NOTUM PROTEI N MODULATORS AND METHODS OF USE CROSS REFERENCED APPLI CATI ONS
[1] This application clainms the benefit under 35 U S. C. 119(e) of U S.
Provi si oD 28ppi2fzat i on Nos. 61/377,882 filed August 27pC20B00116194380, 181
filed Septenmber 3, 2010, 61/388,552 filed Septenber 30, 2010, and

61/ 510,413 filed July 21, 2011, all of which are incorporated herei n by

reference in thei i s application
general ly rel at 3%@@%%%%5‘?'%%5%@@5@5‘%*%&% %L n treating or
aneliorating hyperproliferative disorders, their expansion, recurrence,

rel apse or nmetastasis. In a%p%BEWQé‘EDﬁh%LIﬁ&EQ%t invention relates to
t he use tu t on
constructe) For Thertranph i KA ST RORE] Sps MMCTs. 1
parti cul a’xﬂpycqzblloeﬁ\@s r6éCB7é4%ﬁbﬂlede’mgsstt2ﬁe20|cb9 5 6589, 1Bhﬁ®dtslegmmp¢rc$v2@lé)s for the

use of a h t of

mal i gnan%ﬁ}géy?#ém gg%gtgg?g %6 pr’pﬁtng%l)s @ g%ﬁfgiﬁb&@c ﬁ%f‘wg?cg ol or ect al
cancer m@ofﬁaﬁ&dhﬂeamaﬁre;ﬁamﬁeraﬂuememaagers. SEQUENCE LI STING [3] The

i nstant application contains a Sequence Listing which has been submtted in

ASCI | format via EFS-Wb and is hereby incorporated by reference in its
entirety. Said ASCI| copy, createchontdupiveNTion, 2011, is naned

11200. 3. txt .an 138,922 bytes in size D THE. | NVENTI ON
Fa1 %t arlO br JB P BB R BT SN AL B OB B IHARGET on ar ¢
nor nal Orﬂl@&iﬂgg)r RMEEASSRShyb&BtoliBetitivieMisoRRBEIhEr EpahsPR @durrbice SHRpG AW h
during organogene3|s and cell replacenent and repair _of nost tissues

during t mEetasfapiat fasbragd agpget ePrsigntdngataRiates t e é?eéﬁtl\{oé&“i‘ BrRdidpgrs.

prol i f er atdiQihdesisiadRgodtEarl habn ERREES, k&%&%a&ww@ﬁyﬁ%%s and
signals that are balanced to maintain cell fate decisions and tissue

ar chi t ecthaPriastingisprdprst fnspagiécularly prefereqd pmbopigneiiithe RIPssRUN RS tian Pre¥ides fobf cel | s

respondi g £ of LGN ah QYRR LS th&hmurroh@& ERRUtAnRnE S rhal%hé’dc%'son and
ti ssue maturation. Accordingly, proli 1Perat| on and differentiation

nor mal | y inséuskiites foy skaymple lmKBé\s?sa@d&@r ABE mtﬁ@ec% epivracielmanter ofd BRMbgudhtal  dyi ng
cell's or for.groyw.bs Unfortunately, disruption of cell proliferation and/or
differenfiation can result from a nyriad of factors including, for exanple,
t he under- or overabundance of various signaling chem cals, the presence of
\a/l\lhfaﬁr ed m croenvironnments, genet iS%Q%IE&EL&@&Gor sonme comnbi nati on thereof.

[003] The instant application contains a Sequence Listing which has been submitted in
ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on August 26, 2011, is named 11200.3.304.txt and is 138,922 bytes in size.

BACKGROUND OF THE INVENTION
[004] Stem and progenitor cell differentiation and cell proliferation are normal ongoing
processes that act in concert to support tissue growth during organogenesis, and cell replacement
and repair of most tissues during the lifetime of all living organisms. Differentiation and
proliferation decisions are often controlled by numerous factors and signals that are balanced to
maintain cell fate decisions and tissue architecture. Normal tissue architecture is maintained as a
result of cells responding to microenvironmental cues that regulate cell division and tissue
maturation. Accordingly, cell proliferation and differentiation normally occurs only as
necessary for the replacement of damaged or dying cells or for growth. Unfortunately,
disruption of cell proliferation and/or differentiation can result from a myriad of factors
including, for example, the under- or overabundance of various signaling chemicals, the

presence of altered microenvironments, genetic mutations or some combination thereof. When
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normal cellular proliferation and/or differentiation is disturbed or
sonehow di srupted it can lead to various di seases or disorders including
cancer. VWO202d8VBAt i onal treatments for cancer incl udePECRAIS2AIAGHEPY

radi ot herapy, surgery, imunotherapy (e.g., biological response nodifiers,
vacci nes or targeted therapeutics) or conbinations thereof. Sadly, far too
many cancers are non-responsive or mnjmally responsive to such

convent i eeralal eqllakar peotifesation apd/apdiffasgniggsion dyfdstuged erzomehve dismgied deanispd some
pati ent {UDPARULALLRQRS aRNALRIfcIBGR& MMt ations (e.g., KRAS,) that render

t hem non-responsi ve despite the general effectiveness of certain therapies.
Mor eover [008épendiongendonal Heatmype facarsanioelndsdwmotherpy.dpdietherapaswesiys, such

as surget nat . he, vi 1 | QNS K, . ~in current
2% andar d B RlerBl e 02 S AR e B e B e i mg o
care for cpabingitins thetvof. hSadéy, tan der goryeapresviro ne-tes@asine ot 1vingmalyhespensive
subsequent |y rel apsed.. In such cases the failed.ther i I s and
resul ti nbo spu\aélli1 Fent gtclfél?letﬁag?eé] Sﬁ%anv mr%afélwé)gﬁ?nrsif ruﬁaéerft%qfoé? ?%ﬁ‘%%?ﬁ‘?g%?g of ten
mani f est siypepr ehone sxtabic genadiueat@dggleas HRAS, Hihseasdr theat nontreipoediel desgpreoves to

be i bl e. h there have b t ts in the di i
and ¢ 1 oafanrerdie Eear SUET LR MOBOR AP UAT ORI T P o Ry

sol i d tuppfikbbaenicaRPiubiess suddege nny uochangtdhiduatitea. Unsitdiahd wheemfin exi sti ng
t herapies to prevent_ rel gﬁgse, tunor r,eﬁu rence and netastases. Thus, it

r emai ns SUETPA PiPRtRgoticgred BegpCs T R teient eBG{t%‘HEt‘“tgﬁ%?aéﬁfoéé’_?‘“enf%] One
prom si ngndhed WHdelpBREREGBus RUGhHRSINE RBveliSBscqientipfdspser! Thh@hanayiteccs 1o go

after the tunorigenic "seed" cells that appear to underlie many cancers. To
that end faisd thesapPiy regigspieAndapwling Wale b et BB A AN EE (0 TfTRS8Ye- r esi dent
stem cel b, ROPYLA! hARR @ sc G80AT Bh&e dbdbole AL AL ik f@ldaclyRERs kded conpri se
the majority of that tissue. Tunors arising in these tissues simlarly

consi st dfcuitblee denaiobere paysuican sropgmproveretsinthradiagnosip ang Fapendnt in st em
cell s, Dl {VePlhe FRIK ek LikviyBihdcs RY LAY LolRIiBhbL Bh Al EARANArRLgani zati on.
While it 1§ increasi ngly recoghnl‘zeg that the mpjority of tunor cells have a
linmted ab¢hanged duo topthe Failfkercdteristing thirapied proyeputlapse omor regureaes andel | s
(conmmonl C . I l S ability to
exct ensi vaICS ARy Hab BOEREnPL B ERK P oREiofpile UAKRaRERTER HeRRIR B0

capaci t y.[o0dbr e Spegrdmisiak bsea of kescaccdnoen ves themse ef targatep Gtekapsites pr gpdes t hat
there is a distinct, subs f cells (i,,.e. CSC). W thi ch tunor.

(appr oxi Hﬁttgxlnflngfnf-f C?elLse{ atf‘%pe(%%tﬁé%fieerﬁ%gla?yngc?g eir?iiht(gthgt:eln -mroé{r:ég)\fﬁgl and of
gener at i migsubs®hoe&hd8n proghassiul alsyuehestidng steinrell hegpulatioapthatgahdraa capaci ty

as aresult of their differentiatjon to t r.progenitor.cell and
subsequeﬁff%e)r/e“t“@tegé‘?l[ﬁyﬂ%ﬂt(‘@} COPPTE %Tlf“éﬁlgcflg{t%ﬁﬂ u%gﬁ'g(?rs ASHE lpﬁiePee%sé}ﬁs years
it has beranEybksat 8Mictesdentdue pepuTHion{ af @is HaCIMD ASe fruMBenpeilpduti@titng
cells or TPC). might be nore resistant to tradjtjanal chenotherapeutjc
agent's omkdiyap Oé(ﬁ‘a”thfﬁ’éerHé}”ﬁngtorgéf“F%tfonst dr g isteaygely r‘??PF‘ﬁ?%a{iPat

t her api eshel 1Rajbidly F i@ kellshRvas B Ailith @ GPEfente, h WIRGRy pSRIAIDH af dantdinOr S

and net ast ases. Moreover, there is ﬁrovvi ng evi dence . su giests t hat pat hways
that reggtlteonmgaihspeneds @nghdeceliny X hayehealusbie Adibnig extensively

ti ssue-regtdepl, Rh&PaRiing ftlﬁ:'ir?wgﬁfu%gﬁ' Latigstir@ capclf ! Krd PPeally BSEnkNG 1N

the continuous expansion of self-renew ng cancer cells and tunor formation.
See genengi sell Aypdiagss psepoads that figeis aEisfimst suserdols: (.afd (Davidimacktumer |
2007, PM [y -1 F8Ha9 L1€ B dnSerite QURRLAL AL A6 &hBrafifh difSr &1 T €LY
by refer gp@é&ﬁ%ﬁ’gﬁtheoep?te{:%a%‘gﬁggga%q ltradl%t?\gnafl,' a‘(?sleln_\/vélIHIRk as more
recent t arqetseidely ligaedentheinesphoden cimsitagpareiitof helyaléfifertritiafioreld tirport he

exi stence _and/ or_energe resi st . e at are capabl e of
per pet uatfRG"¢ recelgsa%%cgslp nge léér?llfﬂ?' n %@39@12 dlﬁ%ggtgat%ﬁ\g%%iceeh? reat ment met hods.
Huf f et ab07] Eurlopeam ydasithal baobmCarnecerviddt thi2IFC1@ABT k(@00H)tuamd Zhou et

al ., Nature Revie Dr Di.scovery 8:. 806-823 .(2009 ach of which is

i ncor por é’?’é’ﬁtuﬁ%?ge‘%gﬁs Prn%)smlé}ﬁtt I %@retwélptet g@%ﬁé@?%&ﬁh‘% SSIAETBRS are
conf i r meqadiptiohhad e séskediter stnalid dficyre@finit 4l altbrdpies nalated €l the ighgvitagent s t o
substantially increase patient su&vi val wh sufferi n%; fromsolid tunors,
and t hr odig/APIRUAR eTCEIAN B PTs 3R] MARFRKS; %fﬁ?"%ro%ﬁ‘ieé PR FVIAYEr st andi ng
as to how tunors grow, recur and metastasize. Accordingly, recent
strategies for treating neoplastic di sor ders have recogni zed the inportance
of elimnating, depleting, silencing or pronoting the differentiation of
tunor perpetuating cells so as to dimnish the possibility of tunor
recurrence, netastasis or patient relapse. [008]Efforts to devel op such
strategi es have incorporated recent work invol ving non- traditional
xenograft (NTX) nodels, wherein primary human solid tunor specinens are
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SUMMARY OF THE | NVENTI ON WD 2012/ 027723PCT/ US2011/ 049458 [ 009] These and
ot her objectives are provided for by the present invention which, in a
broad ser¥©,2012402@i28ect ed t o met hods, conpounds, conposi PCEAS2HAG4HAE | cl es
of manufacture that may be used in the treatnment of Notum associ at ed

di sorders (e.g., hyperproliferative disorders or neoplastic disorders). To
that end, the present invention provides novel Notum npdul ators that

ef fect | vmggewﬁgwh@@m@ﬁt reguiaie eRgRNaZeRait ARYYT He selkeacvd of PRl tsivs-ent s

suf feri ng HEQMed W16 8e iRleb@hiéd Of a1ffRldi 0 080CH S tind iR tfEoh@hRuethasiidisit s t he
di scl osed Notum nodul ators may conprise any conpound that recognizes,

conpet esseliagoniingsancerre by teagy, fofmation adtesgentyipiiidl-Hell 85802004t BYIG t h t he
Not um po'l%t;/%@éc?; ?x?d Dﬁlglﬁba lef g?@@b??f)l%/flf)sl’gggﬁ4?&qh gpgm%ﬁisqﬁcor&gité@ﬁéein% ters,
changes or nodifies the inpact of the Notum protein on one or nore

physi ol ogs ediretphy rferysce( &hg, theteffectimngsh ef tadgmmnalnasyelHs norre Bivgntpagdisdays) . I n
sel ect ed,_enbodi nent.s ,of t Lhyenti o u i Not um
Csel T oFSPPad AR e el LR Ry ol e SR P el iBee 1 RIS

associ at eghcwicehs thtues capable bf @spefertigg theleendbo¢wemin REG Nadse diverse Medtment

ol at oriy Mr B AT Rhonre € VR TR RE A sRea Tl e

i nstant gp@EkweBhigiscosbi@lsh stresIialo0g) eadiedivhadhyis monpbated heoin is asrpoietgd t hat
recogni zes, .conpetes, .interacts bfj ndgbor associ at e and
NEERS|

) W th t
neutral i Eéée,fer%’l'rgl‘gmghﬂ‘t%’é?rv?té)&ﬁ?:r&? Yfhfé:QI,’SW“‘é‘ﬁf%gﬁl’gn%f,t"alf}ﬁ‘ﬂ# its or

contr ol s gddueity QoL fubeaplidsicidsclibs sivelal@hdrgutfeiiy frér bdlidatingg, 4l | S.
In preferred enbodi nents the Notum nodul ators of the instant invention

conpri se thighgh ateipirrment Bbyl Bsreasiely oRBivRTHed warergandingsasity B3V {1 gPY: t hat

have unexReCiAMNasPEED AQWRENIP, r&ichERGR gicd B ke @ldeZ8eplitdURBidedaiLasE,
depl ete, noderate, dimnish, reprogram elimnate, or otherwise inhibit the

abi ity efcognizedrthe imiportance fcliwinpting; ¢epftiap agercans ggratoaing theglffeippgiation

proliferata of g]&g@n b 381sfBGk |d &imrﬁhtstn@f%g%mw@fl tumbGEMIFRAC Rretab@GEHET At i on

and/ or netasta eopl astic ce 0]l n one enbodi nent the Notum

modul at opatigatrebpspri se a hunani zed anti body wherein said anti body conprises

. loede!\f/qu;%/gfralhg\g%t%q?s}éivging HEHE FecBy witk irIvavHé rf.oﬁ— SEQ I'D

a heavy n vatd
NO 331 an 5a Ii%éﬂﬁﬁpchal n ion amno acid sequence as set forth

in SEQ | Dad@naB8hogtaft (NP mogelefvareredn pramivy divmrem sadidttimeor specamensare wi | | be in
the form of

onposi tion conprising h ; 0t .
phar maceldty l%%ff?’%@%%‘%?ﬁ%f@“@ e Tgﬁqﬁﬁﬁg%g?ctea?ﬁgg? ﬂ{eﬁgluen%gglr%hﬁt s the
i nvent i ovxivikhde of @ RipopdationNd teitn widcihit atique dbiiay to gdercedietligeficoeguency of
tunmor initjatj cells ypon administration to.a, subject.Preferably the
reduct i oﬁn" ﬁ‘efftpgﬁ%rgm:l}/ma%}ﬂ“e@emdé’feé’for?falﬁéléfp?}é‘?sﬁﬁd’i%m fclﬁ%X(%O%Flﬁﬁle/sl VO
i mI ting c@ﬁﬂrtﬂ%&l ot iaguaifgeaicsc s_hﬂpdp_aratib]_(mdfa{n!lqt_cf‘)l!ts(-}fpﬁ%a_riﬁd)r@&ﬁﬁdﬁtﬂieﬂémllﬁng:h
anal ysis may be conducted using ip vivo limting.dilution analysis
conpri si HEIHFHRILE %ﬁbe%?tﬁl rf‘R)’ea“ﬁlﬁi‘FEWOPLﬁ?ﬁ?““& ‘F’@%‘Wﬁ‘%&f’ mﬁ%gﬁ%?%‘ni sed
mce. Al tBfibAtdsYSsY radsh@d bidrl iur@vall Fulthe@endfd@ingkst & MEY nfdgels anact ed usi ng

invitrolimting dilution analysis conprising limting ?i | ution deLE)osition
of live Kspdeh hassparkeds fuadamental Fhangs indgug discovery and preclinical evaluation of drug

candidates that may lead to CSC-targeted therapies having a major impact on tumor recurrence
and metastasis thereby improving patient survival rates. While progress has been made, inherent
technical difficulties associated with handling primary and/or xenograft tumor tissue, along with
a lack of experimental platforms to characterize CSC identity and differentiation potential, pose
major challenges. As such, there remains a substantial need to selectively target cancer stem
cells and develop diagnostic, prophylactic or therapeutic compounds or methods that may be

used in the treatment, prevention and/or management of hyperproliferative disorders.

SUMMARY OF THE INVENTION
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col ony supporting conditions. In either case, the analysis, calculation or
quantification of the reduction in frequency wll preferably conprise the
use of PAVOLBR/QIBBri bution statistics to provide an ac®GTatSe01a®¢Baht i ng.
It will be appreciated that, while such quantification nethods are
preferred, other, |ess |abor intensive nmethodol ogy such as flow cytonetry
or |nnunoh|stochenlstr may al so be used to provide the desired val ues and,

accor di nfloy] ar gh@?Gﬁ%Q@Frwbdf‘GHY"érﬁ‘fﬂ e udedfer bethp gresgnt HivAtoRevhido et of t he

| nst ant b@!@&tﬂg@r& dideBred HERe GARE S 38N dse MGk @Bnd dhd fftRAYSPEYnTBY L ehat
determ ned usin l ow cytonetric anal ysis or imunohi stochem cal detection

of tunor mepb¢ u@drnf the erearaeRierf Nokmo s odi yeddipraes feos:, ynerprolifastivegisordgrscel | s.
[0012] As g ;b?zﬂu% glpﬁaé}g hermRed, B eﬁﬂP\%‘EhB‘I‘F wgé aﬁ %mum&y&eﬂﬂaﬂ on

conpri ses treating a tum assoc sor er conpri sing
adm ni st eiffa:qugelatetrgfelcamememaetllswn@fnhem ised tawmmtleolfs seffedoe irormodideat or to a

subj ect I A% negfd m%hﬁn{mec?e W{] I‘tgl embo 1me t%%éed}gc)/osg N%tﬂmﬁoduﬁtér% ﬂ]ta @&n@%' I's is

reduced. ¥ on it tumor 1ni lating ce equency wil |
preferab bnyy d:ampdemcemm rB@gnizey, n@npdtesyagonxzesoantagbmmsgmtd:mm tbimilg odaskartidten

vent | ot i rolpSidBIR Rabdar seunsd RRLAG B0 YR EReR e ot um

pol ypept infd@ifies the S padk at tﬂdNWtuTrrhprbté[mfn (ﬁneI’Or)ﬁlbtb’o}ihiyﬁgloglehﬂp&thWayﬁ(.e,g clancer stem

cells) that are involved et| i ous | asi a. More

speci i cdlM4petacaigningdp Hh]?’lk@ﬁ’ﬁqﬁwé‘ést)l %@86@%?%%?5 §ﬂ§5\/§‘vf“ﬁ5’t“ ]t\IPlté}m

adnmi ni st pREHeRrOhaV@ipRks NeXSBERbY fri¥i Al tharelsl @ther i af &dlateddt®eor fustai bi t or

elimnate tunorigenic signaling by tunmor_initiati nl% cells (i.e ., reduce the
8

f r equencyr BFOLAFOY It Hhen raeiPley (‘bél Gotum, PEGrReie &8 iuﬁhaéF‘icl‘ﬂﬁed her by

reductio O Ring H&&ﬂam SReQElLERERBS RN 0@ b @G By @(ﬁmﬁrh&@ NoFer
initiating cells or nodi fyi ng tunor cell norphol ogy i nduced

di f f er enentagdnésts, Wiifls rﬁ@r thg RrRQses ofrihe inptantiagplicagien, ékml bleglﬁldtt% BEHbIY ef f ecti ve
treat ment, af., &Rk %@%ﬁ@%a@%@&n@é QBHE&@S mt'er!ld?sh bt bﬂgsc;cﬁ@rv\hﬂlqﬂﬁ&h gnd tunor

mai nt enance, expansion and met'astasi $ and recurrence. |In other
embodi menewratives, dinsodtes emdusrscansaizss, semregranp tigdvipiesros conigghegrewdrofot her wi se

retard Ng r Irllga;( £ LHIDE, 9T oWt h.

Furt her, é H‘F%’I %En%ﬁ;dﬂ%&@gédﬂﬁlﬁﬁﬂ}%&ﬁ dmg)é%f y wdftheStNotum pol ypepti de
is inti modhlyttorsmmﬂxe\nedantmvmh@on\mnfpb&t %artld‘&cntexmantlbdd@dgsrﬁ@gmémﬂmr denidatbione
nmor phoge nco, ryi t S e tion in
t hese de\r)? o%r%gartl a\fe une %@“P{%ee“ V\(;at?s‘?ﬁéhués’( nﬁm{lﬁg J&X deT\rlo{LE Jeﬁ% ul ators
descri beéhddene| mmlrrrﬂyra‘prMiErehmmka orahc&wﬂshemniblsuhe dlﬁhtyw tmnmrenntldrtaug one

mechani sm initiatin reduct. on . sr.upt,i on

devel opmﬁﬂfsaﬁ’ p’é)lpf'ﬁ?éﬁ f‘ﬁ{j‘}a"f S*BPg \f?‘ﬁléfe R 058 RARYE: ﬁ?)l?&geytg%?uéw ?1 r(?c‘érfef"e(:t

[ 0014] Thy@gen@mmnmaa/opmeﬁaﬁﬁmﬁdremmkErant of the invention conprises a
met hod of treatl ng a h\g}t ed dllﬁorder in a. sug{lect in eed t her eof

conpri si if1Phe d8 Bff %’?b‘)&ﬂ’i‘ﬁ“ﬁ Fym grodiIniGE A FORRIISE R m?‘Bzega?P tP%ybj ect. In
parti cul gmkpidvaef Sib&H @mPAsks ABeiS chiig vheibliie piad dhaioQtid sequence as set forth

in SEQ ID NO: 331 and a light chain variable region amino acid sequence as set forth in SEQ ID
NO: 332. In other preferred embodiments the invention will be in the form of a composition
comprising hSC2.D2.2 antibody and a pharmaceutically acceptable carrier.

[0011]  In certain other embodiments the invention will comprise a Notum modulator that
reduces the frequency of tumor initiating cells upon administration to a subject. Preferably the
reduction in frequency will be determined using in vitro or in vivo limiting dilution analysis. In
particularly preferred embodiments such analysis may be conducted using in vivo limiting
dilution analysis comprising transplant of live human tumor cells into immunocompromised
mice. Alternatively, the limiting dilution analysis may be conducted using in vitro limiting

dilution analysis comprising limiting dilution deposition of live human tumor cells into in vitro
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wi |l be associated (e.g., conjugated) with an anti-cancer agent. In

addi tion such disruption and coll ateral benefits nmay be achi eved whet her

t he subj &40 201377281 ssue exhi bits el evated | evel s of NoPGHUSROIASEUHSRd oOr
depressed | evel s of Notum as conpared with normal adjacent tissue.

[ 0015] Mor eover, there is evidence that the nodul ators of the instant

i nvention may be especially effective in the treatnent of certain solid
tunors. AdomteRportivg eHisionp i eitediicasel Yo prabisesr palelasion SEAYBREIPRE! Phvent i on

conpr i Se&dactfs%@ﬁquaﬁc Wi éf@xgb C§M9h§ctﬁe Sl Phisdog diswml&egmsaésteoc di sor der
conprising a solid tu xhi b a KRAS nmutation, an C mutation, or a

CTNNB1 nmitositde on agraiate m@thl@dg cb rmlnl b@ anpeectatasl thﬂtte\phlk?fsu@ldmamlfsqaéﬁril rigthgds
t her apeut Gald Y. £LHEE b TRUMvethetltoloBalcnA0 RobRL MM PG at o . [0016]1n

still odi nents e present 1 nve |on conprises a nethod of
i nhi biti ngmNthumChadlsay mdy plar bensed @ goygdathe dgsiied valusidoflerstorilimgiyesd t her eof

conpri si ﬁ%)a%s[s tc8?tel%[)@%j‘_ n| \§v¥ 1I;1It}pegsco%e$0t}t e”ﬁ(}g 'T!tII{V% Hny If gL{Cﬁ%Mey%eamunt of

a Notum acets nstant 1 nventi on exploit the
ability efduttea 1ﬁifr6@1eﬁ‘s}enda)rrhmjdblt®ﬁmfeé umg ﬁmveylbmadrﬂcynﬂyssmrpt mul t| pl e

oncogeni ¢_suryvival pathways e si aneo encin initiating
cell's. SUERY FSEQCL‘HE‘LC?]\?S&KB‘{%t%ﬂLYF fage fné‘H(érsmeﬁP rﬁnélﬁ? Ség %rt s) may
prove tojhgatactiscul arly effectl ve vvhen used in conbination with standard
of care anti-cancer agents or th? In addition, two or nore
Not um ant®géhi st's spdu Q”I‘B%F fr% erP‘PPé‘?"’%"%@E ASENT PYRIAH SRR di scret e
epi t opes yRmoliek Hé@cmggwoa@n b3 6atkdiSQIEY BRAbH ARy édilmﬁﬁt@ﬁﬁgj@fh@@ witichust he
present teachi ngs reover, as discussed. in sone detall F the Not um

modul at offedsive t“ﬁ@uné pha AR HOBHPIGA 2 reljiechin Reed hereqf wherghy th@%{?%ﬂﬁr

unconj uggfed m@&n% c@ms Y&Q&édo rAagla nYthe @e%u@uo%ﬁﬂ flelth RONH RGN IR g lv[l[at ion
wth a variety chém cal bi ol'ogi cal anti-cancer agents. [00%

anot her preéﬁréﬂy é@ldféﬁbmmdwélﬁg irofitre ein viystlapiting dilusian pedysBonpri ses a rret hod of
sensi ti ZII[I U YRS Ileghr@ é%@b@ﬁﬁ réc‘?zftedttﬁﬁ%éﬁ@%nﬁ’ﬂu@éﬁu@ﬁ‘ls%&ﬂ L AACEh pAgent

conpri si e step o m ni st rlnga m nodul ator to sald subject In
a parti clupmthydp¢®&erth@dﬂﬂd§%@®t{30b’i)emﬁe is agsagiatadorith theonesrpatiatrpgledlia oy, wi | |

speci fical I<:Xr srt§1§ cl:lélfs) hgtta?e {n%v&f ik é?lolatgz‘i%??aﬁlé)ﬂ dl(% g&:k le\/fb% %pe&flgzﬁfffel'ﬂgy i's as

det er ni néd™“u VI VO tron analysis

[ 00191Si ﬁmstaar :igpllcza&n tuhe&pcccjmyodwds tiof the hdminmtaaen ofi vavieustexeomplayNawer t

ther apeu'[rrilo((:iulg%rr]segantreduce inhibit or eliminate tumorigenic signaling by tumor initiating cells (i.e.,
reduce the frequency of tumor initiating cells). This reduced signaling, whether by reduction or
elimination or reprogramming or silencing of the tumor initiating cells or by modifying tumor
cell morphology (e.g., induced differentiation, niche disruption), in turn allows for the more
effective treatment of Notum associated disorders by inhibiting tumorigenesis, tumor
maintenance, expansion and/or metastasis and recurrence. In other embodiments the disclosed
modulators may interfere, suppress or otherwise retard Notum mediated paracrine signaling that
may fuel tumor growth. Further, as will be discussed in more detail below, the Notum
polypeptide is intimately involved in the Wnt/beta-catenin, hedgehog (Hh) and bone
morphogenetic protein (BMP) oncogenic survival pathways. Intervention in these
developmental signaling pathways, using the novel Notum modulators described herein, may
further ameliorate the disorder by more than one mechanism (i.e., tumor initiating cell reduction
and disruption of developmental signaling) to provide an additive or synergistic effect.
[0014) Thus, another preferred embodiment of the invention comprises a method of treating

a Notum mediated disorder in a subject in need thereof comprising the step of administering a

Notum modulator to said subject. In particularly preferred embodiments the Notum modulator

5



t hrough vari ous physi ol ogi cal nmechani sns, the present invention is also
directed to selected effectors or nodul ators that are specifically

fabri cat eMOt20124Rp128it certain cellul ar processes. For eR&FS2011/04946%rt ai n
enbodi ments the preferred nodul ator nay be engineered to associate with
Not um on or near the surface of the tunor initiating cell and stinulate the
subj ect's inmmune response. In other enbodi nents the effector may conprise
an ant i bddbeiaspesiatestieo conjugnnd) BB ap pat-canses e albaddiionsrdl divurtiosAndf any
Not um enzyimabdi Ge@hd fihy e MGl Wikeuld @R sueﬁ@% tdrRortRIMCRhibikEe | AR MveRor NOt UM

substrate In the tumor mcroenvironment and any associ ated paracrine
si gnal i niotunmoryreduced bredepisnisd divels of Notuheasdirmiied with mordal adjencst tifaYe- act by

depl etin el i DAkl Ag.d Reyi ' i I IS
foft51 o MIRLL By v RAkY MLERS A6 e Realin@ihmdind ®

important to appreciate that t '
parti cul aspecmithecftectiacinitierrdatment aff degnineplibivpass és sagty imehdrgdrtionlatjpt um

nodul at or_t.hat, achi.eves .t desi red outc y £ hi : anmewor k
preferr eBreéeﬁﬁggPl%%(%{nse ntts)fh e’? ﬁveengcl%ccqmoogéecf aelﬁ%%% %ng%% tg]lg?rl %um(? ?trsggglgl&af{ ({)nl] a met hod
of treat newplatisdibjréatcompfifieg a sdidftaraon axbibping stKRA 8 nsicride ran ddi¢pnutgiiong ot he

step of adm.pistering a.therapeuticall ffective amount of at. |east one
neutral i 2i ’Bﬁt\aﬂ‘gﬁiﬂdtdfl%tﬁq ([Oﬁﬁ)ﬁlil]“&%es?epéﬁﬁ%%’in%eﬁ?g dherrsiiaiY ed to a
met hod otfrédieatinbght af SUbisesie Noglch @fodaigtof.r om a Not um associ at ed di sor der

conprising the step of admnistering a therapeutically effective amunt of
at | east [@@] dept 8t} e RBPONMBE dler ot ”[’Y?@tég]‘ioi‘?l%r/‘é‘?s ")a/fﬂ?f{‘ $IAHHERE nent t he

present iNQW@Nk@Re® pAYEHRSiARINRAAS s@tfjediBl b€ MBRGECIMBIARYheMRPIEI N t he
di scl osed effectors are adm nistered over a period of tine foll ow ng an

initial peBEeEENg aphagaceidipdiysiiseivgsaerntof 2 NofimamogHasF- sur gery) desi gned

to remveyaly | eaffier fadQlok tHe st Il ERMIoIEAS SbiliRUtihd AQIAReHbITthRES MENS
may be adm ni stered over a period of weeks, a period of nonths or even a

peri od obotpeially dishent aiufiplhICRRniFrAURBERlLPHR IS Whly sriltapgogn yileaeing &arqry t o
i nhi bit nBet i S . SRGS e d. L.B&; j §Be t he
di scl osegﬁ Erlr%@gléglzsbrsgagn{ﬁlgfub%%lgéd)gnoﬁﬁg#écgt ed fené ’(r‘}\cl)%gltgra? \‘?\n tlsﬁgﬁ%%(wdégbu? Ki ng
r egi mens paticy pwelfectivr whest usedlinrpe masinéeyi with standard of care anti-cancer agents or

debulking agents. In addition, two or more Notum antagonists (e.g. antibodies that specifically
bind to two discrete epitopes on Notum) may be used in combination in accordance with the
present teachings. Moreover, as discussed in some detail below, the Notum modulators of the
present invention may be used in a conjugated or unconjugated state and, optionally, as a
sensitizing agent in combination with a variety chemical or biological anti-cancer agents.
[0018] Thus, another preferred embodiment of the instant invention comprises a method of
sensitizing a tumor in a subject for treatment with an anti-cancer agent comprising the step of
administering a Notum modulator to said subject. In a particularly preferred aspect of the
invention the Notum modulator will specifically result in a reduction of tumor initiating cell
frequency is as determined using in vitro or in vivo limiting dilution analysis.

[0019]  Similarly, as the compounds of the instant invention may exert therapeutic benefits
through various physiological mechanisms, the present invention is also directed to selected
effectors or modulators that are specifically fabricated to exploit certain cellular processes. For
example, in certain embodiments the preferred modulator may be engineered to associate with
Notum on or near the surface of the tumor initiating cell and stimulate the subject’s immune
response. In other embodiments the effector may comprise an antibody directed to an epitope
that facilitates neutralization of any Notum enzymatic activity which is then used to reduce the

amount of Notum substrate in the tumor microenvironment and any associated paracrine
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[ 0023] Beyond t he therapeutic uses discussed above it will also be

appreci ated that the nodul ators of the instant invention may be used to

di agnose WOt201%®2@12at ed di sorders and, in particul ar, hyBeTArSaM10¢M4a% i ve

di sorders. As such, a preferred enbodi nent conprises a nethod of diagnosing
a hyperproliferative disorder in a subject in need thereof conprising the
steps of: . a. obtaining a tissue sanple from said subject; b.

cont act i signaling Ini ystetbersarhorisnopistthe disclsedmoddpiersieayust Modnlcan®e: and

c. detec hf X4 dRhedafen NOA ML TR AP b4 fhath g sanpl e.
[ 0024] Su%:lkﬂl{ri}%ﬁ%c@%ﬁ?r&a};} %gedgeési Iy 'dlf’slsjgggr’neg ]?I;no %%ﬁ?ﬁ cti cgn \?\ny\eth‘%lprte%\% I nst ant
appl i cat ingentmnds wraimited roeal iphryicpler ihodend detingii ugragenenrcaimpgsseseal imgllod or
comerci gl . technol o ) .onat | | at e readers, dedicated reporter
syst ens, §I8 Xl m?guqaﬁ(r’e%{%tra;é@gveg%g%%%e%uggpgé detecting or quantifying step
wi || conpok8le aWitdhugich atfiraokewbtkrpoefeiretd dnntavtlinmgptsad e dise dinhdmtseow er |

Mgy erbenaho, ]

0. above

0L 90 0 TR B SORHE 86 SRR P My AR 09, b
provi de afudafiGisieaiea deapeutitalygerRst teantdaat dfadieast basmedfraliieuenay. WO
2012/ 027r7n% 5%5. US2011/ 049458
[0021] Other embodiments are directed to a method of treating a subject suffering from a
Notum associated disorder comprising the step of administering a therapeutically effective
amount of at least one depleting Notum modulator.
[0022] In yet another embodiment the present invention provides methods of maintenance
therapy wherein the disclosed effectors are administered over a period of time following an
initial procedure (e.g., chemotherapeutic, radiation or surgery) designed to remove at least a
portion of the tumor mass. Such therapeutic regimens may be administered over a period of
~ weeks, a period of months or even a period of years wherein the Notum modulators may act
prophylactically to inhibit metastasis and/or tumor recurrence. In yet other embodiments the
disclosed modulators may be administrated in concert with known debulking regimens to
prevent or retard metastasis.
[0023] Beyond the therapeutic uses discussed above it will also be appreciated that the
modulators of the instant invention may be used to diagnose Notum related disorders and, in
particular, hyperproliferative disorders. As such, a preferred embodiment comprises a method
of diagnosing a hyperproliferative disorder in a subject in need thereof comprising the steps of:
a. obtaining a tissue sample from said subject;
b. contacting the tissue sample with at least one Notum modulator; and
c. detecting or quantifying the Notum modulator associated with the sample.
(0024] Such methods may be easily discerned in conjunction with the instant application and
may be readily performed using generally available commercial technology such as automatic
plate readers, dedicated reporter systems, etc. In preferred embodiments the detecting or
quantifying step will comprise a reduction of tumor initiating cell frequency. Moreover, limiting
dilution analysis may be conducted as previously alluded to above and will preferably employ

the use of Poisson distribution statistics to provide an accurate accounting as to the reduction of

frequency.



[0025]In a simlar vein the present invention also provides kits that are
useful in the diagnosis and nonitoring of Notum associ ated di sorders such
as cancerWORBIZBiR3end t he present invention preferablyPpTasreIa®4Hn8 articl e
of manufacture useful for diagnosing or treating Notum associ ated di sorders
conprising a receptacle conprising a Notum nodul ator and instructional
materials for using said Notum nodul ator to treat or diagnose the Notum
associ at gM24( sohdmimilﬁlm%i}l@i’w@nt preftionatsd peavislss Kitethatguofsefuhé thqivent i on

al so expgghﬁcﬁg% a oerg,}g'o?%oﬁgm NG JLPAIAROMRIULALA! 0 %s B th?g,regeunent

usef ul g, Ssectioning or enriching populations or
subpopul atvewioa podfex'ablyrprovndes b aticlagf mehdfsctthrh mmﬁgﬁomagmodsg gichtiggNotum

fluorescence activated cell sorti ser ni ng.

[ 0027 As BEEHES SHE Foriayar Pty el S ed SN BRE R JERL S B er ) 12

di r ect ed pfarials f@tuding soifi Nodﬁrlﬂtnk)ﬂlylhtﬁgt;o tiesadratadgngpe tixeddtinanbsogiaed deardechi ng a
popul atl on | ti at cells conprisin of co actl ng said
t unmor iqngil ngﬂ?o?éP’fe erigd e 81 WSF‘&H{S 'il?ﬁ(’fg'p ]étfoélralS%[eéaﬁﬁfhﬁonqeg}eéﬁ g is a
sunmmar y 236l odeld WSo O R AAsNH, indBYimBRGLSTEI ﬁ()b’ldeﬁtifmlgl ibdl@ae] @Bsonigestenadtizat i ons,
and om ssions, of detail; consequently, ?se skilled in the art will

appr eci aPRWAigns erEbRApHsHeRs qfé‘”‘?qunﬂg%t’r“étclﬂ\/seth{ﬁ?ﬁg Rymgthads suchay yorsested to be

in any V\@&’tlvlaiemc&lfwtmg%ﬁ@@) 8RS hiddiafe@dtcbmag. and advantages of the
met hods, conpositions and/ or devices and/ or other subject matter described

herei n wi0027 bec évisucdp pantless prefaired |§abpdimen oA g léﬁé%“tfoP’i‘tFPnH%WéicF? Ihe summary
i's provi ﬁgegmg%f ld@ﬂti)fgﬂg,b 188G r%lmgg@f[ﬂg&pmah@n aftﬁﬂnapihm‘ahﬁgiceﬁlgr m t hat

are furt .eSCI’I 0W|nthe tail scri ption. hi s sunmmary is
not i nt endeptising thelgen oFopnkegnefseidttumersnigptingssnwitap Noden Wp@&a@f t he cl ai ned

cope. of RS of AMeTat Sl E! St B eER A G s
[ 0029] FI @Sicrdlidatdneeipil om;ssmesqiat:taulv@nyqquﬁmb/ thoss sdilied atihd a8 edlli epreesiadhcodi ng
human Notthl“;llmhe summary is illustrative only and is not intended to be in any way limiting. Other

aspects, features, and advantages of the methods, compositions and/or devices and/or other

subject matter described herein will become apparent in the teachings set forth herein. The

summary is provided to introduce a selection of concepts in a simplified form that are further

described below in the Detailed Description. This summary is not intended to identify key

features or essential features of the claimed subject matter, nor is it intended to be used as an aid

in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE FIGURES
[0029] FIGS. 1A-D depict, respectively, the nucleic acid sequence encoding human Notum
(SEQ ID NO: 1), the corresponding amino acid sequence of the human Notum precursor protein
comprising an amino terminus signal sequence (SEQ ID NO: 2), an alignment of partial
macaque, murine and human protein Notum sequences showing amino acid differences (SEQ ID
NOS: 99-102) and the amino acid (SEQ ID NO: 333) and nucleic acid (SEQ ID NO: 334)
sequence of an exemplary Notum modulator in the form of a Fc-Notum fusion construct wherein
the Notum portion is underlined;
[0030]  FIG. 2 is a graphical representation depicting the gene expression levels of human
Notum obtained using whole transcriptome sequencing;
[0031] FIG. 3 is a graphical representation showing the relative gene expression levels of

human Notum in highly enriched tumor progenitor cell (TProg) and tumor perpetuating cell
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(SEQ ID NO 1), the corresponding am no acid sequence of the human Notum
precursor protein conprising an am no term nus signal sequence (SEQ | D NO
2), an alwgrae¥278B partial macaque, murine and human pPETAISAVINGEUAS
sequences showi ng am no acid differences (SEQ I D NOS: 99-102) and the am no
acid (SEQ ID NO 333) and nucleic acid (SEQ I D NO 334) sequence of an
exenpl ary Notum nodul ator in the formof a Fc-Notum fusion construct

wher ei n {REONwPuatiqs eblamad fremumgesied snddrinqtapr 0pfedanic beaging ope afphice al

Fepr esemdfffe'ré?l?n&?f?écﬁﬁdnquetnggraﬂ %@?X?&%%r@éﬁ'?)&}?oﬂ SHBLS, B %H%Qe&@é it obt ai ned

usi ng whol e transcri ptone séquencing; [00 |G 3 Ts a graphica
r epr esentan- ttnm)rshmMMBGl dneiches] catlipopul goneasergrsersd bong quwuehsvedR THGERAN Not um

i n highl E@QLOpﬁfé LR A ROSANEON Gk n b I OB RLAe HHAIRE BRI RBIUA 1O

cel | | ons obt al unt rea Iri noteécan treated m ce
bear i ng devels of hirhareotdinfif @helatcolosntat awi speoimeens f«em@gn@mtiwi(th\ﬂ'txge B or ect al
tumor cell |ine

cel | popdi&tsah é‘b%ahﬁ%g%%m&h%@g?{g&%g{ﬁ%sq |h(\g/rg Bl rf%‘(% % %%rsl Cz,(z\dand
4B are grepbj calFigs rﬁrﬁea&ﬂl’ﬁfBadre ginphisdl Gaprasgnthtivers Eslﬁjvahg the regawe oexmblasasg'eﬁﬂ
| evel s of human Nofum i n col « ecta nor_speci nen patients
with StaGEPrEssPy Igre éergggcm\fggy ﬁg]i’ %%m é’b‘é(f‘ﬁg U SPGrERRS re)éﬁ%;) 85sion in
nor mal  C ol @he @NAT @it B |fﬁ)&ﬂ®tlents with one of eighteen different solid tumor types;
[0034] FIG. 6 is a graphical representation showing the relative expression of human Notum
protein in normal adjacent (white) or tumor (black) tissue from specimens obtained from
patients with one of eleven different tumor types along with 293T control cells without (white)
or without (black) overexpression of p53;
[0035]  FIGS. 7A and 7B are tabular representations showing, respectively, the genetic
arrangement and the heavy and light chain CDR sequences as defined by Chothia et al. of thirty-
eight discrete Notum modulators isolated and cloned as described in the Examples herein;
[0036] FIGS. 8A-X provide the nucleic acid and amino acid sequences of the heavy and
light chain variable regions of twenty-four discrete anti-Notum antibodies isolated and cloned as
described in the Examples herein;
[0037] FIGS. 9A-D are graphical representations of a canonical Wnt3A assay and the effects
of the soluble Notum modulators Notum-hFc and Notum-His (human, mouse and macaque)
along with the mutant Notum construct S232A as measured by the same;
[0038]  FIG. 10 graphically illustrates the activities of several anti-Notum antibodies with
respect to the inhibition of active Notum as measured using a canonical Wnt3A assay as
normalized against uninhibited Wnt-induced luciferase activity;
[0039] FIGS. 11A-D are graphical representations of a canonical Wnt3A assay as used to
measure the effects of Notum modulators SC2.D2.2 and SC2.A106 (aka 10B3) on soluble
Notum constructs Notum-His and Notum-hFc at various concentrations as normalized against
uninhibited Wnt-induced luciferase activity;
[0040]  FIGS. 12A and 12B graphically illustrate a species specific lack of activity by Notum
modulators SC2.D2.2 and SC2.A106 (aka 10B3) using a canonical Wnt3A assay wherein
neither modulator exhibits appreciable inhibition of macaque or murine soluble Notum construct

antagonism of the Wnt pathway;



[ 0033] FI GS. 5A and 5B are graphical representations showing the relative or
absol ute gene expression |evels, respectively, of human Notum in whol e
tunor spePRBRY2{PBey box) or nmatched NAT (white box) f PERUSALLEHMSS wi t h
one of eighteen different solid tunor types; [0034]FIG 6 is a graphical
representation showing the relative expression of human Notum protein in
nor mal adj acent é\/\/m te) or tunor (black) tissue from speci nens obtai ned
from pat [Q@Hﬂs WHFEGS.dR4 apd 1 B pipaide dppeaipllishing garplfectiypessc iy nididt 45293 T

control uﬁstmtetsg&t%fe(:e@ﬁafé % E%%ged(l@étam m%arcawap%%bmm pS3;

[ 0035] FI 7A an are ta esentati ons show ng, respectively,
t he geneﬂMs) aad tiznigBveent ofd\ﬁwiumh@dh@av)‘BCétﬂi’-ﬂ@rgﬂht sapheaiFHO.CB%Y; sequences as

def i ned %664 ot B3 &4 A8la 198 }D*}a rEQéntt%L&Et fgébe%@neé BN WATL Fgg%ﬂéﬁ?tors

i sol ated*a cl oned as ‘descri er ern; FI GS. 8A-X
provi de pbigclnmect hetitode didecgaddo Nmmoaralcncd10sleqalentd&ﬂy Notmmraaotlléavgﬁ oétid | i ght
chain vari ab £ ret antl Not um anti bodi es

.
i sol at edméﬁla '8Y< ﬁgﬂg%gag& rlnbsg%ae%prtoﬁem EIARBEs herein: [0037]FIGS. 9A-D
are graplooaal r EpERISAt@bie@hihl @pressnaribmsalf thtrﬁﬁro&ﬁlsbyelﬁfidmﬁﬂftﬁfviélia‘l ects

patient cell lysate samples as measured using Notum modulator SC2.A109 showing Notum
upregulation in several different tumor types and at different stages of diseases;

[0044] FIGS. 16A-C illustrate the ability of hNotum proteins (His and hFc) to increase
colorectal tumor cell proliferation and/or resistance to apoptosis in a cell based assay and the
ability of Notum modulators to antagonize such Notum mediated effects;

[0045] FIGS. 17A-C are graphical representations of various aspects of a biochemical assay
quantifying the esterase activity of mouse, macaque and human Notum along with an
inoperative mutant thereof using two different chromogenic esterase substrates (p-nitrophenyl
acetate (PNPA) and p-nitrophenyl butyrate (PNPB));

[0046] FIGS. 18A and 18B illustrate the ability of the disclosed Notum modulators to inhibit
the esterase activity of hNotum in vitro where the concentration of hNotum is varied in FIG.
18A and the concentration of the Notum modulator is varied in FIG. 18B;

[0047] FIG. 19 is a graphical representation of a biochemical assay quantifying the lipase
activity of hNotum (gray bars) as presented with a positive control of porcine pancreatic lipase
(black bars);

[0048] FIG. 20 graphically illustrates the ability of the disclosed Notum modulators to
inhibit the lipase activity of hNotum in vitro where the concentration of hNotum is held constant
and the concentration of the Notum modulator is varied;

[0049] FIGS. 21A and 21B graphically illustrate the inability of point mutated human
Notum (S232A and D340A) to antagonize the activity of Wnt3A in 293.TCF cells using a TCF
reporter assay (FIG. 21A) and a 4MUH assay (FIG. 21B);

[0050] FIG. 22 is a simplified diagram of the canonical Wnt signaling pathway depicting the
activation of LEF/TCF transcription factors;

[0051] FIG. 23 illustrates the ability of the disclosed Notum modulators to antagonize
Notum mediated Wnt3A activity as demonstrated by the activation of luciferase transcription in

293.TCF cells wherein LiCl acts as a positive control;
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of the sol ubl e Notum nodul at ors Notum hFc and Notum H s (human, nouse and
macaque) along with the nutant Notum construct S232A as neasured by the
sane; [00%9]2F12®2729 graphically illustrates the activit PEZ/USROISOYEAH|
anti-Notum anti bodies with respect to the inhibition of active Notum as
measured using a canoni cal Wit 3A assay as nornalized agai nst uni nhibited
Wit -i nduced |uciferase activity; [0039] FI GS. 11A-D are graphi cal

r epr eseni@52bns FE§S.244ame AR are BAl igpisepptasigny Hendpying theakslity of thhe effect s

of Not umypAyla¢eD ﬁ%aéa?g 0 aﬁ’t@%olg?ggliléb}gb%ﬁ?l CRKnihOR3NoQR ROLMRL gt um

constructs NotumH's and Notum various concentrations as normalized
agai nst Uynthhadivitg gronin laveld whert HIG 4 edeawasizatsi that the, chirggwgy ruresan inkikitand

120 920t gL ARSR. S, MBEL Sl AEfoBlamSthittiog e o,
wher ei n neivitger nodul at or exhi bits appreciabl e inhibition of nacaque or
%55?82§%% / %g‘zg%%gagxééé% (i"ﬁusf’irlzr;!(g %%PSAir?trpmﬂgteé Ngtu\rg]ctonﬂ?‘l}cm}@()c{ﬁ the\l/}glbility
to interfere with Wnt3A induction of luciferase activity in both a TCF assay (FIG. 25A) and
4MUH assay (FIG. 25B);
[0054] FIGS. 26A and 26B are graphical representations demonstrating that certain point
mutations made in human and macaque Notum can interfere with the ability of Notum
modulator SC2.D2.2 to antagonize Notum enzymatic activity as measured in a TCF assay (FIG.
26A) and 4MUH assay (FIG.26B);
{0035} FIGS. 27A and 27B are graphical representations of illustrating the ability of the
disclosed Notum modulators to inhibit Notum mediated antagonism of Wnt3A activity in a TCF
assay when the Notum modulator is incubated with Notum and exposed to the cells before the
addition of Wnt3A CM (FIG. 27A) and preincubated with Wnt3A CM before exposure to the
cells (FIG. 27B);
[0056] FIGS. 28 A and 28B demonstrate the ability of a small molecule in the form of
orlistat to function as a Notum modulator and inhibit the hydrolytic activity of Notum on 4MUH
in a dose dependent manner as measured at 4MUH concentrations of 240 uM (FIG. 28A) and
90uM (FIG. 28B);
[0057] FIGS. 29A and 29B are Western blots representing the partitioning of Wnt3A upon
in vitro delipidation by Notum (FIG. 29A) and the ability of Notum modulators to inhibit the
same (FIG. 29B);
[0058] FIG. 30 graphically illustrates the enzymatic neutralizing properties of the disclosed
Notum modulators on macaque, mouse and human Notum as measured using a TCF assay;
[00591  FIGS. 31A and 31B respectively illustrate the aligned amino acid sequences of the
heavy and light chain variable regions of SC2.D2.2 (SEQ ID NO: 56 and SEQ ID NO: 58) and
humanized SC2.D2.2 (SEQ ID NO: 331 and SEQ ID NO: 332) wherein the top sequence is the
humanized derivative and the vertical marks indicate the respective amino acids are the same
and wherein the CDR sequences as defined by Chothia et al. are underlined;
[0060])  FIGS. 32A - C graphically represent the measured affinity of murine SC2.D2.2 vs.

five different concentrations of antigen, and compares the affinity of murine SC2.D2.2 and
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[ 0041] FI GS. 13A and 13B provide data establishing an effective co-culture

Wit 3A assay that illustrates the effects of endogenously expressed Notumin

m xed celWOopopY2&t2Bons (FI G 13A) and the influence of ROTHPRMIAI4ES or

SC2.D2.2 on the sane (FIG 13B); [0042] FIGS. 14A and 14B are representations

of Western Blots show ng that both polyclonal antibodies directed to Notum

and nonocl onal anti body Notum nodul ators of the instant invention detect

Not um i nhemined S§2d9%T eispect¥dly ay deteamingd uipplabgl frecmteragian @nayss Withphi cal

[ epr esenfiald Pl NbTaRL Al M ebitnlig@mydandi vi dual patient cell lysate
usi ng Not u

sanpl es as neasure t um nodul at or” SC2. A109 showi ng Not um
upr egul at@oghl i nFE&:EBAland B3I dluemate, tresprentively pesiangaed catvediendraipémtingthages of

di seases H%sngé%ﬁﬂoﬁh%rs %] ec%l%%x:xauctso%e%rgti(}erﬁq N%m 5% %ezﬁixreg M)staHﬁ}eQ %9&8&&‘5 (H's

and hFc) 't0 1 ncrease colore unor ¢ proliferation and/ or resistance
t 0 apopt Geinshehlthyasubjetts alnbseicntasigfeying frdmtdverialuahder yndofxtinjpdlated frodwheat ors t o
ant agoni ze (faucﬁhurL\Iot um nedi ated effects; [0045] FIGS. 17A-C are graphi cal
represenfﬁ? 6hs" 6t vari ous aspects of a biochem cal assay

DETAILED DESCRIPTION OF THE INVENTION

L. Introduction
[0062] In a broad sense, embodiments of the present invention are directed to novel Notum
modulators and their use in treating, managing, ameliorating or preventing the occurrence of
hyperproliferative disorders including cancer. Without wishing to be bound by any particular
theory, it has been discovered that the disclosed modulators are effective in reducing or retarding
tumor growth and eliminating or neutralizing tumorigenic cells as well as altering the sensitivity
of such cells to anti-cancer agents. Further, it has surprisingly been discovered that there is a
heretofore unknown phenotypic association between selected tumor perpetuating cells (TPC)
and the protein known as Notum. In this regard it has been found that selected TPC (i.e., cancer
stem cells or CSC), express elevated levels of Notum when compared to normal tissue as well as
when compared to tumor progenitor cells (TProg), and non-tumorigenic (NTG) cells that
together comprise much of a solid tumor. Thus, in selected embodiments Notum comprises a
tumor associated marker (or antigen) and has been found to provide an effective agent for the
detection, sensitization and/or suppression of TPC and related neoplasia due to elevated levels of
the protein associated with the surface of selected cells and in the tumor microenvironment.
More specifically, and even more surprisingly given that Notum is apparently secreted (at least
to some extent), it has further been discovered that Notum modulators, including Fc-Notum
constructs and immunoreactive antagonists (e.g., antibodies to the protein), may be useful in
depleting, sensitizing, eliminating, reducing, reprogramming, promoting the differentiation of, or
otherwise precluding or limiting the ability of these tumor perpetuating cells to spread and/or
continue to fuel tumor growth or recurrence in a patient.
[0063]  In preferred embodiments the Notum modulators of the present invention will
comprise nucleotides, oligonucleotides, polynucleotides, peptides or polypeptides. As
previously alluded to and discussed in detail below, selected embodiments disclosed herein will
comprise antibodies to Notum in conjugated or unconjugated forms. Other embodiments of the

Notum modulators will preferably comprise Notum or a form, variant, derivative or fragment
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gquantifying the esterase activity of nouse, macaque and human Not um al ong
with an inoperative nmutant thereof using two different chronogenic esterase
subst r at ¥O2p12A2f28phenyl acetate (PNPA) and p- nit r ophe REI/USRQK0FI4E8
(PNPB)); [0046]FIGS. 18A and 18B illustrate the ability of the disclosed
Not um nodul ators to inhibit the esterase activity of hNotumin vitro where
the concentration of hNotumis varied in FIG 18A and the concentration of

t he Not utherroflinchitling, fosexagpice fotum fupicn cargmucts Gax qunalc¥otpg-targefigphi cal

opr esenl o Sl RoBhPEIRIGS: ARAnMATNANLBAALRR LiRARE ARV LNHAY ©f

hNot um (gray 'ba as presente a positive contro - porcine
pancr eat embddipagethe plogioletobamsy) opef QOABHE Eetio B velraad hiag abihprise/compoynds 85 t he

oot s TS ST A A o P Bt Y, o
concent r atténnice dfe dréveth Nabpagati@derlsatvorl ofsumar pegattualifddl FhdBg. as@tatdnd 21B
Oy b PO b SR By AOTTHE0 AR S252A,
report er emaiayng drldepleZiApedficlcels 4idtibtiiag say TPEk€ppoR £8)s) depending, for

example, on the form of Notum modulator or dosing and method of delivery.

[0064] In view of these discoveries those skilled in the art will appreciate that particularly

preferred embodiments of the invention are largely directed to Notum modulators and their use

in reducing the frequency of tumor initiating cells. As will be discussed extensively herein,

Notum modulators compatible with instant invention broadly comprise any compound that

associates, binds, complexes or otherwise reacts or competes with Notum and, optionally,

provides for a reduction in tumor perpetuating cell frequency. Exemplary modulators disclosed

herein comprise nucleotides, oligonucleotides, polynucleotides, peptides or polypeptides. In

certain preferred embodiments the selected modulators will comprise antibodies to Notum or

immunoreactive fragments or derivatives thereof. Such antibodies may be antagonistic or

agonistic in nature. In other preferred embodiments effectors compatible with the instant

invention will comprise Notum constructs comprising Notum itself or a reactive fragment

thereof. It will be appreciated that such Notum constructs may comprise fusion proteins and can

include reactive domains from other polypeptides such as immunoglobulins, stapled peptides or

biological response modifiers. In still other preferred aspects the Notum effector or modulator

will comprise a nucleic acid assembly that exerts the desired effects at a genomic level. Still

other modulators compatible with the instant teachings will be discussed in detail below.

[0065] In a related note, the following discussion pertains to Notum modulators, Notum

antagonists and anti-Notum antibodies. While a more detailed definition of each term is

provided below, it will be appreciated that the terms are largely interchangeable for the purposes

of this disclosure and should not be construed narrowly unless dictated by the context. For

example, if a point is made relating to Notum antagonists it is also applicable to those antibodies

of the instant invention that happen to be antagonistic. Similarly, the term Notum modulators

expressly include disclosed Notum antagonists and anti-Notum antibodies and references to the

latter are also applicable to modulators to the extent not precluded by context.

11. Notum
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[0050]FIG 22 is a sinplified diagram of the canonical Wit signaling

pat hway depicting the activation of LEF/ TCF transcription factors;

[ 0051] FI QvO281%0Q2I38trates the ability of the disclosed ROTHr2Mdd¢I4a8 ors to
ant agoni ze Notum nedi ated Wit 3A activity as denonstrated by the activation
of luciferase transcription in 293. TCF cells wherein LiCl acts as a
positive control; WD 2012/027723PCT/ US2011/ 049458 [ 0052] FI GS. 24A and 24B
are grapHiogal r éyprsesdierat the fsmdapn agfen do paealibeqcieipg dfotdhe di scl osed Not um

nodul at o ] ' . il i ' i : t 0j i nhi bit
Tt 3 noPrenRteBNRAAR LRl MagBB o Yuhis A RN A L 1o i mer ¢

Not um camciudg, ot are Wt IBRiteslgo.i hyimay (ieen INFLEB), matse, sroere tiipaket 4nd daetdphilaon of

o L R T R RS RSP PR ¥ e
for a 496 amino acid (aa) polypeptide construct having a molecular weight of approximately
55.7 kDa. An exemplary nucleic acid sequence encoding human Notum protein is shown in
SEQ ID NO: 1 while the corresponding amino acid sequence is shown in SEQ ID NO: 2 (FIGS.
1A and 1B respectively). It will be appreciated that the human Notum protein includes a
predicted signal or leader sequence comprising amino acids 1-19 of SEQ ID NO: 2 which is
clipped off to provide the mature form of the protein (i.e. 477 aa). By way of reference, murine
Notum (GenBank Accession No.: NM_175263) is approximately 91% homologous with human
Notum while macaque Notum (GenBank Accession No.: XM_001112829) is approximately
96% homologous. Unless otherwise indicated by direct reference or contextual necessity the
term Notum shall be directed to human Notum and immunoreactive equivalents. The human
homolog of Notum (GenBank Accession No.: NM_178493; GeneID 147111) is more fully
described in Torisu et al. 2008, PMID: 18429952 which is incorporated herein by reference. It
will further be appreciated that the term may also refer to a fragment of a native or variant form
of Notum that contains an epitope to which an antibody can specifically bind.
[0067] Again, while not wishing to be bound by any particular theory, it is believed that
Notum modulators, and particularly Notum antagonists, of the present invention may act, at least
in part, by interfering with oncogenic survival outside the context of standard of care therapeutic
regimens (e.g. irinotecan), as well as reducing or eliminating tumor initiating cell signaling. For
example, elimination of TPC by antagonizing Notum may include simply promoting cell
proliferation in the face of chemotherapeutic regimens that eliminate proliferating cells, or
promote differentiation of TPC such that their self-renewal (i.e., unlimited proliferation)
capacity is lost.
[0068]  As previously indicated, Notum appears to be particularly involved in the Wnt, Hh
and BMP pathways. In this respect those skilled in the art will appreciate that Notum is a
secreted hydrolase initially identified in Drosophila as repressing Wingless (Wg) activity by
modifying the heparin sulfate proteoglycans Dally-like (Dlp) and Dally. In Drosophila the
Notum gene appears to encode a protein of 671 amino acid residues, which is related to plant
pectin acetylesterases of the o/p hydrolase superfamily. More recent evidence has demonstrated
that drosophila Notum (dNotum) can also function as a lipase, releasing Dlp from the cell

surface by cleaving Dlp’s glycosylphosphatidylinositol (GPI) anchor. Modifications and/or
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tointerfere with Wit 3A induction of luciferase activity in both a TCF
assay (FIG 25A) and 4MJH assay (FI G 25B); [0054]FI GS. 26A and 26B are

gr aphi calwWpapréRénsat i ons denonstrating that certain poPGT/USRRIAN#BAE nade
in human and nmacaque Notum can interfere with the ability of Notum

nodul at or SC2.D2.2 to antagoni ze Notum enzymatic activity as neasured in a
TCF assay (FIG 26A) and 4MJH assay (FI G 26B); [O0055]FIGS. 27A and 27B are
gr aphi cafelqaspofabesnatelt juoiee phtepglyarss bralNpivm reswdts dbi sharpredictioma th el osed

Not um nodu I.nhi.hi : Iyt ]@g@ﬂ' ctivity in
a TCF asg‘g%%%vﬁ%%s Fﬁ%gl%@t'renﬁlr?o u%gg]%ng@ giﬂ% Ci%ﬂ%‘%ggt e \&/)\n%%gfrl\!llgpﬁr%gﬁ%rgl atgxposed to
t he cel | svibetet ey gcheleadghoicsn Bfch\WhieBvation igdiba: thagdljotemdnipgamiizge Weadndd wi t h
Wit 3A fore posure to the, cell E By EJ. 28A and 28B
demns%ggeﬁﬂ%(}g%isigf’? goaflgrgelg% W%?%@I aglgtlﬂ%é Iﬁ%or?ﬁ%lﬁa@[ %%3?%1@1‘1 HC%P Ffli?st at to

f unct i onggsoaniiNegdl yoam gidel chaatsand/angtldasihg Dipt franh éheloylti swatage.i Theae bdifitatioof Not um
on 4MUH | n dose dependent .. er sured at.4MJH concentrations of
240 | AM %ﬁf‘%‘“u%ﬁﬁ toaﬁfaf?@8%9&#?%&@%&?%@3%%@? L ROHFEINE ar

Vst ern pli@h@ioh 6 tR&e Rloiph@ gdrl eviPandit fetepirs) gMofeo Wil rdade@d W d ¢t Hedpetog

del i pi dati on by Notum (FlI 29A) _an h il
i nhi Bi t pwgi@&%g)ctapp@i&@gy.or %13 ’frca}mctihet ce sﬁlr elxclelpE moct)gs lol\lr?a‘gt—rlélrﬂge%g\%ltyaéfcgl!’le%et 0

morphogens, having major impacts on tissue patterning during development. See generally:
Ayers et al., 2010, PMID: 20412775; Giraldez et al., 2002, PMID: 12015973 and Traister et al.,
2008, PMID: 17967162; each of which is incorporated herein in its entirety by reference.

[0069] Various studies have also shown that Dally and Dlp-related proteoglycans likely play
important roles in Wnt signaling in vertebrates (Topczewski et al. 2001, PMID: 11702784 and
Filmus et al., 2008, PMID: 18505598), and that Notum acts to modulate Wnt signaling via its
receptor Frizzled, much as the analogous protein does in Drosophila. As with Wg, mammalian
Notum is proposed to downregulate the Wnt pathway by releasing glycosyl-
phosphatidylinositol-anchored (GPI) glypicans (analogous to Dlp and Dally) from the cell
surface. (Traister et al., supra). When bound to the cell surface, GPI-anchored glypicans
promote Wnt signaling by stabilizing the interaction of various forms of Wnt with their Frizzled
receptors, whereas glypicans that have been released from the cell surface repress Wnt signaling
by competitively inhibiting Wnt interactions with GPI-anchored, cell surface glypicans that are
proximal to Frizzled receptors (Filmus et al., supra). The absence, or decreased local
concentration, of glypicans at the very least increases the threshold of Wnt concentrations that
must be present at the cell surface to stimulate beta-catenin pathway signaling via Fzd receptors.
These data, along with additional studies have shown that mammalian (e.g. human) Notum
antagonizes Wnt signaling. Notum has also been identified as a Wnt/beta-catenin target for
transcriptional activation, suggesting that Notum is a feedback inhibitor of the Wnt/Fzd/beta-
catenin signaling cascade.

[0070] Wnt/Fzd signaling plays a large role in cell fate determination decisions within many
tissues during organogenesis and development, and perturbation of these pathways often results
in cancer. Moreover, multiple mouse genetic models wherein stem cells of the lower
gastrointestinal tract have been identified and/or manipulated show that signaling via the
Wht/beta-catenin pathway impact tissue-resident stem cell differentiation decisions leading to

the generation of Paneth cells, which themselves have been suggested to support stem cell self-
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[0058] FIG 30 graphically illustrates the enzymatic neutralizing properties
of the disclosed Notum nodul ators on nacaque, nouse and hunman Not um as
measur ed WOI2AR/ATREF assay; [0059] FI GS. 31A and 31B r espBE&US1P49458 ust r at e
the aligned am no acid sequences of the heavy and |ight chain variable
regions of SC2.D2.2 (SEQ ID NGO 56 and SEQ I D NO 58) and humani zed
SC2.D2.2 (SEQ ID NGO 331 and SEQ ID NGO 332) wherein the top sequence is

t he hunaringed adéeipaativve taftise pldisyuerstrpgtaiies kegvwisasicriiss #hish ihwheredpsEm ve

e T
the neas tﬂgebltiaf &fi this pythwhy bumpmasesmalmd 2onesntrdtiopeofdy dtfina ppmtmai endbedPEat i ons
e g L A
w th a fivedyapainionaibuaoi WbbN}thﬁﬂﬂhOSlﬂﬂtDlmmajlﬂavﬁ themageuaf benefii e teriagd
O P DA B L GPR Rl S onder g crve,
Not um as [gpaBs ur &ilvenNss@felaBisinobkéfeniadlyfrédioe Bigpicityonsinpeatsat tndelpat i ent s
suffer ngur];arcg rplo%}/rg Esl a?srg) lﬁ(% yctg rexe?tnc%nt?o tovelplgedagtefo% (];—Ilix)orrrportp gge%tg?argige%gs yCur ve.
releasing glypicans from cell surface. As noted above in Drosophila, Dally and Dlp-related
glypicans can also bind Hh to actively compete with the Hh receptor, Patched (Ptc).
Competition with Ptc for Hh binding effectively reduces proximal Hh binding to Ptc, resulting in
decreased signaling through Smoothened, which acts on Hh effector pathways via the Gli-family
of transcription factors. By cleaving glypican from the cell surface, Notum reduces the
concentration of membrane proximal competition for Hh and thus increases Hh signaling via
Smoothened by promoting higher effective concentrations of Hh that bind to and inhibit the
Smoothened repressor, Ptc (Traister et al., and Filmus, both supra), potentially replicating
genetic models that activate the Hh signaling cascade via genetic inactivation of Ptc. Like Wnt
family proteins, Hh proteins are lipid modified and diffuse very little without the help of
associated proteins (e.g. glypican) that improve the solubility of the overall complex (Eaton S.,
2006, PMID: 16364628).
[0072] Hh morphogen gradients are critically important for organogenesis and development
of various solid tissues and perturbation of Hh morphogen gradients or the ability to inhibit
Smoothened signaling via Ptc is associated with abnormal development and cancer. It should
also be recognized that by promoting increased shedding of glypican and its associated Hh
proteins, Notum may also create new concentration gradients of Hh that did not previously exist
due to the poor solubility characteristics of Hh and its tight association with glypican. While Hh
signaling normally acts in concert with other morphogen signaling pathways to control normal
cell fate decisions, constitutive activation of Smoothened has been shown to result in basal cell
carcinomas, medullablastoma and pancreatic neoplasms. There is also much evidence that
elevated Hh signaling can cooperate with APC and/or KRAS lesions, for example, to amplify
cancer onset and severity. Elevated Notum levels proximal to TPC may be a critical and as yet
unrecognized player in oncogenesis and tumor progression due to the ability of Notum to
promote increased local concentrations of Hh and, prospectively, new distal concentration

gradients of glypican-associated Hh.
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DETAI LED DESCRI PTI ON OF THE I NVENTION I .l ntroduction [0062]In a broad
sense, enbodi nents of the present invention are directed to novel Notum
nmodul at or'WOIAL/R2ABBr use in treating, managi ng, anel i or ECTAG2HA/0HEY ent i ng
t he occurrence of hyperproliferative disorders including cancer. Wthout

wi shing to be bound by any particular theory, it has been discovered that
the di scl osed nodul ators are effective in reducing or retarding tunor
growt h ah@@78] i nFiatly.redy piganhieaye bedn shpvig t rggriate dpsal coneeafrptionzggadigalty ofgs
altering NS, el Wi ells. e ther, it
has sur pP ?@?E%F&g%te%%nﬁ%%g@gvg?g%#ﬁ to'?%lhsgl?i@%fsne gaﬂg‘rélésteggéra géodrll) nfgwn

phenot ypil 89430 ehdthiue the betsiteven o giypicans do Nator clgpengesind atl¢asg fromlthesce{ITPC) and
t he protei n . as. ' rd.it h f .sel ect ed
Tre (1 e ek RO GRATIRE A wrbilob tuel SR dnlos IR AR BHIS M DRbET e
conpar ed cireemnoodeds whers BME® raepwe kignasg whisnreeeipad/edubaiotallyonaquvaegeni t or

cells (TPro and - L UOor | L C .cells g ogprise nmuch
of a sol flréoqqgil?r%tra?’ %@82*’1“@)@%@{) éﬁﬂ(lg%ggﬁ’%r’eréﬂtgﬁ%%m‘nﬁc%%gsggs “nor
associ at efleximipkee BMPOEcepidr ng@dlibnaare ottasiol esntifinuss td javqnilo polgposansyrdrboet i ve
agent for the detection, sensitization and/or suppression of TPC and

rel at ed ARLFPEEILIHANSt o el evated | evel s of the protein associated with the

surface @fo7ap! eotseebcaRéd Soad)dlypitah@gdistEalffein€ kiABW gr QA e ors Mar e
specifically, and even nore surprisingly given that Notumis apparently

) / g .
secr et ed MPAthopwgdi 2 tipuesppsific,tpadney) Alfefediggie qxpresHeh ofgwcags dedsheidedt of hat

Not um moehat Wﬁessibmqﬂaygwgeeﬁend\vmmegia&sanrcy%ea@sisar@l piBARNPE LRGN E _
antagoni sts (e. g{ , antibodies to the protein), may %e useful in depleting,
sensi ti ziMpIts eralifaraianiang ,mdluéfd_&élil A iInEpTa Farainmgs. %ﬁbtq’lh@‘c%%?ﬁs as

di fferenti@ahd,Q éssor%d%t&a%{n}t@gﬁﬁmemhmd Ealely ;?ﬁmkg Jﬁaﬁﬁ@&tghgng%\aspy of

these tunor perpetuating cells to spread and/or continue to fue unor
growt h oP0PleEMIPhB80034).alnghe fremework 00B8 rsanpinedndipr ds kelboditherin samdie

NOt urn nngleﬁ;[ﬂféarg]; ﬂr@s%l refé%%%ﬁ lelvaygmét 1%, g\%éitanc%qpernh% Qut%le%&lvg S

ol i gonucl eot| des, pofynuc eot | des, peptides poﬁ ypepti des. previ ously
al l uded traluamidinditesusdedionncodetbaiel to bedogenesis ehdwimedpmptserdimeist dsctlised | osed
herein will.c ri s i ' to.No ' nj wgat.ed or U ed
forms. CPHeP BRBsuRRa N oS LAk P P e i BREBF B oY <o
Not um or aati-h@pistio@sgoast , derivative or fragnment thereof including, for

exanpl e, m fusjon constructs (e.g., .Notum Fc, tumtargeting.nojety,
ere) or REbtm i SRR kot hn e RSP Sl TR ¢ )

In yet otNdeim @eboaipignd & ke pretitdeiivg kSgdaty adieinal :ieechanitthewhaastit may evel
and may c%g*glri cor_rpoundspraséffnti sense constructs, siﬁl\.lA, m RNA and the
like. Th&FPAEGOAGINGt Erfr ADHTAAPBP'SWABRIOGEY 8y Ao ialedhgr Bifas ok 8 fagat i on
Or SurVi ¥idpe@hes, MfeRfin®RhBE it igsp6R bf S/naN 0&ll agRAGHHzettenek aghavihr ough
conpetitive nechani sns, agoni zing or. antagani zi na?&?sel ected pat hways or

ol i M nat FEPIER SBGHT-BESHie s pEsa ascadiphss a6 M| uRY, Ty HBHD PBter SapHBe: col | s)

dependi NGam@ys iRl 1, lipkhmbiGied S Rfe. Mot Mm wadyIrah OAs Qichd@s Ne@ingnd met hod
of delivery. 10064]In view of these discoveries those skilled in the art

wi || appredilatoss diss. secblaqar@ip aay é_l}tqzr@re with this enzymatic activity to further reduce the
frequency of tumor initiating cells and inhibit neoplastic growth and/or metastasis.

(00761 Although these pathways have been extensively studied in the past few years, the
role of Notum has not been fully recognized or exploited prior to the elucidation of the present
invention. In this respect, gene expression profiling of various solid tumors including
hepatocellular, gastric, colorectal and pancreatic cancer has shown Notum to be overexpressed
in patients with these neoplasms. See e.g., U.S.S.N. 10/568,471, U.S.S.N. 10/301,822, U.S.P.N.
7,371,840 and Torisu et al., supra; each of which is incorporated herein by reference in its
entirety. While production of a single antibody to human Notum was demonstrated in U.S.S.N.

10/568,471, there was no evidence presented that such an antibody would be effective in any
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preferred enbodi nents of the invention are largely directed to Notum
nodul ators and their use in reducing the frequency of tunor initiating
cel |l s. Aswwi2bi2/tae72di scussed extensively herein, Notum mpdultst@ans4wsespati bl e
with instant invention broadly conprise any conpound that associ ates,
bi nds, conpl exes or otherw se reacts or conpetes w th Notum and,
optionally, provides for a reduction in tunor perpetuating cell frequency.
Exenpl ar yypeodalletapegicdesiok.oMedoner eilitke domorél Nt olodoltioted the present
ol i gonucl. eqt i de pol ynuel eot i .pept.ide [._pol ides. In certain
preferr ed’ Vg}’ chld?lrbrre?nv{ag)ép sr(l)gmegglmég%zd&tl?rrb[%ﬁtg %?Cgcs\?\nﬁ)fl?%g’g Eoru?(gzéma it bodi es to
Not um or s¢amrethNoemad produder thgmeintedplasticiéliccty disclved heleer. @afr is thereanygnt | bodi es
may be ant nistic or agonistic |.n nature. In ofher preferr enpodi ment s
ot ect or ESREA a5 of e FIERHE MR MR psSsiv ExhiFror Bk PG
const r uctiss eRoqIAtioniaffgrddaf iffedtit s Rlkéhafikmaby rva thake tim@gneigitods heweef . 1t wil |
be appreciated that such tum constructs may conprise fusion proteins and
can i ncl Gt PEh IRt ShAPHY TSR dY fhefﬁ?l‘/9ﬁ%wg§%§§fw@ﬂusa%eatm€m of the
i m_‘runogl abetdgBReousiuAB Bdk.pepti des or biol ogi cal response nodifi ers. In
still other preferred aspects the Notum effector or nodulator will conprise
a nucleic acid assenbly that exerts the desired effects at a genomc |evel.
Still otherpmodylgloPisifasRatd Ple with the instant teachings will be
di scussed i n detai el ow. 65]1n a related note, the follow ng
di scussi 6¥07gkr t AR pentiag (NeDLIBICRDIEE Plathe pidor aNothe Rreasit ayeRiontrsovaded Nafitm - Not um
anti bodi &4, Wird fiad fiehakd Jelthd uRdr i I EnMeb AN PH A
bel ow, it(:?rﬁj Wul?é\fb"r ea a;r)p é%uat ggxktfﬁgftopg S téerrrsrglﬁuea%ﬁgpegd f/l .iegtgragﬁkglr%%eabl e
for the pepposis colls, thereby dicslshtoguhetreroens ok genmot ofqeevsomEt af meehlaséde r ol y
unl ess di d - o - ex. i . QI ' rel.ating to
Not um antSgaers o PREEARL e bRl SRR € soniufiBlvle] SuRBRG GELEL 10
i nvent i onubdratll heippenations bepran Nagonarsitlikely nBidifiyllenaliyed cobrdinagemofNot um
modul at or s eXpr esssn'¥i | nel uds i 3L ogsd obym ant Faglg“}aﬁ%u% R0d a0 b Not um
ant i bodi S¥HINE"T BFEFBALEL T ¥ REPAATE ar & 41°¢6" Apsti cabl'e t'6"wbbul ator s
20121 027 123PCT] LSPO1 1 049456 10066) AS. aed her el n-the. term Notum ref ers ¢
. . ) used herei he term umrefers to
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imted to uman (i,e. . tu nouse,. macaque nonkey a rosophila. The
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respectively). It will be appreciated that the human Notum protein includes
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- CGhvirsi £ bR BroR frPhfeyt R cORbIEE Mgt wNSmpbakisidt (1 -e.
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honol Og%gﬁ?%s@%ﬁﬁ%@%@%ﬁ%@ﬁe?% g‘%’% %&g@%ﬁ) eoé?&f é‘frééegﬁ&fgg%armgdgcgﬂ%e% ual
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ival ents, The human honol o f. .Nat um nBank Accessi on

o Nt e A i e DR R Sl DL Rk eR QRN AcEess!
2008, PMstbpop@489529mhd @larityd dud) anlepomataadiohgability thyistehanenesveeh Single | |
further be_ appreciated that .the term also refer to fragnent of a
nati ve of AP ARIE BF o H MR Fso- Lo SioRLechRaRssitt BsEeaishiRh Rt an
ant i body v 1cp&glinuin®ads loy high1) Ghuri fiOBRH Agkls Are ikl Sidtiohtowd shi ng to be bound
by any particular theory, it is believed that .

immunocompromised mice they can fuel tumor growth 1n a primary transplant. However,

unlike purified TPC subpopulations the TProg generated tumors do not completely reflect the

parental tumor in phenotypic cell heterogeneity and are demonstrably inefficient at reinitiating
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Not um nodul ators, and particul arly Notum antagoni sts, of the present
invention nmay act, at least in part, by interfering with oncogeni c survival
out si de tWO202@RB of standard of care therapeutic regPREAS2¢18/0¢0458
irinotecan), as well as reducing or elimnating tunor initiating cell
signaling. For exanple, elimnation of TPC by antagoni zi ng Notum may
include sinply pronoting cell proliferation in the face of chenotherapeutic
r egi menssarihumeligenepiatnesupseakint spnsplany. Beqongast,gfP Gryubprpuitigns qospietly at i on of
TPC such : ' 2 j L b erakd capaci ty
is |lost. re%g%ggﬁ%gé %?lgﬁrgﬁtéﬁg%%ﬁgfégﬁr%&l tHNﬁc:(%r%J%&a%ggg%?n%ﬁ%@%%%fscuI arly

i nvol vedsdrilly belawdtand Hmspladte@NVPhysathhseasidled inthe fit wilk esqreee thayedelimiyel | ed in

the art w.ll_ appreci dnitially
identifi lé}elrel’rll C‘}[))!?%\g%eﬁﬁiitpl%agng?tprr %E@g@ nogtﬁ{}\?gg% %@q§%€&§%ﬁ ’?e/ﬁ‘@g’ by nodi fyi ng
t he hepamhmphulsfiatie upiqat elattyyd diRS tDaerbstudliykfeel (hBiemge@aods @aiol growkmuponosophi | a

t he Notum e ears to encode a otein of 671 am no acid residues,

whi ch 1 5B Boata i FloRimed, St Sebupluptos Rl driS TRt G See

super f amidvylve Maighologg @nd exaviitieios ef filsudarbnsidrqtrecsctipéinaldiroflepii ldeugNot um
(dNotum) can al so function as .a |ipase, releasin i.0o from.the cell surface
by cl eavisigPmer phough V@%waﬁﬁégﬁh’&ﬁ &?Pg‘:h‘ﬁ@? ?L@ﬁ“re(%ﬁ%lglgﬁ@ﬁc\”r@ Cl%ﬁf‘efi cations
and/or  pgkersev@b. these cell surface proteoglycans by Notumresults in a
sharp reduction in the cell surface |evels of Dally protein, expr e?,ﬁi on and
the convéi®Pbn érceripeiyntopthy PHEGsSI0b therdap Qyendion &gregyraiing cells, like

el ect r ophQnes ism SR QBRI SerbOfibSRtBrhN ks ud NRE prateaM 2@eintess VW and
Hedgehog (Hh) signaling augnented by Dally and Dl p, nost |ikely by

modi fyi nghetriability gisyEoumiielfipien waildmaoraistha frpeety PemalintageDi p’ from t he
cel | sur{aeendQes q’_uﬁRQb&h&@Mn@ RasYe @ANOLUMIAGE och@ iRy whREddized VW and
Hedgehog concentrations and thus antagoni ze interactions of these

mor phogepgait (et higior initeatiapedlss TPNVond& bRier), and apeauseorigenivgN b¥) piegrjehog

prot el S , a3306h A Sfh- Wibladd®) et Qo [YRABEARh: 11 FBRELRAE AR RSy

| ong-range activity of these norphogens, having major inpacts on tissue

pat t er ni nglsdentidng ndeirelfdpnetht cafBeity geeléreakwvyr gy mtesthehetgogeneq@lidcagep D
20412775; .G ral t al. 002, -PM D: Tr.ai - 2008,
ot 1786 7rishr IR ek by Sy X e SRC BBl BB BF oy £

r ef er enc €orni@X6MpNVar indueseveh wdiee galsplsted insaxcesh oglhnuniigts. Dai | y and Di p-rel at ed

r ot eogl likel | ay inportant roles in Wit .si.gnali i ertebrates
(Topezondlit0h; 4 e TRRR B 4 P7oisvaed a il BUEF e 1o bR itk
18_505|59§)imitadilﬁbitilfyab ﬁé\kétawn’luﬁl@tsin riceTathud @déepMnij& g’ii?aflahﬁ_gre\lj/}ﬁcdllyswaﬁlk\e/gt or
Frizzled, ch as the anal ggous. protejn.does in ophi | a. Wi :
manmal i aff %?‘Eﬁﬁ‘i“ﬁ’eb?fd}%’ssélg’g‘i%wli&ﬁb gtﬁﬁ“ﬁ’fe OH@VW?E’Bgfwy@rt?eéltbgasi ng
gl ycosyl phasahab bayl dimesprbginitaneo (reb) ahPlae t@hyiniregnsor(@nallagyuscH « Di p and
Dally) fromthe cell surface. (Traister et al., supraé .}?hen bound to the
cel | sur Phich masphe digieauehsd by PYPObRR S HrSHovERarksry AL FiHETEBBIHIF 19 21 ng

the i nt eraghit@dle RinoY 8dli fMStet@FeMin Hite\Wh bucHitdchnit NQkifferéck Bb@ETPRGE RO S,
whereas gl ypi cans that have been rel eased fromthe cell surface repress Wt

si gnal i ndiftsy funshignatly fiomelRE indhdt Biey iarreevwally lntserpablq sty ireroaitutingc hor ed,
cel | sur &Lﬁg?&s P ARASH L A0 REA RBEIRN fpRafly 16 RUGENILHE REOHoSerdelty bTUS et

al ., supra). The absence, or decreased |ocal concentration, of glypicans at
t he very theememntal horoeaNelvithkrending e hotgpingrdiywmetiasrickasasabeardovhsnt nust be
present at . . [ - - ' gnaling via
Fzd receﬁ %édgﬁpg%edggagg{rgf&%}ogﬁ%%%&%@%%ﬁfs %%ﬁ%ﬁ”gltm U ?@g&gg@%a@kom t hat
mamal i anttfieatgl tohtemanr)ls Nottbemshteabaning 80t CSG)g dabkinhgyentNothugpdsad al so been

identified as Wht / het a-.cateni n t.a r transcripti j .on,
cocgest i ngrdafai e e 15aY Eell At fPEandARSELL B ANAL pRER ABHION
si gnal i nguiges cakarmdnd 070 JnAnhdduzagors hgdisdlosadihqptiay Tha id, dregiisclosddecompogigdds f at e

determ nation decisions wthin ti ssues .during organogenesi nd

devel opméfft 8 Hf gercf“(ﬁ A% UBWgétfw%&%yﬁégfﬁﬂﬂ%@e&g?%% % té‘ﬂﬁyto S‘ilcﬁ l\ioetllhnclzer.
Mor eover ,pofitild ﬂuﬁxbﬁin[fﬁtiﬁ%cdjﬂ@ Reaidlessotat parnbhigdrebodiienn @ elik sepedsertdtinlaoner
gastrointestinal tract have been identified and/or mani pul ated show t hat

si gnal i nd"%9"a t he Wt/ bet a-catenin pathway inpact tissue-resident stem cell

differentiation decisions leading to the generation of Paneth cells, which
t hensel ves have been suggested to supp(l)?t stemcell self-



renewal and expansion at the base of tissue structures known as crypts;
which is where the stemcells are known to reside. Deregul ati on of Wt

si gnal i ngVERORIRIM®Band/ or inpaired feedback regul ati on BCTURAI1HAM4Ray by

i ncreased | ocalized concentrations of Notum proxinmal to the TPC popul ation
may contribute to tunorigenesis, continued tunor growh and tunor
recurrence. Modifying this contribution with Notum nodul ators may have

t her apeufGo81bendf ihe coyexlof Gie insgpniviyengioadifénare MOFEMOBEE s XtYaly MBC t he cel |

surface Of .&:EH‘%V érl rﬁme[cg t(ﬂ{l:s%t aWeuﬂjﬁg @)g!hl Eityanhim fl‘@f(:i LMRIaMd fgduce

gl ypi can9¢Gncent |on a e ce surface, Notumis kely to exert
control owen- Mddgeigognﬂlﬂﬁi)denwcmqtdig@rg ,gfﬂm@m@m’%mtwl eméptédsﬁ goheglajoppieihs from

cell surf Dr ypi cans
can al so %fﬁ@aﬁon{%’se %ﬁ%k}el V cuén Ore?iveplﬂaﬁg?w%hﬁlx}rtgéc}g%goa?ld rglﬁ&ﬁq‘&gé( Ptc).
Conpet i t iiORrgeiphi, Hetie ddsipnedHo toilndtbnly tehéreatd amblyrapelmwelsfemlogmiml TRhabi ndi ng

R gt e e L o S L v

cl eavi ng T@tagRing athef w@mutnh)ecaelbdpu&ubﬂsa@erthdﬂdrmmﬂt@wxp&ss dthee chﬁmnﬁn;twsatl on of
menbr ane pr OXI mal caonpeti thl on for Hh an S, i ncr easES Hh si naI i n%flw a

t
Snoot hené@t By ep‘lt’?)‘ﬁﬁl?t%ly E)IH%rFS‘étf“i‘té%f‘?r\YSHti?Bﬁcf]éW‘H‘%ﬁ T'onEs ’(SlFref’—fr‘? RSB nd to

and i nhi B fhuliD@uSrRRINENREsFRRFsC&Haficed PINA fepiamStiRhistb ard anti-g@dptofit | mus,
both supra), potentially replicating genetic nodels tq@aﬁ(ﬁ,‘c“ vate the Hh

si gnal i n@rq&%tg%éfd’ésevnrapegf&%e@ca%o‘i Whaieh Fapaihuio drugpplerangg €ORskftg g/key

prot ei ns,. kb ff %%ﬁ%e &, sﬁlnhzir@bgcd%'tlfebmn@@gmﬁhi ifolé‘ﬁﬁlrﬁ_\! RInY-tdrinteh&it\ibrt hout
the hel p of associated proteins (e. |cané6‘ghat i nprove the solubility

of the owesktatientorih asvapetsge seoplaz@oee thbl\ﬁmtyre ewmtargfb@ﬁzﬁqwa%r phogen
gr adi ent g, AL LSl hEALdknlARARLARL h100d RGANRORREIRE spageevel oprent of

various solid tissues and perturbation of Hh norphogen gradients or the
abi ity tf@o82hhi BirdikSmaoy hfethe@fomnqnmmd@ﬂ% ﬂeit tPagndngs, BS SO¥dl seepPsitionhoabnor mal

devel op espf.r'gsgg 1%\%%8$r%rf}e¥ab§nghﬂcg uprﬁ‘:g/ LELRR ?dﬁt&ﬂl %QQIS ¥n PrOnoti ng

i ncrease ing o ypl can an S asgoci at roteins, Notum may
al so cr eatiminieaticoneenbjectrégarlags aﬂuheﬁIrm ahpaetficttirget (eligd genstic p)llﬁ@wloﬁg'luyl exi st

e o L B hR S RARATNEE, RS Ry hARdlclibBinid i ipRaaAc 21T on

with glypl nor'na in-concert Wt
mor phogenes ﬁg@&h«ty}gap@ichlmmsrestuu ommlmohatmordmleumeIsd:nsftaatemdsbn@ngms

consti tutive activation of %eﬂoﬁé fﬁ d.h %ﬁ pishown fo result in basal

cel | car dMHBHRLOT RGN AR ST A CAH % er%rfﬁv e SRR R AR L YT s 0
much evi dghAghgtcbid; c)%h%\/rapt@@ thhn&iagalalprcrpggamn manpemat, er piotiferABE oandioor KRAS
| esions, faor exanple, to a gl%ecancer onwgt and sever,t d Notum

| evel s prigiditipgicells ompbyaRer ’ée e teeurd fa reeengraion ARAOL Bt Fﬁs?gﬁio‘ifﬁ%yer in

oncogenesfordRficcHiND Mn BEROERSsRlitd UR rédictidiein @k thdqiiyncolof NatodMifiingcanot e
i ncreased | ocal concentrations of Hh and, prospecti v\e/\J@/, new di st al

concent r &cFBhayt Eehler pehyee gq 951 gwr%_glgléleiogpélcpaﬁ}ways e change in the
2012/ 0277}%@1'3@/ M;% R494R8 or elimination of the tumor initiating cells or by modifying their

potential (e.g., induced differentiation, niche disruption) or otherwise interfering with their
ability to exert affects on the tumor environment or other cells, in turn allows for the more
effective treatment of Notum-associated disorders by inhibiting tumorigenesis, tumor
maintenance and/or metastasis and recurrence.

[0083]  Among the methods that can be used to assess such a reduction in the frequency of
tumor initiating cells is limiting dilution analysis either in vitro or in vivo, preferably followed
by enumeration using Poisson distribution statistics or assessing the frequency of predefined
definitive events such as the ability to generate tumors in vivo or not. While such limiting
dilution analysis are the preferred methods of calculating reduction of tumor initiating cell

frequency, other, less demanding methods, may also be used to effectively determine the desired
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[0073] Finally, glypicans have been shown to regulate | ocal concentration
gradients of BWP/ TGF-beta famly nenbers in a variety of tissues

(Pai ne- SaNfA@er2402gi23al ., 2000, PM D 10964473) and t hus t RETASAGI10#A458 y of

gl ypi cans to Notum cl eavage and rel ease fromthe cell surface could in

poi nt of fact pronote cancer progression as is observed in tunors and

muri ne cancer nodels where BMP receptor signaling is decreased and/ or
funct i onaar bsp, flheicdishd e f(cmaatakyharéitar%ﬁmlrelzempatlb%mh heEeBYEs hetstd Har dwi ck
etal ., ﬁg&’ ad Whie agyér O8L88) tho@sk\ﬁ@ﬁ n?fhe%?’taimla%o pBRDI¢ BCRRERIe RULAIInONS are
occasi onal ¢ontrib rs to juvenile polyposis syndrone and cancer in
humans. pOOR#ERy vdiustlssigh Wabdmewn @D\yplv@mqgwmégumam@lsmchﬂéwémeam NIStoof
growt h f%ﬁrh%aorgﬂ&tgﬁrmag cg%eé@ ydhAEUSIBREG! fddk FAPNG PyAbLlGH gene
expressi on of I cans épénd tum expressi on, has also been
shown to Hmeyjctaﬂ @0091 EdHEN é@ﬁ6§99lcslewhrorfa«rh403 is fnoerperat@dpérein tiynéfietsnecsin its
prolrferatlon and i nduces cell death in certain tunor types. As such,

d ypi can- ¥t s as a tunor suppressor and is downregulated in a nunber of
tunors ofooduf f e M regpetigb Ihn(lliﬂgi d”ﬂuﬁon]ana@@ﬁ,]ln vPM dﬁum&ﬂaﬁ@rﬂﬁlﬁm)mr inhiatilgecell
frarrevvorgof t he i stant | gv on It i. llte%/%‘r af nors wherein
TPC are 8XPHEYsTRY 99?089/‘3?5 pgS‘%’?g ChgARs € AR r%%‘ﬁ]&%% Hions are
ef f ecti valnyoriceithys edfrai trelitbe sl unaeated i ﬂuﬁi@& fé@;wcﬁvd@ptlﬁobmweagﬁg&me@dmoamd

t unor progrﬁ) sion. As di sclf Ed her ei n rovi ded Nﬁtum nodu| at ors can
at t enuat &% Resecqlaydpunagag It @mﬁnrrrp%oﬂcrnytﬂr B!l GHeTURE FRRSHFARY i

r esponse gin{ fR0bahdify dhirhQetizhort dreorhRE mphxrm@ctogdxmg@armm&mgreaﬂe

regul ation, the lipase activity of Notum (as exenplified in Exanple 24

bel ow) sG@lj’é’é‘P& oblaeman; tene ceHi Bkapirte T i HEw{Pn E”ETCES&WWGIP yeka rTRe’actl vity;
€.g., gb&rx@% r@%ru@é fo\(\ie&row RbBAID JIRYs MO sakEr 1 %@rgr I rrwn@rﬁrngqmudrr th
chaperones, affec range transport of , as well as perturbing
i Nt er act ewpPsIMENEser YSFSecV wh@resgeamll)cmre@é@mtérrsthelAa‘bktdé%d%%rw Prpase
activity I A2 0VESY pid

nmodi fi edl%@%ltn |C§1§fr%§ B&r QlC%]B%rS i tglﬂﬁ%lédwloggac tﬂlggldNéoe?E%%rrrrgéggl:egt ors

di scl osednth'r@teélcnntrrﬂybr trcrtt@kdoedlgow fan exdmpde, elﬁszmumqgoxamorrvseﬂwmnfs@rrfﬂ her
reduce t |

ar ont b andy s BEREegR PBwsfiA pbk BFe ELAGi AR MR fr ARGEIARMG

ext ensi vat igass 6@ daye dftemramk;éarmaﬂe degimatyomant s¢ll frdwemyl valuo$ b)r\bmmmg lddstiarot been
fully recogni.zed. or ex to th ci dat.i esent

i nvent i oA"Y FRIY FEL lé%fs preq%lﬁ@yggnerb s?P@ I%ISTSO'} élStPQUt on SEartllgttl)cgso @‘gr
tunors i rkﬁd)wdfrﬂgrehrg/pﬂtpos}e\bd amﬂaregatlgas\temtscmem:b)r pnoeldtngla qudexpamrreeaﬂs c cancer

h h b, at t t . S
o, 0 Skl MecPemion vt StF ARG B35, 825 O el R Gio ey g >

Torisu etomb], SWpRs ameﬁﬁahodgfcombatrbhh Wwih the ¢retapoinadntidn thar @hnbdysed ef er ence i n
its enti rety Wi | e gaoduc i.on of single anti bde)é;/ Hﬁ%}?n Not um was

denonst r &E6HalE HRgranigatge ceth freguengyy the moEEENHRALCHPT Oi¥ent ed t hat
such an apbinbe’YectRighét JAe iBhbRhistotBerhidal@¥ning procedures. Though not as precise as

the limiting dilution analysis techniques described immediately above, these procedures are
much less labor intensive and provide reasonable values in a relatively short time frame. Thus,
it will be appreciated that a skilled artisan may use flow cytometric cell surface marker profile
determination employing one or more antibodies or reagents that bind art recognized cell surface
proteins known to enrich for tumor initiating cells (e.g., potentially compatible markers are set
forth in Example 1 below) and thereby measure TIC levels from various samples. In still
another compatible method one skilled in the art might enumerate TIC frequency in situ (i.e.
tissue section) by immunohistochemistry using one or more antibodies or reagents that are able

to bind cell surface proteins thought to demarcate these cells.
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type of a therapeutic setting. Mreover, unlike the novel Notum nodul ators
of the present invention, there was absolutely no indication that the

di scl osedvan01298d@i23coul d ant agoni ze secreted Notumt o pPEARS20111G¢9458
anti-neoplastic effects disclosed herein. Nor is there any indication in
any of the references that Notumis associated with tunor initiating cells,
or that this association affords an effective nechani sm by which these
tunor i n§i08ght olsingayy bleths eheyp teforenced elcthedn tidsebieroposgbliér wagbfiyibut r al i zed,
thereby aly h&qugfrE(ﬂfen& f'ﬁ@? Q éTTC’I BRI Movided g%&ﬁgc%s@@ﬁ%mo#uwmg bui k.
I11. Tumor Tnitiati [n contrast to any teachings of the prior
art, theimacesdatce Mrnthelmts@hlqgs btvmde@ Noteumtanoehs thatcomgoundaef the msjear ti cul arl y

e L R G R T

preventi emnmhtmenmhmltdxmexdltmomderche de&ons plémnmgwq 1y, 108 I}S%e%%ua‘!ﬂ%é

i ndi cate t has,s ri.si I enfo t .specific
subpopul g?(% (%Sveé])%:’%ggs Imﬁ‘g%%/f%\%" LS t“ec{u(c:lésl WO SEE" F%%%ﬂggn&ar &enoéltﬂlleon of
nor phogeerdst ik, A§%| $qT0) 1566 60%@r GBIC &I cesﬁaemmﬂimesal the drclewdlcoapchndel |

educe. { THOFRRPEERIGEY BbTIc B Budngy T et P aahEaath CHSvBF doght

t eachi ngsge appledii@r @itin§ aeutidnaf eetfRQudnceat e MIC QkelyRIAGENRBErd3ponding
hyperproliferative diseases. [0078] As used herein, the term tunor

i ni tiati FGUEEN N {rp|ERorgsRIGHH RS BE NI T HIE AN RIS VALY ediePRIayFPC, | . e.
cancer stemcells or CSC) and highly proliferative tunor progenitor cells
(termed TProg), which together generally conprise a uni que subpopul ation
(i.e. 0.1-48% o&btum Medwaoinor or mass. For the purposes of the instant

di scl 05Ul Ssype &@ar{ysevewaé REHP &L U {oh AGuikelel o BR s CRMEAIm HoglheR! | S are
equi val ent and may "be used i nt erchangeably herein. Conversely, TPC differ
f r om TPr ogludingNeam ahtagontsdh @ draplizanesisy ticalmgpi atndloap@phﬁﬁl%@frﬁpjwm olon of
turmor cel ln’ﬁ 'f?\lto{uprgas\%cy? 9 MJS %Hgdlgf}gs%dmldhlmo%s V\dlsﬁel\fsed’ ﬁ&%"@lm
capacity as nonstrate Ial transpl antation or nore passages

t hr ough mmm)ctlorli WItbwwntﬂ.ﬂmr:ts( Odifmtl sokertcetipewids suchAs chgnidthepaedicssussed i n
nore det ai | Iowfluore tiv r [

appropri a rguréoe]ilﬁmpeuu . e%égrgl?@%g%&lrsw%ﬁ& Oﬁbﬁrs R E}ﬁg%le{cgé%})gf)&% eentfgﬁ té’vﬁl y
enr i ched ocmbte csmbpmmommtmmmc(r?@ﬁy B%sptdnn ¢<y1)b1mhmen tegrovidasthanaed pati-t , to its

abllltyto mnate and clunps of cells (i.

doubl et s ™ %Q?%?ﬁ ioﬁalagtb? V\%S%E%P&%%g’ug’tsmt‘fgéc BEENShown that when Iow cel |
nunber s NOSB] ghlhycqmam' dn tedinkeRtspge thdnSmaﬂlﬁatblrsa)Iﬁﬂﬁlp@d@ér&dNeﬁtﬁcﬁl will

i rrrrunoco rom sed mce they can fue rowt in imary transpl ant.
However , Pﬂﬁéélugﬁfktidﬁﬁ é?i] (’ﬁ{’ée %E?c?ﬁli’l“&‘%f?%‘rq T“Fé‘deﬁj?rd)ﬁg'@g%@?%lt ¢ Mhor s do
not Coﬂplp@lf@bbly R frd G atck @il IRRDABAE Ao [ LI OGS NREAPYATofin, GatinthRE@sDgenei ty
and are dermnstrabl inefficient at reini t| ating serial_ tunopri eneS| s in

subsequent TRgaHS Blrﬂ%'fﬁf welufine faneamete, Nep futiphessiruts @ss Nosmytet

reconst i t4t&ink hRitelelcbl RNoRRL-E5HARARS (L ¥, WbtuMAPERR Nurk Uﬁ@foﬁw%@g‘ltmum—
efficiently initiate tunors when seria Iy i sol ated and transpl anted. Thus,

t hose skibriede.) At willealsprbe agpiegiated igg i dthereRkpdigeges thaNpiupeneduFes ence
bet ween IE&@&%M&Q (. hé?llﬁgh‘ott?ﬂtnli‘Ath?Xr RN IR @ eRAS AL BilickiRatRiet MBT Y

transplants, Is the unique ability C to perpetually fuel heterogeneous
tunor gr cherdof. ulbarartiselaila prefareed spibaditngats Ehff naqdulapyis efethe ingfapieyestioroviler conmon

appfoach%ém{z se%@etga% Lh@S RS G ;&M%ye@omgmg 3%&“% &ﬁ&%@{l hﬁnts% cell

surface ers ranscriptional profile, g response a mar ker
expr essi dwtumayodiiamngenayi dompum ingrmliciogditivodins Iandll wihttengwidimdnistke passage i n
vitro. Notum modulators may comprise depleting antibodies. Moreover, as with the aforementioned
fusion constructs, these antibody modulators may be conjugated, linked or otherwise associated
with selected cytotoxic agents, polymers, biological response modifiers (BRMs) or the like to

provide directed immunotherapies with various (and optionally multiple) mechanisms of action.
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[ 0079] Accordingly, for the purposes of the instant invention tunor
perpetuating cells, like normal stemcells that support cellular

hi er ar chi ¥ 20R/R6128dal tissue, are preferably defined byPCRAIS201AH#458y t o
self-renew indefinitely while maintaining the capacity for nmultilineage
differentiation. Tunmor perpetuating cells are thus capable of generating
both tunorigertic progeny (i.e., tunor initiating cells: TPC and TProg) and
non- t unoki ysé ather qPPEImantssbemydulaters e @PPaicon iheazenesis 1 rhard mantammes | ( NTG)
refers t?rﬁ%tuHﬁrsDe[s afiffdehset claﬁsttxu@{s's?l@l%ﬁfﬁ]f&%wmm'ﬂ@ﬂl&at' ng cells, but does
not itsel1 have the capacity to self-renew or generate the heterogeneous

| i neages [09891 umbtrwil dlirkher bmam@oqurthzsdieah&CWNotEmpmdUM$ aky gepla@@ cel | s

o7 anspl aneante gt upBESHE phohn i v TR Gnbitel} B UREHIGRer

cat egor i agdciasd hwpsmslaltmbmghaztuangtymétdesha@mmsTh@)tdldgjegomalrtghnemntagqnmmgd ability

to generate tunprs in an e typically
capabl e Eﬁ[lecéedf “‘ta@S ?ﬁﬁlﬂﬁg?atlf}g SQ‘?SﬁICsCE'?sf C%Peerghe\g foé eéaéﬁlq S \(;1} egfllérol?t(s)yﬁ r'eover,
TProg cehdogulamy, ahy idsbgatedgaythiad otlédingniho mediol yt ddivery. preogeinglypwhitel | s ( ETP)

and | ate tunor progenitqr cells (LTP), each of i ch. . be di stingui shed
by phonoPiae ahboimpwt fofiEr bt di B e dontrsy R iR st TrE s o

recapi t ukleicttiBi cell 8hpopdl &dink S&hls ﬁ}mdr PerpPruktthg@bl St fRstibe ehphaadkd that

di fferences, both ETP and LTP differ functionally fromTPC in that they are

gener al | juchggbodigsats e rpgrely dlysHptive and peflwrifing wjany senserof hais et iPEh Ll ant ed

at | ow ClelapHIRLLISinANe E)ﬁéEEn@?}llvEMloq(?s B104dly Gfdcrato NBRnhRb&NAGEAR thyirof the
parental tunor. Notw thstandin he foregoing distinctions, it has_al so

been showt ip H&ttremqnbwnaaamgt cmmnhaltaméﬁ vasighs NetwmymediateklyReipeiferafiien
self-r engg@t(dgg%pé%&wt by fytgtutrattt Me@ttatttxhlaptae‘gtt fuho? L&Mplalisn.and themsel ves

becone T In any event both types of tunor-initiating cells are
likely ré&98kentetheisame svaset dissiased embadpnenipefsheostantdiveatian qoawrisgenedid ar e

subj ect lgtorel i I’E{E&go%’étﬁ.hﬂ mﬁté?iﬁgﬁttb ﬁtbg pr@éatgd 6 069 G &llﬂ%oﬂﬁ%sth& t he

di scl osed conpos ns are gener ectlve I'n reduci quency or
alteri ngntvhmlomhmy(wemsiisaein\yiligymbpolspnphdml@tfwﬂdﬁtf@spm progein, @nﬁhody pitiating ceI S

regardl ess of the artl r odi es r

20121 027 73R ORsb 11670 BEn EBR TR b efeloBRER ekl BrbHibenc  on

TPC are mﬁpetetsuamasngarnr@thervalseamtevzetswlmhequne[srotentorélragjmcxfttt}meo:ﬁtmcé

chenoresi stant than the TPro ETP a and the

t unor - i nFts‘Ptnla%?f i ﬂ‘amﬁsoﬁed\"% 188‘}) f‘%@a’%@ rle%tra 8 Oécm?uto ’t;g o%rPashtO%/t $¥?'onma,

endot hel ii@fiatghensi oper @atopmstceeielmmcmblag ba@mmﬂdnsjel\l'ﬂ@ceﬂim o sefectad t unor. G ven

t hat conventj.onal therapie have, in |large part, been designed

to both S’é‘Bf’ﬂ‘We’ttﬁlWﬁr@tﬁﬁﬁoatlﬁﬁﬁ%)wigﬁFﬁn@°$W&n [@Hslt i ng cells. TPC are

likely tgodog] NDIAG uk@BHesdi it ardtEofRIVRA b @ndlech RRAFDIEST nalﬁ‘tﬁhhlzﬁiglm@ﬂtﬁtgt han t he

faster prollferatln% TProg. and other bul k tunor cell popul atlonis Furt her,
&'l

TPC of t enhéi{pg darogy érre‘é”r?*a‘tgé)ét"té‘?rf%ltng(‘:VéthtﬂFFaZtC“WHRSeOftaH@ CP@F St Pealigd

chenor esi,afha@ntindl QicLMY 8MHInBAtecGE ﬂﬂt% ds &Wn@&ch@ﬁr& asomce¥RR essi on of
nmul ti-drug resistance transporters, anced repair_ nechani snms and

ant i - apopetstrites. pYlpregenssallypatagenips shbibe mVérﬁloné%?dwowprlmn&hO%ﬁmi PR to drug
tol erance; Itaxlétﬁgmeﬁg) Bddrlv iR PhelteBY, prRARY Eegtfaés %ﬂ@oﬂr@& Hrg@ycgf)epﬁti@sndar d

oncol ogy treat regi mens to ensure | -termbenefit Tor nost patients
wi th advaheelidst a@esanfé@pdieasﬁﬂgosaccl@ndmeucﬂ%w ﬁmsealtt@eféééwﬁtl@ft yiRNfk.get  and

er adi C-?-}:)%" C@&?I%l + g &?ge?\tﬂ ILtld%Rl%ét ?%ﬁltéﬂrﬁg?tléglg{tl%\g%rhs %gheret%{Lbo?iltésee

(1.e. e many o Ioned prior art
treat rTEntmnsctlhteombarﬂltranﬂﬂmsnmr@ nequerfices, and the like. Antagonists may also include

small molecule inhibitors, fusion proteins, receptor molecules and derivatives which bind
specifically to the protein thereby sequestering its binding to its substrate target, antagonist
variants of the protein, antisense molecules directed to the protein, RNA aptamers, and

ribozymes against the protein.
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t he present invention preferably reduce the frequency of tunor initiating
cells upon adm nistration to a subject regardless of the formor specific
target (ewg.20124BAR8i ¢ material, Notum or Notum |igand) ®&CT{U2013814EE68E ed
nodul ator. As noted above, the reduction in tunor initiating cell frequency
may occur as a result of a) elimnation, depletion, sensitization,
silencing or inhibition of tunmor initiating cells; b) controlling the
growt h, E¥PaAnsi &8 usad hersdpdanpléiedde twerdROTE Flofacales prgroswpPiids, (Bg tefmt er r upt i ng
the initjapl P{REAGAN HRen TR ALIEAANES 0 fanRiQEAckiBH 3l feimor
initiatiﬁgg%g%Fg;l%r %?&5y g?hefhése ingepfﬁ. thglsqrvfeg%gkﬁébeneration
and/ or neindisg.asmbinafion, hesotiatmy, ingraamition.cepestion, hnkagaeungimgoehialesssnes, mergsr
reduction. in. ) 0 ti.at] I CRULS rgsylt of
a changeo?WH%Eéga%kﬁgy@ﬂgﬁﬁgp%%%g?éghggg% ¢g£gwﬁ$héﬁ%ﬁhnge F%§?%3epathmay,
whet her bytheethectolnuler el im nation of the tunmor initiating cells or by
nodi fyi n ir . potentia e.q...1nduced differentiati nighe di sruption)
or ot hermogglei nt el fery ﬁsgéevr\ﬁ(({nﬁ%t%delflEheaet’)(fufli)l??/getr%n’e%?renf tn]ioecligi gteocr: %ﬁlgﬁla{lhe t unor
envi r onneltunomaWtimedrtaiadabes, crogs-reasr witkNoowsfréron spdeies wdreethed hieodn (eg.,t r eat ment

of Notum assqci at ed di sorder,s by inhibiting tu i genesi s, .tunor
mai nt enafdE" né}@ﬁaﬁ§?§§f%@ﬂ§yQﬁ@u£§5ﬂpmé ds?mﬁgé§g?%ﬂﬂﬂﬁéFﬁEHWEP%odS t hat
can be ug@dat No@ms@8 Svils HExRiblt ebsCieh@ivity With MNdufni eahEsSroaf othet¥pécidsni ti ati ng
cellsis limting dl|ut|£n an%g%sls eltqgr |n,V|gro q& Hn glvg, greferably
f ol | owed [#9*enufEiataveH: He1CHE!Pb IS8 ¥t STAPTYHHS (B 14t A SET 8 ‘B?t Hssessi ng
the frequapeyul iRk eglgidanad: dedohpikhtby RraY ThitSs, HéGhoddfatdrivgryaRiabdotidtel O
generate tunors in vivo or not. ile such imting dilution analysis are
the pref &ithOHCIBZASHLO e eRln ey Hry-ceEtEry) BHIBRCCEUGY FHECPRPPURES cel |
fr equenCKiold%ﬁclaﬁespolnmocﬁﬁ&ﬁr@lo&gaicn@_tcp@gtﬁtgic %@Mm,&i@%&% wiadsbp effectively
determ ne the desired values, albeif slightly |less accurately, and are
enti r el y biveerpeatiblsl reodifiiarh Inflais respaehit mals bharderspod g such §8njgatds Ny appr eci at ed
by those gskiLl.ed.d fes, blotdi Q pRASIRL, Bhdeil il BhRLMENGRAEdUCt i On of
frequenc§&§g#ﬁ§gm¥%%%§§ﬁa&efT?ﬁﬁééhﬁkﬁo@.cyténet?§énor innuﬁoh?stochenica
means. Asiolegulas, Iminhec zgeots esyetheticodregs, imetdanid snodeseles. forganisxagiplutes amy| | a et al .
2008, PMl D:. g ol t.al. PM.-D , _which
s hcor PATACSI ot g by e i R b RRP AT G Bk ot 1
| i m tingcolalently tnkednathg Nosym modwvlator o veriowsenabr retosakependmgr atilgwst in o, vg cel |
frequency, ma e acconplished. by.depositing either fractionated or
unfractiﬁﬁﬁP%HQHﬁﬁiﬁ”$%ﬁﬁﬁa%@Pﬂé“@e.g. fromtreated and untreated tunors,
respectively) into in vitro growh conditions that foster colony formation.
In this manner, CQ|OE% formng cells mght be enunerated by sinple counting
and characteri z 1 col onies, or by analysis consisting of, for
Sxﬁnp!e, thedde@oa@ﬁiﬁgwoL hur?n tunprhcells into plates in_ser}al
ilutions and scoring each well as either_positive or negative for. colony
for mat i of0&e] | eﬁtpref@%laﬁlugﬁﬁﬁ%Parﬁwa%riyr@?fe%fis PRAGIMY ¢ it%gna?r}tmwwn o
exper i Nepfmp@e Nuddh W@Slao¥h &R BinoONABEEds! ThERIA aAGHdY AbRin ifludeB® theabi | i ty
to determine tunor initiating cell frequency-,- enconpass the .
t r anspl aftadisbyensy andapaeiiclingnvepeynietirngbrdigst meroclne @Ebutescdigerian! or
treated %pgtqmrfanmibt)&aes, BXAIRINGE ankiBbBed, FOMNGEATR pAHuS&hnRb&Resi N seri al
di lutions and subsequently scoring each nouse as either positive or
negat i ve iftgbodiesmltisprcifistangbodias, biepssific g0tikedips. ragnosslentapiipdiearmpultivient
der lvatl gﬂtib%fdieg,q!uknaflﬁ ﬁ)%ﬂ%ﬁ%u}ﬁ%}xigﬁfsanlmgodiés%}{ih&% thihb‘&iés? ix?xg'@ﬂeéfﬁﬁtﬁ)oﬁi_@s,v! tro
or in vivois preferably done by applying Poisson distribution statistics
]EO t he klﬁot:\hagmmﬁhb? frlagrpf@ Smgleghagd}m@ga{tﬁvw, evgntkain Frsdsdiyy aptiovi di Pﬁ a
requency,.for. ever IS AREN de of. in is
caser - corBrgis FUEBr Pl gt SIS BENDILA RlyGufiSdd LHEFES e o
conpat i blagthey tthitiihe dessiedbioldgivakemtivion(ithNotumaassdeatios edbinding)allic ababdert unor

initiating cell freque , the .nost. co n. conprise. quanti.fiable flow
cytonetri SFE@%%V%ﬂ@?“gﬁ%nfﬁﬁﬂHBﬁ?%?%gﬁg E%ngﬁgsﬁﬁﬁﬁgﬁ?gﬁé'gres_ Though
not S_S pﬁliﬂﬁxiuﬁ@o@Salltyhﬁﬁ\tei fragtrieng gdirﬁmﬁdo@mbﬁlmﬁﬂﬁyllﬁhﬁest ilae:{;né)lqu_ B3 tldae_smiibexg

i mredi atel y above, these procedures are muc S or intensive a

brovi de. FELEEBREIIE S WEE o< JaPRFE 98Py PS st g Imppgslofiny |
be appreciated that a skilled artisan E%y use flow cytometric cell surface
mar ker profile determ nation enpl oyi ng©¥one or nore anti bodi es or reagents
that bind art recogni zed cell surface proteins known to enrich for tunor
initiating cells (e.g., potentially conpatible markers are set forth in
Exanple 1 below) and thereby neasure TIC |l evels fromvarious sanples. In
still another conpatible nethod one skilled in the art m ght enunerate TIC
frequency in situ (i.e. tissue section) by imunohi stochem stry using one

o = N o o v " o o o .



WO 2012/ 027723PCT/ US2011/ 049458 [ 0086] Usi ng any of the above-referenced
methods it is then possible to quantify the reduction in frequency of TIC
(or the ™WCQ20RA2&123) provi ded by the discl osed Not um no@GTAIS3¢14/0#9458
accordance with the teachings herein. In sone instances, the conpounds of
the instant invention may reduce the frequency of TIC (by a variety of
nmechani sns noted above, including elimnation, induced differentiation,

ni che di 4o inshiding busmes lﬁgltedéP@n)FCtS‘}/gl%‘D}bfr@B%t theyogl- FuuhergoopidincdPen by

35% 1In {9fict HeliFiEANERIYdAl: vitifntdBRY be on the
order of %%E&;geta?gk&)%%sg%gE&s%hhﬁo &?g‘?%t%}/o eI %eclértfgl n er?bgorl rlrertlt s, the

di scl osedescubrddaivels intjudimgdult kength@ntibodigs end yarignt FPrF@swps OIS TBFE TEOWS. 85%
90% or e\&eﬁ?g%?e#fs t%%?%%@ axycokg%{ ibinP% 18RPERGHAIEL d@ﬁ&uearﬁydfl&qikmaﬁ(pn of the

frequency o results®in a corresponding reduction in the
t unor i gefised toyan 1mmmsmlsg1eaibactlvee°mermf@namnilua@yrbsbs| veness of the

neOpl asi eg!i][ N%ﬁwn?lybglséu%%?o it mo &uallllﬁe[bwa%ﬁ% em}ﬂﬁo{))ugs §ht I nventi on

is direc ators m ant agoni st s,
for the ¢ghagmgkibslin tcrraatsmaﬁn\te chsnﬂbtoﬂasm@phyiba&y Slatm‘anhﬂyhsmmmbéd a nunber of
Not um as'ﬁom at.ed nml i cies., The dis Cg?o sed

used al one
M CoRReE PR weet o Er e R Re BB STmAnTR Es
chgm]pt heﬁﬁﬁﬁutdn&%ﬁﬁlyIbHFM[gﬁE@@rtH@@gtd;ﬁixaa@mi SFop histiriohlagriscal the a&ﬁm RBisses
modi fiers,. I n other select oy .nore tum
modul at oPSIMHS|ANGEOYESge ieﬁnecdg[ﬁgnf%g)b ﬁ?ﬁ, aﬁéﬁf %‘}%‘Hﬁ‘%g?i pl astic
effects @hsBMaPBe tis@e: di@dddabioi € gﬁlzmﬂubuss@@sc@s%tﬁe@qr&sug@ptxg}z 18688 I n
certain enbodi nents, the Notum nodul ators of the present inventjon wll

conpri selgtift [k peblgA2 Jepgdingon sbrstere and ersiipipoberaicalquapertiss nitivgi 8¢ or

pol ypept 'Rg?&\atgfy@& (DY RS cGleS EiRlnYant BE nAREW A% ¢ Wekr kb GRERE!IS &r&Rkik| €
Not um (s form Vvariant, derivative or fragnment thereof

i ncl udi n&Glf'@ﬁmgetk%lWﬁﬁtélbuﬂ%ﬂhm fusion constructs (e.g., Notum Fc,
Not unt ar ?(%9'7119 Wlﬁtayl flv‘étcﬁiss)es Qiranlt\ﬂ%df&} (?9 Q%ngbe&Ei( f;gc()ﬂ and @M)l&% 51 FG

Not um cytot oxi c agent, Notunbrm etc. be appreciated that,
in other lsem:@ﬁu peled, IthieIglC@t LaGdptsdul atdigé2bém¢i@sevaamqn§§wr@§ ageewighin

anti - Not yin il h%r résg{ﬂ‘gxﬂ%@&ﬁé}ei’e?refi %%98@@%@; ? @ﬁﬁdfg‘{ﬁ%]ig | nasTs pereof. In

partlcularly pree re nts the no stant invention
wi || compningeogivbutin sl d digrusset! irhodieastagsoldbriprvthe pugsseppl Hlnsigtremtls wilher eof .

I n ot her ,enbodi t he t um. mpdul at [ rnaI|Z| ng
ant i bodi 83 o erStirt%F %ﬁ Sucthhdésr erbodi rent %%{eﬁeelyﬁ%?oﬁ}%%n{)v %Fa eﬂ,ﬁf r)(’nay conpri se
depl et i ngomapdsitlbadameismethMl @b pecticigsthapickent necraifoo medmmntin aryerhyflusitiogof the

constructs, se anti dul ato may be conjugated, |inked or
ot her wi s&%8 QE&: H’tvg‘i'f‘%Otrﬂ%ésci%?@%pé’an%@th&%o)‘(i c agents, polyners, biol ogical
response [q09g] f i & sis(rBigve) hmﬁﬂiantl@@ nhinlﬁﬂogtl«ibupﬁmdnqﬂsdiv\roeidéreidaliligrmnot her api es
with var ipgllillgepgl e gha? stolf (r)nr(])ﬁicu%r vrs%lglgtl a?)ll)r%;lmate? %1 b&orgalg)gs,%gé %\x(?or}dentical heavy
chains of molecular weight 53,000-70,000 depending on the isotype. Heavy-chain constant
domains that correspond to the different classes of antibodies are denoted by the corresponding
lower case Greek letter a, 3, €, v, and p, respectively. The light chains of the antibodies from
any vertebrate species can be assigned to one of two clearly distinct types, called kappa (x) and
lambda (), based on the amino acid sequences of their constant domains. Those skilled in the
art will appreciate that the subunit structures and three-dimensional configurations of different
classes of immunoglobulins are well known.
[0099] The four chains are joined by disulfide bonds in a Y configuration wherein the light
chains bracket the heavy chains starting at the mouth of the Y and continuing through the
variable region to the dual ends of the Y. Each light chain is linked to a heavy chain by one

covalent disulfide bond while two disulfide linkages in the hinge region join the heavy chains.
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In yet other enbodi nents the nodul ators nmay operate on the genetic |evel
and nmay conprise conpounds as antisense constructs, siRNA, micro RNA and
the |i ke.WpaoBgRr23wi || further be appreciated that thePgIr8SROIBEIRDt um
nodul ators nmay deplete or elimnate or inhibit growh, propagation or
survival of tunor cells, particularly TPC, and/or associ ated neopl asi a
through a variety of mechanisns, including agonizing or antagonizin

sel ect ed Thatehnes s lonviedndrighehiaing alsp baiefregulasly|spaced épepliindjsulfidy brisleaipt e, on
the for I : j gt payl oad or dosing and met hod of
del i ver ghgﬁ‘é%mmﬁg%’ V%?’[aseedgorqé?%?(?gﬁ (gr%%%'di ments di scl osed herein are

di r ect ed[@0d0@]he Eddpieaty dnin liamhi dieehdn vorabkidosnoi (Ng) tilowpkly £ hgnbennbr cel |
subpopul ati gons, such tunror, perpet uati S| si zed that
such omb ot REREa e FReh S P BE AR CSouREh b ad ) iy SPRARS e

Rat her, @smsiett itsouthidt ehd) thchensppenciei of Hieilight chhings gigasewith thevesticomsmnt S

broadly direct 0 Not um ul.ators. and their .use.in th r eat ment,
managenefAt™HF OE&SBF\VIY&E??IE’ %ﬁ%&@bﬁ?l%‘ﬁ% ﬁ%rﬁ?lgfsea(ﬁ‘g %fip“élrﬁlpt?lglvf‘rfag’%ati ve
di sor der gomifihesMettiwehah. Bnyispadatd, awilbe afedaaédHae tainpedomninoss cel |

popul ation, [0090]In the sane sense di sc] osed enbodi nent.s of the. instant
i nvent i OHOtB(y{‘FdFS%E Y19 A }E?Fv%r(rﬁ@ chidR AR ISEERING pRUSEH ECO B HOANY SP‘TC“J\‘/W% be
appr eci aggvdrfiaf HNRbAYRRASAANGIhSi @ cldte(d Neidand hdaly eid @) 11y TPy i se
any |igand, polypeptide, peptide, fusion protein, antibody or .

i munol o§PEe ang Tegstafe EPPTERY g&*ﬂg“‘@} PraRg P sEThs sEHei o ranspatentab B9l es,

reacts, biffiion BRI ESnpIEAERStRhe, AVSRCHIRL 8F RhvalihemdhnsRbdrer aet s Wi th
the Notum protein or fragnment thereof and elim nates, silences, reduces,

i nhi bi t s cotsianbiseion dpmainy Eisascops benpacoms morredigpldynh e pigsRbIndingistif 8t i ng
cells or gtgﬁnﬂﬁ&ﬂifﬂx%tahﬁkﬁcoﬁ?! hfiud, g&:aﬂﬁiﬁcﬂ& LG L8R HioDER 6 hdsSs id N

t
sel ected e nents the um nodul ator conprises a Notum antagoni st.
[ 0091] As varsabdt tagipe il thecabexago fHistmines amprises the ppbtem u¢gore Aab|tee Gf3 and

e LR B L RS B A 1o

or specl pro I'nclu

bi ndi ng ¢F010¢Elc e fheresmtvaridhlgafedstodite fattahdt n¢revirmpdriionof ik venahjedmnaiistdiffer
substrates. Mre general ly antagonists. of i nventi A [
oo boar et IENEn dnbn? MARRMAE R0 OhatiSe hONER LAY AIRIGAE |
pept i des and$pecifipityothatangristgpls y€ o papéildestibagl y Thdse pygtsyaripok ysaochiestdes,

ol i gosacchari des, nucleic acids, antisense constructs, Si 1.
bi 001 gan (TG ol BE bR Ao e o e bR ar R e By R Lo e
FEL abol i fRight-clansaditRt r}eavyathaa}whrramaﬂsﬂlnlam &lﬂpecﬁ)lﬂlly‘. otnwgqueigh@s:]fm@nddt he
i ke. Antagonists may al so jnc]ude nol e e inhibitor ion
pr ot ei ns PO @B%%ftvé}?ahf%@%’i’s ng’r’iﬁ%&eéﬁ%atrfi {Fé@e‘%ﬁj?rﬁ?'}”% FF@‘O%@SP'i @3{‘1 y to the
protei n therrblYy, $esHa sl Esdcigink hfonbinBeld RG dnabddis, G biitﬂlﬁlsg)_résaﬁtgﬂteach
[

ant agoni st variants of the protein, antisense_ nolecules rected to the
prot ei n, ARNAT WpeRheryare shTL MPIERFIBRAISABRICARSE of HBinp agtieihp are specifically

positioned to form the antigen binding site as the antibody assumes its three dimensional
configuration in an aqueous environment.

[00102] The framework regions comprising the remainder of the heavy and light variable
domains show less inter-molecular variability in amino acid sequence. Rather, the framework
regions largely adopt a B-sheet conformation and the CDRs form loops which connect, and in
some cases form part of, the B-sheet structure. Thus, these framework regions act to form a
scaffold that provides for positioning the six CDRs in correct orientation by inter-chain, non-
covalent interactions. The antigen-binding site formed by the positioned CDRs defines a surface
complementary to the epitope on the immunoreactive antigen (i.e. Notum). This complementary

surface promotes the non-covalent binding of the antibody to the immunore%étive antigen
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WO 2012/ 027723PCT/ US2011/ 049458 [ 0092] As used herein and applied to two or
nore nol ecul es or conpounds, the termrecogni zes or specifically recognizes
shal | be WEIR2814@371®8an t he reaction, binding, specific bPAAIUSFILHERHDS nat i on,
associ ation, interaction, connection, |inkage, uniting, coal escence, nerger
or joining, covalently or non-covalently, of the nolecul es whereby one

nmol ecul e exerts an effect on the other nol ecule. [0093] Moreover, as

denonst r epitee K wilhbe eppaasiiicsihaidheenonitios ShEDRb e betrenddly ifenthiigiey a8hm may, in
certain 8;%?&?1 k& letﬁeigact with Notum froma species other than human
(e.qg., % er cases exenplary nodul ators may be specific for one
or nore [Qt)@f)ijr me\s discimseriein TNoe detaibiprdowill pr paeitof éherieyyt and dightschpiayexiablg ty wit h

Not um o LRloga bR AhES o RRERLSSs WD 8 AR KipSRSKT 1 €0 T

the art W reC|a ators ma e used in a
conj ugat &dhmquas ttm:pmyldg effetivé artibodidh dbhat i, the h@vyrodllighatlmin vraipbloeeagsioon at ed

Wi th or ﬁ’ﬁ%ﬁﬁ%’&gy E)or 8?%%?%%& t%ere ent lbg mnéf:dna%H m%?cYng‘(i gl{x Lu%? sef%ht%ﬁ ?%H%f cal I'y

active c8 fiers, tostat ic
agents, ¢icagngsdr Ih(ghlmhhlﬁtvhﬁzﬁ)la)ﬂ‘eglbhﬂ@ﬁfmtoﬂdhﬁtlbtmk;h Fmeaxsmplenmtoh’nes respect it

will be un st ood t hat ates na e

pol ypept F’E}gg limgnt,the prjue 1‘$ § 28?1 ?ﬁ%ﬁe&fi%gnc 155%3 tﬁ{ea% ] E@B ERs of ga |

nol ecul egigst BRtIRHY MaReepdied vithnhd\@lircChedV@Rin Vafiablgadgicn cmlpﬁaug &8 thre¢ gani ¢
nol ecul es and. radi ol sot opes. Moreover i ndi cat ed an Yﬁﬁ t he sel ected
conj ugat ée%‘éyhﬁécp&?ﬁéﬁﬁ@?‘i Wbﬂ%few@mqyeravw ? ARG dhPHRYdul at or
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effect the conjugation. V.Antibodies a. Overview
mixed and matched to provide the desired antibody having optimized characteristics. Thus, an
exemplary antibody may comprise three light chain CDRs from a first antibody, two heavy
chain CDRs derived from a second antibody and a third heavy chain CDR from a third antibody.
[00104]  More specifically, in the context of the instant invention it will be appreciated that
any of the disclosed heavy and light chain CDRs in FIG. 7B may be rearranged in this manner to
provide optimized anti-Notum (e.g. anti-Notum) antibodies in accordance with the instant
teachings.
[00105] In any event, the complementarity determining regions residue numbers may be
defined as those of Kabat et al. (1991, NIH Publication 91-3242, National Technical Information
Service, Springfield, Va.), specifically, residues 24-34 (CDR1), 50-56 (CDR2) and 89-97
(CDR3) in the light chain variable domain and 31-35 (CDR1), 50-65 (CDR2) and 95-102
(CDR3) in the heavy chain variable domain. Note that CDRs vary considerably from antibody
to antibody (and by definition will not exhibit homology with the Kabat consensus sequences).
Maximal alignment of framework residues frequently requires the insertion of spacer residues in
the numbering system, to be used for the Fv region. In addition, the identity of certain
individual residues at any given Kabat site number may vary from antibody chain to antibody
chain due to interspecies or allelic divergence. See also Chothia et al., J. Mol. Biol. 196:901-
917 (1987) and by MacCallum et al., J. Mol. Biol. 262:732-745 (1996) where the definitions
include overlapping or subsets of amino acid residues when compared against each other. Each
of the aforementioned references is incorporated herein by reference in its entirety and the amino
acid residues which encompass CDRs as defined by each of the above cited references are set

forth for comparison.
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[ 00951As previously alluded to particularly preferred enbodi nents of the
instant invention conprise Notum nodul ators in the formof antibodies. The
term ant iWORVIHBIBBNn is used in the broadest sense and 2EEAISRVIGANI4H8 cover s
synt hetic anti bodi es, nonocl onal anti bodi es, oligoclonal or polyclonal

anti bodies, nulticlonal antibodies, reconbinantly produced anti bodi es,

i ntrabodies, nultispecific antlbodles bi specific antibodi es, nonoval ent
anti bodi es, multival ent antlbodleéjﬂhﬁﬁﬁhﬂ%ﬁtlbodles humani zed ant i bodi es,
chinmeric antlbodles pri Rt fzeg art iRl es Qghl&ﬁgﬁﬁnts, F(ab")
fragnents, 5|ngle-cha|n FvFcs (sckFvFc), siingle-chain Fvs (scFv),
antiidiotypic (antVnCERJantBbddie; éNH&hny othﬁk%innunologically active

<(51_nti body fragnentis 5?}3&5\?” %B 6§..c f )cgguf.ism tr—t he47d""i red biological activity
i cl or g

e., Notum asso a broader sense, the antibodies of
the present inventvgoDRrac] ugeioamunogliobul|in @Blleq:ul es$ and i mrunol ogi cal | y
active fragnments (of i mnbglobulin nolecules; mol ecul es that contain
an antigen bindin Vsppgl vvh@f‘e%t h«nse%r}zagrrent 33%%1(3/ or may not be fused to
anot her i munogl dby] thr200MBOE6 NCT UG A0, [but o35 Timted to, an Fc region

or fragment thereof, Further, as outlinedlin nore detail herein, the terns
anti body and anti bMdC@§3spe(§9f9i7ca | YWiir%cl ude FO-R%r i ants as descri bed
bel ow, i ncl udi ng f-uH—tength—antibodies—and—variant—Fc- Fusi ons conpri si ng

e 6 Peor e BTN 2ok RELER L ng&gehamale'o\f@gﬂ@wsg%ﬁ at | east one amino

acid residue nd L e { 1O reom& active fragnment
of an i nmunogi et ail below, the

generic term t“IQB odi nége“(% i mmno WOH’B’“‘EI? lrllmcotlf;ﬁ/ﬁlrﬂ Sed" ve gl stinct classes
of anti body that can be distingui shed bi ochem cally and, depending on the
ani no acieh166iquEBegurffsed dfeotanihenthe dDRaiset fofth G 7H eavndetiaedia FIGAN

readily be as ned to the a riate cl For hlstorlca reaso t he
maj or cl éé’éé‘g‘?érfgs i”ﬁtdﬁfg‘feda‘{‘ﬁlf‘g (ﬂOB? %?tére é?ﬁ%laﬁbﬂ thpllh Sy e e‘fogr)’@,m(gtfld | gM
I n humansye ihdight hﬂﬁc@cﬂﬁ dnl@klﬂécﬁlﬁﬂ%sarm)dldbeacﬁlyﬁdéﬂﬁfy At ehidedate HeaDRCBNI zed
subcl asses (| SO and | gA2

t
dependi ngefreddy rl%g%tlﬁ@ ém\éaq?é}lt“a@ha b%bﬁ%@ﬁ?seféitlvbg%éf‘?qg@?t chain s5apgncee
appr eci at\gdohifAgly, mgodlgé‘eohé%gmg@msmehwa&@%u@f@n{mmrdame@( §ly ciddBei 1

abundance in sefumwth bei n he nost abundant. [009 V\hl le all five
cl asses afithirhe rers elsthe lnstént InggAtion. g%orqbgf@dmtgﬁerraﬁerlquglaﬁ DR 4mipgot ypes

(i.e., 1gGy ’reskc&%clddg{?lmn& 9Gs in a%R 28bhir@A%)ing &5 MBldhcdS sHAh@bHhRAS

thereof are wt scope of the present |nvent| on, preferred
enbodi rremeﬁlOd@Brmtlf@th@wdqe | gG cl ass of inmmunoglobulin will be discussed in

some det ﬁéd&l §]O| ?Xs%séﬂer&#ﬁxe‘?&&%ﬁgﬁe Pef dn f} HRWoR qfﬁ?amlnto ydlrésupjg féﬂg?{oSt ood

t hat suc scl osure 1s, however emonst Ive o exerrp ary
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are not part of the CDRs (e.g., using the Kabat definition of CDRs). Therefore, a variable region

framework is a non-contiguous sequence between about 100-120 amino acids in length but
includes only those amino acids outside of the CDRs.

[00108]  For the specific example of a heavy chain variable region and for the CDRs as
defined by Kabat et al., framework region 1 corresponds to the domain of the variable region
encompassing amino acids 1-30; framework region 2 corresponds to the domain of the variable
region encompassing amino acids 36-49; framework region 3 corresponds to the domain of the
variable region encompassing amino acids 66-94, and framework region 4 corresponds to the
domain of the variable region from amino acids 103 to the end of the variable region. The

framework regions for the light chain are similarly separated by each of the light claim variable
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[0098] I n this respect, human |1gG i munogl obul i ns conprise two identi cal

| i ght pol ypepti de chai ns of nol ecul ar wei ght approxi mately 23,000 Daltons,
and two iNE0126BI72heavy chai ns of nol ecul ar wei ght 53, 000TAB20004B3Hendi ng
on the isotype. Heavy-chain constant domains that correspond to the
different classes of antibodies are denoted by the corresponding | ower case
Geek letter a, 6, E, vy, and u, respectively. The light chains of the
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epitope. It will be appreciated that the position of CDRs can be readily
identified by one of ordinary skill in the art. [00103] As di scussed in nore
detail beWORIBA2788 part of the heavy and |ight chai n vEECTASREIO0EHSHNS may
be reconbi ned or engi neered using standard reconbi nant and expression
techni ques to provide effective antibodies. That is, the heavy or |ight
chain variable region froma first antibody (or any portion thereof) nmay be
m xed an@fomgheinédalartin theriematiwe the dnthdetinpsntispdiesysasneanaytiadly of fuliit chai n
vari abl e ' - ' e 1 - odi nent, the
et e | P e Bl B e o e - GRS of
a first antibody. M¥gnobkngantiendiesi t h t he entire heavy chain variable region
conpri si e r.ee he Al i ho i.de an
opor at  vERAKE b Oy R FRBE R AR SR Es Vel SFRERHAP Ol B A e R AU
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heavy chai DR froma third antibody. [00104] More specificall in the
cont ext B’Ptﬂ’f’ ies comrising theRPRHpHYHATE fde%?/\ﬁ“iai x5EPt p‘?"é%‘i’lﬁgﬁlgat’f)ﬂsaf'gaﬁé‘f“%pyt he
di scl osedcduedmsym@nehnk | 841 imag M ipresGPREmindr Ihants! BhimyhdgodiB@rmichogieckli n t his
manner to provide optim zed antj-Notum (e. ant j - Not urr)_ganti badi e%ei n
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conpl eneqtarih bohjehelie] WitnhilSypEH 8oy € &l S@intFBEhR B cPE ndabdisiRd as those
of Kabat et al. (1991, NH Publication 91-3242, National Technical,
| nf or mat petibose ingludes angpHpadycpBpHsingmpglyPeppdscicaiicags thyt bipds<y gyadatonwity

(CDR1), RQ: QQB%% 30 &%)- ' i .chal i domai n
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Definitions : .
myeloma cells is used, the myeloma cells preferably do not secrete immunoglobulin
polypeptides (a non-secretory cell line). Immortalized cells are screened using Notum, or an
immunoreactive portion thereof. In a preferred embodiment, the initial screening is performed
using an enzyme-linked immunoassay (ELISA) or a radioimmunoassay.
[00114] More generally, discrete monoclonal antibodies consistent with the present invention
can be prepared using a wide variety of techniques known in the art including hybridoma,
recombinant techniques, phage display technologies, yeast libraries, transgenic animals (e.g. a
XenoMouse® or HUMAb Mouse®) or some combination thereof. For example, monoclonal
antibodies can be produced using hybridoma techniques such as broadly described above and
taught in more detail in Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in: Monoclonal Antibodies and T-Cell

Hybridomas 563-681 (Elsevier, N.Y., 1981) each of which is incorporated herein. Using the
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disclosed protocols, antibodies are preferably raised in mammals by multiple subcutaneous or
intraperitoneal injections of the relevant antigen and an adjuvant. As previously discussed, this
immunization generally elicits an immune response that comprises production of antigen-
reactive antibodies (that may be fully human if the immunized animal is transgenic) from
activated splenocytes or lymphocytes. While the resulting antibodies may be harvested from the
serum of the animal to provide polyclonal preparations, it is generally more desirable to isolate
individual lymphocytes from the spleen, lymph nodes or peripheral blood to provide
homogenous preparations of monoclonal antibodies. Most typically, the lymphocytes are
obtained from the spleen and immortalized to provide hybridomas.
[00115]  For example, as described above, the selection process can be the selection of a
unique clone from a plurality of clones, such as a pool of hybridoma clones, phage clones, or
recombinant DNA clones. It should be understood that a selected Notum binding sequence can
be further altered, for example, to improve affinity for the target, to humanize the target binding
sequence, to improve its production in cell culture, to reduce its immunogenicity in vivo, to
create a multispecific antibody, etc., and that an antibody comprising the altered target binding
sequence is also a monoclonal antibody of this invention. In contrast to polyclonal antibody
preparations, which typically include discrete antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal antibody preparation is directed against a
single determinant on an antigen. In addition to their specificity, monoclonal antibody
preparations are advantageous in that they are typically uncontaminated by other
immunoglobulins that may be cross-reactive.

d. Chimeric antibodies
[00116]  In another embodiment, the antibody of the invention may comprise chimeric
antibodies derived from covalently joined protein segments from at least two different species or
types of antibodies. It will be appreciated that, as used herein, the term chimeric antibodies is
directed to constructs in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous to corresponding sequences in antibodies derived from another
species or belonging to another antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biological activity (U.S. Pat. No. 4,816,567;
Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). In one exemplary
embodiment, a chimeric antibody in accordance with the teachings herein may comprise murine

Vy and Vi amino acid sequences and constant regions derived from human sources. In other
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compatible embodiments a chimeric antibody of the present invention may comprise a CDR
grafted or humanized antibody as described below.

[00117] Generally, a goal of making a chimeric antibody is to create a chimera in which the
number of amino acids from the intended subject species is maximized. One example is the
CDR-grafted antibody, in which the antibody comprises one or more complementarity
determining regions (CDRs) from a particular species or belonging to a particular antibody class
or subclass, while the remainder of the antibody chain(s) is/are identical with or homologous to
a corresponding sequence in antibodies derived from another species or belonging to another
antibody class or subclass. For use in humans, the variable region or selected CDRs from a
rodent antibody often are grafted into a human antibody, replacing the naturally occurring
variable regions or CDRs of the human antibody. These constructs generally have the
advantages of providing full strength modulator functions (e.g., CDC, ADCC, etc.) while
reducing unwanted immune responses to the antibody by the subject.

e. Humanized antibodies

[00118]  Similar to the CDR grafted antibody is a humanized antibody. Generally, a
humanized antibody is produced from a monoclonal antibody raised initially in a non-human
animal. As used herein humanized forms of non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin. In one
embodiment, a humanized antibody is a human immunoglobulin (recipient antibody) in which
residues from a CDR of the recipient are replaced by residues from a CDR of a non-human
species (donor antibody) such as mouse, rat, rabbit, or nonhuman primate having the desired
specificity, affinity, and/or capacity.

[00119] In selected embodiments, the acceptor antibody may comprise consensus sequences.
To create consensus human frameworks, frameworks from several human heavy chain or light
chain amino acid sequences may be aligned to identify a consensus amino acid sequence.
Moreover, in many instances, one or more framework residues in the variable domain of the
human immunoglobulin are replaced by corresponding non-human residues from the donor
antibody. These framework substitutions are identified by methods well known in the art, e.g.,
by modeling of the interactions of the CDR and framework residues to identify framework
residues important for antigen binding and sequence comparison to identify unusual framework
residues at particular positions. Such substitutions help maintain the appropriate three-
dimensional configuration of the grafted CDR(s) and often improve infinity over similar
constructs with no framework substitutions. Furthermore, humanized antibodies may comprise

residues that are not found in the recipient antibody or in the donor antibody. These
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modifications may be made to further refine antibody performance using well-known
techniques.

[00120] CDR grafting and humanized antibodies are described, for example, in U.S.P.Ns.
6,180,370, 5,693,762, 5,693,761, 5,585,089, and 5,530,101. In general, a humanized antibody
will comprise substantially all of at least one, and typically two, variable domains, in which all
or substantially all of the CDRs correspond to those of a non-human immunoglobulin, and all or
substantially all of the framework regions are those of a human immunoglobulin sequence. The
humanized antibody optionally will also comprise at least a portion of an immunoglobulin
constant region (Fc), typically that of a human immunoglobulin. For further details, see, e.g.,
Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also, e.g., Vaswani and Hamilton, Ann.
Allergy, Asthma & Immunol. 1: 105-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-
1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S.P.Ns. 6,982,321
and 7,087,409. Still another method is termed humaneering and is described, for example, in
U.S. 2005/0008625. For the purposes of the present application the term humanized antibodies
will be held to expressly include CDR grafted antibodies (i.e. human antibodies comprising one
or more grafted non-human CDRs) with no or minimal framework substitutions.

[00121]  Additionally, a non-human anti-Notum antibody may also be modified by specific
deletion of human T cell epitopes or deimmunization by the methods disclosed in WO 98/52976
and WO 00/34317. Briefly, the heavy and light chain variable regions of an antibody can be
analyzed for peptides that bind to MHC Class II; these peptides represent potential T-cell
epitopes (as defined in WO 98/52976 and WO 00/34317). For detection of potential T-cell
epitopes, a computer modeling approach termed peptide threading can be applied, and in
addition a database of human MHC class II binding peptides can be searched for motifs present
in the Vi and V| sequences, as described in WO 98/52976 and WO 00/34317. These motifs
bind to any of the 18 major MHC class II DR allotypes, and thus constitute potential T cell
epitopes. Potential T-cell epitopes detected can be eliminated by substituting small numbers of
amino acid residues in the variable regions, or by single amino acid substitutions. As far as
possible, conservative substitutions are made. Often, but not exclusively, an amino acid
common to a position in human germline antibody sequences may be used. After the
deimmunizing changes are identified, nucleic acids encoding Vy and Vi can be constructed by
mutagenesis or other synthetic methods (e.g., de novo synthesis, cassette replacement, and so

forth). A mutagenized variable sequence can, optionally, be fused to a human constant region.
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89- 96 ' Resi due nunbering follows the nonmencl ature of Kabat et al., supra
2Resi due nunbering follows the nonmenclature of Chothia et al., supra
3Resi due WOMBEYW2AE3f ol | ows t he nomencl ature of MacCal | uRCEUSA011/04%6Hr a
[ 00106] For purposes of convenience the CDRs set forth in FIG 7B and
underlined in FIGS. 31A and 31B are defined using the nonencl ature of
Chothia et al. though given the content of the instant ap&l@i cati on one

@ (&

skill ed [12He &t telastsdleanbpdimgntsyat fede 9P 95 Ant) % i frepiatlse borizgd def i ned
by Kabat | : : : [tM Frght
chain s eaﬁg)r? gye.var%@gg%%#ge F‘g{,@sg&ﬁ? ?E%ﬁ%grgd tg g{rzrﬁp? F@?ﬁgﬂ@d@o@agﬁ’ }Sﬁ(exggglglt gﬁ ch
nonencl atnt €@DBrequengss eBsdtheriembpdithents i ledst $5 %P hed0% opde bemartieedianghadit

i nvention,. r I i i on. ] iidue
ot udes R FIRGERM I 1 fosk S e YAERAD i Ok QTR AED BB LS. e
based netliotheapre®etd tmbédimeartsogreater[tRMIB7] ofAke uswulizaé n@ibedy tesidtesrwillvar i abl e
regi on franmewor FR 1 N0 i.d resi.dues er those am no acids in
the f ranﬁ%ersﬁor‘rdle%&h?ﬁg %tﬁﬂéa%ar?ngﬁé {EER° k‘l‘ﬁ%lo? Qﬁ{%afl (?g}r?%m% en(r:ees'gi on or FR region
as used pmnedn, Hupchideemtibbdesamynie fasidtedesing u@smbhableanler elogy afd t he

vari abl e region, but are nqt.part of the CDRs (e.q. Si t he Kabat
ot i it BRIt e BiBe & Gerbabie gtk HeiarbhoRe paad

non- cont hGUPUBLEE AHEHGRsKIRE Waddic 8@ squdiREs thaQ@nedte AN oBFdralss immuhegigiulinbut

i ncl udes _only those am no aci ds oqutside ?,f t he CDRs. [O%)OlgﬂI For the
speci fi c Faxambleregpnsirga aLA5ast Has ¢ apss a5 lightchino ROURT of Sichihelcioppd ks
defined QyKadat whostlskilled MAREWOKH, fo Bk bl ncag bt 85RPBAF oM Hybgddhaurai n - of
t he variabl e regi on enconpassi ng am no acids 1-30; franework region 2

cor r espoRAdEIYoHC EHECTRIASH MOGICINEHE apEhady BT BRI GAT it MERSSIAY dani no aci ds
36-49; f LANBWNiKed GREOR RsGRl 85RANHS banliie QMR MLefin E8s, afbAbl e regi on
enconpassi ng am no acids 66-94, and framework region 4 corresponds to the
domai n ofyntipsic gasitas.eTheagéanrbifanb RINAndnaerding the Jumgszed gntibpsy eptheit b he

vari abl e [ Qn. ng,le . kans for the light chain are simlarly
separ at eéif"g%i @%c%]ggﬁmﬁg I g{ftgloélg%‘:t% variable region CDRs. Simlarly,

usi ng t héoda4li niluimen gofml BBRUbyceCHat dxpaplet araHisclosed e Canlinsan.dt Aadt al. t he

f ramewor j Ngay.i-£5,R0 e ' LORStermini - as
descri beglgggggj\'/g&l'%gllgg{ﬁ&ﬁgﬁ’ ?ﬂ%’ g}?g?éetﬁg&??g)tn@jgm[sntgfggg rl\a(lsfezcons%’ derations
in m nd, ChhihgeDséial.|(E492) h MdieBiar 2279018 1 dpgmd doimdineonteh alt (190A® EMBOHodi es of

t he present, | tion nprise any one of a.number of..functional
enbodi neﬁflééq%&t% hillge Fvg%%ﬁc@?&%%rﬁ’ i?%ff %C%mrﬁr?}be(r)lﬁ?j%slreﬁ%)r %fohr‘rlf)nralnse any

i NT nunor gamunoggobahh virodle régisn fdaeericer (Se¢ Retae ti abe@0ObBIMaiccid Ret33p60DNMi des t he
desired pthi | ogi cal re%Ponse in a su\%}gct. Wi | e anyfof t he di scl osed
ant | bodi 4D ayeBdediitss R R Uit PR of M PrEdisnes &t (¢ SABRT AELSIRE, £ ai n
enmbodi NneRAECDRs.t RE sdt RoraHeic@mcotsddsuCihifSehetbikTREibes cah URBBE aed, Of., Buman
nonocl onal antibodi es or inmunoreactive fragnents thereof. Yet other

enbodi medestiigdin L8P N 08308 conpri se honogeneous or het er ogeneous

mul tinmeric constr uglsan F€bYAES ant s and conj ugated or gl ycosylationally
altered antibodi es. Mbreover, it will be understood that such )

conf i gur 420187k  dp addién tethepiorpypensiensd asiibediem thopekilicd ahia et Bk apPseials dual
anti bodi gs,¢ FRYnGRIARS b e BRSer® InvBRId iy doRBrildif) haha andBRE&T Foflinsc! osed
herein. For exanple, a conpatible anti'body macg conprise a_ single chain

di abody wiutphsels 9fihaiinstat apRfadion ehertergi lomeangntibpdy gpmyrides pmantibady whishgt h 1 gG3
anti body w | £l cati ydakban to
nodul at epgéégéﬁnfﬁla%% {ldf“g%tqgaﬁgthag%grﬁgz}ogrgimg%ggg%%ﬁ? s are reea i%@fnghf)lpar ent
t o t hose asipi hagtlednmadeasiag enyaefdhateghnéqss foy nbakingihswen wmatybdcss dirslosgl wi t hi n

the s COp%er%]lcn. tﬁ?s deﬂ\ﬂx%% IoP X'hunt?a'n aﬁ%éﬁ%‘gé/clf@c%ﬁﬁ E&tlddgg'a humanized antibody
comprising non-human antigen-binding residues.
[00126] Human antibodies can be produced using various techniques known in the art. As
alluded to above, phage display techniques may be used to provide immunoactive binding

regions in accordance with the present teachings. Thus, certain embodiments of the invention
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[00110] As is well known various host animals, including rabbits, mce,
rats, etc. may be inocul ated and used to provide antibodies in accordance
wi th the WO8HR/BGR3herein. Art known adjuvants that nayPE&/Uredd/0¢BS§ ncr ease
the i rmunol ogi cal response, depending on the inocul ated species include,
but are not limted to, Freund' s (conplete and inconplete), mneral gels
such as al umi num hydroxi de, surface active substances such as |ysolecithin,
pl ur oni ¢ Pyesidg areshodp &ir prasiueing anth N prumpagbodigs| or apigcaibEEE HeES ereof mpet
hemocyan GHothd £ thesBY aRRERPLE Bldrdtabl$ ffitdhn) AHIBRRIAEH PYRRL S Such as
BCG (bac}:{)}ﬁprlSCag:}rre t?geg %%)QJ”ers] g 3 coﬂrl1 n@bac?e?r umnr%ar vurr{e Sugh%gd uvant s
may prot wcem@éhemralgeﬂtﬁN@nmmapm @htdw@}bbmélag pwosélqtﬁéétl&@htlngphitgerﬂrﬂta | ocal
deposi t, t ecrete
faotors PN R LGNl ERRE TbREhs TbTH, ke BruBr S bl erIS

i Mune sysd mnmod?foebmpainigyhe litfray orﬁohtmodps fdesd ia pb@ertigpph\d mcrhmsrn@rcedlprmdae

| muni ZaEI Q sc{redume Vganon human ani aY\Dom rlsmghgr adn] rI?OI tulrnaatnllr%pn%né)f Ot{

pol ypept | BAYEUE BVEY severérf We ek [ Blf‘iﬁ er i nmuni ion of
an ani rrallocvwvtthl Nathoénumahﬁgﬂnnqgﬁmn thgrEdf bodie@s aaimthaie respbnslepsdcyraq:tmgducr ng
cells can he obtai ned fr e. ani nal. usi ng art reeo ed, t echni S.

come enbaHRERPSIEE sl S PeimT R g b Doty KGR AR b A e

obt ai ned chyindyfegidags @fthsa%midnqrdmgth%laratraazrudrasalhs relBe G@fstiibindyie ReVAI®ed for
research purposes in the f

tE‘?mobtar ned fromthe, anjngl gr, in the

al t er nat PRIUCHIRNAAmPliRGRE e SRNAGSHRPE MY UK nisEIRg taﬂr"BQN %P dPP3Epur i f i ed
to providgpla gh&hﬁﬁﬂaﬂurﬁddeéatarmaﬁ@sred B@me%a@omm@pamagmy pNepar at i ons.
C. anoclona ant i bodi es 00112 il e polyclonal ant i bodi es may be used

i n conj uAredBE the YinandeY cgrmr"%rsﬂpee@f@n%redttﬁ@ﬂ&r 4B ap sihyeken byt CRo¥f er r ed
enbodi Weeroﬁe&ﬂrmrérage&mea&%%f Iprdqimg %%%ca@b gl Aec@PibPedhes. As

used herein, the term nonocl onal anti body ers to an anti bod y

obt ai ned ekﬁfmﬂowtqﬂop@ eali and tgn téﬁﬂ%@hmm&me? “h'brbé’@érrlé’ég% Phagq wedindbese |

t he indi R n cept
for possr FH-AQL ax@?{;{;{ﬂ%ﬁghﬁ%eﬁ&@gﬁ%ur alultdy%cf{i:)gur ri %é%r@gfe{ %ﬁg Hb]ﬁgb ’ %y be
present iusuafy momammmmfssed‘ﬁh@rﬁler th@hamodichid Bk orrgono¥llbnal i ndi cates the
charact er th t i scret. odi es and
Y be U éoogﬁlﬂn ;%gﬁ&%ﬁr%c%%?}{m%a[}ﬁ N&S&Qgtlr?odl@fséﬂﬂé?xgg{ljuo‘ﬁ n?ﬁ/b% lg)tagéﬁnﬂw

enbodi rrers¢rsqnusgﬁcﬂaccanb1mmocdnﬂnadtoxwhhmtbmdyllbracrl ngesdan amr bodyreeorpri sing a

pol ypepti d ce, that bi or .a ipates W erein the
Not um bi 7} ?fg]mg @‘ﬁ&afydlé 4SEq @ﬁ%e dl\sﬁz%yoﬁb%r%ﬁ e nga{)g uSln‘(f)frljuro};lclzaer1&qL a{nﬁ A i ncl udes
t he sel eeDNcm pﬁufpaxad $nonghRNtAas<gﬁéd homad ded)s. leeghpmtor prlepsiag uedheecehingRuch

I lit 00113 nbodi t
Bt 1 Dody MBAUBUET N BB i lrate AP0 s Fagar st b clr s PUEFated 1 rom t he

i mruni zedoamkRally aAflraBre (¢.50u8 Taamaaa Retdiebimdik Fedge IASmB(ﬁIyrSyfsﬂeﬁre&hta’ingjnd ynph
node and/or splenic B cells i

impprtalized b ns we in the
art. Met REq40GPLia ﬁﬁﬁrtsgraraﬁ?fﬁ% uHEAEs pier dielay bﬁrcaaf% “ﬁo%"!op 3@%@9@
t ransf eclyj@hd RRMWE 4 PR AYERESan Hek&Lih |g91ﬂ:r£tﬂr§ rih&\&ctr&nﬁh@ a@rrszra? aRpigy Vi rus
and cul tivati n&?t hem under conditi ons that sel zed cells,

subj ect i Agratipeire 6-2c &2 Abgead 0% PChithticatign @8%9@8@8“%“9@1@?@% with an

| mror t al g9 66191, o 92/15@9'1‘3(1@ R 288 Wo 9@7@0471@@@ Igyr@%g@ Fl?chE ool
suppressor gene. [f fusion with rér_?/el oma cells i's used, nmyel oma cells

pref er abIByo/E@ﬁhn@ipgss%éWé)t@W AT b dlag lstali. Rlupe Aypegsk HM@@O(@S ﬁ@h-@élﬁ%i ory cell
|ine). |HRELay! szct?&cg% P730198P £oR Ogﬂca%ﬂgetuptmm@a? :34p_b4Hgy eact i ve

portion thereo err ed e ment he'initial screening is
per f or me@rif§ihngt @nEMB@héQWBﬁR%(lB%WH@\abIQaV af.El. MoA)Biolr 226:38e8%i(Mdhoassay.

[001141 Wore gener ﬁ\}anx %ﬂ&%g démg%gl%g% gsgcm& c%d%?n?jes‘%h% s7pi th the

present ihvention~’can preepar vari'e ni'ques known
in the antgld (nepzqdc’}m@cﬂwbr |Bjdﬁ’aghnbbgp9ﬁ87ﬂatﬁ77t(e%mr}qlmgmbophagﬂ tNus phagy

technol o ie geni imal s . r) or
ITEYS St B bl R S i R R T i elb i
gnti bogi 3@01%&]1 nmegﬁmsﬂ)uréeﬂroumﬂ@yhmbé nblrafras (Eelﬂdﬂﬂilltqml%@r ssuﬁalcasarhregﬁgl y

escri be ove aught no tail in Harl ow et Ant i i es:
Labor at oryreredimskapEatest (UG AL Blapsiurbiy ngas Boheiickng) .
Hanmerling, et al., in: Mpnoclonal Ant %)odl es and T-Cell Hybridonmas 563-681
(Elsevier, N Y., 1981) each of which i é i ncorporated herein. Using the



di scl osed protocols, antibodies are preferably raised in mamual s by

mul tipl e subcutaneous or intraperitoneal injections of the relevant antigen
and an ad\VOnam027728 previ ously di scussed, this immuni zaPCoASFEHASHEDS y
elicits an inmune response that conprises production of antigen-reactive
anti bodies (that may be fully human if the inmunized aninmal is transgenic)
fromactivated spl enocytes or_ |ynphocytes. Wiile the resulting antibodies
may be hairo&yCaRpIeE anA Eeselarting feom terndaryi lipsries as dsserihed & BersicFenal

prepar at | oigye, Irr]iutéltl%n gzﬁ%rlﬁilr(g(ﬁﬁcéﬁjit?anQ%'lﬁ allﬁjo%ytu@inlg §H$Iaﬂr§ne' olinvdralyal
| ynphocytes fromthe spleen, |ynph nodes or gerl heral blood to provide

hompgeno(epgsies pakani ohd.. Sechmisiod (bhéﬁ (%Qi)bb Pwthoﬂlﬁéﬂa‘{*’&lm etal.| jy Malhe

| ynphocy nEal d i de

hybr i dorrggSi % ﬁ%%@%@@é@xl}%é Ql%glgﬁ)éggfc}rl ed’ 0\1/\feaﬁ Aﬁag Ss%ﬁé%‘:%\gn process
can be tB&/6s¥B8¢1998Nn Additgonally,qlféniy Inmteationgan e mxtmmbd bx/raodor@lly@mézsmgs uch as

a pool of h br| d cI on a clon ENA I t

shoul d b&" eorres:? 5ct%agﬁgpggl%&%&nﬁ@%ﬂ%ﬂ{&r&%@ﬁgg éte%glgées ce c% be further
al tered, ofmtereexmleetedmimmm Bveloaésfahmisd:rgenir@rfoilhghdraffgley clohe. MW@ani ze t he

t ar get b nce rove its uctio culture

reduce |F gé%%;§8% |aé’ilétt§‘f’dc%ﬂr \%\‘féﬂg T%ta%epgsﬁ 84 COWHPamemanFlJF eémlgﬁiglr%%%?/

etc., andfihiatmmbglabilinlpdychaonp kieaiengibidieoflighe tleath geaegeetnolmendﬁfmvsequence
is also a nonocl onal ntlbo y of this inventjon. In contr t o polycl onal
ant § body RRGRATHOFGREO R oy i ety SFRCrebonines SRERb HRTPEBRIBS! Ui r ected
agai nst  didfufa@y 6furdRt e adthaARiSantsePtabRR &S uRdsinBRN@HbaRAd s@é&qlfmghe@f a
nonocl onal anti body preparation is_directed against a single determ nant on

an ant i gainity i sudirPeds cbchapicthusiyae i degsrttyd IWH‘&% FttaPiokshidodS 779

pr epar at h@Ngogs\e mg\(&m\aa@gwsm Srb@lctbhsyanab&lidsyRl eldody HRGQMAMNat ed by
ot her i mmunogl obulins that may be cross-reactive. d. Chineric antibodies

[00116] rinsqm@@hé@n%ﬁ%mkwéw of ghrat 4ot MgddsPs-of the invention may conprise
chimeri bo b b cd Rk Bl FERMBMratick r om at
| east twg@gitz%]f e?ﬂe\ﬁ? fgrg{eet}gigb E{C%{@ydgg%{%g’? aht fbodefggxglyl% %O?e be ag;rr :aem at ed
that, ascuspitgeaubkirmoticdeds teer.meeshi thatekpreabindyiediags on ietisyiéseeds i

construc r enti cal
wth or RERbRsALER B8 b aDbipck AR AR RhadORL 4k B bR T o &
parti cul &re..Syreonesdoelapongiggndidate-bpdmgipeus ar ihtddodylostdasiepomagbbel ass,
while t hﬁ&en ooI Bgl?zrel ];ar;[/ Q(?ntecnrt]? tgf()sgffmﬁ h)gﬁpatt 88 ?lf thg\‘reaptl\%rbi r%da?rgoge% to
corresponding sequences’ In an di'es deri ve ecies or

bel ongi n@)rteﬂarﬁpﬂe,tUhSJP l\arﬂ;TIObddgl and ESSS.Br 124408158 & or&gmbedhmeatsthémagment s of

(LS. *Papttns RieRed B8 a Wit bk herthal Phagec hark SR afaf Qi ¥
81: 6851- pBagh4nl& 88 Naturd Blomnmmcﬁog@rtplmlee(ﬂ@od) BEdets, et al. Biocmeatl. ecahStibody in

i seqdoale unaTechREREE g e b ST B Ho | )l aes e B nor

conmpat i bivesregibRdb st g os)x: h rasafet @n@datimmﬁmm% bifiBngaes ey bé mﬂafw if@m may
conprise a CDR grafted or humani zed anti body as descri bed bel o

[00117] Gé?fé'i”ai‘tP?al alibpdy Hbgic TR & et ellaMaepUsst ° 62c oLesP a

chi nera yRoyhoLsdch eecHMq&% fad nta ?éﬂu@l@ aﬂ@xlv ql& the QPachitg of NtRNMURBeS UPj ect

speci es i s maxi m zed. exa e is the CDR-grafted anti body, in which the
ant i body cengifste medlagere a@rpfﬁ’ﬁf—’l% %m#ﬁlvewﬁwamrwlﬁ@n@f pANAIdALS SPRIgNGEHEE-§-CDRS)
froma p [ O bR&Hh to a particular antibody class or
subcl ass%mﬁ&?{g%{atgﬁggr?g?eﬁder oftgg‘%g[}%)ntl body chain(s) is/are identical
with or mmﬁq)]ogéiman@n@od@s caspeerii magle Hg dquirodueng huneantimpuidpglebudied oy &do f r om
anot her el gn t l.ass. For use
7 human RIS oty £ AeBh bt RSl A gl AR sllcs RURLAED, 10
often ar @algalayf d}rexdmph‘ted)y machwmd Hptm Hotsngerleplaachtigdy podnetonnadtsgrvedcur ri ng
variable re CH?S human. ant | ese tructs generally
have t he "4 a (fsgééeseg’ f)trhgbsle m ju Gt s resﬁg‘% mdugl H}gag[e%el% ”an ehs (e.qg.,
CDC, ADCassembly, Andvdﬁnb@yrrq@ummgmmv@fdaehi1s|d@fmnmed tfmsepamplesntlbs Piha. anti body

by the subegh, s s45.806: 5.569.825; 5.625,126; 5.633.425: 5,661,016, and U.S.P.N 6,075,181 and
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e. Humani zed antibodies [00118] Simlar to the CDR grafted antibody is a
humani zed anti body. CGenerally, a humani zed anti body is produced froma
nonocl onaWOo2Mt¥BdRY rai sed initially in a non-hunman ani RRI/USAELG4EE8 her ei n
humani zed forns of non-human (e.g., nurine) antibodies are chineric

anti bodi es that contain mniml sequence derived from non-human

i mrunogl obulin. In one enbodlnent a humani zed anti body is a human

i munogl 6860.5% regadingiXenemeine| @e‘mx,@}ng lojg With tlreefgllweg sqignsific RUBPDRIGE: t he
recipient,are.re s (donor
ant 1 body Ll S BTEGa Bt FYEE: {15OF) EalR @, N RAD S BRSSP B0 RS
desired ¥pediohjKattuy,368811-h3 (PI4)aRdheild capalatiy. B1{>tﬁﬂﬂnm>gy 41 84815¢¢1¥4d);

enbodi ment s, the. acceptor ti ) cpmprise nse egyences

create cgjtﬁ%e Eﬁff nOt?‘ihﬁ Pﬁg% @%\Aﬁ%&g ?nfi%ﬁ“. e\%el%rérr} iﬁu#ﬁ‘n uﬁeavy

chai n or 13:66408 (198). NAlsThatioelscthel haraLmibety nm}bebﬁepﬂfeﬁg'nﬁdmicmtathDﬁ bif y a
consensu acid se gnce. Mor.eover i nst ances nor e

f r amewor ume&ﬁﬁm@%ﬁe ﬂ%@ SPYE a&ﬁlpgb%ﬁﬂigﬁe%?gapﬁ%a tﬁ‘i%ﬁra%t‘lg‘?ﬂ{ﬁ‘l’%gf obulin are

r epl aced|yphesiésatRontdtnged@ RroMbiBAiviesd] dufesing HOM 4 Ilihepldamnsomt bbady. These
framewor kK substjtutions are identified by methods well kno&gﬁ:l n the art,

e.g., byh#Edhssy W@“‘Hflzefih’e”?rﬁ} erat§ orde 8fd )(*t blgn abARhodiss BT R Fesi dues to
i dent i f Y Thér@he WoAHR 1881 fUeS1983p Bt eifa@l ). &RkLAEN Bi(NE61Y (Bud).spguence
conparison to identify unusual franmework residues at particular positions.
Such sub&t¥-P0t PdAS3hel p maintain the appropriate three-di nensi onal
configuration of the grafted CDR(s) and often inprove infinity over simlar
constructs with no franmework substitutions. Furthernore, humanized

anti bodi es Way catihedydeharasteiigliess that are not found in the recipient
ant 1 body (@311 NG ARRRGw BAbELIAnidNSAR: aBRMALAGRE HRRS iiAKBRy made 1o

further ant1 body pertornmance using we own techni que [ 00120]
CDR gr af triodglagn thkbsueanihemenizadt hioah, es.) theerdesairdnbedimentof éxaligglossd i n
U S P.Ns 0, 3 0 7

general , "b?gﬁ u%’ﬁgnma ed ] h%lttvglﬁo C%aragtfsr@&%s I?lllt }%1(%?%%%2%1 gﬁ\?({t%rﬁﬁrqlb%fifggp &ang I east
one and ctlyse. gahytyldbwas omeastadﬂbﬂesjmmlbnse;leatw mlonmnnalfurtlmr ssedned &)nt ially all

of the ond t.o t of a non; nti nogl%%bulldntandd%lsl or
Subst ant far e hiang g b e e ROt APt BYaRGts Bt ™

i mrunogl abuhssdl i epienas] belde dhufmmaaenbdamharbad;sueqot}i{mabmysounlbé e)qiasdbd
conprise at |east a porti n of an %gﬂuk l.obul i n const ant g

typi cal | ¥ YAy Séﬂ?geae‘ﬁﬁwﬁﬁ A IRENG FYSeRlaf gda‘fde‘flnil © °§g‘ece e g.,
Jones et cakure mNQtfr&"Metfﬁgas 53&6(521@ &&Q@am eﬂxﬁﬂﬂ@&@ﬂ*uﬂina@hnd/oﬂﬂ@ldﬂfe@ each

332: 323- 329 (1988 and Presta, Cur Og %&P Bi ol 593- ﬁﬁg (1992)
See al soof ghigh Pro@é%e\?\/&r‘i‘iscr&ﬁcfnpﬁ‘?ﬁylsf’?fr‘\es 9 el kpovar gyhosaof priipary sk 1:
105-115 (4998); Harris, Biochem Soc. Transactions 23:1035- 1038 (1995),
Rude and Gross, Curt. QO. Bi otech. 5:428-433 (1994); and U. S. P.Ns.

6,982, 321 and 72208¥cumbzingantibpdignot her method is termed humaneering and is
descri bedy B9y X g'c{métﬁarlf Refbhrel eRARAGRORE grodulfifs Jf IR iR RS EfioRfwili e
present applicati t he "term humani zed antibodies will be held to expressly
i ncl ude CDRrufcakuedizigtantiodics o @quvetlvemyrfi@ameﬁtthemﬁu Ehe teampeutislizieg one or

nore graf qglg% ons.

[ 00121] ,&gﬁ%td ?gﬁ%‘%#m no })w:éj\en%%rsgg? I lrll\tlomto{ijlym anlﬁggﬁgq mn%l;ldgwubéerg%dl fied
by speci fWit adajand @mzy]ﬁe lpervens Gindigg bf éplizodas caryngdd mrb}ndlztap@rbnr@y t he

met hods dIS | gse 2 4317 and
light ch St X \a/tg and nlterrulpe tl?e?l%ﬁgl g]{:g pgns:c!\gg{)g{hgmﬁs]e %ou?({ ﬁe?\{l ﬁ(m%h?%tgr%gt}/(%ﬁ des

t hat bi nd;ftlthﬂﬁioIacalss; Ihlassemshgstbe piegihg elmi;speceﬁme&émh apmhodylbr al T- ceI I

epi topes 98/ 52976 an Qr det ecti on of

pot enti al ’FUB P$lcaglé’%t”3f]5‘8‘\§/\?fgg’%‘ﬁﬁﬁ?eé}vag%e& P garh%%’g%)%lc PEPRES Pept i de

t hr eadi nguisainiflg iappl bRdingand ligahdaddhdyimeno as tatiappsemeodr shbnare Wi aal ass |1
bi ndi ng peptides can be searched for npotifs esent in the
sequence§xceé%Oché‘E‘E?‘%YB%‘B‘CF%gWa%VySgé‘?‘gonﬁn’art‘%%%@@déﬁ@ffargel‘% %C”ﬁ&ylafs bi nd
to any ofie@odi@09R30%, Md%:; oka86%| T0BR08, Is@%ym,,%%wmh% 60MGrei(dsut e
potential T cell epi topes Pot ent i al T-cel | es detected can be

el i m nat é@:awe%wgw ’(’Hf’lcﬁlﬁp"é‘f‘r‘ﬁ? pindinggesay sush a&ﬁ‘ie &%a?éfaél stdeityipele i n t he
vari abl e regions, or by single am no agzd substitutions. As far as

possi bl e, conservative substitutions ark made. O ten, but not exclusively,
an amino acid common to a position in human gernline anti body sequences may
be used. After the dei nmuni zi ng changes are identified, nucleic acids
encodi ng VH and VL can be constructed by nutagenesis or other synthetic
nmet hods (e.g., de novo synthesis, cassette replacenent, and so forth). A
nutagenlzed varlable sequence can, optlonally, be fused to a human constant

NN A N T 1 e g, ~SNNA 7 ~Nr—n 7 -~ o~ — p— e~ g



[ 00123] Humani zed anti bodi es may be fabricated using common nol ecul ar

bi ol ogy and bi onol ecul ar engi neeri ng techni ques as descri bed herein. These
met hods iWOIROBAO2IES] ati ng, mani pul ating, and expr essi ng PAEAIS213/04B5%

sequences that encode all or part of immunoglobulin Fv variable regions

fromat |east one of a heavy or light chain. Sources of such nucleic acid

are well known to those skilled in the art and, for exa may be

obt ai nedEkamopteshersjivr Lo dwwasceli kaifbpdics to Reiiun, Dreulshiiies @Pb‘g?g’cif ﬁgtagmﬂséﬁ‘tﬂ body

or i nmun AGT® j S bed
above, f?%ﬁ?ﬁigﬁﬁF% |nnunoggﬁﬁﬁﬁFﬁﬁagﬁgggtﬁ&) ?%ﬁﬁg%%?ﬁii?g@é§%§?g%cts

The recoﬁ@%n&i% 90%@@%;:% 199 %t dyendrel i theoreloly mdmmbmnmﬁammffme cI oned into

an appropfiate SSIO e [ 001 for
exanpl e, géplcan 1(1)1Se §Pp ec1¥ c:fr}h%{ this (p 1n¥sﬂ;&i %%?&@ra&%?%caﬁ?ﬁ%? B ol .

227: 776- KQBSureﬁabﬂectl}Gm@ aratcaghized fb%ﬁ()uek omumobe. mdaoatay byl Gre i@Bact A¢R; Chot hi a,
D. etal. (1992 9 817 i etal . (1995) EMBO J
14: 4628- §§KmTW h@“ﬁﬁggﬁﬁﬁfg’ %P@ %8&?%%?Q9me§ﬂ%?§%@ﬁsive directory of
human Iﬁﬁunog|Obuhh@nmam_gghﬁoﬂﬁglon sequences (See Retter etal ., (2005)
Nuc Acid Res 33. 671- 674). These uences can as.a source of
human seffi? age Vighilg evidepge iRdichigs iRt o {'8h eﬁﬁﬁ“%%ﬁ% e%@'%é?“ﬁBW?h herei n
consens Ui RMal s HBINVOS aifLHE RS dGHM Bt 841 fEfadtShdebyaallgwingdsr described in
U S P.N 6,300,064. f. Human antibodies [00125]1n addltlon to the

af or ementntgAdEaE §fsescitdosed madaters IAIC%‘Hd‘inﬁlytfﬁ’é‘ Metmgntipodigs magdE at e t hat

the anti lﬂﬁ@rhﬁ&e@fat feﬁ'ﬁ tP{BRERend, BY 81 QR o XPRYss CRUIRE.1 158 ekathply, aRUMRNotum
anti bodi es. For the éﬁfses of the instant application the term hunman

ant i body aetéhegy ﬂ@é@n@ﬁﬁo Ynberifie iprifash opd BEos-dnidating calhingp batiteanadiggllyribe t hat
corr espopds, LR hiiateegf . r@cmalrl? Qe RIaQee@iche RY s@chmr\mt@rﬂ q{\tﬁfodi%‘%a? gen made
using any 6% the tec ilng human anti bodi es as di scl osed

her ei n. Thosiadeémiithior ﬁwg@fedao ¢pierexic motetibidgt kb deicell upan iptepniidatioes a

humani ze i b i 126]
uman ant T hah og R R R D0 PR R PR e ot
As aIIudedlmmnahmwexophmgmaﬁo@p&hyuhe0hnmqﬂee%ﬁaﬁhbeﬁusddﬁganﬁmmw|de

Thus. certiin SRR LT P RRGRARRRe dod B RAERERak 7 O ng

ant i - Not mmlamlmabmdmeyso@nr zarvttrcg@nn bnvadFarrghqmmeuilcomlmdmensed)ftercdapmqma'yg t he
steps of synthesi rar erab i bodi es phage,
screenln601581WWb;gF3mﬁWPH’ HVHP §H§%H¥“%eévn%@h ﬁﬁgqﬁ%l9ﬁ%%m¥ﬁﬂ?eof

i sol ati nthpﬂagtamtdk@teshhgd:l l\lesbwnllyai‘tdotoﬂnteapms‘@ thmer iniatnpeetiaCepst@iferoagment s
fromthe pha exa one net hod for ar i he |ibrary of
antlbod|§§”¥g?mh%%h?ﬁ“$ﬁﬁﬁ n@ﬁW&?”P@%ﬁﬁ?a&%%ngﬂﬁg%%g z&%B%%? el of

| MuNi Zi REHRAPaIdtdMHIEENRo 8RicEREs sGATERIE Bi KNI the WiBA cal haficthteamiboaybingg! obul in
loci with Notum or an antigenic portion thereof to create an inmune

r esponse FOBRPAL F%Ejlflatﬁ¥lpﬁ%i”8§?~gb]rydlﬂ’é?é’F Pgfiltiag push hab mter PR ZRtam b PR O H )

i sol at i ng¢ RNAYENERHAG d REARY Yncdddy |sl safHcicah@ikNS the turdiH ek OWiheBeQdh ahire
invention fromthe extracted cel ¥ reverse transcribing the RNA to produce
CDNA,  anplotny prifpothintesBiAesuson Binging Aotwn omp ammsdian ¢elFap be ddpriicdiyo a
phage di SVQW MR BLIEHE EOEMkC@aaa arptgg E%éndﬁéseoewrﬁ&%&% AebhifioRilR@e: More
particularly encodrng the VH onal ns are reconblne§ to ether
with an so Evablodxn keernizeHAR 2eael at dspmtped it 16.SE - BHag@od whichtipincgrporgte

CANTAB 6 ,0r ng vector may then he el ectroporated in E col
and thenhf”ﬁ1 fecgﬁﬁhﬁgkfﬁ%ggfed wi th hel per phage. Phage used in these

nmet hods ar e t ypiccabépletinglaattediesus phage i ncluding fd and ML3 and the VH and

VL donai sual | ec i nant |y, fus |the or
gene VIIE&”?éﬁ1g9fﬁfé%8%8F§%ﬁvﬂﬁﬁ%% m%npﬁﬁmb§unp§ﬁ t%ﬁgﬁggﬂggﬁ Ilrls;\‘;’entlon
may be i ﬁelblaﬁ@dmbyocﬁesroeeaﬁvagv@orrfegﬁm thaedf. d‘her‘mrrnalbmemrgl anabndybefdny tb arbr ary

prepared as_abov ef erred enhodi the library.is.a scFv phage
i oy gy Ciunis BeBBRGG RS W S o PRACESFLSTIEa3HT om mroa
i sol at ed ihdue#s, Broflds or cdvbdshdgeathasr epmemeasH sfghasd (6. gr Bﬁfbﬂi}@erﬁ&iﬁhe;ﬁdn&rﬁr i es

are well known in the art and kits for genera di spl. a braries
are conmmey©foxfaity OQ%IbP%ﬂ@e?‘gnbcelluPﬁ@t é‘FWQC&%SO%S@Hﬁ’ggW&HfS dﬁﬁéﬁ‘ed RAEi body
System catal og no. 27-9400-01; and the_Stratagene SurfZAPTM phage di spl ay
kit, catal og no. 240612). There al so ar® other methods and reagents that
can be used in generating and screening antibody display libraries (see,
e.g., US P.N 5,223,409; PCT Publication Nos. WD 92/18619, WD 91/17271, WO
92/ 20791, WO 92/ 15679, WD 93/01288, WD 92/01047, WD 92/09690; Fuchs et al.
Bi o/ Technol ogy 9: 1370- 1372 (1991); Hay et al., Hum Antibod. Hybridonas

3 81- 85 (1992); Huse et al., Science 246 1275 1281 (1989); McCafferty et
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noderate affinity (Ka of about 106 to 107 M1), but affinity maturation can
al so be mmcked in vitro by constructing and resel ecting from secondary
| i brari esW@0R&R¢28bed in the art. For exanple, nutati oRCEAIR20/04#H468 oduced
at randomin vitro by using error-prone polynerase (reported in Leung et
al., Technique, 1: 11-15 (1989)) in the nethod of Hawkins et al., J. Ml.
Biol., 226: 889-896 (1992) or in the nethod of Gamet al., Proc. Natl.
Acad. Sclullylsay Bosclasrale@s@m niibahys wildensspeniad pyconiBtEsh o ACYHIPUT at i on can
be perfo W th

p 5%%9 ﬁxfe{aag% d&h}% g@;ﬁﬁ%@ggm}%ﬁ?rﬁ (IR ine & kilvSi 188 TR

priners rryin uenc g the CDR of interest, in selected

i ndi vi duaﬂ)%ﬂﬂ%ISQ%eQO%n’/chCSQ%e&i%QPO%QS%L fHeror &P qfltworcplem@gtmmlgmowm
descri bed t in [ ar
deternlnlﬁgwggcg?ﬁxm Ug% ﬁ%ﬁﬁgggﬁg%ﬁgln f§ F&) Rgﬁg% tgh% |brary of

| i ght ch&mnmgﬂnmﬁﬁmAnoEMemdamkemmmmemagpﬁmadhoﬂsr@nhﬁbn@mbhﬂaﬂthe VH or VL
domai ns sel ect ed by phage d ertoires o LIy occurring V
donai - vERTSAES TantalRag LR i s BB T BB B bR

af fini ty winfor peryetadngrcold) dEhosd skillediimthe ag lwifi ﬁﬂaprﬂgata&lad‘mﬁﬂiandbﬂdhemlcm’ar ks et

al ., Biotechnol 83 (1 hn| e a e production
of "ant1 bbaBGE At Ea L R s G Beray B iR e Pl

(kof f i kogdpl@fonah aittor hOrpOivhiaiz ckBsSiS acdodhdOVith the \WathinsUietdher be appreci at ed

t hat S|nllar procedures may be enployed using libraries conprising
eukaryotic cel | § (&pitgpe bi t) that express binding pairs on their surface.

As with pima dqt&ﬂlmfrtﬁees@wr&%d th\@s@s@RMPNbGin] dnBb&didsesillaRciakragned
agai nst the antigen of interest (i.e., Notun) and cells expressing

candi dat et pipd i ﬁ'@CfosleP%Opéf’ & Jetroneey PR tyrflpclegted ﬁggeﬁ(ég/ AeiseRERNt o
optim ze kY &/ (@@&&!Ve

bi ndi ng E)ﬂael t?%%ﬂtoﬁ&@%eg{% él%gg%rtxgﬁ oiatgxé talde m%@ﬁ &Hé)ﬁ@% gf‘% ? iz

12/ 404, 05cificallsohrané kb o dithiewer antlh@yhmhlm ﬂéﬁﬁﬁ“ﬁ@ﬁ*}“f alpglywtlé%@l@a ag N@Wfra phage
library, i ( ghan et

al . Naturmﬂﬁ ak% %3F%ggﬁ?ﬁh’ &%’?§%55 §%%§ms eetgagﬁgl. 5§§%Vxﬁgt|. Acad.
Sci. 95: ﬁﬂx‘fﬁibOMd@Q tqri99 8)Yling pb@gn@wbocﬂpnam finireddrom chntigpus aBinglacidp a®: 381

huran’ bi DAgY e dpaypisk ceofubhe, P Bihob bl LBy A E TR o e

gener at eo:lypucmllﬁ tdsamppntprcnem dtragurimgc hnamtgpeamlcallse@lteiegat leals), Baml iNore7, 700, 302.
Such techni eoqus |l ow for t eeni ng | ar. ers of
candi dat & 5?%% gﬁ‘zﬁp%b 1?6?“8@1%??%8 @%%%?§n¥¥%PSpﬁn 2 %ﬂ?

candi dat @klﬂanuemeﬁu apreciate by tafnf dpitbjieyinctaded nay pmmmdetammmbuapmm of

shufflin 30] Human an n al so be made by i ntraduci ng human
gl ST ophimm s BRpeT gl Piafs S Ohe e Rt e

endogenoysldciRl BEpEdbattdrmigaReendianeohaant pamtitally laytiversutaumt@ipiigy of

i nacti vated. Upon chal | enge, human anti body prggyctlo IS bserved whi ch
closely MmsissHise %?htah%!’f‘m@é“é‘ﬁs PrFamhYate PhS%F“i Sifegdipiag geﬁ?fe }aﬁVﬁgpfijgﬁe
rearr ang%mlmeﬁs@&ﬁm}dtura@@Hhrﬁﬁ@ris@&dé/s WEAPRsh&ifiCcharkBicBar&d@s@ach i s

descri bed, for exanple, in US. P.Ns. 5, 545, 6807; 5,545,806; 5,569, 825;

5, 625, 126xddsiopaly, W 2Bioms, r@albedmsaroaﬁwfwsﬂmh B agmsarieiopengfl ofghe pEjnis gh
regardi n%@%@&%ﬂ%&!&%@ﬁ %he;&ﬁaﬂ N PEY u@érga@fag Wolddufehgich 8 Arpmla&igz 6é@Ptihdai
publications: Mrks et Bi o/ Technol ogy 10: 779-78 Lonber g et
al ., Nat eheg 869rinBHEAEEO a¢id §8Mynce NHhEPEUFID. Neaqw@r@@t@nslleytw theggigys, of
Fishw | d \ Ione Nat ur e
o1 ot echndfisgg s B o0 AU A RRNRRA I pRlR AR eI PRSP ane o

13: 65- 93aﬁ&995) Alternatlvely t he human anti body nmay be prepared via
imortali j hocyt es Rr ect ed

agai nst 007 GeOTsRe TR FRRERBReT YiERe BF B ihES EsaBblsI8 i OO 2
individuahmﬁukiaﬂhm@pﬁm&neg mempmasmhqumﬂamd&m1oﬂmqm¥mhmmenmaen i muni zed
invitro). nocl on; t i £S.

Ther apy, ‘A egﬁtl}fi’ly dlgggg % dls‘?gf’efyllggéf)s Gt Oneatng )Ii’arac el it al%%(’%fh

(1) : 86- 95y AR kihte iRfdEmdiod.aPouNdedralla@pitop3s. RebmAlik iriaehatiGhariadier possibleas

competitively screen antibodies for binding to the same epitope. An approach to achieve this is

39



[ 001311 No matter how obtained or which of the aforenmentioned forns the
anti body nodul ator takes (e.g., humani zed, human, etc.) the preferred
enbodi merWe 2612/2AR3di scl osed nodul ators may exhi bit var P6WAIS2011/049458
characteristics. In this regard anti-Notum anti body-producing cells (e.g.,
hybri domas or yeast colonies) may be selected, cloned and further screened
for desirable characteristics including, for exa robust growth, high
ant i body toproadise eerenstifpristudies tgifigd gatiodicp ﬁlahw@eg@% pingy wrth gpe %i@gieF»éﬁi e

ant | bodyth%faﬁmﬁ&e@'a&ﬁ@étgﬁﬁ biﬂmglt@mgaﬁng%anA %}ﬁmﬁgﬁp@l@pﬂo&swwnmgsyngenel c
animals, in aninmals an i nmmune sys €.g., nhude mce, or in cell
cul ture amibeilies basedviytondlebsr cr;@sss;eme@tttlongs deé‘Frdﬁﬁ ngé}ﬁﬁ//é%?éhndl ng hybri domas
and/ or c es, t ies, are
wel | koIt ns SRRl St G RERLY R85, & Fhafi bR PR 3aRE oS

anti bodi ésir a[lmga:iwiﬂdlﬂgrchmactmii&tigis dFieyaspgraficat pdneivbouwehubitatye depsddinat or s of
t he instan onpris i i derivative
or fragr‘rﬁlﬁklo‘? Hl\efpeé%l 8’6‘? Served(r%% nélfta{r%fér |§E¢1§Mgﬁg &gsotggédofﬁﬁgeu ralﬂlnem ng

ant agoni sthiigfedis 8 uteful asol &thatbgﬁylr(g’ranabmh’&g@lﬁ tlstmstmmv&mtmdstm bingdo hait er act s

with a ligand. or enz nts t he toits
bi ndi ng blg%ﬂ%’ hilipectly © %ﬂ)aéét YVE{‘ H&”i %’?geﬁﬁ‘@‘%} g?ué&)f’ treunté%ronse t hat
ot her wi seoﬁmﬁmle&gby ExReH At rfa(fdgmzédlﬁlfethﬂ(ﬂcﬂdsggzcltl on of tge two nol ecul es. | nI I
assessing_ the binding an ecificit o an_ an ti 0 ically
function lﬁg]agPPé‘H}thtﬁlca‘éPéP‘?’@é’f‘? geeriigs whpther 3 g¢ %\‘ﬁ‘f FE%‘(WV mtmkﬁﬁgrﬁ%m% I
subst ant hRldoy) vk itdint shhdehitoge &fcrass bd)rﬁ@d%i e bifdIAY WRh E@ecbﬁcﬁarﬁﬂbﬂ@ g partner
or substrate when an excess of antibody reduces the quantity of binding

part ner BuuhEeihedsmewpin heartapgd st fnrd ipihedixamples hergifoljt O EHMPOGTHAL A, 509

60% 70% ;1 &QMhe SAXAry ARI0odF 3V he %‘K/e/%ué?\%{%&ﬁ TR Rl BReBASIHNE dorldticAR aﬂxdq vitro
conpetitive binding assay such e TCF assay set forthin the anpl es

her ei n) . thep mepairesdheatility ahthe BQ?@P@%Y tlf%ileﬂ)‘)t iSPrhmdaPO A aff ithei teig a‘&lfbpfibﬁd‘?leor

ant agoni Yien @l seldhady | east
about 20?}%1% Nﬂg@af‘ﬂgg /SIL%%B‘/?Q&?%O Mme ah{gg%mr%%?’%%&g}g "97% 99% or nore
and ther elhI}bOdXBumd‘etOtahibff@@ﬁ@emrEahandhﬁ lmmarry ewrtibgly: pH@‘a‘ﬁ’@f iff the sgicpndapye

appr eci at t I i t.r at f asur ed
o Feot ! y okt Rl Sl ORAEAGRPGHRGR, KR R e R b e
such redsaté guitopd, lah omgplog\ep\mpmmr aetxatoedthpars hmdg@ psaxahitat thgaepitoph or BVP.
b. Inter all anti bo 00133 i V, e .l ndi Not um
may b sBoPEeaE) e LRy A Rrditr MR AR e Bl B e o e
associ at aekirad tita thebeaﬁ»kdmeﬁuumﬁ]gs@ldt ;iheseehryctajr Ixraimectgadxmmmunbassaya(RiIA}anlmin of

t he di scl oseg nodul at ors. Accord gsﬁ% E m ant.i.bodi es %g%/ be,

i nt er nal P3G dirgdt of gdisget ?‘gyg’Sﬁ‘Bmgﬁ?a ( @9 Sé‘&‘?‘l”& EHRRCULI 180 2 RAFEGR™ For
exanpl e, spenafikel, sivgict flaansi RadyindehatE b]eﬁldﬁax’ep alNotteBibBAnklher siur fodcyalf a
tunmor-initiating cell may bg h’aternallzed h@e n#;%or |n| |at| cell. In
parti cul dHFNEIHR fyerFrOé‘SB}é)n% ﬂ‘f’§yt§{5‘€'ﬁmé‘?ﬁt odRISEY rfﬁ”b%‘(fl PESPIEP e

associ at gdoMinkd) a@ﬁse@%@ﬂe%&?@ﬂto’fz@\ cﬁM&z@bﬁBﬁbﬁxeﬁ@i tBitiaB6wd foathelshdllsid drgetel | upon
internalization. 00134{ used hereln, an anti-Notum anti body that

i nt er nal figedigsgecififentergtionsdydateaipn b akigrations inRIPein ROBFFIBRIAIS MGG Not um
associ at %Q)sé’ﬂsgtr}nﬁngam?ﬂah?dﬁlaﬂﬁ ptefer?é&%rrlb@@ﬁfeﬂtakHeZahﬂgs@iQtpb@&ﬂﬁéd u§igg Mdes

anti body fragnents, human or humani zed anti body and anti body conjugates.

| nt er nal Biagpicon FrrsBio dnstimen ay flemensisated in thy BempisbeloWer apeut i ¢

appl i cat i 661%@ ' %ﬁ'ié?ﬁ b@&tb%aﬁ@%g%&%oﬂt&t\éf YRibodi Egeth&lémﬁéte @Jr f@Ginody

nol ecul e I nt er nal i zed be sufticient or adequate to kil

Not um expplgmsmmgn&:ce)lrﬂpetlte@d?@cvqhIaytlt@dN@tSmtemm@b‘smn@sztyuw&llthﬁhetanabOClYg cell.
Dependi ng_on t C some

i nst anceg 1r?rﬂun%?o§ﬁ)c%}<g?ur¥tl&fal fr%eﬁpﬁﬁﬁpg& &)%Vf:ﬁ’l? Rﬁg}/ts glh?%gltdgl :fg

suf fi ci emdfetencelaintibodyhea tanget amizkh. Typisahly., cshch heasmytm@d)‘d:y thei uselst pLFxﬁued

exanple, certain toxins, are highl ot en in t.hat

i nt er nal |aEté§e’P§ﬂu‘bdft°3r‘?8 l%ulrﬁ%eu?r%e%%/betgﬂ'ég %l%ffér%t%egﬁjaﬁﬁg ag%tj ({]thtt he anti body is
suf fici enﬁlmﬁlﬁoé(d)ﬂuﬂmhhwa tabigred rete@érce 1rWheﬂidgﬁjbuBm anhipeNayelimhibition boeyasured
internalizes on bi ndi n n.a n cell cap be determ ne
various X¥LES ‘P‘r‘i‘élﬂi?o‘i“ﬁ)g‘gtt“#g F%ﬂ%‘é‘éf‘? ‘gaggr%rfu’iafﬁcé’ %ﬁﬂﬁﬂ?%pbeé?%&ogwﬁﬁ% ds of
detecting whether an antibody internalizes into a cell are described in

US P.N 7,619,068 which is |ncorporat‘é herein by reference in its
entirety. c. Depleting antibodies



[00135] In other preferred enbodi nents the nodul ators of the instant
invention wll conprise depleting antibodies or derivative or fragnent

t her eof . WR&0t2d2/fi2depl eti ng anti body refers to an anti b&Gy/USR0HO4HAENt t hat
binds to or associates with Notumon or near the cell surface and induces,
pronotes or causes the death or elimnation of the cell (e.g., by

conpl ement - dependent cytotoxicity or antibody-dependent ceIIuIar

cyt ot oxi unmyQOglqbnlngonaéYrﬁ)@dtsmv@% lobulifsis grpsers pecxcess| Pptibpslicsiglenfiieds el ect ed
depletin [ agent
S L e e R R S b R b

at | east ttﬁ@@f?reﬁw,@ntm@%ang@%boate%nndm%to 8OWaceBRpiIt@ORITIOBYYY BPYimabio t@@% of
tumor per uat | | n nmbodi ment s
the cel | BBt Pl FiyRae AL RT RehEhna 8RR BLouE Maad o R T L T
t unor pergetdiatmhdtgods ébd c&terminingtchmrpetianfed»dtdngmtesprbhéectmlﬂhe Brapypleatheom. may

conpri se unor sa es, or .het erogeneous. t xtr s that. _conprise
o e At hatTlooeiRe RGBT RS R VTR SR8 iRl a P rt
st andar dréure@daamlmb té @Gdﬂﬁhﬁtumigasb}dﬁsmﬂ 4@9@ 45%, s0ve, ﬂiﬁaﬁp%eés%,eﬂO%ADmy be

used to or and quantify the.depletion t r. pe tuating cells in
accordang,% \M&]f W“teltésﬁlé?ég’ﬁ‘?({ﬁ%ﬁs‘ Hgﬁ‘ Ek’y at le%bﬁq&’pgé%)i%%' %Sy gi%@? MO 1 |
further lp(ﬁnagjpr %hn@éﬁglt&&%péblﬁ&lyq&eﬂsmw aNpodias A} bbadieerivdd dsmgsts oci ate
with, or bin di screte epitopes or,  determ nants presented by

sel ect ed wapYSf (1§§erenb8hyt§’§élcfhﬁé?t%‘ilsrﬁlct Relugigg, r'FP%?i‘lat“(B}?eblP@P%? mtt’ﬁs’t‘?ﬁi‘t‘“gport i on
of the t@erdq)%taug,@ﬁrgpgmpgm&k& pfintpei ng recogni zed and specifically bound by
a particular anti body. Wien the antigen is a pol ypepti de such as Notum

epi topes can bec¢f dbinding BBMKY f r om conti guous ami no acids and nonconti guous
am no aC't[&M uxfx@&%@éte&ymt gtetér@we&%%mr lcofp Qts@sttﬁt@ge JERARRRS whor med
from contiguous am no acids are typically retained upon protein denaturing,
wher eas épietadpgsbindingraffiniy far opunar fn peiteilnef the @V?Wmﬂéﬁaﬁlalfﬁo sesstficabopingr ot ei n

denat ut | 191,48 o RN GRE, Y BlsGickidn bARLHER 1AM )5S 0 S A RER Usual Ty, at

| east 5 oOf s in a unique spa confor mat i on.

speci f i capecificalihieindskintibeivir higls afifiniy IWIheIatyhpKem ﬁﬁJéOtMealtde\Wtﬁh ey highe i ncl udes
any prote n.deter e £ | @bul in or
T-cel | @mlt (\)’V?le%gﬂeo he?gmglg)zq}/ln eIr)%tcetllrjmeij%lj e (ﬁl fno%tlgﬁlt}g@adﬂ opi c%‘)1

det er m naﬂgso Oened ah bﬁt rmte) ngatetit bcflOé*Jh@mIm axhel qmladhmemeofstm i‘naaélog,rtbupﬁfngs of

nol ecul es s boh rat ar i ns nd
gener al | Fﬁg’t}@ ng)ce 1Q r f?glsém tsn%ﬁ@? lgnartl St reu%’tt éj% clhlar ac gr%?us ?Ngg as
wel | as m@cbét{veerpdbamgt@ SMmﬁaot‘%\mesmmm avkd]ﬁhrt:mbﬁtatnhtyt itwillepid witea Kay be
|'i near or copformational . In near _epitope, | of the

i nt er act P b¥t v@é‘nﬁr?tlteﬁéel‘iﬁegteé‘l%ﬂdlgﬁﬂtstoﬂg‘ |pFth‘£e)fFéfbVFPtr‘Pd’ HBPEYE nglj?‘éﬁéﬁatas an
ant i body haReLdifasddcRAES Edhs@h QK (IBK/KRY bﬂais)tha’zlmOﬁM a8 thas SOWENE sofhait he
protein. .In a confornational (?Jtop Sﬁl(?p ints of |r51t e[e |on 5gcur

acr oss anMnl?SSa@P‘dﬁ?leWt?é%thé‘hl I e J1a@ioK 1§ ktless tan 0¥, a%ed from

one anot REE thah QO 71kss OGS xA0 BASIetQRarCRI VOGS Han 311 (N, |l@§3fhah $0 ﬂﬂtlgzi’srﬂlzﬂled it
i's possible ener at e antlbodlestothat epj,to Hsing the

t echni quésl(B}ééd?ﬁSlﬁé’ﬁlpnl\dt ses haemdAtM; levethan Bh. M eﬁ%thﬁhg’il\(?e% lesadraprtg t he
di scover ynp rtgsg BES 5xt<t*31ggfe@seth§ﬁ t@nMattgs &Qx@ﬁﬂ@t‘%' 1ZathAN 00T aksihadikes may

elucidate in rmation out desirabl e epitopes. Fromthlsmformatlon it
is then poddessitantle’ Bdbsipssthanisusl yMslﬂS%@nn Hht Mowdese 12n 8k 1B Mdi ng to the same

epi t ope. @61 SPPIRR 1f%c%m%85ﬂn%}{t§e+tmn§ ofih% IE\%HH&%atCiﬁHBﬁMIpE&Q&ltzthfékeS to

find ant| | es conpetitiv one anot
ant i bodi esNomnptes en ﬁ&socqumdatngonstﬁnt tbrekmamel(l;jetum (Abhi-ghtigeh I(bgl)gdaptftb pelodess

I,\g Ot?)); Zgl g@a&mbgﬁ) Qdi Ia? lseast?%% ﬁ)dMuspoart} lears]te 5{10% %s at fé%mf@‘%\h l:sll (?iple!ts% 591%53191% ’bzﬁd in

least 10'M s l, at least 5x10'M's? , or at least 10°Ms?

[00144])  In another embodiment, an antibody of the invention that immunospecifically binds
to Notum has a k,grate (Notum (Ab) + antigen (Ag)kofﬁ—Ab—Ag) of less than 10!, less than
5x10s™', less than 102%™, less than 5x10%s™!, less than 107!, less than 5x107s™!, less than 1047,
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[00138] As used herein, the termbinning refers to a nethod to group

anti bodi es based on their antigen binding characteristics. The assignnent

of bins IWOLBRARS arbitrary, depending on how differ eRCT{UR013194H6% ed

bi ndi ng patterns of the anti bodies tested. Thus, while the technique is a
useful tool for categorizing antibodies of the instant invention, the bins

do not always directly corrglﬁte with epitopes and such initial,
det er mi nkss BrsS¥BGUl lessubartI0rs hisss bamdild medletythan 108y | kst thpr@dgr Ae than

met hodol pays 1&9% %ho\t!t st tttmd%@vqag (RS RAN. qat ghmoTs  whe kR’ sel ect ed
primary anti’body or fragment thereof) binds to the same epitope or cross
conpet esorfmsthﬂnriﬂl ng with a second anti body by using nmethods known in the
art and or EX A0 TN, |jl ows the
or i mary SR Hoay ahdhek B F IR AT Bl oo PICALIR Ly AR, 2

condi ti ohaweandfftrm@mommsurrléas(ktnlkaf)abaﬂ ledsy LQGGM 't ideas eI AT yat &attllbddy ato bind

t o Not u t 0 et h t [ ne as
t he prl Sah(?& N(a;)ttSl %?%ngﬁea5§ qB l\ﬁt hagleésetggsn ar g%#ﬁ‘ﬁy%“ gtl
di ffer entoﬁﬁ/pi aopsst Shiafvit' he lcpsu méMy zﬁtﬂasthM Howeaset *M ¥, at Izt selotmd,atty

anti body is e to h e secondary
ant i bodyleﬁttnﬁ&t’&‘t [eﬁg X e ‘i‘t%%m %l?&gi%éﬁog‘i{ﬁg aé%?%t %el,epo 4 epi t ope
that is bpothosear RA@X0AM! Yattl@sﬁﬂkQO‘émlt apeshoing’, byletdnexm‘tmhraytemtl body. As
known in the art and detailed in,the Exanﬁ f %I t he desired data can
be obt ai AEMusItAGSsHiD Mpndde@sigit dt oG [EHI RN r adi oi nunoassay (R A)
solid phase directigRieckRFoiRCt enzyne i mmnoassay (EIA), sandw ch
conpetition assay, a BiacoreTM system ( ., surface plasnmpn resonance - CGE
Heal t hcaf®)46]3 Pffbtftdé@ind? fhe a@r’i@l‘%ﬁi‘éﬁed(hmdéng PTBP%“an%rN?tH‘t‘é‘Pt‘@déﬁsréP‘ty -

For t eBi 0, LGy th%off 1@‘6&9@6{%&% %a@@&rh@g@éc@xﬂ“y&’m&ﬁﬁ) tatien s geded@g pl asnon

resonance, ~as used herein ers to an optical phenonenon that "allows for

t he anal ylsﬁlrs:dm the @&l at pihipl amob’ﬁﬂétﬁiﬁfciﬂ’@eﬁ mﬂl@ta@meodéls lsyovdetnglg rbhatgrotein

alterati a
par 1 cul oo 20 Bl Bl oS R SR LTIt kol dS B RRLIC G Pl pbL

B| acore dr pﬁmme Bheyeforssit swrresittle weopmimsnslubiityey dlirinhie Ewahqslae@los@mwf

[ 00140] The h t

compete {8 pRITLERTRILIREN WA bR RI B ARLBRGLES b

det er m nednipylagd basxmmgnm anproq:hattc haimracidsoblyitgions eraurbylsoestiodng y chagest | onal

fragnment under.te S or inhibits i fic .bingi. f. rence

ant i body? ?18106{101&?”%})% é?‘&“i‘ L) anppehiareg fwdusucﬁas a]amn%)as/w 1ir&%)\L/lg 1\?lzlns]gfqne use of

an-as
puri fi edbaudityany b@uadaxttbeoay &ﬁﬂmo(hcﬁiﬂuf)ﬁmﬁloﬂs ofcaal dnsibdalyalnat ngule int dhemgeo df t hese,

an unlabele obulin e ferenc lin.
Conpet i t e ioh CL?’?H% ‘H@é%vtﬁr%@%yy ZH‘Q? éﬁt‘h %Ibﬂg‘/ ?flr‘fg um%}(@ﬁ bound
to the sgf ﬂhéaﬁWoﬁﬂQﬁd&EtaﬁB\lvhSh hrfinb heid RHIBE RIEE Wwduld emba approprivifoog| obuI in.
Usual ly the test jmrunoglobulin is present in excess. Antibodies identified
by conpePrtiryar agbedy tp adtipEridydmli bodi es) include antibodies binding to

the same @nutOPELaSI thrb@inehSHeRlcRIhinBOBY 2 didtyadFinhddads aRludingdunigit 0 an
adj acent epitope sufficiently proximl to the epitope bound by the

r ef er enc@miad [hisagleqtor fosusing @dwahw&ﬁ@eut%algfeﬁws (ST £5381Ri Blalé‘ivaﬁt Fs

regardi ng r‘i@bﬁtqﬁécufogﬁor&%t B ith . N§ oﬁ@ap@adtrténvﬁh@ttmﬂtgmamtm eMivdeds 6 the
Exarrpl es er el n when a corrpet| ng ant | resent in excess,

it will rcht:hn\tﬂntlmsp@etwremls@ilghdt thap gfoukd. ?eﬂbéttér{béb%gﬁb@@ Yt &Q agowt Smdin
antigen QM% é)' ?ﬁﬁotrfe?°%]qbcg‘c}'§rté%%§tg§$g &Q{Y anfﬁot%mﬁ%{%bo%%{oopthe?r@éﬁtudnﬂs sone

i nst ance iIs1n east 80% 8b5% 90% 95% or 97% or
nore. [ 00dut}Bedighesthapb. ﬁo’lp(é 7sp80i 8.5 cirtp. tihgetdingtbérpgddiarni, bodiiegonsay be

?Eglr 33: ﬁl’él Z %g 'ijnsaltl{égatt?)‘nsntlfll r#’c} OQImtﬁ)l %mese 5fetﬁ'é lnggl“)f%'l% nthng Taﬁ }} Cﬁltnﬁn?

tlres ure and

i soel ect rietr Hhadimg asffxmey foBNnghim gAsahfdumeti n m10 @24 R pelbw, it ki ssecnfasthyect t he

present invention further .enco S the e of .antib ve a

R Gh bi naPHEMBRER A g ROBHAT AT P ooy shy sl hfReld TurdRNG T
speci fi calsbyesbit it éHafigd iatigail. and prgRfrcivb@bodihentBussivaioats) ofthe Bosfgntarad
(kwkm is < 10-8M The anti body specifically binds antigen wi th high
affinity when the K', is < 5x10-9M and with very high affinity when the Kd
is < 5x10-1M In one enbodi nent of the jnvention, the antibody has a Kd of
< 10-9M and an off-rate of about 1x10-ﬂésec. I n one enbodi nent of the
invention, the off-rate is < 1x10-5/sec. In other enbodi nents of the

i nvention, the antibodies will bind to Notumw th a Kd of between about
10-8M and 10-1M and in yet another enbodinent it will bind with a Kd <
2x10-1M Still other selected enbodi nents of the present invention conprise

ant| bodi es that have a di sassom ati on constant or Kd (koff/kon) of Iess

o P ] o " e ™ A PN AR o " o A~ o " A PN "N R o



11-", mless than 5x10-11M less than 10-12M |ess than 5x10-12M | ess
than 10-13M less than 5x10- 13M Iless than 10-14M | ess than 5x10-14M

| ess t harWOQVIRARTBB | ess than 5x10-15M [00143] | n speciPErdSendodi4nent s, an
anti body of the invention that inmunospecifically binds to Notum has an
association rate constant or k" rate (Notum (Ab) + antigen (Agfon4--Ab-Ag)
of at least 105MIsl, at |east 2x105M1Is-I, at |east 5x105MIs-1, at |east
106M | s- bpecHicallyecdiotengg efignbety the desirddadisiatigDmNERR bindwg apeé arst desixeirhvIgES- 1, or

at Least 1SN\ OWARDhO L RBRIEL RIALITSAL ARk oGy O e

I nventio hat I mmunospeci fica nds t'o Not s a koft rate (Notum
(Ab) + antigen gAdibeohdfl4tabilinh- Ag) of | ess than 10-1s- ',less than 5x104s-

I, less 10-2Ss, .. | - 28~ I 0- 3s- t han
55 10° as. IOVTSIS o TR gl BE Sork LA FHick B of 't Bephd I B Aoy pRa

| ess t hagodkih@ic8sr dfltlesthertrhabistatiilty bBard antibedysaridhmary fHdicd pkeidt,anliekatidiain
10-8s-1, ess than.5x10-9s- | or

| e .han, 5x10-8s-1, less th 0-9s-1, .| .
| ess t hal’;}‘efgaf[bgl&“[ 5(5‘1%%? t}’leﬁe%‘feﬁ@regg?%%tug(ﬁ)?dé%%af‘ RRR oM PHEUIPE et
I nvent i oA [@wki FriN@ididined Ridrdagdrepation/leds shibiliey, aheb§ 4 Righey Tooindicant leoy Ka
(kodkoff) of at |east 102M 1, at |east 5x102M 1, at |least 103M ], at | east
5x103M 128 teafigymorey %!V}“afs’ %@%‘ﬁ%ﬂ@%ﬁ‘f? orfleriy iyt h V@%ﬁh@‘,‘” " feast
SX105M 1 preddratl@ astboreb QG Mising @it reb@agtd RYHAGM it idposhiBRSS alled Hlkompbsiti@ast
5x107M 1, at |east 108M 1, at | east 5x108M 1, at |east 109M 1, at | east

5x109M 1 thegpntiiNojup anigppgyep 9 dosmainsdheseol s noreawer ofimipeBglecylansiaiiliy: 3 | east
Sx1011M %, e%mlil)l@,a(?.g.PJi@.WO, 1142 atrnkseRSIne ebOERAMiLihe Bhb 4GRS oflOsbRMed, at | east
5x1013M 1, at least 101,4-m15 at |east 5x1014M 1, at |east 1015M 1 or at
| east 5x 20MBHRY has a Tm value higher than at least 50°C, 55°C, 60°C, 65°C, 70°C, 75°C, 80°C, 85°C,

90°C, 95°C, 100°C, 105°C, 110°C, 115°C or 120°C. In another embodiment, the Fab domain of

an antibody has a Tm value higher than at least about 50°C, about 55°C, about 60°C, about

65°C, about 70°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C, about 100°C,

about 105°C, about 110°C, about 115°C or about 120°C. Thermal melting temperatures (Tm) of

a protein domain (e.g., a Fab domain) can be measured using any standard method known in the

art, for example, by differential scanning calorimetry (see, e.g., Vermeer et al., 2000, Biophys. J.

78:394-404; Vermeer et al., 2000, Biophys. J. 79: 2150-2154 both incorporated herein by

reference).

VII. Notum Modulator Fragments and Derivatives

[00149] Whether the agents of the present invention comprise intact fusion constructs,
antibodies, fragments or derivatives, the selected modulators will react, bind, combine, complex,
connect, atfach, join, interact or otherwise associate with Notum and thereby provide the desired
anti-neoplastic effects. Those of skill in the art will appreciate that modulators comprising anti-
Notum antibodies interact or associate with Notum through one or more binding sites expressed
on the antibody. More specifically, as used herein the term binding site comprises a region of a
polypeptide that is responsible for selectively binding to a target molecule of interest (e.g.,
enzyme, antigen, ligand, receptor, substrate or inhibitor). Binding domains comprise at least one
binding site (e.g. an intact IgG antibody will have two binding domains and two binding sites).
Exemplary binding domains include an antibody variable domain, a receptor-binding domain of

a ligand, a ligand-binding domain of a receptor or an enzymatic domain. For the purpose of the
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f. Isoelectric points [00146]In addition to the aforenentioned binding
properties, anti-Notum antibodi es and fragnents thereof, |ike all

pol ypept iWO20124RVB3an | soel ectric Point (pl), which is §ERAR011P496% i ned as
the pH at which a polypeptide carries no net charge. It is known in the art
that protein solubility is typically | owest when the pH of the solution is
equal to the isoelectric point (pl) of the protein. Therefore it is

possi bl eins@noiprdnipy élesmyt!ﬂﬂ"ﬂpfilb’wcb‘gﬂ ragipe Pl N@tumﬂegn anirstof an cingieat fugpn of

i oni zabl sl De bR RADN  QuUIRRLE L o t Lap)FOr exanple the pl of
a pol ypeg?l{sge tg}g?%e{brrr%mgpg‘l g g;r/ mak |ng%t %E’)@I’%%I’I ate amno acid
substitutions (e. draggnmntssubstituti ng a charged am no acid such as a |ysine,
for an u resi du t bound by
any part%@ ?{h%arglefs gn@%gn%%? % ”.[QW ngm}g%nég%&]g%@%b %y tghat result
i n changedeadd tblpﬁlcpde thé msamtnanm bMppwalytedm oveurodagtivel fragymeandf e t he
stability of th lbOd in the udundesand whi ch
ani no acryd'st % 156¢ 1"otvs %F & ltggher}%ascﬂm Sp}berr%mrl ai‘ g\{?’ocliw Cpa { Ezuﬁnar

ant i body afittbodg hb@went aortigsses ideadl a p({rﬁkﬂﬂxﬁﬁ]l infine alpliboéj‘f (e@ pmameaﬂly oCk’Biyrn’[ge

determned b 5|n udi n

i soel ect FW’E‘“%@PEFWQ%%G pV&ﬁﬁrﬁ}' tﬂ g’?’elgq@b’islt‘f ﬁﬁ%ﬂ ‘Cfspé)é“%ﬂoorf 3852‘3}?8%

Bj el | qvi gt atbod} chain8ORotulml rﬁa&dmmmeeﬁs@ofm flHEB) conipalsmgeemta@mormm t he
pl of the anti-Notum antibodies of the |nvgnt| on is between is_higher than

about 6. SEsidapuitn 31 ntactyy Gamplptemntibady of aHIbgdy duyytThg YM BHEAII"® 0. In
anot her  enbagh:EES 1o 59&%;52:?1@ fr%gﬂen%}tahqmmdsglmnmng{tmgdmaﬁmslam@mI on is

bet ween i s hi gher than b. or 9.0. In yet another
embodi meRt conwts@ it iRtaes a8tiFagy Gire i ih th@qméﬂCt f@t“é?‘iyofﬁém wiich N&eymef%‘ileraﬁ‘i i bodi es
of the ipyen LA dAg (x @Oépeémg Binkils ginAé Nse@'hé&x'ﬂ' 0 R i ?m@rkt%@ highe@bdy nity for
Not um As dIS ussed T n nore detail” bel ow, i's specifically contenplated
that the nmmgbllmcmude@w(tg)fﬁbfndtnlgéragmemegf @ﬁb@chm for examiple, jap afibody Bghtish#idli ng t o
FcyR may r IEnt,

subst ¢ ot By BpekphaI8RAR sle R Ghenda] (R OF EFELIERAERREETE

t he desi rﬁegmaittwrlﬁltfrz@menhaIFEyFRagmMBHQICai@dwaWUU@@lfrf@ﬁleelhem@@dleﬂ lpgar As

used herel the alu ar ge
Form g, armesieaBlesdfybo S5IERS pRPbtFocplrethulddfs PAREORLATRSETED®, e
Tm of t héraElabntdO‘.Em]llarljafan amzyanticdiydyti camghentofgndn cordproas oporoén ofitee t her mal

bi | f b h d di & f th
hert- 11 Fstminl S0 ARG PR i i B bl GG  th aly

domai n Orlip @ik iemaret Qitdlar (3 Mhat ofkindAha N @haghmegat wuh/séres&hasteabl lity,
whereas a_hi he)r Tm i ndi cates | ess aggregation/nore stability. Thus,

ant i bodi égﬁc ragnents or derivatives having higher Tm are preferable.

Mor eover [odS1 NG TaAbleskBe@@Nihe ed wile gipiiciiteBadntentsapbs sithiha@l ticiahtien ot he
conposi tion of the anti-Notum antibodies or domains thereof to increase or
opt i m ze CHBIMBEE T MERIAH AN 47! Oreeep%m@%ﬂﬁ?@ apjibgdporpgnti 0%8*3@@ B¥Thus,
in one enhedibiRimeahfCImiAP By Ril ¥ ariBuSiB6dyeeh Bg%&hisla@diéflh&ﬁmaer%ﬁbf/ﬂlleue

hi gher than at |east 50C, 55C, 60C, 65C, 70C, 7 80C, 85C, 90C, 95C
100C, 108@Eestiop@tan MaCnsibody ot of skl lyidaRpiec skt p s ARgmeNe MEYBE donmi n of an
ant i body {m esfed M@O%ﬁhé}'cﬁaﬁ{caﬁym %Em%?e%%ﬁqbﬁ@ﬁ‘ﬁN@%hoé&@é&l BRE habout
60C, about 65C, about 70C, about (\E 80C, about 85C, "about 90C,
about 95GrmaEbedy1806;d @cb@mexms@: malbé@tannh%s oafmmenisl@eewanabsdmreﬁzoc

Ther mal [ £8 Fab donmi n)
can be rne@g}é%r g(giu%egtl qﬁ@:ﬁgﬁlgt‘?%ng gﬂ&eq’r@{?g{? |n %é%e aP?O usf%r exanpl e, by
di fferentrecaknbsmalrihNAgnaﬂmdo}nget ry (see Vermeer et al., 2000,

El()?ﬁhlyfl c éd(bl g?ﬁt g\gorﬁ ggeciflca ggpga;m &ées%m} of a%QQlees d%@gsscWo‘}denzlgle ax?t?g%g—_ 2154

binding fragments, called Fab fragments, each with a single antigen-binding site, and a residual
Fc fragment, whose name reflects its ability to crystallize readily. Pepsin treatment yields an
F(ab"), fragment that has two antigen-binding sites and is still capable of cross-linking antigen.

The Fab fragment also contains the constant domain of the light chain and the first constant
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VII. Notum Modul ator Fragnments and Derivatives [00149] Wether the agents
of the present invention conprise intact fusion constructs, antibodies,

f ragnent sSWOr2042i%2dt i ves, the sel ected nodul ators wi || PERAIS201H/0#ESS

conbi ne, conpl ex, connect, attach, join, interact or otherw se associate
with Notum and thereby provide the desired anti-neoplastic effects. Those

of skill in the art will appreciate that nodul ators conprising anti Notum
ant i bodi demiint{€nlaef thoheayysbainated' Wagrnemiodifien fram Bidgifliag@??@tscw trepddition 987 ng

sites expl “g«'f%aﬂ&'esoamhw%b&w RAA o M iRaAPEEI ¢ ldnkin ASNUREGFRLD Lhe term
bi nding site conprises a‘region of a p ypepti IS Tesponsi ble for
sel ect i veysyentms rﬁnbnntge tumbadjt mnmgml EguSH IS)fhe |dm1graesm hf(reln dor Fabriz yirish

ant | gen, tkgtcg?temé {esfc'\iue( o 006 grgt rdg‘rtngmg) E&?a'r Qﬂ%g % %e‘e |t}§grg{2]l{llg g‘gfg);‘}?l ns

conpri se east oneé ani1n wi |l have
two bi ndlamgaodpfragmeqtmcgmam \xlarerm‘mmgemstm) of Eabefrgdnamys tht hd\ier’rgngtorrai ns

| ud bod [ d I d,
211 gand BV tg AEER. Cinece Fatapr aph SLANLRDS Rfr s e e O

pur pose efg., FaflanieR&! Rithuriofg®MVi. BnPdul) @d Rawendidss,al . iy (1889)i foea g ditiled Not um
(e.g., as part of an Fc-n mfu5|on construct) may conprise a binding site
for a suS?F?‘%tf(@‘)(thh@rant‘go& AR . a. Fragnents [00150] Regardl ess of

whi ch forggies) t hewilaekledb®hppi&ided tﬁﬁlamlfﬁgmaum #BBodyet@mknt thatsel ected to
practice the invention, it will be appreciated that |mTunoreact| ve

f r agment SOWHNG hePaplere aRHgsN FREOLNUIERN and bAKIGSHE N ERS (hgion it Al WAL R Her ei n.
In the DLRagBS] aRENRS httclﬂﬁmtv%ﬁml@&d]ﬁx?ﬂﬁfughfﬁ%@ﬁkn%ﬂ@{éaﬁ% c&aldne@st a
portion of an 1ntact antl dy (e.g. a naturally occurring inmmunogl obulin).
Mbre par DRiEis ﬁ%flewnmh‘émtsélf‘mlf wa@mﬂonﬁ@fr@@ thay the thige CORS opeachivaimbly  an

ant | body 4B, AMERAYY Gl ohiRlen MAHIDNDLOE GO of E v ARSRLr FC T ST ONs)
conprising fewer am no aci d resi t an an intact or conplete antibody or
ant i body C@Ha]tlwely'l'thesm@Dﬁsamﬂlsg@nf»tmrmf cagfer andigenehinding speeidicitptoghpaltippdpt i de
fragment n t etes

w Ot At e B o o e R e e
deri ved) féron aamgenplen the abditn g recogmize aspliod hitgemiatbiouzl psually auslegehafiein, t he
termf raggaenl% o{. an ntlttgody nol ecul e i ncludes anti gen-binding fragnments of
ant i bodi O EXANPIEY an” anti body |ight chain (VL), an antibody heavy
chain (VlE(T()l,S4]a dh ogkeenttodinmenasruniabolebdy (isgirent, foacta(rple, }s2né rageendtrisessthéd-ab

f ragnent frag S|n | e..domai. nti bo fragnents,
i abodr eLe NH e ot [ ares” it PRlREAE AL i ArBba g RoreCaih o g 40

mul ti speGinkh presvnt ilh@dhes ah@odedsut eyFoRAbitdiargy aftibagyet lfe nmSdnkdiar, WC@N
enzymatlcally active fragnment of Notu ri ses rtion of the Notum
mol ecul e fiyngHen angkcamplemepbingipg. |"IP)?“? BmF]‘?ﬁ“B? &“Wﬂf%y&ﬁﬁﬁ'ﬁm&%g’w‘?ﬁa@t and
nodify t Q@t’fﬂo@? tHat has(éh Pyib O BATY lifeRubktaNBARS imBArTo h@fntd‘c@aﬁftlb@dy @or @inipi, act

Not um (t houg ]%/ e wth somewhat | ess efficiency) 0015# Those skilled in
the art \ﬁthI ané‘ﬁb ifgmentmay RORPEsco AN gendrindingyadl ikad oradic seguepge enzymatic
treat mn%a@iﬂe‘%ﬁ‘cbﬂ?&%ﬁgerszﬁst{H?lht?Tt@thQEQg&h@fﬁor (e.g., antibody or antibody
chain) or by reconbinant neans. In this regard, whil e various anti body
fragments are défilpetvalivesterms of the digestion of an intact antibody, one
of SKITI s3] aﬁpar?o%eg%ﬁb&m&ntswm | AERGTRARSBRYG fify BY Holi@sloted uile novo

ei ther chem cal y usi ng reconbl nant net hodol ogy. Thus, the term
ant i body mvastmsre@t/ Yeanaionglerhop ubivalept (eigc bivdisst, ‘&mf@lebb@lfpésA@rlseﬁﬁla@rreth@ s or

or " synt g EGE Rl O AR AR b O G B A 86 PReBudnre

speci f i cahlagtjbogapBach tﬁggémtdumltefspeaﬂtca Iyolol ndssonp tapghl cedectibor smteilic ipoa'lion

antigen-binding fra grents each a.sin

anti gen- 57 R)HVSn &} a’fgggmgﬁ%lﬂe Cﬁl’é& ué’I’B?—‘Ié' Qf%r KRR I non"éf'om rrlnss@esﬁme(”%J cts its
ability toge ckgesbiatiing ziee (neddlialeyt), Felpairget bindiag Eim‘tha}yspednﬂSal]al’buﬁ(tEsta)r% drr agnent
that has t ant inding.sjtes.and..is sti ss-1i nki ng
anti gen. C}’If%é)e“ft—“gﬁ’ q%Flﬁb %Yq:g% loSHEAFH SIEHE Oﬁéﬂhg fﬁ“gaed’ﬁa?fﬁcffﬁ r?he |'i ght
chai n andpfdiRs bi gosttiofPRSthéfdme antigen). For the purposes of the instant invention, the subject

antibodies will preferably have at least one binding site specific for human Notum. In one
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domain (CHl) of the heavy chain. Fab fragnments differ from Fab fragnents by
the addition of a few residues at the carboxy term nus of the heavy-chain
CHL dormaiWo0i20¥2di2dg one or nore cysteines fromthe ant PEGAP2NILAEESE egi on
Fabl -SH i s the designation herein for Fab' in which the cysteine residue(s)
of the constant domains bear at |east one free thiol group. F(ab')2

anti body fragnments originally were produced as pairs of Fab' fragnents that
have hi ngebedysensithremntibedicses thetinsant ingekien vl eimoavateot pl tha gachdindieg §i6ody
fragnent E. Paul,

ed., Rav 21;]1@1 qu@e'g&l@ mkc%yg?rfgégﬁmftg% Sgtnglrl%lﬁ Bejtagg{&al?i) edﬂ%H gl%lr ?g%glhgl\r/lv of ot her

ant i body embedjmrenis, she z{n@@@@]wm bainultivalent inglrat ey apppréseinztre than heet biadingv
fragnent is i I

r ecogni t s 6enan§Eh (E%fé: tq)\fnafn{%asgtg? ghgc&m é{ ag%gfafﬁs\ﬁ?lrua (ér%gll;gl)l aesqrgle?btsfnrgg g one
heavy andpiope. In sgbi casdsnahﬂmumpleadpiteped mm|bn presertt byt seis@crbNaUmmwlypmﬂmdch can

be coval ent .i u or _ex int |s confi tion
that the® E%?@Q 65%? © gy %gﬁﬁwg$$§BV@l%§%ﬁ1%Crﬁt%ﬁ%@Pt O%EPaﬁ%I% gntlgen
bi ndi ng sh huévtien nioheus b fiatee. ofcet foe eMpld, UdS. P 20000 138015 vel y, the six CDRs
or a sub et her eo onf ant i gen bi ndi ecificit the a body.
However , [} aAﬁlh&fgt@% LR Hﬁﬁﬁ@ﬁ%fggsﬁg¥Fmawuﬁﬁyﬁvﬁ%%W%? é{ 8e%nly
three CDEﬁto@@ﬁ&qtﬁé Geshr@ taBt @HIEEJEM) mAasnitespabiFitdltyybitdro he@agaget and bi nd
antigen, although usually at a lower affinity than the entire hinding site.

[00154] Pwleﬁt‘lﬁéF Wé%b%lh%ﬂ‘f)go"éﬁpé%r Bl %?%aﬁlémus PPYPERIKS Apiodid Sv@m&ne t hat

conpr i seg,tefigl. Wonhile@b@Red EBERIMSASS thEATINAREG aBfibddRE oRly®iRGWE ahtideiCt | ONsS
normal |y associated with the Fc regi on when present in an intact antibody,

such as HeRpispsicHigiangbodiast iapidhaglicn yith afdifignahsngeifigitiponich apoereciiisepiikndiesnd
conpl enegf, ak%b%qwxgpasée@ S \@é@\@%@ﬁf& ERAn A0S degy géfmﬂé @:&%@&l&s ihSu@, monoval ent
antibody that has an in"vivo half l'i1fe substantially simlar to an intact
ant i body without liex@afiph. éhose with oamarandifeblod gedirsajreinm andule etemipn discctnd agpindigen

bi ndi ng a

ot abi 11t J AR Rl(E 2l g R ARk o o B B SRk mtictBare
it will kmmmhmnmbﬂtébmhe@wam@dmnhapfﬁﬁémnﬁdmma@émgndﬁﬂwh®lmmvbnthn may be
nonoval ent or mul td va en Y .en herein
the tor meyaPenty par B Ehbnd i oyt BhEPant Y AR b e p e iREF

bi ndi ng ﬂﬁ&ﬁmtaﬁﬁmmnaiQGManhtﬂnIa&imhomy30Eaﬁh5ﬂarg@mrbmudpmgmsnké

o gt mot B SR AR bay o1 rehe! RETRe REnl kR P Ses nor e

t han onezoan@ﬁszﬁindlng site (nultivalent), each target binding site may
speC|f|caII d the sane or diff ecul es b nd to
dlfferen{(vga E%Y%P%ﬁf??%¥@ﬂ?“%ﬁW?Q ﬁ¥mng‘HF?WéP&ﬁﬁﬂﬁﬁﬁg%%% % positions

on the sgmRifRifch ¢RADodyFRIFigdNBnPUIROSRS) 28 fubdiigo imgtudsobuliy edtsiadiontahie
subj ect antibodies w Il referabl% have at | east one hinding site specific

for  hurmieaNeici ThefugpePaierbli et ap ramypesl dhlin Bavy chaimeonsist domain. nvent i on
will be %ﬂﬁ’{ﬁﬂg%ﬂea'sﬂbaht&@fhe%ﬂfgg GINHAG SB4EIAEs. TheheBRhBSIH] tBe Mist heavy-
specifically bind to a single Notum position or epitope. |n other

enbodi meskaEn cay@IAEIPD felile Sonidining He sHenecesaly der lighhchalblindipgiy PESeRS AT ¥e ror e
than one léagtrb% B8mS 'f&sﬁm@nﬁm@%nam oShERmPLRb N RLHEGaRREG s falit Y
associate with nore than a single p03|t|on or epitope. In such cases the
mul ti pl edeq@ﬁdnb@snmgbéulmmmmm pretipssrtedince pafathox IpRsi9n [Vogierptand ercor  a
single e v e t ope
ray Do peovanfeindd BRI AR Tifitol e o BRI L EARinGRE 2PN
2009/ 0136105 poPOLEG] of Als: thiek polgpepttide ﬁrb@v@,ts mtrﬂoodmlem whemtichud ir@®s nfly

i mmunospeci fical|l to di f.ferent the

ol ecul 6 e oisaie bl o Bl AR BT e hAFp SRSl R B s wen
as a het @mitﬂngmumeﬁmetaaﬁﬁg seme]ln:eaﬁorawdneztaerthieegolgseppdé yipdptin cdiee coxpresadr d

support nmateri.al re erred enb nts.of. the. anti- ti bodi es
on Y bi ndeitiiov i hgers S P 8 S ShuETREeHRE Fhuth et Bt 5oakaEhE:

addi t i ongleldpe®ihth e kdtRs aWe Ro patibulhspedichhe. ant i bodi es are al so
enconpassed by the instant invention. Exanples of bispecific antibodies
include, without limtation, those with one armdirected agai nst Notum and
the other armdirected agai nst any other antigen (e.g., an nodul ator cel
mar ker). Methods for making bispecific Mnti bodi es are knomn in the art.

Tradi tional production of full-length bispecific antibodies is based on the
coexpressi on of two i munogl obulin heavy chain-light chain pairs, where the
two chains have different specificities (MIllstein et al., 1983, Nature,

305:537-539). Other nore sophisticated conpatible nultispecific constructs
and nethods of their fabrication are set forth in U S. P.N 2009/0155255.



[ 00157] In yet other enbodinents, antibody variable domains with the

desired binding specificities (antibody-antigen conbining sites) are fused
t o i mundyPEBVA2A728onst ant domai N sequences. The fusi onPETAIS2¢1A0KIASE s Wit h
an i mmunogl obul i n heavy chai n constant domain, conprising at |east part of
the hinge, CH2, and/or CH3 regions. In one exanple, the first heavy-chain

constant region (Cal) containing the site necessary for Iight chain binding

i s presef01p§ afn onsgsrbogdimenig! thik aprrepsh ghe bisircikis aahRasifs Aty R@otehPlirogl obul i n
heavy Chﬂ#{ﬂ?ldflhll%ugg ol hehy AERIWiBD firkBndifIIpBARLIROHbhOakd @, NRghy), are
inserted 1nto separate expressmn vectors, and are co-transfected |nto a
sui t abl eamlnybodgammmlobmhbeﬁms/@bﬁlnlélghtfcbﬂln@ﬁlééﬂo‘rlﬁléxiamcloﬂ‘ﬂ Yindingadj ust i ng
the nutu t PLSitd odi ment s
when uno sl eREah S ier B! Rl BREEAONKERRN e L RATERL AR, GO0

constr uctsapemxpxr d\ﬁhdéestrhbblqmlfwmnpomddmm mltwanstd ihowesgiebulipobain bl e to insert
the codin uence or al | th one

expr essi 5 l?/"é%ions a\/\ﬁ1 r?res‘?hcg ngnplﬁm enéusnloé ﬁl lag[% %{}%%P% g &DO%Q?I 3%‘2’8 de chains

i n equal bfsﬁdcif(msnaslasﬂﬁ firsvitles fhr gfacijd edydst quaraﬂ’(l)ﬁnThllseppfraﬁCIhOSdlaﬂ@e(bfn WO

particul ar _signifi i,rent f th| roc t he
bi speci f?%lo%l??gi ES’d[i%ét eréll‘;@“l% fr?gﬁB%’éténgrigl?ISpgcﬁyﬁ?t%ﬁd nog ? ﬁgrﬁg‘a?/y “chai n
w th a figgd Methods ﬂg«:rﬁgpmslogy ant:g16.nA@oeligy thahehg- appleihuﬁ)qubadhdl a hybrid
i mmunogl obul i n _heavy. chai i rovi di ng a, second bi pdi ng

ligh h
speci fi ci§IO4 Q1L Wé’aHtOIﬁé‘Pt%ﬁﬂlﬁ% fef‘%ﬁg‘!sag gx}lén%: éjtto PRrigT e REeqniage Q{]r ucture

faci | it ahgsrolifiRrsSBnatdlctMRreafifrdnhRcs@sihdneeliuSRRC Thé BreCARFPAEERcE r OM unwant ed
i mrunogl obul i n chain conbi nations, as the presence of an imrunogl obulin

|i ght ch&emPises #rgayt et e Crgrdomain ofjag gaighody eonsiinedamain. gpdvs gedod.gye 5

facil e Waynek ssGR Ak L1 sidthSin&RBG ARGt tBeedit 8% RS @ ihday WRIQAQAE690.  For
further details of generating bispecific antibodies see, for exanple,
Suresh etepidced witgBeser Nde Hsers (¢ tEiosiperal BYpjopham CopmpenspRBLFaitisy O ideisdlt her
approach dgsari Hed, i megﬁﬁéz&%@ aft o?@a'terd Rt AOAY sl A N be

engi neered to nmaxim ze e percentage of heterodiners that are réecovered
from r ecomwlsicnlaty repdcingdarise animo aTieidpcbfiey widbsmalieeerfca tes- aajse |0§t=lﬂseoatne] east a
part of i one
o o e SHGPTO s RR5 i ARRRLLRORY ) SRS AN TR el b thEafiRd I

ant i body proh@esich aah@nwcbprraced with larger side chains (e.g. tyrosine or
tryptoph tor aV|t|e ent.Lcal tio .t he

| ar ge si E@lé%]al n Cla? %nt%:gro géa ted on u?%cerbgﬁpl Ee( (fgrchee%r?(:%bj%itgé%%néganét%lr body

nol ecul e ekymple phadt thgantdodjes arthenl@tamodjughtdearcl’ﬂ:aaomsle&uotwch;rmﬁiel atergnes (e. g

al ani ne or threonine). Thi rovi arrecha smfaor incre 5|n he yield
of "t he. nBiuPoSt R Byl MBinaR <ieliead BRE gt sater reblh SEH Sl et o

[ 00159] Bluﬁ\f)ﬁﬁédfcieﬂs amSithdu 675,980)s ond oL lreitiert LOHEY infmaeﬁl (WO mmoesmom j ugat e
anti bodi es. Far ex %?35 gﬁ of the ant] bgdl es f) e heteroconj.u ate can
be coupl ¥ 7viditk 030RY- SlerrEseopyss srPRICSRR CRBERESY FaENE

exanpl e, cﬁﬁ@ﬁnlﬁﬁ@xﬂ@tﬁ@& tSQitdtd @64s-linkiAgngerfty &t Q11 kebWSintthe zh‘f]\éfﬁdl&redlsG@&ddS

(U S. P.N 676, 98 and for treatment of HV infection (WO 91/00360, WO
92/ 2003731Uérr”dNEﬁt%Qﬁ@gﬁlon%%%%?ﬁr@&%% aNeBEdN Sy be made using any
conveni ent cross-1linking nethods. Suitable cross-linking agents are wel |
known in the art, and are di sclosed in US. P.N 4,676,980, along with a
nunber of cYldlss x Mogulawsrdiepsant RogignModigeatigns\bdul at ors - Const ant

Regi on Modi fi catdl OflSreoifin akCRd B R and Fc receptors [00160] I n addition to
the various nodif fa’r%‘ﬁh"—?mﬁtprt_utl ons, additions or deletions to the
vari abl e [¢16@] ndn myilmcmgoﬁmt @flomsmﬁﬁlmpmwsm@nﬂsmﬂdﬁ@nf(@r dgletiomsdo Mst um or
anti - Not um. i £ re will

appr coi at B Ehey ARG Th ORI Bk R, TN ol BB el s
conpri se astifoglites )} sat foahabore, thodiskilledtn thast vill tipeccaonbitaniecteegnioniriéntecf t he Fc
,[ ﬁgl IOR?/ eﬁlfl\f/ibp{fgseﬁ%é\;é@ﬁﬁ? %1:;%3180 OmI;I'ISS su Q%tﬁggnsaog ren%dltflcz?tt élg ?‘Ie (ljlglgén%gpnmtn%%lo}l ators of
resi due sidsfeiRcutdions More particularly, it is contemplated that the Notum modulators of the

invention may contain inter alia one or more additional amino acid residue substitutions,
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mut ati ons and/ or nodifications which result in a conpound with preferred
characteristics including, but not limted to: altered pharnacokinetics,

i ncreasedVOPIM2AARBT |ife, increase binding affinity, r&GhdBa011/049458

i mrunogeni city, increased production, altered Fc |igand binding, enhanced
or reduced ADCC or CDC activity, altered glycosylation and/or disulfide
bonds and nodi fied binding specificity. In this regard it will be

appr eci afmetiopgandion awdificatiqpg mhighiresulidn/a eRRONPAYED DEgred hy3ERIties enhance
the eff eﬁﬁlu\ﬁ Fho@Blk nohﬁﬂr)éd%@tauereetb%ﬁlttdmu@; lrtctteseqlsa%tn%ﬁdlfmm@a@é ors.
[00161] rch region herein is used define a C-termnal region of
an i munbyglisgaffimty edwepd ohahmpgenipiey, mstrem@edrmduoemsel@pyehlicehgaed biadinens and
variant P iQ |

unog! SHATTR BagyseABeL e i) IR E By leylih ek SURRE Bnd®t i on
i s usual hr;oddeﬂbmedtgtspecsthm@t d:lhthfsrrogur@m \xalﬂrbmppmw@drtwrt}d:aeﬁatarq@mts imtay on

Cys226, 230 tQ the s the term nal

| ysi ne (ragvané‘ﬁeouﬁﬁg)e uf:éiotcr’ ]ilhr?ac tﬁeCéé{J‘ r’?ﬁ%laéhcd} r%pehfegngthgp l%‘fl e Fe region

may be r efwdviadys. f or exanpl e, durr ng productr on or purification of the

ant i body eco 'hantl i negrin nucl |c aci.d encodi ng a heavy
chai n of quﬂéﬂanﬂﬁ‘w&y. CA%%(B’r g;}m to@Sﬁ% eerIH“a FElCa¥ anti bodi es may

conpri se iamhdpshyilip Bgivh ahdin) nﬁctwutghaakzé se§ddhte Fesdgthne and emamdd, re@disi body

popul ation th no K447 si dues renoved, and anti bo | ati o s havi ng

Dt ur G iifs BoBfEice ol TR FaMEAH ABUE P RUGT R HIETTER Tl onal | R

regi on pagsesEEshealy @fafftd ®gioh un@tdu@ rate@xtedao ﬁk@ététh@orﬁa REMENG6 AciBGesidR@hON.

Exenpl ary effector functions inclu CDC; Fc receptor binding;

ADCC, phaguisiestdd. oyaem hielgi tatt%arwylgetmlnwtqr%féeTP%Qéfmaraé hsweg. B cell
receptor (reﬁ@té)447%&(1@&hh@ﬁﬁ%%eémtgt@etmpmheﬁ@egeh oy beGithdved tebe Fc
region to be conbi ned th bi ndi ng domail n g) an anti body vari abl e
domai n) armpanubes @rgéwgear mrfwwar rrwetﬂagiyargr yagcombwp@s@tgmerrmg tBanpl e,
in defini [ r eptor that
R A R VT D e G
nati ve hanghedics Ray Fomprineaniéypdp gppréaiions with alFEKRAT @S@hﬁé rtﬂhta\tedb’cinﬁb%dYan | gG

ant i body c.RII,

and FoyrrriEREERi B RRNPlelioRR e R RS HARGRLANA iR L6k of .
spliced famﬂrbtﬁies)twimraoewith@xtdpﬂ@r@ rethuyJ A frectiopdl dic segionclossbeschkay &fdcr (an

activati e tor and Fc R.IB (an h| bi-ti.n ch. have
simlar 2%1 E]% AA Iﬁltlseﬁeﬂg%n(?%scfeﬁmn %X?rfl%ary ercf%%lgflupglan nt(c-?'{‘tJ Y\@)m B ¢
domai ns tODET; Fofrecepioi biudihig; D@)@@qﬁtpg(mytoEiGWORlnlrégmmhaf ol sarfaaerrmmpmrse(egpt or

o bl €1 D ERO BB R B R R o RGP LR PO FostPB Phas ec

i nhi bi ti epmp@éd Wit b TinWngidombinge.gy hiopkiBsdyi wridslEd@omainf S@ean Be gsessddasingn,

Annu. Rev. I mmunol. 15:203-234 (1997)). .Fc are reviewed, for exanple, in
Ravet ch AAEPUREYS s AisloscoRiRs ex‘t‘t&ﬁ]'rirh‘bﬁgfgml%‘?ﬁq?n( 1991); Capel et al.

| mmunone dﬂﬁ@@] 4 F2%ec3phok 98R) descrdbela REeprratat 8inddo. the Be rek@bofﬂdﬂﬁbocﬁﬁdn

126: 330- 1 (19 her FcRs, .includi n%ht hose to be identified in the
future, &pme @ﬁ%&m%%éﬂpfﬁ ity eh o dRRn dR 89 eTipdineaisniIHCR S OBHIBY or FcR

al so i nclhygesy fg@an't‘i%’d})a(ta%hmfn‘?&&%t@f),an(li:ﬁlaﬂrdes"t/@ée?ﬂyrs sMhCRYRBIFY RINGAANCES, 1S
responsi ble for the transfer of maternal o the fetus (GQuyer et al.

J. | mund&eyRIsEbEBTes( motpding ahelickirinst ang|alterngttve[yrﬁ@{;m§l| forngspf shpse {e¢@ery) an q
regul ati bi ndi ng
I AT e
18(12) : 59idIBv¢ 97 gmiGhetid ecqeenced that diderwrignaBlyon delvyopbgyic dbB@iny: 637- 640

e b T BBl sl e b O B SRR AR 000 . o

conpl enemiotid dfaMbenits cybpﬂasch dorhain.amiib@DE receb@r FtRiIB bentdiygsinng of a target
cell in the prese e act.iwvati.on athvvay i's
i nitiated™By ?rﬁ(‘eepg)lr ﬁ'&?sr‘r‘be of C{H)g%tt OPEtOU?gnpo lelrtttS b pltahnelcgg%lpeh%m By st em
(A q) to puervdl Afiil. Rev. dmmanbli bi)rzkys 13ar(1eXNHCR s are oedvexdefbr ekdntplq icRgrahe

Gazzano. SERKGRD e ragm) 35S RPY Cil Fotls Mg 425 o2 0e) * 1"

performed. [00164] Further antibody-dg endent cell-nediated cytotoxicity
or ADCC refers to a forntof cyt ot oxi Ci § in which secreted Ig bound onto Fc
receptors (FcRs) present on certain cytotoxic cells (e.g., Natural Killer
(NK) cells, neutrophils, and macrophages) enabl es these cytotoxic effector
cells to bind specifically to an antigen-bearing target cell and
subsequently kill the target cell with cytotoxins. Specific high-affinity
IgG antrbodres drrected to the target arntcytotoxrc cells and are

o o o Y M M



requires direct cell-to-cell contact, and does not involve conpl enent.

[ 001651 Notum nodul ator variants with altered FcR binding affinity or ADCC
activity WO20R02%Bch has either enhanced or di m ni shed PEERSRAIAGH#IAGS
activity and/or ADCC activity conpared to a parent or unnodified anti body
or to a nodul ator conprising a native sequence Fc region. The nodul at or
variant which displays increased binding to an FcR binds at |east one FcR

wi t h bet tuetdedfidas pf alyJ.ttabrClirh dedal 26309 (L% D dPthpiddRaninelpdiag these todea

nodul at or r. i n di spl ays
decr caseleiytig h Sletiul, RGN BYRE, h RoRTcRRy, el Aitkcdlr SR PPy

t han t healpaimehtiesahe vrvnmatdi ie¢eptbr ditRinbwliyh, di car@inanstoged, étrosposabip firgheng a
native s nc rjants i r C nding to
o For miybeobmabrif AL el bbb e TS SR RBRRE BN oo
bi ndi ng 1. dmhﬁoFQRZ@)(ﬁpM)BﬂildtmgLaatmatof h@msusqslenﬁmrﬂugﬁgllébulmegl\/hmodeoig as

determ ned techpi ques n the.art. FcRn, the
ant i bodi 8§2Y"¢ H‘@gﬁ“ﬁé‘%ﬁﬁ{ a\r%g‘éoﬁ‘fr’i (18?? SEsh tg’r%‘w\gaég rgtrllnc?o()rocl%ys Fc variants
w t h nodii§i12a3920998 (1®7§; [Ghedoasi. amtmreesgmembhgy l|5(”7()*68ﬂ640161997)l Hiresn dte. g. ,

serum hal f-1]ves in reater than 5 days,
gr eat er ?hé@@b%ﬁ%@%@@%ﬁ%ﬁﬁ %@%9?4/362@”@% 8 teater than 20
days, greater tRanrden@dys, greater than 30 days, greater than 35 days,
greater than 40 days, greater than 45 days, greater than nont hs, %reat er

than 3 mANAY, drasddieraimemplernsdepsndes %@%a‘e@faﬂdﬁalhc ?f%ﬁffﬁéysmﬁwé
I ncreas egar%@l:éll' lhltweep%es@ﬁcetd?%oapkm@adrr%c&rﬂglerﬁat@ama%mmmi Raltamy of the
e

pr esent ntion in a nmanal rgre erab human, results in a hlgher
serum t| therbinstingsofithe fiynitdoBpancss oighe mnlwssrsreag%ﬁwaﬂﬂolﬁ%@ ARAHERPDY and

t hus, %%%rggfcg&g@g@ﬁg% a&gn%éa%n@gm th 3lstatcbABeRtnSRlithidRtd Gedi es or

ant i body rag ces the concentration of said antibodies or
ant i body aisrﬂiagrmm destribed & Qeprin-Santore ek, al AHISObb dihmyndl aMethgds, A&r Kdsmdy bh vi vo
half-llves nsbe generated by techniques known to those of skill in the
art. For exarrpii anti bodies wth increased in vivo half-lives can be
gener at e@)(h94]m)(H’mftlyﬂr,rpgmb@lygiepermmnmcmawg cywedxatity ng ADCCagtéranig g fami ¢fo aci d

resi dues identi.f S [V . .domai n
and the EEROFELYE m )t ‘?h Csee STy I% Ound Olnn{}gcrrﬁaﬁjﬁ)éﬂ@%kgﬁﬁﬁ%ﬁt\é‘??%ﬁ&ﬁég.t8
97/ 34631 e XAlDe @4N@f&9a2 BTlier (NE) R;HN neﬁt;r«?;&'ﬂ,s b6 nmcudpltalg&) Pndliles 21&@6¢)061@K13 11.

Bi ndi ng t o.and m hal f uman

af fini ty %Egs th)R’&ﬁgfft‘ﬁ/‘if %ang‘ée“a eérlg%'arge Ce@ ot P EPSR SVCISRH e ' ¥e or

t ransf ectcadwhmaﬁatomb I sﬂebiﬁealgawﬁas}slgagnhmm dEedIem to@ll[e thigetaiimrgtoasid 0 whi ch
t he pol ypeptides with a vari n adm ni st ered 2000/ 42072
descri be§‘3l§ri‘flii %@S%ﬁ?lwéwgeﬁf% AYG rlfﬂfg%/ce)[d'sﬁro H}erﬁ‘rﬁ?té:ﬁi&eﬁ r?f:&\{\'ﬁér 'to FcRns.
See al SO eqiréh direShtiepltélecIPdontilct, add dddk Rbt-invel@MomB(edlken6591- 6604 (2001) c.

G ycosyl ation nodi fications [00167 ]1n still. other enbodinent

gl ycosyl 4091671 patotwr Aedyator wpasivithaiered e H@dalﬁtaff%téi B & DG ftCHé‘tX 59BAt i on

are nodi e haMokRr Adhhided Bl &hliYishcl FBR @G 8FAQtnIRPAD (S actibi®y Fngarat

i nvention nmay conprise one or nore engi neered gl ycoforns, i.e., an altered
gl ycosy!| & # prepar tenediiied aafibedyed taonmp ?@frca’ﬁ@“é@ﬁrﬁéé‘i“tel sgHepgeac rpgion.

coval ent hy. alobAGRE V@hﬁphlgﬁlws'?n&&@w BifdiRG103 FoR bR aOBast HROEREGHHIET

gl ycoforns may be use for ‘avariety of purposes, including but not
limted tottas nﬁam ithag tl@rpar%umrm@défeﬂ@nmh@ﬂy fam«?@tmmlatqrr@@méla%ilmgnattwg affinity
of the ant i I i ot he

ant i body un}PC%X:C rgglo e'&r‘ ggrrgdg%\dgigg dg&fq %c({eg{e gh%:nitﬂl %rﬁg fgnsp engIQIE %H&SPJ_; w il be
appr eci atFeH wlthaﬁzori;ervéﬁmm teouthe pa(raxyc openrenfictraribatlyta tex moddstor gpngmising a

| | at d t di,ficat i shed by,
fa gr ygg Zﬁﬁ?téveé‘: sg‘ﬁl\{eg?e I;]c gre%wécgucg anrtsawfgm? O{'fla}ll acael(z)lgsjeﬁ%l dﬂ%ﬂtg n ?ﬁ]g %q? | she y

ant i body psgqssemrﬁor nEh\p;bremsble bingin@ ko aNFR, g, Odo%dllﬁﬂlﬁgjﬂbsmﬁ FaR donmparedama be
made that result m nation o i,abl e. rgi n framework
Defi i

re va
gl ycosyl a‘FW?rFegli‘eP%es 8P TREP R 5 & éeﬁﬁ“ﬁ‘é{]teg eﬁ@&‘b%ﬂeglkf’%\ﬁn?t t site (see
e.g. U S[iis] NshdFcRSheamdb&iicdad debistanCaiveionelsy codphi@ne estoaiphadcor

functions or inproved binding may be i rted to the Fc contai nol ecul e
by engi nedifyWithmadigcyiongigrt e%at??ﬁfegi‘rﬁ%@ﬁ WEE@?IP%{] li“’c?ﬁ%esg - Segim R Fifves)



[00168] Additionally or alternatively, an Pc variant can be made that has
an altered glycosylation conposition, such as a hypofucosyl ated anti body
havi ng r ed0ger/@r3dnt s of fucosyl residues or an anti bo@¢TRERIHY49468r eased
bi secting G cNAc structures. These and simlar altered glycosylation
patterns have been denonstrated to increase the ADCC ability of antibodies.
Engi neered gl ycoforms may be generated by any nethod known to one skilled
in the afta mﬁmmabpmﬁm@y biﬂlf{}%ﬂ rbsrewig thaet days.areaeithaadp dayspersatss b 5 r ai ns,
by co-ex r

N-acetyl 8 Q&bWﬁr%tgg er as 3 reg@% T§51‘$LJ)Q gr?&mnr%gsdglysnéregte% ne?:su |l e
conpri si d@sagreﬁc:r thagiOodays, greatr ihends da}gagrr—zgmh@ﬂ weiths, igieags thip dmontsi ous
organis ( ri.sing Fc
regi on h§“865§%ne%uwess (%%é989¥g§§§§a%% Al ed%? h@&%ﬁ%%ﬁﬁu@%ﬂ%(&?2ooz)
J. Biol. FEheminiag iio%ﬁlﬁ'sf)) ol @ie4esetdmaveatiat 1na|man(rﬂé99[9§:fel‘dhty a IBnangesults Iiva 176- 1,

as well ean Paten 195: .P Publlcatlons

03/ 03583 ‘gh%eb’é‘?%tﬁé a‘dlﬁﬂ%"g%ét‘“ sfrﬂjﬁb%@%%m%as in Mgty Uk ff%‘\g?i%;

Davi es efreqiency &0 ddnBhisfr @O kaiBhabdogiesd: aﬁBBod&Q#hnghtB ehdda reduced the 2002, J
Bi ol Chem 277:26733-2674 Shi nk 0

278: 3466CAIAAON ngfiﬂlc}\fm“ O%%S?rééﬁm%w?%g‘%e%“’?bf ﬁ’?*f‘?st%‘%‘g A‘%’P%%h@% PCT WD
00/ 617394 kieaR@Tin Wb Qdif 293246 Hd ge@ﬁi’ed\w t€RiG A IMOM 1o TRESE 0AEXiN 24 BOABAAL;

Poti || egent TM t echnol ogy gBlo qy coN%an1V@yégsylatlon

engl neer FAGCEBEKNHIBEYEY ah(téAmseB.%f%?ﬁ%wgyafA‘@ gen DBPIRYNE €401 2291 25;
U. S. P. N 2003484 HeRkd o M@nakdmifé adl residdéQdontidibBas idivedkin 4R-ifkEraction

| X. Mbdul at or Expression a. erview [00169] DNA encodi ng the desired Notum
nodul at obstwgeythp Ec demain lagd the SERp egeniord seseti&retcantigni! AyvliaHoeNes: SYfal

procedur gg,46s HIWO | BYjotpna Sl QMG 3R LLEE I QPR3 I0N6d3 18T &&ﬁ%ﬁ@ hemaf

bi ndi ng specifically to genes encodi ng antibody heavy and light chains).

| sol at ed FaRd insvibrandrsedmhiyablife ofiennesal HeBn high affifhy dinsingpobyeptiiss fapdg coI oni es)
may serv r ef MR A6 FoR
antlbodygmﬁﬁxg%g ﬁnPrégﬂgﬁﬁg% rﬁg%@%ﬁﬁéan Fu%?sn&p nlpulat% as

descri begrimeretawlioh the @alypepsigervith i mriaudfcrrgglf)msne@dmpn&ﬁred nYO 2800/820 Rer i c,
humani zed or., fu I | at ed DNA
o ch g Bt iec Sa 0, BAGLET o YRR ohishit Ao, SUEalkeRsn . e gl on
sequenceShkﬁhetheIBﬂﬂu@MmtﬁﬁB6é%tﬁ@Edt@E)as described in U S.P.N

7,709, 611. [0017 _J%%gﬁgégﬁggbgézggﬁkhod entails extraction of RNA from
the selected celts , and anplification by PCR using

ant i body [sqet) f ilg sfr d)tﬁareﬁlbo&mehﬁbgl@co@ﬂhtﬁ@l‘;ﬁtt&hﬁoﬂkﬁhipokﬁ@mf tha ahtfiteyda@st and,

as exenpllfled herein, are. readil m nu S commercia

sour ces. °ft e\hﬁ‘ﬁeptl%’ear%ﬂﬁ&‘gﬁ‘il aMgff R 51“1381?' tPr‘égﬁrﬁ‘?({eeé’% Og”?eél TP human or
non- humamn@ptdaglyconipsiod @fee nldye iRl BYcbrds, CONMN M@ieariyabsyldibrary, the
DNA encodi ng the antibody is cloned into a reconbi nant eng si on vector

and i nt r patREREr 3listed Cﬂ@gbydé%? FAMPQsHIon diahl CREmFRY ALrhed o amolpgplearompgising s

pl ant celyl % %%StE ARG e PAGESEIR- mdy beM B fudbh£VarR BsSincltidigg Bldidt at or s
are |ntr§ducczr ntggandee%gresseénﬁgm5|nlan Cos g&?ﬁgﬁﬁNSO ceIIs Chi nese

Hanst er dmaﬁeg tO( @hmcingr reduging gifeqtefunceiend iacreas g tgo vty Qfthreriibedy foF dduce
the desirgd rowﬁafcmm%s%gwdhctpﬁ o 't}%%{%&f%@ a8 heASkdickd PR AW

t ransf or ne s expressing the desired nddul ator may be grown up in
reIatlveﬁwwh@ng@quénmnﬂl@gmmwcﬁﬁdwmﬂéwémﬂﬁmbaﬁﬁdw¢n@®ﬁﬁﬁi@ﬁéwﬁﬁuwﬁv|es of
t he fusiagn L acid
encodi ng gﬁg&%%%?#§ 8%% |on&§%h$%MLk§%ﬁ%?%D§%%3¥%§&P§kg%?gyﬁ&%h§¥ derived
fron1phag&md@smbaymbemhaUﬁngpamﬂwswﬂmuhhamué@dyhybmwdoﬁuubagedﬂmﬁmhnology
synthetlcall rcial b e at the
present i H% SH{)stR&}on% na{;r]IEDe néarglce: 6ha éessglgg‘l elllllrjn(]: atlgn E)Poneg) %F \ra§ ﬂgge 5431
sequences*;raemcmdd glgpokxmtum srtmin Itl&tr«:by&llmmakmgiyamgylﬁml amhapmtat(@e rag H&P Ns.

ant i - Not i nt| bi ,ndi er| ti.ves thereof
The inveﬁgbgggb ‘fﬁgi) %%%%GWREF%%@£ ?pggsws RULIPEE g@?ﬁgﬁgpecules
(e.g., pQJn)ﬁﬂﬂﬁ't@QfeleQSﬂtalhﬂl@ﬁndk}dardUﬂ'leilgmw’ﬂﬂlgﬁn Htiegh nild AdAg@AENYSIycOsylation
alternatively, under internediate or [ ower stringency hybridization
condi ti o€ e. g., as defined below), to polynucl eotides conpl enentary to
nucl ei ¢ aci ds haV|ng a pol ynucl eoti de sgquence t hat encodes a nodul at or of
the invention or a fragment or variant “thereof. The term nucleic acid

nol ecul e or isolated nucleic acid nol ecule, as used herein, is intended to
i nclude at | east DNA nol ecul es and RNA nol ecul es. A nucleic acid nol ecul e
may be singl e-stranded or doubl e-stranded, but preferably is

doubl e-stranded DNA. Moreover, the present invention conprises any vehicle
or construct, |ncorporat|ng such nDduIator encodlng polynucleotlde

e o v o . 1 . L o



[00172] The termisol ated nucleic acid nmeans a that the nucleic acid was
(i) anplified in vitro, for exanple by polynerase chain reaction (PCR),
(1) recowBizae2ri23pr oduced by cloning, (iii) purified, PEGAUSAHAMEI4ES by

cl eavage and gel -el ectrophoretic fractionation, or (iv) synthesized, for
exanpl e by chenical synthesis. An isolated nucleic acid is a nucleic acid
that is available for mani pul ati on by reconbi nant DNA techni ques.

[ 00173] MA068 pe Aiddlitierallyyr akigiegtively, ancicgeripHen b yaeeehat havalistedr , i ncl udi ng
one or ngzbosgﬁabm&nqiosﬁan andd Q%%pmtcésyﬁteﬁﬁﬂ%ﬁ}r ﬁﬁblnﬂed@efl FAGIROGE,

derivati uter n, or variant thereof nucl eoti des sufficient for use
as hybri ficowt residugsrasian antibodrhayiingnsersased b@@@ﬂéﬁ&qw $HuFtEes s These apddent i fyi ng,
anal yzin I i ] ptide,
anci  sendmi AR AT itk P p R R ERY .t%ﬁC%%Z@p*SE&%&?Pé%?Fde and
conpl erremﬁtémsheselmmces gbtofotres hay eggrnergted by amy methpd bvavdetd oncTHelladue| ei c

A T L A
7Sb 1’ OGﬂnoﬂ: e5@&;es3ﬁo@@;&mpﬂh I@@Getyiglummamnryu@lnsfextasedﬁb(anﬁnle)ngy txprasmidg ar can
conpri se ope or nore addi ti onal sequences np &k l%u| at or X or
sequenc eSO EHE FEPPIENGARHC Taflo I A rorﬁ%fl‘ésfnéloéceé > UPOr ek AP e s YVect or .
These nue} giodiffifg Eebeaarakees) afteighemslecda Bmgdou m}satsrbmcheﬁreasad S«&n
conpri se !IJ?NXlaﬁd% r%ﬁl\!lﬂfa ucl egt | des, . &ﬁgbrr 'nfg' '@1 rjiants t f (e.g.,
pepti de I CRupRe, a§g‘?e&f§)R I&u‘f&? &bbgg ??2%‘8 ’ﬂgi%‘gé?y@o%aﬁ%etﬁng@g Venti on,
i ncl udi ngraaBidRAdi 287601, ab WHBHB]@EQ%Engf&tJnE Nlﬂﬁnt $763r95dBCT\Pablic‘d&(SnstWier eof ,
have preferablg been isol ated as descri bed, above, bri dl zat L@g}pgp

c

| dent i ty03/POEBTAVORD/ 46 Lapada et dnkOP Ve rBielsRhmol 1 He@ Dariged o

acids t h@ﬁoté&ﬁ!%l'}}%&% 7&989—Qb@r3hré@tﬁle€hlcz@l OSiolOREK 2107612673@%@40 BMQlEdwddeZatl on
conditions. Metho di zi % nucl ei c acids are

art. Seeal.e083.] Wr@f@mﬂl&ﬁé}@%%ﬁé NP b PEEUPEHE: UB?%Il\BngHéﬂH Wlléfz& Sons
N. Y. (19§8)r1wé o%h@;ﬁ ECTRP@ 0l PO PR OBEB WA 03B €1 14D AT piepl | cation, a
noderately stringent di zation condition uses @ Br ‘ewashi ng sol ution
cont ai ni ﬁ@’3®54§édPerhiﬁgmllt ortﬁ@épl%ﬁiﬁmwwlm)a@éyc@@%) gycowdagpsenginegripgy) EDTA
(pH 8.0) r and a

hybr i di zéﬁcﬁzoﬁgég g!r:r%gtrda%r &H&% EO%%A%BOWO &&gﬁ% gngmaéréghysgﬁ%csﬁgz\]atl on

sol ut i ong003widho ks Obmekicad at. 2004, rig’lBaBéﬁthBQ}%f ormani de, with a hybridization
tenperature of 42 C ), and washing conditions of 60 C., in 0.5xSSC, 0.1%
SDS. A stringent hybridization condition hybridizes in 6xSSC at 45 C.,

fol | owed byXone Mudubmn &xprasdies i n 0. 1xSSC, 0.2% SDS at 68 C. Furt hernore,
one of skill in tt}g art can mani pul ate the hybridi zati on and/ or washi ng
conditions to i Acreds€<®r decrease the stringency of hybridization such

t hat nucl®@ie9jaciDieA eRopink sliertgmmchcemﬁ indﬂulsem@de&eztdﬂahsowmi zatl séc@lamted 65,
70, 75, 80, 85, 90, 95, 9 %ldenﬁtlcal1 to eac ther t ﬁ@‘? remain
hybr i di z&%$ EoRERHPNE AR il GEHEPEP igpnuglpude o 5% podeer st ant

di scl osuggclrhely 8rdehswhsddaidtanBbddy Hefgninti Cight chhiht). TRGAIhnt Quikloase! ei ¢ acid
sequence may be construed as a sequence of nucl eotides exhibiting at |east

about 85Wybrsomggells (6F Plyger wst@?%@é:a%ﬁéénwo%e.aﬁ9pfe e §Owes At e

nucl ei ¢ g AirSRAHENERor if B0AABbdyThedhasd, eheRRERIBERICEn Afrfhectd Mghifulgeddioi ce of
hybri di zation conditions and gui dance for devising suitable conditions are

set fort Hessyibedihsreiniopngstecicena mishgne, fusmn Rraiehs. o sUMeER magized gdolly vl ecul ar
d oni ng: hﬁ@&?m{b@&@{ M\/Iﬁ@g)%cula@ lgk 1%5&@9@%@& hARRIRABHied ?E’z[n%%»secﬁ@l d

Spring Ha ters 9 'and 11; and Current Protocols in Ml ecul ar
Bi ol ogy ck@@@onsﬁu@mﬂgmu@ﬂe rgkion seences fp@khq: myynugagtug Bohedies|asdescribesldni ons 2. 10
and 6. Q{@SN a}ggg an be readily determ ned by those having ordinary skill
in the ar ase for exanple, the Iength and/or base conposition of the
nucl ei ¢ §@d1d0] This exemplaxy method entails extraction of RNA from the selected cells, conversion

to cDNA, and amplification by PCR using antibody specific primers. Suitable primers are well
known in the art and, as exemplified herein, are readily available from numerous commercial

sources. It will be appreciated that, to express a recombinant human or non-human antibody

51



[00176] It wll further be appreciated that nucleic acids may, according to
the invention, be present alone or in conbination with other nucleic acids,
whi ch mayWwBerRdRdi2dgous or heterol ogous. In preferred eRb&AISAEA04945%
nucleic acid is functionally linked to expression control sequences that
may be honol ogous or heterol ogous with respect to said nucleic acid. In
this context the term honol ogous neans that a nucleic acid is also

f unct i oni&pblaied by sRexhingftaisembinpioaaldibemy.dbhPNG| ensedingeie antipafys&langd @R t he
term het F&%&M%@gpﬁ ve8t and iftHRL&IaGnB b cbifs iNQhdih ¢ MEhiARA dekis lihsked to

t he expression control sequence naturally. c. Expression [00177] A nucleic
aci d, sucdilsgdan cellscyeabtcaraldiacteax pingysisithng cRAdiamas.che ppdiladis agrinpedyesdde, and
an expressi r e e i i her, if
they ar o Begm<ERRIE Ty SRECGS SALPNRR AL R Hah B Gd RtOReOBE (T o or
t ranscri piytlomaoéllsshitdomucdteireisapicdudestheidadaed ¢dnstneonAs will tprdisensbed it there

i nfl uence o ai d_expressi on cont.ro equence.. If th cleic acid. s to be
{rans at GE RGY-drRE R ot af e SR Moflieist mp) s B Tp I AR Yo
sequencelgdgnghintratd prolidakateat sndosnetidig ssgdeeofane fusioduatsiroet oof sai d
expressi on control. sequence results in transcription of said nucleic acid,
Wit hout EXBYERSHORIIR-r ae shift in the coding sequence or said coding
sequence [gmY1]beiwgieans bldeidbcibehdd@in iR dkidddgdriiontod tHelotata sioderdopisot ei n or
peptide. [00178] The term expression control sequence .conprises according
to the i AdarE] eifle V%h%@%P?EﬁﬁﬁﬁﬁgSﬁﬁmﬂﬂﬁﬂV%ﬁ“gF?€§}WE%%%%@§?§1and ot her
control  el.gRmE SsyhliRlicdi§ Ok B  ofbRR$A kbREds OiisQb beudiBRE 0 khak tPsds@lti on of
MRNA. I n particul’ar enbodi nents of the invention, the expression control
sequenceiNVeripnisEpliciily naerBpRsscrHEcleic agid malqeyles pfdseaenest sPeXEIEteBNnt 1 ol
sequenceg, AR olahAudSe Risfol Brdidihn@fand RO 1P 8RB Sic O8r :5&Edn-HidR8s friilengeper al Iy
conprises 5 - untranscribed and 5'- and 3'-untrans| ated sequences which are
i nvol ved dgnivativgsttheagdf o Aheoinventign Serthiepericompasses nuelaisarids poncleicaasanelpqpdasy . such
as TATA box, i ey i :
specificET?Vfﬁgﬁpﬁﬁgkgﬁggﬁpﬁgﬁﬂéxpfgggﬁﬁﬁa%gﬁ%?g m&%gﬁ%%ﬁ@%“@%%%Fﬁ?? a

pr onot er or pgeostringeaty hyhclaaén candiriomgt e asdfioehintow)oio pobyangestides i onal
control olmhD8AHOE AN LYl pOYEIFlofa@Gl flenc ENRI GR 340 o IRIL bt
sequences n%y al'sd conpri se enha cBY sequence§ or upstream acti vator
sequenceshe i@AAADJr afcparedi argationt theeeof. Nterteinomicteireacidemplepioomt@atedr pronot er
region rel ates .to ucl ei ¢,,aci.d.sequence.which is at ed St 1, (5") to
t he nucl 8 m&&?é“@%ﬁ@&ﬁﬁ@“ﬁgFﬁ@“é&%g@%@éa“gﬁ‘eégﬁ??% $ %g%?§%§P%§‘o t he
sequence niyecpleQVA didlgc acid aptgalietniagbe andlebirmacled gr Soubke-fuandd@NAp plefereripse. The
pronoter regjon q%% Eﬁﬁé%ﬁe furtger recogniiion and bindLn% site? ﬁor
further f Fstrpigd AYBYS A PIShEVFEIGD FATPTERS B FPEREFPBEFSn of a
gene. A MceffetaBihg SRY ntA0lafod kndobil g hbaRstddtipé inonddk, Witpuokaltytdh| wcoks,
eukaryotic gene. Furthernore, .a pronoter may be inducible and may initiate
transcri pladifsihestalpspuids & VAl GMHHSESng agent or may be constitutive if
transcri p§giom e Roh iR RkcleRhcRdm@Rs h BALGE AGIAY8NE wad\ipangiffehal viirs, under
the control of an inducible pronoter is not exgressed or only expressed to
a smal | éxtestmple by aplymenatrcshat razsaipm BQR)alis sspmoinpntysodyeekrdenies: (ihe

I nduci ng 89191%% fok Q)@;m%@@y ¢18ayadd AR 1O oBhort thierrd B BkioRlor LN PHSMELRI RR 1S
increased. This is medi‘ated, "in general, by binding of a specific

transcri pkinape byadeovcal Hodess] Apisohidawsleigticidhs anuslay aidkihpids avdelle firng t o
the invent.i L . . 6, T3 and T7 pol ynerase, human U6 RNA
pr onot er ,’ﬁa&@ﬁ}'aggﬁ%‘%g?‘?‘g’g%bﬁ‘?ﬁ%@ " hybrid pronoters thereof (e.g. CW)
where a pelf3lor Mae scHicelly nsddc hodahgantoder npalptapr gficlpdiogronear dotbf genes of
ot her cel ] ul ar. protei.ns.such as e. g..h - -

ol yeer a3 RaLEraY B s Byt SRR SRR muteinsengersr EE% et udi ng
(an) addipbiyomadotidest suffivfesy) for pRUE I bridieation giohes, POR tphienersmr eerjuenring firimgers er m

expressiqn .is .used in its t general. neani ng, a conprises th roduction
of " RA. oA e e BT e it P ipg  ap eERuSs: FEBEha SRRl shEaci on
of B:Jcl ei[s@nsaﬁhc?@c a&&H%hﬁ?fo@,exﬁﬁ%Ecﬁﬁﬁia(pﬂlym&yedﬁﬁclz,(aadi tdlﬁlﬁlgmuttallrp Seﬁ]lilsﬁoeﬂt ly or
stably. [00182] In a preferre odjpent, a nucleic acid nolecule is

accor di n§T ths feRePIRgreAls? Brr‘i""ﬁ]ng ““ici”?‘ca?c\?iéﬁ?rb‘?e, a“Wi?élugg]' ObY GPriatot with a
pronoter, which controls expression of %he nucleic acid. The termvector is
used here in its nost general neaning ahd conprises any internediary
vehicle for a nucleic acid which enables said nucleic acid, for exanple, to
be introduced into prokaryotic and/or eukaryotic cells and, where
appropriate, to be integrated into a genone. Vectors of this kind are
preferably replicated and/or expressed in the cells. Vectors may conprise
pl asm ds, phagem ds, bacteriophages or viral genones. The termplasmd as

o, v o o . o



techni ques in nol ecul ar bi ol ogy, m crobiology, and reconbi nant DNA
technol ogy are optionally used. Such conventional techniques relate to
vect ors, WO2012487128 and reconbi nant nmet hods as defi ned RETAISAV11/PHESE
techni ques are well known and are explained in, for exanple, Berger and
Ki nmel , Guide to Mol ecular C oning Techni ques, Met hods i n Enzynol ogy vol une
152 Academ c Press, Inc., San Diego, Calif.; Sanbrook et al., Ml ecular

O oni ng- akatiof akio §: 2REHuad. 303HY ABA0) 75, VBR. 124-130, 1631 HOSHTY. AP, B HGP.
Laborat o n : t

Lapor at ol I&fbﬁ'o %Rflgb fbis g% 5, 0o ¥r mlo?e, Qleaﬂfés gd%gggﬁl anE/g?Eaﬁgcghgnéerbne

r ef er encesmore agdltufntai se(qed:dces @Ieaamldm lagvélat@m ISqulﬁeceé @ngyor bef pyrt of gthweguent

nucl ei ¢ acid or.protei F re of

Ani mal C%‘I“il CaCld rneﬂ(gl pe é:gbl}c%;e) &%yg&ds aigrﬁggig |'ES &%ﬁé& Vﬁ‘yu%/féu Ss, New
Yor k andsttehéecraeﬁemecmamseRﬂ\@daxtdheﬂmmnu@a)yld@ atd adificiql Y9I9RYs tPéraoit(c.Cel I and

Ti ssue Culture in Li ;
Ganbor g B?P&’H?’HW‘TI? ?)Cé‘%éj Eﬁ%%‘c (‘Tg% %P%mf) d‘%tf)’is O§$’eslfévﬁgp%hdl N%r\g”g an@ﬂd tir e:
Fundamenpgimnieibleactse Sppinageor deaibatiwhteabf, hSprirefgeably eerd la&gat(edBeﬂ’ deiseribed

Hei del berg New York) and Atlas and Parks (Eds.) The Handbook of

M cr obi oF“E?chaI Medi a (1993) CRC Press, Boca Raton, Fla. Methods of making
nucl ei ¢ acids (. g{ybr@},ﬁaﬂlcﬂl aﬁuud@n@npl i f| cation, purifi catl on fromcells, or

chemi cal ntheS|s) met hods for mani pul ati ng nucl.ei ¢

Site.dir 0 i dslisaied; de "Hyeré‘sfPﬁﬂ?eéPioawe%ﬁ%aceﬁsg%%F His 128 tp a%m on,

etc.), aHﬁ’cléﬁ@E&%dé’ﬁﬁhQﬁﬁr hﬁﬁidﬁzahérﬂ&)‘ﬁdﬁﬁﬁ‘s tM&hbdsker n%ﬁwﬂngmclaamlwl ating
and naklng nucl eic acids are described in the above references. In

addi t i onaregsidnowain e athySeof-gnGamenPrareolsin MalgiligBiokey, Johp Yleved or
biotinyl §Ex?stRP|(Y§$@?|6%01t 6925 Fof AR @%o&:§§§ @@mm&p@n@%ﬂ Qhéleeedy from any of
a variety of comercial sources. f) I n"one aspect, ¥1e present
i nvent i ontrlpg@\f/hmghm@@mmﬁwgﬁvseh@@tev@éhlngs%\!tloﬁwplﬂfgmmééﬁﬁilwant expr essi on
of antib h | PEy, AP S:ﬁﬂ? R0 BigrepEeduced by
expr essi g}ﬂ ﬁ‘?\e/sgg%l Cﬁ%%%%aﬁ&%?ssf %tn}lﬁs@)aﬁpg re E()ar}rl@é to her e{en as

r econbi nabdut 80tk ifdyocingds, 6, prdoslarbridizaticariempmatatesd Spr ©vpeBerpmoidpeny cel | s
of such st,.cells, and t L es . progu aﬂ}a1 Jhe term
r econbi ngﬁqndﬁzgg?n 801 tioni 8?&5235%%%/0“2%@{] £ %ﬁbqb%r&t%@e(% ere %?gd%e%lé%s a cell
into whi @e}m;&rameeom%niahtambwthegs:bnxmms@f 60° Gam Otﬁaéﬁcmﬂ%@dlﬁceblstrmgens houl d
be understood t.hat reco h n hos cel | nean t aonly the
parti cul Ybrédﬂzﬁflg%?onggﬁoP fdaZ§F é’ngtssﬁg %?ég@hgﬂ% SO Hes ERrg Y w ecause
certai n onds$c,oa% SDS anezy’ @CRBlitheinibrs Wae efxtilhig tenedaatmanipslatuhe t 0 ei t her
mut ation_or . environnental. i nfluences, such

i dent i cahyirisizaHan gulfos jeas %$ fondiiiops RARCIEASE Py elcﬁgﬁeﬁgeegggﬁeflw o h@'ﬁ%éléaglc%e of

the ter myh@skat adidic aGdUS®RHribAS iidleotiBe Sdyuekd ﬁlatf&ﬁfyatqwﬁmﬂ 3@ 78, 80285,00,
accordi ngﬁto the invention as descri bed ab 0018#£HFanot her aspect,

the pres t98|Oﬁ%%t‘ii‘?ﬁlﬁc%F‘b?ﬁCEQQ’%WH’é?leSmf"S yH‘é@é?eﬁlg}O F-o¥ayF SPrepGrti on
thereof as REsEpdsBest REhRhMN disteGRE HieRdnt QbQRRiaRYRISHABRh reg@ido AR
conprises culturing a cell transfected or transformed with a vector as
descri bedcigbesvenceay besopsieed #g seauenemefingelagtidss epuhitingt laapabedd> % 80187] As
I ndi cat edy %le)(%\é%% %?(@Wfﬁ&fu%e%enﬁ@ 8 Bl PR Y cOfuclehecidwgrhion (or fragment or

variants 't preferably conprises expression vector(s) containing a
pol ynucl éitlirgle fThabastmponesicrs fiéecting ihe gloigmefihyNddizavion aendiésdly andveti¢rdes t hat
are el | Nt 0uikBRIBH Al Rl B &@g RF ¢ AR, BEnbISE FHRCIE AR MaHfalis
expressi on vect nprising anti b codi $equenceés and appropriate
transcri ptasonebleariat @lomnglﬁauhwmbryd\@ama loColdiSgriag Barb@hleaberatey Reeds Gokc| ude,
for exanpl e n Vi reco ' t gues, and
in vi vo"§8H %rb? %Ioﬁb e?gjnan%g utﬂ%ﬁ %‘g&fq%ien I\?ﬁl\gléedgaﬁlﬂéﬁlo )t)eﬁgés\SI provi de
repl i cablpgissecétat. Sed@Q]‘ﬂhthlldyg& Sommhice@ftatxdms %Hhmﬂrﬁcb6 énendticangbe agnddnt i - Not um
anti body of the in I an . Q. whol e 0 or. light chain
of an antdFrBB’&‘i}edI%Vtﬁ Vige g’i%n”%ﬁ{ Sk@h’é’it e%ﬁ Ci)? g%(%gn F:)'I]e %fléllerﬁgt (g%rody, or a
portion thgrenbhesin & thearkiciid. i ght chain CDR, a single chain Fv, or
fragments or variants
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thereof), operably linked to a pronoter. In preferred enbodi nents such
vectors may include a nucl eotide sequence encodi ng the heavy chain of an
ant i body Wol28e2é728or fragment thereof), a nucleotide s&GUANEH1OHESEI ng t he
|l ight chain of an anti body (or fragnent thereof) or both the heavy and

i ght chain. [00188] Once the nucleotides of the present invention have
been isol ated and nodi fied according to the teachings herein, they may be
used to [OddUCe lvall dethst barenrpuiciatesibat npdeig aifigman eFcoRBRLINn BNV BEEnds or
fragment gregéh?%@f?é rlﬁ(cWH%ﬁbh%ltthﬂ%gH JIélQQCl@sn@hPHrnﬂa}r'bg@\Ehgl'a $13Q189] Usi ng
art recofnized molecy 1ol ogy t ues and rent %teln expressi on
nethodolbgm@kgawsﬂapm&akdqmémhthesnm¢b@H@ﬂdeémﬂHEMWDHMWéﬂnn@ﬁﬁawlbe
produced ifi.c ators,
Such as. SHNCL SaRRESLH R o noRHRsRhorBEL TR EGH RS, EOGRM AR A hE

i nt egr at eds ¢onteat thekerm kmmmlmgarsdnezaonﬁmecmtaleliqmca:knaalsablnethmby Biked po dnduct i on

syst ens conprd si.n arious t s to recli.nic
cI|nlcaleﬂ?’%Qﬂﬁ%ﬁcygﬁuaﬁgﬁ?xfﬁégn ? ml%%%%ﬁ%ﬁsnl%?E%%%B‘?%%ﬁmdl guct

will be appﬁ&&ﬂghﬂ&dhh&kek@e@kﬁkﬁnﬂ&dapmmmdmmﬁmws t he nucleic aC|d

nmol ecul es encodi ng. t he nodul ators are engineered into vectors or expression
vectors that prBVﬂa@iﬁ%ﬁ—eff|C|ent integration into the selected host cell
and subsespuent A gRleaxRiEsEhana hedlat sci0bxfrdeingd @3VA all/INQtkh mdaphaet afid

[ 00190] Preferably nucleic acid nDIecuIe? encodi n é%nlnndu tors and
vect ors @bREFTSSPRgORIREgUHIGE s finchienally dipietigoaga I ug cprenty

transf eC‘hh&fa t@Bneaan%me; ARL& MR eapresd@(hﬁd}ttran&ﬁgﬁ&fdfahld@ncmea&ﬁ ihastr cel |
t hough it wl gg preci ated that prokaryotic systens nmay be used for

nodul at ofheﬁﬁ)@‘ﬂfd@f prestsr e invg Ras f P eh e ueps 9B CORFIoh pRAURISEWH tl?*Pe‘PﬁB&f Fepskis to

intr OdUCEO? Qargﬁlte)ﬁrl%laefﬁ)ﬁc'ugﬁﬁ phddi® (BenDQRE a&@dﬂressx%%&@x@@s&@éﬂc& hﬁcﬂx&hﬂ@dum 1on
of heterol ogous pol ynucl eotldes into manmalian cells are well known in the
art and ilinkddude coding segrenge didicéen ersalﬁsrﬂeréssmmomﬁé|sequei*ﬁer§¢ﬁ@§§mat e

precipit ?I‘tdllngH%tIOQH)lf¥Qa ﬁﬁ'c? 15@(931 %1%@&({%@&% %ﬁ‘ﬁrhé) ift H{@E ?(RJ) I?gsste elﬂéé &Maid

el ect roporat| encapsu ation e pol ynucl eot |posones and
di rect nicoding sejgeaté oot being timabBNAbEing bamstadddanto therdeaida Hmt@lm or peptidei ¢ aci d

o o ST 5 Tk, R AHES o P ol TR AR e oRip b ik GRRET 3 Mot hods

of transtormong Hammal i an cel
U S P. NSptfb;nﬁﬁéﬁ 2ib6sordk, BARN A0S, edhaMﬁs d:ﬁﬂqthearadntml éﬁ@pﬁsﬁxat fepulather , rret hods

of transform.ng pl.an udi n

Aot obact SR CHPaR Seeer ¢ afufsh AL FRHE Bt S Phent M i Ron

i njecti OBxpr&dS@ﬁtcbﬂﬁﬂ)Eﬁﬁlhrﬁlls aintbeteguddied: Thnsfaer smiciuenof ebehﬁehmﬁs:oﬁtﬁ‘ol
transform ng bacteri al EF’% t cell.s ar e alsgwmell nomn in %he art.
[00191] REPEUTRMY YHE 2hd HHEW“B@”%SC Pan F W TR’ expr essi on
vectors Qhudb@ibe¥RNS' T 01,3 -hidfans¥@IR @encthehith hstinvodet af ingladedéng a heavy
chain derived pol ypeptide and the second vector encoding a Ilght chain

derived H8NSFHRHRN aaé tram}%aéwflwesr\f;@aelyr gichgy T ednter rapaeptqdice<etralt abl e

mar ker s (hakn@nNaRl ik BRDMABtealflc)lE qUlra¢RPRSHREIAT congavwyqRAcks! i ght chain
pol ypepti des. AIternatlver, a singie vector may be used whi ch encodes, and

i s capablcempriseappreaieiragion Bt elhdawpremelen setrncciRarrrsganippasenEdef then such
Situati ofgcribdifly lih@AlnuERRIaid! %x{?fe?sflcﬁf C%H ¥ sBhRE&Y e faRb BohPigeRERVYerChai n to

avoi d an excess of toxic free heavy chain. The coding sequences for the
heavy andedueryies ocupairessn spbiyateiolgpranses. cDNA or genomi ¢ DNA. a. Host - expression

systens (I[)(ﬁ%ﬁ 2]/:(% rg ng% the %Veﬂ@(ﬁ{[ thEERK %ﬁ)?ﬁo?é? of ﬁl%m&r ?éé%n%gﬁtes B Wcleic

conmer ci y ava
acid sequence Wthh is located upstream (5') to the nucleic acid sequence being expressed and

controls expression of the sequence by providing a recognition and binding site for RNA-
polymerase. The promoter region may include further recognition and binding sites for further
factors that are involved in the regulation of transcription of a gene. A promoter may control the
transcription of a prokaryotic or eukaryotic gene. Furthermore, a promoter may be inducible and

may initiate transcription in response to an inducing agent or may be constitutive if transcription
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conpatible wth the teachings herein and may be used to express the

nodul ators of the invention. Such host-expression systens represent

vehi cl es WY 2% @A728he codi ng sequences of interest nmay BETARRIIAHIBI8 and
subsequently purified, but also represent cells which may, when transforned
or transfected with the appropriate nucleotide coding sequences, express a
mol ecul e of the invention in situ. Such systens include, but are not
limted isowteintiobethyamiisdrsingaeentad gsactheris andes thg contpl of g} inducihle pigBOfer| s,
strept 0”}’ r%ﬁ%}\(p%s@?ls(;r%Blg%qE/@@sE@toraeﬁx%qtyxf%ﬁmf alpﬁﬁ%cqﬁ Hﬁgﬁbcf In {:l)lleas m d DNA
or cosm d expressi ectors contal ning no tor codi ng sequences;
yeast (epgssncSalibhadociygesnt e gfm'eaS) swirchersdreqttiedle wil phtranserention maintreased st

expr essi vect ors cont ai_ni.n ator [ es; insect cel

oot oms. THirdcoegtSe SRR BT Pad 4 AR IR IRRGRHERED S o' 12%0"

bacul ovi I[(MH)EO]COIFE(ﬁmd’M:rEl@hwbdtd méfeﬁect@dordglgseqlﬁmmmn 1p¢la¢etprmebtbrs§(yl§i%rrs

i ot ca Ttk T BusEaA o1 Do NRPEEET AT e G | e

nosai ¢ VipfdsoterCaMéof (@PErDO wiesad Sartvdr piss ard Med ©ra fart@n pireaif @cbnwitdriof

reconbi nant plasm d expressi on vectaors cont ai ni ng

modul at oESER Bl PHerselitlariedsins gich ﬁﬁﬁﬁd}%ﬁ%@g’fﬂl @%@@3@%939 CHO, BHK,
293, 3T3qefldtezindiay mrlhagdxﬁgmmmmng%pra@(ﬁﬁ@rgnmﬁ@ﬁ(s)tructs cont ai ni ng
pronoters derived fromthe genone of mamualian cells ggF nmet al | ot hi onei n

pr onot er JOWBLK r Syererainad A GRS B e FPressi ¢S aﬁéﬁbm mpgt epneral MSARRG Lt er -

the vacchpi &nlfstSthe pralfuddibR BPRRAor of RRAIRH pldteiRBEIRIE] Blalss ¥Shfi®s paislU nber

of expression vectors may be advantageously sel ect ed dependi ng upon t he use
i nt ended efpessionef puslede aids. Fartheymesepepsessign Map be eI ragdeaty ar ftaiye
quantity uc f

phar mce&ﬁxgg} e nBose‘?%elg %ﬁ‘gb%%&‘g‘ ﬁg“dcw ggg(?ﬁgb\?ce\g?%ragmvﬁ]‘gg&%ﬁnggt&oghe

expr essi resoft irhd mtdrevleelusap@fomat@woth quroneleh wWhich¢oetrads expeassian ef theauidis

Phe £ Codt TREEHERAR Soy RAE b 50hUabhep It fe aftbonfiifed’fh i * o

( 19t83) ), vemclm,{fnrcahlut hie acmddwmcgl @@bm&;ﬂmlelmW dodl, for gednge, itmbli Mirodvakd m:q nto the
vector in in n.s 0 einis
br oduced MR bT bRt et R et 8 chip el B S0BHE: ' 5,05
(1985); VantoHed klﬁs Kin&@ﬂ&lpﬁfﬁ’ably Jeplleta:l andh expres2&d 55%0655096((@@8@}) and t he
i ke. pGEX vec to ex ress fore 0 es as

f usi on pFBIPBIiISr‘?é) W“f r%%ﬁ‘f@?ﬁl%ﬁ%“@%agef ghst 'g%{g)g]eféﬁe)tgm?ﬁl 8%‘@3? g such
fusi on pheferi geSerallyerem@ds Wddh eondmaekt Gﬁéktﬁaﬁ”blhysohﬁl paneiid metdnzilr@mllwesﬁdukael s by

adsorption_and binding to tr|x t at nea beads foll owed by
el ution A4 AWIGe & @HG%“@P‘?afee‘Edﬁ’gﬂ‘feﬁ‘tth gomep ‘é‘a@ﬁ& vectors are designed

to includgishr omppic@ingd BE bREenXAveHh @a5if be heRvaged &hﬁrﬁ@ay&@n\teﬁiﬁ&nal he cl oned
target gene product can he released fromthe GST noiety. [00194] In an

i nsect syeehBiffes Ay eigeaarRiolegy. infigepiptogy rigd Feéawb%qltﬁi‘éfaffagwow. ¥4s (ACNPV)
may be U%ggorﬁﬁ y BseheShAH cohRenBS Rl @S fnif; Q% 841418 (FRORSs, hddhEelMiahdl FecEhBINE i N
Spodopt era frugi perda cells. The coding sequences may be c| oned
i ndi vi duaidthpds at dsfineshhesei e Rrgsafechnigiies a% (dlomown anpive SXrINBeGBI PhedrPl- gene)
of the Vig s, andkiRlag M%IQ&M@Anl@fmﬂm@géweﬂ%mma%yn(awgy RrHP! e,
t he polyhe in pronot er [ 001951 I'n mamal | host cells,” a nunber of
vi r al - bad6d AcxdsmesBiessnlns y Sarehis gorialib eSamhsepkt o al..idelecilas & lervee- §d gborefgry
nucl eot i gression
Voot or, R o R B A B R s
transcri phd Gn#rdzmﬁ'rtscbcam iniMategntar Blolcogynﬁll‘éxAussbfg et alt, bés.|sapre Qthonotfel and
tripartite. | eader u t e |n erted in the
adenovirﬁ?:ﬁgﬁﬁﬁﬁg%Vq?ﬁ"vﬁ%?%mKEMRwege oﬁ?ecgeufnaufgﬁgcg rt?%n in a
non- essendollaibony iagudFreshné @ 994) rGilltuge dmimd] €els, a Maghlor Babic Gectiagjue whird
result in ar nbj na Vi r hat is via Ie and abl pr ing the
mol ecul e SAfOp P\&g‘af'ie 2 LOr é“{;the rdRIEnGey § ?‘im%?rgﬁel?ﬁzge Br gé%%g? S S
]EJSA 8f ]-} 3RO TR (CLﬂ&%)lquuﬁpS}&tdiﬂsQohrmévtﬂbﬁgd Suis Ih@ MRISY SHRYN A, S@hnlﬂﬁrg’ amm red
or efficient translation inserted codjn nc e._si
el ude. PHAMRETEN R PESTSHCEbAG S aTAE AL SOUIHBS MEORY HRIGHED  he
initiation codon nust be in phase with the reading frame of the desired
codi ng sequence to ensure translation 6! the entire insert. These exogenous
transl ational control signals and initiation codons can be of a variety of
origins, both natural and synthetic. The efficiency of expression may be
enhanced by the inclusion of appropriate transcription enhancer el enents,
transcription term nators, etc. (see, e.g., Bittner et al., Methods in
EnzynDI 153: 51- 544 (1987)) Thus conpatlble nannallan cell Iines

o o T o - o, o - N




(1991); Tol stoshev, Ann. Rev. Pharmacol. Toxicol. 32:573-596 (1993);

Mul | i gan, Sci ence 260: 926-932 (1993); and Mrgan and Anderson, Ann. Rev.

Bi ochem WQ:2019277237 (1993); TIB TECH 11(5):155-2 15 ( MR¢T/UBQ@30¥9454nd
hygro, which confers resistance to hygronycin (Santerre et al., Gene 30: 147
(1984)). Methods commonly known in the art of reconbi nant DNA technol ogy
may be routinely applied to select the desired reconbi nant clone, and such
met hods MasuaeSpringdyekrlag OBerbx HpjdkkergiYewAlebaild Astas ahd Parkydidy.) T®ur r ent

Pr ot ocol s,_i | ar Bl ; PR ( : megl er,
cone. 1r anabdbbELGEH B0k 8 JORT RC R iR orla e gy BIARRLY
(1990); amdki¢ acidSiajgt, by & viRo amplifi@tioDpacidptbn frem cells, o dds)cal Guihesnt

Protocol s _j,n man .Genetics,.John Wle s, . NY (. s re- Garapin
et ai o el TRy R Gl ot dherl Bl SR Ry RS

par ti cul aigkstioprieheast, ed.)neidivadowfveasitsadellilinbd ang tize 1sidcaiséfel inmagipulatieg shdcel |

line conprjses the glutanm ne synthetfase gene expression system (the GS
system) W ‘(‘?ﬁnbcﬁ?i?/fl oy esérfll?‘?%df‘ gﬁtag%‘ﬁﬂf:%%%ﬁesf ﬁrfadgﬁwgh%sf BV essi on under
certain gapslictdoffS inciigngog$ JbtIedbi Sotitystddg®BthutBotitldOlcan b cypavit ori N
connection with EP patents 0 216 846, 0 256 055, 0 323 997 and 0 338 841
each of WAMRF (prgerpcﬂ]ggmﬁay gt BB LI CAMB R P Sice. [00198] In addition, a

host cel fo3bdjai ThilBYh SR 26Re6 8RR Pk inveRGMH RbA8estBRnXRREESi @Ns Afowike
i nserted sequences, or nodifies and processes the gene product in the

speci fi cracashingr cyrrsssia! axihopicnpldne nygition ws PerEory, thergfy dwahedigsimefrcethg

processi gge{Ledion ifdERYRGBHin NBERLIRI dle REQLUES ForfRYs R RS htifoak@r the
function and/or purification of the protein. Different host cells have

char act efThgpiesenaintension aise Providet praginy eslls Jsuehosinsts. and aidbpdies pradyced by

pr ocessi ARd nodification of proteins and gene products. As known in the
art appropriate cell lines or host systens can be chosen to ensure the

desi red ngdB§li cdhé enmagrompinosid®si el (ofsimpie hest pelbsaseseddisrapappandiecelITefot hi s
end, eukaryotic host cel . t . I I for proper
pr ocessi ﬁvél Cgfa r%ﬁ%n%f)nrainrfcﬁ(lp %/eﬁilérg‘%&ogg%tsb %grgln;%g%cgﬁ'a{t?ﬂé%?d %ﬂ%rgh%é%%{r)yl ation of
t he generqeomtingit hasteelp and hiostuded mhepn @bt eyt the parfiordarssigedtioclt g alsn ghiegmegeny

i nvention cordingly, rticul.arl referred ma i an t . cell.

el ude. obuER SraP dbEat PELLEETRal PoEhy T B AT ALl N bR il 205,
3T3, WL3uta®nvetdvirasmbitgastuea@ncach pegdnylnayest, sutbt, bsideftonl toxtanplea; BT483,
Hs578T, HIB2, BT20 and T47D. and norpal ma r | and, cel | line such as,
for ex ar‘rﬁ?IE %urdfif_sfgléﬁaaﬁlﬁﬁl "H&‘Z%’%ﬁo})e &%& ﬁed’inﬁggt I ?%'ége%%fﬁ]lnatglﬁ?h SHE fhe

sel ect ed cphpahdGlve@br RYSHRR0 thBasen®@n Sskikdckibédubble art may easily sel ect and
optim ze O(?1;)§ropriate host cells for efficient ex res§i on of the nodul ator.
b. Cheni 4188y nfh@WisT apae)11§9 Prepsas myeriop e, S IR T B DK R or
systens, Pb&iom&eo‘p@s RBRILBE hatiad Atb@ting keomXeeibb@hRhs s@d mbihed tawgRetd on may be

chem cal 'y synthesized usi n% techni ques known in the art (e. g ,.see

Cr ei ght osulturg3 celppraséscied or Epsfemad wath 3 Yectans dessriagd dPYe angrelisving g,
Freeman & &0dy ofboftion @BFofunkapi Il er, M, et al., 1984, Nature

310: 105-111) .  For exanple, a peptide corresponding to a pol ypeptide
fragment [@f187he Asindieatddoborcapxisessiopaf fegitipedy dyhajigeengpn €Ot fragmey er

synt hesi zer. . F ' [ ORE ' A DRI SS1eQkat Chem cal
am no aci%’ laélﬁsatp%égsﬁé%%h@g %%pglg%ueg(gxgssés a Sﬁ(gﬁoﬁ?h}f@(ﬁ)ﬁn@}? addi i .oart1 into a
pol ypept ed@dsetieidrsged alteNotwinassbatyl Mattiade thatird svell koo witle, thdsg skitledeinyiest
limted tg, tp the D isQ . . am i - di.am nobutyric
et d, - a- dinabB LER APy gt IRERRE AT hRF bilie Syttt 8, 1OV ¥
aci d, g- Apprppréatinaascriptianal mod hrensbnionat cartiotlsignilh , Th2seaméthalsiisdlsiat fpr i ¢ aci d,
3-ami no propi.onic. acid, ornithine, norleucinpe, norvaline, .hydroxyproline,
2 cosy nexatgiie i ferompBBLp T dfprRges SyG0f ol gAY S he.

t - but yl alk@pinb@ati@h enybd@iy@itsnd theCiyiedntibe s apranidaepliki i atiorse omblitiog ©- ani no
aci ds, designer am no acids such_as b-nethyl am no acids, -met hyl. am no
aci ds,  NAWFERIAG FCUSRROECARI R SRR OSE P RS A PBE (B @@ﬁ@? Gbbuy. 3

Furt her mpggsy dr iehtxAhiAQf ACAHDERN) a BEavk) of HEXIChAR Oiraible)dodiairlof (ah @niioay,af y) . C.

Transgeni ¢ systens . ) . . .
portion thereof, or a heavy or light chain CDR, a single chain Fv, or fragments or variants
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[ 00200] The Notum nodul ators of the invention also can be produced
transgenically through the generation of a mammal or plant that is

t r ansgeniWO2012/2AR31 rmunogl obul i n heavy and |ight chai nPEERIS2HAH4946Hr
fragnents or derivatives or variants thereof) of interest and production of
the desired conmpounds in a recoverable form In connection with the
transgeni ¢ production in mammals, anti-Notum anti bodi es, for exanple, can

be produdettonnopesaty linkedner Rempien nin praferradiambogimegis sud vegigimayoncladerer
mamal s Ao,

5,741, o5 itiirids “encnﬁ’ﬁdﬁmng?}%es bk ?ﬁ?ﬁ‘%@@?&ﬁ‘?ﬁeﬁ e (bl s onpri se
human i rmum\@gtldomm:me eowding e hghhdmrzqfdn\mltuwdwmrlﬁmgmﬁntélnﬁrmﬁmn?@getm c
portion L Efed%h %hdescrl bed above. Methods for making antibodies in
plants af& ddsehepshy " in U S P.Ns. 6 046,037 and 5,959, 177. [00201]

I n accor dan&@ WCOtnbe ﬁlbeuctlemxdhsi ofglse freseei invantina hw&ﬂpnertisdais@erd mocﬁﬁctdml S or

pl ants i ntroduci ng on re.n CI d cul es
encodi ng é f@ggﬁt ?l?ﬁ] gg‘@%?“%‘f‘ T‘Vem% i gt Ci{’t%e S5, ge%anlcflrlwla P! gt by

st andar d afitf-No8gedntiBodi€cdi itagests ttheef.HOgan and U.S. Pat. No. 6 417 429. The
transgenic cells used for nmaking the transgenic ani mal can be enbryoni C
stemcells or somatic cells or a fertilized egg. The transgeni ¢ non-human
or gani sns can bm&dﬂjamm}&ucm@hmaﬁmaﬁometerozygot es, and nonchi nmeric

honbzygot es See gan et al Mani pul atin the Mouse Enbryo: A
Labor at of4P! %]nuéjsmzﬁﬂ r%cd’gmz‘ﬁipﬂle%‘}rl biRlogApaIaues, 398 Suirers gepyein 9’5’6?@%‘8?1 et al.

Mouse Ge%EnoadogngubEfaﬁﬁﬁqlaMe@s ofAhPlAREd 584l AR HAGER prodedear diddni versity
Press (2000); Pi nkert’, Transgeni c Ani mal Technol o%/ A Laboratory

Handbook speAébzdléwmcleﬁ ajd MiegYloy encpging Bl aRBochanibodisrobidiagdagdni
non- humag, al.ARlS 10QY 6 aApb &, aRl 8d “@ég%z&amo%xna\qwn aRd @&nﬂa&raup xvaaan@r geting

construct that encodes, for exanple, heavy chain and/or a |1ght chain of
i nt er est prdtfnn oreducsioh sYlitanesROMPriRAS VaTIoNS @@ﬁﬁi hegpti crdy to pEQYSTArecdinigAlgc] ébk“ré‘?f ess
nucl ei gl fedi bk Cm& Be bl infefhdihcal Iy
bind to V@F#Uaﬁgnnegp? t‘ig’?}r]egﬁ %‘o‘%ﬂ < F’ra (Bt de acrlly tratnsgenl C

ani mal , iprefqaa:ritembudhmlehly themetleicraeid necrkbtuhliﬁ nmwld@gtthvemmww@l agrengingened i8toar e

m ce, rats shee i S til e r nts
The - non- KR E e refun et Mo b SrflenifEBSon b e tdceits sBTROR

pr oduct |sﬁbsbdnmmdugtm>dpiessxm emals ofsth¢ dasaed Nemmsmodulpturs and ot her bodily fluids

f whi [ b d f.
techni qui®Pbogearney ple PP pdh grs e SsAR Ebra S BAMAS R el Boai os,

expr essedomyrigsid these @ontleic atill nloldtelss ein Uemsetcrfanmgefwﬁoxmﬂarsaitzdﬂmmhmmhme
different glycosylation patterns fromeach other. However, all nodul ators
encoded Byb e eiee abn g EbpRel 8U1 GGl i By e i M8Y Ryt ne
am no aghd fﬁﬂﬁb@m&%}rwu@bldrd edaki@ic8bmcanrne bpany kifvntrh@hddet mabdicmgent i on,
regardl ess of the glycosylation state of the nol gcﬁul e, and nore gte({gerally,

r egar dl e§§ly8‘f‘d‘m€esdflé§é’i‘?étéegr Methodh g thsfintpgagioniof Repiglqegygrolynucleoti

nodi fi catHagnalihfcdld Bl dknbHig in mvenhhmcma@ma@ﬁeam@dummm that are
differentially nodified during or after translation,

gl ycosyl &elfiom Phaﬁe*wlpaqci%tﬁmfpﬁ%‘gbﬁ%@rW‘éﬁ‘F%Hansgftﬁl%ﬁ%‘?f’lasd@ﬁiov’at i zation by
Known pr Qe eﬂoﬁ@{opleﬂg nl&kidH &2 %01)9158%&91'@6@5 1HQ1p%L&1§e‘éazg1@,dlrEét%@@ﬁl dcQoN

anti body nol ecul'e 'or other cellular Iigand Any of nunerous chem cal
modi i catof tadNeintbeuctsar b additiontnuplpiclenigwrr] Qfellﬁlﬁ miay e sntrorlvgerl il mgmisadiam ot
limted, fl I I

chyrmot 1y Se i fort MR of B SR TR, i SRS RORfion AP, e

oxi dat i om,g., ﬂé&ﬁd‘isﬁo&?? Mt%%@l,(]% SYAkA6esind 499911h% Elrrélsemelm& of uni carryci n,
etc. Variou ost

transl at| nodif i a bythe
i nvent i of"Ag u]d%pla’ftop?seaﬁ%wglmnown 19 the aﬁﬁ %l@ﬁlé o§ %éfl%?%ﬁégg\ car(?t%éjdr ate
chains, phaotessitiog bﬁﬂlsﬂid,»ﬁra&nSMmalonomre& mgcmmallectmpdm)lon atdhaahnent of

chem cal noieties t aci bone m i.ficati s of
N-1 i nked "GPSTBEfaTAR Igl %‘8&0‘%!{% 4 ndhaeffﬁlgl angﬁgasg%@l llreoa‘nsot)\’?e(ijl SPEPIHREEE an
N-term nqd)om]t hlmn*ener rtmnodueua@ya)erce&uhife@éd Pitto@@r ek pitek sorh@storsat e

expressi on. over, set forth in th t ex | es. bel ow t he
pol ypept |”d‘€§‘§“‘ﬁ’a rgKaRp ‘E)éh & YerQEeREP RS 3 114 éé?‘ﬁg?ré"%ﬁggwpngﬁﬁwt § an

enzymatic, fluorescent, radioisotopic { affinity label to allow for
detection and isolation of the nodul at d. Purification [00203] Once a
nodul at or of the invention has been produced by reconbi nant expression or
any one of the other techni ques disclosed herein, it may be purified by any
met hod known in the art for purification of imunoglobulins, or nore
generally by any other standard technique for the purification of proteins.
In thls respect the nDduIator may be |solated As used hereln an i sol at ed

. o b1 - o - o o,



E. coli. Briefly, cell paste is thawed in the presence of sodium acetate
(pH 3.5), EDTA, and phenyl net hyl sul fonyl fl uori de (PMSF) over about 30

m nut es. WOI2124RBI2Bs can be renoved by centrifugati on. WEAB2QINO4BA% | body
is secreted into the nmedium supernatants from such expression systens are
generally first concentrated using a comrercially avail able protein
concentration filter, for exanple, an Amcon or MIIlipore Pellicon

ul trafil sgcand wistasspgoding adigbt @agederiv nolpsptidey die feo REYCHER ncl uded in

any of t e fiQf G9QLBE rﬁ&rmmfapedaa@ispastanml@teﬁeénéﬂnéss%dﬁﬂ@atv';,Qh@ﬁ%lﬁ%hmy be
included to prevent the growth of adventitious contam nants. 0205] The
modul at opolyeepgdes. fAdteNativaty,@rsingfet ecip mayrpamteil hdidhp)enewiip 684 tsicaprblgradpar ed from
t he cell - I.f1 L g r I [ Les

chr omat o%’rq%g%?, ’ebéogk}lﬁéealt'%g@rlﬁhgr&g}sé%ypegﬁ%@é ?%%h%g%%)la%%l’fﬂ?aﬂl %/&{cafl T omat ogr aphy,
wi t h af f ipreifdrgbly hiacmigtetige tp hyavyehag td heidumetxegss etitopiafict heay clonn.t Bwhni que.

The suitabi.lity of otein A _as. f.fini | i.ga . t.he species
and i sot §%Aeln%?e%léeﬁl§eslofr%%ﬁg%ﬁvgBﬁ(ﬂlﬁ{%ﬁ@alﬁoﬁé{%n{pﬁlg? alﬁ\s]gg)?gés}%ﬁ?&?ﬁ‘%t he sel ected
construct. Protai nHAt-egnesdienywsdanst o purify anti bodies that are based on

human 1g g or. | heavy chains (Lindmark, et al .. J. nol Meth

65 1( 108 HUO e o Bt @ he T inat PO e ety el BNt o human

| g&3 ( Gussmpaibleaith thEMBENidgs hedhbahd (B3B8 )uped (& BeproRitid Modumtwhibeiet he affinity
ligand is attached is nobst often agarose, Buf gt hgr matrices are avfali | abl e.
Mechani cPEYIW 2HPRENGHREHISESN SHAPSIEPEEAt EBICIee 4y 18 i @dwie gquences ©

pol y( sty gaedinayB¥ k) RERZLHR sabdeQ¥nflP purffaat Bt afsh Qiprdsait eslisantcshigy, tvgen
processing times than can be achieved with agargse. \Were the anti body

conpr i se&agsfemsd gotiaisfected éth BaapPrBHere ABXANIIF 6edine (eguentes, gksss a molecule

Phi | 1T psBpfig inWhedon)in ks, UR€h WsdnQlindiel, Bl Gat do? fmidd RehidQeiiisaldescH Qr
protein purification such as fractionation on an ion-exchange col um,

et hanol paderiafegath oni, Br eblis strgtemyenmrasiompdoriteprptpt biiesppiaga,

chr omat O%I\ﬁQQXasf(%'?d BRR::Bomid SNIRE 0366V QAR O ARNY nIAR: @k Or cati on
exchange resin (such as a polyaspartic acid columj, chronatofocusing,

SDS- PAGE seqwdncasiyoast (er8- siac¢hatamyses Qichiad tiprstnsted mathabepmbianaai yeatilespraspandi ng on
the antib ) - i.C e t he
rodut at or g7 e BEAN L ool AL bl BB ELF AR TRt AR,

usi ng Pr otred expsgon Rieatefere., Gaafldvins X opn@hvigmeddptaphying Xquaong; pirat edl Not um
Modul at or s 00208]. ce, the nmodul ators of the invent| en purified
accor di n@ystt%n[’st{ﬁ)'é" e%)clﬁpllanégarbﬁdeo & uf?]ﬁ\%efa’n%)ir/n’ BacRy pnng% e\k/ﬁ(?)g ﬂl{gagﬁ‘svgg to,

conj ugat egtonbinget. virus expoassioe nedtyrs Gf. g rankftowalherdit yiruso€CaMVhebwiceencasisoci at ed

wi t h phar mac ically active or di.agnostic noieties or bioconpatible

modi f i eré@m%?%‘é)eocﬁ T W‘ﬁbfef%‘?q?’r?%é)ﬂaﬂﬁ EAPIEN Voo ﬁ&lﬂ%&}lg‘) and hel d
to nmean aoptaiidkewdliRtoassHty @bethcdy; bihmihRaltinsell opethsnedyCalSpCHO BPXL dl ess  of
the nethod of association. In.this respect it will be understoad that such
conj Ugat ¢85y CEBBHPURTEERATRS! YRy BREATSHRES ConinRE RO IR e FreEom

nucl ei ¢ ¢l @nomt SCHARSaliHRIl (N0 nfeilo8Sone i piBhbier) 3P8HH SnanGydMah efrises dr ugs,

i norgani ¢ nol ecul es, organi ¢ nol ecul es and_r.adi oi sot opes. Mbreover, as

i ndi cat ede-&bd¢ aderREusdite eOBWEIRT iRfaE YRy 7HE REOVEFent |y or non-coval ently
l'inked t ¢od108) MagpiRLAl syaffhs Sxhintet of"e@e?ie@&@x VERIA méyAlel 2ASarRORH Ricredt

| east in part, on the nethod used to effect the conjugation. L 0207] In

pr ef er r edepandiodupemthe usetintgnded foreheypplsedmbeinhanprastrd. Fotitkaapls: Whesra largs
inventio ) i - i i i I J:.des or
pepti des Q‘tuﬂg%{y %ﬁlg}?;t% ﬂg% elg?o e %rg‘gjr%g%’tfgirtﬁg%%%h?@ﬁ}.h?}ngﬁémtg% Cﬁgl?%éll(ggrmr kers,
puri fi catof emotlalg®r, vettors whidiblirec ifbnexpedssign ofi mghslevaceidusienprodimpadus tstthas
present inventi . ) - f. t er eof

P ecomi ndFan GG RIPRSRS R il Sochins PR MEHE a b BTRARE Y 20
non- covalegmtsseanecugailUR2YS)(Ruthercet A tEMBOAg2U39 1pi168B), m whichpdleypdipg i de wher ei n

t he pol ypeptide ¢ rises at.|eas 0, at .least 20 . at Least 30, at |east
a0, bt | oegenagrS i g gt hye Ty iR altodhe LS Fhaleondh or
| east 10QhaamifwONgEHEis.is griduced SN vaabrs dmesyen® Inones @R kic AgdsTasdl X3l Obe

directly i ut oggur through |inke e ~ For exa

ant | bod: SA0RAgE e Ve S get THEPoF BB B LAt ek i Thar RTEN! ar
cell types expressing Notum either in %itro or in vivo, by fusing or

conj ugating the nodul ators of the presg t invention to anti bodi es specific
for particular cell surface receptors. Mreover, nodul ators fused or

conj ugated to heterol ogous pol ypeptides nay al so be used in in vitro

i mmunoassays and rmay be conpatible with purification nethodol ogy known in
the art. See e.g., International publication No. WO 93/21232; European
Patent No. EP 439,095; Naranmura et al., 1994, Inmunol. Lett. 39:91-99; U S

™~ 2 - A ~Nr~aAa A NN N PR LA S 0NN A APNES A AN




degree of conjugation can be closely nonitored by SDS-PAGE and nmass
spectronetry to ensure optimal conjugation of PEG nol ecul es to anti body
nol ecul esWORAR2ARET28d PEG can be separated from anti bodyPPEGSZUA{0¢SE es by,
e.g., Size exclusion or ion-exchange chromatography. In a simlar manner,

t he di scl osed nodul ators can be conjugated to albumn in order to nmake the
anti body or antibody fragnment nore stable in vivo or have a |onger half
life in Véoj@s mypelse g@m@ﬁéﬂ;@@reﬁ Eorgign polyisatiges iahfusioa pe¢ins wighglataghione 5-

| nt er nat | i i : 7137;
and Eur oggﬁ;?\ér%gggﬁf%gg({)éfldf’%?lc%%zﬁgoggoaﬁ%%&% %Ogggﬁd?cglg ggg%gj@glgﬁ?ggygg e

evi dent tysed ¢edls by adsoptidi aet lyindikg tol mairid givtaphionsagitose Uzeds fgbewddtyeadution in
accordangce W t i N4s L. ' o i nts
[00200] 1t e et BRI S IREPGLR wellors AAROGRI6 QA L BRESLN P 207

i nvent i oXa pontedse elgavapt steoko detrthadbnedas gtttzenepdducaca teaelpasgdfred theoGT

di agnosti c.or detectable agent which nmay be a biological nolecule (e.g., a
pepti de Blrme%bcl eotide) or a snmall nol ecul e or radioisotope. Such nodul at ors
can be ug®iod] f ox amidsdct gsiemg Autoeragevalibpneniuctear polggressivons @GcN®V) may
hyper pr ogi ferative disorder (SL asggarih of. a clini gal testfi, ng3 Ec{oc dure to
det er mi nB® P78 387 FFLALQ S FPSPR BHGH at o HEP SYSihePaPHy Tusetiestivsed
nodul at ormfe coAite ke RINKRMEay B Y IcAES hdBedudBefnd ndnrespratibifryding (fdiexagligeied

nodul at or, separating or _isolating TIC or jn preclinical procedures, or

toxi col ogylyaidiaieese) of Bo ) ndRaedinreirel ol b ARSPUGTPBRCER pample, the
acconpl i ?nggedm pPadh.Ng the nodul ator to detectable substances including,
but not limted to, various enzynmes conprising for exanple horseradish

per oxi das®@193) k& maemehusinbics e nupbeelyiplRkaseskxgEpsdon ystems may be used to

acet yl chgl i Ae3t&! @38ed RERSHREELen&. GHREses SHGD 1@ 8ddABir M ysbdl M ded tO

streptavidinl'biotin and avidin/biotin;, fluorescent materials, such as but
not | i m exgfession vesidre fheichdinpsrguerice gbinteseseinpy be ligatndde eerdsnpyws hi ocynat e,
rhodam ne, , dj; L Ao MY IATIDR [ d MR EBESIno@ANRMpf itk Rl dS .
phycoer yt?r ﬁ?sgh&mnﬁgﬁ%\lé%@?ﬁt (lﬁgg;gp {%é’l és'é,! gsuc%e‘darts Bt ngtl_p ] {ﬁmﬁ){ae% f(g{emfeum nol ;
bi ol um n&bsehimeniagerd radysthersheohseatsd uthe adspovijurigermanet by, in Vi of ey e,

ucher) Qg BEEALD, 1 SOSLIAE BT bl BB % kgl o0 Lo
i ndi um ( bvill BElsalf inlali8¢ambidabPdinys Than issviabld ardredpabodfrepriessmg(tOmclpculd tnal | i um 4
(132;\,/8? ! 12@?@{‘9 h(o'éggc?.(g)?%e& bSOl & eI BIL NAPRIM. L (s s 35330 Jeiapm  140La,
Specific initiation signals may also be required for efficient translation of inserted coding
sequences. These signals include the ATG initiation codon and adjacent sequences.
Furthermore, the initiation codon must be in phase with the reading frame of the desired coding
sequence to ensure translation of the entire insert. These exogenous translational control signals
and initiation codons can be of a variety of origins, both natural and synthetic. The efficiency of
expression may be enhanced by the inclusion of appropriate transcription enhancer elements,
transcription terminators, etc. (see, e.g., Bittner et al., Methods in Enzymol. 153:51-544 (1987)).
Thus, compatible mammalian cell lines available as hosts for expression are well known in the
art and include many immortalized cell lines available from the American Type Culture
Collection (ATCC). These include, inter alia, Chinese hamster ovary (CHO) cells, NSO cells,
SP2 cells, HEK-293T cells, 293 Freestyle cells (Life Technologies, San Diego), NIH-3T3 cells,
HelLa cells, baby hamster kidney (BHK) cells, African green monkey kidney cells (COS),

human hepatocellular carcinoma cells (e.g., Hep G2), A549 cells, and a number of other cell

lines.
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186Re, 188Re, 142pr, 105- , Rh 97Ru, 68Ge, 57Co, 65Zn,
85ST, 32P, 153CGd, 169Yb, 510', 54ML1l, 75Se, ''3Sl1ll1l, and 117Tin; positron
em tting Wot2812402¢88ng vari ous positron em ssion tonografhTas201A64488 oact i ve
paramagnetic nmetal ions, and nol ecul es that are radiol abel ed or conjugated
to specific radioi sotopes. In such enbodi ments appropriate detection

nmet hodol ogy is well known in the art and readily avail abl e from nunerous
commer ci #1018@ur Eeslong-[eno2igh-yiakl ArediicEen efdecppdimant prates hiable sxpediondnt s t he

modul at ogfee?edf k@&ﬁ&ﬂ%@t&h TERhat SRR ﬁgiegéﬁgsa&tm&ﬁrm& SYBREAS SincefddCh as a

pepti de uoro I'tat rification or diagnostic procedures
such as usimgsiaiviast emt:thengngtd ScChniqdéACEathﬂr’ihQ@rtéfne remdssmtysdpmlmt sontaip&irgrar ker

d ; ded
?g‘ QOpggorvl Cegﬁe@%%tlaé hyst@&ﬁ%aﬁ'hé{r HQfo@rﬂecP@Rﬁ bfoA cvaillﬁg &)g,% mgcf);ﬁv'y e

avai | abl exprésiodesardl biedents (@mrzmettr ahhapcel%@uen&"sonansmgmlon teAoadtorsSci . USA
86: 821- 824 or, l.nstance i st di es, fo nt .
purific aPPlgﬁJeB¥la??{‘eS‘ch &f C(Jh r@ a&?@ftﬁble aaﬂ( plgocflo%vm&éhef QEro&ucﬂo 4 t%? %orrelgn

puri fi caDNo ehgifideustiocell Dby Bd?ﬁld%ti td groivtfed! Edaystxiﬂen dsremfaggnhwtm nhdthehldt t ag,
whi ch corre nds oane vedfro t he infl uepza. hempggl utinin
protein (‘Ws}‘?gw %ie egfrve mg % ﬂ%éggfta ?mfgéf:f‘ ‘aref‘ﬂgbm?‘]tﬁﬁsm dafg‘jn%% S.P.N.

4, 703, 0049sistadce tBh@ersm@uéﬂ mdMbwe ¢S to {1 TheleA%e AE pMbiNidShty tadid uded to the
nodul ators or fragnents or. derivatives thereof may al so be conﬂgligat ed,

| i nked thIPH’@é‘H“qS@“%ETO&Yttﬂé‘?‘W fogl whidpigitynsen 6 ¢lened a{“i‘]%?fpéﬁ‘&ﬂt“?tec iy such

as a cyt ghQ%hdhdAmBYIdhRIdebusRORNsed R Bgined cBlY iRS bfidhCexPesCiié AGlce@k. agent, a
t herapeutic agent or a radioactive netal ion, e.g., alpha or beta-emtters.

As used Reehesngingereq eadtler mappe eyt yse B BereEHpg Walaﬁy)“é\ﬁent or
t her apeu%brﬁp(@&lo‘?\g %12\{ ffFact @xrqu§' b \%@cﬁ WRtR dShdisc@nd may inhibit cell growh

or surviva es 1 nclude paclita cytochalasin B, gramcidin D,
et hi di um(®H8n dey memst phslection yppEE AC V@tl d@@‘é’n dethe @Féh’éﬁp@éﬁi breuseq ingludingt i ne,

Vi Dl St yor ARIEN IS 1 e BGIHRL Gl t?ﬂﬁﬂﬂl%rkﬂﬂkec V?lﬁleg!em degry: 2 M6 Ag), N,

mayt ansi OIS SUC nunogen ione, m toxant rone,
mt hr arrydnyppxaabmﬁglmm]xc pmswormodémhftseé‘izm@ﬂ@ﬁ@n&zybgllslucﬁ@@rl‘{aﬂcépdis Sei.

procai ne, t.e r r X and
Cyel opnoShert A B il SERhC o ERE MR lres ORI ENT s ST B
conpri se gamssicad bftamnﬂoyedm:tkudlgptg (mapmrmi klyd:spauwelst ansonarﬁn(emmﬁ)a regpchnce
nmonomnet hyl auri Geneti c i ns _such as
al pha- amafit ﬁei ‘f‘?tﬁ %%B%WBQ&I\/‘%@%)OH&%{%}OQ P e o ’freB’EIC S%Htgrrs ﬁee%matnce fo

( Hei del befeghdibadtdewidle)r et ADNNaili Avad. Sgi.as 7 bB3vdil98p) a@Hate&t slu®rocaNatlvaadr myci n
derivatives (Syntarga, B.V. n rmifjed rrol ob d|a mer s
(PBDs, Spft Uégﬁ'%@%fl%m’r%&ré%’l’%’rcé’n %eﬁﬁéﬁ%ﬁ%’&m ’fﬁ@éﬁg‘f’@ﬁ%’h%dul ators
of the i metaPioci NMEMNCh@BcITRS AR 293 0BJsaf) EtowWvhibh a(mférs (Btahdendititg nol ecul es
to recruit cytotoxic T-cells and have them target the tunor i n| tiating

cel | s ( BaMEnaghEnHdn gy s (@é’écaépbarmaqju]ﬁr"f?éérq Wuagd Wu, Bioterapy 8 /Mt i ng of

AACR AbSE\ @G§; TR 0sRE2Ank 284 0PhahiGh moﬁlcbln92)smsm@d%bemnn@arbscmfeer ence)
[00213] Additional conpatible therapeutic npieties conprise cytoto

agent s i REP-A¥-HF (182 andMeren andrfindaigon. gnngRey: Mh%l@t £ (3993); fip”
met hot r exicgy 1 § ?)”ﬁ'sczaﬁt@%rl@@)) Q]dtkggx%gulﬁﬁh @&feﬁ}’és?s{a%&! t@%%g%mfylc ijor our aci |

decar bazi ne), kyl at1 ng agents | or et ham ne, I oepa
chl or arrblﬁS:anIterrer?éMp Iﬁ‘ahaﬁo 1‘%:7a(rli9r&f§i i Methoserumeakcknowmirs the ae of @G}N@mm

cycl ot ho%ﬁh@@cgﬁdlogy may be routinely applied to select the desired recombinant clone, and such
methods are described, for example, in Ausubel et al. (eds.), Current Protocols in Molecular
Biology, John Wiley & Sons, NY (1993); Kriegler, Gene Transfer and Expression, A Laboratory
Manual, Stockton Press, NY (1990); and in Chapters 12 and 13, Dracopoli et al. (eds), Current
Protocols in Human Genetics, John Wiley & Sons, NY (1994); Colberre-Garapin et al., J. Mol.
Biol. 150:1 (1981). It will be appreciated that one particularly preferred method of establishing

a stable, high yield cell line comprises the glutamine synthetase gene expression system (the GS
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busul fan, di bronmomannitol, streptozotocin, mtomcin C and

ci sdichlorodiamne platinum (I1) (DDP) cisplatin), anthracyclines (e.g.,
daunor ubi¥PROHQ@7F®8r | y daunonyci n) and doxorubi cin), anPCHIUS2134H49488 g. |
dactinomycin (fornmerly actinonmycin), bleonycin, mthranycin, and

ant hranycin (AMC)), and anti-mtotic agents (e.g., vincristine and

vinbl astine). A nore extensive list of therapeutlc noi eties can be found in
PCT publ bystm)ovhioproddo2sgEiricaneppeagh for Rphapoing FXPISSIPB BN4sA 64114 CORRILORS- | s

| ncor por g}, £dg @f%e%% R ¥ udsEd BIAREEor phA G ddhheif wiIFR TRl blsat Qf Secan al so

be conj ugat ed erapeuti c noi eties such as radioactive materials or
nacrocchﬁ%OéHéPQIGKH)ﬁ%éﬁ&bmmdﬁ“wdmpu@avpmemﬁh@ﬁ@ﬁﬁﬁ@bmn@hs (see above for
exanpl es adi i ) ﬁﬁgﬁﬂsggﬁt FRGs ocyclic
chel at or &%9% hgﬁ%kl ?%E%%%@%@‘ﬁg&%@%ﬁ%h%m%r Ittetr% g%?ﬁb acid
(DOTA) wﬁnscttndcsaqueb@sarrtrmmmf@d athpr’DhESGa roltei gnodymdura irath¢ ppekdic fasbloacladied. Such

i nker u in the art ed i do et
o o ogudtitodiedhf @ Srab oy s RE R ek et b AR S53E hiRSEpLRRAT 90 1
10: 553 an tnpoirtaieEonie fuaitti@l and/ot pAHjcalibicdf. thdirdteinBiliffere2GioN4811s h80215]

Exenpl ary r adi oi.sot ope at nma th this aspe f the

i nvent i oR"d" ??éq”lﬁﬂceandbsg‘?c‘fé(f ’é‘e%’ﬂls%f ﬁirf}?djn%atr anbl%‘?nr\%l]eprf’ﬁsﬂg, a%d%cf@%n ‘ip,
121car boprdteldkGhnd geRREduc(s6 A@knoﬁrﬂﬁlﬂhe B afpugpriateltefl likes(o3 D&t sys&d’nhstdaﬂ B (3H),

i ndium (115In, 113In, 112In, ' blsnuth 212Bi % (% gghgetlum
(99Tc), Ehept ot desired gaqdrficamwé@aoce%m heﬁéwre%a BN Reptigsy)y Lo ¢

ol ybdenymy ¢9@Makic h¥RRAN thak 336k thef deH @i Iﬂ@chﬁnle%]:f)or r%géi?%ce yof 11&9@(1 149PM
140La, 5Yb, 166 90y, 47sc, 186Re, 188Re, 142 7RU, 68Ce,

5700, 65PUmarygssicripg ziycosybiiap and gppphorglgiden OfESlZﬂ\E?“e pdect areppadjularly

225Ae, 78BLivaRY u&lihMe infhi Glveh@. %H&hln%@sfzé(x&lﬁ ySng@x\?&i th @Rk Eli@host

di agnosti c and therapeutic ggents eci al those in the ener%y range of

60 to 4, 06D ikande, @é@éﬂﬁﬁh@“ tot GHOc YHAY: BHK. L%éKFié§@éﬂféﬁHZP 8Tdesired
t her apeu 1C38p£s éll & ’breglg%ﬁfté@lll n@gsdcﬁ a§ rf@'r 83 MTA{ aﬁ&S’ﬁT%‘?ﬁ@f%ﬁZ@

appropriate tadl oi sotope use Wt ose nodul at ors.” [00216]

Not um nodud '54761 sndhortabmpmegeyrglandeid hnq wnh mﬁorakmplbéﬁdﬁﬁ@@med to a
therapeu C That
o0 ¢ hor HeuiET: TacheRlin bRe HoBl P hE IRt R Wty BB Bl FSRRNE 01
are not hnnb@ewﬂhstkﬁeﬂda@nﬁmwmmm@nmm}mMasEsbaﬂﬂ@hmnupmmmvhéﬁmpeut|c
agents. For, e anple in particularly preferred enbodi nents the drug noiety
may be a"ﬁpyfgfn or pol ypeptide or fragnment thereof possessing a desired
bi ol ogi cal acti wi tGhemTtsd byndtesitei ns may i ncl ude, for exanple, a toxin such
as abrin ase r oth c totoxi RNase seudononas
exotoxinTmEhﬁle ﬁﬁﬁﬁyﬁhaoﬁFwé éﬂ%@é?ﬁ’t%? 6?@Eﬂ%§ﬁﬁﬁ1§§ t uror

necr osi s nfodh@ks of dhd 1ﬂ$@tlt>nemy1be é&mldml@ k§iRlicdned Meigtect@iqed knokadh aie,artpl at el et
derived growm h factor, sue pl.asm no ctivator tot| ent,
e.qg., TNE&gseeFrgightan, % {Otf(lgseétmth%gwg%&sﬂa?f ﬁe}blpleégf’ "%%P &d‘?

97/ 33899N. Y Ak Illlhnkﬁ?lﬂ@r M.JH: 81, N3k, odlre PLIR] d5cath. OFbr Neamp) a%é 31%911 Fas

Li gand (Takahashl ., 1994, J. |munol ., 6: 1567), and
| nt er nat CORESPOTHIE th & @p‘yg@ptlde fragment of the invention can be synthemzed by use of a peptlde

synthesizer. Furthermore, if desired, nonclassical amino acids or chemical amino acid analogs

can be introduced as a substitution or addition into a polypeptide sequence. Non-classical amino
acids include, but are not limited to, to the D-isomers of the common amino acids, 2,4-
diaminobutyric acid, a-amino isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric acid,
g-Abu, e-Ahx, 6-amino hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid,
ornithine, norleucine, norvaline, hydroxyproline, sarcosine, citrulline, homocitrulline, cysteic
acid, t-butylglycine, t-butylalanine, phenylglycine, cyclohexylalanine, b-alanine, fluoro-amino

acids, designer amino acids such as b-methyl amino acids, Ca-methyl amino acids, Na-methyl
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No. WD 99/23105), a thronmbotic agent or an anti-angi ogenic agent, e.g.

angi ostatin or endostatin; or, a biological response nodifier such as, for
exanpl e, WOIYRIRGRBne (e.g., interleukin-1 ("IL-1"), i nPETISANMILH4RS8
("IL-2"), interleukin-6 ("IL-6"), granul ocyte macrophage col ony stinulating
factor ("GWCSF"), and granul ocyte colony stinmulating factor ("G CSF")), or
a growh factor (e.g., gromh hornmone ("GH')). As set forth above, nethods
for fusi Aginsraciderndgainongidmpalagsin gereral Fusbeien theganinpicd saadedt e known i n

t he art previ ously discl osed subject references see,
e.qg., gtrg’g%@ ggékg%&éﬁﬁyg 622, 929; 5, 359, 046: 5, 349, 053; 5, 447, 851, and
5,112, 946 EP 3©7IEBQEJEEEQEEL166; PCT Publ i cations WO 96/ 04388 and WO

91/06570 P . : : 995, J
ol (RS RENofi fbautg R iy SNER A ROR S er S B FniopdD 5,
incorporakgﬁnhaﬂmumamwnmmﬂerﬁamahnﬁhmnassmdbamébmnmﬁ@@meUMhaymnﬂwmth a
rsne)l(:lﬁte% Cggﬁzg%%%heq%?%@éﬁaa%ﬁrléscolflecigrslvaéygs or Vgllltll’ ?SI t;lél'ﬁ()qz Of 1%}(65 ZHI% prOC{UQtI;OCI)lu h l I nker
descri beghel dasifadnamgounds ingd recovtRA8R, for@. | Iln cﬁ‘ﬁfecﬁdm \RﬁSthé Irﬁlzﬂsgéjlc ﬁeﬁmm@m et al.,

1999, Bi Ch 10: 5 Bi 26: 943;
Carnet t THOW sy SRR i febaraaae 55 bRritustd Ry oot R g P B af o

herei n. Bxﬁmzﬁy;até\/tab\es @eatﬁéxahwmans es&NE. gueEss. .ok, sc&mws)gaﬁ 756958Ur&7ﬁp16’a1 ic
noi eties or CXtOtOXIC agents to modul ators are. we| | Homn Mbieti es can be

conj ugat &84 ?:4* hitulREBRSCRPIAPRRLSa PN RGP SREBIC BRI I CABPURS MG but  not
limted tamahsieddsioscdit ihmbhindagien NSt MA Ihutdebiiagaiiongletbol abi | e

l'i nkage, cis-aconityl |inkage, hydrazone |inkage, enz natlcallﬁ degr adabl e
|i nkage (ewEbeerberalYigthedsdprmakingmtbodigt) pbfliﬁgﬂrer%mwe &8-3B USANS. Al so see,
€. 9., AR Phngs gMARgc! onal Antibodies For |munotargeting Of Drugs In
Cancer Therapy", in Mnoclonal Antibodies And Cancer Theragg Rei sfel d et
al . (eds [9020pb. IagosienqeArigrthRicagliings hereicion10gRY randaeia pHBAE Of Plants may

" Ant i bodi 5 b YRbYn{ Ao st
Robl nsonlngQj roﬁﬁéed?ggﬂ %Qﬁ&h%&{eyo%n dggn %cce(% Sgﬁ‘%S%C(Qﬁ]lég 19t8 I!10r pe

" Ant i bodyheGareniier gitdGhe @yitet @xpiant Aggmdgrd twnwm@éqrchmlqefrsa@ye HpgReani! &19.,
Monocl ona)| t t Plnchera
ot al . (ot FEEs P ah S B0 SRR ORPLAR GRS,
Pr os pect |emer}@fuc‘l§mm cElie piapeutic celldoea fa‘rtxlﬁad Egd. abhelte@dsgamt mbmdtymannr@aﬂmr@r
Ther apy" aodi es For tection A
Bal dwi n &#" gﬁ CMD’P%&S“SHCL’BEHC%‘B?O%gO eﬂczglggﬁln%l efreDghs PTG HECS: ande'ﬁhr}% %ﬂ Bt al.
1982, InﬁunﬂmnmﬂﬁvgtﬁﬂM&&&IhMﬁymvetﬂmnﬂﬂy@nhodmnéadsCadEbmmﬁHmbduhanor t hat

R R e Rt AL M

cel | surfiagersith @rabyo0e! hnerihig:, ﬂ“i‘h(ﬂsgehﬁmamﬁhlﬂieﬁhr@ﬁ)gl)@ﬁ(labdﬁh&ny Mirdgowdst i cs
and Screening 00218] As i ndicated, é»gresent i nventi on provi des net hods
for det ed¥Pifgriories @y sphﬁmHV55PBW5WFf F HRRSSRNIGRUGRHRANANURAS BXE Aods of

screeni ng,gatd Gsdip@Mdd péplidc@;ﬂémw altd 8tk byns@udtuR@Endobés, forkkdngpl€ @lnkavySuch
met hods i nclude identifying an indivrdual haV|ng cancer for treatnent or

moni t or i hip peseTedishbehaprof anterstic &t onesmbOfigicAl thedtipseenic ARMEIsCRmpIiee BBt ai ned
froma paheqtuikiicad nm&:ﬂf& PRI Hedvyadd qgﬁ%ﬁilﬁ’@tﬂatr@é@f‘ldﬁllfﬂﬁd@?N@t‘ﬁh‘ ng

presence or absence, or |evel of assocCiation of the nodul or to bound or
free Not WWisilerantif¥otaapfitedieyman be medmipdny Eerseeriormpmils Bpagisularly prséuipdor

| mmunol O%hq%@!hk%nt@ en\sﬁ h&ﬁl@gaﬁnﬁmsaﬁ%@fm& %ﬁee%sg.grg Bk, Qhelol MMt M i n the

sanple indicates t e sa contai n perpetuatlng cells

(e.g., afodnre emb@rtnemt&:éle ngr)- humm tczmsgemq anfradt] expressestbie désdedphamasdenidgabancer
may be effect | The

o s il Bloba 18 rmgges YA, Sl R gﬁadogéegﬁﬁg&,phe ifGRa! LR gkaln, The

control. oﬁanmmbmahganwhegnnh@mﬁﬂhemheﬂhmq@mlator is Fc- hbtun1the enzynatlc

properti t he. nol.ecul e descri directly
or i ndi rg@ﬁ%% ah‘éﬁg?‘%%&ﬂ‘?g@f‘mw PR lﬁlé a‘t%}%r?g ‘&t %%F ng"?#e{eﬁt Ceﬁ IS A

i nf or mat ii@ fansgéhieiniBhia gMOBive diffeét gSosypapatiehs fivit duch beeit ddwhivagsil her ei n
are well known in the art and. can be ractlc u51n commercial materials
such as deRfRHRISTCPEIIIRGY L %ﬁ”@de 2&@?5 Vmgﬁﬁﬁﬁpﬁﬁwgméssay

nmet hods i ncl ude radi oi nmunoassays, enzgge |nnunoassays conpetitive-binding
assays, fluorescent inmunoassay, i nmun ot assays, Western Bl ot analysis,
flow cytonmetry assays, and ELI SA assays. More generally detection of Notum
in a biological sanple or the nmeasurenent of Notum enzymatic activity (or

i nhibition thereof) nmay be acconplished using any art-known assay. [00220]
I n anot her aspect, and as discussed in nore detail below, the present
|nvent|on prOV|des kItS for detectlng, nonitoring or diagnosing a
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conpound or agent (e.g., drug), wherein the cells and conpound or agent
(e.g., drug) are in contact with each other. [00222] The invention further
provi des WBt2RBAR78B screeni ng and identifyi ng Notum nodBCA{US2G11649488ent s
and conpounds for altering an activity or function of tunor initiating
cells or progeny cells. In one enbodinent, a nethod includes contacting
tunor initiating cells or progeny thereof wth a test agent or conpound;
and det epgiil Biqygndes profided kasein arpangit obhedrignbiiventivpdagatles oA fhegbicplatipnor
functiongof, tflafé AL dUABE Eﬁyréliga;egﬁgle%flt}% préBREZ3hbAndEthoqgent or
conmpound nodulating a Notum e at ctivity or function of such tunor
initiati trgnstasiohal ndifipatgeény It drsitwafthesnydiitian @M@m@q@@ﬁ raequdators hehate f i es t he
test age s or function
t hat canlahffe&)f'rntl ?&{QQI ncl g%e%g é%g%%gﬁgé%eﬁ(g g@r%ﬁy‘?“g%& ngio}ér ession of a
mar ker, ghdspeerghtiormninghtior, ddevatizdtiopbe kot protectingdtl ockatg geypsyrokdlfes at i on,
viabilit po Si de eni t or pr ogeny

t her eof . %1&6 %ﬁrﬁg eﬁ? ?anl%ody I:eﬁln% QLo 3ﬁ€lggglruel rhrggncp egc An%%f +1§m€%(:::>usa cel |

cul ture ohentedl hﬁﬂxf&h@@s@taytbeeafrlmnmt byrkaa\nn;teahrdqueeohcluxhng bldmotelumtadntoer action
bet ween the. co 05|1|1 &g%g dct or cultu nd anot her

r ef er enc SRFCHI(PER)calglegxaepiby V;H}ngé‘kl%fﬂ‘ﬂfg oS f}}yw&ypﬁ ‘htpél?aé o‘fﬁoﬁe%se’phya cal
i nt er act NaBH,AcPaatibi draiylaB¥amRldatied, ranctiondint@Bdlici spitBestcih It}QrpretsSndAIh)ér e a
conposition acts upon an internedjary ecul e V\/r]l ch in tur% a]g:ts upon the
r ef er enc &HIBAYFiyelg-gVgpious pejtyra atlf’é’fi‘llm fietensyre o eprassadiydisspect  of

the i nvejepibnRAtdeat B Sxdnilé, cat 8] 1hl&fi|ok|©flﬁik8@czﬁbb}@§iate\6hﬁi)ﬂs Prockssngtofon of
tumor initiating cells or progeny cells_in a manner conpatible with

det ect i néeroHe! ef¢-gemabgndpeptfachipentof ehpmigal maisdies totheramino #adbaskknedet er mi ned

to be releuaah ddqiafds kot @I%@{Ed 8508 R ked Qurtibh drﬁ@tcﬂéﬁsa%&dﬁftxoﬂBphélét@)h%tf' on)
of the tunor initiating cells or progeny cells of the invention. Exenplary

activi ti esNaistnihyrestiionse fepidha el reWtOfafoéafﬁ@tﬂC hashell sgpesionnPiaenviengs
mor Phol 9% ro@PhRIEAL RladiREXRIGy 1 bbhBLRRAL Ak Alb dth@lifilaLAt § on.

viability, c respiration, mt oc lal activity, nbranelntegrlty, or
expr essi deteghblerbklesush asaowizanais, ﬂmrtsceléma@zpnot@nlnm eifigitg labdde altai fogl y, a

conpounddet tf'o%%ﬁﬁlsgﬁn ftﬁ‘ex%&\ﬁat&and' date) can be evaluated for its effect
on tunor Ini s or progeny cells, by contacting such cells or

progeny cells wid hPLtriﬁeamrrpound or agent and measuri ng any nodul ati on of an
activity |n|t|at|n ells. as

n ion of L unor ceII
di scl ose(gl&#géti 'S¥ a\rA‘B&\ﬂatof)e %gvv\ﬁm{on hiia %been Ki9 Pceg b§ ?I %%nagt[eéarf%ﬁn Vet hods
of screenhpngneastahd diemtdchiyining daglemidhessnd ioaypeypuddied cinydecthdidsiews in thabl e
for high throu ut screenin whi ch incl ud rra of cell e. g.
m croarr &93 gg‘? 4819 HmB'rmOﬁ{%QB]éIH OTIRF Sﬂgf?v At Pté‘erdg&ng?rﬁ?%éﬂlqg%@éti ons
or addre@&qﬁmﬁbittg)hntb«omhmumlsr@m&ﬂme BodutAnUuAdy Ha:amzitémgAmte@ndslncan pr obe
chemi cal interactions and deter nhne | evel %@ﬁf&g pres gjenes in

(0] n
a short pORGNGrMMMdElator S HRIRaLA Yy ey %F@Pf&ﬁgémpﬁrarﬁcw ﬁ.frf

mol ecul arosp&ead & ifs Radlral edvirdRiemRh %ﬁt@%xrﬁﬂt@bo&@bﬁaﬁ&t&% amnaty &Rsohbalt afpf ocess
infornmati on at a veré1 rapid rate (see, ) Pi nhasov et al Conb. Chem
i

Hi gh Thr cipgislstthateos nterferigeth(%e%)tly or ﬁé?ap%\%lé#ﬁqséor the B yRePTids AR Mol ogy
has been;exif @ﬁifﬁ%'s%o%bﬂe‘s Z&d oft@r )fglgf@:%céoklﬁoﬂ 1 BloRGiaL QRS s@lhted. NBYGRMAS Of

genes at once, providing information for specific genes (see, e.g.
Mocel i n nmﬁglamg@plud%mod@(g in i WitBinggconbgrntagllf bagausy it least one component

of the polypeptide's natural environment will not be present.

[00204] When using recombinant techniques, the Notum modulator (e.g. an anti-Notum
antibody or derivative or fragment thereof) can be produced intracellularly, in the periplasmic
space, or directly secreted into the medium. If the desired molecule is produced intracellularly,
as a first step, the particulate debris, either host cells or lysed fragments, may be removed, for
example, by centrifugation or ultrafiltration. For example, Carter, et al., Bio/Technology 10:163

(1992) describe a procedure for isolating antibodies that are secreted to the periplasmic space of
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[ 00227] Such screening nethods (e.g., high-throughput) can identify active
agents and conpounds rapidly and efficiently. For exanple, cells can be
posi ti oneyOa@P12412dB8d (pre-seeded) on a culture dish, tuBE€T/USRHIN4946%] | er
bottle or plate (e.g., a single multi-well plate or dish such as an 8, 16,
32, 64, 96, 384 and 1536 nulti-well plate or dish), optionally at defined
| ocations, for identification of potentially therapeutic nol ecul es.

Li brari e€. ¢dhatBrichh, dsH pete seéevediime persence of sodiuanseiate (§HaY. BT Acutle
librarie | ay

1 br ar i oD B oS e 0 R R ey e

vect or s. ceoftiifugatioh airere ¢hetantbddyPs @p@t@itmt@rﬂ@ ragvduITsepapaty toused  a.

Formul ati,o | e form of
R e e S S L T A

del i ver y cortchgratios éa&efdnexamg)lct raeAUmcbncrrr Mntimotai?eﬁctoanhiraflhmeorourst ok her

vari abl es st a nvent ed as
desired Bg)teﬁﬁnghﬁ‘fmt?r S(‘:lrﬁ}b?f’ alp {ne% ik nged m‘f‘ﬁ%l?% i fore% m\gasmlp nﬂ"ﬁ%odl nents of
t he i nst grtteolyRisand bebicREPag b lmlmsed:mrnmbsu th\ggrbl@t}wfladmﬂuhaiscabstalaﬁﬁnts

f ormul at e variet har euti cal acce abI e carriers
(see, godm&\%enﬁg? Hlog'ﬂétﬁ{{? d%NO OIuTe (if‘éméﬂtgboé% Cé)ﬂp(?g 't pr%?%& with
Facts an%e@@ﬂ@@h'b@@ﬂﬁﬁed@’su@fﬁﬁéﬁnﬂldlﬁydraﬂﬂipaﬁ@-chl(o?rﬁﬂ)%)a,phﬁrgsm et aI

Phar naceuti cal Dosage Forns 7th ed. E encott

Drug Delive %st ens,
W I | i ams CEAEPPIPICRI-daly 3 ang) af ’P%ityb‘l%’é("%%m%f‘phy Wé}h BWC}B’F’H‘?‘H%F?PMC@HT%
Exci pi en?n%fen%ﬁﬁl)uﬁﬂeaﬂof té@lﬁlﬂ@%eqthb G@tabithe&Sprétdf0ds)an a?ﬁ%ﬁ!y(ll-gﬁncp&@éﬁ@%ﬁm ically

acceptable carriers, which include vehicles, adjuvants, and diluents, are
readi |y #wapscigsiaad fspiyps mﬁ@wn%wpgpépmélamaé@soreswr%@@é?lec% assort ment

of phar mageutdc @Hté{n AGGEBE aRli& g\m@ LitfoticS HRSLAPEES on BUEL 1881 REGA} USti ng

and buffering agents, tonicity adjusting agents, stabilizers, wettin

agent s afgi4 hravy theéns (indmakse aéw nirausiobMethet Ia(l A8 b rRrpte i @ isrigcomeangehr y
carriers I f XL MRS t I ;

et hanol , fér ,{;{9,@ ?\Ig{)%g%ﬁgp#ﬁg@élg%@a(%g&g?f %bre F;;%}ét{@c(ﬁ 8a6r))g;?ﬁ|g%{agmo be
appr eci atv&é@bhtthmfflnlmﬂlgﬁowﬁ agtndhod isTeont gfteﬂtmr%ménfap@nma@w@bwp@mllabbns of the

componentinshs Aalh ket R I Tty el BTN BEA SR Ao -,

opt i onal lfyr fixger ffoormuh aidesdiortte) pe@assaigrinsyithaalshebpdvarenat el agaaisb yWaecelxt abl e

carrlersc ri si ng execipient.s ayxi | i, ariras t hat kno t he
art and &P¢ nBéF%??‘%‘ST@ ft %(Fr{'alg’d%gg %{ﬁ%{)é’lsldﬁ%gé[ f&d 1{“%{%@ hlrli)l s%rgmaiwgn of
t he noduliaiseful faf pwml(ﬁhmﬁl Gharteaipenigr ploteihgirdicitiongudongounaatiombroan

preparations that are r maceut.j cal | r deliv the site
of acti ofPT PGPSR SR, cl OIGBE%CI’ fRERR T Vﬁﬁg b?ﬁ%iﬁgp ?m%t8¥f§ﬁ9yoé‘rfgl§fabr act as
a di | uenthiomaioFRpRY6n ﬁeﬁb@mﬂhé}ihﬁﬂﬁ@&ir&ﬂﬁtbgﬁp}@fontah&niﬁﬁd;bll:ﬂioﬁIéxch&hgetré@rh e

exci pients | nclude but are not limted to stabilizing agents, we ting and

emul si f yi(igh agkprigspats dd edpmyseRipmglolsidtear Py AGH Py ent s,

buf fers, ,aRgiakinrPAREIVaAYIOfpBRNANGENS ant[BBYRMHe r8dos6tt @SRRI} tor s for
system c adm nistration may be fornulated for enteral, parentera

t opi cal awirRdembadimsnts theﬁa@@&torapﬁ the Fs@Bt ipyggeen will begiumfiphat st Wr‘be used
si mul tanggggb%tgngAebqImoqéqgcsa)fﬁﬁlgr@hgor@aqggrgg@t ration of the active ingredient.
Excipients as well as formul ati'ons for” parenteral and nonparenteral drug
delivery are set forth in Rem ngton, The Science and Practice of Pharmacy
20th Ed. Mgk Puhli; @&oﬁlﬁpﬂ%ulat |tabl e formul ations for parenteral

adm ni stration i ons of the active conpounds in

wat er - sol[i13e] f dmey t}fecnmodebaammfethe md:rmlon bovedistrepwiet sccordingidding teahings
suspensi ns Q t he tiyv nds as i n' on
suspensi Sty S BT LB &S R ok A el Rl LSS ART o) e
i ncl ude fo&iefvylSdD;lSk(B:,latthKWltlﬁpfral’l’pi&utlcﬁﬂﬁaﬂ‘ﬁ'e of dhagrm)stxcsmmbﬂmtor biokahpayibkci d
esters, for,.exa t hyl, ol eate.or trjgl rid us injection
suspensi &?Péilff?é§7n‘%o‘f‘?ﬁ%ﬁﬁelgLt}}?gfrgh%oé‘éug?ﬁé‘flh i%ﬁﬁ?eggéoégg’ﬁgd ggggolﬂsﬂﬁ "9f the

sus Ee ns : Qﬁbl@gf& alssbgiawdemhftm d1§:>1@s6@ h@dulﬁt@ﬁd regirdless oty metivgdlof asbdiations &y
sorbitol, and/or dexiran t he suspensi.on ma contain

st abi | i zél?léresli’_‘?cb’éé"élﬁﬁ%m@ﬁﬁtoﬁfigﬁ‘t %Lﬁ%@'dgafeé Y Co BT AeRY eﬁe"og}' dg? or
delivery into the cell. [00231] Suit abl g formul ati ons for enteral

adm ni stration include hard or soft ge Atin capsul es,



pills, tablets, including coated tablets, elixirs, suspensions, sSyrups or

i nhal ations and control |l ed rel ease forns thereof. [00232] In general the
conmpoundswand12d8iidsi ti ons of the invention, conprisingPRNOUSRNIAGEUSHL Or S
may be adm nistered in vivo, to a subject in need thereof, by various
routes, including, but not limted to, oral, intravenous, intra-arterial,
subcut aneous, parenteral, intranasal, int rarruscul ar, int racardl ac,

i nt r avenproicis Belymenss uglercaie Manoleculng sl melecaqesy minjeie pganey PFIsEGATUSS,

i ntrader i, anfc%’dl&%le’s &%ﬁ%ﬁ&@&@smn@%ldl%&d’p@ h@6Rbver s 1@1&%(1%5\% 1Ry

i npl ant at| on or 1nhalat The subject compositions may be fornmulated into
pr epar at aerted conjogdte dhay de pdaisnilyor nqnqqudentbrlmg%r@m@@ﬂw anfdgghibidi ng, but
not |im T\/grg)urs %ola&%io@hgpen&ﬂ Say egﬁ’m a(?ﬁgﬁ [h% me%o% det%’effgét@ﬁ Eﬂ{}'l%atl %Ol uti ons,
supposi tories, enenas, 1 nj e t1ons, ant's, aerosol s. appropriate
f or mul at [@moandm pmfeere«béma@tmnmtsttmalﬂ bo#ppaeeyt that tbﬁertnednl%cts attendiengpnt o t he

i ntended a icati era utlcr i

[ 00233] STV E%F‘P";}“ga? rﬁ%%‘r)%‘?tciqj B D, Bt des or pep%g&g% impart gelectedy and
repetiti owractdristicsdege bibtoxinst Hiempherk, pnuha;monmgsvatdpa\norargdndrhm ini saldctvdl dual 's

i 11 conErPHOPE BEPRa-harebRParT UM uF (EHES Hotafi o PEauaiay fFeor™ e % 1Y

adm ni st f@abnBihafByfulke di:l@ﬁ@ﬁlﬂﬂll@&dnjagﬁiecp(ﬁhdllﬁiﬁ@cbom/@ﬁ/aléﬂft&nd aoi-s@akht t her apy,
and i s based an redum ng, t he nunber of h%/(EFg rolifer tlve or neogl astic

cel I's, i AYNYEHIAR) fQﬁwléft‘erP]ﬂg‘f‘ISQf‘itﬁﬁ opRAlyrept &n Hiemg yPFlﬁldFéﬂ'ﬂBrt‘sie # of such

neopl ast sl dtJeast BAMAEREV, BB RE M, laf BERED, Q01 6080 RLATD] £ 18! d0Sat 10t
del ayi ng the devel opment of netastasis. Alternati vel y, sust ai ned contl nuous

rel ease PBPhiflessi WRamo agidsy Bheeqnsiwes dogsaat recessyp eidity Bhdirely Haked

appropri ghg oc A (b Ogmﬁqer LqRRQLEFYAKLAR, {nﬁﬁéﬂiés%iy%%s@dq@ demi ces for

achi evi ng sustal ned rel ease are known in [00234] From a

t her apeutgterokrzawcsdypeptiden & Rﬂﬁf&?ui?ﬁé@hwp‘%ﬁeﬁxp@éﬂﬁﬂ%@tt‘mﬁ%‘e‘dﬂé””éfd?ﬁ”ﬁV%Q &ed in
an amounky &l ebi %%ltlfl%{hetlﬁo%ﬁ [BR0SE B prRLAPRYL 8 & filinddi g@&&! fol Farticular

i ndi cati on. P eutica ective anount 1s typi pendent on
t he wei ghtll wfacmcmmf eMprebmrngoctLﬂaé@rs éed pii conjpgatpdio heleydogoak pfdwemé@ﬁSt h
condltlon nsive or the age of
he. subj iy "BEPEYEIELYERF i SlatcdR FANR e RBpbRRtul ARERore” |

i nvent i Olme[tE)ylolbgy dhwinrin ﬁteenrted;ec agamtaniontl publidalien Nany© %2138 Wurdp@art g/ kg
body wei ght t d ht r

enbodi ma%f‘% 1?3,&9@%%}19%?3%%61 Straz %9%*1"% nr?\gg“n tﬁ%ﬁ&l 9d %b%%%ﬁflom stered in
an anount. 47H98 h&illiangel.pf99aNAS 89 141831480; ebﬂdiyslmealgmwublmhmud)l 5 ng/ kg body
wei ght pﬁ @2456 452n certain other enbodi nents, the Notum nodul ators of the
i nvent i on? ‘g b?e dm nistered in an anmount in the range of about 100 jig/kg

body wei ght to abqgibcom)amklﬁg)dlfm wei ght per dose. Optionally, the Notum
nodul ators of the |nvent|on adm nistered in _an anpunt .in the range

of about [ABA3Y i dr kgrebaesg © P%}ﬂ‘?ntt g‘e Heduiatostet hy RYFIHBYANAT G USAE “Hose.

Further opfeivanadsbotiardd@icNaIbabmpaasle hitt@ess B idy®eiufidasbijon, a@Y, ilfrove or
adm nistered in an anmount in the range_of about 0.5 ng/kg. body weight to

about 20 mpgeiRls mateRshyptieries agsisdred) Horcgpmalenansihepdien %&*ﬁ*@ YR YEBpounds

of presenfimiifyeRtd mw@rhgxf%@swa%g géxegﬂ&ﬁoyojtta@l{mé z‘%ﬁﬁ@elﬁﬁi%mmoi&glaf {Weihg body
wei ght, at |east about 250 jig/kg body IWZY | east "about 750 jig/kg
body wei ghlt!meamoleeldgﬂtSuefb%ﬁﬂorl@lqimﬂll&gi\’bw egwﬂene atycold BEG) esioblars g/ kg
body wei [[00235]
O her doglkbtﬁam&%angbl %?P;sm may Oéé%ﬁlg%{lﬁg}egﬁﬁ rg{}gt%:ﬂ}ré ace A:}’%E%%ﬁﬁileg

cal cul at inong difrat golcodedvéight@n@mpleNilaTcondgurgmns it ein be seleaiebivpopat ed

e e ot STl R Dk bR I Lotk B BL OGNS (Biched BE BOA L °

cal cul at I ent rovi des a neasure of
a subj ectmcsiumtozseorastlhmlprfﬂgmamtedr (trywath@s szuhbawehcmt emudtffuxtdtism)ﬂmkmreltllmndy In

sel ect ed enbodi nent SI BSA t ulators may be
adni ni st &FEYE Shte(ﬁi’)escgf anfl%f%n gﬁrf%m%h érl%frﬂlélus v taﬁgej?OdberSef erred
enbodi menhsbddh €rapmentt at ax spsibbil-hmi® groups present on lysine res1dues Linear or branched

polymer derivatization that results in minimal loss of biological activity may be used. The
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adm ni stered in dosages from50 ng/n2 to 500 ng/n2 and even nore preferably
at dosages of 100 ng/n2, 150 ny/n2, 200 ng/nR, 250 ng/nR2, 300 ny/nk, 350
ng/ m2, 4000812M267123450 ng/ n2. OF course it wi |l be appr @iraiSeel 1{0HEES
regardl ess of how t he dosages are cal culated, multiple dosages may be

adm ni stered over a selected tinme period to provide an absol ute dosage t hat
is substantially higher than the individual adm nistrations. [00236] In any
event, t Hegrodefiemijperdioh atobesclesely mmétbesd 2515 Sk R ipad Bredpessromey ednt'se

subj ect s %ﬁﬂnzﬂ%&gu a%%ﬁspﬁ Gﬁﬁﬁegﬁ @aﬁw Iy%oléé&f‘eﬁﬁﬁﬂ%ﬂ&&?%@f:axﬁ%@e%%é ation
may be ma sons s ed int such as an attendi ng physician
based onfroomsiidelydtiGos;uhics he eqonik ckdwsigedmen- txcéatgedhroa@e)gmphx he asubj ect
bei ng treat. sev ate of
health of "t armamgr% b Ceﬁ%%d Pr{a?ﬁelgtlg;el a%beg&)tﬂ%{ég L6 ﬁgl} a@?qgl}%llﬁee fective
dose of hhte)oﬂpbmmhmjmr@hmnt msreathhierin sltveloehhvbelcaxgsnjbajlféﬁe inone. dfhenore ti nmes.

More particul arly, dose i to
t he subj eeéﬁmgll’féélyeaw%‘town “?'r%‘? tﬁffﬁﬁgo (geem%lorrr% “ﬁllcafs s &%ﬂ@?ﬁé&g
nmont h. | p3/88200akn WO A 7NEN taiid Etuﬂaeeaefphemmw@ AHOSQZOf()tfﬁelﬂelobblthﬂblmdul at or

e e 200 gt chet Bl RSy LIS SO W BSL UL Shuessh 2

regi nenst}{myacﬁingpheb@ndet ermned enpirically for the disclosed therapeutic
conposi tions in individuals who have been given one or nore

admi ni strati on($) .Dirgosdsedsicgtion agantyi dual s may be gi ven i ncrenent al
dosages féoz@mt hes SREY:LEr&OIRRR i dnRNmBAQSIUERH RDraEs Ghvchesh, Beffinftnts 50
assess efficacy of the selected conposition, a marker of t he specific

di sease, dm@@veéhermf TPl e (e amagosiop dsikedble peens iwhishina ke & bigkeie! t he

I ndi vi dugf;gg «an ?S%md& BERRIcLAG) HQ?sr@AlfﬁG&c&@é‘@'ﬂ&&@&Bﬁé Rbh H4ARGORI z€ Via
palpatlon or vistal "observation, “indirect neasurenent of tunor size by
x-ray or catbreysefuhtogimogiterénglibd @pxelepmeﬁ of PPEEYEeTEeita hyperawtesaivg disgrddi ¢rect
tunor bi f

reasur omangogt SR PREEPlofeHAT BRI AR iR erA B o TRLicSATRLpy Rfne ) o,
an anti gér dls;ﬂm@d hpddatars ¢ Sudi magkdreo mah elserbe ttﬁ@ﬂ!é ingesifyinddd steqted modudatelecr ease

in pain or SI S i or ot her
di sabi | i fi}’ag%s lé?latéfl %Mﬂ? W%e‘t%f) Icapprb?e\rgliglr%ggrgﬂgélggggse{nfcp%j or an increase in
qual ity ¢d02l10F e Sash diegamsis el Mecﬂommtlmdo@aaﬂmhedrbypouﬂhggartm@imlanfr tsur vi val .

It will nt to.o theartthatt evaI vary
dependi ngetfiﬂ% (?)igtﬁﬁ‘iexslfn&ﬁ%f lfursﬁgmtli}]b‘ee% ¢ VABOPI ARG <@ Plrds rt’% e"aﬂ’}%e st age of
neopl ast herseradish pdr@ndaswmﬂtahed pltob@at’h@@[bbtﬁ%hlaﬁto@@ﬂdldrlamnylﬁ&ﬂimémuﬂ to

nmet ast asi ze to ot her location in the indiyjdual, d. . and

concur r e ROSFRGERERS, Lich as My nhidupited o St@%i#ﬂbj’f’%‘ha‘%f(@%ﬁ@& Sf{”@f?ﬁ%%]

Conbi nat inQferfaRefudP hesut aomninsmal i@ tudthe ferbhRe fludivRBih] Dibrd¥edin QGthRﬁ&ﬁdt&m arly
useful in decreasi ng or inhibiting unwanted neoplastic proliferation

(e.qg. end‘éﬁdﬁ’éﬂqea‘l“c}é@lotrkﬁ)my@Wé&@feﬁﬁlﬁ H%“Séﬁlc‘é‘&ﬂrfdéHE%hYG‘Pe%‘gﬂﬁéPmmG%&?teas| ng
or preventkd@ist ieh hEGHhHE@NEIRAQS, IGAMEE biolMinde&T RRRKIAG, AEh adeN&NniRg t he
spread or net astasis of cancer. In such cases the corrpounds of the instant
i nvent i oo, hpjferasm uciferin. aad acaHein; radiongtisrmaeratin seshes PYIOhEME-ERIOMNE r enovi ng
Lhe TPC prappingyupr ABLyALC RS, tht 1%) tneuwrg inBRSS68; P NP o6k shqand
allow for nore effective use of currept tandard of &are debul’ ki ng or

ant i - canéehnetigan?°dc), Tattun 6| Th, gadivioi (G 4ta oﬁ'al halkadjpyn € oRer ingliyhdenam Not um
nodul at or99 B 1|s cangcenager ti@ydi 9, N

est abl i sﬁe XQQ&(@ goﬁl?oéﬁg @ée%ﬁe %gnbg}r% ﬂ%)/ncgﬁmﬁfeglel I gﬂpﬁse%{ and/ or

decr ease Wtéﬁerd?SRﬂd?2ﬂeh Rior ' RantiGeot 0.8 Zit “Ped®t "Hik 'Féni t@st Mni 68e,0FSsi de
ef fect of

combi nati on ther r.ef ers adm ni strati on
of a Not &Pﬁ? nnn]ﬁﬁlpgflgf‘m Slﬁgﬂ(i)gnee%lrs "HoF ‘e’ari'%% Pe ctgjgr%eénrlssg) netnl?g%q ﬁghtl %i ncl ude, but
are not Inbridioaclive paratiygretioxictl Bygnhd molzymlesmnaﬁare:raa@mhﬂsd oxodmejugatb@roapeutl C

t t t anti - b difi
R s R S e e R e

cyt oki nesy ﬂl@@ftﬁﬁd{lﬁeaﬁih}edvamwéﬁrorﬁadmarbhﬂfbrﬁﬂﬂﬁélamuﬁﬂd anti - met ast atl c agents.
[ 00239] According to the nethods of the present invention, there is no
requi rement for the conbined results to be additive of the effects observed
when each treatnent (e.g., anti-hbtun1gntibody and anti-cancer agent) is
conducted separately. Although at |east”additive effects are generally
desirabl e, any increased anti-tunor effect above one of the single
therapies is beneficial. Furthernore, the invention does not require the
conbined treatnent to exhibit synergistic effects. However, those skilled
inthe art will appreciate that with certain sel ected conbinations that
conprise preferred enbodinents synerglsn1nay be observed [00240] To

b .



[00241] Alternatively, the nodul ator may precede, or follow the
anti-cancer agent treatnent by, e.g., intervals ranging frommnutes to
weeks. | iwoapt2di2i728nbodi nents wherein the anti cancer ag@ai/lRAQ10KESHNt i body
are applied separately to the subject, the tine period between the tinme of
each delivery is such that the anti-cancer agent and nodul ator are able to
exert a conbined effect on the tunor. In a particular enbodinent, it is
cont enpl &08d11t hats iipticatedtaheveafit dther epdpdEeniagernnodaiebrs preragorenmtiroiicat or are
adm ni st er th t her .

[ 00242] Iﬁ ﬁg%ﬂgtrﬁdé?ergg%géfeg’ U%}{‘éé 33%9era ﬁg&%gﬂéé\gtov\ggk%te%fgnﬁgﬁgn%g sever al
weeks (1d1agnosﬂc prbrediiyes Bych7as gmmjohistockemsirabr Fibas. hlsp(e’_f@rrezl enodinents, th6, 7 or

8) may |a bet ween adm ni.strati.on. of e an cancer
agent . H@ﬁ%?ﬂfﬂoﬁﬁﬁﬁ?%‘i@%@ SRS ésngmer%}?mde ant Hasaﬁé & d rovde@ n?@@rrbl nati on
t her apy) veayr (Qeagadhiriuiontelieed nong ef whish ere commatcidligasiilablee A[S@lESCﬁHecblh time

Cobi nat FSAAEHEr 400 P At ol NS T3 Banch o EURBr PR ner apy

may be a%ﬁcﬂh&h@hﬁa{rﬁmmntdﬂﬂ@afumn{r@smﬁxaldtyertpepm@sayeﬁ“nlwoﬁpmﬁmmm The
adm ni stering may be on a schedul e such t hree | mes tw ce daily,
once dai PIVl“dSHB’éar@\?@ﬂf}“‘tﬁiﬂdo’d%?ma@ﬁ]&m@vgﬁy EEAYAS G%\‘S‘f?po‘%ﬁﬁ%ar\/%’ dRPS/, once
every tweNRakom @@mu@mwma@?&thﬂn SOt @VIRLY cf D 198ANENS37: MG enEiier Y three
nont hs, once every six nonths or may be adm ni stered cont i nuously via a

m ni purrp"ﬂ% ti‘:ﬁr@rgB%l‘WOf’ Adbcated the conbination therapy may be

adm ni stered via apQfalic MYeRsal » buccal, intranasal, intlatable,

i ntravenous, subcutaneous, I nt Famuscul ar, parenteral, intratunor or topical
route. THRO2d3b |Pr$a)mvmslb/%ld@;§1y0 ﬂwyn%iglammrrfregﬂ@rx@@r darivati'gp theragf BRAAKO f r om
the site u T,

ad i st SF ST e b e e O e

conbi nat |cm0tw<hmraptybtosmeg ttglea tyiontatic or cyferidad pgend aghasgpeglicomgenipror t o
decrease | [ or Vol y 24 at or
o nriPel B Cnb Ty o BRER s o WeATRIL PROL A PAUMITREAL R 2
short tra&ﬂummnym)geﬂtar tharaamﬁannmasty p‘at 1seinﬂnnteotat roealls ganegrinhifiiheslldgrowthi on of

t t t t.h t Tl dj t I
ant - candErygUn EXERE R PN SRl bofeb Rt P Stk i dcuous
adm ni st eaketioN mtomgléin] efopdeise sertbpydidte dintiidriae, smuﬁrsahe paltiicia) doadimbioirs t r ati ons.

An appropriate. tre nt tine for a pa Iar - ent |l be
appr eci a@é‘&‘oﬁﬁ"(ﬁ‘%@a@a‘%ﬁw é?fh%'i‘F’tni’ g‘éﬁamg}%}stsﬂ Sﬁﬁ/@gﬁwoﬁ% NGhe
cont i nued;ids SABsxaRIRIne Ohit@ihl ¢TA/ actifi @RfciEDL 1 &&b&@tﬂst@&eﬁoﬁé ghredoriaddlids; cancer
agent. [00244] The present 1 nvention contenpl ates at alst one ¢ 8

pr ef er abIPYPCABF-detfasaiRc. didecatife POPARPIP BUrRRY Ty etpHéb‘E‘Bn%‘idr‘f At PR%WSRW}E‘B‘%/?W is

admi ni st grg of\lﬂoﬁena OfEkat AdIRIohAyRkink cHBphsRauQRRine Yifd18diNg mbnd¥ethyl
appreci ated by the s |IIed artisan, as will the total nunber of cycles, and

the int eravraatatweli (MMAE ged wenomaily] inpriserini FY AR exepita Ceaetichdneh Ampitiasd
assessment yofs agﬂg o Bbitih TR ALIRRNS eGHA Lu%§n1{u‘95r SR iR 18 de BBY Pharma

anti-cancer ag Mor €eover, the Pnvention also provides for nore than one
adni ni st 4D} BNAohinei grheve hirdingsagents N@Slhw#ﬂwtmﬁyf%waﬂ%‘e(Sé/ntargacﬁﬁcb%ndagent
The erdul gl%edq)ggcl‘?)@én:%o&% Edﬁl%?pé B'my%ﬁ% %ﬁﬁ{eﬁqoﬂenﬁl%ﬁghangeab ly, on
al ternat e days or wee a sequence §nt| dy treatnent may be given,
foll ovved ebrjao«hnentdhe Nowe hodvdtore nf e ofstaaninventiamoey bageediatthertiapyi-CDA any
event, xyéfm mcg‘lecullm &l Sﬁﬁ"ﬁm@héf‘?&% aml hgreqﬁé?ﬁf ?[gebrchg 'tdnhor'irﬂ}i{itnl% c‘félllst the
appropri 08 es 0 (ot her apeutt ¢ agent € genera around t hose
al ready eBflExyemholopy; csbe ag cﬁlhhrmlam Spettea; mammmgefmmﬂbmpammms are

admi ni st GE&%) wlnc % 1g£orporatef?ﬂgem y I erences h other chemot herapeuti cs.

[00213] Additional compatible therapeutic moieties comprise cytotoxic agents including, but

are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine,
cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa

chlorambucil, melphalan, carmustine (BCNU) and lomustine (CCNU), cyclothosphamide,
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[ 00245] I n another preferred enbodi nent the Notum nodul ators of the instant
i nvention may be used in maintenance therapy to reduce or elimnate the
chance ofWORAY02i'B8urrence followi ng the initial presenP&ilileR1d04946%

di sease. Preferably the disorder will have been treated and the initial
tunmor mass elimnated, reduced or otherwi se aneliorated so the patient is
asynptomatic or in remssion. As such tinme the subject may be adm ni stered
phar macebitsutfan, Idybr@ﬁcbremtﬁtvlesta:tpm;ntpsinohitcnrfwirdc,s@ki@setsthlefddfeminfr@atdmlm @h nore
times ev hou here | Lt e or i ion

st andar o (P ALROR L BhBkdnr e iaflopiih ML M cld SRARRPHBLTG, |

adm ni st @ﬂitfbﬁbtmm(eag ,rc&gmﬂomycsxc(hﬁdlaﬂlea@memycanpelebmybimfmxthrmycxrl:end exanpl e the

Not um nodu tors m ni. st er weekl y,. ever W0 ks, monthly,
every si ! 812’%‘“ (%)g af‘%’%‘rfﬁlﬁ?%‘: age%tvgr%/ Ylﬂﬁrégnen%ﬁt%sbﬁaéwﬁgﬂ%emnt hs  or
annual | y ext&hswenist fehdrgratic mgeu&seraelbnf@nensMT pedichtontWie caro7sesound readily
determ ne or d dosin mens to_reduce the potential of
di sease peiﬁﬁ (ﬁfg 15?@,5,%6@% fa‘@ﬂ%‘hlst‘?c@gio %t}?reé‘blﬁﬁ’ﬁeﬁ‘am‘éontl nued for a

peri od ofooaeeks ThERIMRS, myRRkdEs Odn 268 cbijdedhddb tRtipedienaseicdgudnist he
patient response and clinical and diagnostic paraneters. [00246] In yet

anot her pqdenetsweme%wm??élf?@yctlﬁéheﬁtpecw% Obswnméﬂr;sﬁrée@ﬁlftal lﬁ%(ﬁ%q HRVray be

used to @Jresamlhescéﬂr&ﬁ&dcﬁvéﬁa@xﬁﬁmemﬁc&{amre%%aeqe&laempsaﬁ@ﬂo it el Qbr ik urmor
nmetastasis follow ng a debul king procedure. As used in the instant

di scl osurd.7al HewuizrgyalgdpricersdiNeN| N trapnqetieadid doaT4y whigh savndielattpghad toany
pr ocedur ge hEGIAHERe: MBLARA SAlinRL BRI e can%ﬁ@%msvﬁ 6Athe 2@hind
aneliorates a tunor or tunor eration debul ki ng procedures
i ncl ude, dérgtibeglrie Depardd etrnltb%l’?%t@lm Syrcgeitap; 424 Bfttﬁretm Qtﬁba}@ﬁ%rﬂleCOGlJUge beam
radiatio c{befgggt r | at p r times readily
determ ng%i IBy one Q@?ﬁ%é%?\na%?ﬁg 13?? 1\lmr%; \%Wﬁg)? %6%% nstant discl osure the
Not um nodui2aslor Exemplatyeadidinvtnpes ttleat excly bs caugpgiblstvath thig agdectrif deel ingntdon
dlagnostlc rqcedure edu 1o ataS|s ik ffeﬁ [ 84 y be

adni ni ster}pel% el gargfmﬁlbr?ge P me{ %&@Ceﬁt @ Effcg |§e€dos¢;ges as
det er m né@Wsuﬂg(?Sﬁnﬁmnd@Hecﬂﬂmmdéﬁn Phet! %In,abllhy) ﬂahmudn(é‘ﬁ&g ‘PBiji men will be

RS A A R A R G N S PR i Mt
her ei n t Mok xenc@Rt T XOameeine adONY> smedfisy, éﬁ@dd@fem 1‘*Plttaf”5‘f:taﬁ“’lae 98&,«;‘68@ o treat

a cell prsgllfzgrauve gl s%gger ugh, as_cancer, »ncludi ng cyt ot axi g ents,
cytostati CR%ée%‘fé *Pant Rin 686C?ﬁ %ﬁge%ri i Eddbu 3@& ' genit s4l,ivP“’ e 8

chenot hetapgUtise, égeah@ﬂlAtad)tnatrhﬁﬁ@nmlce@dreraedlaoalnereapeu mn@gent s, targeted
anti-cancer agents, biol ogl cal response nodifiers, anti and

i mrunot h&icEpeTiciageniy apresially thogg lntheoe@eragpspswe PEELE 449QtkeVi PeEf‘é]ldé’@toédhe
erbodi meRg s 1 bs GMRSEMAd ARASIre ARG BN G il cABBRLRI BN GOBR Fa§ GeaBPN] UYAL s
and may be associated with nodulators prior to adm nistration. [00248] The
t er m cyt &tlestihe appreptiatereagdipisotors ity gparyite thewliclogdonedudasars-or i nhibits the
function, el ML MRS a1 &4 he.suUkst ance
is toxic %lg]heb@tﬁmogﬁlﬁtgﬁgﬁﬁﬂ& té lﬁfedlj‘;s\ﬁut;st a%ﬁ:ae&ﬁgsel CSl)mrlllgétuurtz'il)lalty %%gur ring
mol ecul e nuhéaty oredtug ﬁxetrmechfwsm gigendrigjegivad msp@senphas s, BErapgitiopgsnitcoraeasiics
i ncl ude, . cally
active tg(%{é]stf%%ﬁv g{rs ll%étt ?%nBQn a%m hgg}ggﬁ&géxfaﬁtl%%gEodae‘rrlrsts)ﬁga%){e %)lt oxin and
exot oxi n theﬁtpa\pkcydgemecﬁa Iexemle,nmpumtnarm preikuc[gahquemgxts, the d@mp oiomty may be

Kk
raﬁts;[ r i/ICJI[’ g&);o@lgto P9 ypegtéé) (%rgragmarétltfxeﬁéofrploacsles@i ng.a esure blle Ozgc::]éltvﬁy nSlPCgarervggd
t oxi n, Alpmuermstresy iholnds, forprathde,nstoxid |su'mtab fabrip hotneﬂx m:mcoﬂsey(o@ baties cy@tok zana
pr ot ei ns |1, and PAP ar.ant i itor, curcin,
crotin, é@ RS Bi‘of’f‘sceixﬂ'é)lxinsc}loﬁ%? Brttopr ¢ éjﬁlgﬁeéﬁlt?f‘m rﬁﬂ“gt&’glsf“fhr?s W i et oci n,
phenony ¢ inferofCROME unte @8Nt tek fet Ok RCETRE) fadbr, PlaiclBlG ive@ g@wih RYfoRt OXi C
RNases, such as extracellular pancreatic es; Dl\%zg l, 1ncludi n‘?
f r agnent $SYRAIASMINGSFT asHYalon, HtRIBIOLc pEsab g IATe freFSE et B & (eF-dnisgaitsheans a
chem cal pﬁ@lm@%&mo tdv@t97me9§pgmfn &) werfdﬁféhﬁ@@smaan Nehwoi 47834008, Bisowt h,
proliferation, and/or survival of cancer cell cytotoxic _or

cyt ost at Lig2ag é'Ff’tl%})aSh‘Su alh 1891k i lewpungyeht 97 h ped ng}e freqiilntemptignat Rublication
intracel lular processes necessary for cell growth or division, and are thus
particularly effective against cancer oft% cells, which general I y grow and

di vide rapidly. For exanple, vincristine depol yrreri zes mcrotubul es, and
thus inhibits cells fromentering mtosis. In general, chenotherapeutic
agents can include any chem cal agent that inhibits, or is designed to
inhibit, a cancerous cell or a cell likely to becone cancerous or generate
turmrl genic progeny (e 9., TI C) Such agents are often adm n| stered and

Y o, - o - rr - NI 1NN



tuberci di n, ubeni nex, zinostatin, zorubicin; anti-netabolites, folic acid
anal ogues, purine anal ogs, androgens, anti-adrenals, folic acid replenisher
such as fWOI2W@27R8i d, acegl at one, al dophospham de gl yc8€iIrd®2011/049458

am nol evulinic acid, eniluracil, ansacrine, bestrabucil, bisantrene,
edatraxate, defofam ne, denecol cine, diaziquone, elfornithine, elliptinium
acetate, an epothilone, etoglucid, galliumnitrate, hydroxyurea, |entinan,

| oni dai nNneWQﬁﬁﬂ%lﬁé)b h&ll‘@i@b(’tlmag‘%mehﬁszaﬁ’él ANGIOEIUGIRC R0 AE:; AHBPIARFDI |
ni traeri &ﬁi’o%tgt]%‘ggp%tb%lg%cal Péggcagﬁltodlﬁgf LR Q?'f&'e&am;%l@saqggﬁﬁﬁd‘kQQQe podophyl linic

acid, 2- et dr azi rbazi ne, PSK pol ysacchari de conpl ex (JHS
Nat ur al iamnldubnsl ( Eugenmerlm)n 26"azax)am@rlemlm ééﬂl "), Srappiopyte macrophage

spi r oger i "
Py 9 PP BRIt b AR Cotony stimulating fastor('G-GSE,
Verracur b dowrholiactdi (e. gAgaIth amgwnd( NHT) ). u%sest:hfarth alwvnde@thwé fordagng Qraz! ne;

mannomusti ne: ..nm tobr.ani t ol obr.o i ' arabi nosi de
("Ara-C' fonJ‘&%?EP%’ﬁ‘R‘g‘gf}ﬂﬁﬁ? %delypep #1 %lﬁges atregl%@lw PR Chitor an%ihgoﬁltgﬁl&NZAR( r)
genci tabpﬂ@el,ousﬂy Hmlogdaﬁmmrefmmceameo@glwrsa) Nsrétjsémoe;ﬁem% 92p] B339%04Mm anal ogs,

viner ot P RS BIREeR STPRPERE LA B TR B AT B0 B bt o o

(élaou norwc iy W@@lﬂ@ﬁﬂ@%sﬂkedﬁ@l{)&dﬁ, ;199 ngm%smaA 88: flPﬁSDZh@ig[&Eal( @a@spu ;I]}ﬁﬁnnol
T-11), ol sonerase 1 nhibitor RF uor onet t hi
(OVLFO) | 1HETRomaVi SitbelbralbY NS USaaiEHas AEEhr NETch SRS oy

oxal i pl a?éf&enden"lh@hstséﬁﬁloﬂfof Phlea@hidh dith Rﬁfo,letfﬁd)%@%m r%@%&rﬂﬁdeeﬂ% eﬁreﬁ:hat
reduce cell proliferation and pharmaceutically acceptable salts, acids or

deri vat i begnayfocgyryhigpgh lirkenisgyaacesaSyeh fiper pakeaulesare ﬁﬁ?r%meréf KRgwn i here
anti - hor g&ﬁ@scrﬁﬁgm Bedaflifet ACH 06 1A AL ReOh-21EN 'P@ﬂe?sox'ﬂ@(ramD@Qa&tob&ch t
uc al or s

tunors s as antl-estrogens and selective estrogen receptor

( SERVE) , Caemrirasinmisimin e ek, OAXNUchMiesBiol 26:84% » BndduReE Rghvch
regul at e? 684 'i?lg@qgh BF Q gms lg&rﬂ atg @afrenal glands, and anti-androgens; as
wel | as troxacitabine ane nucl eosi de cytosine anal og);

ant i sens&03l7lgoMrme g@@radiestechnrqubbfpymmu%umg]th@r@p%lUVE@EUé&@rCéE)SQWgﬁﬁh| bi t or

and a H ion i :

CURTorECR TS S SRPaLE ey Bt 16 ol il i d v afinecomnized. o ang
Esper ani ﬁien&danduqhhglbn‘ammutmteditd z;ldeagdﬁéxjinhdbh&agalsu@hy@yﬂllmkag@r aqgiiehabiat i ves of
any of t rlse use i es approved
for canc Pkeigﬁ ?)Cﬁqt)ﬂillnﬁ%ﬁm f(jir Zortle hnk? &1 l?ny{n télcaﬁl?ﬁ de%ra%agfllﬁlg%éett? (rgast uzumab,
gent uz urrga;e&ﬂl@g}hmimtmzoml At DRugTadliv RelorsBtiGND ek ek lexgt Aamon ¢tos] Miopniahbal

vedot i n. SoAbeESF B DR i THFRRY o Brenar g PR SR 2 T

addi ti on@an@mrh&ag}cﬁéls@gﬁms (ddb@tppaz4s- mmm hlis, mtmﬁheleuﬂmtmg,s her ei n.
e. Radi ot her apy 0251]. The pr.esent tl On;ﬁg“cﬁﬁd E%%gj des for

conbi nat i 6H“‘25’F1“’/NSPUR¥ vy or“écwit’fqlﬂeﬁi Hepy BRP Sl F‘F&ﬁ?s m f or

i nduci ng Reel DOALE, YnoM §d7H; nrhb%DTArQ@b&}SCzﬁH@ﬂ@ ALyt Bgenty Thadi at i on,
X-rays, -|rra|at|on m crowaves, electronic enmissions and the like).

Conbi nat iGercer RBerapy ARGviEY t’r‘i‘é\’lwoﬂ@éﬁleﬂ“@@‘ﬂlﬁlé‘?’ \Biglpeied indidBiBbes to tunor
cells is y kﬁ&u&%ﬂiﬁﬁmr@&%@ (e RN b TBYs5_BS USES: "Aha@@i@rlgééﬁl'tsoﬂn@’l:ﬁthrea targeted

anti-canc agent or other targeting neans. fv) pically, radiation therapy is
adni ni st Eraspective Qﬁﬁh@a@hmldﬂ%@%%?ﬁ Mlmbeieﬁpﬁém odyrin SlsBest Therey 'alBout 2 weeks.
The radi &6 SR Rps Ul &AhS Iingpfisad iand neck
cancer f?géngglg ?\é‘%ydl anég%ﬂta{:tg)tﬁé% ly, ﬁz ra(g)fﬁatl O?l(\é ﬂg?gpy may be
admi ni st eéAerdlems: RressilBgfl) eanddderporet ds 1987, ﬁmmh@ol Reygbixhtd dh prebsesd. f .

Neopl asti c. conditi > 1 nj . i nation
w th an sneroasnee N R apagae slfIS iR Phatghes mRians; diuble SRR, 2ot

i nst ant mrmye)atmtanalaueebpacé 1 lmoha;rddmguseﬁ\lmturﬂ ooleg@messadiityd witk dieicaly surkopl asti c
condi tions r SUE iSth'Ch may i nclude benign or malignant

n p n
tunors ( eéeby dreﬁY'Fé]Ingt&le tgeé?peu bl adder, breast, gastric, ovarian,
colorectal, prostate, pancreatic, |ung, thyr oi d, hepati c car ci nonas;

sarconas; g/ iobl astonas; d various head and neck tunors); |eukem as and

| ynphoi d Hgnéﬂ@?@gﬂLégigﬁg@ﬁgbrders such as neuronal, glial, astrocytal,
hypot hal am ¢ and ot her gl andul ar, nacrg hagal , epithelial, stromal and

bl ast ocoel i ¢ di sorders; and inflammato 5 anglogenic, i mrunol ogi ¢ di sorders
and di sorders caused by pathogens. Particularly preferred targets for
treatnment with therapeutic conpositions and nethods of the present

i nvention are neoplastic conditions conprising solid tunors. |In other

preferred enbodi nents the nodul ators of the present invention nay be used
for the d| agn05| s, pr event| on or treatment of herratol ogl c rral [ gnanC| es.
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| i pora/ beni gn | i pomat ous tunors, |iposarconma/ malignant |ipomatous tunors,
| i ver cancer (hepatobl astoma, hepatocellular carcinom), |ynphonmas, |ung
cancers (WORP12/@2&12B car ci nona, adenocar ci noma, squanous PEEUS2¢1a0¢946Hma,

| arge cell carcinoma etc.), medul | obl astoma, nel anoma, neningi onas,
mul ti pl e endocrine neoplasia, multiple myel oma, nyel odyspl astic syndrone,
neur obl ast oma, neur oendocri ne tunors, ovarian cancer, pancreatic cancers,
papi | | ar WOtZIh%ﬂr oiAd immamdnﬁiﬁasserpawamtmrpmwﬂdes arethods fopdefpeingiot diegimsimg s,

peri pher gl A f%raa DER PR Bend %?9%9@% B0TRa oBid ol iBtiey RIS
prostate dartc errous unvea rano rare Remat ol ogl ¢ disorders,
renal rretratmtmg cﬂl mnmethodhabldds niemufymg an fridatidie hhes aagcameay fosawmmasar skin
cancer, soft-tissue sar Cg % on?achn Sa(%nerlé ob%amr%(r:om a1e LWlth
synovi al TORHYIFLTOFESIN @ f‘g}m% @stm% RYmcc e ardinona il L hyroi d
met ast at & Noeane@tulat@ngs dék(ﬁibbdhﬂer&ﬁlﬂﬁ@ﬂe&ecftmgpﬁse’mm afercher dmelwfx

endonetri al .carci rtain preferred od| ment s,
the cancA8Haiuaf( rl?’%‘?qé‘ aécglt%g‘f‘@g%f Ea%ﬂ\f?tﬁgl 1§f lfﬂmBIF &@Ieflgletlﬁ %% el udi ng
but not Limprisedart miiBbBASimERAGBEicalYQBH SRdgmetOhéredfliRgassangidn witiS@u@), smal |
cell lung cancer, pancreatic cancer, colon cancer, ros&ate cancer,

sar comas N e sapliipdisaenthaithe spmpls may ¢RAFAHR HMoBPSBSIUAING CEllS{E & 3 CHINEF 9 ar

cell car eéms)%xcat[l&%éélﬂe mmum@%ﬁgchﬁemmewffagﬂl«ayn@éatemm@ R§umt Wi ll be
further be appreciated that the conpounds ‘and net hods of the present

i nvent i omogaitopas geseritied herant Thefmedieds may fusthercoapripgp %er\/%CP@wl%fthﬁée&f‘él |

! ynphom% blh&ﬁ% W @trbp\@og(lége@f NHen t}falsk:l'e@(bﬁ ﬁ‘inLﬁﬁlnI is FY AR e Q:Egrg)aﬂc mant| e
cell | ynp ffuse ge cel homa (DLCL), small 'l ynphocytic
( SL) NHL properties efesbi mplecye adesdride h@rgmanaymunomtmeéKdﬁ@ailmrem@re&a@ wiepfiyse

NHL, hi L, high grade
i 1 non AT TUPPR MG oIRGB, VP HERAER et hon 9
Macr ogl oborhpatibiv \mh thy [qaﬁl)lpgsé_]smoayc ol khwmlhdlmaar( 4mRcyn bevpmeticed pwhd | yrphoma

MCL fallicul 1.1 i ff e cell | homa (DLCL
(Bur kl)tt $UPYSHOME ha {%E)Su [E%Fg%dlcg[ﬁd r?%oétlﬁsﬁptﬁ%%rgs rmnocztrrlpc B cfal | i/rrphoma
angi oi m"n[(mih)@]asﬂilxemplynypjoomdtmmmamah@dmhdludeyamhomympns,sayfsodnlzymcuI ar, diffuse
large cell difhuse s t %@ﬁ S s érseLq MmMuagassay, 1 ??assas
| ynphobl aE‘i“B’PfESSﬂ%Swﬁ?IPPe ’r%% 8‘§\?%&y BUPRIERIL aH&a Fﬁn ”é{ir‘k y
fol I'i cul avestept Bomanant flyw baogercakdys, afnd|HIJIS:Al|aﬁﬁys M(ﬂdgmemmtdktysctmmlf I

cl eaved cell; d follicular, mxed small_ cleaved and | ar cel rrphorras
Seer Gai SoHE i ploBcal sGHHR GRS R R B e e e Bpgacp i
ONCOL OGY the¥@k) mai be2b&knpibA&l (s \Mng art &hovat assayeds. , 5.sup.th ed. 1997) | t
shoul d be clear to those of skill in the art that these Igr’rﬁhorras Wil |

of ten halR92aPk f &p emther aspeel Yides ducyssrdripimngs il kepw die RIFSRPYSIHESR i on, and

that pat ?mtd%s RiVio PG d VAR hRSSri A @SSichb sk MRFRRrslifbhevaiior MBS iRaY; al SO
benefit fromthe conbi ned ther apeutic reginmens of the present invention.
[00255] liliyidial bavirgr suph aflisprderforprsgibic SRTTSNt HanGPTRA RIBBIGISEINGPS may be used
to eff ectfég{@sklxn)taf%?édlgo%ér% Dp méﬁd Rhde AN NEBRRLQY rﬁodﬁ?s!tér&@@&‘éh@él I ncl udi ng
| eukem as such ‘as chronic yrnE hocytic | eukema (CLL CLL) . is

pr edoni naerelnyaryl rdigseia ser dsfectingethenepaey of thempedudaterrong S@’@P‘iencr ease | n | nci dence
after f|f ar I ally
vl ves (E2YEr afe RanBPoBteh BRE A e o P in Ko onBEREL

Cl i ni cal tfei sautangclmdmgnbgmwmrvéscahyﬂspIb@ggcsl@@ scsqenlqunmeﬁopambw\ﬂs or

spl enone to [ rec.of CLL
S Monoc e Ca-anie BRarHatIRREH bRVt PLAARMERIEH GabiBatteds
arrested bgtintaﬁctlmgtvﬁmnﬁdumt(eg sthapelypdptide bf ganetint doatpomtstheed).slichnBnoel | s

ot donai HHEELOR S PRAHA B A He PR RER b Eafudupts Gl ucooa

above andr sfe@vhat dan bife:t EX@RRb s @pEGNARCr indiaghOcells of mg@g tNedoiBy expr essi on
(e.g., Notunm is upregulated on B-CLL cells hereb |ng an.attractive
Suep PRt SRR S

target f @psopRENGVILE NLELP S SYsHRGS- GQ’EW #al so

provi des g RhredcRERMEHNAL irdkmétt oPA @ﬂ;&ydrélif&ﬂaﬁvet dlﬁﬁ@dﬁ"ﬂ’@i exd E}E&Uﬂh@ﬁd s who
present with benign or precancerous tunors. IS not believed that any

parti cul &mbpYiFEniof SYS{eFber IB‘T'th(Hje‘BTZJP%t“?féordiné‘étﬂ%“%%ml@gﬂ\@t@?éPQJ%Ied from
treatment using the present invention. However, the type of tunor cells may
be relevant to the use of the inventiodlin corrbl nation with secondary

t herapeutic agents, particularly chenotherapeutic agents and targeted
anti-cancer agents. [00257] As discussed herein, preferred enbodi nents of
the instant invention conprise the use of Notum nodul ators to treat

subj ects suffering fromsolid tunors. In such subjects many of these solid
turmrs corrprl se t| ssue exh| b| ting var| ous genetl c rrut at| ons that may render

o b o, - o Y T



[ 00259] Pharnmaceutical packs and kits conprising one or nore containers,
conprising one or nore doses of a Notum nodul ator are also provided. In
certain ewNPadI2BAT28, a unit dosage is provided wherei n PREUSRN/0EBSHge
contains a predeterm ned anount of a conposition conprising, for exanple,
an anti-Notum anti body, with or without one or nore additional agents. For
ot her enbodi nents, such a unit dosage is supplied in single-use prefilled
syringe a@npdund ecigenr(c.gl, drug), mhireat therells ahdehmmpnind or aghet (egapaigi Ak an

cont ai ned nltrét;gvnﬁe Crﬁog edosage may conprise saline, sucrose, or the like; a
buf fer, SUCH & osp dte, or the like; and/or be formulated within a
stabl e a[mzm‘]f efrhet meerpidnrflan@elaroﬁklésernethmdswéhgg:emng ape ideafifyingMyodnment s, t he
conposition may be provided as .a 0 be.

reconst i f“ﬁ?‘élatoﬁspoéﬁg‘%‘ “f*.%‘ﬂ%%“%f?r é@%?*ép f‘%&vét? mﬁ‘“‘“ n(?aumor%mﬁ%tfnécelslst erile
wat er . IBrIﬁregetnglicéllspH@Bﬁdnﬁd)deﬁﬁmdlmmdsnclﬁdb@caﬂmuﬁgtmn@mﬁmmgrcélm one or
nore substances t i nhi bit rot ein atian,..includin but not
limited P@ge%@’rrs é”lﬁlrﬂfe%&f‘é‘i“ﬁ h@mpﬂmﬂaggﬁﬁ%fwm%ﬁf ﬂ&é%@&?&? WSFOMPPHY ¢ he
cont ai nepallatesh é‘e@w@}soﬂm&mhhememk&s*&%sﬂmaﬁngdeqm is used for diagnosing
or treati na t he di sease condition of choice. [00264 The resen i pvention

al so proll0dey kitlestpgmt pr A rRymaduiRiing adidum glated 4 “"%I?fsf NHQAPHhIER r at i on
uni ts of @, Naiing RN bR zeANHercOPLHIAA Ble! ¥ pul D i&n(ilTEY B RBLJe@CEr agents.
The kit conprises a container and a | abel or package insert on or

associ at eempdunf ag Heacirnassnin dixempiait agBy ey FdRRcion drascanibe madalated dicludeanpl e,
bottl es, clwl géssm cﬂmbm By, R fressioR®r & HAHRL NS e TBNoPG dfeQi'iﬂF@alt?caﬁ&{n a variety
of materral S suc &5 o p] astic. The contai ner ds a conposition
that is efafueaitommofﬁf@ratlom ezbilitg apergoston @i ileh %ﬁu@pnﬁhyogﬁav@r gllseranpgesy access
port (fOEhe? anpl e the container may be an intravenous solution bag or a
vial having a stopper pierceable by a hypoderm c injection needle). Such
kits wil [00jedler é]ohtylctmgnwm'rrmsminaektdnteatblcellmmtcaﬂ pdfureor mdiaedwtapeut i cal |y
acceptable fornul ati Not um nodul i r rmre
ant i - can8&F YRt aghrfc(r)fé)r énglr?%a SHE P g?m%%ﬁ){he aPOSq{% (QQ Et)lémt ga?r%@ al s
cont ai n ed¢lhaitufehandmothet ictadrcyd avice pA alotieulirexauplabl odissct midrdvsion fsor

di agnosi s, or conbi ned t her.a r. example, .in addition to the .Notu

nodul at oPhﬁfca ‘H@rqcﬂ%ré P?)rﬂc‘@&eﬁmi?f’lf’§)f(?fg{7)dlé%cﬁ{naﬁir?1°%%§f \@}%e DRSPS range
of anti - gpsiicerin@geisy dRbulas/hihembihtapen theaefrentaiindtyegapalidricell dr ugs;
anti angi oglenl Cc agents; anti-netastatic agents; targeted anti-cancer agents;
cyt ot oxi €Y @nts and/ or other anti-cancer agents. Such kits may al so

provi de aRRLOPT e kRRISMNESinkentoANjddgiates 1rfdhﬁteﬁ\|ﬁiflu8ﬂcmg%|aaﬂi\ﬂfy oMfikHatien
anti-cancer agent or diagnostic agent (e N 7,422,739 which

is incor ﬁﬁ‘iuﬁtoét]“tf?élfléF%lswpl'roé?‘éfrcéﬂ%@ alrﬁarﬁnﬁrscoé’rﬁ’ﬁ‘tﬂ%t”gfﬁ‘ detf@@‘ﬁ@ﬁeff%tﬁ an

speci fical] %t&i{')eo#mﬁalomt ha\b%e@daérag{ea t@%awm&oaaaﬁcmamm@ the Notum
nmodul ator, with or w thout additional Zﬁonent S, or_ they may have di stinct
cont ai nemstasigps eprrplifgespred thegamer mW}@P ﬁ)ﬁhﬁ’%&%ﬁ@&iﬁ@dﬂ‘f@@“ﬂ e provi ded
for conj %Q%f())l%@ acﬁvxﬁés%h%x&%ﬁétlhc%henﬁ}f aR&oPlifid %elqeasﬁx'lﬁé}ﬁé Fh(ﬂog?y nol ar

equi val ent ination, or wth one conmponent in excess of her.

Al t er nat dv@ﬂqpmenhbmmtkmrdlﬁﬁdmaapmrprdrf@ram vigpilihye ad] regmations anwéhonagént of
the kit S Sprior to
adm ni st pgt |tghm%r2ﬁealg{%§rq% &I%%I%E %rysf\%r?téﬁfrg?sg%%%%% %g@%gacggcggné /third

cont ai ne rActmdmglyf mom:gmmammgnlg (ags b éniglcendigita cambearaiugafl ko itactiepoabl e

buffer or othe nt such as, bacte i C chlon (BWI),
phosphat &2 Bt l?lé?tglé ngﬁ R E”B@lsbﬁcﬁn{g?t?n§ Sg&? ?Jetnwglt %eggﬁgliswlglsieésol uti on.
[00262] ‘\d@pounder @gmmﬂ&nﬁa@rmfg ahneolilhticardf ap aaivitg@dfunoticord tonornmitigingi qui d
solutions, the Ii ion is preferab an u solutlon with a
sterile aa‘&é%sagogg A’Bci?sﬁgheﬂgﬁ’tof 3’8&3%?@%‘%&03&? %ﬁg’%%%’ber t he
conponent§n206] t Metkdds omyeehagah@iaeﬁtﬁgingagdﬁsi Bd cpapslen§ Bl):lude\/whegb dugadent s or
conponents are provided as a % powder, the ‘ogwder can ba reconstituted by
t he addi tfi’rd‘r\g}bt?lroég@ﬁ‘lt b HgR Hiclude prrays Of FRIS £§-GnBIFTIAHAYS) PREIUSE Obnt  may

al so be prpv, @F rally &H4-BEEMERIAIBaN6Hs or [ARRS. Hish-tH6lighpitesbat behbiuapbove
so contain a neans by which to adm nister the antibody and

the kits

any opti daﬁaivmgwﬁ@ﬁ@mnsvr@t@ chpmigali iptaTacieqns gad feterminedeyls of Grrresion b meheed| es
or syringes, or even an eye dropper, pipette, or other such |Iike apparatus,
from which the formulation may be injeéted or introduced into the animal or
applied to a diseased area of the body. The kits of the present invention

wll also typically include a neans for containing the vials, or such |ike,
and ot her conponent in close confinenent for conmercial sale, such as,
e.g., injection or blow nolded plastic containers into which the desired

VI al S and ot her appar at us are pI aced and ret ai ned Any Iabel or package

o " o, . o " T



di scl osed nodul ators as an instrunment useful for identifying, isolating,
sectioning or enriching popul ati ons or subpopul ations of tunor initiating
cel | s t hrsQgh2/BI1Rdds such as fl uorescent activated cel PCTRISROIAH4BRACS) ,
magnetic activated cell sorting (MACS) or |aser nedi ated sectioning. Those
skilled in the art will appreciate that the nodul ators may be used in
several conpatible techniques for the characterizati on and mani pul ati on of
TI C i ncl gohengn mm@cricsicéminmemeshrﬁ@eghqvebw dgv8oB.dNbat uliZegBEc @50 sighdls 669, 136

and 12/ 757 ch .of i, NCOL PO i n nits
o 1oty e SRt AlhE el R RECHRALE AN RFR G LY T LAEART L, |
sci enti f &.g., Bintlasbe etdl], Canbt Eenrs mgeﬂlrbmghpuxrﬂmxembmm®w))t rer pragpént

t hal | t hat d h f
or i nar y EPTTH AT Ae e S et B BR0 GRRET R b PER AR w Y bt oxt -

si ngul ar g¢ek MEonsdadhlile pﬂﬁldmganﬁ;lnuﬁtainlfbﬂ spsciingenpb Bedle g, Mcnfelhshadi Rossiicl ude t he
singul ar. Mre ecifica | Yo &% used in this specification and the appended
claims, fH% %ﬁpn@tgfld?mlf 3t 280h). and "the" include plural referents

unl ess t figoeAnt s¥dh s%}eeﬁhlg Yehogs ﬁ%tge%lghtth@)ﬁg%p‘il@ cail Wefify hoivexaiipir, 1 ef erence
to "a protein" includes pl ur roteins; reference to "a cell"”

i ncl udescoBUAdEePighy 3@6Pff'§le“§YrdFQfWéamli’lf<é73”% s Radpsitienid or Rlagsd Srpserdrdled i n
the Spe%ﬁh@é\wr@ms@%eamﬁn@ﬁ&b%t@lo??xaterI%U%ngratnmlwéu mtémanmdcmds

poi nts between the end 4;S)m nts ore, a range of 3.0 includes

2.0, 3.0an&nd 3. I641cﬁﬁ» AYdsang dedemnliowel plg ogdigh), ?@W@Mat@fﬁ@ﬁéchms for
nomencl a i ssue
el i e ahEiedF R i BRRTARLL Ml el L b R GEh S orech Bl > o ei

and nucl @La@:ngiﬁ;lsmaltmem:slt: fihragesd phagb disgiay dblages, ddlydruimpe anthedeyarstaliwlavhose

wel | kno GQ SRk e ar t echni ques of the
pr esent w&ggﬁdﬁ ohlggag:’)gtgélgera }lgg/&a%gsf @r%rj%d&gglctga?%@%gﬁtvgagrgnvent| onal net hods
wel | known in the art and as descrlbed in various general and nore specific

ref erences )gﬂat Eﬁre ge! @1 9 pal am lgmsscgn%ﬁd thr OLtgshOUt t he present
specificati I .g., Sanbrook J. & Russell

D. Mol ecular d @nlmilul,éndmlaodmu@wanumranoard ed., Cold Spring Harbor

Labor at o Col d S r| subel .et al,., ort
Labor atof Bt oo p S SRL! A8, P00 N h200R)y ASHREL el Bl

Pr ot ocol sf infentiéd RV A thBiliodadgyeingdMdag,or ddhitoréd HaNGiumeldue othe2@Biahles, Har | ow and
Lane Using Antj bodjes; A Laboratory ql]d. Spri ngaél—lar bor |[aboratory
Press, CoPAPEHINHY hansgpt injgnion ’(“1399"8 Orm‘gﬁtﬂd% SSHhISYIE Ay recogBkRet ¢ Pr ot ocol s

in Prot eiddnghe@NTRat idMi] @¥ious) b BN thel iAgant (rREMRN. coﬁmaymiswmpml ons

and purification t echni ques are_performed accor di ng manuf acturer's
speci fi cAlofwhgodyaios gpfernylatad wEhp Midnegey et Phaémé?@émfﬂnyé%cea@gl&c?‘ﬁ‘éﬁ her ei n.

The nonepgl, %thr@enH%dRénﬂnﬁ% YRE 5k O\l hmcaaéioftmz@rmp%atp@w aRy ocedur es and
t echni ques of, anal ytical chem strzqogs ynt heti ¢ organic chem stry, and

medi ci nalCommdrissnariueiors Poal 20nedi Zi08Yy Aded et 1lb Bhatmseaitinaldresagaieges did |

known an n.{ h AC &SpiRlet focunent s

di scl oseg) %) clt dgy%% |4§1 t(ﬁ Elp pl{ésgtlt bﬂgéﬁ?%ﬁé gvrlré(%\?\nﬁ? gutb&leﬁlglt ation,

i ncor por aiaedbdaépﬂ’hwbycewéﬂéﬂeﬂzlem 3 teldeif’harémmwtlefﬂj?resw@lo@%)/eVarKalﬁy section

headlngs r g onl.y to be

const  cod et fk e Apfele2Ep L ARCE AL A Tl BARAR SRy B Ak RRY
avaﬂable from numerous commercnal sources. Moreaver, an assortment of pharmaceutically

acceptable auxiliary substances, such as pH adjusting and buffering agents, tonicity adjusting
agents, stabilizers, wetting agents and the like, are also available. Certain non-limiting
exemplary carriers include saline, buffered saline, dextrose, water, glycerol, ethanol, and
combinations thereof.

[00229] More particularly it will be appreciated that, in some embodiments, the therapeutic
compositions of the invention may be administered neat or with a minimum of additional

components. Conversely the Notum modulators of the present invention may optionally be
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[ 00268] The present invention, thus generally described, will be understood
nore readily by reference to the foll ow ng Exanpl es, which are provi ded by
way of ilWAS0r4R7BA and are not intended to be |imtingPET/USRALIOHESHNt
invention. The Exanples are not intended to represent that the experinents
bel ow are all or the only experinents perforned. Unless indicated

otherwi se, parts are parts by weight, nolecular weight is weight average
mol ecul aforpelagdtto C@éﬁ’@é‘ﬁ@b’@rpgafﬂgicﬁqﬁlcdb’gﬂcwb@éﬁme@ﬂ%@mlagéxomléfé%%ﬂde is at
or near ' - {.Z:at;l r | btating Cell
PopUl at i a0 DOSRbTe 15T AR i ARG EFl R A R "1

t unor s asdmineyratéon of tthe modsdataer whahiaghtrecesahgiefi thkatcgive panpodadstintoy of t unor
per pet uat | ells (TPC. i.e.. can . : G j i ar
Phenot y ot s e b s e R AR A R i i e DR PR ENLET < &
| ar ge nonan txcdédt cangibe foen ogcakisteylof)act asnmiilutra nkinwasvedByglaopedkiaetis of

I R e e s A T o ST SRS R

I MMUNOCOBRRITISE AgelitsCalt Fur otghgrigmblafityee pagshges a@hishaifrogernkaus t unor
cells origi nal, | yn{gbt ai ned from nunerous cancer patients afflicted by a
vari ety BfPCEBYIFNYRDS nal i gnanci es. The continued availability of a |arge

nunber ofoudBSICr gligiRad hydRass dgeyMnfictadimist@Bbd mhy Fefrii@vicd Goretietal def i ned
| i neages greatl|ly facilitate the 1dentification and isolation of TPC as they

al | ow f oPIENE?t @ppPRiERl aiBinesTarRY- legradiWdhen apsctidpimpdrtiopmage 88d s purified
from t he sgRlithndolifl§®o acREEsRBRid &illﬁliﬁi'étlréfi,on sk ated nﬁgr@&aﬁ.l Ek@flentPss AIRasNDSE

accurately defined retrospectively according to their ability to generate
phenot ypiferam|ajionsfar prsenitiall g nentiarepier deiesgeyrenys seidpid & Remingten Thaat

recapi t ukgt & g pRRLEPhiHIRY 2GR ER! Radd REBLMMLHR0IIIE sEbleSoMigicRatRd-

Thus, the ability to use smal1l popul ations of 7solated cells to generate
fully hetrentogbreonistratipnorodude aqurogesalwions pighghajive peipanisia wefersplableact t hat

the isol rﬁldf&%u@palf%gperr!s&%})lgfe ts. lIIE'&M(J?) Mﬁéﬁsitohseofqﬁgacﬂtze EHFIIF:P qﬁ(!lslax . passaged

NTX cel | "Tinhes gr si np Ies 1n vivo experinentation and provides
readi | y wagrofriagbioeoilemjectian sulfipngonsangy lwaadinnigers¢.afetaNEXipopninr wlvehs or r espond
to therapeut,ic. n such as_irinotec i t 0s r i

br ovi dee el e nERR YRy P R Rerhi OREERD, & sy Rner R SR EL AL BINED, i g

t unor gr ewyholeatesi tsglgagelet. AAQupusanjectidnesngpheéensamy contadrsubseaoesrtence. [ 00270]
As the NIX turrtgr cel | I%&es wer e gaéab{iérged the1 cogstit ent ttﬁgor cel |
phenot y pdSTRET B¢ ¥iasyy 8bhg SSRGS P 0 BV g SF 2P Bier BERM FIPO4T 8P Yt e mar ker s
t hat m gbélubdse usatkol, andihradeagire rOE@naliys ik 8ispensiunrmdyyal @rcogaini seibilizeyDr
initiating cells (TIC) and separate or an . TPC and TProg cells within
such poplfReETBF<an plso %’nggFoeﬁ‘g?Fﬁaﬁﬁéhq W%‘?Pg‘ieilv‘érmt?)g@c’feg p?opri etary

pr ot eoni godased spitald RFfulbdione forRARAD BihintstMidY ihakde HahBdr spft @Mb@eschpfidds, t he
rapi d characterization of cells based on protein expression and the

concom t &Rk PRletstinglHdag p3iFddtbIsSH CHHES ISP§Psigae PYUPHRIrRtadionsyand cppERSHY | nt
Array i s deRERhL ey proteom c platform conprising hundreds of discrete
bi ndi ng nol ecul es, many obtained from comerci al sources, arrayed in 96
vel | pl al@23hedepencei g copprundspidgongositiensof thedrveaien, peagrising Nayem

Py coer v bfishiold HEY SSETHisERAANGDo, A Btk hRk&s B bonloudhichodi es i n
different fluorochrones arrayed 1n every well across the plate. This allows
for the detwing hdmoolimiddd texqyzleioginowseingh-grtgfial tsbcutaneougepprroferilnt erest in a

su prpU| %t#aﬂ&apg t&gllugccﬁ;a?,qn&&émfaccﬁlr%\%g{éppﬁﬂ %ra'ir@c%ieg . LQ:SAI,UI%&QIH of rel evant

cells or ‘el mnation of 'non-relevan s 'vi a non-phycoerytlu-in channels.
When t he ilPhapergBiidah intderanal, wapscal) sreoksdem ad,curtd iniathieonh, onjothlarwikestyuenpthngsoci at i on,
transpl ant ahlon, A% SEEM: Sshloc 8RR AR MG leg KROWAL R B[4 k- Hai | et
al ., 2004 MRAF b a MEL AT ORI ORRENDYT 1P GO PEREEIOME M 4GP AT each of
whi ch i s solit Gguoraedolebms) indludingf an @odenikdd to,ttsblas) tchpsekey, )powdérswas possi bl e
to effectivel é L denti fﬁﬁ[el evant .markers and subse lél%‘gt IQ/ i sol qt .and

t r anspl aStaREIsE QIFENT SHEHOTSUSBPOSUETTS: SFBBEAUPEIS BringPgeeolit Ficci ency .
[00271] Aﬁdﬁ@ﬁ@t@@kmulamde@w@ﬂ ddsthifngtivAa@ us sdNL¥edtademding & the Inkenesd as i s
commonly done for human tunors in severely 1 mune conprom sed mice, the
tumors WePRICREIAE SRFTFRCHA TREIEE upon reachi ng 800 - 2,000 mB and the cells
were dissociated into single cell suspensions using art-recogni zed

enzymati c di gestion techniques (See f of3 exanple U S.P.N. 2007/0292414 which
is incorporated herein). Data obtained fromthese suspensions using the
PhenoPrint Array provided both absolute (per cell) and relative (vs. other
cells in the popul ation) surface protein expression on a cell-by-cell

basis, |eading to nore conplex characterization and stratification of cell
popul ations. More specifically, use of the PhenoPrint Array allowed for the

. o b1



relatively rapid characterization of tunor cell subpopul ati ons expressing
differing levels of specific cell surface proteins. In particular, proteins
Wi th het eVOGeRABIR3expr essi on across the tunor cell pop®CAUSAHLIAKIS%W f or
the isolation and transplantation of distinct, and highly purified, tunor
cell subpopul ati ons expressing either high and |low | evels of a particular
protein or marker into imune-conprom sed mce, thereby facilitating the
assessnent of whetDPmrgefPC were enriched in one subpopul ati on or another.
[00272] er ri chi n u - and
means th ({aﬁ%ﬁe ;g/}nglFaél y(‘?‘? gg{ll&%ﬁ;&g% %e/g’i"ﬁ %Ar% tﬁ}hgaﬁdsr%%%? gg’gggg e\?lgr t he
fractionomﬂw@mhmum1mﬁesmdhmddmtdeKMabnpahQMh$mntthmnaﬂtwmgkmnmmnmmha

cel |l popul Pr ef er abl. ri chi refer n asi the ercent age
by about ? ﬁ%% 8E§)fea%%ﬁfa I%‘Gﬂ b%rﬁf a eotﬁttﬁl%% 'Y 1% 0 tb %g & Png]a P50% or
greater h(ﬂtﬂiﬁlsﬁﬁ)%lﬂfla)dﬁ&ieteymﬁle@ﬁn&zﬁlhdsteldItbvér toq@uiksatof tlarapy, amehsl lﬁas@lsoncorrpar ed

to the starting popul ation of cells 002731 I.n..a.mr in
t he cont &@C‘%%ﬁnﬁglg y?‘?rlggi‘lém“ﬁ%%rr%ogl V‘%ﬁ@sé{’(‘ffgmgé‘frfl%r Ifaigse %r mof a
chemi cal nfarmebmﬁg BQir€Rkti@dfishoh debglhsticeells Rateihg BB Ipyoliaa siami cdhedblasti¢ dells,or
specifically found in or on a E‘?rtl cular cell, cell (Po pul ati on or tissue
i ncl udi ngt 4avydng theidavelopmerf of elstagih Al gptaped FOBBRRNSA¢!Fh af f ect ed by
a diseas ?orgﬁllaGlbl%foq(%ﬁbjeﬁﬂle%@htfceo%hﬁags1t1d5fﬁm£}elﬁe§aﬁﬁﬁ)\[5n@l€ AR R @gitedd |
functional or biochem'cal in nature. In Freferred enbodi ments the marker is
a cel | sunfeeoramtaigerand daticasdordichipdpg psaicdyelerse piedpeve it ety expressed
by speci fo3ge! lrdny fAtrdpCurl-stan ¢%§at tperpfaﬁn&@utkcal &%%gm&fsra&eawhﬁ%fém ons
(e.g., durlng speci olnts of the cel fe cycle or cells in a
parti cul an ampwiy ex)fectlm éfréneameyt or praphy leelp Rfsﬁhs smélcpmcbqaépﬁsThedh@amﬂ@Hy
e e R e S R R
nmol ecul ephyswadordmaltlf@nsmr)fx dbeextansingrelss of the cwldition pcheltialed, orligt agaof thei i t ed
to, protel e I tide cleic
aci ds and" bé? Q %greaqei:di Irﬁﬁ?nepa? éaﬁrrgt}l pho(?&glﬁt%gﬁf g WQIRJO)CQ?\%&;DE? é}rﬂﬁlgsﬁr%d;lﬂ or
traits i ag hmd«mt irbthe rzalgeofmbbuﬂ hOmgﬂgd)o'dpwe@halpebmmlﬁ@mgé:gdbodwwblghirpet 0]

cytoplas c ratio. nct| ker characteristics or traits
i ncl ude, i?t I'é?eétaﬁloet‘% Hﬁ;elngsdt%f: 8{0 %@‘)g‘g% ‘.S{nf/l Be dnvehi Bt b admipiErs u
subst r at @ amafit lir thy rdn@e bNabou{HOY &Yl Wy aaecg!hutdeibmalstmg*/kg mdydge@u pdraloseexanpl e

but not limted to excl usion f lipophilic te under
parti cul & C%@Wcﬂﬂfqr(ﬁﬁ@o‘i{ﬁ‘am{" Hé gﬁ‘i”?’i ’F@fp”raéor %‘%P‘émq"aﬂ%ﬁy%éh’am&é&? Qdlar

|'i neages amhitk@hs r&a8 opdtear 109 p%/k%rb@tiﬁw&gﬁﬁtb nB&s ed nfgi@body weRnf feetogene, for
exanpl e a reporteralgene expresse the cell as . a re;ult of introduction

of the n&prierdlyges %‘éh‘t’}%‘ﬁéféoréﬁé%‘ﬁl“ﬁ’ﬁmﬂcﬁ’én?yetﬁd\df“é“rmﬂé 8 4ngmpupiia thee| | and

its transglsk Bt A0t ms,egmgmagy iwBigh8 aB6 R0 Glgh@boRf weidht fe@ ROkt ElruRk Ot €i n t hat
can be use§ as a marker. Such reBorter genes that can be used as markers
are, for ogsiensfy-éhaNetumgroduiainrs eithe vention msy be afmpsired ign ape s the
ChI’OTTDrTEI’An%e BF ot (E§m o oﬁ% ABGR B8PEaR 28R/ al Wk@ht pd 86274 cdind rel ated
sense the term mar ker phe pe I1n the context of a tissue, cell or cell
popul at i @mb(b@mgnts thg comapings eq@h@nmnylp@yrem@dawsmﬁrﬁkl@ﬁst@bOUéé%m nati on
of mar ker h | ate or
enri on o BAREPl, TN 8 S ERohOIPUIARLEL befn, IRl looN 1D IR A Bl 2 N,
mar ker phekat y\pm\t B sgtkedelly weight, adeaspitenod ngékgtbhéx wenght, fideadettonniOregkdy
detecti ng % tl’}tl an'nP% the expression of a combination of cell surface
mar ker s. FABTISAQIEeS "o g h the art will recognize that numerous

mar ker s ([@U235]1e|Othcatalsengg)glrﬂmvmapeepreasste(bDmBeaﬂy Surfahe Amai(BﬂA) @dquidtiatd ons of

t | | i sol.at h t
oo, B 20T Bl OB SR L S Yo o
OCT4, Nanp@ell tnbAvhdn teREAM B SERZdalculagd, usﬁi@&ﬂ: patiéritA,heigh2and GdIghB andGin@Ades CD56,

CD29, B7H3, CD46, transferrin rece , car I da

oncost at iaRFUTE gk Hsubjegt %s‘zecﬂ%‘?pﬁes%& by! they ﬁ {Ffrea §E§‘IS %Pﬁﬁ]% %’ SI E’Ctéas yhi
easyh2, mfdodivéhts of IRLSARonSER Gl BS A §1¥8H Sdafhor$ Ay Eﬁdmlmsiefea,m E&@é&s FZD2,
FZD3, FzZD4, FZD6, ,FZDr Z]238 FZD9 FzD10, WWNT2, WNT3, VNTS5A,
WNT108B, VimE) mgta’Na 80(hmee/on”. Kvether prefemed %L@ﬁm@ntﬂt@lm@at%mﬂ bernPRSSA,
MJUC16, GPRC5B, SLC6A14, SLC4AAll, PPAP2C, CAV1l, CAV2, PTPN3, EPHAl, EPHA2,
SLC1Al1, CX3CL1, ADORA2A, MPZL1, FLJlOOg@ C4.4A, EDG3, RARRESI], Tl\/EPAI
PTS, CEACAMb, NI D2, STEAP, ABCA3, CRIM, IL1R1, OPN3, DAF, MJC1, MCP, CPD,
NMVA, ADAMD, GIAL, SLC19A2, ABCAL, PCDH?, ADCY9, SLC39A1, NPCl, ENPP1, N33,
GPNVB, LY6E, CELSR1, LRP3, C20orf52, TMEPAlI, FLVCR, PCDHAI O, GPR54, TGFBR3,
SEMA4AB, PCDHB2, ABC&X2, CD166, AFP, BMP-4, 13-catenin, CD2, CD3, CD9, CDi4,
CD31, CD38, (D44, CD45 CD74 CD90 CXCR4 decorin, EGFR CD105 CD64

NN A P ~N~A N~ A\ ~ o o



be used in conjunction with standard flow cytonetric analysis and cell
sorting techniques to characterize, isolate, purify or enrich TIC and/or
TPC cel | sSWO20R412[72opul ations for further analysis. O PRTAIS2EH/0446%H r egar d
to the instant invention CD46, CD324 and, optionally, CD66c are either

hi ghly or heter ogeneousl y expressed on the surface of many human col orect al
("CR'"), breast ("BR'), non-small cell lung (NSCLC), small cell lung (SCLCO),
pancr eat iadm{nsRagd in dnmgamﬁxma 50 tigsh® tp, 50@mfm omd Cva@\hyre peafictalilp alcargds plec k
cancer ( U 2 regqar. 0 e b r £ s being
anal yzed IQQE?Q I’%F?gr?r{arpé& %QOO n@g’t &S}%%g?méég) rreg}s b%SOtmgllme;@B g‘ﬁv"géj{%

tunors. Eegnpl (ef dbutss alvaitlibo aplaetdatékhtahty&gadbfss cRHdAw%mhjse@s kieeaiciardched Tunor
Initiatin uIa An_ est bllshe col arect al cell line
(Sorce R 057 8h e e At s AR S e B LB o S« ne
mean t unifat nwnﬁl@amnﬁle;ale@&dthanﬁs}&anmﬁualmtlmenmr@sr andomni zed and treated with
ei t her glrlnotecn r vehi Ie control (PBS) .twice weekly for a

peri od oi ({% \N%F%mﬁg persiae RrF%’E‘bEyWS"%ﬁlg‘ére&ésr‘e@eg %ani zed and
TPC, TPr Q@hjecadnd nEEBGh@IeJ)ﬂ DetdrREARGT SR fequeRlydf hé@indti@Gonl A hiak m)k

resected NIX tupors tgenerall usi ng. mar ker. phenotypes _as set forth in

Exanpl e Dersatsrskilipdin e gl-abhyas ag afeidpg iy deipoprscdiet @npidgpriear By
fl uoresce&%et_lepaean\gaﬁegféd%%la lof meﬁuﬁ&gb&@@ dUsvBGy GPHE cofdiRArbeidreboB 6 C

markers and i mediately pelleted and ed in Qa en RLTPlus RNA |ysis

buf f er ( @FuEgEfHtate Gpeglth Ufme Sukngetbé@gwéated tiethe Bkeo ieaerglly, ag gtfediive desew ed.
Upon thawwotarnendﬁh&%m?eidlﬂlaﬁe%sm Qe SRR WRR: (AL AEREPrkSIG, hie O agen
RNEasy i sol ation Q agen | owi ng the vendor's i1 nstructions and
quant i f i etfedive dbse omlﬁmom@bttf(rm@mmste@d émhﬁ futggct amrd aan®itho arezg thaeencg 200

(Agi | ent a ' der ! r i unment
Set'ti ngs e b R e < R PRl
sequenci mgpdahthr araalby3<iirem1stﬁ@@ﬂrﬁ@}ipl?ﬂumeb'{l\mllmmg)ﬂoeeer@lds afl at & stfarroontl, laeledyPC,
TProg and. I\I'I'Oclalt}gzse0 tpeag)tul atl ons isolated as descri bed above fromvehicle or
i rinotecd-Treat &d mce Wer e prepared for whol e transcriptone sequencing
usi ng an [@2AT] ed)oBmgasymixegmeSﬂnai)al@o B dcBegiredempgichlyy foF thgdisclosed

Li gation/Detection next eratjo equenci n | at form (Li

Technol odiEuyieaPp R g FHitial e TSk S e oS e faiogig.For
gener at e@dxdayplé,hiedi S@hdlOmpy B Ficsnninerappes dosgddofaQRerg@nas cdnfip@Bitibh erodudeEn
genone, was ahle to. detect Notum a provi ded ver.ifiable surenents of
Not um | e@éﬁ%ﬂc‘i“??délﬂe‘% SHst ef%lff)ftfﬁ? qleé%‘ﬁ‘é‘? FAmpopifan. g@_quf%nﬁ@gﬁpeggﬁer ation
sequenci Rgesk atifopderbessnbltion c@atseaﬂoh@&eds 86l BRPEdinent9wh&t eRahdiyid@Bhd dahed,

RNA/ DNA fragrrents | i nked to beads. Sequencing by ligation wth dye-I|abel ed
ol i gonuclthsst inglede fligect RERUFEER!S b UOR SiFaYa PS’BatH)élé’é V%Sé%{&éseé‘faﬂe%dlpfiweﬁfag ment
that exi $teasdréindnd6r BABPLIL W A-Phydr bBtaina@ing WcBAL&Ss; NHPrRBmBhdak hQBsELads
generating a nuch nore accur ate representati on of the nRNA transcri gt | evel
expr essi & dagct greardiapsy il misEosepitoramimfien gthe PRoparie tha measypneanto
capture 'AH‘ind%étXurPr&‘r £§<§r'(9 P@M?or?NP&te RO ARG R RN EA] 1 e5RRk Y e
splicing events, pot en ew exon di scoveriles based solely on the
read covereslpds (lfrsexalwﬁ hmppedeqmsqumayl wreagbtit hinprovsd apdedngisionTbragthingse  of
this nextgeaert] 900Ahal LAk MeAbh O a8 HEKEL B AALERRA] ol Fif0geS 10
transcrlp evel expression as we rences or pre ces for

speci fi c nephirgEbyardpat tsstodr pkcbimtx@an‘rsess‘@(tl HRNAb¢ apRS T th pnsof skbriedheer ,

anal ysi s thth SCLJ. Liatformu fie franscriptome

pr ot ocol erﬂbar%th fage d iy gde eIelrrllglg 8?1 ‘?dé\élﬂwgée% pr%cl)\rl%g%lg?m Con(gg H’
startingscpé etfneaialasprceoadmnbn frhethéd tbm::xeo'lb'hlstﬂ: doﬁdlﬁblg]‘MSerglﬁﬂb na&sasexive a)cntthe@n of
total RNA fromsorted. cell popul ations where ¢ PC subset of cells is,
For - examireaionds ISR wetfep i e R CAUNRECEGE B k ¢ urors and ¢ hus
results in very csn@bhbifatpntihdrapies of usable starting nmaterial.

[00238] Combination therapies contemplated by the invention may be particularly useful in
decreasing or inhibiting unwanted neoplastic cell proliferation (e.g. endothelial cells), decreasing

the occurrence of cancer, decreasing or preventing the recurrence of cancer, or decreasing or
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[ 00280] Duplicate runs of sequencing data fromthe SOLi D3 platform were
normal i zed and transfornmed and fold ratios calculated as is standard

i ndust ry WPa20t¥@&123As seen in FIG 2, an analysis of th&CdASA01319¢%46% t hat
Not um was up-regul ated at the transcript level by 2 to 5 fold in the TPC
over the TProg and NTG popul ations and was further elevated in NTX
tunor-bearing mce being treated with 15 ng/kg irinotecan, tw ce weekly.
The obsepreechting dreeppnd ssmenstois dotnear. i In stdheaFPGeswhpowds af themsaht NTX t unor
sanpl es usi t he extrenely .sensitive nal yti . m ests
That. Not URPEy BP A5 SRR Mslr BARE ot o oyl FRRL 4 - fRunP B E

mai nt enang end gexgnntieg Se Readr-nldsire. PORGARHLysil allof fdlotaerifaetifnuse of edrefiumor
Initiatin Fe% If POpCt;‘«halg ons t00281] To Cl?@{’ rme hance%ueXfressi on a%f Not um
in TPC pdptfast Plgre aY'S1HE OrBfoan dsie Cét Pt OPRYNER" HEARY PR 1SE

real - ti NBoRGRmYESaSed dh® oNRBSUNE-cERBEIEKP RS Dt astdlteulisish estabisipact i ve cel |
popul ations isolated fromvarious NTX |lines as set forth aboye. It wll be
appr eci at¥geth&tdesisass thember Caﬁﬁﬁcﬂﬁﬂiﬁg‘?té‘ng{ﬂ a?eothBﬂ?’rB @ %irect and

rapi d negsbicaeat et odeRMiRXM @S sRB clfed of &antQr Adis&l ednbikiadiod @lefapySi Ng
prinmers and probe sets specific to a particular gene of interest. TagMari

real - ti meefejeimtbe adpinipaatpoRt daktye podplnatankPra AT MBS INEGAUSEHEFEE Bis 5900HT

Machi ne €\1fde€, plEGRRe! RgHRSD, c\'g/rfrut e YR 5es U RtatiQ a FFRASHIe RoMNSt PRl B&EXPT essi on
in nmultiple patient-derived X l'ine cell fpopu ati1ons and correspondi ng

cont r ol s larGigskangjranger agenisl Bislogicolaespemys dindifess, smyprslararentiy qgants rancer
i nstructi 1N it i Laktly
avai | abl 'égﬁg’teuh‘l‘qg‘gf‘ #ﬁg‘gfem)cragf)ﬁetpgé%@%??@%%%@%oé?@?@ t{?%r‘%n]ﬁ a%lls seen in

FI G 3 quetmsiatiatgevs. real -time PCR interrogati ng gene expression in NTG
TProg an p | ati on i% [ - dL.Sst ] : unor

I i nes (e?%OEEQCR%E E@E gg%%eﬁ Oggs ﬁ%&ép@%ﬁmﬂ%@%&%@r%gﬂ{éﬁ %@g%@%%tnwﬁgé el evat ed
appr oxi mabdebiyleReefiols do baadiPe obthk sffe@ncbseived whopraels seatmerit ge.§. uarttidotum| evat ed

to approximately 4-fold in mi.ce undergoing, treatment W th.i.ringtecan. The
obser vat ia%th[?%(‘}?’ a%q VTR rf{%etnglﬁ? 154 }"Cg% sﬁ%Banratlglﬁ’ : l@@‘“ﬁ%@% (l:eélftlag%béep%?eﬁfsiaons as
conpar ed gierdily Desingleanty iNt&Gsedhdti-wmmot ¢ftdcsatvse tigp dfhie sinplethevapied 8 accept ed

net hodol of real-tine quantitative PCR.confir the SOLi D3 whol e

(T anaori BSOS el R ot Sareui S 08 ekt BaemORrier

i npl i cat egneNadtierprfass. aHEW Ve, Mighsé AIGHAT initie LOVidra@pieaibte MO PitASer@sn seatedover ,
i ncreased Notum expression in tunors treated wth an ags}teihv-ggancer agent

shows t h&PMRBEHATS HBHEATST Bretsired AMLYHRPYE SYRESSTBIBY &S ¥ 1e as an adj unct

therapy. [609a0P! Go%ractice combination therapy according to the invention, a Notum modulator

(e.g., anti-Notum antibody) in combination with one or more anti-cancer agent may be
administered to a subject in need thereof in a manner effective to result in anti-cancer activity
within the subject. The Notum modulator and anti-cancer agent are provided in amounts
effective and for periods of time effective to result in their combined presence and their
combined actions in the tumor environment as desired. To achieve this goal, the Notum
modulator and anti-cancer agent may be administered to the subject simultaneously, either in a
single composition, or as two or more distinct compositions using the same or different
administration routes.

[00241]  Alternatively, the modulati)r may precede, or follow, the anti-cancer agent treatment
by, e.g., intervals ranging from minutes to weeks. In certain embodiments wherein the anti-
cancer agent and the antibody are applied separately to the subject, the time period between the
time of each delivery is such that the anti-cancer agent and modulator are able to exert a

combined effect on the tumor. In a particular embodiment, it is contemplated that both the anti-
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Expression of Notumin Unfractionated Col orectal Tunor Sanples [00283] In
light of the fact that Notum gene expression was found to be elevated in
TPC populNOi20402f126m col orectal tunors when conpared w PRTTBROE/04H88 NTG
cells, experinents were conducted to determ ne whet her Notum expression

| evel s were al so elevated in unfractionated col orectal tunor sanples versus
normal adj acent tissue (NAT) and other normal tissue sanples. Custom

Tunor ScaemngP@Bet@nd the NotuTe gledwhioyire SYMBSLrgeithip Aboy 8 NEHHESEP APAY tWOL0

col or eCt%le:eIQ%’i“iza%ﬂtotﬁeP”Dr speci nens, nornal adjacent tissue, and 48 nor nal
ti ssues were designed and custom fabricated according to a provi ded

pr ot ocol [00R$3IngIit yee otheooezhd messitsd extvaiial days {23 3Bk anfpbe7)3seaerd! weeds 6lade3, Mot um

speci fic_prine r obe set T real - ti t i, ye. . en

por  or modt A o REShEI T PRk E 20er o g e bl BB At A SE cnow
t he resuhibgulatr flehexpi-@ssiragentaliee Notua ngrdajabir ead odearr mmatre moi-cmatdr agaht agai nst
t he mean expression in normal colon and rectumtissue. .Nore specjfically,
FIG oA GO b0 B dRer T B PG &S o st M Bt Re ™ BHL b nad 7+ om
110 col or@itdh ICQAERY pDRdtdEditcared( BRfdrilsf Ut Gpddiaienteaby whidsiniaged nor mal

adj acent tissue fromcolaorectal cancer, patients)_.and 48 normal tissues. In
the pl ot MYHIPL fraes, ¢ é%‘@?ff‘@{ﬂ’“g]?r%kmé'rﬁ ﬁﬁ?f&%&f‘é?a fprg¢yee W?%&ﬁﬁéo Msli an

val ue repi®ey aRhLRM1AS The AdniiBistetihdindy bdien Hkedud diich ad thiee tiMeGdaiiBrvaant ai ns
data from 24 matched col orectal patient specinmens obtained fromtunor or

nor mal  adjilic e deily Snes evERTOUAY, oSy ey ek G- ONef WEHHh BRFCGHCTE "¥Anpl e by

sanpl e bagshis, Wck I@vér%l %ﬂﬁ?o&@‘é\l@?ﬂvé R6nth€ SRQCIENhiks FBRth@RAcNATry 8ot h FI GS.
4A and 4B indicate that, in all four stages présented, the expressed |evel

of the Nowoisgemey beadsiieiviaed gontinuewioyiae THMPETPrOAS PIEHEUS NIEL EAEY t unor
Specl men §?r}{ﬁ¥1§tf6§ t&W a@ﬁxﬁﬂ&e&ﬂ $EUE oral QARBAl NRLE iRAGLAdLC Wndlaly, t he
| on the

results of real-t ) se prinmary patient tunor sanples (as opposed
to NTX t immregious hohwetnedustintNotusenlgre paredspls sxrafuoer watopiay peussi hhst el y

1, 000- f ol .d_hi r.in.th ' r L L AGER Tfd Ssue
(NAT), i r ?%%18%2) itkl/eéypgfma adr%%tg}rn%g{tgé%g% &gﬁg@ g%%rgﬁ{em I %ﬁg%seas'e}. Not um gene
expr essi oombiagiogitidrimgrdeyeralyewdit tecdappstord franeloyg 40thd 00N ¢ iesent premtiddded

tunmor vers NAT.. Morepver, Notum expr i s rel.ativel L1 DL pmst

nor nal tfl‘aﬂgﬁ‘%§?m9\??thon§ﬁqr§pync3?sﬁ% 5 Hé‘(%eoﬁt% %ncglrr}a%?\%orwﬁ érstggxcé%)a(r% 5%‘?1?1 g gene
expr essi ofivdlevel s at or above the nedian | evel s observed in col orectal

cancer patient tunors clustered by s e.. El evat ed .expression.of Notumin
infract | DSl PG Ch S et 85 T ER AT a8 Ry Past o
| evel s i moRO4ntEdan€&® AidN@ fot 4 SHtt@rehGneAgAcR tS b ggRst pavientastréadcdrber. MMuke of the

Not um gene product in the devel opnment and s ort of .malignancies. Exanple
5 D1 1 o BEPS) SIEepime iR 16 A G R AGTBIaE i SRR AT Qs He] T

further gsgeTse NOLMMBIGRBROMXAPIBES HRELNkiRucAS dirhin@hadiontRldeileddséd ditaatiato
patient tunor sanples and tunor specinens from patients diagnosed with 1 of

17 ot her se¥efal aprdpitadaylistatipnpngin appraEate TagfeR tHreToperoriieiar JRI YRR s ng
Ti ssueScafy BPHRrd ARG IREANAQHI1288 Ine38ANMG] donRITHBYS théMdhfifiewer e cust om

assenbl ed according to a provided protocol as in Exanple 4. The results of
t he neasassessEnnsol apemplriesaneyhedulasfagacismtigggcespadhd show t hat gene

expressi eghah) NahUMekse fiveitichic6APhbMeShAVAL Gt dyble BHriABE m®¢ k! BRI cy2RMP! es.
during which the combination therapy is administered. An appropriate period of time for one
cycle will be appreciated by the skilled artisan, as will the total number of cycles, and the
interval between cycles. The invention contemplates the continued assessment of optimal
treatment schedules for each modulator and anti-cancer agent. Moreover, the invention also
provides for more than one administration of either the anti-Notum antibody or the anti-cancer
agent. The modulator and anti-cancer agent may be administered interchangeably, on alternate
days or weeks; or a sequence of antibody treatment may be given, followed by one or more

treatments of anti-cancer agent therapy. In any event, as will be understood by those of ordinary
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[002871 In this regard, FIGS. 5A and 5B show the rel ative or absol ute gene
expression |levels, respectively, of human Notum in whol e tunmor speci nens
(grey boxyoagp12zf@ieBed NAT (white box) from patients w t RCGAS2G/0¢045Nt een
different solid tunor types. In FIG5A, data is normalized agai nst nean NAT
gene expression for each tunor type analyzed. In FIG 5B, the absol ute
expression of Notum was assessed in various tissues/tunors, with the data
bei ng pl etill @dthasrtttheappoopiete dofes ©f chea® the@py utivedssl wilbba ggachl e xparktheseal

anplificatiqn. b uant i.t.ative real -ti P [ e L wer e
assi gned(gh:ﬁea v llogeeaalgfc h?fg%l tﬁ?péﬁ%?hg%)erlrg@gﬁ@%t%%%gér%qiey@ témoglg gﬁlﬁij? i cation
i n the ekpanibvarbalvithookeodemhothBapautics represented as box and whi sker plots,

ith th i I i ithin t box.,.[00288] |
| oo BT el SR BB By SR B e BB RBEBaL S i
endonet r balised s Pphagek tangpyusd ediderchntate thd Gandtad neh@néduieamrtfbljowing e

Not um gene .expression in their tymors versus T, suggesting . th Not um
mi ght al &6 ‘%‘Flafr?e?fé?%’oqq&ﬁ dg%‘fflser Feeferﬁvy%f?ﬁﬁ%?f(,gﬁ@’ 11#%%g>8qrxft§qa§ﬂé {heand
prol i fer afififund? IS8 Bnih BB r&duc&V@ okiRwis®imE loadi@l RNEk At ybgivatasc al so

had el evated Notum expression, albeit |ess significant. \Wat_was al so cl ear
fr om t he Of HegBIsgpy gheRich §me ks suRise Y REmEnysred Bhasmasraica e ascEMe y 1 ow t o
non- det eglatli€of tHe ARG seNeFe SHIBAES mM: tifhed &R n BicAPLHLr8X RIS SShPMIRAIIAI
observed In the liver, testis and lung. Again, these data suggest that

Not um ex pf disspowsingstandad daagnessic Pepserusest dihtqmg gbodingsisdhe ¢iestorpiillths

tunori ge 1 1 i > : jof I Insor ders.
Banpl o BT T e e R bl e RS U TR S e et R e
Lysat es [@0®BOjdminisereddreekiresveiyriyyoeveklan owdthNo ey gje mecksx preasssiognoritis, a
number OfydyiRLd 8o 2R S8 AP SkhAATC B eRYne R RECHAH S AR if e

evi dence 'was soug Yor correspondi ng increases I n the Notumprotein in
simlar tucouldsadiy dgermine fatirasble dspges tand desurregmphras eedorothe porcetiat afy s

conpri si t w0 _pool ed, replicat.e f lys s fromeleven.djfferent tunor
types or ggﬁaesf Fecgréesnﬁg'c RIZAERIEN reaara‘fné%ceoﬁtde?eicgrsltﬁnél e\/\akaorrél%ﬁ?%i/?ffdgeﬁ%all ong with
cont r ol s nohthe9@ac ek bwnindefiniodly wapichding o @5 Patinerespopresslictinicdsind diagentiby an
exogenous pronoter (Oi Gene Technol ogi es). Notum protein expression in the
| ysat es RA8MF&Pect ed using a nouse pol ycl onal antibody generated agai nst
human Nofeomeind I dtanbth@tprdferrddiaingotin®nt the afjesndrs odel piesat Bealtonpiagbe ded by

t he manuf act urer g(g,otiyon the fabricated ﬁrrag wer e conve;f[ d to adgital
i mage usiUFf @ PFOPRYBEACR RHRYFILAR EFRFRRE BOPSIRILIY PEMAS ARG Y OEp AN s o
functi on gwpdinhpBteiaEasaked Qoid wang dsblopltaa LMt ACHrocddi)is ddfPO@B@hdlfhe
results of these assays are shown in FIG 6 and indicate that expression of

t he Not ufipHal Brean pry Ripreeyis! Sewenue 9r Bgthad d1at ¢imindsse FRAUGSIESSSf tumor. More

speci fi calbNora®d Gunfor ShAWSr bdRfckRMA! Bx@hpl &% RERHSHOFoOIdulty FRUBuERT N
normal adj acent tissue and 293T P53 negative controls (white) or 293T P53

posi ti ve neOHRiaste, sargdry: tadistion reximentf (icaram fadisHpRpthemesE Py Bt dhlatied: £ om
patients a%@ia?@ﬁn&frefdiﬁ\ﬁg@rrﬁlihgg SRIKAMER (hd ¥R ESvi ofthe ifah B Yoshdrmor

sanpl es). a was generated as described above and represented as average
pi xel i ntled$étuy nyelnlagpomnay Bagdmipisiotet @slsuzapitasidyrrligicMsan diaggmptic pOOYIF | n

addi tion %F&c%lt\?&lgrcrb&%stzﬁﬁn qHL effé\é%rymafréé’aﬁiﬂis{%%%‘aroﬁé ot Bﬂre%’rpegﬁf S
significantly elevated I'n tunor specifrens frompatients wth nel anoma,

pr ost at e pamchapaticalyaficctieaneees asTheseindhtsngstrygeditedihigesNdradembly the
overexpression may be.involved in TPC proliferation [ rvival in
Chese. b uonas Relingl pb AOmEiel B Sirfosmistaafit B PR ARGES s BrRSYRhet e of
t hese di sg&s @30 be MOA2B2 s leaesvargw of t he forgoi ng Exanpl es showi ng Notumi s
over expressed i TgC. enriched cell popul ations and various tunors (both at

a genetic and prot HheEIcer coupled with the likelihood that such
el evat ed [goopres HsQRed RY&@h Sheadrth @SiSQAfdcAh QA b abufRAI GRS bSusRAE tdamDr

cell proliferative disorder such as cancer, including cytotoxic agents, cytostatic agents, anti-
angiogenic agents, debulking agents, chemotherapeutic agents, radiotherapy and

radiotherapeutic agents, targeted anti-cancer agents, biological response modifiers, antibodies,
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propagation, it was decided to construct Notum i munogens that could be
used in the generation of Notum nodul ators. Exanple 7 Construction and
Expr essi oMO@P12iagiéd Not um Modul at ors [ 00293] Const r uct #CRASRMAWHEE at ed
and expressed as set forth below for use in generating Notum nodul ators. As
a starting point a human Notum cDNA encoding the entire open reading frane
(ORF) SEQ ID NO | was obtained froma comrercial source (Open Bi osystens;
Accessi 0mdNmuBERERABER): agehne IciiNbetpeiateRfhas eitetaee ewdsdicont s dieaisdeyt  DNA
sequencing to he without nutation relative to tbhe ref er enggb@e@uence

( GenBank2MVE- FREASSFT age05 55U |COBBSCEQRINEYFS 390 mayive 21 AT NY BEtTON'f t he
recombi nghidmppkitehdet., the cDNA encoding the full | ength Notum ORF was

nodi fied by PCR to include sequences encodi ng 8xHi sand,‘gt rep-tag ||

epi t opes[0024HA ERBIgM CYRIEX[ONACTE Mear hrybitrce SHEfTcreases o inhHhieEe fHariopahi i ed
from t he HCRWSI NPsePaaidbdn FERIC] €aRe UBsERlcUTMRic(CIrRae) .TybReDMA

subcl oned between the Not | and Xho | sites of pCW-Script (Stratagene,

I nc.), aﬁ@s@mﬁlﬁan@turatlbo@érrmge@olwlerﬁwmfé%atblymma@éau%%émﬂlgs ofinthis
case, th i |- ' - j ' i of the
reconbi ngyrﬁ‘\é%l?g%%?sﬁn&lﬁ%%%S Qﬁhlg@gﬁddgﬁgggﬁ\%t&ﬂg?ﬁgﬁ gféé{sZZ‘R? ﬁ%gggﬁﬁi@on pSEC
expr essi oning et buotesiaeg.eDinthesie taxan, sk udomonps endatoxpr aiaspiosi. Sifplidaspedal

reconbi na roducts. Th > . essi egt.or . ¢ ' AG

br oot er et TG 8 iy AP FRAE LR, GR Pt A R

i mredi at geleartd/amgieviel prokedm sgrotipy whmine momegidiontrahdsaatyinobyiriey tg@G, Adumtasi ¢
intron | ocated downstream of e _enhancer / pr onot egion. -CAG vectors
pr onot es?oéﬁ Brﬁbe}ns\é\%ﬁlg@intpﬁ%t?l\l}se%g&tﬁl?i%cgﬁeélﬁa%afpr((): hEd Iﬁ%ﬁ?ﬁg@?ﬁ? ’n many

cel |l typemmpEEChaAttialnhibitonatrainnaotih) eagogitisaffjtiaklispatpbitaledel cpad eritegadlgruence
to pronote enhanced secretion .of g)ﬂ)res%gd of . reconbi nant N roteins from

cel I's trSSEEETeARPTRCPHSORY Hling Mo NS IS E APy e & ENGY DT ORE ¥ Fom

PCW- Scr ki avasraselitdrpagdediy RRGRsi DNasetl@clpSeefieAfenieaidor vireinwakdedthe Sfi |
and Xho | sites to create pSEC- CAG NOTUM St repHi s. 00296% .

pSEC- CAGLI UM & fheprthsrappylic Rgent e aredrmical qopppund haaprsrsedirally  suspensi on
293 cel | gecranneh JrIﬂﬂlilﬁ@Ql@%ﬁ@ﬁaﬂ%roﬁfeﬂfti@h,@n&@ﬁSL@ﬂK/iilfoif@'ﬂlcérl’c@m @uperpdaka: of
transfected cells usin i ckel - NTA col ums. More specifically, reconbinant

Not um pr 6Yteticggentyy éaat@amii%l g pE rsrpftepyeiesdesiito aptrarddlulas processisdieetdthg t he
plasm d pRleG CAGING NS a0 beShitHaRBulkiPOfi&et @8Rt 2880 slebfi€ which

Technol ogi es) "according to nanufacturer's instructions. Supernatants from
t he adhegensrallyerovs andedividp eapidhys t fed cxamp® VHSTiste dgprlyragiizey BicssitenindH s
tagged prokeinhiRULls Sl bR, I STEAR A stAT e ARG AL uESIRY an
AKTA pri Irirfg&lﬂnsq})tnrggéreﬁ@s fkosge%egyﬁ%ﬁ nant %er ot e’icn (1. e?q,(e hNo ursn H's) uWasrﬂ,el ut ed
f r om t he clasbicahagans thaginbiblts, wesrdegjgredite imhibif a ¢ancerausalel of f felblikebgadesmnieat i on
500 mMV), a f [ - i ni t tel d
concent 1 Sebgoteg fepaftnaRsERR RS &, IR BE | Shdflncreond
usi ng an akkftén inoRle@ettivecnl dombination ege i the protkiion CROPI fi ed Not um protein

12 O QR X SR DY P By e DO S LR L o, v
nuri ne Ned)ute thddueators Bbthe prekirs Jnveapnsndhsiegbie atel npt fimbed watliedatagdgexyr essed
oL SR ALY, SHE SR ST AR %l 8L LR AL BB 20
used to GRAFAGHE REyERhTECTOERILEHRPSycas, ddisialihes@timmiytivaditerobag descri bed
'hoensul r;])gncla(tiasta iL,easshrcodictyin, spongistatin, nitrogen mustards, antibiotics, enediyne antibiotics,
dynemicin, bisphosphonates, an esperamicin, chromoprotein enediyne antiobiotic
chromophores, aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins,

peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
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Exanpl e 8 Construction and Expression of a Fc-Notum Fusi on Mdul ators

[ 00298] Additional, relatively nore soluble, Notum proteins were produced
for use MOROAM2a128r s, | mrunogens, assay reagents and f &@CTIUS204i1PdP488 udi es.
More particularly, Fc constructs were made usi ng human Notum and t he

ort hol ogs for nouse and Rhesus macaque (Macaca nul atto or nacaque),
respectively. For the purposes of the instant application the Fc portion of

such congbeideis ubbrithe:@inbSLARN zbrdbiowt ginnmbtﬁlbcﬁﬁés flib editistogape pinfiieed. [ 00299]
As set forth in Exarrple 7, the DNA enc%glsg%s gﬁ mat ur e uman Not um protein
I

was anpl ARAIeg. gragenr. pSi-adiatidolie Acid Fep Srftj’hEE&ﬁé acgeldloREo |

restrict hl@ Ik pRhideANLoSiHO Ghdntd uhet waeentiaciEakackinghdstNe kil bBhdtRge,Of
PFUSE-nl g vector (1 nvivogen) to generate PFUSENOTUMm G conprising an

| L-2 si gﬁ%ﬁ“aﬁé?)tdie@@f%lé%]@é‘ﬁ@@lmﬁ%@é@%“?ﬁlefeﬂ@ﬁ% hins. ¢lHefindyp aeHéednencodi ng t he

mature h t bl ofithhRE FAMRniahNoRRGHRRGRS #8me[L Ng the Fe
domai ns g}g@?bdgg éﬁ%ﬁf%@ 1m)ljlste qéfgx}glene ! hae r?ouse Cgt Fc donmai n was

r epl acednhipgeazpNANEeEAALS H@@@@@Fﬁlgnltrh@mﬁmwstlagmhﬁt?memiréqﬂblﬁa’d been
anpl i fi e?osQ anF 91% é(.r)ug) q};lﬁﬁc gélési“eﬁxé&?%ﬁdé‘ ﬁ(ﬁilﬂé’ 'P%Rg‘fagpysacxﬂ?ldgumn lg&2

Fc PCR pro uct wa ested with , and subcl oned into the
sanme sit esmplpx (JHS N/aem‘ald?rocpEtSSEugd@ﬂ' m)maq@am chiggxah;dizpNATUVithgy@nilFe

COmPr | 51 Bkl B8 PERUL U5 OERG R R e Ay LS (guences

encodi ng e nat used e uences
encodi ng véﬂm&uﬁmAdmmﬁlms antbznguelmeﬁ mmmmxhendimnarﬂalcg%n@enannoﬁhstlmn no acid

sequence d nucleic.acid segd 334) of an
exenpl ar y (‘WE%QHB @ltﬂl&?tﬁln%'lp OBAM 3R Te fralpes s ‘ge(?& By Ph (90 O%Ngm "wher ei n
t he Not umigepa: taaaxdgfchtokuaabmmn SEMZARS ganndtabihé:; maﬂlogﬁm&O&]arcEi&cmmhe,nant human
Not um Fc pr.otein m - Fc. roduced. i cells (Life
Technol oé‘?eg?}re’faﬁeaﬁj afjapa af‘ar]%%?sY‘B@f‘%zﬁ‘e Wﬁtwpﬁmﬁl(gﬁﬁéﬁﬁw md using
linear peyloidiyheNidibgheaNa v BIGB? dinbRIbMRE SovabeeneteBiposilic@tRedte; Y. et al .
Nucl eic Acids Res. (2002) 97 30:e9 which is incorpor %ﬁd her ei.n b%/@é

r ef er enc@JUNOMYGE; YaPEHTT &Fl0f ahfefiopts:dHnoteaan (FauRsndl &Rt [hrioRoisomeltss

puri fi ed;fyam Rbs 2§®{pﬂffﬁl@fﬂcﬂf&lhyl§inﬁ9m@(m0?'r&nﬁﬂ%%a‘ﬂ&?ﬁblﬂ@@oﬂiﬁf&ﬁ%@ﬁﬁ urer's
instructions (GE Arersham). Material eluted fromthe colum was

concent r dueerofin L ¥pprdiplavat @hipitars gPRC)alRbadR 4 hd-ResfBGIR adoWiplgédhito PBS.
[ 00301] Usl fage SiiMprdisterafitt ﬁﬁ%ﬁma@é&kﬁ@' RAptANGa[NACIR S HAGHVECHAhAYESe

fusion constructs conprising nouse Notum and nmacaque Notum and human Fc
regi ons weevs. Aabiictee@th tfﬂéldefu@éoﬂ #e asRgrmges) aBoyshBatacp regutate grehibih vi vo

pr oduct t scu/ us
Not um ( ng‘é% il %‘?ﬁ%)y R fitads qgéti HeckiO: u%%%eggg% %E “%14& 6%%112829)
wer e syni$iERMzedomawm lohlngm el wbibitdieesenpym GENEAfte, (Rish esesibtasgstra@en nany) .

The DNA enco e at p . i.fied;: from
The cenERRETGlaY el b RaC MRl O DT RERCLAL I WASHATR: |4 L0 o
of p SCRX\nO&]&;mda cploamermdﬂ@,ranumﬂsef olgonyekddSEesiirgyGAtmes suahbuis @ IV BGieexpaguiences

oo g TS YRR ES T B RETRGE RGP DB EESSS
whi ch i s tdpisglkmssi fihibabr; M/ﬁm}d%xlﬁwwlﬂmﬁlbm il Esperasidhstand ut i on of
murine No}xgrmafze%rtlcﬂgl acceptalglérsg([;sh gglds or der?\t/atl??les of ang? OP the above. Other embodiments

comprise the use of antibodies approved for cancer therapy including, but not limited to,

rituximab, trastuzumab, gemtuzumab ozogamcin, alemtuzumab, ibritumomab tiuxetan,

tositumomab, bevacizumab, cetuximab, patitumumab, ofatumumab, ipilimumab and

brentuximal; vedotin. Those skilled in the art will be able to readily identify additional anti-

cancer agents that are compatible with the teachings herein.

e. Radiotherapy
[00251] The present invention also provides for the combination of Notum modulators with

radiotherapy (i.e., any mechanism for inducing DNA damage locally within tumor cells such as
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[00302] Simlarly, the DNA encoding the mature M nulatto Notum protein was
anplified by PCR fromthe GENEArt supplied vector and subcloned into the
EcoR | arMOBg12/4271728i t es of pSCRXv003 to yi el d pSCRXv003PERASRUILO#46hgai n
simlar to pNOTUM I g& hFc with the substitution of macaque Notum for
human) . Reconbi nant nurine and nacaque Notum human Fe tagged proteins were
produced as needed in CHO S cells as described for the human-Fe tagged
human Nogamma.abadietionEXanyd, ¥Voin@dnteraniionwafes,atciromo tmrssiong dnd ¢l lés)- usi ng

Not um Co St E}J%}IOSH 8‘93035‘111 Wé (‘illretc %Efl\aé%}p&sr (!llglsétlaﬁes té){umo? elﬁlll{ %&e antl bOdI es
were pro g8 i a ‘agehr ce W eachings Rerein throu I nocul ation
W t h hNotatenhplstedyrand ay beruded in ¢amntdtios mthgaarrgetedmmecastm agamg oxodthemta:rgetmgr e

used to ner it ona antl n be
ised t helEpsn B rirtoh Metsby iy e dSkr R S RaR AP b ekl

neopl ast kcabdusDweks STheSpeiatidi headapymapBed dindnisteddd o arbg:bcE\Mvag)b&e agd heukns wer e
i nmuni zed W égﬁiuman r econbi ﬁant tum nd u ed to uce tg%’ﬁ” damgs as

fol | ows: 468 R forTeVeit- YBiRnady \f@rré 6%% HeRdm PR gs %S”f] fral e

mce (2 g@&maﬁahtﬁbg; seglenlial fov) with various prepar atl ons of Notum
antigen. | nmuno ens I ncluded H' s tagged human Notum or Notum Fc expressed

in 293 cells. C i d via footpad route for all injections. 10

jig of Negpsy mmm%adrﬁamte%dfdl&fé okt R ndha@E @t )ﬁ@lnﬂﬂ&n@@fl addnl BRVMAX or al um
adj uvant were used for i mmunization. [00305] A solid- Eélase ELI SA assay was

used to sahiaksianypihs dogup modyptors s ingant HWEHtios Areaxr iyl rpefultien serefiln
Not um B%&f m& ESndifIne @%&ﬁgomuwactmiémnwyﬁn&&c{egmngé@mmgnzat at

di f f erent CoR ratl ons ran rom0.01-1 overnight. After
washi ng windrs (@% r@@htlezpmmge)obag%x(brw) ST AV AN, qokpseaipd] irestaidr e bl ocked

wth 3% ; r

6 1 ut s on2HeldhaEathe I fREnchll B, shPimds, Ay g5 afond YEERARME | e
for 1 homeck ti[llnerspllaﬂ(emlaaalei waphad mahghanbien Otmcmbtaﬂ@dsmhtahmﬁl@onal eligle| |

HRP- | abel ed G di,l ut ed 3 R hour

at e ragtsrar byt b R ARFul Bt S Pue Gob i SRR o o on
was addedisb@erslndrinfiantiesodt adgibgelﬁt tlmmuwalsglc dgordehengdHatrdsrs wersed devel oped

W th Tl\/Bsbstr entific 3402 and anal

spect r opRYLOHE ar%‘%”];de?ﬁ pg‘g red‘[%‘@% & t@%?’?ng‘%%l? {}]’le’i?geq“ﬁ%u’m’%sgﬁ)nﬁ‘?r&de wer e

sacrifi C%t@ﬂﬂoﬂhapﬂ&bdﬁgmlvmh amdepla(tia@p]hdlm@abompﬁklmg@Ud nahars.i h otk ar ged)
were di ssected out and used rce for anti bod . cell
ilgrs o ¢

Singl e cERITESAERLERS Jf T ¢ BEs1 Sion e e LR
non- secr gfdvBgioRdx @%&t%ﬁerﬁ&@lb@xmaﬁgﬁdn&e( AilerdbRhe 3bRO) ordfatiént kad 0 of 1:1

by El eetro-fusion. Electro cell fusion was perforned using a fusion

gener at ofreatih s betmipo glthouglsey dssddisrean. therfgrms, argpressnarid tor‘é’giPé‘ﬁ‘éﬁH’ed in
hybri don%agﬁlllﬁiggoﬁwlegredl um suppl enented wi th HAT (Si gma #A9666) (DVEM
(Cellgro cat#15 medi um cont ai ni ng, 15% Fetal C one | serum

(Hycl one)[002§3h1v|1\§@ansmfmlmvmpéasthcqﬂW@nwmeamorﬁ@am@otlmf@qorfﬂ?n@eewﬂamc. n, 50

itiM2- t n and 16
IttMt h;/n? Ewg‘gﬁg?&k beg&&éétde%érgw 00 6{;6/1%% gfltﬁm% &\%t@f{/@og‘?&@r%w

bottom t msscue, M@IStaaimlamdaG@@QﬂS plaisda sofft part fargrana, pitigey tisguiners hkadder CB“%?éI | s per
96- |1 bat
we ﬁ&lugﬁnﬁ%-gg@arglggxégg/nﬁﬁs#lggﬂ_?Qgga(}cggorhﬁ Fonb YHcE hifthndd§md, ncubat or

cont ai ni alr
aneunsmal bone cysts, osteochondroma, osteosarcoma) brain and spinal cord cancers,

metastatic brain tumors, breast cancer, carotid body tumors, cervical cancer, chondrosarcoma,
chordoma, chromophobe renal cell carcinoma, clear cell carcinoma, colon cancer, colorectal
cancer, cutaneous benign fibrous histiocytomas, desmoplastic small round cell tumors,
ependymomas, Ewing's tumors, extraskeletal myxoid chondrosarcoma, fibrogenesis imperfecta
ossium, fibrous dysplasia of the bone, gallbladder and bile duct cancers, gestational
trophoblastic disease, germ cell tumors, head and neck cancers, islet cell tumors, Kaposi's

Sarcoma, kidney cancer (nephroblastoma, papillary renal cell carcinoma), leukemias,
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[ 00307] Growth positive hybridomas wells secreting nouse i mmunogl obul i ns
were screened for Notum specificity using an ELI SA assay simlar to that
descri bedvae12e27Bgi ef | y, 96 well plates (VAR 610744) Re€TASgHatedshith 0.4
jigfmL human Notum Hi s in sodium carbonate buffer overnight at 4C. The

pl ates were washed and bl ocked with 1% BSA-PBS for one hour at 37C and used
i medi ately or kept at 4C. Undil uted hybri doma supernatants were incubated
on the pliptregbdnign lipogmatvosiumats, Rﬂ'osafﬁhawmaégwt ﬁipoalmshemorarwelmao@ed with HRP
| abel ed goat, anti ut ed 0 d% P hour at
T, The rarediapal PER-AT A it bl bk AT AR Do
above andddnemlcxadmmlﬁaﬁﬁus ce[ll&@&ﬁ)&}naAlatgrcalatarmedera etEMr&@iubd)kﬂfls&Bna(\/er e coated

th goat anti-h GF t Not um Fc to ELISA plate . Th
P T B e e S e L

used to Sﬁ{dﬁﬁxﬁb dagdoBlaki@eh, yrodndodrme supes ettt ancelipaseeisie stilcyss, papilapl at es
wer e washed pr obed V\%t h. HRP | abel ed goat anti - rrguse | gG di |l ut ed
1: 10, 000 UfPl %rges&n?ﬁsgarf yroglfamags pediriqgpnceys, genphgral erygsheath mors. o ybat ed

W th subsgffeatiBomodyinh L Pindtr PGk, PRstakever, doderioagdnatbl fBarfbal, rald0309]
Not um speci fic hybri domas were expanded in cell culture were re-plated,

r escr eenBeMAISis dpsprdersyreay BRISHEE Capen MRPIQIH AT TIRAIBRYSBOTE; Hgfiogatel | FACS

sorting. g h@arfc@xs%ﬁ li8e GOk, EQML@EklPEh%cMBJt&n&%Q%MEGyMQI ChyRRr eser ved
in freezing medium (90% FBS, "10% DMSO) and stored in I'iquid nitrogen.

[ 00310] atlmrawmeyﬂym@%@m%dhwa Purraid me@statit GapgsahAnl MSRNABASECTSr al | of
these hyby h%@% g:lk Ol lﬁc&%&?ﬁtarneﬁél&ﬂy&%@e ﬂsmw&% I't should

be noted't itum rect to the EL1SA'plate can cause
denat ur aembediments, e qan@tr@usweléame Sdh@tedﬁmr dagrayp nﬁli‘»thg terhérp pictideg bybriot be

reflecti letg% tobrlrga%{ #L%ceronolﬂ%q{%ﬁ%glw zl cgr(cglt @'SQ]LC{[) %9135?1 %gl& @ﬁgﬂ;ﬁﬂgﬂi ?‘Q}%re\ﬁﬁ e

perforrred usion was see usi on(g. Thi s
yi el ded sencer, ablowomesr, prostita earant, séacxdnassresepma‘staoc tacerhtsreond iNetsiatic Exanpl e
10 cancer, and clear cell carcinoma.

[00254] With regard to hematologic malignancies it will be further be appreciated that the

compounds and methods of the present invention may be particularly effective in treating a

variety of B-cell lymphomas, including low grade/NHL follicular cell lymphoma (FCC), mantle

cell lymphoma (MCL), diffuse large cell lymphoma (DLCL), small lymphocytic (SL) NHL,

intermediate grade/follicular NHL, intermediate grade diffuse NHL, high grade immunoblastic

NHL, high grade lymphoblastic NHL, high grade small non-cleaved cell NHL, bulky disease

NHL, Waldenstrom's Macroglobulinemia, lymphoplasmacytoid lymphoma (LPL), mantle cell

lymphoma (MCL), follicular lymphoma (FL), diffuse large cell lymphoma (DLCL), Burkitt's

Iymphoma (BL), AIDS-related lymphomas, monocytic B cell lymphoma, angioimmunoblastic

lymphoadenopathy, small lymphocytic, follicular, diffuse large cell, diffuse small cleaved cell,

large cell immunoblastic lymphoblastoma, small, non-cleaved, Burkitt's and non-Burkitt's,

follicular, predominantly large cell; follicular, predominantly small cleaved cell; and follicular,

mixed small cleaved and large cell lymphomas. See, Gaidono et al., "Lymphomas", IN

CANCER: PRINCIPLES & PRACTICE OF ONCOLOGY, Vol. 2: 2131-2145 (DeVita et al.,

eds., 5.sup.th ed. 1997). It should be clear to those of skill in the art that these lymphomas will

often have different names due to changing systems of classification, and that patients having

lymphomas classified under different names may also benefit from the combined therapeutic

regimens of the present invention.
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Characterization of Notum Modul ators [00312] The Not um nodul at ors produced
in the previous Exanple were characterized as follows: [00313]Bi ndi ng

char act erWoOt20R2f @8 anti bodi es were assessed usi ng anti B6@USSHp04488 Bi acor e
technol ogy. Disassociation constant values Kd (kollik"") were determ ned
for selected antibodies. A Biacore 3000 (GE Heal thcare) biosensor was used
for surface plasnon resonance (SPR) kinetic neasurenents. Using purified
antibodyﬂmﬂéﬁtiImmﬁvémkmﬁknc®nSUEmnsnm@¢@bdmrmv@dmmhmmu@hug@p@aﬁ@ﬁWﬁé

ti bod t | t he CVb
23 ; :c ageyg?aq certael”\n 1%?6 HL%rarﬁ Hemﬁ&%tglc n thg%a a%? ficl ug Hyﬁnﬁh ab %ﬁgmg) n the

sensor sin m ne cot Each mAb
was capt Qﬁxgﬁombdmaanar(CLLlogEr@Mr)fmmpifedoremmhte/ eedlmagaeﬂ thvadearhy]tIMt ed over

the imobilized anti hody allow_.mg the ntlb antl teractyon to be
anal yzed.Sta’[t?)éélicﬁasﬂ?dﬂ‘flg‘f“ﬁ? f‘tgeé f’%g Yi4P Gt sgec%? Higy Bg&rba 5é(or eitanal ysis of
the anti @ﬂﬁfdlﬂmlﬂ'(bl\iebQﬂipﬁﬂlfér@t\i@ﬂdf&e&ﬂ‘lﬁhc sﬁmml blecﬁd @h@hm&@omm@l fiadihg bodi es
are veryhglg ty vmthl?rrﬁ%{seure eran@ gf | x10 -7Mto
7x10 Exaﬁ‘B inyg VEb YF&?B%CYES?étSe'r MPAEP ORI BY Hﬁ%%&ﬂ}?ra 8PS [00315]

Ml tipl e&@&ns&mgéma Ix@h@mérm@i%ammcm assndauabﬁamgd;en prolifgatibnangt al .,
2004, PM D. 15183088 which is incorporated herein by_reference.

Mul ti pl erscHEulatien o hrphgey hietesie byt Rca ey @it itferERIEEOR Yoste 5'Udbt ure a

ref er encee Ak reéasﬁhaéaqgﬁ (E'@M)%r Yéth g}g@a mgw ahd Qgggleﬁgﬁﬂ&ﬁlmtah@énsﬁ@&h mAb
was associ ated with a uniq spectral address. t he mAb bead

conpl exedoweshan gubprde mmtn@l E s tIawayps ah@iépuaqeﬁqwéad fhﬁw ip Hmliﬁa@aléf wel |'s
of 96- V\elaﬁpe%&lrlfaﬁe% ts? @ REER ex%x@?sl ?%e'Nomrﬁﬁ ﬁ&pré@ﬁﬁ(&ﬁﬂp}? :(gitdepody- bead

conpl exes I n eac was | ncubat e irst w't Igen, then wth a probe
mAb, one thdiebf erayittingormaiteactinbtapset fopeie|discipprs ragrulaj@h in t he conpetitive

ant | body G0 NgyBR8AY, WRSRSRIRIARAL (AL Sue BRpRUBRE JEAGR,081 y bound

to antigen een captured by a reference recogni zed a
differ entsute@tSt\dp@res'EhEWEh meagn ongecureacuasuTRF Iois nat Helienerd éhat ai0partiduiag

exper | msné)ﬁ Fﬁ:gloNS %(?:t sor er%h chOdlxgl%deb(P or}rcli txléé?m e usﬁ??he pres%éI different

epi t opes X
invention. However, the type of tumor cells may be relevant to the use of the invention in

combination with secondary therapeutic agents, particularly chemotherapeutic agents and
targeted anti-cancer agents.

[00257]  As discussed herein, preferred embodiments of the instant invention comprise the use
of Notum modulators to treat subjects suffering from solid tumors. In such subjects many of
these solid tumors comprise tissue exhibiting various genetic mutations that may render them
particularly susceptible to treatment with the disclosed effectors. For example, KRAS, APC and
CTNNBI1 mutations are relatively common in patients with colorectal cancer. Moreover,
patients suffering from tumors with these mutations are usually the most refractory to current
therapies; especially those patients with KRAS mutations. KRAS activating mutations, which
typically result in single amino acid substitutions, are also implicated in other difficult to treat
malignancies, including lung adenocarcinoma, mucinous adenoma, and ductal carcinoma of the
pancreas.

[00258]  Currently, the most reliable prediction of whether colorectal cancer patients will
respond to EGFR- or VEGF-inhibiting drugs, for example, is to test for certain KRAS
“activating” mutations. KRAS is mutated in 35-45% of colorectal cancers, and patients whose
tumors express mutated KRAS do not respond well to these drugs. For example, KRAS
mutations are predictive of a lack of response to panitumumab and cetuximab therapy in

colorectal cancer (Lievre et al. Cancer Res 66:3992-5; Karapetis et al. NEJM 359:1757-1765).

83



Exanpl e 12 Sequenci ng of Notum Mdul ators [003161 Based on the foregoing, a
nunber of exenplary distinct nonoclonal antibodies that bind i mobilized
human NotWh2MZB7&Bparently high affinity were sel ect ed PCAAISZNAAI4EH a
tabular fashion in FIGS. 7A and 7B, sequence analysis of the DNA encodi ng
mAbs from Exanple 9 confirnmed that nmany had a unique VDJ rearrangenents and
di spl ayed novel conplenmentarity determ ning regions. Note that the

conpl eneAppiokinptalie8¥F nf pitiegts Megicolosccabeantehare mptafipnsin te AdiCesedef i ned as per

Chot hi a ax‘%w%tz B4R, BP0l é%qrzﬁh@.g?eé rﬁ@re%a %%g%mmgno@;gbe&pagent

was purchased from |trogen 0 |es One step RT PCR kit and
Q Aqui ckcliPCRtePaed Iﬁllp@attntmﬁh(famﬂwéa@enpmnf@hmwowend Qlergenl, Callmc AmahitRNasi n

wer e fro e ' . rat ed
oA Tech Rl 55 Bt B bR LAk IS R R S AR T B0 B 2o
RNA pr ep&reaihstnntlorﬁﬁtbﬁ&erateﬁﬁﬂ Mudtdtions andle bO&-capetih gen&eﬁﬁNNBéL@pehdwuit mil n
TRI ZOL. Tubes we orously after,_addit of 20

chl or of oFfH*? gr‘?{i"li)glfat\ll%'r qu %Fllnf rﬁﬂlé%ngafl nﬂ%eafrérpp%t) “ﬁlsﬁ?ﬁe %uem alchléatgml?éous
phase wasevefbtigbgdnieshnk@ipgiohd @adyrdiisC ivhich gealdolthemadteniam oéqmgene@llsurre of
|sopropanol Tubes re shaken orously and al |l owed t .'ncubate
at room fEWHR g?‘ﬂ&%‘ﬁ][r%?f nyifaigd 2‘%?&% ap%fe&%ﬁé‘?%%‘?%@ﬁte‘&@ﬁ?ﬁlﬁufh‘ij‘e 5%1 AC for
10 mi nut @SequiiR® PRleh QbiSn NS EprvieRaeh aIcRifMtithtidn plog@fns T0eet. hanelicasd dri ed
briefly at rogomtenperature. The RNA pellets were resu%Sended with 40 td

of DEPC- Py 5tEsamplss rem'l’ﬁH’é‘Of:ftfﬁ’F‘P’E‘V“%ﬁ“CP ARARQRS BRENarLaPibsRartigyatyet er ni ned

by fract 'st%@@ﬁtl'bfégo Bedthbne withth@NSHAGSLA6 s Bfthe inkRG: iRMAtBRS stored in a -80C
freezer until used. [00319] The variable DNA sequences of the hybridoma

anplified with consensus primer sets specific for murine inmmunoglobulin

heavy chai ngvand .&apRa Mdndbkag&hai ns were obtained using a mx of variable
domain priners. "One step RI-PCR kit was used to anplify the VH and VK gene

segment s [G026%h eé’hﬁﬂmtlsfdmmké andkigs QQIMREEING ORfear S CHRAIRCRCENPIIPIOVIERES a

bl end of Cle S rTaq DNA
pol yrrer adBT® S S0 BRTICR Gl pRFKER S S ARELLARARES oriSlis
novel addidvidee whrain thaaibl dma@fc?bnf@menpreéwpﬂmiﬁéd}amqtmmf@fcommmmuI t" (e g

O b RO RSB fRARH APl 557 IR LRy | 1] uded 3

primers Sganksl Fof othar eRiboH’ﬁRntsusfufchza unik dgsage id blifpsied ih slmglf: luf: pe:rﬁlﬂymrmge(for
cont ai ni nq revers anscrl ta e ,and r
ri bonucl @g"séo?n ﬁil Eﬂ‘” S_Lt}ﬁﬁof“)ms}tfﬁl Ccﬂé@éﬁ eumg?olf ‘Oee"lé??'nt ains all

of the r e@g@meSalrrqumblro@a of che hkatalbulffeu uches phapsae, iopthe dike;andoP&eR.  The
t her mal ramwas step . 50C for, 30 m nutes 95C for 15 nut es
fol | owed % %5’ %Sti‘)tfle ("&ef%‘fe ng(a%ecdﬂfﬁnat‘ﬁ@b Ip 6T tasherRRod R 2C for
1.0 m nUE&ﬁl)osnﬂah%@ bepsovidea l'zls a Jf ophigiked poGdathAt@ihydk ret3fstihaed Lil;(a)nrmmubxes

u

[00321] To prepare the PCR p cts for direct DNA sega_&) gl ng they wer e
puri fi ed o} HgrapHae dnguice Rxampfsfeﬁewﬁrwafqrcaﬁegﬁlnmfﬂafé Qg ohe he

manuf act Yg@positioR cBhPRRY oncldtand?DlubiRsices kit AFlitiiPoRih RGeS HiiBn Qﬁmwmg wsdi ng 50
jiL of sterile water and then sequenced directly from oth strands. PCR

f r agment goilniEdde guaaraad digineg | Anydake! pnaT é@a@@ﬁ@; withyibs oniingr L dicyiss ng
VBASEZ ( Bﬁ& Ingt n&&se@l:ompcklﬂﬁ)ln% &eé\%r%agﬁ&mg?& treﬁ?n% t}@7(ﬂsea%%§a1tlon of choice.

[002601 The present invention also provides kits for producing single-dose or multi-dose
administration units of a Notum modulator and, optionally, one or more anti-cancer agents. The
kit comprises a container and a label or package insert on or associated with the container.
Suitable containers include, for example, bottles, vials, syringes, etc. The containers may be
formed from a variety of materials such as glass or plastic. The container holds a composition
that is effective for treating the condition and may have a sterile access port (for example the
container may be an intravenous solution bag or a vial having a stopper pierceable by a

hypodermic injection needle). Such kits will generally contain in a suitable container a
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[ 00322] As di scussed above the am no acid and nucleic acid sequences for
twenty-four (24) exenplary antibody heavy and |light chain variable regions
are set fUPR2AIYBTRBGS. 8A - 8X respectively (SEQ | D NGsPCIABZ011i445% t he
genetic arrangenents and derived CDRs (as defined by Chothia et al., supra)
of these and additional anti-hNotum antibodies are set forth, respectively,
in a tabular formin FIGS. 7A and 7B (SEQ I D NGs: 103-330). Exarrple 13
Const r uc phasmaesfutipddly ypschabilg fenmuatiocohihe NOfUmyMPdILator Midt enttiog#ly. PBOB2BYE As

previ ously;dlisuaand, MOLUDY Sy APERGEG! HR%:Shy IXrahaREysLPer fam |y of

enzynes. anal ysi's tumidentifies a signature catal ytic el bow
sequencephﬁrmmx@lybe@pmhkﬁqmati@&yEtﬂﬁzr feadchgndsisody cSabmthhng dfde t he
put ati ve nucI eQ

resi due S_)ﬁ Crinpm & hdéhtio% t(l; Il\gltlem (I)rIodt lgt%r Cl?th? W&ﬂtl%n s{xche}qts 91{3% QH&%%%R %ﬁle or aci dic

(& ‘Characteristic o issu rected
nmut agenesiose dfa rhipe o@ﬁﬁth@dmgmgsms ash duehematltei‘xa@e@rcaﬁ amilmtﬂxeaap(eﬁt&&ﬁégs Knteuger,
2004, PM D.. 15469839) Q 1(5 ’ é Ttr ai ster t2008t ) a%i 8/1’ ns | eads
to an |na‘&&l?%?8105‘rg%ﬂt%ﬁﬁ“ "feﬁ‘étta ‘f%gﬁg &I AP Y CHS T SR Y BB %e% 122'8E hni ques
( QJ:C ck Cbﬂl@lgzﬁlgMa\h@g@%@&l Suldi kits ntyr AoggeNied a%igfjdpﬁﬁlt‘e,realg&m jo comjugateithed t o
performsjte directed nutagenesis ont e W t elnto
gener at e NOHEN BodY ATy 1} YiH-GaRCH AEENEPTS ?gélﬁijl?d‘g?fé?%g OWNE‘PS myﬁ?& n (i.
hNot um 52\%?061Hn§arpm§iemh&@rnlay,refé@ﬂ@helm@eﬁdrh@ments suggest that human D340
is the catal }/tl c acidic residue; therefore, this residue was_changed using

the sane @261k o Munsresifisally thakissammyiaxe agingle ceniginerghaticppaip e Notwn ~ As set

forth i n xaERt &%ith/ordRfof adlEbnd 'c@rﬂbd}ﬁnt‘é\’%? (1§ Shy thavCaianR ddnti et e Apnai n
cont ai ni ng thIS mut ati on into the human Notum h |¥C exp ressi on vector (|.e ,

hNot um 528#ad pgeay. . Wittre cesbiaeq tretageufiey &e pmweéféﬁﬂe@swoar@oﬁlwwqt@a MY set
forth ab&yg -ﬁﬁmtﬁo% a NRRY m%kﬁm‘%\%&tcﬁmﬁm&x@&@&uﬁé&cél(gml ing
sophi I'a

[ 00324] tum has een s to be a functional antagonist of
W ngl ess otheynaltdrmgivelphthe Mooy inpdulNot anchahwmeptivedrant isengar 2gsnteaitthegainaede he

i nduct i on ofi& PESREREM Nl HEl (SLARE SRPY ddffinikihloh BNS)AR:. ThERRS ection

assays
may also comprise a second/third container means for containing a sterile, pharmaceutically

acceptable buffer or other diluent such as bacteriostatic water for injection (BWFI), phosphate-
buffered saline (PBS), Ringer's solution and dextrose solution.

[00262] When the components of the kit are provided in one or more liquid solutions, the
liquid solution is preferably an aqueous solution, with a sterile aqueous solution being
particularly preferred. However, the components of the kit may be provided as dried powder(s).
When reagents or components are provided as a dry powder, the powder can be reconstituted by
the addition of a suitable solvent. It is envisioned that the solvent may also be provided in
another container.

[00263] As indicated briefly above the kits may also contain a means by which to administer
the antibody and any optional components to an animal or patient, e.g., one or more needles or
syringes, or even an eye dropper, pipette, or other such like apparatus, from which the
formulation may be injected or introduced into the animal or applied to a diseased area of the
body. The kits of the present invention will also typically include a means for containing the
vials, or such like, and other component in close confinement for commercial sale, such as, €.g.,
injection or blow-molded plastic containers into which the desired vials and other apparatus are
placed and retained. Any label or package insert indicates that the Notum modulator

composition is used for treating cancer, for example colorectal cancer.
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[ 00325] To generate a stable population of cells that contain a reporter
for the activation of canonical Wit signaling, HEK 293T cells were

t ransduceMORPI2@72Bent i viral vector, pG eenFirel TCF ( Sy®CESBIdHEI4Ehces)

whi ch encodes a bifunctional GFP and |uciferase reporter cassette under the
control of a mnimal CW reporter linked to four tandemrepeats of the
transcriptional response elenents for TCF. Transduced cel | s popul ati ons,
termed 293.XCF Retdarch Regegeatssubsequent |y used in a Wit 3A canoni cal signaling
assay as oWy, - r a 96-wel |
tissue c th‘g' Eélf]ewg)lﬂéet? Béf%reégéfﬁﬁ%gé&ggfeglgm@?tﬁ a%l(\)/%kﬁég?ﬁrpﬁ%p&%ék ftgél hour s of
ser um st disslateidamduRruds apfinsiramegtusefdl fouidewifgingfisdamgi tertomént anediidwng CV)

rom Lt L RSB R3p eSh 000e St LB GH T om

added t oaapated vl $ortifky FACSE mdgoeticacafd@ircel dattihg GMACS) GNhsel B0diskd of One-Ad o

solution (PraMe Cor was added to .each 1., The contents. of each well
wer e theﬁecﬂf)%%gﬁw&? 5156%41 l\é\%Teoa?ﬁ V@@pl’rﬁgmggk}a@{%%ﬁlagp Y T3 Lsf B oF \r’eé%sf erred
to bl ack cQfipatelel teqphRfu@Stor b ehdritgerlzuined canipalation TN inelding @ackrafetrer 5

m ns using a Wall ac_Vict t el _Coun er ki n- El.mer . Corp) . As can
be seen FHSES& S"Q,&,ES{SH% gégif%ggxL%gﬁdl%&ngﬂ#/?%7réﬁ a@b&c‘gﬂfrﬁé‘f’}%ﬁ?gga‘&eﬂ CM
cont ai ni RgeMdyIérct-nid @ak kxislypwed between 2 and 4- fold induction of

| uci ferase signal relative to cells exposed to L-cell control CM More
particularly, as the Wit3A+ CM nedia is diluted from 25% down to

appr oxi mat ety 3¥gis@fkleyad i on of the Wit pathway is reduced with a
correspondi ng décrease 1n |lum nescence. 103 [00326] Once the |uciferase
reporter [Wég]e mUnéess etberaieidshead hegpdis sgientifigang) Belatenl My UteA & ¢nBeeEiPR vi ty of
vari ous - - I .ofCF cells
wer e pl at oy e T Al SR R R R DM neog b FS T

serum f r eslimedskiliin (¢ arer Fzthehgoless asierwise (aapriseddmeanicsi sin@Bargerms shalDVEM-0. 2%

FBS cont ai nin j . i j . 9.,
ot am HS VRSP RPN AP ueln @?fné’fﬁs%@&miﬁ??ﬁ ﬁ?ﬁ?ﬁi’“ b

Not um hFepecifeetarad Not appeiied ¢lamonthe singproioenn-aHi 'sn'omd ¢t moludgpplotaki n- hFc
obt ai ned as _per EXx les 7.,.8. and 13 ve) d cells. After
T hour . saEERE RGP RR s e A S b BRI L G el e

Ei ght een phatin'sineliira phddity obpro@ins Gleferd0Otol 2 tHI", indhide@mex i@es oSa@lsitand the

ProMega Corp. ), dded t. Il th tents, of each well mxed
Lnor ougnior B AgUER e cerer Qe gt JEphsyor Jaddi PR PRI KRl

96-wel | pbatsesd alpeintsberveuningese psiae. Thaetors i eihgdofd. Mt BGincudBIAYB.0AS can

be seen in F|GS. %B, 9C ﬁnd 9D human Notum Hi s, human Notum hFc, mnusi ne

Not um Hi €19 #LPqIRe PReee 1229 3-8nd macaque Notum hFc all functional Iy

ant agoni z602¥9t 3&8eRBdilR hefehdhdis ukdnn ebnnkttwinfvamasel tbdhnidues 09I bal tissat | s,

wher eas the human- UM 5232A nutant. from Exanple 13(H s and hFc) and the

cont r ol - KRG ARPlecHE Piglogh PR HINGlogY RICKPPl 98t 2earica gBhPRE MANIIACIRiE dF 4t ed

i nducti 0f&hé}ifﬁsdry&id]f}@[)ﬁ?@adoﬂ_dtaal&ﬁb&ﬂ?er&%-e@msé svell kROR28l BRsicdBsdemuRst rat i ng
a

t he devel opnent o unctional assay useful for characterizing conpounds
of the i ngtdhe mehodnanddeshnipnesof tepreseymERG 2t aencHyY ReEIMGB REOriRg Pagged

Not Um COnRaEfeidrds ABRloEST NI IBEAR ofd A REABeRET vBbELEhENRh rfthe Not um

modul ators in accordance with the teachings herein. Mre specifically, FIG
9B i | | ustsp@ifegeferracesding erstcited dsidigepen theougheit theqresont spegfiqaeFenlesad

ot U LT, 8. LSS e DRSPS Bl et ety

respect i Wednyal, Jided e Cokisipring Harber Eantdtomyddess,rCoid ShringClankbrir 8. Yg (24000 cal | y

illustrate that um-hFc and tu i.s, nodul.at ors. a i th 3A
bat heey TSI o e R B AR S e BB CAh PR AL AR Skt
nmodul at orpsotedol Hxagélal BidegynBliley Siohm KaSdny,, Ind=(28029 Hagbewsd LinetUsingr i ne Not um

nodul ators (H.s d.Fc) a C Not hEc. al so anta ize the, Wit 3A
canoni ca|A%&P%ﬁ?\%ﬁ?%&%ﬂ%@r@%Sﬂflfefe%%ﬁ%f&%?“ﬁ@%@ 3% %ﬁ@ 51%8?% 8Py dat a
val i dat esN yh@ 9d®t aHm dol Wi ethil. OStESERoBES]s BiITRUEIntIaRhce) W ile9 LBhS & Sudk dndNot um
constructs conprising at least a_portion of the Notum extracellul ar domain
can ant ad%@ﬂ3igglizi¥@a%fea‘ﬁ%§??ﬁwur‘@5{%ﬂ?ﬁIt@hi‘guﬁ&fwfﬁﬁa‘%ﬁ e fRut ral i ze

Not um Activity in Vitro [00329] Using the 293. TCF cells described above,
supernatants from hybri domas and/ or puﬁ?fi ed anti bodi es shown to bind Notum
by ELI SA assays (Exanple 9) were screened for their




ability to neutralize hNotumH s or hNotum Fc activity as follows. 2.5 x
104 293. TCF cells were plated per well of a 96-well tissue culture plate in
50 1. 1.1 W0aP12487i ¥ free nedium After 23 hours of seruRCI(H2UAOIBPAS 10
1,11, of DMEMHO.2% FBS contai ning various Notum proteins at various
concentrations were mxed wth either 15 pL of supernatant fromthe

hybri doma, or 15 pL of purified antibody at various concentrations, and

al | owed trenifagubet spedificatiBnsyanernesondy aqcowphishedripghatrtiores dfyeeib@bherdin. The

ant i body; Not um m xt yre t hen, added h al . After 1 hour,
25 pL of “%?r”é% Or ' grll ?O\§$§T19 c (‘évlrl]tlh’ @gﬂ?hv\?el%]gor%tg@é%&t%gurgsg%rﬁq%/\%ﬁqyéﬁ ght een hours
af t er addialytionl chémisS, sifBetfcl drgamic dBamisly mnd alaedicirahar(dRheiegeutCargperpisias added
to each | I.. The.contents each wel | re t.hen m xed thoroughly to lyse
the cel | §55CHisd hefein g d}oﬁ%‘g?lgf“forwé’r?élfl8??@8’%@38%0{’3@}? ¥s-wel | plates, and the

| um nescegee7]r ead rafetedtesdr BbJUeaS disEREedann @ltadswishi@ fhisupedibicdiyn aet withduy

either RAW Il uciferase RLU were plotted, .or the data was nornali zed to set
Wit 3A CMIBERHQH; fngorgerated AErin by Teierenei el Cnfsly- IHPSe VS ey S?Cé‘f’ﬁb?f‘éﬂlgés

Nor mal i z g dWatedr drO e © 8@ nizitonhigfugfBesasilyl adtaye) not @ bet@h{tRkd &€kintiag gRt Wit 3A CM
activity at 1 and the luciferase signal at maxi mal Notum ant agoni st

acti vi t ysupdecwagerdgicapeted as % neutralizing activity). [00330] As can be
seen in FIG 10, several of the antibodies were able to inhibit Notum
activity when added at a concentration of 10 pg/nL. Moreover, selected

Not um nmodul ators (e.g., SC2. A106 [aka 10B3] and SC2.D2.2) proved to be
particularly effective and showed gg%g},ﬁghi bition of greater than 80% at

t he sane concentration. Antibody SC2.D2.2 was further characterized to
denonst r #0868t s Tabpiesanyinventionhihiyi genethiy deseribeils willdfe undereipodNopigngadiy bhe

293. TCF | ugi I I A i I i |t
the same T GvAELSTE ISR bAMAR> My WERI QUGS pf HELLELRSR SLARE! (D e
11A showsnt¢riled to3€2inDRnPofshipi@stasttisventian dlhe dixampleslaramnti ibeudedde teprasent ghat

concentragtion de dent ner tao antagonj ze_ the effects. .of ed.

ot um S SRR o gt e Ry SRR Bl R S et SARE wher ei n
SC2. D2. 2 ppsrard ped banieidhgaiyolécslal ivtight ie e aivasige uatccduswaghtcemperatireons  of

Not um Hi s GﬁFI G 1lBg% and Notum hFc (FI G 11% .respectively. The inflection
poi nts i H 4968 EEINAdRgnd RFSTRLS 15 AT WA PSP ¥ Enf i rm t hat the modul ation
activities of the antibody act in a concentrati on dependent manner to

ant agoni ze Notum activity rel ative Esamhke labsol ute anount of sol ubl e
Noturn. Moreover, as seen in FIG 11D a_second Notum nodul ator, SC2.Al106,
was al so abl e to i nhiGharagtprzagioniof Fugpop fnitigtigg ColbPennlations al t hough |
apparently not to the sane extent as SC2.D2.2. Taken together these results
show t hafo2he] Ndbueharaadideaiecoref uldr Istdrogee tyhdselihtuproowas dey ek fseiotchncer

neutralization candi dates.and are strongly indicative of the us f such
Compound et T St PRIERIFA it Rt Rt bOdrERL s EelioEsE)
2012/ 027 G23Ppakti&dbat phdd DRt Brk ks angldenti® chti¢ B4 rélbanatt@pdziatargans, @flar@dot um

Modul at ors [00331] The hi egre f specifigity displayed by anti.bqdi es
of ten redgptradifional xgnogiy Ogg%(gﬂ’&oéga % S%Yelﬁgiaﬁiwaﬁfaﬁ)wg?{‘ﬁlﬁg ?XW'?P%JHR an

af fect t hen@bhldsCcasyNIK thieSRnRMosHLEIRS a langetivhiber emifiscstd wllor tadd ks wab

di sease. To investigate structure-functjon relationships of Notum cDNA
sequence S PAECdR MBRENCRRPIGE S HFOhEUD H’I”.lt’t igae hRgOgERFe IS hrous e
(Exanpl egeifs @pthafly oMEhE £oARBReroREOHES PadethinonReh By 5 QaN@N 6LDL@tunidie Not um
proteins fromthese animals, showed a high degree of honol ogy,_ which

expl ai ns mahignasrigs. obfieccontimief arallabiliygif @diree pwaksr pedicarsty Faly Repage NAX been
observed | (- HERE Y I; ' FRGion ABR; gmis
079 1 dont L T R R g M T i SRR ARE o TR

conser vatliPéras dfey aHew far)thediepigifdible asbiepatedshapetenradysofrcgls pidisd femithe nat ur e

human Not um.seq 0 . ce) (2)

N- gl ycosf/:iggl“?eghﬂ@??c aéﬁgugaﬁg’ %gl)g{egr%g%}rc{egg? gcrg?eiu@gﬂl\g%a%@rﬁggggg on the common
enzymat i cetaspdctivdly acchvbiig toftheirabilayriorgenerate phermplpaaByrent momhdogoniser vat i ve.
The N-term nal part of .the n._an use,.sequence d .the

vari at | ofetlpeBLbmptyh sl A B R P B GRS ISR

i nserti onsiginkted TH) the RRIGGR32 hiseAsnaigopldx@mp bLisSlated ndlz tNgdnaneafintly gen
constructs were used to inmunize mce and produce the nodulators. Wth 91%
sequence honol ogy between human and no&5e Notum protein it was expected

t hat nost of these antibodies cross react wth the nouse Notum protein.

[ 00333] Bi nding of selected hybridoma derived nouse mAbs to purified Notum
antigens generated fromtransient transfection of human and nouse Notum
cDNAs was tested using ELI SA assay. Human and nouse Notum were used to
directly coat ELISA plate using art recogni zed techni ques. Binding of nouse

o, M. o, o, - -



[003341 As seen in TABLE 1 imedi ately below, twenty-two of forty-six
anti bodies tested were specific for the human Notum TABLE 1 Human
Speci fi c WMORAR/RB8e cross reactive SC2. A3 SC2. A1l SC2. ABCHUZ2(042/049458

heterogeneous tumors in mice is strongly indicative of the fact that the isolated cells comprise
TPC. In such work the use of minimally passaged NTX cell lines greatly simplifies in vivo
experimentation and provides readily verifiable results. Moreover, early passage NTX tumors
also respond to therapeutic agents such as irinotecan (i.e. Camptosar®), which provides clinically
relevant insights into underlying mechanisms driving tumor growth, resistance to current
therapies and tumor recurrence.

[00270]  As the NTX tumor cell lines were established the constituent tumor cell phenotypes
were analyzed using flow cytometry to identify discrete markers that might be used to
characterize, isolate, purify or enrich tumor initiating cells (TIC) and separate or analyze TPC
and TProg cells within such populations. In this regard the inventors employed a proprietary
proteomic based platform (i.e. PhenoPrint™ Array) that provided for the rapid characterization
of cells based on protein expression and the concomitant identification of potentially useful
markers. The PhenoPrint Array is a proprietary proteomic platform comprising hundreds of
discrete binding molecules, many obtained from commercial sources, arrayed in 96 well plates
wherein each well contains a distinct antibody in the phycoerythrin fluorescent channel and
multiple additional antibodies in different fluorochromes arrayed in every well across the plate.
This allows for the determination of expression levels of the antigen of interest in a
subpopulation of selected tumor cells through rapid inclusion of relevant cells or elimination of
non-relevant cells via non-phycoerythrin channels. When the PhenoPrint Array was used in
combination with tissue dissociation, transplantation and stem cell techniques well known in the
art (Al-Hajj et al., 2004, Dalerba et al., 2007 and Dylla et al., 2008, all supra, each of which is
incorporated herein by reference in its entirety), it was possible to effectively identify relevant
markers and subsequently isolate and transplant specific human tumor cell subpopulations with
great efficiency.

[00271]  Accordingly, upon establishing various NTX tumor cell lines as is commonly done
for human tumors in severely immune compromised mice, the tumors were resected from mice
upon reaching 800 - 2,000 mm’ and the cells were dissociated into single cell suspensions using
art-recognized enzymatic digestion techniques (See for example U.S.P.N. 2007/0292414 which
is incorporated herein). Data obtained from these suspensions using the PhenoPrint Array
provided both absolute (per cell) and relative (vs. other cells in the population) surface protein
expression on a cell-by-cell basis, leading to more complex characterization and stratification of
cell populations. More specifically, use of the PhenoPrint Array allowed for the rapid
identification of proteins or markers that prospectively distinguished TIC or TPC from NTG

bulk tumor cells and tumor stroma and, when isolated from NTX tumor models, provided for the
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relatively rapid characterization of tumor cell subpopulations expressing differing levels of
specific cell surface proteins. In particular, proteins with heterogeneous expression across the
tumor cell population allow for the isolation and transplantation of distinct, and highly purified,
tumor cell subpopulations expressing either high and low levels of a particular protein or marker
into immune-compromised mice, thereby facilitating the assessment of whether TPC were
enriched in one subpopulation or another.

[00272] The term enriching is used synonymously with isolating cells and means that the
yield (fraction) of cells of one type is increased over the fraction of other types of cells as
compared to the starting or initial cell population. Preferably, enriching refers to increasing the
percentage by about 10%, by about 20%, by about 30%, by about 40%, by about 50% or greater
than 50% of one type of cell in a population of cells as compared to the starting population of
cells.

[00273]  As used herein a marker, in the context of a cell or tissue, means any characteristic in
the form of a chemical or biological entity that is identifiably associated with, or specifically
found in or on a particular cell, cell population or tissue including those identified in or on a
tissue or cell population affected by a disease or disorder. As manifested, markers may be
morphological, functional or biochemical in nature. In preferred embodiments the marker is a
cell surface antigen that is differentially or preferentially expressed by specific cell types (e.g.,
TPC) or by cells under certain conditions (e.g., during specific points of the cell life cycle or
cells in a particular niche). Preferably, such markers are proteins, and more preferably, possess
an epitope for antibodies, aptamers or other binding molecules as known in the art. However, a
marker may consist of any molecule found on the surface or within a cell including, but not
limited to, proteins (peptides and polypeptides), lipids, polysaccharides, nucleic acids and
steroids. Examples of morphological marker characteristics or traits include, but are not limited
to, shape, size, and nuclear to cytoplasmic ratio. Examples of functional marker characteristics
or traits include, but are not limited to, the ability to adhere to particular substrates, ability to
incorporate or exclude particular dyes, for example but not limited to exclusions of lipophilic
dyes, ability to migrate under particular conditions and the ability to differentiate along
particular lineages. Markers can also be a protein expressed from a reporter gene, for example a
reporter gene expressed by the cell as a result of introduction of the nucleic acid sequence
encoding the reporter gene into the cell and its transcription resulting in the production of the
reporter protein that can be used as a marker. Such reporter genes that can be used as markers
are, for example but not limited to fluorescent proteins enzymes, chromomeric proteins,

resistance genes and the like.
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[00274] 1In arelated sense the term marker phenotype in the context of a tissue, cell or cell
population (e.g., a stable TPC phenotype) means any marker or combination of markers that
may be used to characterize, identify, separate, isolate or enrich a particular cell or cell
population. In specific embodiments, the marker phenotype is a cell surface phenotype that may
be determined by detecting or identifying the expression of a combination of cell surface
markers.

[00275] Those skilled in the art will recognize that numerous markers (or their absence) have
been associated with various populations of cancer stem cells and used to isolate or characterize
tumor cell subpopulations. In this respect exemplary cancer stem cell markers comprise OCT4,
Nanog, STAT3, EPCAM, CD24, CD34, NB84, TrkA, GD2, CD133, CD20, CD56, CD29,
B7H3, CD46, transferrin receptor, JAM3, carboxypeptidase M, ADAMY, oncostatin M, Lgr5,
Lgr6, CD324, CD325, nestin, Sox1, Bmi-1, eed, easyhl, easyh2, mf2, yyl, smarcA3, smarckA5,
smarcD3, smarcEl, miit3, FZD1, FZD2, FZD3, FZD4, FZD6, FZD7, FZD8, FZD9, FZD10,
WNT2, WNT2B, WNT3, WNTSA, WNTI10B, WNT16, AXIN1, BCL9, MYC, (TCF4)
SLC7AS, ILIRAP, TEMS8, TMPRSS4, MUC16, GPRC5B, SLC6A14, SLC4A11, PPAP2C,
CAV1, CAV2, PTPN3, EPHAL, EPHA2, SLC1Al, CX3CL1, ADORA2A, MPZL1, FLJ10052,
C4.4A, EDG3, RARRES1, TMEPAI, PTS, CEACAMG6, NID2, STEAP, ABCA3, CRIMI,
IL1R1, OPN3, DAF, MUC1, MCP, CPD, NMA, ADAMY, GJA1, SLCI9A2, ABCA1, PCDH7,
ADCY9, SLC39A1, NPC1, ENPPI1, N33, GPNMB, LY6E, CELSR1, LRP3, C200rf52,
TMEPAI, FLVCR, PCDHA10, GPR54, TGFBR3, SEMA4B, PCDHB2, ABCG2, CD166, AFP,
BMP-4, B-catenin, CD2, CD3, CD9, CD14, CD31, CD38, CD44, CD45, CD74, CD90, CXCR4,
decorin, EGFR, CD1035, CD64, CD16, CD16a, CD16b, GLI1, GLI2, CD49b, and CD49f. See,
for example, Schulenburg et al., 2010, PMID: 20185329, U.S.P.N. 7,632,678 and U.S.P.Ns.
2007/0292414, 2008/0175870, 2010/0275280, 2010/0162416 and 2011/0020221 each of which
is incorporated herein by reference. It will be appreciated that a number of these markers were
included in the PhenoPrint Array described above.

[00276]  Similarly, non-limiting examples of cell surface phenotypes associated with cancer
stem cells of certain tumor types include CD44"CD24"", ALDH", CD133*, CD123",
CD34"CD387, CD44"CD24~, CD46"CD324*CD66¢”, CD133"CD34*CD10°CD19",
CD138°CD34°CD19*, CD133*RC2", CD44%x, B1"'CD133 *, CD44"CD24"ESA*, CD271",
ABCB5" as well as other cancer stem cell surface phenotypes that are known in the art. See, for
example, Schulenburg et al., 2010, supra, Visvader et al., 2008, PMID: 18784658 and U.S.P.N.
2008/0138313, each of which is incorporated herein in its entirety by reference. Those skilled in

the art will appreciate that marker phenotypes such as those exemplified immediately above may
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be used in conjunction with standard flow cytometric analysis and cell sorting techniques to
characterize, isolate, purify or enrich TIC and/or TPC cells or cell populations for further
analysis. Of interest with regard to the instant invention CD46, CD324 and, optionally, CD66c
are either highly or heterogeneously expressed on the surface of many human colorectal (“CR”),
breast (“BR”), non-small cell lung (NSCLC), small cell lung (SCLC), pancreatic (“PA”),
melanoma (“Mel”), ovarian (“OV”), and head and neck cancer (“HN”) tumor cells, regardless of
whether the tumor specimens being analyzed were primary patient tumor specimens or patient-

derived NTX tumors.

Example 2

Isolation and Analysis of RNA Samples

From Enriched Tumor Initiating Cell Populations

[00277] An established colorectal NTX cell line (SCRx-CR4) was used to initiate tumors in
immune compromised mice. Once the mean tumor burden reached ~ 300 mm®, mice were
randomized and treated with either 15 mg/kg irinotecan or vehicle control (PBS) twice weekly
for a period of twenty days, at which point in time the mice were euthanized and TPC, TProg,
and NTG cells, respectively, were isolated from freshly resected NTX tumors generally using
marker phenotypes as set forth in Example 1. More particularly, cell populations were isolated
by fluorescence activated cell sorting (FACS) using CD46, CD324 and CD66¢ markers and
immediately pelleted and lysed in Qiagen RLTPlus RNA lysis buffer (Qiagen, Inc.). The lysates
were then stored at -80°C until used. Upon thawing the RNA cell lysate, tota]l RNA was
extracted using the Qiagen RNEasy isolation kit (Qiagen, Inc.) following the vendor’s
instructions and quantified on the Nanodrop (Thermo Scientific) and a Bioanalyzer 2100
(Agilent) again using the vendor’s protocols and recommended instrument settings. The
resulting total RNA preparation was suitable for genetic sequencing and analysis.

[00278] The RNA samples obtained from the TPC, TProg and NTG cell populations isolated
as described above from vehicle or irinotecan-treated mice were prepared for whole
transcriptome sequencing using an Applied Biosystems SOLID 3.0 (Sequencing by Oligo
Ligation/Detection) next generation sequencing platform (Life Technologies), starting with 5 ng
of total RNA per sample. The data generated by the SOLiD platform mapped to 34,609 genes
from the human genome, was able to detect Notum and provided verifiable measurements of
Notum levels in all samples.

[00279]  Generally the SOLiD3 next generation sequencing platform enables parallel
sequencing of clonally-amplified RNA/DNA fragments linked to beads. Sequencing by ligation

9]
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with dye-labeled oligonucleotides is then used to generate 50 base reads of each fragment that
exists in the sample with a total of greater than 50 million reads generating a much more
accurate representation of the mRNA transcript level expression of proteins in the genome. The
SOLIiD3 platform is able to capture not only expression, but SNPs, known and unknown
alternative splicing events, and potentially new exon discoveries based solely on the read
coverage (reads mapped uniquely to genomic locations). Thus, use of this next generation
platform allowed the determination of differences in transcript level expression as well as
differences or preferences for specific splice variants of those expressed mRNA transcripts.
Moreover, analysis with the SOLiD3 platform using a modified whole transcriptome protocol
from Applied Biosystems only required approximately 5 ng of starting material pre-
amplification. This is significant as extraction of total RNA from sorted cell populations where
the TPC subset of cells is, for example, vastly smaller in number than the NTG or bulk tumors
and thus results in very small quantities of usable starting material.

[00280] Duplicate runs of sequencing data from the SOLiD3 platform were normalized and
transformed and fold ratios calculated as is standard industry practice. As seen in FIG. 2, an
analysis of the data showed that Notum was up-regulated at the transcript level by 2 to 5 fold in
the TPC over the TProg and NTG populations and was further elevated in NTX tumor-bearing
mice being treated with 15 mg/kg irinotecan, twice weekly. The observed overexpression of
Notum in the TPC subpopulation of NTX tumor samples using the extremely sensitive SOLiD3
analytical platform suggests that Notum may play an important role in colorectal tumorigenesis

and maintenance.

Example 3

Real-Time PCR Analysis of Notum

in Enriched Tumor Initiating Cell Populations

[00281] To confirm enhanced expression of Notum in TPC populations versus TProg and
NTG cells, TagMan quantitative real-time PCR was used to measure gene expression levels in
respective cell populations isolated from various NTX lines as set forth above. It will be
appreciated that such real-time PCR analysis allows for a more direct and rapid measurement of
gene expression levels for discrete targets using primers and probe sets specific to a particular
gene of interest. TaqMan real-time quantitative PCR was performed on an Applied Biosystems
5900HT Machine (Life Technologies) which was used to measure Notum gene expression in

multiple patient-derived NTX line cell populations and corresponding controls. Subsequent
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analysis was conducted as specified in the instructions supplied with the TagMan System and
using commercially available Notum primer/probe sets (Life Technologies).

[00282]  As seen in FIG. 3 quantitative real-time PCR interrogating gene expression in NTG,
TProg and TPC populations isolated from 3 distinct colorectal NTX tumor lines (e.g., CR2, CR4
and CR5) shows that Notum gene expression is elevated approximately 2-fold in TPC cells, and
this expression is further elevated to approximately 4-fold in mice undergoing treatment with
irinotecan. The observation of elevated Notum expression in NTX TPC cell preparations as
compared with TProg and NTG cell controls using the more widely accepted methodology of
real-time quantitative PCR confirms the SOLiD3 whole transcriptome sequencing data of the
previous Example and further implicates Notum as a driving factor in colorectal neoplasias.
Moreover, increased Notum expression in tumors treated with an anti-cancer agent shows that

Notum modulators or antagonists may prove valuable as an adjunct therapy.

Example 4

Expression of Notum in Unfractionated Colorectal Tumor Samples

[00283] In light of the fact that Notum gene expression was found to be elevated in TPC
populations from colorectal tumors when compared with TProg and NTG cells, experiments
were conducted to determine whether Notum expression levels were also elevated in
unfractionated colorectal tumor samples versus normal adjacent tissue (NAT) and other normal
tissue samples. Custom TumorScan qPCR (Origene Technologies) 384-well arrays containing
110 colorectal patient tumor specimens, normal adjacent tissue, and 48 normal tissues were
designed and custom fabricated according to a provided protocol. Using the procedures detailed
in Example 3 and the same Notum specific primer/probe sets, TaqMan real-time quantitative
PCR was then performed in the wells of the custom plates.

[00284] Figures 4A and 4B show the results of the expression data in a graphical format
normalized against the mean expression in normal colon and rectum tissue. More specifically,
FIG. 4A summarizes data generated using 168 tissue specimens, obtained from 110 colorectal
cancer patients, (35 tissue specimens of which are normal adjacent tissue from colorectal cancer
patients) and 48 normal tissues. In the plot data is represented as box and whisker plots, with
the median value represented as a line within the box. Similarly, FIG. 4B contains data from 24
matched colorectal patient specimens obtained from tumor or normal adjacent tissue. Here the
plotted data is presented on a sample by sample basis with linkage between the respective tumor

and NAT. Both FIGS. 4A and 4B indicate that, in all four stages presented, the expressed level
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Exanpl e 17 Epitope Mappi ng of SC2.D2.2 Notum Mdul ator [00335] To better
understand the structural basis for the interaction of 5C2.D2.2 with hunman
Not um a WRi2AEY602¢72Rot um protein was fabricated. This appBCHaSROILAKESS
advant age of the fact that the orthologs are structurally related. To that
end a chinmeric Notum nol ecul e conposed of the N term nal of the human

mat ure Notum protein (residues 19-144) fused to the nouse Notum (nouse
resi dues oﬂlﬁé)M&«ﬂr) ge(ng érds/atedtihcdonghlgteens aml inhndEsterpineor Zpecipens genses at ed and
expresse 'mrél adéscequrt't ar. manner to that set forth in previous Exanples. The
BanHl r e8Pt PON cI’8&vage site in human Notum gene was used for

constr uc[OOGBlS]of Madie pdredrdarfyusd mmlfsl@tf teal-Gine i?@Rlom tmsepﬁmary pAneneiqmoessi on
vector was then constru 0
SronE8 B feb Sl Snteratiet M iRt S ona 1 ¢

sequence SATEIFas PRPOFSLY
active lmot)@eow\ﬂigh&n@a&q;ayerfﬂawm edis above adjseat trfswquAer)&Yret;ebtmN)af [ 00336]
Bi ndi ng of SC2.D2.2 and oi r mAbs to purified nmol ecul es
gener at e@FIGHASE (fnSiaght Ygﬁ%@ciﬁ)&ﬁ“ §‘f“eI§|6Pfg?§“5‘n"¥Fs%ﬂ yrléllﬁ ﬁ‘?cDNAs wer e

tested ughhexifkdeBARRDIYIdM MbrchaRMoNRI TN AT UM Bre il UM 181 @ x SrBds BRI 48
human/ nouse Not um coated directly on ELISA plate. Binding of anti-Notum

mAbs was rd@tvelytiey ingnes nppl e yith ealygexpal al%?mw@ég%?fﬁ%@agﬁna%g%| | owed

by col ori &srsioﬁ lél@fs%.%xaa@b&!”'th@ﬁ{e@%h Q@@}@o%h@a ;@éo@orécwea&@bﬁatnéﬁtt@naﬁaer mo
Scientific The absorbance of each t he ELI SA pl ates was neasured

at 450 neludiared birsees pgHevaedgapriopiiodN Ottpmagglﬁ]acmﬂ@teéfﬂeip@ﬁ%w@h@@pﬂl SA
assay copfi {]mﬁgel? & Qi pég.l;lglgle%ls ;mrﬁg?co%l%sﬁl@tﬂ %@ng%&sm%% fetamand to

t he Notumcwrercpr el n, confirmng that .2 epitope is within
the firsthel8Bumgsicduedicoift tlndfté:VNODleWnanﬂJ@Pmrt efreallgnangiesNot um pr ot ei n.
Exanpl e 18

Example 5

Differential Expression of Notum in Exemplary Tumor Samples

[00286] To further assess Notum gene expression in additional colorectal cancer patient
tumor samples and tumor specimens from patients diagnosed with 1 of 17 other different solid
tumor types, TagMan qRT-PCR was performed using TissueScan gPCR (Origene Technologies)
384-well arrays, which were custom assembled according to a provided protocol as in Example
4. The results of the measurements are presented in FIGS. 5A and 5B and show that gene
expression of Notum is significantly elevated in a number of tumor samples.

[00287] In this regard, FIGS. 5A and 5B show the relative or absolute gene expression levels,
respectively, of human Notum in whole tumor specimens (grey box) or matched NAT (white
box) from patients with one of eighteen different solid tumor types. In FIG 5A, data is
normalized against mean NAT gene expression for each tumor type analyzed. In FIG 5B, the
absolute expression of Notum was assessed in various tissues/tumors, with the data being plotted
as the number of cycles (Ct) needed to reach exponential amplification by quantitative real-time
PCR. Specimens not amplified were assigned a Ct value of 45, which represents the last cycle
of amplification in the experimental protocol. Data is represented as box and whisker plots, with
the median value represented as a line within the box.

[00288] In addition to patients diagnosed with colorectal cancer, those diagnosed with
endometrial, esophageal and uterine cancer also had significantly more Notum gene expression
in their tumors versus NAT, suggesting that Notum might also play a pathological role by

impacting TPC self-renewal and proliferation in these tumors. Ovarian, prostate and thyroid
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Not um Modul ators Exhibit Differential Species Activity [00338] Using the
293. TCF cells, purified SC2.D2.2 and SC2. A106 anti bodies were tested for
their abiWP2914@7R8utral i ze nurine Notum H s or nacaque PNOtUSRGIEO4HEEE | vity
as follows. 2.5 x 104 293.TCF cells were plated per well of a 96-well
tissue culture plate in 50 tL of serumfree nedium After 23 hours of serum
starvation, 10 uL of DMEMtO. 2% FBS cont ai ni ng the Notum proteins at various
concent r atmoonasoledeleavitkéNowint dxpieSsion. atbfit fass $igniichnanVihiyorhs ako clearfrans

t t t .
concents il e 0. AL QUEH s LB 5! BTV S Bk QBN R . 1
After 1 Nadrsamphs; aiutlothe WikhSAexpressionbeiog obseved In tiMiveertestiadakbing.oAgach wel | .
oty Cnteseih ot nACK R ST it R Siro AU Birb Sl s ea o

t hor oughhyndrtgerheyﬁ@r bdipetGeioh $n a Abed bf Bfpetpyddtratiterdisosdeer.r ed to bl ack 96-wel |
plates, and the |um nescence read after 5 minutes. [00339] In addition to

not being cross reactive with muri nﬁxmwr@ as seen in Exanple 16, SC2.D2.2
did not inhibit the activity of either rine Notum or macaque Notum (FI G

12A). simlarl X)lffglt%ﬁtlﬁrﬁdt@ﬁq%oéggEﬁJ&@um ifl V!ﬁl‘ou's PObIBA TriskieL AGles Vi ty Of

murine or macaque Notum ( 213) despite show ng cross reactivity with

AR 1 fﬁ%urﬂﬁ&fngt an@%@? %18%@ AACOIRANRE i lyeh Gufbenfiot 2 11

r esi dues sgfipléshe eiNdeeedrbnths pedfvidul Ex araples, evmbicelwamcmg]alfm; coaﬁsbohdllegl nability
of SC2.D2.2 to.inhipit thefuncthagn of miéqli inhibit the
functi onSFeAfEAT WEN%&’(’%%‘)&FH@ SBIHE P SPMIBES f‘)f“?refs%cc f‘?& Sﬁp}faﬁe PRfe fere

Wi th Asnig@s(campiindergidoled plithes Ftiphies Gbmichenifdfeat thblbmyp@rmmln)
activity. See the sequence alignment in FIG 1C Tha%J é hge onI am no
aci d di f fepehvenqrma WéaCF@It’é%rWerepﬁPY‘fi algie Vigeargels §6id7 SWEI ﬁwf’@@)‘f mis
at 108 Apri3Predpisibh %&%@bw}ﬁ bxdoBiicts Blokfdter €DLGETe Mhmcrgeeg; N6iGhUSI on

(i.e. the epitope conprises t i'tope) or conformational changes or
steric hiprmEHRAEESSSiEN &t he HEhtgs wg@géieéasmw appicgoglonal antibody generated

against human Notum and colorimetric detection reagents and protocols provided by the
manufacturer. Spots on the fabricated array were converted to a digital image using a flatbed
scanner and then quantified using the SpotDenso function within AlphaEaseFc Software (Alpha
Innotech, Inc).

[00290]  The results of these assays are shown in FIG. 6 and indicate that expression of the
Notum protein is upregulated in several different types of tumor. More specifically, FIG. 6
shows the levels of expression of human Notum in normal adjacent tissue and 293T P53
negative controls (white) or 293T P53 positive controls and tumor tissue (black) from specimens
obtained from patients with one of eleven different tumor types (i.e., primary tumor samples).
Data was generated as described above and represented as average pixel intensity per spot. Data
plotted represents Mean + SEM.

[00291]  1n addition to colorectal cancer, Notum protein expression appears significantly
elevated in tumor specimens from patients with melanoma, prostate and pancreatic cancer.
These data suggest that Notum overexpression may be involved in TPC proliferation and/or
survival in these tumors. Furthermore, detection of Notum protein may be prognostic of these
diseases.

[00292] In view of the forgoing Examples showing Notum is overexpressed in TPC enriched
cell populations and various tumors (both at a genetic and proteomic level) coupled with the

likelihood that such elevated expression levels are associated with tumorigenesis and tumor
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Not um Modul at ors Reduce Not um Ant agoni sm of the Wit Pathway in a Co-culture
Assay [00341] In order to nore closely nodel the behavior of Notum

pr oduci ngvear12827123vi vo, co-cul ture experinents were pePCHURRULI0HIGHI ch
effector cells, either parental 293T cells (293 .null) or 293T cells
expressing soluble Notum (i.e., 293. Notumcells), were m xed in varying
ratios with reporter 293. TCF cells. Notumactivity or inhibition in the

pr esencepopbagafion, biowisalscideksto chestruglN @nnimayndgepnhetisesld bg #pqd indhet ures after

treat men 00 W30 M auBidef 1y, three different ratios of effector to
reporteréc\gfals were tes ug rg 1, 1:1 and 1:2.5, corresponding to 5 x 104:

2.5 x 104, 2.5 x 104: 2.5 x 104 cells, or 2 5 x 1041.0 x 104 cells per well
of a 96-well plate by mxing the cefxamplg 759 piL serum free medi um per well
prior to plating. [00342] For direct co-culture experinents, after 23 hours
of serum starvat i orCatructiondnd¥t B ssim of dhaggest NotumeVipddatorer e added to each
well along with 25 ut of DMEM + 0. 2% FBS per well to a final volune of 100
tiL. Eighioeen hOJdﬁﬁruaffst\@Ee fabl@datdd@nd Syfpr@Md a5 Q8 fhtiLbeddw BresGnges@htitei on

(ProMega Corp.) was added to each yell. The tents. of each well re then
ni xed thBIPBﬂblﬁPélﬂ%fSi (8@ SPHISPaI & hurperpNotyn G E}?\P ﬁ‘&gf‘}ﬁa"ﬁgrtﬁé’rp?‘éﬁa%\gg bl ack

96- el | %ﬁ%@@RF)aSEbtmﬂd W20 B66REE Bomeadmafet @t séme@ Pt BioshAA343] As can be

seen in FI G 3A, In all instances, co-culture with effector cells

secret n@cﬁféﬁlwpe%@‘%éoﬁ%z)l JlieFDNA\rdane QIFF sagvense MaTPREENGd RPN Ar ase activity
Versus CQzmbilddts biinkiloR@heiiorhe12B3 To Bk &tk Eqlch& @enBidk N 1 3393).

Interestingly, the overall induction of luciferase activity increases as

the t ot al00RMHbeForsaseedl fusfipaion wed fleiersion ebbe ecombiauPradigs BECAMA nedi a
exhaust i gf. i @ %t alfaggeré,g ﬁr@'dkf%ig‘?ﬁ&ﬁﬁé?ﬂ% BR R ihQWe! seyRheRfn&Rffe@ked Notum

fromthe pare s thensel ves 0344] For the anti body ant agoni sm
exper i meftisnd Stiep- 'rctg)T(Raprtepegf(lli‘/éIGnsBIxI\)asThpIDi‘fféénCIOdmg theenodifiedovetain (IRIGWES pi L

f DVEM %
'(I)'went y-t ﬁ‘rlrgfée%h ﬁllrr% ?‘ea @?‘ﬁé{lc}%ﬁ% ﬁ%?&%ﬁéﬁ{ﬁém ont]jr}zf)[lxg% %(PLCM wer e
added t obewetn meNlot I E:dgﬂtodenesrmmCM\&St@m (Stddagend Anc)f ardMonfid@edub bofrecfe- A o
sol ution Pro %‘%Pc"‘% lac!ﬁils Casgqhtfe%g?lt})slp\%ll\%a Thgnaqggqt%ntss of each well

were t hef! 0 Iy he C ysa Bt Fansferred
to bl ackdﬁ&{y\ﬁbﬂetl@i attﬂsreccamldnatdnﬁrokawm nescence read after 5 m nutes. [00345]

T N I I A R R T

acti vi ty fiyusdVNtpsdiuehibn dffiledifed r€@d&®inant products. The pSEC-CAG expression vector
contains the CAG promoter, which is composed of a human cytomegalovirus (CMV) major
immediate-early gene enhancer/promoter region a 3-globin/IgG chimeric intron located
downstream of the enhancer/promoter region. pSEC-CAG vectors promaotes strong, constitutive
expression of cloned cDNA inserts in many cell types. pSEC-CAG also contains the IgK signal
peptide/leader sequence to promote enhanced secretion of expressed of recombinant proteins
from cells transfected with the plasmid. The epitope-tagged Notum ORF from pCMV-Script
was subcloned by PCR into the pSEC-CAG vector between the Sfi I and Xho I sites to create
pSEC-CAG-NOTUM-StrepHis.
[00296] pSEC-CAG-NOTUM-StrepHis DNA was used for 1 liter transfection of suspension
293 cells, and the recombinant protein was purified from supernatant of transfected cells using
Nickel-NTA columns. More specifically, recombinant Notum protein was produced in adherent
HEK293T cells, by transfecting the plasmid pSEC-CAG-NOTUM-StrepHis using
Lipofectamine 2000 (Life Technologies) according to manufacturer’s instructions. Supernatants
from the adherent cells were harvested at 48 hours, and the recombinant His tagged protein

purified on Ni-NTA HisTrap column (GE Amersham) using an AKTA prime instrument.
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of the co-cultures of 293. Notumto 293. TCF cells, addition of the SC2.D2.2
anti body increases the anmount of Wht 3A-i nduced | uciferase, consistent with
anti body WARPY®2V1?§ t he Notum bei ng secreted fromthe 298TNSRUAEHSE s, and
bl ocking its paracrine effects on the 293. TCF cells. Such results in an
experinmental systemthat nore closely mimcs in vivo conditions (e.g. an
autocrine or paracrine effect of Notum), suggests that the Notum nodul ators
di scl oseBet¢rarhdiant pratine.£ BN otatHlyis) wifs| clierblsomdteel umsdisig adingyregndient af

animal s. . E ' kD . 6] In
an act orpiERR GofttoEh gl do Ml T Fadlohy Sy e N ET b O ARREP)

expr essi oomchytragls srelr fnrthdr ptirianichn aphiperdei2801size exalwsimmalol wwtrosherm SAKEA  prot ei n

cell lys fromfour di.fferent,cel .he - CHO
wer e rung%ﬁél{?u?-@fﬁ Iﬁqnfgk%léﬁrsogefl}'i%urglg{isl\ﬂ Ok‘%} *?ré’%‘g%né’l‘%fég%‘/ éﬁ%ra denat uri ng
condi t i op®tdis blogaralykiss Cahdaddn dtethwagused for Tinaupizatioaiin svasqutidixampast er r ed
to PVDF ane. using. the iBlot(r) Dry.Blgtting Syste Li f.e . Technol ogi es)
hocor di nRT e TEAT Hisr a3 b Nea Gt hune s SRS REEMR b oot
BSA i n PB&Rllexpsseldwoinh oubstntidyltRd sapfeirhniguéshs serdoity ansednitdlnatovk lagd ik of

ei ther murine polyclonal, or. one of i ne_nonocl onal ti podi es

(SC2. AlOTUGFC §@2‘F%&69?CS§HW%EH?‘H@° Py Hhisden TR R 4ol Cﬁar?ﬁ&%&

bet ween Reafikdulors B th&Brledentibvédiof vs dneriteacoadainy Bamhplbedy incubati ons,
respectively, Notumwas detected with AP-Affini Pure Goat Anti-Muse |1gG

Fey Frag Specific (Jackson IrmunoReigaﬁlgﬂ)s at a dilution of 1:5000 in
bl ocki ng buffer. Notum was then det ectel Usi ng NBT/BCI P substrate: a
ready-to-use, precipitating substrate system for_ al kali ne phosphatase. This
substrate system @8&&%@5’“&1‘%%5‘?56‘6?@NB?WW’BIFH&%&‘EW@WMUN that is
blue to purple in color and can be observed visually. [00347] Each of the
ant i bodi €80208jed Additiondbelatedly moyssatubis, Hetvarprettin wweraprivdicedhior nseSwWA80

ot 1 v LR BRI aR e e [ D e B R R 22 e,
possi bl y coespnas enteinmgle asingldhanméotimedd gleyctbblognfor masscahd Bheros avagde when
probed with all three antibodies. ole 21 DLf ferentlal Notum Protein
Expr essi of“{4¢ Wé’?‘iﬂg 5 MBES R TS g\l/,leS,(' i@ga]f ds' Ifoéf)g:ﬁg}]e A ter ppglgc ument | ng
enhanced pdloion bf fucl eaBtrexpwasis Hhah in érigitinidess odferwissmpedifei ¢ sanpl es as
et denced ol o, RLSHLOUS, ) 6% ol Rehudh 0, SYELSE ISR RROLE M
di f f er entamplA@Y byt BUFe® iA¢ludei@iffame, flanking EcoR I and Nco I restriction sites, and subcloned

between the EcoR I and Nco I sites of pFUSE-mIgG;b vector (Invivogen) to generate pFUSE-

NOTUM-mlIgG, comprising an IL-2 signal peptide sequence, fused in frame to the sequences

encoding the mature human Notum protein, fused in frame with sequences encoding the Fc

domains derived from the mouse IgG2b gene. The mouse IgG2b Fc domain was replaced by a

DNA sequence encoding the human IgG2 Fc, which had been amplified by PCR from the

plasmid pFUSE-hlIgG, (Invivogen). The human IgG2 Fc PCR product was digested with Bgl II

and Nhe I, and subcloned into the same sites in the vector pFUSE-NOTUM-mlIgG, to yield

pNOTUM-hIgG, hFc, comprising an IL-2 signal peptide sequence, fused in frame to the

sequences encoding the mature human Notum protein, fused in frame with sequences encoding

the Fc domains derived from the human IgG2 gene. The amino acid sequence (SEQ ID NO:

333) and nucleic acid sequence (SEQ ID NO: 334) of an exemplary human Fc-Notum fusion

construct are set forth in FIG. 1D wherein the Notum portion of the molecule is underlined.

[00300] Recombinant human Notum-Fc protein (i.e., hNotum —Fc) was produced in CHO-S

cells (Life Technologies) that were transfected with pPNOTUM-hIgG, hFc plasmid using linear

poylethylenimine and standard methods (See e.g., Durocher, Y. et al. Nucleic Acids Res. (2002)
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respective normal adjacent tissue (Exanple 6, Oi Gene Technol ogi es) wherein
Not um protei n expressi on was detected using a nouse pol ycl onal anti body.
Usi ng t heWeemRIe2AR89 nouse nonocl onal anti body that rec®ghiUsEI1IGEHEH Not um
by Western Bl ot (Exanple 20), nore conprehensive reverse phase cancer
protein |lysate arrays conprising 4 dilutions of 432 tissue |lysates from1l
tunor types, or their respective normal adjacent tissue, were obtained

al ong wi B@Ie%whthdﬁliscomxﬁor@%h@e’h by raferetredrFivg ddys afterTREGedivertbxpreskingt as
driven b ogen rf n or med.

ol or 1 morel SEORETRY o R R Flue S Al O 2L AR AR BFL O
nanufactu$ewxmﬁsmHEABemhamﬁdamaﬁmemyﬁfﬁﬁi&éﬁ@mnﬁamhnnkogmesXm and spots on

thefabricatedara ted to di,gi.tal image using a fl atbed
scanner G&HY™ %tf@ca‘ﬁﬁlmﬁéeﬁ(?%é{’?{f\g exchanged 6 Pl

(http:// [()I)QOI]UI’II(MmgTsBmfaE hickaplut sblogiodlaBil DINegyiHiias ealiques,dudaradvhittuetsSpot
Intensity. Data was generated as scri bed above and r sented as.average
pi xel i nFYRLTSRE PAPe gﬁ[ﬂ“ a”ﬂé‘f“’éaﬂeifot“é'd a‘?‘glﬁ’r]@éi ﬁtrggl?rf‘?d’i’ev%)ffﬁﬂ?at I8 UG dhsi ti es
for eachadshpadi€lopResichBis andl it hiva ptddie deeem;ﬂseamque&moﬁe@mmg & tean.
[00349] Results fromthese arrays are shown in 5A- 15G and i rg(lrcate

that expPEEEPoH b cHEs NGt FrEee; NM—%F]W?E@GI%&C@W WW"@%@@W&! (CGenP#%r ent

tumor tyRes.ool Mekvslivige SRaekilddCray BRRRIEIAHINSy GENEARGREgeRMHutE Tefmanypr €
speci fical Iﬁ FI GQSQ; 15A§?5615h0\§v th@%mt he | e?/‘zy | s of hSrragr(l3 Notgctjm rodtyse)l n

expr essi dhe BNA wiceding de nafire yses Nogm psefeinayis amplified tyrREs from ek GENEAH|  and
ovarian Rl vec fo, 36 FitkelABq Fn ﬂﬂ?b@&@ﬂﬁqd NYRI1RQVESs: smmpwra@m expressi on

appears e vate in nost patients wt he neur oe docrl ne- subq%)pe of

pancr eat derived fiverpRUSEGnI(BB)in which izt seqheNess @qumgttéﬂ moesg pgledbdicalomai kadr i ous
subset s %g ncf%ggc%ﬁ V\Rt%tsleﬁlg &s efollf % %unym o%am( t’ﬁﬁ)ﬁél 1@391&100' orectal
cancer ang ancreal ¢ neur oendocri ne subtype (isle tunmors) of

di sease, pSG@E&StnuacNouinewhmh ld\laltgamsumilanccomi‘é)@THM bld@ahﬁcedltldﬂ@ eusatugorpior

met ast asi s . n.t unor Al so shown in the results in FIGS.
15F and IB8™ eNo t%%é%%?”erﬁ%&%auct Ftoa\l:)s“\'gl;)ral\lot um protein expression in kidney
and i ve(OdS(mor Simildlysthe BHUAC ticoding shegeaar M. byl gradatten pidtr:irh aheimgifmdéy of

0 seasc: i e RAGEDLL G0R) a0 b bYFR ISR RLBRYHSEE 5 1

progr esspgﬂRXVdmug Iylecchgﬂcangwoowammm@tgumnﬁﬂdmymmm %GNhFumt(l HeG 150G,
chol angi ocar.ci.no r of t??ﬁ bil e duct and po nor bi | e duct

is aca
tissue vvé%bSBW“?‘ﬁgfﬁ‘WCdﬂ‘E’d%E cCUB RpaH MuBie AR Doyt uNdiuUW

Modul at oiFg tABEBG6MRIng eve}\éq;trwncwdu@@&d@ebhosd Eatis\ea idsBrsddifheh@hiredn-FO0351]  As
set forth in Exanples 2 and 3, Notum expression was denonstrated to be

el evat ed t4gaed R NS Bebf¥t i ng cells from col orectal tunors. To determne
whet her Notum protein inpacts cell proliferation and/ or apoptosis of human
col orectal cancer cells, HCT-116 cekksmpr9 nouse |ineage-depl eted NTX tunor
cells (i.e. human tunor cells) were plated as described bel ow and exposed

to reconbi nant hNogkgBrhBorDof AMNON S THA Stitddied NoE Mok )Conftgu@t i - Not um
anti bodies. Cell nunbers were then assessed 12-14 days later. [00352] More

S a3 Pl i BOFRRR I B B b el R Pl ol MRS RE . oy

had pr eviwdthsheyteipbongs dc&ammlsbmmle@butauomthmabmm -Hivor hyetwimeFa dhlttss regardi t r o

foll owed 24-hours,.|l ate add ti. reconbl nan t i s or
ey 1o e S B e et el he i, ERANS rER Bl MR oe! L 2
or an i sob e thaidenidallg it inhidod yhe(dctién of MORGH for@ed trantrmet of idoplasticniivsbdtsed f or

14 days at % an % 02 and.t he nunber. i,abl e cel S
assessed® H%‘i‘gﬁj‘ﬁﬁrm % ‘?F?ﬁ“é‘?”ﬁf ey SUvF ’I??”Pu%g “f‘%é‘“f?&ﬂwa’@kw’\gf- s
i nst ruct nNAEn akdOsed {@q)ré—dﬁ;{e Alipidembd aslfomevst @ commerci al ly avail abl e

colorectal tunor cell line), cells were plated at 2,000 cell u}gz;ar well in
DVEM + 1944384 %wrlr@m%boﬁzfs HGTFrgeneraied by Hgfmtl%n&é&mhbwwsf@ 8PP Fee DVEM
contai ni pg. ﬁe;fxm@ﬂmfm rdRh ISR N&uﬁlraﬁtlgéﬁle%ﬂlﬁﬁog@ﬁs ABs&IaEs efzgsmonocl onal
anti bodi es SC2 2 or S 10B3. HCT-116 cells were then |ncubat ed for 12

days at 3w@an Nogugoer Nef@mci axpiesssin FHycelliasMigs sessiaanuiiac Viprfperagghroyte for

Cell Titerd o assay kit. H gher readings are indicative of higher viable
cell counts. [00353] hNotumH s (10 gg/nL) exposure of nouse

| i neage-depl eted NTX tumor cells from Patient SCRx-CR42 (FI G 16A) or
hNotum Fc (1 or 10 i.tg/nmL) exposure of SCRx-CR4 (FIG 1613) resulted in a
20-45% i ncrease in ceII counts conpared to other untreated controls or
cells exposed to the MOPC i sotype control antibody. Conversely, exposure of
SCRx- CR4 cel I's (expressing el evated | evels of the Notum gene) to the human
Notum neutral | ZI ng ant| body SC2. D2 2 (10 1 1.9/ m_) shovved 5| gn| f| cantly

o o b - . -



Exanpl e 23 Not um Modul at ors Ant agoni ze Notum | nduced Esterase Activity

[ 00354] Aside fromits orthologs found across ani mal species, human Notum
is nost cWO8IN2FBBated to plant pectin acetyl est erasesPCI{USREI1A4%58 a
menber of the a43 hydrol ase superfam |y. These rel ationshi ps suggest

possi bl e bi ochem cal functions for the enzyne. [00355] To test if Notum
possesses carboxyl esterase activity, purified reconbi nant hNotunmH s was

i ncubat edll mjdchiofished Oglgrob Nogeninonespar asdsiebsith at @pajprohine gpiERRM A€ et at e
(PNPA) and p-nitrophenyl .butyrate.(PNPB) using standard assay conditions
(Vest et A4 adiyygpt .erel'é%%?fé%%.u“’é?ti‘o |y, PNPA or PNPB were dissol ved/diluted
in isoprapaosl tosofilpadse OIS AshpvhORed Bf scikln fiblise Soager imolds (gG@amibsdibut i ons

were diluted 1:10 into assay buffer (0.1% gur abic, 2.3 / odi um
dexoychoPREclic fanhupaaNogip Preith At Wetor?a‘ﬁgfv"l% t%&@“ﬁﬁ%ﬁﬁf enzyne,
and the gzyRRtdmeli@lioRsen g Mﬁomnq{)gmbmﬂs@omrﬁi P heRE a0 Wigt BB by
absor bance neasurenents at AngS nm [00356] As can be seen in FIG 17A

0
i ncr easi AYPLERBE RO %d/ eI G Eeersdls werrdiesked wgh Adiny $56% I8 £¥Gbphenol

from PNBfy Afeligbr LhdiP 4 RT NEHRRLERRSdiRkiof/wre incHSMRINGH thaNbig-TiRdbarddPt UM has
car boxyesSterase activity. Mutant Notum (S232A), in which the gut ative

cat al yt i olapael Eogrklbatitisfopé dnurallihe plarsiaye washed anditlesaripaabaed wieAkglavclishowed
a great| %%{lﬁlghﬁgp%o%?én%[ﬁ?lgg ?%.T} lsiffl%técy I:l(ﬁ@OOsih@WBS,Q—_P@S%r LKy MR P and

macaque umprotelins a play ‘esterase activity. A reconbi nant
est er ase pfatesweBawisht LimndslO8 aktrelent thepFVIB ysbsgrSie gotatioy was adhyd faadS mimiesiahel uded

inthe a Yi [AS oSiti cii L cal . C shows
that ot Sy SRR a5t ikispbL e B n SRR sdnuly Sosb
p- ni t r ophshalalyzel BagpedrdphammtieeatPNPAS{.sol i d bl ack squares and solid |ine)

versus t PB subst.rates (open.squares_.and, dashed |ine), re he
Baci | | us?@)gg gir aégraspé)élhﬁe ‘trrbm\%)leeg é]?l%eg?'?rgg?cf/l%ﬁ%/d rnéi%f/azngné hén%?gl{iﬁgggm@?era gt e
(open ci aad eguiandif dasied) Wdraéiseved susnt hedRNRAo(rsofor shtibbdycpreducarzdedol i d

line). This, data denpnstrates hNotumis able to induce r
bt ity S ST oS X ol G B SysB Pl bt B R R8BS
i mredi at glygloahR¥rs (AdiCATRLY ) at DRLHFBABULE HleabEisase Biatrb¢tll fusivawabe used

to provide an assay that allows faor the further characterjzation of the
di scl osedeRYMGHLHBEY fustognergtay, medd E@g%@lcﬂt(,&ﬁ?t@.‘c’ %@ﬁ\ gﬁ Y88 denonstrate

that pr eir&ﬁgjaaéeid%l hiHridBNa k88 @lc@iuh WpblBmEhed Mak WS 266 SERMIIM2
prior to addition of the PNPA and PNBA substrate results in greatly reduced

est er ase (Getaresatl 5-Offi QM) wedipnicpaipipingo hshp E¢takftlong ksrurh@hglong): hiddent ed in
previ ous s@&ﬁﬁ%bﬁ%at@,@n@ﬂ@glﬁtﬂﬁﬂ& ri@ﬁﬂ’gﬁﬁl?%n%ﬂxﬁciﬁ,@d N Y- redpfR it 190181

anti body to neutralize hNotum enzymatic function. Mre specifically, FIG
18A showdypexdubiae 4 pMrisEnenigrifea YL FhyHding)rgd Hien prated@p 2z weld ik j xed

(none or t\;]/'&ql( b@@%ha%ﬁo%&ﬁ@cﬁﬁﬁe}g g{&gers%ais&irbni asfinalr{giﬁﬂ.h%dof 2850 BYelRGeSEEN 1N

FIG 18A an increase in hNotumle I ncreases neasured enzymatic activity
even, t o vetmiatextlemiates ae thheplecesian aheniifidde7SChcmntg cappingdye €9 2present .
Conver sel F ) rovi des a dose response curve of neasured enzymatic
acti vi tyg\yfg\%earnjeﬁhéggﬁ&mt of hNotumis fixed at 1 pg/nL and the

concent r 400367 ofGr&@d. foRitige hybridampedellsThaetnesudusé mgmenpglobulgisesrd screshevs t hat
t he presen of a Not um.nodu r sharply.reduces. th MoRNL+.0%- hNet um
enzynmat i gor;\gwlgis}??%ﬁy 418 %%%];]%S%a%sls%/rfl lé%éon%gtn egcﬁ%)ﬁ%g?&e'l ﬁr;%f%%? ggﬁ a
control ankdshIR,((MORG) whasomned efth 6dtpgonl hivearelNotemasie iramtlivi ¢aybomfite Not um

(data not shown) . 00§§8iTose skilled i [h I Ig ciate that the
i nst ant é’%ﬁt?quvé‘)“b@%tn‘*s r Peeglaﬁﬁ Ifire asg%dsaé‘g b Q‘ig"tda‘?ﬁ’iﬁl% S@sa% FO(S oM M PMhct eri ze
t he di sclpsed Moy inBRbiarlyodr kepyat AEASURdiRNGdhBidonianppahataits W& insapemt i ¢
activity of Notum . .

on the plates for one hour at RT. The plates are washed and probed with HRP labeled goat anti-

mouse IgG diluted 1:10,000 in 1% BSA-PBS for one hour at RT. The plates are then incubated

with substrate solution as described above and read at OD 450.

[00308] Alternatively, ELISA plates were coated with goat anti-human IgG Fc, to capture
hNotum-Fc to ELISA plate. The plates were washed and blocked with 3% BSA-PBS for one

99



Exanpl e 24 Not um Modul at ors Ant agoni ze Notum | nduced Li pase Activity

[ 00359] Based on the characterization of Notumas a nenber of the a/13
hydr ol aseWVORPEYRERB|Iy and its denonstrated esterase act iPEIT{US2011{04948%

hypot hesi zed that the protein may al so act as a |ipase. Those of skill in
the art will appreciate that the |lipase activity of proteins can be
measured using a turbidonetric assay neasuring the |ipolysis of Tween 20
(Pratt etowalat RT2000se RVs@eenh@id0@66Dybriddma sysmatagssp Snbseeyengy Wey Bateoweract ed
conprising.the |ipplysis n 20 t I g Ahipase Vi f

hNot um a Sh|5:r 31\1/5! %‘gg%%vtméﬁgij%%\é\%§§%%ﬂmtl'ﬁ1§tg§ e(a:%tt}l u{gg%i}géﬁa?nos(%?asﬁ é%%%fc?ze t he
Not um nodid latue iR Df Theh@atesngdradien imvendd with sybBEEM|utBniagfidsyribedabovebindant

hNot um (1 yg/wel l) was added to an assay buffer containing 50 mM Tri s, pH
7.4, 33.5‘33‘%?\%@51 2, and 0. 33% Tween-20. \Wen the Tween 20 nonol auryl group
i's cleavesh3by] | Noamespetidic GybridNatas ke ekxpendbd Recefl atilture aeiede-bRrtcdBresicenes ol ubl e
conplex with the Calf catjons resulting jn turbid solution, the of

whi ch caAnb¥riabasihelepeddty INERgS %‘OBT(H@%@(? Cﬁﬁﬁ‘égéﬁi’rém%f Jrﬁl‘i rﬁﬁgté“ga“(l,?q ity. As
a posi ti yepuladh{ Rbre e%ﬁlﬁd&ﬂéﬂd‘étﬁo)ﬁre@érv&ﬂh GleBAnPRABGEHB Y% FBSPAREDMI @B

Al drich) was neasured in the sanme assay. FIG 19 shows that purified

r econbi nartedpligitd Pérogebabl e of cl eaving Tween 20 in a dose dependent

fashi on 16 MRRSE A B LR ist AT Ghat PR BIBRE Frol Y¥tdRaly 6t h@ROt her net hod
by whi ch?(?% glhar act eriaqz%mt helrcorrpounds of the irnstant iErllventi on. [00361] In

or der t ohylaidemasibiadNegen Bfa qoneentratipndependentypaper: tiyshanld be apieh at kindippl i fy

t he prop | €8S e i I rmne the
e tect o o BT Em iy BEEPERalelt Stk A ARoR SEdY plion g rEh L™ Pt

end, var bodmgedimEastcpator brusfloftiveeRbibding toundenagired progbiat ed with hNotum for a
set peri i 0 di ' r : - measuri ng

t he resuﬁ{P?\@ eﬁ&ﬁﬁ?%@ Act ‘B%fb{@&;&snlﬁ g%%@f%ggjag%%@%ﬁ.lggﬁgﬁreééf}{itg s of the
assay ar evejs/Aplong dltiyyieldpt esenlt doden mufrie@ntiP@li§sGOSHR] foTmenangSethmi ng cur ves
clearly show that alnmost all concentrations of the Notum nodul ator SC2.D2. 2
substantially elimnate the |ipase activity of Notum while not severely

i npacting the lipase activity of the porcine enzyne positive control.
Further, FIG 20 shows that the neg@xdmided®ntrol anti body (MOPC) does not
inhibit the |ipase activity of either Notum or the porcine pancreatic

| i pase. [00363] Such resul tGharhaatizationlof NetumaModulorabi [ ity of the di scl osed
Not um nodul ators to

[00312] The Notum modulators produced in the previous Example were characterized as
follows:

[00313] Binding characteristics for antibodies were assessed using antibody capture Biacore
technology. Disassociation constant values Ky (kopko,) were determined for selected antibodies.
A Biacore 3000 (GE Healthcare) biosensor was used for surface plasmon resonance (SPR)
kinetic measurements. Using purified antibody quantitative ke constants were derived through
capture the antibody on the sensor surface. Anti-mouse IgG was immobilized on the CM5
surface of sensor chip using standard amine coupling chemistry. Each mAb was captured onto
an anti-IgG surface before the antigen was injected over the immobilized antibody allowing the
antibody-antigen interaction to be analyzed.

[00314] Quantitative K4 values obtained using Biacore analysis of the anti-Notum antibodies
reveals that several of the monoclonal antibodies are very high affinity with K4 measurements in

the range of 1x10 M to 7x10 7M.
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interfere or disrupt the enzymatic properties of the Notum protein and
likely inmpact its inherent tunorigenic potential in a physiol ogical

setting. WQ2MHPB728 Fl uor escent assay of Not um Hydr ol as@CAAiSRi10y948hd Loss
of Activity in Notum Mddul ators Conprising Point Miutations [00364] In
addition to the assays described in Exanples 23 and 24, a fluorescent
esterase substrate, 4-nethylunbelliferyl heptanoate (Sigm), can be used to
measure the activity of hydrol ases Essimde $t andard assay conditions

(Ri chardson and Smith, 2007, PMD: 17620441; Jacks and Kircher, 1967, PM D

5582971). bBriefly, 4- IVUPEpr@ﬁeﬂb@ﬁﬂmﬁﬁdnbﬂN%%auersnal concentration of
1.2 MM This substrate was diluted 1:10 into assay buffer (0.1M Tris, pH

7.5, 50 f&%h\ﬁq nlg?@%/g%R%{)Qtu@@%tlb'aﬁyf}%ﬁg isBulifhef B hORG ATDURIL pHIDNOL Um

enzynme ofr point um enzynes enzymati c rel ease of
f 1 uor escént83081 ekioh & 1mormtwlhqn¢mby tqféremC@nMuMhmI@gIaum@%amnv@Rm tation,

460r|mem i |l ac .V ict i t P n
El ner) . g% %n(ﬁn ﬁo Strons tHAT alrfr:]fg{eg‘lcaeg{:ﬂ /r% g%gﬁbﬁ: &P&M ‘9“‘1“(8 ?"rcgg human
Not um enzm maknthanémcbntAbtm alss@sqatads;\ethcafunﬁqme sﬁ@&al‘ﬁﬁﬁreselﬁubofttlm MAb®&ad n a

dose- depend nt fashion (assay detail i.bed However,
the poi nt® F’%?ﬁfvé’reé?@%ﬂ(‘%ﬂa SRS a\ﬂ)j ?eé]blp ;19 V’fl%a Wﬁa%f 93?4‘)'%1 e’

activi ty ek pMits.3Phd Ilﬁastté’iemzBBreﬁ'ﬁlcé:elhtlb@dy—ﬁtaﬂﬂcbﬁmpleyes ineddti-weylpeashnmbatedNot um
(62.5 ng per .reaction) is capabl e of roI yZi n t he 4- Ssubst rat as
Gomonst L BRCbggeen i i fERBaEE bopna BHGEIOFE Tt 5 diledhe et Tobr
time, whesBasitldehideS2hnmngl adaBAi @@unﬁﬂlnaaiuNamthﬁhqme prebamiAbk bily béund
hydrol yze the 4-MJ substrate (FIG 21B). anpl e 26 tum Acts at a Step

in the Cinaweenihatkgd bpeéxtqqg\ygvd @Pj sqtrq;férgﬁqedpA@g}@grecogmzed a different epitope. The

signal was read as RFU on a Luminex 100. This experiment showed the screened antibodies

bound to at least four different epitopes on the Notum protein.
Example 12
Sequencing of Notum Modulators

[00316] Based on the foregoing, a number of exemplary distinct monoclonal antibodies that
bind immobilized human Notum with apparently high affinity were selected. As shown in a
tabular fashion in FIGS. 7A and 7B, sequence analysis of the DNA encoding mAbs from
Example 9 confirmed that many had a unique VDJ rearrangements and displayed novel
complementarity determining regions. Note that the complementarity determining regions set
forth in FIG. 7B are defined as per Chothia et al., supra
[00317]  For initiation of sequencing TRIZOL reagent was purchased from Invitrogen (Life
Technologies). One step RT PCR kit and QIAquick PCR Purification Kit were purchased from
Qiagen, Inc. with RNasin were from Promega. Custom oligonucleotides were purchased from
Integrated DNA Technologies.
[00318] Hybridoma cells were lysed in TRIZOL reagent for RNA preparation. Between 10*
uL and 10 cells were resuspended in 1 ml TRIZOL. Tubes were shaken vigorously after
addition of 200 pl of chloroform. Samples were centrifuged at 4°C for 10 minutes. The aqueous
phase was transferred to a fresh microfuge tube and an equal volume of isopropanol was added.
Tubes were shaken vigorously and allowed to incubate at room temperature for 10 minutes.
Samples were then centrifuged at 4°C for 10 minutes. The pellets were washed once with 1 ml
of 70% ethanol and dried briefly at room temperature. The RNA pellets were resuspended with
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[ 00366] A sinplified representation of the canonical (e.g. LEF/ TCF)
signaling pathway is represented in FIG 22. Normally, beta catenin
(CTNNB1) WO 20m2d@12§ t urned over to the proteosone in th&CTHERPNALHDT cell s
following (1) its phosphorylation by GSK3 (and ot her kinases not depicted
inthe FIG 22) when it is part of the AXIN APC/ GSK3 destruction conplex in
cells and (2) subsequent uniquitination. The binding of Wit nol ecules to
their reé@ptmfrDEHCzdc;atm\mtm dée ghaisphiohy RAIN pepapftioMswas deteromed byrui ts Axin
fromthec d. c he.rel e a in. f -

destructl a%atnﬁl e}%l all!.%g%aéése ﬁh%ﬁ%‘%{%g@%ﬁngf %gdggeeéélﬁgmﬁs%go t he

nucl eus @03¢¥l | The wirabke [DNAsmupmczexe&thmhyumdbﬁﬁlafﬁﬁ]?ﬁetdr\aiﬂsmnisqmmminiwsttmr s to
activate Wit res onsi.ve S %1 a, s r’k% alnﬁn 'f'nsewe'rno tbllllet 1 n%fa GSK3
(Kl ein afRFNisIox “r”ﬁ@‘g‘ m ﬁvéfff @‘5‘ WohireRpe i e Scont ext of thé

canoni cakm;\/%fnvasmgaabmmg pﬁmbﬁwe@eﬁummk laltbvi‘z’leuséd\tm‘lzshpﬂffﬁmeaﬁﬁ hn/daVKon of Wht
responsi ve genes b of b ta cat i n, st ti on. 8 e

[00367] ASCCEHMBES %‘Eﬁa w&%}mfﬁ%’ }W@’ﬁgﬁ? CaHEP ﬁ?éf’ll%lg’ép?ﬁv} P{el ¢ |vate
luci fer aS@nsﬁsEﬁ;BtSﬁﬁ m{dlsQHptl Rkvtaﬂa@T?a%%m}SQEeschds&mdtmn Pb%@?@sa,rmlagam zes

Wit 3A CM_ whi l e SC2. D2, aI one does not i nhibit uction of |uciferase

due to WONSHEITRA-HGRuBiEsr, 2 BEBP B, andQroof iR ’%O"Flﬁé‘d‘él(‘f?f f gnpblgs etfigiFRn  Not um

in a dosg gdrRendest dmedli Q@g Geaginf@nfpadsest orati on of Wit 3A-i nduced
| uci ferase expression. Mst inportantly, LIiCl is able to activate the

| uci f er aé@3PepoReestion ﬁdéﬁ@ﬁ&émprwarqdﬁéat pickisied @ eLof Rl UM @it
SC2. D2. 2 AU I r e their
ef fects B%As (ré}elgﬁﬁ)@&?g& Cm‘t‘ﬁ‘g‘]’“ gsl nea%?%r?ﬂlgexapmla%ggls gu%g&fn t he
SC2. D2. 2 eEpircopie cRetmatnedevterﬁe|tmsscsp@wdﬁN®pqlm%$} ghiofrabgngclease

h / h
zégﬁ?cp“z%?a@?ﬁﬁ%gf@%ib-sﬁ%ﬁfé‘ff{‘ﬁﬁﬁq% R o e e AR o ¢
i nduct i omevefse krunsicn‘ipxrcm%d Béiﬂi éﬂlemebyalwnlamrmm alas Rush SAPE for BBwenutest f i cacy
th th 4B I d
Lnan e ot R R O BT TRRMOL Y & B Xy AR BRI o 22
the fi rstfor]létnmrrms:snmélsreoﬁashshﬁnmﬁnatmms:asmenﬂzw fdn 10 nemsl SA dat a pr esent ed
Ex I t il f SC2.D2 th
bi oact 1 vid G dRerBmenEs e AtsebtorE o P ol et B PS8 g nst

various sipeoiRgickOPOR Ririfiteddarkiasccsidigno ihe nixafpluger'd Broamndl. tThe m@qwemce

al i gnnment as set forth FIG 1C est that t D141 re du n

Not um ni GHECIHEOT, e spip cRlymnUgiag SoaLRRsEig Wéb‘arf‘%%@elb?eq@@ﬁe estly f) REPE hat
FIG  1Cgwaidk dper Iﬁagﬁ&r&s whe sé@@h&u@uealyma DN D aseshcedodre ﬂ]hﬂmedi ufige from t he
start of the mature tum pro whereas the D141 annotation is based

upon theV@OﬁfféideFtéﬁrlebﬁ N‘JCLF’r‘EeA‘C\}\Si‘R%F- 8358 1A 0Pr ot ei n precursor). [00369]

To for maldosashemonstidaled 030 iRRRitARRnR uéibe a&@%&ﬁb‘ﬁ:ek for e RIut 0B,
standard nol ecul ar bi ol ogy techni ques were enp EOI nt nutate this
1B

resi due iekermrlaranikody heavy andlighishatp Meriahisaagjons a{@faw IGHéAmAX ne (D141S)
resi due. \Shmgh&tl§Eo HR/CLEIHEnilAR B8 ErrdnBlieROR QR WESR AR Mringdt at ed
to the hungn tlr eg (%% (N141D). Fllé skllov% ?haef each of thesS(e)(gpm 1rrllt

mut at i ondy hethierd ala, sppro} «ithese h@ctaddétoaalmé@hﬁpwt@nwpdlys Irpset Frsth293. TCF assay
(FIG 25A i \Y; I wever, these point
mut ant s d‘%??mel&ql ﬁé%%?&ég@@ 7 ﬂ%é’%&%ﬁ@ﬁ@%@%y C2.D2.2 (FIG 26).
Mut ati on of the human residue to elther rracaque or nurine residues
elimnated the ability of SC2.D2.2 E¥meEdPalize the nutant Notum protein
(FIG 26A), whereas changing the macaque protein residue to the human

resi due (N141D) né&amgnadtiosdf SeRIDY ddutatonsdiompisingsdimicVintatians protein (FI G
26A) despite being unable to neutralize the wild-type macaque protein (FIG
12A) . Thirgy3psf t &{dhr@fioREMHidcalsbd Nk §havéRber '@Yth§Q§3 @r@as@@@e@ﬁaﬁﬂ y@bserved
for the rrutant proteins’in the 4-MJH assay (FIG 26 changi ng of t he
human D14fzymesi Semerdeianilinst efdNathe I@ﬁmnfwsvwlgﬂatus&atwwzw sevearh ze the
resul t antepg 8%, ﬁﬂa%@gd @le bl JpRERAURILE 651 due
N1al et oy eggggééé#ﬁ%%%%%vﬁc}gﬁ?x?e Fogd bt pr ot ei r?g?’rracaqtlje N141D) .
These dattiz @taé)amltlyadj@nmisdzphdt .acidiveredidypant] aﬁcém@f:ham;eerlmm@ thissipgtfemflor t he
ability of 5C2.D2.2 to neutralize the bioactivity of the Notum protein.
Exanpl e 28 100



| ncubation of Notumw th rhWit 3A Leads to I nactivation of Wit Activity
[00370] In order to determ ne the kinetics of Notum nedi ated ant agoni sm of
Wt 3A si gNI20R¢271R28conbi nant Notum al one or in the pres@\Ea/Sa9118ERAH2. 2 was
prei ncubated with reconbi nant human Wit 3A (rhWwit 3A) for 2 hours at 37C
prior to addition of the conplexes to 293. TCF cells. This resultant

i nduction of luciferase by the rhWwit3A was conpared to that observed using
t he st andag dirqotedtnotagendsorof tﬂee)rmgtbgm@ﬁemsaly the iDosaphitA(SRBtAYKredgon@0@t,  Not um

+ SC2. D2 or..t n of
r hwat 3A. P Iﬂﬁgsﬁ%g%geeaﬁm}tmnelésgd%ﬁ? ISt%rhye%sgt%tﬁ{fzﬁg ageégst t%c%n @%ggréﬂeglhow
t hat Not thareifere tshﬁdﬁbﬁ&ﬂﬂb&lat)hoﬁ@&al[ﬁ@chﬁxquss (@pﬁttﬂ}QngﬁMuuagﬂnbm Kng i nductl on of

Iuciferaelnt 293. TCF cel | osed t [ nL .r hwat 3
circles); r%fﬁ%?“f’}r%&ile‘?tﬁ@%gﬁedﬁe tP B ‘Prmﬁ%dfrﬁ&i(gmt‘%‘?nﬁf_m g\t@‘ f@diy%’ u(lﬁnrant 0
addi t i onNefunt ﬂsx%ﬁrﬁtA gblll@&kﬂlemBZ/&biukdtiby irothe Nof thiggetl @e@nh agme pmem he r hwit 3A

(open circl es) terest however, is the prei tum and

r hwit 3A BNPYRT %%92%53} @Wﬁi‘%‘/ pefencg gliggpent gfétltg?‘g]? %gﬁ‘%“ P1y%49458

celI's. | RibiBir&idasBertRe, ipsRaBSEwAfchikped aghd e komd kivWotBAerhts amBduged greatly

(closed circles FI G 278) In contrast, conpl exi gg of Notumw th SC2.D2. 2
e

prior tomytasdietRalshe meledrls: nkesiarth s Exmplesnd SeRGR clopingyaspisedia cel | s

to rhWit 3f,{ SR SRNHARSS chiltfhing (iShutafQORtNEE huthiESSudaira egptedRatvedibat
Notum may be directly inactivalting rhWit3A, as opposed to interacting with

a ol eculie-diNotuie SEF2s b e T canpieucgseyre g\ Presse PYTiEchTs serfarth aPecul e
I nhibition of Notum Activity [00371] The studi es shown in Exanples 23, 24,
and 25 indicate that Notum possesseBxdnkite #pil ity to hydrol yze esters and
lipids, while the data presented in Exanple 28 suggests that nay act

di rect | y on rhWit 3A. ol HbERheod Alte AR AT MBI L MaRge activity for

Notum it could be hypothesized that this inactivation is related to the
ability tu te Wht 3A. s.are kn to be linked to
wnt 3, alz00h s B pl N QB Shel i & o F Bl A GaetRP U b g™

pal m t ol eyaling, wiid uraie No2E hid Ieee sionnaa aﬁtngbni@arﬂsmaganon 200 a-ENAnD
19559695# HBOth | i |d chai ns hg e. been suggested to be inportant for
secretio aWrF%%eég“\Wé‘F’Fmé?n FYIRARFAYE (FranchMarro et al, 2008, PM D:

18430784)003BEIC aUsgeRahith b@ble pbuldtion ke gells Sha¥\bdnddn W irepoBertfbi @esdi@ntidi sikage at
Cys77, this woul d suggest that Notumm%ht be |nact|vat d by a, kngwn

i nhi bi t ocanonical Vat v@efiag 3R S134\A5Hs Wessdraayiurrdonil 4 lepihiia Yﬂc@r’lpé}r (I%irglt‘at

(Xeni cal gF (S!iut&mhﬁ@ie&%gmrﬁméﬂeo&@albﬂ&héﬁbﬁalmahm&&&tagmﬁ&tesw@w&bt of the
mul ti subunit enzyme fatty acid synthase (Kridel et al, 2004, PMD:

15026345 yndeTHigrcanierlof a prigimal QMY SRty lalaféé? foye Enslgm espegihpldhoBanetignal or med
in the p&§g&ﬁ9@eﬁént§0%rwaw TRARERES cAfs pépMMn§ua%a@pr(:ﬁéglspM@r 90 pM and

orlistat can be seen'in FIG 28, orllstqt inhibits the
hydr ol ysisebsaauenily wspd of 2 Not3insanpopal AlguMingrsay dofdoysget Ehi29P ASKicoMs

denonstr E\L I&e&ﬁat&@gerg\glll o'f b Y6 QJCHQ%%L{& CE@?E h}a@h 56 HL%? sé?{ﬂg fRe A hedium.

| i pase-i tin to in
After 24 hours of serum starvation, 25 pL of various dilutions of conditioned medium (CM)

from L/Wnt3A cells (ATCC CRL-2647; Willert, 2003) or undiluted CM from parental L-cells
(ATCC CRL-2648) along with 25 pL. of DMEM +0.2% FBS were added to each well. Eighteen
hours after addition of CM, 100 uL of One-Glo solution (ProMega Corp.) was added to each
well. The contents of each well were then mixed thoroughly to lyse the cells, 100 pL of lysate
transferred to black 96-well plates, and the luminescence in each well read after 5 mins using a
Wallac Victor3 Multilabel Counter (Perkin-Elmer Corp). As can be seen in FIG. 9A, the cells
exposed to differing concentrations of CM containing Wnt3A typically showed between 2 and
4- fold induction of luciferase signal relative to cells exposed to L-cell control CM. More
particularly, as the Wnt3A+ CM media is diluted from 25% down to approximately 3%,

activation of the Wnt pathway is reduced with a corresponding decrease in luminescence.
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Exanpl e 30 Changes in the Physical Behavior of Whit3A in Response to

| ncubation with Notum [00372] If Notumdirectly acts upon Wit3A to

del i pi dat\®o2pR/37@8ei n, this cl eavage should result in ECTRAD2QJS/0#9458 he

hydr ophobicity of the protein, which can be neasured by a change in its
partitioning behavior between aqueous and detergent phases in a Triton X114
partition assay (Bordier, 1981, PMD:. 6257680): lipidated Wit3A will be
found i n[@ﬁ%]aq@aofuéle blvifsiase rapratee systedew igrs@hlishdd, Wiagyos Boerminishidy up i n t he

anzynat | BOREK B @B 40 Kere M Pmd GLAARS) 25 SRR Fh®, ™

Syst ens) wasplamtmdnazteédf o9& mail ghdue wirltue 2156 im0 pf oNetumAliat mediom tAdrpa? at ur e.
A I f 5% T, ed t t
ncubar el g Ee g gy hLtBe CTRRRED SR Puh Ryt meplfgpt 1 ©

separati ngldlheorahﬁmSnuslgngNeﬁm Hisf m@hmMcaiN&@ﬁ@mmgHmlmuhhyelommnut es at
roomtenperature, Fol IPQ ? aratll_{on eac[j sa e was ag#uste

nor mal i z &% FAETPONPUMs e Mg FHUSN AU o PR R OE BRITIS OF SHUP Rk cy2| ng the
al i quot s ohiyin& eﬁE%‘rﬁﬁl@spﬁ"@raﬂ&l@abo%)t @erelad et (0 gheldaBs. g&ftertiMOuPLOLELN bands
were transferr a menbrane for inmunobl otting usqugf?eran anti - r hWat 3A

ant i body Wit pr ‘81“8 HlaIF FﬁbCMe‘ﬁq{ﬁ ddsdy cachaitis EigbieaT heus 3Rt - 100

Super Si gnglor Was: blﬂ&lglogapme%mte@%cv%tad&m Ez{cﬁt\xﬁ‘ellat—ﬁl@%l{&tf&%@ﬁ{well
Scientific). {10 373] As can be seen in the blot shown in FIG 29A in the
absence 6fixeNd qughlv\mﬂmtlzﬁfglémlgo shpflypaic Easeries fohlackOfaveihplates. prdithe 6) and
not in the,AQUERYSRRASS n(nln?ggg 5). Conversely, incubation of rhwt 3A with

Not um | eads to appearance of rhWt3A in the aqueous phase (lane 8) as well
as the THA0B3H XAz4ah bnwelf IndfieSHB, IThed @Ddumman doains-blisg bepanfdotwi-he abi | ity

of - Not “mn‘%%n@'ﬁ%{ g{eﬁ%t ﬁu%l@&um'ﬁé’%ﬁrméc& M%FP&F% éﬁ f@ﬁeé: pidation

is inconplete under the instant ekperine condltlons ading to
t he obseMWredA-metlaurdi 1mduco<bn @dw&ferdsWntth\ZQ%T(fm@llTrwhms miurnmpmam UNIO0374] It

Hedgenog S n b e P4 Pl AR aPEr e Sy e TRE-BHRG Hhsh By 0T

anot her hotpinthgomgd WineSch- me«hnteai m,ducsme@nf fuctfahieyin dre98 A akeid.ng a palmtic acid

chai n esteri h the a m no gr qup..of .the e protein
N-term niﬁ%@ % irﬁ]fédj ﬂ‘é’ﬁ%}ra@fg % gq? en % ’%‘8@%‘?@@} use%lﬁ t he

previ ouskyargiesinghethpgaidebf te mataem@dmomﬂm d¥ot ADNskéw that Hugh m«igeehmg
signalin wa also reflect_a li pase bas dation of Hedgehog
pr ot ei ns(tgag C@Q%@él"&? UGS #R %F?& SiughiFieng Oberlllfﬁé?‘?fﬁeégv ?X/\i‘st HRel BH]G@FF[ Pal
effects h&otdaBedPhigME ke@bhifds LeRGOOENRSH&ifidaPPITE] 9B Mustiyeseeeddhcdni@tion
denonstrated ability of Notumto change the {Z)hym ochem cal behavi or of

rhwwit 3A depsngsat E)ﬁfW&R@H\I%\y“tFﬁé“W@fﬁ’in fhodtlgrorssrpthiyy nd patawayasishown byt G

29B. Lan@edledsSindu@Redst hotith kB GlhRh1aME 1G5 ofRI78E hnd @50F1HWBEGAWhiThEset he
presence or absence of reagents in each aliquot is noted above'the

r espect i wesultsmecqniiardind 109G which grapbiga!ly iHadiajedhat afayne-hFeandrqtyn-His 114
fraction oaalqto}mm%bm% e ARt A h&%giﬁedscoh&%tr&%cc@p&fd@ﬁtlmafwm

nodul at or Agai n, “untreated r appears only in the Triton X114 phase
(1 ane 3) nhygent Nommmed%méehExmLﬁ {d eateSm)ilaripEEn9 I Hrovisribai barrino Nowitt h

hNot um F¢ ; 39@{0% fedR Fe? fc Dl @3%934 tmtau 91595%41)%&% %ﬁ@m@ S (tkbe aqueous

phase (conpare 1anes hi's re Istri i on can c
hNot um Feathwaf mragionq;ﬂnerammgactt@dnthmherscmc mﬁ:@u(gammahéatd:sah@§otﬁmd ﬁMnﬂ ver sus

| anes 4 nd 5 %86 gil Vel SO?;lb?e IQ(l)tgc kCIOIl %&%gxﬁén 39?691?[ adp%r[ OHL(I)?%% the

anmount o heramunt's o I'n nore of the
r hWat 3A b&mmge)(tﬁtbﬂluﬂ‘tﬁdoﬂnmmtclileanthgohﬂathXMrﬂtmﬁmg (conpare lanes 7 and 9).
The bl ocking of redistribution is also dependent upon the specificity of

Example 15
Notum Modulators Neutralize Notum Activity In Vitro

[00329]  Using the 293.TCF cells described above, supernatants from hybridomas and/or

purified antibodies shown to bind Notum by ELISA assays (Example 9) were screened for their
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t he Notum nodul ator; no bl ocking of redistribution is observed if hNotum Fc
is first preincubated with a control nonocl onal antibody, MOPC (| anes 10
and 11). WQ2019@723 Modul ati on of Human, Mirine and MonREF/US1A/MHJ409376] As
denonstrat ed above the nonocl onal antibody SC2. D2.2 has been shown to
specifically inhibit the human version of Notum w thout inhibiting nurine
or macaque versions of the protein. A second nonocl onal antibody nodul at or
of humanabty usmeuGERzeDDG udEs aHafoach € hatedty hofollotvs. 2bixI 10t 99X BCK s bi t nouse

and nmacaque t um usj n e 3. TCE assay .d i bed in Exanple 14 ove. As
Shoun | aeR Al Wl O b S et SnEE AR AR S Sk Be Ry AT o

e]f fi ﬁ acyho@ief seRiyh f8vSlongt hly oMDMEMIOL X6 FBagaitiiging Whiidus &loNat pistdinsan ei t her
of the pripate Notum proteins. anpl e 3 urmani zat i.on of .Nonocl opal

Ant i body YRS RGBT RO Hb’se?ﬂ%m%?fnlé éﬁ‘%?isb%eavt P‘Bé‘?“zh@&gg’% r?éﬁ? zed
using a gPEPpETedahaiRdy GORrighaddnkdh@alidis id a(lONoyBto SndBd i@ kR Seninkded at Botsh ness
Plc.) and standard nol ecul ar engi neering techni gues to 9I%rovi de hSC2.D2. 2

modul at ofemPFRETS R STHLaAERRIN PR ngR oY as the apldsd Qihee? P digiforeds-walig |

sel ect edyfased 105 WhEi o Rb-RE Blcef €Al GREQIDQIBI A0 HifiRedNDWES aftEramewor k
sequence and its canonical structure. For the purposes of the analysis the

assi gnneadditisn of Mol 08 ei OnerCGlaysiutish (ProdlegpRotrorteasiddqdo pachaedloridance wit h
t he Chot hi (%19 (o PO ' tyi i re made
- or der Cp Lot E e B B O A s Pk O o

t he nuri meblankt9obedlplaonrprd i hgnindsecnentead eftendriimetes.| Fianayds ¢dfaavfodyar i abl e
regions ang.a F I i of
cval vat B Tar O ShER, RLEAC e 3 58 St AOREHca sRARPRERL g
art - r ecognivigedt t acHnrtduastrolToedilmabt zervd gtaphal asivNAalvad Vo3 -islotedudifetnse

SC2. D2. 2 _hybri doma accqrdin manuf act urer. s.prot.ocol . (Trjzol (r) Plus
i pur 1 PR BRRy BRERS 1 Pt RO WS I SrBhELER e ikl
t hi rty- t wonmasgosReRtilitCasTerd (@agiesd S ahvamabzipg aaeity), designed to target

A N T T O T T
Si il arl yctivity kth¥n taded at a Mcdr@aGET ofS@GigaNIC EMpreon@| sehicted taingmedulitorsanpl i fy
R N N I e AR A
Sequence Notum inhibition of greater than 80% at the same concentration. Antibody SC2.D2.2 was

further characterized to demonstrate its ability to inhibit the activity of human Notum in the

293.TCF luciferase induction assay, restoring the luciferase signal to near the same levels as

negative controls (FIG. 11A). More particularly, FIG. 11A shows that SC2.D2.2 supernatant

and purified antibody acts in a concentration dependent manner to antagonize the effects of

added hNotum-His. This effect is further illustrated in FIGS. 11B and 11C wherein SC2.D2.2

purified antibody is titrated against various concentrations of Notum-His (FIG. 11B) and

Notum-hFc (FIG. 11C) respectively. The inflection points in the resulting curves in each FIG.

confirm that the modulation activities of the antibody act in a concentration dependent manner to

antagonize Notum activity relative to the absolute amount of soluble Notum. Moreover, as seen

in FIG. 11D a second Notum modulator, SC2.A106, was also able to inhibit the activity of

human Notum-His although apparently not to the same extent as SC2.D2.2. Taken together

these results show that the Notum modulators disclosed herein provide effective neutralization

candidates and are strongly indicative of the use of such compounds to reduce tumor initiating

cell frequency.
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t he kappa light chain. The VH and VL transcripts were anplified from 100 ng
total RNA using reverse transcriptase polynerase chain reaction (RT-PCR).

[ 00379] AVOGOEN026T23ei ght RT- PCR reactions were run for PRE/USSN1[02438
hybridoma: four for the V kappa light chain and four for the V gamma heavy
chain (71). The Q AGEN One Step RTPCR kit was used for anplification,
(Qagen, Inc.). The extracted PCR products were directly sequenced using
specific V region priners. Nucl eotillangdglences were anal yzed using I M3T to
identify germine V, D and J gene nenbers with the hi ghest sequence

honol ogy. The derived spOiRCRSratRERaFMNFNREMIModINoE ger m i ne DNA
sequences of the Ig V- and J-regions using the V-BASE2 and by alignnent of

VH and V es {0t u 2k M| 4 abase.. e anal ysi s:
fromt he%org)ggpeofr %%glggge reencztgspg%%brgé#?ag%?ﬂ dat 28?1%%%‘%5?%]613\5/@%%&2% J gene
segnent @btehdies dgaiastynidged okthghgs, ehzharodffe80Re EficZeywe thesobpiiwlesdn dBEsd on

t he sequence, da ew priner sets specific to the. | er, of the Ig
Vi and VRN GRL Rt ot s e, T5 inE et BRGh B G S NRBREER G o1 nan
nouse D2 sqpenet GaedncaitthdNdym pSobised te mithyn trieadbc@B mbusdfuenges’ awrle

aligned with nouse | ermline sequences.. Heavy chain genes. 0 C2. D2. 2
wer e idel‘i“lefef‘il%gageq g acl SOCES rﬁtﬁe Yogm Iﬁ%@ﬁ??fgﬁgﬂ%e%ﬁgﬂl& %’PN 5’5)f romV
kappa | GiYahRg@eef inaeaowhigr erpliinethg Bioe gloadiid lim@anolpAEB 8ibks-Eaaivitp ttak ned
heavy and |1 ght chain sequences were ali gnegcﬁg t he functional 9 man

vari abl e hpehenabssegt drerunbesgbipesiete AgHofIGY ditsusseddHgar 0oWE 8998°and 62%

i denti ty fcQidd® H&EY NioReh, 28A9ER €CmBlise HIAEE is\HBH 4&hsanaiodtor A 1y @spRed i vel y.
These germ lines were picked as the human franmework for the humani zed

SC2. D2. 2 bads (singer! @ustipidies dyhie mapiEe hyspas NASWD SFAVENE Jrec B dih e RWyt%i n
sequence \? i @kleY (M8 REImERTRARA chawnd in the
human an %‘&géeaﬁ%‘gg’rﬁgtéég?%%@h?‘%gg i‘t%:él’_iali_)“ﬁg\(@}.Hs{aetgmenta s of r(galch \% g;ene wer e

synt hesi zeamboy enzyimatje ativity DMAstRS dieralingyicedeplapgnenfsgol@ppery4ive| 8% N31A and B
sequence hED| 2@ whth WVkral FhfFo 31B)
chain V 5%%}3&1@3?%%%& ngaggia{g%lég%le %J§E@Q@S}ﬁ)é)w@9m§)§%é?%d B‘évzt) al iragned W th
respect i veidsubstingoBC2elBRNg, avd/domedraens (Fléndf).sequences - SEQ I D NOGs: 56 and

58). Vert| rks_indi t i i i . i

numani 2edd GaPST e aP D frbtob AR A L] el hob s (EHRDE g
under | i nggbduéihe nioldatoss: iVeith 21% egjuems homppgy betweat leaan hodraeiseddtand

chi meric ant.i bodi es wer roduced for.. further characterizati 83] For
it § body FERSRdort st PR T b Gre e i AR LE oA A

vari abl e [gs338] PORdneiuelested hjwidomaderivetmoegihabuto puriExpNewsi antigansct or s was

undertaken. Al rimers used in | ene-specific P included restriction
sites (A@éliler%{ﬁ{jffgiﬁ&ﬁmﬁ%}t bR ,Ctl%%f?““ Baf_*ﬁf %P\lﬁe l\kog‘ﬂm ﬁgﬁ,"‘s\ﬁ%‘?g A Sed direct
cl oni ng igMI9A G%RY. EGhAaneEdSE Nom@Nhét Disddo tiketlhupAELISIGhlateanihg K const ant
regions, respectively. In brief, PCR rod%(é%s re gg{lgfied Wi .t h . aqui ck
PCR puri fieeogtizesHesinidues Bigding of meusy mAfs) Bty o6 ird oG d s e ieeter el and

Xhol (1 gkouseiibo@NhdlPb@dvidd by lcaiSlimetrRHPAEEUNME bioxid0abdad (PR pibasiict s wer e
purified prior to’ligation into expression vectors. Ligation reactions were

per f or med heymaSAGHER). vidie @hsorancea ¢f eagh Wit ¢f thoblSTvplpireav S perswed NelrP Byl and
Bi ol abs) ., - microblatedtadt. 9€St €d and purified gene-specific PCR product and
25ng |ineari zeg vector DNA. Conpetent E. coli DHLOB bacteria (Life
Technol odP@SH wekssseer Rtk imme dathls AelowhbreRrtyaivos Eorigrtimamibodies ©get | on
product ap (- t pcillin plates (1001(g/ m.). The Agel - EcoRl

f ragnment ‘6 eﬁ?g%@&rg%g@gﬁamogﬁdfhan inserted into the sane sites of

pPEE6. 4Hul gG1 expression vector while the synthetic Xmal-Dralll VK insert
was cloned into the Xmal-Dralll sites of -the respective pEE12. 4Hu- Kappa
expression vector. [00384] Cells producing humani zed (i.e. hSC2.D2.2)

anti body and chinmeric SC2.D2.2 anti body were generated by transfection of
HEK 293 cells with the appropriate plasm ds using 293fectin. In this
respect plasmd DNA was purified with Q Aprep Spin colums (Q agen). Human
enbryoni ¢ ki dney (HEK) 293T (ATCC No CRL-11268) cells were cultured in
150mm pl ates (Fal con, Becton Di cki nson) under standard conditions in

Dul becco's Modified Eagle' s Medium (DVEM suppl enented with 10% heat

i nactivated FCS, 100 ug/nL streptonycin, 100 U nlL penicillin G (all from
Li fe Technol ogi es) . 106



[ 00385] For transient transfections cells were grown to 80% confl uency.

Equal

anount s of

| gH and correspondi ng I gL chain vector

DNA (12.5 ug of

each vect\WP2DRAR7RAs added to 1.5 nL Opti-MEM mi xed wi t RCEQSRUHERSP I3

transfection reagent

at

in 1.5 nmL opti-MEM The m x was incubated for 30 mn
roomtenperature and distributed evenly to the culture plate.
Supernatants were harvested three days after transfection,

replaced by 20

mL of fraaBIMVEM suppl enented with 10% FBS and harvested again at day 6

after tr
centrifu
and hunamng
Heal t hcare
Modul at o
humani zedS
regi on.
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| e nol ecul e in extracellular
matri x. Exhibiting such

properties Notum should be detectable in body fluids such as serum or

pl asma in certain disease conditions and could therefore be useful
di agnosti c purposes or serve as di sEmmseplbildmar ker

for
To confirmthis aspect

of the invention a standard curve was generated with anti-Notum anti bodi es

using a sandw ch ELI SA fyopeMApii o2 FNGund 8fddultibér resul ting curve was

then used to quantitate Notumlevels in plasma sanpl es obtained from

$50538F t SreARHRALL SRR P S Y {RINdsif FRMeANRILASh S30882. AFick o I n

Notum, a chimeric Notum protein was fabricated. This approach takes advantage of the fact that

heal t hy

FI G 33B.

the orthologs are structurally related. To that end a chimeric Notum molecule composed of the

N terminal of the human mature Notum protein (residues 19-144) fused to the mouse Notum

(mouse residues 150-484) (genes both consistent with Example 7) was generated and expressed

in a similar manner to that set forth in previous Examples. The BamHI restriction cleavage site

in human Notum gene was used for construction of in-frame fusion Notum chimeric protein. An

expression vector was then constructed containing the His tagged chimeric Notum sequence.

Chimeric Notum molecule was tested and found to be functionally active in the Wnt bioassay

described above (see Example 27 below).
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[ 00389] More specifically, murine SC2.D2.2 was absorbed on standard ELI SA
plates at 2 jig/nl in a 50mM sodi um carbonate buffer at pH9.6. After

washi ng tWe 2p1242&83wi t h PBS cont ai ni ng 0.05% (v/v) TweeRCRZYSEEBBIMUSI8 t he

pl ates were bl ocked in PBS containing 2% (w)v) bovine serum al bum n (BSA
buffer) for two hours at anbient tenperature. The content of the plates was
flicked off, and purified reconbinant NotumH s at varyi ng concentrations
(i.e., tE03B@vi déndinpofCAAWA? ehdoather @)ousy mphs fogntifischiplussnelpdulps gdnaraiedBSA

buf f er r dded .t o .t he r I rs. gt i

t enper at ur gl. t%f%(%&ﬁﬁag?f%%m\l}\glﬁ gﬁﬁg%%ngic}w ?ﬁs%wg%lfq%? Kg@%&%ﬁ%&g&@@&%ﬁgggc fic
nouse polwibhomah Natii, hodye Xanjnugdtidchetiohbm ot mousatNo@inbeqaied/divkctiyronB3ASBuf f er .

After incubatj.on for o hour,, the pl at shed .again with PBST and
i ncubat eHPa%o?é%‘gn t{"ﬁﬂ'{‘g\g"twwb& “f?gggtﬁ%e(gvlvi/t\%ﬁ}{g%%lﬁ‘gg?‘? Oﬁ‘? Vi BPHC conj ugat ed
t 0 hor se ante@did indeIoxt diRs®lorimbatKisdstrddisipoo x Resaabgiaje. (TME aibstvas Thengo al |

plates twice with PBST, 100 _pi,K T b e (Therno Scientific) was added
Dot ho PGy he ACGRFER OF GEn 3611 HETLASH Flafeh d SRR TESH $10 TERRE  on was
st opped kycraglaieRGok@@rp! / wel | 2M sul furic acid. Absorbance at OD 450 nm
was read in all wells using a standard I?‘I ate reader. [}%0390 Usi ng, val ues
ext r apol #0847} r Jhe alioeementionsd FE14 avpay ponfipmes thg Binding ob the SCE D2 HERPLHOF or mat
permts fgRst Kbk Qﬁtt@%mm&éhimi&@o@n@w{f@mﬁgngﬁmermz.mz fitdpats ent

pl asma sanples. Mre particularly, FIG 33B shows the derived tum anal yte
concent r atithbribe first ploasvidiies ahihe dsterpipyn ¢ gl hupian et Bofei=12) and a group of
ovarian cancer patients (n=7) in disease stages 2-4. The data show t hat
average Notum concentrations in pl asxmnglan®l es of healthy adults is
approximately 8.6 10.3 ng/m while Notum concentration in ovarian cancer

patients appears si gﬂio{\!-x&mh%t&?ﬂﬁfbit%iff%@n%ial Greits AYGRLy These results

clearly denonstrate that the disclosed nodulators of the instant invention

o Cor 01! nabpied® 1B HEER I 805hap tha SEAIE FEKORR FRE e i

further agphecibditg td fatralizaenypine Nenim-Hisve miacaque MNoyunbEc ectbyitgliaefbllows.o2.her

specific fp i t hout d ting fromthe spirit or cen ttributes
Chereof - 1D rEPratt S Veirbhe irg nawob Tt PE S8 botke 0] R alishirr B

di scl oseseanihy &g Bhadry ofsehod sw®atic, | el eODMHEM+0.3% FB Shentinderkd wedmt hat
ot her variations are contenpl ated as bel n% Wi tfhi n_the %ﬁﬁ%?e of the present
i nvent i oMTOARTY Mg ICONCCRIALORT WeTE MIXGARIEhE inOf RUrFEd ARy aatidst he

parti cul apeARAdhinand sidRato RevadIeen miesa ki e tkhpdati Thhes gi. antdday her,
reference should be nade to the ag\gende clainms as indicative of the scope

( d
and cont éNPtusF mpxhae way Bep pddsd to the AYIECT gellsadhfies bheretp Mo iU iFORGCaR Y .
L-cell CM were added to each well. Eighteen hours after addition of CM, 100 pL of One-Glo

solution (ProMega Corp.) was added to each well. The contents of each well were mixed
thoroughly to lyse the cells, 100 pL of lysate transferred to black 96-well plates, and the
luminescence read after 5 minutes.

[00339] In addition to not being cross reactive with murine Notum as seen in Example16,
SC2.D2.2 did not inhibit the activity of either murine Notum or macaque Notum (FIG. 12A).
Similarly, the antibody SC2.A106 did not inhibit the activity of murine or macaque Notum (FIG.
12B) despite showing cross reactivity with murine Notum in Example 16.

[00340] In accordance with the ELISA data in Example 17 suggesting that the epitope was in
the first 135 amino acid residues of the N-terminus of the mature Notum protein, and the
inability of SC2.D2.2 to inhibit the function of macaque Notum or bind or inhibit the function of
murine Notum, the binding of SC2.D2.2 is likely to interfere with Asn129 (as numbered from
the start of the mature Notum protein) activity. See the sequence alignment in FIG. 1C. That is,

as the only amino acid difference in the relevant portion of the macaque and human Notum is at
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2. The isol ated Notum nodul ator of claim11, wherein the Notum nodul at or
conprises a Notum antagonist. 3. The isol ated Notum nodul ator of claim1,
wher ei n tWO 2M¥Q2i28pdul at or conpri ses an anti body or i mRGHAIS2RA0H#IASS
fragnent thereof. 4. The isolated Notum nodul ator of claim3 wherein the
anti body or immunoreactive fragnment thereof conprises a nonocl onal

anti body. 5. The isolated Notum nodul ator of claim4 wherein the

monocl onalsnift inteofdyenceswilethgcitedtitherdinditae ogelosipn Gende spiiopgcahprobs ther i ¢

ant i bodi es umani zed anti bodi es and.h n.antibodij e 6. The isol ated
Not um mo&ei°RE o 08‘?%@%10%%93 SR S?ens?é’imgirarrﬁ%gcsfr%n? SL%%?STtet()lbdy conpri ses a

|l i ght chain variable region having three conplenentarity determ ning

regi ons and a heavy chain variabl e ¥s3®tlhavi ng three conpl ementarity
determ ning regions wherein the heavy and |light chain conplenentarity
determ ni ng regi ons conpri sdonmrMeiknoaRedycad¥otamm ni ng regi ons set forth
in FIG 7B. 7. The isol ated u dul ator of claim®6 wherein said
monocl onal anti body i‘%“tg%ﬁﬁh#ﬁg“ég"gﬁ)@iaﬁw Pa(ISQ'C“fH’éeﬁﬁﬂyat ed Notum

nodul at or of claim4 wherein said nonocl onal antibody conprises a |ight
chai n vatGidplle degidorioarnde @lOWéamyd@éHﬁibﬁhaﬂéﬁiOéHD@lﬁr@'gg@hlgWﬁ%?féiVWOs@i*d | i ght

chai n varjabl & f68gLa0 w%fa(fp%ﬁhﬁ&% iﬁ@h?cﬂ}eﬂ@ct&gjeﬁs, %ﬁ%gﬁg%ﬁaf@\ﬁr@gns%mﬂﬁt f60%

identity to anramno acid sequence sel ected fromthe group consisting o
anm no aciod2®dqubneogsessisg s@ublé Nptum (i.p., SENGtDMNENs) fyerSEQedn N@ying BtioSEQ | D

No. 34 SEOTRROOIHET GRS NERGeE or e R fEeenGiap bl v e

NO 54, SEGMiRNDM BBse SEQikDrev@ftelBRanSEOVIIDVNEA 66]. BEECHY, uOifZ@nt SEQ

NG 74, SEQ | y 78, SEOQO | NO 82 EO. I D 1. 86, SEQ. | . . 9Q,. SE
NG 64 aROERCS RS B e A i 2 S HBRY e R e P 6 10 g o

conpri segofn.sanot agild caguensa 1&v0Rd Oatells pastel GEWwI6cent plity by mixng anm no
aci d sequence selected fromthe group, consisting of am no acid sequences as
set fortﬁﬂq%ﬁ%‘ﬁé‘)l%m‘“é‘?@ ‘P%QYNEQI%}O‘@E@E%-NQ 12, SEQ ID NO 16, SEQ

I D NO 2050395Q IFo: Mdct dfeul@RQRxpEiMNKts, dBer 23hQUk BY Nelim $drva®lzQ 9 B, VN8, SEQ
I D NO 4,8Eg|DNQ 44 and SEQ ID NO 48, SEQ ID NO 52, SEQ ID NO. 56,

SEQ I D NO c@ol lseedl €M W agded taseach pysllbgng géith 286 of BMIEM 702%dES RepWRlb 76,
SEQ 1 D NG ;4 Rl vSiERe loP1 0¥ L. 86 REQ HdarNEer &RiitioRERCND 108 4L3PnSER ddRitlE:  96.

9. A nucleic acid encoding an am no acid heavy chain variable region or an
ani no aci®@oMeghEomnaras addeditapich wellgilhpcastengy adjepghgvell were then mixed

thoroughly to lyse the cells, 100 pL of lysate transferred to black 96-well plates, and the

I D
I D
I D
| D

luminescence read after 5 minutes.

[00343]  As can be seen in FIG. 13A, in all instances, co-culture with effector cells secreting
Notum leads to lower levels of Wnt3A-induced luciferase activity versus co-culture with
parental 293T effector cells at all ratios. Interestingly, the overall induction of luciferase activity
increases as the total number of cells per well decreases, suggesting either media exhaustion
effects or possibly effects due to a low level of secreted Notum from the parental 293 cells
themselves.

[00344] For the antibody antagonism experiments, the mixture of cells was plated into wells
containing 25 ulL of DMEM + 0.2% FBS and antibody at a final concentration of 10 pg/mL.
Twenty-three hours after plating, 25 pL. of Wnt3A or control L-cell CM were added to each
well. Eighteen hours after addition of CM, 100 pL of One-Glo solution (ProMega Corp.) was
added to each well. The contents of each well were then mixed thoroughly to lyse the cells, 100
pL of lysate transferred to black 96-well plates, and the luminescence read after 5 minutes.
[00345]  As can be seen in FIG. 13B, addition of SC2.D2.2 to the co-cultures of 293.null and

293.TCF cells has little effect on the induction of luciferase activity by Wnt3A CM. In the case
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10. A vector conprising the nucleic acid of claim9. 11. A humani zed

anti body derived froma nonocl onal antibody of claim8. 12. The isol ated
Not um nodMPaPBY026723cl ai m | conprising an am no aci d seqR€RAB2@I3/04WE8 f ort h
in SEQID NO 2 or a fragnment thereof. 13. The isol ated Notum nodul at or of
claim12 wherein the Notum nodul ator further conprises at |east a portion
of an i mmunogl obulin constant region. 14. The isol ated Notum nodul at or of
cl ai m 1 whie ed-aultihes af@dsiNatuor tor288TCEselidh edditiaps erecSC20P2.2 amody micteasesi ng

cells upgn adm ni.strati.on to a.subject. 1 The i sol.at. | at or
of clai mit4 m\%re‘troéi%{r/\m? ‘%’énc{rhé%cﬁl(‘:lf 1ifecgzrllsei W l?tgﬁﬁwcayﬁﬁ%dydﬁlgﬁlﬁgﬁgﬁ OHJS;% ﬁ‘gg% ow
cyt onet r seracEirys ke 298-Ndumrelseddd bbackfng it paacrieresfedtn onuhe 263 . €0 Ficelks. f or t unor

initiati cel |l s.or i munohistochem cal detect.ion.of. tumgr. cell surface

o ey s PGS T PBR ORI SuTgp Thoie I oHg i & bivd TR E e, Pt e Mot um
modul at oku@rimel pffadrthe\Whesteif Notui®), JuggiiGtth fhel Notlim egdenoys dislded Bsreimned

using in vitro or in vivo limt iigrg%di | ut.i on a{gal ysis. 17. The isol ated

Not um ot Hiestivedy ngpencaNPEmWREREH CYRE P 8YEEEi on in frequency is

determned using in vivo limting dilution analysis conprising transpl ant
of live human tunor cells into i nmucoepipl®m sed mice. 18. The isol ated
Not um nodul at or of claim 17 wherein the reduction of frequency determ ned

using in vivo limting di]jéﬂécitigﬂOﬁNadu)/,sPﬁ)tgﬁﬁﬁpcmg§saq¢gant i fication of tunor
initiating cell frequency using Poisson distribution statistics.

[00346] In an attempt to identify mouse monoclonal antibodies that detect protein expression
by Western blot and, potentially, immunohistochemistry, protein cell lysates from four different
cell lines (HepG2, SW480, K562 and CHO) were run on NuPAGE 4-12% Bis-tris gels (Life
Technologies) under denaturing conditions using art standard techniques. The protein was then
transferred to PVDF membrane using the iBlot® Dry Blotting System (Life Technologies)
according to the manufacturer protocol and membranes were blocked with 3% BSA in PBST for
two hours. After probing the membrane with 1 pg/mL of either murine polyclonal, or one of
two murine monoclonal antibodies (SC2.A101 or SC2.A109) and washing three times in PBST
for 10 minutes between blocking, primary antibody and secondary antibody incubations,
respectively, Notum was detected with AP-AffiniPure Goat Anti-Mouse IgG, Fcy Frag Specific
(Jackson ImmunoResearch) at a dilution of 1:5000 in blocking buffer. Notum was then detected
using NBT/BCIP substrate: a ready-to-use, precipitating substrate system for alkaline
phosphatase. This substrate system produces an insoluble NBT diformazan end product that is
blue to purple in color and can be observed visually.

[00347] Each of the antibodies used to probe cell lysates detected human Notum in SW480
lysates, which appeared to be ~50kDa in size as a monomer and ~125 kDa as a multimer (FIGS.
14A-14B). A slightly larger band in the range of ~60 kDa, possibly representing an un-

dimerized glycoform, was also observed when probed with all three antibodies.
Example 21
Differential Notum Protein Expression in Various Pooled Tissue Lysates

[00348]  After documenting enhanced Notum gene expression in a number of tumorigenic
samples as evidenced by the previous Examples, including reverse phase protein validation

arrays comprising two pooled replicates of lysates from eleven different tumor types or their
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19. The isol ated Notum nodul ator of claim 16 wherein the reduction of
frequency is determned using in vitro limting dilution analysis

conpri si NYOI2DHA2V g di | uti on deposition of |ive human t BeHAUSZHEN/04945Ht 0 i n
vitro colony supporting conditions. 20. The isolated Notum nodul ator of
cl ai m 19wherein the reduction of frequency determned using in vitro
limting dilution analysis conprises quantification of tunor initiating
cel | fregupndye mmina@dj%mérﬂs;imedﬁsﬁnpﬂdﬁuﬁrtﬁtnsﬂ“act}inslo'gics).wheﬁln Naten prsieinat ed
Not um nodul at.or of b at) rise
turor per e payodetidi SIS Ry AR st PR 1T hE SRR AT BeiRar e

di sorder n@ﬁmnasm@o@dmm@tgmemnanNmrrmb)ew&steml Blyt @kireglt COemarount of a
Not um nodul ator to a subject in need, thereof Th .lr{et hog4 %f. claim 22
Wher ol 1 SRR eIt PGS AT E S S Rt et ago AIEEn o2 s ot hod
of cl ai myZehanei ﬂn&altﬂ;ebmr umm@s@edta& Q6RO i idefES @ waretoba@y alhg with

I mmunor eacti ve fragnent thereof. 25. The nethod of claim?24 V\/nerel n the

ant i body C‘Eﬂ“o?sr?ﬁﬁ%?"élé(‘,"t”ih\i’é “Fﬁh%‘ﬁr%’ AE-OVHETRETHION AHHHIEN L8 4N SXGEHRRE PERRQeT

anti body (OriGene Technologies) were performed. Colorimetric detection reagents and protocols were
provided by the manufacturer of the ProteoScan Arrays (OriGene Technologies), and spots on
the fabricated array were converted to a digital image using a flatbed scanner using BZScan2
java Software (http://tagc.univ-mrs.fr/ComputationalBiology/bzscan/) to quantify Spot Intensity.
Data was generated as described above and represented as average pixel intensity per spot. Data
plotted represents individual spot densities for each tissue specimen, with a line representing the
Geometric Mean.
[00349] Results from these arrays are shown in FIGS. 15A-15G and indicate that expression
of the Notum protein is upregulated in several different tumor types, including specific
subpopulations of cancer patients. More specifically, FIGS. 15A-15G show that the levels of
human Notum protein expression are elevated in subsets of patients with breast, colorectal and
ovarian cancer, in addition to melanoma. Moreover, Notum protein expression appears elevated
in most patients with the neuroendocrine-subtype of pancreatic cancer (FIG. 15B). Elevated
Notum protein expression in various subsets of cancer patients, especially patients with late
stage colorectal cancer and the pancreatic neuroendocrine subtype (islet cell tumors) of disease,
suggest a role for Notum in promoting advanced disease and/or metastasis in these tumor types.
[00350]  Also shown in the results in FIGS. 15F and 15G is the apparent reduction of Notum
protein expression in kidney and liver tumors. This reduction is generally greater in later stages
of disease, with the exception of stage IV liver cancer, and suggests that reduced local Notum
levels may play a role in tumorigenesis and tumor progression. Though cholangiocarcinoma
tumors have little Notum (FIG. 15G), cholangiocarcinoma is a cancer of the bile duct and no

normal bile duct tissue was on the ProteoScan array for comparison.
Example 22
Notum Modulators Antagonize Notum Induced Cell Survival/Proliferation

[00351]  As set forth in Examples 2 and 3, Notum expression was demonstrated to be elevated
in tumor perpetuating cells from colorectal tumors. To determine whether Notum protein

impacts cell proliferation and/or apoptosis of human colorectal cancer cells, HCT-116 cells or
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26. The nmethod of claim 25 wherein the nonoclonal antibody is selected from
the group consisting of chineric antibodi es, humani zed anti bodi es and human
ant i bodi e¥0 2912/02TR8 et hod of claim 25 wherei n sai d non8€TALaN114#45Hody
conprises a light chain variable region having three conplenentarity

determ ning regions and a heavy chain variable region having three
conplenentarity determ ning regions wherein the heavy and |ight chain

conpl enentoassd limagbedeeremdmmtmmicdns(i € Gopan Bignoc oets) wore mpladed asyles;teibteir m ni ng
regi ons t forth id
nonocl oni?elogr‘i‘ﬁi B’S%&’f/ed tSﬁ%ngggmi‘%ﬁ)t%F “& a|°tr11m1\cjllg"rsl051%*I reh%?: ?\niaﬁl? I\r]]()tﬁn;élavy

chai n vaghitlies.r €gl Ainbehieret thes aisesskd ght4 ¢dyaiatervari abl e regi on conprises an
am no aci d guence hayi ast 60% i i.d .Sequence
sel ect ed! qu‘%ﬁ ﬁ\@orﬁﬁﬁﬁ‘ﬁmaghgiogﬁ H‘@a%?fd% t?‘f ﬁm 0§8"clﬁ3¥98en§&g’é%§ét forth in
SEQ I D NQCR&,CreRQuhbts Nere pifted SEQ,000cMeyweliin s@E@—ﬂd@ Ma th@,ha®pvioRINO. 22,
SEQ ID NO 26, SEQ ID NGO 30, SEQ I.D NO. 34, %gerbgggalpgm 42

SEQ | D Nepenglsmongtrtedrp m@m%tunee@ﬂ}lﬁqi]@m B0 f‘é’E@e?‘ %41‘%@“‘5 iR, 62,

SEQ I D N@xe@&nblmb@aMtu%QHlsSE@FEﬂn re?sénce%EQ;s'eQ:eWNo?lﬁﬁ molthitbld NO 82,
SEQ ID NO_ 86, SE SEQ NO 94 and SEQ ID NO 98 and wherein

said hea®§2dRal of 1|0§I§I @ aﬁéij’ltbﬁ’ﬁ C@@Fﬁéﬁ?@@éy €5 MAbhso Sellsovaedgeerbaedi ng at

| east 60%,identd %7t 34 @H) A 598 b REGAUIRAR: SEigRL @éihswa@agsm@d SERUP
consi sting of amno aci sequences as set forth in SEQ I SEQ I D NO

8, SEQ | Bray®ga’sLelISE@GIDishi® kitligr theE@npBCNGE’s 2B rucoas. |®rN@HQﬁll@e® I'® NO

28, SEQ | QID
No a5, SRy S5Rug ke dmBa g fous e R A MRS RER,
NO 68, SEGMD N@Fmszfonsee@ :zzehm 261y BEQUIGING <001 frSHOMEM (NDtairgde SEQ | D
NO 88, SE

wherei n $4i H])?lb uBPBPfPu& g.]tl v%reséf’n%eo?r QSenceogf mon%céonglt En]%go %2315%? sI(ZJr der.
30. The rse:tzhoEBoHCG?LHbml&vwnhﬁreeumtusmdfonemqiﬂy&st37€Ccﬁ%@Qielmdcdhpablhes a

solid tunor. 31, The netho .cl.aim 30. rein t.issue.froms dSO|Id
tunor conf PEESehyith g’é’é’ieg%ﬁgjemeé{}ﬁ’c?ﬁsagg(fae\@ﬁ FEPORT RGBS & ?hl’%l sting of
KRAS nut atasbnsi cé\l?@ mut at i ons, CTNNB1 nut ati ons and conbi natl ons t hereof.
32. The net claim ei n neopl asti.c di sorder ri se dr enal
cancer, lﬁ@oégg]er SR REsHIs (i@Py]F@QFXQf’éWEQ moeﬁ‘?dﬁlﬁ%gter © lleteggﬁﬁgﬂngRF%ﬁZV’ncancer
l'iver canpg@nt SCRRECRAANERT. |62V HNVUG-FRAEbr | CQY/MLEELpRbUre aNSER x- CRamBI(Eatl c
cancer, prostate cancer or breast cancer. 33. The net hod of cl ai

further dERpiepWicddn 1 BE43%P dsreare meath 69 uRl CRRAE MRIBH D IeHek GRBRIS Pr 1? ating
celI's incgaiseh YR BEIPC isotype control antibody. Conversely, exposure of SCRx-CR4 cells

(expressing elevated levels of the Notum gene) to the human Notum neutralizing antibody
SC2.D2.2 (10 pg/mL) showed significantly less proliferation compared to the appropriate
MOPC isotype control antibody-treated cells (FIG. 16B). Similarly, the anti-Notum antibody
SC2.10B3 (10 pg/mL) was also able to negatively impact cell numbers though not quite as
effectively as SC2.D2.2 (FIG. 16B). Confirming the observations made immediately above,
exposure of HCT-116 cells to 10 pg/mL of hNotum resulted in a more than 2-fold increase in
cell numbers. Significantly, the increase in cell numbers as a result of hNotum exposure, which
appeared to be dose dependent, was blocked by the presence of the anti-Notum monoclonal
antibody SC2.D2.2 (Fig 16C). These observations demonstrate that the human Notum protein
(e.g. His or hFc forms) can increase cell proliferation and/or impair apoptosis, resulting in higher
cell counts in the assays described above. Moreover, in accordance with the teachings herein the
hNotum neutralizing monoclonal antibody SC2.D2.2 is able to block this activity and impairs

Notum mediated proliferation.
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34. The nethod of claim 33 wherein the reduction in frequency is determ ned
using flow cytonetric analysis of tunor cell surface markers known to
enrich fovOR20AR7128i ti ating cells. 35. The nmethod of cP&TMHSIBLMBESRI N t he
reduction in frequency is determ ned using i munohi stochem cal detection of
tunor cell surface markers known to enrich for tunor initiating cells. 36.
The nmet hod of claim 33 wherein the reduction in frequency is determ ned
using in vitro or in vivo limting Exdoyile 2 anal ysis. 37. The met hod of
claim 36 wherein the reduction in frequency is determ ned using in vivo

limting dilutionngial Nﬁyhﬁlaﬁﬂg@ﬂxkaﬂ?ﬂﬁe Noans PhRietd Bhtelds¥ Activitgn tunor cells
I nto i nmunoconprom sed mce. 38. The nethod of claim 37 wherein the

reductio f requenc eterm ped using i Lve. L imti [lutio al ysi s
compri sed Bty (1Al foshiiotf 3rR ablhatbosGier ik Sl A b BB7 10
di stri butdlaed ©tpdnit pédtia acetyl@8erasthelt iveti dvadnohibec baiheroPchydivdase supetfhreily.educt i on

of frequency is.det.erm ned usi dnvitro limigti dilution analysis
conpri si ﬁgeﬁ\éir?ﬁ‘tﬂqnﬁ PHieE® %%Slhggjé%cﬂ?rpl(%l fB‘fCthﬁ/ttgrﬁgﬁﬁzﬁ unor cells into in
Vitro col@3ygs]sumpadst ifMNbuao peliséssanarboxylsterddeactivgtyhadifiefl recbmbimadfNohex-ei n t he

reduction of frequency determned using ip vitro limting di I.Qn_anal ysi s
conpris e?‘hﬁ%ﬁﬁ‘?‘%ﬁ‘@%ﬁ‘% ﬁhecf?‘rot"tﬁwgﬁ?lc ieﬁ?rla?eﬂlpsﬁr@teé ETnlltr‘TpF‘é‘Hllj é‘%&'}e {Fﬁp ﬁ‘é aﬁfgi ss g n

di stri bubyifophbfll belyiaeSENPBY usilH@anmaid @ chy @bnditicHs TWa#: ¢k bil, tPVED: CONPBI663i Ng t he
step of adm nistering an anti-cancer agent. 42. The nethod of claim 22
wher ei n $ardy-NOEOTBRR Ye6disciphdisisd B ropiPHY! Bding! CoIdALEs 25 1SBM for t h
in SEQ | BpN@suksu@ie sBiufibRAMEROdiIdREr: 8Pfnto assay buffer (0.1% gum arabic, 2.3 mg/mL

sodium dexoycholate, 1X PBS) and incubated with defined amounts of hNotum enzyme, and the
enzymatic release of the chromophore p-nitrophenol monitored by absorbance measurements at
405 nm.

[00356]  As can be seen in FIG. 17A, increasing amounts of hNotum release increasing
amounts of p-nitrophenol from PNBA after 1 hour incubations at 37° C., demonstrating that
Notum has carboxyesterase activity. Mutant Notum (S232A), in which the putative catalytic
nucleophile has been altered by site-directed mutagenesis, showed a greatly reduced esterase
activity. As shown in FIG. 17B, murine and macaque Notum proteins also display esterase
activity. A recombinant esterase from Bacillus stearothermophilus (Sigma-Aldrich) was also
included in the assay as a positive control (FIG. 17C). Specifically, FIG. 17C shows that at any
specific time point hNotum yields a stronger signal for p-nitrophenol released from the PNPA
(solid black squares and solid line) versus the PNPB substrates (open squares and dashed line),
whereas the Bacillus esterase seems to preferentially hydrolyze the PNPB substrate (open circles
and dashed line) versus the PNPA (solid circles and solid line). This data demonstrates that
hNotum is able to induce esterase activity in a quantifiable manner.

[003571 The results presented immediately above indicate that the measured esterase activity
may be used to provide an assay that allows for the further characterization of the disclosed
Notum modulators. In this respect, FIGS. 18A and 18B demonstrate that preincubation of
hNotum protein with the Notum modulator SC2.D2.2 prior to addition of the PNPA and PNBA
substrate results in greatly reduced esterase activity. This is entirely consistent with the data
presented in previous examples and again demonsirates the ability of the SC2.D2.2 antibody to
neutralize hNotum enzymatic function. More specifically, FIG. 18 A shows a dose-response

curve wherein the amount of SC2.D2.2 is fixed (none or 10 pg/mL) and Notum concentration is
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43. The nethod of claim 42 wherein said Notum nodul ator further conprises
an i nmunogl obul i n constant region or fragnent thereof. 44. The nethod of
clai m 43 WAEPB/R7RAi d Not um nodul at or conpri ses a fusi oRCHASGRHI1/G494585, The
met hod of claim 22 further conprising the step of adm nistering a second
Not um nodul at or wherein said second Notum nodul ator is distinct fromsaid
Not um nodul ator. 46. A nethod of reducing the frequency of tunor '

I ni tiati ngiedelAls snayre acenuih FEEt 8 Arnneechs¢ imdMNeofm boelp iricslasey nichgrat ep of

adm ni stering.a Notum nodul ator, to sai d subject. Th t hod of claim
36 uher e TRES R Y Braft RhetdntE RunuReht scatf 2 APBalTA PR e el | o
48. The etieadly0FIG:118B Fréidenh @ofirtspsade@uive BDme Pparcdehriatatin getdety vheahgr i se
one or nore na tum

rs. . 49. The pethod of claim 46 i n sai(fi

modul at ofMBEHF PNeEnds Rty atigties Concapatad TGRS 2l 46 wher ei n
sai d Not yiueREul-a QEarfARPR SeSh@preantd SFodNotud nodier SRiFIO&datesehai m 50
wherein said anti body conprises a nonocl onal anti body.

amount of hNotum enzymatic activity in a concentration dependent manner. In contrast a

control antibody (MOPC) has no effect on the esterase activity of Notum (data not shown).

[00358] Those skilled in the art will appreciate that the instant example demonstrates another

assay that may be used to characterize the disclosed Notum modulators by measuring their

impact on the enzymatic activity of Notum.

Example 24
Notum Modulators Antagonize Notum Induced Lipase Activity

[00359] Based on the characterization of Notum as a member of the o/p hydrolase
superfamily and its demonstrated esterase activity, it was hypothesized that the protein may also
act as a lipase. Those of skill in the art will appreciate that the lipase activity of proteins can be
measured using a turbidometric assay measuring the lipolysis of Tween 20 (Pratt et al., 2000,
PMID: 10706660). As such, experiments were conducted comprising the lipolysis of Tween 20
to measure the lipase activity of hNotum and provide yet another assay that could be used to
characterize the Notum modulators of the instant invention.

[00360]  Briefly, recombinant hNotum (1 pg/well) was added to an assay buffer containing 50
mM Tris, pH 7.4, 33.3 mM CaCl,, and 0.33% Tween-20. When the Tween 20 monolauryl
group is cleaved by lipases (e.g. hNotum), the free fatty acid forms an insoluble complex with
the Ca®* cations resulting in a turbid solution, the OD of which can be measured at 405nm to
provide a measure of lipase activity. As a positive control, the activity of porcine pancreatic
lipase (Sigma Aldrich) was measured in the same assay. FIG. 19 shows that purified
recombinant Notum is capable of cleaving Tween 20 in a dose dependent fashion and
demonstrates that such measurements provide yet another method by which to characterize the
compounds of the instant invention.

[00361] In order to take advantage of this enzymatic property and further exemplify the
properties of the present invention, an assay was run to determine the effects of Notum
modulators on the lipolytic activity of Notum. To that end, various concentrations of SC2.D2.2

were preincubated with hNotum for a set period prior to adding the mixture to the assay buffer
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52. The nethod of claim46 wherein the subject is suffering froma

neopl asti ¢ di sorder selected fromthe group consisting of adrenal cancer,
bl adder cef@812/02¢8Bvi cal cancer, endonetrial cancer, ki @6EUSSHAOEHS8 | ver
cancer, lung cancer, ovarian cancer, colorectal cancer, pancreatic cancer,
prostate cancer and breast cancer. 53. The nmethod of claim46 wherein the
frequency of tunor initiating cells is reduced by at |east 10% 54. The
met hod oﬁn&ﬁl@dsmi@hmuléhgeﬂzbmauiceazbti&ilt)i orlesanibbd elgpen e resulthatl eremssagdrausi ng
fIOM/cytoneg I anal S E%}E#nnr cell surface markers known to enrich for
tunor i nFPPAET R RES ? n he nmethod of claim46 wherein the reduction
in frequency2li STdeteemlﬁhgladvamlelagy o athil ra 630 allh edricerdttatiohest of el Mdtuaf  t unor
cell surfa e enrich f r t unor. i ati cells 56. The
ot hod of e ATRSaE Turerer b e Saate tiedimisrerisgu oty TR eriisen usi ng

i n vitroj@pactifs lﬁﬁasla |am\ﬁt?' @gt}ﬁlpbt&deQﬂZ}ﬂxﬁbﬂﬁdﬁﬁﬂ@ contl . Fﬂ-ﬂﬂ%r rGhzkhedvs ¢l ai m 56
wherein the reduction in

requency i s determ ned u5|nq ivo limting
di | ut i onthshdr pegadveenpsel @tlh@dm%%%%daﬁ% noganhibit e Heasa ACHViRNG i’ cithey Netumfyrg
| MuNoc ORI REANTELAR lipae8. The method of claim 57 wherein the reduction
of frequency det er m ned usi invivo limting dilution analy5|s conpri ses

quanti fi ¢¥8Ppdn §ﬂdvﬁﬁﬂ$Ckﬁ¢iﬁﬁﬂﬁﬁyh%@WPWFﬁ toged NptHE npRsiukigasp to
di stributjgf Staliigsd tﬂ:esenzyrﬁguc IR LPed l\gtun?n‘gnlt%lkenmgégllm?rlﬁb&tEtbﬁh&@&um' on

of frequency Is determned using In vitro ion analysis

conpri si hgndrigait peigntehl ing physioldgjselsettingn of |ive human tunor cells into in
vitro col ony supporting conditions. 60. The nethod of claimb59 wherein the
reduction of frequency determ ned ugiapgpledsvitro limting dilution analysis
conprises quantification of tunor initiating cell frequency using Poisson

distribution stati Sﬁu%?éscent assay of Notum Hydrolase Activity and Loss of

Activity in Notum Modulators Comprising Point Mutations

[00364] In addition to the assays described in Examples 23 and 24, a fluorescent esterase
substrate, 4-methylumbelliferyl heptanoate (Sigma), can be used to measure the activity of
hydrolases using standard assay conditions (Richardson and Smith, 2007, PMID: 17620441,
Jacks and Kircher, 1967, PMID: 5582971). Briefly, 4-MUH was dissolved in DMSO to a final
concentration of 1.2 mM. This substrate was diluted 1:10 into assay buffer (0.1M Tris, pH 7.5,
50 mM NaCl, 0.05% Brij) and incubated with defined amounts of Notum enzyme or point-
mutated Notum enzymes, and enzymatic release of the fluorescent molecule 4-

- methylumbelliferone monitored (355 nm excitation, 460 nm emission) using a Wallac Victor3
Multilabel Counter (Perkin Elmer).
[00365] FIG. 21A shows that increasing amounts of wild-type human Notum enzyme can
inhibit the response of the 293.TCF cells to Wnt3A in a dose-dependent fashion (assay details
described in Example 14). However, the point mutants S232A and D340A show no ability to
antagonize the activity of Wnt3A in the 293.TCF cells. Similarly, wild-type human Notum
(62.5 ng per reaction) is capable of hydrolyzing the 4-MUH substrate, as demonstrated by a
linear increase of relative fluorescence signal over time, whereas the S232A and D340A point

mutants show no ability to hydrolyze the 4-MUH substrate (FIG. 21B).
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61. A nethod of sensitizing a tunor in a subject for treatnent with an
anti-cancer agent conprising the step of adm nistering a Notum nodul ator to
sai d subj\&0O12012/@82723The net hod of claim 61 wherein sai d RETASRMIN458 or i s
an anti body. 63. The nethod of claim61l wherein said tunor is a solid
tunor. 64. The nmethod of claim®61 wherein said anti-cancer agent conprises
a chenot herapeutic agent. 65. The nethod of claim64 wherein said
anti-cancer agent conprises a biol dgiatnple 36. A net hod of di agnosing a
hyperproliferative disorder in a subject in need thereof conprising the

steps of: a. obyglhi Ads at 4 5&5WE tRAMoRichl Wik PRiHYVa§ WisBedm oPGsePNt acting the
tissue sanple with at | east one Notum nodul ator; an

[00366] A simplified representation of the canonical (e.g. LEF/TCF) signaling pathway is
represented in FIG. 22. Normally, beta catenin (CTNNB1) is rapidly turned over to the
proteosome in the cytoplasm of cells following (1) its phosphorylation by GSK3 (and other
kinases not depicted in the FIG. 22) when it is part of the AXIN/APC/GSK3 destruction
complex in cells and (2) subsequent uniquitination. The binding of Wnt molecules to their
receptor, Fzd, promotes phosphorylation of Dsh, which recruits Axin from the complex and
causes the release of beta catenin from the destruction complex. This permits translocation of
beta catenin to the nucleus of cells, where it complexes with LEF/TCF transcription factors to
activate Wnt responsive genes. LiCl is a small molecule inhibitor of GSK3 (Klein and Melton,
1996, PMID: 8710892), which in the context of the canonical Wnt signaling pathway results in
the downstream activation of Wnt responsive genes by promotion of beta catenin stabilization
and release.

[00367] As can be seen in FIG. 23, Wnt3A CM and LiCl (40 mM) both activate luciferase
transcription in the 293.TCF cells. Human Notum antagonizes Wnt3A CM, while SC2.D2.2
alone does not inhibit the induction of luciferase due to Wnt3A CM. However, SC2.D2.2 can
inhibit the activity of human Notum in a dose dependent fashion, leading to restoration of
Wnt3A-induced luciferase expression. Most importantly, LiCl is able to activate the luciferase
reporter independent of the presence of human NOTUM and/or SC2.D2.2, indicating that
Notum and the modulating antibody produce their effects upstream of GSK3.

Example 27
Delineation of Key Residues in the SC2.D2.2 Epitope Related to its Bioactivity

[00368] The chimeric human/mouse Notum protein described in Example 17 was placed into
the 293.TCF assay. FIG. 24A shows that the chimeric molecule is able to inhibit induction of
luciferase mediated by Wnt3A CM, although with lower efficacy than the wild-type protein.
FIG. 24B shows this activity can be neutralized with SC2.D2.2, indicating that the epitope of
SC2.D2.2 is contained with the first 144 residues of Notum, consistent with the ELISA data
presented in Example 17. Taken together, the ability of SC2.D2.2 to neutralize the bioactivity of
the chimeric molecule, the activity data of SC2.D2.2 against various species forms of Notum as
shown in Example 18 and the sequence alignment as set forth FIG. 1C, suggest that the D141
residue of human Notum might be a critical residue in the epitope of SC2.D2.2. (Note that FIG.
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c. detecting or quantifying the Notum nodul ator associated with the sanple.
67. The nmethod of claim®66 wherein the Notum nodul at or conprises a

nonocl onaWo2At¥Boly. 68. The net hod of cl aim 67 wherei nPCRASAMLIOBBEY | s
operably associated with a reporter. 69. An article of manufacture useful
for diagnosing or treating Notum associ ated di sorders conprising a
receptacl e conprising a Notum nodul ator and instructional materials for

usi ng saild V\Nmtdnmmatdmﬂxeammduetars Dlaé,dias@irupdh agnbm'mgﬂmm tNo starobiths owivad ed

di sorder .. 70. The acture r Not um
ol at oNoled etlign Shrsfafe B BRMGESsoRued B HaRGLS P RRRC 01 i m
70 \/\herehﬁ‘m&rh;&ofeeqsiwumbe corrprl ses a readabl e pI ate. 72. A net hod of
treating bj ect. s r|n m.neop Iast order co | Si a solid

t unor exlﬁ&gg(g'i 3050%55& ‘gfrii%ﬁ‘e 15’11?0 Pr“ltfﬁ%fes’glﬂe B‘rtk%epdf? ‘?ﬁg‘ﬂ ation
wher ei n spiddulREbibRdy @‘e@mmquese@retqual@e@p) @ﬁntaldmtatrﬁglegmmnaumelva@eutd cally
effective ampunt of at | east one Notum dul he nmet hod of claim

72 wher efiicg éhedn%w@%%%#&m%ﬁﬁw m&‘r@“%tn%‘&b]&m’ é‘ﬁ‘e mecaquerigidyiedinod of
cl ai m 72 gphsdstiof wadpeinMNahit il PG hah & reGORIIN1S69). aNGars HdA6 hat each of these

point mutations yielded a protein that retained bioactivity in the 293.TCF assay (FIG. 25A) and
the 4-MUH hydrolysis assay (FIG. 25B). However, these point mutants differed in their ability
to be neutralized by SC2.D2.2 (FIG. 26). Mutation of the human residue to either macaque or
murine residues eliminated the ability of SC2.D2.2 to neutralize the mutant Notum protein (FIG.
26A), whereas changing the macaque protein residue to the human residue (N141D) now
enabled SC2.D2.2 to neutralize the mutant protein (FIG. 26A) despite being unable to neutralize
the wild-type macaque protein (FIG. 12A). This pattern of neutralizing behavior by SC2.D2.2
was also observed for the mutant proteins in the 4-MUH assay (FIG. 26B): changing of the
human D141 residue eliminated the ability of SC2.D2.2 to neutralize the resultant protein
(D141N, D1418S), whereas changing of the macaque residue N141 enabled the antibody to
neutralize the mutant protein (macaque N141D). These data clearly demonstrate the importance
of the D141 residue for the ability of SC2.D2.2 to neutralize the bioactivity of the Notum

protein.
Example 28
Incubation of Notum with rhWnt3A Leads to Inactivation of Wnt Activity

[00370] In order to determine the kinetics of Notum mediated antagonism of Wnt3A
signaling, recombinant Notum alone or in the presence of SC2.D2.2 was preincubated with
recombinant human Wnt3A (thWnt3A) for 2 hours at 37°C, prior to addition of the complexes
to 293.TCF cells. This resultant induction of luciferase by the rhWnt3A was compared to that
observed using the standard protocol for the 293.TCF assay, in which Notum alone or Notum +
SC2.D2.2 was added to the cells for two hours prior to the addition of thWnt3A. As can be seen
in FIG. 27A, the standard assay conditions show that Notum in the absence of SC2.D2.2 is
capable of inhibiting induction of luciferase in the 293.TCF cells exposed to 250 ng/mL
rthWnt3A (closed circles), and that incubation of Notum with 10 pg/mL SC2.D2.2 prior to
addition of rhWnt3A blocks the ability of Notum to antagonize the thWnt3A (open circles). Of

interest however, is the preincubation of Notum and rhWnt3A prior to addition to the 293.TCF
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75. The method of claim74 wherein said antibody conprises a nonocl onal

anti body. 76. The nethod of claim 72 wherein the neoplastic disorder is

sel ect ed WOaM2MB&729r oup consi sting of adrenal cancer, bPEEASROIGAKBES
cervical cancer, endonetrial cancer, kidney cancer, liver cancer, |ung
cancer, ovarian cancer, colorectal cancer, pancreatic cancer, prostate
cancer and breast cancer. 77. A method of treating a subject suffering from
nfe;)pl ast éells.dinshi dwfe teaeypohs aiighetdals ®rBYnBA iaddueddsareatly fgjosed chidesegBut i cal |y
effective unt of at | east ne ingi-Ng: Not LK ; The

met hod o?ngl SHMFFER ﬁﬁg§£$@ﬁW%Wﬁ%$§%géf§%€r é%%%g?ggépgﬁﬁgﬁyﬁ%Aacid
S?QUFnPeregtgreah e sE@itivity IogthSEéllsl tOriNt3 2 (openaqlarasditen?7B)hdiogsier, tigse ddae net hod
of claim erein sai t um nodul at o ri ses ' .+80. The

met hod ofts&fshitat YRR ‘@%Wd“ %&V?%dg}“’g‘% a %@gseg‘qﬂo%ﬁ%%ﬁ%%\ilmg‘nt i body.

81. The ppibAdoRTheGrALMBOheheN airfacd.he neopl astic disorder is selected from
the group consisting of adrenal cancer, bladder cancer, cervical cancer,

endonetrial cancer, kidney cancer, e S@ncer, lung cancer, ovarian
cancer, colorectal cancer, pancreatic cancer, prostate cancer and breast

cancer. 82. A nethod of identifying..] ' i oni i
oot ron o fur o St B Sl oo S g 25
[00371]  The studies shown in Examples 23, 24, and 25 indicate that Notum possesses the
ability to hydrolyze esters and lipids, while the data presented in Example 28 suggests that may
act directly on thWnt3A. Consistent with a putative hydrolase activity for Notum, it could be
hypothesized that this inactivation is related to the ability of Notum to delipidate Wnt3A. Two
lipids are known to be linked to Wnt3A, a saturated palmitate chain at Cys77 and an unsaturated
palmitoleoylic chain at S209 (Lorenowicz and Korswagen, 2009, PMID: 19559695). Both lipid
chains have been suggested to be important for secretion of Wnt3A as well as signaling (Franch-

Marro et al, 2008, PMID: 18430784). Because palmitate is linked to Wnt3A via a thioester
linkage at Cys77, this would suggest that Notum might be inactivated by a known inhibitor of a
thioesterase enzyme. One such small molecule is orlistat (Xenical®), which has been shown to
inhibit the thioesterase subunit of the multisubunit enzyme fatty acid synthase (Kridel et al,
2004, PMID: 15026345). Therefore, the 4-MUH assay described in example 25 was performed
in the presence of varying amounts of 4-MUH substrate (240 uM or 90 uM) and orlistat (0 — 170
LM). As can be seen in FIG. 28, orlistat inhibits the hydrolysis activity of Notum upon 4AMUH
in a dose-dependent fashion, demonstrating the ability of both small molecules and a known

lipase-inhibiting drug to inhibit Notum.
Example 30
Changes in the Physical Behavior of Wnt3A in Response to Incubation with Notum

[00372]  If Notum directly acts upon Wnt3A to delipidate the protein, this cleavage should
result in a change in the hydrophobicity of the protein, which can be measured by a change in its
partitioning behavior between aqueous and detergent phases in a Triton X114 partition assay
(Bordier, 1981, PMID: 6257680): lipidated Wnt3A will be found in the aqueous phase, whereas
delipidated Wnt3A should show up in the aqueous phase (Willert et al., 2003, PMID:
12717451). To demonstrate the enzymatic properties of Notum, 1.5 ug of thWnt3A in 0.1%
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83. The nethod of claim 82 wherein said Notum nodul ator conprises an

anti body. 84. The nmethod of claim 83 wherein said anti body conprises a
nonocl onaWo2At¥Boly. 85. The nmet hod of claim 82 furthhePCERIPRIILOHHGS t he
step of subjecting the tunor initiating cells to flow cytonetric anal ysis.
86. The nethod of claim85 wherein said flow cytonetric anal ysis conprises
FACS. 87. A nethod of depleting tunor initiating cells in a patient
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immunoblotting using an anti-thWnt3A antibody (Cell Signaling Technology). Bands were

visualized using SuperSignal West Pico Chemiluminescent substrate (Thermo Fisher Scientific).

[00373]  As can be seen in the blot shown in FIG. 29A, in the absence of Notum rhWnt3A

appears only in the Triton X114 phase (lane 6) and not in the aqueous phase (lane 5).

Conversely, incubation of thWnt 3A with Notum leads to appearance of thWnt3A in the

aqueous phase (lane 8) as well as the Triton X114 lane (lane 9). These data are suggestive of the

ability of Notum to delipidate Wnt3A. However it is possible that such delipidation is

incomplete under the instant experimental conditions thereby leading to the observed retention

of some rthWnt3A in the Triton X114 phase.

[00374] It is also interesting that Notum has been linked to modulation of the Sonic

Hedgehog (Shh) in Drosophila (Ayers et al, 2010, PMID: 20412775). Shh is another lipid

modified protein, specifically one containing a palmitic acid chain esterified through the alpha-

amino group of the mature protein N-terminal Cys24 (Pepinsky et al, 2008, PMID: 9593755).

Thus, the previously described genetic interactions of Notum with the Hedgehog signaling

pathway may also reflect a lipase-based delipidation of Hedgehog proteins, disregulating their

signaling properties, with consequential effects in the promotion of oncogenesis.

[00375] In any event the demonstrated ability of Notum to change the physiochemical

behavior of hWnt3A can be blocked by the Notum modulator SC2.D2.2 as shown in FIG. 29B.

Lane 1 is a positive molecular weight marker for thWnt3A while the presence or absence of

reagents in each aliquot is noted above the respective lane (where a is the aqueous fraction and t

is Triton X-114 fraction, and the sliding bar indicates the concentration of Notum modulator).

Again, untreated thWnt3A appears only in the Triton X114 phase (lane 3) but not the aqueous

phase (lane 2). Overnight incubation with hNotum-Fc again leads to a redistribution of the

rhWnt3A into the aqueous phase (compare lanes 4 and 5). This redistribution can be blocked if

hNotum-Fc is first preincubated with SC2.D2.2 (compare lanes 6 and 7 vérsus lanes 4 and 5,

respectively). The blocking effect is dependent upon the amount of SC2.D2.2 used; higher

amounts of SC2.D2.2 result in more of the thWnt3A being retained in the Triton X114 phase

(compare lanes 7 and 9). The blocking of redistribution is also dependent upon the specificity of
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91. A conposition conprising hSC2.D2.2 antibody and a pharmaceutically
acceptable carrier. 92. A nethod inhibiting or preventing netastasis in a
subj ect iWOReRM2{R8reof conprising the step of adm ni st @CITAF2e11/049458
pharmaceutically effective anount of a Notum nodul ator. 93. The nethod of
cl aim 92 wherein the subject undergoes a debul ki ng procedure before or
after the adm nistration of the Notum nodulator. 94. The nethod of claim
93 wher eihr Naiid nobdblatok;i nod kg ed tedestrioipr issﬂa&r\teldéf ladtrmumibstiy @itsi on of at

| east ti-can wherein th
Sy oot PE K TSRSt SRUGL 1S T A oo Mo ELT AP & acim mi st er ea.

96. A nethod of perform ng nmai ntenance therapy on a subject in need thereof
conprising the step of adm nisteri r@x%tﬂnihéﬂf maceutically effective anmount of
a Notum nodul ator. 97. The nethod of claim 96 wherein said subject was
treated for a neopl astMedultionro @ unidn, Murime dodeMadltey Ngdmat i on of the Notum
nodul ator. 98. The nethod of claim97 wherein the subject is asynptonatic
wi th reg@nod7élo Wselememqniaadmbmyedlhesroordneronu%wﬁbddlyémdlmmm dibwn tg s

adm ni stere t um nodul a

The
admi ni st &S Cﬂlm lélhltbﬁgrf? man r}r,%rﬁltoﬁ Soﬂgla ugrwﬁhwpmil%mnétmu\?\glg macaql que v rsc,%%’n?st he

neopl ast bethd IpﬁfﬁdfxﬁleA.second monoclonal antibody modulator of human Notum, SC2.D16, was
characterized for its ability to inhibit mouse and macaque Notum using the 293.TCF assay
described in Example 14 above. As shown in FIG. 30, SC2.D16 inhibits human and monkey
Notum with similar efficacy, and may be slightly more potent against murine Notum than either

of the primate Notum proteins.

Example 32

Humanization of a Monoclonal Antibody Notum Modulator

[00377] Murine antibody SC2.D2.2 was humanized using a computer-aided CDR-grafting
method (Abysis Database, UCL Business Plc.) and standard molecular engineering techniques to
provide hSC2.D2.2 modulator. The human framework regions of the variable regions were
selected based on their highest sequence homology to the mouse framework sequence and its
canonical structure. For the purposes of the analysis the assignment of amino acids to each of
the CDR domains is in accordance with the Chothia et al. numbering. Several humanized
antibody variants were made in order to generate the optimal humanized antibody. A chimeric
version of the murine antibody comprising the entire murine light and heavy variable regions
and a human constant region was also fabricated for purposes of evaluation.

[00378] Molecular engineering procedures were conducted using art-recognized techniques.
To that end total mRNA was extracted from SC2.D2.2 hybridoma according to the
manufacturer's protocol (Trizol® Plus RNA Purification System, Life Technologies). A primer
mix comprising thirty-two mouse specific 5' leader sequence primers, designed to target the
complete mouse repertoire, was used in combination with 3' mouse Cy1 primer to amplify and
sequence the variable region of SC2.D2.2 heavy chain. Similarly thirty-two 5' Vk leader
sequence primer mix designed to amplify each of the Vk mouse families combined with a single

reverse primer specific to the mouse kappa constant region were used to amplify and sequence
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the kappa light chain. The Vy and V| transcripts were amplified from 100 ng total RNA using
reverse transcriptase polymerase chain reaction (RT-PCR).

[00379] A total of eight RT-PCR reactions were run for the SC2.D2.2 hybridoma: four for the
V kappa light chain and four for the V gamma heavy chain (y1). The QIAGEN One Step RT-
PCR kit was used for amplification, (Qiagen, Inc.). The extracted PCR products were directly
sequenced using specific V region primers. Nucleotide sequences were analyzed using IMGT to
identify germline V, D and J gene members with the highest sequence homology. The derived
sequences were compared to known germline DNA sequences of the Ig V- and J-regions using
the V-BASE2 and by alignment of Vi and V| genes to the mouse germ line database.

[00380]  Sequence analysis: from the nucleotide sequence information, data regarding V, D
and J gene segment of the heavy and light chain of SC2.D2.2 were obtained. Based on the
sequence data new primer sets specific to the leader sequence of the Ig Vi and Vi chain of
SC2.D2.2 were designed for cloning of the recombinant mouse D2 monoclonal antibody.
Subsequently the V-(D)-J sequences were aligned with mouse Ig germ line sequences. Heavy
chain genes of SC2.D2.2 were identified as IGHV5-17, DQ52a.1 and JH1. Light chain genes
were from V kappa IGKV3-12 and Jkappa5, germline gene families.

[00381] The obtained heavy and light chain sequences were aligned to the functional human
variable region sequences. Sequence homology was found to be 81% and 62% identity to the
germ line sequence of Human Vy3-48 and Vi A19 respectively. These germ lines were picked
as the human framework for the humanized SC2.D2.2 mAb. Nucleotide sequences were
designed to encode the protein sequences of the humanized V| and Vpu, generally using codons
found in the human and mouse sequence. Synthetic DNA fragments of each V gene were
synthesized by Integrated DNA Technologies, Inc.

[00382] InFIGS. 31A and B sequences of the humanized SC2.D2.2 heavy (FIG. 31A) and
light (FIG. 31B) chain V domains (upper sequences — SEQ ID NOs: 331 and 332) aligned with
respective murine SC2.D2.2 V domains (lower sequences — SEQ ID NOs: 56 and 58). Vertical
marks indicate that the amino acids in the murine and humanized versions are identical. CDRs
as defined by Chothia et al. are underlined. Once the variable regions were generated,
humanized and chimeric antibodies were produced for further characterization.

[00383]  For antibody production directional cloning of the murine and humanized variable
gene PCR products into human immunoglobulin expression vectors was undertaken. All
primers used in Ig gene-specific PCRs included restriction sites (Agel and Xhol for IgH, Xmal
and Dralll for IgK, which allowed direct cloning into expression vectors containing the human

IgG1, and IGK constant regions, respectively. In brief, PCR products were purified with
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Qiaquick PCR purification kit (Qiagen, Inc.) followed by digestion with Agel and Xhol (IgH),
Xmal and Dralll (IgK), respectively. Digested PCR products were purified prior to ligation into
expression vectors. Ligation reactions were performed in a total volume of 10 uL. with 200U
T4-DNA Ligase (New England Biolabs), 7.5 pL. of digested and purified gene-specific PCR
product and 25ng linearized vector DNA. Competent E. coli DH10B bacteria (Life
Technologies) were transformed via heat shock at 42°C with 3 pL ligation product and plated
onto ampicillin plates (100 pg/mL). The Agel-EcoRI fragment of the Vi region was than
inserted into the same sites of pEE6.4HulgG1 expression vector while the synthetic Xmal-Dralll
Vi insert was cloned into the Xmal-Dralll sites of -the respective pEE12.4Hu-Kappa expression
vector.

[00384]  Cells producing humanized (i.e. hSC2.D2.2) antibody and chimeric SC2.D2.2
antibody were generated by transfection of HEK 293 cells with the appropriate plasmids using
293fectin. In this respect plasmid DNA was purified with QIAprep Spin columns (Qiagen).
Human embryonic kidney (HEK) 293T (ATCC No CRL-11268) cells were cultured in 150mm
plates (Falcon, Becton Dickinson) under standard conditions in Dulbecco's Modified Eagle's
Medium (DMEM) supplemented with 10% heat inactivated FCS, 100 pg/mL streptomycin, 100
U/mL penicillin G (all from Life Technologies).

[00385]  For transient transfections cells were grown to 80% confluency. Equal amounts of
IgH and corresponding IgL chain vector DNA (12.5 pg of each vector DNA) was added to 1.5
mL Opti-MEM mixed with 50 ul. HEK 293 transfection reagent in 1.5 mL opti-MEM. The mix
was incubated for 30 min at room temperature and distributed evenly to the culture plate.
Supernatants were harvested three days after transfection, replaced by 20 mL of fresh DMEM
supplemented with 10% FBS and harvested again at day 6 after transfection. Culture
supernatants were cleared from cell debris by centrifugation at 800xg for 10 min and stored at
4°C. Recombinant chimeric and humanized antibodies were purified with Protein G beads (GE

Healthcare).
Example 33

Characterization of Monoclonal Antibody Notum Modulators

[00386] Three methods were used to characterize the affinity of humanized SC2.D2.2 relative
to its analogous mAb with the murine variable region. First, binding signal was measured for a
fixed amount of antibody probed against serial dilutions of antigen in an ELISA format.
Measured signal levels were substantially similar (data not shown). Second, the affinity of

murine SC2.D2.2 was measured by Biacore using surface plasmon resonance (SPR) to provide
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the results set forth in FIG. 32A. Based on a concentration series of 12.5, 6.25, 3.125, 1.5625,
0.78125nM and using a 1:1 Langmuir binding model, the K4 of the antibody binding to antigen
was estimated to be less than 0.InM. Long off-rates for this interaction made accurate
determination of affinity through kinetics difficult. The murine antibody was then directly
compared to the humanized derivative using bio-layer interferometry analysis on a ForteBIO
RED (ForteBIO, Inc.) with a concentration series of 250, 125, and 62.5nM antigen. As seen in
FIG. 32B (murine variable region) and FIG. 32C (humanized variable region) each of the
antibodies showed excellent affinity and produced nearly identical binding curves. It will be
appreciated that the similarity of the curves indicates that the humanization process did not

adversely impact the kinetics of the derivatized antibody.

Example 34

Notum Modulators May Be Used As Diagnostic Agents

[00387] In accordance with the teachings herein, the disclosed Notum modulators may be
used as diagnostic agents to detect Notum associated biomarkers in biological samples from
patients.

[00388] Notum is known to be secreted to some extent and may act in a paracrine fashion on
neighboring cells either as soluble molecule in extracellular fluids or by association with
extracellular matrix. Exhibiting such properties Notum should be detectable in body fluids such
as serum or plasma in certain disease conditions and could therefore be useful for diagnostic
purposes or serve as disease biomarker. To confirm this aspect of the invention a standard curve
was generated with anti-Notum antibodies using a sandwich ELISA format as shown in FIG.
33A. The resulting curve was then used to quantitate Notum levels in plasma samples obtained
from healthy subjects and patients suffering from ovarian cancer as shown in FIG. 33B.

[00389]  More specifically, murine SC2.D2.2 was absorbed on standard ELISA plates at 2
pg/ml in a 50mM sodium carbonate buffer at pH9.6. After washing the plates with PBS
containing 0.05% (v/v) Tween-20 (PBST), the plates were blocked in PBS containing 2% (w/v)
bovine serum albumin (BSA buffer) for two hours at ambient temperature. The content of the
plates was flicked off, and purified recombinant Notum-His at varying concentrations (i.e., to
provide the standard curve) or patient samples diluted in BSA buffer were added to the plates for
a minimum of two hours at ambient temperature. The plates were washed in PBST before
adding Notum-specific mouse polyclonal antibody conjugated to biotin at 0.5 pg/ml in BSA
buffer. After incubation for one hour, the plate was washed again with PBST and incubated for
30 minutes with a 1:2000 dilution of Streptavidin conjugated to horse radish peroxidase
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(Jackson Immuno Research). After washing all plates twice with PBST, 100 pl TMB substrate
(Thermo Scientific) was added to the wells and incubated for 30 minutes in the dark. Color
reaction was stopped by adding 100 ul/ well 2M sulfuric acid. Absorbance at OD 450 nm was
read in all wells using a standard plate reader.

[00390]  Using values extrapolated from the standard curve in FIG. 33A, the ELISA sandwich
format permits sensitive detection of Notum analyte concentration in patient plasma samples.
More particularly, FIG. 33B shows the derived Notum analyte concentrations in plasma samples
from healthy adults (n=12) and a group of ovarian cancer patients (n=7) in disease stages 2-4.
The data show that average Notum concentrations in plasma samples of healthy adults is
approximately 8.6 = 10.3 ng/ml while Notum concentration in ovarian cancer patients appears
significantly higher at 36.5 + 25.2 ng/ml. These results clearly demonstrate that the disclosed
modulators of the instant invention can effectively act as a diagnostic agent for the detection
and/or monitoring of neoplastic disorders.

[00391] Those skilled in the art will further appreciate that the present invention may be
embodied in other specific forms without departing from the spirit or central attributes thereof.
In that the foregoing description of the present invention discloses only exemplary embodiments
thereof, it is to be understood that other variations are contemplated as being within the scope of
the present invention. Accordingly, the present invention is not limited to the particular
embodiments that have been described in detail herein. Rather, reference should be made to the

appended claims as indicative of the scope and content of the invention.
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CLAIMS
1.  Anisolated Notum modulator.
2. The isolated Notum modulator of claim 1, wherein the Notum modulator comprises a
Notum antagonist.
3.  The isolated Notum modulator of claim 1, wherein the Notum modulator comprises an
antibody or immunoreactive fragment thereof.
4.  The isolated Notum modulator of claim 3 wherein the antibody or immunoreactive
fragment thereof comprises a monoclonal antibody.
5.  The isolated Notum modulator of claim 4 wherein the monoclonal antibody is selected
from the group consisting of chimeric antibodies, humanized antibodies and human antibodies.
6.  The isolated Notum modulator of claim 4 wherein said monoclonal antibody comprises a
light chain variable region having three complementarity determining regions and a heavy chain
variable region having three complementarity determining regions wherein the heavy and light
chain complementarity determining regions comprise complementarity determining regions set
forth in FIG. 7B.
7. The isolated Notum modulator of claim 6 wherein said monoclonal antibody is a
humanized antibody.
8.  The isolated Notum modulator of claim 4 wherein said monoclonal antibody comprises a
light chain variable region and a heavy chain variable region wherein said light chain variable
region comprises an amino acid sequence having at least 60% identity to an amino acid
sequence selected from the group consisting of amino acid sequences as set forth in SEQ ID
NO: 6, SEQ ID NO: 10, SEQ ID NO: 14, SEQ ID NO: 18, SEQ ID NO: 22, SEQ ID NO: 26,
SEQ ID NO: 30, SEQ ID NO: 34, SEQ ID NO: 38, SEQ ID NO: 42, SEQ ID NO: 46, SEQ ID
NO: 50, SEQ ID NO: 54, SEQ ID NO: 58, SEQ ID NO: 62, SEQ ID NO: 66, SEQ ID NO: 70,
SEQ ID NO: 74, SEQ ID NO: 78, SEQ ID NO: 82, SEQ ID NO: 86, SEQ ID NO: 90, SEQ ID
NO: 94 and SEQ ID NO: 98 and wherein said heavy chain variable region comprises an amino
acid sequence having at least 60% identity to an amino acid sequence selected from the group
consisting of amino acid sequences as set forth in SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO:
12, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO: 24, SEQ ID NO: 28, SEQ ID NO: 32, SEQ
ID NO: 36, SEQ ID NO: 40, SEQ ID NO: 44 and SEQ ID NO: 48, SEQ ID NO: 52, SEQ ID
NO: 56, SEQ ID NO: 60, SEQ ID NO: 64, SEQ ID NO: 68, SEQ ID NO: 72, SEQ ID NO: 76,
SEQ ID NO: 80, SEQ ID NO: 84 SEQ ID NO: 88, SEQ ID NO: 92 and SEQ ID NO: 96.
9. A nucleic acid encoding an amino acid heavy chain variable region or an amino acid light

chain variable region of claim 8.
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10. A vector comprising the nucleic acid of claim 9.

11. A humanized antibody derived from a monoclonal antibody of claim 8.

12. The isolated Notum modulator of claim 1 comprising an amino acid sequence as set forth
in SEQ ID NO: 2 or a fragment thereof.

13. The isolated Notum modulator of claim 12 wherein the Notum modulator further
comprises at least a portion of an immunoglobulin constant region.

14.  The isolated Notum modulator of claim 1 wherein the modulator reduces the frequency of
tumor initiating cells upon administration to a subject.

15. The isolated Notum modulator of claim 14 wherein the reduction in frequency is
determined using flow cytometric analysis of tumor cell surface markers known to enrich for
tumor initiating cells or immunohistochemical detection of tumor cell surface markers known to
enrich for tumor initiating cells.

16. The isolated Notum modulator of claim {4 wherein the reduction in frequency is
determined using in vitro or in vivo limiting dilution analysis.

17. The isolated Notum modulator of claim 16 wherein the reduction in frequency is
determined using in vivo limiting dilution analysis comprising transplant of live human tumor
cells into immunocompromised mice.

18. The isolated Notum modulator of claim 17 wherein the reduction of frequency determined
using in vivo limiting dilution analysis comprises quantification of tumor initiating cell
frequency using Poisson distribution statistics.

19. The isolated Notum modulator of claim 16 wherein the reduction of frequency is
determined using in vitro limiting dilution analysis comprising limiting dilution deposition of
live human tumor cells into in vitro colony supporting conditions.

20. The isolated Notum modulator of claim 19wherein the reduction of frequency determined
using in vitro limiting dilution analysis comprises quantification of tumor initiating cell
frequency using Poisson distribution statistics.

21. The isolated Notum modulator of claim 14 wherein said tumor initiating cells comprise
tumor perpetuating cells.

22. A method of treating a Notum associated disorder comprising administering a
therapeutically effective amount of a Notum modulator to a subject in need thereof.

23. The method of claim 22 wherein said Notum modulator comprises a Notum antagonist.
24. The method of claim 22 wherein said Notum modulator comprises an antibody or
immunoreactive fragment thereof.

25. The method of claim 24 wherein the antibody or immunoreactive fragment thereof

126



WO 2012/027723 PCT/US2011/049458

comprises a monoclonal antibody.

26. The method of claim 25 wherein the monoclonal antibody is selected from the group
consisting of chimeric antibodies, humanized antibodies and human antibodies

27. The method of claim 25 wherein said monoclonal antibody comprises a light chain
variable region having three complementarity determining regions and a heavy chain variable
region having three complementarity determining regions wherein the heavy and light chain
complementarity determining regions comprise complementarity determining regions set forth
in FIG. 7B.

28. The method of claim 25 wherein said monoclonal antibody comprises a light chain
variable region and a heavy chain variable region wherein said light chain variable region
comprises an amino acid sequence having at least 60% identity to an amino acid sequence
selected from the group consisting of amino acid sequences as set forth in SEQ ID NO: 6, SEQ
ID NO: 10, SEQ ID NO: 14, SEQ ID NO: 18, SEQ ID NQO: 22, SEQ ID NO: 26, SEQ ID NO:
30, SEQ ID NO: 34, SEQ ID NO: 38, SEQ ID NO: 42, SEQ ID NO: 46, SEQ ID NO: 50, SEQ
ID NO: 54, SEQ ID NO: 58, SEQ ID NO: 62, SEQ ID NO: 66, SEQ ID NO: 70, SEQ ID NO:
74, SEQ ID NO: 78, SEQ ID NO: 82, SEQ ID NO: 86, SEQ ID NO: 90, SEQ ID NO: 94 and
SEQ ID NO: 98 and wherein said heavy chain variable region comprises an amino acid
sequence having at least 60% identity to an amino acid sequence selected from the group
consisting of amino acid sequences as set forth in SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO:
12, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO: 24, SEQ ID NO: 28, SEQ ID NO: 32, SEQ
ID NO: 36, SEQ ID NO: 40, SEQ ID NO: 44 and SEQ ID NO: 48, SEQ ID NO: 52, SEQ ID
NO: 56, SEQ ID NO: 60, SEQ ID NO: 64, SEQ ID NO: 68, SEQ ID NO: 72, SEQ ID NO: 76,
SEQ ID NO: 80, SEQ ID NO: 84 SEQ ID NO: 88, SEQ ID NO: 92 and SEQ ID NO: 96.

29. The method of claim 22 wherein said hyperproliferative disorder comprises a neoplastic
disorder.

30. The method of claim 29 wherein said neoplastic disorder comprises a solid tumor.

31. The method of claim 30 wherein tissue from said solid tumor comprises at least one
mutation selected from the group consisting of KRAS mutations, APC mutations, CTNNB1
mutations and combinations thereof.

32. The method of claim 29 wherein neoplastic disorder comprises adrenal cancer, bladder
cancer, cervical cancer, endometrial cancer, kidney cancer, liver cancer, lung cancer, ovarian
cancer, colorectal cancer, pancreatic cancer, prostate cancer or breast cancer.

33. The method of claim 22 further comprising the step of reducing the frequency of tumor

initiating cells in said subject.
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34. The method of claim 33 wherein the reduction in frequency is determined using flow
cytometric analysis of tumor cell surface markers known to enrich for tumor initiating cells.

35. The method of claim 33 wherein the reduction in frequency is determined using
immunohistochemical detection of tumor cell surface markers known to enrich for tumor
initiating cells.

36. The method of claim 33 wherein the reduction in frequency is determined using in vitro or
in vivo limiting dilution analysis.

37. The method of claim 36 wherein the reduction in frequency is determined using in vivo
limiting dilution analysis comprising transplant of live human tumor cells into
immunocompromised mice.

38. The method of claim 37 wherein the reduction of frequency determined using in vivo
limiting dilution analysis comprises quantification of tumor initiating cell frequency using
Poisson distribution statistics.

39. The method of claim 36 wherein the reduction of frequency is determined using in vitro
limiting dilution analysis comprising limiting dilution deposition of live human tumor cells into
in vitro colony supporting conditions.

40. The method of claim 39 wherein the reduction of frequency determined using in vitro
limiting dilution analysis comprises quantification of tumor initiating cell frequency using
Poisson distribution statistics.

41. The method of claim 22 further comprising the step of administering an anti-cancer agent.
42. The method of claim 22 wherein said Notum modulator comprises an amino acid sequence
as set forth in SEQ ID NO: 2 or a fragment thereof.

43, The method of claim 42 wherein said Notum modulator further comprises an
immunoglobulin constant region or fragment thereof.

44. The method of claim 43 wherein said Notum modulator comprises a fusion protein.

45. The method of claim 22 further comprising the step of administering a second Notum
modulator wherein said second Notum modulator is distinct from said Notum modulator.

46. A method of reducing the frequency of tumor initiating cells in a subject in need thereof
comprising the step of administering a Notum modulator to said subject.

47. The method of claim 46 wherein the tumor initiating cells comprise tumor perpetuating
cells.

48. The method of claim 47 wherein said tumor perpetuating cells comprise one or more
markers.

49. The method of claim 46 wherein said Notum modulator comprises a Notum antagonist.
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50. The method of claim 46 wherein said Notum modulator comprises an antibody.

51. The method of claim 50 wherein said antibody comprises a monoclonal antibody.

52. The method of claim 46 wherein the subject is suffering from a neoplastic disorder
selected from the group consisting of adrenal cancer, bladder cancer, cervical cancer,
endometrial cancer, kidney cancer, liver cancer, lung cancer, ovarian cancer, colorectal cancer,
pancreatic cancer, prostate cancer and breast cancer.

53. The method of claim 46 wherein the frequency of tumor initiating cells is reduced by at
least 10%.

54. The method of claim 46 wherein the reduction in frequency is determined using flow
cytometric analysis of tumor cell surface markers known to enrich for tumor initiating cells.
55. The method of claim 46 wherein the reduction in frequency is determined using
immunohistochemical detection of tumor cell surface markers known to enrich for tumor
initiating cells.

56. The method of claim 46 wherein the reduction in frequency is determined using in vitro or
in vivo limiting dilution analysis.

57. The method of claim 56 wherein the reduction in frequency is determined using in vivo
limiting dilution analysis comprising transplant of live human tumor cells into
immunocompromised mice.

58. The method of claim 57 wherein the reduction of frequency determined using in vivo
limiting dilution analysis comprises quantification of tumor initiating cell frequency using
Poisson distribution statistics.

59. The method of claim 56 wherein the reduction of frequency is determined using in vitro
limiting dilution analysis comprising limiting dilution deposition of live human tumor cells into
in vitro colony supporting conditions.

60. The method of claim 59 wherein the reduction of frequency determined using in vitro
limiting dilution analysis comprises quantification of tumor initiating cell frequency using
Poisson distribution statistics.

61. A method of sensitizing a tumor in a subject for treatment with an anti-cancer agent
comprising the step of administering a Notum modulator to said subject.

62. The method of claim 61 wherein said Notum modulator is an antibody.

63. The method of claim 61 wherein said tumor is a solid tumor.

64. The method of claim 61 wherein said anti-cancer agent comprises a chemotherapeutic
agent.

65. The method of claim 64 wherein said anti-cancer agent comprises a biologic.
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66. A method of diagnosing a hyperproliferative disorder in a subject in need thereof
comprising the steps of:

a. obtaining a tissue sample from said subject;

b. contacting the tissue sample with at least one Notum modulator; and

c. detecting or quantifying the Notum modulator associated with the sample.
67. The method of claim 66 wherein the Notum modulator comprises a monoclonal antibody.
68. The method of claim 67 wherein the antibody is operably associated with a reporter.
69. An article of manufacture useful for diagnosing or treating Notum associated disorders
comprising a receptacle comprising a Notum modulator and instructional materials for using
said Notum modulator to treat or diagnose the Notum associated disorder.
70. The article of manufacture of claim 69 wherein said Notum modulator is a monoclonal
antibody.
71. The article of manufacture of claim 70 wherein the receptacle comprises a readable plate.
72. A method of treating a subject suffering from neoplastic disorder comprising a solid tumor
exhibiting a KRAS mutation, an APC mutation or a CTNNB1 mutation wherein said method
comprises the step of administering a therapeutically effective amount of at least one Notum
modulator.
73. The method of claim 72 wherein said Notum modulator comprises an antagonist.
74. The method of claim 72 wherein said Notum modulator comprises an antibody.
75. The method of claim 74 wherein said antibody comprises a monoclonal antibody.
76. The method of claim 72 wherein the neoplastic disorder is selected from the group
consisting of adrenal cancer, bladder cancer, cervical cancer, endometrial cancer, kidney cancer,
liver cancer, lung cancer, ovarian cancer, colorectal cancer, pancreatic cancer, prostate cancer
and breast cancer.
77. A method of treating a subject suffering from neoplastic disorder comprising the step of
administering a therapeutically effective amount of at least one neutralizing Notum modulator.
78. The method of claim 77 wherein said Notum modulator comprises an amino acid sequence
as set forth in SEQ ID NO: 2 or a fragment thereof.
79. The method of claim 77 wherein said Notum modulator comprises an antibody.
80. The method of claim 79 wherein said antibody comprises a monoclonal antibody.
81. The method of claim 80 wherein the neoplastic disorder is selected from the group
consisting of adrenal cancer, bladder cancer, cervical cancer, endometrial cancer, kidney cancer,
liver cancer, lung cancer, ovarian cancer, colorectal cancer, pancreatic cancer, prostate cancer

and breast cancer.
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82. A method of identifying, isolating, sectioning or enriching a population of tumor initiating
cells comprising the step of contacting said tumor initiating cells with an Notum modulator.

83. The method of claim 82 wherein said Notum modulator comprises an antibody.

84. The method of claim 83 wherein said antibody comprises a monoclonal antibody.

85. The method of claim 82 further comprising the step of subjecting the tumor initiating cells
to flow cytometfic analysis.

86. The method of claim 85 wherein said flow cytometric analysis comprises FACS.

87. A method of depleting tumor initiating cells in a patient suffering from a
hyperproliferative disorder comprising the step of administering a Notum modulator.

88. The method of claim 87 wherein said Notum modulator comprises a monoclonal antibody.
89. The method of claim 88 wherein said monoclonal antibody is associated with a cytotoxic
agent.

90. A Notum modulator comprising a humanized antibody wherein said antibody comprises a
heavy chain variable region amino acid sequence substantially as set forth in SEQ ID NO: 331
and a light chain variable region amino acid sequence substantially as set forth in SEQ ID NO:
332.

91. A composition comprising hSC2.D2.2 antibody and a pharmaceutically acceptable carrier.
92. A method inhibiting or preventing metastasis in a subject in need thereof comprising the
step of administering a pharmaceutically effective amount of a Notum modulator.

93. The method of claim 92 wherein the subject undergoes a debulking procedure before or
after the administration of the Notum modulator.

94. The method of claim 93 wherein said debulking procedure comprises the administration of
at least one anti-cancer agent.

95. The method of claim 94 wherein the subject is in remission at the time the Notum
modulator is administered.

96. A method of performing maintenance therapy on a subject in need thereof comprising the
step of administering a pharmaceutically effective amount of a Notum modulator.

97. The method of claim 96 wherein said subject was treated for a neoplastic disorder prior to
the administration of the Notum modulator.

98. The method of claim 97 wherein the subject is asymptomatic with regard to the neoplastic
disorder when the Notum modulator is administered.

99. The method of claim 98 wherein the Notum modulator is administered more than six
months after the subject was treated for the neoplastic disorder.

100. The method of claim 99 wherein the Notum modulator comprises a monoclonal antibody.
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101. A method of inhibiting Notum mediated paracrine signaling in a subject in need thereof

comprising the step of administering a pharmaceutically effective amount of a Notum

modulator.
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