antlgo dy conpri ses heavy chai n SEQ 175 t chai n

SEQ I D NO heyy Clhnlné)netoanbmhermldtccreadeéhéastﬁahmcﬂphe:araﬂmdbody corrprl ses heavy
chain SEQ ID NO 201 and light chain SEQ ID NO 199. In one enbodi nent, the

bi par at opi ¢ TRA%EDALY rEQR fa?ﬁﬁlltﬂ%?e\‘ﬂ/ﬁgth%;hgc% hRaMRa t@&%&&@gité b @fgahai n

SEQ I D NO. 205. In one enbodi nent arat opi ¢ anti body conpri ses heavy
chai n SEQ | alNbfe. w&oampﬂwag:ht:s oh ppssiBEQ@or Bxdidple, 1@, orimoranbdthedollemingdi ment ,

t he bi t opi t ! arato V\/nereby
the soby | s PRt Rl FR2n arst i 3sgkra el sfokdhieh Nor ne

bi par at opi cegny |3b9eh/wwmltesmwegamn&eﬁerth&ﬁ@ldgliéai\@llf ﬂxi?é?tlﬁ%nbbman%al n
SEQ | D NG 181." I'n_anot her embodi ment, a ful | ength I'gG antibody that

bi nds to t haltarekwithin the 6FH arelL Bgiwriaicantain wé@g@ oecapoabindingspitopd talignre nt
of an antlb (4 ope f dto
as "reverse ?{lptg‘lr&gbo% J}%SCI%IQ déﬁgmlebﬁbagg%ﬁ%%& P%Il f@r & B‘FSSS{E%CP%‘&F? g I?tbodl es
of the i nveNob.@86HEI6CMAN, 12 by ey el Priend-hidge fegdi@ofant ifudehalent
antibody can be modified to decrease its biological half-life, for example to control dose,
toxicity, and clearance therefore allowing for better clinical management through control

of dose.

The Fc region can be altered by replacing at least one amino acid residue with a different
amino acid residue to alter the effector functions of the antibody. For example, one or
more amino acids can be replaced with a different amino acid residue such that the
antibody has an altered affinity for an effector ligand but retains the antigen-binding
ability of the parent antibody. The effector ligand to which affinity is altered can be, for
example, an Fc receptor or the Cl component of complement. This approach is described

in further detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al.

One or more amino acids can be replaced with a different amino acid residue such that the
antibody has altered Clq binding and/or decreased or abolished complement dependent
cytotoxicity (CDC). This approach is described in further detail in U.S. Patent Nos.
6,194,551 by Idusogie ef al.

One or more amino acid residues can be altered to alter the ability of the m antibody to fix
complement. This approach is described further in PCT Publication WO 94/29351 by

Bodmer ef al.
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and a Propeller 1 scFv. In one enbodinent, a reverse biparatopic anti body
is constructed using any heavy chai ns sequence sel ected fromthe group
consi sti ngoab118689 D NOs: 187 and 189; and a |ight chai rcsape@nos2&6EQ | D
NO 185. In one enbodi nent, the reverse biparatopic anti body conprises
heavy SEQ ID NO 187 and light chain SEQ ID NO 185. In one enbodi nent, the
reverse bi j: g.m]% A I Y: i : | i ght
chai n SEQ IIEI%E ﬁ&)%)éfg% e&ﬂ?&é\f}gﬁﬁ %lhl%a S@Qgﬂéﬁygﬁﬁﬂg@tﬁﬁﬁﬁp g@ odé%gg%tﬂﬁagodi es
havi ng a hdapendeltaciuliacytatbkeity §DEOC)aadfpr icinogase EORK tygd ¢hrecasltivalening an
am no acid selg)ue ce selected from(ijpe roup consi stigg of .1, 21, and 47,
DR s eque AR 0T HpF crfesamord Y dBpdinan A anaE AR AC1dE oHiiS AT

consi sting 4efcribed AthePIHPEB PubiRER0R WO DOLLDT7HBY PRIAMERLIG, Beibthdrgauence
sel ected fromthe group consisting of 3, 23, and 49, respectively: a light

chain a | idgi’td:s cuﬂaimm/lglﬁiletbt ?Mwﬂk&aﬁimiwmbﬂ?ﬂmé@ﬁavi ngoan
. t t. )
OO s equen B i p g RtaRed indisedh Beert SRl v o0t 1 7386

consi sti ng (MenR76253919804). 51, CDR3 sequences having an ami no acid sequence
selected fromthe group consisting of 6, 26, and 52; conbined with a heavy

cequence. saMe A RIS ALY Goneraadifit oforaamais. ALpdyoTBedanBody
sequences RAYbOHaAR (BN iACarfRbody BREYERESy RS [(RfcdsyRlibh b B Atdhed@Nr St i NY

of 70, 94, and 116, CDR3 sequences having an amino acid sequence sel ected
from t he gewappleoinsiease theyabimity pf ttesintihody for Zntigens Sweh cabpyydrate| i ght chain a

light chain vatiable region c L Sl a 1 sequences havi am no

acid sequertReAGE e T RRRERETGS B oL SN oot i ik, 5" Coro
sequences hfpofdatich withil the&itbos ¢ spipbiR. Fok etimsle,f dnebr hivge giniomciipnsi sti ng
of 73, 97, and 119, CDR3 sequences having an am no acid sequence sel ected

fromthe grubstiteionscan begads tharesgpingligninatipn qfjoae shmopL¥RFiablefagiony | RP6
(e.g., hu i N DI S [ jcal
activity whic Qg)/élgéggg#g%@hgg%@ﬁhé;g@flﬁﬁgggﬁ %@%%%ﬁgggfﬂgﬁwgﬁy ot her
measur e of aghycodildtiontnes) incigae! thagitinity @f theldiBbodhfos phigenl Sachoam, approzeh eni n
stabilization and, nucl ear translocatiqn, Ll ylar prqlj tion/ survival)
as descri bé’ﬂsqli&l’legi%ﬁmhﬁ'té%[ﬁ“gistﬁ “‘3‘2‘??' gg%ﬂﬁ&&ﬁ}‘@@%b&?[@y F91¢f P al ent
anti bodi es of the invention are human, nurine, chineric and humani zed
monocl onal Additidatly o alteThaively, tanibbdnéandsetmitedthsihapbin tledtypsofit i nvention
can be prepared by conjugating_ the constituent receptor binding. domains,

g l
usi ng met h@dsorviaen, s¥ehrasa hypplucesylated aptiliody hayip redugedypRMHPHYreY' dormi n
of ‘the mul tLyAIS A 1RARAI KRR iRFeHEIBANRH RIERA! GhRlufed Bl iR ON ugat ed
to one another. en the receptor binding domains are proteins or peptides,
a vari ety glycosylptiomgatiernstiaes beeni dekiongtraterbtotincrease the AKX alibty afoval ent

conj ugation. . | es of crqgss-1inking agents incluyd rotein A

car bod | nt Rt bAEESEE A Ao ot eR S A b ARG Uy ot crample

5, 5" - di thi QRbsCanBiHe 0605 h G H3st &l Wit RYed gg&%@é&isﬂﬁ%mﬁbﬁﬂ. ohplew{tk PDM
N-succi ni m dyl- 3-72-pyridyl dithio)propionate {SPDP), and sulfosuccini m dyl

4- (N- mal ei riteededyopkylationchathancan bate kegn doscyibed i the attfapd SaO®) used@s hesty. |

Kat k tal., (.1984) J. Exp. .Med 0,1686; Li t . 198 P . Natl .
hoeh o Se Cellinbigh rbxorss FsPmblRL At eOiies D e ahitoBoRlu e Bodke i, Lo
(1985) BehrahfiBodywith Midrkd %N@esyfeﬁibﬂllﬁorje:iampﬁ[ ERNAT6E058k Hdnk2Ba) d&wtibasce

229:81-83), and 'dennie et "a/., .(1987% J. Immunol . 139: 2367-2375).
Conj ugat i ng egldine svitr afugptionally dissunteb Pl eens thichsngpdestst cosybiramsfansse

Chem cal Cao, ockford. | 1. bk ndi I n re

ant i bodi es,su‘f‘igfgléle{%o s E%QHF%%QF‘Q%‘%E% %Wﬁ E%@?’?’th‘gdrﬁl ﬁgf&g?ﬁ't IEg?C- t erm nus

hi nge regi anliedtion! W 0303583y by Phesitadescrities a vasiniti CHOe] Yineiheid celstwith he

hinge region_is nodified to_contain an_odd nunber of sulfhydr%l gr,e5| dues,
3

for exanpl gedised apilitsto atgch BispsedaA o7 inkedcarbohyriates; plso FesklEpe 8t bi ndi ng

donai ns ca g if) tha ROkt Q¥IP[R5 SRE shRtisH? 3ENBLES 1 N
he same na3POREPRRAIER drank RIS WErRnliR tnaf it HP (20 380 ST RETRLED)

mul ti val ent]. Bidli Glealy. 175:2673R36F7AMNRCT PhAblicatibm WO PAKB4R4Fbrbimddaat all | gand x
Fab fusion protein. t hods for prepari nmul t.i val ent anti bodi es.are
described f45Forilen Al Anss pRginecrepid BXAreS g R POl B dsying BY oSy BATSHFSRL mber
5, 455, 030; (LloSefpf #f SarfiRitrhfiSerakt B (BRI} sk MR hnuoliR3, 405, U.S.
Pat ent Nunb(eﬁs’S?(sjgl’%??; .S.coPat e%t Nuﬁ%er 5F476];ﬂ%s6; U S.nPatent Nunber
5,013, 653; U. S. Patent Nunber 5,258,498; and U.S. Patent Nunber 5, 482, 858.
Bi nding of the nmultivalent antibodies to their targets can be confirned by,
for exanple, enzyne-linked i mmunosor beht assay (ELISA), radioi mmuunoassay
(REA), FACS anal ysis, bioassay (e.g., growmh inhibition), or Western Bl ot
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Mul tival ent Antibody Orientation The invention pertains to nultival ent

anti bodi es that have nultiple receptor binding domains ("RBD'), which

i ncl ude fwo 2exarspdoe, anti body vari abl e regi ons, anti bodycimegemns2o¢e. g.
Fabs), scFvs, single chain diabodies, or 1gG anti bodi es. Exanples of RBDs
are corrponents of a Fab fragnent, a nonoval ent fragnent consisting of the
VL, VH CL AR,

conpri sing t eFa% I?ragrrgntlj"% ?E&Efe?%j%t?%h%ggﬁ% F&gﬁ%ﬂgg@fg%% ﬂ lﬂhs thh
regi on; a FdesultagnmoteasdnsDECiaagviof oft the aivibodied (ﬁdhlmbdnﬁmamseraé H\@99}ngrrent
consi sti ng qf. the Vi VII domains of a single armof an antibody; a dAb
f ragnent (V\g"&mg{' lng.?gH%%SQ) Nat ure 341:544-546), which consists of a VI
dormai n; and an isol ated conplenentarity determining region (CDR). RBDs al so
are al so coﬁ"ﬂmrmrﬁbedpéalsﬁmgbdaﬁeld)mhcreasetn'tsbndbgreal lrabékli feoV diti @, approiablediaes

m ni bodi es, trj abodi es, t d| es, v-NAR and bi s-scFv e,
e.g., Holli .Raéﬁl qs(rjf‘l T efsapls, onexydigre Rg{*\ﬁ‘j%‘ (B?"E}Sé'?}’ﬁﬁ&“é@“ g%mtrfﬂ%diﬁ@i The
mul'ti val ent 198k bpmiseSastestriRdiR VAR H R RoCo SENST AR afd) A%Mlaﬂ%lg%at ion

using at |east one receptor binding domain (e.d., an scFv, a single chain
di abody, anizmeasedwbielagicalialf lifeghe ajtitady cambe alteredwithasthe OHigprlll teigicml ent

Shoul a- e ulCEPEPBBIFEE Rt ik Yot dkep i B h o O LA e

added to thanEchalioh 60 B0 ad 8schbddanl BUBatéit Nd¥e5,869,886 hel 128028y
resulting nmultival ent anti bodies retain functional acti vi ty (e.g.,

i nhi biting WRstaq’@hal i ng). In an enbodi nent, one, two, three, or nore
receptor binding domains are |inked to the C-terminus of the Fc region. In

ot her enbodi¥eMeth 8 Of Evndhectié Afteréd Adiofies €Cept or bi ndi ng donaeins are
linked to the N-termnus of the Fc region. In other enbodinments, one, two,

t hr ee, e rece t r b| n onal inked to N-t erm nus
and C—termn%ﬁsdlﬁf‘ssle 8139?3 %ngﬁémﬂe ¥ SﬁﬂHePF?FdirrefH\& q\ll‘fél‘ﬂ’ of the
i nvention Cfﬁ?,htc&ﬁﬁfée @eﬂwg &o%%r&ﬂ@ﬁﬁ&u%&%c@h@%@gaﬂ%ieg b9fm&ml@aﬁe

type |inked the Ctermnus and/or N-term nus of an Fc region, e.
scFv- scFv- Féull leggth hapyseehuin andéonlight eheimrsdquenceb.evitl andor Wodiegenses, Dhtahe

ype || nkedchy e e TRl Bteon e G A here Bt PRUSpRrbghah €. g o

scFvdi abOdysE@ctuxgﬁ‘eahﬁ‘es&fot ftibo@ B O FRRntioR AR, ust MR crédlé SRuciiralPFe@até€cept or
bi nding domains (e.g., scFv) are linked to the CGtermnus of an 1gG In

anot her enbaerﬂb?émthatéﬁémaﬁmst angferctignalispreryed dhin entibndingiof gheiaientios. (e. g.
sckFv) are | rrmg]u ne,
two, three g@heﬁ%rbg@g% }Pl-“]ia%bl‘ aldojésgfrighlrl?g o O?lilﬁs)of:rg%n Cgﬁﬁﬁkﬁnﬁ tg t he
N-term nus aﬂd’6¢e.gehﬁimtmt@1ahﬁgmlvhtgﬁ I n ot her enbodi ments, the nultival ent
anti bodi es of the invention are generated using nore than one receptor

bi ndi ng do d I | nus ... e.d.

Schv- dF aboay ek YAt CfReldlbpthe RubO8s et G Bsiiy imirlatsors -
di abodyscFv ﬂﬁmatiogﬁihechoimmbe cembined @éﬁmﬂfmdngﬁmﬂiMob@CB‘ama%rabégons and/or
regi on-scFv- %Eg&y Fcl g nd the li Mul tival ent antj bodies with any
nunber of p@ Sdﬂgreaﬁe 6@;3%?@03?1 maﬂtgy gogingased, apbasiesyd s ippentionThese
mul ti val ent ek b Lo, S
and assays gﬂgéél?gﬂid&\?ﬁvga@ﬂg? )hﬁ%ﬁ%al% tgdé{g%dr%t S, b% de‘é&fﬁ(&?\;gF}Er{{m iB8
ant i bodi es efctihe Thastertingomatenial fgeheengmdermgmghmtsemt bamoenef the ¥é&baral/or

bi ndi ng d f a diff t t i nked tq the N-t
G Foscry S ssatses prgvided Dereinh Brgne g ok iz rfergelts Csridfil. 1 oG -
scFvdi abOdyeﬁgiEééred gﬁbsgy,m @b.aﬂﬂecsg‘sﬁwtacaEﬂmn} 9@5& (aat E6k4 ak’%rphﬁ@ﬂnfent

regi on- scFvdi abod et other enbodi nents, multiva
anti bodi es @ftihodx mﬂgmle ohmareeofgbmgkgw@&)rl}éh sreiuancss pehedadeheesin.r ook adi ng

domain (e.g cl hai,n, .di.abo n dy variahkl.e region)
[ nked 1o o oreCPKtetiond v\ RaBORR fFRRAH o AaiBRLInIRE Yl Bl iy
ermbodi ment , asnbk tsiaping m@teﬁ@lttorcrdaterw‘rsegmﬂ(gmemﬁoﬁr@qh¢1{¢k@§ldé@veuhﬁ>rﬁdtneer m nus
of the Fc region, for exanple, at least 1, 2, 4, 5, 6, 7, or nore
receptor bi AtieiRg savances) Md-erthe s'seqead emeeéatrﬁwgq%ﬁae(nlﬁ@qum@néf the Fc
region. For e £predIP, | tival ent anti bodies of the invention can
conpri se one ‘or n%?%?EQ%ﬁgullnked to the CGtermnus and N-term nus of the
Fc region, e.g., scFv-Fc-scFv-scFv; -scFv-scFv-Fc-scFv-scFv, and the |iKke.

I n ot her enbodi ments, the mul tival ent antibodies of the invention are
generated using nore than one receptor binding donain of a different type
linked to the N-termnus, e.g., scFv-FgjscFv-diabody; scFv-Fc-diabody-scFv;
scFv- Fc-scFv-scFv-di abody; scFvFc- scFv-- di abody- scFv;

scFv Fc dlabody scFv scFv; scFv Fc antlbody varlable reglonscFv dlabody,
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The nul tival ent anti bodies of the invention conprise a |linker sequence of
at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 3Wo280/1340; 45, 50, 55, 60, 65, 70, 75, or norepremipP0AO5TRs €Si dues
bet ween one or nore of its receptor binding domai ns, Ckappa/l anbda donuai ns,
CHL domai ns, Hi nge region, CH2 domai ns, CH3 domains, or Fc regions. The

i nker Sequence iRy ib SnGRIRHIRAMAH BEYARKA AlobifleO8 GbitiddIt: B! d 10
sone enbodi ments,”the am no aci ds glycine and serine conpris e -am no

aci ds wi t hipropehier 1 LRRé antitegyenagdstingrofaadielhey chairbeatiabtenegion astibadyker regi on

ientati [ f glyci t d y4Ser ), |
oSt ve | AEBEBN B G DR eqkals seasion the roph somabairhori 10 DS nicer
i ncl ude, b?ﬁt%@%ﬁgbﬂm&ﬁ&c@geleé@ YowPihk 4rélip ofRliMiesSEQ 1D NDwbher,

enbodi nment , Inkers G'u and Lys residues can be interspersed within the
A y-Ser | i ahdA8, dndfor b€iDRF sesubndsiseletied ftam the@ringr consisting Q IDMNOs:i3nker s

enbod ment 20 4ok RRER LEmRbph patienigatsiod FthoR hedsnfHRfECE GpRY Beflnle”
(G y3Ser) - Gt vdH8i) thE gfdup e8hdisting bR TP NRAHOZH, BRA S0, aEDR2 3BquRAcd epl aced
y4Ala) or (G y3Ala). In yet another enbodinent, the

vvithAIae.g.,eéGl :

| i nker conpeleeled fromethergraup comisimigol| Hl?é)snﬁ, 2hende S h and/og a T3 i ve
i nteger equal to o t t - Hi ' i i

ant i bodi es S%?“Pﬁeesegeﬁ\%ﬁfqrgghe yri)céﬁrpﬁ}sﬁggggfﬁﬁgrbqg?qbggg A“élj S\ggr %nﬁ a(%f an
anti body Hijgig€eoreQ@hin acid hesiddengichin €@ lwavpch4im Varigbie tegiinemiibodysehaerconnect ed
directly to an receptor  binding domain, a CH 1, a Ckappa{ql anbda, a, CH2, or
a CH3. In @n&oethsdighhehsin varisbleegign apibadyrseawsineg b ¢real ot ket o8¢ altersd pe

Gomai o QIO kBl eSSl e 8 el Mgl Bl EPERMEL "ant boci es

of the invention can conprise 1, 2, 3, 4, 5 6, or nore H nge regions or
portions t Hecerwingly;ie apgthereentbodimend. e inysptiomprevidse p asthadAar pepHEIE He

i dentical qr ' . %n&o [ 3 ' . i bodi es of
the invent ro7 %@S%pﬂ‘gé?‘ﬁﬁﬁdk%é’ggg‘g} on’ %rﬂgg‘@& ‘fl}atélbng?r!?gketeﬂggﬁb %g{r%)(gd}thurran | gGL1
mol ecul e. Isaqfened RefingerCDRI 1IN Gichice kdlectéd frgm thegionp consigimptaf SEQ HeNesf nmay

be engi neered to renpve aturally occurring cysteine resj .J.ntroduce a
non- nat ur aI6|9y_9% @pdd llf”r?gC]S,B'E SeAUECS %Céﬁ‘i'eéo% &‘%@B‘éﬁ F?‘E_{S@n& O‘Jﬂ gﬁﬁr@ P%S:
oceur i ng TRShAURA 96, Ad/3P B CIIRY Ecdlubce Qefebiell (fidh (L AU BSISMEMISEA SO

enbodi nent s, tivalent antibodies of the Invéntion contain at | east
one Hi nge MN@s: G, 2, apdi 1 7;eond Hightdfait hariabiroegionsetibodysequincohivigg a MOl

aci ds sequence conpri sjng: , [EPKSCDKTHICPP LR NO 1 EP ( SEQ
"D NG 2125 RS R RS CoRBE ST SRS T 46T o 318 g DRa
thereof is sgnghBegiQied forf WRSErbtip Eehsttink OASEQANENDSL 78, 8Y | #hdAQS UdrididiG
cysteine residue with another” amno acid residue. |In sone enbodi nents, at

| east one rGR3 s¢qupnascelecied A thetgapupeconsisting ef $1EQ JRINQs: (7d: ¥4 apll dB0;ser i ne.

Non- nat ur al .occuyrring cystei [.eS] seful o 1. 1,8= e

conj ugat i or?h%la'ﬂg # eaéshalgen%r@&?céaﬁr? %gi%‘gﬂﬁnﬁlt#‘f g%lggﬁ[w{ér‘@}? %bg?j?%go 0 lt]?’ H%y

i nvention. sGwehc@pRl/Gakd Bght chaiipagiable edformmelibeay bapeneay 1o cenesgliédsi @k i n
U.S. Provisional Patent Application Ser. No. 61/022,073 filed Jan. 18,

2008, enti taitered-apiihedyi sauanseiand sxpigssipg thesliered anhody;seguengeas 3 protein.

Conj ugation” and U S. Patent Application Publication No. 20070092940, filed
Sep. 22, 200RordaaY, iffandMéCdmidemba! @binventon povatesd nkamdmegepgx@g & its
entirety for all purposes. Mthods of Evaluating Protein Stability To
assess t he multispecifioegf, arhiparatopickhRPA antibnsyicensistingeofs mdispyy ¢hpinpyariahle | east

stabl e domajn of | £ domad n.pr i J redi i : of
the 1 nvent TR AN SH EBEERBL A LEIR] deluteR SHEHRE YR (1P il syt or

det er m nat iSEQ Ub NOY: 1] DI, @7] 6%98Pdndunsoh ADRP deqadiet kéledied ibarthe pfoapl east
stable domain either unfolds first or limts the ogverall stabilit

t hreshol d ¢onsisting fi FEAHP NQbn 2t 22, 8+ 70 it oinds! 18owser G DBP pequengs sefected

mul t i domai ' i oy L. | K it The
Teast ot bl St el Qrsiaufi 4 SEQIDNGL: 28, 7/ 9%, By | 72350 1, chal

Mut agenesi svaciable begipe anitiode dequengar lelve g CDR 1 doqueenoe $dleritddsirethéheogrengl |
stability. Additio ot es] stance .of | ti domai rotein can
be perfornﬁ&nﬂmmlwmsaﬂgﬁg ?jngﬁi %‘é]s]tl%s?gg %TBH%CF‘\SQEQ%%M to be
i ntrinsical - W t t 19, Ml e et
R i e L e ot e AV s
672-692). Once the least stable domain is identified, the sequence encoding

this domain (or a portion thereof) may bhe enployed as a test sequence in
the nethods of the invention. a) Ther nH’ St abi lity




The thermal stability of the conpositions of the invention may be anal yzed
using a nunber of non-limting biophysical or biochem cal techniques known
in the arwo2bny/eesvtiai n enbodi nents, thermal stability i gcexebmatstoby

anal ytical spectroscopy. An exenplary anal ytical spectroscopy nethod is
Differential Scanning Calorimetry (DSC). DSC enploys a calorinmeter which is
sensitive t t any ngel di 0,

proteins or gg&%?%?ﬁﬁ%tgﬁglﬁﬁg Q?gﬁg&geﬁg%c‘g%%z@%ﬁ?g thf f)g’l ﬁhq%?o%ﬁgﬁgtg% ry,
27: 1648- 52 Jeasi08®)amifio acld residviervatitih thethreyyneliais varinbld regionfantibgiyokegiance a

e sed utdPr i Diohesi) ekl et naubolt e e e &' lgt i e ebe
protei n unf ghGisodySequitsdb€ il ¢@prefsigMBE altdre @ hAIRIL sffsléhi:é asta'pm&'im’fr%%uered

exenpl ary anal ytical spectroscopy nethod is Circular D cluaism(

spect r oscopynti@gyspeusneoean alse brepreparedby srreaning ounibody tibrarieyhafingfixed

conposition fupction of increasi te rature. G rcul ar dichroism
(0D “spect r SERyraHBREt PLuRimph e TR, BN ETRE TdhR so ot Brdies « - nanded

pol ari zed | iUFZOOSEXSSHS2 Ariddiverbinstied DR i (IBR2 kéqubhcedhiTaE s@edfify intbet O
structural asymmetry. A disordered or unfolded structure results. in a CD
spect r um veP§iermedaiceerding tp any seaeeniig Eehnelemyraparapriatedprissgessng antibpdies The CD
spectrumre : . ARV d i to the denaturing effects
of increasi f#gﬁt%elﬁrr%)g?g%lgl?gégﬁgéﬂ %s%}ﬁé(? %‘P@?giéﬁhg‘%lg%ﬁ ve of a protein's
thermal stability (see van Merlo and Steenmsma, J. Biotechnol.,

79( 3) : 281- 98tandgganoleqiythielpgie leshiinugsycan bha ugad todrepsrreandexpeespihernlteredd f or
measuri ng thes il [ S: 1SSl e ) e van
Viorlo and Sy sEaite The dijobhy BBREEHE e ol 20 RIbGREEhIGREGES o Bt oy
met hod for peassiong)gomber alhbf the dldickibhyl prepeiitslofaie Mudodies desBibanienea, ( NVR)
spectroscopy.(see, e.g, van Merlq and Steensna, supraé. The t her nal
stability ofvhichdgnshnunt properties ppkude. hie areinok limaied e sheealically Pisiiog todwmmas) | v
An exenpl ar ' ] B/igh ; ' . ki I:S.18

t her mal cha%{?&gggéé}ﬁgg]gg%SH n ém"it g?ﬁﬁgﬁqop%{n%%gggyﬁ% Egk)ggﬁra{p% l?%li on of

t he i nvent i ectivity byubhibdingdhe cananicalnat signaling\eatieity inenper génerassayf or a set
period of tinme. For exanple, in one enbodi nent, test scFv nol ecul es or

nol ecul es ¢ YR I I re.: i Male?g i.ng
Ferpor af ur oan® L 0 BEer R oF i e RuBUE £ e sl A e ar A R D
assayed by avaikblk\nihe dri ackeniesalbed hemin, skadr asahasepkeforthfin thediyanpisi(agi,s a
bi ndi ng prokﬁg ée.g. an scFv or scFv-containing pol ypeptide of the

i nventi on) HVndi ng activity of the binding protein nay be determ ned by
a functional or quantitative ELISA. Such an assay may be done in a

hi gh- t hr ougbpedrtairembddimannts bhthe enddhsdslod ergineeringhantBodrbE theisvengor, col i and

hi gh t hroughput. screening. A library of sckv variants may he created using
met hods knofiHteng ﬁ@‘%ﬁ‘ﬂ‘&" e r@@ﬁ?ﬁ%gf Cﬂﬁﬁlyﬁ’i"‘ﬁg é’&”é’% a%élﬂ\tz‘g"‘ﬁhy be
subj ect ed teodigggéa%n&%hIﬂ?erug@mﬁ;@e.oeﬂfehlagtlie&ﬁest&atbe%a%lpﬁe%sfopﬁaﬁdh@ assayed

for binding and those scFvs which are stable may be scal ed up and™further
char act er i zedivitylradionbthet Aipictidnay pioperiga hsideser bisl/hareiasMutatignal meethedsthiamg

tenperature, (Tm of, a.cqonposi.tiqn of t Lhvent.i o i of,, t he above
techni ques. PeerteschbeR i RGP diok 8RB O PR ey Vo ARa by bty

tenper at ur edésﬁribaan&tﬁamﬂoawa@gaéndtﬁ&emngraaiimdﬁﬁu@ﬁémfsi@ safurafH L1 on
curve wherein 50% of nol ecul es of a conposition are in a folded state (See

e.g., Di masmusagengsis, sylpdic lpatigpassanbly, ozggmiginatiagohyreof. nAkgraatsieho #iCent |
Tm val ues f Eblﬁgﬁ%f %@@glﬁﬁwbyz@&ar étja?’ deé&%esﬁe%ocﬁ%?hsﬁg%:Omf)llgt%tioﬁla?C’ 48C,

49C, 50C, 5
screening methods to optimize physiochemical properties of antibodies.

Characterization of the Antibodies

The antibodies and multivalent antibodies of the invention can be characterized by
various functional assays. For example, they can be characterized by their ability to

inhibit biological activity by inhibiting canonical Wnt signaling in a Wnt gene assay as
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described herein, their affinity to a LRP6 protein (e.g., human and/or cynomolgus LRP6),
the epitope binning, their resistance to proteolysis, and their ability to block the Wnt
pathway. In addition, the antibodies are characterized by ability to potentiate an agonistic

effect after cross linking to Fab fragments

The multivalent antibodies (e.g., a single biparatopic or a bispecific antibody) has the
ability to inhibit both propeller 1 (e.g., Wnt 1) and propeller 3 (e.g., Wnt 3) ligands.
Furthermore and unexpectedly, the multivalent antibodies (e.g., a single biparatopic or a
bispecific antibody) displays no significant potentiation of a Wnt signal. The multivalent
antibodies bind to distinct LRP6 p-propeller regions. For example a biparatopic antibody
comprises an receptor binding domain that binds to the B-propeller 1 domain of LRP6 and
blocks Propeller1-dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9,
Wnt10A, Wnt10B to inhibit Wnt 1 signal transduction, and also has an epitope binding
domain that binds to the B-propeller 3 domain of LRP6 to block Propeller3-dependent
Whts such as Wnt3a and Wnt3 to inhibit Wnt 3 signal transduction.

The multivalent antibodies provide advantages over traditional antibodies for example, by
expanding the repertoire of targets, having new binding specificities, increased potency
and no signal potency. A single LRP6 multivalent antibody can bind to multiple p-
propeller regions on a single LRP6 target on the same cell and inhibit Wnt signaling. In
one embodiment, the multivalent antibody binds to any combination of B-propeller
regions selected from the group consisting of propeller 1, propeller 2, propeller 3, and
propeller 4. In one embodiment, the multivalent antibody binds to propeller 1 and
propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased
potency of action by binding to multiple p-propeller regions and inhibiting Wnt signaling
mediated by each region. For example, an LRP6 biparatopic antibody inhibits both
propeller 1 and propeller 3 mediated Wnt signaling by binding to both - propeller 1 and
B-propeller 3 domains, respectively. The increased potency of action may be due to
increased avidity or better binding of the biparatopic antibody compared to a

monospecific antibody.

Various methods can be used to measure LRP6-mediated Wnt signaling. For example, the
Whnt signaling pathway can be monitored by (i) measurement of abundance and

localization of B-catenin; and (i) measurement of phosphorylation of LRP6 or other

119



75C, 76C, 77C, 78C, 79C, 80C, 81C, 82C, 83C, 84C, 85C, 86C, 87C, 88C,
89C, 90C, 91C,
WO 2011/138391 PCT/EP2011/057200

downstream Wnt signaling proteins (e.g. DVL), and (iii) measurement of specific gene

signatures or gene targets (e.g. c-myc, Cyclin-D, Axin2).

The ability of antibodies to bind to LRP6 can be detected by labelling the antibodies of
interest directly, or the antibodies may be unlabelled and binding detected indirectly using

various sandwich assay formats known in the art.

In some embodiments, antibodies of the invention block or compete with binding of a
reference LRP6 antibody to a LRP6 polypeptide. These can be fully human antibodies
described above. They can also be other mouse, chimeric or humanized t antibodies
which bind to the same epitope as the reference antibody. The capacity to block or
compete with the reference antibody binding indicates that the antibodies under test binds
to the same or similar epitope as that defined by the reference antibody, or to an epitope
which is sufficiently proximal to the epitope bound by the reference LRP6 antibody.
Such antibodies are especially likely to share the advantageous properties identified for
the reference antibody. The capacity to block or compete with the reference antibody
may be determined by, e.g., a competition binding assay. With a competition binding
assay, the antibody under test is examined for ability to inhibit specific binding of the
reference antibody to a common antigen, such as a LRP6 polypeptide. A test antibody
competes with the reference antibody for specific binding to the antigen if an excess of
the test antibody substantially inhibits binding of the reference antibody. Substantial
inhibition means that the test antibody decreases specific binding of the reference

antibody usually by at least 10%, 25%, 50%, 75%, or 90%.

There are a number of known competition binding assays that can be used to assess
competition of a antibodies with the reference LRP6 antibody for binding to a LRP6
protein. These include, e.g., solid phase direct or indirect radioimmunoassay (RIA), solid
phase direct or indirect enzyme immunoassay (EIA), sandwich competition assay (see
Stahli ef al., (1983) Methods in Enzymology 9:242-253); solid phase direct biotin-avidin
EIA (sce Kirkland et al., (1986) J. Immunol. 137:3614-3619); solid phase direct labeled
assay, solid phase direct labeled sandwich assay (see Harlow & Lane, supra); solid phase
direct label RIA using I-125 label (see Morel et al., (1988) Molec. Immunol. 25:7-15);
solid phase direct biotin-avidin EIA (Cheung e/ al., (1990) Virology 176:546-552); and
direct labeled RIA (Moldenhauer ef al., (1990) Scand. J. Immunol. 32:77-82). Typically,

such an assay involves the use of purified antigen bound to a solid surface or cells bearing
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either of these, an unlabelled test antibody and a labelled reference antibody. Competitive
inhibition is measured by determining the amount of label bound to the solid surface or
cells in the presence of the test antibody. Usually the test antibody is present in excess.
Antibodies, e.g., a bispecific or biparatopic LRP6 antibodies identified by competition
assay (competing antibodies) include antibodies binding to the same epitope as the
reference antibody and antibodies binding to an adjacent epitope sufficiently proximal to

the epitope bound by the reference antibody for steric hindrance to occur.

To determine if the selected antibody binds to unique epitopes, each antibody can be
biotinylated using commercially available reagents (e.g., reagents from Pierce, Rockford,
IL). Competition studies using unlabeled antibodies and biotinylated antibodies can be
performed using a LRP6 polypeptide coated-ELISA plates. Biotinylated antibodies
binding can be detected with a strep-avidin-alkaline phosphatase probe. To determine the
isotype of purified antibodies, isotype ELISAs can be performed. For example, wells of
microtiter plates can be coated with 1 pg/ml of anti-human IgG overnight at 4°C. After
blocking with 1% BSA, the plates are reacted with 1 pg/ml or less of the antibody or
purified isotype controls, at ambient temperature for one to two hours. The wells can then
be reacted with either human IgGl or human IgM-specific alkaline phosphatase-
conjugated probes. Plates are then developed and analyzed so that the isotype of the

purified antibody can be determined.

To demonstrate binding of antibodies to live cells expressing a LRP6 polypeptide, flow
cytometry can be used. Briefly, cell lines expressing LRP6 (grown under standard growth
conditions) can be mixed with various concentrations of a t antibodies in PBS containing
0.1% BSA and 10% fetal calf serum, and incubated at 37°C for 1 hour. After washing,
the cells are reacted with Fluorescein-labeled anti-human IgG antibody under the same
conditions as the primary antibody staining. The samples can be analyzed by FACScan
instrument using light and side scatter properties to gate on single cells. An alternative
assay using fluorescence microscopy may be used (in addition to or instead of) the flow
cytometry assay. Cells can be stained exactly as described above and examined by
fluorescence microscopy. This method allows visualization of individual cells, but may

have diminished sensitivity depending on the density of the antigen.

The antibodies can be further tested for reactivity with a LRP6 polypeptide or antigenic
fragment by Western blotting. Briefly, purified LRP6 polypeptides or fusion proteins, or
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cell extracts from cells expressing LRP6 can be prepared and subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis. After electrophoresis, the separated antigens
are transferred to nitrocellulose membranes, blocked with 10% fetal calf serum, and
probed with the antibodies to be tested. Human IgG binding can be detected using anti-
human IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma
Chem. Co., St. Louis, MO). Other examples of functional assays are also described in the

Example section below.

Binding Characteristics of Antibodies of the Invention

(i) Binding Specificities
The invention provides antibodies and multivalent antibodies comprising multiple
receptor binding domains (e.g., scFvs, single chain diabodies, antibody variable regions)

that have specificities for different binding sites on one or more target receptor(s).

In one embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs) with identical binding specificities. In another embodiment,
multivalent antibodies of the invention comprise scFvs with non-identical binding

specificities.

(ii) Binding Affinity

The antibodies or multivalent antibodies of the invention may have a high binding affinity
to one or more of its cognate antigens. For example, an epitope binding protein described
herein may have an association rate constant or k,, rate (epitope binding protein
(RBP)+antigen->RBP-Ag) of at least 2x10°M's™), at least 5x10°M!s™, at least 10°Ms™, at
least leOﬁM's'l, at least IOTMIS'I, at least 5x107Mls'l, or at least 10°M's™,

In one embodiment, the antibodies or multivalent antibody may have a k,grate (RBP-Ag-
>RBP+Ag) of less than 5x10']s", less than 10'13", less than leO'zs'l, less than 10'25'1,
less than 5x107 s", less than 107 s'l, less than 5x10'4s'1, or less than 5x107%™. The
antibodies or multivalent antibodies have a ko of less than 5x107s! , less than 10'531, less
than 5x107% , less than 10'63", less than 5x10'7s'1, less than 5x10'7s'1, less than 5x10'gs",

less than 10'85'], less than 5x10'gs'1, less than 107", or less than 107",
In another embodiment, the antibodies or multivalent antibody may have an affinity
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constant or K, (Kon/kofr) of at least 10°M™, at least 5x10°M", at least 103M", at least
5x10°M, at least 10°M™, at least 5x10°M, at least 10°M', at least 5x10°M, at least
10°M!, at least 5x10°M, at least 10'M, at least 5x10'M, at least 108M'1, at least
5x10°M, at least 10°M™, at least 5x10°M, at least 10''M", at least 5x10'*M, at least
IO”M'I, at least 5x10“M“', at least 1012M", at least SXIOIZM'I, at least ]013M", at least
5x10" M, at least 10'4M'1, at least 5x1014M", at least IOISM", or at least 5x10°M™.

In yet another embodiment, the antibody or multivalent antibody may have a dissociation
constant or Kq (Kef'kon) of less than 5x1072M, less than 10”M, less than 5x107°M, less
than 10°M, less than 5x10™*M, less than 10*M, less than 5x107M, less than 10°M, less
than 5x10°M, less than 107°M, less than 5x10°'M, less than 107M, less than 5x10°M, less
than 10M, less than 5x10”°M, less than 10”M, less than 5x1077°M, less than 107'°M, less
than 5x10™"'M, less than 10"1'M, less than 5x10"?M, less than 10"'*M, less than 5x107°M,
less than 107°M, less than 5x107M, less than 10"*M, less than 5x10"°M, or less than 10°
ISM.

The antibody or multivalent antibody used in accordance with a method described herein
may have a dissociation constant (Kg) of less than 3000 pM, less than 2500 pM, less than
2000 pM, less than 1500 pM, less than 1000 pM, less than 750 pM, less than 500 pM, less
than 250 pM, less than 200 pM, less than 150 pM, less than 100 pM, less than 75 pM, less
than 10 pM, less than 1 pM as assessed using a method described herein or known to one
of skill in the art (e.g., a BIAcore assay, ELISA, FACS, SET) (Biacore International AB,
Uppsala, Sweden). The antibody or multivalent antibodies used in accordance with a
method described herein may have a dissociation constant (Kg) of between 25 to 3400
pM, 25 to 3000 pM, 25 1o 2500 pM, 25 to 2000 pM, 25 to 1500 pM, 25 to 1000 pM, 25 to
750 pM, 25 to 500 pM, 25 to 250 pM, 25 to 100 pM, 25 to 75 pM, 25 to 50 pM as
assessed using a method described herein or known to one of skill in the art (e.g., a
BIAcore assay, ELISA, FACS, SET). The antibody or multivalent antibodies used in
accordance with a method described herein may have a dissociation constant (K4) of 500
pM, 100 pM, 75 pM or 50 pM as assessed using a method described herein or known to
one of skill in the art (e.g., a BlAcore assay, ELISA, FACS, SET).

(iii) Relative Binding Affinities of Multivalent Antibodies

It is to be understood that the invention provides proteins carrying multiple receptor
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binding domains that may retain functionality within the protein in a similar fashion or
better to the functionalities exhibited in an isolated state (i.e. the receptor binding domain
exhibits similar properties as part of the multivalent antibody as compared to the domain
if expressed or isolated independently). For example, an isolated scFv specific for epitope
Y exhibits a specific functional profile including binding affinity, agonistic or
antagonistic functions. It is to be understood that the same scFv expressed as a recptor
binding domain within a multivalent antibody of the invention would exhibit similar
binding affinity or better and/or agonistic or antagonistic properties as compared to the

1solated scFv.

In one embodiment, the multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs) with binding affinities lower than the same isolated (free from other
components of the multivalent antibody) receptor binding domains (e.g., scFvs). In
another embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs), with binding affinities higher than the same isolated (free from
other components of the multivalent antibody) receptor binding domains (e.g., scFvs). In
another embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs), with binding affinities essentially the same as the corresponding
isolated (free from other components of the multivalent antibody) receptor binding

domains (e.g., scFvs).

Binding affinities can be routinely assayed by many techniques known in the art, such as
ELISA, BiaCore™, KinExA™, cell surface receptor binding, competitive inhibition of
binding assays, SET. The binding affinities of the multivalent antibodies of the invention

can be assayed by the techniques presented in the Examples.

An receptor binding domain {e.g., scFv) of a multivalent antibody exhibits a binding
affinity less than 99%, less than 95%, less than 90%, less than 80%, less than 70%, less
than 60%, less than 50%, less than 40%, less than 30%, less than 20%, or less than 10%
to a specific epitope than an identical functional isolated receptor binding domain {e.g.,
scFv) as measured by any assay known in the art. In another embodiment, a receptor
binding domain (e.g., scFv) of a multivalent antibody exhibits a binding affinity less than
99%, less than 95%, less than 90%, less than 80%, less than 70%, less than 60%, less than
50%, less than 40%, less than 30%, less than 20%, or less than 10% to a specific epitope
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than an identical functional isolated receptor binding domain (e.g., scFv) as measured by

the techniques presented in any of the Examples.

A receptor binding domain (e.g., scFv) of a multivalent antibody exhibits a binding
affinity more than 99%, more than 95%, more than 90%, more than 80%, more than 70%,
more than 60%, more than 50%, more than 40%, more than 30%, more than 20%, or
more than 10% to a specific epitope than an identical functional isolated receptor binding
domain (e.g., scFv) as measured by any assay known in the art. In another embodiment,
an receptor binding domain (e.g., scFv) of a multivalent antibody exhibits a binding
affinity more than 99%, more than 95%, more than 90%, more than 80%, more than 70%,
more than 60%, more than 50%, more than 40%, more than 30%, more than 20%, or
more than 10% to a specific epitope than an identical functional isolated receptor binding

domain (e.g., scFv) as measured by the techniques presented in any of the Examples.

(iv) Assays For Epitope Binding and Activity

The antibodies and multivalent antibodies of the invention may be assayed for specific
(i.e., immunospecific) binding by any method known in the art. The immunoassays which
can be used, include but are not limited to, competitive and non-competitive assay
systems using techniques such as western blots, radioimmunoassays, ELISA (enzyme
linked immunosorbent assay), “sandwich” immunoassays, immunoprecipitation assays,
precipitin reactions, gel diffusion precipitin reactions, immunodiffusion assays,
agglutination assays, complement-fixation assays, immunoradiometric assays, fluorescent
immunoassays, protein A immunoassays, to name but a few. Such assays are routine and
known in the art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular
Biology, Vol. 1, John Wiley & Sons, Inc., New York). Exemplary immunoassays are
described briefly below (but are not intended by way of limitation).

Immunoprecipitation protocols generally comprise lysing a population of cells in a lysis
buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 0.1%
SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) supplemented with
protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium
vanadate), adding the epitope binding protein of interest to the cell lysate, incubating for a
period of time (e.g., 1-4 hours) at 4°C., adding protein A and/or protein G sepharose

beads to the cell lysate, incubating for about an hour or more at 4°C., washing the beads
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in lysis buffer and resuspending the beads in SDS/sample buffer. The ability of the
protein of interest to immunoprecipitate a particular antigen can be assessed by, €.g.,
western blot analysis. One of skill in the art would be knowledgeable as to the parameters
that can be modified to increase the binding of the epitope binding protein to an antigen
and decrease the background (e.g., pre-clearing the cell lysate with sepharose beads). For
further discussion regarding immunoprecipitation protocols see, e.g., Ausubel et al, eds,
1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New
York at 10.16.1.

Western blot analysis generally comprises preparing protein samples, electrophoresis of
the protein samples in a polyacrylamide gel (e.g., 8%-20% SDS-PAGE depending on the
molecular weight of the antigen), transferring the protein sample from the polyacrylamide
gel to a membrane such as nitrocellulose, PVDF or nylon, blocking the membrane in
blocking sclution (e.g.; PBS with 3% BSA or non-fat milk), washing the membrane in
washing buffer (e.g., PBS-Tween 20), blocking the membrane with primary antibody
diluted in blocking buffer, washing the membrane in washing buffer, blocking the
membrane with a secondary antibody (which recognizes the primary antibody)
conjugated to an enzymatic substrate (e.g., horseradish peroxidase or alkaline

1251 diluted in blocking buffer, washing

phosphatase) or radioactive molecule (e.g., **P or
the membrane in wash buffer, and detecting the presence of the antigen. One of skill in
the art would be knowledgeable as to the parameters that can be modified to increase the
signal detected and to reduce the background noise. For further discussion regarding
western blot protocols see, €.g., Ausubel et al, eds, 1994, Current Protocols in Molecular

Biology, Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1.

ELISAs comprise preparing antigen, coating the well of a 96 well microtiter plate with
the antigen, adding the epitope binding protein of interest conjugated to a detectable
compound such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline
phosphatase) to the well and incubating for a period of time, and detecting the presence of
the antigen. In ELISAs the epitope binding protein of interest does not have to be
conjugated to a detectable compound; instead, a second antibody (which recognizes the
protein of interest) conjugated to a detectable compound may be added to the well.
Further, instead of coating the well with the antigen, the protein of interest may be coated

to the well. In this case, a second antibody conjugated to a detectable compound may be
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added following the addition of the antigen of interest to the coated well. One of skill in
the art would be knowledgeable as to the parameters that can be modified to increase the
signal detected as well as other variations of ELISAs known in the art. For further
discussion regarding ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in
Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 11.2.1.

The binding affinity and other binding properties of an antibody or multivalent antibody
to an antigen may be determined by a variety of in vitro assay methods known in the art
including for example, equilibrium methods (e.g., enzyme-linked immunoabsorbent assay
(ELISA; or radioimmunoassay (RIA)), or kinetics (e.g., BIACORE™ analysis), and other
methods such as indirect binding assays, competitive binding assays fluorescence
resonance energy transfer (FRET), gel electrophoresis and chromatography (e.g., gel
filtration), FACS. These and other methods may utilize a label on one or more of the
components being examined and/or employ a variety of detection methods including but
not limited to chromogenic, fluorescent, luminescent, or isotopic labels. A detailed
description of binding affinities and kinetics can be found in Paul, W. E., ed.,
Fundamental Immunology, 4th Ed., Lippincott-Raven, Philadelphia (1999), which
focuses on antibody-immunogen interactions. One example of a competitive binding
assay is a radioimmunoassay comprising the incubation of labeled antigen with the
epitope binding protein of interest in the presence of increasing amounts of unlabeled
antigen, and the detection of the epitope binding protein bound to the labeled antigen. The
affinity of the epitope binding protein of interest for a particular antigen and the binding
off-rates can be determined from the data by scatchard plot analysis. Competition with a
second antibody can also be determined using radioimmunoassays. In this case, the
antigen is incubated with epitope binding protein of interest conjugated to a labeled

compound in the presence of increasing amounts of an unlabeled second antibody.
Prophylactic and Therapeutic Uses

The present invention also encompasses the use of antibodies or multivalent antibodies of
the invention for the prevention, diagnosis, management, treatment or amelioration of one
or more symptoms associated with diseases, disorders of diseases or disorders, including
but not limited to cancer, inflammatory and autoimmune diseases either alone or in
combination with other therapies. The invention also encompasses the use of antibodies

of the invention conjugated or fused to a moiety (e.g., therapeutic agent or drug) for
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prevention, management, treatment or amelioration of one or more symptoms associated
with diseases, disorders or infections, including but not limited to cancer, inflammatory

and autoimmune diseases either alone or in combination with other therapies.

Many cell types express various common cell surface antigens and it is the specific
combination of antigens that distinguish a defined subset of cells. Using the multivalent
antibodies of the invention, it is possibie to target specific subsets of cells without cross-
reacting with other unrelated populations of cells. Further, it is possible that multivalent
antibodies of the invention comprise one to several (two, three, four, five, six, seven,
eight, nine, ten, etc.) receptor binding domains that bind cell surface antigens present on
non-target cell populations, however, it is the combined avidity of the set of receptor
binding domains, which confer an effective level of binding (i.e., a therapeutically
effective level of binding) to the target cell population. In other words, several of the
receptor binding domains are engaged to facilitate the targeting of a particular cell type,
which would not be achieved by binding of an individual isolated domain (e.g., isolated
from the multivalent antibody) or not achieved by one or more, but not ali (i.e., a subset)
of receptor binding domains (control peptides) exposed to the same cell, but not as part of
a multivalent antibody. It is envisioned that the relative avidity contribution of each
recepltor binding domain may be tailored to only target the specific cell population of
interest. Such affinity alterations may be performed by art-accepted techniques, such as
affimity maturation, site-specific mutagenesis, and others known in art. It is also
contemplated that the relative avidity contribution of each receptor binding domain may
also be altered by changing the relative orientation of the receptor binding domains in the

multivalent antibody.

Accordingly, provided herein in one embodiment are methods of using multivalent
antibodies of the invention to identify, deplete, modulate (e.g., activate, inhibit) a cell
population (e.g., in vivo in a mammal (e.g., a human) and/or in vifro). In some
embodiments, the increase in avidity exhibited by the multivalent antibodies of the
invention for a target cell population in vitro or when administered to 2 mammal (e.g., a
human) is at least 2 fold, at least 3 fold, at least 4 fold, at least 5 fold, at least 6, fold, at
least 7 fold, at least 8 fold, at least 9 fold, at least 10 fold, at least 15 fold, at least 20 fold,
or at least 25 fold as compared to a “control epitope binding protein” which comprises

one or more, but not all (i.e., a subset) of receptor binding domains isolated from the
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multivalent antibody. In some embodiments, the increase in avidity exhibited by the
multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at least
20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at least
90%, at least 95%, or at least 150% over the “control epitope binding protein”.

In some embodiments, multivalent antibodys of the invention have an increase in avidity
for a particular antigen compared to a control receptor binding protein, which comprises
one or more, but not all (i.e., a subset) of receptor binding domains isolated from the
multivalent antibody. In some embodiments, the increase in avidity exhibited by the
multivalent antibodys of the invention is at least 2 fold, at least 3 fold, at least 4 fold, at
least 5 fold, at least 6, fold, at least 7 fold, at least 8 fold, at least 9 fold, at least 10 fold, at
least 15 fold, at least 20 fold, or at least 100 fold over or at least 1000 fold over the
control receptor binding protein. In some embodiments, the increase in avidity exhibited
by the multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at
least 20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at
least 90%, at least 95%, 100% over the control receptor binding protein.

In other embodiments, multivalent antibodies of the invention comprising X number of
receptor binding domains (where X is any positive integer from 2 through 6) exhibit an
increase in avidity (in vitro or when administered to a mammal (e.g., a human) for a
particular antigen compared to a control receptor binding protein (such as, but not limited
to an antibody, , an scFv) wherein the control receptor binding protein comprises X-Y
(where X and Y are any positive integer from 2 through 6and X is greater than Y)
receptor binding domains, wherein at least one receptor binding domain in the control
receptor binding domain protein is specific for the same epitope as the receptor binding
domain present in the protein of the invention. In other words, the invention provides
multivalent antibodies with increased avidity for a particular target as compared to control
receptor binding proteins with greater or fewer receptor binding domains wherein at least
one receptor binding domain is specific for a common antigen with the protein of the

invention.
Such avidity changes in multivalent antibodies allow for the decrease of toxicity of such
therapeutic proteins (for example, combinations of any antibodies listed in Table 1. It is

understood that the proteins of the invention may exhibit a “tailor-fit” avidity and/or
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activity as for in vivo efficacy using nethods well-known to those
of skill i amouet efimarkérsubstangepRoseesppnseAuowes Falhsknppaamaus of@nalyie arfet hods

for pegylatin rot.ei ns_ar.e .kn (. the ar nd ¢ appl.i t he

ant i bodi es pB?p%fﬁea“fiW&Rﬁegm“hggl\é@qstﬁesg%alﬁpq%ef %W%%éﬁglﬁ% Pebr{/n?r% t}sl?ou nura et
al . and EP jghohiilof3Rdlyypresdt iiptha tedt satdple. Orhae atvagh dre eallqEighyiSat éyerms

t echnol ogi es include reconstituting chem cally orthogonal  directed,.

engi neer i ngvheachaghesgre o mg?qblmradwrﬁ- Hr & psewaeiiinsdaun, commetive
specified §i chal I I o [ hS V] i ssystem
that 1 nol uhTpERANesh bl By AR CRPRRHRERIENS g LBUAEERPD prdih ey

i ncor por at ixafeRtreroTaatibdities i3 thawvarasample anbs paiticutarly] atipotiesis the perotrei ns i n
E.coli, yeast, and mammalian cells. The tRNA incorporates a nonnative am no
acid any plsa@élean anber codon is positioned, converting the anber froma
stop codon to one that signals incorporation of the chemcally specified
ani no aci d.A KeAficbht W AMANtRRO thd aiy sebd Mdao@y¥meniEmade annaltatising used for
serum hal flife extension. This technol ogy i nvol ves tgge(neéi cal ly f#ﬁé«’gg’ a
300- 600 amiangbediesditredy fifetthesedviyelpinierieTe with binding ol REG pioteipitae % i cal
protein. Be t g red
protein chgg’ﬁgﬁeg)‘a Oc&%ﬁa%%ﬁb@ﬂ?@%gﬂﬂpﬁan |{;§m£:1f1§éceﬁo%cu geﬁ\g/i\ﬁe%lght, t he
ser um hal f |dppHeations hethpelihiealrenysognean thd in roatisakledd sdreemimmt r ast to

tradi tional PEGyl ation, which requires chem cal conjugation and

repurificatj,on, the nuf ack urd I.S1: ; i1 e
broduct | o T BYEERdES RATS ol PpBARKE ot drlaiBieFy SIoF Bebhhfihe phethdle |
nat ural polaaRdividehlis aetiticotadeivelopinpA)didopdep asdooiagedtvieh BRP6 Vitorlekdmaplend
inprove the stability of therapeutic peptides and proteins, such as

anti bodies of the invention. PSAis a polyner of sialic acid (a sugar).
When used for protein and therapeutic ﬁﬁgtide drug delivery, polysialic
acid provides a protective meroenviro nt on conjugation. This increases
the active life of the therapeutic protein in the circulation and prevents

r o o o o, —— ~eNS A




Ant i body Conj ugates The present invention provides antibodi es and

mul tival ent anti bodi es thereof that specifically bind to a LRP6 protein
reconbi nawbdl2g1fes®@d or chenically conjugated (includi ngprootEP2€00si2ent and
non- coval ent conjugations) to a heterol ogous protein or polypeptide (or
fragnent thereof, preferably to a polypeptide of at |east 10, at |east 20,
at | east 30,mdhtid I SA5d : , t
80, at least 90 (;{rg qﬁ% iﬁg’gsg?higo an?sﬁ%'egﬁ %Eﬁp‘ﬁ‘?%"agg%%@gt IeSﬁ?ﬁéslS%)% °8§58E” g?ér%lz
| n parti cul ¢, progresiiaeepredistivepeppside tharehyoprophdacticaldy treatpniisdivigualprior

ragmont . b 1P SpRaRES S ERlreetpolelot 3%0or AFhonEh EPonFuliniMiSdion con

a VL domai n egpressidfl-oroRyitand a het er ol ogous protein, polypeptide, or
pepti de. Methods for fusing or conjugating proteins, polypeptides, or

e s AtuRP st b s B pgVidts mbBHITE Y gBTne MR bfulige B o
5,447,851, aRrpreSsidnler IRR6 plotti@ RERty R bk HdiNiSal tEReRD | s8i3¢ HprbpRRte367, 166;

I nternational Publication Nos. WO 96/04388 and WO 91706570; " Ashkenazi et
al ., (1991) timraneutingr propiadagiic agents fuyshatgedivoba rafesabto lendngs et al ., (1995)

Usa so: 115970 s BeRdgAR) Dhdeoonafiles Bows forticir s 8ot e S buangy

t he t echni qi@shehpgizer phophllachi@iredment ofshGhdividogl baseds &b lgf:ﬁét&wm@d/ or
codon-shuf fl i | ectively referred to as "DNA shufflj ngm) L
ability of thee

g (col ed | [ .
shuffling l%‘éu@r{ﬁsoy@og%%w ptheindividugliexpmined to fletgrping
invention (e&,fvidudl¥b td (" #:zﬁxe[] iyC or bispecific antibodies or
fragments therelo1tl V\n&t‘lﬁi‘ﬁll{ﬁﬁearpag* [ nla‘i%?rgg and | ower dissociation rates).
See, generally, U S. Patent Nos. 5,605,793, 5,811, 238; 5,830,721,

5, 834, 252; Akgamtheraspesgot thginventien pertains te ggonytodug the iafiierice nf Mentsdeignol .

8: 724- 33; 0 T - Bi . - 16-82: Hansson etal .,
(1099) 3. M ‘f.@%g%?h.e%%Egg%%'ké%ﬁ%ﬁﬁhpftgfg ﬁfz)dée%ﬁg@‘%%g%’ﬁ;( 1998)

Bi ot echni ques 24(2):308- 313 (each of these patents and publications are
her eby i ncoPharmaecntisgl Comppsitiens in its entirety). Antibodies or fragments
t hereof, or the encoded anti bodies or fragnments thereof, may be altered by
bei ng subj eqbeflegare plRMAREBUITAIRE SRAT onkPhsitioh®inc A ERbodPHORMREeheot | de
insertion or other nmethods prior to reconbination. A pol ynucl eotide

encodi ng a Anfikadias|odthe inverition dyixed with agirampacenticallp faceeptablesmedérfor eatibignbi nds
to a LRP6 p i e.re ined with one or re.conponent s tifs
secti ons, pg?l % g%"ga(g;?rqa?"%scf’f' P&%gg aﬁ@sc?mélE“CQHeo r%%%@}er %F%}%H& APIsIf

nol ecul es. Mitablev/fer tredthiy dpedveath@sancér (bfeagtanés, luhe cakr, Gantiple nlyefi,t 0

mar ker sequences, such_as a peptide to facilitate purification. I'n one

enbodi ment , OYHEN ARy liIvERcaisen bladdereanes gasirig cangss piosiate cansen @cwe pryeld
such as the i L Q%m . 0, venue,
Chat swor t h, lécl%\&ngi&%gﬁq%fég%g lot ey@&%ﬁ&é@?ﬁ&l% OlagF eell g%g}?r'ggltgi %dlAy

avai |l abl e. Amlalesa).i bed in Gentz etal., (1989) Proc. Natl. Acad. Sci. USA
86: 821-824, for instance, hexa-histidine provides for convenient

purificatio f WS : i ' eful. for
purificati ogoﬁé\%{‘%@g ,Olfgha? ébae?{é(?%[g({ %‘%“%pgégéﬁg%%ﬁg ﬂ%%%gegg N fxﬁril%wtth HA") tag,
whi ch cor r ephyiidisgitailyoacceytatilo parridesy; exciplents,wnstabitizenfih denambEnmggl uti nin
protein (Wlso et al, (19?4), Cell 37:767), and the "flag" tag. In other
enbodi ment sYORAMEZEGRPwders SIurtes, Aayeoun BolHERRSNIONENS, OF SYSPERRSHESS: igs eof

conj ugat ed Qrdnl, 8193000 Cbodbeh il R FaPAIRRY PhavhisbidLd PAdieF can be
useful for nonitoring or prognosing the onset, devel ophent, progression
and/ or sevefhepattics MiGrasHilh N Yorki &t Y aGepnard (20000 Rehiingtom| THecRidnog

procedure, su as_d rmni ng. the efficacy of g particular rapy. Such
di agnosi s aﬁlbd:grgfté%et‘ﬁl aﬂﬁ??yag@éﬂ?ﬁpﬁ’swé@aﬁ%’ %ﬁ}‘?ﬂ&tﬂﬂ%%&w&a‘f@ to
detectabl e aupsika(PBR) PR&imadéitital Dodagh Pbrohd: Pafchtbrdl MediSdtioRY MEREY DB er,SUCh
as, but not |limted to, horseradi sh peroxi dase, al kali ne phosphat ase,

bet a- gal act Dst; ddghsrmen, ehaletegs.d KHI%0n Bhareragaicaldpessgh Epines: JiablgppsMaseeth as,

but not |im tQx. vi di;nl ki Ot d avidi.n/biotin. flugrescent
mteral s, DecrerY: FBEAAR el PBo BRI PR Hotoud Frrpis BspRSe

f 1 uor escei nSysenliMayeddekker, NdaNeiner ardl ICttkoskid (2004 MydigiBht TRy xidiQm@scei n,
dansyl chloride or phycoerythrin; |um nescent materials, such as, but not
limted to, lum nol; biolum nescent materials, such as but not |limted to,

| uci ferase, luciferin, and aequorin; radioactive materials, such as, but
not limted to, iodine (1311, 1251, 1233}, and a 1,), carbon (14-), c sulfur
(35S), tritium (3H), indium ("51n, 1131n, 112/n, and In,), technetium
(99Tc),




thallium (20tTi), gallium (68G, 67G), palladium (13Pd), nol ybdenum
(99Md), xenon (133Xe), fluorine (18F), 153Sm 177Lu, 159CGd, 149pm 140La,
175yb, 1660@011¥34309C, 186RC, 188Re, 142 pr, 105Rh-- , 9PRw/EPE@E®572B0CeE,
65zu, 85sr, 32p, 153CGd, 169-- , Yb 5ICr, 54Wn, 75Se, 117 and Tin; and
positron emtting netals using various positron em ssion tonographies, and
nor adi oact igYRrPMATAINKKES 1w 'YoRe N.¥e present invention further
enconpasses uses of anti bodies or fragnents thereof conjugated to a

t herapeutic noiety. The anti bodies or fragnment thereof may be conjugated to

a therapeuty iety,such as a cytotoxin, e.g. . a Gytostat]i [ .cytocidal
Sgent, 5 t Relesfyes i ety Refpattol dfhropdule ponft St facklis ™! 0¢!
al pha- eni t §nedingtHesbRinPd fiksQE tuedvef fXd 6f the enlity] the I:@EST Siptagghe that is
detrimental to cells. Further, antibodies or fragnments thereof may be

conj ugat ed impiunogenigieyniithe entitpiaadyheaceensibilityeif thotaxgeheclsduathe; kielogicgli ven

bi ol ogi cal . I C b ef . L&t t st0 be
construed é%a%ﬁ}?(ranﬂt% gwﬁg%?%ﬁsé‘%ﬁﬁ%ﬁﬂl&ﬁﬁ rljg%leu |@;1%§S§H€Esn$0 orOfexaan e,
t he drug mahegipeutitdelderal torthd patient @epistetiewith an podeppbhd ledd of sidle effeitag a

desired biological activity. Such proteins may_ include, for exanpl.e,

toxi n such Ag§orialy, the arpyit /T blodegicdetiyeerd dsRerdsxn Rart O SRt el chtifnd

di pht her ! a o Brity Eofldflion tlhealdd B0 AL B SERCH oprfad s8¢ §er on,

| 3-interferon, herve gr owmt actor, platelet derived growh factor, tissue
pl asni nogemnntdbddissatyivkines) ang spalbiodecalys ate, availalde (see.angi Dpemrymcage(d®96)or, a

emboa mont ATRBSEAbYBBtF o scigit gt M Qrivaanre LG REAPR e Taon" °°

ther apeut i oHRIcRingl ARNEHIES CFtokie® bRk ARthrifls, WiMBel[Belder, e York, N.Y.; Bach
i mmunosuppressant) or a radi otoxin. Such conjugates are referred to herein

as "i munodedh) (1§38 eMtonodlomal AetibodiesyandReptide Thenapy irudutoiramyne Baseasesyt ot oxi ns

are referr t " not oxXiNs. o A, cyt j r i i.ncl udes
any agent nrSiwe MENERpR N'E: Bafi 2o Ny P LR 2E8R e
taxon, cyt ogilgbasd:al B1999ANEW Bhgh JDMegt 31696610798 1aon er@lt, (a0 1) Netonyci n,
et oposi de, tenoposide, vincristine, vinblastine, t. colchicin, doxorubicin,
daunor ubi citingl.di Mgdr 3dy783nT%%: Beniaminayifa ef @4, 1(890h Neghkngl nd - tMeda 3 2:043-619;

acti nonyci - 5%% t 166C LEHds i

t etracai nefhlBFlaétc%lgﬁe, B%ﬁ%&%l%M@%ﬁ%ﬁ?%ﬁ%@%War@ gr?gpglggﬁoﬁrghc{hol 0gs

t hereof . TheedpeB15©4-4662)t s al so i nclude, for exanple, antinetabolites
(e.g., nethotrexate, 6-nercaptopurine, 6-thioguanine, cytarabine,
5-fluorouracil decarbazine), ablating agents (e.g., nechl oretham ne,

thi oepa chlygs eﬂaﬁ;h'ofltﬁ%gb@i{% ddse i Madd tlssﬁthé BENERana0g, Land phram@tetENU) |

cycl ot hospham usu bromomanni tol”, streptozotocin, mtonycin C

and ci s-di dhﬂtmsd:&ibwnioneu@baed inuthe @ttty aff@DReatoieppoapredicted e hffeat yrehtiment
(e.g., daungrubicin gﬂorrrerl y .daunomyci n&ﬂ]an oxQr ubi cin aniibiofics
(e 5. dactasmerps: bty Samsp LT RO Shmewin Sy tamine PRt R B
ant hranyci npdr&Med by sAl ifitémentd RfdafteP@R e deSiréH or optiGiinh effed1es ahikved
vinbl astine). Qher exanples of therapeutic cytotoxins that can be

conj ugat ed reletive wramymegativsfsiderntlectsynnariont dipgrosdemgasieesringudethose of

cal i cheam ci ns, nmayt ansi,ne n [ st.at,i i LV eof. An
exanpl e of Sﬁmé’ginilsc oSk’ (t,lferf%g%fiﬁ‘gﬁ yorilgﬁ%lﬁgz%ﬂﬂgatgﬁn%@%#egﬁ%&%g%i | abl e
(Myl otargTm Wet h- Ayerst).

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the

present invention may be varied so as to obtain an amount of the active ingredient which
is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being toxic to the patient. The selected
dosage level will depend upon a variety of pharmacokinetic factors including the activity
of the particular compositions of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of excretion

of the particular compound being employed, the duration of the treatment, other drugs,
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Cyt oxi ns can be conjugated to antibodies of the invention using |inker
technol ogy available in the art. Exanples of |inker types that have been
used to cwojupat3gssa cytotoxin to an antibody include, betrapeomos72be nted
to, hydrazones, thioethers, esters, disulfides and peptide-containing
linkers. A linker can be chosen that is, for exanple, susceptible to

cl eavage bychmpsudids Whd/bi MateRSls WSO RBRbIRATR Mith RO parfbuldt&miRkidehe t 0

cl eavage by proteases, such as proteases preferentially expressed in tunor
ti ssue suchemployed, lilgagensex weight, condihemgieneraBealth amj prigtomedical thiggory of the

di scussi on . es. of to Las, linkers and nethods for conjugating

t her apeuti c&gﬂgeéﬁﬁ%ﬁ%%eigg%iaﬂégﬁgga,cms%lén% s%‘@%f‘}‘%%é(]“gi (2003) Adv. Drug
Deily. Rev. 55:199-215; Trail et al., (2003) Cancer I nmmunol. | mrunother.
52: 328-337; Payne, (2003), Cancer Cell_ 3:207-212; Allen, (2002) Nat. Rev.
Cancer 2: 7560mpgsitipnssqomrising artibediese! the pyentjonganibe pepwided hyngansinpeps prugs
3:1089- 1091-']]P§§ ' 0 -anPHg HEX 124264,
Ant i bodi es 0 tﬂ%%gpgggsr?‘?gﬁ#ven lf 8%%' [’ic%)w?g% Be colr(fj%zgla gﬁgera‘?%gdf%%%ti ve
i sot ope to papée previdegtiotravcnousiydubqitarcovt g ubpicalys oradlly soasalef, eectddty, t o as
radi oi mmunoconj ugates, EX es of .radioactive LsqQtopes that can be.

conj ugat ed {nga%‘g?%d}"ggf"?ra?% é’.rgp’éﬂﬁg%lﬁl ISPS’F‘}C-S? 8?%‘7&’%%%‘2]??%@3"/0]?’}{’(& ude,
but are not einfdxiR8l ddle of Q6K TRquéRY itk avoit gighmz&m \AGsitabieShide HiThes MR hod
for preparing radioi nununconj ugateS are established in the art. Exanples of
radi oi munottaljweghlyeksamay be anieast 05 e/ bodyalstight, anleash §i2nge/Ke \aalcast M ( DEC
Phar maceutical s) and Bexxar TM (Cori xa Pharnaceuti cal s imlar nethods

. and
can be used“&beyitdsst bre i%i@ﬁ%%é%ﬁﬁééﬁ%‘sﬂ?&f%»tﬂhgaﬁﬂz Bfédigegtlsastthe
( oS ; \ ; e o
ot ranzacycl ke Lat R HMRLhPead: 16 L QKGR GRRL AN o b ke

attac hfad L o(stqe. gnYarpodwl. ,vmom)dmm Eagl. daVied. #49:423434 ; H:efdk@ét 4D HOQ) Mewar e
in.t i i tal., (1998 i

Cancer hes. EaflablehgaBaboR BaEISEH o 999 usuyl ueusire R cerio1 456

1 0(4) : 553- TpoiRGi £laMBI00BT) Gincél Immirk? Imisptler. IFh3-Biag) I_he?&-@ﬁ%% gégé-o?O,

each incorporated by reference in their entireties. Techniques
conj ugat i ngmulialgpbantibodyrds ebius thet sameras ifdrou asti bedeon il ypeptidewon ageeles’kg g. |,

A t al,.."Mnogl Ant i bodi es_For | t ing O . Ca
Ther apy", 1 RONONEERGHSE R Tt Bl otesh RO o Al Ao R R bl "
(eds.), pp.thd4ame aSfdrAhantifbdyl b s molditke HRAGHeight@akis I THRMoRE ﬁiag be ‘af\ehitbodi es

For Drug Delivery", in Controlled Drug Delivery (2nd Ed.?q, Robi nson et al.
(eds.), pp.lopgablgagtRAngent loaskRepg, 9tdenst 3bRF,)at lebictee, at eastidBay adaast #ér s

a4 B ol ogi BV IGRH 1A Hen L P LA8 e PP AL HERHERL 3R, ARy tBE Iy 7 °°

475-506 (1985)a1 le: [ Eut ur, '

Ther apeut i cé%saéle Ra%ggfggée?ﬁggl gtAﬁgtlie%gg?/ ”gh*légaﬁggsr)ﬁ?ﬁ%&%g"%‘%ﬁ’%ﬁ%c| onal
Ant i bodi es #&aes @imimisterBdtoecubioet tvagl niinbeagiyeasBhI 2R 4 €6, Al8, 9( Bd.1) or 1.
303-16 (Acadenm c Press 1985), and Thorpe et al., (1982) Imrunol. Rev.

62: 119-58. HPSodi es may al so be attached to solid supports, which are
particularly useful for immunoassays or purification of the target antigen.
Such solid supports include, but are not limted to, glass, cellulose,

pol yacr yl anfefentihgdionof the inyeniyens the, dasagoadnrigisterdd tori mgentrmaobe/ G Peply | ene.

Met hods of Pradyci Ant i bodi es. | el ' Encodi h j~bodi
The i nvent | B b0y PREETAL SRS RRveal oG efie i firoar B R dehiRa oD “wn o
encode mul tingh@ MEAIZ0IREKELI 010001 @K LAd NG mefk ) 0,008 D riglodaRiss Mgtk g2 000GEN
bi ndi ng fragnents thereo conprl SIQ% segnents or donmai ns of the LRP6

&5

anti body ch#idhsmgdgePiOBBHanhbyw/k Obmgkpeand &7 2me/kes P §80 bmetkgand R ent i on

conprise th c i Lﬂegclg | e j vy
chai n vari abFe fg'g?%fnglgﬁ%\?vg in Egg%g%%tfgg @g&%gbg@n%) (%‘Bﬁfn%ﬁ%}/ 8? 6? he
nucl eot i de wdljfiande, 6r0dadOrdg mreg bt 01 te DADMy/ g bedhk patiays bodyvelght.i n SEQ
ID NO 13, 20, 33, and 59. In a specific enbodinent, the nucleic acid

nol ecul es are those identified in Table 1. Sonme other nucleic acid

nmol ecul es o | (a2 &9 ' ' e Lt - Ay ;

subst anti al R}é ?%g%ﬁ‘%% (e.q. @g@ﬁﬁg@h'ggy l58%?‘:0&@&%'95% or %lg%u?ggtwﬁéght
nucl eot i de Bdylpegrames(kgf mulipdied by thetdoke tobd adnTiaistesedlin iGgke. Tfe ddsazennfdhei ¢
acids of the invention conprise the nucl eotide sequence encodi ng the heavy
chain variable region shown in SEQ ID NO 82, 106, and 128, and/or the
nucl eoti de sequence encoding the |ight chain variable regi on shown in SEQ
ID NO 81, 105, and 127. In a specificgbodinent, the nucleic acid

nol ecul es are those identified in Table 1. Sonme other nucleic acid

nol ecul es of the invention conprise nucl eotide sequences that are

., = N o, ~ - ~NNA 7 ~rns N ~NrNnNn A M




Al so provided in the invention are pol ynucl eoti des which encode at | east
one CDR region and usually all three CDR regions fromthe heavy or |ight
chai n of wbeoliRB§39ant i body set forth above. Sone ot her poirprocliestaes
encode all or substantially all of the variable regi on sequence of the
heavy chain and/or the light chain of the LRP6 antibody set forth above.

Because of Q]Q)e“ [ L G uences
will encodieﬂ;l tglg)gﬁe% %??ﬁgg%(n&%%ﬁ%%ﬂmbu i rg/ﬁgngﬁegsgg?%ﬁéfkg&gIrll%g’sl.@%%iﬁgI eic
aci d nol ecws9895qi%/ké1@r leﬁB\/QOEJgﬁklg o2 s S @ERg bPleks, 80 yiarligady less| BUjigkgand a
constant region of the anti Sonme of nucleic acid seﬂuences of the

i nventi on desspt0 l@kmmkmﬁﬁ deécgemd@d; Wﬁkml: lgps Shawlke arnedsnS pg/kapr e
t ant t 0% 909%
o 2000 1 o e s ot Ben gl el Torsr 14 'C%ﬁ%ﬁ&%awe desseBtheBeeh 1 seo
NO
| D 14, 190 é]éf%kgfgldlﬁ%‘? 6??9{“%9‘”%“&%“”@‘ bf1e8€ HABGES. 5 615' ng

nucl eot i de enc t chaim varia e on séquénce that is
subst ant i alidsy, 2 ﬂ@fﬂF bE ks, (165 Rg/kg ot lebgagig/B08H e K005 ;fgr/kgeaf’/h:sst or 0.5gigktair e

i ght chain variabl e regi on sequence set forth in SEQ 1D NO 13, 20, 33,
and 59. Tfh@sﬁﬁépéﬁ@t&bﬁ’dngb'cul es of the invention can encode both a

vari abl e region and a constant region of the anti body. Sonme of nucleic acid
sequences of the invention conprise nucleotides encoding a mature heavy
chai n vari ahiitdose of heamibgdizs of theliatentidn sy Hedl inglth 20t 0tli mglto (£ng, 0.1at

| east 80% 90% ,or 999 to .the ture heavy chain_variable r on sequence
set forth e tedd mg Gbmeds loi%%a]aﬁ‘i'&t‘i%ng’ eede Aane. Q Sl‘&gg'&gg If@quences
conpri si ng t f I

equence  RaECTS: ik G700 MhRGTRHHER 29 NG BT 0 AR 20 B o0y
to the nmat k25 rhggch? m:geﬂZﬁmgrtm =Y T OrSelg;gmm2§qu;dnngt@é®nfgaﬂmgiorﬂSSEQ 1D NO

ol | 0- phas@ B0k boE e 1 1a,] e ia B0 ik, <nbr 8 (6 FoRG "Ehce

(e.g., seq ces as descrlbed in the Exanples belomb encodi ng an LRP6
antibody or 1ts binding fragment. Direct chemcal synthesis of nucleic
aci ds can be acconpllshed by met hods known in the art, such as the

hosphotri r d &) . 97 ) t ; . ~90; the
Bhosghodi e?ﬁlgfr%l gg‘ %‘%&@e&?g@l V&luo(’ g?\%g/ﬁ Ek@n]{zctéyﬁﬂté?:gﬁ%g; t he
di et hyl pho I@}ﬂn & Qea@fz 1, 11841 I at lehB6t . |
2|2: 18%9? an {]gmgg%tfogs l'sluppﬁtl& K Bﬁ%/ggga ﬂg{;{? eﬂt No); ’ 45%% 866.

| nt r oduci ngrgfml, at keastd Otpg/mal, polegstu 6 Ipedni, delem@(]elgﬁnl bylcmmq@‘ml_@et ket 50r ned
Aol |11 cat M pE RaSTieDD pEim Bog 188 imlne b L0 i iagt Wapb 65 'a%%i "

ngég%OLsPrléggb@ga%h% %%ép%?ﬁpiu% Fﬁﬁzﬁﬁzﬁdﬁ( elc Aci ds

Res. 19: 967p/mNd: eSS pgxmlaht least 390 hp/nBGR 184t BEtige/an orAp RlabtCAN0 sl thial 7.

Al so provided in the i nvention are expression vectors and host cells for
produci ng tsh@e@tnﬁitbmatneedy,db@é@sa%qf thp guiebodigsraf thesinssaioagedymehicse agerimcan be

enpl oyed t s t ol.ynucl eoti des n nt i ts
ther 6ot 7R Bhsug Gl A 00 b 1B BFRL LD 8L B B RRER
produce .th?gﬂﬁf 'apEgét%Sp 1,3t TSR i), P Rlast 8! ug/mNQﬂmtaio MRGHAE, 5t RA
systenms i ncludé pllasm'ds, 'epli somal vectors, typically with an expression
cassette f@s5 ;.@(mt %M@Oq,;gﬁnhtaeleasthOIaWI anldasiml%pg/mﬁlt atfleast 450 p@’nﬂmsones
(see, e.g., Harrington et al. 199739# t CGenet 15: 3452) For exanB

nonvi ral  veeasbi® Hﬂé’flxﬁtlﬁaé‘rz%dpﬁ/@&ﬁ A2 Stngdmb at lead dy WH%EUF 7des and

pobias: 1/ rirym RSOl atias SpEREIE S R il A el el et o
and nuner Olléaspluﬁ‘(f" %/Hg%%s_,u Keawn in the art for expressing other proteins.
0

Useful viral vect I nclude vectors based on retroviruses, adenoviruses,
adenoassoci ated viruses, herpes viruses, vectors based on SVAO paplllona

Vi rus, HBP ste arr Virus ccini a virus . vectors and m i ki . Forest

Vi s (SPvDosegt Paies ot hefivelifdeay Be kAt 45T I s i EaTiBy mayty b of
49:807; andepi %H'B?'aﬁleﬁét ﬁiay;zﬁag,%%haﬁeslda@mﬂ&ys Thaaw) 90 agysphs axyal 2ssi on
vector depends on the intended host cefl's 1n which the vector is to be
expr essed. mghs dbidpys, 8heonthe peaideash6 masthsr s contain a pronoter and ot her
regul atory sequences (e.g., enhancers) that are operably linked to the

pol ynucl eoti des encoding a anti body or fragnment thereof In sone

enbodi nents, an inducible pronoter is enployed to prevent expression of

i nserted sequences except under inducigg condi tions. Inducible pronpters

i nclude, e.g., arabinose, |lacZ, netallothionein pronoter or a heat shock
pronoter. Cultures of transfornmed organi sns can be expanded under



In sone preferred enbodi nents, mammalian host cells are used to express and
produce the anti bodies of the present invention. For exanple, they can be
ei ther a wophlwidas®icell |ine expressing endogenous i mMmupogierbahios72genes
(e.g., the 1D6.C9 nyel oma hybridoma cl one as described in the Exanples) or
a mammalian cell |ine harboring an exogenous expression vector (e.g., the
513210 nyel %E&ﬁ" r tal or
nor mal or a%ﬁ#lb?mmﬁrg%&ﬂ %%%HH%LP&J@W)M Yﬂ%ﬂgﬁﬁe@‘gﬁ%?&ﬁ?%%%er of
sui t abl e hosendiaen béinggsated sbd@ral headth o€ thergticnt mctrnethmimggl aldulosef have

been devel oped..i.ncl.udi ng..t he var i l.ines, HelLa
cells, nyel ﬁ@ gﬁtmpaﬂ‘gg‘e ?Y%H%Pﬁ?‘ﬂ%ﬁéf‘é??%@f"? Cé)eaﬁﬁﬁ'lsg% e use of
mamal i an t iEaERekalISORY fhiiGEod Clif A B a&icR OlnY, daessl Bo&H R&HAIAE.; Dent
generally in W nnacker, FROM GENES TO CLONES, VCH Publishers, N.Y.,
N Y., 1087, (3001) Boad Sabareterl Gopd Fhmaalliasticnddiohdiubl.sLendoni HEDude
expressi on control sequences, such as an origin of replication, a pronoter,
and an enhancer (see, e.g., Queen et al., (1986) Immunol. Rev. 89:49-68),
and necessafe pie ebadnmigisirafi@r nay beby . 4. canarrbehappsicaddnp Epettiohiop fifdgorsi t es,
RNA splice %r tes, polyadenylation sites, and transcrr&tr onal, term nator

sequences. K SEAVE RS ARSI toREal, dhtkacgehEal) tramnicylaR ip %ﬂ?ﬁ%aér@“%ﬂﬁef%d from
manmal i an g
Consti t ati qanFaeeRprospReh IEIRIAN ol by UEed by Befls 8Rh B Apilticsp e,

regul at abl eSxdmzef atlal p(10RDY Elosoliymcraﬁ?ejﬂbi% dumpgaret al, i(rlr98 lod. Bm,metthater

he. dexanct REEaRELS ROLE BN ARG S bL EFh. 191G G BbRF B for | SRS

pol I'1'l pr orrmaer Aci&"@cpm sz gssgt%dwﬁwaagem 6(19%3/3?0& Rlaf12A¥E. Iseﬁpsmiuc' bl e

CW pronoter (such as the human i medi at 6- ear| romoter), the
constituti vé7dRR030%Hdd. §rPataIH@IS érﬁﬂdﬁérﬁnéﬁﬁﬁﬁéﬂ) é‘&mwnmessms thenown in the

pol ynuct cot - EPRRIERREANEHRAGEINERRY AR 6] Blfa FERACTh YRoshdesainey o

host. For ex@emt @ainGdtirisiteo€ ﬂieqmredﬁni; Leudid @6, bOIndrBirCaMBIMitioH édnl dcbel OF
prokaryotic cells, whereas cal cium phosphate treatnent or el ectroparation

may be used epploygtife-» Revief 2p ipfgdar o1 nebydigery and fosmplaticn wethamiaereselizing
supra). 0, I e r i te
treat ment, Fé pos oérar’eggréygt%gqﬁsa%g %?%t%?bsrrs%?né%%?g%%%?r% Wc?g?ﬁ?&eﬁlt ion,
bal | istic 51856843, 429054esd 4;smnmran¢@mmhcmmwm Vo0 92rioRe4,cWexi d

Ctructor o SPR0STn Rk St ey S Spidtey

agent - enhangfd 18K Rerefn JyVeferddd ¥ fitivQy ! ransduction. For longterm
hi gh-yi el d producti on of reconbr nant prot e| ns, stable expression will often

be desired. For exanpl e, ceII | i nes whi ch stably express antibody domains

mvent 1 on i SREBCAER s el Rbe e Raf PAGRRR Y %ot bpts e

expr essi on Gf@cﬂ@iﬂiﬁraﬁﬂﬂuﬁn@@h@@ﬂrﬂ&le%fma?r o@m@;odEckhb@mmﬂxetaheAs will be
i ntroduction of the vector, cells my be | owed to grow for 2 days in an

enri ched medpRiegiated by thadyllegastisan; the meue apd/gemeds o etrahorrrwé mrr pose of
t he selecta ,

presence al P{e}%ﬁﬁﬁ{g‘ﬁﬁbn Iﬂ%e &eglr [ty;'\%[% éﬁ%fgﬁ% g@ggs‘sf%f%fﬁ egt gatrdé)gg m:t %Q%OH Sduced
sequences i mﬁei/mmn\tmlmﬂednaavdﬁesé sttmntuscrﬂalahitmdem,sh&@pmdoml | s can be

proliferated using tissue culture techni ques rrat to t eceII fype.
(ii) Gener afYUHIASFOUNERIE OF BLeRBHBUPBhEUCHN @ tge; f§r &by dniegionhe
met hods di sg} Rg@don, @afeh?erzﬁ%ﬁfﬂﬁ#r?t?atloﬁh%ﬁ'eﬁﬁgér@ %PJ@%&HM SthiNRAeOf
can be used to generate nultival ent antibodies, (e.g.,

bi speci fi c/ bitgeal and)mpm)dl adnidisyetias @ﬁuallor hyhm@marrphém&eb*& ivdthouFb'mitebitarrpl e,
a biparatopic LRP6 antibody,can be erat ed i nki SCFv an
SoPv that ©bietgs R b Aol TsepS RS i gaBiall oDt 7 g

nonocl onal  afitachdiby, mﬁlaa@ﬁﬁaﬁm@bmonamn@aiseaaleala@ﬁbda%bae GRub&ils oduced
by a variety of tecbnrques i ncl udi ng, conventi onal nonocl onal ant i ody

met hodol ogy UiTagrticulancsubeapsiar. dubssaskndid, wtasping) beriduraland sntraserhal iigjaetios
Kohl er and 4 r oduci ng
nonocl onal |é(}'(Jtl ﬁ’btﬁ%é&1 (I:él?rjg% J)\E{noytég]%gagtglp?(ge?frth%aﬂ%‘reﬁtgo%ggg@ﬁﬁﬁm‘%r% Rgf ormati on
of B | ynphoofusien. Mr@meﬁahbsd&ﬁteﬁmﬁewntibbd{spaﬁthélglv’ﬁmﬁ)dn dadménibteredhe nuri ne
system Hybridoma production in the nouse is a well established procedure.

| mruni zation protocols and techniques for isolation of inmunized

spl enocytes for fusion are known in thgzart. Fusion partners (e.g., murine
nyel oma cells) and fusion procedures are al so known. Chineric or humani zed
anti bodi es of the present |nvent|on can be prepared based on t he sequence

o D N T 1 - o o o o o RN I A o




12: 821-830; Tuaillon etal., (1994) J. Imunol. 152:2912-2920; Tayl or et aL,
(1994) International I|Inmunology 579-591; and Fishwild et aL, (1996) Nature
Bi ot echnolvoQy11114839845- 851, the contents of all of whi chpargrb@nabizoo
specifically incorporated by reference in their entirety. See further, U S.
Pat ent Nos. 5, 545, 806; 5,569, 825; 5, 625, 126; 5, 633, 425; 5, 789, 650;

5,877, 397, S@&%&Q&S@y' 5,814,318; 5,874,299; and 5,770,429; all to Lonberg
and Kay; U.S. Patent” No. 5,545,807 to Surani et al.; PCT Publication Nos.
WD 92103918, WO 93/12227, WD 94/ 25585, WD 97113852, WD 98/ 24884 and WD

99/ 45962, to.lLonberg and Kay; and PCT Publicatian . WO 01/14424 to
or man ot Ehihs QG REReS R NE N o, AR b B SEUBIeY rleasm L e dcan. be
rai sed usi RglefeIPUSR, 4 Pathp Gy He@Bed R Rick O EHUARH AP WidtlinGBRIERCESe ON

transgenes and transchonosones such as a nouse that carries a human heavy

chai n t r andgages, supda; Seftameh987) gIRC EnisiRefBiemed HingnbsdheBuchvald ¢fiad e(1980)
f d tqQ. h L T K 1 ce" I hed, i Ll.in..P jcati
o ooy St SRR AR SO, s POPNTERAL) R Py ST BRG]

Syst ens expet@s& 1dGhchiet@bortNvd 0ghRbinddrelg 8RS ths heRipislofitHednidhtibhesear t and
can be used to raise LRP6 antibodies of the invention. For exanple, an
al t er nat i vé-g Mpdigdrplisglions of CoptelledReleasaslanger %(@nWWdﬂﬁ)éﬁ?ﬁe&; I nc.)

can be use LG.e ) i i N: - ' 39, 598;
C07a 103, e RRur (7 CTRER Al inGrcflatiliy, ruf ittt Dben i

Mor eover, ®etforndaiceySmoleaasd Balfmiks)nWilepiNemlY osly 61984% RaxpéeresidiPegpdsynan

i mmunogl obul i enes are available in the ar nd can be used rai se LRP6
ant i bogi es lgkgtjﬁé\di’%%ﬁl- Sﬁhiﬁeﬁgﬂa‘é‘?ﬁ'ﬁ’bl F“‘rr?(%@?b%ﬁera&oﬂcf‘%(?f ﬂl"étggéman heavy
chain tran%fe{éheép%ﬂ%;q‘gﬂmg Sgﬁm@sb]&m l\gg?él.r‘zﬂ:ﬁ%@mv%@épﬂ?’l%ﬁﬁ.e”ed to

as "TC m ce" ca e used; mce are scribed in Tom zuka et al .,
(2000) Pr odNeuhisutg. 7AcHD); B8, PatusSa. 8879377 123, PARUNO.HeP 1Y, LbSvitat.dde.r yi ng

(Kur oi v e S01; 8525 Ry s oB9A S e P gy 28 B8 Hed £t Ros¥ dioea o
rai se LRP6 9anisih 5pding PO PhbIRali6HVRBI Wen9o/bbrsBNERRARES ofilyaakikapines of the
i nvention can al so be prepared using phage di splay nmethods for screening

libraries otstaigedrel¢aserinroylations inglugertus areqiot imited @ neldRhagroxgeHylis f or

isolating h t | hodi ixshed..in,the. art ' inth
exanml o batgnerLe) PV Rl Peab I SISk B d8ia8 opAEn SEREEO 81,5, "2 g
5,571, 698 tapethyl poly(fetbactyliba&id), Palyghicos. (PB4, D01 108y drides pdidBl-vihyl t 0
Dower etal.; U.S. Patent Nos. 5,969,108 and 6,172,197 to McCafferty etal.;
and U.S. Paveslidessy. poby(gims! algeholl; pelyacrytamide polyfethyiene glyseli, pelviactidessn 915

and 6, 593, iffiths . ' ' .
i nvention SE%A;&SO (l?é’{‘%‘% g%&%glll%egrﬁg@m J():lg&?llrlﬁ 0 %F}gﬁﬁeﬁeﬁnn@# ulhélﬁﬂt#g
cells have riueedinst subtained raessh forinatlationhis inent, fra¢ oDiedghablesppnsBescan be
gener at ed tfbg;m?m‘runizati_?n. g%gm are described in, for exanple, U S.
Patont Nos.SC/oREsiouEe SiRaIs apd BlodgeradaplenA cofralled o Sustaiicdyrclepse SHEMED, Fo
engl neer | n%e?ﬁ'%g@%? odindity bﬁﬂ@gﬁyﬁnh?l‘hcﬁdﬁ thePdBetc Qi ob ) Ul & uifiSehly B Whi ch

modi fi cation ve been nade t ramewor k residues within VII "and/or VL,
e.g. to i nfrastien bhthe pydigvictdoss (soé, etdheGenrspibau MedisapiAgplitapionsiehComteatisdor k

nodi ficati are made .to de i mmunogenicity of the antibody. For
exanpl e, oﬁge?ei‘ﬁ%r%g@hv‘?]s?’tp& ?Lﬁimg@ one or nore framework residues to
t he correspondi ng gerniine sequence. Mre specifically, an antibody that

has undergone somatic nutation may contain framework residues that differ
from t he gdfantioHed sdepse pystems asprdispvssed mibe epvigvpbyllanger §dPPQe Hciemigch

resi dues ¢ hei i f.ie . i i hod nces to
the ger i i nAodaz(dedh S SreRinbe KBk Rl R ndhity FRARIERA b BRGUA S
framewor k rsaghimed seense fergmldtiont behprigey oitd sranereahiibpdiat dfahe invéreicnoSed, i ¢

mut ati ons can be "backtnutated" to the gerrnline sequence by, for exanple,

si t e- di r ectée Wist Bake hos#.526,838 P ClopublicatinraWEH 9 1/85348 Bl qublicatiog WE i nt ended
to be enco t i ] L apdihhcation
i nvol ves rrurgtaail ng’ Iﬁ%& egrs"’rgggﬂr lergﬁgltﬁggfw i 1?1%6{1?@13@1%{56;5#2&%}&2{%9' oan)hor even
Wit hi n one QunceroXenogbit Usigg ardsistained RetoaveGEl,'tRAdiothempy 8oPasology 3heT®RbyY

decrease t potential i nicity . of the antihod Thi 5. approach is

al so refer:@a’ e ﬁd@ﬁ%%@?‘ld&*’ﬂgﬁﬁa‘i Yng) o argeiipg W&@Ff‘ﬁ%ﬂ“&jet ail in
U.S. Pat entgduilone @fm{ud}!ﬁml $PPRAMASAARINEIRE & Béchholok} 568921309 CIREK et
alternative to nodifications nade within the framework or CDR regions,

anti bodi es of the invention nay be engineered to include nodifications
within the Fc region, typically to altear one or nore functional properties
of the antibody, such as serum half-|I i]fg, conpl ement fixation, Fc receptor
bi ndi ng, and/or antigen-dependent cellular cytotoxicity. Furthernore, an

B Y b1




t hese enbodi nents is described in further detail below The nunbering of
residues in the Fc region is that Kabat (Supra). The H nge regi on of CHL
can be nowofnadi3sisch that the nunber of cysteine resi duestipP2dth@sHonge
region is altered, e.g., increased or decreased. This approach is described
further in U S. Patent No. 5,677,425 by Bodner et al. The nunber of
cysteine regj 44667) “Bibﬁé‘%ﬁlldw@d}ﬁ%{?@c%ie% h,%F@thﬁt{t%dP%r CRYioSARRAL €
facilitate assenbl’y of the Iight” and heavy clr1a| ns or to fncrease or

decr ease t héppheddionj"tRrodht’t RgmanConsmdyRel TRmasic Matarg24:8 838 oh and Lam ef al,

mul ti val ent e} can be modifled to ingrease | bi.ol qai cal .hal f-1ife.
Vari oue. appkBazhoSogRBpRBniRes Hgpmbah bt aR el bbnaPu AutPaay oLt mo
nut ati ons c@alibeyi"MFr6Q dd eSymy. 45obkro] RED Bivactl Akibr, 289559986 dabledf WhickisS.
Patent No. 6,277,375 to Ward. Alternatively, to increase the biol ogical

hal f |ife, insernomtebbrigindyrretseenst iretheid enlitehi.n the CHL or CL region to
contain a sal vage receptor binding epitope taken fromtwo | oops of a CH2
dormain of an Fe region of an 1gG as described in U S. Patent Nos.

5, 869, 046 aiftthé adttbbdi:2 f e ikvarion asd adiinistehel bpichily) gy @gibefodiulitbd in the

mul tival ent antibody can be nodified to decrease its biological half-life,
for exanpl eferd dmdintment secam, Hangderyal pg abﬁle&rg&héﬁwpm,éw@yeaeawbm ng for
better clinigg ior{z_%ﬁﬁm&%}o&bfmmapmava{togine%%@n iE{'&f‘e;E@s@@@ n can be

altered by replacding at least one amno acid residue wth a different ami no
aci d resi duRemingidn'ePharimacaitic dcScoamcé Landt Invoductibn tdBhamiacdntidyl. Désapge Boramsp| e,

1 L it h diff t. am id id
slch that ¢ HEEe MBI WhaCoa bostPE e 3P AT g spyagle EpieabacsPes 5B but
retains theyapisds Bedi- tlids s@fi’@l fdrﬁnﬁ cBiplifig RRESTRE oPbrd Radre eXbipicttsl ect or

ligand to which affinity is altered can be, for exanple, an Fe receptor or
the O conpéeiapatitid wisth tepieahapplication andlpgyingaa dynamieiwiscosityeit somefingtanees,

detail in U_S, 5 . bot.h.by W nt t al.
one or o otk B Wayd¥ibe W BARY eHpER SR o atai e, WIRHE! (] 2 e
such that t hmi@tién,enyiohasupehdsdetahidions tédnts, aimtkherits,fRMWdeRS Reintnts,

abol i shed conpl enent dependent cyt ot oxi ci t,Iy (CDC).. This ap_gr oach is

descri bed i falyes anbthe fke.ayhich gre jf desipag gembhaqdor ngxadywith guxibyry| ageRls &8 et
al. One or ] ' I ility of
the in anti g%gv??e?%ﬁ%%ﬁ{’gﬁtnt. f |%@%§$8§§ﬂ§?£&3@eﬁlgﬁghﬁ$a€%her in
PCT Publ i capropartié® sddi 29 3&rlexbnplo dsreoticepressure. Ofifve sitablewpimal desagdbformedi f i ed

to increase.the ability of the antjbody to di at e antj body dependent .
col I ul ar oy insTHsieSBraygbIf apsesgl PLerarasions wherst B aetiejnetadtentypn spra nspaces, in

mul tival ent caibinkGsh/witR'a sehd Eﬁl‘tl)qlﬁ@ﬁ%&tdafrié?}’xs ESI%%@E&’& M ARGuRTwiflP4 € am no

acids. This approach is described further in Publ i cation WO 00/ 42072 by
Presta. Mor prssirized welabler{digng gosaous popetiantesuch gfredmor vy Rpuee Frhale.

FcyRI 1l and,FcRn.have been ed,and varjants wth.inmproved.bi ndi have
been descr i DI AT & ety R alsd be adfitd O prihigetical ERmpossiionsad dgss)
The gl ycosy faiisandedfredExaniplds @dt yudhadd ditvnaDidbfedRets droweBXkasihen thmragl yco

sl ated anti body can be nade (i.e., the antibody |acks glycosylation).

G ycosylation can be altered to, for exanple, increase the affinity of the
anti body fo ' i : £ | npl i shed
by, for examoridftiEhnbAthp i FRMnpRARTRRARIET BRI | Do
anti body sefuemtaed ihan aeraoipfoen, spney, atistrop iretharformoobdiogs.subst i t uti ons can be
made that result in elimnation of one or nore variable region franmework

gl ycosyl at i i 0 el j.m C I t ite. Such
agl ycosyl at %ﬁﬁdﬁéggﬁ %ﬁ)c%&élggiéﬁg %nJng |aﬁ?‘%n$ “g{‘hyat %égllé(f]{hk%g‘a@%aﬁg R{aﬁ%i’;aen. Such
an appr oachcytskiesteroidechenotharafdnae agait sdnkibiofic LbradiBaéis ate RS in, thd 4t 350

and 6, 350,861 by Cg etal. Additionally or alternatively, antibody can be
made {hat | e aHleen of gheeds) GPYbeasndammand Gliean wlieyparioedyl at ed
anti body haypi : f RS g &N J i ng
i ncreased blmélée]g'? fﬁg&%ﬁaé%mg? P ‘tclf%dr"e%?@@lfjé#@ﬁﬁﬁ%@?&@%@gﬂ%bﬂﬁﬁr ns
have been dé&usn$2((d) Bbartmacothempasies foreAdBEE dAtratticeyA BfactcdliAppdeaed, Such

car bohydr at e. nodi f.i ion .be_accoppl i.shed by, for e . £XPpressing
Che ant 1 boayimcattalnadiy Skins BRiE, B GRafesegttangh GAHERED BT <

Wi th al t er eghethydesypl ahi BRABREHY, 155pindby WilRAR H9WiKh gtk PhheaREffedRd can
be used as host cellS in which to express reconbi nant anti bodi es of the
invention to thereby produce an antibody with altered gl ycosylation. For
exanple, EP 1,176,195 by Hang et al. describes a cell line with a
functionally disrupted FUT8 gene, whichiygncodes a fucosyl transferase, such
t hat anti bodi es expressed in such a ceIF | i ne exhi bit hypofucosyl ation. PCT
Publ i cati on WO 03/035835 by Presta describes a variant CHO cell |ine, Lecl3
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(iv) Methods of Engineering Altered Anti bodies As di scussed above,

anti bodi es having VH and VL sequences or full length heavy and light chain
sequenceswehovm3sb®iei n can be used to create new anti bodicexrbyl 1sdoé yi ng
full length heavy chain and/or |ight chain sequences, VH and/or VL

sequences, or the constant region(s) attached thereto. Thus, in another
aspect of m%uhmgﬁéra tic h{¥§ REfelse! HE SImptoats by as 1<akt MR | ekt ctdne

i nvention are use to&c?lreate structurgm{)/ re%gted anti body t hat rEtaln at

| east one {faastcaboon¥)%at dgnst 4070 oir af teestad®b.bodi es of the invention, such as
bi nding to human LRP6 and al so inhibiting one or nore functional properties
of LRP6 (e.g., Wit signaling activity). For exanple, one or nore CDR

regi ons of Adagioat hbagice te.8f P&)bﬁylﬁétﬁ:s(ﬁﬁherhﬁ%@lﬂfag@ﬁs) Ghiodhwan bt ad@irifiecdof ,
can be conbi ned recornbi nant g w th known franmework regions and/or ot her

CDRs to cr éneunbigaian witathe antbestemplha vyntiangnaxbe adminisigredlsgs dangf t he
t I t
doscri bea' PSS BSEARIY Sninblel Bt Y B St HAROLE Pho DY aHAR 11BOSC

engi neer i ngbcsmtzhﬁﬁrs spafingt abdutlicurofo dbloat yhblandlsm aVibae § honsas apswvi ded
herein, or one or nore CDR regtl ons thereof. To ea e the ﬁnglbélger ed

ant i body ihpurs aparbat Abrus dhgnts to gbawtS hiaurs angrte 8‘1‘( heurs t s g
protein) a f ot

provi ded heﬁiﬁ-lE ﬁpgﬁﬁtgﬁéh%goﬁg%q&%@aﬁoﬁsﬁt t\e'jlrlle% %faétlfogﬁ/ﬁhﬁtﬁrgﬂﬁdg]ﬁgfm“ on
cont ai ned iahoutischomeqoaboat Shoursapasic dt zdmut%hom‘smabdmglﬂrhom'smaart tapalgruedbe a

et he ~ BBta ST AR eredut abo: 4] opuisdd ghe P et poe S AGRG e

protein.  A¢eRhGhe ahat, 1Ismoafs% bamoeﬂ‘%gdﬂt MBI Hourd B30 HHGE UpaRN3 OROUMS LS 2

met hod for preparing a propell 6 anti body consisting of: a heavy
chai n vari &bims apasi 4frhoart ofedpusssparinshovay torfe) Bounompers 68 hewrs & Z2hews ed

Sel ect oa  PBGCRGRaRI S e Bt b e SostbiuRoor ondus WG O

CDR3 sequenpsrt ﬁehﬂ%aduﬁddwmdme 1ﬁwuiancpmmi¢rrtgo@fthe$ﬁﬁbd maNes: 3, 23, and
49; and a light chain variable region antibody sequence having a CDRl

sequence s@f@énigigrel ViR pRc SHMARAEBYIIFISt i ng of SEQ ID NOs: 4, 24, and 50, a
CDR2 sequence selected fromthe group consisting of SEQ ID NGs: 5, 25 and,
51, and/or a CDR3 sequence selected fromthe group consisting of SEQ ID
NGs: 6, 26, Thenétibodiesodftti inngntain dndalsd otheretherapies magibe cyelidiatiy edmlmhi:mdi he

heavy chain variable regl on bod sequ§ f; nd/ or thefl %é a| n
vari abl e r &gicHpg gl‘?f"’lpéfdﬂ‘{f’ S apprugt B hirst thepapy(e.gn @ gt %HF body

sequence; %ﬂ&a B 88 tmr ngenea Bﬁ‘inﬁ@' BASWAPEY the KAHRRSEatRA oaaraea;naluabrapy
Accordingly, ano er enbodi ment, the invention provides a nethod f
preparing de. gr apeddndrpr@phyRieéc anthlet;lpdlytlm&m)fmn anperioi: of@mtveamwwﬂm n varl abl e

region anti qenehvm nce se cted from:t

consi sti ng 8 fbl? ‘é‘ﬁé’ % 1nis ﬂgg gg’%thirf %\gtﬁﬁf Q‘éﬂf’e?{cté rg%quélgtaggﬂfr om
the group %ﬁé{)&{d(ﬂﬁ' tihe zﬂﬂ@o'f&'tﬁ'%d reﬂe@tmg?ﬂuss’t Gentihbadrmefration i €D
sequence sel ected fromthe Eroup consisting of SEQ ID NGs: 71, 95, and 117;

and a |i ghtcyckan ardeatd redies thedevsiopaent plogsisioaeniernse of Higi thgademveéquence

selected fro [ O t QI

sequence séF@‘EFg‘a“ 5?6 #??cﬁs or}zorn(%)lﬁ)'tbﬁ%dﬁ‘térﬁg |%98F@§EB?% th&gfﬁc%@ %‘%g and 121
and/ or a Clpgapiesiuence sel ected fromthe group consisting of SEQ I D NOs:
74, 98, and 120; altering at |east one amino acid residue within the heavy
chain variabl e region anti body sequence and/or the light chain variable
regi on anti; r Q516 l?&‘i'ﬁﬁ:l nce;
and express|R%gl¥zflﬁgglllljﬁ?'gr(rﬁ:eﬁ tlﬁtﬁgilgaylgitgéﬁgﬁ%% as %in})(%?gll(%ﬂw&ccor iﬁﬁ(g y, in
anot her entpgiroppdper tiseibutive it vioo. For exardpls, the muddalhdmmeﬁaB) exclades

| t f b t opi L RP6 i bod I.Sti h
Chai n_var | dBY ey SwamROTS SayPPowRlse o Envi g vs opsee ot cprmpuds ef LEL oo’
fromthe gr ﬁ%ﬂ]tﬁg @fdsﬁﬂer%ﬂf(lf aeell ) thcan be férnuldtéd, f@lgexa%?ple @ﬁ'ﬂg&sbﬁesa CDR2

sequence sel ecte om the group consi'sting of SEQ
94, and 116 oramdiials ofi nGDRBIcRIENY dpewnys) wei ey, UrS:rHat ﬂN;)sgi 6212)8bbt5§7§t54ﬂg of

SEQ I D NGs nd 117;. and a | ht chai i on
ant i body sé(‘j‘gesnigé %jvwh%}%"s@ﬂ%mé‘&ﬁﬂlgﬁeg %Oéé?"é' MOIEES "ﬂlé\hg% e%’d’ﬁ@gstl ng
of SEQ I D Negnspdtteddfito chﬁ(? 8eus9§mg’uﬂ§1 thdsenhan eﬁ:awwwe?i ©&d, e% fv.om

t he group con5|st|ngo Q I D NGs: 25, 51, 97, and 119, and/or a
CDR3 sequence selected fromthe group consi st ng of SEQ ID NGs: 6, 26, 52,
74, 98, and 120; altering at |east one .@m no acid residue within the heavy
chain variabl e regi on anti body sequence and/or the light chain variable
regl on ant| body sequence to cr eate at Ieast one aI ter ed anti body sequence;

o o I o o T T ] I T




The functional properties of the altered antibodi es can be assessed using
standard assays available in the art and/or described herein, such as those
set forthwonrotiesexanpl es (e.g., ELISAs). In certain enpodiprenti®saio t he

nmet hods of engineering anti body of the invention, nmutations can be

i ntroduced randomy or selectively along all or part of an anti body codi ng
sequence and/.Rtaﬁacreqs%%)IJnaliﬁndiahh&%}.mas!sy.%&ﬁlp@ﬁ? téigetﬁ%nﬁ&eﬁ& ih@uddi ndi ng
activity and/or other functional properties as described herein. Mitational
net hods ™ hav&Ipeen bintindsached., ihS thae Ng- 15,4 1664 6 s hapl et al) poanimgisies (amezawand

02/ 092780 b CL tdhods, for creating and scr | ant i hody
mut ati ons u}séf”iggéét%*?g%%lrﬁﬁ%ﬁg]g%ésépg%u&yE\ lia(th ERRVE 1Ie%ﬁfi§'§ rsﬁg?fml?l quﬂ a
conbi nat i on(1998) EEBS 1Attt 831 840; WelQwaiPedla/PYbIass antigiicrd®) Agmnds’dReffother. Lazar
et al. describhes nmethods of .using conputational screenin

t met hods to
optim ze phy2il8®kayrackant pradeia vy seeepten (Briseoard ¢f- e 990nAmad tRwpight1 283 184); Phe
Anti bodies T s hadli [ ' j : ,nyenghpn can
be character ?kﬁzfgsgzﬂté;é}%g PF(S)% g@guj %ﬁl'odﬁ]g%n??g g ?@EQW Ig—%raqiox%%%{n%?i étt %)e"”ya E:)g be
char act er i zEEBByLetth246:12hiKillion et ol.,i (hP94)ilnnhinomegiodak:2a81 i vity by i nhi biting
canonical Wit signaling in a Wit gene assay as described herein, their
affinity to a LRP6 protein (e.g., human and/or cynonol gus LRP6), the
epi tope bi NThothvehii froVides SToRRER HOthEh@nGRlaRon of PREmB&ITcaPRintidsiioh©
bl ock the Wit pz;\{t_hvvayl_.Sr I n alzl%)i tion, the antibodi gsﬁare char act erﬂl zed by
ability to ponpitingagibedicagbihiegnvention alope onintcombination withndthergherepiEsit a

f ts The.muttivalent aniibaodi i. ngl e bi parat opi

bi apeci 11 c Aok EEaenThe RS ¢ & Pisin bt g BReredRoiorthe 5 wa
1) and propedhbihatéor the@pies Whthe prestitdandiSion tai bOSIHRRerad Eoriédfxi@agy 4l y, the
mul tival ent anti bodi es singl e biparatopic or a bispecific

e.g.. a i
ant i body) dpesyeniiAly e asikjests Theatheraph (oat prophyactest orgherppeutic ggents) of e
mul ti val ent -'5]?%!' ' i .St L RP6 - eqi For
exanpl e a bf%gﬁrna opltgérgﬁjtelg {)%'3 pgéosgr%rlﬁg@gbgﬁ% @g@%@@fédggﬁ%{l N g'"ggg%%ﬂi'n t hat
bi nds to th€ydingthaapy avolves dreaidminiftrat G farfitsttheaafs (£ op st prdphgiapenstent
Wits such ag Witl, V\ht%, Wit 6, t7A, t7g VE‘;[Q Witl OA Wit OB to
i nhi bi t Wt PErappifagepd) forsprriad ,“%801&“? by 4ke admigistrationofd sreprdthaEwii n
that binds {0 thechndPpioBRY1b& RegR i Qﬁﬁn i i
Propel | er S-Eé;gpendgnt %/\h?s}lsugchéatts %étuggg enﬂéﬁ\?)\gta?grt]gal nhi Elmtld Wfaténgstpgsnal
transduct i osequaitial adminisizatienti.carthd &ott, esorndenivirddica dheadevalppseat/efiresistance

traditional  antibodies for exanpl by expandgi ng,the repertpire targets,
havi g new 15 oL g e ikap eF (4 Bt rcthait ettt dne e BT Eoatfhnor cncy

A singl e LRMGrapits (6.1 2bdiks) 2t/ R aelinane RhadiTicsyoiithé lefapiesPr opel | er regi ons
on a single LRP6 target on the sane cell and inhibit V\htp signaling. In one
enbodi ment, the nultival ent anti body binds to any conbi nati on of

p- propel | er i e f t Si.Silng of praopeller

b opel | er -2 hEMeBts TEk SHhE bR B R RO BB ha R RS of e

mul ti val ent ingaitidnady bbiadtimisteref top elbjeut cdncumdntdy. ofR! th@i "cdnt@i@itlys idot LRP6.

Thus, a single #RP@ r’rhll ti.val.ent anti body has increased potency of action by
bi ndi ng to HEHEd [0 ©e Adigragitior pf thetipes £€-anaraphklaghe oriferapeutisiagants) #ig

medi at ed by QR I BinRR J thody inhibits
bot h propel ?)ga?ﬂil]ﬂ%%ghg?%églgl{ltel?ﬁ%mnéﬁﬁng?gﬁ? hSI gngﬁcﬁg&%ny&&h% Ing to both
p- propel | esoniprizmg antibpdipe bf the iedtomansdmirastpredtté u stbject The seqeneasarid

otency of action.nay be .du 0 j,ncreasgd idity or better Rhinding of the
Ei pat a%/opi cwﬁh’lni aggﬂﬁly%mfpglbh'ﬁbthﬁ a%%?@@ﬁ?i"&"%ﬁ?? BYREL t%&"’&ﬁ%‘hﬂ'@? hods
can be usedothéer EBapHiR) tbvide dh HcPchsMbensiitikah iMfey Gefe AAMRIRd the Wit

signaling pathway can be nonitored by (i) nmeasurenment of abundance and
| ocal i zat i ofthervigs Ear evample, gach thitapy meaderadmenisterst tp h eshibaray hetsaon tiole | RP6

or other d [ Wit S| i roteins (e.d. DVL).. and, (il

nmeasur enent gr\(l)ggaéeﬁl g‘%‘lﬂf fncén en g&%lt Sﬁ%{ éljr}t gémg)srmé%%ee %'Pg%eét i np ga.‘dd‘.‘m}?ima}t the
Cyclin-D, AunieXjme, tHdieshabid betadmihistaredi Saffibi @slytcdoshiin dmle@o laRRPp ©@1dehike

det ect ed by Iab(il ling the antibodies of interest directly, or the

ant i bodi es’ fraifedtherApEulirr rearhystis icHestn Facdhaherapy gan bradmisisteed i axyibiest i ous

sandw ch as i Rt . . i {1 hodi es of
the i nvent: SRUBI S o SRR AL gtk gk SulbNEr T BELIRAL BB oG o
a LRP6 pol yihepherajees (Elge peomtginctie of thetapeimicnagenahbre adoiigistetbd 3o nishigdctdémve.
They can al so be other nouse, chineric or humani zed t anti bodi es which bind
to the sane epitope as the reference anti body. The capacity to bl ock or
conpete with the reference antibody bigpgj ng indicates that the antibodies
under test binds to the same or simlar epitope as that defined by the
reference antibody, or to an epitope which is sufficiently proximal to the

-, o o o 1 NS =

—




Such anti bodies are especially likely to share the advant ageous properties
identified for the reference anti body. The capacity to block or conpete

wi t h t he weferens®ianti body may be determ ned by, e.g., pPeTEPIPRIFT200ON

bi ndi ng assay. Wth a conpetition binding assay, the antibody under test is
exam ned for ability to inhibit specific binding of the reference antibody
to a como ﬂ}aﬁrltS' Iﬂﬁlﬁtes,slﬂﬁhhﬁ% EmbdleSs, RS AR N HotlPapaft, h€sHoul D hbRUMMrtCATPEL €S
with the reference antibody for specific binding to the antigen if an
excess of ubeuttldwur tratiobbhows bpartat abxduk § hontsitp abeut 3 hegrsapads attaheutref er ence

anti body. Substantial .inhibition s that . the. test antibgd reases
specific bgﬂ‘fﬁsﬁ‘bgl?ﬂ“?f‘ ﬁ‘@%@?@@gégﬁg‘{}f%ﬁsd\? aheuty fug}u%ﬁag{. a{)ag)gé 9%@%‘??{25%
50% 75% QpoR@Moulak, AlaBod (RS0 HoukNRudls apdrRat bduen heurds ABoASSay's
that can be used to assess conpetition of a antibodies with the reference

LRP6 ant i bbayrsfapartsit Aoyt § howrsdo phmg Ydroyrsanart, atabeut 9 heyrs tpeabogt 0 hows) j ¢
phase direct or indin 110l ( | i

i rect  ofpyie RS EbusdS pRATY REAS Ry bl 1T Rl (RIR 19 o g
etal ., (1983hohktpad 48 oumaparDDRyurd ap#? o2 D Week apart.dn piies embodiahts, two
biotin-avidin EIA (see Kirkland et al., (1986) J. | nol.. 137:3614-3619);
sol i d phaser Horetherapigs &¢-8¢ Propbgipcticen therapric agents e admpistergd o4 ¥HbE, assay
(see Harlo : a); solid phase direct |abel RIA using 1-125 | abel
(see Morel Wé{gagﬁg&e(@ggg) Mol ec. Immunol . 25:7-15); solid phase direct
biotin-avidin EIA (Cheung etal., (1990) Virology 176:546-552); and direct

| abel ed RI Mbl h ta?., 1990). .S v da | . 2: 77-.82
rabe ' ool depmaterielor loooh ceonge L Lol el
solid surfaggg jgcg?ll i s%@?)g?glac@ﬁtklﬁ%ol;ﬁﬁosh%.stheﬁﬁti%&,aﬁ@héogﬁylhaﬁi or

antibody and a l'abelled re nce antibody. Conpetitive inhibition is
measur ed byhaapesticragintyofithe cembinationothetapise carbbeiadiministaredconsprentlyitofaace or

I'ls i he, . f.oth i body, I ' i
or esent i n oGURGSE st pisimaec T, 3SRk, T ol oL of FetapBil AR ' ©

anti bodi es pfjesitddnifdteRid 16 QB iyahic sffcwr didfersatiouts ofladimbndiagien. i ncl ude
anti bodies binding to the sane epitope as the reference anti body and

anti bodi es. hinding to an adj nt. epitope suf.ficientl roximal.to the

epi t ope boJﬂﬁ‘BV“ﬁﬂ%g?‘QF%s%‘{?gﬁﬁ%ﬂﬁcghﬁg g e@ﬁ’%gﬂﬁeﬁagélhec%ﬂ?‘gl%ccur. To
det ermi ne igkahPRs a8 BaIRI whith RO INsiPAt R Snt Ard it GMRANEP| HediLBer 1RMGAg aNt | body
can be biotinylated using commercially avail able reagents (e.g., reagents
from Pi erce, Rockford, IL). Conpeti ti'%n Stﬂg’gi es using unl abel ed anti bodi es
and biotinylated antibodi es can be petftm usi ng a LRP6 pol ypepti de

coat ed- ELI SA plates. Biotinylated anti bodi es binding can be detected with a
strep- avi diMesthlodahhd Mgtbcialghat ase probe. To determ ne the isotype of
purified antibodies, isotype ELI SAs can be perforned. For exanple, wells of

mcrotiter plates can he coat i th [ f .anti-human | gG overni ght at
AC. After dfd%ﬁf’ﬁif‘v«’%"ﬁ’“iﬁxé‘%%’gﬁc‘%g “ﬂ%’é?‘gé“%ef%"f’g@ct ed with 1 ng/nl or |ess
of the antibody or purified isotype controls, at anbient tenperature for
one to two {mWPagninghe wells can then be reacted with either human | gGl or
human |1 gM speci fic al kal i ne phosphat aseconj ugat ed probes. Plates are then
devel oped YERIHS Pt the isotype of the purified anti body can be
determ ned%%l?@cfginonst rat% II ndi ng of antibodies to live cells expressing a

LRP6 pol ypeptide, flow cytonetry can be used. Briefly, cell lines
expr essi ng Horte: selpcomofgnibedies easagmang bypan LRSSyl Ranning $RiSeIes YEEF wi t h

: : : S : . it and 10%
otal cal T SRR HeRRS RarfbbdBdahRE bRl LR PP ABH R pAdrited b BRocBR] 11
are react ecbf\idns Fhvwing kigh dimdingdféihitids,aning-ds tiesvut @G fantibdiydwarianideoteilsa sane

conditions as the primary antibody st.aining.. Th a C al yzed by
FAC Scan i rfOUHRFER Yﬁ%@‘ﬁélel nhags ‘?‘él?\lay gg’iﬂ'@” W&%%Vgﬁjeﬁ%@a@e%ﬁg on
single cells. An alternative assay using fluorescence m croscopy may be
used (in addiepagehid Iibradynsbsadonthe HECALP ovnept (imppik caaba200@d Vsl Bimh be
stai ned exact Ig/ as descri bed above and,exam ned by fl uqr ei%ﬁ:n%e ] Croscopy.
Thi s met hod?98 7086 apid smpiays dha GysLHsplan diteshaglogy don displaying thedipbien

di m ni shed Lt ke V] i -+ ke density of the antigen. The

ant i bodi es @%Hégy#h&W@@gP%L%ﬁ@éacti vity with a LRP6 pol ypepti de or
antigenic fragnent by Western blotting. Briefly, purified LRP6 pol ypepti des
or fusion proteins, or cell extracts fromcells expressing LRP6 can be
prepared and subjected to sodi um dodecyl sulfate pol yacryl am de gel

el ectrophoresis. After el ectrophoresis 41t he separated antigens are
transferred to nitrocellul ose msrrbranels, bl ocked with 10% fetal calf serum
and probed with the antibodies to be tested. Human |1gG bi ndi ng can be

N T = - 1 . o




(i1) Binding Affinity The antibodies or nultival ent antibodies of the

i nvention may have a high binding affinity to one or nore of its cognate
ant i gens.wban11ersgsypl e, an epitope bindi ng protein descripbgdrb@nssnosay have
an associ ation rate constant or kon rate (epitope binding protein

(RBP) +anti gen- >RBP- Ag) of at | east 2x105Mls-1, at |east 5x105M s-1, at

| east 106M $n Hetaifiithé Hﬁ@%L%%g,S@Vglﬁm\ry udd QRS burfdd( Mofect is discrite@Sh (Rothe er

5x107M s-1, or at least 1 | h one enbodi nent,; the anti bodi es or

mul ti val ent an2PBBdyMabBiohcRithen phagemidspredycrimiigheifpphage VYESMI3®rt han
5x10-1s-1, -1sq | h - =1 0-2s-1, .1
TRy ex10. sEfitiodd Blin Hipadhage (530030 AL 8] Riorsudt 1473 el Refeiisha f0r°°°

5x10-4s-1. ¥lectmntdfaasil RPeamtibbditd. val ent anti bodi es have a koff of |ess
t han 5x10-5s-1 , less than 10-5sl, |ess than 5x10-6s-1 , less than 10-6s-1,

| ess than 5x10+,7s5 1 ss .than 5 -75-1, |l ess than 5x10-8s-1, |ess than
10- 8s- 1, |e£9ﬁ%g#%%h§?§2@a?gfrla§i9¢ﬁ§n 10-95-1, or |ess than 10-9s-1. In
anot her enbodi nent, the antibodies or nultival ent anti body rmay have an

affinity coosihole cell pitmifdsothic@tl] Jino HEK29B dd RPENIZAMGEP wab ubsiasipreaxind 2 1,
at least 103M 1, at. | east 5x103M 1, at | east 104M4, at |east 5x104M 1, at

| east 105M 3ming teyaigal fragmaent famino ggid|1ak482) @OBRPG fusad tq LR SpeqifiMiufAlat

| east 107M ® t

| east Toom P05 paftoly pEARHAS weleiieRater Hifhhidon Siing ERPE cRSTERN oelt 1B

| east 1011Mdllovatl bygmst-adsrpbivn i HEK203 RIS 6-RIE Mctlls. thelresdtingBtdOAPM |,  at

| east 1013M at | east 5x1013 M 1,. at, | east A4M ], at | east, 5x1014M 1,
bt T east  3oRBaeTontTRR SUPSTRFAnS Yab HSTHOn FrralietC hrdisie et e AIec e
anti body or ofigl &divet EBélI AR t}{égr)ér PRapeNENEpSlydbsal QRiphiie® PheR bR wagr | Q
(lcaffikon) of less than 5x10-2M " less than” 10-2M 'l ess than 5x10-3M Iess
t han 10- 3M tifeesesbagainsandaeed indeunsgeative sdheptionBtepd| | ess t han 5x10-5M | ess
than 10-5M | ess than 5x10-6M |ess than 10-6M |ess than 5x10-7M | ess
than 10-7M ¢489% ¢ e%g;,%MgaLﬁ}%Rpglan 10-8M | ess than 5x10-9M |Iess
than 10-9M | ess than 5x10-IM | ess than 10-1M |ess than 5x10-11M | ess

than 10-11 | ess than 5x10-12M J|ess than 10-12M. |l ess than 5x10-13M | ess
than 10-13M] Pg“s%apf%ﬁalsmgfa é‘&’ﬂkedl pg@ge PREngubatedith WedcrgappreiiRPa-Er; or

| ess than 105 ; ty i<\3l ' iUSEsk P nce
W th o Mot e R A e A A IS T R P8

| ess t han 3@0bifeent times t han 2500 pM | ess than 2000 pM |ess than 1500 pM
| ess than 1000 pM |ess than 750 pM |ess than 500 pM | ess than 250 pM

| ess than 2 s IMan : . ; pM | ess
than 10 pM@ %%Eﬁ%l lggﬁlllé%ﬁﬂpea%ég%séssde gé#ﬁ%agkgg{cﬁ%feétzﬁﬁ%%h@lei n or
known t o onkaabénas Kinmplificatiér) @hagetpréducgion aad Bitpaititer dedarainatiohlvide céItiBiedSET)
(Bi acore Intetnat, %;g,l AB, U(ggsa[[ a, Sweden H%E@ anti body or multival ent
ant i bodi es teacibedAboYs Hawhele Gell PAnEAAH(St ri bed herein may have a

di ssoci ation constant ((j) of between 25 to 3400 pM 25 to 3000 pM 25 to

2500 pM 25(ivaDigRenipNiWhake Cdi Réabingolibains [RP61000 pM 25 to 750 pM 25 to
500 pM 25 to 250 pM 25 to 100 pM 25 to 75 pM 25 to 50 pM as assessed

using a net described herei.n or.known to one of ' [ r e.g.,
2 Bl Acor o aD Lo MR Gell ik S Re B o Ao PRRERRCH G ol et
used in acceddangSelwbtidh ¢h RESTGIAa §%ftah PRPCIRY R pRRYral S Rsdiaasbat i on
constant (Kd) of 500 pM 100 %FB pM or 50 pM as assessed using a mnethod

descri bed h&wayhelegellgaonings an etapielfanhings.he art (e.g., a Bl Acore
assay, ELISA, FACS, SET). (iii) Relative Binding Affinities of Miltival ent

Ant i bodi es bh_rih% tHeQeRB1idNBIBESE ARAPIIAE phdRE Wk Ridved ulhRYiffi#sniPr Ot ei ns
carrying nmultiple receptor
concentrations of PBS and PBST for different time periods.

Phage infection of E. coli TG1, amplification, phage production and output titer

determination were conducted as described above in whole cell panning against LRP6.
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bi ndi ng donmai ns that may retain functionality within the proteinin a
simlar fashion or better to the functionalities exhibited in an isol ated
state (i.wo20he3s®eeptor binding domain exhibits sim | arcpmrp@niosaso as part
of the multivalent anti body as conpared to the domain if expressed or

i sol ated i ndependently). For exanple, an isolated scFv specific for epitope

Y exhi bits @ GpeRblion PaRkie BalnsPLRP! € 1 ncluding binding affinity,
agoni stic of antagonistic functions. It is to be understood that the sane

scFv expressed as a recptaor bindi doain within a tival ent. anti body of
Che i nvent FERsemcOltSRIABMPES rrrombinagt H@Pﬂg%?r%@% Bete sovalgRty or

agoni stic 1 Sit | Opeit conpared to the isolated scFv. In
one enbodi ?rieﬁﬁ?ﬂo?ﬁ%mﬁ%ﬂeegfgﬁﬁﬁyﬁ%g%l es of the invention conprise
receptor binding domains (e.g., scFvs) with bindinpg affinities |ower than
the sane iS%Fﬁfédﬂd(ﬁhaé%“ﬁﬁdﬁf'&aﬁérmgbirﬁgﬁ'@ﬁﬁ@dbFaqu?& aFgiatery BeadstvessiheBody)
receptor bi gl i amt BHP%’I% R i val ent
ant i bodi es cgﬁéﬁe&ﬂ%deﬁ% o"'ﬁi“gg"%%?g@r%%%g‘t’ gdr?@lblf];ﬂ(}i‘ ng orr'warnfér%&s1 % Een-%bhé/g%
scFvs), wi wWerdélodtidragd amimediatelyaselifghiefectibmnf Fhe/SEiE bactatia Phdge infeetod,r om
ot her corrponeﬁ_s of the multival enf antibod receptor bin intg domai ns
(e.g., scregphficaion,phageprodustion Auheutphiiter drlarmination erpEAnPNcEHd o he

i nvention i [ g)q,'hﬁ } 2. g., ScFvs), with binding
affiniti es%g@g%??%fvﬁgﬁ%gks%ll asggﬁg@gg?e}gondi ng isolated (free from
ot her conponents of the nultivalent anti bo‘g{% receptor binding domains
(e.q., scF¥&)SubsioninggndMicraexpresionef Selected kahkragmestsyed by many

techni ques known in the art, such as ELI SA, Bi aCoreTM KLnEXATM cell
surface reqrIaélitald ﬁﬁid‘@?r&ﬁﬁﬁaf sdlible Fab\hhdF i @ftodinglindeets bfthessleyied SET.
The binding affinities of the multival ent antibodies of the ipvention can
be assayed HWCAhESOLIdtTrliage ssrepubslonedinte an expsessioansrios pPMORITRE ceHIdt obi ndi ng

domai n (e. %), 0L & I.tival ent antibody.exhibits a hinding affinity
| ess t han S’M}Qﬁfgsgg%%%rf\%%mF%@gh%mg S}@esd%ea?‘f‘pgﬁ%onlaggs than 70%
| ess than 9 v Y 20%
or |less thggcé%%y?tﬁ 3’%@%@9{ %éﬁse‘cg?%&oﬁﬁtn g%@c%l@‘?-g‘gl%??@g%g{ %vﬁtfﬁgog@é@

i sol at ed r esdpdcibedpresionsgly {Rawhonlfeegay.ef as (BO)3)ps neasured by any assay
known in the art. In another enbodi nent, a receptor binding domain (e.g.,
scFv) of aﬁ JdewleCNt anti body exhibits a binding affinity less than 99%
| ess than 5/5: Fe%€ t han 90% | ess than 80% |ess than 70% |ess than 60%
| ess than 50% |ess than 40% |ess than 30% |ess than 20% or |ess than
10% to a spRdIAGSapiningen HEKAA3-AhRPAAOta(ddl cdlisnct i onal i sol ated receptor
bi ndi ng domain (e.g., scFv) as neasured by the techniques presented in any
of the Exa . Malel i . :SC : iwval ent
anti body exh v geg S Meanblo e iE VRO, cef flgnip R Al Sl S o

t han 90% pankinghad s8d4sol nbsrepdrinary Wéescmared Hylflow 6@dmeny oe HEKI9350% nor e

than 40% nore than 30% nore than 20% or pore than 10%to a specific
epi t ope t hah-REGACHRGET eells and ﬁkﬁﬁ%ﬂ%a@@%’@%ﬁ%\ gells g?ft @ﬂmﬁrﬁﬁfﬁeﬁgﬂgdﬁwﬁw
(e.g., scF S &.?Q j t her
enbodi ment ?Qt%%?fggﬂg%qu%ﬁ%%%{e@gm A eﬁgpP%s%’%)a?%fte%éW%al ent

anti body exkidmedtis. a binding affinity nore than 99% nore than 95% nore
than 90% nore than 80% nore than 70% nore than 60% nore than 50% nore

t han 40% h 0 i

cpi tope.  hAm IR raFq 70 5o B ghatitendt rRRabcliR PAGS bilnd, SRERUILS
(e.g., scFwitlabacteastelElysdys inl96 weltliriogumsmigraitanilsids. iAntiboyly bindingewas
Exanpl es. (iv) Assays For Epitope Binding and, Activity él'he ant i bocii@gs and
mul ti val entre¥astadowd Huroghropgeconfigated idgtsciignyantibodies fained eplls wrae pashed (e |
i t nmunospeg,fl i ndi | . 'r@gmpassays
whi ch can gggdg?gg%e{gﬁc ua%y%nggynéé%hgggs Hé%gq}g%&%%%g%%g?ﬁ??\?é and

non- conpet iihstuencns Boctaitlensonisi ng t echni ques such as western blots,

radi oi t nmunoassays, ELI SA (enzyne |inked inmunosorbent assay), "sandw ch"

i Mmunoassay, 3) F}:-F%?Jﬁéjﬁ‘c%é.tﬁr; ‘?{;s%‘%n”%u%ﬁ%%%’ﬁ;ﬁ%ﬂﬁ n reactions, gel

di ffusi on preci reacti I sion assays, agglutination
assays, conplenent-fixation assays, inununoradi onetric assays, fluorescent

i munoassaylpngsrsgtested imthefiernaptise panning werp aergenngin an Fewaptrc KLES s tgfwp.ar e
routine and known in the art (see, e.g., Ausubel et al, eds, 1994, Current
Protocols in Ml ecular Biology, Vol. 1, John Wley & Sons, Inc., New York).
Exenpl ary i mmunoassays are described briefly below (but are not intended by
way of limtation). |nmunoprecipitati Of}3Pr ot ocol s generally conprise |ysing
a population of cells in a lysis buffer "such as Rl PA buffer (1% NP-40 or
Triton X-100, 1% sodi um deoxychol ate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium

. 1 A NI = e . .



ELI SAs conprise preparing antigen, coating the well of a 96 well mcroliter
plate with the antigen, adding the epitope binding protein of interest

conj ugat eslot2o11a3g®@ ect abl e conpound such as an enzymati ecsmpsdmaseoge. g. ,
hor ser adi sh peroxi dase or al kaline phosphatase) to the well and incubating
for a period of tinme, and detecting the presence of the antigen. In ELI SAs
t he epi t opepnRixREHNANRIOR 6EHR stef, Nﬂtl@s&)siﬂd@;&ﬁpi@@s WeRY Eoated With EOMlaH@ALRENT O a
detect abl e conpound, instead, a second antibody (which recognizes the

protein of Isti.dicdsgmenbsjeadistantibedy. Afige wegtingvethdhifjoandcblockyngoibe adttled t o
the well. Further, jnste oating .t well..with the.antigen,, the
e ern of [obiBlapt SEMARCROGEE SR plifhd At Fpsnisd g cbile Rlales Il
ant i body cowietegardeaiaﬁ@b@ndeﬁaacfiagbieﬁtsm@weaemggap-@@ﬁgteﬂ%bhngcmnt he

addition of the antigen of interest to the coated well. e of skill in the
art woul d bbum%tﬂ%ﬁééa)w@héée substrate AdtePhore Fluycsescenee wasiedskat 388 nm wing o
increase th i cted as well as other variations of ELISAs known in
the art. Fo?e@%ﬁgﬂg(?egbussion regardi ng ELI SAs see, e.g., Ausubel et al,
eds, 1994, Current Protocols in Ml ecular Biology, Vol. 1, John Wley &
Sons, |nc., 3NEwpresicn end Parificationtaf I AL T Fybadritibodtey imEdcalt her bi ndi ng
properties of an antibody or multival ent antibody to an antigen nay be

det er m ned ﬁxpéssva{+ﬁa% fgéme;fig%%&dwgﬁ?ﬁwpwwoﬂ n the art

i ncludi ng for exa%e, e rrum nme e.g., enzyne-linked

i munoabsor pEQREIFSRY]_(Fab | BAIn 56-Ir cdlis svaminduoeds baydditidy) f IPAIG. KleHeters (e. g.,
Bl ACORETM anal ysi s), and ot her ods such, as i ndi t bindin S S,
conpet i 1 ve By eIyt g b Baide s SoHbe kNI goRaloerehy (ke
gel el ect r ORROIG&inan?NTrAEh CORLAFARMNver€ddermiBed b UMERLIrMotoidsS. These
and other nethods may utilize a | abel on one or nore of the conponents

bei ng exani Rettyad dab fragmpnts ywas aval yzedtiy deatered gediosd stubs bndaisSPHAAGE agd but
not lim tedir{[ﬁ)ati% L eﬂjs_%,E | uorescent, |um nescent, or isotopic |abels. A
detail ed description of binding affinities and kinetics can be found in
Paul, W E., ed., Fundanental |nmunol ogy, 4th Ed., Lippincott-Raven,

Phi | adel phi & AfB89)Detedminhtidrocuses on anti body-itnmunogen interactions. One
exanpl e of a conpetitive binding assay is a radi oi nununoassay conpri sing
the i ncubat j;08,,0f.! BR&) SARADLLBE VMMNsl3nlNg €Pitope binding protein of
interest in the presence of increasing anounts of unlabeled antigen, and
the detectign of the epitope binding protein bound to the |abel ed antigen.
The af fi ni t jorgfetermanationob ke wiussi w&gﬁﬂﬁﬁnw wronaneeicaknology was apptied. Antir
antigen and _bl.ndi - ] f . tra

scat chard pP%?E%EgP stP% %ﬁ%@i@t??cg?\av%%ﬁgg%g}g%%éﬁéﬁ%%ﬁggﬁ Fglfksnémge
det er mi ned fidliomgd badigendrifiabpagstiys at diffetehi soncaisteationkie anti gen i s i ncubat ed
with epitope binding protein of interest conjugated to a | abel ed conpound
in the pres [ I.Ng:, A f I ; ant y.

Pr ophyl acti @Dgﬁgg[?ﬁgr&%g%gtﬁ%ﬂ@ggy %D%rlee@%dn}t% pﬁ?\%r{?’?'gﬁgtgﬁggﬂgg%%'gsses

t he use of Amigebodi®f8D) nul tival ent anti bodies of the invention for the
prevention, diagnhosis, managenent, treatnent or anelioration of one or nore
synptons as b a i I o I 1Y e Lseas [ edisorders,
i ncl udi ng bﬁ‘?rckn%?&??Mr#%tgodld*%&?gﬁozleeﬁgh;ﬁ)ﬁlﬁ] atﬁ%@%r(stzﬁ@%% %Ir rrﬁ%%théehsg’?seases

ei ther al onantibody pratéintwenaiisediatedsh 90 hesndntee cafte &S anal{ie diby\a@alyticd SEC30
enconpasses_the use of antibodies of the invention conjugated or fused to a
moi oty (0. gSUPHY A SATErBaBdaHEM ST IdPUERD PoT S GRIIGRL (hesehdunssince)
treatment o | J - of one or nore synptons associated wth di seases,
di sorders ofr‘or?%(?’eﬂgﬁfegﬁgaﬁfncl uding but not limted to cancer, inflammatory
and aut oi nune di seases either alone or_in conbination w th other

therapi es. fyfitycdatermination i slutbanswonbasisgly periemiedas|descsibed drde ditaratgens and

cubset of carat fiafHORRE it MM AI AT LB Bl Rt T

possi bl e t osenaitigity aspaaufdcg of tesSH Smethodcik has wahdiaudd s stssiealdiIBG tai t h

ot her unrel opul at i ons _of cells. ther, it is _possihle that

mul tival ent ﬁéﬁ%ﬂ%ﬁﬁp@gO&gyt(ﬁgeqeigwt i(%(ﬁ)%éé‘r%h;’é’éf‘%@:‘t%bl @é&é?al (two,
three, four, five, six, seven, eight, nine, ten, etc.) receptor binding
dormai ns that bind cell surface antigens present on non-target cel
popul ati ons, however, it is the conbined avidity of the set of receptor

bi ndi ng domai ns, which confer an effective level of binding (i.e., a
therapeutically effective |evel of binding) to the target cell popul ation.
In other words, several of the receptogspinding domains are engaged to
facilitate the targeting of a particular cell type, which would not be
achi eved by binding of an individual isolated domain (e.g., isolated from

L,



I n other enbodi nents, nultivalent antibodies of the invention conprising X
nunber of receptor binding domains (where X is any positive integer from 2
t hr ough 6Gyoeshiisioian increase in avidity (in vitro or waogmErPasimiosi2ed ered to
a mamal (e.g., a human) for a particular antigen conpared to a control

receptor binding protein (such as, but not limted to an anti body" an scFv)

wher ei n t hgpe Qi s e SGaIRE WithoX N @BBB?]%fﬁkd}eﬁ g 2BStoried(MI8E Mrodelgnd Y

are any positive integer from2 throu 6and iS5 greater than recept or
bi ndi ng dolai Ks detemeination af Fabemslecwnethe dit emidel wias wstid ifaccarsding to hlaenehes al

control receptor bjpdin omai n,.protein.i i fi th ape i tope as
the.  ecept SIPBLEHGLBRAr D ey BB K vd 98P SRkt Mol fr SERRrBRe T

ot her wor d945hgs1i nventi on provides nultival ent antibodies with increased
avidity for a particular target as conpared to control receptor binding
proteins with greater or fewer receptor binding domains . wherein at | east
one receptaoy_hindin mdogp' I eci f Foli nfli gen with the
protein of th?‘“"i‘n e%b]p .b@utﬁﬂg(\?’i d qlggbg’hginagéﬁi n P}?ﬁlﬂal ent anti bodi es
allow for the decrease of toxicity of such therapeutic proteins (for

exanpl e, caonbinations of any antibodies listed in Table |I. It is understood
that the pikabdi applisd tetabFabpasenteHoRmy exhibit a "tailor-fit" avidity
and/or affinity to decrease toxicity in vivo. As such, the invention also

provi des mgt hppirt @hthl RNIbIOAHIges colcehi@tid(Baiingditebhat exhibit a | ower
toxicity in an aninmal, than a control receptor binding protein. It is also

appreciated that avidity. ¢ e. be evaluated by readily available in
vitro net h%@%ﬁ@él&"ﬁhﬁ%ﬁ@’@? M(including but not limted to

cyt oki ne expression/rel ease/ bi ndi ng, gene expression, norphol ogy changes,
chenot axi s K¢ affpiitym fl ux, and the like, growth and signaling), binding
measurenments determ ned by Bl Acore or KinExa neasurenents with control
receptor bindi i I sonme enbodi ments, control receptor

bi ndi ng pr ;;S?%”%’g’%%@ﬂ{sy@ﬁ%é%? of receptor binding domains fromthe
proteins of the invention. |In other enbodi nents, control receptor binding
prot ei ns neCse Daterinination oh EEH2930d 7wellsror e i sol at ed receptor bi ndi ng
dormains fromthe nmultival ent antibodies of the invention. For exanple, for
a protein gicf DAubdWERHeRAnMel Bn Pahial PR 2B TATNQIE APACS medstiSene] A
receptor bi ndi ng protein may conprise |, 2, 3, 4, 5, or 6receptor binding
domai ns, witypicalantipaiyttiteition cerve soutaived tintg teekva diffarentiangbedyatilutions, apd f or  an

ti ' th the. ' f ' ti dth I
rotein. | AHREC R SeehE R Ao P 8 DT EArUS TR o RriBL on ar e
used to SpPeLfivend hdfvés@cﬂﬂisiﬁgVAcdﬁ%b,%ﬁlsgéﬁ%H"{@FACSiHﬂﬂin(ﬁstrthed et for
neutralization cells which are defined by the expression of nmultiple cell

surface antwellswfa 9prwell plplecard stainetbwith artthody diltipnse Bt valusseyare deferpiiagd des
met hods of f.neating ca i 1 -S| ;g pat hway t hat

i ncl ude, bu‘?"Eha t(eapﬁ i @ngé%ga?gﬁﬁ-'r%gngt%o\gfalﬁl%gﬁe@fgﬁ%ghcan ééég mul tiple

nmyel oma, ovarian cancer, liver cancer, bladder cancer gastric cancer,

prost at e candmnyersivntte Ig§el oi d | eukeni a, chronic nyel oi d | eukeni a,

ost eosarconm, squanous cell carcinoma, and mel anoma. Antibodies can also be
used to L' 9R0rd: % }f@s@tfu]?tehgfh 19GS 4riBISd SR FlaginBits WF hehvdeH) ahd 1ight
defective t signalling, incfuding but are not imted to osteoporosis,

ost eoar t hr ichhins (¥b) weresubdondddnay Fdb sxpressjondvestyes intg appropriadphr eni a,

vascul ar di cgy di ac _di sease nco i roli atiive di seases,
fibrosis, &ig(%ﬁgg?e%g"é’ﬁté’ﬁagpf S‘é‘“ﬂ‘? @ggmgﬂi%négsgwy}l%%%ms m?f?b‘é‘ﬁ% The
Wit si gnal ijgg1ppapway plays a critical role in tissue repair and
regeneration. Agents that sensitize cells to Wit signaling can be used to
pronote tissue regeneratjon for nany, condjtion uch as bone di seases,
mucositis, @Jﬁ?@‘%ﬁ(ﬁ%@&?ﬂé’"ﬂiﬁdﬂ@#‘ﬂ? Hfa“"ﬁwﬁ'ﬁsher s. Suitable agents for
conbination treatnent with LRP6 anti bodi es include standard of care agents

known in t Heukarylotit MK B B &11a Wege transfisethd witieequabaacinity of Ig€sheaaivy andbglitcal Wt
si gnal i ng p%t hway (e Pl 3_kinase agents).. D agngstic
C

. 9., . es
ain express;or? vector (PMORPH2) or'expression vector 18I§IA enC(l)Jting for heavy and

light chains of 1gGs (pMORPH4). After sterile filtration, the solution was subjected to
standard protein A affinity chromatography (MabSelect SURE, GE Healthcare). Protein
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In one aspect, the invention enconpasses di agnostic assays for determ ning
LRP6 protein and/or nucleic acid expression as well as LRP6 protein

functi on,wonotiesmont ext of a biol ogical sanple (e.g., combosesn2on cells,
tissue) or fromindividual afflicted with cancer, or is at risk of

devel opi ng cancer. Di agnhostic assays, such as conpetitive assays rely on
the abil ity cohochirka$ial derdaanainaBy (NepetiefoRimdny PuRBEIILE Wislaalyhsy t et
sanple analyte for a |limted nunber of binding sites on a conmon bi ndi ng
part ner. Thangerdgnayripgredusinggad aonireducing jondiondin $RESPASEHE or by vsingf t er t he
conpetition and t tr d..anal und to the binding partner
are separat éA?ﬂ?Pto%%gﬁéggﬁbagﬁﬁlgB?t?vgcsttaa?e a%g‘&)g%g(?‘yte. This separation is
acconpl i shed by decanting (where the binding partner was preinsol ubilized)
or by cent ri8f HnhBeronkee Gene Hssdyi ndi ng partner was precipitated after the
conpetitive reaction). The ampbunt of test sanple analyte is inversely
proportiona ; UnRp . r u of

mar ker subs :T (EE %gﬂlﬂgD%ig@r es pgagtgﬂg {l}rg \t/(sefs[ﬂvp\ﬁ W‘Eﬁ %lgﬁmﬂ ﬁ% n‘g% r%?és{e(%)?eaaﬁgpy%ﬂed are
prepar ed andVutdapapensive lnbifarase remster pawudssay . i Cellsrvbee cither gnantatadavitlvel y
determ ne t mount .of .analyte present in. th est sanppl e. .,These assays
are call ed E‘E‘i‘@?\c‘%@f@tﬂ% 8%”85%’/%’5%%“@%’ Vggt lbpgmggtoéé’#%l Urar ker s.
I'n an assay eQpressidiSpladhids. conpetitive binding between antibodies and LRP6
anti bodies results in the bound LRP6 protein, being a neasure of antibodies

in the seru | e, nmpst  particul arly,.antihqgdies in the serumsanple. A
si gni fi cant ?}ém g@%?fﬁ*r qe%‘é/légﬂ’d‘f/a é‘g’ﬂ‘l’é‘f"eﬁ%ﬂ’@mnt i s made of
neutralising antibodies directly (i.e., those which interfere with binding
of LRP6 protle! HEKQp&STF celi/well vepé seepedinto 506 vellnisewesayturedslate] aidl calls weien
the formof ,an ELL SA test s,-considerapl e appljcations in the clinical
envi ronnent ? EatF‘iluOY"dH‘tgF‘h@@%I géﬁ%@&ééh”?d@ﬂ?é‘%venti on al so provides for
prognostic (or predictive) assays for determ ning whether an individual is
at risk of dby@llpiingday, dasSoustali-lasBOgitboayd diMtidhslaRPOK DA @R Phsitive
mutations in a LRP6 gene can_be assayed jin a biological sanple. Such assays
can be usedCPFolhversiEeRared dtheningtwre of dlilyted jb Méntd greopditiensd medium. 60

prophyl acti EiNréil o (R SufdinardHl W4k Veglr# A tHe et DAl f?élﬁ?&ulﬂ{re @la ad réRhced
characterized by or associated wth L é)pI‘OtEI n, nuclerc acid expression
or activitybyAfgpilieell aSthe condfionddenédivmiantibsdypdibtiodes net hods f or

determ ning LRP6 nucleic acid expression or LRP6 protein activity in an

i ndi vi dual deat € r ' ' gents
For that i Aty JeapaiendBt BElo PORLCET s 0 LR RRAH, befloIRT SEIARGH fonf
Phar nacogen@ronega)l Wweareaddedrantl pdateselvere incabatodl fagldnhim. Fer laminedtegs readont

t herapeutic or hyl acti ¢ treatnment of an_individual based on the

genot ype of (f%égi)ﬁ% éf*%é?kt é:?@?Ysatteﬂé"’ebee‘ﬁ%F% dRtoano Wﬂﬁi“%r%‘ﬁ{ Platani ned
to determ necddg. ehid 39y of the individual to respond to a particular
agent.) Yet another aspect of the invention pertains to nonitoring the

i nfl uence of agents (e. drugs) on_the expressign or activity of LRP6

g.
protein in & $Milacasssy cap also heperiogmed psingso-eipe el Wisher Yot lnoiser e

phar maceuti g 1 85 (d. & AR iTiNIPNSor IEKYES BYin anti body or mul tival ent
ant i bodi es oﬁrfﬁengfér?vegt?on m xé V\ns)’tr[hoa pﬁar ma%}as tically acceptable
carrier or excipient. The con'%osi tions can additional|y contain one or nore
ot her t her ag8hthnél/ Ygtia Reporgr Garedssgy i) Isansenthy lagesfeddedbe elfsr event i ng
cancer (breast cancer, lung cancer, nultiple nyeloma, ovarian cancer, liver

cancer, bl addr)* HEDEIT/ DREI Kiviel IGREE 8Ecdc@ TG h FoavaIPIEEE cul AFs DRI Bk @]
| eukem a, chronic nyeloid | eukem a, osteosarcoma, squanobus cell carcinong,

and nel anonand calls wane mepbited @137t 6éh HpeOt irc 1 Yhl aiedigmoas descrabpsrin Jablers. be
prepared by 5. Xi 4 j } I | rrier xci.nients, or
stabilizer sﬁlﬂr?}(;l %g) jf%ofr’%eggwee?‘ga%?fe?@gﬁﬁ%%@&ﬁ‘é&gF’“Ssr SuS?drnl pggs?mgti:]ueous
sol utions, hgMmetingTAdrucsIESEFRYFRedy (us HerasecastrudtiB0diganel ;& pARL-SV401)
Goodman and G |, 's. The Pharnmacol ogi cal Basis of Therapeutics,

MeGraw- Hi | | (R‘Néﬁ@mﬂ‘ﬁ er‘sq\fov?t,r“c@e(ﬁﬁ& 0¥¢2000) Reni ngton: The Sci ence and
Practice of Pharmacy, Lippincott, WIlianms, and WIkins, New York, N.Y.;
Avis, et al A tt@dfec)iod pREDY (Phal/MRIpUhS prebarbld sameinfip the plaBiaidNisedabove

Medi cati ons, Marcel Dekker, NY; Lieberman, et al. (eds.) 1990% )

Phar maceut i 82 0-Bod FGenspivell (Rephed: Ehe wanskestiomprerix wasicubatedds minat RY al .
(eds.) (1990) Pharnmaceutical Dosage Forns: Disperse Systens, Marcel Dekker,
NY; Wei ner and Kot koski e (2000) Excipient Toxicity and
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Safety, Marcel Dekker, Inc., New York, N Y.). Selecting an adm nistration
regi men for a therapeutic depends on several factors, including the serum
or tissuewbunnomssoirate of the entity, the |l evel of synmpromeotioer200

i mrunogenicity of the entity, and the accessibility of the target cells in
the biological matrix. In certain enbodinents, an adm nistration regi nen

maxi m zes thﬁﬁ}ﬂ?&ﬁb&éﬂ e RRUL Thedsthk Rk 86kKeQ at 450 RAT iR atmﬁ%msaflﬁnt

with an accepta evel of side effects. Accordi ngl.g, the anpunt o
bi ol ogi ¢ déienvneubdted dprehblat 3H°@a% Céh. Intbe praniine, antibedies wyreailutedrin

severity of the copdjtion, being.treat i,dance in selecting appropriate
doses of amefiﬁtﬂ'a?’é‘g?ddﬁ?f)?%ﬂﬁeﬁ@?fe‘é‘ﬁ C%‘F?&V?%Wé@ul es are avail able (see,
e.g., Waw zynczak (1996) Antibody Therapy, Bios Scientific Pub. Ltd,

Oxf or dshi r é\ftet)k8 td&24bj Thoul/ad])DyalGbNuciferase raagait (Rrimdgedivers, addyd oid thes and

Arthritis, rcel kker, New_York, N.Y.. Bac e 1993) . Monocl onal
Ant i bodi es PARY Dﬁﬁﬁfeomapawowhmwmﬁs of Gk EUre R M RRERRBRS! news
York, N Y. Af@aRinhine{cefile reac(o%Q%ﬁJLWl EalGloBto lov@&ﬁgéﬂklﬁﬂﬁg%ﬂw‘{rﬂr om et
al., (1999) New Engl. J. Med. 341:1966-1973; Slanmon et al., (2001) New
Engl . J. Madded3nd:lmaBes@nce Bahingasurashdgain tetdetermineRxmilty lupiésraseraghivity.  Med.
342:613-619; Ghosh et al., (2003) New Engl. J. Med. 348:24-32; Lipsky et
al ., (2000 ,Ne1fsidkne rdtio %@%ﬁ@#ﬁfﬂé%ﬁ&@%ﬁcﬁv@?%ﬁ& Refidaieifeplse hévity
appropriate dose Is nade by the cli'nician, e.g.; using parameters or

fact ors knovan calculatedpdot Hihoidatetrhimation of the anti-dRP6tanihodresatheaelaivedi ct ed to
affect treatnent. ner al | t he dosg begi W th an anount sonewhat |ess
than t he oi'f‘i?ﬁ[ﬁ??a%%s‘aﬁf& a%?ly?%de‘fsr‘ﬂ?réggggac[;@“%ll increments thereafter
until the desired or optinumeffect is achieved relative to any negative
si de ef f ectAssimlilapassaycdn ascelgnssformedresisg cesulture lofi éntl boetheoWntl alpssons of |
e.g., the inflammation or |evel of i tor E‘Min produced. Act ual
dosage | evé&igan ?Velrﬁéprgﬁst“i‘g/%ﬂ?]iszﬁge@{bg%i’mtﬁé?}'l fgﬁéi cal conpositions
of the present invention may be varied so as to obtain an anmobunt of the

active i ngWe#4ETs Crdss-ReaivitpiStadites ve to achieve the desired therapeutic
response for a particular patient, conposition, and node of adm nistration,

wi t hout bei t 0Xi.C j.ent e t i wdepend
Upon-a. var (G0 r e riGP RulrRE apd Ao R 1P 6 80 el ol U7
parti cul ar FACHASYsiDFACH stdihifg Wae perfornmdissdntially eadsonied, above.tHenast er ,
salt or am de thereof, the route of admnjstration, the time of

adni ni st r atiZéf celmmorexpresgen abLRBE) Were ysed apar Regatiyeentiel-conpound bei ng

enpl oyed, the duration of the treatnent, other drugs, conpounds and/or
materials Wg6e-refictRAb Aine I.RM6thsttéed@ inufiid NTHAIIRHS ICrossreadbligyed,
the age, sex, weight, condition, general health and prior_medical history
of the pat icsmmelegugl RPexesiested oa the @omelagys selk Hagkynemthleandeehi cal arts.
Conmpositio I Si ! i t he invention can be provi ded by
conti nuous%ﬁ%gm{ﬁsﬂsge?teg;ﬁ%lg?eyfgQelf”r%t ervals of, e.g., one day, one week,
or 1-7 tinmes per week. Doses mmy be provided intravenously, subcutaneously,
t opi cal | 'y, For tistipg cyneswlogus craseredetiyity pmthedwmpase line HEKZ3Eidbthgicel)s or by

i nhal ati on. A eci fic dose otocol i s one.invol vi i | dose or
hona T bon s BRIy GrnRtief Uohe F ot afE driiRieth b A Bi™! 9050
weekl y dosendmfachferd ink@@dions) C¥Pls megd Kitheb adisfitédith aatixheast the hdmhnig/ kg,

at least 0.5 iug/kg, at least 1 lug/kg, at |least 10 lug/kg, at |east 100
| ug/ kg, at LRBSxpeessiopglaspid a@MVéanglLBPﬁgmt&}e chapereagsencodingplpsryd  at

o (2003 oK S GRSy W B leels po PR, PAVEIOKST (SSRGS By YRS,
T RCMEONE N e
52: 133- 1445&%&%%3%?@@@89&1%#%&%eaﬂaxeéﬂ?na mwowé{ei"é%h{ﬁ? faskane as
for an antipdyaqf ca&'\v&ea&w&fd A8 rsrﬁfﬂéﬁ'»ﬁﬁ{ {68 bR WehBAL R dodurolT he

desired plasnma concentration o tival ent "anti body is about the sanme as
for an ant iantbgdy (R&a Systems) dng WitdgntinvbREOHUCHL antibblies ddeek-tragsféstedat | east

15 lug at | u at le 25 j.u t | east lug, at | 35 | ug,
2t @egst a0TiRep iy pelsafere ey fegelveesnoonyaiis U iihefonsTRE °o

| east 60 |Qﬂpﬂ§£o%@35t 65 iug, at least 70 lug, at |east 75 lug, at |east
80 lug, at least 85 lug, at least 90 iug, at least 95 iug, or at |east 100
| ug. The doses administered to a subject may nunber at least 1, 2, 3, 4, 5
6, 7, 8, 9, 10, 11, or 12, or nore. For antibodies of the invention, the
dosage administered to a patient may Q§'0.0001 ng/ kg to 100 ng/ kg of the
patient's body weight. The dosage nmay 4 bet ween 0.0001 ng/ kg and 20 ny/ kg,
0.0001 nmg/ kg and 10 ng/ kg, 0.0001 ny/kg and 5 ng/ kg, 0.0001 and 2 ng/ kg,

NN A NN A - = N NN A -



The dosage of the antibodi esof the invention nmay achieve a serumtiter of
at least 0.1 jig/m, at least 0.5 jig/m, at least 1 jig/m, at |least 2
jig/im, awolenstssdijig/ M, at least 6 jig/m, at |east pOTjEPEéIMios7206 | east
15 jig/m, at least 20 jig/m, at least 25 jig/m, at least 50 jig/m, at
| east 100 jig/m, at least 125 jig/m, at least 150 jig/m, at least 175
jig/lm, at ugag,t,,dgp tiin@aiby at least 225 jig/nm, at least 250 jig/m, at
| east 275 gghnl f’east 300 jig/m, at least 325 jig/m, at |east 350
jig/lm, at ast 375 or at |least 400 jig/m in a subj ect.

Al ternati veﬁe?”e'i"ﬂ@"‘ﬂw @W’?W@O’éﬁfqrﬁfdﬁ' i es of the invention may achieve a
serumtiter of at least 0.1 jig/m, at least 0.5 jig/m, at least 1 jig/m,
at Ieast 2T]0i1@irms¢ aﬁimiyemdﬁ)i(ﬂoglbag/aﬂiwlt}aéf serarl aﬁtliaécg/ffdg,tneafts, L.e@BR3 BAd
jig/lm, |g/rr1 at, least 20 .nu.g/m, at |east, 25 ] m., at

| east 50 , i !j’/(fl?l£2 “ééi%efe qpygnizemparalle] by 6%?“31@Btaﬁ?‘&ﬁ'rﬁ1us'“§tml“@if‘§{‘ dgs0
jig/inm, bgastd hiBekhdisMvh ﬂ%@%n / 225 jig/nm, at

| east 250 jlg?c:# at gf:eassi 21‘}@2] ig/m O%Qpe ‘se'gsvtmr%%kf!”g , at | east 325

jig/lm, at |east 350{D at, | east 3751 g/m, or at least 400 jig/m in
t he Subj ect Thpdiffegendp fam%aﬁaagn bbrarigewersaeneiatsd bypsjandardy Cé@ﬁas wcemue& he

adm ni strat t days,
10 days, 15" Aoy aERgfoR GPAL A GRIA% Goncs HiRicicky B emptteHRL ool PHOPHE: oo

| east 6 nnn(lhmtrogén') Béduenting ef mndemty ffickedaclaes ts]nmw(bardlpa'supnf 1608%. Nar y
depending on factors suc he condi tio ein ea e overall

heal th of tn%feBt&[ Piadgrs “tefre%ﬁﬁfﬁ HoanS B tpé‘:kéaﬁﬂ’cﬂ‘S% i lya%'ﬁﬁ ‘ts‘{hr]élfr%‘?f’ W8 t he
severity of pahgedabtfeqats. (see, e.g., Mynard, et al. (1996) A Handbook of
SOPs for Good Cinical Practice, Interphann Press, Boca Raton, Fla.; Dent
(2001) Good Laboratory and Good dinical Practice, Uch Publ., London, UK).

The route of ﬂ?} tion be by, e.g., sutaneous application,
i njection or u@(@iﬁ" ef'?ﬁr@ enous, intraperitoneal, intracerebral,

i ntranuscul @{moh&tfﬁﬁmﬂawwnw ﬁ%ﬁg&ﬁ& hitke whid aésagécﬁ?{tﬂﬁ{a @'e es in the
intral esional, or by sustained rel ease syste or "an 1 ?see .
Si dman et aman([ﬂﬁﬁfﬁa)thdoﬁEVBnams &2 ﬁa@i’ag%ﬁmoﬂ_tarig@taneinoﬁlmtp tl(elra&ia)naﬂy fat
Bi omed. Mater 15:167-277; Langer, (1982) Chem Tech. 12:98-105;
Epstein et Bpdo I(Uﬂ%@ye Bioen degsy post-Rpplant, when tuppurgradsgs megpvolmma Al et

gl 350(}1220;@ g’%‘ﬂga%% éﬁahrél}cggk%%é@sﬁgﬁzeﬂq%% 34%86 SMS ané er%?&g) | ncI ude

a sol ubi | i zdogd2gentthreday (Desdheidn @S4NEI0T); mﬁ&rq&slmmme to ease pain
at the site of the injection. In addition, pulnonary adm nistration can

al so be enplidykajbidonyin Bbyhm&abﬂssays i nhal er or nebulizer, and fornulation
with an aerosolizing agent. See, U S Pat. Nos. 6, 019 968, 5, 985, 320,

2555, 209, Pt w5 APl 10 e

and WO 99/ 68063th BadD,0CeNdwek sealed o aPoradl Etisshe cdiure phater @fostaemt e the| r
entirety. Acoqp ition o the&resﬂ(ﬁr) i pvention_nmay al so_be admnlstered
via one or Abtk "Y"i‘tﬁ“éléra&F egigthin Veth WK expressin E)IF‘SIWSr 0 ae/vell ki ety of
met hods kno h@r EH@O@n?:’m ‘S,WQ?PI%FH%&AE)CHP&%S%H@EEE Jééil H@Qw@”' san,

0 m epen

the route an “node ni stration var ng upon t
desired res(R¢c$1e) SehleIMafmmTaaﬁemfonadmhmd&B fnackd dxlutécbfn RIS aibstided ta)fhet he

i nvention incl rav tra intra | . intraperitoneal,
subcut aneougansli e B idipsabaticr Fe y Bisifeesse pnf qﬁﬁ&lﬁ%{%ﬁctlww
exanpl e by lﬂv@feelﬁédsﬁfbdq{snn%@dé%@%ucﬁ@fa@@fe%% Woeg?)zgeﬂﬂngﬁblf@ééeRﬁ@ﬁﬁé@m

nodes of adm nistration oOther than entera adm ni strati on,
usual |y by topjeoaliontramsfegtipmeffigewsy wi t hout limitation, intravenous,

intranuscular, intraarterial, intrathecal, intracapsular, intraorbital,
i ntracardi agy [LAtHALGE by r I C e
subcuti cul ar, Fnt raartf&éiﬁflz}alr?éﬁ& ghggf%?iet EJsar ac;n[mm gﬂ (lzh?r#a%‘s,ﬁlb%% RO,

epi dur al and0Bngenastelnmhoninglsignab rma gireirise trs & bell shaped petentidhimdi coevrtin thehe

anti body of the inyenti is adm ni.stered by infusion. In another

enbodi nent , p‘ieﬁeélcﬁﬁ%lflg’g‘btgg@fgeﬂ’ﬁ‘@ ‘?drﬁ}%’}‘?f'i on is adnministered WO

2011/ 138391PCT/ EP2011/ 057200 subcut aneously. If the anti bodies of the
invention are adm nistered in a controlled rel ease or sustai ned rel ease
system a punp may be used to achieve controlled or sustained rel ease (see
Langer, supra; Sefton, (1987) CRC Crit. Ref Bioned. Eng. 14:20; Buchwald
etal., (1980) Surgery 88:507; Saudek etal., (1989) N Engl. J. Med.
321:574). Polyneric materials can be usggl to achieve controlled or

sustai ned rel ease of the therapies of the invention (see e.g., Mdical

Appl i catl ons of Control I ed Rel ease, Langer and Wse (eds ) CRC Pr es. Boca
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If the antibodies of the invention are adm nistered topically, they can be
formulated in the formof an ointnent, cream transdermal patch, |otion,
gel , shampoapiigpsmdy, aerosol, solution, emul sion, or otlrer/HPesios2bd - Known
to one of skill in the art. See, e.g., Rem ngton's Pharmaceutical Sciences
and I ntroduction to Pharmaceutical Dosage Forns, 19th ed., Mack Pub. Co.,
East on, Pa”(ﬂ%@‘ﬁ“? EopRitR' 3¥@P! € topi cal dosage forms, viscous to

0

sem - SO| idor s or ns COI’TpI’I sing a carrier or one or nore eXCI pl ents

conpatible wth topr cal application a i ng nam.c Vi sc in sone
i nst ances, Fgr BACSrbasehepmpatition 2558y 3Ak: ﬁé @%ﬁdﬂ%@ﬁgaeﬁ? EHBIO iﬁ Br mul at i ons

i ncl ude, IPRSE Creans,
oi nt ment s\MMdfn\}gﬁezrds7| ‘H%r%%lidrtr@r?]atéqsﬁé\}ggﬁca cﬁféﬁg&f’ﬁ@a“m cﬁﬁ grme i f desi red,
sterilized Hmltlnax@dncmrdimgam el mamfacmgeﬂs hlstrect@n,s. Preedsetindated Eahs were used

stabilizer i ng.agen for infl ncrn var|
properti es¥°r§&¢|§ é@gm?%?“ Q%gﬁ?%g L?*A’Z @ﬁg ‘?—:lz’)s"’ﬁf’&omﬁ“ﬁ AP SoReHts ?é’"t(ggl cal
dosage. f of ik KRR ddfiEerBli %h%&@éaﬁ%e@rvﬁﬂermb' HBELRED JifiIBERLY ©
ingredient, in sone Inst ces I'n conbl nation WI a so l'iquid inert
carrier, i Fapatdbgede nm:uhatad withitlee it dilutiops s duhoiug eich ?@bamplﬂe flaker., a
gaseous propell ant., such a LN squeeze |stur ers or
hunect ant s i nglg: &3 d“f’%oﬁnp%caghﬁﬁeeruﬁeg er‘éd’i‘?ﬂﬁ"g?‘{ Cf?d“"&&

forms if depleh@dididARERIVESRT1 s Bt 2Adid 4 PRA! shka'if dieiatic (RIS word \lvas}h@@\/\’n in

@ad
the art. If t%e conpositions conprising antibodi es are adm ni stered :
i ntranasal |ty1ce|W1tlnlamCSéuffdrmgll fluosescenvearasaegaswied usiog MAGSHAEY BP5t or in

he f f. d hod d
tner apeut | SURYERG onpohRoRa el b Merk beibidg e oo ﬁQLf*é@{}r%ﬂa%en%&"“"“

antibiotic ,th@LRP@@hﬁﬁﬂgD;rroteaf SOkTane binﬂlﬂgrter 1B¢ Fal{s36 €he 211§ was hivhiiomd byt al .
(eds.) (20%@) Goodman and G | man's The Pharmacol ogi cal Basis of

Ther apeut i ®F-conjugatad anH human lgfs @ptibpdyi (DianoNgly York, N.Y.; Pool e and

Pet erson (eds.) (2001) Pharmacot herapeutics for Advanced Practice: A
Practical Approach, Lippincott, Wlliams & WIkins, Phila., Pa.; Chabner
and Longo (Idefmpudrablodinglasger Chenot herapy and Bi ot herapy, Lippincott,

WIliams &1l %bmﬁ»satlé’wc?e preﬁaiea in Iﬂl“ﬁ@lﬁﬁfﬁﬁf@wﬁlM TRRLCL, fH quarﬂﬁummmy
decr ease the IS%’ toms east 10% gXsat | east 20% at least about 30%

at | east 40% & O. T/eacstiuradwxwhdlateb 6d Dﬁel B}M@@Y@ &ysatgsrwasRy| actic or
t herapeutic a can.b | S i th the
ant i bodi es n8f"q?el a)f?lr\%‘ﬂ{ nocnonﬁ%mraggg n}’rﬂq‘r’ﬁd}e ere %‘i@?ﬁgﬁyﬁ,&%ﬂ‘}ﬁut es apart,

| ess than 3fkrédeNioes memdidnes indmbecawahthe intlicatod uhtibodiea L T BYFANIRPeat about 1
to about 2 hours apart, at about 2 hours to about, 3 hours apart, at about 3

hours to ats8tibody meguires espeiation of merpbiane QXtFR?EPr@ achjeypptistastoppiesulisadar | at

bout 5 h ¢ h
apart, ot el nitnd el e R LB BIARbAORUEE (oM BIIC ° out o

hour s apar tpH73, 19K @) bppezfoﬁmngﬂmufre&ﬂ-thmrcyclaﬂand ;nsatubhzbnembmﬁe hours to

T2 hours t dhachombar soluBlieed voing Ry Gulfa: Forfese s ferepciazi ChgmLabl 5o "
hours apar ?hﬁ%ﬁmaﬁ@é’ {mhitlifor é@ck@ﬁl-’(lﬁ)s%%r\ﬁere 4dedqHoShd Brsé%uh’é‘ﬂr ComRRtdial 52

hours to 6 rs apart, 60 hours to 72 hours apart, 72 hours to 84 hours
apart, 84 hmtibadiesoused 1mtharv&sapablm assay @l@ltﬂomlﬂ)lttwtlilﬂli’&;mhbst aapartl4f9om t he

ant i bodi es he, i nyent o era be adm ni st ered
within one Igapnée aﬁ%f%‘% {hpgll'tgw%tg\oﬁ?ﬂ%oﬁl (§§ﬁ gfg"f' ?ﬁ%ﬁ{oﬁ% and the

ot her therapies may be cyclically adm nistered. Cycling therapy involves

t he adm ni Sixasplod: Spectfid bindingtofiana{)R Ricartibodies to emdogpnaptiR BE by EAGS

t herapeutic agent) for a period of tine, followed by the adm nistration of

a second t 58 ra
per i od of 1t on st cBogefiph TR ReARES AR bELRPS W RRAEA Go BHGRbE: of°

t her apy (etgmorﬁnmiamlganéml DRP6 hﬁtiliual&is'fand Fagmmal)fsm Aa;shewndﬁnggf 1Aj re and
so forth, and repeating this_ sequential admnlstrzgtlon the cycle in

order to rdiukeelisgapgayath bidrand LRPSINRN A pdule § ﬁé‘népaflﬁ‘ece!]ﬁé? Bies, to
avoid or r efpfAqC i rove
the effi caeee% Bgeg LE?G?:HSI?%F)IPZ\? defis nq%e{r?&gijin%e%[r@g)ﬁdggéﬁg Siow S’}%I'ﬁujf—lt@ﬁ[n\t/E edrlllgg)
ant i bodi es wﬂhaﬁﬁ)pehmehantQhRBarfg(heMm impcataaty,t ld2 neiis aremomptamedbstanil-butl on
in vivo. od- br ai r.ier (BBB) .excl udes ny. .hy.ghly
ylr ophi 11 RS a et lthguah Sy extireisd RHke it Herustng 1 SConpobHae
invention cross the BBB (if desired), they can be fornulated, for exanple,
in |liposones. For nethods of nanufact uyfng | i posones, see, e.g., US. Pat.

Nos. 4,522,811; 5,374,548; and 5, 399, 3 The |i posones may conprise one or
nor e nnletles mhlch are selectlvely transported |nto specrflc cells or

_____ - M 1 o -~ 1




than 15 mnutes, less than 30 mnutes, |less than 1 hour apart, at about 1
hour apart, at about 1 hour to about 2 hours apart, at about 2 hours to
about 3 hworsiapssvtl, at about 3 hours to about 4 hours apampro@is2bOUt 4
hours to about 5 hours apart, at about 5 hours to about 6 hours apart, at
about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours

apart, at abpfilody. P@icPmbR, ARRERPE ahOMdS s@eﬂ%’ifé ﬁf Py 12RMYEs s%n'ff%éh%y fQuakput

10 hours apart, at about 10 hours to about ours apart,” at about 11
hours to abanen depletingraf eagregenousliR Pipusing BBRO shRW8, fithes dempenstrativ@thaour s

apart, or 1 . Lt er, enbodi nents, two or nore therapies (e.g.,
prophyl act i éﬁ%ﬁﬁ‘ﬁ’&?&%eeh‘t@%g@g’éﬁ&) are admnistered to a wwthin the

sanmepatient visit. The prophylactic or therapeutic agents of the
combi nat i onIn additgriadstudign kpeckddminrifdiRR6eky shiRNA suBAd cells furthereconfimas

phar maceutical .co j ti.on. ternatively, pr oph ciic . or therapeutic
agents of tﬁ%ecéﬁcﬁoﬁf?polnmgﬁg?%%‘[ﬂ@mglﬁﬁ k%é‘lggﬁsﬁf’ Ef%ﬁbg gﬂﬂ‘éﬁﬂr‘)?’vg‘-}ﬁ’fa}sy to a
subj ect in sehiiavedity ipfafinpedN WidAbn®@RRREESdiRNShortIREpR RRAYdiACtddGo PRPS,

t her apeuti cég(gent s. may be adm nistered to a subject by the same or

di fferent r@ud &dechng askibl raol at infestedmellsi kheshRYA infogling msthod used foy the
descr i bed, fudy fere%m‘afin hvifi'e&féf&éh%eé! oY 5{9@9 ggl'l F&&F%ﬁ g%@ﬂ?'ﬁep%b%gg gglgi oo’

which are i ative and are not mnean rmtitng.
Met hods and2bhterials 1: Pannings, antibody identification and

characterization (a) Panning (i) HuCAL GOLD(r) Pannings For the sel ection

of anti bodi Lz .1, RP6 ra ning _strateqies,were

appl i ed. Th%‘?‘g{ﬁ'gﬁogc% @ﬁ?%%ﬁ@@ ’Q%P%@?’yﬁﬂﬁéﬁp'ﬁ?%pﬁpgr’ﬁ%‘f’ﬁ ‘&Wé bﬁener at ed
by sel ecti oPrajeller Darad Pecpeilef3 ahGLRPOBRRg affinities, using as the source
of antibody variant proteins a commercially avail abl e phage displ ay

on ¢ he” HucAD e RGBT PY s o1k Relel ap i Pty it s WSEOEWRES ana
enpl oys t heligriPivip ByisMdntle @RpreERE n HM(Z@:WH'?GMTFT&IEO&% akporer bdgyndhage

nk
surface (WO01105950 to _Lohning). In detail, the Hu GOLD(r) library used
in the curr Batledpihaatymscenegratioagiof anticFRP o Hak fragments.  S6H7ysays ware Bi al )

L her, Pheos ARl LB LR M Bute, piLcel .

sel ecti on oEpamE09RP6l tamis deenlireBig. ZA] Propélidrd abetLRIMaREbsYIOREE 168f LRP6
MORO08545, MOR06706) specifically reduced Wntl-dependent signaling without much
effect on Wnt3A-dependent signaling. Conversely as shown in Fig. 2B, Propeller 3 anti-
LRP6 Fabs (MOR06475, MOR08193, MOR08473) specifically reduced Wnt3A-
dependent signaling without significant effects on Wntl-dependent Wnt1-dependent
signaling. The results demonstrate that Wnt1 and Wnt3A activities are blocked separately
by different LRP6 Fab fragment (epitopes).

Example 3: Binding of anti-LRP6 antibodies to LRP6 of different species.

To show cross-reactivity, cells expressing endogenous LRP6 of human (HEK293T/17)
and mouse origin (NIH 3T3), or transiently transfected HEK293/T17 cells expressing
cynomolgus LRP6, were treated and subjected to flow cytometry as described above. Fig.
3 summarizes the results of the findings of the results and show that all anti-LRP6

antibodies bind to human, mouse, and cynomologus LRP6.

Example 4: Classification of Whats based on their sensitivity to Propeller 1 and
Propeller 3 anti-LRP6 antibodies.

150



For whol e cell pannings, the cell |ine HEK293- hLRP6AC- eGFP was used
expressing the amno termnal fragnent (amno acid 1-1482) of LRP6 fused to
eGFP. Spewof2roi/839AL GOLD(r) anti body phagem ds were el prcegraditi®57200
i ncubation to the LRP6 expressing cell line followed by post-adsorption to
HEK293- LRP5/ 6- shRNA cel I s. The resulti ng HUCAL phage-contai ni ng super nat ant

was titer eq‘o%Q?l't:rateQVhtE based oﬁﬁh&i?f@i@ﬁiﬂt?%&&%ﬁf hﬁdPioﬁéﬂ’&@ A-okpg. col i TGL
cells using helper phage. The polyclonal anplified phage out/put was titered
agai n and wastébdias, caviose ntiligendsevere tiansientyeppresgéd injo HEKQ%T u¥ 8TPxaHs ng

Agai nst LRP6 For Fc capt.ur annin bl.ocked ,phage re:Lacy ed. wth the
Fe- capt ur e EPRBFPOEEr %sﬁgy )@Hg ﬁ‘%ﬁﬁeﬁg e gﬁfé%ﬂgroé Pg%seﬂgrd:y\gnv%{fkgg iaﬁgﬁ%ﬁﬁsf er ent
concent r at isqPssys RBRTcondiéle B @iheirdibes]s Béschibe®by Huby éQIBR009)INMIAG e
were eluted, and used i medi at el ﬁ_hf or infection of E. coli TGl bacteria.

Anpl i fi cat #6h614HREgEPY2080S8ep dh. dhel resultpare shownin Higr 4 whidhedepists the aetivity

conducted as. cribe b i ' | . LV)
Dfferenti é{ﬁ“&ﬁ% 8%%& flﬁﬂmltsnﬂg&s%{]g% %g{%%hkbﬁﬁwg? e |0anﬁi’ (\*ﬁo gopggﬁ

panni ngs Widdiomofil IRPdY Fige U ehdwOthansighdhiig HinductdRBG Narte GVRtX; aVits, Wind7Asel ecti on
on reconbi nant human LRP6-Fc were performigd as_‘nﬂ, scrbbed aﬁove forgﬁhol e
cel | panni MRI7BnWntWnid 04, Mt }QB ganbe speetfically inhipiied by Seansder bantpl-Btess,
unspecific : : ' | f4f | : ' : S and
PBST for dfPrardieSERaMAEaty Wi Whe caspRinelfnRibLd B

anpl i fi cat iPespellphhasi-bRBAFabs.on and out put titer determ nation were
conducted as descri bed above in whole cell panning against LRP6. (V)

Sem - Sol ut i,Qn | ' =O[ 1 ] - ' ' | nant

numan LRPo AR o SR L APE S S0 S SO Vo Lt Wid

M 280- Dy nabiadfing Riduced bpihebihdratns wfHati ncubat ed wi th LRP6- coat ed beads on
a rotator. Beads were then collected using a magneti c separator and washed

W PEST S0 LRy BERLEAON AR St B Eorhet 6 Ao EUREILPE A it 01

i nfection age i1 nfection, cati on, age
producti on 1€® Goteutifed WN'T signsl frige Pibpedlet 0 anthMe/RP6AQGdukibiid Wag] -desandeitedd above
i n whol e cell panning against LRP6. (b) Subcloning and M croexpression of
Sel ect ed F@gtcpgatgﬁﬂﬁgy\- ependent signaling n a 293T/17 STF teporter assay. Similarly,

Propeller 3 anti-LRP6 IgG inhibits Wnt3 A-dependent and potentiates Wnt1-dependent

signaling as shown in Fig. 5. This finding suggests that the Wnt signaling pathway may

be modified or “fine tuned” using Propeller 1 and Propeller 3 antibodies. Similar effects

were observed in STF reporter assays in other cellular backgrounds (e.g. MDA-MB231,

MDA-MB435, PA-1, TM3 and 313 cells — data not shown)

Example 6: Propellerl or Propeller 3 anti-LRP6 Fabs specifically inhibits Wntl or
Wnt3A-induced LRPG6 phosphorylation.

HEK293T/17 cells were transiently transfected with Wnt1 or Wnt3A expression plasmids
and treated with Propeller 1or Propeller 3 anti-LRP6 Fabs. As seen in Fig. 6, Propeller 1
anti-LRP6 Fabs specifically inhibits Wntl-induced phosphorylation of LRPS, for
example, T1479 and S1490 sites and Propeller 3 antibodies do not. In contrast, Propeller
3 anti-LRP6 specifically inhibits Wnt3 A-induced phosphorylation of LRP6 and Propeller
1 antibodies do not. These results support that antibodies bind to distinct propeller
domainsof LRP6 and block specific Wnt ligands.
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To facilitate rapid expression of soluble Fab, the Fab encoding inserts of
the selected HUCAL GOLD(r) phage were subcloned into an expression vector
pMORPH( r )W® 2bH/18839pMORPlI eX9 FS. After transformation of PC&EP20i1857206 € Cl Oone
expression and preparation of periplasmc extracts containing HuCAL(r) - Fab
fragnents were perforned as described previously (Rauchenberger et al.,

(2003)) . 2! ERGHpEYahliRfion ofpRASDA ofpfﬂﬁtgfg?ﬁg&k%ﬁeﬁm% W thmolt ONes

sel ected by the pannin? strategies whole ¢ panni ng, differential whole
cel | panni ngenegraft sendel usivg e iPoopeian hiang-bRPeIglér eened by fl ow cytonetry on
HEK293- hLRP6AC- eGFP cel |l s and HEK293- LRP5/ 6-shRNA cel ls for

count er scr eqfit PP6RLtBRYs \Pélnfe Furbtfer Eﬁarﬁ&@ﬂii&"d‘%r RABNA BF aﬁtré&gﬁ‘i%’d BcheflEsify | bed

above were also tested by ow cytonmetry. Cells were harvested at 70°to 80
% conf | uencynginessedspenstauodeh kr@sabMM EV - Watld Btreiimedtswidarb cslotedital cel |

| ysates in 96 wel | .Uk bot t L cr.potiter pl . Anti body..bi.ndi n S

rgveal ed wi CREFREP 8](#\? %ﬁggﬁ}aﬂﬁg‘%"é‘iﬁ lﬂél?ee@he%’ﬁmﬁ WE@&K@&_&Q{ %&ng‘g et s
ver e washed niriérGowihdn FRANMahiiRir® HERHS defivideMsh N MIAE WIR 2 Hh&dnidhgicamal Yzed
using a FACSArray instrument (BectonDi ckinson). (ii) Fc-capture Screening

on Reconbi ndYnt! depardentRivenipg otf] Wad sxpeeseior ating a tetrpey Pin-rsgplatedesystenmi ng wer e

screened in - i 4 hest.er, . USA)
364 vl | pl St er B, Supi3f ™ Bbting WS SRt B PACRIRET Reidid, 1 c

anti body. AL €200%REhndeg ResdaltchRBSB 7453 70) b b qurhbregraett 5, vivee Tomiap@d thduman
LRP6- Fc was gdded. Af |.ng the coated plates, cell |ysates were added

r wash § ysat
and bound F&HeqtPh FMEARI6\ABH AcVatsigaaling IndIMI Y- Wit Bundgsdpice guplanted
anti human | ¢§ V2 “read at
335 11 m usi g P il gt Skl 5 Sy AIRR0sE LT RRTRERAEL VB
HuCALS8) - Fab spkeifidamthigosistin atifi-LBElanthgalye Seiwon coficeRaitidns af thentmsibedycasdee! by
pMORPH* X9 Fab,FH aor  pMORP11X é[?l Fab FHin TG 1 cells was | nduced g‘%
addi tion of 2 BY@RIA wEressipR ofB-STEHNERrEalgcHE ANy sivanaliaed-axsT £ PEHPRAf s

SolaLect 2y b b o4t AL ORSARRK (SR PP hoaFLAN LSRRI 0"

were determ ne ragment's was
anal yzed i nCdaaqoudiag to thedintbstlysihtton) aisli@ififabt BARsaofAkin2maRN4we state by

Hp-SEC. 4 egrz:sismntv%/as 0 tsgrirgg Q}atElriIl%ps, yndsxrx{n%%?(plglsggggrgdsaeilsyorréggv%?edl\gl?:svyereﬁnent >
after the antibody injection when the antibody level in serum decreased. These results
suggest that Wntlclass-specific anti-LRP6 antibody suppresses Wnt signaling in MMTV-
Wnt1 xenografts and this suppression is correlated with the concentration of LRP6
antibody in serum. To test the effect of anti-LRP6 antibodies on tumor growth, mice were
dosed with Propeller ! -, Propeller 3-specific anti-LRP6 antibodies, or isotype matched
control antibodies. Mice were dosed i.v. with an initial dose of 20 mg/kg, followed every
third day with 10 mg/kg. In this experiment Propeller 1, but not Propeller 3-specific anti-
LRP6 antibody caused tumor regression. Together, these results demonstrate that

Propeller 1-specific anti-LRP6 antibody induces regression of MMTV-Wnt1 xenografis,

MMTV-Wnt] tumor xenografts in nude mice were treated with MOR08168, a Propeller 1
anti-LRP6 IgG at different timepoints ranging from 1 hour to 14 days. Fig. 7 shows an
inverse correlation with PK serum concentration of the antibody and mRNA expression
of Wnt target gene Axin2. Axin2 gene expression levels in tumors are inhibited with

MORO08168 treatment, and return as antibody is cleared from the serum.

In addition to Axin2, the effect of MOR08168 on the expression of additional genes was

evatuated. Affymetrix Mouse430 2.0 Arrays were used to profile a time course
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For determ nation of KD values, surface plasnon resonance technol ogy was
applied. Antihuman-Fc-capture CVMb chip (Biacore, Sweden) was used for
capt uri ngvbRPfyBe39kFusi on fol | owed by |igand (Fab) i njectrcomradiiasfber ent
concentrations. (ii) Solution EquilibriumTitration (SET) Method for KD
Det erm nati on Using Sector |mager 6000 (MSD) For KD determ nation by

sol ution e?g#é |rnédt BFMNTVaiinDal{ogFah Tmﬁ@ﬂ%i?s’orfrﬁﬁﬁ& a@mgleqfos@afmmleg otein

wer e used east 90% nononer content, anal yzed by anal ytical SEC,
Super dex75 (§ mﬂ@ha"heﬂérvmrmmtm)e Ppaints Iiiabll (&rl, ‘.To&dH EBogosvand (lmwnre

Bi osci ence), for respecti.ve Af |t termnati n,.soluii.on was
basi cal |y pUFf Eﬁph‘ggé%ger(s&%? EX% e ! #ﬁ’%‘f"’éﬁﬁql&g Tﬁlpﬂgg’t}“bé'tw%?ﬁ&m{lw%)
J I'munol  Mbheefmeént ﬁﬁﬁaﬁtﬁﬁﬂi{ 8 R wak ¢Rbsch Qs b répreschiadive Bmsipbingitd y and

accuracy of the SET met hod was transferred fromcl assical ELISA to ECL

based techmlgteuggne(d&ﬁ@n@tlallertexatessed(@a@a)utam@ly wppsding to 38 ppdpvays4) . The

data was ev d t I fitting
nodel s. Forﬁkﬁﬁ’ I:lt gﬁémhrqg( | oor%]d Bétogﬁg&' Ifekc e@llfz%&)a%/d Pgmﬁgg{’ ?(\%g&%séed
(accordi ng ehfpldyaaieleteimint dHteperahally Eﬁlﬁi'bisbdf@emdﬁfvﬁbeﬁghd @h&hﬂﬁﬂﬁmlﬁt ardll .
(1996) Journal of Ml ecul ar Recognltlon

([Fap] + xthe§h Qslrfm}e pointy (Am#djustad R-va q%rﬁ)f 205 Was fka&ﬁ]e t5")€51201q1 fo ‘iﬁéefyllnf[ Fabl :
applied to

concent r at (1o By AEERERAN B Aled s Ol oh MiZpu B el S0 B b gen ko
affinity S5calbat ch&‘atengally expressdd mappied VAT gend(NFigCBA iDe tablenthatashbwns goes
HEK293T/ 17 ﬁzﬁ lv‘lfere upregulated >2-fold with an adjusted P-value of <0.01 and Fig. 8B is a table

that shows genes that were downregulated >2-fold with an adjusted P-value of <0.01.

Example 8: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies
in MMTV-Whntl allograft model.

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-
Wntl allograft model. MMTV-Wntl tumor fragments were implanted subcutaneously
(s.c.) into female nude mice. 11 days after implantation, mice carrying MMTV-Wntl1
tumors (n=8, average 121 mm>; range: 100-147 mm3) were treated with vehicle 1gG (10
mg/kg, intravenously (i.v.), every third day (q3d), LRP6-Propeller | Ab MORO08168 (10
mg/kg, i.v., g3d), or LRP6-Propeller 3 Ab MOR06475 (10 mg/kg, i.v., q3d), and tumors
calipered every third day. LRP6-Propeller 1 MOR08168 Ab dose-dependently induced
tumor regressions (-55%, p<0.05) (See Fig. 9).

Example 9: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies
in MMTV-Wnit3 allograft model.

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-
wnt3 allograft model. MMTV-Wnt3 tumor fragments were implanted subcutaneously
(s.c.) into female nude mice. 15 days after implantation, mice carrying MMTV-Wnt3
tumors (n=6, average 209 mm’; range: 113-337 mm®) were treated with vehicle IgG
(10mg/kg, intravenously (i.v.), twice a week (2qw), MOR08168 LRP6-Propeller 1 Ab (3
mg/kg, i.v., qw), or MOR06475 LRP6-Propeller 3 Ab (10 mg/kg, i.v., 2qw) and tumors
calipered twice per week. MOR06475 LRP6-Propeller 3 Ab demonstrated antitumor
activity (T/C=34%, p<0.05) (See Fig. 10).
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EC50 val ues were determ ned on parental HEK293T/ 17 cells in FACS
measurenents. A typical antibody titration curve contained ten to twelve
di f f er entwenvigasip1di | uti ons, and titrations started at pcompentinst2o®ns of
approx. 150 to 200 p.g / nL (final concentration). Cells were harvested
usi ng Accut ase, resuspended in FACS buffer, distributed to the wells of a

96-wel | pl alEganpndr s BuNREo Jbbt?t 4 )felﬂejr 1 d nti- ERTS bdibbidies WahRibit

determ ned with the program G aphPa ri smusing non-linear regression
anal ysis. 6Wmddvrevipon to 1gG In order to express full length IgG
vari abl e domain fragnents of heavy (VH) and light chains (VL) were

subcl oned T TAEbRE GRS PHIRIIK AR ParltfBoBieS RPRAIE WhES JMER: s%g%hnéf LALA

vectors for human 1 g&, human | g&4, human | g4 and
7. Transi enviviyss destidon azndmplant $¥stem cansistibg Hﬁﬁaﬂl S’ﬂﬁeﬁmkarcy:m cmlmiﬂaxtm

cells were tr t ed u s .of Ghav d light chai

expr essi on vé@tr\gpg?bﬁ\?ﬁﬁypﬁ; CSﬂ ?)?B}ago%‘fr}%ﬁmﬁ‘égfger %@8 tﬁﬁf“ﬁ'ﬁ“ Vﬁghvy and
l'i ght chai ng0foeb @A -$ PIVEERBHA 0.5 088 LW R Al @116 ahd Fﬁﬂbl‘ﬁ[bed‘irh roBpd 4it3.00 was
subjected to standard protein A affinity chromat%g MabSel ect SURE, GE

Heal t hcar e) hoyss dates; mlcecrsqam@dt&mglmmravm@sdes@ﬁﬁ isde, MO 08168 LRP6-

UV- spect r ophg I f n educi ng
and non- redgm nggéo)rég(r l%k}é %@ﬁgﬁ@@?ﬂ%ﬁ SI ng ‘%Eg)l(ﬁgﬁ%&n zer and
in native strﬁi@dtby)ﬂiﬂo@&?ﬁh&;rsWﬂhdﬁqusheﬁrs@mﬁoﬁﬁslayl6@1&>ua§)latdrty Of
anti-LRP6 anti jes to, inhibit Wit _signaling was tested in a Witl and

Wit 3a respo Ni@g@g‘*ﬁdﬁsé‘*’&t@ inhibit Wnt3a ﬁ’gH‘é?daFé%f&i}ng foxat keagtel2hoprs, wdipreas

stinmul ated wd-bg\gRt | transfection of Wit 1,
Wit 3a, or ot h&er!r78 %tlﬁgg%?gggtgﬁqp é:g?ngl Hmr%rl(}:p%\r%t@ga Reporter Gene Assay with
Condi tioned_ Medi um 104 HEK293- STF cells/wel |l were seeded into a 96 well
tissue cul t ficempledkle Epgape wapning wELBP6fdis4 vud its gutibadycomplexsty HDxs ME Cop in

100 p.L medium The follow ng day, various anti-LRP6 antibody dilutions and
DKK1 dil uti Ensde(np&samlboéy bidingsitys wahim YWIIREESF regionef Propeﬂerrla hydrojgen-

diluted in t 3a- con i |1 of r nt was
renoved f ro#‘ft?{é 1BEx Pge @ﬁg%aséﬁp‘ﬁﬁﬁog'em’ éw € yégeilﬁ%?? I%@pel €L/ wel |
of the condiémeined-4@m3uyRel 2 beddindd dn'dWIQflﬁ&ed\EFyﬁésyllﬂﬁMQﬁEd ORIl Ho-IikRed O 24
h at 37 G5 % CO2, 100 Iit Brightd o Luciferase reagent Prorregz wer e

added and pBleesylajepsitesare petibenedgn Prapetem3 dqnnalm(é}rh -AEde slese(Tecan
Plate Reade'ié()‘y &?ergfémyﬁta&f%%t@ﬁrl? WBJ 8&%&? tlbegg.t étﬂ}c%lrgl 1gpon¥xﬁémn fn r)cw t Iter

pl ate (Costar,
mapped on the Propeller 4 domain, and about 70% coverage on Propeller 3 domain.

Regions immediately surrounding the 4 glycosylated sites remain undetected (Fig. 12A).
In the presence of Fab 06745, 2 weakly solvent protected peptides were found in
Propeller 3 (Phe®*®-Leu®’, Tyr *-G1u*** Fig. 11A). This suggests that the residues or a
fraction of the residues responsible for the epitope are either on the protected peptides or
spatially nearby. Based on the crystal structure of LRP6 PD34, the solvent protected

regions correspond to the concave surface between blade 1 and 6 of Prop 3.

Mutations that disrupt the interaction of ScFvl16475 with LRP6 PD34

To confirm that the rim of blade 1 and 6 is responsible for antibody mediated inhibition of
Wnt3a signaling, a series of LRP6 surface mutations were constructed (R638A, W767A,
Y706A/E7T08A, W850A/S851A, R852/R853A, and D874A/Y875A) that also
approximately covered the region implicated by HDx in binding. To ensure that the
mutant proteins are properly folded, differential static light scattering (DSLS) thermal-

melt assay was performed. Temperature denaturation experiment showed that the
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A simlar assay can also be perforned using co-culture of Wit3 or Wit 3a
over-expressing cells (e.g. CHO K1, TM3, L or HEK293 cells) Whtl /Wt 3a
Reporter voneiAssay with Transiently Transfected Cells ¥xTEP2HEROB0/ 17
cells/well were seeded into a 96 well tissue culture plate (Costar), and
cells were incubated at 37 C5 % CO2 in 100 p.L nedium as described in
Table 3. A : | | ; j t
expr osai on B Eed nialye A% (he BhBoshALR RREIN iueHplcn KakchRurety
const ruct ) 0wild/tywd and moutaptifRbteiDgAtas (sirailarl [Thus,ubé mutations bashi effrst pn thes

ng/ wel I . A.transfectiion em x .(10 pL/well) was prepared containing the
pl asmids | f900g 055@@%‘?%?1&5.}’?)%54" FuGene6/wel | (Roche). The transfection
prem x was incubated 15 min at RI  and then distributed into the wells. The
pl ate was rocked at 400 rpmfor 2 mn at RT and then incubated for 4 h at

37 C 5 % Clike bindingrapasityrafimgtantd REGlodicEs MR 64T wasalgtermined by JthI&Ad added
to the tra ected cell / -Dyald o
Luci feraselﬂ/?&etf%lt Oenn(?frfﬁ%ﬁégéé’&@/g%solﬁﬁ%ﬁ?%ﬁggatgétea!??/vg)éz’are ¢ gll‘) td(?ré 10 min
for cell | yigitshd¥idaobentpdtdtionin D NES egdrimdnticiléeshased dedmatictdecreddd iar
| um nescence readout, Dual G o Stop&Ad ow reagent (Pr orrgfga?v\ere

O

75 4/ wel | ,
added and PR uRtibe(Sea it 3By Mptaiionioh rewugs{ BTONE L08R prelopdled 9By ase

ded an . . . _ . € H pe ! e
roni 11 5[ uEEUdRRShdEE no SO eh b Bt R Hish Shafed difitinibmtanBBbdy | [V B0
anti - LRP6 aintdiroaipalsilityt (fFéz. 1é BatThue theumnindieg assay dath aesinvgend agrraingateditutieng

G aphPad Prism A simlar as n so be. perforned I - ure of
Wil or ot RukmmIeErseCmma Y FEMS Hineediskily e Ko VST Tha. L
or HEK293 q&kbSind 1@353?%g§iﬁ@§§écﬁ§qﬁ{ﬂevépmp§t udi es Cross-species reactivity
to nurine and cynonol ogus LRP6 waS determ ned on cells by FACS anal ysis.

FACS staining was perforned essentially as descri bed above. Human U266
cells (no expression of LRP6) were used as a negative control.
Cr oss- r eactUollettyvetyo these reseltd $H6 tharsdiffersneWno prateins requing éiffeTedt Eaipeler

1 ne. oynomsaionsl kPR PERer e T Wand kst B8 WikiSes VRE R 2.6 B TBest 1 ng
cynonol ogug 109685 RAGEEPrhpelRP 11018 RPETEN WG] bighdlg, HBER ddnlie inhibaegel | S

were transiently transfected using Lipofectanine (lInvitrogen) according to
t he manuf abyPrepeller | ppecificcantionBP6 aatitiodiegeThe Wint BAclasp ah¥ind prateinsd Wht3a

m xture of _t n LRPG express) 1 ng .t

Chaper one- &S ST G PaisERRG! ERPFIE e e S b G B0 fotifea by
PCDNA3. 1- n'¥aodHST3 speniflchinG-loRPs paidvdis iFik| By, Nasihel @egpeotdd fstindwaothe
cynonol ogus LRP6). 50 1.1.g of LRP6 expression plasm d and 20 jig of MESD
expr essi on YintRaeniialieg actydy of fhe-antibodjes ndbg bivajenpleGlprmat indhg preggpeg of

Syst om) and i PEE AT iraliRF R in AR forHl Bihaly B BOTNERL o IR S 05 17
cel | s wer e signealing mrthe\ 8TE Tiue eepootat pale astayi hitergeinglyo mosnBabg etred irshi bilid6Wnt 1

expression). o et .
P )and were inactive in the Wnt3 A assay, still inhibited Wntl as an [gG, but potentiated

Wnt3 A signaling and vice versa. Most Fabs that inhibited Wnt3 A potentiated Wntl
activity as an IgG. The effect was independent of the IgG format, as several formats were
tested (IgG1LALA, IgG2, IgG4, 1gG4_Pro). These data shows that different Wnt proteins
bind to different Propellers of LRP6 for signaling. Dimerization of LRP6 using bivalent
LRP6 antibodies is not sufficient to stimulate Wnt signaling by itself, but can potentiate
Whnt signaling initiated by the other class of Wnt proteins. These findings demonstrate
that different canonical Wnt ligands use distinct binding sites on LRP6 and that all
bivalent antibodies enhance Wnt activity in IgG format in the presence of the non-blocked
Wnt Fab (single chain antibodies, unibodies). Monovalent structures of any kind as a
final format circumvent the Wnt potentiation. Alternative ly, the construction of a bi-

specific IgG or IgG-like molecule carrying both the Wntl- and Wnt3A inhibitory activity
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10: Binder Optim zation Generation of Affinity Maturation Libraries To
increase affinity and biological activity of selected antibody fragnents,

L- CDR3 armwloHCDR3s39egi ons were optim zed in parallel by eessptil@osb@agenesi s
using trinucleotide directed nutagenesis, while the framework regi ons were
kept constant. The different affinity maturation libraries were generated
by standar dcgé@inend pReMTRIBH! Thuf MRS AABSD EaHsiris Odn B Wi ®io3 o8 Parl Ones
into el ectro-conpetent E. coli TOPLOF cells (Invitrogen). Sequencing of
random y pi chesttvarohesWatimisiiaya di versity of 100% No parental binders were
found anong the picked clones. Finally phage of all libraries were prepared

separ at el . pbipld )3 EYeMiink ERARIGHL 3 RS TR} Om MWIV- WILI L1 ansgeni o

m ce were passaged as tunoufr pieces’in t manmery fat pad of FVB mice for
5 passages jor to ipplantation into the mammary fat pad of nude m ce.
El even days %&set’@mﬁiﬁ’l ?ﬁrl,bemﬁ@rpr?maﬁl and eheetciarizatiomatbipemiRis apki- LRP6

appr oxi mat ek e - i i . i-1 R } per
2P 01 TR kit 1, SRR e LR £ S bl BERHE Rl b B i
67:5371-9) . (e.dVHivhobViiad) aml difechehnicalenftisdy.g. (GIESER98r (@iyiSermeweregr own

in D MVEM supp). nted wth.10% fetal bavi serumat 37 C wi_th 3% CO2.
Col 15 wor o SRURIBGPHES L PUign Shie Bz et LRt o dsteh pud

3x104/ vel | aiFebrdnt @lp%m@ﬁi@ﬂntmkk’éqg@&gﬁmweré/gk SPLES Airher Plahfddd TheO
ng/wel |l STF reporter, and 0.5 ng/nm phRL-SV4 Promega) mxed with 0.2

pt/ wel | FuGsHaangRecplated atyamousqosisions withint the he(§ swhidmg the ft-iepoidiue of GHBe

di | di . f d || s.. Af 18 hi i on,
irefly | uoPt eh-and iR Smife S or P BERimdRe i il T delbaR o g
Dual A o Luctémkeisie sefage e Ighy iaokdag GRS | 4nd (GUGIS&rpse was used to

normal i ze transfection efficiency All 1gG formats tested have potent and
conplete inhibition of Witl (2, 6, 7A, 711, 9, 10A, 1011) generated

canoni cal shgl)%tteg%kngiﬂgkg{&se to a bell shaped potentiation curve in the

presence of generated signal. 13: FACS-based conpetition assay
For FACS- baggetGeronper ofaronl@BGeyFy anti - LRP6 Fabs and the negative control

Fab MOR03207 were biotinylated using the ECL otein bigtinylation dul e
(GE Heal t hcoZ(F%ﬁs Cé’éE’(grfIBT %S ef-‘taﬁ'énﬁ%ﬁ‘%m %‘E‘EﬁS@FE @y Cisaeat Q¥ drikagmepts coding

bi ot i nyl at eghrkaPsinWiie oM RSN (VD a3l ?/'LUVPE s‘éﬂarﬁgg%g:fwgldﬁﬁgﬁtg'lﬁ%@ cells

at a constant Fab concentration (20 nMfinal cohcentration wer e
conpet ed wi (GlyasSerBend 6bly:Sap)sawith deteswinat signdl sbpichedardaB-ter@and! Sxblesr-tag)

i ncubated with t.he, Fab diluti for 1 h 4 C | ker. Aft
wnshi ng. + he Vet SRSy Ehnf, it e Pecicrs A Hofios B iy Bs BB AR RIROR - A1
PE- conj ugat agulfihg epistvativierd EilRAQFaD | 5‘-MOI&OdﬂQ§IVHI(GﬁQSé}?3|-ﬁLPbFﬁbQ sshaker in

the dark. Cells were washed twice with FACS buffer and uor escence was

measur ed usMREAGS- V(&Y «Pebi V Lepbahl arVIQROGHET- YL (63 vSede VAhinFabP6  Fabs

wer e conpet ' a77L ~m! [ her + N R ot ei n SOST

and bi ndi ng%ﬂ@%@s%%i@%@%rﬂe\?@é ag?%ﬁé%gi?%?gdﬁg‘%%ﬁag{gd anti

human | gG aMORQRIHS (MM-4Ghy8gr)s- VL, pFabGMORGBL6Y LaEH@Ser);-VH, pFabl 5-
MORO08168-VL-(GlysSer)s-VH, pFab15-MOR08545-VH-(Gly,Ser);-VL, pFabl 5-
MOR08545-VH-(GlysSer)4-VL, pFab15-MOR08545-VL-(GlysSer);-VH and pFab15-
MORO08545-VL-(GlysSer)s-VH.

(ii) Generation of biparatopic anti-LRP6 IgG-scFv
anti-LRP6_MORO08168 hIgGILALA 6475scFv
Vector pRS5a MORO08168 hIgG1LALA containing codon-optimized VH-sequence

(synthesized by Geneart) was used as source for generation of biparatopic construct.
Initially, Afel-site was introduced by QuickChange Site-Directed Mutagenesis
(Stratagene) at 3’- end of sequence coding for hlgG1LALA (primer no. 1: 5°-
agegtgatgcacgaagegetgeacaaccactac-3” (SEQ ID NO: 213) and primer no. 2: 5°-
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Total cell lysates were prepared in RIPA buffer (50 nM Tris-HCL, pH 7.4,
150 mM NaCl, 1% NP-40, 0.5% sodi um deoxychol ate, 0.1% SDS, 1 nmM EDTA).
Lysat es wsoeonons®hi zed for protein concentration, resolpcedrby18PD80PACE,
transferred onto nitrocellul ose nenbranes and probed with the indicated
anti bodi es. pT1479 LRP6 anti body requires generation of nenbrane extracts
to achi eve J _sggagq | " &RA ih s, cells were
| ysed in h%ﬁéﬁ?@%@?ﬁ%ﬁ%g‘;ﬂé Ctrigs- HC. q%g\%r%qwlg@nﬁ ﬁggl)gft;(;; per form ng
four freezMOREGH Sy ved L-Nibotiergaticnh separatetbiai{8ysSenadinker) was syhesiredibyed

using R PA pbuffer, Protease inhjbitor cocktail i X~ I hat ase
i nhi bi t or Eﬁ"c’hi5|'Pf‘[9§§{’%H§%T"\ﬁe‘$‘gi‘§‘g"d%’5P Sepegice ﬁé‘%?ﬁ%@ﬁ?@?@f TEREOR 2°%)
anti bodi es wefed 3t PriflRe cHRShRINA L1-Qite AefAked Rstlautdificalidt 6f eavitd MIORRBA75-abbi t
anti-pT1l479 LRP6, and rabbit "anti-pS1490 LRP6 anti bodies (Cell Signaling

Technol ogy peFvEgenefipamer nggdeci fi ¢ bi nding of anti-LRP6 antibodies to

endogenous L by FA i of ce expression of
LRP6 was egdggg%ag%aﬁgcgg%%%&ag agﬁcﬁ%ga%gﬁe)ﬁq:?@%g%tég&tcﬁ@% él%;n%a i -LRP6 anti bodi es
and FACS apatysiceggodsasgeonvatcty! (BEQ.IDINO: PFS)land plier axpt:$6s both LRP5 and

LRP6 nRNA, while U266 and Daudi cells do not express LRP6 nRNA PAl cells,
but not U2GBS%ESECE0RTREFECESE (GCagpigRACargifart a8 aT ESfFéSiP%Ov@W BCBrofpdvgter 1

anti - LRP6 m%ﬁehm?fkfe@m&ﬂrfg%%@or 453 MOROBPSS A6 DAY ADs@ihs tRP6

ant i body, ey express enonstrating the specificity of
anti - LRP6 tlenfindd ochystrubiLpR $tarMORES 1 65higGIRAA. 68V sody. Sené addigg tofr chddn-cel | s

is significantly reduce depletjon qf do us. LRP6 usi.ng, LRP6
et ur ORBIZRdNGn et VAR TRI08 HES SRthesired ibo\ B i S CaMARIBRY EeT e
addi ti onal aﬁﬂgdbﬂ&er Mﬂzﬁﬁiﬂg‘mnﬂﬁl-ﬁﬁp RerP Yis&EMAmbfiEAbn ©F hire MORDE1683-
confirms speciffcity of Propl and Prop3 antibodies for LRP6 (See Fig. 1B).

Knockdown Wdsgershi(pvad tyy 5i (¥ gcttcapgacastacsggli gapattgagrigacacagecehicodi ng short

hai rpin R RP6 d_sgel ecti t abl | _of jnfected
col 1 5 "rhe NEpHERICE 2 b sl Pritasr g 61 S e R PpRet kS R sallordles |
W eder schai gEg IIRNO: 218 3 0BOR Srbductwas tell cloh8d viQge ERHITAAROv deth pRS Sa-

Exanpl e 2: erential inhibition of wnti_ and Wit 3a reporter gene assays
by Propel | ddambdaesuitingyia|thefina cangtiuct pRBSaMOIR0816§ blappdaant i - LRP6 Fabs were
tested inin vitro Wit reporter assays. Witl or Wit3A |igands were
transiently expressed in HEK293T/ 17 STF cells (gene reporter assay) and
treated w tahtiiRB6 MORORIGSHIs@1L Aha 6475ckv_wWitHeat EsK)r agment s. STF assays

wer e conducted using_the protaocols described | . (2009), Nature;
461: 614- 20.V@wwRﬁéeM%ﬁgﬁ.hI&@%&A-@ ey, @yﬁﬁfﬁg@pgﬁ%&% |(“sz§1rﬂ i - LRPG
Fabs ( MORO A Rm VAR : LiEi | Q3 nt
signaling gmé?ﬁlgtﬁt rm?ﬁr %}W ect onq)%ng%?‘gé%gggyg{ %@%gﬁ%égﬁlégﬁ%g??gﬁg as
shown i n FiMutagdhesiPKop@tlagers:) avas ukéd i coatbinativd ROGAGBowZROBIAS8, MIR08473)

specifically reduced Wit 3Adepende ' | ] w t hout significant effects
on V\htl-deﬁe‘ﬁ&%ﬁ:ﬁ"c%%%ﬁ'ﬁl&%ﬂ (gfggﬁﬁﬁg?f%he results denonstrate that

Wit and Wi R P 1PN ly by different LRP6 Fab
f ragnent (ep%%%%gég)#éag%%gﬁ%%&@%%?ng of anti-LRP6 antibodies to LRP6 of

di fferent speddesctcdiMutigonsicwasdoneagearidingtty Stratlazéns pexigeels wisuliingne¥genous

LRP6 of human (HEK293 7 n S K, gi ) transiently
transf ect e&Opﬁf{?ggﬁﬁ;}r{eéé’?‘ﬂsgag‘%‘%&@@ﬁ%ﬁé&@%ﬁﬁ%&mre treated and
subj ect ed tyectdrpNIBH MORDS W6 8AHatiBEL (sdderhtioh d¥Rribéd fr adti-IRFEEMQRSS Ib8e
results of the findings of the results and show that all anti-LRP6

ant i bodi es BEAHLAbALGHENCFHveBEIningepdoprptiplicrd L seavsncelzympesized. by
Gl assitl cald alaf) yvilllRq 895 Gy SRatflins T8 Slphdsbiohbe 1 @, Propel Ter 1 and

ne
Propel | er an ant |

anti-LRP6 MORO08168 hIgG1LAYLA_6475scFv_AspPro to AspAla (DP_to_DA)
Vector pRS5a MORO08168 higG1LALA-6475scFv (SEQ ID NO:165) was used as
template DNA for substitution of DP to DA in VH of scFv. Quick Change XL Site-

Directed Mutagenesis Kit (Stratagene) was used in combination with following primers:

5’-ccatgaccaacatggacgeegtggacaccgecace-3’ (SEQ 1D NO: 221)
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To eval uate Wits based on their sensitivity Propeller 1 and Propeller 3
anti-LRP6 antibodies, various Wit |igands were transiently expressed into
11EK293T/M@ 281A3s®@h| s (gene reporter assay) and treat edpeirtEr2Anopebd er 1 or
Propeller 3 anti-LRP6 antibodi es. STF assays were conducted using the
protocol s descri bed by Huang et al. (2009), Nature; 461: 614-20. Epub 2009
Sep 16. Thesr E &ic %\%\f& i ieig the activity

i nhibition of%ggjta“krht%égé%tlearg agﬂg%ﬂgﬁ%awgggﬁl ndi'ng/ bl ocking to

speci fi c pr SpeiDicctadddpieaensistwasiiode agjonding tas hissegemh prote¢ajnieiiling nevduced by

Wit |, Wit 2, 1 tl n ecifically
i nhi b| ted by%@ﬁ%wcaﬁﬁdég?g%%@w%ﬁlg tg(iﬁ‘g? ?Ctlﬁ Pﬁ%ﬁ@g\d by Wit 3
and Wit 3A careclee pRESE MOREE 168 hilamibdai( k& rAonR¥eoRRlel €6r a%uemm& Mtﬁ'ﬁomtas
Exanpl e 5: Conversion of LRP6 antibodies fromFab fragnents to |

pot ent i at es Ml Lshlegh047RecTivisentaigingcodpiroptimised M Iaé%lu@ﬁt"’e\ﬁﬁxnth%lzag bt her
unexpect ed fromFab fragnents to
| gG pot enti g%églgg sgllgadnal I ng rﬁé“r g‘ﬁ%{olr]g??% ?&%&19{8%@1 gG inhibits Wtl
-dependent and potentiates Wit 3A—dependent signaling in a 293T/17 STF
reporter assa) AV ant| -LRPG | gG i nh| b|t s
Wit 3A- dependBhtarld~poteH & ¢ 8 Y sPEioda dinr g M in Fig.
5. This findieg@ Rgg@ﬁt@msmk ht IMEAW SERADINEY! (8RN D8seidi 11 ed or
"fine tuned" usf%g Propeller 1 égﬁd Pr opel P g aﬁtl bodi egga %?n%lar effects
wer e obser vé@nplﬁemlf@mubstemmas@fd?l% ta "ﬂAonI"\ﬁ{ Of:mFWuKhncldﬁhdngeéﬁln&iﬁe (e.qg.

MDA- VB231, PA- t3 cell 6:
Propel | er] mﬁ%@e@s §|1|tt rﬁ%é%§%§eﬂe‘?}@1ﬁg’ﬁta€9ﬂ W‘T‘?%mlfnngsre
Wit 3A-i nd d;;da RAGIBINRE gdelier t tl
transflecr:]t gg@wct ha\%tl or V\h%a?f giugrccesm O?ﬁg@ﬁ@%ﬁ%@[ r6eat ngbmetnh d

Propel l er | oregigapratstesacgecggicatatppisatgalgs’’ (AEQIEENG: 324 g. 6, Propeller 1

- il f
For exami o N PBERM MRS I e SocPibe | SRR RAPT GO 11T
contrast, Pcmmtubmas?caaad pRSﬁqﬁigGipEmUA NE}R@S lieBEptIHAT S syt BF\té mauced

phosphoryl a on o% % ’ﬁ peI ler 1 antibodies do not. These results
suppor t that egior PRoog ROR{4{68 b “&@tqgﬁﬁﬁtratb?'b‘ﬂféﬂﬂéﬁd faparti-hRBP_MRBOSAGS bl ock

specific W ads gg@:qp X t ar get
gene in a I\/}\.l/hé\?lg“ T6L?I’7Y'DI‘ xelrzl(%]gtfrzlg?]? %Hﬁl Bbﬁgtzggvg“ %qgageﬁgmﬂiesg%ﬁ!ti FYLRP6

| gG The LR@@D@HOW@@GIIS@EWXN@Hrmdlﬁm:onsfmreapltesmomeﬂLCn vivo in an art
recogni zed genetically engi neered nouse nodel known as MMIV-Whtl .
Experinments were conducted to determne if the anti-LRP6 antibodies in the

1 9gG f or mat mutmnMdRGmmlgsugmiArma&W Wl[%&%'j in vivo. Mammary
tunors derive rom MMIV- Wh transgenic m c€é are ti dependent; turning

of f Wt exyﬁétgspBSSmMQ@Sé@ btg@dy%ntﬁonte@ma@@dnwgmwomﬁcmencet al .

(2007)" canelstlia 86 b B olaty MRl PR R s T4 v, o
measure t heGeflé eadingfor anddn-bﬂmzad\MOmaH@sSm MM@RQS'EHS‘-VE wdd sm&m 1

tunors, | anted with MMIV-Wit| tunors were dosed i.v. with a single
by RVAW

dose of 5 9ﬁn‘é;wagglog%wﬁ%l/&wddgdmoa{emr BRBpa EIWQ%MQ%W Ser um
concentrati Rgiulgﬁzg\t,&@or%l Fg a"l‘ﬁ.l«.uhb@asl\ﬁiﬁ)srlm %915\? ]9” of p-catenin

target gene Wer e ana ver a perio two vvee The term nal
n-phase half-life ¢ of the LRP6 anti body was about 108 hours Cor r espondi ng

to the anti bod e of Axin2 mRNA expr ession

was obser ve&i+ dehrah PICKELISDESERS ne week
after the anhivhng 14 z'trﬁin@%h'dq{hkmwéé]ﬂh@mH QMVL'@X&E I n serum decr eased.
These results s gest class-specific antl-LRP6 anti body suppresses

Wit signal i M WIW\WVWaIS apphifigd fbmsvestod pivil Blg&il pvi s MIR0643 5 oty el at ed
with the co qfr‘;‘tratrlrgnr of LRP6 antibody in serum To test the effect of
anti-LRP6 ahtipodt B&8% t unor gromh, mce were dosed with Propeller 1 -,
Propel | er 35T\"Fmégt@‘gcgﬂbuggﬁgﬁggi@éab@éﬁhg%%ca@t[ga'aﬁg%fa%{gl% IREEQaDH NOnbI D)

ce

ant i bodi es were dosed 1.V I nitial dose of 20 ng/ kg, followed

every t hi r didei{eaieganedteageipary. (Smﬂﬁlmé@rl nment Propeller 1, but not

Propeller 3 e get her,

t hese resul F?Rﬁ%ﬁ%&gs e dnlegee p@q ?‘ %Zg%@??ﬁtgd&z% -{Mgsnkgbody

i nduces r egb&EsLION resfultMgIWeMﬁWas xﬂhdgiftﬁShﬁlgWA&MMORﬂﬁﬂlHﬁmw afis in
nude mce were treated with MOR0O8168, a Propeller 1 anti-LRP6 |1gG at
different tinepoints ranging from1 hour to 14 days. Fig. 7 shows an
inverse correlation with PK serum concgggration of the antibody and nRNA
expressi on of Wit target gene Axin2. Axin2 gene expression levels in tunors
are |nh| blted W|th NL’R08168 treatrrent and return as antlbody |s cleared

o o o Y e Y BNITNSN S A OSSN o



Anti-tunor activity of LRP6 Propeller 1 and 3 anti bodies was evaluated in
the MMrvwnt | al lograft nodel. MMIV-Witl tunor fragnents were inplanted
subcut anewoby/3839¢. ) into femal e nude nice. 11 days af en/Epopli@st2adi on,

m ce carrying MMIV-Witl tunors (n=8, average 121 nmmB; range: 100-147 mmB)
were treated with vehicle 1gG (10 ng/ kg, intravenously (i.v.), every third
day (g3d), NFIR0 ' ). i

LRP6- Pr ope er@%ﬁi’8 %‘%4 ]ﬁ?fo ng?ﬁ&,grIlgl.%%a,rmgi’%s,lBgﬁcg’vt(yﬁ?s‘/@;mﬂbered
every t hir dolthexing pfdR6rsPr opel | er 1 MOR08168 Ab dose-dependently induced

t unor regr%‘ssions - 55% Fg<0.0?5% See Fi(g. 9%. Exan*gle 9: Anti-tunor
activiti es Yo ISRBRERIErac PR E e PIRIE BN B CRIE BB PR G (CRBECREAM V- Wit 3
al | ograft aan%ﬁﬁ'gamd‘?ﬁérgr(m IYIN(: 2f7) LRP6 Propeller 1 and 3 anti bodies
was eval uated in the VWt 3 al |l ograft nodel. MMIV-Wht 3 tunor fragnents
wer e i npl adt-gggcesolstigegargecasrsegcecasciraicatagajoggiapgctisgtisca C¥EQ 1B NRYER8f t er

i npl ant ati n.Gge.carryin - - Lunor s =0, . range:
115 337 e Rilefler S R AL inte TR R a0 FERPE MOROBIS [ 209
twice a we@h74seRVresudiiOBid SediiRRadratlog pRSSa Algll (AT AWABRO647581686Wy, Of

MOR06475 LRP6-Propeller 3 Ab (10 ng/kg, i.v., 2qw) and tunors cali pered
twice per WEBR-VIIR06475 LRP6- Propeller 3 Ab denonstrated antitunor

activity ( = 5 : i A 1 ; i f
i 111y of MROAYHS L e hpolBE8 bhfyockit ke RAREMORBRR B RIROIET | 11 1o
The abi | it prioferd: RP6- Propel l er 1 and 3 antibodies to inhibit Wit3 class Wt
signaling in vivo was tested in a co-j, S consi sting of PAl-STF
reporter céln'géca{i%@cf’%ggﬂtf’%c ‘EQ‘?aW?Ar{gé@ﬂbtﬁég&fﬁcel |s. Femal e nude mice
were inmpl art_ W Al - STF cells and 0.5x10e6

i mpl an g&%ﬁ%@gﬁgﬁ%&ﬁ%&@ﬂ@é% NGes1 05 S X

L- Wit 3A cel | dr om zed in groups of 5.7°24 hours later, mce received
a singl e i RORapreductsvad cdmed finto ahetol pRSNOHGpERI QRS54 Rizopedl/BaiWl, Ab (10

ng/ kg), or MR06475 LRP6-Prqp er.3 kg) and were imaged by

Xenogen 6 ﬁ??ﬂﬁ’g’,gVfﬁtoﬁg’ﬁ?ga}l{egé’ﬂégﬁﬁ’g?ppég“bﬁpg%and 168 hours |later. MR06475
was able to inhibit Wt3a induced signaling for at |east 72 hours, whereas
Mor 08168 i ncre ing (Fig. 11). Exanple
mappi ng of & RDE sefi( -4y L )whengd reprasen

I NI AN 1dALAQS " ! s
ant i body big Bi ]Si . it 0y n! iﬁz Propel l er 3,
hydr ogen- d aR.L54 mﬁlﬁg (V,\iddtll I, Yth:%nﬁge:Vﬁ-Ieg’x L%L ns. (M5) was enpl oyed. LRP6
Propel | er &eOR064753VH WHELRMplficd dton] YectorgiMR ARG 1Ad A MORO6UGSAvigh ycosyl at i on
sites. All 4 N-linked glycosylation sites are positioned in Propeller 3

domai n ( 63 folleydng paerpx” Vs, " cl ose to 100% coverage (anount of protein it
was possi ble ' ] opel | er
4 donai n, - a8t Bbe g HaR MR el B e e R N e el y
surroundi ng’<tggtdgapoyipagotaaat E(SEQUBNOeRtl)n undet ected (Fig. 12A). In the
D ene e e s s Dot PR SRESS PR AR MBRSs 1" 1"
"Fig. 11A) 6478cPy SEAIER vecldtdtashffed SSS AUASGPLARAT Vi@R06aMs 84738, r esi dues

responsi bl e for the epitope are either on éhe protected peptides or

spati al | y MaRrRB§!68BcdSedaamplifeeddromn vedtospR Sfet MOR0SH 68 PE (P13 L)twich sol vent
prot ect ed rf(ﬁgi ans _correspond to the concave surface between blade 1 and 6
of Prop 3. WPE BHEEhat di srupt the interaction of ScFv06475 with LRP6
PD34 To conf.igksBehdlbcibiakidcabtdéactd Q@a@c@@@c@tgt&céc?ﬁé&ﬁ%%gégb&céggrcgg’dhfgb body
medi at ed i nhi'bi {i on of Wit 3a sul;]ga |ngl, a series of LRP6 surface nutations
wer e const caggticaatigregs®agc-Ar 65 INNBAIBY08A, WB50A1S851A, R852/ R853A, and

h | ' | d i QR | i _
DALY To b B BRI e R R PRI Y 1
di ff er ent i AMORDEATCVLivestanglificdl EohngectdPPME) hikdpps MOROBITS vaSsRYIo Wi

performed. Tenperature denaturation experinent showed that the
primers:

5’-gacaccaccggtgatatcgtgctgaccecagage-3’ (SEQ 1D NO: 215)
5’-geagccaccgtacgtttaatttcaac-3’ (SEQ ID NO: 216)

PCR-product was cloned into vector pRS5a hkappa MOR(06654 via Agel/BsiWI,
resulting vector was called pRS5a hkappa MOR(06475.
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aggregation tenperature, Tagg, (the tenperature at which 50% of the protein
is denatured) of wild-type and nutant proteins was simlar. Thus, the

mut at i onswbadimes®fif ect on the folding or stability of wrhe/mpeatesm200 The

bi ndi ng capacity of nutant LRP6 to scFv MDRO6475 was determ ned by ELI SA
Mut ati on of residues (R638, W850/5851, and R8521R853) that are | ocated on
pepti des that showed sol vent protection in HDx M5 experinents al so showed
dramatic decrease in antibody binding (See Fig. 12B). Mitation of residues
( Y706/ E708) (kih&xprasson efcunielR isqiept | des show ng no sol vent protection in

The bi ndi ng DETebSSRER 20 co @ﬁ%é‘ﬁﬁﬁé st Opied Sh pldshidiPhiR P 5
nmapped by HPxso\VRl ERG8&Rh REntihend £55 fl gol 8 3Be/mBad 0,498 BlucoB83r s0@pl R853

participate directly in the epitope. lectively, these results show that
di f f erent Wilaskirvreinesulated withen sihgle eplony amd oubdted over gight st HF CL2R08pMor

I wit 1 cl 10A,
T08) reqy r bapwupnPYErEs 00 Ab PRI forlarting iy e ysibi 2k
i nhibited by,8noReE IREulkeaRAM frbcufirel twﬁ%o@ruf'obpmdqﬁcubm@ av\ésoé’/és(ﬁﬁ@s of
Wit proteins V\ht3 and Wit 3a) requires Propeller 3 of

si gnal i ng, &nQ.R4¥W\ofcarD.belliendPbGt(Beclin) was edddd terangnd p@mefﬂlrailcmrﬂf 0-4_13%1%

ant i bodi es Anot unex dJ t he Wt tentl ating
Betivity of “PhEu werRRBLBFRd PR B ar aniC Rk, KRl W MRS BISEnce o
Wit | i gands cetifugafién (20Ghiasit 4660 §kh,i4RC) 8a dPrpeRtisenhanessh £L10ver Wit | or
Wit 3A signaling in the STF Luc reporter gene assay. Interestingly, nost
Fabs that inhibited Wit 1 and were inactive in the Wt 3A assay, still

i nhi bited I . ntiated Wit 3A signaling and vice versa.
Most Fabs :Azé}t{}? h?@?gg%?gk {;“Zntl ated Wwitl activity as an 1gG The
effect was Pollepéotenl cxpicstibas W@G silmemiﬂéd ina®) mekgdiaBufior (QﬁtnSMvm}éQR(BﬂEQéd

| gGLLALA, P T h h diff
|(or gt ei ns bi H%@“%}I’F?ke?‘kﬁl’wtﬁéépﬁe b@bﬁ%%grsrp&gmgz'{tb%%ﬁ I %%egpém zation
of LRP6 usi pgpdyi R@%}%ﬁ 1143007@m | pediveMdsONRl. E?éﬁfz{idagé £ el aﬁ‘ dl% @%ﬁeV\ht

signaling by it3el but can potentiate Wit signaling initi
ot her cl ass trefited\hy Fpanoh Erass (2xT¢tdQ@0tﬁaermgstrrfegndrfst Bumen athid0 0k &, 8¢ el

canoni cal ds use bi ndi ng..si.tes, P6 a hat al l
bi val ent amﬁ%@? E(gé% tp%{‘é?) hvigavl ‘rli’rqtﬁ‘gwftgﬁﬂ’é‘ﬁ Iryﬁlstn'ﬂ‘é#‘ifr esence of
t he non- bl oglkpenMéhts E%He ﬁmafwlt&oﬁgﬁs&neﬂ;s Fh@@lnﬂﬂnp&e) mqb@di:h infypnoval ent

structures of any kind as a final format circunvent the Wit otentl ation.

Al t er nat i veeqyilibrated cobman ¢lusl/ingm- 6ﬁlualrbweqo‘é@sh¢d m&d@seruf&( &) ardl ecul e

carrying bo mg 1 tor il

pot entiati otr[%'p’u omikﬁ%ag%fl \%{hﬁggﬂust%r u]% f¥er )E)Sls %léﬁfgrgbﬁngWO control and
"fine-tune" Imiiazol). Ehm&t tvm(}irdﬁﬂ@ﬂmided bﬁSuﬁeﬁatmctdIv@nﬁ(lBiL@ad a6/6p] GELRP6

Anti body This exanp describes the production and characterijzation of

bi par at opi ¢ }@ﬁ]lﬂilc—a[%“ﬂﬁ@tg‘& F‘\'/thdﬁp |an?(§%§1 mijgin)ofiun #as donepgh EBEat 4

cont ai ni ng r i t

different | ?dr%{?félrﬁ {eHHSt E’E\%lﬁ:c%rd ?24 g o?&z @@f\égr Joyngéé?rilsﬁ?gll ally
expressed, MoPdgechviargeniAdagiass fch&ﬂbns B&mpbodmi fifteasdd &rmfghtotmumdﬂterahwdy,
di fferent bi aratoglc nti-LRP6 1. gG scFv's were %lr_e are& and further

eval uat ed. mﬁ@ m’élﬁﬁfia&g%rnwe%ﬁqabﬁgd Py aXgdized g redus

i ncluding t N-term nus of VH or VL.

Fur t her nor egﬁnvﬁf% g‘{&g‘b de)frv!sﬁrf%y e%%%g%abk%&nnect the scFv to the 1gG
including dy4Ser and (dydySer)2. (a) Materials and Methods (0O Generation

of anti-LRP6 Fv Genes coding, for all scFy-v ants were synthesized by
Geneart. DAY fa’gﬁémegﬂ@aﬁf"ﬁg}”rla?"aé%amﬁ%é’éf{g@rff htations (VH VL and

VL- VH, sepanateddry oy cilit WtEalItiv4akav1 1 EMaRe! Doty i el vfoer) 4, with

N-term nal signal sequence and C-term nal 6xHi s-tag) were directly cloned
f r om Genear BioWevel0st RioeksNdtipimXidaigld 7t devaion @6 [PRABIB EKHA 6%ds aldensiy of

Voro6a75. v EER el Rg el ROR e lah (ke KPR Bl
MOR06475- VL {(j{l&nyid SeR $ 3t MIGR (36 Al GNORAB A G479 k- FGsyﬁlgSelpRSﬁ/MomEmk&

MOR08168- VH- ( G y4Ser) 4- VL, pFabl5- MOR08168- VL-(d é48er)3 VH, pFabl5-
MOR08168- VLh E ania Sapng 4 20mng BERLS hows pftrpizsssctpn b FNQ}PHIﬂ) with

MOR08545- V e VR L -
MORO8545- vmgtéééé%ﬁfwzlﬁ?ﬁb@ner e ot T&?ﬁ%ﬁ%ﬁﬁ%&{a e fighéda
| gG scFv anti-LRP6 MOR08168 hIgGlLALA 6475scFv  Vector pRS5a MOR0O81 68

hl gGLLALA cont ai ni ng codon-optim zed Viggequence (synthesized by Geneart)

was used as source for generation of biparatopic construct. Initiallly,
Af el - si te was |ntroduced by QJI ckChange Sl te Di rect ed Mt agene5| s

. a o o o,  o~NA L ALl A o -~ —



gt agt ggt t gt gcagcgcttcgtgcatcacgctg-3' (SEQ ID NO 214)). Cene coding for
MORO6475scFv (VL-VH-orientation, separated by (d y4Ser)4-1inker) was

synt hesi zw0 2by/Ge3yeart. 5' -prinmer containing Ate-site ardtaepguens2oeodi ng
for (AydySer)2 -linker as well as 3'-prinmer containing Ase-site were used
for anplification of entire MOR06475- scFv-gene (prinmer no. 3:

- L gat 9CaGURRISHIINY SHAS P AALAHEE EF E%@%%%MQPGWS@%%QQ%Q
ggeggaccggeggaagcgat atc-3'" (SEQ ID NG and pri ner 4.

I%gchggcg gc ;tnagg“eg?%cczltsomm ?M\gdig@ﬁsiislmftfﬂqumhlg(B&@;gg filiers (2%%@8

- product_was via Afe c or MRO

hl gGLLALA r¥isnvands he ‘i‘fht mateia! %ﬁgmwteﬁ 545 st Grgstiow tiliration

"I GGLLALA- 67590115 cuPBERA M FIQEniGOUARRRA] rtaalon Ble MREDRHASiAS

synt hesi zed by CGeneart. 5 -prinmer containing Age-site and 3'-priner
cont ai ni ng stdnlﬁjﬂilltdrectthrmghar serupdilfeo (0. ahpM)leteaaterdcn sypferrentarit mes MOR(IGE 6 8-

VL-genes (prine cttcc, ccaccggt accc cc-3'" SEQ
ID NO 217/ Gl gF GF?%?Fd h@paret%p@ w&%ﬁﬁﬁ@a@aﬁ%ﬁm 5%@9%&%3@%}5& cag- 3
(SEQ I D NOy48)) - PCR-product was then cloned via Agel/H ndlll into vector

pRS5ahl anbda resulting in the final construct pRS5a M)R08168 hl anbda.
anti-LRP6_MIR08168 hl gGlLALA 6475scFv wi thout Lys (1Q Vector pRS5a MOR08168

hi gGlLALA 64. scFv 16 s tenplate DNA for renoval of
C-term nal (Y_'ZZFW%W ’p@ﬁ'&%’cﬁqgré@;@é%%f@ Di rected Mitagenesis Kit
( Strat agen%e‘fﬁﬁﬁk'e&ﬁﬂ of @h&ﬁlﬁ@h % rfoPinb®vh BAKOT A MO0 Sxplorer Air

5' -ctgtcccccggeggeggcet ccggce- 3! 219)

5' - gccggagebpmirarapygysicapt $°C magco@mg@abmzt;}wlsg pdreshlysaniiged\ifi’aensi s was

bRS5a. hi gGHTK TskeRsEaR X828 Rlimd o 2ot phk NP Sk,
(gener at i OfesiieEtlr GB eltaftidar@nAll ﬂmtmsss&nmmwmﬁ%ﬂa@uﬂa pressuad ni ng
codon-optin zed VL-sequence (synthesized Geneart% was used w g _an

modi fi cat i &yt plot bar bheedlman Vs eqwlibetnd withibd VoR0BY 6oadn %@LIREAG@W scFv
AspPro t L. SE
I Dp NE)O 185@&\/\@?@%@%{5&3}&??(1 at e%afg?ﬁsw;@t I on gfi gﬁf? @é%fiﬁ I(—| 019
scFv. Qui cR.WCabnie oM The teluiinrvestveshdd it 8r&'¢ of PR Thcht thaigly anas&lumls used

n conbi nat i.th oI | o
:5 - ccat Igac d’{&ﬁt"’a\é\% i 5@6@@6&”@@%&‘@0 P NaCh n->og0ing linearly down
5' - ggt ggcogh g% WMM&%@aﬂ%Wmm JHE §Efanbweaq a2y c§h§tﬁ1t Qep@FhiRd

Mit agensi s was done according to Stratagene protoco resul ting new
construct wase pHl 2.&HufiesThe hipg@lqm&lgmmaogthmﬁcﬁcmaﬂa siplet synidpetrivect or

Pl oGILALA @3Bt Dot ARG cestap Wi et s DieqRoE Y S5 AORBL Yed by
Geneart) WaEretpo6lsVIER sRPY, € iptAlCald 0ihs slopé. FhelJoBRESW&D ifiinelifately titrated to
pH 7.0, slowly and under stirring, using 2 M Tris, pH 9.0. The pools were sterile filtered
(Millipore Steriflip, 0.22 pm), OD 280 nm was measured in a Lambda 35 Spectrometer
(Perkin Elmer), and the protein concentration was calculated based on the sequence data.
The pools were separately tested for aggregation (SEC-MALS) and purity (SDS-PAGE
and MS), and based on the results, only the central pool (35 ml at 2.55 mg/ml protein)
was further used. All described biaparatopic anti-LRP6-scFv variants were purified in a

similar manner.

(vii) Cross-reactivity analysis by protein microarrays

The microarrays were custom-made high-density protein chips manufactured by Protagen
AG (UNIchip® AV-VAR-EP) and contained 384 pre-defined and purified human
proteins printed in quadruplicates on a nitrocellulose coated glass slide. The proteins are

classified as extracellular or secretory proteins based on gene ontology and expressed as
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anti-LRP6 MOR08168 hl gGLLALA 6475scFv AspPro to ThrAla (DP to TA) Vector
pRS5a MOR08168 hl gGLLALA-6475scFv (SEQ I D NO 165) was used as tenpl ate DNA
for substwoubilonms®i DP to TA in VH of scFv. Quick ChangeCKErZti@s720s r ect ed
Mut agenesis Kit (Stratagene) was used in conbination with foll ow ng

prinmers: 5'-caccatgaccaacat gaccgccgtggacaccgccacc-3' (SEQ ID NO 223)

5' - ggt ggegghl NeRARRECHBLER RORFOI6RIDGSs BschbrEhd bhli N pddfidd wihg- D rect ed

Mut agensi s was done_accordi nig to Stratagene protocol; rfesulting new
construct wismebilizedimsRbam aiigiclchrpmatogrRpsy £).cdzhybrdizatim ofgherA.  Vect or

RS5a MOR0S8 nerat ribed f antjo 6 MDRO8168, .
P LA, oot RS Bn SRS IR AR TRANEHoh SiB8 sl PRSREE with 1y
Geneart) waa prgeshl deeleped byRtbiap&AGO The bAmaBXitibsdicd Wertf tedtéd atafinal LRPE

MOR08168hl gGl LALA 6475scFv at_Val Leu (VL) Vector pRS5a MOR08168 hl gGLLALA
cont ai ni ng &¥RFsArgm afiSzeiml/ Theseeradawy lpbaled andibodyn d Gxd-cegstad) AffmsPurg ed

w o any nodidi 1 ORS, »EXPression C.. Gene coding for codon- i mzed
VCRo64 755 0o oaf iSRG REERS Sikflie P B D i B G TOER A
Agel / Hi ndl | b97y)ivas ¥Rataph fiRARAcHILATBA 8f Wﬁ%&i‘ ﬁ&icﬁﬂﬁﬂ%lm{%% G Hon WAS

cal | ed pRS5a hl anbda MOR08168 6475scFv at VL. anti-LRP6 475h1 gG1 LALA

8168scfv JVHPE: wiing a GaraPéx BrofessioosldR09 Al oRkspeiBemyigraarriay ecanuerd Axionk er
EF;VG\ﬁERLfAh er Bﬁvgg%angts#{\ﬁ Q&‘ugﬁ Seg Vwi&(ggge?ﬂ%%; l/é_}' Sanan%) ?mngglel a]:nlaﬁgisfvga%q)]e}/ OI(':I';['IE(:)J pMe
5' - gt t ect gousigg grlGCail-BaRg I6dl YRctd CRagsialenaliaivng usiag Pestagn(BFRhg® NO

225) 5' -Ctt%{%t g‘g%ggct%a etaac-3'" (SEQ ID NO 226) PCR-roduct was cloned via
Nrul / Blpl i Haty Aeyssy Torad . Hpdleterming umsmes wogosaradvity depved frembindiegt or

f'rom vect or Phiaes WerpahEAERAR 4GPt imied PERRRRGLY afifodad 11 o0
also incubated on the UNIchip® without the use of the primary antibody. For the
determination of the level of cross reactivity normalized to the corresponding antigen, the
fluorescent signal intensity value at saturated concentration (20 fmol/spot) was set as
100%. All signal intensities for a given protein, which were more than 4 % of the antigen
signal, were considered as positive hits, providing they were not also found in the

respective control with only the secondary labeled antibody.

(viii) Conformational stability measured by Differential Scanning Calorimetry (DSC)
DSC was measured using a capillary cell microcalorimeter VP-DSC from Microcal,
equipped with a deep-well plate auto-sampler. Data were analyzed with the software
Origin 7.5. The samples (400 pl), were added to 2 ml deep-well plates from Nunc'™. The
samples in PBS pH 7.0 were analyzed at 1 mg/ml. The reference sample contained 400 pl
of the same buffer as the analyte, usually PBS. Heat change associated with thermal
denaturation was measured between 20 °C and 100 °C, with a heating rate of 3.3 °C min’
!. The apparent melting temperature (Tm), corresponded to the thermal transition

midpoint, where 50% of the analyte is unfolded.

(ix) Serum stability studies
Purified proteins were solved in 35 pl rat serum or mouse serum (Gene Tex) resulting in
an end concentration of 0.3 mg/ml. Samples were incubated at 37°C in a plate incubator.

4 pl of each sample were taken at different time-points, 10 pl sample buffer (4x, NuPage,
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5' - gcacgaagcgct gcacaaccact acacccaga. agagcct gagcct gt cccccggcaagggcggcet ccggceg
gaagc caggttcaattggttgaaagc-3' (SEQ ID NO 227)

5' - gggccawbagagsg®ecgcccggcecgegect cat cacagaacggt aagcet t ggrgrEr2011/082@ | D NO.
228) PCR-product was cloned via Afel/Xbal into vector pRS5a hl gGLLALA
MOR06475 6475scFv, resulting final vector was called pRS5a hl gGLLALA

wm647m§&m ﬁéﬁ% Muater WBROGGL Pand safptesaBE iol&flat’- 5640 M9Gh OF eRIP

hkappa OWI ng primers:
5' - gacaccasanpit g\&ﬁaloagécgmtogm% Bagans-G2l (N ia@e) BvitiogeR)?2 9I)ectrophores1s was

5' NO: | d
it 0 vt ofioaaa N Bpsm i ORI b wedomeds BF D aempRig 3%&“@% fos
cal | ed pRS%\%A%@ﬁm& (3O RN BOrate aﬁfﬁlM—ﬂ?@ BG4 Ph! MEhblafednd

(VH 4- VL) ere 4 represents a fay am no acid linker between the VH
and VL chaiwashed ivOIRS34(19-n1vM T/mHélh’mH 7 Betb0 myhiNe€L 0% gheeni() @nd dien
MOR06475 with

f
5 gt t oot ol e ARl RS conftipipeste Mk BRpsn MSmITIEREE b no
211) 5' - ct beefigdasmatif TBSamdtRen inSitatddFoNDh af R3)shRkdriR TB¥ITonvasing | oned
via Nrul/Blpl 1nto vector pRS5a hl gGILALA MOR0O8168_ 6475scFv, resulting

vector was POD-tenjugmeb@onttagtishuman IpORbe fragmant specific (Npmpa)siliad, was
anplified f rl&ﬂOé%%%ﬁéé—@g?&i%@%@@e 1cﬁ§1te%icf:¥ AC"I? X{rge u‘%r& mafsﬁédl t%ﬁ: ¥l rbefTEr S

5' - gcacgaadc gaagagcc gage ScCtegyeaagygegget ctggegy
aagc cagot baarht RDh4geAROTBST. SigiDdeioctiNGg wasldine using BM Blue POD Substrate

5' - gggccet ct agagcggccgcccggc cct cat cacagaacggt aagcttggtgcc-3' (SEQ I D NG
214) NDROGAR@:%EO @Lf%ﬁﬂﬁg'ﬁg@%ﬂ%hﬁél or pM2 hkappa MDRO6475 with

followi ng prinmers: 5 -gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NGO 215)

5' -gcagccaccgtacgtttaatttca.ac-3'" (SEQ ID NO 216) PCR-product was cl oned

i nt o vect oh)¥ans hkappa MOR06654 vi a Agel IBsiW, esul ting vector was

called pRSSS‘ E%r%gggn %?‘g%% and(cl-hlalr cteri a;I(e)l%?) anti-LRPE-3¢ vsL RP6-scFv
All scFv’s were successfully expressed in E. coli W3110 and purified by affinity
chromatography followed by size exclusion chromatography. Expected size (MOR06475
(Gly4Ser); /(GlysSer)s: 26.74 and 27.06 kDa respectively, MOR08168 (GlysSer)s
/(GlysSer)s: 26.5 and 26.85 kDa respectively, MOR08545 (GlysSer); /(GlysSer)s: 25.99
and 26.31 kDa respectively was confirmed for all purified samples by LC-MS analysis
done with reduced and oxidized samples and by SDS PAGE. Purities > 95% were
obtained. Fig. 14 shows the results of SDS-PAGE analysis in which 1.5 pg of each
purified protein were loaded into 10% Bis-Tris gel (NuPage, Invitrogen) M: Marker See
Blue Plus2 (Invitrogen); (1): MOR06475-VH-(Gly,Ser)s-VL; (2) MOR06475-VL-
(GlysSer)s-VH; (3) MOR08168-VH-(Gly4Ser)s-VL; (4) MOR08168-VL-(GlysSer)s-VH;
(5) MOR08545-VH-(GlysSer)s-VL; (6) MOR08545-VL-(Gly4Ser)s-VH (7) MOR06475-
VH-(GlysSer);-VL; (8) MOR06475-VL-(GlysSer);-VH (9) MORO08168-VH-(GlysSer)s-
VL; (10) MOR08168-VL-(GlysSer);-VH; (11) MOR08545-VH-(Gly,Ser);-VL; (12)

MOR 08545-VL-(Gly,Ser);-VH.

Thermal Stability was compared for all ScFv’s by DSC. The melting temperature (Tm)
was significantly higher for the MOR06475 variants. The highest Tm (64.7°C) was
observed for MOR06475-VL-(Gly;Ser)s-VH therefore this molecule is believed to be
potentially more stable then the other constructs produced.
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El ectroconpetent E. coli strain WB110 was transformed wi th plasm d- DNA.
Pre-cultures (150 ml LB-nediumcontaining 12.5 [tg Tetracyline/m and 0.4%
d ucose, wo 2600138391 f | ask) were i nocul ated with a singl e pculEppy1 185200

i ncubat ed over night at 37C/ 230 rpm Expression cultures (6x 500 m

SB- medi um containing 12.5 pg Tetracycline/m, in 2 1 flask) were inocul ated

with pre- Cuwcumﬁofpr(ﬁw%ﬁ@%@ko‘ﬂlés W@@S W%d%%ﬁc@ﬁs@n{c&”hstw%@zﬁoo

of ca. 0.6. Then |PTG ( Roche) was added to an end concentration of O.
and cul t ur esevgea! binaratopie famapues asegbad intth@HEK298 SHFrassagdFigs 1 hend [ $ar vest ed

P0e (1 v BRlbqteh Phsruils Moy et eisBPherd PecRORBs s anable BB B LIGRER 1
suspended i BudhCasrWnily &hile Botkiiteiting 20opaMeN Haka4 suclasWini3indiZ STE ass2 0 ”M

NaCl, pH 7.4; 1 tablet Conplete w thout EDIA per 50 ml buffer, Roc
11836170001 Propgliend Wéséﬁﬂf’alﬁhlbsé Rrepshered digands chhsaas%eﬁswbﬂehmen@ P‘émté!d by

French Presg n 4C.

Hi sTrap HP cof%ﬂ%éﬁ g%%cgfdgﬁvggspgﬂaﬁﬁvﬁg%r é@% 6?{1@ 4%b?ﬁ%99§ﬁsf‘?5 Buffer
Super nat ant antwterdeesthiatd amtvagl agzhnstlhgth Ebpélie@dfanﬂlﬂrbpﬂlle( Migaidepird)noand | oaded
into equilibrated. col unn é vvas%gd vvrtthrs Buffer
(20 ) andprafsﬁflr’dmgrasf“@rshat\ﬁax CB‘P‘i?P elwstaap%edfrp g FIF #3 Bt 5

Lysi s-Buffer but 250 mM I m dazole). Eluate was directly | oaded on

Super dex75-col um (Hi Load 16/ 60, GE-Healthcare), equilibrated with 130
PBS (1 m / nii )Expmsiowréf‘wnéom&dwmtaﬁsmiomof hiporatepio avke-DRES IgGI-slcEet ed in

1.5 m f d 10% Bi Lnvit.
Adequat e {1 APRaaepBAfe A binsratpeie s LR TgreeBY Srmat ropbiedn 1
stored at 4§ud34\islpr@§¢meau@dlgon9t BigN $5X0¢ e R0 /e ed s difarhdA toWhd O- t%hﬂb;ed

and reduced smgiol es) and by SEC- MALS (aggregation analysis). (v) Transient
expressi on 6f gﬁ‘arléBéﬁF%S@’Ytﬂﬂﬂﬁh@EO deorpungs of an R B’—pﬁ@e@élah@ﬁvye

gl o 70, AT e bR e OihrR IR 15D ReRRIRNG SRl et fo (8™

cell s/ m.. TNe aa@Clsrmmoaeoftanalfsi ent |y transfect ed with 1.8 L DNA: PEI - M X
(pl asm d: pRS5a MOR08168 hl gGl LALA-6475sc-Fv 5 ng + pRS5a MOR08168
hlarnbda 5 ng + 20 ng PEI). 6 hours after transfection 5 L Feedi ng nedi a

(Noeart ) s Bl b AR G RO FRERAETE 0T I .

L/ h, 02 25‘V«fus61m the G%anﬁemenf blgyd [aAkAICHY. dndfiepariioular stadyl the welhvewaenoved by

crossflowfllt i filt ) m_ Aft er wa e cell
free materi Eﬁ @H@Bﬁ'ﬁ; 'f‘ger;is% the 'ghhslﬁg &Bgﬁﬁvd’fﬁnflﬁtﬁf’?gif %E‘ usi ng 10
kDa cut offoﬁéﬂtﬁtﬁﬁ]&lﬂpg‘(@rﬁ&eﬂumef After the concentration the concentrate

was sterile filtered through a stericup filter (0.22 pm. The sterile
supernatant was stored at 4C. Al described biaparatopic antl-LRP6 scFv

vari ants we 1d_ar nner

bi par at opi cﬁﬁjnfégiﬁ%@?ﬁ%s}gg & 5y f‘nsé%fﬂry %ﬁp%?segﬂré%a %ﬁl}é PG was
per f or med Oﬂuﬁie@%ﬁﬂﬁy &ﬁﬁhﬁfo%fapﬁymwr@ﬁaﬁmmﬂﬂﬁorﬁpﬂ@ﬂcﬁﬂ 56fhd n a

cool ing cabinet, using a freshly sanitised M NaOH 30% i soEropanoI )

XK16/ 20 col E¥RsCifA sige 95 197-4igpa was detﬁraeraehbwbédeﬁeeﬁlyswed PPSHIAGE withge

Heal t h t b
o assure 1) Ry St g WEL g ioh, BLERed G SEEMATS, hASE e S ( mmce
from 10x, CFigcb(j is @ni8S-Phge anhcinifipatifdd bipdrasdpic iahe- IfRH IgCﬁt&fH fSantpbest at i on

i th 8 oV onerdeated i 12 BRoRN & (Shihebolri toesa Marteatutten Sk Fad at

50 rrMmtraNgnrg&cga\/I ‘iiladucfb'd 4.5, going linearly dowm in 12 CV to 50 nM
citrate, 70 nM NaC 2.5, followed by a 2 CV constant step of the sane
pH 2.5 buffer The b| paratopic l gG el uted during the gradient in a single

tri d t into 4 ti L
Y acti ons WEREBO0Y 0T RPS TERAEEY BERECMFIaFE SR B b o bURARERR PLPR
sl ope. The p@alith ma%form%@bdzym rtegﬁefcﬁéel& Oasraféfe%n%ed%ly%abr@%twnder
stirring, using 2 MTris, pH 9.0. The pools”were sterilé filtered

(Mllipore @maiSfdempnstmt@QIOpdryel bind2gotorhwmead-cRaas pHetHd, isn thds B@mbda 35
Spectronet er. (Per, k| El rrer rot con ratl 0 ul at ed
based on t h%x% 158 & %bad%f' Stﬁfgmbiﬁ)rtfgp 8'?5"5?‘:3 A %‘E‘é{g‘élvigelrsg!?ﬁ? See

aggregati onF{gSEg; MALS) and purity (SDS- PAGE and Ms5), and based on the
results, only the central pool (35 m at 2.55 ng/m protein) was further
used. AII descri bed bi aparatopic anti-LRP6-scFv variants were purified in a
simlar manner. (vii) Cross-reactivity,apalysis by protein mcroarrays The
m croarrays were custom nade high-density protein chips manufactured by

Pr ot agen AG (UNI ch| pt AV- VAR- EP) and cont a| ned 384 pre- def| ned and pur| fied

o, = o o . o



an N-termnal Hi s-tag fusion protein using Escherichia coli, and purified
using immobilized nmetal ion affinity chromatography (I MAC). The

hybri di zawoaniiof3sidhe anti body was done using the TECAN IpglvEprdi1aasizon

Stati on HS400Pro, programmed with a protocol devel oped by Protagen AG The
primary anti bodies were tested at a final concentration of 5 pg/m. The
secondary | abel ed anti body, a Cy5-conjugated Affini Pure Goat anti-hslgG
F(ab')2, fragnent specific (Jackson | nmunoresearch, code no. 109-175- 097),
was used aBipardtopialanti-dRPSgGadct o was ftableSn pgfhnhoudeland eatisemn atrflg€, tested

acqui sition was_done using a GenePi x Professjaonal 00A fl yorescence

m croar r ay YBé oyra\(dgtn 19t showmpedsho H%EWB’;S@&%\A ﬁvqli\é‘ﬂe 2’dr (635
nm. | nmage j nesf g %1 R : Dat a
aai ysi o ng e A et On BT AR o Pl N AT O el RA i e

det er mi ne wosgheemn).i c cross-reactivity derived from bi nding of the secondary
anti body directly to the printed antigens, the secondary anti body was al so
i ncubated on the UNIchip(r) w thout the use of the primary antibody. For
the deter mnahiQRs@h the level of cross reactivity normalized to the
correspondi ng antigen, the fluorescent signal intensity value at saturated
concent r at iVaniopanti-hBPp sglor’y weresingially gharagiensedAp enahlgeptimisaticnradithe 8ralf or a

gi ven protein, which.were re. than 4 %of th i i

consi der ed(:[‘\’épéﬁ Jaf f"i’h'\‘}’é) Ni ?Qrsf'% sp‘rnot{?ﬂh?rr\‘al YRS aﬂi?@ﬂ&‘gﬁ %@F eégﬁg%ﬁrdl%ﬁéﬁ% he
respect i ve yepnéapRéssid inhE. @oliyAhti e RPGMMORD6Y 74, 8168 and 854S wad ¥xpre§sed iak W H-
Conformational stability neasured by Differential Scanping Calorinetry

(DSC) DSC WHsange¥Euf R ackgs witha (GApsennand €Hy4Sepy bpkratBMEBOe4758mdDSC f r om

M crocal , i & - - 0 yzed
i th the sOROREREs Jirsfts S RESRAUR I iRl pRATEA B HGNFL S0
deep-wel | pEglegaed. ComebitinplobessddprosamphithexpectddBiegshwere Obtuined. Fheahylzed at 1
ng/ M. The reference, sanpl e contained 400 pi of t f t he

anal yte, u§l§§%llt3’/dm§>}.‘°‘1‘£t¥‘a'ctﬁﬁﬁ@ét %@%é‘%&’tfgﬂ“@ﬁ‘i’aﬁrﬁﬁgﬁﬁ?ﬁ g&hgéb’?%ir?“d n was
measured b o@0 ' j . 183, 1. The
appar ent m(y % atzgﬁgg;gg?u(r%'e&([ %%éﬁl%c;brl{? 32%%%1&5330{“?‘?%@%%%@@9%9 tion

m dpoi nt, wakiced HRmalfstability avithl 3 Tia of S0H2P6] ded. (i x) Serumstability
studies Purified proteins were solved in 35 pl rat serum or npuse serum
(CGene Tex) resulting in an end concentration of 0.3 ng/m. Sanples were

i ncubat ed &; i ; L AGE fhaken at

i frerent HPaABle T B o D L R b " and 26
i1l water \eithowtdteimantlLgaiol 2 CHik mathf substénticrs AspB@ (DP) to Wspaia @HYandanpl e

| oaded, i pt % Bi S- T 1S P | nvi t | ect r.ophar esi
done at - 208vPPEH DI AhHAGER Y HlSr B Were SushitiE prsseiamanged' ° "o
(I nvitrogerdiy e{lloaoreaé1$<mf) Bﬁ%ggeéé&tém&%al EultnPd THYleXpdotod sies 3V for 1 h.

Menbranes were briefly waShed in TBST (10 mM Tris-HCl1, pH 7.5, 150 nM NaCl,
0. 1% Tween@pproxivdatelydd7:198 kblatwste determpingd LfonRmahareLRPA MBBI8 Hdnt ai ni ng 5%

m | k powder, re brie LT d i ed.for 1
ot P snanes TERLARES s Bnft an k1 REaNADRGR Sy dGP LR oA R0 AR B L0
fragment speeidiated EdisaiQY feletidnl ot rhinkDLAOEK )t CAI M dndSubstiednk Rsphr)
diluted 1:500. Menbranes were washed three tines for 5mn at RT/shaker in

TBST. Si gndPPyta AsAletDid gndidspAlad DRy telhmdily eTopsosiged pha wFymath¥l-YH

ECL/ ECL PI uys. - (1 ' AL f T ' and
characteri s%z elgtgﬁoo a;ﬁv [l%-ask%%t? é?ﬁ@é wFéﬁﬁweg'%mgﬁ@?ﬁ%%@éé@#ﬁl%{?qgé%frbgssed
in E. coil a#3dilihe ackl fuhd CH8domaiabf hlgGl \L AT andtcoYE af hianfbdb respediviely. si ze
excl usi on chromat ogr aphy. Expected size (MR06475.(4d.y4Ser)3 /(4 ,yd4Ser) 4.
26. 74 and 2¥s WeVIREHY dssinsed: ihowrever, herelei wey a ya@ésgt)oﬁxfikgﬁif&@ ‘)eﬂ?{’yze. 5 and
26.85 kna r 2L f  alfernative et 6o 31
kna respect%gﬁgh%/\g@%%n I rrreg&?gé Qalli?(zl u%l?? Fé%%aﬁgﬁﬁ%ﬁg al‘)y LC IG\:/B a%al ysi s
done with rotikrpesitiandwikindhek® smahdingthatdemyin8DS ClAGkK! thed¥-taringsisef 339 wer e
obt ai ned. Fig. 14 sh esults of .SDS- PAGE. is.inwhich 1.5 i.tg
of each purys tb?@@ﬁﬁgh&g}@séﬁvaﬁ@alsf%"g afﬁé& Ei‘tg[{%'lxi ‘éréqnt?tﬁﬁ?lgzggé",’ere

| nvi t rogen) WML AN GRESerR 44 (BiyiSern) finker.tA ySelr)b link d to attach
MORO6475- VEE Gay4ggr)(g§®L?I%( %) (BhHsd)L b Vitgeny Se¥)4)}\}H;er(v§3S Hsec fo At
MOR08168- VHh¢ @ly4sehe) GHYdpmau) of iMDEGBLAS-A/L - (d y4Ser) 4- VH, (5)

MDRO8545- VH (d y4Ser) 4-VL; (6) MR08545-VL-(d y4Ser)4-VH (7) MIR06475-

VH (d y4Ser) 3-VL; (8) MR06475-VL-(d y4Ser)3-VH (9) MOR08168- VH (d y4Ser) 3-
VL; (10) MOR08168-VL-(d y4Ser)3-VH, (11) MRO08545-VH (d y4Ser)3-VL; (12)
MOR08545- VL- (d y4Ser) 3-VH. Thernal St aﬁ{ lity was conpared for all Say's by
DSC. The nelting tenperature (Tn) was 5gnifi cantly higher for the MIR06475
variants. The highest Tm (64.7C) was observed for M)RO6475-VL-(d y4Ser)4-VH

T b1 . N . o o o,



study is presented in Fig. 15. Fig. 15A represents a scFv scFv attached to
the CGtermnus of an 1gG 15B scFv scFv attached to the N-term nus of an
Fe; 15C rwpnresens®ian scFv scFv attached to the Cterm pos/Erbolans2e90 and
15D represents an scFv scFv attached to the N and C-term nus of an Fe. The
bi paratopic antibody in the current experinment is the biparatopic full-1gG

with scFv fusediphfitdgi@art- Lﬁpmmﬁosﬁﬁsh{ G@@Lhﬁ%%ﬁ' Was! stdbte RAehing Ul ar

study the scFv was separated ySer)2-linker fromthe full-I1gG
The scFv cofissted up t9f3 hWH)oThmpmﬁonm l:wumﬂ; aae)(p@tpdsehl)man Felaeat pH6.0, low

Bi par at opi )]0 RP6 | F re tr ex sed K293- 6E
cells and DUI%I#}ID% n%was (fenrﬁ?pyl'??h}fﬁﬁg?rgg G’ %ﬂ“’ﬁf‘aﬁﬁ%‘m“a&hﬁﬁbﬁn from pH
4.5 to 2.5. The expected size of 197. 4kDa was determ ned by LC-MS anal ysi s

and SDS-PAGE with a purity greater than 97% Aggregation, determ ned by SEC
MALS, was |E§§mp oA Md’tvpuegalue@orr of biparapypi odrlanysﬁ&%f purified

bi par at opi c BWEIQW |l es were | oaded into 12% Bis-Tris gel
(NuPage, Inv rogen rker: In trogen Mark12; (1): Non-reduced; (2):
Reduced Bi pﬁhaalmptwofam[baratbﬁl%nhlgﬁymﬁvuamil\mwmhlg&nLiA-U.ARRB?SI @6 found to

human FeRn at . O wth a Kd of 0.021 and 0.0231.tMrespectively, a
det er ni ned H@@%&ﬁr glassgphsignaling 7 viye vem &stesin g cpdmplast sistem sensiing 8f human

FeRn at pH Pa4.SHOehiIS c@HﬂSbP lﬁfft@@%ﬁd?’EBAbéﬁﬁlYlﬁg "l‘,sce? Slieﬂﬁq]@ﬁlﬂielrﬁge' n

vivo (PK characteri stl Cs sim par at opi c
anti - LRP6 | geresoplaniabsubtuthedusly viatt mmﬁe(sBA&ﬂ Frcavllsamd&ﬁxme&ﬂWntBAst ed up

to 336 hours ,{data bi ndi n e al uated on a
bostom pr ot SRt R PR ke P S SRR P e RebeRad ot RUAVIBUS of od
proteins (dass oT9thiSRONIDROYIER Uﬁ%q%ﬁémmed(muﬁg/ﬁ MOREEY 7SARPE Wer e
initially characteri sed to enabl e optim sation of t e final bi paratop| c

ant i body. SErpeleri3Abotthmgtkigs or the iparatepis antibpdyt awsi-bRP6erent | i nker | engt hs

hs Vi and ok eBuebALALA RS w8 T ABRRY e B Do RBPks) B iR afpbyce
MOR0O6475 anKeh@Eaasﬂﬁﬁrs;an |hamt<;,s48/\la:nﬁs SJadoassnd|l68 hewRnass Tte dipdranopic f i ed
with a |low |l eyel (<5%P IMQ%% tes. Correctly processed protein with

expect ed si PHDogyaatA g@l LALAHATP sylvaheyeds SW?CFGWF& inhipHignp st
stabl e scFv f Qn B ik e r@gﬁéﬁg\é‘n n(é&%ﬁ}% Ca%mlaxﬁqﬁ!] daoagﬂﬂlf fils, 7C Al

tested IVDR08168 sckv y re uce erma stabi | i ty
with a Tm ofetlﬁﬁh@?_t@ba@ilpaamt?dmm and Bmgamamgm mgiligtshowoigsusthin€intamdoivl. as

wel | as nodjfi vari.ant s naI S t with
substituti 011:P§ ﬁgﬂ%a% h@ﬁﬁ) Té‘mﬁgg@% HHCI}Eé#}%@s@)&t %Hﬁ%&l"%? abken) in
VH of scFv) (oiahibitsweGa sisdudbd Yot %%ﬁaﬁdeﬁf‘?’z Roirs, iRdeadiNiORBS | 68 LRyl (<59
of aggregates fromcell culture. The expected sizes of approxi mately

197- 198 kDaPweekerdetle dasedad 10 mede inorsasedalnida imivsed AzodingdFig gonLALA
6475scFv and anti-LRP6 MOR08168hl gGlL LALA 6475scFv at VL as well as nutated

constructs TQ%eﬁ&dr@ﬂlecgffe@nSﬁB@b afatdp\r@m&{ﬁb Afan@ﬂ%p%n@o%%%slﬁg@lp&ﬁAAspPro
(DP) to AspAla (DA) and AspA to ThrAla (TA)) consisted of a scFv

with VL-VH 6415e&¢f\a1r¢l@tw0dndhe/\m(ﬂl(!£dﬁ&l&PéePrbyelhtr(lGWdtSéVl)wslgnahkgm MMTV-
(dydySer) ker vas  use to the CH3 donmin. hl gGL
AL a1 ot By 1R AP w ARV o] Hiiots St Soned B8R = Sl v ey
the scFv Wﬂ&os@b‘f@ GRS bFthe Bipavitbplt anEiRIvahadEB6 RIORISN8RKIYE 1 LIANNE657S
furthernore the scFv nay al so be attached using alternative linkers to

other posi t#ner %\/Flflallerﬁioﬁ%@f 3 me/kernditheMQR 48 68 ERPé Rropelier & fantibodyn dSerwn

N-term nus 1 wth

VH VL ori en?%c?%]atgﬁggmrgg sepaélat g Eﬁﬁﬁ%&/‘%@ﬁ?% %g %%vahéﬁ!rﬁ}% i nker.
A (G yG ySemRNA exjiessiohas picehih eurgdt loafhAking, Gefe\anbly zéd @veLapetlodaf fivaof

hl gGL LALA. The bi parat og_ c anti-LRP6 MIRO8168 hl gGlLALA 6475scFv was

stabl e in sweeks beet@rrémah phesedeH-1i{o of the bimmatopicpanbedypives asouni akowexpect ed

to human Fc | eviel . bi ndin S _seen .at. 1. 4. Th arent al

anti body b osﬁgeﬁ t?\ﬁ osfﬁlrlﬁz ‘4 Hltﬁl%otdy uas abowt 75 Fouts, A SIgnlﬁQan% decrease of ARG
mRNA expression was observed in tumors obtained from mice dosed with either the
biparatopic antibody, or the propeller 1 antibody, and Axin2 expression gradually

recovered with no significant differences observed between the biparatopic antibody anti-
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Exanple 13: In vivo evaluation of biparatopic antibody anti-LRP6

MOR08168hI gGLLALA 6475 scfv The ability of biparatopic antibody anti-LRP6
MORO8168mQGali1A38896475 scfv to inhibit Wit3 class Wit sipgmaip2eng/osT2000i VO was
tested in a co-inplant system consisting of PAl-STF reporter cells
co-inplanted with Wit 3A secreting L cells. Fenmale nude mce were inplanted
subcut aneoyl j ilé)%h} 3 AN ; nd
randomi zed@ﬁxgg?}gg 0 %@ﬂgﬁfﬁlo%rgg ngﬁgﬁh m cﬁsgég?‘ﬁg L}g}ﬁﬁ%l};ﬁg\ﬂ gﬁhbédya

i nt ravenoustigasly. of vehicle, MIRO8168 LRP6-Propeller 1 Ab (10 ng/kg),
MOR06475 LRP6- Propeller 3 Ab (10 ng/kg), or the biparatopic antibody

i - LRP6 . 4 d
%Fle i mged 9%@2%‘3&%&5@ %uﬁéﬁgiﬁ%]a&éd%iﬁﬁggﬁy@ gggh%s(g;gségh%gég)’%gsr S
| at er. The séfvparavainated anthc DOBET V& it] aRbiErafvidkeis] ASMITYEW AL Ainbet Atagaehts

showed a dose-related inhibition of Wit3A indyced signaling, wth.1l ng/kg
showi ng maYiCHRANRIAMNE ?"(I’ECBW‘%R“SE’Z(SﬁadWQ,f“F’%lFGP ¢ Aee g%ﬂ%gpqgﬁgl\gfé{mﬂgn’hours,

and 3 ny/ kg,: S i Lqi kR R4 -

nours. " The NEROSs T TINEY AR ffof (-5, REfhek 197 pirk il 261 812 WD wor

i nhi bit Whti8ated mithoetick Ipta MOBOS 18 I-RP4-Bepellat2l Ab(} mg/kgheveaw),MOR08168
LRP6- Propeller 1 Ab.dased.. I nc 3a.i nduced .si ghal.i ng
(Flg. 20) brarfiedls aribegnaniammm MO ebHERTEAER s it BameReniol-Hehpe
MOR08168h!| gl hhdhs BAFRINce 4 Rkl Both MORO 65/DRIBIG8pdIRPG -4 ael | er 1 Ab,
on Wit signaling in MMIVWit1 tunors, mce |Egl anted wth MMIV-wit| tunors

wer e dosed bipatatopis ahtikodyiang LR REOMORGB 168 higGIREALA €478 ssfpantikpdpinduessk i body

anti-LRP6 MORO8168hl. 6475 scf r i nal e.. f R (o} he
VCROB168 LR GRRT P i B -t B RSB e e B el opi
anti body, asptndtsuyedfiths bipadtspidatibodRantiVERIP6ASORDE 6BRINAG HXAL. A 5979 Befy

of 13-catenin target gene Axin2, were_analyzed over a period of two weeks.
The t er mi nayasgvgpaied andhisrdepicted ia 1§ Bd- bi par at opi ¢ anti body was around 48
hours, whereas that of the LRP6 antibody was about 72 hours. A significant
decrease OfipHiKiiBR o WA sRNBHES T Dlork@sl ARER ¥RIby B-chidARI SRIVAL GHdoRfndni-om i ce
dosed with either the biparatopic antibody, or the propeller 1 antibody,
and Axi n2 exgatosdidnd gawdsiwpid/calloyyolearrest andtinduses an pigstindahfferdntigtionences

0075 sofv TR R SlaE R A P, AT 1R Ve Web i At o
activi ty 0ia003, 1P RéwiisCa A00LAISHT A i @R0 iWEBINGH B WG Gghaiy 19475 sci v

was eval uated in the .Wul allograft nodel. MMIV-Witl tunor fragments
wer e i npl arnagouristic LRBG artiboidies (hgs gimjilar pensequenegsdn puime MM V-Widdys after

i mpl antation, m rryin - \Wht .- r -8, 3 :Lange:
81272 ey S Bt fiton et iaiohs PR <Ryl by HERRPR idp R 1A 0T
ng/ Kg, 1. V.am&¥)condonehtuemaitlo NP TaRWih 0 dymértichrihd¥nfoc M & fi8h MiGkithtr'a 6475
scfv (3 ng/kg, i.v., 2qw), and tunors calipered tw ce a week. Both 8168
LRP6- Pr opelsingle dospgf RRS ('a?lﬁraﬁhqre‘pme/karﬁmﬁéﬁ’é MR8 ePd e QbROBAHHP et AL A
6475 scfv } 1 ! - 930 = <0. 05
reapocti vl FOEY aPEHREhiR, & BRiE O LA R e A R

anti body anim tHidRAGssVEROB 1680 hiy@tiedlfdr BUHAbmEwftas avasone teahpesdtaet and thandixed

depicted in Fig. o, lnhibitio f wat sj.gnhaling in colorect cancer. cells
by 13- cat erif ies 0{srfélaa?&ﬂrfahg-.lﬁélgam?h%_eﬁwawgm&a?%&Paed?bﬁe Hse
arrest and $ilguUefReAD élt%ﬁ-ﬁ%d{é}?igaﬁhﬁé@ﬁﬁﬁﬁ hROI D @@fr@f@ Ki}/%gg%im\éﬁ/g@o ring

et al. (2002), Cell, 1 van der Wetering etal- )

Reports, 4 R&DICaHEN043TSlifles werd seennied witth$danBeape &Y/ Glyscaryiey (Apérieg by

ant agoni st i RP6 .anti bodi es has simlar cpnse nces, 4 i ne, MMIV- Wt |
marmary ¢ urF EOISEE B e ser sy R LT RAB SRR T £y 2 S

stai ni ng f QR pksi® TeehndlJERdsy usm@ TRONED tolef détohtolufibiMpMithin ¥R pofiede-pixgl M ce
were treated"with either a single dose of PBS (control) or 5 ng/kg

anti - LRP6 vomusRepesapativaiimages pf QicRed O4taining arershewnin bgyddAeander t r eat nent ,
sections of fraozen muri. u I 5 pm t.hi S.

S des wer dapEcRo Y P4, TR eftoh A el ntihes B weles Pl PERERS, o
in ice-col grdigf/mEBinrD4 hourfg@surh nE0 imihe StIdsy. grblp,dad nwe fer IBSTRdheblghyd r i nsed
three tines in dH20. G| Red QO _staining was perforned using an G| Red O
stai ni ng kidemopsfraje a insprasq incOikBed Qrstainingidyring thedime)eaurigefdhe experamenti  n
ScanScope CS/ GL scanner (Aperio Technol ogies), and tissue sections anal yzed
wi th | mageScope v10.2.1.2315 software (Aperi o Technol ogi es), using the |IHC
col or deconvolution algorithmw th a positive-pixel count. Representative
imges of Ol Red O staining are shomm]eé:gn Fig 24A and quantification in Fig
24B. The graph represents nmeanSEM val ues. n-4 in the 72 hour group, n=3 in
24 hour group, n=2 in the 5 Day group, and n=1 for PBS (control) and

o - o, o, s - S o, = N - o Y M




Exanpl e 15: Binding affinity of a biparatopic antibody to reconbi nant LRP6
PD1/2 And PD 3/4 Binding affinities of anti-LRP6 MOR0O8168hl gGLLALA 6475
scfv, MIR9BL68/1383%d MOR6475 to Propell er Domai ns 1-2 of pcRER®201RD47289 am no
acid residues 19 to 629 of Accession No. NP002327) and Propeller Domains
3-4 of LRP6 (PD3/4, am no acids 6311246 of Accession No. NP002327) were
eval uat ed vi f ARV HS bGing 181 T

Heal t hcar e) TI%E%I?&‘E ﬁfg&a%%l?ﬁs@ggﬁgt&g{rqﬁlﬁﬁ?# ons, nﬂﬁ%@ﬁ%#ﬁhﬁ ﬁgﬁ(g?%ey s%ggﬁzi c
anti body (#18§-lggigogelscydeasitesdand inductidnoafs) seoratory differendiation p®gravh.sodi um
acetate (pH 5.0) buffer, and then imobilized onto CW chip (GE Heal t hcare,
BR- 1005- 34) Af.@t ok 1 ; B AR ' t d
am ne coupl fArlllg tc eh}a@;{v&t@fﬁ%}ﬁf&{égﬁt@g&%ﬁaﬁgtﬁ ﬁ@’l &%le%ur)gn su?@ggg%g%??% ed
with a 7 ni sctviyas daiithen eedluated inlthe MIDA-MB- I8 14brdsERGograft model. 5x10e6 MDA-

1- Et hy1- 343 di.get hyl.amni bodi i.ni de hydr ochl oy d d 0,1 MNHS
(N by oxy s VAT it SOBREBRERY ket prapBaledRubGuailtpuy sy Wi RBlE Wilkn 1
et hanol am NenicaBY daFitlr @Qﬁéﬁ&nhﬁa %%@M@A%Elaﬂﬁﬁm%q{?ﬁi%%ﬁFG 165

Ag/ mlL in HBS- buffer althcare), "and captured onto a separate flow
cell of the ranigp 99123 3 anmiarvsdre {reged withiehigle, ot bipanatopes andibady aith LRPO1/ 2

and PD3/ 4 ol-d.concentrati.on series stalling at 50 nM
and inject \é\gi(g]tw@?%ﬁgﬁﬂ#?lﬁf%wﬁ ?ﬁf%(fnfé}f(%’ 'eﬂ"l%@dzm%mrﬁaﬁp%ﬁeg%@? 8tion
phase over ek diicibipari?opitABIdy St IRRAMDIIE188RIg G Lo 6478k chk4riibeey and
the control surface w thout captured |igands. The surfaces were then

r egener at ed9P%%d 4 § mgdkguveskln.Gignuemy idﬁ%)"ffbl’-l"@.r rowth §F/GHe Y waP-08) ¥k ng
anal ysi s OT\/B%ZS)- LRP6 MOR08168hl gGLLALA 6475 scfv to PD 1/2 and PD3/ 4,

anti - LRP6 168h!1 gd LALA 6475 scfv was captured onto the CM4 chip

i obi l'ized with anti-human |1 gG Fey specific antibody. PD3/4 at a

sat urati ng Esfweletialn sivospaluatiom %&gt‘“{'ﬂéﬁlpﬂr@MQ aglieadieshe the MMEE- at a
flowrate Ofer?ngfJ:/e[ﬁ n for 30 mn. A saturating concentration of 100 nM PD
1/2 was injected 1mediately after the PD3/4. The di ssociati on constant
(KD), associAgtdesmibed onfxangslel 16 xidiinak andRLR RO fdvirst dipasatuyc entitrldtagivaired from
t he basel i ne subtc[act ed corrected binding curves using the Bl Aeval uation

sof tware (CGESNSERIFY FROSISERS ohhePronsber hestbeds S5 004 15and taypmgpeller )

('bi par at opi } gl ; ; JIRER j at of
MOR08168 (p%@;;lg?fflg? q%%aﬁnﬁ%%%% ¢ g%ﬁ%f%%g%zlgﬁ%éﬂﬁgﬁbS antﬁf o%%7$ﬂll‘—g’p;]. 26A
shows af f i nLailds 8d68sche (WHF 4l @sd MORG@SbRSUNCAh4 8 FisciveCddidoV Lldorai ns,

PD1/ 2 and PD3/4, ..The .deternm ned .of i h LALA 6475 scfv
for PDL/2 aﬁ"tﬁﬂé’f‘@e %!ﬁ’%fh%’#ﬁi’ VP ‘?@“E’ﬁéﬂa%&‘ﬁ@g%gﬁg Y, 238 MDR6475
to PD3/4, raapeshidRlthe MUIV-RB AbaVSMifSingisRéd with MMEVIWGit B AREdre WeRN

phases of anti-LRP6 MORO8168hl gGLLALA 6475 scfv binding to each of the
prot ei ns. THesedfiv- with e single daspaf Adgnaske efrach pRibe aniboBasineriediaboye. §4780 scf v

whi o Pb 17 S1sSHFigh? FPedchBbnib i R Ras Tl A B P el P ORI e T
expect ed, abAL-A RPE3INRIRYBHEBVIYJChdAWDRIKATSBIgHI WA ceirbdfe OfHaiviD),ag to

bot h propeller domain constructs (Fi g . 26C). Exanple 16: sckFv Mutations to

| nprove ThePsBas Hi5imRNAosxpsessign @1 Baatenin W@rdey eaw 75xinhi wererpalyied ayeser i bes
mut at ons nmage. | n r | nt, | i es and
the effeot By GihEpciius BBt Serecty 267, 21, PEE0 Flo D BRI BReREY o
the scFv asbipetacopic asibobies siavoded sighifibant idtstease i aouPRIRISAieRpiebeostoaht | i ty
of the scFv can be translated to the overall stability of an antibod

construct cAm maxmsl exentAsMPBIS LSble G Nk b 64175 ssfy. Hevensasthedwation €¥@° For

| gG based bj J I C-term nal of
MORO8168 | g%ﬁgghﬁﬁg%?e %ﬁi@fwtggﬁ@ﬁ}eﬁ%‘ %%?gtgsghﬁgt‘ﬂﬁ% i body

desi gnat ed MIDRO8T6ANIEG] LATZA GAORES], 691G kidhaA réWiTGng of iisclimrat slFOB168 was
fused to the C-termnal qof, MDR0O6475 | gGl vi linker to mak

bi par at opi CE%P?‘BBT% Ba&ilsqc%@*ﬁra%ﬁ% bigasatane wolsoulss This gt cqpssient wiih

i nformation har M j Leat
Rat onal  dogy el ByeRind o s o cuRe it Krut b ARSI A
appr oaches @¥heompawntdfwoth Bé lefor MOROS168blgd 1 Tt Al dhscfv.o st abilize
scFv06475 and scFv08168: sequence consensus anal ysis and structure based
mut at i on desi gn usi ng honol ogy nodeling in Ml ecular Operating Environnent
(MOE). For seguence consensus analysis, the am no acid sequences of the VH
and VL domai ns of scFv06475, and of the VIl and VL domains of scFv08168
wer e BLASTed agai nst the non-redundant protein sequence database of NCBI
After each BLAST run, the query sequengggand the top 250 honol ogous
sequences were aligned by the clustal Wprogram An in-house conputer
program was used to count the nost common am no acid at every residue

e . . ) o o . o



pool, a nutation was designed to nutate the residue fromits wld type

am no acid to the nost common am no acid. A honol ogy nodel of scFv06475 and
a honol ogyormdelssni scFv08168 were built in MOE. The sequempesiosT2e0 fir st
read into the "sequence editor” nodule of MOE. Existing X-ray structures
wi t h honol ogous sequences were searched in the "anti body nodel er” nodul e of

Sui bl o  EaVerLLS A e a0 e B ) LGl CR P12

scFv08168, AndRe3844 vel y. Honol ogy nodels were then built by MOE, using the

then subj eSindee sfbicsosgueL BreqDRD TAMRN LAER G s Rt AEr s T
NAMD. The WiORE47PEGrspalf Dofiafisdy2 BT DRPG Sﬁﬂl/boa[mi%%@id%ﬁ&@esh@ tblBgobfrst to
the third stage, and with restraints of 30 kcal /nol/A2 applied on different

sets of at dwsession NhdNRG02327)sind deopelleeDomgins 3iofsL RRG & R3ihl dneido aodabdl-at ons
but the si hain at.o i In the, secgond stage, the restrai wer e
oopl 1 od t o124 ShgkeRgiRor NpOhER7) bR VA BRAYRE sobtep S Blastyif prsSiarsg (SR,
restraint s y¥aga Biord T4 00NGE Ménlihosk) PoethRtadhtity dd@niiRARhS, aERniAGEG

simulated in vacuum for 100 gs at 50K in the fourth sta?e, with restraints

of 30 kcal Fepspeaificantibpdi(#dA9100e-098lapknoa lamymelogyhwandilvtedin EhaM he fifth

stage, the I r r i iy 1 i [hts of
30 beal | mor R Sel GO A Ay Mt B AU ACRBCCHS (G ERSRAIT" 2, O
st ages of MR31005234)ifonalbpdloMebls taih dénsity ofie2 @00 RWarirgStdnderdmiiné ogyplingdel s
for structure based nutation des‘i@gpaéél\mt ant nodel s were built  upon *Lhe wild

type honol B§misERel he cathpxymethyhd HHagFaveY actikted pathgchminypigghen gf a D

was used tgq. . eS| i :am i re
et al - 1oogj B LE 0L B s e O e B b BB Y e
ener gy m niand #d Ma¥idS $V+hytatxgshiccmimide). Hxagmseachi0 Esterts eyrse thien blveked/with

m ni m zati re . perforned | i the fourth stage. Re aints of
30 kcal / mﬁ%ﬁ@#@“g‘ﬁp‘mt‘éﬂwﬁ@&ﬁo&@ﬁgchﬁrﬁlt"ﬁé‘@ﬁf Wép%pﬁrfedtaﬁyi mut at ed
residue in £ B j ied on
all atons gg{}ﬂtlheﬁ §r%tE g’tl’gjgf%? g@%&é@%@h@%@@%ﬁ% St%grg‘?@i—ﬁéhﬁg@é’? E]}%ys on
the side cliM#ckipana dehsitylod ~76 Rl acowrdtd i O pBiin. D12 and/PBBddvere prepaedwer e

removed in the third stage. The restraints on the backbone atons of the
resi dues wias ivaidddcensentration seeesedartiag puRbnMeard ingected 4640 aymi far §jmin he
fourth stage. \Wdth,t sa restrajnts . .a eri

aopl 1o, ¢ Abisallotdy BB THIT o8 I ARGLRRS MORDSH RIS )\ 1y
| ast snapsiaa?s setb-chparedistifhéd dndrthé E@jtRLE b@fdce svithoar @aphiredli gids.Jbhensufthedsz ed
for 5000 steps _again, with the sane restraints as those in the fourth

stage. The¥®rethen seecaerated dwp simgsvath HlaaM glycng ok 321 Fngythe dupb bindie ¢ he

Canis. Pl _ i i . £ cat .
£ a0l i sy PugsipREEELRPE GRORNEHIHC AR HIPLATH PDIAMITETA BRI o
XL site-di MOROBI6Bhl@E@HelSA H4R5 sty Stas atystgred @nto the 04 shipdmenobid szicd) méith

according to.priner si gn sof twar taprimer and were order rom | DT in
a 96 wellg @B?'E‘anawlﬁg%ﬁb%?f-’&! fczfgﬁlw{%[%%hw‘f a4 qgﬁg@thaﬁ%ﬁ?nt@flpgﬂg?g%w&% S

reaction v ‘;ﬁ@iso f. i intibr 307RGn.T g&ﬁﬂa.f? wer e
carried ou@%ﬁﬁ e 9‘%?&\/\%?35&%%%& é)tq‘ye]}.aﬁa?t%r}ﬁtﬁﬁe cryc(ﬂhngj,ﬁ€ .511€§Dpnl enzynme
was added tconeathti@nyf I00inddPDA/ weamjdcad immikdiandy bfieratle RD3B3KTheor 2 h to

di gest the parental ds . Transfor i.on s done adding 2 LIl of Dpnl
di gest ed mHSapEA OB R R00D SR T3S L) Rismyerertloddrts in

96 wel | PCRER ﬂfeqyase-ﬁﬁftj SEbthdtfHd\dotéled BR@B{)@‘ GifvetRhfic RACB Lk vahuaiibie S6thware
p n on

transformation plate for expression a uri ficat . Expression was done
in tw 96- WSEHahdtbpareel | pl at es usi ng aut oi nduction nedia. Aliquots of

bacterial culture were saved as glycerol stocks and sent for sequencing

anal ysi s.  Eh4 i | .at: ippdh vi dual
ol ony was Tscar ENMPRUS RIS ERILAIR T ey (phrifBpR LB BindERES 10

f rom Pr onegad PRi3iywasdanpareds tvith thet bf MOR 68468 (propeller hiagtibady) andyhput
purificatiqn, NaC s added pnt he |ysi.s. and.wash buff to i nprove
protein pu&??‘&%@ﬁoé’h]\e%t‘gﬁgehlgvﬁ@% S}i‘ﬁﬁyﬂjﬁ“’é‘f@s Sﬁﬁml?ﬁ?ﬁ‘ﬁ?ébl e in PBS.
proteln GURirkdponiy 1RFAGE P IRAARE, BD1P AT TR dérhile KIPof dnfl- OF der
to determine the oplinal anount of protein for Differential Scanning

Fl uori nmet r LRASSAOR 83 681daGhhADA 6478 rsnbystoaBDé/2rand M 3d4 svab yinfilBF toathdt of
Differential Scanning Calorinmetty (DSC) Dependi ng on the protein anount
purified for each sanple, usually 10 to 201.1.1 of elution was used for DSF
anal ysis. Specifically, sanples of 10-1%3 Rl were mxed with Sypro Orange
(I'nvitrogen) of a final dilution at 1:'1000, in a total volunme of 25111 in
PBS. The sanples were run by Bi oRad CFX1000 (25t for 2 mn, then increnent
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Protein production in manmalian cells Mitations were introduced into

manmmal i an construct pRS5a that has scFv06475 or scFv08168 with His tag. The
const r uctwowerei3gvansi ently expressed in 50 m of 293T pusmersilon2oe! | s.
Briefly, PEI was m xed with DNA 50 pg at 1:3 for optimal transfection
efficiency. Cells at 1.4 e6 per ml were use for transfection. Transfected
cells were | RCHEM HAgU i I, N Bayhehe 80 rpm
shaking in m#gfltfgﬁgylﬁgﬁmof Zg(s)%nrpg%ﬁ%g%cg?gk?l%%oncen%uﬁ ated to
around 1 nl afsociatgn anvedisspciation phases ofvarty . RPS MIQR 08 li6ShipGililiAlet 6#4Emsch | y by

MagneHi s kit . accordi the.instructi rgmthe n acturer. Purified
protein was H\%H}gf?gﬁ&? tgﬁ Ogﬂg%%ﬁﬁgﬂfqn'ﬁrgwaﬁ‘ﬁiqzﬁn@w&ffers. Protein
sanpl es ei t MOROSIGRR(ANL ATA 847 T ¥SPD128§ SoWeeBah Hat DI F U ed studies
Affinity nmeasurenment for scFvs Bindin of scFvs agai nst LRP6 protein

EC50
was meadur edopgnsatedAn Wiict RT3 apd BDA Avssredniatiod ssuehtupRPBdRetcaiem as
Sysytens, ¢ | N ol C.overnight... The pl.ate was
o) ke i ¢ Rl ML RBORIORYs Hsniidsr b M4l v SRR b R R 1

wash sol uti gropelltalonmiptasiruas rigi dag)ed with 1% BSA accordingly. The plate
was incubated at RT for 1 h, and washed for 3 tines. Detection was done by

addi ng 50 pl. pen 1S5 I a Mat . . 1014992),. a - 2000 di |.uti in
196 BSA, i nelisRORl 1ty S phprndoito Jpipr e Piemasabuipcr Bl inrogand e titied?s
reagent A plus R&D, syst ens) was adde t hen i.ncubated for 5-20,m n
Gepond ng_ or TEHGEBICISSETS Taths At adhe 5o al Pipelid mg PIPT 31 1 he
stop sol uti aitibddfslaBiVElE difecPbBh&ividRatinih SmARAioABf ntlitstRnk ES1HR%RSIIFBNL S
were performed using BioRad' s Proteon XPR36 biosensor. Al| experinments were
per f or med athersgByrag inedubyethgenal gtabBRyY: [miproxwrnats en thafstabildy oEtheisplev odnt h

0. 05% Tween i fer. 1l of th ix vertical ¢ n on
2 am chi p RErinded DpE HORHT YaBilly B an Sbefl odPfudic bbb iy miGRAIEES
freshly prepared m xture of EDC (400 inM and sNHS (100 mM. Anti-H s nouse
| gGL (R&D sybwren andanetheds No: MABO50) was diluted to 20 pg/nml in 10 mM
sodi um acetate, PH 5.0 and coupled to the chip for 5 mn along separate
vertical chéinghgrsat a flow rate of 30 pl/nmin. 1 M ethanol anine was then

injected for 5 mn at 30 pl/mn to deactivate the un-reacted sNHS groups.
2i i g/ mML.MORO8asR Gelefsed hiphaitdpypmobeculs, puiid0 MNTREGS 63edio tm tCatermimatof hen

i mmobi li zed ifferent.verti hannel s fqr. 15 sec 0 l/mn.. .

o el oy MO8 Tes T8 it bl RE Bubee M aiop 6 enBbody st 901 ne
hori zontal ¢ Figc27 QMORDBEGSIEGI DAY.AI§476 3L 1§ R RERI0SNBS wds Afted B thR€-Ramae!
reference and no |1 d was i mobilized on this channel. A dilution series

of & 360 KDOAMARAGHS leit VigerGURBBK ok bigasaiepis anigburi dssignged T905-in R
. fi | N 0 3 1, 3.,.7 d
o ot en g igh 27 P17 UeRROPHRE AL Well refiiln ot partSor i paff aptiba i, 2"

nmonitored for 5 mn and di ssociation was nonitored for 20 mn. Buffer was
i nj ected i nRatienddidssign ofvhefrstsaddiby emnfer s VA6 BwindesicEv@1I68 for real tine

baseline drifting correction. Chip surface was regenerated by applying
0. 85% phos phwioi appraachksarerd 08d fod seleckinn bopoihBmgtatinng foestdbdidesohv 4 78 andct i on

foll owed by t Te_runni ng condition i he vertical direct.ion.. Kinetics
anal yo s o THEs RS R iR SAERRCIALES sndsigtiutbonie Byufiop 365 Binge,

i nt er act i onh&mMelogd Mle WaSinMbBlet AlgF ©femin@EAVIAGHARINt (NDENEence fol | owed by a
row reference to correct the real tinme baseline drifting. The processed
data were fit globally to a bival ent analyte nodel. Results The pl ate-based
mut agenesi s [ Lf I on | , i I e, efticient
screeni ng Jgﬁ@%@&égﬁ”ﬁeﬁﬂgﬁ %’%‘s’ltﬁg%}rn er‘Jmi1d Ogggﬁn:%g%/% Fg’\rﬁg?d;% d[ogauls of°
facilitate eFmIs4TEand anhk W and Vhelogidirsaif soFvshes eadel ASEad aitnst ¢
expression was tested. It. was shown that the | eader with pel B yielded the
hi ghest anpOPR-TSUNGAN Pratein sprushes datehsnel N8l Al rarkBEASd uastheguerys shown

in Fig. 28A r It i i | and
WB110 were tS eeqsgtg fé‘% a?%l rtf?%{)ég?gggbgﬁk\%%ﬁ%qg%ge? g}g%lﬁéﬁ&bgﬁgﬁﬁ%%%géﬁo%ﬁevel
of scFv06473niin-hBuIcofriphiBr prapsarhi wheuset lha@counn thélmdst bbmenoarathisd kgjthtat gvehy gher
than in WB110,, as shown in Fig.,. 28B. In order to facilitate nutagenesis

cl oni ng, tr5‘?’?5'?‘8PH%IPP%ﬂmﬁ%th&%ﬂig’é“égﬁeﬂ}fncﬁ%e‘:}tleé"}t%Os&é?f‘i W}éﬁrf’ﬁ@%‘?m EFEY™ was
used for al fheldiRrysdsRaaRE After &K REMI tHE A0St @PrRbPRhAS Ridn WPLIRREH 9QueaR: be
done in the same 'strain with high efficiency. The protein was purified from
cell lysate by KingFisher using MagneH s kit. Estimated yield for scFv08168
was around 10 lig per sanple of conbined wells fromdeep well culturing
plate, of which 2 was used for DSF thenppstability analysis. The plate
based HTP screening has shorted the tine significantly to around one week
fromprinmers to hits with inproved thernostability. scFv thernostability

.



for scFv06475 and 15 hits froma total of 83 sequence confirmed variants
for scFv08168. Selected hits were shown in Fig. 28 for scFv06475 and Fig.
29 for sokoQ8liBB8s39TwWo approaches were used for sel ecti orcofepp@irns72omt at i ons
to stabilize scFv06475 and scFv08168: sequence consensus anal ysis and
structure based nutation design. Anong the top 250 sequences honol ogous to
t he VH dongj . : i fol SOMTY is

ei t her I\/le'ErB %ﬁS%nuﬁﬁég’%ﬁ%%lg/yéc{tglnﬁﬁ{?lﬁg%éeltrelblﬁge isﬁl;aléltlem i nﬂ{pﬁgﬁﬁ lgg%&?g) I:‘%}éom
Kabat syst et coviehon mmopesl.ti on was a Ay residue in the wild type
sequence of scFv06475. Two nutants, VH G34M and VH G34V, were designed to
nmut at e the ,w 1 I r } I At this
p0s 1 on. - AdqrlbihfoBatcRYee7s fd ooy BRRL! (scPiOIBs Her Buitin

hi gher st aMOE:Thet dequenicbeweiel fitsttrggpkinsche OSetjiBnosteaitoexpodids oM Kxistingi ed

by two different protocqls. The VH G34M nutant di d.nqt .express | ,,in
bact or | al , X TRaIy RS Wi RIRAIGE S GeBIEEESURIE SERreOdh s bpcD odeleg
procedure. ﬁ%%)f‘lﬁoiih?héﬁqg% SEAUER AT SKOMRENW TS weRAkYRified BYWNIBIE LNge Of

VH | 34M VH VH W62a0 d VH 1158Y were designed to mitate residues in
scFv08168 suitdbletempiatasrio beildthertmmudogismodels fag scloydo2BDambyebvO@ld8s sequences.

As shown in Fig. 30, these nutations, inprove e_Tm of by 7.5C,
3.0C 7. ocfesa?fﬁlvgﬁfsépmoi%%eﬁ%w e R bE MO @8%@%&2@%& a
honol ogy MpdRl 1o Mhinfifizy Bfe4herggnd a honol ogy nodel of scFv08168 were first
built with MOE then energy mnimzed with NAVD. These nodels were then

[ Ty i ted. f tial t at.i t h I | . i.nt tion.
Mitati ons Sipdsisraten BENKENSs ReR ettt 1o TR ot re) GBTeY MBI Hikg.
based on f g sEinARSTh ORAMI e SHRANIINDES s Verd ¥t Minkhied féri 3000 tRgs fn 1 st

approach was to increase the size of side chains'in fhe protein core to
i mprove pathe fingt toshd thivdisiage casidobitleres eaintsg S0 kicalfmelf Afcapphigd as diftes¢mi gets he

t ei tated t ._si.de chai 0, | th
hacking ar ShHaMsdte Rt pageane iepFaips sveie Gnitied Yo i pBs ki EHIREPAIGT g neq by
thi's appr oagms R ICDRO W thelsecdndta¥ Etht Restidindwtre tayplidd o aH\@iSBut ths | i st ed

in Fig. 30, the VH I34F, VL:VA7L and VL: G54V nutatjons inproved the nelting
t enper at ur &esidues HeCBRsInghethingystageibe restraints werg applird oy tpkackbens| ajomseh e

second app t i j p i egiglues to
form pi - pi @?é@qﬁéﬁ}%ﬁp@g%@ﬁg@{% g&t&}g@ 1\?’\{ F?t%%{?%g: \}g%%%hﬁoﬁ%’l ogy nodel ,
as shown i Resfrathis of B3aal/inbl AS apisliedivaithe bickbbe: Atbink. 3 theclastcnd theefifth stagd,ose

vicinity to two_aromatic resjdues of VH W03 apd VL; F98,. The clf) est
di stance béhswedelsworeraarayyainggerd LrfO00 faphwith gestrgints gk J0kealimal/ Any

non- hydr o9gRoRlsh (HE M MoadSatashde 86 stal Do GRMRZERGH dnd

di st ance bgpﬂ}géen FQ?&%?&%%{B&\E/L F98 V\egs 3. 77A.e Asssa%own In Flg. 33b, two
per pendi culMD sphulpiiors varekaken ais thechicantloginmadele fdrctmetdratised mntaloe desigi.due
was introduced to this local region through the VH I 37F nutation: one

bet ween VH: : ; 2‘#%9 WL New y
fornmed pi- pl)\:[f 'ﬁé?tg{ggqe)%{”%tbgﬁ%%ﬁhglﬁé Pr@g 3 hgégbsn? (?% g@rﬁd‘%{ﬁé@% t he ofr:i %ﬁlﬁgﬁnd

hydr ophobi &f thet“psfeehn™ modile of MMDlvas akéd mdnutegiresiducaso thealesrghdd amgino acids

tenperature_qf. sckFv6475 was, i nproved by this taf] fr 61 to, 64.5C
(FIo. 28) CWAlisgy Pk ah (DROLH Solekplb GEepidsel & oacit 18 moiaSLpodt s by
formng pi-p i i |1 VL g ig. 29). The
Tin was i np‘iy(g?/gﬁﬂg 5%%‘??1‘%%5%2&50 ﬂffﬁ%ﬁ{% ;x ﬁ%ﬁ%?gg?:%eg\%gfl%grg(nygt ate

non- char gedninisizaticyswére petfamgpekin thsfintieshs fousth stage Restraingd of 1 kedljmol/Af e

VI - 1: K43 id f 475 di t f | t i . W, t . ghbori
Fesi dues | MHerhEHHSR Gt e ehaih ol Gefiued e Ak TrdSERSa r ect! y
to VH KA3 iRpshhiftstriRl Qe sifesigh ke %ﬁﬂé@@ﬂﬁﬂ atdThdbut #&eEhutated ré@gudmtihé ed to

negative charged to forma salt bridge with VH K43. As shown {n Figure 33f,
the di st ancsecdndistageriTherestraintapa thesilEdninsatams of tienesiduss mithinda fo theons and

the VH K43 side.chain non-hydraqge 0 co

suggest | ng DA SORLE RIS renlivef BF e BT BapE inf reiaie iR hebofs b of
resi dues. |thPreeidacs withiBisA foth@mustda@didbe WpRrelehsed\dkiwélS i tiRfoaith etagd.i st ed
in Fig. 29 indeed supported the design rationale at this position. The

fourth apprV¥iththewmerestisintaaethpsednshnionrth slage penlicd. the nyrated models wees t o
bl oh : Jrest _ :
Uht vas 1 os a8 n SRR £ B0 b H0RIRE bbbt iahe il qteH ORARRE

nodel of scFv08168. Wien a polar residue was inserted to this region
t hrough the VH V33N nutation, an extra hydrogen bond coul d be forned
bet ween VH N33 and VH NI 00a. Honol ogy del i ng suggested that the distance
bet ween the ND2 at om of VH: N33 and onelﬂ? the OD atons of VH: N10Oa coul d be
as short as 2.80A, which was within the range of a hydrogen bond, as shown

~rs 1 A I ~ N N 2 ATl a2 a0




Based on the surprising observation in the honol ogy nodel of scFv08168 t hat
two polar residues of VL: T78 and VH S49 were both surrounded by purely
hydr ophobwo 28ideshai ns, the fifth approach was utili zegcr@®proutas2od he two
pol ar residues in the otherw se hydrophobi c environnent to non-pol ar

resi dues. Two pol ar residues of VL:T78 and VH S49 were both surrounded by
purely hydr QRRO(N:£ efdrff mz kAR foﬁ?dd sftelg%f& hill, il the’dmerBratlts I/ BY, eaiﬂghe

VH: S49A nutations increased the neltin tgnperature of scFv08168 %y .5C
and 5.5C, ré&yptotageelhese@rninpe¢dmoditls SAretakencasithé bainology trodels af theteutbitadi ng
activity. Certain hits were elimnated due to reduced or |oss of binding

activity towatds, L5308, Xakhe ; ' 220 Fv08168
i mproved Tm\fg{/ 7% Ell?t gﬁ?%ﬁ nmuc ’erxgég}l}%gguh?%g?ﬁ@av@g:{??i ?D?t Acavgm@’gnpar ed to
wild type scFv08168. Therefore it was not selected for further analysis.
The pr esenc&ligh thapmhaw mupageiesis avas perfprned| ysingduikGhange Xositardinestedcaused an

overal |l shi g e v, . . f | d
not affect E]h"é%egn% l%(%é't:agﬁ]ﬁé.rﬁ@@gfsv\’\gége g{gssl%& g ia%g?ée}alglﬁégﬂ %Iﬁl%gg%sf nlsg)?t:‘)vrag%uced
in E coli Wutaprimeraamdwsderaordersd|feoni HDT $1¢ k90 647N Formas withowemializdd g. 28. On
the contrary, the Pre ence of im dazgle has m ni mal effec{{? on Tm of

scFv8168, aSoWmB#Hang Mufant sfeand sunthesis reqqtion ypluppe vas shgledidoavnizom 20 4 25

renai ned unghanged, fighs REQLSL g [ ; jan for
SOPV08168, BG aRaactiphs eic HRARGPIHEE 96 NP plaf) | (d ARTBTTR L . the
Tm r anki ng Dpnhemmychetwies agldekto choh ampfificariohbeacabi and inofibatdbat 3R il hitoy i n
proteins prqoduced in na{mal ian_cells, these nmutations were introduced into

construct f Sigcpdhnparenial dskihtAskrasiotaatiog was dane by adding. 4 1 af Ppntdigentgsensi on
cells. They Jr i f . Hi,s beads. Tm ecked i wer e

confirnmed fg}rlw |gr%%%§/ﬂ§%&§ﬁelr%g§?égﬁe?l?§g?nﬁlcﬁ)rCSP]é)leﬁE%eEGP%Egévﬁmﬂ:]ﬂﬁ%%al ian

cells as shown in Fig. 31 for scFv08168. The single point mutation with

hi ghest t hedhsstirdividualycolompasovererpivked omsaEly 08id@matioliplatd B4 Fkpviesdioraand

i nprovenent of.7..5C - Conbination of nutations to further inprove, .

t her most abi PREJEAIRE FHTERIE g0 PHrBel S50 el PA g e s HEn t hat

i mproved t henelie ANRE6A BT bdctefial Eultre wefd v EP I INAL, It B KR Sk RirQediéhaihbons
in scFv08168. As shown in Fig. 31, the additive effects were observed Tor

nost of t heaepdyist Bapigtialnedle] gombisgd ormthe tuoi plates &nearduindividnat evlemewes of
12.5C b i i . Of 1. i .0f 134 VH: 9A,. .
the s ot o k0 i SRRl i PVIBRALS BRReiR buplilarich ST PronRid K BGHRE

Ther nost abl instrutnamt sascsetui gt dighzhebughputpuridiicagpnan M Nalt iniad Bddeddtiol the fy¥is

Affinity analysis ELI SA EC50 was carried out for both scFv08168 and
SCFV06475 wAR W@i}p@f&ﬁép R PenPreteimpurity oRpeteimwes gjutedavitlf H0 wlaf 308 189, t he

hits showed. e e 1 v, 8:. Wt f ew
mut ant o app i ¥ ISRl il 2% sleny iS4 SGRCHHERIe it rRanie: e
doubl e nut anidebio. defdrininends optimhi anmcht vf prioteti fir @Xiffe@hfialrichimitig ARiokiemseiyt and
STF cel | baa?g@tassay activity (perfornmed as described earlier in this

application erials and Met hods, section 8), as shown in Fig. 32.
Affinity ranking by Cctet of scFv08168 variants showed that they were

conpar abl e Saewkihgof M@lends%ﬂ@mﬂﬁﬁioﬁh?Y\DSF anil Diffeve Rl Sehivdhé Caloradysi s, KD
of D1 was 215§C'|j1M whereas KD of wild type was 3.82 nM (Fig.32). For
scFv06475, {he e were two nutations affecting the activity as detected by

W 1 agr snospa Rl e e JholRL 00 fobf Junile, 1<l 100 20hbor R,
wild type ofvaused foMDOSF A&y as spacidoalyy SifipleYbt 10-88 AMwaRdnivkl with3Rfprs hoved

significant drop in off rate (data not shown). I|nproved thernostability of
bi par at opi cOnmige {lmvamgen) of a final dilution at 1:1000, in a total volume of 25 pl in PBS. The

samples were run by BioRad CFX1000 (25°C for 2 min, then increment 0.5°C for 30
second, 25 to 95°C). Hits were defined as Tm over 2C above wild type scFv. scFv binding
activity was determined by one-point ELISA.
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For 19gG based fusion nol ecul es 902 and nutant version 902T, the first Tm
peak shifted from47C to 62C. This peak corresponded to scFv08168

unf ol di ngwoBhe/seond peak shifted from72 C to 76C. ThipeTmrak 1osT20€sponded
to Fab06475, as shown in Fig. 34. D scussion Rational design based on
sequence anal ysis and honol ogy nodeling has yi el ded therno stable mutations

for scFvs. Phﬂ'e:tn Owlggnﬁ",ﬁmiag%mt he hit rate was around 18%for both
scFv08168 an Fv06475. The nobst significant inprovenent was 7.5*C

i ncrease i R&Fﬁﬂcﬁle%eré’qnlh‘adﬁé&%%mhm SRREAHRTYS Hak RES s\éE‘VO(%]%Mr' n

scFv08168. sequence perspective, this position was l'y conserved
to Met. Steefo08iGH w;xh Has tagr Ghe cduptinap hets tansieddy expaessediin 5011111; of2& T i on

could inprove the p round this re Anot h 0|nt nutation VII:
S49A in scRUPSAHE wikk%ﬁ?gﬂ b P s %&W&@"ﬂhﬁ@%ﬁét alﬁraeﬁ’t@at%

homol ogy n@ﬁﬁ‘ﬁeg GBI dofic? il Ard LYol FarlSRicBiofi Ot fgaédf&s ¢ than to
Al a, structur a may etter due to t pol ar side chain
around t hi soltegiddifier sikaaysof incibatien rn€6d chamtzxti80 mpmieshalgng irsfiltey paperdlaskyy

del i ng, t f h t Fv06475 and
CCFv0B185, SheS B BPHPRET EPL- e Brepdnh Riopl Rl el BFOMRYs ca

consi der at ipRfisin i pertiddmAriTRIP b§ rmgnemgma&bnﬂg RURE lisEtiod® H@nhiwer ogen
bonds, nore salt bridges and réenoval of buried polar groups. It was by this

conbi nat i omaphfaptuedraPurified protgin was dinkyzedin PRS eveabight with ghangingafdmélersav e
b dent i,f i ed, 9.a f nutat
Cdent 1 1 oaPryEsaRBlra b brkite ot Shar AP wE nsr? BRI AR 0 % et her

i nprove thernostability if they were located in different areas. This was
denonst r at difinity mémmueams! ot sslolkv08168. When beneficial nutation VIiI: |134M
and VII1: S49A were conbined, Tmwas further increased to 62.5C vs wld type
at 49 C. TBixﬁin@EC&ﬂ)f‘iﬁFvsmgahmtshRB@prowmMSm}qaﬂJIed\hyeEEISzhe\flhxidbmipthal

Thi o e oo aed RURARFOORE (RDSRaTEmS<saphep: 1SS i 56?@5?13_6'(%@
ot (SC B, TIRYRECal BB O S AR R ikl apag;g g ! ity

as evi denced €r of assa role in over c v or

ful | anti beghes Withthé Wwlash sobtsii. ﬂheamﬁplemm\tﬁnwdatwmwotﬁsaabuoe&ﬁﬁgﬂyt Mheugh
engi neering_ of residues close to regi on using the net hods

di scl osed, Pie yanicubatedat %foatlu s ﬁnféj b’é%heﬁkf?r %ﬁlm@&tD%i"i‘i’&F‘rY&‘Sélpfl‘? hy adding,q

f f
TEechL % Aol BT Ol M 80 KSR AR5 1A, Mol o
the VI dogeRi fehEhEH vodsh¥d §t1m%§€50q{l dffaﬁbs‘ﬁlatedea%ashﬂAﬂMm(R&My@&m? ed into
1 gG or other formats (e.g. serumal bunin fusion the stabilized VII and

VL | ed to avadmaddast theniimgnbated fenit-20 min dependiwg abithe eglonThe reactien wesisteppedror

uhor cas. ¢ ndRgneRS ok ettop ot FRBRARS Pl the Al R o and Fabooa7s,

The incorporation of two nmutations VI1: 134Mand VII1: S49A has inproved the
Tm of scFvEGdaRtskexkperimehs tvereqRfformdibuishasBioRad isrRrotepn XER36 biaknsdr.| Al MOSF i n

ot onl'y SRSNMBRIS P RGN aistem guperase wane PBST (phosphice Bifered sline
with 0.05% Tween-20) as the running buffer. All of the six vertical channels on a GLM
chip were activated for 5 min at a flow rate of 30 pl/min using freshly prepared mixture
of EDC (400 mM) and sNHS (100 mM). Anti-His mouse IgG1 (R&D systems, catalog
No: MABO050) was diluted to 20 pg/ml in 10 mM sodium acetate, PH 5.0 and coupled to
the chip for 5 min along separate vertical channels at a flow rate of 30 pl/min. 1 M
ethanolamine was then injected for 5 min at 30 pl/min to deactivate the un-reacted sNHS
groups. 2 pg/ml MORO08168 scFv wild type or 2 pg/ml MOR08168 D1 mutant was then
immobilized on different vertical channels for 15 sec at 100 ul/min followed by two 1
min injection of the running buffer at 30 ul/min in the horizontal direction. The sixth

vertical channel was used as the channel reference and no ligand was immobilized on this
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Fab due to the inproved stability of VH and VL. This may provide a nore
general strategy for inproving overall antibody stability. Rational design
coupl ed wohoHIiBs®ereening in E. coli system has of f er eg¢crmpryo1quosho
turnaround tinme and high hit rate. Tmmeasured with materials fromE. coli
correlated with that from mammalian, or ranking remained the sanme. This

greatly si nphdnfél. AIREDH SidR0PE 88 KIPhoABAiRIE HufiinaRHdIF: (F{&E-sy&%k,- Pl at e
based nut agenesi s, transformation, expression and purification” has shorted

the tine tocdtadegNohah0ohB) weekrepussil aptindl soneenireiens@if $80.098d3hdd eand 3.3

nunber of ti,0ns n de in seFys .or ather i gen.bi ndi ng .fragments
and screene aélrd I?Jﬁ%tgﬁﬁﬁ ﬂg’tllglﬁfnl ?]?E‘/g. eafﬁéggz%eﬂg %‘nggﬁg‘"gqo“a‘ﬁﬁ IBQ‘H{%F‘ﬂdi ng
fragments ca strhi@rnblisdsasticswaOnpeinead for 20 nhial BefferaidsiiRjReikd Gomstsiigt S such
as biparatopic antibodies, to confer such stabilty to the |arger anti body

construct. clampgldg serve as appw seferapeedfontsal t1pg baseling deifiingpprigetian fhin suriage t

two recepto i.ndi I 0S: I | Adhng: . S fian LRP6
t ar get rece{[;)vtftjl %fre@gﬁvsragﬁgP%ﬂgm%ﬂsss%\@é%gﬁ{)ﬁ g‘%{] %‘3@3‘@%‘@’ %F%f' ﬁl&ggto a first
bi ndi ng si t Boripontah diré¢aiog dolloveskipt e sané ninhéngsenditidn ie tepletticabdifgiiog. domai n
binds to a ﬁecond bi nding site on the sanme |RP6 target receptor, wherein
the first aficlet SEeebe gFOtfﬁ‘hW?Wr@’W‘i] HsPreteon Nanager ¥-&ddt Kesh such t hat

the bi ndi ngj@f s shbt dila @gsdst@ﬁﬁae@by QSRR re?ér%e%l(?iﬁ%{‘ér&v@réf&@née@ thSt

and second binding Sites o he LRP6 target receptor ts a canoni cal
Wit signal toreeettheatal timegdusdlimeydri fimgl Thh eraziesset] detaavdre Goglpbally @ bigalent

bi nding fra t di,splays no significant potentiation of a Wit signal. 2.
The anti bod§™ efﬂ(’gf’% 1, wherein the antibody has an affinity for target
receptor of approximately nanonolar affinity. 3. The antibody of claim1,
wherei n t heResldsbody has an affinity for target receptor of approximately 1
pi conolar affinity. 4. The antibody of claim1l, wherein the first and
second r ecephoplai-bided guddgeacsis, exprstion und phrificatidwecingt.@oli atiowsd sior)g of an

| gG ant i body, ,cgﬂtﬁqgéhi;ééﬁgm?%megﬂywse chai n di abody, an anti body
m nmetic, and an anti body vari abl e domain. 5. The antibody of claiml1,

wher ei n t heyaphiQedyhibve ﬁgig) gfy:ei@g t*géiﬁ{yté QG AMR agggs%,%é e of the Tdet val ent

anti body, a bivalent anti I specific anti y, and a bl paratopic
anti body. ®qudive oarekpizssign whs tbaidnit &as vivevrethat thhdeafler with pelBgpelded thendi ng

domain is anti bady .and the second receptor bindin omai n_.i s scFv
oneent S aiteh St nbiy o Sl B piiy SRS et o N o ha igg2lher by
a linker w $dvernl bR@briA straling inclliid BN2 1 [BE3PR1I1 Buetdhd WIE (BRére e apd scFv
fragment to bind to the first and second epitopes of LRP6, respectively.

7. The anti®®usssion vdihaiPbindugiioneiThe expsessionievel pBsckvep4753aBLA1{IE3) vab ect ed
R N Y e P

order to facilitate mutagenesis cloning, transformation and expression, Acella (a

derivative of BL21) was used for all the subsequent experiments as cloning and

expression can be done in the same strain with high efficiency. The protein was purified

from cell lysate by KingFisher using MagneHis kit. Estimated yield for scFv08168 was

around 10 pg per sample of combined wells from deep well culturing plate, of which 2 pg

was used for DSF thermostability analysis. The plate based HTP screening has shorted

the time significantly to around one week from primers to hits with improved

thermostability.

scFv thermostability improvement by single point mutation from focused libraries

A hit for improved thermostability was defined as improvement of Tm at least 1°C above

wild type consistently. There were 9 hits from a total of 51 sequence confirmed variants
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181 WO 2011/ 138391PCT/ EP2011/ 057200 a 13-propel ler 1 domain. 9. The
anti body of claim1, wherein the second epitope of the LRP6 target receptor
is a 13-pwvopellwss3sd donain. 10. The anti body of clai m 2cTares@iosr20he
anti body binds to the LPR613-propeller 1 domain and conprises a heavy chain
CDR1 sel ected fromthe group consisting of SEQID NO 1, SEQID NGO 21, and

SEQ I D NO f4/scF@0d495and ¢5 Gtk ﬁfani‘a{ 3@13?93 %zf%ﬂcec&ﬂﬁhﬁw patidhils (SEQIVBSNG, 2.
SEQ ID NO 22, and SEQ ID NO 48; a sel ected fromthe group

consi sting Sel‘eCSE(bltB BeNGhogm 1SEQ 128 fGcF2064 78reand SO 200on@F vA®t68and a | i ght
chain CDRLl selected fromthe group consisting of SEQ ID NO 4, SEQ ID NO

24, and SE gg}ﬁllgﬁ SEQ I D
NO 5, SEQQIW%E& 8% ?%;lﬁ%io%q}ﬂ%an ICE.%ERS%J:%{% fe?%lfgecgb?érmg;%%}h e group
consi st i ng sclf vIBIEGS:sEyidBce SonsEisiys hital )i arkbstruanhule BisQd nintaon dsRign. Afhond e

anti body of c m 1, wherein the antjho bi nds _t eller 3
donai n ;ndt?}b ?CQB%“CES h‘é‘ﬁﬂ’/l)?g%%ép?lh‘dﬁ%f{j 1 %’EV%% YEERSPBE‘ oR ﬁ%l sting
of SEQ I D Nonnfodly &%@aﬂe&)bg%h&%e@@@o §%waqm Né&li- sRfl BGheftxi rom
the group consisting of SEQID NGO 70, SE 94, a EQ I D NO 116;

and a CDR31$ﬁrbmd{aémt $ystem)t Het tgtsmmpltmowmsgt(ﬁlmgemueSE@q wildiypeBequespepi D NO.

95, and SE 17 cted.fro h p
consi sti ng%llf %ggl% 1115”%@“&?% %&E&Fﬁg q{fgav@éﬁ 4 §E% 1g© Mmfn}fg ﬁlﬁq’&%

sel ected f&ﬂfééﬁﬁoﬁélﬁlﬂ@t&%&b%bﬂﬁr ﬂ{amsaadlslatmpo%alonsmhbt@dml 978, thend SEQ
ID NO 119; and a CDR3 selected fromthe group consisting of %éID NO 74,

SEQ I D NO. \J&G34Namutspigonsistently sixpved lmherméllmhanél@wﬂﬂ )meép 47qher ei n

the 1gG he SEQ
Dno 16, AR AR Sy G ot ploRPolsT PV EE G- SRTRLEh! 48 o
consi sti ng eapresiRRll I Bdoreribl] 1k, duamtdwlﬁ&lg sefjdence beusad by lendys infthecP@RM 6,
wherein the scFv is selected fromthe group consisting of SEQ ID NO 142,
144, 146, pagedussg 152 154 156, 158, 160, 162, and 164. 14. The

anti body of claim 13, wherel n the scFv fragnent corrpri ses at | east one

anm no aci d Bhdédén e shind bequeRscdtRsershigdmadlysisy nfitatiofe oS VAVI3AMIPE:E308] t h t he
unnut at ed scFv fr ?ment wherein the amno acid nutation is selected from

Fi gures 29-VFEW5267 anhWHAH8 Yowgte desigapdiomutate gesidussin spky08168 o0l has t he
functi onal c%ﬁ{elnléﬁ a\fnl% fn'hanbi'tsltoﬂQS@hSEQR)%bﬁsa!l}eq%{crﬁ 'A%grkﬂb 11@?%1\@5 tth@% Wit 3

pat hway sel’ec from roup” consi sti pat
signal tr anﬁmmnsdmpmwﬂ&yl' m of@cFvaaﬁSam beid,yi w1, 2105 pandl, 3. ﬁ,ﬂemspactntvblg
anti body has the functional acti vity of depl eting a cell popul ation,

2 SRR T Yoy o b RIS R

reduci ng secrat] on roma cel

i nhi bi ti ng oPkcF@8U6E Werefasy Riik Wﬁhqﬁomhexpémgp mirgmided veith NAMiDaI‘lmSéI
popul ation, wherein the cell population is selected from t he group
consi sti ng eedelswere thea visually insppeted forpetenyal mptatiensito grhang ingergction.

Mutations on various residues of scFv06475 and scFv08168 were de51gned, based on five

biophysical understandings of protein stability.

The first approach was to increase the size of side chains in the protein core to improve
packing. A few hydrophobic residues with side chains facing the protein core were
mutated to larger side chains so as to improve the packing around these residues. After
screening, three mutations designed by this approach were found to improve the stability
of scFv08168. As listed in Fig. 30, the VH:I34F, VL:V47L and VL.:G64V mutations
improved the melting temperature of the scFv08168 by 4.0°C, 2.5°C, and 2.0°C,

respectively.

The second approach was to mutate hydrophobic residues to aromatic residues to form pi-

pi stacking interaction. In the wild type scFv06475 homology model, as shown in Fig.
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17. An isol ated biparatopic antibody conprising an | gG anti body that binds
to a 13-propeller 1 domain on an LRP6 target receptor and a scFv that binds
to a P-prwpebiens®i1donain on the LRP6 target, wherein tlreTiEpGhansizbody and
the scFv are linked by a linker such that the binding of the IgG anti body
and the scFv to the P-propeller 1 domain and then-propeller 3 domains,

respectivel §3h hhé fié shatn 6PMVIE 7 MGHuS WaDA clbdeiGRbFId VO PG RN sidAEhf

wherein the bi g‘?r atopi ¢ anti body displays no signifi‘cant potentiation of a
Wit si gnal . VH:8V10Btead3d::F 8% dhefosestalistant? betnreen ennnotrbydgérbaidiychairsatam

ant i body of VA e ST BB op B PRy Sl BN ey B Tl ot T

recept or of cepeérpxit distaalky bdtwekk VIHRI3a anad (VIL:F98 Was 3. 20A. ABehavi inbragy33ef twd ai m
17, wherein the linker conprises a spatial distribution that permts

bi ndi ng of PHEeIGelarRirm slgking intengetianewereormgdonhent an Miieresidueevas iptrofduseler 1
domain of L . ) LA of Y . . The
anti body of Eﬂs éﬁ%@?%@gﬁ%ﬁé@% %@s@&g%hﬁnn%ggﬁ% gﬁ gﬁ %/mﬁlﬁk\grl 8%1’0 t he
Fe bi ndi ng and theohhetr betwegoVARFED eV Lyit9St wa(lj)t i&agnaepinﬁ) syackirigkﬂtreraicﬁoﬁel ected
fromthe group consisti f (AydSer)4 ,.an 1y4Ser)3. . 22. .The

ant i body of "E{gbl?erﬁtﬂsgeﬁgqg‘?rﬁ’%ﬂ{él W%‘?Wf%@@?‘f‘&néﬂﬂ‘t‘%ﬂ@"ﬂ&@&?&‘?‘béﬁlfhei s a
CH3 domai n. mefithe tgﬁﬁeeﬁﬂfré QPQF\!@J?S%% it A ved‘“}%ﬁﬁ'nﬂg%}% fr %1!t§6h.ﬁe%g§gby a

Ser-dy linker tot l'ight chain o I'gG ant i erein't Ay

linker is séBedhe¥H:MfAntrhetatoroalpo tuprevest thagtability of seF 86474 bydooninGSpy-pber ) 3.
24. The antibady of cl.ai m.20 el i ses at .|l east ,qne am no
oa et ot SRS Pherat e R v RR0Gnd IR A e TR R el b rved Som

unmut at ed sebFw 64.8@nent, wherein the amino acid nutation is selected from
Fi gures 29-32. 25. The antibody of claim 17, conprising a heavy chain

vari abl e regjon. of, SEQ ID NO 1; .a heavy.chain varjable regi on CDR2 of
SEQ 1D NG - Ie DricRppaEh 3o tq B A [P UHeS (b FIaSERd TERNES 5025 Tt
chai n vari abliebrid@i PRe VR4 Plesralot RINVGY7 Fdidaot Fhita &h@id&gé’%ﬂgf}{%ks%gbﬁﬂ ﬁlg

COR2 of SEQ ID NO 5; and a light chain variable region CD
6, wherei n tasalughin tho Hymplogy snadel. Sir(ce thpr ¥HeY 8 esidd clgamfaced diredtiRre VHiKd3a

scFv heavy i i abl e i on of I D NO, .69: a heavy chain
var i abie. 1 eft Bk Resiloedh&iel SR Rgtr 373 s M 0o, Radid e coma
of SEQ I D N@rm/alsaltcbridgg MithCWHIKU Y AlsishOWe il BiguB3ERRE dRfanSER tWBNRe 72; a
light chain variable region CDR2 of SEQ ID NO 73, and a |ight chain

vari abl e r e§lutedCPRES sidsehaimnoqchy dragen gierpeang thy &/ By K@ sislershiginmeng

13- propel | ey

conpri sing ay%ggﬁﬁing? ?{%1&5 Egs m hﬁ%@ﬁ"‘?@%’%@@%@%@%{ i %Jﬂg_fﬁéggmdr t71.er The
anti body of estatdishedbetiveert the twa eesjatue s iimgravelstabilioy 6f SFve4 2 ipon thd VPOYBSE on
e S5 R 2 e b e b G
The fourth approach was to mutate hydrophobic residues to polar residues to establish
hydrogen bonds. As illustrated in Fig. 33c, the hydrophobic VH:V33 residue was close to
a polar residue VH:N100a in the homology model of scFv08168. When a polar residue
was inserted to this region through the VH:V33N mutation, an extra hydrogen bond could
be formed between VH:N33 and VH:N100a. Homology modeling suggested that the
distance between the ND2 atom of VH:N33 and one of the OD atoms of VH:N100a could
be as short as 2.80A, which was within the range of a hydrogen bond, as shown in Fig.
33d. As shown in Fig. 29, this VH: V33N mutation improved the stability of scFv08168
by 2.0°C. Likewise, the stability enhancement of the VL:D93N mutation on scFv06475
(see Fig. 29) could be attributed to the improved hydrogen bond geometry with VL:Q27
and VL:QQ90.
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29. The antibody of claim 17 conprising a heavy chain sequence sel ected
fromthe group consisting of SEQ ID NGs: 166, 171, 173, 175, 195, 201 and
207 in conbiznatizesyiwith a |ight chain sequence sel ect edpCr@mrreithesgooup
consisting of SEQ ID NGs: 170, 193, 199, and 205. 30. The anti body of
claim 17 conprising a conbination of heavy and |ight chain sequences

sel ected f pamad dieing %&)&Hsﬁg s lAt iﬁftheglﬁﬁldl%mael%%élﬂ\mmﬁ-ﬁ&{ WPpolar
173/ 170, 175/ 170, 201/199° 207/205 "and 195/ T93. 31. The antlbogé of claim
6

17, conpri sisidpenefiVi: AR and Yht S4%hwene bothysverovaded it puraizdydophiokic sidg6/ 170.

32. The antj body, of.claim23. ¢ rLsin eav hai n. .sequence, of .SEQ I D
Mo, 175 - niigs faehef Ak e BiTRES R R RE BV AR B IS Sinhpistl 2
anti body ohyglophdbid énvirdnaicat 1o fdhepAdiredi@ahs. Tws pbhaerdsidues bOVBITAGNGVI ty of
i nhibiting a canonical Wit signal transduction pathway selected fromthe

group consiV:SAY wete hath pursounded by avelalyydaprhobie ssdesghgifisl As hstad Hukigi 3% the
t hway. . i f ¢l aj ih 5 '
1I‘O 3nc¥?gnal %??Wtaﬁ@wgg%ﬂf grful"n gc’%gg%:gafe%@%lrj ét??é)%&p?%mrg?ﬁ/cﬁgeglré%duci ng

proliferat 2Cahd 3.5c€| desgefiviélat i on, inhibiting or reducing secretion of
inflanmatory medi ators froma cell population, inhibiting or reducing

secretion cyt ic granules fro cel.l ul. agl erein the cell
popul at i onﬁr? %@??ﬁg‘ vy@ﬁ%&mfﬁé)ug}ooqjvgfl%gsn@p@pg ﬁé?vd#y. ﬁﬁ%}nhﬁgw& T cells B
cel I's, and elifMinai@Pairde péduced biSloss sfbindifig bapligtiedalds DRPE! Pt exampld, Biedy
conprising an | gG anti body that binds to al3- propeller 3 domain on an LRP6
target recdpit@ongid ‘Hoé%ﬂdjoﬁﬂ‘f‘gt’oﬂii@dglpf%’eﬁ T py &8ebutshowedimmgh redgeed he LRPG
target, vvh%g

that the bORR AP A bR AR R TRTS8 HErorb e Sl B8R 21

domai n and fadder hdalpsiapel | er 1 donmins, respectively inhibits a canoni cal
Wit signal transduction pat hway, and wherein the biparatopic anti body

di splays n ignific tent i ati of .,a.: i i3 ipody of
ol ar'm 35, e R 0 Rt SR ARbls T8 g ikt 8Rotmes uschil bt
appr oxi mat ghift ¢fana By IDEY, a§ bbseinted.in s@R0637% BabthekdRyt difl not afety e rambisg 6f n

the anti bo%y has an affinity for target receptor of approximtely 1
pi corol ar  dim Hergwas agp difistenge in prgtein produgediipEzsoh i, ah srammakian cellador

conpri ses pal, . di ! i q”m I t Walell : At Libody
and the sa%cf‘gﬁ%?%fs g h@lz Q{)%%b%ggl eraggﬁéa%’itﬁe g#e%ggfg{?g&%ﬁ%h%% g‘%%la | er
1 domai n ofeffeéiRm, Thes padBil 6&|ag showBth Figh0 amt Fipaily Imhdditian, thSbm vaher ei n t he
ant i body, | (HERBE uEspanesioppipieh FladiceLaniEc e b KPRV cons st i ng
of (G y4Serglihvo8188 %hsshdwa REFik331. Whether there was shift in Tm or not, the Tm ranking

remained the same.

To confirm the effect of thermostability in proteins produced in mammalian cells, these
mutations were introduced into construct for mammalian expression vector and expressed
in 293 T suspension cells. They were purified by MagneHis beads. Tm was checked and
hits were confirmed for improved thermostability in proteins expressed in mammalian
cells as shown in Fig. 31 for scFv08168. The single point mutation with highest
thermostability improvement for scFv(08168 is VH: I34M with an improvement of 7.5°C.

Combination of mutations to further improve thermostability

To further improve thermostability single mutations that improved the thermostability of
the scFv combined to make double mutations in scFv08168. As shown in Fig. 31, the

additive effects were observed for most of the double mutants including D1, which
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40. The anti body of claim 39, wherein the Fc binding site of the 1gG

anti body is a CH3 domain. 41. The anti body of claim 35, wherein the scFv
conpri seswet2olie@sioione ami no acid nutation that inprovescsiEebiltioszoof the
scFv conpared with the unnutated scFv fragment, wherein the am no acid
mutation is selected fromFigures 29-32. 42. The anti body of claim 35,
CONr i Si NG ShRRAWinHRM ctherifbf BSC hyEQirBin IR brelo HEtdAs DOVEL 93140 ahedy:
chain variabl e region CDR2 of SEQ I'D NO. 70, a heavy chain variable region
CDR3 of SEQS#ANGhergas:thesinglg mutation Inadedite A5 andrdelyConcreprin din, S\EediyeNO  72;
a light chain variable region CDR2 of SEQ ID NO 73; and a light chain
vari abl e I eqiindshitle AlutahEQLdPabYizelYor WA dhd AR cfidWial ROl DI nds to a
(3-propeller 3 domain of LRP6; and ah sckFv with a ﬂeavy chain vari abl e

7 B o P A SRR TR

vari abl e regj : 3 [ hal.m: I i on CDR2 of
SEQ I D NO g;;pggﬂgd ;!aﬂﬁ“?%ﬁ‘t%%&m H{\%i ?%tg eé"r*gg’?léﬁ’ %E%étggl?d%%éﬁ Mo 6.
wher ei n t hecouparablh&epds Wildtype s @81 ¢8, opith 4 few thutiotvappeanéd oRfReG: 11td8 mofhe

anti body of claim 42, wherein . sckv YH and VL l.inked wi th a.linker
Compr i st ng AUyfhRs i Hee. Malpaihibe dowefmuinoBl oThis s sontimned Srth Hefeon v
and VL are hffipkeheéakirBment andaTF CAMASISAsi) Attty erPeheas dderibelin@ripptn body
of claim42, CO%}‘I sing a heavy chain sequence selected fromthe group

consi sting s ApnN®lateargis arshetheds, serigna®)] dsghewn hnlig. 33 \féinge ranking

conpri si ng . o . 46.. The i f clai 5 rei he
ant ! body hady PP PRI varifos SRSy R whte Ry RaRb e RSt o na
t ransduct i oshopadhhepros@haiietids hiiyeid, KED gf DU Rvas QUESI 1aV1] Whereds Rt wiidappd

pat hway and Wit 3 signal transduction pat hway. 47. The anti body of claim
35, wher ei nvehé83mM Jd8y2has the functional activity of depleting a cell
popul ation, inhibiting or reducing proliferation of a cell population,

i nhi bi ting Pér fcBUOES790theRGIEE tWH nitations hAEETREARY adtily at B&tsctéd BYERAISLahd
popul ation, _inhibhiting or reducing secretion of cﬁ oplasm c granules froma

cel I popul abrageen kipgtics pralysie Spesificlypin BriSh VH: G \eand¥ Hr IDIF shewed Eup
consi sting Qfpd 3N 8§ '4!§nMYe{i;%Lt§\§e95a§&kﬂLF%recﬁtBQvi\é¥l§F9SP@.'?@ I ﬁfdtéc{n 48. A
nucl ei ¢ acid conprising a nucleoti de sequence encoding a nultivalen

anti body of arcdlgsisy® H: GIU¥, arehdH3BIF showed\significantcirae inthf mapfdati v slkown).

nucl eoti de sequence encoding a nultival ent anti body conprising a heavy

chai n sequepce selacted fr. e group consi,sting of SEQ I D NGs: 166, 171,
173, 175, 1 ,r"ﬁﬁi&'eéﬁgytﬁég,m%@qgfl}éﬁ{%'ﬁﬂgf'f{gssequences selected fromthe
group consisting of SEQ ID NGs: 170, 193, 199, and 205. 50. A nucleic acid
conpri si ng Bomlgfi kweed fheionanelendes Waandinmyany vesian WRATethe fastt Trh pdak gt | si ng

a heavy chajn_ s n ected fromt r SiSfin f SEQ.I D NCs:
To6. 101. 1AL T EEC T PeRE o SR S DR FOL BRI S 1 B st pERLCY o
from the grshifiedfomi 7t 0 767C. SHD pdakNeFrespbhlded b3&b04PS, addidwiOh Figast ,
wherein the anti body has 98% sequence identity to SEQ ID NGs: 166, 171,

173, 175, 1@5 201, and 207; and light chain sequences selected fromthe
group consi 2EFHY ¥t SEQ 1D Nos: 170, 193, 199, and 205. 51 A nucleic acid
conprising a nucl eoti de sequence encoding a multival ent anti body conpri sing
a SEQ | D NRatl@fal desierIaied én MguercéGnalysis and homology modeling has yielded

thermostable mutations for scFvs. In the current examples, the hit rate was around 18%
for both scFv08168 and sc'v06475. The most significant improvement was 7.5°C
increase in Tm over wild type by a single point mutation VH: 134M in scFv08168. On
the sequence perspective, this position was highly conserved to Met. Structurally, a
larger hydrophobic side chain at this position could improve the packing around this
residue. Another point mutation VH: S49A in scFv08168 variant raised Tm by 5°C. This

mutation was picked by homology modeling. Though this position is more conserved to
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52. A nucleic acid conprising a nucleotide sequence encoding a nultival ent
anti body conprising at | east 98% sequence identity to a SEQID NO 166 and
SEQ | D NGwoL2é/13833. A nucleic acid conprising a nucl eoPCiEPI®qOET20€
encoding a multival ent anti body conprising a sequence selected fromthe
group consisting of SEQ ID NGs: 177, and; and a |light chain sequence of SEQ
I'D NO 181-Se561anﬁo ﬁ%k@ﬁ&u@ﬂ&%l&ﬂﬁ?ﬁt%bm dfe Wk 2Rk TPohP Side RRAN ARRRAEI NY 2
mul tival ent anti body conprising at”| east 98% sequence identity to SEQ ID
NOGs: 177; @&mdresidueght chain sequence of SEQ ID NO 181. 55. A nucleic
acid conprising a nucl eoti de sequence encodi ng a nmultival ent anti body

conpri si ng : St i 5 f D NGs:
187, and 18 r ang g%ﬁ%ﬁ%ﬂ%@f%és@%&ﬂj&%&&%@b@é?@%@%E’iﬁa%- 11A nucl ei ¢
aci d conpr nsichapnismsnwas eivliiedelnseHudHTE and sddiOR YOS positive idd were dasspivdrodihy
conprising at |east. 98% sequence.|dentit 0 SEQ I D : 187, .and,189; and
2 Pane chaneh o3 bie Bopy b pidestonispackigs ImRryEPRy moBt P e
nucl ei c acin%rehy&bgémxﬂi&-rﬁ@re saft Bridfesiha rERE @il o BdiedURQTbisON vl i Si ng

a mul tival ent antibody thereof having at |east two receptor binding donains
for two di fhiecembinpiiomoimedianisgsdhat a total ofc0 stabdlezing mutations havg teewm cl ai s
1-47 and a.(ﬁhﬂ; cegi' (aal k{g gﬁce&)%&bl e carrier. 59. A nmethod of obtaining
a nul tival &NHERTS 1(§§9 3t "8 a7 ARY 17 17, and 35 conprising: (a) providing a
first receptor binding domain which binds to a first binding site of an
LRP6 t ar getConehiegttoarof n{utdtiqms adentifind teingeearitiemet stabidity ¢bantifivipl dunationsHhi ch
binds to a_second binding site of..an LRP6 target.feceptor;,and (c) |inking
Che tir ot dwdEneBproyF MtigSabifin i 1Y vore tcaBu g it EaE Bisht HRTRY Mo n.
60. The netdaREnafaidd Rithe &de oNEEFVOB N8 MehehiHefiéficdl rHREQAIVHE €324 ahd WiHRdi ng
dormain are selected fromthe group consisting of an 1gG anti bogﬁ, an sckv

fragnent, 49Anytre comhinad.dimbyersfurthes ingreaspdtp 628 frets wild Bipg abd? dntlisougs

variable d .a. 61, The [ 2] ' econd

Faceptor bind: adraeeRe R bR FsdoffRitayUaNSh TILDM P liE ShRD

di stri buti @acH fankd Mai BY 73°C Agd 510 fkpatidelyeThiBtvas e et ididatiodl forgddisivai ns t o

bind to the first and second epitopes of LRP6, respectively. 62. The

nmet hod of Effftm 61, wherein the linker is a d y-Ser |inker selected from

the group consisting of (@y4Ser)4, and (dy4Ser)3. 63. The net hod of

clai m59, f3aNReds veBTElbicSo DR M SFi¢EV 08 68! hdvaa st theReutaibndid aei sfdeuthat i on

to the first or second receptor binding domain, such that the am no acid

mut ati on i rendingafTioity s pyidgnced by mambeset aspays e BRPlRwscdsten oppiallisely Bonai n

conpared w t £ . {-ndi j

wherel n t ndoi b e Slrbli imBio SRR KERRIRE Hrbul g HREA of
residues close to the CDR region using the methods disclosed, as long as the mutation

does not affect binding affinity and specificity.

Most of stabilizing mutations have been located on VH. Out of the 15 stabilizing
mutations listed in Fig. 29 and 30, 11 were mutations on the VH domain whereas only 4

were on the VL. domain.

When incorporated into IgG or other formats (e.g. serum albumin fusions), the stabilized
VH and VL led to a dramatic improvement in thermostability of the molecules. For IgG
fusion, the lower Tm of 47°C corresponded to the Tm of scFv08168, whereas the higher
peak at 72.5°C correspond to the Tm of CH2 and Fab06475. The incorporation of two
mutations VH: 134M and VH: S49A has improved the Tm of scFv08168 from 47°C to
62°C, whereas the incorporation of VH: M95F in 6475 further improved the Tm of Fab

from 72.5°C to 76°C. The improvement was not only shown on scFv itself, but also on the
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64. A nethod of treating a cancer conprising selecting a subject having an
LRP6 expressing cancer, admnistering to a subject in need thereof an

ef fecti vewermun3s®i a conposition conprising a nultival ect/eeeditstyo havi ng
at |east two receptor binding domains for two different binding sites of a
target receptor of clainms | - 47. 65. The nethod of claim 64, wherein the
subj ect s RaWiERD the BprotedRANNG PVH LSAVILNOhR ntR M 6Vide QBN glea1Sel ecting
a subject having an LRP6 expressing cancer, adm nistering to a subject in
need t her eostrategyelor weprovisgaveiaHantbody stabilysi ti on conprising a mul tival ent
anti body having at |east two receptor binding domains for two different

bi ndi ng si t R§tisHal BesigH ARDIHSHAPHTIP secShBiAE. bili S?Ztem"lﬁl%'bﬁ'efédtﬁﬁr g&geer 1S
selected fromthe group consisting of breast canCer, lung cancer, multiple
myel oma, ovtwrnaoursbifroeand high dit ratenbmmeasizgd cidth roatasds frgask.rdob coemiatad,
prostate canger cute el.oid | eykem a, .chronic | oid | eukem a,

ost eosar COng}tﬁé%%@a%%ha%aqr&rﬁ%%{ewgr}% s géefa.dy‘lsﬂap hod of

cl ai m 66, M@é@ﬁrrgbﬁrb@sgwweﬂ]&um SAHTP GRRCEHN:. PlASbaséd WRiAPRHese, treating a
di sease nedi ated by a canoni cal Wit _signal ing pathway using a nultival ent
ant i body t otraRfgmagion, exprassipn andpurifeation hes shodeddhertimoededsdhangonsaveskt i ng a
subj ect havj . i . 1.0l i t.h jeGgt. an
o ecti ve anapen b EHRNERTHoHi LR e BEHMBIB R hiic in e 4 S
heavy and | aglgen birgiing Semuencas sadeacd fod tHeham dtitaligr dhpsecanGiedisc g @f SEQ
I D NOs: 166/170, 171/170, 173/170, 175/170, 201/199, 207/205, and 195/193
i n conbi nat MEEERDINIEG{Faameteandhe beyused ag sepRenenisaf Jeaantibedy epnatrygts

mul tival ent ot Bamitic #iibARE. BloohRe sRISHUI e FBeriRibls, FRGNIRCt ur e
of a nedi canment r the treatnment of a cancer ‘selecte rom the group
consiting of breast cancer, lung cancer, nultiple nyel oma, ovarian cancer,
| i ver cancer, bl adder cancer gastric cancer, prostate cancer, acute nyeloid
| eukem a, chronic nyeloid | eukem a, osteosarconm, squanous cell carcinona,
and nel anona. 71. A multivalent antibody having VH of SEQ ID NO 14; VL
of SEQID NO 13; VHof SEQID NGO 82; VL of SEQID NO 81 for use in
treating a cancer nedi ated by a canonical Wit signaling pathway. 72. A
mul tival ent anti body having VH of SEQ ID NGO 14; VL of SEQ ID NO 13; VH of
SEQ ID NO 82; VL of SEQID NO 81 for use as a drug. 73. A nultivalent
anti body having SEQ ID NO 166 and SEQ ID NGO 170 for use in treating a
cancer nedi ated by a canonical Wit signaling pathway. 74. A nultival ent
anti body having SEQ ID NO 166 and SEQ ID NGO 170 for use as a drug.
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75. A nmultivalent antibody of clainms 1-47, for use as a nedicanent. 76. A
mul tival ent anti body of clains 1-47, for use as a nedi canent for treatnent
of an LRRSoesprss®ing cancer. 77. A nultival ent anti bodyTaP2eliasTeeo 1-47,
for use as a nedicanent for treatnment of an LRP6 expressing cancer, wherein
the cancer is selected fromthe group consisting of breast cancer, |ung
cancer, mulcid;pke nyel omm, ovarian cancer, liver cancer, bl adder

cancer, gastric cancer, prostate cancer, acute nyeloid | eukem a, chronic

nyel oid | eukem a, osteosarcona squ% us cell carcinonm, ag_d maldanorra.
1body r binding do

1. Ansolated multivajent ant ving at least two recepto mains
for two different binding sites of an LRP6 target receptor, wherein the first
receptor binding domain binds to a first binding site on the target receptor and the
second receptor binding domain binds to a second binding site on the same LRP6
target receptor, wherein the first and second receptor binding domains are linked
together such that the binding of the first and second receptor binding domains to
the first and second binding sites of the LRP6 target receptor inhibits a canonical
Wnt signal transduction pathway, and wherein the antibody or antigen binding

fragment displays no significant potentiation of a Wnt signal.

2. The antibody of claim 1, wherein the antibody has an affinity for target receptor

of approximately nanomolar affinity.

3. The antibody of claim 1, wherein the antibody has an affinity for target receptor

of approximately 1 picomolar affinity.

4. The antibody of claim 1, wherein the first and second receptor binding domain
is selected from the group consisting of an IgG antibody, an scFv fragment, a

single chain diabody, an antibody mimetic, and an antibody variable domain.

5. The antibody of claim 1, wherein the antibody is selected from the group
consisting of a multivalent antibody, a bivalent antibody, a bispecific antibody,

and a biparatopic antibody.

6. The antibody of claim 1, wherein the first receptor binding domain is an IgG
antibody and the second receptor binding domain is an scFv fragment, wherein the
IgG antibody and scFv fragment are linked together by a linker with a spatial
distribution that permits the IgG antibody and scFv fragment to bind to the first
and second epitopes of LRP6, respectively.

7. The antibody of claim 6, wherein the linker is a Gly-Ser linker selected from the
group consisting of (GlysSer)s , and (GlysSer)s.

8. The antibody of claim 1, wherein the first epitope of the LRP6 target receptor is
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a B-propeller 1 domain.

9. The antibody of claim 1, wherein the second epitope of the LRP6 target

receptor is a B-propeller 3 domain.

10. The antibody of claim 1, wherein the antibody binds to the LPR6 B-propeller |
domain and comprises a heavy chain CDRI1 selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 21, and SEQ ID NO: 47; a CDR2 selected from the
group consisting of SEQ ID NO: 2, SEQ ID NO: 22, and SEQ ID NO: 48; and a
CDR3 selected from the group consisting of SEQ ID NO: 3, SEQ 1D NO: 23, and
SEQ ID NO: 49; and a light chain CDR] selected from the group consisting of
SEQ ID NO: 4, SEQ ID NO: 24, and SEQ ID NO: 50; a CDR2 selected from the
group consisting of SEQ ID NO: 5, SEQ ID NO: 25, and SEQ ID NO: 51; and a
CDR3 selected from the group consisting of SEQ ID NO: 6, SEQ ID NO: 26, and
SEQ ID NO: 52.

11. The antibody of claim 1, wherein the antibody binds to the LPR6 B-propeller 3
domain and comprises a heavy chain CDR1 selected from the group consisting of
SEQ ID NO: 69, SEQ ID NO: 93, and SEQ ID NO: 115; a CDR2 selected from
the group consisting of SEQ ID NO: 70, SEQ ID NO: 94, and SEQ ID NO: 116;
and a CDR3 selected from the group consisting of SEQ ID NO: 71, SEQ ID NO:
95, and SEQ ID NO: 117; and a light chain CDR1 selected from the group
consisting of SEQ ID NO: 72, SEQ ID NO: 96, and SEQ ID NO: 118; a CDR2
selected from the group consisting of SEQ ID NO: 73, SEQ ID NO: 97, and SEQ
ID NO: 119; and a CDR3 selected from the group consisting of SEQ 1D NO: 74,
SEQ ID NO: 98, and , SEQ 1D NO: 120.

12. The antibody of claim 6, wherein the IgG heavy chain antibody is selected
from the group consisting of SEQ ID NO: 18, 66, and 101 and the light chain is
selected from the group consisting of SEQ ID NO: 17, 86, and 85.

13. The antibody of claim 6, wherein the scFv is selected from the group
consisting of SEQ ID NQO: 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
and 164.
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14. The antibody of claim 13, wherein the scFv fragment comprises at least one
amino acid mutation that improves stability of the scFv compared with the
unmutated scFv fragment, wherein the amino acid mutation is selected from

Figures 29-32.

15. The antibody of claim 1, wherein the antibody has the functional activity of
inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wntl signal pathway and Wnt3 signal transduction pathway.

16. The antibody of claim 1, wherein the antibody has the functional activity of
depleting a cell population, inhibiting or reducing proliferation of a cell
population, inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

17. An isolated biparatopic antibody comprising an IgG antibody that binds to a
p-propeller 1 domain on an LRP6 target receptor and a scFv that binds to a p-
propeller 3 domain on the LRP6 target, wherein the IgG antibody and the scFv are
linked by a linker such that the binding of the IgG antibody and the scFv to the p-
propeller | domain and the B-propeller 3 domains, respectively inhibits a
canonical Wnt signal transduction pathway, and wherein the biparatopic antibody

displays no significant potentiation of a Wnt signal.

18. The antibody of claim 17, wherein the antibody has an affinity for target

receptor of approximately nanomolar affinity.

19. The antibody of claim 17, wherein the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

20. The antibody of claim 17, wherein the linker comprises a spatial distribution
that permits binding of the I[gG antibody and the scFv fragment to bind the -
propeller 1 domain of LRP6 and the B-propeller 3 domain of LRP6, respectively.

21. The antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to
the Fc binding site of the [gG antibody, wherein the Ser-Gly linker is selected
from the group consisting of (GlysSer)s , and (GlysSer)s.
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22. The antibody of claim 21, wherein the Fc binding site of the IgG antibody is a
CH3 domain.

23. The antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to the
light chain of the IgG antibody, wherein the Ser-Gly linker is selected from the
group consisting of (GlysSer)s, and (GlysSer);.

24. The antibody of claim 20, wherein the scFv comprises at least one amino acid
mutation that improves stability of the scFv compared with the unmutated scFv

fragment, wherein the amino acid mutation is selected from Figures 29-32.

25. The antibody of claim 17, comprising a heavy chain variable region CDR1 of
SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a heavy
chain variable region CDR3 of SEQ ID NO: 3; a light chain variable region CDR1
of SEQ ID NO: 4; a light chain variable region CDR2 of SEQ ID NO: 5; and a
light chain variable region CDR3 of SEQ ID NO: 6, wherein the antibody binds to
a B-propeller 1 domain of LRP6; and a scFv heavy chain variable region CDR1 of
SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy
chain variable region CDR3 of SEQ ID NO: 71; a light chain variable region
CDR1 of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;
and a light chain variable region CDR3 of SEQ ID NO: 74, wherein the scFv
binds to a B-propeller 3 domain of LRP6.

26. The antibody of claim 25 further comprising a Lys deletion from position 454
of SEQ ID NO: 166.

27. The antibody of claim 25 further comprising a Pro to Ala mutation at position
677 of SEQ ID NO: 166.

28. The antibody of claim 25 further comprising an AspPro to ThrAla mutation at
positions 676-677 of SEQ ID NO: 166.

29. The antibody of claim 17 comprising a heavy chain sequence selected from
the group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201 and 207 in
combination with a light chain sequence selected from the group consisting of

SEQ ID NOs: 170, 193, 199, and 205.
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30. The antibody of claim 17 comprising a combination of heavy and light chain
sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/170,
173/170, 175/170, 201/199, 207/205, ,and 195/193.

31. The antibody of claim 17, comprising heavy and light chain sequences with
SEQ ID NOs: 166/170.

32. The antibody of claim 23, comprising a heavy chain sequence of SEQ ID NO;
177; and a light chain sequence comprising SEQ ID NO: 181.

33. The antibody of claim 17, wherein the antibody has the functional activity of
inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wntl signal pathway and Wnt3 signal transduction pathway.

34. The antibody of claim 17, wherein the antibody has the functional activity of
depleting a cell population, inhibiting or reducing proliferation of a cell
population, inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

35. An isolated biparatopic antibody comprising an IgG antibody that binds to a -
propeller 3 domain on an LRP6 target receptor and a scFv that binds to a B-
propeller 1 domain on the LRP6 target, wherein the IgG antibody and the scFv are
linked by a linker such that the binding of the IgG antibody and the scFv to the p-
propeller 3 domain and the B-propeller 1 domains, respectively intibits a
canonical Wnt signal transduction pathway, and wherein the biparatopic antibody

displays no significant potentiation of a Wnt signal.

36. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately nanomolar affinity.

37. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

38. The antibody of claim 35, wherein the linker comprises a spatial distribution
that permits binding of the IgG antibody and the scFv to bind the B-propeller 3
domain of LRP$ and the B-propeller 1 domain of LRP6, respectively.
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39. The antibody of claim 35, wherein the scFv is linked by a Ser-Gly linker to the
Fe binding site of the IgG antibody, wherein the Ser-Gly linker is selected from
the group consisting of (GlysSer), , and (Gly,Ser)s.

40. The antibody of claim 39, wherein the Fc binding site of the IgG antibody is a
CH3 domain.

41. The antibody of claim 35, wherein the scFv comprises at least one amino acid
mutation that improves stability of the scFv compared with the unmutated scFv

fragment, wherein the amino acid mutation is selected from Figures 29-32.

42. The antibody of claim 35, comprising a heavy chain variable region CDR] of
SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy
chain variable region CDR3 of SEQ ID NO: 71; a light chain variable region
CDR1 of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;
and a light chain variable region CDR3 of SEQ ID NO: 74, wherein the antibody
binds to a -propeller 3 domain of LRP6; and an scFv with a heavy chain variable
region CDR1 of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID
NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain
variable region CDR1 of SEQ ID NO: 4; a light chain variable region CDR2 of
SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ ID NO: 6, wherein
the scFv thereof binds to a B-propeller 1 domain of LRP6.

43. The antibody of claim 42, wherein scFv VH and VL are linked with a linker

comprising 3 amino acids,

44. The antibody of claim 42, wherein scFv VH and VL are linked with a linker

comprising 4 amino acids.

45. The antibody of claim 42, comprising a heavy chain sequence selected from
the group consisting of SEQ 1D NO:187, and 189; and a light chain sequence
comprising SEQ ID NO: 185.

46. The antibody of claim 35, wherein the antibody has the functional activity of
inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wntl signal pathway and Wnt3 signal transduction pathway.
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47. The antibody of claim 35, wherein the antibody has the functional activity of
depleting a cell population, inhibiting or reducing proliferation of a cell
population, inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

48. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody of claims 1, 17, and 35.

49. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising a heavy chain sequence selected from the group consisting of
SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain sequences
selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205.

50. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising a heavy chain sequence selected from the group consisting of
SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain sequences
selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205 least,
wherein the antibody has 98% sequence identity to SEQ ID NOs: 166, 171, 173,
175, 195, 201, and 207; and light chain sequences selected from the group
consisting of SEQ ID NOs: 170, 193, 199; and 205.

51 A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a SEQ ID NO: 166 and SEQ ID NO: 170.

52. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising at least 98% sequence identity to a SEQ ID NO: 166 and
SEQ ID NO: 170.

53. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising a sequence selected from the group consisting of SEQ ID
NOs: 177, and; and a light chain sequence of SEQ ID NO: 181.

54. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising at least 98% sequence identity to SEQ ID NOs: 177; and a
light chain sequence of SEQ ID NO: 181.
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55. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising a sequence selected from the group consisting of SEQ ID
NOs: 187, and 189; and a light chain sequence of SEQ ID NO: 185.

56. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising at least 98% sequence identity to SEQ ID NOs: 187, and
189; and a light chain sequence of SEQ ID NO: 185.

57. A vector comprising the nucleic acid of claims 48-56.

58. A pharmaceutical composition comprising a multivalent antibody thereof
having at least two receptor binding domains for two different binding sites of a
target receptor selected from claims 1-47 and a pharmaceutically acceptable

carrier.

59. A method of obtaining a multivalent antibody of claims 1, 17, and 35
comprising:(a) providing a first receptor binding domain which binds to a first
binding site of an LRP6 target receptor; (b) providing a second receptor binding
domain which binds to a second binding site of an LRP6 target receptor; and (c)

linking the first receptor binding domain to the second receptor binding domain.

60. The method of claim 59, wherein the first or second receptor binding domain
are selected from the group consisting of an IgG antibody, an scFv fragment, a

single chain diabody, an antibody mimetic, and an antibody variable domain.

61. The method of claim 59, wherein the first and second receptor binding
domains are linked together by a linker with a spatial distribution that permits the
first and second receptor binding domains to bind to the first and second epitopes

of LRP6, respectively.

62. The method of claim 61, wherein the linker is a Gly-Ser linker selected from
the group consisting of (GlysSer)s, and (Gly,Ser);.

63. The method of claim 59, further comprising introducing at Jeast one amino
acid mutation to the first or second receptor binding domain, such that the amino
acid mutation improves stability of the first or second receptor binding domain
compared with the unmutated first or second receptor binding domain, wherein

the amino acid mutation is selected from Figures 29-32.
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64. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to a subject in need thereof an effective amount
of a composition comprising a multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor of claims 1-
47.

65. The method of claim 64, wherein the subject is a human.

66. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to a subject in need thereof an effective amount
of a composition comprising a multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor of claims 1-
47, wherein the cancer is selected from the group consisting of breast cancer, lung
cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer,gastric
cancer, prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,

osteosarcoma, squamous cell carcinoma, and melanoma.
67. The method of claim 66, wherein the cancer is breast cancer.

68. A method of treating a disease mediated by a canonical Wnt signaling

pathway using a multivalent antibody to LRP6.

69. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to the subject an effective amount of a
composition comprising multivalent antibody with heavy and light chain
sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/170,
173/170, 175/170, 201/199, 207/205, and 195/193 in combination with any

standard of care cancer therapies.

70. Use of multivalent antibody of any one of the previous claims in the
manufacture of a medicament for the treatment of a cancer selected from the
group consiting of breast cancer, lung cancer, multiple myeloma, ovarian cancer,
liver cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid
leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma.
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71. A multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID NO: 13;
VH of SEQ ID NO: 82; VL of SEQ ID NO: 81 for use in treating a cancer
mediated by a canonical Wnt signaling pathway.

72. A multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID NO: 13;
VH of SEQ ID NO: 82; VL of SEQ ID NO: 81 for use as a drug.

73. A multivalent antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use

in treating a cancer mediated by a canonical Wnt signaling pathway.

74. A multivalent antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use
as a drug.

75. A multivalent antibody of claims 1-47, for use as a medicament.

76. A multivalent antibody of claims 1-47, for use as a medicament for treatment

of an LRP6 expressing cancer.

77. A multivalent antibody of claims 1-47, for use as a medicament for treatment
of an LRP6 expressing cancer, wherein the cancer is selected from the group
consisting of breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver
cancer, bladder cancer,gastric cancer, prostate cancer, acute myeloid leukemia,
chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma.
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