NOTCH] RECEPTOR BI NDI NG AGENTS AND METHODS OF USE THEREOF BACKGROUND
OF THE I NVENTION Field of the Invention [00011 The present invention
relates to conpositions conprising an agent that binds a human Notch
receptor and nethods of using the conpositions for characteri zing,

di agnosi ng, and treating cancer and other diseases. In particular,

t he present i MEMEHIOREQERIVIRIBENDINGI AGENTESANDMER {23 OF USEITHBREOF to a
nonl i gand bi ndi ng nenbrane proxi mal region of the extracellul ar
dormai n of .a human Notchl receptor and inhibit tunor growh. The
present invention further provides nmethods of treating cancer, the
met hods conpri sing adm nisterjn t herapeutic ef fective anount
of an anti body that specif i%%@k(ﬁwggﬁﬁ{%nﬁyﬁﬁl%@and bi ndi ng
menbrane proximal region of the extracellular domain of a human

Not ch] Fedepthelnvpatebei n and i nhibits tunmor growth. Background 100021
Cancer is one of the |eading causes of death in the devel oped world,
resul ti HGo¥InThs\pegsers G000 reaiestth somnepitigns gpmprisinglae aggnt thetdinds aheangfaiie.
Over Onﬁecéptclr Ialllcﬂﬂetﬂﬁg Q* Ssintife & gsnt%?ﬂ)r mat'alateﬁﬁﬁ? @{aﬁﬂogmg hd {rleaﬁng @.ﬁ@é? and

year, and over al it is estim hat nore g
devel opolwiEcaey m Eﬂm%l&!ﬁéhfrpreﬁﬁmulwgnttqﬂ@rqv1¢$ #r@b?% thm?@ﬂgwllv @Fl@ aarf@

nore t hgghnd Qigdl hERbERH pré&yRfRTedn &%Q%acelil.@# F:lorﬁﬂcm Bﬂ‘hermnﬁﬁ SR&h1 rebdpi and
col orect al pr st at e- account 8n over hal f Il .new cases

(Jenmal Bfnb wm%@@ih 4R erspent inventipn,t %‘P?ZI‘F)“'S mftweg tregtingapceg,thegpgthods
from dySd’n@:glb[h@ﬁdnﬁﬁ\slafngtd’tﬁerﬁmﬁﬂitﬂny &ffstidehiiou® @D 2atibalo r:}m%pehﬁeamy Bindstoa

developne i nt enance L nc aS|n em.c

Lo ol oy ma e e B By SR Fe SyGs My S a5 Bh ot ARG
nor mal anwmahdmhmeimpmembwmcelIs of nDst or all tissues are derived
fromnormal precursors, called stemcells (Mrrison et al., 1997,

Cel | 88p2Riafy Morrison et al., 1997, Curr. Opin. InitnunoL
9:216- 21; rrison et al., 1995, Annu. Rev. Celt Dev. BiolL 11:35-71).

% em celgpgz) g?ﬁt&g dn% of m@-teadlﬁé-aaul&?\égde@%tlﬁm5 dMRIoPEDkdrideeaitingtn s&pm do;
are capanlie o metric ce I'vi sl on to generate qne, or

ki nds of’““ﬁ’ﬁ BESEFAT Pt WP RS TGBR P 1 EPTling PAYRIS 7 /oG pherCf i he US.
pot ent i alch yandnd &kraarles estipated 61a0|f10r§ yHame i 3 geople will dhvelogs saateSordosf cancer during
self-r eﬁ\é\\::gtuuge fth dl ?r:e glf_egnzq? n i 20-5%61" ere%?érﬂfis o?%chﬁlpoﬁﬁlem—brgagt Fung,

cell 1 on 6

henat opcdil@tdtat, asg}'Bmoammgnoentdmbrdp}feﬁalbrlewasesrﬁamd reealpd08d.(Fagorrd. Clin. 53:5-
(henatopgletlc stem and progenitor cells) respond to nol ecul ar

signals to formthe varied bl ood and | ynphoid cell types. O her

cells, (486} u@inegy adess fromalysregwdatign pf th%mefémlsr@mbqt amtrgl rorashtiswia devslopment prd

const anH.Mth.ﬁQé & ﬁé}@&ngry@meﬁm& {hompealpwa%an rofel(BBAcREd S, 2004, ke
ti ssue, and recent studiés SU9%§St t hat nosSt ot her adult ti ssues al so

har bor 832k é}upgg nerpl qupqllae\te mgrptGefs of most or all tissues are derived from norma
precursors, called stem cells (Morrison et al., 1997, Cell 88:287-98; Morrison et al., 1997, Curr. Opin.

fmmunal. 9:216-21; Morrison et al., 1995, Annu. Rev. Cell. Dev. Biol. 11:35-71). Stem cells are cells that:
{1) have extensive proliferative capacity; 2) are capable of asymmetric cell division to generate one or
more kinds of progeny with reduced proliferative and/or developmental potential; and (3) are capable of
symmetric cell divisions for self-renewal or self-maintenance. The best-known example of adult cell
renewal by the differentiation of stem cells is the hematopoietic system where developmentally immature
precursors (hematopoietic stem and progenitor cells) respond to molecular signals to form the varied
blood and lymphoid cell types. Other cells, including cells of the gut, breast ductal system, and skin are
constantly replenished from a small population of stem cells in each tissue, and recent studies suggest that

most other adult tissues also harbor stem cells, including the brain.
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100111 Four manmalian Notch proteins have been identified (Notch],

Not ch2, Notch3, and Notch4), and nutations in these receptors
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result fromtheir premature differentiation into neurons (Hatakeyana

et al., 2004, Dev. 131:5539-50) suggesting that Notch signaling

regul ates neural stemcell differentiation and self-renewal. [0015]
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100191 Anti-Notch anti bodies and their possible use as anti-cancer

t her apeuti cs have been reported. See, e.g., U S. Patent Application
Publ i cati on Nos. 2008/ 0131434 and 2009/ 0081238, each of which is

i ncorporated by reference herein inits entirety. See al so
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100241 In sone enbodi nents, the invention provides an anti body,
52Mb1, produced by the hybridoma cell line deposited with the
Anerican Type Culture Collection (ATCC), 10801 University Boul evard,
Manassas, VA, USA, under the conditions of the Budapest Treaty on
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NO 28, or SEQ I D NO 32. Pharnmaceutical conpositions conprising both
t he pol ypeptide and a pharmaceutically acceptable vehicle are further
provided, as are cell lines that produce the pol ypeptide. 100301 In
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10035] In an additional aspect, the invention provides a nethod of
inhibiting growth of a tunor in a subject, the nethod conprising

adm nistering to the subject a therapeutically effective amount of an
anti body that specifically binds to a non-ligand bindi ng menbrane
proxi mal region of an extracellular domain of human Notch!, wherein
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[0029] In another aspect, the invention provides a polypeptide. In some embodiments, the polypeptide is
an antibody (e.g., an antibody that specifically binds Notch1), a heavy chain or light chain of an antibody,
and/or a fragment of an antibody. In some embodiments, the polypeptide is isolated. In certain
embodiments, the polypeptide is substantially pure. In some embodiments, the polypeptide comprises an
amino acid sequence of SEQ ID NO:8, SEQ ID NO:14, SEQ ID NO:24, SEQ ID NO:28, or SEQ ID
NO:32. In some embodiments, the polypeptide comprises an amino acid sequence of SEQ ID NO:14 or
SEQ ID NO:24 and/or an amino acid sequence of SEQ ID NO:8, SEQ 1D NO:28, or SEQ ID NO:32. In
some embodiments, the polypeptide comprises at least a portion of the amino acid sequence of SEQ ID

NO: 14 or SEQ ID NO:24, and/or at least a portion of the amino acid sequence of SEQ ID NO:8, SEQ ID



100401 The invention al so provides another method of treating cancer,
wherein the cancer is selected fromthe group consisting of breast,
col on, pancreatic, prostate, lung, rectal and colorectal cancer, '
conprising adm nistering a therapeutically effective anount of an
anti body that blocks ligand activation of a Notch I receptor. [00411
The i nveimtaspsr SEQUIXNONA2! Pharricenticsl @Bmpdditidhs tiip7 ik itit thdpdyheplidechd Bi nds
Not ch] ctlva n of Not chl ..r.ec or: a .
Conposi TSRt AERENESH HE PR e el h S BBl Eboust v prienprige
accept ahlﬂéﬂlcmrSDmeembcaln'ﬂbnasnthe pehyrpiderpupgdte (Qepplypaptidghaving aticasaaboateddss

ant i bod t ) | .

Mvent s SaiaRk HARHAE B o S SR GRE oy B byl B0YAy of (8 ooy
ant i bod§0% sequeree @pntmmﬁwmgo BHEQUTNG|28 0a8EQ D HOH3s fn qsathih embodiments, the
conpri s agaehﬁh% i ChRb Gy REL %qatlbtoe;thms&c@ﬁcagﬁ b the 3h- fgafd aﬁaﬁgpg&bm
produ0| e hunanlzed anti b rising culturing

conpri sprﬁgmtahréglﬁrmeﬁaélezstraéeli%ﬁréemlhaﬁhuﬂﬁ@l‘lﬁ@ D irbcea@nemboghres@&r g gelypeptide

and, optdngiads! a)bolyfvéﬂhﬁ@ﬁ‘d’wr@@ﬂiﬁz{st ﬁoﬂgs%emyﬁwbaa 9b¢4eat Ireagfasuuz 95%,@9%@9&%
fromthe host cell culture

medi um 787 POBQPSELIO?%ES"FW@%‘?“BWQ? %If:@ H%P’Oplér %%Q H%N9024a$FQ H%Hﬁcﬁe SRR A28

colrrpr Ih beﬂigi(:&lﬂ) ROBE bpdyrtiihahbddinas, thbpafbepnmajcugﬁﬂiseda meem&n%nmyregaon
cal | cheam, Cl

ecul e and the such conju es f ar treat.i
ot ch capiota DGR ek ety of B SRS @R’ foeH el P et
over ex peagsisdiathedvy cﬁﬂﬁ)MihblEXe@rqnlae@'o:cafhghtﬂhmd vhmnts&rrngmﬁh hcraﬁmité 52M51
é;:ﬁ% fganlf%!r){l}g 1t so%ﬁg%?ﬁ%%&btp% @Jf}’p%ét%&e' 0 nsesatltr‘eg c)?% Qnable ré’ ﬁ)&ra el
extracetﬂaui\aﬂahﬂmmpmomtl@dNéZWL recept or i ncI ude, but are not
limted 0T0§’1’ E%B&R&T@ﬁae@tnﬂe ﬁﬁén‘ﬁbﬁ‘Bmessa%i}m@aeofuhpﬁ&%&ﬁece%g&mg any of the

nyxosarco osar conm, chondrosar cons, osteo%en|c sar consm,

chor dorr%ntlb%h@laagarr@bfvapﬂdé?ﬂf&ew&r%@aw@é AEpecth. PR PG5 MPecsYRmbodiments as

| ynphangisaardaérhig] indSRE 6ARBAImWNAVdxBRBsion VeSS BRDHR e psiiRBofietnibiRile. In
| ei omyosarcoma, rhab onyejsar cqonmm, colon, carci nonm, gan reatic canqer

breast & €§‘P°d"6?fﬁ?’ RARSLE %@Pr'sebf“&f"éisé""& Xg5togy In Sg‘a& inegisy ¢ host cel
car ci nOEﬂinpnbﬂS}&l pobaldledtidé Gblaqiia, In &d&reamamﬁieman& hoStwElats cgl Brizthr a hybridoma

car Ci no?@l llrlil cer Ous I%&%‘egltsc gybngomzi ceﬁ?‘gf Prgn?Jch tﬁea gﬁ\’lﬂ a%od? alp | llldm%{‘]%ed

adenoca enocar0|nona fred car Ci norg,
broncho@mslcanumdm noma renal cell carcinona, hepatoma, bile duct

car ci no@ﬁ Cﬂ%ﬁ%@.ﬁs@k& Qﬁgainveﬁf?éq PN IR 2 %1%? Qﬂﬁﬂnblﬁf’i‘é :93'!101 ’No%? Fﬁaa ce‘l

t unor i cal canc testicular tunor ung carcl no ,
| ung e ce(‘elazrltltllanéffﬁ:twwqumeqflaw ofcdlegr antipraivs or RpIIPERHSles described

ast r 0CY Qs forBRcHibhQRLRSE APombio bifieh@ R RE1Y RO Bepe RPERIYIARAB described
pi neal ona, ~—henangi obl ast oma acousti c neuronm, oligodendrogliona,

meni ngi SRR e’ﬁ@F‘SWoﬁce“ﬁ‘éﬁF‘Bﬁ“ﬁg’ﬁ%WﬁCc]h‘ a4y Fiibbl ast omm. [ 00451 Wher e

:1/; plect S Ihms] emm@lhmgﬁﬁa 0k inv&ioh ﬂM@lﬂEd a?ﬂetl@d’d&afdﬂﬁﬂfng BRGrdwih bﬁarmﬁmqﬁ ad
rlais ro t her. nat i ves resen

vent | DN LR AR eLta e SRy EnE: e Facp Bt et aPE S gnp ofany of

but al sthe eﬂtbhd;Bsacnftpellyp@hdetsMescgbaduWhe Afdtevicatitmkd yspeomchnd bmbqﬁnﬁmsbéseuen as other

subgr Ou?ﬁ)ﬁcgs/emboglmen S n%sg bOeH %l’fﬂ&%@ge haerelsno IItl omeqaa' ndl%rercﬁkJ Qhequr%grrl%mgln s%s %aﬁcer

mor e of Pnvent SO envis
explici Stuaxedlsuln sorme ombmem thnmémdn‘coanyseo#rgetthe thgrcenspr strendedls with thet he

clai mdarirﬂ&ﬁ&t. ihp&nain embodiments, the methods comprise reducing the frequency of cancer stem cells in
a tumor, reducing the number of cancer stem cells in a tumor, reducing the tumorigenicity of a tumor,
and/or reducing the tumorigenicity of a tumor by reducing the number or frequency of cancer stem cells in
the tumor. In some embodiments, the methods comprise inhibiting the activity of a Notchl receptor

and/or inhibiting growth of a tumor. In certain embodiments, the tumor is selected from the group



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1: Identification of

Anti bodi es Targeting the Menbrane Proxi mal Regi on of Notch that

I nhibit Notch Signaling. 100461 (A) Schematic of the Notch receptor
and 52M anti gen regi on. The 52M anti gen includes the area of the

Not chl receptor subject to cleavage by furin during maturation of the
recept Oﬁor@ﬁﬂlgfbf@&%@g&unﬁy cbYRbMaX thmbl, Bdpbtica@hérreAd) urhde | 18hd OGO bMZS)c tumor,

prot eases foll ow n and Subsequent processing by
ganmma- s Q&L yran B%? t§§ %é“cﬁwgﬂ%g‘eﬂ? “¥He i ntracel | ul ar domain (1 CD)

of Not choos#jaln aamhemaieasthg gleeent ihednser prptides meihndd dfereminglc@iesr in @ B)bject. In some

Luci feras lev is) .deriv

el e BSRRIR, e ClpR B T PRGNS T HASEr
ant i bodiobte anRBcshdstospdlyp@mdmdﬁscmé irgbt doreibiTipneasighpestswid/br fawddlwmth@mwell as
hDLL4- F%lhgrra? c§t? Qﬁ@odﬂgenﬁs%scilgid Jlﬁmergﬁer&neln)gorﬁé(klﬁb éig—gthsl\,@lE QMerrt(?G@thaQEi i
anti bodies are s X-axl's and conpare

gama- s derttaacre colerrcls] tanger, (h@tl): cangerakigne/ggicerahiven panper Dunmcaam mswtlc

Not chl cﬁﬁﬁﬁzg{mrﬁﬁﬁhﬁgﬁhﬁsmém’ O\QQMmceIS%MZlﬂTe%E}QmSMQaI @Hcer bladder

S|gn|f|cant I nhibited Notch signaling as indicated a_decrease in
| uci fer a@@ereai*pblﬁw anddead andine ey @uwr | Byt rpodigiey 06%‘?11' Qe aforgmyntioned

Not ch] -am&@or%bmn&w Bm@plaslofhei Dechl086NEBo@ineits 8@kiYel Qisdletedheteirg aiad
(hDLL4-fcC Notch | receptor .antibodies. Results from

non-tr aﬁ?%héﬁg éﬁat(“ﬁ'ﬁ“c&reqof“g” PHibig HPY EBHM hDLL4- Fc are shown on the
far | ef 000§ mhe aw@oﬁa&spdaeﬂﬁlnmdnrp&wwm mdmmofd:eﬁulm@rmlobmimoamd

humani zed .vari ng the x-ax var S
Concent Pitb e Hor RERr e RS ADBTT ettt S kel B SR,
and t he atibodyrthat egbeifiaallydntds gi agwmfhgmam:idylglmﬂmbl:ant pxiNel @Eloa p‘ganadxtrwglhaa

i ndi cat e whdeil, Welaf Sk : D) Western bl ot

anal ysi ggo%wcf%bg?rg]?ﬁgﬁ oh&a 'ltﬂgjr ? ﬁg}ﬁég&ngfcﬁy%%% chgtl mul ati on of Not chl
expr essiltgéIHalafurghst aspect,Nhainyeation r@mleé agctgd efegdycethrdunerigsnewy s tppgrghat
l'i gand Qoﬂflgé)canc%ent &Jngr@;.t ﬁe@ﬁbldgsthéﬁré Mo Ngsrermrdayr thaﬂmarsee%e&qemqﬁe @L.Mthe
Anti bodi es 52Mb1l, 52M53, , and q5 reduce | CD f or mati o

backgr otfifiiof epwrisngeankeing ”P%fémﬂ‘i vt egrve phewt ofEngaliedy ‘haNB'PE‘Fﬂ the activity
Recept o AsttHibody 52Mb1 I nhl bits Tunor Formati on I n vivo. [0047] (A
NOD/ SCI D mice injecte etrete th
Cont r ol Tl e Strdrtel: S5re it e ARSTER SR g s as s Wi s
(triangloesyaspeatndr etnthasnmnemsldemebe@ymamt the meth@)s fuvder sB@sisy @ihinistenngss the subgect
(x-axis, Jreatnent i o] gﬁxsr]%l

( p=0. 006% asyon%a%dltton% anﬂa cg cW_ Bg'/opt\%\% 1319 gﬂ.;[%ganz gﬁﬁ'&dﬁﬁ'n eych of the

| ndi vi daékenteetinped aﬁmctsmeemwﬂsmﬂm@ aﬁp&bmaamptﬁﬂmcgorlembeﬁwe%é@mbééi on
days 48 E&%m%%feﬁ%r th lebBBJ orgag@% fp}ldé/ﬁlécﬁ'lﬁﬁtsél%m dubjelt dorttiR@bedin e,

|ine demarcates t e aveéra each experinmental group. (O
NOD/ SCI Bddiiiosel tepfneritfercFanger: HH primergo et s IR rEapEk Br opsscagrises
\é\ﬂ th Cor.ls({l]dalén tﬁé}ﬁ%b%%oﬁ@ﬂaﬁsﬁ knB6Haa h@StlondlNan ¥} ﬂmbamh mrvehb@elmﬁiuﬁdm; the
o not inhihit

fch signaling as sho in Fi

triangl éE‘)moH]ﬁHPYSW"E"@r‘”é‘VI I"P%Faé'ﬁem%%ta"‘?/?ﬂ% ”(tS? gl’kfe’é‘amﬁ%‘g? s, the
measur eddcﬁ@d’nﬁl&ﬁhﬂoﬂﬂﬁler(aﬁcua&(ls&n aﬁia:)ﬁSQ that‘Ep@fﬁcﬁlBarttmdMatséboﬁQMmﬁﬂ(btcﬁ%ﬁptor (e.g.,
failed tu e ont.r.ol ..
ani mal SH\P %) '@C%t%gﬁcgp o) %Ef@ F’%‘él'% grcéeg"g th‘;ﬁ'et;réngséfhfgdd'tma]
were tr eatted tarbfeuttar b oltibadytthds sbyificalybade ¥ EGHr Insattain Pobatientmnthe bbbt
52MB (tri%ggg | £8)nahhat does not inhibit Notch signaling as shown in

u

Fi gure nmor volume (y-axis, mB) was nmeasured across tine
(x-axi s,10038ly e inenten fraher piaividps HpaRoFofirrating Fapcestinl & bymanypreip e wimser

when co %UI%}STEQE EcGRM Qlis & hoahRet@Ed B verexpression by the cancer stem cell of one or

more Notch receptors, comprising administering to the human a therapeutically effective amount of an
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[ 00481 Figure 3: Anti-Notchl Receptor Antibody 52R43 Inhibits Tunor
Gowth In vivo 100491 (A) NOOY SCID mce injected with M2 nel anoma
tunor cells were treated with control antibody (squares) or
anti-Notchl antibody 52R43 (circles), and tunor volune (y-axis, mmB)
was neasured across tine (x-axis, days). (B) NOY SCID mce injected
Wi th LugsibbéyghitHTEdS t@ehb@bw;eomﬂaém ofkHeRxeRANUID HorAdH bROWLch] receptor

squar es a Not chl i body 52R43 (circles and tunor vol une
Eyqam s! gdrfﬁw‘ &Egdﬁ%ﬁﬁw@g g&‘fﬂb §°ePi°Fre (>(< axi s, éays) (C) NOD SCI D

mce in ](msmemhe/mtrdntuﬁi\ﬁrﬂmpmmeda 1@ethddrod frestiag l::&ceweﬁ £hinfa@ 3bragtisgtaliministering

;ggt : 8;0?\% hq?’r%g){he%apa}ﬁcaﬂese}f rwe \%}\gédn#el\(l)giﬁ? glla;t gl’glfb% qﬁ{ﬁhﬁ;@ ;‘%N&&hgrecepﬁ}r 'and
days). (rbjbith\GOWBOIf Dinmr(sem cajleehiddovaiek fresk Nolwh easritort; mmb(b) e_edcbmd antbaly which
treat edpihl MGeHVeLBlor tb J%Qsd aﬁf&‘c’a%u%ﬁ%gazg&gﬂ rek\% anti body 52R43
(closed Crrcles axo tr1 an es) axol (open circles)
and t uniﬂﬂwo'ﬂ‘hmeve(lyomosvrovrﬁmanwmsmﬁbm treafing eanges wharghe the gangsriisselected
days) . BB A el Frbdp B &lbgyst%loﬁkﬁnér%\(@\&ls% mgﬁ%l Iﬁ@coﬂfr&?&@%cer

i nventi on prOV|des novel agents, 1 ncl uding,
pol ypepEeeRESing Adpinisiering hesapsuticslly ffFP&twacﬁnwamcﬂﬁén @\ﬂb%’m@t hlaﬂﬁrhlgm&ae%vatwn
recept obsa NKE rdRpeh- bi ndi ng agent s include antagoni sts of the human

Conpost TS BRI 15 e REYERE bIHETIHGS S5BRRL SH e RB e dfocks ligend

maki ng bmﬁatN@tothNbucmdtagtoagenmﬁosaroa c&hﬁ&m@ﬁl&\hud@.dzedl‘dbﬁ%d@lsqd&f usi ng
the nov Nz?c%t(l:t caIP cce pagle gl%grt gﬂd a%lilncl conju aQ: com r1 m tg el tlj er:] nEiHorEDr
growt h 8 G e et T RG T Eahcer e C{Hérg preoVPae M BT TRE o

pr esent comugeuaﬂ wotnaf:mrbheagentdentl fies nolecules (e. g , anti bodi es)

that sp i hLOX] .
Fegi on B ElehYer o orf A B lo TR LR MY anbody; o
i nhi bi t vecipreempyisetls nugleiq pyd a Ipstecl] ¢ogmnisingiha duakric aciskyr dhe vegtornest well as a

whi ch ‘i Exo@&?@ﬁﬁ@ﬁb’mé’ﬂg hmniae@ hrﬂmbdfrdarnphg,wﬂumgwoﬂgeu BRABREE Be nucleic acid
identified as EGF repeats t he

? stin is region of
Not ch ré‘t@ﬁt‘*&ﬁ““c‘F‘é a?'ﬁﬁc‘??‘?’&%ﬁfd ang. ‘I‘QB?‘E’HY’ %ﬁéTQWQS‘H&GCQVGW‘Pﬁ@W@EIZEd
(Rebay gtidpdy, frok®Bd hosCﬁJlﬂcuﬁYre 63/, frothe Bdstdell culdPOPediddg)y. 130: 6411;

04,, Structure .12:2173

Hanbl et t Unexpect edl ant i bodi

That i A T8 ien RSt RN 4 bGP R ot P e e
domai n odn;dguﬁ&m oNetiohore edielxtamicinavieculrs.eind ﬂmmsubﬂsm:hmmbugatet fdr traming detch
growth Ln v 131434,
i ncor por é’t]eeséln%cagcs f%é’r é?%nec?ﬁé%lcﬁ C%ﬂﬁu fe?fégﬁ E“if%%%g anti bodi es

t hat bi mwuﬁmrrd’é:spﬁ@hﬁ rmmh%wmeﬁgammm tbﬁframw@ compesition of tE instant
domai n of, PRk B xR a%m;bta@y RATRRS N%ﬁ&aﬁ@&&@w %Mf% lextrddQ e} domain of
Not ch3, and Not ch4-have val ue as potential cancer therapeutics.

[0052] mbiisE] GPFQF‘”' aﬁluﬂt»éen agsnot H@tte%‘ﬁéé‘iCP'Fféfd‘P‘l’ GATENQNES fi5h ehEbTARBeAN e

proxi malnyk&ekeea, ﬂﬁosﬁxﬁ@nﬁ%ﬁd’n@fb@dr&dﬂaaést&m sArcBrha @hd}e\ﬂﬁrﬁd‘llngldsﬂsdrﬁﬂw ng
t he nmonoc) onal antlio 52Mb1, h ve, how be&n i dentifi ed %ie%om;

Humani z ECBSREAcAph PEBRISLOSHERMRS: F@Ba“ﬁié’@ﬁ“ PRSPrEeR SEYY

Sever al Eafngt hﬁno@,ﬂ&:brbﬁlﬂhre@na i'H’letﬂd.ﬂn@bfh@:oﬁﬁj\ﬁﬁmaﬁrdmamhlpﬁl’m"ﬁaﬁ@dnt\eﬁ,rbr@ﬂtcar&fer,
52Mb1, inhibit gl i nduced Not cﬁ S na#i ng ﬁExan(pl e d? and. Fi gur.e
o o Bt O et SEmoRs <l partncHt basihel g acta Rt e

| i gand- Rliamdi¢argnomagicbageoud pignditzirdindma, wabillsecercmbomafpapiliay adehodssitioess,t 0

i nhi bi t cyfsﬂalagﬁ%géragon%t m"eéb?lam%r%mo}ng,tb;&%ﬁc}ghﬁé @aﬁ-cirgo%{g?tleﬁ'al (:éllq;)cirmﬁﬂ%, l%bﬁgma, bile

now
duet carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer,

testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma,

glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pincaloma,
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been denonstrated (Exanple 3 and Figure ID). 52Mbl has been found to

inhibit tunmor cell growth in vivo in a xenograft nodel (Exanple 5 and

Figure 2A and B). In addition, another antibody 52R43 has been found

to inhibit tumor cell growh in vivo in multiple xenograft nodels

(Exanple 7 and Figure 3A-D). Definitions [0053] An "antagonist" of a

Notch r eaﬁmglolslama,lmdsthawb:ﬂa iolgaderidedgibing) ateningioina dedanamy, nemboBlasiérea, and

t hat partl% % or fully blocks, inhibits, or neutralizes a biological

act|V|t§)3 ¢ FHe?Not ch pat hway. Suitabl e antagoni st nol ecul es

speci f i ¢wak3)yWhere hspdes arerbgdimests ofathd inbxndorese drscréed ingery of # Mgrkesit goupTine

term"an e

parti al Ptthg%?&#) ﬁl? Iof Al%ﬁ“ t?‘Eg’,tm:i Jr%ﬂ% '%vg?dog%éréeu s?%ﬁog@éf@ érﬁ'ééx%gﬁéa shssliecc)1 A of

a Notch whelc,@ptacbao eaqmw@xb]er afiike greyprindividuailyp erfell possiblessubigroeps wbthn main group, and

| mTnog EQ@MhhglnmuS Gkt owatm&@sag@éra@%mms Hﬁ&bxfeéeﬁﬁih%}{n&i M%n&lao.% the
arget, such as a protein, polype e, carbohydr at

poI ynuc kel gelusipy ?ﬁ Qe Oporg eﬁ@méﬂw &i98p @ﬁm qﬁ%mfﬂafr%m%gve@w "t hrough

at | east one antigen recognition site within the variable region of

t he i mmunogl obul i n nol ec rei rn enconpasses

i ntact pol ycl onal antibogéég¥€$ﬁ#§®%xﬁﬁﬁ%tﬂgﬁépgghﬁpggdies, ant i body
fragnments (such as Fab, Fab', F(ab')2, and Fit fragnents), single
chai n F¥ig@sdvidentification of Amtibotlies Pregrtihg the ¥embbiod PresimelBtsiawf blotch dal nhibit
anti bodigs, gepgiated fromat |east two intact antibodies, nonoval ent
or nonospeci fi ¢ nti bodi es, chineric antibodies, humani zed

ant i bodit846] ) Pakemare psbriNeieh reeapior i BMANERRIEIhPE SPHgnugen shudesdhe area

deter m gahd ﬂ&c}ﬂ%&r@f‘su@fecﬁ@ cledVh g drin ARty ABMraAbSTthd ecthlol 86 cleavage by
i mmunogl obul in po

ecul rsitng an anh gen r6§ggﬂltlgq§SIte SO
| ong asw%Pisweﬁar'%gndé‘mlmmq%prasfgﬂie%@ oRing figage SHPIngc PYaFAUENt Pigfessing
ant i bodyy g@ﬂnabﬁcraﬂase calised tAerdidaseds  MRjiifac&luRS 8@SirfCD o INVAg iR tdtivies gene

| gA, IgD S sse S €0

lg G | 5@cr%tn§161§9hel r@%&us I(g%rucﬁ’%{asellltaﬁg? -a)Bs rareghxgﬁgo)tclhﬁfgl%[ai CF{I/S c((jlﬁurgd in the
thei r heawyecdfaissluidoNstaiigand GiHiLAgC)raed Vokckidrecdpmr agibadigsh Resulte Frbm,non-

epsi I on F r%{g{ef gN'Iﬂ %glsr@lfhfagu? §rﬂﬁo% f’n[y 4F fi[@ﬁzog’h E]ﬁ ﬁl'ég ﬁﬂft‘%f%%{ea%sOfSZM Notch!
|nnunog (o} ave erent an nown subunit structures an

t hr ee- dresemieutitetieconstioyn elong thng-amAmnd doonghred tod 2. 1 dNofrhlgargmeysecretase inhibitor

conj ugai@@l) 5&1 QM@ran@a{ SHYUGRITOHE M&&Itr&&telsanns&@us@m@t 3PR83, 58MF4 and
100551 used herein, the term antlboqyffra gnent" refers t'o a

por t i on S¥M8al signifisentlyniifiise Hptch signaliag ayiadicatpdiby @ dspreasg@iveaer st N (Gl

vari abl Qu&ﬁﬁk@[@ﬁalsﬁ{g aﬁ@) deﬂ@eﬂﬁonﬁﬂéthlh%a ceﬁé(aﬂmiee& 8¢ pradthéela®d Yoluble Notch
fragments incl ude to F

f r agmentigand (4 fé)af'ﬁﬁvﬂﬁé‘ ‘§§ept°§ F?‘ﬂ?f’é’esc HREFHs grﬁ’?‘lnﬁ?)g F’ggec"(egﬁg}) cendiith o

rrul ti spe,eshcfm BDBEIM-F e iesn bo thvdd léfra:fmheaa%nsbd?.{lysf magmeybsdonb@eSEd anubody
"Fv_anti bpe Mze%fv%f,;m%mg DEafTh Ol TRl dgnﬁ%%iy A IR coh B A0 AR,

conpleté antPyén-recoghi tion an e el er as
in whic tﬁ&orhnhz meataymm amdy P! a0fd sherhumameabﬁr@nﬁmﬁqqntfmphwl&d Notch

non- COV h% Cﬁaa?éamed% séfnnlg:llfgrag\eké@ﬁﬂty( ﬁﬁ)r\)@s’terﬁ 90%51955 m@Dhﬁﬁn\éMon

and one g in v rla domai n are covalently by
f1 exi bl eftpdigandoesdiated ﬁ@nulwnpﬁﬁptchwptwgd% G§s- a“§§16’éﬁ] é@%lsmrf)da“éulfmhls ar

di meri ¢ ,5dfd 9;' ﬁt@il lléaﬂd % L§4)Cﬂﬁffdrﬂhﬂoﬁt1§ fithulah bo %@%BB@DM4 Antibodies
determnin

ﬁi é % each varlablecﬂ@qg IE:§ gct to deflnef
the ant P&k BPMEE ﬁaM baed 13MF0rgdugs IGhkormajiop faRapkerodnd ey s, gqseits (e pyesence o
single mgluable domain (or half of an Fv) can be used to recognize
and bind antigen, although generally with lower affinity.

Figure 2: Notchl Receptor Antibody 52M51 Inhibits Tumor Formation /r vive.

[0047] (A) NOD/SCID mice injected with C8 colon tumor cells were treated with control antibody

(squares) or anti- Notch1 antibody 52MS1 (triangles), and tumor volume (y-axis, mm®) was measured
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100571 A "nonocl onal anti body” as used herein refers to honobgenous
ant i body popul ation involved in the highly specific recognition and
bi nding of a single antigenic determ nant, or epitope. This is in
contrast to polyclonal antibodies that typically include different
antlbodles directed against different antigenic determ nants. The
term " MypeGhigR - aﬁﬁhbﬁPdMeatrﬁ&@ mgm%anh%dks 's@%n%@atnu?fﬁiofo%d) ,Ah%ngé tlamor

nonocl onal anti bodies as well as anti body fragnents .
F(ab' ) 2,874 compprgd o optFpd; @)G%Waal W?Mﬂ%ﬂe angifwnﬁrw"ﬁ%al%ia &fb}m@ﬁﬁgﬂ
an anti laedws R®&rd 53 Mor caAtEh] AELY) veisiey2 MBD Qi fhit)afbate AFHLEB OB 11AE BdrhaRcali® h'@@%’lrfgc of

conprising ‘an anti en r n site. Fur gcl ona
ot | boayecheRrarens F o St Bb R mEe st pish 35 Rerbmo g e Breted wit
i ncl udi mgntbuztntllﬁmty (blaciistp@eks] @ aby-NoyehT ardibodics b a@eot Sl bNotdRignaling as shown in

reconbi d tr c_.ani S. 0581 As used
ner o . T BEPATC ISR RS0 HERRATRE RS o 1RO S BRO Rapesured
(e.qg. mssmm)e (amtis, bod). d5eatrhat wah 82M p el S2M2 failedtmelfybtoladr groveh vhenscompared

chi mer i ¢, iy rar@aéoomqu gn) ﬁppz/s@ﬁ fxﬁ&tlﬁje&gﬁgﬁﬁfﬁgg @I?etg%&gxg% @iﬁg nvg}'ne%gi%& with

non- hunan sequences rca uani-ze
i mrunoglcenul 4nH§0diy Iﬁsqmr:sd b anéi SYotké gntihodind AMie(trinp aipd) dlrebdeangt inhatitdVatdhrsigngling

regi ons aé RS n faguee nse PhARE doliie {)}eﬁtsdms) vds mas%re@';ﬁo&ftm@ R84, haasﬁsinrmamem

speci es rat, rab , harster, etc.) that havée

desired ws&hé%ﬂ? faerel 59 eff@ﬁ* o gryM*aW&P@Pmaaaﬁ&dbpqmvpvreaueﬁ aypAle | nst ances,
the Fv fiscaperenk 3%@1-}9&01(15&)&&&54&&5&@ squmlnhlumnhmmgvmw in are

repl ace r espondi es in an ti body

non- huni%%'p@@%@/gﬁ@} mﬁggﬂﬁcﬁg%&éﬁ%f@ ORB AfnHr € ‘%@9"6“%{# fﬁmtg]wnaﬁ‘oﬁna‘?ody
cagabl | I(stqyares]'h?nh-mgsa:hl mdo@mRbifj)(ty'clethnbﬂm’fou vélines (yFHid;!, %h@dvabﬁcﬁdﬂ&d ACTOSS
substi t n.of  addi si.dues_ei t.her wor

and/ or \l;lml}e TR ARk é%* g@é non- (ﬁl?’}amdr“élts?ﬁ a!égm g'n}oé el“ﬁév e%n(ﬁate‘j(‘fmrh’%ffer&
ant i bodynmtpédm[uatcs)toy antaliéteinl antibodssAR4 (ciodgshlbind thingr volumeggaes, auhm ) whe
hunani Z%a FE 'aags@{l W()l %11 lsc gmf (é?Né lﬁmléeq Hlaéfeda\ll ith m& ﬁahcrlea‘??%}mogggl’s were

and typically two or rée,” “vafia domai ns containing a
subst antrezitd withgoptrol @Ttlbpﬁe(smsmgmbﬂgmh ramtibady 5 2R} eirdest. @nd fyeor volume (y-

non- humggys, rmrﬁmgﬁéaauéd RrodGhEGSx A daPJs)O YNGR infek injecttl with@h bPeQﬁ an!]%r

regions are those, of hurman i nmunog[ obul'i n consensus sequence.
hunani zé%l‘S&‘ﬁ’fel“BGER/WE%?P"H?IsaBt‘@SWF%%“) apt-Naght aﬂabwrS?B%(cl%edéﬁdes) Tl

i nmunog I(mmglels)mr GIRBland taxs166HeA Birdés) Starhét vofugk (y-hM§) hedl) Wik rhdadiredakorods time
human | bulln Exanpl es of nmethods used to generate humani zed
ant i bodi ?“ %@ described in U S. Pat. 5,225,539, herein incorporated

by reference. 100591 A "variable region” of an antibody refers to the
vari able region of the antibody |ight chain or the variable region of

t he anti body heavy chain, either alone or in conbination. The

variabl e regions of theDﬁ@éﬂ§ﬂbﬂ§5¢R@ﬁ¥nﬁﬁ5THEé§¥ﬁNEEH§|st of four
framework regions (FR) connected by three conplenentarity determ ning

r ﬁgl ons |((o@ﬁ}R$h | %e dss@ lrlﬁamm paﬁudhym&él\@émﬁmcadmggmm limitéEro %phdﬂ:s e@ﬁ s
chain are t qget her in oxinmty

Crs "t ORPRE BETT DR e B NG ECePis™S B¢ MO RE POR AP ifjuat anaonists
ant i genobthmhhmg Notcheeceftorét Rbacd paypefiiies :mdamlemaleohdmsb@m@ecdm:qug%
for det SS- S e

vari abi ﬁ‘s{o ?%%%DR% agé }?eth%&‘s ﬁ%%@%gg@ r@g&@%ﬂﬁg g{n are aﬁPo p%v‘?d%d FRAGAST

| munol @gng:tadt ndvnltl*dm@sltmdumalaeréd such 29 gthodgaf inbibding me“ gltoweasld@f trqating gahger,
Bet hesdg, Nﬁﬂ%rr ¢%d(2) an approach based on crystallographic studies

of antlgen antl nmpl exes (Al -1azikani et al., 1997, J. Ml ec.

Bi ol . wsﬁz?hmgym mVﬁnla)ddwrtheblﬁent@mwweis v, apfibodicelsbat saeei figalybind dneson-

are so mﬁ%&nﬁ%&dﬁlé §mbrand ﬁ?@xlﬁﬁltreéléh Shete RIS AR ain SPPRMen No&ent RkcéPtor and
"human anti body”™ as used herein neans an- antlbodgﬁgroduced b% a_human

or an aMiTHOEY Y ViR 1M TGP e R NP oV HiEk S GRGEHY PG Suent for

ligand binding, has been identified as EGF repeats 11 and 12, suggesting this region of the Notch receptor
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denaturing. An epitope typically includes at |east 3, and nore
usual ly, at least 5 or 8-10 amno acids in a unique spati al
conformati on. [0063] That an anti body "sel ectively binds" or
"specifically binds" to an epitope or receptor neans that the
anti body reacts or associates nore frequently, nore rapidly, with

greater :s%%cﬁfahgﬂ No\@hrs@nﬂﬁg%Qﬁmﬁfféehégist(ﬂebaQEt Wi 1991, 3RNB 7.6 PeiNak, 20030 Dey,
the above he epitope or receptor than with alternative

subst an&¥ss41; rﬂﬂ“’ﬁ’éﬁ‘?f’gft El‘n P‘éq4a§’é‘ﬁ‘"ﬁ‘f b 7e1|7§\)s Unexperedlyizdhogiepihaidund gypside the
"speci f jigak bindik BétHain BBBOStradeQiilar mﬁarwaumanhmcraeceam haR©Baen Hhind o hRibid

protein with a KD of abou about
eas. auner frdrana o wee irgemegiesanie By Bl gbotm s fees
| ess. Bmau&atscthmtew mquemeles they tiridt otshie theeigind tomdir galg oiia o the extraaellulan

di ff t b t.i.b
recogn S ONSE SHPBELHT B AT Bt R OE O Sa RO py g AR e vlue

under st sqgbtehfidcancemhagriiisn enbodi ment's, an anti body or b| nd| ng

moi ety Ldag%; YRAE) dJn?Fa% 1!)%169*11@%5%%&19%@ Blh@tthérﬁ%mamfpag%m%n o@ﬁlteé:xtracellular

speci fi secon c bind
does notlonmefsas?émq:hlymple@]na tﬁlememctm@i@gﬁtbom 5B, haveInowl dyenddentifies (Frample 1).

bi ndi N9, 1a|ﬁzed@?plg'l Qﬂ]b%&eﬂb% snﬁal e @EQ%C\ (E@% Egj l@éverh $F tH@ Qﬁtlbodles including

necessarl %: erence t i ndi ng neans specl I ndl n &
Conpet | §3MH wdeipepnizadrriratelodMps, ighibichatndrivduisy Nawhbggf&gna xmlt‘:ha'i%e
i mrunogkdl BRng sl QEspat biﬁ&ing @B MNolhi §1 SRe@6h $ut§demfmémggxdqfncmgrre§1@f erneability

anti body to a common a Nuner ous, t S etiti
assays afssvaeH ghthe a‘Ft@Pd‘E&‘&%%q’ét forggpionye 6*??&%‘@%??@5@936 omp{Ry I¥§&Fas WRoh
r adi oi ”U&éﬁ@&ﬁ&ﬁﬁatéﬂ%mplﬁ@hﬂddﬁ@ﬂﬁ&ﬁ) G2MeT has®een fodhdne thibe nmyarecll growth in

i rmunoassay (El A ich.c it assa a

Vet hods ey B RE A S SRS T A3 s B Sn dh nsp oo S2Res s
bi oti n- aath(ﬂmdeilﬁhlbﬁ&@OK@ﬂl]@‘@ﬂEﬁBﬂW&ﬁ multigle x%mgm@tm@eliﬁ%a@ﬁlrﬂ agé Figure 3A-
(1986D; §ol id phase direct | abel ed assay, solid phase direct |abeled
sandwi CH assay (see Harl ow and Lane, "Antibodies, A Laboratory

Manual ," Cold Spring Harbor Press (1988)); solid phase direct | abel

Rl A usi RgiiMP®s | abel (see Morel et al., Mlec. Imune". 25(1):7-15

1988 olid phase direct biotin-a E1A ( Cheun t al

Ui T o) baltoRi A5 By sbaugsmedmiet ot ek &1 T R B Rl el e

al ., SCiizﬂda]ly\br finyiblugkd, ahib32 o feuBizeLA96pgical Fotivite af the/Notehuwthvay. Sisble
I Ql

ICQYF SVEE’&?%"H‘& mglf%jersgpe]plﬁtc%lg 1nc?ur?i &%&P galillpgochq? 82@(11%1?&& q'ragIHF Oﬁ (rP]Jngn d a

| abel ed® a'xﬂgemsﬁcselsmmmm@mbldd: my ma@smigdhak paf&»@lwonf“llbbloplﬁnmhlblfwa?w%@es

by dete 0ok BE. REPIAL | abel bound to the solid surface or
cells IF]HE][e S presence 01? etp e test imunoglobulin. Usually the test

i m*runogl%'éﬂl The fesn Tantkadit is peed doanernan impvnoBloBY lBamqlesulslaf feé%ﬁﬂriﬁs and

conpet i {ieificA5HRMs tPamRet suelgasaarﬁrmﬁqjo%éptidaq:kptme cafbbhyanl, ﬁ&y‘lhic]&dthd&gllpld
to the same epitope as the reference antib dt}/gteand ant i bodi | |ndlag@

to an a#j Wﬁla“‘é%of %é""éﬁ?iﬂﬁi@& H1Rue] apasianranteER rEpRIOR TS| “b il

the ref eergﬂ;%@thgnhmmlbbmmma&oaret (Ashl;eﬂdlbrampﬁie tefm emmpassdslsruedt byyz?m_mm a
corrpetln anti bod N e | ' Cl C

bi ndi ng 'gfbogle?’ B¢ 'é'ﬂ%oéﬁ’ﬁﬁtaptg’(?glﬂ/s £ 3 r%"r"(‘)emsgnnfh Y angb ° aﬁ(%gaagfl IF%O or
75% [ O@6hphenidheairgerchan Fv Soﬁ\amdhtsmu]ﬁ;pgmf if 4r@ddd:¢seﬁql}lras bv@pqqﬁ'{c@ntpbg)ﬂles hat
;gcggg;tﬁa%% (B tofn Rlea§I9E el Anlilod! e';gﬁrnfmm @H@gﬂgggg gﬁa@awmmw Mribodies,
t ypi cal hgymdmzteé nmhoélds, behangntirdies:tfisicnl pr@tnesrﬁogwrlyns wnsqq@e@rr@u%ﬁn aertion of
pol yacr yl Q,mbg@ gﬁiangbwmyﬂ ,%b,?og%ulm Igaed@eercfo% am]é}wréiognmon site so

chr omat ogra oteln ., an antib nucleic acid that is
the pr edmmahém@nﬂbgﬁ)lé%%é%"t ﬁheé@%fﬁ# biowg’éa]ﬁ%‘b‘ar éf‘ .abtrPOﬂxécagﬁsgftYaﬂﬁheaﬂVF ypajor
puri fi edpsddoR@muhstalins: lgR, ROTRECEBOSHITEN! & subdihsies Qboiped) thepol @igs 1gG1,

1gG2, 1gG3, 18G4, IgA1 and IgA2), based on the identity of their heavy-chain constant domains referred
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cancer, colorectal cancer, endonetrial or uterine carcinom, salivary
gl and carci noma, kidney cancer, |iver cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head
and neck cancer. [0067] "Tunor" and "neoplasnm as used herein refer

to any mass of tissue that result from excessive cell growh or

prolif efakhem, élal fefion? gmnsw amgmgg&%wsﬁheqrﬁ&m alﬂ&%m(meglsguﬁméﬁave
|nclud|n? pre-cancerous | esrons he ternms "proliferative

di sor defiifergpignd yelhkpomarsulpunit strrtusesagd threewliragnsippp] genfigyraiaqns. Asfdgdicstan ge

Wi th abRaed®l cofj@bdicdb @dhérfrﬁmmemcﬁbgc:tamassra%ns@ﬁes dD069] " Met ast asi s”
as used herein refers to the Frocess a cancer  spreads, or

t r ansf el%95%]r Bhysed hereingthe tsim Giidady f’f‘@“‘rﬂi/”ﬁéfrm RYPBHR SN PfAst EERAY g 1 fers to
t he deVﬂﬁle@xlﬁi”éErﬂé d@énnamﬁg Virihg reGiRROTTaR hfact MEbSIR. Ekant;mﬁ oN@tibbdyCRigindis indude,

"metastatic” on t hat e
cont act rareen Tutedin Gt G Bl Sy el ot Ppfe BrdbasryLihmdiss e
| ynph ffnomﬂs}ielmﬁcmtibméyfosﬂndde‘roﬁfandbmamgnéms i nvade nei ghboring body

struct u 0%?64 O% Oa%ttl-)ror(]:l? te‘? ers to tl}elcn%gl(r:n%i an% Eed r}rageér!t tl’ﬁlp&)nta HEFQY% ﬁEt@ Llﬂl en-

cell" t'unor ’stem ce are us er el
refer t cceenpopabdbindmg eife aitbérlag to-dwina uswhlp}dortednmw atlrhate ligltichaih am'@ble

ext ensi Y& 8[’1“1 E ﬁ&‘%&v}{@nt%ﬂp&c&tﬂy a ggle Hafn (Q@‘IQ? V@nl&f qnéﬁé/%;v%ﬁc{) %’g Hgﬁ lci’la"'h

division to enerate one or m)re |ns of erenti ate
r educ ed variebE dereimere gevalsptlyjlinked by Bt popidedinkerap thahth%im(mlala% @S%wfam e

of symMehfihGikélc!sirlint SnARS an‘ﬂQu@lQJnfthJc%HlﬁléﬁaEnt% d@talna‘mlﬁ@ﬂeglbm@me} of each
These properties of "cancer stem cells” cel

"sol i d Y4B dapup teeast fogdeimeght aéaﬂgw"e%%a%fm kb ‘th‘éﬁﬂ%WWH‘éﬂy a single

abi I'i ty virRblk @6raid & RADS BN FUIRA Se URO B rB@phiad ant bad aplgentaiihdugh géndially @it
irmunocprg) F’?F{nsed nouse conpared to the majority of tunor cells that
fail to PGt 'nors. Cancer stemcells undergo self-renewal versus

di f f er e[asyt A Gmondelodal@heiady tasmegdierein refefsor mntogemnsanibedy papwiaionitdvolved in

types t n\ '@Fla S%ec{}%r}&%gmt H anf Ibm(im??f mgge{nf{%@l %E%thmant of téée;‘ ﬂ]ﬁﬁs in

terns e total ation of
cells dmrvsew foivolenal atltahwéxes ihﬁdem@I“M@CbléQ ¢ifferoni-antihedies gjesaicd agadnis| different

whi ch C@[@E.{ iS&idrifaly! ﬁwqér hﬁmmmrangsddyn BROHb:ALS B0t irdidflardd WRIhGE NI C
stem ce cancer stemcells). 72] used herein_ "tunorigenic

refers ﬂ@nchéalfanwmea?ﬁawe"faéalﬂtwp% rweats é"ﬁﬂ - FabtFaproff (AR fm) sinefe chain (soFv)

i ncl udi RglahB GudbnaR&Ehd @Ppabing & afrrtlf)&ﬂ@%bn (a8d MiyRehef MmEES &d]rrﬂiﬂldd@dmnﬁl
tunori genj c cancer. stemcells

| g) Ilferatlon tﬁf’fg tﬁ) fart ach
ot her t BRFUICEIMPESIPGFRATHE T L e R
nonN- t UNMedtibeEEs riade iKY no@bdr 8) mirnads irgluddogwbstolot Kintadnoby Igbadents bliage $ebection,
forma tu umor,

recombinant expression, and transgenic animals.

[0058] As used herein, the term “humanized antibody” refers to forms of non-human (e.g., murine)
antibodies that are specific immunoglobulin chains, chimeric immunoglobulins, or fragments thereof that
contain minimal non-human sequences. Typically, humanized antibodies are human immunoglobulins in
which residues from the complementary determining regions (CDRs) are replaced by residues from a
CDR of a non-human species (e.g., mouse., rat, rabbit, hamster, etc.) that have the desired specificity,
affinity, and/or capability. In some instances, the Fv framework region (FR) residues of a human
immunoglobulin are replaced with the corresponding residues in an antibody from a non-human species
that has the desired specificity, affinity, and/or capability. The humanized antibody can be further
modified by the substitution of additional residues either in the Fv framework region and/or within the
replaced non-human residues to refine and optimize antibody specificity, affinity, and/or capability. In

general, the humanized antibody will comprise substantially all of at least one, and typically two or three,
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100731 As used herein, the "tunorigenicity"” of a tunor refers to the
ability of a random sanple of cells fromthe tunor to form pal pabl e
tunors upon serial transplantation into inmunoconprom sed m ce.

[ 0074] As used herei n, the terns "stem cell cancer mar ker" or "cancer
stemcell marker"™ or "tunor stemcell marker” or "solid tunor stem

cel | magk@hic dsﬁslgmmmﬁ UG s RafBRe R O 18 CBRAL AR thoPEURERRRA fofe pAhuman
peptide expresse & gene or ose expression level

or in conmbinaebdin erme#ﬁ aflt ¢Télﬂb5§3eh@1§ allj of ﬂ@(fl&fegl@ﬁséff thipse Bl g Waﬁr‘@@éﬁﬂg@bmm
of tuno Eérﬂ@r@ﬁs%e&@r% e‘i‘h&lﬁlln-laﬁlz&pﬂig%d? Qarf DsotORpiE ADEIS Mot lah fnmudGtobulin

correlation can relate to either an increased or decreased expression
of the gesEntresionor domain Fahompicoly Baiof ahwa ImEV RPN JEaRRP 5} O Highods sed to

peptide géraﬁaﬁdﬁﬁxarhyedtah&ogﬁaﬂ} desw&ﬁiulih&t tsem BB3g, ﬁaaﬁarco@bﬁfm@@kdfcre@ae
signature” or "tupor stem cel

nat ure" nce
si gnat ui(@ﬁglaﬁe"ﬁ?@a “’rngPePfc"r‘i‘éHfgt?é’g r‘h@?‘éﬁ YArIghly "F@P’é?tctg é‘?f@t“gm oéin or the
Si ?lnat Ukgfabe eergprnros tha gntgﬁﬁbeﬁ?ead,l cfhfaer @Mén abdnk wr re)é@'h}ﬂﬁeﬂﬁﬁl Tie \@ﬂﬂﬂﬂl’egtsﬁmﬁthe
cell's conpare i on exa
or i BPRET bR PSSt AR R e B S ded i dPre S Bpian
cell ge ﬂeemug:mtgrr)msQCDEﬁprsn guovgen dgpetvafiftde wgibnsaThy CORp messechainare held
cancer s _ver r tds
for ex ar‘rﬁftmr 5 CI%SEP mlxdr? 5(308{ uceIgraé{”r}d/“gtr:l'—ﬁ]li %t eg4 ﬁéggbée})séggg ﬁg*gbﬁpgur t her
limted fdwlatwsmﬁtjle antigembinging gtglof amidbdies Jheraerg ablgast W@rteCéklahﬁﬁlf@ detgymiping
P val ue -gf )tantag}ﬁ't acﬂ%s@@&r HFodstshRbeR sqpaml ea?mblllﬂ (?éq Cﬁa@@c"et ﬁ”ﬁk‘@r@éxﬁ&rﬁf

t he genes d| fer I al expressed i n_cancer s are djv

into caRedginsef W%l%‘cﬁéﬁér e%tr Yhet-U4Pes }EH%HI“SH”“E% Hé%JFhr Brta‘foi%Mdarang (Z)an
their expiassbRe o Hltaﬁogiﬁ]ﬂ&%ﬂld&@ Bﬁanh@encdﬂﬁﬁvdﬁa&mﬁékewmllazmmﬂ ot alf, @b, ar

er centa e expression ncer ste
D1 ol ot PeBbrS P or SETo RGPS AR RCR AR VARG P e eiesgped n e
gl [ nihcahrszadetea{_s}rﬁécby\s including but not limted to, net ?st asi s and

eat e term tic t r
et R0 s B R yRERET By B AR BB L 5 ot o an
tunor sanjbody haqmgmainymed:rd %h@nmmhy@pgdmgn an MIdej/@er@p@dxwa@nmgj mgjqusmg
RNA, Chrﬁmﬁr&% g{PJ 8 s n”ﬁ‘hi@'@&idnﬁ&%f&fﬂm%faﬁt%d#'ﬁﬂ’cruaé%s‘ctef full-length

I sease-r €l at

somati c ?enotypes or karyotypes for <clinical

pur posegntibedies ﬁagwm@sew lred'eri 2ntibodigs cqrarisias atdpasipey hurpn hepyypdipr light chain
tissue” 5]?56%’(1(145901?355@%51% lgfantahﬁiﬁ)bl?cd?ﬁprifsﬂnglh'ﬂrlﬁch@ht dh§1nraﬁm hedv@Rhadn
subj ect for he purpose o? determning if the sanple contains

cancer or&%‘quPEd:Fﬁe I n sonme enbodi nents, biopsy tissue or fluid is

obt ai neqo0aeC FHSEmA clnlayie itibbdiess lﬂrs‘a@ﬁizﬁdbdﬁfes Wasrtin @eemld s&"ctmndmo@p@y
tissue or flu for the prese

cancer . ’me't??%g“l,&émﬂ? f(%'sn%F‘ &9 ronf Re o EPmPElin et qalﬁBr( elfete)vrSa gaﬁgmgmn of both
ani mal  (ightgnd heavynaainmégmesponds to chie rvarjableuregiorodf ahtibodieedérives frnmm¢§Pe°1€S of
non- hurm‘n 'Pl}alsg?%el% usg 9 er@ﬁb?t’ et@?gutfr FH?. dgnjé@s e&’ﬁélfyhafhﬁtyt Qadhﬁ cﬁpﬁﬁ]ity while the
reci pr en artedtar 1f ea ubje

and " patprstint'regions agpdethoiogus rwaspge%rsyn Pfé'rbéfi'% drrrveriéroeraéﬂ@%r SP%F“"& (erurﬂérn
subj ect ,, 1&19@?09 oxdpha{l QHEhEeatJeip\SnS%QIgﬁ&ts@&le@ THeRER hirkePic aRI0AY Rdlubds
appr ovabl a reg r ag enc of the Federal or a state

gover neEmpnogtent, F“gfl%aﬁ'drPoﬂBfYé’e@aS“ °¢ﬁ’ér macopei a or other generally

recogni 2@2p I‘raé RS PROR” biofantBGic uaeramnarmlase,usemdmaang@btyummsand 18886 that
| y, accept ab e. exci

" Phar naceut i c car r or

et SR pfea iR cAPRle b ing s seopuan ap PR gl g BY b PR ar afifopty, When
or adj uviintigeRada ;ﬁ)@@e‘bﬂe aeclirnpas @h ee €aimédbozh Sanbfaadgyout agied keds and biéncantiguous
| east one.antj bod e.pre S
destr oy Py af)'ﬂ%ﬁruﬁé%o(ﬁ? iq%rg%)ry tdaf @k‘gr g‘%&}p“&} |eé\,@rlﬁ%%t° %%%us\/\ﬁ% fo acids
adm ni st(dscadferred tdaslesax_smftcﬁrjee)iaeartbrpltaﬂyd@*mﬁ}ﬂetporaprothlerdarpwmgmlﬁmwmtomﬁs
the ant 'f89%¥ by llegiara)?qglldﬁllg ?ﬂso r@ferrmggmﬁﬁ)%étﬁﬂil Ie%toﬁ@s?%@%aﬁy %@trr{pbﬁﬁr:)tein
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100811 "Pharmaceutically acceptable vehicle" refers to a diluents,
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refers to an anount of an anti body, pol ypepti de, polynucleotide
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[0065] The terms “isolated” or “purified” refer to material that is substantially or essentially free from

components that normally accompany it in its native state. Purity and homogeneity are typically
determined using analytical chemistry techniques such as polyacrylamide gel electrophoresis or high

performance liquid chromatography. A protein (e.g., an antibody) or nucleic acid that is the predominant
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i mmunogenicity, etc.) of the full-length polypeptide or fragnent are
retai ned. The term al so enconpasses the coding region of a structural
gene and the sequences | ocated adjacent to the coding region on both
the 5° and 3' ends for a distance of about 1 kb or nore on either end
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correspondi ng codons described without altering the encoded

pol ypeptide. Such nucleic acid variations are "silent variations,"”
whi ch are one species of conservatively nodified variations. Every
nucl ei ¢ aci d sequence herein which encodes a pol ypepti de al so
describes silent variations of the nucleic acid. It is recognized
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by the¥’ value of a t-test across multiple samples. In another embodiment, the genes differentially

expressed in cancer stem cells are divided into cancer stem cell gene signatures based on the correlation of
their expression with a chosen gene in combination with their fold or percentage expression change.
Cancer stem cell signatures are predictive both retrospectively and prospectively of an aspect of clinical
variability, including but not limited to, metastasis and death.

[0076] The term “genetic test” as used herein refers to procedures whereby the genetic make-up of a
patient or a patient tumor sample is analyzed. The analysis can include detection of DNA, RNA,
chromosomes, proteins or metabolites to detect heritable or somatic disease-related genotypes or
karyotypes for clinical purposes.

[0077] As used herein, the terms “biopsy” or "biopsy tissue" refer to a sample of tissue or fluid that is
removed from a subject for the purpose of determining if the sample contains cancerous tissue. In some
embodiments, biopsy tissue or fluid is obtained because a subject is suspected of having cancer. The

biopsy tissue or fluid is then examined for the presence or absence of cancer.
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Argi nine Lysine, Histidine, G utam ne, Asparagine Asparagine
dutanmine, Histidine, Lysine, Arginine Aspartic Acid G utamc Acid,
Aspar agi ne Cystei ne Serine, Al anine, Methionine

[0078] As used herein, the term “subject” refers to any animal (e.g., a mammal}, including, but not
limited to humans, non-human primates, rodents, and the like, which is to be the recipient of a particular
treatment. Typically, the terms “subject” and “patient” are used interchangeably herein in reference to a
human subject.

10079] “Pharmaceutically acceptable” refers to approved or approvable by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in animals, including humans.

{0080] “Pharmaceutically acceptable excipient, carrier or adjuvant” or “acceptable pharmaceutical
carrier” refers to an excipient, carrier or adjuvant that can be administered to a subject, together with at
least one antibody of the present disclosure, and which does not destroy the pharmacological activity
thereof and is nontoxic when administered in doses sufficient to deliver a therapeutic amount of the
antibody. In addition, a “pharmaceutically acceptable carrier” does not trigger an immune response in a
recipient subject. Examples include, but are not limited to, any of the standard pharmaceutical carriers
such as a phosphate buffered saline solution, water, and various oil/water emulsions. Some diluents for
aerosol or parenteral administration are phosphate buffered saline or normal (0.9%) saline.

[0081] “Pharmaceutically acceptable vehicle” refers to a diluents, adjuvant, excipient, or carrier with
which at least one antibody of the present disclosure is administered.

[0082] The term “effective amount” or “therapeutically effective amount™ or “therapeutic effect” refers
to an amount of an antibody, polypeptide, polynucleotide, small organic molecule, or other drug effective
to “treat” a disease or disorder in a subject or mammal. In the case of cancer, the therapeutically effective
amount of the drug has a therapeutic effect and as such can reduce the number of cancer cells; decrease
tumorigenicity, tumorigenic frequency or tumorigenic capacity; reduce the number or frequency of cancer
stem cells; reduce the tumor size; inhibit or stop cancer cell infiltration into peripheral organs including,
for example, the spread of cancer into soft tissue and bone; inhibit and stop tumor metastasis; inhibit and
stop tumor growth; relieve to some extent one or more of the symptoms associated with the cancer; reduce
morbidity and mortality; improve quality of life; or a combination of such effects. To the extent the agent,
for example an antibody, prevents growth and/or kills existing cancer cells, it can be referred to as
cytostatic and/or cytotoxic.

[0083] Terms such as “treating” or “treatment™ or “to treat” or “alleviating” or “to alleviate” refer to both
1) therapeutic measures that cure, slow down, lessen symptoms of, and/or halt progression of a diagnosed
pathologic condition or disorder and 2) prophylactic or preventative measures that prevent or slow the
development of a targeted pathologic condition or disorder. Thus those in need of treatment include those
already with the disorder; those prone to have the disorder; and those in whom the disorder is to be
prevented. A subject is successfully “treated” according to the methods of the present invention if the

patient shows one or more of the following: a reduction in the number of or complete absence of cancer
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cells; a reduction in the tumor size; inhibition of or an absence of cancer cell infiltration into peripheral
organs including the spread of cancer into soft tissue and bone; inhibition of or an absence of tumor
metastasis; inhibition or an absence of tumor growth; relief of one or more symptoms associated with the
specific cancer; reduced morbidity and mortality; improvement in quality of life; reduction in
tumorigenicity; reduction in the number or frequency of cancer stem cells; or some combination of
effects.

[0084] As used herein, the terms “polynucleotide” or “nucleic acid” refer to a polymer composed of a
multiplicity of nucleotide units (ribonucleotide or deoxyribonucleotide or related structural variants)
linked via phosphodiester bonds, including but not limited to, DNA or RNA. The term encompasses
sequences that include any of the known base analogs of DNA and RNA.

[0085] The term “gene” refers to a nucleic acid {e.g., DNA) sequence that comprises coding sequences
necessary for the production of a polypeptide, precursor, or RNA (e.g., rRNA, tRNA). The polypeptide
can be encoded by a full length coding sequence or by any portion of the coding sequence so long as the
desired activities or functional properties (e.g., enzymatic activity, ligand binding, signal transduction,
immunogenicity, etc.) of the full-length polypeptide or fragment are retained. The term also encompasses
the coding region of a structural gene and the sequences located adjacent to the coding region on both the
5*and 3' ends for a distance of about 1 kb or more on either end such that the gene corresponds to the
length of the full-length mRNA. The term “gene” encompasses both cDNA and genomic forms of a gene.
[0086] The term "recombinant” when used with reference to a cell, nucleic acid, protein or vector
indicates that the cell, nucleic acid, protein or vector has been modified by the introduction of a
heterologous nucleic acid or protein, the alteration of a native nucleic acid or protein, or that the cell is
derived from a cell so modified. Thus, e.g., recombinant cells express genes that are not found within the
native (non-recombinant) form of the cell or express native genes that are overexpressed or otherwise
abnormally expressed such as, for example, expressed as non-naturally occurring fragments or splice
variants. By the term "recombinant nucleic acid" herein is meant nucleic acid, originally formed in vitro,
in general, by the manipulation of nucleic acid, e.g., using polymerases and endonucleases, in a form not
normally found in nature. In this manner, operably linkage of different sequences is achieved. Thus an
isolated nucleic acid, in a linear form, or an expression vector formed in vitro by ligating DNA molecules
that are not normally joined, are both considered recombinant for the purposes of this invention. It is
-understood that once a recombinant nucleic acid is made and introduced into a host cell or organism, it
will replicate non-recombinantly, i.e., using the in vive cellular machinery of the host cell rather than in
vitro manipulations; however, such nucleic acids, once produced recombinantly, although subsequently
replicated non-recombinantly, are still considered recombinant for the purposes of the invention.
Similarly, a "recombinant protein" is a protein made using recombinant techniques, i.¢., through the

expression of a recombinant nucleic acid as depicted above.
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| sol euci ne Leucine, Valine, Methionine, A anine, Phenyl al ani ne,
Nor | euci ne Leuci ne Norleucine, Isoleucine, Valine, Methionine,
Al ani ne, Phenyl al ani ne Lysi ne

[0100] As used herein, the term "vector” is used in reference to nucleic acid molecules that transfer DNA
segment(s) from one cell to another. Vectors are often derived from plasmids, bacteriophages, or plant or
animal viruses.

[0087) As used herein, the term "gene expression" refers to the process of converting genetic information
encoded in a gene into RNA (e.g., nRNA, rRNA, tRNA, or snRNA) through "transcription” of the gene
(e.g., via the enzymatic action of an RNA polymerase), and for protein encoding genes, into protein
through "translation” of mMRNA. Gene expression can be regulated at many stages in the process. "Up-
regulation" or "activation" refers to regulation that increases the production of gene expression products
(e.g., RNA or protein), while "down-regulation" or "repression" refers to regulation that decrease
production. Molecules (e.g., transcription factors) that are involved in up-regulation or down-regulation
are often called "activators" and "repressors,” respectively.

|0088] The terms "polypeptide” or "peptide” or "protein" or “protein fragment™ are used interchangeably
herein to refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which one
or more amino acid residue is an artificial chemical mimetic of a corresponding naturally occurring amino
acid, as well as to naturally occurring amino acid polymers and non-naturally occurring amino acid
polymers.

[0089] The term "amino acid" refers to naturally occurring and synthetic amino acids, as well as amino
acid analogs and amino acid mimetics that function similarly to the naturally occurring amine acids.
Naturally occurring amino acids are those encoded by the genetic code, as well as those amino acids that
are later modified, e.g., hydroxyproline, gamma-carboxyglutamate, and O-phosphoserine. “Amino acid
analogs” refers to compounds that have the same basic chemical structure as a naturally occurring amino
acid, e.g., an alpha carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R group,
e.g., homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs can have
modified R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. “Amino acid mimetics” refers to chemical compounds that
have a structure that is different from the general chemical structure of an amino acid, but that functions
similarly to a naturally occurring amino acid.

[0090] "Conservatively modified variants" applies to both amino acid and nucleic acid sequences.
“Amino acid variants” refers to amino acid sequences. With respect to particular nucleic acid sequences,
conservatively modified variants refers to those nucleic acids which encode identical or essentially
identical amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, 10
essentially identical or associated (e.g., naturally contiguous) sequences. Because of the degeneracy of
the genetic code, a large number of functionally identical nucleic acids encode most proteins. For
instance, the codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every

position where an alanine is specified by a codon, the codon can be altered to another of the
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Arginine, dutam ne, Asparagine, Histidine Mthionine Leucine,
Phenyl al ani ne, 1sol euci ne, Valine, Cysteine Phenyl al ani ne Leuci ne,
Val i ne, Isol eucine, Al anine, Tyrosine Praline Al anine, dycine Serine

corresponding codons described without altering the encoded polypeptide. Such nucleic acid variations
are "silent variations," which are one species of conservatively modified variations. Every nucleic acid
sequence herein which encodes a polypeptide also describes silent variations of the nucleic acid. It is
recognized that in certain contexts each codon in a nucleic acid (except AUG, which is ordinarily the only
codon for methionine, and TGG, which is ordinarily the only codon for tryptophan) can be modified to
yield a functionally identical molecule. Accordingly, silent variations of a nucleic acid which encodes a
polypeptide is implicit in a described sequence with respect to the expression product, but not with respect
to actual probe sequences.

[0091] As to amino acid sequences, it will be recognized that individual substitutions, deletions or
additions to a nucleic acid, peptide, polypeptide, or protein sequence which alters, adds or deletes a single
amino acid or a small percentage of amino acids in the encoded sequence is a "conservatively modified
variant" including where the alteration results in the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables providing functionally similar amino acids are well
known in the art. (See, for example, Table 1). Guidance concerning which amino acid changes are likely
10 be phenotypically silent can also be found in Bowie et al., 1990, Science 247:1306 1310. Such
conservatively modified variants are in addition to and do not exclude polymorphic variants, interspecies
homologs, and alleles of the invention. Typically conservative substitutions include: 1) Alanine (A),
Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R),
Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M}, Valine (V); 6) Phenylalanine (F), Tyrosine
(Y), Tryptophan (W), 7) Serine (S}, Threonine (T); and 8) Cysteine (C), Methionine (M) (see, e.g.,
Creighton, Proteins (1984)). As indicated, changes are typically of a minor nature, such as conservative

amino acid substitutions that do not significantly affect the folding or activity of the protein.

Table 1. Conservative Amino Acid Substitutions

Original Amino Acid Exemplary Conservative Substitutions
Alanine Valine, Isoleucine, Leucine, Glycine, Serine
Arginine Lysine, Histidine, Glutamine, Asparagine
Asparagine Glutamine, Histidine, Lysine, Arginine
Aspartic Acid Glutamic Acid, Asparagine
Cysteine Serine, Alanine, Methionine
Glutamine Asparagine
Glutamic Acid Aspartic Acid, Glutamine
Glycine Proline, . Alanine
Histidine Asparagine, Glutamine, Lysine, Arginine
Isoleucine Leucine, Valine, Methionine, Alanine,

23



Thr eoni ne Threoni ne Serine Trytophan Tyrosi ne, Phenyl al ani ne Tyrosi ne
Trypt ophan, Phenyl al ani ne, Threonine, Serine Valine

Phenylalanine, Norleucine

Norleucine, Isoleucine, Valine, Methionine,

Leucine Alanine, Phenylalanine
Lysine Arginine, Glutamine, Asparagine, Histidine
Methionine Leucine, Phenylalanine, Isoleucine, Valine,

Cysteine

Phenylalanine Leucine, Valine, Isoleucine, Alanine,

Tyrosine
Proline Alanine, Glycine
Serine Threonine
Threonine Serine
Trytophan Tyrosine, Phenylalanine
Tyrosine 'é"g-/ipntgphan, Phenylalanine, Threonine,
Valine Isoleucine, Methionine, Leucine,

Phenylalanine, Alanine, Norleucine

£C, 3> g

[0092] As used in the present disclosure and claims, the singular forms “a”, “an”, and “the” include
plural forms unless the context clearly dictates otherwise.

[0093] It is understood that whenever embodiments are described herein with the language “comprising”
otherwise analogous embodiments described in terms of “consisting” and/or “consisting essentially of”

are also provided.

Certain Embodiments of the Present Invention

[0094] The present invention provides compositions and methods for studying, diagnosing,
characterizing, and treating cancer. In particular, in certain embodiments, the present invention provides
agents, including antagonists, that bind Notch receptors and methods of using the agents or antagonists to
inhibit tumor growth and treat cancer or other diseases in human patients. In certain embodiments, the
antagonists are antibodies that specifically bind to a non-ligand binding region of the extracellular domain
of a human Notch receptor.

[0095] In one aspect, the present invention provides an antibody that specifically binds to a non-ligand
binding membrane proximal region of the extracellular domain of a human Notchl receptor. In some
embodiments, the antibody binds a region of human Notchl comprising about amino acid 1427 to about
amino acid 1732. In some embodiments, the antibody binds to a region comprising SEQ ID NO:2. In
certain embodiments, the antibody that specifically binds to a non-ligand binding membrane proximal

region of the extracellular domain of at least one additional Notch receptor.
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membrane proximal region of the extracellular domain of a human Notch! receptor and inhibits tumor

¢ present

growth.

[0098] In another aspect, the invention provides a method of inhibiting the growth of a tumorin a
subject, the method comprising administering to the subject a therapeutically effective amount of an
antibody that specifically binds to a non-ligand binding membrane proximal region of the extracellular
domain of a human Notchl receptor protein. In some embodiments, the tumor comprises cancer stem
cells. In some embodiments, the methods comprise targeting the cancer stem cells with the antibodies. In
certain embodiments, the method of inhibiting growth of a tumor comprises administering a
therapeutically effective amount of a monoclonal antibody. In certain embodiments, the method of
inhibiting growth of a tumor comprises administering a therapeutically effective amount of a chimeric
antibody. In certain embodiments, the method of inhibiting growth of a tumor comprises administering a
therapeutically effective amount of a humanized antibody. In certain embodiments, the method of
inhibiting growth of a tumor comprises administering a therapeutically effective amount of a human
antibody.

[0099] In certain embodiments, the method of inhibiting growth of a tumor comprises reducing the
frequency of cancer stem cells in the tumor, reducing the number of cancer stem cells in the tumor,
reducing the tumorigenicity of the tumor, and/or reducing the tumorigenicity of the tumor by reducing the
number or frequency of cancer stem cells in the tumor. In some embodiments, the method of inhibiting
growth of a tumor comprises inhibiting the activity of a Notchl receptor. In certain embodiments, the
tumor includes, but is not limited to, a breast tumor, colorectai tumor, hepatic tumor, renal tumor, lung

tumor, pancreatic tumor, ovarian tumor, prostate tumor and head and neck tumor.
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intrinsic activation (e.g. kinase activity) of a Notchl1 receptor and/or by sterically inhibiting the
interaction, for example, of a Notch receptor with one of its ligands. Furthermore, extracellular binding of
an antagonist to a Notch receptor can downregulate cell-surface expression of a Notch receptor such as,
for example, by internalization of a Notch receptor and/or decreasing cell surface trafficking of a Notch
receplor. Extracellular binding of an antagonist to a Notch receptor can inhibit cleavage of the Notch
receplor and reduce release of the ICD of Notch.
[0108] In some embodiments, antagonists against a Notch receptor bind to a Notch receptor and have one
or more of the following effects: inhibit proliferation of tumor cells, trigger cell death directly in tumor
cells, or prevent metastasis of tumor cells. In certain embodiments, antagonists of a Notch receptor
trigger cell death via a conjugated toxin, chemotherapeutic agent, radioisotope, or other such agent. For

example, an antibody against a Notch receptor is conjugated to a toxin that is activated in tumor cells
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most ef f %Iw%[% 8&1 b%ég‘ il ﬂp{h% Q&g ﬁ%tn%Qdﬁb&ﬂla&Q ”@&ﬁfi}ﬁ%fthé faléepaéﬁéils B¥tected,

g4, urte deficie
act | vat lfqngxatmée b:oﬁhpreéqwmf laéel§t9mé Kyﬁjdth:lﬂﬁa#\n fagtgaubodies cgy bqfcreafeafmg the

12: 1497 o ilGsloh s bs Rbource SP@BpldrEHLA@or i@ine 413: PRk ankibody HACHE 0dpdbloof
to the Bresent i nvention, anti bod| es of those classes %@VI negn%pygﬁgat

desi r ed 2¢§ivaling GPERIFmEL £F W?dﬂﬁy'“&ﬁ@cﬁr‘éﬁﬁt"éﬂ” o EH PO e RRISEHPF AR
parti cubaficdbilRady against a Notch receptor to nediate |lysis of the

target cell nt a and/ or a
e
added t and dienogedtlectotfiuhdtioss. iFar msm’ab natqnmmbpddmem ttlhvantﬂsvdv bmm@nlijIOéWE nt
or immu ti e i

conpl exg?en%y{%ih\ﬁ% cgt}g'mf‘ ’C{ @ﬁ?@@ jet é%ld@y?i&%gfe g%:e %&%Bﬂ@gﬁrt 'c%ngé/ (CDCE)

t he r el eas@y.olh ctrtdiredmtfodiorents fbe 4nyrb@d doesirothing tn tifedistreceptat nglotisompleagnt be

screeneq, sl rirgceq'tFll e%@&%ﬁgﬁts ﬁe%\é\ﬂ}fﬁf ﬁd‘é% Rfechor BRUEGE Of conpl ement

and/ or i nmune ce e ant i s capabl e of actlvatlna
conpl emditl Lioin avke prabaditaeRD@ePRists piea Nofcheeeptsr %%é‘t‘ggé%ﬁ?”tdFPé'h‘"B‘éec LRy

t her apeylkG@lalaNgibddndshatanpidfdnbGdik Be pRREss B hich new blood vessels form from pre-existing
vessels and is a fundamental process required for normal growth, for example, during embryonic
development, wound healing and in response to ovulation. Solid tumor growth larger than 1-2 mm’ also

requires angiogenesis to supply nutrients and oxygen without which tumor cells die. Thus in certain
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[ 01101 In certain enbodi nents,the Notch-binding agent or antagoni st
is an anti body that does not have one or nore effector functions. For
i nstance, in sone enbodi nents, the antibody has no anti body-dependent
cellular cytotoxicity (ADCC) activity, and/or no conpl enent - dependent
cytoxicity (CDC) activity. In certain enbodi nents, the antibody does
not bi ndptRinteh, a%%ntag&ﬁsptpmam/e %opett@ts%gggmtr ACh AR, ﬁ%e%t&%c@pmr

enbodi ments, the antlbody has no fector function. I'n oth

embodi misskding, foresaiunkt sedothshal sellcmmonthresdpeads oe%wppwg@éw gxirapelylag mptrix

i ndi r eCtdq¥irdd YorlvRaiiRi Jsée'ﬂﬂlyaﬂﬂbtﬂ&%ﬂt%dtéentﬁ%%rﬁ%ﬁ‘@t%ﬁ Not%h Hﬂﬁat&ﬁﬂ@lﬁé Srdlith
whi ch new bl ood vessels form from pre-existing vessels and is a

f undamefCHT SERESEWITERB TR cEl rerBifmRl atpBNbHmatRignanes,ea el duri ng

g rr’lo_r éonqm lﬂe'm&|pﬂi@ﬁﬁ‘ lntvemm ﬁdféﬁtd@%ﬁh&@ oagstﬂweﬁhdéemmﬂﬁlg bhitGolhitedlid Qifibodies
olid tu rowth lLarger tha | so requires angiogenesjs t.0
Supply. AU R AR SO g e G aR. 21 FOUREHCE Sy 5 hrpg ghirpptve
cert ai nembuiiredis/renpaypeptide sadubgonialgtpuat a Notch receptor targets
vascul a Olﬁ:ﬁ dII c%rt I;]naﬁt boé ref’i\tsssthc: }?%%(rjolébndes 0 l?fzgaer'\ mverﬂt%nléa Ir%.géco mant

exanpl e, nusc T ¢8hponent s of t he
extr acebblmemrdenaatunakpql)@qmldtedr s‘yothemaz@b/u¢mdesa;sslallﬁnig>ﬁhe fequeptendISEQ ID NO:8,
enbodi 4 ' t K t L, - iQar
S anal | S AR e TR 02k, P AP A e RRTPI S b 3K AUt eF g
mai nt en&MEcsr survival . 101121 The present invention provides a

vari ety fhq pﬂtem@mdnct@&met mﬁtlwtbm cgllrlﬁrlsﬂ‘%l thd uewc%gntaﬁwmte 1@9%% pfRdled

fragnents of antib ment s, peptide is

i sol at ed? ﬁQ{DéEQt%tWOatSF@rIHétQ t‘péeS@?PB&!t Wﬁi’h%w“t‘%thﬁ&d%E Pttﬁéfeﬁlgna‘

S ]thbsth antkdgadnteg). rthlw:amle%a,&&:ettﬁt twoty@eprt;gema@dmmeﬂgt S cetrtagt cRBbYipeRt, des

(0] t he esen I N Can I I N 11 de nat ur

e o PSR speneH birats & s Feant B P A R s et B e R B e

SEQ ID MaﬁtofSEQnﬁJD\‘MIr&&ptoSEQ | D NO 24 SEQ | D NO 28, or SEQ ID
the i dlca ed

Fﬁzgﬁtfg% %rofﬂne§mgqmﬂFr%°w'ﬂﬁgoggﬁﬁr i SR n“ ﬁﬁgeavy aln and%nﬁSEQ
the | i ghd NORaiand/pr IHQ HEYO! 14 oSEER MDNAQ41 I a‘m‘ﬁdm@mbSE@ﬂtDtW@okjrpephde comprises

respect 'a\éﬁlayle f gﬂt t:}rhrp{eﬁaném%n&H{’SE@fB ﬁ@tseaqd QVErﬁHe“f't@a\@ 'cmequen%e ccci)gll'xpnsmg

sequencesé certal peptide 1S an anti
In cert &F I%Nﬁddu Freqeriain eppedi mt&;ﬁ@pﬁlmnsﬁf@mw%awblﬁuhﬁl@f§haan sequence
non- | i gagsbriBhQSEQ D mraﬂﬂlgvﬂfag%lh@gaﬁgde%n&fco%ﬁm AX$E@IENbLM AN certain

domai n of a. human tchl. receptor 1 The i nvention .f

pr ovi degmaodwpg%ﬁafpt'\‘lﬁla%m@a FPPPEETRveg @ fRBingrequsRes CP’BP’I‘\R?E%QQ&’ N:dy g 2
'I[\Iﬁe?)pz)ol a#nreible heagf?giﬁgre&@weibémﬂ; srtrlgEQQ ID N02241n cbm:mgﬁoaimnenbomo m;y;}fzeptltds isan
R L S e R R S S B B R
14. In oemmahﬁgawMOMHmamtswmﬁh&mp@fymmmmmw6m¢GWQMmses a variable
L9l REAREIER RO LR LSO AR AR PR
pol ypepithiat %mtrfiﬂﬂntsﬁéfsﬂaf tha strughyreor|fingtien of theipreteie ol syeb difrmpas insieAY SR

1D NO 380m$laﬁdva£hbaﬁtberehﬁaawre&maetﬁtré@m%@ﬁ@camég%h ?Herﬁg.)teﬁEQt bR 246 -
In certain enbodi nents, the pol ypeptide is an anti In certain

embodi MeFHIEY- e hedmvppiget et @ﬂééﬁswr@apwf pie ﬁalgp%vtléréhv¥1r°h@%qWUBttMP'ng
Menbr angeiRfiR gubfhut R ineRdddel bR, RXd RS, Shcktiods, réRBIaRd ©he AbAUABR. Guidance
Not chl I;:gn%eel’rl?lt[lé) \rvhtch amino acid changes are likely to be phenotypically silent can be found in Bowie, J.U.,

et al,, "Deciphering the Message in Protein Sequences: Tolerance to Amino Acid Substitutions,” Science

1990, 247:1306-1310.

10117] Thus, the fragments, derivatives, or analogs of the pelypeptides of the invention can be: (i) one in

which one or more of the amino acid residues are substituted with a conserved or non-conserved amino
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101161 It wll be recognized in the art that some am no acid
sequences of the invention can be varied wi thout significant effect
of the structure or function of the protein. If such differences in
sequence are contenplated, it should be renmenbered that there will be
critical areas on the protein which determ ne activity. Thus, the

i nvention,furthe udes variations.of, t e
subst anff' %Tem%’{ll tft/elntaf OIS Eh T amé tesidie) pridac Fgltn‘lx%naé%ﬁol a%id r@{]du% 4ol Wnor
i nver si baiee en@peiityshe geneicteygee oxs(ubstenn wblr:lows or @aredaéﬁsemmmelérrmdug: includes a
whi ch ani ch F&idh & mg,aalnw Sof&tind G8h
be founEilmgtﬂuE%F%\IAQL«%P I\?@ﬁ%%c% ﬁh Kﬂb%el%?dg&})ﬁ&qpﬂhéa y e in Pr ot ei nasa
Sequenc esmpoti teinarves thehalfrtifnef tlﬁ@:nt)dwemds tfor qemmpimsmiwetsvﬂﬁ@rﬁh@oli%@v) one in
247:130Q7,134Q a%&l@oé%ﬁa%hm&ﬁs aleHsed {o%&fmmé pol LYY 85a lefer 8drQ8S Of

S

t he pol ypepti e I nvention can be: (i) one in which one or

nor e of swahenceeriarieIuardedvhichds enpiayed fas P%’lﬁﬁ’@‘ﬂq”t"tﬁ the anafiirg pelvpeptisls §B3 HEBFO
non- consghMed Ak RRmdAt] drit At WAl dhAbisAR: RefQNNS 8F VREIN @i¥istipe afthelteachings
resi due) and such substituted am no acid residue can or cannot be one
encoded"#§"t he genetic code; or (ii) one in which one or more of the

am no ago1dsyr @E]bdﬂtbt@&r 1n&€dst&i€ﬁ1b&ht&ibh§6ﬂ chargfif an@iitcOie s with afdtler Pha€ged amimo acid
e is fus

which th

A conpodhti g Pears e rtasderiasg ooy e BrRHIS bt SRR YD o T Rotle
pol yet hyhaegee The¢ pre@hdion cﬂ”nggrega)loma bighlp dvdtaigh Adpeezatien df potrrs nahintoresidis thsa
are fus s%?lcz)icttl\mg bg%tar‘fI £}? %b?&lpag E QJﬁTn dﬁgvgn?g@%aﬁnalc gﬁ @orﬂlﬁlaﬁ%’%rlﬁgﬁgy they can

sequenc ence puriftication
mat ur e rooinypepsmde (lbnckardptdpﬁ'btr dp fgeﬂq'uéri@é"f' 28atR4G Raphvestt al., Diabetes 1987,

deri vat I @ﬁ@eS@n@leﬁH@étgg%r@r}@v %Qgﬁeqlu; Qfﬁ%ay)‘zetr h’,{)sl?en;sh99§ O PE7- 337f7 t he

t eachi ngs rein particul ar rnterest are subst] tut| ons, of
char ged ani nBf ensrsgshepunbperafgminoracidiahstuions et derandg om marxptiars agiyding those

or negatgiyfbed n&bar Mrtﬁﬂbxﬂ%cﬁﬁé&lﬁ the RitBber 8t duBdtinitiofd fot Sy igiveDpalRbiide will not
wi th reduced positjve G prevention of aggregation is highly

desi r ablbg MoKk QB0 Ph2 %fzogﬁo{ ﬁs not only results in a | oss of
activit yoiot Tﬁﬁpblﬁkﬁmcbcﬂ"t}&rpﬁ&bﬁm’émttonmem meeaamapngasph&ﬁmﬁm dmabwell as

o PPl SR s ol 55 S92 3R ar ARG nfes af BT RLbe i) tothe
36: 838- 345pepGieabBBED B NEL 14 2@ ditleastBSVe simfifreitya(pleogttdiv iDELAY le@ﬁﬁ%éﬁqumce
Syst ens ?"a :ﬁy 1o B %9@%3@ £ SEQ ID N0g14 GOSN oalb[eaﬁwam@ﬁts %lyﬁéBnH@w%h qave
substltu S on nan

Yy actors i ncludin t hose eSCI’I
herein. af !naSt%ﬁ"/t,aV%, eBY e Fimdarity s conaiptisres 8% 593%5% ¥ PO SequERee & 9“30 to

gi ven p%d&%@ﬂtl@& L3503 Ilﬁ@bsbﬁ TR RypbRidesf? thedbsend Qwerﬁﬁn 1r%Qx,de &15 polﬁc&pﬁ(ﬂes

3. 10119] ‘The pepti des of the present i ntl o
pol ypeptof 8&Q HE)?‘O “Ietbamlwgptggs Which haye atdgﬂs{bﬁ ?egﬁm ﬁlg%até?ast 90%

| east 9Q8/Qu§ﬁcmdeﬁtfty)tty the pblypeptil@ioN SEQ M2 5lO&d ankd @a]sdst %%mearugmt eertain times at

d h
i | ar 105 e AeR) o PADPFRIIR o SEOD M b FRF Sl
pol ypeptpblje@ud)ef w}S&QsalvDatN@st 6%, 9P 8V orsIoPA dimidrritefat @ﬂbodmnefm"/s 97%, 98%, or
p0| ypeptg'gg qsue@;éd}gentgt f/to ﬂ%é%ﬁ%? ttlngQ)A) Sé ?D/(NO%%%A %O%KQI’%IaW"LI%H]hIIny" l(e%’&een

certain quence’ i dent %
pol ypepttwd pdlyroptidSEQ RN bl’atomﬂﬂmeg pe e geifl grayense andils CB'PSQ%’%%T“‘“O acid

i nventi qp, 'n{are maﬁ% eéeyteaﬁfse Bi%e8fa R6Gabbly NG as el | as
pol ypepti e | eas 90/oS|mIar| y (at certalntlch é
| east 90%@19(55?@@6@5 Pfd@ﬁtf’iﬂ% 9f)the ROLPRIAEAR yﬁ@msmggewn ggnche epplguy ionpygducing

at |eas tth(.gc%r{%s%brmn{ gl HeXgth ﬁ&lyﬁe@ﬁ&eﬂiy’beﬁtld@”@ﬁltl&hs | ieaetbre QWﬁrﬁgQﬁﬁ@ Bfrebe employed
identity) to the pol ypeptides o

enbodi nmed Er@rm%tvﬁg&rqd&gnw élHl ]ﬁ)égylépcg)fpeptg% tlg'wnts Q'?B}?)m@é G}k the(’)Pn;]Weotldes

simlar |5fme@@genemwérﬁbmcaﬁqlb€a§ed%%;thgsi’%fum&ﬁfgth pmlyrﬁﬁ%tskqofemesemtemenmqn)
to the pol ypeptides of SEQ ID NGs:8. As known in the art "simlarity"
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(0120] Fragments or portions of the pol ypeptides of the present

i nvention can be enployed for producing the corresponding full-length
pol ypepti de by peptide synthesis; therefore, the fragnments can be
enpl oyed as internediates for producing the full-Iength pol ypepti des.
Fragnents or portions of the pol ynucl eot i des of t he present |nvention

b
Canene: USRS DAL B AR50 oot o SR E e
of t hi swhishésrapable of binding tra Nayeh lgeceptot proﬁf:maT“pls 6*s£mmt e e bighiai nn:aﬁmb Il\btch

of bi ndidag, Q@i ta%ha NbEGERLBlor. pé ﬁ'fﬁ%rgém ﬁ'f&s‘lcﬁ&qﬁfms J;@ao@mhtagttems

affinity for a receptor or recep
Cert ai nCePRIGITEAL lsaSbmartrqf ﬁe@?vtqbrb@tdetgrﬂgm@m ef he mlmentld‘(fraagﬁﬁrmn@g@mw%fp 53]
at | easie; 3kt oftf cohdifht NRtos Br lnﬂtuaggl&tﬁnﬁl fhcqtﬁntr?es tp@tanpﬁnté ARgerBeRut !

antagoni st fused to at |east part a consta |on of an 3
i munogfoful Mnalthepgh the #ffinifycpn yagy fwid%falrly yith ﬁa@tfétsw fiffereoisizan Huging om0

t ]9 éO;lemI\tlo "Bt MOsbgHR ehibdimbrts m&%g&an .sva%w 10@ tmnﬁtads adztisyn Whdth arfdro@sapmt fhe

of di

rangi n ro to
t he fra§ HE"“? E‘HB?J'E °P‘ge 11‘*%0’65‘%?{“ r?%e“é%ﬁaa‘s"g‘?‘t’f’t l"@iﬁ%f"n" !fﬁtﬂ P%?rg’?ci"%sé@t teﬁ‘B“ of
Not ch bamthrmgoglotminn of the poI ypept| de agent or ant agonl st linked to
at Ieas&ngg of a_const eglon
S

pol ypeptl np(f )énn%]dgs asn% é’éar%" e heeF mﬁ%m tg\t lr(1) a éi(l)tﬁ) al [cﬁ)emlca]l mme?es not
addi t i onematthpant of die pnaiéiet Tia:sienmttlzmnmiek sanpaprovesthe $ohabiljyy, oltedmtogléﬁhkmlf life

deri vat gﬁ;&l} ag%l—pﬁ)h Sﬁh(?&%%eln”ﬁﬂé’ }ﬁ%leh&%arﬂg Ltpﬁdcé SYXE."]IITIEI‘E% a %&lc\g&lag@s 3pgilfefcts of

life an sorpti rot ein. he noieties ca so reduce
or el i nmhaaraeinmgd lﬁ‘h‘d@s ﬁrﬁabtréwmf@“@h@m%cwneﬁcat brefoprdin Bemingian's Phasmaceutical

like. Agcionees, YOtﬁ%ﬁQEck@%Sﬁhﬁ%'Co”@hﬁéd PR (F005). be found in Rem ngt 0“ S
Phar naceuti cal Sci ences Publ i shi ng East o

(2000) . [03@Io%he iefaseq rabypaptidgs %t'}}’ﬁ‘ébftf?'ﬂéaé‘ ba@goév‘ieseﬂam/érl@btf feeét?d&eown in the

]Pr Odugedrt bsuca meths bk &ﬁgalf@mmtebtqﬂottﬁg SWifhebiimbigisad donstDid Gy A BN A edlericaB@ading
romdirect rOtEI net nho to COﬂStFUCtI a equence

oot noRte PRtk ROhGs Fie B iost Safar s SuaenteRbugHed!

sequenc @H 24]n Inssosi ke tnbdafireertts &fa sécombineht regibd, a[[INA2 depudnne is oosirentdidgtiisviatingor

of a reco u

or synt eng%%% P‘Hgg D%&ﬂgee%g%g eaﬁ)g@ 33r$tan 810 gt%{egt gpﬁg’t F% tllxe sgt%u%ﬁderlgn be

i nt er estuta@tded hnsxteyspemﬁwan@muesmgpmaldc fractipnal agaéw zledﬁc’faySee e.g. Zoeller et al.,

site- Sp@tlﬁdcf N AT, %9:%9&'1%4@1 3%9\50 nﬁttr!scbétoﬁﬁés 5%5'%%1%: In'@ﬁ%@&fcot%@ﬁctmg
e.g. Zoeller et al Proc.-Nat Aca Sci . 81: 5662-5066 and

U.S. Paf DNA sggngpmooditec obpentide Rbtesst WWPVJ&EW@I YnihREeS g @Bnce
encodi nghg%lnﬁ)@éoylﬂ@?ﬁwihg@zeﬁ)f sucntaﬁgcasaeo\tmlc@h mea e IB@sBlli sratthe sxib B&S kejuence of
usmga 0|g ceo n S| Z onycl eoti.ges .c

desi gnelfc5EEYP H‘% a&ﬁf‘% t‘%\%‘?‘ﬁ“%‘ﬁﬂﬂéﬁé %é H‘@é’f’?éﬂﬂﬁ&hifggﬁtl de

and sel ﬁ&@famﬁgarﬁbﬁﬁ&pmdﬂﬁﬁeréshﬁtl] wrpeodbéedor ed in the host cell in which

e eI R PELRER S 2L 580 pBOBENER g 2 Bl
pol ynuciselated galysptideof creerest.cBetiergmaa 2 coap e adinpadid pepintai@n bé used tosmoasituct a
For exa

e TRy EPTRL L D0, SRR RIS AR EPRP i
nucl eot isdiated eqlumeée @od¢ sgthearedt Ker esamnl¢, ceMewt smaélcﬁllaqr@elewpwéms e gortions-

can be gymt b&m@ﬁ,@pef% cmmpttﬁem%@%%t@h i T8, IThe baBRMIESHub & Ries typically
coding for portions. t he desired pol i/ypeptl de can be synthesi zed

and theﬁ°‘1‘4“§1ét°éél'°"qfh"§'g?f?ﬂF%Ri‘ﬂ‘&qu Is¢fatlic| eoti des typically contain

St or 3101Qmebh@er@§nfbﬁa (SRR SitcainycredSiimagehasis, &in&ﬁe]r n@nﬁe) &saﬁfmd BNA
(by synthesis, site-directed ng}a enesji s,. or ang% nﬁ

mut ant  EIARCTSERFIEF kNS RaFCHan syt Ej’gﬂﬁl?‘lf’ﬁ PLipteregioy! 68'5?58 %‘?e ‘?‘Hésst?f‘ vector
I Nt er estndépetatibady 11r[k5¢fotaﬁdx¢réﬁsﬁn athteX{RHeas Mppropestd for ex@ﬂ:@kl@tpﬂlt}&tprc\lﬁﬂt ina

i nked Eigswg'g hoes pfrrgpseﬂlscs)enmb(f)(f) Qatnr gcon%’e% udebr}cn%clg&%% E%Lén?:'ltng, rras lCtlgl?l( Epep?nsg, z(tjn
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expression of a biologically active polypeptide in a suitable host.

As is well known in the art, in order to obtain high expression

| evel s of a transfected gene in a host, the gene is operatively

linked to transcriptional and transl ational expression control

sequences that are functional in the chosen expression host. 101271

The present . e |de at ed. antil in

non- 1 i g‘ﬁ‘ﬁcfssn g %m"oﬁeca ran\ée p°§ §‘§%ﬁ " asu“ (])enhogtf %sﬁsewegﬂ%P \a@e tﬁ ?n fn order to

domai n oﬂtauahlgkutmtﬂbswrelctt;bt@ R tralﬁﬁ@teagenebmdbqst the gametis brochyively highegft , can

be any i EHn} a hdtiofi i the EHRGAGR 8%
nenbrgﬁggﬁrgﬁ?%gﬁ%$%%F%ﬁLﬁ%g%ﬂg&%kggg éﬁﬁuﬁgr naﬂn of ibtch # N

sone enwsdi nents, the present invention provides nonocl onal

ant i bodjgess B pigsﬁgmgﬂtén Elfaeﬂa@sqgolatémtib&i%antdspﬂdn}‘hggﬁm&& rﬁembrane
menbrane proximal region of the extracellular domain of

hu
Not ch! erexigelyegiphefahefaresehilandamain et BASBIESREIRT- sThetaH%“Hiﬁr?éEﬂt'Bﬂ% fragment

ant i bodig%e ayf ménbéigﬁ'@ﬂztp%l)tcmﬂilgﬁtﬂbodﬂﬂﬁt sﬁ&hﬁ&lly @cdZhizEy b RdhbERR proxunal regxon of
anti bodi es that specif |ca ane pr.oxi nal

The. oxt I EuFabler SIS N i PGNP M BETUR BTGB BBge-ionl

herein. aﬂttﬁodiﬁsl’tﬁrfragrﬁhﬁﬁhéfedﬁtﬁat spdatficairtoed 1o 8 alemanhd ;hr@;dm&]&;eglﬁrr offthecsymamell@ar
t her eof ate that Sp, eC|f|c

pr oxi naﬁo"?aélb? U'B?n @%nt&h 1& ?55 eIdlher iny (9 Rgicn OJf'%enQﬁ’t i monﬁo‘t“nﬁﬁrﬁp&&% or

r ecept ofragaend decof, bedhherneorrhun(amzezl&mnﬁ'ddss that spbfitiaBs bind) i amegmbeane proximal
rrenbr an%gg féthgggtraéeﬁglla n Otfg?lmﬁ&q ﬁcﬁﬁﬂdk&gﬁasq%mtéaé@rfeha I\N%&hl

recept or use In e experinenta nosti c an erapeuti c

nmet hodserdedimentsetiie errasional antibodies, oafragments durend meémm@wnb«rﬂtqsblaawéaﬁeﬁly
the preggnk, 'rﬁEYr%%b QFbx%a?reEi%ﬁ dr t‘n@e;&t‘%&e@lﬁfar dRGirEorRhESS 196cifre@ptiodsEicribed
receptor 1 n biological sanples such as, for exanple, a patlent tissue
bi opsy, hf{ﬁ?‘@ur al effusion, or blood sarrpl e. Tissue biopsies can be

sect ' Onﬁﬂ%ﬁ”ﬂtegﬁﬁﬁo@le? a@%%@ﬂarﬂ?ip%;mﬂ Q{giog?éﬁmg b@racd IRt AOfditcaestance
or i munohis emstr ative i ndj vi

sanpl e &P?W%B? 3’ §rBFH e‘{' I3RS ?%‘gtg?rﬁf”t&e'f' Z@ctdégesﬁrhbef' 5‘“8‘8 ﬂ] Ceftpif e
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centrifugation, and assayed for antibody titer. The pol ycl onal

anti bodi es can be purified fromserumor ascites according to
standard nethods in the art including affinity chromatography,

i on- exchange chromat ography, gel el ectrophoresis, dialysis, etc.
101301 Monocl onal anti bodi es can be prepared using hybridonma nethods,
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101351 Alternatively nonocl onal antibodies can al so be nade using
reconbi nant DNA net hods as described in U S. Pat. No. 4,816, 567.

Pol ynucl eoti des encodi ng a nonocl onal anti body are isolated from
mature B-cells or hybridoma cells, such as by RT-PCR using
ollgonucleotlde prlners that specifically anplify the genes encoding
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encodi ngnt kmbodaens, awdndboghtonm:hlaésmﬂmeaweham emiaklk ciged comprisinguia) ahdagy chain

ool Coor i YERHRLR REREnIRa S ARTSTE) Bl fulidSbmit & 450, nifacid

coli hanst er ova
nyel onasub@itutwni, Iﬂata helayy nlstin GPR eaimsising CBREEGR PRSI IEH (FEIDRN O 6), o @

Host Ce\&alrént%e????&f]n‘ﬁﬁgﬁgl,ffﬁ mafamoqe.alsu@m@@dmd@{@jﬂyﬁéaw&amdm

anti bodies wt esired specificity are sel ected .
r econbi eamrisind RBENSFATY AdPY HXNE;17}, Pagvmm%hem?éﬁ%ﬁrlsm 1{%% WéLmineg

speci esac&psnbmtbﬁm%m e dIPRAGR odiitsial 89 ras&raafghmalasar%@&qeg:&ed
(McCafferty et al 1990, Nature, .348:5 1991,

@] Q ,
Nt o b comssipe 4D isht iR CRB pemgisin RESTogY Tt S i CERTAND: 18 05 nerint
597) . 1@drdétkohpesinkol, ,rwsdmmdaﬁcssmﬂmmds (tgaagmmbonabomtsmgody can

furth nmb diff t

oo TENRBRIREGAN B 48 e e o Rt 1 050 StS pfpbaitops: andor
sone entopdiighe cifiat, COREcaprisihaAL WS WS FGGEGTHE ($EQ M Narkd), heavariauthibarend

of ; for co?n)é?iggé ‘19, ? ?Qld%%o QBQ 9193' %ﬁtlns a tsbJBQ %bo% gythé pr?ﬁg E&&'Elﬂ’agrmﬂﬂons are

for thoSe're uman anti to generate
chi neri @nmntaltlb@wn@wlthS)Jba‘U@mOaﬁ non i mmnogl obul in polypeptide to

gener at @) f H%brggetﬁ%tdlnl%gg)/the in@en@ihxhﬁr%w@&:tég thfﬁ%w §2M§ h %rdag&a %?Eﬁe hybridoma

regi ons are truncated or renoved enerate_the desired

f r agmentelldine denepisd &b HgIA TSN ‘i“lg?fdgc Hensof the Pudapest Teealyiop dupisy’: &PXS and
hi gh- defisibhed nibadaResns. Bisohd@ndoainhakl e iRBbdiNs £ AMmPReAGRHot 67 52M51, In

optim ze specificity, affinjt etc.., 0 ,bod 3

Nbr e gerearamPpdimeRstieiaatpod sia amfageddg'af)wwiiingﬁgﬁfé@@é e
may be Dﬁh&leﬁﬁged)ﬁlt}dﬂé AvEd ufideptie a(mdxtﬁaﬁi ofttecBudagest Tréwey on Odiebep &, 2008 and
precur sor ti ragnent _t here e e

di scl Os%sal (ﬂufnl gé”rgxn{SA%OIagcérge fr*rnébola men%utl’pe ann21%9(hr 19 a Q&Qan[]zgé @erélgh of 32M51,
humani z&@M shBAL4TU ieseme rmbediperts, ﬂ'p iveetionpentides am aotibraly ﬂ@nbo@ﬂ tﬁﬁn sy ¢piope

nodi fi e i} .
modifieq, ﬁﬂg@ﬁ ggﬁ@cggrgﬁbg@ SR Ss] RYARELARARASCATRI RS A8 antivody

such as at di scl osed
5, 892, Othex, cownetesn«vrrfsanv atbe wb@ﬁr@ds H@P@beﬁ inyhe ?féﬁe@F’éWE@)e“WS@'FTﬁ@tSa‘i“i’@raél?fcts

const anjs GQnRiofher a@ﬁecgﬁﬁlﬁédlﬁﬁﬂs N6 BdelscNAS REHHRINTL éf)ec:lﬂé"bﬁndlﬁg theseligand
types of antibodies nmodified in accordance with the E\IP gr S herein
TR Newht e

are conpafinsmemhPIPreRPY reERAe the riracelifes damaip Fesent

i nvent i parmicesiival QHRssittanicddfrisid it astitooies dnl enepiodiCieating carfcer comprising
singl e-chain antjbodies specific tQ tlde of t i nvention
(see U. m‘?’é?“"%herapﬁu@ﬂ]@' eg%tjv.c af“ﬁwg?j%t i agﬁg‘)dp 3AISES PRXIS e%e adapt ed

f or t hejoaad|sinrsut Eabbdofienisatbe exprtios siogided anfantiniye $2R 43 segncaded by the DNFG9,

Sci ence, 246 1,%_‘12%13 %nd%r%eaéop(ﬁ%r{]%?g]g BN g d;?frieslgto?b%qu?uobgm shed

of nmonodiPSHA Y agnen esired specCificit
deri vat nveter PTAQ5¢He It somemmb@glsnt@ theHoyepliangsovidee prewftibodyribyt bigds/to the same

fragnent ntohaﬂ-tt LA Qwﬂlleﬁ%dtﬂbﬁﬁéii@?bﬁx@s 3 Rl XRBRMimeSs, ®e ifRRtion prowdcs an

i nventi e pro uced by téchniques in the art includ |ng, but not
i m tedaltﬂtbf’d)(that campriseaine) trofthrag ket 16 poer st B P of A RAPg&5¢thsn of
an anti Qxﬁ?gdﬁum?lltseﬁlb'krﬁentﬁp roal'aed: a%l%nlﬁﬁ'oﬂgﬂ@fﬂo E\ﬁﬁﬁiﬂ@lﬁ@}’?lﬁﬂﬁ&éﬁﬂti&l t he
di sul fide bridges of Bcfd) %c[ %FE{% an Fab fra g

gener at ‘é‘d“R?ﬁm?'Pfé’°’E’P"é%‘ingBerﬂ““ 155 AR 8&\}e BB LR g%ﬁ’&ls}‘?”%d a
r educi ngheag@ifitally@rektivelimduvtsiof tg BRbb8ies dkOdI8BFkoBdedpeci fic anti bodi es
are also wthin the scope of the invention. Bispecific antibodies are

34



[ 01401 Met hods for meking bispecific antibodies are laiown in the
art. For exanple, in the present case, one of the binding
specificities is for an antigenic polypeptide of the invention
(Notch] or a fragnment thereof), while the second binding target is
any other antigen, and advantageously is a cell surface protein, or
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10146] Exenplary bispecific antibodies can bind to two different

epi topes, at |east one of which originates in a pol ypeptide of the
invention. Alternatively, an anti-antigenic armof an inmunogl obulin
nol ecul e can be conbined with an arm which binds to a triggering
nDIecuIe on a |l eukocyte such as a T cell receptor nolecule (e.g. CD2,
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ext r acebl i afiondP IRicHref meeIRLiE Mualﬂy%ed}ﬁﬂlﬁhed b attﬂhlt)‘ﬁcl-fr@ﬂsﬁtﬁgﬁiaphﬁr he

vari abl e reglon may conprise or be derjved fro

mal :
Uhat calVT8H° ARHReGE ke HOTiHES WAl s br“zé%dﬁ? ‘°&ﬁ§°a§ﬁ’ﬁ 3%55‘[ fg Immunoglobulin
I mrunogkéahitahi dmaingejuagts. tThe fuiemngm etnummn@mom laemcbhamtcmg;mt doﬁmm
Z)lgg.?rpl ;Qoetgélr%}l%l:% rgi,gllﬁaest ]gr,?gt?)lf %n hmﬁ té]—ﬁ arrgghfii re%? n'f"lrtet%?& lheavy c]?am (fonStant reglon {(CHI)
nmonk ey s commaiag)he site netessaly folrllghumamém@mggambe fresers omat lqamapﬁtbmfusomﬂw A
the variahhie 8t aRRsGAT eRYIRAS 1Rfond 18, iFBANLd BF rAIHLAROLANLL Haindle
human. I'n other e I men he vari abl € regi ohs of comnpat
ant i bodiinserteg irsesgppryte gearesgiag vacionhrRg wfrﬁmfﬁ%edg@m @é@)ﬂbksélﬁsf B@amsm Further
engi nee 'Ei@tgﬂscbrf oSRARGhd ligaditiYarkiBbdiQ8tibd BuldTREQVSE ot N1 MRIHE AT PHOREY 19885
or reduce he i munogeni city of the molecule. In this respect,
vari abl é21 ?%blons useful in the present invention can be humani zed or
ot her w $@142) Bapasticafitd@hcdnive prepaitdis IMeaith bitpoditss antitodpfraptietts. Technlques

b e a3 e LR APt P bR e ek e
ext r acelekaipdy, bighperific antibbdies dilobe preparaiosipt cremic] Enkhgardm a@ewnaBrbm‘ram ehel.,
Humani Z%Qﬁ,ﬁ tlbgoﬂﬁieﬁsl d@!cgbeaﬂﬁ 5)&851"& %erglg%tac? 5’:{%8‘& & ﬂé erﬂbtga#ltlc W&Q&ﬁ%

from non antibodi es W thin t var regl ons.

Such an@m@a@ﬂﬁgﬂaﬁamESEd t herapeutically to reduce antigenicity and

HAMA. ( hl[’tgi%@] Ak 'normny $8b' %@éﬂq@ﬂ%)’ bé @%%@o’i’e%@ 60 E0E01Nn 8 bRIBANY Boiled to
u

human s ctice, humani zed "anti bodi es are typically human

At T bodiies bt (el e Al S8Tb D 2R TAR 4 oG dsed

is an any ibedHuchbPSHATRE, HiyhaRizddUiEEei B¢ anBiBod@ HabhOdyediayi ng an ami no
acid seﬂuence corresponding to an antibo

dyced_b .
101501 MR PP ien b BT A e n TR RALDETPHG S, B S REPE A s
known |mnmﬁemammbeﬁﬁmmmuwhodwlcHMIbemhwwﬂnvwen)by substltutlng t he

%55 gf ﬁ‘%{lgpﬁﬁﬁ brIannoH al%r%fnc?mpas?es li))speﬁtf% ant%%{jlﬁs tﬂ?%ge%?tec rgyogg?e e {nembrane
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[ 01531 Human anti bodi es can be directly prepared using various

techni ques known in the art. Immortalized human B | ynphocyt es

i muni zed in vitro or isolated froman i nmuni zed i ndividual that
produces an anti body directed against a target antigen can be
generated (See, for exanple, Cole et al., anoclonal Ant i bodi es and
Cancer Ther et al..,199 .
i nundt S0 o S e Simtin St e i Koy B BTBGRE Rged U perbion,

hunman afet ol bamtbedisechesiealicdly onwvpgizghadjend # Nowhyreceploe e welhast fopbagele,

lib

Bi ot echilal S T iiE0s Ik FRs b YRHPRARELe £ o) &3t Gy
I—bogenb@@?ﬁ a'h@DW) AT Dra,cyn@YiE agent as degdribedSindetail bdgw. 3Bispecilin pitibodies can be intact
1991, Jantlmes%l' Q'Itlbodyzf?a%mgﬁg-)'f'ecmmp Fof %klﬁ@ﬂlk&@i@b @rﬁlbga& A C%QHTQ)% u%‘ﬁ@%ﬁ

in transgeni c m ce containi ng:f human |mTunog bulin loci that are
capabl eMillpen et A8 e 1 05:637- Do Bigeran §t alh 8P uiciensee Hidi t oPuresh sFalH@&in
ant i bOdM@tﬁod’sﬁnE ma:bsgnm DhauRBEP RN 0191 lammmgiooj@gé-sssgpmﬁwéﬂa@nl992 J.

e o Rl a8 2BER Aot FebelSPog ety S HE PR Bl b Ve

ger m | i Rl abd:5IEB Cand NES Phi Blolm'moaagl ete inhibition of endogenous

ti bod tjon. f f th i
pi L L o e
pr oduct ériginaes inrapvlypeidt pbbdmesmtluqnohltmwcjxe 1an amaddtlgmm(o&emnﬁmoglobulm

TakobovPREHEAR b Lo Bled Vi ap Aty LYR8 s Biegerinhlenl B o Wby P Hickaod
1993, YesHrecepion maleryiedes. CDB SD3CR2SE, BB §c Beau®s BOizG B aswgogeeeilular
5, 569, 83&ens§m@%§u§’%ﬁ0 the ’cgﬁé(pégéng tﬁ@ﬂn@uﬁp&ﬂlgé@ B%&J:éﬁa anﬁia&ﬁ:rs 'EEH dlé()@e)(xsed

phage di splay technol ogy can used uce human anti bodi es and

ant i bodip df"?%\@ﬁ%‘ﬁ’f‘% ageﬁw% Qeﬁibwhlﬁh qumwlabws?rh Theseinghodics RpsSegRAPEN BN
gene r eﬂﬁdlﬁé)drﬁ‘l%ﬁd St S WHHGIAR b 3RB10fi0 BthBor aAEB@Elide ghdldtorf fatiSas EOTUBE,

t echni q ﬁ}é’f“ bod dormai n genes are cloned in-frane into either a
maj or o ’”&:6’5 otein gene of a filanmentous bacteriophage, such
as M3 mn47f] dﬂet&ﬁ@n}ﬁgﬁﬁhrﬂﬂb&d‘ks&ﬁe aﬂsmmt}mmhaécoﬁmﬂthmeﬁt fregirignt Hetedcdnhgate

cont ai nhod g Rk Eoien BEHE b, RAATRILAUE LRR ] Gifpi been
based opropdsed th ttﬁmmt ingmwene cglisapertantd cdls (Y. ISePaarﬂﬁim@&R) Hlisaontiewmplated thaythe

sel ect S)J QF eq#ﬂﬁreg ﬂPQ&’& Qﬂngtlgﬁgwﬁﬂltsllhgﬁqﬁ/ sﬁnm@ﬁpﬁrst{zlﬂghmgaﬁmcludmg those
propertles hus, hage m m cs sonme of properties of

B-cel I . Inmmg@crassbwwg@aﬁ ewfeomfwonownac%? Pegijucisd upipg W’étéﬁde exchange

Sever al re8Qidh 665y Ofming DBREHSAGAE rEx%mEﬂﬂon@tta‘B&Qéhgf:rﬁf foPhagRrpaiSay. A
di verse_array of ant]aoxazol one antibodi es have been isolated froma

smal | r SHEHPIRG AR MethdrrmgreapfoBrRFmdale- v genes derived fromthe

spl eens|oo4g)i mmlpzl@dseabmae prfsehEip@hiich, ft@hdﬂfd bv agﬁétﬁﬁedfthﬂ Modifiedrmtibbdedan
human donors can be.construct di ver se.arra of
ot T genSMA AP G! CORTE FAEh JaHE P S B oS rgrces e Ay s hbhoidhe
di scus sandx]abbvgpn Sfuman trantliliabineis offailo@hsecdpr.glaniss agead, thwvarmblsniegipmmay
activated B ¢

101561 f‘{mpr‘s‘i‘%bﬁﬁe’ "%grﬁ‘ér%:’]f“i’f %%‘%Fmam} it ti“?‘?\tze ﬁé%“@ﬁ???‘c’%‘%zn@ﬁ%ﬁr%pﬁm and
vari abl send@mmsnagfvb@lm aepast tbgﬂ@tremmmpreegmngdmttgien photicls ¢heveliablegpgion of
chi mer i ﬁm%&l!rp@mns es éyn b for egfépgxsmtnaﬁ BuriRE %@nﬁmﬁwtﬂafeq& k Qndn¥eus
term"chineric ant I es' e to nmean any antib Wwherein
t he i MiiAdeEsaBesagees @yl GAupdre ogERe I somg shediaentdiothias W@Hef $pnf fegigps

speci esoﬁﬁéjn1$cf?€edQQxﬂr§ﬁ@gliﬁbuﬁr%%élﬁnﬁ%ln%eﬂ@sﬁ(boﬁ%ehﬂﬁ]&%ma%énbrﬁ'of%mpat:ble
nodi fied in_accordance with this inventj On%FI S.0 t i ned second

speci esanipplies syl ASBYRI AR SnonRan SRUFGLTN BF g %fg*P Ca‘ﬁ)y té*?%d% 'l
be fr oMngréve felkHdwy pSapeiieCorr&uge themifebgaiily bide GORANAITH tHiEgiped, vadable
human. Wil e the i nmunogenic specificity of the variable region is
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Al t hough the CDRs may be derived froman anti body of the sane class

or even subcl ass as the antibody fromwhich the framework regions are
derived, it is envisaged that the CORs will be derived from an

anti body of different class and preferably froman anti body froma

di fferent speci es. It rrust be errphasized that it may not be necessary
to replace a

var | abl BuoatisghCp g PR oh L GEHRE P o oe Alae Ty O SGsion of
vari abl mpiﬂéfbamndmcbaath@s Rather, it may only be necessary to
transfer thoge reS|d es are sar YA
R o R T
Pat . Nosroxﬁa,aﬁeﬁpnﬂﬁghe @rra%glﬁﬁ!brrammf BNEVBI r?@@torlSta hpmkhizddantieidy. Kurpdpized
the art,, %&&%Fe A bR B&éu&qta& m{n&%g @Bﬁ(@ﬁ%ﬂ&ﬁ{{ eQn nfa.;méaxnwoaeé within
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not W t hgtanelisOehtibbdy) Y@sﬁdnsé@%vh@rpﬂfnﬁﬁ!;@&@f* AN §ubReiTlhbitRe namkliRAdh®Rdies
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f r agmen®@E tipifalpigiman A T R R MU A A S
const antypdyB ﬁ?&u@’é@@'aﬂﬁmﬁlﬁ& aB@ﬁtl'bodﬁﬁa@tn@dn ehino bd1e gL Eee éﬂnteﬂ:l’o&dngm afls
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ant i bodyois] Bpdneel amibediys dah e radeed wsingnegen kechitigues knypmiis ihagrtaAmartibody
or unal tered constant S NSt

regi on 6" ‘Fﬁ‘%”‘%ﬁ?s %“35‘9‘9‘% r%hedé I?a% %?Wﬂgg?ﬁ%g&m}ﬁhﬂ Oliqgn(%con ﬂ%nbOdy (e
regi on. nidog hi, mbbif, barestaroete. Havioe thetdegired smgﬁmhf, efﬁmﬂamid&reamblﬂw @ crwf%et al,

| nvent | 954 QU '3%? s@f’@'ﬁst k{é@ﬁm%l A mﬂsm?&re%@@%ij §4 VORSey B ctANaI98E,

nore am no I n or nore el ns. 1S, tFlE,‘ITDIf

ant i bod |Se!sn0€i|2§% | i%eléﬁﬁe Tbs WWWQ%‘M $an ‘ﬁl ft“él}eaf“P@iﬁéd Rrthe:evbstitienef ons

E]?B;) ne 3Hd1m%l@esﬂfne tiagr itrlhltieqea FBRVYrkGEAb an8RPS AR the Qé?j'l’@écﬂ&n(hgﬂin re§iltizes @
and/ or 0

\% ht chain constant dorrqﬁﬂty I n sonme

enbodi nEgftie angfoptimige F’H et PeRb AR AT Andp regl ons wherein one
or m)rhe Glgmia[nrkSm@-Eﬁb(ﬁaﬁénts&Jf h‘béfpﬁﬁ’s:ar@ﬂivtﬂ’tlgh ghedﬁhlﬁidg(ﬂs a&fuﬁ‘naﬁ@ﬂi@ﬂ’@id&%d:h
In other e ied anti bodi.es, w.l

Hol o og ey SRR g o el e e e Bn® PR TRl L o AT R AR AR ofa
renmoved w:%ﬁ-ﬁ?otcﬂﬂ) mtprorc ths jomel embsdimkts, dtehanbogmmrmtgamalo mariabls gegion
const ant Wi §p‘.§, ’
(org. 10% alifich: Bl Q@ﬂ?ﬁg?a% kdenag ﬁ%&ﬁﬁ@ sz aﬁaxmsmgfht A QA oS RAGRat

ues rovi ["ecul ar f1 exi

typi cal ligasi 9ﬁ1@a¢querd=e dprtith o SESSERNORS s $ERID NOgZo M sors eabadipeys, &egmy ibody

their Cc?:@;nlargysr aq{ehmhalh arlaBleEi0M halifg Eth@as@’S% &ﬁl@ﬁcézh\ﬁhﬁﬂﬂ SEQMb NCOEBI, &d/or a

nmedi at es sever al fector functiqgns. For exanp E&g 8 ﬁ‘é (ﬁ?SNgn

conponedtbh@hal%%‘ﬁ‘l’lé}’?ém heingd toas Gofesaugrce |'4F3‘Eté§° $ . h}rﬁé’ 5

isyst em f 6‘@5&1 Mﬁsto}nt@ ﬁm&idnﬁaﬁaohe lﬂE‘n’ﬂimisS ahtFREY doaiptises la ht:dvetcmsﬁnnmategmn oBIBE)
sis of _ce at hogens acti enen

t %e i nf ITRAYRS ?‘V a ]@gtp%'ﬁ‘g &, Hﬁ& el QTSE@WBE‘I? %@ Ve § nboglu i ﬁ#,&%agizgds

hyper sensiiolyédimprisds d htdvg khai@niriable thigios oDSEQ D Noaael drd aVlight chie viF@ble region of

regi on, 1@ f—f receptor site on the antibody Fe region binding to
a Fc recéégﬁ rb?ct CR) on a cell. There are a nunber of Fc receptors

whi ch ar[el Espﬂtumﬁn mtibodiesap bedierly ménasd esngfarigyptedhoidyes knowst ndiasg- | gG
( gamra r]mm%l%l or 1 ah %Eﬁr&@% gytl:sqgm{uﬁig ngr!r%)or 1s$19t€ﬁ ﬁ%ggﬁnrﬁlﬁﬁﬁm&fﬁuaﬁﬂﬂ

gM (rmu recep anti body to Fc receptors on cel
S urfac espfoc?uwg greansbedy sliratsesagainstia tgsgat Enigen @R de gingrated €595 for ‘a‘@ine'aﬁole etal,

res ponsqaoﬂoa apﬂhtﬁwdlg@%lda%p{rhe@é}g /dﬁﬁ RrMQSt b. (?f? (ﬁJCSS)aBBér&BPdNa'I S 081 ed immunol.,

particles, clearance of inmune cor’g) exe%1 r}/ g gl a/ coat ed

t ar get 147 (1):86-95; and U.S. Patent 5,750,373). Also, the human anti ody can be selected from a phage
library, where that phage library expresses human antibodies (Vaughan et al., 1996, Nature

Biotechnology, 14:309-314; Sheets et al., 1998, PNAS, 95:6157-6162; Hoogenboom and Winter, 1991, J
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cells by killer cells (called antibody-dependent cell-nedi ated
cytotoxicity, or ADCC), release of inflamuatory nediators, placental
transfer and control of imunogl obulin production. Al though various
Fc receptors and receptor sites have been studied to a certain
extent, there is still nmuch which is unknown about their |ocation,

St r uct unei.dd, ﬁ:wmstu mnkmg al.[ 18960] MWhBlog, MO581)| Auhbiiged bikho8iEORA 286 bd Hfie
present i hvent i elieved t %ER}'EE’FHBMI es conpri si ng _caonstant

regi ons "hBEE "'C(T “ées""até‘é’t!’]gl Ba FHEPBrse ALAT5capableatRoR Inwpynizaties of
f unct i opmdudieg the full rd:partdsl;'e oﬁhﬁrﬁmtantzlsmhebmhommé offth@dgehdds Ghmdndglobulin

adm ni st.er n QL | el etion n .
(t hroug '%8%?13? ltr:r(%ﬁ'? g ehg &% bee'?ﬁgegcr%d A ts‘ SrogRe 5%1%!%‘3? at’r:téegiinfiﬁoddcglmﬁham
may r edm&nmglpeﬁemem inghingtringndaderny-hiee mutare wlictréesnlys mmdn;ﬁletedmham‘ttom hody
t her eby .| C t t.hat
const ant Mraggnlggf\dn?rgodﬁ ;15 ?Hgg%dlog n?ah%f%r? 'g ﬁg {}] %NIFHF ﬁmt & ?/bé1 HEE %e a”ay into such
nmoder at ée"@diﬁﬁ IEyREH icH wilkepidt in#h¢ praduegion eﬂlum'@n tirli‘tém@eerumn hraigén ¢h’a1ﬂ®gar(&ee for

nons pecbiahfﬁ»leafa%%vﬁi ét@n ]%3 Pr&ORb Y JbL G QY.StAo%) é'i] Jalyo%gvtﬁtepﬁr 1993 Nature,
modi fi catjons _of the constant region may be use

di sul fi d& 4% rﬁéﬁg%fggﬁswam §t god e credr indemiin éﬁ? ééstﬂﬂ&ﬁtséﬁ%m é)ﬁ45 806;
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bi ochenireghenarin wob.deuh amuengbhnsdie Whrﬁ@let('epﬂtmiawﬁe rep&HbGdd frdnt ud.{\mhhmm

noted t t ntl hodi to fuse CH3
dongi n gtl%ﬁoésc Fﬁ%g/xg?:gé [o tﬁg cgJe,r ehlgogﬁ @%n}aw éer 3 gre S ne<€18 fWBﬁI"F? 818131' a major or
ant i bodméwr anhprele}megenq:qfraé’tlmtoss bacterrephagresudiead Mabdwre”gi taod pisdagiedies fanctional
pept | deammagm@atwsme smc@afnﬂeephggeg;amaea@Qcahmhm%ﬁ@g pa%e &n%m

CH3 donml ns.” For exarrp , corrpa | constructs co
vvher ei nSiperstemgedd N copyivd depbags senomst seléctipnelbasprbonrtbaienetiona) p@p@n@mﬁﬁwn

(modi f i adibedy A id L} tidnDr 1h@'g&?e@n$o@m%lﬂﬁ ahﬁ%gf’e)(hﬂgﬁr@q}ld% fnlapdanelé Fhhis, the
am no acid spacer. kjhas ﬁ may_ be added, for instance, to

ensur e PIF8E MINES YORG O BE BrOPeries {Bscelf Phage displisten he PABFBGGN Pé‘r‘fﬁFYrPf

free anfbramseSsebl Burdds of Wadend figmbiit@a be 6@ gﬁ php8Bispigy. fA exidd aﬁ‘ray of anti-
am no..aci

Hovvever i t S t S

cases, PrEvVE™ aau‘bg'e*‘ﬁ%ﬁﬁseaé#aée%é*w ByTaligndgm © E‘H%%?%Wmﬁg eFnes fsived
agai nst froxh checplsts plotmunied oicdi Agepertoigeof \Sgiacse’fonadﬁiﬁﬁlumﬂ:dﬂlhﬁarcdmﬂ&% Ean(He
be rela oget h

dos! r eq B Flekd Bt BTHAROER s ey BT A Bih e BAHEE Loty 1l

mai nt ai #&85] ApdigpyseBatnvedymehantibediestniayalse be geherhted bsomrumuva@guBomlls (see

domai NSy g, parWids! sggq@r@gﬁdaﬂgtﬁg}) that the anti bodi es of the present
i nventi on_ may be rOV|d d t he Eartlal del eti on or substitution of

a few o1&le Wé{”%‘iatﬁ@’le@a‘s‘i’ﬁhﬁ‘d:’faiﬂ'?&f ¢ griFe neR-Ruprevarisledemringop@humpn genstant

singl e agnoﬁ@wmqawaumcﬁed.@@hmnasm&mf 11} 1R€ cdrtdRt ST r&ReiTRYp1 RS0 ARUGH:
to subs:ﬁntl al I req ucﬁb chl ndi n t hereby increase tunor

| ocal i zt" "5 28 ﬁf“F%r"f Wd'gFaB Yd‘ég 93y B ‘“ée‘P(SheéP’ﬁ’ﬁP‘Ve"GBYeéF@’t?{é’tte 15
part of oletiesder dérved froran Sirsd Riecik Sid o cdﬁumt ﬂﬁgloﬂi (ettichGruytbe altact, pertistf ok ﬁﬁﬂlﬂéd
;grgt : 8121 Sa co}tcﬁpﬁg\%mhls nve?noq‘golgamecf tn @3 ?’r‘p?n \%%crg%gﬂéx%%rggemt%%lmeng tll”IC antlgen
char act eindisg iegion of site vl befranbodgn-Husen svwrdedé.£.-ndube indhé tapsihre aagiongs letraer
desirab

dormai n }Nﬁ{lé tﬁt@%&% %n\‘ff};:s%%g é‘ttyg h@‘g&%bfchggl ggtﬁﬁ%%&ﬂgﬁ&&& Eﬁgjso(aae ahumf'm
the di sedneiamdeginntis bsesdikely tneligit B inprove Fgspanse ﬁtrrwgmaznhebjmman wguiddweconstant
subst i tHFﬂoPﬂ'oﬂfangﬁlﬁqu{somée am no acids that enhances the profile of
the resulti n_g?fconstruct In this respect it nmay be possible to

di srupt [%8%8 Berveiitigdogaims indwgh Ubslhe&%%sﬂéléht\ﬁéﬂnwﬁﬁiews by pt leasy partigl replacement
bi ndi NGyt dbbr Bors CORE @R, ifdkdeYsaFBbybartia frivSevidAEregion fdpRtdnthi M8 s@fiéhce changing.
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101641 It can further be desirable, especially in the case of

anti body fragnents, to nodify an antibody in order to increase its
serum half-life. This can be achieved, for exanple, by incorporation
of a salvage receptor binding epitope into the antibody fragnent by
mut ati on of the appropriate region in the antibody fragnent or by

i ncor po}iﬁﬁohﬁ]ﬂhé OBRE Rk} BP&rivedl fondard@fibddgtef ﬂ'laganﬁehﬂﬁss orevirhbcl{s6 settle ﬁrmbody

t he anti body. fragnent t elther end .or in

pepti de r@?ﬁ%{‘ﬁ'ég’fzgr)ame‘f?f 6O HE fﬂvégétrff’ erivf‘f\?%eﬁt%? ag}ﬁ1 eng %“t &1@} g’ee rgé(g(‘]cfP[}"lAa
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t h f““‘@‘ésc‘ D260 G R P o 10 3EBRE DX} F’
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Wi t hi n sriigendaminggésneGiven i splanatinoh seh Srthinl.SeRasmifiseS.585 18920987 8! adi no
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subst it jp kg nA]'te?atNSﬁi b tﬂﬁ'ﬂ@%]é ﬂéglbﬁ]ﬁotﬁftﬁstandlﬂ@lﬁﬁﬂl bd Brdciaved fiiat ta matlified
pertal ns tO i mTUnOCOﬂ{ Uga es conpr.i.sli n% an anti bcﬁ %/ CO[]EIJ[“'lél %’%e%g] \9]1813'5
cyt ot oxPeibetticsRf thisepreaigiy'd cage hsf’émibﬂﬁ‘l: QEERBRSIRET TR el m ¥

growt h iefdnk Bhdiion Yt (ﬂ@@ﬂhﬁne off’ e bmta(xﬂ'egor; doaning hasybeert dedegddloy o@mlwgltqg}(qonas
of bacterial f ungggblzeﬁ‘)mcapc}faracterl cs Suc as%c'r ' '{h tu&%r nga%HErp&r%&uQ&rs@ﬂHha]f-

r adi oaciORRY'Jeet's ocon) uga enot her apeut | ¢
agent s lifsefhe campateli evit@n entébdyorf amm)sm@thly themmmmpgﬁgm%smmwed@aﬂve or
for exar;%lltfééd c n%targri‘g %%athfson%Q%é‘cmngth ’thquﬁ%%ﬂ"tleéﬁﬁ Qﬁth@fﬁl)d?h@i aatibodies will

mtorryc aunoru cin or othér intercal atln%
agent s. cEmziynalningalchystabesion Medifisasonsielthe cengiratiesion spaPadTe VLSRR

used '“&l e %Qiaweémneb&h@énnmwmmhm& Aihd msﬁﬁ@@meﬂnbﬁ defnams That
di phtheria toxin exotoxin A chain, ricin A%ch ai n

modecci ¥ the ardified angibosiies disgloped ferein maay comprise pitrafiops ﬁf‘b"?gjlcﬁtéons °§nf’ ‘i’n gre of
pr ot ei Nehe AW yAS@in BMRfah ChRAInD (CH K ICHS of CAB}, anB8Piblthe lghdchRARerS)ant domaln

Mo di h t
T Do B LAY SR oS58 ARSI B Ko

and t he pirfidliy@k Et&ﬁﬂjﬂ @dleted dte samnEplanddo & mtsbochm@tsam mbbﬁ*rde@hb,@ﬁs ryell
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of wel | chmows).chetilk beemdodigionts the omiftse Fonsignt rrmorbciomm vl Eplesdtty 2 SP%
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ant i bodyheah@ﬂ@yﬂ%ﬁ%wg@“agent are nmade using a variety of bifunctional

pr ot ei N1&3YP BN #RIRRbMI8ME, A% No&H GlthdrihshyHe @Bndiaht @yioh chedidies h:werhl)

pr opi onat e (SPDP), im not hi ol ane bi functional deriy
i m doesﬁg?(éor(@ﬁﬁquagordp{wlﬁ%ndgal Ehﬁ]}% 59 rgpor_iﬂf cog@lem\?re]t t% gy qtg[géles acP vart_les the

as di suGghpbdEndylstetl Desiadion of @hghystdsinpsumhinabe gisutatiel @éﬂb}ﬁd@f cell

bi s-azido co nds. (such as bis , e

b: s- df:afsth?&ighp %F F?}'e‘(% %egc?rgq}%rhenggso s7r1 %R?%%’da)nnﬂ%%h&%@@n also b

bi s- (p- dmvaweminunﬂomwbypeesehymmeaum aetibodiel hindie yellsaiache forggipn, g4th a Fe
tolyene 2, 6 dilsogvanale)r. @ 93Qh%ogﬁta'%?ecgéthFém%nQQHpoﬂﬁQ%r&M%eﬁﬁ’ Fc

1, 5-di f IR GO R Fobenze ugates of an antibody and one or
nore smatdeptons wbish lae spesificrfar, differerti °’a§°%i°fé&?h°€hé‘3§||ﬁ BefeC PAPraFRSFRIEHEE a

trichot Bglﬂﬁ!on rai og? 188 @1$pha %E‘pt&rgbeangl Y MﬁI e¥eforg)f Bﬁlbﬂ@ ef zInﬂdeSiiﬁo Fdrateptors on

have toxi'n acti can al so be used. nbodi ment
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conpetitive and non-conpetitive assay systens using techni ques such

as Biacore anal ysis, FACS anal ysis, inmmunofl| uorescence,

i mmunocytochem stry, Western bl ot anal ysis, radi oi munoassay, ELI SA,
"sandwi ch" i nmunoassay, i nmunoprecipitation assay, precipitin
reaction, gel diffusion precipitin reaction, imunodiffusion assay,
aggl ut i reltsibphillerssbis/(called apibede dipeddeniat il-onrdiaed ayqtodieiyoTor2@T )b seiof
assay, f

Rooays o aRERG AT VACRRT Pt Bhgh L b IR0, MEpah yarious
al , eds Fe 1e90uors gdrgcerier stediapebden stugicdviolaseniingxteBl, dlewgystillveich which jsaimimown

Wi ey &amﬂﬁelrio@a‘?lom sl}@%rcygﬁcﬁuné{‘{ehﬁ@ is incorporated by reference
hereinin its entirety). 101701 |n some enbodi nents, of the present

i nvent i &H 08I &hilepgy Ha&tﬁ'éélrerwﬁ%ﬂhswreawt IMETRD dfy's eljaveml shat antibediesrcamerising
pr oxi makods@eH r@{br@fnoﬁﬂﬁ@d 2xdetonibed ﬂcb@nﬁ;ﬁrod@é’rﬁl' NteRll eFedtoHTBHRGMRIER i turn, affect the

recept o usl ng ELISA. An ELI SA assay conprise

prepari htj"lc'ﬁﬁ?l gg,r SAMHSRRT ngbesly. Forggarple. Itherﬁelé?’/?ﬂ ‘?rg‘gF“‘ﬁ‘P% (Ehroyeh oint
antigen ,rnua:dﬁhsmgothéimeaﬂiﬁ) bﬁ()&d))ﬁstﬁg adglhﬁfdoﬂalﬁ ang exudtre fecsbd bindigof the circulating
conj uga abl e conpoun enzynati.c substrate.

uch
(o oPLe et R MsStai B o o T TG B e reeon

i ncubat imegdifitaionscqpeistemdvitfthis inventiamoncdetie complgndnheindingsdnine rafucd theserum

antl en : i i . a

B el e
conj ugarebnimgy & eed wcinbyiate doHlo linkkgeston oligosssthaside !aois%dndaIWfpugﬂhamcﬁ
ant i bOdYOcﬁlH%onrd%:BgﬁfUre%?e% aB%n@E@clfQ@)dyr aﬂ%dpﬁéx:tﬂht?‘amxﬁﬁf nRJaREAETRL to the

region of the extracellul ar’ domai n of receptor 1s
added t 6°SH# oA in aqepidance vithithig ingeat ok B Hegrad hiesinget 4l waPﬁ@mwal or

ant i genmoteaﬂaraﬂgm@wte@ﬂ@hégst a nmenbrane proxi mal region of the

vt 1 ot SUEE R el ise iy TR OB b BRec e B e be ey
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known tQ o n th t mhat r e dified. to
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r ecept oOborAdifhretdB AR hnd3de8sink oﬁnatmm@@@égmamémmmemeree H%%\teprit H&Wd Benoted
determ ned hy conpetitive binding assays. One exanp

conpet i fhetAnipA 451 SRRpeLs S8y P@““a“ﬁeéd?’BYeﬁﬂ%’H%i‘%’g%m& 6%‘?11% Pﬁb""f’ﬁ‘@d immune
i ncubat re@ponef aghindd He@OnsBriadt] Gedvrdial@ anBdpaer adiedibkhe @histiuttdg rBtvel rnon-

t.th f t
! ner cas T RO BT AT LRREe o St Por auiet ) e AL LR BT RLE oo
the ant imbpbymiateineti.t o t he | abel ed antigen. The affinity of the
ti bod | | f | o
Gommi . QYA Gk A TN 3P AL PR e PR i e 1 AT b
dot er i nEdle fresmivisetiaaniey byresuiad ke dorti] deleimar g5 Eytione! & Grseor even a single

embodi MeRi.§ gl }fb‘P a%gl‘e' &@Hu&n@ﬁ‘@-f‘ ays'ﬁJg?e a'm'?no“a%i%% §e‘i’ec£@§5r@£srﬂf% dl—fhedomaP may

bi ndi ng on and of teés of antibodi'es agai nst nbr ane proxi na
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Bi acor e gkdirngd t'o@m%l'}ade}é&' tHat GBS drs esma@abaéahﬂag.&mnmna tlianebnafdne effector
di ssoci ati on of anti 0|e6fro ips wt

ed antigen, fo
exanpl e UNREPERE: SPBRIEHEG L bd)"f‘i“rtgl)i[é’it}f “?GF‘F‘Q%S““'P Baifraé ﬂe‘F‘iPnégﬁE‘f’%‘F%Stam regions
enbodi many &‘mpnﬁvlaeeledfwemrmﬁusmwmamaﬁay (ssrodnaﬁled fep @hyeleBARd et @sirdtnat

encode A BRLYRERIAAC GULLSLAG 20, antl Bodhy of( LARTEt LISES o, e

ext r acekdnslastregimmaf the difclaedamihodiddotayhe moénﬁecpthrmgh thewtagomor substitution of one
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101741 As herei nabove indicated, the polynucl eotide can have a codi ng
sequence which is a naturally occurring allelic variant of the coding
sequence of the disclosed polypeptides. As known in the art, an
allelic variant is an alternate form of a pol ynucl eoti de sequence

whi ch has a substitution, deletion or addition of one or nore

nucl eot J)rdﬁﬁe amlﬂb edidsdine nhades Sitl profiterf 'thalrésylnag toastrich dn fhinvedpea it nady bt Ipessible
encoded id 10 7 1 The ent ent al

pol ynu cﬁog] L\ﬁg@ tw?%]fp & consef ng glgcém si & TFI %lﬁfj]ﬁlg)s\%]l{ qgﬂsﬂgﬁzﬁly |

pol ypepmhndﬁ:nmmhdm@nfﬂguwm amd nmhmnwmepmﬁhdxf ﬁg nfodidiee artibody. Yet other embodiments
pol ynucl eot i de [ GlnBleb R tPdanhce desirabl
poIypep??dgnprgﬂ$%(ﬁ”%%g§I$%r$§orﬁ@§§agféﬂgﬂﬁﬁeg g? séqSeng% eS"?ceh

f unct i orisragerigicsich stefegordenstionererdvide feranare e)letpri o qaebaBysiate atigphment. In
pol ypep.g g‘{ll;c{d%ﬂshﬁzaﬁ; 6 &emra-gn:Eio ﬂﬁ\lny &EPEH] eglesgeani Mué‘acés%@ﬁl\%ﬁ fidRHERAES

is a preprotern and can have the | eader sequence cl eaved by the host
cel | t ocdngpniregine de@éiny-e for m of the pol ypepti de. The pol ynucl eoti des

can al sp)CRALEiPEmBRARIAR bOME ettt Gltah Be 8d3RabIRD UEe&n@ﬁtﬁﬁoﬂy fraghhen§ rather
additional 5 amno acid residues. A nmature

rgr ot g I'tnﬁge for the
pr 0s equIARE! IPEctAntiody, 1o inEIFATe BT PROCtiIoN {8 ?’iﬂ“%'iﬂc PrHEER.
Once t h&o&feﬂ&ﬁ@éﬂﬂ’ﬂb@y frﬁgnféhﬁawﬁhdltl&ﬁhl@,ahetsv ﬁ‘agiﬁnuraﬁa @rnﬁd&u@rommlcmsgestlon of

Thus, for ex nuc
enco d e fnb’:'ct %a%fea ngr Flg }v?;onmcgl; 81 o q 293 Jou{ n% %gp :cal am/ Sﬂélg)gzga!qﬁ&hods
for a peoteFini Iaad/Bmglabetm wSQr&a&wumdé) afmdvqycre@;e&q tﬁl@gln@w(ﬂﬂemwwa“y

Seauenc iyt difRdy ¢ y}%co%knm% (GO il 8ceabiRePTRS FR), F MBI ARy
al so hal@ ke uence fuse rane mar ker sequence
whi ch afrhmvstSfcm almremrpagat ihcmd @ﬁfcwﬁeﬁémﬁa Eyqoli o pra@“ he%t cellsethpradlowing the
i nvent i ucT&’?ofrIB'Qé(ﬁ'ﬁouﬁﬁgyﬁ%?ragrﬂ&tsb%l@rrﬂ@%ﬁr EUcﬁ Exhtd)b&}ﬁfrafgﬂﬂn@ bReli®thted

by a p vector “to provid purification of

pol ypepfl‘P'@}éhefaﬂ%‘@éy plpee h‘@arﬂfﬁld}é@ﬁsqdﬁ‘e‘teﬁe The antibegy fé?gﬁ'ﬁﬂff@? r]Séﬂl beligear antihpdies

for exappleSoribtdig U@-'Pkleﬂo S 8NG; @or(éﬁd'inﬂb@ afd ag Bﬁ@z@ﬁdﬂﬁdcmc Br 61!5#&):1% agthehen
a manmal i an host [_lesrponds

[
to an efFines %é?’FP’@g“CI"P'b?ﬁaPH@%V ﬁﬁmﬁzﬂﬁﬁgﬁ@éﬁfnﬁ? P 0qlgklr SL&
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thelnvetlonlncue e l.ei I

pol ynuo PRt AT A5 AL ar ol bR dor il o oI L M Pese
95% i derﬁtcem@clb}ndalﬂdpltqne Zothe m@m frpemprst by anutatiem e haxpygoPgrofeLioB o the angibody
i dentic RoSSepddd 12ANR isSHAAFEEARNhSantibd f; tat
pol ynucfﬂ’Ll r{’ﬁ%ase@?ﬁlg{?@gggnuc ipgltg?%e szjautenéazqat lsI east 90% i c?eln{}j?cg ml?.noa
SEQ | D kithst er@ or & thepmiddle (cig, by VA pripephds YPhe6)-(wit h or wi t hout si gnal
sequencggygs)! @héﬁs@m%maﬁmnmmesem&ms miammmeqml&%wmﬂvaee abstataiaibpt i de

sequence at | east 90% i denti cal 7 [ n

Sbod BAPAOEURS 1 AR GBI Gt B ST RGBT oL BT P TR e S
to a pohyewcireat bz&l&oa&ﬁiﬁqﬂl dignﬁl&&omivy@&phlbsdesorohutﬁif@i li.B tNOsibtituti®p o8gne or
g-:(r)rboélz nﬁ}]‘i’?esamz‘%%é’"%g}’ ?Wdarl a&ﬂo aaids ﬁ%}'ﬁ)rcz}mdnle ) serv tlﬁ"g SleLtPL;/tﬁoﬁc grg %QI the sub(s)t]ltunon
SEQ | D NEE: adyindgcidAyitinothdr, withBy th@same 28neoal c12§. suqhns Joresarenib ¢ #pidic gming pead
pol ynuc Iwe taI é%heer a thP 151‘% grﬁtﬁ %ﬂgﬁ sw%&ﬁﬂor}g%m:thg}{aﬁ& @b&@a&ﬁlﬂﬁacﬁ%@hé el D-amino
[00102] rases I zes sel ectively

hybri di 2¢8 'by u)rotHbsmtmfammlaw fwmlis mtezaé@i b)’rﬂépéiewﬁ'bvctaﬁ’é’oﬁ‘F’ﬁdPtﬁ@t“B?“ is well
dupl exi ng qﬁlecule only to a particular nucleotide sequence

under strln ent bridi zati on conditions when that seguence |sd

present IGlrﬁGbwatﬁnéRn FHSORE(IRIBS to dMBUNOCONIYFARsS SRIPTISINE PREILIORY 1Y

eR g., (ed AQQ{@!{%‘S gi&g-%tow @k foed aie#lythémﬁhuﬁﬁégeﬁlﬂ it hhgﬁi’tory@gdna;gt;oxms (e.g.,
0SS

Nucl ei ¢ Acid on W .[ 00103 used
her ei n, 2fBRZYPRATCALRactyg Pxip ghhcte F%gb*f“ ffﬁﬂ“i 8 é"'%‘\["é’ﬁ 'ﬁg"leg'f%i‘?"ée" )
condi t i QfSoabin@edotapkl (€4, Aradib@bgme)| étc. hGtizriothempetio agents utedid grethe generation of such
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dependi ng on primer |ength. For high stringency PCR anplification, a
tenperature of about 62 Cis typical, although high stringency
anneal i ng tenperatures can range from about 50 C to about 65 C,
depending on the primer length and specificity. Typical cycle
conditions for both high and | ow stringency anplifications include a

denat ur g{hQBcdajiRes .ﬁélu&-% H8m ?é rﬁe:ﬁ@fexa%@ a&r%%;éﬁ%ox&ﬁbn@ﬁ‘%@dhhlgﬂ nnm§an C,

| asting 30-120_ sec, an extension phase of about 72C f

[01771 Bvoraﬂ%ﬂww@m ?Ié’thﬁék?teﬁglaaﬂgrﬂﬁéqt%o‘i‘FHEat%lh’lféh‘@éo’%‘fs aP%ﬁé&m‘-'“For
ex ?rrpljeglert@ﬁf%?at ;;ﬁajatug@?hciutd& g.pathereaf RERRNEC e?ﬂagﬁing Q@t}v@ @raQﬁéﬂat&tQiﬂ @hthéria toxin,

i nt ende a e nucl eot.i ence 0 ol ynucl eotjide is .. ,
e A R A A T M N TR M
sequencgatrp ptofbﬁ)']suld@‘toﬂ,qﬁa irflerichnagrqeihd (PARY PAPIIGAS PARIS), M@ﬁbr&:@@charantla

nucl eotiﬂl g t he rel‘j,;erence cl ﬁOt }ﬂge sequence, hn ottr : ﬂ

obtain & % Py AT SBEPPEPARRY P 4 Arat DB 5 e BRI 1SR P 3‘6%""“
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nucl eot ehengNee 1 SLHUENBE, G he- del.et:ied _of £ 5wk ,
e h el B e R ot Cea i 15 o Fuing
total neobesotip dumbqr af wiskapwh ehedatere orglingeidabekengc dmothes emhtscbmcréa;lthe riselosele

refere NEfmpoSiHiS R&EcompRESRETAIREPRE tPdrudsNRodr8ds S8 I hoRIRAUEHGS ifi@firon.
occur at the am no- oOr carboxyterm nal positions, of the reference

nucl eot CeniugassRidhcatibedy apd sieiprde HEPIAETRIdE HEaR2 YasieRroh Bifungiosplk rejpig-coupling
I Nt er sPeleH lick bd rh@ﬂcctnnd,u}atﬂ(tzaglywy@mmgarswﬁiaeqsmqsmima,tmm]er(m) & fangisnal

sequence or . in gne or C nt| 0 [ e reference

s equenc%“'”"i‘Uisi‘gimﬂgeséﬂ%Fo%fgtaf @ tPéFP' &H@f‘h é‘f"""&ﬁi’e’bg}“‘thl ag isygemimidyl
nucl ei csudera@), Bt aes (ich ss glﬁtarkﬂa@ﬁe)Qlﬁ%m&ﬁ&ﬁnp&ﬁ% (s&ﬁ%s Bi‘s(p%%lbedﬂfyl)l cal
toar e{;e(?{r e:zgl nﬁg g]u %ncgmum ? r1v: e \%gts c}{ as glsg 1%9 Ve Ier?zr(]) é—e%ylu Seld{?.i mlé: own
conput ePBrEGPETE "SUCH S fie” s jra SES SEGUERE

Anal ysi éns@aeh@ésuch/ﬁrtslvm 28-digocylnte), amﬂesrecttwc §u@nﬂpmnmn@(m@as 1,5-difluoro-
Uni vers 7

Best fit h&?gﬁ%ﬁrﬁgrﬁz Lﬁate l?f%n §ﬁ;th1%ég A z'-: Xr or%/ﬂ'gﬁllsn%fec w\}%x?%rsjr?%}%’] asa
Advanc egplicheanjsis meadampﬁa mmqhe@e@, aﬂdﬁlﬂ@gal(dﬁ%@)waft"es dfitheer tpxies thetdave

segment Qf, atmplcggmscb@etde@oe rin LM SRIHRRME She NNHERdYSibRGicBES bE EdmpMxc@R¥h
ot her sequence”al i gnnment lp ramto_determ ne whether a particul ar

sequenc @h?rémmf"&loﬁ"ﬁgff 3tikelis Bel@ribpdicsior ff W“Fé‘?%@ﬁ’é@“’%ﬂ%@ﬁ&@g
accor di pgleéde tiRd t@scﬁmehedprm&m:n @it anteffeot@ratIfaRh &9 ST adlle set, of

course t e of i.denti i al ated over. the
P T P el e B B B0 et el buhdnohiBes S it st BYGHipn (4% ve
honol ogysecbfn anp oﬁemf%%mﬁerbh@njugﬁtad (i.awnirenuratomugeicpotunclagigitpd folras.

refer engﬁernaﬁgqe r{ﬁ)e n?f)éadle% i‘ 8‘[’@(%{/%&00 ]ch? lle LIQaemB%L%@@Séa‘?éa !rdr%ké/aarf&rﬂﬂg ﬁarness
can con XRRY ding T egl ons necodi I ons,

bot h. | the shest’ sermbmd |dnibn$s1ethetsmlnyhélog emnlwntr@mrwmtgytemlcw DC) and

al terat Exﬁﬂ§%'%fbéﬁﬁeﬂ?5éﬁQpr3x1§k} ﬁﬁﬁcéﬂ@é%&ﬂé MORRlign@HdLilsl @RS seleBhion of which
del eti ons ut do not alter 1 operties or activities of the
encodedceyiegipdetneRsiueaiad @e%edearvﬁ&ﬁwrmﬁe ill dppendebithe gepe ad %t%ﬁpécaa?eé use of

pr oduceghifit Sdatn@Rt (e 3Y awotmﬁabp&sexéum fa@iali A aAGBEAEERGY 0N Tt iNEbeapHedidied
code. PoI nucl eoti de variants can | g’égq_ﬁﬁe# for a variety of

r easons thatgong could rgadilymags %hemﬂ%%me jpesdesitr ¢ j cul ar host

ﬁ change [lﬁeﬁloﬂﬁnﬂeﬂtl&rﬂ@sabﬂ%mfgg UREllﬁo deﬂerﬁh@%etﬁ&;&flﬁmﬁ@ﬂﬁ&s%nﬁ theasaheepimbe by
ost such as 1 1 The ep es t he £ .
vent | GRORRTE PR s N BBy e RS A BEOP Lo B R BRI e o
synt het daerpiingpeppétiies biedingp(siici ae g.garhe amirudvodyys deamberdag;mhrﬁre teinesn) encxfy be
agai nst a,non- | i gand bi ndi ng nenbrane proxi mal region of the
extracel“? ular domain of a human Notch | receptor. It will be

r ecogni #8@9]i Fihetahebagiies of thaprewoiieveatidnren heisskysegumeagspofific bindinghpeanyi on

can be yapieoWh AUl SR LEAM vl figthn 0f ukdcRld bR Bt Bhidddgict i on
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101811 The pol ypeptides and pol ynucl eoti des of the present invention
are provided in an isolated form and at tines are purified to
honogenei ty. 10182] The i sol ated pol ypepti des descri bed herein can be
produced by any suitabl e nethod known in the art. Such nethods range
fromdirect protein synthesis nethods to constructing a DNA sequence

encodin goan%ml\Qtaﬁ@in&%%Bﬁﬁﬁfb Qﬁaysﬁgbﬁﬁ&% t&ﬂqul.@é Rich §§Bﬁ&)r$ M s FACS
Sequences in a suitable transformed host. For exa

e, be
obt ai nedabissEyat|uAr SN ISR TRESP T PA FSIGH Ofpt 2na yaﬁépcg@woassay, ELISA,

f r agnentg,gnaad 'uﬂﬂu@aﬁﬂj Shiob@eipiidtion a8xapRtifitin Fﬁd&ioﬁ%el SlefuSRQrbdipitiO:
) and identifyin ositive claones by autoradi O%B‘F &BaFurt her drloun

of pl aqEFé‘C‘tS’ﬂr‘f"fTi“E%‘r‘ﬂ wSien afvay ﬁ%‘r‘tinaﬁ‘ ?3M0§P18m88 {dinfrynoradiometric
convent a@m Hudekaoiignunbd83dndlprotsin PEmehesiagesics aﬁﬁysarerreu:tomahdme'lt known in

b e B B 0

the seqsemcic.cidsw Berkmiticige mcarpcratoy by iefapsnsplescdin indts emttretgenesi s to

b o, < N e 3B R NGB S fhun SR o iy i o
Anot her myebhudprofimgarsera diiengecal ibraomein abalnenas AotsHi rrgeniorpodejareined @F@lg
of I nt erppgls \o&%xﬁskgssay oﬁ-BﬁE@s @barﬁmﬁﬁ%ﬁlc@am&gwgsm%ueg%&sﬁﬁqﬁa@@.m

synt hesi zer . g@guc eo I descan be designed based he am no
aci d sequiisanaddine thepntibedyjagaiest p NG SISt G mamKeEr @@P%ﬂ 1P g detpfRDEE cOBMBHG such
that ar gs {ananatlc substahee. E%Pseﬁ@llsll) pdrékidsd SRl Ie PhepRiTE B Me well, incubating for

| tide of int towill d. 101841 dard. nmet.hod
Do Abpl PEF! UG AEFHER I STFRPEHF FORY A FBt1<H LU CE Bhe BT Rgne

an i sol @?cﬁ{dnapﬁlgﬁﬁﬁ)emhd d@ra@flulando@ia@sdf a hin@dn Moteipiceptordis sangljedaedacm daectable
aci d sequence be used to con ack tr

Furt her %O‘HP% B "?5&8%?“%%1 i R A gangb nﬁﬁ\a 5t 5653% aﬁlgﬁocg gﬁ%?a meﬁ‘nbrane

t he par tprdxltdlaafegios of th¢ extragetihiypdeptaincd ad:tarnarti‘éot@yl rutChEtgrl 1z edfled Pghe ‘E?(lh rirther,
several 2Bl {r Ll g8y %p SO LSRRI hbay agﬁﬁs& b QRphe SrOGmEESLEESE the

pol ypepti'de can hesi ze e Individ
ol i gonuckierst!luthe éomayfmf@élpms'ﬂ Neteh laeerpBr canrbe goateg\iethy &’ﬁ@ andk ayiecond a“'“b"dy

conpl enmgpt; @graféd TSR Ye contbbBRilcaPBE 8RS BANPINE the (M ticHYdT iﬂé@ﬁﬂlgﬁzn to the coated

site-directed nutagenesis _or another nethod t he g% DN@P g
sequence¥leliédapwyloanpelskillinhgartivdal PATAE eGP RRpd! t‘b’f“c'ief‘ﬁe egignal gejepte
be i nsent qel dsdkier @ﬁa@ﬁpsmsmmwmmam@e@qo@mtuwmyl tdsnioed, Quareatn

expressi on control e p r g f fhe protein
in a dedrees! Sl’fb@f’]ec‘%‘gﬂ’i‘?‘gy;\é@ ﬁﬂ% %g % onéblﬂ? i r rre g}?t fr)lluc totide
sequenci [lllU,l ] rrﬁelbmduﬁg Affoity ol ppantiyodyamd nem}:nammomalotglal cb” ithesl eagaocalll*r;domam of
acti ve LG -5y $ARL &S L é? e ctY@lclan Et]itwe
in or de?yof%'Preg?ptora"%tﬂe afféagép%%ssal on fev‘g = a tra ect ed engﬁ]l n
host, t hédggrsaiss Oopeqampiewéa gonhrieARkeechinding aﬁspmgcﬁqupw@mrssaa ARMprising the
transl at i QB&Rbn gf‘lﬁfeﬁﬁ §1'1t%9n G ' BEGYRBRER of RNt Mefeof, WaR kleQRBbodl Bf kst
chosen expreSS|on
in the presence of i mcreasmg amounts of unlabeled antigen followed by the detection of the antibody
bound to the labeled antigen. The affinity of the antibody against a membrane proximal region of the
extracellular domain of a human Notch! receptor and the binding off-rates can be determined from the
data by Scatchard plot analysis. In some embodiments, Biacore kinetic analysis is used to determine the
binding on and off rates of antibodies against a membrane proximal region of the extracellular domain of
a human Notchl receptor. Biacore kinetic analysis comprises analyzing the binding and dissociation of
antibodies from chips with immobilized antigen, for example, Notch1 receptors, on their surface.
[0172} In certain embodiments, the invention encompasses isolated polynucleotides that encode a

polypeptide comprising an antibody or fragment thereof, against a non-ligand binding membrane
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101861 Reconbi nant expression vectors are used to anplify and express
DNA encodi ng cancer stem cell marker pol ypeptide fusions. Reconbi nant
expression vectors are replicable DNA constructs which have synthetic
or cDNA-derived DNA fragments encodi ng a cancer stemcell narker

pol ypeptide fusion or a bioequival ent anal og operatively linked to
sui t abl grokimansagion atthmahcewartdb&aﬁloaa el Notehg wcadie yheieﬁﬁwﬁmdaﬁlhyed
from mama ci{lan m cropial, viral fnsec enes,. Atrnscrl%) fnL
uni t geHEPGES %/P°@6’ﬁ?)‘f‘%es%r§°‘5?i’s%?§§8%‘?‘g9 eB‘rde(“ti")" AYBRACCORINg fgHEmog or the
el enent ﬁothﬁyﬁd&gs acll sgidobhadlotidowkich iﬂclg&@ edcm)qnale:s&hg)md/ofr 66n- mdazgpéqaences
transcripti hers. ar enhanc stryctural
sequencaruassan s ROE e e flon SPTRGF o s Al b HEleth RS- SR\ Buees
and (3) clamp, rwmlaDéIAt, ardpswhétio thN andickntbe amslswleeannqu plmlrtgiﬂaimanmdmdhf single
ter m nafj ag&d%mqn&c%ﬁmﬁ@éans.i%mn Ja&*q%]tant. 6 dishar® ot el Btk Reion

el ements can 1 nclude a tor sequenc transcr

The abi pantby intthe jogppf RHAer inﬁheafomgﬁDN@s-ﬂmhlQ}%mmé?sw@b%genam N4yi and of
replicaty,fihic BO8. ehSENACH Byogad @tratneedfc@e,hglb Eﬁatneedr SR8 dd 9ndRf can be the
transfornmants can additionally be incorporated. DNA regions are

oper at i Ying ST IREBPAOERS (FEyCEPSTnct i onal |y related to each ot her.

For ex a[mbﬂ Ti@%s@rﬁ’ inventfoh GRAEr rBIgRE iod@rw(n%Qﬁ Uﬁﬁa%h‘naﬂo@@-ﬂ@éﬁbeﬂ Bolynucleotides

operativ edto DNA for a tide if i s _expressed . as a
P et ur TR TN aerEPbAreE e B Dae, Bevsierbp! pheRbSRR T o

pr onot efatirsllyapearaig allelig/vakiamlseitle payracleailic Dga S@cniendl otdurridy vaddnt 6ﬁ1hes

t he tranﬁcrlgtlon of the sequence; or a ribosone binding site is
operatleeYy ked to a codi ng sequence if it is positioned so as to
permt {012 shalerambo@amdigaged] the qupmclamtldv edmyhald adodis rm@eTEe BOIh isguewslly
and, in US,¢ 0 ,nl

Feadi ng FHEnE AR PisREELRLOfle S RRNR o e TRERRAZIhpAUS: Ao At ifl e ar, an
expr esshlistic wyigntanan altaopte demaf p pelurleatisy seavense ahish hasrvgsuléietuﬁ% SElptipngr
secr et i giRh of SRS hleGtlcIRtiatLivRicP¥oed ndl Qs @1 altebhtlelintabd Mehedencober €
reconbi nant protein is expressed without a |eader or transport
sequenc’ Iypeptidéan i ncl ude an N-terninal nethionine residue. This

resi duejoaas) THipradkdvyntiar aﬁub&em@a@hqcleeh@e,v.ﬁdreimmddhg s&mafcescsad mature
reconbin otein tq. fi.nal

o oo ParpeeBlicrbie el rEhE S ferdog sPae RO Eseb TR S RO
the c hOBe@&timfoflamslypepAd&I\frtﬁEa bt codif fpr on‘amebeparlezskt sequekmrsxtfﬂmhe’uncmpns as a secretory
conbi natl 0 j of

cuiar y ot 10Ee B oo A BesEherite.c Bl B2 0 Ind abiRbio Heling a eer,
cont r ol seswemlﬁeespﬂomnnsma%@v lepder mmnm Jemred/byr theshostesl troferm the manee
Cyt Omag?olng\ﬁf t’hyg lydéﬁﬁieu Hh@?(ﬁfrﬁas 515.&1%95 ééﬁgfstg)érﬁocfe%r abﬁGﬁrﬁélh @Jhmh@sstﬁesmature protein

i ncl ude known bacterial p such plasm'ds from Esherichia

col i, i P&t ditiapp! parine asppespdes. pWB@tuwPaotitﬁéqwngaéar?WW\fié%a Propipfeifiapdis an
host r apg&ive foa@ gt the profitt FOmRS thtbdseyiéhct islcRERA LA WEive mBQtegrattih andiad. TINA, for
phages. 10188 Ma]bl e h t cells for ex ésfl on of a cancef stem

cel | mafiaPlepepelynyclepide g UF%?RHFVB{‘%““ gfé’a G for § RETIEPrSFN O Ephaprotein

eukar yohaumg@qblrdssqucrﬁb oK foF yﬂrb&ih liamiag H@IE a gfo@aajumga{dl preSecEncy (lamemquehwye

Hi gh k t
o e B0 e S PAEro PR R i bRl PUEPIRIRD T Famec
bel ow. Eelatkerfse@endervenich allowofor myé‘rc:ewa Of:td)clb@yr&'bwiﬁ off the @repinbipeantion. The marker
Appf opr 'seghe%cféaﬁ BL ggex%%uinﬁmg s%ﬂ éarbg\s%@aw ReetoPlo pgcﬁ/?de%r%:nﬁ#%ﬁ&? SRy R mature

ungal , hosts are ‘descri
et al . pQymniideduse totthe markex in hpeast ooy BactRaal hest or, Fpreaswnide. lheWMer seﬂ%ss can
the rel Syﬁ%agélamlrpm)%g%em hﬁnmiaﬁanhﬁf»te@é/ ddSCpJeﬂé)ﬁﬁk@dj ms H@g&&@%mds

[ 01891 Various manmal i'an or_insect cell culture syst
advant aifesgaiope esyFdfen theonfé&wég@a%&'ewmﬁ%ﬁwlﬁ%ft@ﬂ n1981§>&fﬂé§-§ﬁ7dn of

reconbi nant proteins in mamualian cells can be perfornmed because such
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10191] For exanpl e, supernatants from systens which secrete

reconbi nant protein into culture nmedia can be first concentrated
using a commercially avail able protein concentration filter, for
exanple, an Amicon or MIlipore Pellicon ultrafiltration unit.
Fol I owi ng the concentration step, the concentrate can be applied to a

sui t abl qomw] Flfrthe.atnhsuahmtsr biXthe AhdeBfidhaint M@ Yolad nAEIEO heRXGHIBANS croe@hﬂng a

can be e for exa a matri x or strate n
di et hyl ﬁ %?tﬁﬁﬂ %Mrrrﬁ?%dbéeqw Feleast ?ﬁ‘g WEHAe @3% gﬂgaffr?‘gea“d in some
agar ose enmb@xhdn® at ¢kl 98°0S 7% 98hhar 99% pigsticH nBDthe \Wditgeddoyedericts. In some

Epl oy edmbedmarfinte i PR Bivad Gisio P Eiing BT 308 Wnlif Rkl oo 5.5,
mat ri ces, g,ampi3j 21,124 os24 (vor]nranp'ythommgnarsbnmxmtlhybmg pobipsisments, Hhalpblymuctsotides
?II‘QPErI'ilII;’E é}%‘éﬁn&%@&gﬁ@ h?l%lgnc 39{% % ?g%ﬁ%%ﬁ&? Eﬂﬁlﬁ%‘ﬁ%ﬁh(ﬁy &nﬁt Qg TS%HQXTbodlmeagr the
havi ng pn}mjamDromtmolbmpclmtlﬁethaahwmms|tQ:a pRbougisotide arrpomsg tepplopetdesef SEQ

further guidy 4 & 960D N Eﬁoécﬁ'fb 99, §89-%er315518@0%|so%oén?doﬁmﬁﬁts the
conposi tion. Sorre or al’l of the foreg omgdgurlflcatlon ste

vari ous pelbyrHsieptides hﬁf‘i’S‘d'Z?:E’rfhealP%ﬁl“B‘éOt@ﬁspﬂf&ﬁ tNPsHE Svi-della 1h e‘ﬁ88u§“ some

reconmbi RaRksRLet &k PolymbRdiiRE hyBeaRett decyiingBit ﬁy@ld&aMMH@ﬁ&sl n

bacterial culture is usually isalated by |9(ah extractjon,. nﬁ)&}el |,

pel | et s, 00 BI Ao hgrging fhe PBW%P@"‘E&F&é’ﬁﬁEEE‘F"G YEAfE§Sn gt RIS °é fidizes

: on e)c(l c hé\fé\g@ t}@rblrﬁllné%r Al Sy ﬁblé@l@dtﬂgro&mwcﬁlbﬁm&leohﬂegéaqm&f i erestringent
i qui omat o can urificatd

steps. ﬁﬂy@fd%‘l‘oé‘ © (gﬁl 8 (Vg‘ﬁ’b%&sé&uef’%e léQ%Eeé'gpsélaocr?mBFxg l)?he’c bt fid ILI?W of Bas or

pr ot ei n k). [see d:lgsrAmptrmﬂ (P8 aNyclgoAvid hiybridizanet Spodgeri Vechgidomgled. 1997) Nucleic

freeze- t/@ d"lﬁ%y& Al %gnl cation, nechanical disruption, or use of

cell lysi ng yagezat 93] The present invention also provides

met hods [00183] Anhieh ihcrr:lngth@ pheasggvingendfybridipatipd epaditiens aiftrs tagepdibensjupdsr avhich a

cancer &@}@Wgng@aﬁ kit tssgét@gbstemﬁn&m;yaggm i tas;o.q 1e@nﬁ>aﬁx@%ﬁv n&tleﬁ’m&@ bt to no

mar ker desc el n. some enbodi nents, e net hod

i nhi bi t i seseengPsoWIFITBF Lt SRETIP e A ec“ﬂ‘é:ﬂ“f%“é‘?(’ﬂ?‘ﬁs%‘i“nd‘“a bg aﬂﬁ@"é?“t sip efifferent
cel I mard@imstah R, Bohgdmbpeiel Bfblidegratiany amgnp:rtbﬁ@aatm@nt,acémangvé f8de to the

Ce o 00 % BRSPS LB o Bt
expr ess adybadinate @ith Suea Cedbks, (fBrdceiew iof pringiplas € tytiridizatkeh anmthecstrakg)c o nugleic
Iaﬁﬁlegl tan agl lr]%sg‘ Qgi@%) F}enerael!l €3 15 %ﬁtsgo({ldﬁ‘\i%{lca?{ se?éc%g]tg %}5 éb%%@r‘g fr?])wer than the
t unor stteema ehdlgngapanti ol atbredaefspmrﬁrasqsxawem asﬁﬁmdelosucﬂﬁewh ﬂ@ﬁ Tm is the
exanpl e eFa‘u?é#ﬁﬁdé? 'dgﬁ% 1orﬁé Stkéngth, ﬁfl f 48 in@leic @8ncBuaf f)Sa@lecﬁ 589of the probes

cul t ured® I's added an ant agoni st of a cancer stem
cell rrar%eﬂplelﬁ@tqmm th¢ taraebhybrigize it e targst SOMBCOHFSUTPRET &5 thefarget sequences are

ant agoni gl $ &@esérhft rrhptéw%to%ﬂe FTORE bifel e dlpled af &ﬁuﬂﬂ;ﬁh%?s St@ﬂg&pbdnﬁﬁnens&fnll be
a cancer stem cel mar ker pr otein. For exagp anti bodi g]? ﬁ%l}‘?@ gUM
cancer shemrincdieh thfafaﬂaépncﬁmﬂer 5 lessrinag oot d &M s3TVR done BPIEIRE P of

i sol at edsogiah SdalcondeRiaticn (dr StHePsalte)it pH7.0c® 813 pd ﬂwtthnpe]:ﬂﬂrgéislat lleastsabomg 30 °C for
enbodi nent s

d t I
expr essi g’ Ef‘)l?:eéﬁ%gs (gg’esr%orﬁ‘é e?tlclffglrﬂl?é 2915 %ﬁ-g?"%é @Wé(; goﬁtl% ?ﬁngzI 28 % thah 50
W n‘:) hdan raBkaigan Stt'm@ﬁ’attdﬁ&tlma wanlsebe shemdoaih thﬂac:dxtem aof desmbﬂ@mg lagentsosreh as
odl ne r .
gxpr eSS fﬁ mamcgifrcﬁfrn}?%h 89;1 %nt@; Oh&katnonga ﬁ% Q%'H istad EEQ{% twgg mngs &%Léﬁund or 10

ntactin an antib
t hat spedond bacbgrbtyldﬂwlwdtzatlw a‘axnmnlamImmummmupw@mv%m@amwn%ms include:

regi on ofy, ! e 0 MaS1o% 5D irbdiod¥s °c,
i nhi bi tsgog/?fom\t/&vt%%}f g%)ggd?loarn? gﬁe}niﬁ%S)E:%UHaad%g;?rﬁf@ﬁg? t h]e/ act IlVI Ly t

of
Not chl . With wase QoS Granst &1 % (SRS 2441 Ibobly Flfinp Eﬁ"tp§fa§ﬁf%9&‘11?°‘6f36 s typical for
tunor i gegiyGrifgehdySantYifibdhoh, Bichups ahreditderhpRehucataNOirS lomSdbanali*0 go abobt 48 °C
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ant agoni st of a cancer stemcell marker is admnistered at the sane
time or shortly after introduction of tunorigenic cells into the

animal to prevent tunor growh. In other enbodi nents, the anti body

agai nst the cancer stemcell marker is admnistered as a therapeutic
agent after the tunorigenic cells have grown to a specified size.

[01961 Tbgending s pHimb AR 1 08 fiph thfdend) POR AR RIBINTBGE AR of about 62 °C is

conposi ti onls1 g '{rll }s# g antibodi es, pol ypeptides or other agents .
target RE&EhAEOVSR digrc I"Ee%rak@?““gfﬁ‘@%"éatb‘ﬁ%w%@é&?tfi"%?b%‘bﬁ‘b it¢ F‘Eﬂﬁ‘% &
find usdependingbi fhe prirfig 1dngikRnd g:reamllfy Thypiaal lcydl€dondig 6ravibribot HilgH dh@ 8wt dhGhgency

cancer in h n |ents 10197 ti epared f
ot or age RN ARE B BuFrgon Phisk OF T i g it Dei2p SRgf anagaf iy lesing
of the poadkst, andeesntdnsion Watefbfabcpinmmaﬁ)eutmﬁzal I y accept abl e vehicle

(e.0., I ngt on, el en d. ct.i

or P 11201 SRR Rk B T Pl 5 el PR 3 ckhlSh b2
phar mac edtmmamweoaéc@meatﬂ relnweaﬁndchae@emndtqmdeseqmm efitee pobhudigotiile e dientacal to
nont oxi Qhﬁ%?eﬁé’e%ecﬁl@&g e?c%ptgﬁbgﬁmﬁgﬂfﬁucle%hty s@%vfence% ingl.&le% LRl rﬁnﬁlﬁa'ngn%;per
salts such as sodium chlori ant 1 oxi s Inc ascorpi c aci

and et 1691PhBuclegrides of hateiayenge w@hﬂ%e%mdmm@w,ﬁy Piein 2 pplynucleotide

anmmoni U'Eh&iﬁﬁ Mdc!é@ude@&fﬁ@%@%h@d@i 959 i@EHtiQEI't@?refé?&@@xﬂ]cié@tﬂielééﬁu&me QIp' 116895 of the
benzet honi um chl ori phenol , butyl or benz al cohol ;

par aben&ucleaiides in e ﬁffFﬂ?F SeGPe"ﬁ? GHPF dﬂ%‘F‘b‘PféHbs"ééFP évd‘HaPO‘hfi’ é gf“‘n g1 a number
cycl ohe)@aﬁmleonc&s Dﬁmﬁ%’l@the t&tﬁd’mﬂkﬁfd%ﬂ lthe rkfeind¥RERGrbe B%in B¥eh@Add into the

pol ypeptides (less t no aci d residues prot ei ns.such
as ser ufi PG MH Ge f’ﬁ ’H“tatb"f‘s ?‘%Pﬁf%bﬁ“&%ﬁiﬂ‘feﬁ%e °a‘P1§/‘E§P'%HF|"T"Bl°p%r|°§’iJ?8’st
such as tgainghiosisibp\ef the kdfectome nucﬂ?aastmm;eqwnchs)r snpGthe@deglsicthore ;enginalltpamxm
aspar a0 G ocll FLibd) NGyiaB0 LN R0dey SIS LALRRINALA B9 HGHrBSontiguous
monosacchand I'sacchar F dextr
chelatlmgwag@wvcﬂﬁu%ﬁﬂm95$mﬂmc sugars such as sucrose, nannltol

trehal o361 79f AS QLRS! marRRWneh@aRY PGP Rl Acgnﬁoléaafehs 252399068, 97%,
met al conpl exes such as anroteln conpl exes; and/or non-ionic

sur f act dRtesr 8% Henticatorlerence prarenee 7y ibe detcrglined senvemiom)ly using JrppER@PUter
phar mac %%raaalsucqacmegbw%geém (vhi@coaélﬁseq%nde mﬁanls P)daszg@r\/cbﬁon 8 for Unix,

adm ni stered in r ei.ther [ocal

a
EF oat o R CARP O LBt Pk > P SaRre e p B0t Tahbr BT
i ncl udi ngeswagodationdivgy Bigatthh ofiSrhitaid )W atarhhah Aaisarkcésin aﬁﬁrematm&ﬁﬁdaes482 489
o o e B e SR Ao R0 o R HES ey o
of powdesqemse al@mm@l‘@ra(m mdb@dmlnrgwwenemt:quk.e seapericniss fat ingd@ine Q6% identical to
intr a”a%f?érerer?cg' {ﬁrﬁér{EELcc&faﬁllgttJ @0 Q&Emenn{?rf e paRALERLRTA! ofBGL LR that the
intr avenous, aarteria r at unor a EI)BCU t aneous,
intr aperpmpmapf igentifyris ¢aéqmé@mv%rrthq fnjl agth @ﬁtherefqrwmlic&ntldwquence and that gaps

intracr c?fnmlolo%y %hupa@ 'S%Jfﬁ{er@&ﬁ%hmggr of mcqeaw@éanrrmmk&ernce ieQJe%éH ard {1Rwed.
t her apeutl c formulation can be in unit osage orm SUC formul ati ons

i ncl ude 19BN EP%P"‘!H{”F‘F%MC &%IﬁgtﬁF%’sCO“tﬁ'B\f\‘B%'?@“S tj‘r%erﬁ?F'éé regiogs: fipn-gineggeions, or
suspensipes id slam%ﬁ)&i’dllrﬂéntsrl@é'lpoﬁi)%ua&iﬁﬂe Vﬁdh?co@it:a Sieppos| viiﬁilihlp@ilgéd?sﬁlerﬁr al ,
par ent er r t.a ni st | ONn .0Or or adm ni strat

P Pnal at PO SRS U UL e PR s P wep ol e
active ipoigpepdderth sing embxdithens, inhcleotiph eariants era iprodaded hﬁﬁll’eh&[lbstltutlons due to the

Convent ijonal a }h%t b cco%gr]’%gmgc%o?d Cf?la&ggaﬁ%gr%dége ora’v%ne?yco T3 cfns €. Lﬁ’hto

sucr osede%e"er%cyt stedrrc aci d, um st eara ica
phosphatoptimize g:dmsexpacmlorrfotEman@maumst {shahee g)donwvathe hymanomRISA o thoss peifred by

pr ef or b?%tér Eho‘éPﬁWa’%‘é wﬁ cont ai ni ng a honogeneous nmi xture of a
corrpoun resent vention, or a non-toxic pharmaceutically

accept ali®180k Ihe P(ﬂ:h?eptém of thmessmlmvantmnearbbermqoatbinew pelyngpoiddst napal pglypepeiges,
subdi vi ded it CoiipbiideQsagasih PRty tdh Grafihemeescid.had BLkigind bink e
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102011 The anti bodi es can al so be entrapped in mcrocapsul es. Such

m crocapsul es are prepared, for exanple, by coacervation techni ques
or by interfacial polymerization, for exanple, hydroxymethylcellul ose
or gel atin-mcrocapsul es and pol y- (nethyl methacyl ate) m crocapsul es,
respectively, in colloidal drug delivery systens (for exanple,

i pos0nfﬁ&nbraﬂelwd%rﬂalﬁtgﬁdrﬁﬁ‘lﬂl’&%m@&elldﬁrﬁblﬁﬂﬁuf SiBs NoRa N eecpior! ItolileBe @eknized
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102101 The present invention provides kits conprising the antibodies
descri bed herein and that can be used to performthe nethods

descri bed herein. In sone enbodi nents, a kit conprises at |east one
purified antibody against a cancer stemcell marker, in one or nore
containers. In sonme enbodinents, a kit conprises at |east one
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and histidine-tag and cloned into a transfer plasmd vector for
bacul ovi rus-nedi ated expression in insect cells. Standard
transfection, infection, and cell culture protocols were used to
produce reconbi nant insect cells expressing the corresponding Notch
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102261 The functionality of each candi date variant humani zed heavy
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Di ssoci ation Constants (Ko) Antibody Hurman Notch n Mbus h!
(nM trietylenephosphoramide, ti('iethy)zlenethiophostaoramide and lrEmetllylo(lorrl\l/é»lamime n?trolglgnt r(r:lustards

such as chlorambucil, chlomaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin, foternustine, lomustine,
nimustine, ranimustine; antibiotics such as aclacinomysins, actinomycin, authramycin, azaserine,
bleomycins, cactinomycin, calicheamicin, carabicin, caminomycin, carzinophilin, chromomycins,
dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin,
esorubicin, idarubicin, marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromyein, quelamycin, rodorubicin, streptonigrin, streptozocin, tubereidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic
acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-
FU; androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone;
anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; etoglucid; gallium

nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone; mitoxantrone; mopidameol; nitracrine;
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pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK.; razoxane;
sizofuran; spirogermanium,; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; urethan;
vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside
{"Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel (TAXOL, Bristol-Myers Squibb
Oncology, Princeton, N.J.} and doxetaxel (Taxotere, Rhone-Poulenc Rorer, Antony, France),
chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C;
mitoxantrone; vincristine; vinorelbine; navelbine; novantrone; teniposide; daunomycin; aminopterin;
xeloda; ibandronate; CPT11; topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFQ);
retinoic acid; esperamicins; capecitabine; and pharmaceutically acceptable salts, acids or derivatives of
any of the above. Chemotherapeutic agents also include anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens including for example tamoxifen, raloxifene, aromatase
inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and
toremifene (Fareston); and antiandrogens such as flutamide, nilutamide, bicalutamide, leuprolide, and
goserelin; and pharmaceutically acceptable salts, acids or derivatives of any of the above.

[0205] In certain embodiments, the chemotherapeutic agent is a topoisomerase inhibitor. Topoisomerase
inhibitors are chemotherapy agents that interfere with the action of a topoisomerase enzyme (e.g.,
topoisomerase I or IT}. Topoisomerase inhibitors include, but are not limited to, doxorubicin HCL,
daunorubicin citrate, mitoxantrone HCL, actinomycin D, etoposide, topotecan HCL, teniposide (VM-26),
and irinotecan.

[0206] In certain embodiments, the chemotherapeutic agent is an anti-metabolite. An anti-metabolite is a
chemical with a structure that is similar to a metabolite required for normal biochemical reactions, yet
different enough to interfere with one or more normal functions of cells, such as cell division. Anti-
metabolites include, but are not limited to, gemeitabine, ﬂuorouracil_, capecitabine, methotrexate sodium,
ralitrexed, Pemetrexed, tegafur, cytosine arabinoside, Thioguanine (GlaxoSmithKline), 5-azacytidine, 6-
mercaplopurine, azathioprine, 6-thioguanine, pentostatin, fludarabine phosphate, and cladribine, as well as
pharmaceutically acceptable salts, acids, or derivatives of any of these.

{0207] In other embodiments, the treatment involves the combined administration of an antibody or other
agent of the present invention and radiation therapy. Treatment with an antibody can occur prior to,
concurrently with, or subsequent to administration of radiation therapy. Any dosing schedules for such
radiation therapy can be used as determined by the skilled practitioner.

[0208] In other embodiments, the treatment can involve the combined administration of antibodies of the
present invention with other antibodies against additional tumor associated antigens including, but not
limited to, antibodies that bind to the EGF receptor (EGFR) (Erbitux®), the erbB2 receptor (HER2)

(Herceptin®), and vascular endothelial growth factor (VEGF) (Avastin®). Furthermore, treatment can
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cells We enlibrz) g 4%d Ins al m3Zrcn:bfcgr fid él% kqgt%nﬁifn Yl%ﬂh%c e&t %e Lr{cﬁc;red
RS d P ng\ag?e

and the' suspen runni ng
soni cat esdfficient to perform a detection assay, including all controls, directions for per rmmg assays, and any

necessary software for analysis and presentation of results. One skilled in the art will readily recognize
that the disclosed antibodies of the present invention can be readily incorporated into one of the
established kit formats which are well known in the art.

[0211] In certain embodiments, the present invention provides a method of identifying a molecule that
binds te a non-ligand binding membrane proximal region of the extracellular domain of a human Notchl
receptor and inhibits tumor growth, the method comprising: i} incubating the molecule with the non-
ligand binding membrane proximal region of the extracellular domain of the human Notch1 receptor; i)
determining if the molecule binds to the membrane proximal region of the extracellular domain of the
human Notch receptor; and iii) determining if the molecule inhibits tumor growth. Molecules that
specifically bind a membrane proximal region of the extracellular domain of a human Notchl receptor

include, but are not limited to, polypeptides and antibodies.

56



at roomtenperature, and then subjected to SOS-PAGE and western bl ot
anal ysis using an anti body specific for the cleaved Notch I 1CD
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Anti bodi es include anti-ESA (Bi oneda, Foster City, CA), anti-CD44,
anti-CD24, and Lineage markers anti-CD2, -CD3, -CD10, -CD 16, -CD18,
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102381 In addition, the effect of anti-Notch | receptor antibody
treatment on the presence of cancer stemcells in a tunor is

assessed. Tunor sanples from Notchl versus control antibody treated
mce are cut up into snmall pieces, nmnced conpletely using sterile

bl ades, and single cell suspensions obtained by enzymatic di gestion
and nechiaes asl). thisprogess impedﬂdssn%aa@ﬁbntaumds ofllthe raing thrbeeiR sordtad g €HISA

by FACS anaha/ass%&dwo%g r?fmf f tunori genic cancer stemcells

based o ™ surface cell marker expressi on
as descri9238[d CDR cdsttas Iin thblhrary a{e&ﬁ%ﬁ]eaﬂ'mcﬁaugadrviagmmhe flinkingfreserekibissites for

i sol at ed

ant - ot Lo Al e Rymd el Mo IBRERR) B bye g M
500, andongung Maatléﬂ Ewhaiﬁ@ndlka,ppcmwchahrom expiessionod hwem astiledies @ CHO
from Not.ghl antibody treated versus control antibody treated nmce are
re-injected subcutaneously into the manmary fat pads of NOD/ SCl D

m ce. (r'}: tunprigenicity of cancer stemcells based on the nunber of
i nj ect edPEIFMEPPBE i red for consistent tumor formation is thus

determ C ast to the n Vi ficac f 52Mb1,

ot | ooy A Rad P RS REN A ot apecily s o gnd BGE RERBGPSIO- Fdekion of
descri beld NolhV exceptee ek tedcel luddr demaify) épxbpdm@ﬂg hederfo@eag i c2Raih hebdmmnrsane
proxi ma‘l %@llé?l@x?rg{gllowg aglpltd vb%t(?r%l con('?pr*g%n}:g g;C brlo;[noter up g;'eam O%B?I uc%eolgdes that
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and Figure IB), were injécte
pr evi oudinging rreier pettpodiey ‘Fn dpErsngp asiss oft fusiampreteny apd deletions pfthg membrane

anti bOd?)ﬁﬁunﬁl? jon &zﬁxtMUIMafrﬁde%dm&m&émQl%?n a%m&lrgragﬂﬂ’tlﬁﬂ 10 abdae
xenogr af t ar ed ?Lgal nst control -treated ani nal s %ﬁﬁgure
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cancer Uellslﬁ@maﬂiidh-cbiﬂin&hed REd{h O coBfddpRehneRurli0 2o Lighh hdurepostiingrection for
descri b%i g}{at hods for treating cancer using antibodi es against a

Not ch receptor to target tunors conprising cancer stemcells and/or

t unor cdaQZIZSI Inrcendin ehbddotents, the Bleb biusiex poesdiagnertase Epented et B03-@AGE gels

and probed with both anti-Fc antibodies to detect the presence of all fusion proteins versus anti-Notch]
antibodies to detect the domains recognized by each anti-Notch antibody.

[0221] To identify specific epitopes within the extracellular domains recognized by an antibody against
Notchl the SPOTs system is used (Sigma Genosys, The Woodlands, TX). A series of 10-residue linear
peptides overlapping by one amino acid and covering the entire Notchl extracellular domain are
synthesized and covalently bound to a cellulose membrane by the SPOT synthesis technique. The
membrane is preincubated for 8 hours at room temperature with blocking buffer and hybridized with
antibody overnight at 4°C. The membrane is then washed, incubated with a secondary antibody
conjugated to horseradish peroxidase (HRP} (Amersham Bioscience, Piscataway, NJ), re-washed, and
visualized with signal development solution containing 3-amino-9-ethylcarbazole. Specific epitopes

recognized by an antibody are thus determined.

Chimeric antibodies

(0222} After monoclonal antibodies that specifically recognize a non-ligand binding membrane proximal
domain of the extracellular domain of a Notchl receptor are identified, these antibodies are modified to
overcome the human anti-mouse antibody (HAMA) immune response when rodent antibodies are used as

therapeutics agents. The variable regions of the heavy-chain and light-chain of the selected monoclonal
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102421 The presence of cancer stemcell marker expression can first

be determned froma tunor biopsy. Tunor cells froma biopsy froma
pati ent diagnosed with cancer are renoved under sterile conditions.

In some enbodi ments, the tissue biopsy is fresh-frozen in liquid

ni trogen, enbedded in 0.C. T., and cut on a cryostat as 10 urn

sect i onsnbodyargiksalsisd Isg,l RTBGR frAint}@bnitR:iﬂa\cells)amﬂ Heuddiis-Graree boihopsryIgGs heavy-chain
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di st upt bofed: ﬂalgé?ér%\/zﬂy ?C}ﬁf))rbgilﬁoﬁﬁllirherr%léﬁﬂ%e%ggﬁhcng SI§1%h&E§:ﬂv1Wﬁ9%fﬁmty of

cells are then 1 ncubated with anti-E -Lin,

Not chl giimfrisciikaslies are qeenad te AesH murigfireiapdics by %&Fﬁt #d Fﬁ\rcésence of
ESA+, CD44+, CD24-/1ow, Lin-, Notch+ tunmor stemcells is determ ned

by f| owHGybRR bAbodies descCr i bed in detail above. 102431 Cancer

pati ents whose tunors are di agnosed as expressing a Notch receptor

are tre{me}j m;cmmammtimyt}hrapemwc)stilldrmhdndﬂhmigmﬂ-lumduﬂilmiltman Antreinmeric
monocl o ! il ' d&3 Eqbrlﬂﬁ‘rq

monoc ag&g p%nﬁ«d)@% e FESRAO ARk Bﬁﬁb aganﬁgp&ﬁﬁ%?gg% GRE FbRGne
carri er pioninRB®nfagy of“thq eetl:acplbﬁ\ar dpmain efi Notglrlgreqeplengas deqwr? fyrtheybumgnizagion. To
ant | bodh&%,ka%gﬁlaﬁzea%ﬁ&oﬁfagth@Ehrée%ﬂa% hﬂpgwmgie%equ@a&s bicof@lehRhiryCR&Sining
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100 ny/ glgipdd h%g@@i&rﬁlmﬁntw&c}bﬂk\g@ﬁ&b tﬂbmdiab@ d&rﬁmﬁbﬁhﬁwoﬁl@offﬁg{uﬂ‘hm héﬁhﬁ-
ant i body ca a{g adm ni stered EI’I OJ ncurrent lf/ ? ?;
st andar B R SE REFaRSTFeR EpPorrD 8P GRS BT Ry b ieechisf KSOERE or

nor e chespaskien a0 édtls. Hg'eﬁﬂhmuﬁiﬂe:ahtl\a@ aB& aﬂﬁmm afttherhumbiizsdraotibrodizs hre compared to
| eucovorin zh {nmcn ar1rt)1% OuZ %I Il%LISP d%tCE %dgmonamr ﬁg ggec 68 ogﬁi l?ﬁfms%?

whet her P reat resul™ed ihan an nse,

exanpl emubgsesls erthet un@iﬂe neelgn eadeored to entiraie speeificiy, taffeﬂlfw,rf-‘(t,q d@h@@s}“@fﬂ’-d
new t unpr.s )Jovver tunmor antigen expression, decreased nunbers of
cancer stem cells, or other neans of evaluating di sease pr ognosi s.
Exanple 7 Additi onal studies of in vivo treatnent of tunors using
anti -Notgmoplg@ceptor ant i bodi es 10244] In one enbodi nent, I\/Q rrel anoma
cells (

00) were injected subcutaneous in
o6 al TRado g Ao S s P! e rceloh A
appr oxi Feh&l Notdhl Qverd g&nerata'djmﬁvh&areldnguam cfthavairne iranckdoria vandbady tSOMS Wwvere
roups 1 nd tr i t.her tro r .
ot Poairos i et i e Do e e R Y Al REl g fes BllblcdGh e
vol unmes Jneseealiys 989, Biodhcon Blopieys.i RusliCoamre H60d 3369, amﬁ@ns&h Bn&iBendip.gdde, AL
ant i - Notyg) D+ec}no‘go R )}muamhe%%% HREHGR Jarl BB i Sl 8Be Suckily

cont rol
sumlar to the parental 52M51 antibody amino acid sequences are then considered as reference human

framework regions to help guide the design of novel synthetic frameworks. To identify the human
framework regions bearing similarity to 52M51 murine frameworks, the predicted protein sequences
encoded by the Vi and V| murine variable domains of 52M351 are compared with human antibody
sequences encoded by expressed human cDNA using BLAST searches for human sequence deposited in
Genbank. Using this method, expressed human cDNA sequences (e.g. genbank DA975021, DB242412)
and germline Vh domains (e.g. IGHV1-24) were selected for further analysis in designing heavy chain
frameworks. Similarly, expressed human cDNA sequences (e.g. genbank CD709370, CD707373) and
germline VI (e.g. IGLV7-46, IGLV8-61) were considered in designing light chain frameworks.
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102451 In one enbodi nent, Lu24 |lung tunor cells (30,000) were

I nj ected subcutaneously in NOD-SCID mce. Tunors were allowed to grow
for 35 days until they had reached a volune of approximtely 205

m n3. Tunor-bearing mce were random zed into two groups (n=8) and
treated with either control antibody or anti-Notchl antibody 52R43.

Ant i bod iO&ESIV\Bfe@nﬁIDSaEId difv&@ees\bealebrycaadldal@hmhkgl frabemork heolylieigs ate it parent

nmeasured on the h
treat memprne QHO%% Agl%r eae %(Z:ﬁe;@}{fﬂ cha? OW{XH ﬁ?o aj nd?lg]é‘)’}BhT \éarl('fiﬂ%l’é?omz'ms were
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SEQUENCE®anized heavy chain was then cotransfected into HEK293 cel]s with each of the eight candidate
humanized light chains, and conditioned media was again assayed for antigen binding by ELISA. Two
light chain variants “2M351 L3” (SEQ ID NO:26) and “52M51 L4” (SEQ ID NO:30) were found to exhibit
better binding than the other candidates and were chosen for further study. Variant 52M51-L3 contains,
in addition to murine CDRs, variation at 1 framework position at Kabat position 49 in comparison to an
example human framework (e.g., IGLV7-46). Two humanized variant antibodies, 52M51H4L3 and
52MS51H4L4, were developed. 52M51HA4L3, as encoded by DNA deposited with the ATCC, under the
conditions of the Budapest Treaty on October 15, 2008, and assigned designation number PTA-9549.
[0227] The affinities for human and mouse Notchl were determined using a Biacore 2000 instrument.
Briefly, recombinant human and mouse Notchl proteins were immobitized on a CMS chip using standard
amine based chemistry (NHS/EDC). Different antibody concentrations were injected over the protein
surfaces and kinetic data were collected over time. The data was fit using the simultaneous global fit

equation to yield dissociation constants (Kp, nM) for each Notchl (Table 2).
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SEQ ID NO 1 Notchl Pol ynucl eoti de encodi ng am no acids 1427-1732.
CACATCCTGGACTACAGCT TCGEEEGT GCGEECCGEECGCGACATCCCCCCGCCECTGATC
GAGGAGGCGT GCGAGCT GCCCGAGT GCCAGGAGGACGCGEECAACAAGGT CTGCAGCCT G
CAGT GCAACAACCACGCGT GCGGCT GEGACGECGGT GACTGCTCCCTCAACTTCAATGAC
CCCTGGAAGAACT GCACGCAGT CTCTGCAGT GCTGGAAGTACT TCAGT GACGGCCACT GT
GACAGCCAGT GCAACT CAGCCGGCTGCCTCT TCGACAZBIE B TGACT GCCAGCGT GCGGAA

GGECCAGRGCAACCCOCTGFACGACCAGTAGCTECAAGCACCAGCTFFCACLCOCACOOOCACTES

GACCAG GOGGAGTGOGA : FGPECOCACCATGRA

COCGAGRGECTCEoAA P ACECTGAFGaT BN ccocdoonaBiggsRlotehl (nM)
T T AT AT DS rﬂ

OGCAACAGCT CCTTOP AT CCT GOGEOAGCT CAGOCRST GoT GEACAGCAACCTEOFRE

TTCAAGDGTGACGEAYAEHE2CAGCAGAT GATCT TOCEETACTACGE0GEEEACEAGS

CTGOGCAAGCACCEAM BRI A ~T crococcAGaacT AR noacACCTCACSoocTaoTe

GGCCAGGT GAAGGCCT CGCTGCT CCCT GGT GGCAGCGAGGEGET GEECGECGECGEAGEGAG
CTGGACCCCATGGACGT CCECGEECTCCATCGT CTACCT GGAGAT TGACAACCGGECAGT GT

GTGCA GTGCTTCCAGAGT GCCACCGACGT GGCCGCATTCCTGGGAGCG
CTCGCCT GCCTCAACATCCCCTACAAGAT CGAGGCCGTGCAGAGTGAGACC
GT GGA SEQ TD NO 2 Notch] amino acids 1427-1732 H LDYS
E\%K-IGAG?IDT ofch IB-e@PPL'-ﬁlglEEM:EL PECQEDAGNKVCSL QCNNHACGWDGGEDCSLNFND

NCT Al YME&D@@- ediated
DQGCNSA DCAEH\/PERLAAGT L%@@%L MPPE RNE FHFE%EL RVLHTNWV " oteh
FKRDAHGEEM!ing pres/dptsrpipgs). fikegniain qriRag Ei EERHneRe [° PeEEEeERRRRE

LDPVOVR@SolkY1d) bl BNBEDIRYSS1 SQREAREATEMAATL S ShcCL NS PUKERWRBEEA Vil

pol ynuchbBE e éﬁ%ﬂ%ﬂ%@%ﬂﬁ?g? FGRRER Bt s e TR Y "
ATMMIEW&@?MW@MM@WW@M@M 2) a Renilla

GCTGTTGTGcﬁg;I\-se r%é‘l{%%A CE&@Q%%T@M %W%Mncy Transfected

cells were added 1o cultures plates coated overnight with 200 ng/well of hDLL4-fc protein, and antibodies
to Notchl were then added to the cell culture medium. Forty-eight hours following transfection,
luciferase levels were measured using a dual luciferase assay kit (Promega; Madison, WI) with firefly
luciferase activity normalized to Renilla luciferase activity. The ability of antibodies to inhibit Notchl
pathway activation was thus determined. Antibodies 52M51, 52M63, 52M74, and 52M80, gencrated
against a membrane proximal region of the extracellular domain of a human Notchl (Fig. 1A)
significantly reduced luciferase activity indicative of reduced Notch! signaling as compared to other
Notch! antibodies (Fig. 1B). Further, 2 humanized variant of antibody 52M51, variant 52M51 H4/L3

displayed similar potency in reducing luciferase activity (Fig. 1C).

Notch Receptor Activation and ICD Formation

[0229] Cleavage of Notch receptors by furin, ADAM, and gamma-secretase results in formation of the
Notch intracellular domain (ICD) that then triggers downstream Notch signaling in the nucleus. In certain
embodiments, the ability of Notchl receptor antibodies to block ligand-mediated receptor activation was
determined by Western blot analysis. Noichl-Hela cells were grown in suspension culture in 293-SMII
media (Gibeo). Cultured cells were transferred to 96-well plates in which select wells had been pre-
coated with human DLL4-fc fusion protein (2 pg/ml) in DMEM plus 2% FBS and 1 pM MG132
(Calbiochem). Antibodies to generated against a membrane proximal region of the extracellular domain
of human Notchl were added to the cell culture medium, and cells were incubated at 37°C for five hours.

Wells were then aspirated and the cells resuspended in 2X SDS running buffer. Samples were sonicated
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TGTCGCT CAAGTACTGGGCECTGTTACAACTAGIAACTACGCCAACTGEGT CCAAGAAAAA
CCTGATCATT TATTCACTGGT C TAATAGGTGGTACCAACAACCGAGCT CCAGGIGIT CCT
GCCAGATTCTCAGGCT CCCTGAT TGGAGACAAGGCT GCCCT CACCAT CACAGGGEGCACAG
ACTGAGGATGAGGCAATATATTTCTGI GCTCTATGGTACAGCAACCACT GEGTGT TCGGT
GGAGGAACCAAACTGACTGT  CCTAGGCCAGCCCAAGTCTTCGECCATCAGT CACCCTGITT

CCACCT TéeGddad feivpéirice] {idAKoA Gt A A S ARAE BT L2l I Kandi (kAR En antibody

il
o e A e T e T

ACCCT GATA AN CRAIBEEISALAHTEIM 85 AGTA AL AVIIBRITAGRTIEANTY (oAb the generation of
GGTCACALTGHX 1%%%]-;';5%1 GCTGACTGITCCTAG SEQ I D NO 4 52Mb1 Li ght
chain anino acrd Sequenc % utative signal sequence is underlined)
MAW | SL | LSLLALSSGAI SQAVWTQESALTTSPGETVTLTCRSSTGAVTTSNYANVWQEK
PDI—ILFT(%xaI,IQf’éE\INRAPGVPARFSGSL | GDKAALT | TGAQTEDEA | YFCALWYSNHWFG
GGTKLTVLGQ PKSSPSVTLFPPSSEELETNKATLVCTI TDFYPGYWTVDVWKVDGTPVTQG
METTOQPSKQSNNKYMAS S YLTLTARAVWERHS SYS COQVIHEGHTVE KS LSRADCS SEQ | D
NO. 5 52KIBoPTgRttior REFROLER YRIFRE Pdiesd HaiimaTaePeati ichyeaknribodies

(C.li.)u tc.?.tclcl\.pgig:l.rﬂﬁnénal 8%%%%%!’1@6 i Eﬁu&:’;?elln egﬁl '@w”eg?eenﬁaz%ﬁﬂ%ﬁgﬂm %-rn-'l:l'g\;r égg prcg;ln-ared

GCT GT T GhefetanGas AT ET AU BOAGEBATATGA SEkCHIIRNGACH GMEA ChicAatkuticals by

CATT AT T E o A s A ARC A A (LR ER i CRp A o
TCTCAGANERKTT end T (SeadA@aAGROTROCOV PEACOMRAE AR @A Golo-205 (colon tumor
ACT @%WM&@%%%gﬂﬁﬁ%mmﬂﬁmrne conditions,
GGAGGAA CTGACTGI AGGEC

cut up into small pieces, minced completely using sterile blades, and single cell suspensions obtained by

enzymatic digestion and mechanical disruption. The resulting tumor pieces were mixed with ultra-pure
collagenase III in culture medium (200-250 units of collagenase per mL) and incubated at 37°C for 34
hours with pipetting up and down through a 10-mL pipette every 15-20 min. Digested cells were filtered
through a 45 ul nylon mesh, washed with RPMI/20% FBS, and washed twice with HBSS. Dissociated
tumor cells were then injected subcutaneously into NOD/SCID mice at 6-8 weéks to elicit tumor growth.
For UM-PE13 and T3 breast tumor cells, 50,000 cells in 100 ul were injected into the right mammary fat
pad (n=20) along with the implantation of an estrogen pellet. For OMP-C9 colon tumor cells, 50,000 cells
in 100 ul were injected into the right flank region (n=20). For OMP-CE colon tumor celis, 10,000 cells in
100 ul were injected into the right flank area (n=10). For OMP-Cé6 colon tumor cells, 10,000 cells in 100
ul were injected into the right flank (n = 10). All tumor cells were injected in a mixture of PBS (without
magnesium or calcium) and BD Matrigel (BD Biosciences) ata 1:1 ratio.

[0231] Three days after tumor cell injection, antibody treatment was commenced. Each injected animal
received 10 mg/kg anti-Notchl antibodies or PBS as a contro!l intraperitoneal {i.p.) two times per week for
a total of 6 to 8 weeks. Animals injected with PE13 cells received injections into the right upper
mammary fat pad in addition to estrogen pellet injections. Animals injected with C9, C8, or C6 cells
received injections in the right lower quadrant of the abdomen. Tumor size was assessed twice a week.
[0232] In certain embodiments, antibodies against a membrane proximal region of the extracellular
domain of human Notchl were tested for an effect on the formation of breast tumors. PE13 breast tumor
cells {50,000 cells per injection) were implanted subcutaneously into the mammary fat pads. Two days
following cell implantation, animals were treated with either control antibody or 52M antibodies 52M1,
52M2, and 52M8 (which were without anti-Notch signaling capability, see Fig. 1B) at 10 mg/kg dosed i.p.

twice a week. Treatment with non-Notch! inhibitor antibodies had no effect on tumor growth compared
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SEQ I D NO 6 52Mb1 Light chain variable region amno acid sequence

(Putative signal sequence is underlined) MAWI SLI LSLLALS SGAI

SQAWTQESALTTS PGETVTILT CRS S TGAVIT SNYANWQEK PDHL FT G- |

GGTNNRAPGVPARFSGS L | GDKAALT | TGAQT EDEA | YFCALWY SNHWFG

GGTKLTVLGEQ P KS S P_ SVTL FPP_SSEEL ETNKATLVC'F | TDFY PGVWWTVDWKVDGIPVTQG

SE?hI Dt MQotZtro'i abdach abin@iblt(F@El@Crhn&' aD). abk&ahegibedimpas, whivalsegédtadeyithepu e brest

W ou utatl ve SlI al S uenc . . .

CAGGCTG ISt e eGP Pt PRt A SR ARARERAR AR Y Se # week. Tumor

ACTTGT CoallaAARE ATTEOEOGOT Sk IWACAARTAEIHAACIMOGECAAC TGRS HBRANGAKtermined.

AAA GGT. CCAA

T oA KPR O NP oA AN L TEACEA TCRC LR e o

CAGACT GABBHTGREEGAATA DA T T OTERGETIETARGET ACARBANCENETGAI@TTE!s. Specifically,

wﬁ%%@é%%%@%@%o§é@e LJE%hWCC with Hepes buffered saline solution (HBSS)
containing 2% heat-inactivated calf serum (HICS) and resuspended at 10° cells per 100 ul. Antibodies are
added and the cells incubated for 20 min on ice followed by two washes with HBSS/2% HICS.
Antibodies include anti-ESA (Biomeda, Foster City, CA), anti-CD44, anti-CD24, and Lineage markers
anti-CD2, -CD3, -CD10, -CD16, -CD18, -CD31, -CD64, and -CD140b (collectively referred to as Lin,
PharMingen, San Jose, CA). Antibodies are directly conjugated to fluorochromes to positively or
negatively select cells expressing these markers. Mouse cells are eliminated by selecting against H2Kd+
cells, and dead cells are eliminated by using the viability dye TAAD. Flow cytometry is performed on a
FACSVantage (Becton Dickinson, Franklin Lakes, NJ). Side scatter and forward scatter profiles are used
to eliminate cell clumps. Isolated ESA+, CD44+, CD24-/low, Lin- tumorigenic cells are then injected

subcutaneously into NOD/SCID mice to elicit tumor growth.

Example 5

In vive treatment of tumors using anti-Notch1 receptor antibodies

[0234] Tumor cells from a patient sample (solid tumor biopsy or pleural effusion) that have been
passaged as a xenograft in mice were prepared for repassaging into experimental animals. Tumor tissue
was removed, cut up into small pieces, minced completely using sterile blades, and single cell suspensions
obtained by enzymatic digestion and mechanical disruption. Dissociated turnor cells were then injected
subcutaneously into the mammary fat pads, for breast tumors, or into the flank, for non-breast tumors, of
NOD/SCID mice to elicit tumor growth. In certain embodiments, ESA+, CD44+, CD24-/low, Lin-
tumorigenic tumor cells are isolated as described in detail above and injected.

[0235] In certain embodiments, freshly isolated C8 colon tumor cells (225 cells per animal) were
implanted subcutaneously into NOD/SCID mice. Following tumor cell injection, animals were monitored
for tumor growth. Tumors were atlowed to grow for 48 days until they reached an average size of
approximately 210 mm’® and randomized into two groups (n=10 per group). The animals were treated
with either control antibody or antibody that binds to the membrane proximal region of the extracellular
domain of human Notch1, 52M51, (10 mg/kg) dosed i.p. twice a week, Tumor size was assessed on days
55,57, and 62. Animals treated with 52M51 showed a statistically significant (p=0.0006) inhibition of

tumor growth compared to control treated animals (Fig. 2A and 2B).
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52Mb1 Light chain variable region am no acid sequence w thout

put ati ve signal sequence QAVWTQESALTTS
PGETVTLTCRSSTGAVTTSNYANWQEKPDHLFTGL | GGTNNRAPGY PARFSGSL | GDKAALT |
TGAQTEDEAI YFCALWYSNHW/FGGGTKLTVLG SEQ I D NO 9 52Mb1 Heavy chain

pol ynucl eoti de sequence (Putative signal sequence is underlined)
ATGGAAT iR36IC RSB E A gol T Caniibisd] Ged tatn G b AAfe HakvAK d TG TRANC InalSCAG sohe T

O e S R IR MG o i

GGACAT GBOCTHT GET SEXATMEEACHNGATA PONGLT! AAGTIAGAL receptor treated
GAGAAGT - T

CanCrea Tt M AR A R e RS apd s an
TACGGT TAGPAA G TR ArGssATInA CTeEIERSSTs idsAGRAMatiEly aeATPn CAAGTMETESRFOAlin-fixed,
GCCA/ ‘W \a-@%%é& qgﬂﬂ W@%@@Q&%E (il §Jcﬁ€1§ are post-fixed
TCCATGGT GACCCT GGGATGCCT GGT CAAGGGECTAT TTCCCT GA %@;A@GTGACC o
TGGAACT eTngebatedritihrepenhess briabaihedirstintesatcaig raommiAuTe et raibedicy to
CTACACT @A A G0T AT DEd SatolCahti Kb 36§ e antibodies

ACCT T GCAGCACCAAGGT CAA TTW .
CATT T OBt BT R RO SC A NACP AT B4 AT G ETHIGATER EGadherin (CD144)
CCCCCAAALHIAATAT GTOLT) aABoA Esl A dited CACTIaK EhAARIBAIGATLAKHT Sl bR Tfmscle alpha-actin

GTAGACAT TCAT GITCAGCTGET T TGTAGATGATGTGCAG
T oA AT o A R R R R oA AL 14 CR R N ER e cels, TUNEL
AGT GAACTSEBGATBAT COACEACRACT COTTFOANECBEANCIATT CAANEREAGRERGIes to detect
AACAGT T GOCCGRCAT.CCAGA, ,
M@T%%a% A CEACE -
AGTCT GAGTRGIANREATPAACAGACT TCTTCCCT GAAGACAT AACAGT GGAGT GGCAGT GG
AT GO oA A A A ANANCACT o A AT AT BT CECT. T
TACTTCGT G ACAGCAAGCT CAAT GT GLACAACACCAACT COCAGCCAGGARA A%‘ecsz m s also
ACCTGCTesestesT IARNTIAGEEe R mparTAe A Fah Paresia dyrsrdrpomiiatehi @ntibody treated
(TST CCT Gald* Ay @%?155@, ir@teNQic_ieQnE3%@%ﬂd@ﬁg%tiQ@RTJPC%EEE{}E@ngaQWH & &8,

ut ati1 ve SI gha egquence |1 s, unaer.l L.ne :
TR R IS e A A Ol AL RS el
PGT GRT NYNEKERGATREADTSENE, ARk 1S (IDRS HEREAYARY GAIRFD the house-keeping gene

G TVSS GS NS GCLVKG .
VRSGoL SRV VR P s AP A R TP R DR PR e
| CTVPEVSSWE prefiRPIEedWdTI TLTPKVTCVWVD | SKDDPEVQFSWFVDDVE
W TAQTQ?&%%gQFA\ﬁIﬁB%M% et B IMEME NG o F S BeREAR: Itheﬁ@enlce oF SR
KAPQVYT "1~ PPPI CEQVRKDKVS LTCM | TDFFPED T TV Q0 PAENYKNTGQP
| MNTNGS csEvnyspes SRSrveaGvrrremylemon N pss sppetitpdy tegied\micg gre cut up

into small pieces, minced completely using sterile blades, and single cell suspensions obtained by

enzymatic digestion and mechanical disruption. Dissociated tumor cells are then analyzed by FACS
analysis for the presence of tumorigenic cancer stem cells based on ESA+, CD44+, CD24-/low, Lin-
surface cell marker expression as described in detail above.

[0239] The tumorigenicity of cells isolated based on ESA+, CD44+, CD24-/low, Lin- expression
following anti-Notchl antibody treatment can then be assessed. 5,000, 1,000, 500, and 100 isolated
ESA+, CD44+, CD24-/law, Lin- cancer stem cells from Notchl antibody treated versus control antibody
treated mice are re-injected subcutaneously into the mammary fat pads of NOD/SCID mice. The
tumorigenicity of cancer stem cells based on the number of injected cells required for consistent tumor
formation is thus determined.

[0240] In contrast to the in vivo efficacy of 52M51, an antibody that inhibits Notch] signaling, in a colon

xenograft model described above, certain other antibodies that recognize the membrane proximal region
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52Mb1 Heavy chain variable region polynucleotide sequence (Putative
si gnal sequence is underlined)

ATGGAATGGACCTGGGTCTTTCTCTTCCTCCTGI CAGT AACT GCAGGT GTCCACT CCCAG
GI'TCAGCTGCAGCAGT CTGGAGCT GAGCToAT GAAGCCT GEGECCTCAGT GAAGATATCC
TGCAAGGECT GCTGGECTACACAAT GAGAGCCTACT GGATAGAGT GGATAAAGCAGAGECCT

GGACATCﬁ%&ﬁ%ﬁl%ﬁ?ﬁ%ﬁ%@TI;gW@mWA@mﬁy in vivo in a

GAGAAGTTCAACIIBCAACII:CACATT%A@%‘I’; AﬁﬁgW‘m found 1o not

CAACT CACEAICIEAERTIE I GRSEA
mqgcgﬁﬁ%'fm NIERA ghAGa | GRS EATO S TIBAGIGADCEE Cn CUIEZACBHQicE _@hich
Si Qn 3&/ Féggﬁ%%‘{%ﬁgﬁ !acgﬁd?/vﬁhlé’g%ﬂ& Brehst Binor cchd! ERh %ﬂhg arﬁ%%%%‘iﬁnﬁ ?ﬂﬁ?tah&/ e
VEW RS BNEACHSOMBERE @MEh MERGABMRINSGHAABY TiVREYed/2pa B¢ dntricrpted

NYGYY VB EPrUSCAR T 18 YU APCRRATABMITLGCLVKGY FI DE. PVTV
NYGYYA Tl MVTLGCLVKGY FI DE PVTVT SEQ

D NG 13 52Mb1l Heavy chain variabl e region polynucleotide sequence
mnthoutEEM&ﬁhive si gnal seguence

Treatment of human cancer using anti-Notch receptor antibodies

[0241] This example describes methods for treating cancer using antibodies against a Notch receptor to
target tumors comprising cancer stem cells and/or tumor cells in which Notch receptor expression has
been detected.

[0242] The presence of cancer stem cell marker expression can first be determined from a tumor biopsy.
Tumor cells from a biopsy from a patient diagnosed with cancer are removed under sterile conditions. In
some embodiments, the tissue biopsy is fresh-frozen in liquid nitrogen, embedded in O.C.T., and cut on a
cryostat as 10 um sections onto glass slides. Alternatively the tissue biopsy is formalin-fixed, paraffin-
embedded, and cut on a microtome as 10 um section onto glass slides. Sections are incubated with
antibodies against a Notch receptor to detect protein expression. Additionally, the presence of cancer
stem cells can be determined. Tissue biopsy samples are cut up into small pieces, minced completely
using sterile blades, and cells subject to enzymatic digestion and mechanicai disruption to obtain a single
cell suspension. Dissociated tumor cells are then incubated with anti-ESA, -CD44, -CD24, —Lin, and —
Notch1 antibodies to detect cancer stem cells, and the presence of ESA+, CD44+, CD24-/low, Lin-,
Notch+ tumor stem cells is determined by flow cytometry as described in detail above.

[0243] Cancer patients whose tumors are diagnosed as expressing a Notch receptor are treated with anti-
Notch receptor antibodies. Humanized or human monoclonal anti-Notch receptor antibodies generated as
described above are purified and formulated with a suitable pharmaceutical carrier in PBS for injection.
Patients are treated with the Notch antibodies once a week for at least 10 weeks, but in certain cases once
a week for at least about 14 weeks. Each administration of the antibody should be a pharmaceutically
effective dose about 2 to about 100 mg/ml and in certain cases between about 5 to about 40 mg/ml. The
antibody can be administered prior to, concurrently with, or after standard radiotherapy regimens or
chemotherapy regimens using one or more chemotherapeutic agent, such as oxaliplatin, fluorouracil,
leucovorin, or streptozocin. Patients are monitored to determine whether such treatment has resulted in an
anti-tumor response, for example, based on tumor regression, reduction in the incidences of new fumors,
lower tumor antigen expression, decreased numbers of cancer stem cells, or other means of evaluating

disease prognosis.
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CAGGT TCAGCTGCAGCAGT CTGGAGCT GAGCT GATGAAGCCT GGGGCCTCAGT GAAGATA
TCCTGCAAGGCTGCTGGCTACACAAT GAGAGGCTACT GGATAGAGT GGATAAAGCAGAGG
CCTGGACATGGCCTTGAGTGGATTGGACAGATT TTACCTGGAACTGGGAGAACTAACTAC
AATGAGAAGT TCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAAC
ATGCAACTCAGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCAAGATTTGAT
GGTAACTACGGTTACTATGCTATGGACTACTGGGGTCAAGGAT CCT CAGICACCGICTCC T CA
SEQ I D 752|\/51 Heavy chain vari able regi on am no aci d sequence
wi t hout ﬁﬂp}ft I ve signal sequence QVQLQQSGAELMKPGASVKI S CI CAAGYTMRGYW
EW | KQRRSEAGEWS bf #5001 lred?fad (8T NMoNEKE@(GﬁNotﬁﬂ[M?pﬁSW Pl S S LT

I

SEDSAWE\%}FF E%EY E.ljnl?ogND melz%&\é;!;)a §31§A1 0%%% were mjecgeé SED%ME&OW}{X\I(%]%&
mice. Tumors were allowed to grow for 35 days until they had reached a volume of approximately 110
mm’. Tumor-bearing mice were randomized into two groups (n=10) and treated with either control
antibody or anti-Notch1 antibody 52R43. Antibodies were dosed twice weekly at 10 mg/kg. Tumor
volumes were measured on the indicated days. As shown in Figure 3A, anti-Notch1 treatment with
52R43 reduced tumor growth relative to the control group (p=0.02).
[0245] In one embodiment, Lu24 lung tumor cells (30,000) were injected subcutaneously in NOD-SCID
mice. Tumors were allowed to grow for 35 days until they had reached a volume of approximately 205
mm®. Tumor-bearing mice were randomized into two groups (n=8) and treated with either control
antibody or anti-Notch1 antibody 52R43. Antibodies were dosed twice weekly at 10 mg/kg. Tumor
volumes were measured on the indicated days. As shown in Figure 3B, anti-Notchl treatment with 52R43
reduced tumor growth relative 1o the control group (p=0.04).
{0246) In one embodiment, PN8 pancreatic tumor cells (50,000) were injecied subcutaneously in NOD-
SCID mice. Tumors were allowed to grow for 27 days until they had reached a volume of approximately
115 mm’. Tumor bearing mice were randomized into two groups (n==8) and treated with either control
antibody or anti-Notch] antibody 52R43. Antibodies were dosed twice weekly at 10 mg/kg. Tumor
volumes were measured on the indicated days. As shown in Figure 3C, anti-Notch] treatment with 52R43
reduced tumor growth relative to the control group (p=0.005).
[0247] In one embodiment, T1 breast tumor cells (300,000) were injected subcutaneously in NOD-SCID
mice. Tumors were allowed to grow for 27 days until they had reached a volume of approximately 130
mm®. Tumor bearing mice were randomized into four groups (n=10) and treated with either control
antibody, anti-Notch1 52R43, taxol, or a combination of 52R43 and taxol. Antibodies were dosed once
weekly at 15 mg/kg and taxol was dosed once weekly at 12 mg/kg. Tumor volumes were measured on the
indicated days. As shown in figure 3D, anti-Notch] treatment with 52R43 reduced tumor growth relative

to the control group (p<0.0001), and the combination group was reduced relative to taxol alone (p=0.001}

[0248] All publications and patents mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described method and system of the invention will
be apparent 1o those in the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific embodiments, it should be understood that the

invention as claimed should not be unduly limited to such specific embodiments. Indeed, various
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52Mbl Heavy chain CDR2 Q| LPGIGRTNYNEKFKG SEQ I D NO 17 52Mbl Heavy
chai n CDR3 FDGNYGYYAMDY SEQ I D NO 18 52Mb1 Light chain CDR1 RS S
TGAVTT SNYAN SEQ I D NO 19 52Mb1 Light chain CDR2 GITNNRAP SEQ I D NO 20

modifications of the described modes for carrying out the invention which are obvious to those in the

relevant fields are intended to be within the scope of the following claims.
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52Mb1 Li ght chain CDR3 ALWYSNHW/FGGGTKL Humani zed 52Mb1 sequences:
SEQ I D NO 21 52Mb1-H4 Heavy chain pol ynucl eoti de sequence (Putative
si gnal sequence underl i ned)

ATGGATTGCGACATGGAGGGT GT TCTGCCTCCTCGCTGTGGECT CCTGGAGT CCTGAGCCAG
GTCCAGCT CGT CCAGAGCGGEGECT GAAGT CAAGAAGCCT GGCGCTAGCGT CAAAATCAGC
TGTAAGGT CAGCGGATACACACT GAGGGGAT ACT G QUIEMIEINGGGT GAGGCAGGCT CCA
GGAAAGGGECCT GGAAT GGAT CGECCAGAT CCTGCCTGGAACCGGAAGGACAAATTACAAT
GAGAAGT TTAAGGGAAGGGT CACAAT GACAGCAGACACAAGCACAGACACACGCTTATATG

GAACT CABEQ G2 TICAGAT CCGAGGACACCGCT GTCTACTAT TGT GCCAGGT TCGATGGA

AATTACGRAT A ATEATISA CGGTCACCGT GAGCTCA
GCCAGCA 5 qﬂca -EI‘A%CT GCAGGAGCACCAGOGAG
AGCACAGEEREXSETEEAET '

T%ﬁ@@mﬁ%@%@@%@%@ﬂ&%@@m&%&@@%
GGACTCTACT COCTCAGCAGOGT GGT GACCGT GOCCT CCAGCAACT TCGGCACCCAGACC

TACACCT AR S P AR T oA R A AR AE AR P CEACI R SACABT T RABEERC
AAAT GT T G CIEBAGKECORAUOEE GRCAROACEA O AR CRACIANCOER CAGIGETCr
( (! .

GT GGAGCF LG ST RAC AT IGA AR GISTACIBCACLINGGACT ATABACCACEITBOTEC
GT CGT CAGK & A BeAS T e e A KN S E R @Wm
AAGGTCTCCAACAAAGGCCT CCCAGCCCCCAT CGAGAAAA

CAGCC OO e R R e S A A e S ISR C e R G e I BRI FCAEE G IARATS
CAGGT CACEEKACCTECETCIATCAAAELF R E AXReEger

GAGCA? %ﬁ%&i&m ACAAGAC%E,?\?%A CCCATGCT %CT CCGA%G

100 CTd{eaddrbanade %g&&&&@&%eé%ﬁ ggseae&e&e&&;@&ﬂe aci d

sequence sequence under
CTGGACCCCATGGACGTCCGCGGCTCCATCGTCTACCTGGAGATTGACAACCGGCAGTGT

GTGCAGGCCTCCTCGCAGTGCTTCCAGAGTGCCACCGACGTGGCCGCATTCCTGGGAGCG
CTCGCCTCGCTGGGCAGCCTCAACATCCCCTACAAGATCGAGGCCGTECAGAGTGAGACT
GTGGAGCCGCCCCCGCCG

SEQID NO:2

Notchl amino acids 1427-1732
HILDYSFGGGAGRDIPPPLIEEACELPECQEDAGNKVCSLQCNNHACGWDGGDCSLNFND
PWKNCTOSLOCWKYFSDGHCDSQCNSACGCLFDGFDCQRAEGQCNPLYDQYCKDHFSDGHC
DQGCNSAECEWDGLDCAEHVPERLAAGTLVVVVLMPPEQLRNSSFHFLRELSRVLHTNVV
FKRDAHGOOMIFPYYGREEELRKHPIKRAAEGWAAPDALLGQVKASLLPGGSEGGRRRRE
LDPMDVRGSIVYLEIDNRQCVQASSQCFQSATDVAAFLGALASLGSLNI PYKIEAVQSET
VEPPPP

Mouse antibody S2M31 sequences:

SEQ ID NO:3

52M51 Light chain polynuclectide sequence (Putative signal sequence is underlined)
ATGGCCTGGATTTCACTTATACTCTCTCTCCTGGCTCTCAGCTCAGGGGCCATTTCCCAG
GCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACACTCACT
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MOWIVRVFCLLAVAPGVL SQVOLVOSGAEVKKPGASVKI SCKVSGYTLRGYW EVWRQAP
GKGALEW GQ LPGTGRTNYNEKFKGRVTMIADTSTDTAYMEL SSLRSEDTAVYYCARFDG
NYGYYAMDYWGQGT TVTVSSASTKGPSVFPLAPCSRSTSESTAAL GCLVKDYFPEPVTVS
VWSGAL TSGVHTFPAVLQSSCGL YSL SSWTVPSSNEGT QT'Y TCNVDHKPSNTKVDKTVER
KCCVECPPCPAPPVAGPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVQFNWYVDG
VEVHNAKFHRREEQENSFERASVITONRHCENE NEKEXK CKYBNRELC PAFS EICPRSRAKEG:

QPREP SREE ENNYACE
CSFFLY SRR B A FR P AL Sy 1B R 2 52v1- Ha

Heavy CcOeiASATARETEASICETESGTAT ISRRABCRAGCETSEERCEAT PRRAGECFEASA Gnal

sequenc ENE D A TATATTTCTGTGCTCTATGGTACAGCAACCACTGGETGTTCGGT
\AR\/E%%%%\/%PG\/ LSQVQLVQSGAEVKKPGASVKI SCI CVSGYTL RGYW EV\X/%P
&7 P E

CKGLEW SEAIGASTCRMFERER BRI PAPTET ESIREEDY AP CARE
NYGYYAVBYMEISEE YINGERBAEEE d 2 ANDr REAERIMT A chTddEa vy TALGHTCACAEA D] €

regi on am no acid s uence w

VLV SRR B G RS R T REERTHENY Cry TRt SRR

NEKFKGRyFARART S CIRGEr 8StARSEDTA ANDYAEIGTETHITYS> SA
ACCCTGACAGCAAGAGCATGGGAAAGGCATAGCAGTTACAGCTGCCAGGTCACTCATGAA
GGTCACACTGTGGAGAAGAGTTTGTCCCGTGCTGACTGTTCCTAG

SEQ ID NO:4

52M51 Light chain amino acid sequence (Putative signal sequence is underlined)
MAWISLILSLLALSSGAISQAVVTQESALTTSPGETVTLTCRSSTGAVTTSNYANWVQEK
PDHLFTGLIGGTNNRAPGVPARFSGSLIGDKAALTITGAQTEDEAIYFCALWYSNHWVFG

GGTKLTVLGQPKSSPSVTLFPPSSEELETNKATLVCTITDFYPGVVTVDWKVDGTPVTQG
METTQPSKQSNNKYMASSYLTLTARAWERHSSYSCQVTHEGHTVEKSLSRADCS

SEQ ID NO:5
52MS51 Light chain variable region polynucleotide sequence (Putative signal sequence is underlined)
ATGGCCTGGATTTCACTTATACTCTCTCTCCTGGCTCTCAGCTCAGGGGCCATTTCCCAG

GCTETTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACACTCACT
TGTCGCTCAAGTACTGGGGCTCTTACAACTAGTAACTACGCCAACTGGGTCCAAGARAAA
CCTGATCATTTATTCACTGGTCTAATAGGTGGTACCAACAARCCGAGCTCCAGGTGTTCCT
GCCACATTCTCAGGCTCCCTGATTGGAGACAAGECTGCCCTCACCATCACAGGGGCACAG
ACTCAGGATGAGGCAATATATTTCTGTGCTCTATGGTACAGCARCCACTGGCTGTTCGGT
GGAGGAACCARAACTGACTGTCCTAGGC

SEQ ID NO:6

52M51 Light chain variable region amino acid sequence (Putative signal sequence is underlined)
MAWISLILSLLALSSGAISQAVVTQESALTTSPGETVTLTCRSSTGAVTTSNYANWVQEK
PDHLFTGLIGGTNNRAPGVPARFSGSLIGDKAALTITGAQTEDEAIYFCALWYSNHWVFG
GGTKLTVLGQPKSSPSVTLFPPSSEELETNKATLVCTITDFYPGVVTVDWKVDGTPVTQG

SEQ ID NO:7

52MS51 Light chain variable region polynucleotide sequence without putative signal sequence
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SEQ I D NO 25 52Mb1-L3 Light chain pol ynucl eotide sequence (Putative
si gnal sequence is underlined)

ATGAGCGT CCCTACAATGGCTTGGATGATGCTCCTGCTGGGACTCCTGGCTTATGGAAGC

GGAGT GGATAGCCAGGCCGT CGTCACACAGGAACCTAGCCTCACCGT TAGCCCTGGAGGA

ACAGT CACACT GACCT GT AGGAGCT CCACAGGAGCT GTGACAACAAGCAATTACCCTAAC

ACCGT CAeted feh ERPeb s o Akl adaighd A AN T O ANBSANSASGREGE
TGOCTGGT FAGDGACTT CTACCCT GEOGCT GT CACAGT GOCT GAAAGCT GACGECTCC

CCTGT GARAGS e B RERAGC PARTAATCERTEEEC

GCAACCT GETA6HCERA CEAAXACROLT faarnAGE CGAAAAGCCAT AGGAGCTACT CCTCGC
CGGGTCACACACGAAGGA. AGCACAGT GGAAAAGACAGT CECCCCTGCTGAGTGTAGCTGA SEQ 1D
NGO 26 52Mb1-L3 Light chain am no acid sequence (Putative signal
sequenc8EQIDmader | i ned)

WP OOKPGHTI R DA SR FER CRALT N PR RGP

HMWEGEEEKEWME@@PKNNESVTEEPPSSEEEQP%ﬁEﬂﬂ@W@EHEEF&PGRM*HWMFG?@EB

PVKVGV EHKF@&%&'BKM%%&&J&%%@W&%@M&&%W%& VAPAECS = SEQ I D
NO 27 52Mb1-L3 Light chain variable region amno acid sequence

(Putative signal sequence is underlined)

MSVPTVA b g4 AYGSGVDSQAVVTEPSLTVS PGGTVTLTCRSSTGAVTTSNYAN
WFQKP RTL | GGTNNRAPGYPARFSGSLLGHKAALT L SGAQ PEDEAE, YYCALWY SN
HW/E %\}E@V}Sg@nmg yﬂm]%de sequence (Putative signal sequence is underlined)

ATGGAATGGACCTGGGTCTTTCTCTTCCTCCTGTCAGTAACTGCAGGTGTCCACTCCCAG
GTTCAGCTGCAGCAGTCTGCAGCTGAGCTGATGAAGCCTGGGGCCTCAGTGAAGATATCC
TGCARGGCTGCTGGCTACACAATGAGAGGCTACTGGATAGAGTGGATAAAGCAGAGGCCT
GGACATGGCCTTGAGTGGATTGGACAGATTTTACCTGGAACTGGGAGAACTAACTACAAT
GAGAAGTTCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAACATG
CRACTCAGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCAAGATTTGATGGT
ARCTACGGTTACTATGCTATGGACTACTGGGGTCAAGGATCCTCAGTCACCGTCTCCTCA
GCCAAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGCCCARACTAAC
TCCATGGTGACCCTGGCATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTGACAGTGACC

TGGAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGAC
CTCTACACTCTGAGCAGCTCAGTGACTGTCCCCTCCAGCCCTCGGCCCAGCGAGACCGTC
ACCTGCAACGTTGCCCACCCGGCCAGCAGCACCARGGTGGACAAGAAAATTGTGCCCAGG
GATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATCTTC
CCCCCARAGCCCARGGATGTCCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTG
GTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAG
GTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCARCAGCACTTTCCGCTCAGTC
AGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCARATGCAGGGTC
AACAGTGCAGCTTTCCCTGCCCCCATCGAGARAACCATATCCARAACCARAGGCAGACCG
AARGGCTCCACAGGTGTACACCATTCCACCTCCCARGGAGCAGATGGCCAAGGATARAGTC
AGTCTGACCTGCATGATAARCAGACTTCTTCCCTGAAGACATAACAGTGGAGTGGCAGTGG
AATGGGCAGCCAGCGGAGAACTACAAGARCACTCAGCCCATCATGAACACGAATGGCTCT
TACTTCGTCTACAGCAAGCTCAATGTGCAGARGAGCARACTGGCGAGGCAGGAAATACTTTC

71



52Mb1-L3 Light chain variable region am no acid sequence w t hout
put ati ve signal sequence SGVDSQAWTQEPSLTVS PGGIVTLT CRS STGAVTT
SNYANWFQQKPGQAPRTL | GGTNN RAPGVPARF SGSLLGGKAALTL SGAQ P
EDEAEYYCALWYSNHW/FGGGTKLTVLG SEQ | D NO 29 52Mb1-L4 Light chain
pol ynucl eoti de sequence (Putative signal sequence is underlined)
ATGAGCGKO&GE&CAATWW S PECENSTEPAECATAIIEEGAACEC
%@g GACKIELCGT CACACAGGAACCTAGCTTTTCCGT TAGCCCTGGAGGA ACAGT CA
CACT GA AGGAGCT CCACAGGAGCT GTGACAACAAGCAATTACGCTAAC
TGGTATCAGCAGACT CCCGGT CAAGCCCCTAGAACCCT CATCGGCGGECACCAATAACAGA
GCT SREG@ACAGGT TCTCCGGCTCCATCCTGGGAAATAAAGCTGCTCTGACA AT
CACAGGT GGCTGACGAT GAAAGCGACTACTACTGT GCACTGTGGTACAGCAAC
MTTMWWMNMWEMWW@TCCT
AGOGT CAGAHTFLSO0ERGATEE A G AECABLT RAGORT AACLAGE

TG A TR T L LA G M A I

GCAAGCT mmmmmmm@mmﬂmmm

A A RACRATCACRGT COAMMEIEACHIBREL, GRARKEGRR SEQ | D
NOSO 5 Lig chiarn”am no acli d sequence Put at| ve si gnal

sequenc 8CEEKRITFEV PEVRSYF I VBPXAKDVRAPAE RHVEOCV AYCEOVESIRANFUEORES F SVS

PGGIVTLY, LGNKAALT
S W Rl N o

SSEEL QAWQ‘L%WEW@W%WE@@F PG RO R ERRIYAAECE YL S LT

PEQW KSRy ok 1RGN kAR ERKIMARACCENGE R HsDshEP@d  52Mb1- L4 Light chain
vari abl e region am no acid sequence (Putative signal sequence is

under | i ned) MSVPTMAWMMLLLGLLAYGSGVDSQTWTQE
PSFSVSPSEDVI NDCRSSTGAVTTSNYAN

52M51 Heavy chain variable region polynucleotide sequence (Putative signal sequence is underlined)
ATGEAATGGACCTCEGTCTTTCTCTTCCTCCTGTCAGTAACTGCAGGTGTCCACTCCCAG
GTTCAGCTCCAGCAGTCTGGAGCTGAGCTGATGAAGCCTGGEGCCTCAGTGARGATATCC
TGCAAGGCTGCTGECTACACAATGACGAGGCTACTGGATAGAGTGGATAAAGCAGAGGCCT
GEACATCGCCTTGAGTGCATTGCGACAGATTTTACCTGGAACTGGGAGAACTAACTACAAT
GAGAARGTTCAAGGECAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAACATG
CAACTCAGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCAAGATTTGATGGT
AACTACGGTTACTATGCTATGGACTACTGGEGGTCAAGGATCCTCAGTCACCGTCTCCTCA

SEQ ID NO:12

52M5] Heavy chain variable region amino acid sequence (Putative signal sequence is underlined)
MEWTWVFLFLLSVTAGVHSQVQLQQSGAELMKPGASVKISCKAAGYTMRGYWIEWIKQRP
GHGLEWIGQILPGTGRTNYNEKFKGKATFTADTSSNTANMQLSSLTSEDSAVYYCARFDG
NYGYYAMDYWGQGSSVTVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVT

SEQIDNO:13

52M51 Heavy chain variable region polynucleotide sequence without putative signal sequence
CAGGTTCAGCTGCAGCAGTCTCGAGCTGAGCTGATGAACCCTGGEGCCTCAGTGARGATA
TCCTGCARAGGCTGCTGECTACACAATGAGAGGCTACTGGATAGAGTGGATARAGCAGAGG
CCTGGACATGECCTTCAGTEGATTCGGACACGATTTTACCTGCGAACTGGGAGAACTAACTAC
AATGAGAAGTTCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAAL
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WYQQTPGQAPRTL | GGTNNRAPGVPDRF SGS | LGNKAALT | TGAQADDESDYYCALWYSN
HWFGGGTKLTVLG SEQ | D NO 32 52Mb1-L4 Light chain variable region

am no acid sequence w thout putative signal sequence SGVDSQTWTCQE PS
FSVS PGGTVTLT CRS STGAVTTSNYANWYQQTPGQAPRTLI GGTNN RAPGVPDRFSGS |
LGNKAALT | TGAQADDESDYYCALWYSNHWFGGGTKLTVLG WHAT IS CLAIMED IS: I
An i sol atrechranTCABORCATICACATPRENGGRCACTGCASTNTUST TAC TETGOARANTFAGAT bi ndi ng

renbr an %GEWFEE#%’%}?%A%ECPLT@C%Ef%ﬂc%%AMEETﬂCJ&%EQEC Not chl

recept or tunor gr.o
TCA

SEQIDNO:14

52MS1 Heavy chain variable region amino acid sequence without putative signal sequence
QVQLOQSGAELMKPGASVKISCKAAGYTMRGYWIEWIKQRPGHGLENWIGQILPGTGRTNY

NEKFKGKATFTADTSSNTANMOLSSLTSEDSAVYYCARFDGNYGYYAMDYWGQGSSVTIVS

SA

SEQ JD NO:15
52M51 Heavy chain CDR1
RGYWIE

SEQID NO:16
52MS51 Heavy chain CDR2
QILPGTGRTNYNEKXFKG

SEQID NO:17
52M51 Heavy chain CDR3
FDGNYGYYAMDY

SEQ ID NO:18
52M51 Light chain CDR1
RSSTGAVTTSNYAN

SEQID NO:19

52M51 Light chain CDR2
GTNNRAP

SEQ ID NO:20

52M51 Light chain CDR3
ALWYSNHWVFGGGTKL

Humanized 52M51 sequences:
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2. The antibody of claiml, wherein the antibody specifically binds
to a non-ligand bindi ng nenbrane proxi mal region of an extracell ul ar
domain of at |east one additional Notch receptor. 3. The anti body of
claims 1 or 2, wherein the antibody is an antagonist of Notchl. 4.
The anti body according to any one of clains 1-3, wherein the anti body
i nhi bi t SEQADINGAZE on of Notchl. 5. The antibody according to any one

of clai ggydy. ﬁm%\@cﬁ;,pg&mcg@&dftgg&xme?@431% ﬁg%ggeg«e%geem%ﬁ] Ldy the

nenbrane pr oxi ma reg ant ng to any one of
£ i ! ] Yt 5 GSl t e
W thin bJ?@c@%@@@Aﬁd@@G&@bTé@@I@ﬂA@ﬂGccﬁ@c@@ﬂd&@@mﬁ&ﬁﬁ&bn9 to

any one of claims 1- wherein the antibody inhibits rel ease of the
i nt raceFPEWG%F%%C@@CE@AWACT@AT BCTHIGI8HG a0 dPng to
any one G@M@@G@MGMGe@mMca@mmcceGmdAgAmeAMgE | gG

o ot O SRR 2T 0L DO BEE A O R AN R R ™ 17
GAACTCAGCTCCCTCAGATCCGAGGACACCGCTGTCTACTATTGTGCCAGGTTCGATGGA
AATTACGGATACTATGCCATGGATTACTGGGGACAGGGGACAACGGTCACCGTGAGCTCA
GCCAGCACARAGGGCCCTAGCGTCTTCCCTCTGGCTCCCTGCAGCAGGAGCACCAGCGAG
AGCACACGTCGCCCTGGOCTGCCTEETCAAGCACTACTTCCCCGAACCGGTGACGGTGTCG
TCEGARACTCAGGCGCTCTCACCAGCGGCETGCACACCTTCCCAGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAACTTCGGCACCCAGACC
TACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGCTGGACAAGACAGTTGAGCGC
AMATGTTGTETCGAGTGECCCACCGTGCCCAGCACCACCTGTGGCAGGACCGTCAGTCTTC
CTCTTCCCCCCARAACCCAAGCGACACCCTCATGATCTCCCGGACCCCTGAGGTCACGTGC
GTGEGETAGTECACCTCAGCCACGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGACGGT
GTGCGAGGTECATAATGCCAAGACAAAGCCACGGGAGGAGCAGTTCAACAGCACGTTCCGT
GTGECTCAGCGTCCTCACCCGTTGTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGC
AAGGTCTCCAACARAGGCCTCCCAGCOCCCATCGAGARAACCATCTCCAARAACCAAAGGG
CAGCCCCCAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGG
GAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACACCTCCCATGCTGGACTCCGAC
GECTCCTTCTTCCOTCTACAGCAAGCTCACCGTGGACAAGAGCAGGETGGCAGCAGGGGAAC
GTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGTCTCCGGGTARATGA

SEQ ID NO:22

52M51 H4 Heavy chain amino acid sequence (Putative signal sequence underlined)
MDWTWRVFCLLAVAPGVLSQVQLVQSGAEVKKPGASVKISCKVSGYTLRGYWIEWVROQAP
GKGLEWIGQILPGTGRTNYNEKFKGRVITMTADTSTDTAYMELSSLRSEDTAVYYCARFDG
NYGYYAMDYWGOGTTVITVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLOSSGLYSLSSVVTVESSNFGTQTYTCNVDHKPSNTKVDKTVER
KCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVQFNWYVDG
VEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD
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10. The anti body according to any one of clainms 1-7, wherein the
antibody is an Ig& antibody. 11. The anti body according to any one
of clains 1-10, wherein the antibody is a nonoclonal antibody. 12.
The anti body according to any one of clains 1-11, wherein the
antibody is a chinmeric antibody. 13. The anti body according to any
one of ckaFnssKLTIBKsHiEGEIVREStaanaheyoKss.sasberrani zed ant i body.
14. The anti body according to any one of clains 1-12, wherein the
anti body is a human anti body. 15. The anti body according to any one
of cl ai BEQIPNG:2Wherein the antibody is an anti body fragnent 16.

;ESI ggg;g\?g yHQ%e%ggéqqgl vanab‘?&i %ggﬂl i?ml(l;l)o acu:l sequencel(Pljl‘tat’we 51gnal sequertlcg underlined)

MDWTWRVFCLLAVAPGVLSQVQLVQSGAEVKKPGASVKISCKVSGYTLRGYWIEWVRQAP
GKGLEWIGQILPGTGRTNYNEKFKGRVIMTADTSTDTAYMELSSLRSEDTAVYYCARFDG
NYGYYAMDYWGQGTTVTVSSA

SEQ ID NO:24

52M51-H4 Heavy chain variable region amino acid sequence without putative signal sequence
QVQLVQSGAEVKKPGASVKISCKVSGYTLRGYWIEWVRQAPGKGLEWIGQILPGTGRTNY
NEKFKGRVITMTADTSTDTAYMELSSLRSEDTAVYYCARFDGNYGYYAMDYWGQGTTVTVS

SA

SEQ ID NO:25

52M51-L3 Light chain polynucleotide sequence (Putative signal sequence is underlined)
ATGAGCCTCCCTACAATESGCTTGGATGATGCTCCTGCTGGGACTCCTGGCTTATGGAAGT
GGAGTGGATAGCCAGGCCGTCGTCACACAGGAACCTAGCCTCACCGTTAGCCCTGGAGGA
ACAGTCACACTGACCTGTAGGAGCTCCACAGCGAGCTEGTGACAACAAGCAATTACGCTARC
TGGTTCCAGCAGAAGCCCGGTCAAGCCCCTAGAACCCTCATCGGCGGCACCAATARCAGA
GCTCCCGGAGTCCCCGCCAGGTTCTCCGGCTCCCTCCTGEGTGGCAAGGCTGCTCTGACA
CTCAGCGGTGCCCAGCCAGAGGATGAAGCGCGAGTACTACTGTGCACTGTGGTACAGCAAC
CATTGGGTTTTCGGAGGCGGAACAAAGTTAACCGTCCTCGGGCAGCCTAAGGCTGCTCCT

AGCGTCACACTGTTCCCCCCATCTAGCGAGGAGCTGCAGGCTAACAAGGCAACCCTCGTC
TGCCTGGTTAGCGACTTCTACCCTGGCGCTGTCACAGTGGCCTGGAAAGCTGACGGCTCC
CCTGTGAARAGTTGGCGTCGAAACCACARAGCCTTCTAAGCAGAGCAATAATAAATATGCC
GCAAGCTCCTACCTCTCCCTGACTCCTGAGCAGTCGAAAAGCCATAGGAGCTACTCCTGC
CGGGTCACACACGAAGGAAGCACAGTGGAAAAGACAGTCGCCCCTGCTGAGTGTAGCTGA

SEQ ID NO:26

52M51-L3 Light chain amino acid sequence (Putative signal sequence is underlined)
MSVPTMAWMMLLLGLLAYGSGVDSQAVVTQEPSLTVSPGGTVTLTCRSSTGAVITSNYAN
WFQQKPGQAPRTLIGGTNNRAPGVPARFSGSLLGGKAALTLSGAQPEDEAEYYCALWYSN
HWVFGGGTKLTVLGOPKAAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVIVAWKADGS
PVKVGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPRECS
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17. The anti body according to any one of clains 1-16, wherein the
non-1|igand bindi ng nmenbrane proxi mal region of the Notchl receptor
conprises SEQ ID NO 2. 18. The antibody according to any one of
clainms 1-17, wherein the antibody conprises a heavy chain CDRl
conprising RGYWE (SEQ I D NG 15), a heavy chain CDR2 conpri sing

QLL PGT GREHNYINREKG (SEQ | D NO  16), and a heavy chain CDR3 conpri sing

FDGNYGYYANMDY NO. . 17).. 19. Th t f. cl 18,
the ant é%‘aly-Lﬁ b}g{’qﬁ@?mwﬁb&if@%@ a9 a@ﬁ?ﬂ@%&%@ﬁg %Sl&ﬁﬂg“;ﬂ%"f‘aa e
RSSTGAVEF GivakMi SEQ LR YN 0AvaTOE BRITVE RaGTVICDIRR S 6 DB T TS NMAN

GTNNRAP ! [ j j, Si

P e S e e e M S R S S
one of UWEFGRSTELTIVLG wherein the anti body conprises a |ight chain CDR1l
conpri sing RSSTGAVTTSNYAN (SEQ I D NO 18), a light chain CDR2
conprising GINNRAP (SEQ I D NO 19), and a |light chain CDR3 conpri sing
ALWYSN @8O8 (SEQ D NO 20). 21. An isolated antibody that

speci fi galsh DLL?Lfﬁﬂﬁchﬁnﬁ vﬁlmnegflémn% mdrgdquzgcer{ﬁfmﬁ@n@nws@gﬁmr@aueﬁ&gI on
of an extracellular domain o erein the ant i_ body

huma

conpri ség‘f%s%éfé{’vWE%ﬂé"VﬁPW“E&#}%F'F%‘?‘F&SWF@Q(@E@ , a
heavy chrapgyGRRECeOuKns L NGSEAJPECEGRTN ANRKEIG(FEEQT KIXWNG 16), and/ or
a heavy chain CDR3 conprising FDANYGYYAMDY (SEQ ID NGO 17). 22. The
anti body of claim 21, wherein the antibody further conprises a |light
chai n CBEQIRdQ@Y si ng RSSTGAVITSNYAN (SEQ ID NG 1S), a light chain

(C::(?ri%r ?g% A’E{}\%éﬁ- ‘%ﬁ%gfrﬁéﬁ%mfgggﬁ%QUJ,&E&?E%(%h%(Q anti body

that spé ETANIGERAPRRI 1 egi on

of an e&bﬂ@ﬁﬁﬁrﬂb@cEAGi@@E@'rBGﬁAdMKQ@AMI@@CTTWGQImG@E@@AGGEOdy

conprises a |IC%ht chai n CDR1l
ACAGTCACACTGACCTGTAGCACCTCCACAGGAGCTGTGACAACARGCAATTACGCTAAC

TGGTATCACCAGACTCCCGGTCAAGCCCCTAGAACCCTCATCGGCGGCACCAATAACAGA

GCTCCCGGAGTCCCCGACAGGTTCTCCGGCTCCATCCTGGGAAATARAGCTGCTCTGACA
ATCACAGGTGCCCAGGCTGACGATGAAAGCGACTACTACTGTGCACTGTGGTACAGCAAC
CATTGGGTTTTCCGAGGCGGARCAARGTTAACCGTCCTCGGGCAGCCTAAGGCTGCTCCT
AGCGTCACACTGTTCCCCCCATCTAGCGAGGAGCTGCAGGCTAACAAGGCAACCCTCGTC
TGCCTGGTTAGCGACTTCTACCCTGGCGCTGTCACAGTGGCCTGGARAGCTGACGGCTCC
CCTGTGAAAGTTGGCGT CGARACCACAAAGCCTTCTAAGCAGAGCAATAATARATATGCC
GCAAGCTCCTACCTCTCCCTGACTCCTGAGCAGTGGAAAAGCCATAGCAGCTACTCCTGC
CGGGTCACACACGAAGGARGCACAGTGGAAAAGACAGTCGCCCCTGCTGAGTGTAGCTGA

SEQ ID NO:30

52M51-L4 Light chain amino acid sequence (Putative signal sequence is underlined)
MSVETMAWMMLLLGLLAYGSGVDSQTVVTQEPSFSVSPGGTVILTCRSSTGAVTTSNYAN
WYQQTPGQAPRTLIGGTNNRAPGVPDRFSGSILGNKAALTITGAQADDESDYYCALWYSN

HWVFGGETKLTVLGQPKAAPSVILFPPSSEELQANKATLVCLVSDEFYPGAVIVAWKADGS
PVKVGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAECS

SEQ ID NO:31
52M51-L4 Light chain variable region amino acid sequence (Putative signal sequence is underlined)
MSVPTMAWMMLLLGLLAYGSGVDSQTVVTQEPSFSVSPGGTVILTCRSSTCGAVTTSNYAN
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conpri sing RSSTGAVTTSNYAN (SEQ I D NO 18), a light chain CDR2
conprising GINNRAP(SEQ ID NO 19), and/or a light chain CDR3
conpri si ng ALMYSNHWFGGGTKL (SEQ I D NO 20). 24. An isolated anti body
that specifically binds a non-ligand bi ndi ng nenbrane proximal region
of an extracellular domain of human Notch I, wherein the antibody
conpr i s&¥LLTEEHARR ThEGYINNRAREVPIUIIRLESCORIRANITAGCRIADDASEYYGHPYSD NO 15) ,
a heavy \glabde @Ry .e0mpri si ng Q LPGTGRTNYNEKFKG (SEQ I D NGO 16), and
a heavy chain CDR3 conprising FDGNYGYYAMDY (SEQ ID NO 17); and/or
(b) a light chain CDRL conprising RSSTGAVTITSNYAN (SEQ I D NG 18), a

l'i ght c@@QqDﬁuﬁagconpr|S|ng GITNNRAP(SEQ I D NG 19), and a light chain
CDR3 rising ., ALMYSNHWFGGGTKL (SEQ | D NO 20 25. An isol ated

anti bod? Makt4 Fhaincugriphle 15RIRA amA0 AGH S9aPGRHYit “hEHtﬁt!fe sigtfbFegp@ce

pr oxi nmalsereghmrvigkrarsestdasavel t el sarreaomeny aaiybormspabet cidcTawher ei n

the anti j [ ' rising: (a)
a heavyRgﬁg%ﬁ%%%%f&E@%ﬁ??@?ﬁéx%é£%FEY%@E&S@Eﬁﬂéﬁ%%%%LigL vari ant

t hereof conprising 1, 2, 3, or 4 amno acid substitutions; (b) a
heavy chai n CDR2 conprising Q LPGTGRTNYNEKFKG (SEQ I D NO. 16), or a
variant thereof conmprising 1, 2, 3, or 4 amno acid substitutions;
and (c) a heavy chain CDR3 conprising FDGNYGYYAMDY (SEQ ID NGO 17), or
a variant thereof conmprising 1, 2, 3, or 4 amino acid substitutions.
26. The anti body of claim 25, wherein the antibody further conprises
a light chain variable region conprising: (a) a light chain CDRl
conpri sing RSSTGAVITSNYAN (SEQ I D NG 18), or a variant thereof
conprising 1, 2, 3, or 4 amino acid substitutions; (b) a light chain
CDR2 conprising GINNRAP(SEQ I D NO 19), or a variant thereof
conprising 1, 2, 3, or 4 amno acid substitutions; and/or (c) a |ight
chain CDR3 conprisi ng ALWYSNFI WWFGGGTKL (SEQ I D NO 20), or a variant
t hereof conprising 1, 2, 3, or 4 amino acid substitutions. 27. An

i sol ated anti body that specifically binds a non-Iligand binding
menbrane proximal region of an extracellular domain of human Notchl,
wherein the anti body conprises a |ight chain variable region
conprising: (a) a light chain CDRl conprisi ng RSSTGAVITSNYAN (SEQ I D
NO 18), or a variant thereof conprising 1, 2, 3, or 4 amno acid
substitutions; (b) a light chain CDR2 conprising GINNRAP(SEQ I D NO:
19), or a variant thereof conprising 1, 2, 3, or 4 amno acid
substitutions; and/or (c) a light chain CDR3 conpri sing
ALWYSNHW/FGGGTKL (SEQ I D NG 20), or a variant thereof conprising 1,
2, 3, or 4 amno acid substitutions.
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28. The anti body according to any one of clains 25-27, wherein the

am no acid substitutions are conservative am no acid substitutions.

29. An isol ated anti body which specifically binds to a non-1ligand

bi ndi ng nmenbrane proxi mal region of an extracellul ar donai n of human
Not ch!, wherein the anti body binds to the sane epitope within the
menbr ane proximal region as the epitope to which anti body 52Mp1l

pr oduce idoma cell line deposited as ATCC Patent Deposit
PTA- 940@*@%&85‘1\%51 h isolated anti body which specifically binds to
a non- | i gandnlkohakidngtitodyrtheespeifimbxbindsl to & egi-igandbinding wxmbrawsgironima region of

d i f h .90 .0f, hl 1 CD,
V\ﬁg?elnnot heuanfd@‘i)ad&bmal %#@?ﬁ%ﬁre&ﬁ&%ﬁ%%'turﬁﬁilro?gf.;t ed anti body

that conpetes with the ant i body accordl ng to any one of clainms 1-30

for specif %@mﬂb%&eﬁ h%vh@% thd g.aa&hyfgbeemcmg, m@.{w iR

region of ‘an extr domai n of hunan n i sol ated
anti body tiesbrasepiesimasregion pf @Wéva&ﬁliqladéwmaeﬁwfaftﬁge %démaw Ngt¢h regeptor.

clainms 1-30 TB9£nn%9(§Fdffcnaﬁnshl kel mrépthaamea)l ik gshgbhindl RgiAENbr ane
proxi mal region of "an extracel l ul ar domain of human Notchl in a

conpetitive binding assay. 33. An isolated antibody that conpetes
wi th antihodye 5&1&(5@ deerdifPRGh{ brie dpbiicHsN e, tvhertin ehenatibddiy gibits bdtingtion @f
menbr ane region of an extracellular domain of human Notch!.
34. An is °é“ﬂ‘id anti body that specifically binds to the non-ligand
bi ndi ng nenbrane proxinmal region of an extracellular domain of human

Not chl , enel h(? a%?&r@ ¥m gr{m)rf%l%ﬁ% ‘14, %et@itngﬁegé%)olggﬂh%itya&@g ‘ﬁth(lj' the

regi on having a uence entit 14 or

| D NO 24; nzndtoe p(daymazhrcgloght cha| n vari abl e regi on having at |east
90%sequence identity to SEQ 1D NG:'8, SEQ ID NG 28, or SEQ ID NO 32.
35. The ant.i body of claim 34, wherein the heavy chain vari abI e re%

has at | edsThosuibedipsendias fodeneied) C?@Séé@‘ﬂhﬁeﬂée apibady ks plervRRS

and/ or (b)S,thehlhlﬂghﬁmq,ﬁakgroy@{al @Bbg region has at |east 95% sequence
identity to SEQ 1D NGO 8, SEQ ID NO 28, or SEQ I D NO 32.

7. The antibody according to any one of claims 1-6, wherein the antibody inhibits release of the

intracellular domain (ICD) of Notchl.

8. The antibody according to any one of claims 1-7, wherein the antibody is an IgA, IgD, IgE, 1gG or
[gM antibody.

9. The antibody according to any one of claims 1-7, wherein the antibody is an IgG1 antibody.
10. The antibody according to any one of claims 1-7, wherein the antibody is an IgG2 antibody.

11. The antibody according to any one of claims 1-10, wherein the antibody is a monoclonal

antibody.
12. The antibody according to any one of claims 1-11, wherein the antibody is a chimeric antibedy.

13. The antibody according to any one of claims 1-12, wherein the antibody is a humanized antibody.
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36. An isol ated pol ypeptide conpri sing: (a) a pol ypeptide having
the am no acid sequence of SEQ ID NO 14 or SEQ ID NO 24; and/or (b)
a pol ypeptide having the am no acid sequence of SEQ ID NO 8, SEQ ID
NO 28, or SEQ ID NG 32. 37. The pol ypeptide of claim 36, wherein the
pol ypeptide is an anti body. 38. The pol ypeptide of claim 36, wherein
t he pol ypept mieantibogydesrdingtoRy yiRaipthae 1h2ywRgeit the aofPis @ Glidlan antibody.
sequence of SEQ ID NO 14 and a pol ypeptide having the am no acid
sequence of SEQ ID NO 8. 39. The pol ypeptide of claim 36, wherein

t he pol ypeht iTearcibodyracsedingtopoy yeptikide 1hidywhgeii the a@boiois at ifibody fragment.
sequence of SEQ ID NGO 24 and a pol ypeptide having the am no acid
sequence of SEQ ID NGO 28. 40. The pol ypeptide of claim 36, wherein

t he pol ypept iTieantibedyraceedngitopoy yeedtiade 1hiaywiegeit the activodyois aciodovalent
sequence o{mi@ﬁ ) | D NO 24 and a pol ypeptide having the amino acid
sequence 0 EQ I D NG 32.

17. The antibody according to any one of claims 1-16, wherein the non-ligand binding membrane

proximal region of the Notchl receptor comprises SEQ ID NO:2.

18. The antibody according to any one of claims 1-17, wherein the antibody comprises a heavy chain
CDR1 comprising RGYWIE (SEQ ID NO:13), a heavy chain CDR2 comprising
QILPGTGRTNYNEKFKG (SEQ ID NO:16), and a heavy chain CDR3 comprising
FDGNYGYYAMDY (SEQ ID NO:17).

19. The antibody of claim 18, wherein the antibody further comprises a light chain CDR1 comprising
RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2 comprising GTNNRAP(SEQ ID
NO:19), and a light chain CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20).

20. The antibody according to any one of claims 1-17, wherein the antibody comprises a light chain
CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2 comprising
GTNNRAP (SEQ ID NO:19), and a light chain CDR3 comprising ALWYSNHWVFGGGTKL (SEQ
[D NO:20).

21. An isolated antibody that specifically binds to a non-ligand binding membrane proximal region of
an extracellular domain of human Notchl, wherein the antibody comprises a heavy chain CDRI1
comprising RGYWIE (SEQ ID NO:15}, a heavy chain CDR2 comprising QILPGTGRTNYNEKFKG
(SEQ ID NO:16), and/or a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO:17).

22. The antibody of claim 21, wherein the antibody further comprises a light chain CDRI1 comprising
RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2 comprising GTNNRAP(SEQ ID

NO:19}, and/or a light chain CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20).

23. Anisolated antibody that specifically binds a non-ligand binding membrane proximal region of

an extracellular domain of human Notchl, wherein the antibody comprises a light chain CDRI1
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41. An antibody conprising the same heavy and |ight chain variable
regions as a pol ypepti de encoded by a plasm d on deposit as ATCC

Pat ent Deposit Designation PTA-9549. 42. An antibody produced by the
hybridonma cell |ine deposited on deposit as ATCC Patent Deposit

Desi gnati on PTA-9405. 43. An antibody that specifically binds human
Not chl CO@Bﬁﬁr&.ld@QﬁS’SWGAW@TWRNI(QﬁQ ob N E8), rﬁngBlﬁzhﬁlh cBm covhdrisizdn

o RO UL RS B R A2 oo

pol ypepti (dﬁc_@mmmz'.e) ng SEQ I D NO 8, SEQ ID NO 28 or SEQ I D NG 32. 45.
A pharmaceutical conposition conprising the antibody or pol ypeptide

according to any one of clains 1-44 and a pharnaceutically acceptable
carrier. 486. AAisphad amibedit the apecdioaphdsidsiaonn- bm@bmémmglemhr@mampmé@yg@rOf

ggld?lflegf_lla.lqig ex agﬁig:‘]@gnaﬁn oﬁﬂ%am&ckﬂf whtrBh BB altibodféonihdesat | east one
(a) a heavy chain CDRl cornprlsmg RGYWIE (SEQ ID NO:15), a heavy chain CDR2 comprising
QILPGTGRTNYNEKFKG (SEQ ID NO:16), and a heavy chain CDR3 comprising
FDGNYGYYAMDY (SEQ ID NO:17); and/or
(b) a light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2
comprising GTNNRAP(SEQ ID NO:19), and a light chain CDR3 comprising

ALWYSNHWVFGGGTKL (SEQ ID NO:20).

25. An isolated antibody that specifically binds a non-ligand binding membrane proximal region of
an extracellular domain of human Notchl, wherein the antibody comprises a heavy chain variable
region comprising: (a) a heavy chain CDR1 comprising RGYWIE (SEQ ID NO:15), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b) a heavy chain CDR2 comprising
QILPGTGRTNYNEKFKG (SEQ ID NO:16), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions; and (¢) a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO: 17),ora

variant thereof comprising 1, 2, 3, or 4 amino acid substitutions.

26. The antibody of claim 25, wherein the antibody further comprises a light chain variable region
comprising: (a) a light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO:18), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b) a light chain CDR2 comprising
GTNNRAP(SEQ ID NO:19), or a variant thereof comprising 1, 2, 3, or 4 amino acid substitutions;
and/or (c) a light chain CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20), or a variant

thereof comprising 1, 2, 3, or 4 amino acid substitutions.

27. An isolated antibody that specifically binds a non-ligand binding membrane proximal region of
an extracellular domain of human Notcht, wherein the antibody comprises a light chain variable
region comprising: (a) a light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO:18), ora
variant thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b) a light chain CDR2 comprising
GTNNRAP(SEQ ID NO:19), or a variant thereof comprising 1, 2, 3, or 4 amino acid substitutions;
and/or (c) a light chain CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20), or a variant

thereof comprising 1, 2, 3, or 4 amino acid substitutions.
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47. An isol ated pol ynucl eoti de nol ecul e conprising a pol ynucl eoti de
that encodes the anti body or polypeptide according to any one of
clains 1 -44. 48. An expression vector conprising the pol ynucl eotide
nol ecul e of claim47. 49. A host cell conprising the expression
vector of claim48. 50. A host cell conprising the pol ynucl eoti de
nol ecul e of claim47. 51. A hydridonma cell |line on deposit as ATEC
Pat ent De [ I gnati on PTA-9405. 52. A cell |ine praoducing the
ant i body gﬁggcs':(}lrh 8 ?‘ﬁ@"’%o“&?@n%f?@%f’“e& Slaipes 29-27qyhereinsthe aming gl siypsigptions are
i nhi bi ti ngcoasrvative amind ackotubtufutioms.a cel |, conprising contacting the
cell with the antibody or pol ypeptide according to any one of clains
1 -44,

29. An isolated antibody which specifically binds to a non-ligand binding membrane proximal region

of an extracellular domain of human Notch1, wherein the antibody binds to the same epitope within
the membrane proximal region as the epitope to which antibody 52M51 produced by the hybridoma
cell line deposited as ATCC Patent Deposit PTA-9405 binds.

30. An isolated antibody which specifically binds to a non-ligand binding membrane proximal region
of an extracellular domain of human Notch1 and inhibits formation of the Notch1 ICD, wherein the

antibody inhibits tumor growth.

31. An isolated antibody that competes with the antibody according to any one of claims 1-30 for
specific binding to the non-ligand binding membrane proximal region of an extracellular domain of
human Notchl. ’

32. An isolated antibody that competes with the antibody according to any one of claims 1-30 for
specific binding to a non-ligand binding membrane proximal region of an extracellular domain of

human Notchl in a competitive binding assay.

33. An isolated antibody that competes with antibody 52M51 for specific binding to the non-ligand

binding membrane proximal region of an extracellular domain of human Notchl.

34, An isolated antibody that specifically binds to the non-ligand binding membrane proximal region
of an extracellular domain of human Notch1, wherein the antibody comprises: (a) a heavy chain
variable region having at least 90% sequence identity to SEQ ID NO:14 or SEQ ID NO:24; and/or (b)
a light chain variable region having at least 90% sequence identity to SEQ ID NO:8, SEQ ID NO:28,
or SEQ ID NO:32. '

35. The antibody of claim 34, wherein the heavy chain variable region has at least 95% sequence
identity to SEQ ID NO:14 or SEQ ID NO:24; and/or (b) the light chain variable region has at least

95% sequence identity to SEQ ID NO:8, SEQ ID NO:28, or SEQ ID NQO:32.

36. An isolated polypeptide comprising:
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54. The nethod of claimb53, wherein the cell is a tunor cell. 55. A
met hod of inhibiting growth of a tunor in a subject, conprising

adm nistering to the subject a therapeutically effective anount of
the anti body or polypeptide according to any one of clains 1 -44.

56. A nethod of reducing tunorigenicity of a tunor that conprises
cancer stem celd)s pblppeptideltajyiag the amOwaLId SéquencaciiB( Kt DiiAgr SEQ INO:24;
subject a therapgutically effective anount of the anti body or

pol ypepti de ac&S¥Ying to any one of clainms 1 -44, wherein the
frequency or ngyagslypdptideneng tetaemoceldissupmge pASEQ NVO:8, SEQ da DR, PRSEQ
adnlnlstratlongg ﬂp anti body or polypeptide. 57. The nethod of
clainms 55 or ereln the tunor or tunor cell is selected fromthe
gr oup consistlng of a breast tunor, colorectal tunor, hepatic tunor,

renal t“"gs%h y&gﬁg}ms clmaermwlﬁhs Hﬁﬂfeghd@‘l’@in‘aﬂﬂbdd&'mr prostate

t unor, neck tunor. hod of treating cancer in a
subj ect conprising adm nistering to the subject a therapeutically

e]]: f e|Ct ive %WWQBolﬂzregﬁ&%f @IQH mqr)iergiﬁ Yok Mpﬁ%@i)dlyﬁ@nﬁ%a&mg tiRMenino
of clains -

hod of cl alm 58 rei.n the c r
el ected ficgnmuinse b pTLORAN ST hep et brusihe ALY seatiies Borg D O
cancer, hepatic cancer, kldney cancer, liver cancer, |lung cancer,
pancreatlc cancer tr0|nt nal .can :
Drost ate cHndgt PoEP R SLF B e epoop E dap A R g o ALY ino
head and ng@keqaitsef SEQ BINODHendepdigeiptafe haviyg tbtnemm agid sequmcse SESDIP

wherei n thg z?thod further conprises admnistering to the subject at
| east one d@tti onal anti-cancer/therapeutic agent.

40. The polypeptide of claim 36, wherein the polypeptide comprises a polypeptide having the amino
acid sequence of SEQ ID NO:24 and a polypeptide having the amino acid sequence of SEQ ID
NO:32.

41. An antibody comprising the same heavy and light chain variable regions as a polypeptide

encoded by a plasmid on deposit as ATCC Patent Deposit Designation PTA-9549.

42. An antibody produced by the hybridoma cell line deposited on deposit as ATCC Patent Deposit
Designation PTA-9405.

43, An antibody that specifically binds human Notch1 comprising the polypeptide of claims 36 or 37.
44. An antibody that specifically binds human Notch! comprising:
a polypeptide comprising SEQ ID NO:14 or SEQ ID NO:24; and

a polypeptide comprising SEQ 1D NO:8, SEQ ID NO:28 or SEQ ID NO:32.

45. A pharmaceutical composition comprising the antibody or polypeptide according to any one of

claims 1-44 and a pharmaceutically acceptable carrier.

46. A pharmaceutical composition comprising the antibody or polypeptide according to any one of

¢laims 1 - 44 and at least one additional anti-cancer agent.
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61. The nethod of claim 60, wherein the additional anti-cancer agent
I's selected fromthe group consisting of taxol, irinotecan,

genti tabi ne, and oxaliplaitin. 62. The method of claim 60, wherein
the anti-cancer agent is an additional antibody therapeutic. 63. The
met hod of claim 62, wherein the additional antibody therapeutic
conprises an antibody that specifically binds a second Notch
receptor. 64. The nmefhod of claim62, wherein the additiqna ,

anti body t4ﬁeﬁawi}mdé'olcxawv%golgml%ﬁwww RORACIOGEES ?‘ieE%ﬂdFVL%*}“HB‘?Y or
VEGF.  65.pollbeptideidiadingto sl ahdnfeBimsvhessei n t he additional anti body

t herapeutic conprises an anti body that specifically binds a Notch
receptor ligand. 66. The nethod of claim65, wherein the NOTCH
recept or l48gamndxpressiBh kebtor c@ifprisihlgéherpplyhadeotde odleduia B dSlainvéier ei n t he
NOTCH receptor ligand is JAG 1. 68. The nmethod according to any one

of claims 55 - 67, wherein the antibody is conjugated to a cytotoxic
noi ety. 49, A host cell comprising the expression vector of claim 48.

50. A host cell comprising the polynucleotide molecule of claim 47.
51. A hydridoma cel! line on deposit as ATCC Patent Deposit Designation PTA-9405.
52. A cell line producing the antibody according to any one of claims 1 - 44.

53. A method of inhibiting activity of Notchl in a cell, comprising contacting the cell with the

antibody or polypeptide according to any one of claims 1 - 44,
54, The method of claim 53, wherein the celi is a tumor cell.

55. A method of inhibiting growth of a tumor in a subject, comprising administering to the subject a

therapeutically effective amount of the antibody or polypeptide according to any one of claims 1 - 44,

56. A method of reducing tumorigenicity of a tumor that comprises cancer stem cells in a subject,
comprising administering to the subject a therapeutically effective amount of the antibody or
polypeptide according to any one of claims 1 - 44, wherein the frequency or number of cancer stem

cells in the tumor is reduced by administration of the antibody or polypeptide,
57. The method of claims 55 or 56, wherein the tumor or tumor cell is selected from the group
consisting of a breast tumor, colorectal tumor, hepatic tumor, renal tumor, lung tumor, pancreatic

turnor, ovarian tumor, prostate tumor, and head and neck tumor.

58. A method of treating cancer in a subject comprising administering to the subject a therapeutically

effective amount of the antibody or polypeptide according to any one of claims 1 - 44.
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69. The nethod according to any one of clainms 55 -68, wherein the
antibody is adm nistered with radiation therapy. 70. The net hod
according to any one of clains 55 -59, wherein the antibody is

adm ni stered with chenot her apy. 71. A nmethod of inhibiting growh
of a tunmor in a subject, the method conprising adm nistering to the

subj ect a shherepandd sTalalny s&Wheehiteacafidly Blectdd fidih taarolDebysistRgof a breast
speC|f|caI%§ biﬂds to a non-ligand bjndin qenbrane roxi mal_region

of an ext FEREEY FUMATIGGRAT ROPBYS T oRBL LRIt NFEPETh e S P RER P
activity qhstiNoitestijal cande?, meliremapivinda codce pabtan ¢dncerreviail rentdnblddderaandes

sel ected %égg%ﬁhe %Qﬁggjﬁéﬁa%§£&£9 of a breast tunor, col orectal
’ e ’

tumor, he unor, lung tunor, pancreatic tunor,
ovarian tunor, prostate tunor, and head and neck tunmor. 73. The

method accgr g ngedh glﬁ% R of d1ai¥s 5§ 259, WREHSIL hfod Y HeP Gl Scs Ao HiRRIng 1o

74. The nmet'hod accordi 0 any one ¢f cla | el n
ant i body itk sabjecint lagsderiesldidnaNenticohcer/thgrepeutitagentet hod accordi ng to any
one of clainms 71 -73, wherein the antibody is an 1gGL anti body.

61. The method of ¢laim 60, wherein the additional anti-cancer agent is selected from the group

consisting of taxol, irinotecan, gemeitabine, and oxaliplaitin.
62. The method of claim 60, wherein the anti-cancer agent is an additional antibody therapeutic.

63. The method of claim 62, wherein the additional antibody therapeutic comprises an antibody that

specifically binds a second Notch receptor.

64. The method of claim 62, wherein the additional antibody therapeutic comprises an antibody that
specifically binds VEGF.

65. The method of claim 62, wherein the additional antibody therapeutic comprises an antibody that

specifically binds a Notch receptor ligand.
66. The method of claim 65, wherein the NOTCH receptor ligand is DLLA4.
67. The method of claim 65, wherein the NOTCH receptor ligand is JAGI.

68. The method according to any one of claims 55 - 67, wherein the antibody is conjugated to a

cytotoxic moiety.

69. The method according to any one of claims 55 — 68, wherein the antibody is administered with

radiation therapy.

70. The method according to any one of claims 55 - 59, wherein the antibody is administered with

chemotherapy.
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76. The nmethod according to any one of clains 71 -74, wherein the
antibody is an 1g& antibody. 77. The nethod according to any one of
clains 71 - 76, wherein the antibody is a nonoclonal antibody. 78.
The net hod according to any one of clains 71 -77, wherein the
antibody is a chinmeric antibody. 79. The method according to any one
of clains ﬂlAm?eawdwhmh@itmgtgmtlacﬂtaitmayné@bﬁcthuuaaﬁihwebr@msin@@dmmste&cg to

The net hod, ac ordln ne I 71
Tt beay e R Attt icR B iR e Smody 8 afapuib Gatsaialy PatsiRg oisens
cl ai ms 71 bifBthg nwhidrage prokinal @pibh bixchyexiraeliutar dorhaib othunfan &gtk hiwhereBdindge

met hod accar.di n ne of the clainms 71 -81, wherein the
ant i body |q“%%ﬁ%36599§%¥g a cytotoxic agent.

72. The method of claim 71, wherein the tumor is selected from the group consisting of a breast
tumor, colorectal tumor, hepatic tumor, renal tumor, lung tumer, pancreatic tumor, ovarian tumer,
prostate tumor, and head and neck tumor.

73. The method according to claims 71 or 72, wherein the subject is a human.

74. The method according to any one of claims 71 - 73, wherein the antibody is an antagonist of
Notchl.

75. The method according to any one of claims 71 - 73, wherein the antibody is an IgG1 antibody.

76. The method according to any one of claims 71 - 74, wherein the antibody is an IgG2 antibody.

77. The method according to any one of claims 71 - 76, wherein the antibody is a monoclonal

antibody.

78. The method according to any one of claims 71 - 77, wherein the antibody is a chimeric antibody.

79. The method according to any one of claims 71 - 78, wherein the antibody is a humanized

antibody.

80. The method according to any one of claims 71 - 78, wherein the antibody is a human antibody.

81. The method according to any one of claims 71 - 80, wherein the antibody is an antibody

fragment.

82. The method according to any one of the claims 71 - 81, wherein the antibody is conjugated to a

cytotoxic agent.
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83. The nethod according to any one of the clains 71 - 82, which
further conprises admnistering at | east one additional therapeutic
agent appropriate for effecting conbination therapy. 84. A nethod of
reducing the tunorigenicity of a tunor that conprises cancer stem
cells by reducing the frequency or nunber of cancer stemcells in the
tunor, saigl maé hedtloLaoRbing tontgy 6 df@kiclangs 11hes2f wihieh fuither Boragtisef ddadistarirg at

amount  of Ig'ar;t &@tahdt?t?cgnxl tﬁerzla?i}eutlmnagénq Ia]gpsrol}nfgt% fc?ipetfrje&fn% ¥on%ina’?1lgxt1 ﬁqgrlapy.

84, A method of reducing the tumorigenicity of a tumor that comprises cancer stem cells by reducing
the frequency or number of cancer stem cells in the tumor, said method comprising contacting the

tumor with an effective amount of an antibody that inhibits the activity of Notchl.
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