11kJV2111-21.Vill,1-/ .ATORS AND METHODS OF USE CROSS REFERENCED
APPLI CATIONS [1] This application clainms priority to U S. Provi sional

Appl i cat iwo 28er11298. 61/ 444,614 fil ed, February 18, 2011ramdSPateni72é
Cooperation Treaty (PCT); No. PCT/US2011/ 050451, filed Septenber 2, 2011,
each of which is incorporated herein by reference in its entirety. SEQUENCE
LISTING [2] The insvamwapﬁ%é?ﬁ%%%ﬂr@ﬁﬁ?@%@ e Listing which has
been submitted in ASCI1 format_via EFS-Wb and i s hereby incorporated by
reference in its entiretyCROS) HERERENCER OBYLICATIO¥ed on January 26, 2012, is
named [3di4304RGs dpplicaABAl clanshiBReBAD (DY 1188vikiBnad ApBlicatibib&. Kb, GriA4lNYENTI ON

[3] This application generally relates to novel conpositions and net hods of
t hei r fiedFebrpapy B8, 8Rt] ang PateptGeapaggtion Teaw|(PeF hiNonBC PRY&10P bried ve

di sor deremafth M, EARIRVNRA s ESHELRE fGein! r8RRAOh iNBA@SLASI S thereof. In
a broad aspect, the present 1nvention relafes to the use O0f protein

tyrosi ne kinase 7 (PTK7) nodul ators, including anti-PTK7 anti bodi es and
fusion constructs, for the tre i sis or prophylaxis of

neopl asti c disorders. Particul SSTr %F%giesﬁgg’g enbodi ments of the present

i nvent[D@) pr dihedsstdnoappiib@ionsentains g GeduefREKAstimgarticht les bednoubmhied in ASCII

i nmunqgt her ap i treat t of malignancies conprisi.ngca tion in tunor
e S PR Ve b R B e R R B B e 5 R R A AR b

pr ogerrdated oagdhduadi X6f 20 1@nisinainked h1 230dPCERLX: amt 01163, 84%lyitarin size nor mal ongoi ng
processes that act in concert to support tissue growth during organogenesis
and cell replacenent and repair of nost tissues during the lifetinme of all
living organisnms. Differenti atiephoafge Dhvanirfeay at i on deci sions are often
contraolled by nunerous factors and signals that are bal anced.to naintain
cell o dechid BRiceRE eAe léféelé*F%ﬁ’loggtcﬂ‘i“é?S‘Wﬁ‘é‘f mpPed R BEIHE foct ur e | s
| ar gelpyeveRtind! fédtaE oPymERYAtIg he SRR ive Bistiders afMyRPiRdhalec@tise, t hat

regul ate cell division and tissue maturation. Accordi nglé, cel | i

pr ol i feRBEicbReBHasigherel dReibirad gpPer MITRFISTL SRR RIS IS8e HECUPEAFY for the
repl aGEEBRRL kiffse FAERRE nOdulA¥is NEc16&hs SntPPTE PhntBoG8E dhd HNSOESIR@LE KOk the

di sruption of cell proliferation and/or differentiation can result froma
nyr i adreatineni diagrasisian erapllylags of rpoplastierdiiorders. Hartipylaely preferredveaibaBigirativée of
vari o i i ' e i fmesBMbLeRMENt S,
enet 1 o B B B T R b S i S

prol i featatentof neadighacied corhpnisirg 4 wtliagian iirstunhios iniffatiegl cadk frespemyow di srupted it
can lead to various diseases or disorders including hyperproliferative

di sorders such as cancer. WD 2012/112943PCT/ US2012/ 025726 2 [5]
Conventional treatnents foBacesweuNn oxctHEdaveRBont her apy, radi ot her apy,

sur ger, i n’mgnot her a e. 0., ..0i ol ogical, response. nodi fier vacci nes or
tar get[@f‘]t her4p2 5’?‘{ %rgge“étf’f %gr%ﬁ??{gmag%ar{dhcgﬁggﬁl?ergé{)&l A° g P §8"&any cancers
are NQPhodeSSPMRSACYR coficertd suppbit Yissue RonB dirtng dgaogdnesio avbaellireplademieniteat ment s

| eaving few options for patients. For exanple, in s atients certain
cancerf@d EPAI B pog Lisveninring;t ett“ﬁ%lf)&lle%"d%% rg%m%gﬁ\?tgrgg i8id)e despite the

gener gholBérhBs devRias sre Ofters €dn@olarbyt Miefediis Efctord/Bide@tals.tha eResatinbg ton t he
type of cancer sone available treatnments, such as surgery, y not be

vi abl anadntpig cathfaadegisions md tisyeehiicriey SiprmpliistipF diecieahiEcy of care

t her apeuthiasd & &IPASpInAga6 hicrEMviSithenthl @Resahdt Rl \@111di6iek end 1REuePat | ent's
who have undergone previ ous treatnents and have subsequently relapsed. In
such ceaswetianheicraidingly, eelbpralpistatipe andedj{Terentéatian dommadi equryOTAn S Regessary

deteri ] 0B, [ t Ch; : i fest
themsef? I{/tgés{egfsaca ré?gﬁx{%\p@&@&% ecrgfs?% é@%@é&a@ég@ %@%ﬂgﬁ?ﬁplﬁﬁkgﬁﬁ;oﬁgves to be
i ncur aipdlferatidnt dndiog Hiffeteatiatidnavae rdselé frogragayriaddp fasteemvaluding rfot ¢ramgicatinosi s and
treat nent of er over th ts, overal LV rates for many solid
tumors earilgr OrV%%gllgnﬁig 9 OZ?’ %ré(fué S}éﬁ% n%ncagragélg’eth? %‘é% Yl(%e ?ﬂaﬁltfe%?e of existing

t her aphiewetviropmeme rpenatie napaons dbisvore combinati@nthereafih AVhnetrashaselularThus, it

remal %?olﬁ'ergtri]c?nl alng}-'og gif%e%nggt\{o%l ig Qistur re 0'1[* s%rnge%%v%%is%]p(%edol%a%%adttg %r"f‘c%ls %?séases

or disorders including hyperproliferative disorders such as cancer.



[6] One promising area of research involves the use of targeted
therapeutics to go after the tunorigenic "seed" cells that appear to

underl i e wanyixaesaérs. To that end nost solid tissues aPETSANIRORIMG t O
contain adult, tissue-resident stemcell popul ations generating the
differentiated cell types that conprise the majority of that tissue. Tunors
arising in these tissues simlarly consist of heterogeneous popul ati ons of

cells al ari.se.fromstemcells ut differ markedly in their overal
ool f SR o R o B P SRR T e R e ol TR P bBat s ed ¢ ot

t he majrmiiothedpyt(elaD biok@idabrekyvies odifiers tvaekimiok takgetddanphRbiidsgpat e, a
ninorit&g@cﬁulation of cancer cells (commonly known as. cancer stemcells or
CSC)  h&VBPipgfiong Ereqk i SAA Al fQorpany ARG TR eTesPosENs o BN yHeweBy edRabl i ng
an i nheic@rbnledfi®fal fr@itéidtd RAVIRGfeGARESHS tbr pMRRE, BH&&hhpEahls¥me biiRngaNCEr Stem
cell hypothesis proposes that there is a distinct subset of cells (i.e.

CSC) whTRiThraeehethiftiotent Bpyfstiens halrendgr Gemnonomponsigdespie digearra of

i ndef i it &vaRL{ o ERQWRIhe APHs. OMTo RS NG Bl MHRE ?@@M SnPQehesSliygLy imted
intheir replication capacity as a result of differentiation to tunor

pr ogeniredmeria|speh andgeyuprafdatviaple alternpidvesd hiamifagionl infiasens it fuatcadhtandardr
cells. [ I Lo ] i . C (al so
knoun s bARLEECHL pERNA P RACHIR oI 6 oY i ld aRE e (B

t radi t bedeadone henouhecapeus il mgentbseqoentlyadipseil.om spldcasérube p@edibstapafticer
standar d. 1Nl c. rapi to | r.fuel th row.h of refractory
tunDrs%%gg%%%ﬁggﬁﬁkﬁg%ﬁg&é% %nghﬁﬁ%yﬁ%pﬁéﬁagéswaﬁyﬁ |és$%8%9@“bancer stem
cel | s hawigesbéremsdlveplas ¢ afiaitelynggreoimtdisagsettine uhinguay poyesande inowableve

pot ent i of various neoplasia. Mreover, grow evi dence suggests that
Pat huag Dok LT e aPY Bt R s fh RGBT o e

t i ssueydaes bdenl sstiednraed fos manesdie tagets aivedesinal e dintingueegdl ting in
t he COE@iﬂU?US expansi.on of self-renemﬁg& cancer cells and tunor formation.
See geHEFElqty AN BT RPiRT O FfeVentIpiaRse. BRP D WE ARt Mc AN paihes Bempingp |
2007, EWlIBhgeld 8dBBbduoreacdfanwpb@ht th&apietcor porated herein in its entirety
by reference. Thus, the effectiveness of traditional, as well as nore

r ecent (408} get Q4° PIOBUIAGHE? HIEIFEIEE InvRhEs B st Alritnesiedh BERPFYLiss toe® abgr thpe

exi st epgRrRAdl e ®TRIIBRCH PO 1 BleHedMny CANER! Tehd: Snd N&d: s Bisc@Rak! e of
perpetuating the cancer even in face of these diverse treatnent nethods.
Huf f eBowknowrHgcapaiaRdylp issygiresdentyeie epll populationsencrgtng tho diffpreandedertiu et

al ., N B ReMbAEWShORYSrill STERY Ble 8TufAC 284 &%Q&Q)issﬁéscggmﬁzﬂ hGh des
incorporated herein in’its entirety by reference. Such observations are
conf i r hetgroganeeusepopdatiing bentls thaadlse drisy fiom stema dillsi o diffed lotkeitly mythaigent s to
subst apt.l AN ) i i |1 d tunors,
and o U e HRERE BB RR). S b G DLl B BARES. St nct no
as to howrtellsdiaye ghioikd abdiy to mnldfernss, astimsity populition pticangdryells (egrembnly
strategi for treati n sti.c di sorder. ave recogni.zed the jnportance
of o t e dain B8 DR 8 PRl RN Rl P ke ST e B sb n o

t unor geblies arathaent aehdrseisitiatig dapadity MVivrsipetifieallyoss iclxickt dtam o1l iypotEsis
recurrence o tastasi s ] eadin o .pajient.rel apse. [008]Efforts to

Govel ofoatientel et syt Buabylss APS gRab S b ki iBne GRRbruRRY T,

tradi t i@pphavietpgblabt in(din seTpe@kSal andd 6f @inBrafifig fBToY cdld FRdr& b1 litnie®r

speci nens .are i npl anted and ssaged exclusively in inmmunoconprom sed m ce.
I'n nunBrietisrepkse %al’éﬂtyﬁ‘staé?ﬁﬁiogélg@m%ﬁﬁnﬁ?ﬁ%% PEgrutosRells apf a
subpopulbaquentiyofo te@lihSly\WiftdiedtiRd Wnhsteeabi ity to generate heterogeneous
tunors and fuel their growmh indefinitely. As previously hypothesized, work
in NTXORbbel sIEEenEwiRfs 1 hasdeemeg mprgsmidptitesge (sl aatiems of tunor
cells e@p&@gung@agoe@c%@gm bd RorebUd i wrgﬁwnM%mémeﬁpaﬁicgg&,@ sherapy and
radi ation, potentially explaining the disparity between clihnical response
rat es wAdtioyardghys pegsisy pieslstangayd pg@rq clinigal Byrapias todhteNTH thogevth ¢fn CSC
resear ' [ I i ni ca
cval s oy ARy HATRR RomERARIRE, 36 i SBESHREARELRIRE

havi ngbenmplovated mppromotng tha mogratoecandrievasiee aotentmb bhstriass eoplgn.eMlpraongr ovi ng
patient survi rate i rogress, has been made, inherent technica

G 11+ o it Bhest B RS ol by B P RS R S BT S rao gl e ooy
tissue, along with a | ack of experinental platfornms to characterize CSC
identity and differentiation potential, pose major challenges. As such,
there remains a substantial need to selectively target cancer stemcells
and devel op di agnostic, prophylactic or therapeutic conpounds or nethods
that may be used in the treatnment, prevention and/or nmanagenent of
hyperproliferative disorders. WD 2012/112943PCT/ US2012/ 025726 4 SUMVARY OF
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[11] In selected enbodi nents conpati bl e PTK7 nodul ators may conprise an
anti body having a light chain variable region and a heavy chain vari abl e
regi on whwoenre/gad4d | i ght chain WD 2012/ 112943PCT/ US20P2rAR2M262% 2t ar i abl e
regi on conprises an am no acid sequence having at |east 60%identity to an
am no acid sequence selected fromthesgroup consisting of am no acid
sequences as set forth in SEQID NO 20, SEQID NO 22, SEQ ID NO 24, SEQ
ID NO 26, SEQ ID NO 28, SEQID NO 32,. SEQ ID NO 34, SEQ
| D NO "%gn! %Se% e AR stegpeel 1@@@6‘?{% abalteg%% Fgcr\esula% ingpESOPEIYE 44, SEQ

I D NO efansi®b6d sb@r&@&vn@&an&@ﬂs@n“@m&@omﬁ&@ | de eherHE, Al dty NOv4,54, SEQ
I D NO 56 and wherein sai heavy chain

var | abPRIPaETGH Cotfor DUt il a0 MAYcl S5 Brkcih Hashirly > icorRgetd 565

I dent i {ryirt QeiREy By FeRPerE] ﬂleeﬂye@&eveﬁehs&q&ﬁ@mﬁa@ Ms &R o9 mweeaﬂe Z%Eédng of
am no acid sequences as set forth in SEQ ID NGO 21, SEQ I

NO  25ireasmpentnpytds, Iy appemaily bpepdimited by dR@xispngandsr emsegnqemf NOiStag8, SEQ | D
% igcangggehghmqfre g‘a?ab@ﬁ%ér t%ng49’ca]§5%dep A\ch éf]thes§§98159tr%eﬁg 3 Sgg Ql PD
NO 55me$Ed§ |HifNial. BRyro BB @) pubnalof Cager ‘baqdl2%@9f7llf5200@) argllZhou[et @], Nafurg our se,
invie [ d l. dily
dent 15 e DR BRI SbAEH TR, HIRST n it Pl el Re i SO 7
chain w&rﬁra:bl éucrheljxs@mzsxoamtemere‘xrtrhdbetHEDE?ssmtt@t Gmglh[}e(ﬁrtradmofl:aldﬁbmlahg

chineric ies w thout undue

exper i ﬁ%e’“isq? i a”%@y SUEH>® P%‘eéte “”“{ 28}}1 gﬁ‘ﬂ%ﬁ%‘? Sf)‘ﬁ‘it“B‘r"éss &t PioNgR e on i s
di rect ed/eto@defaPTdéVeaang yb@ﬂmgsmaommem&mmgg eme h@w t0moe gtddRsedur o a

vari abl e reglon se f ﬁa ﬁB. Ing1 Cgﬁrred
enbodi MERPES &M gh rlg oEﬁC%%t SWF%‘“cBHS‘F%“E%“‘F&?F?&E? %‘ﬁ%{ RATYICOEER in

even M@r@ﬁ@f&enmmaﬁgﬂ@qﬂm@t ﬁlemlhg om@i’ﬁmr%eh@mfeieﬁmm@lﬁnw afted or
hunmani zed anti bodi es. di.scussed. 1 n nore tail below still other

enbodi RERtILAtRE IC?“SCSBﬁf)Fq e nidhe B PHOUPdUMRTRT AT BHHESFEIRES with one
or nor gacfeMtelapkl ¢ agents. [13] Accordingly, in other enbodinents the
instant invention will conprise a humani zed PTK7 nodul ator selected from
the grB93) conEffets Rglewslomch syategiqidaps PAorPoraicd reegntariik HSEInBgionst i | | ot her
enbodi G@d?&oﬁmﬁ{&mglaﬁwmimb@el@ wWRtKTh ,ma%y AluBin CAARIhGHs P&nﬁedwf@im Fald
anti body wherei n said humani Zed anti body conprises a I1ght chal rﬁ) vari abl e
r egi ona@mssagmvvswﬁa|nnmvwnoa@neromesgd mwﬁen@nwowaacqrs Yybk teelsgues var i abl e

re_g| ONc eSS Abe @ifq (g)glaﬂo§8%ﬁ§'9/ﬁh BRVn e @bili yetgggnefaq‘a/ ﬂét{gg&tn%&é to an
am no acl sequence se EC€ romthe group consistin am no- acl
sequente®ramddet tlfeargrtbvvt_hnncgﬁngtdlfb AQpre@ipys! BEQ@oHEs NG, werk mSERX mbdélknas66 and
SEQ | D (N?T g(?thgtqgen\{\{%g& gsd sﬁlg’)t 91113&%%&@@%:86 T/st%fzygeaapl %rerrg o & &%Bfk' oS an

am no aci sequence avin an am no  acl &sequence
sel ectw@uﬁens)mchhecmrmmrmmsd stdianign, qﬁ)teamllycnxalalmhgsmﬂdnepm]e;sbem\se@e:ﬂmlfcﬂrt h in

SEQ I D NO 63 SE 14] As
previ olfi8FYP°S R 83&V3r%1r1sé‘rvé‘é%e@frg‘% efnﬁgofnﬁ %mmﬁ’%ﬂ‘b‘rﬂl ref‘-’r%c %xpect ed
associ gliked adindehkitalphbiygeep tiud @scivethartignetinicsite Augiednl o druEfwﬁdldzltﬁ thgrtain
ot her enbodi e & the ventl on. will rise a PTKY rmdulglt or that reduces
t he f r ]@dh%ﬁ (g# f ?.ﬁi[BIFSéiaIVH]é aélézp(l)rslg%b% IQl’l tl‘mr recurrence and metastasis

2012/ 1heRpp B@Ebwﬁgpal%os%%?a@ rfde sA.OMRi ¥ 56 dréds @ bek B nAdS illieRGE tecHi®f er abl y the
reduction 1n frequency will be determined using in vitro or_in vivo

i miti %ﬁ%‘itleaﬁfiseﬁat%wt{}§f“§ﬂm$ Arim AR and/ar sHnegrafi fER tisgl. daotitheliesokuch
anal ySéﬁeﬁﬁk{ntg’lﬁ)laﬁmkjf%)tc%gra&@ﬂli&gCS(f]ld\th? ahd mﬁn'eﬂigati@h bbeh@ RoahY;e! S
conprising transplant of live human tuhor cells into immnoconprom sed
m ce. Wallengaat Avaich, therp gemaing asubgiandial need srselspdyolsiargeeapcdssteaioissiatded usi ng
|n V|t eposition
| VARl Dl te Hronkh LA AR ERTRUN B hellol b Sk BNEDE 0
eltherU@aseﬁlﬂhenamam@érSmnaah@uMémwwnWEh&qmaﬂﬂm@ﬁ@at|on of the reduction
in frequency will preferably conprise the use of Poisson distribution
statistics to provide an accurate accounting. It will be appreciated that,
whi | e such quantification nethods are preferred, other, |ess |abor
i ntensi ve net hodol ogy such as flow cytonetry or inmunohi stochem stry may
al so be used to provide the desired val ues and, accordingly, are expressly
contenpl ated as being within the scope of the instant invention. In such
cases the reduction in frequency may be determ ned using flow cytonetric
anal ysi s or i munohi stochem cal detection of tunor cell surface nmarkers
known to enrich for tunor initiating cells. [15] As such, in another
preferred enbodi nent of the instant invention conprises a nethod of
treatlng a PTK? a5500|ated dlsorder conpr|5|ng adnlnlsterlng a

T . B Y T o o Y . v o o . - I 1



[16] In this regard it will be appreciated that the present invention is
based, at |least in part, upon the discovery that PTK7 inmunogens are

associ at edowntdnieuaor perpetuating cells (i.e., cancer eCc&mse@klozy72¢ hat are
involved in the etiology of various neoplasia. Mre specifically, the

i nstant application unexpectedly denogstrates that the adm nistration of
various exenplary PTK7 nodul ators can nedi ate, reduce, depl ete i nhibit or
elimnate tunorigenic signaljng by tunmor initiating cells (i.e., reduce the
frequency of tumor initiati n%UI@DéPI!%?FT%I%V%N@H%ed si gnal i ng, whet her by

depl et {009] nedThésalah@ athebjecti @RBUEd providecEfol by m@bfe@é'ht 1ri’v€1}iﬂdi&9ﬂﬁmrﬂgbr@£d
silencing of the tunor initiating cells or nodi fy l%tum)r cel |
t

mor phoPEgy {Eregted 19 lﬁeaeedccarweﬁisemm%rteﬁs a%.aerréﬁsef gra GUgi that gy pgr n

al | ows yfefin thh@ciRicht BTTRGtkMBialcl @RbARAL e 8f hiPEKf oS RAG @E&G’ergbﬁ&() &R by
inhibiting tunori genesl s, tunor mal nt enance, expansi on and/ or astasis
and r edispiflgnsk elo thitenyl, UBeRFWaSINYHER PV KRERRELIER NH¥98IaF Sinassry (wr PRK®ancer
stem c@oheatorshﬁzrteff&awe\ylt g&qenm%ﬁs fw can%er QBT I‘h% b@g&h\{fﬁ'@zﬁ

angl ogenesl s, ra i on of endot hel i al [ s and Specli eve oprrenta

si gnal pfﬁgn@aeféerdre§r0rmewd¢a/\aeetbeemalugrenplctso Pcsrmﬁ@erdesrssed(m neore dapyit hmrgnal i ng
pat hwa I PTK?
ocul ot e EHE T LANAR SRy bt B Tl AE bRl PRV S BRNE,,

nor e t hans@imee w'elmhmrsmré pf the $armeu Moreo WA iR Ok @UrlchPHd BROTY thiS2ARe O PTK26 7

provi anioRduBRiay GG AR sPRPo T Kb 8B P s e e mbodh ment
galy t akgeraky amltlagelsﬁfmaictidaewmexl P 7agolypepédenalge @ea(ot ﬁﬁgnm;?_t thetebf) ibd mmﬁa@s}-r?bt 0
appr ool AT Re B BEL (EAR A R P EEEO Dy PR BUPEFEL ar
nmechanpshwefs. abis, o udd dealehBd preRaONPaEsSe s deheally drdied $@isolhtet PEKdi scl osed
nodul ators to treat PTK7 ass cr at eggéjr sorders (i ncluding various

neopl a8iP&ylaCrS[ARGHSCHAGEC! &enré ried g ’SmeII’é“IVﬁE‘EOéHﬁ “‘IOFvae"htItu’ﬁlyéli(ﬁ‘It?ﬂt t he

abi |'i ty ieflatthPTRY SolAsEE BRPHLAE MiHolies @et @itbodded thatkdkusBpre RRGPGIBNI C
survival pat hvvags whi | e simul taneousl | enci nﬁ{tum)r initiating cells.

Such nbingireact vith ar precrateyih pEEdf aneie @rm Oflﬂ:ﬁ@”a OEPOR 8t HCUNEY prove to be
parti cmterslvmye;efoecgrcmndr&nerbryﬁepbé he@ AR RAL brodrlmxuemafﬁ&&&r@ﬁﬂnmseﬁ@r&
anti-cancer agents or debul ki ng agents. Accordingly preferred enbodi nents
of t hethe REapAYiaxip.riagnesioe teatmsnt efereldpiabve digordirscl osed nmodul ators as

anti - ngjigpt at rncsegeeakﬁrbwﬁler@bm@ MR Rn! Pﬁ&ﬁ%d&%k%y%mgﬂkéd Ph%
treatnments. tion, two or nore ant agoni st's ant 1 bodi es that
speci f p(dmelpyddﬂrrfmgtnentﬁ ST, §ahfet1ealepvlta&9fé €xman [BTKB) aspayatdsewitisestieri n

b )
com! LA, 0, RESIHITES DA URR TGRS AL B £ Bl 2
i nvent sedmtedaylbb@nmsted’TKﬁ ngodobmjrugay ecdnmrse FhES rapﬂagraﬂﬁﬂwlsltha,tfer tadplyrposes

option as a sen ent in tion wt vari.ety chem cal
or bi o?g&é%/%%tfm aﬁPhca ané il beq’éﬁjtqg mean 4 Coﬂﬁtéugf?fi CﬁgI"?“%ﬂB%ﬁ%crpg]b’Feesf erred
enbodi ctmrli}iete@fmtfei‘hetsj mﬁdsamrassbﬂwemvitb RTEOp haealigs reittiotspfeds@nselsitzbd)g a
tunmor in a su or treagtnment w.th nanr-c cer agent. co sing the
Step ofeParT GRGL fefoatet By Bt Phogplen S reBlhp aett TrngR Bhboai ment <
conpr i pefedredehblim6its the IR MHdIRIASH B Histh@l ih@wititedn@Ré BRNPTRPNPI | Si ng
adm ni stering a PTK7 nodul ator to a subject in need thereof. In a

par t i cHIUPHIGS: B %rgerernec?réerpeer%drerrcﬁethrtﬁ@éwreérroqure v o uAe LSRG i | |

speci f hgahlid, feB884! dectddsed dépRd! Gl d a8 el flintiMilm e grilrhrh Allin{18a € O I)thémgr,q@fney is as
determned using in vitro or in vivo limting dilution anal ysis. [20] More
gener alh gbif et dymerdnis pgdic HeiotPsonsgate. meaintaip ss¥Ppish POBfApHe Sreotheryise irsdl itee

(1 eat | fg s RTkkeARSRE kAt S BAR ollids 51 I rising
t he stepsory adrﬁcnr sterrrgér?g 3 PTK rmeclual gt (S)r togl?%mcgl A aﬁl@lﬂm}p@rtﬁgﬁl arly
pr ef er ¢relebdémndytrdtherenttbedicher 1Pfﬂmﬂomwb atagments ay beasaecsai@i witleor c(oerugated to

conj ug (g yet ot her enbodi ments the PTKY
nodul a Sft’qv)‘ﬂ \I%&ll?ln(%g?eﬁgéf%née %dl 1% ‘%Q&Q gllstgcr ation or binding with the PTKY
on or [édr thhk $l§wdeacxebmﬁmt:rhecmmtahbbﬂ?ﬁ“ﬂ@umeiuldtdremlaen@ﬁpmseah agtgpdet s of the
instant inv i_ncludi ng a drsr tion f sr Lin t s and

col | at &P41 ab@nle('f ajngvarighle T anﬁr 8589 \/\E Piréarbetli%lo W%f@&%afdﬂrgEWI%sue

exhi bits el evated IeveI s of PTK7 or reduced or depressed | evels of PTK7 as
conpared with normal adjacent tissue. 8 [21] In yet another aspect the
present invention will conprise a nethod of treating a subject suffering
from neopl astic di sorder conprising the step of adm nistering a
therapeutically effective amount of at |east one internalizing PTK7

modul at or . Pr ef erred enbodr rrents vvr I I corrprr se the adm ni stration of

- = = oy T 1 R T o,



[23] In yet another enbodi nent the present invention provides nethods of
mai nt enance t herapy wherein the disclosed effectors or nodul ators are

adm ni st ewedorviae94d period of tine follow ng an initial pprasedangste. g. ,
chenot herapeutic, radiation or surgery) designed to renpbve at |east a
portion of the tunor mass. Such therageutic regi nens may be adm ni stered
over a period of weeks, a period of nonths or even a period of years
wherein the PTKY? nDduIators may act prophylactically to inhibit nmetastasis
and/ or Y{PSTCFIBL EYPRERER 4TS &t d8ﬂH@£ g%ﬁéﬁﬂﬁ%ﬁﬁﬁ)Tﬁﬁmﬂygthgﬁﬂoﬁ%@ulators

may besa@idissibdat @@ln ltm; ﬁ&f}b&%hilsthtolﬂ aﬂﬁﬂ@%d@@@éh&@s AYsel ﬂﬁihrIE BEQUD Napevent or
retard netastasis mai nt en recu It will further

be appPecital BN P4t WW?QHEQIIQ%@Sz%TSEQHP N@is?cgaﬁ QlI VEXtI0oREREY b

fabri cajed2 &) ﬁﬁN@C@@dsEQ)IU ﬁ@c% \ME@IDaNél fglse M@f 40 stoRbo, §Eée' ect
few isoforns (I H?r%ow H%NﬁT ice variants) rotein or,

conver S&PNy: 4(’13%)5% A 4@ SAEQ) & SRS MPo?0, tsﬁé?tIDrl‘é@c % SBR IRNQcIat es

Wi th SQAB IBrN@'l §6 Eﬂ_éﬁ) g Séb‘ IHBNO R Fan Whr ﬂTJaYd }Qgé\}nc}faﬁxe\g&'ag Eed) Mor e
specifically, as disc ose herein preferre ators 'such as anti bodi es
may beregm@loalpeets andmgwel agiitsegheses amag at leay 6@‘@a@intlw tD ln doimgiansl stquancear e

exhi bi C ) or
wth | 5 R RS EE BEM AL I e Bencclhy SPRRL Ul SIS ST B
This i BIQS RgriHQ aNO: 0 tSEQ BsNOcR7, SEQ IDeNON2Y, 860 IDI'N@ﬂ’ill SBEQIID N3, SEQt ain

{ner apBat e St arsR I s b R3S SR el AT SEEAR AT SRBRAO DR Goni ¢

cel | fBEQUPNY: ANSKEQIDARI40t $BQ IDNG 3N SEQIDANMD c53, BEQIPWNGtI508EQ ID NeD]

Accor di i n.a.sel odi ment the invention conprises a pan-PTK?

nndula%ggﬁxzﬂﬂgph igéégggﬁgﬁﬂodinents t he invention conprises a PTK7

modul ataap] t hat)fbmnmes\a@c bf ihe alstayt ass@aieah®s SPMIéJ]anﬁEearpéou[m%ﬂl@midnﬁgf

variants or isofornms. Preferably the sgllce vari ants na& be selected from
8

the gr GDBSapneine il cagh qfé@raé?rﬁmamqn% Vit ligh effadt Yarigblg pegions gpdrsh d. 1 n

yet ot hgte EPROW MBMES ok RBriPAESIBRkrid, Wﬁﬂﬁlk&rbr@ﬂpgﬂaﬁ@éarﬁb%&m%o%f u&dh@at i ng
a subject in need thereof conprising adm nistering a therapeuti cal Kg
nprise

ef f ect FXPSTIBRHIAHAN GFS sycth dhseieriet epbeadimgnts the pﬁ@ﬁlﬂﬁlﬂ@ﬂh@wsém Hepi-$T
a net h%lb@ﬁle§ (’fd?@p;rfsﬂl oﬁe §H9br%@DRsrfrd?l?QQaﬁa@%rr@Qg%§eﬁll ck §ét@ﬁ(gf1qm1@ A & ing a

9 therapeuti cal ¥ fective anmount of a PTKY at or .

i munoEKe&Bf ile plcfoyred smbedimerts syohtantikndies ovill pomprise siohoslomal aftbéiEBayloind t he

t her ap i M '

ol o rd ey PRl SEUERACERAY Cghistblihe . S B AR SRS, e

di sor dés disanetd ih mopadetdilchelar stilhyte embodimeats atill vangmtiss @mcﬁi@msbodhem sone

enbodl mnistered to the subject and detected
&$§} ghpﬁmggﬁ%&ﬁ%hoggq%Pﬂnﬁgq?mxmag%e art will appreciate that such

nDduIaHth naychemhgpehedmomnasmnmuamedmmmtmemmkemmcmmmﬁephnmaﬁ&ﬂas

disclo bel tect usi n an a

bornt PERL RRUMHOR Racfea R 58 b s De AR n S TEE bl aPhaN G ehe.

enbodi Swnbihet dibodimedRtarOdiredicti o £PTRY hdeularorededingfa thagResiMi@odydet ecti ng
PTK7 assocj i er in vivo in a subject in need

or noni or| n at ed di sqj

t her eof ‘88%?‘?2‘?’%“‘?%“&?@’6 CBF’PH%ag1gg‘t%‘F‘i“rY@”ébIW@?mﬁB EP%‘%VbSFhaIT028] I n

ot her {fipbRAEASH WhaeiRaHlightQhsin VENabREre SR dorhprisdfar nivb hei@ scjud@RBatihe
setting using art- recognized procedures. As such, a preferred enbodi ment

conpr i ¥EE5qreidepidy ot anfimign A PROIUENCRyPestssh fEm fhereatuprenditgg pliaininpacid subj ect

in geegébha@ésezefsetqempm SEQD NGE 6SIERFIPNO: 84, sH0J B RbNGs shdldExsHENeAEP! € from
sai subj ect
and wherein said heavy chain variable region comprises an amino acid sequence having at least

60% identity to an amino acid sequence selected from the group consisting of amino acid sequences
as set forth in SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67 and SEQ ID NO: 69.

[014] As previously indicated one aspect of the invention comprises the unexpected
association of PTK7 polypeptides with cancer stem cells. Thus, in certain other embodiments the

invention will comprise a PTK7 modulator that reduces the frequency of tumor initiating cells upon



b. contacting the tissue sanple with at | east one PTK7 nodul ator; and c.
detecting or quantifying the PTK7 nodul at or associated with the sanple.

[ 029] Suchwoebtrdgossay be easily discerned in conjuncti oRCRUsShoRles7TROSt ant
application and nay be readily perfornmed using generally avail able

commer ci al technol ogy such as automatizc plate readers, dedicated reporter
systens, etc. In selected enbodi nents the PTK7 nodul ator will be associ ated

wi th tupor. per etuatln ell resent esanple In ot her preferred

erbodi PP tRaPEE é‘%ﬁj’&ﬁféﬁf‘?df‘%%gngf?@}ﬁnw Wil Reglsisrnwed wipguétq on of
tunor bk bidlin@ne@lvkioh ARUHAN Y paReh ARt Bekir@leh R BGs suMPARAN R mayldem ti NG
di lution anal ysis may be conducted as previously alluded to above and wl |

pr ef er &BIyCEhpTRA e ligddngtilupep awbisraprisipatatsplastAive byean wBoptedvi de an

accur alyg AGRMHBSHAGMASd hcet PeFRAUGY, 'tﬁ@ln@ﬁmé H%%ﬁ@ﬁMysn[ 19%0134 &)nau&édm lar
vein the pr esent invention also pr ovid s that are useful 1n

di agnodiieg andradmiting dilwipnenalpfKoragisoeilmises diusion d@osltlgm@ﬁll\@shumn@emm To
this emlsn,nslrp\mgg@ag Oyr &gﬁ SMih gbnﬂftf%tiéarﬁ%ktﬂer‘%ﬁs‘%v{gg%alfs% anddiflod opf

manuf act ure use SI ng or treatin associ at ed di sorders
conpr i giangficativn obht afclluethmonﬁrqwqgwal pﬁ’ﬁ'ﬂ(rﬁbhwduﬂpasme asechf iPpissonuidstiitotiah

mat er i uI ea L.agn e PTKY7
associ g%ésgfcgtlroéjg@é&e}% a?%@iﬁwuﬁ%% a‘&@r e&gperr%%ata&t {ﬁtw gule ﬁ e 1nl\(}zéur?tnl on al so
expl oi methhés pe pértei ashafledstebodinskekios extthivda ugyaduoh ss sy a)nomﬂsyt srument usef ul
for identifyi i.sol ati sectionin r enrichin tlons or
subpoptihiioBi PR EGar M bdGE kel B RMst SR vRR Eaek S °F 1 ow

cyt onetxprasigrahty@plated bt boanestiEn e saciel of @teaakstae idvesnt Tngich EACSheor | aser
medi ate sectlgnl n V\Qﬁé%l /11%943P / US2012/ 025f726 10 {1 % As such,

anot hef*Iprtepés %%68%6‘&‘ ferginet Hang Rt SHPMPRG aMYSror @ myneliipdgmicd! a

met hoddaécubdamum‘oytalgs,urfh&qh@kmgmova%tehmn fagwdior BiMidtialtAE. @ popul ation of
tunmor initiating cells conprising the s tF of contacting said tunor

ini tiatdlny cefssudh bypngthermrete W%ftwboﬂda?emo té%]nSfFﬂ@nY%lP@@eﬁ%lSFSsa we@pdmar y

and t hysrGamnt APTR7 alYcites @’§§rﬁ&1§bom§h£‘fﬁé hamlﬁﬁtemgg megl%eﬁrc@lhy @f?éch%o@fld
om ssions_of detail; consequently, those skil he art will appreciate

that t pler BUrrpgulater ojasylieqtan nege tisagoj whengby the rﬁl@ﬁuqnﬁx @ﬁﬂa@al mwab@g fols #ny way
lim ti pgycet bt%'ferﬁﬁ?ﬁﬁtPstﬁa?%t:H[e@%&so?d@pc&%ﬁgg z?r%ﬁlﬁgtt t&le%&?(:ges Eﬁﬁs% her ei n

conposi tions and/or devices and/or other subject
will b@ém’mnazmhamémr inifatingeell &aeusneigsillpeefefablyttih daiermeined ustirggn sy i s

provid el ection of concepts in a sinplified formthat are
furtherﬁgoolfeugéztf g&g”\% Sl?n the Detailed Description. This summary is not

i nt endgdo6l o [ Uethmlrégmd(le;mlf eadppressitedrthat §eepmdseiatlinfeeadruis @ssedfat tehe i pai, med

zggjp :Clt(lﬁo c?lsciover:]rorlgxt %% 111'11?15%%%?9&1% QSSQCIateé qh %mo?‘?)erpetuat&n% ceﬁs F Lmning the
cancer stem cells) that are mvolved in the etiology of various neoplasia. More specifically, the
instant application unexpectedly demonstrates that the administration of various exemplary PTK7
modulators can mediate, reduce, deplete, inhibit or eliminate tumorigenic signaling by tumor
initiating cells (i.e., reduce the frequency of tumor initiating cells). This reduced signaling, whether
by depletion, neutralization, reduction, elimination, reprogramming or silencing of the tumor
initiating cells or by modifying tumor cell morphology (e.g., induced differentiation, niche
disruption), in turn allows for the more effective treatment of PTK7 associated disorders by
inhibiting tumorigenesis, tumor maintenance, expansion and/or metastasis and recurrence.
[017] Besides the aforementioned association with cancer stem cells, there is evidence that
PTK7 isoforms may be involved in angiogenesis, migration of endothelial cells and specific
developmental signaling cascades that have been tied to oncogenesis (i.e., Wnt signaling

pathways). Intervention in such cellular interactions, using the novel PTK7 modulators described

herein, may thereby ameliorate or treat a disorder by more than one mechanism (i.e., tumor



BRI EF DESCRI PTION OF THE FIGURES [34] FIGS. | A - 1C depict, respectively,
the nucl eic acid sequence encodi ng human PTK7 (SEQ ID NO 1), the am no

aci d sequeocerofizan exenpl ary human PTK7 variant (SEQ | PCR@S2@p/0237d6 FI G 1C
depicts the aligned and notated sequences of four representative isoforns
of PTK7 (SEQ I D NOS: 3-6) wherein theyunderlined sectionin FIG [A
represents "PTK7-1 open reading franme, the underlined sectionin FIG | B
denot es  .an ext el lul ar domain of PTK7 as defined herein and FIG 1C shows
a prot Bif{tge F?j(fﬁé i0p Ang GRHPYPRARRACER S HBInARY sieadmgt ipPrefide addithefan  PTK?

prot ei E},'néi%lsh@Bﬂé&ﬁcbtlllrbtlﬁé?%re@&@ e%b&%ﬁ@ ndly (NEBhvdnRebeinn c@ﬁ@eﬁ"ss' ons:
isoforma = NP 002812, isoformb = NP_690619; isoformc = NP_690620;

i sof or itenakizaengd ogbsyfaghBFIET te delivgr apmdulatar msdiagidgatisarssr agsal rimhilsr

pepti dRgard i(XPde %kmateﬁ'ﬁg—eﬁéﬁgsent ﬁ‘R’%th%@SVI%)ﬁglte@% Ay pak it uPRiectrhishs
respectively. [3 Is a graphical rep resen¥at| on depicting the gene
expr es8fi asHon by edtBereheqniayseh Hierad eiat efdhq dI)Cl%ﬁndi miodulptorsrio treg & K/remratbd( +)
mce a anscri pt ome sequenci ng of highly enriched

t unor %rs%g%?ﬁ@?d‘g%bi}g’ %%gﬁgiumr per petuating cell (TPC) and

nont unt$¥Bheni Ehuﬁebﬂhel(fhﬂé@ ofphqiuitattiimsti@mﬁaiomhb fhilopohths dbsletedofiodalawhol e
gﬁl)\c/)\/lr ﬁ% q%kenhgifm&%ruet onc%_elmc esgi(i[virvglsgz}tlb\/\r/]a év\lllgsgi?‘nu arﬁ:%usl mlgwi}g es??réﬁ‘a}tiy(g)n

enri chedist ﬂunmrmqﬂnagew RTK7 medd atiﬁﬂ-Rf og) TKNghtidonints) pey pevelattengrteelatly ( TPC)
popul at ons_ opt ai n(ﬁ frgg) heardg(g one of three diffgrbeﬁéﬂ

non- tr% ionai" Rendgrartd ?\'f‘l' | NBBFENCATC ABH-CHRTLISAT PEIGIHGE 4881 | i nes,
and noAs®Irdiagid pRgatedsinbodehy B0 h gatinCint G canpilisehsdg arldiscpeaul ations as
measured ysing quantitative R'rr PCR. WD 2012/ 112943PCT/ US2012/ 025726 [ 37]
Al s, atHan Adalr Belgh At forapy BewArraRs CURBiEG it EEN G e gene
expr esgddarbn! @rndé P’hMW&iﬂla% K& @s. imi@wésqﬂatliﬁécmaﬁ%;f bIRER iwd wheke

col orectal tunor specinmens frompatients with e |-1V di sease, as

nor mal RS RRT IHS Mapide esdrin semiyRyioads i“‘(‘iﬁfdiﬂ“i*f?eri”d ¢ PIEHIbEAREST ect um ti ssue
(FI G geo0ér, Mi&ngsgdmgohier@l@{amklo@dlh@@?ﬁt] hddBRHEs &t h ret) mver{tigglnagh)gs oA
and 5B are graphical representations showing the relative or absol ene
expr es$TAH 4 eypgiegied peaseriupaied sjate ard. RpARAIPTKY sqpeifieiag agentieeombédtigy RT- PCR
i n who MBS tched NAT (white dots) from

pat i enltwgh\%\iu{lﬁh&%ﬁ%ﬂg‘%a ?11()% 353?(3%%(3?25 eErtgol idturmor types. [39] FIGS. 6A
and 6B0pPbvi déCCqﬂihnéy@aﬁhﬁr@refﬂmdmmbpﬁ@le@mftthégmdwg i e @oipdissequehsles  of
heavy V. humani zed
exenpl ?}g“%a&gﬂ g]t osr%1 eigtglé m{ E]g%n(?g’?%(r‘)ilré fiy Q% | nee'ch'l‘4 th%mtg%rl!idbed in

t he Examphiesrings BTK7 mopnil@t]oriéls% sufjéct- Oﬂl‘erpmbvdmiems i:mn;grsapimadaid oand t abul ar

represent ations i ochem.cal. char.acteri.st

o srar e AR PR D RN BB PRBEARE FRlls P RP LR SRt Lkt

nodul ainoksd therfedf. riea pecitultudy prafeine aspact of tizanveRidythe PTG moBulptop wiiltle s

affinit ni ng.and cross-reacti.vit a for sel ected dul ators, FIGS.
e T N by B R e e B S e U A v A
nmodul a&qo;fvoamdtmg@udﬁluﬂaﬁmys@d counterpart and FIG 7E provides binding

affinities for sel ectEfd dul ators with respect to human PTK7 and its
mur i nel%Pk hol Migre separelly pietsged gmbodimentyalihe inveiion sowpspeAnebersefiifsating 4 n

accor deneeagdbdidied MSorlidrsh ABbjdcDMERED QBreWN@riink i@{ep%adm%m%gwmﬁ he
am no aci d sequences of six PTK7 nodul ator varirants in the form of

| g- PTKpogutaorcte fker subietts Tpwpastiailalytmefermsd gaadimantshe Hkamedpator wghbof each
constr ri C ven | g
domai n%g%%dtﬁh%%efﬁgg%ga P EIII1 tgran %I(% té %%&r%gﬁt ﬁ%&gih%%?%dﬁ%&%h%gg{?gA derived
bi ndi ngodugpioni! iaterngbaeep it wWiPT Ksposiaiul cabdmgagthi thalP Elat ealobyabthaskérsof [ 42]
FI GS. t e |ff rent tunor
[ysat cat & YReRFRIELEn TR FREl oD hE Rl et L BB RO SELTE | evel o
for vatigmlisg paimorys aadicblkates@ba@fm age be aghiavedrpactbet tima SIUhjeDt(IHImIBII tisaut] acent

ti ssue ntr d. Fl pr es, hi sL9 strati n | ni ng
of nurai oR e PRt ST e B C PR R B bR LR R e Bone o
st ai ni aijpcfgnaye. was conpared to stai ni ng on non-tunorogeni ¢ (dashed) and
putative cancer stemcell populations (solid). [43] FIGS. 10A-10E
graphically illustrate the capacity of a sel ected nodul ator of the instant
invention to internalize upon binding wwth PTK7 on a cell surface wherein
FIG 10C shows the fluorescent shift associated with an exenpl ary nodul at or
(i.e. SC6.10.2 termed H10 in FIG 10C) and FIGS. 10A and 10B represent
controls, FIG 10D denonstrate that exenplary nodul ators from hybri dona
supernatants nmay be screened for internalization as conpared to purified
controls



12 (SC6.2.35, SC6.10.2 and SC6.25.1 ternmed H2.35, H10.2 and H25.1
respectively) and FIG 10E illustrates the extent of internalization of
vari ous mwoubetioes3(each data point represents a di screPeTmsdukariieg where
t he dashed |ine denotes the background cutoff and the nunber of PTKY

nol ecul es that are internalized by the cell in response to the binding
event is plotted on the y axis. [44] FIGS. 11A - 11D graphically

illust the capability of the djsclosed nodul ators to inmunospecifically
medi at @ﬁe 5 %}‘!‘%@S%ﬁ&t ¢ BFRTCE YRR VA SORRTGRA M thod|of tRgtng abbiGHer ei n
FI G 1likfediapricinsebhestidsisoffer MR RIn@XIRNgM I A d MK Bk ArtBeri 2 GBeally 3fect966. 10. 2
and SC6. 25.3 ternmed H2.35, H10.2 and H25. 3 respectively) as targeting

noi et i B8O Oft st orgyatpnahgine ] madaten Pé%fF‘lf%CP @ ERT i  PPRPriEHE wher e
FIGS.  dddBntstrddda dr hﬂt&ﬁ&lfz@%gﬁanﬁi%g%dula&&s RhetRUn AL Ldd QARIm B ARIRIsAhY

nmodul ators to elimnate ree discrete cell I nes wherein in each FIG the
downwaiéeradligimgagtikady weodulatoryte ey ispedof asediptedk with p grfotonicadert- i nt er nal i zed

toxin. {02&]45] Bl er%gocﬁx‘ﬁlaxﬂf&‘é%frle{;élﬁr#gg%étﬂédycﬁgxfe%tg@ra%ﬁbj@&% %,:rﬂ{ Yrdnl KPTK7

modul ators to i munospecifica liate t ivery of cytotoxic agents
and t hassedited disuder compusingdk step phdsininisigringa thenagetistlly dlfextivaammuncdlak | i nes.

[46] F . oh re dndicative of the capacity of the disclosed
nodul aite(gﬁgn%gé%}ee%%%g;KtaﬁrgOdH}ngr’uency of tunor perpetuating cells and inhibit

t hei r {Q2Abri gényec apoiiee nmbadimaeheprEde@SnvdBion ardidtSBe hhdvoftnhdttermctul at or
(i.e., 5C6. 2. 35 |abel ed .H2) medi ated del,ver f cytotoxic. agents

i npact YERRE YITER; tﬁ? ?1§§%SF§€C€\%CHH% 8%@%4%3%?%%‘1@&5?&?%Pr‘(’)err ¥1@8’i‘?‘f(?f§1&ﬁ ations and
FI G 18Codepiaatisitiilpeoceéde ¢egl, dhefmth@peditic] tafiatdn drRergbiyeadsagted @l kmbia@s upon
i npl antation into inmunoconprom sed m.ce.. [47 I .14 denonstrates_ the
capabi g PB1B LR e D Lo R TR areH B BB e gkt | on
t o ef f @edids\VvigheyiodBeindhtts binGeh NPUASIP9EIr iWherdmlthe/BIR7 MbeulAnBls@fapaki zat i on of
cytotoxic agents to PTK7 expressin? cells. DETAI LED DESCRI PTI ON OF THE

| NVENTPERII iR it i Retas i spgindap imer tarergices Bntet peemioginerityhbe enbodi ed
i n - manyisdbdel @loafhtolOhMBhe Ainekes@dn BEKBH W iRKRoRR ISy debinkal fordrd VRt

enbodi nents thereof that exenplify the principles of the invention. It

shoul dOyetaEhpHaYIsHe MoK AR INGHANGS0E ESHECICRvent i on is not limited to the

speci f jopapnbodiviR Alrthet bd Mptdchtc@dhar NRIEARYEH o dd¥s SEGE iRANNRAG B Ry e
herein are for organi zational purposes only and are not to be construed as

i mitifegrieand andslecied eaeacevitkiz siagle retprm qf PIK7 As a prlesy fosuispiprmad (iaded to, it
o e S e T S
di sor déntgeantsdortabratiates whithlspga o] Prolis diermus@ive havewmoentiyerekeidsntiffedch may be
expl oi ltvl%(rje Jp@ciﬁ&?’ly} e{s%ﬁ%tcfgg&t he?Jin pregérred modulators such as antibodies may be generated

and selected so that they react with domains that are exhibited by single splice variants (e.g., at

specific exon junctions) or with Ig domains that are conserved across multiple or all PTK7

isoforms. This is significant with respect to the instant invention in that certain isoforms may be

preferably expressed on TIC and can therefore serve as therapeutic targets to provide for the

selective reduction in tumorigenic cell frequency and/or depletion of cancer stem cell populations.

[025] Accordingly, in a selected embodiment the invention comprises a pan-PTK7 modulator.

In other selected embodiments the invention comprises a PTK7 modulator that immunospecifically

associates with one or more splice variants or isoforms. Preferably the splice variants may be

selected from the group consisting of isoform a, isoform b, isoform ¢ and isoform d. In yet other

embodiments the present invention comprises a method of treating a subject in need thereof

comprising administering a therapeutically effective amount of a pan-PTK7 modulator. Still other

embodiments comprise a method of treating a subject in need thereof comprising administering a



rel ated di seases. More specifically, it has been discovered that PTKY
nodul at ors such as those disclosed herein nay advant ageously be used in the
di agnosi swotheragnoesi s, treatnment or prevention of neoplPastuseoidioszyeelers in
subjects in need thereof. Accordingly, while preferred enbodi nents of the
invention will be discussed extensivelgy bel ow, particularly in the context
of cancer stemcells and their interactions wi th the disclosed nodul at ors,

t hose |IIed n art wl eci hat the sc of the instant
nvent RirreEanY e o o BRRLE ST & D S rmbior s BT Aok MR esent
i nvent opmognebfédig. appended clains are broadly and expressly directed to

PTK7 nfdgiators and their use in the diagnosis, theragnosis, treatnent or
preventi%8h of BEyYurihetgrapeutioppes dissussed dhoxeit 3l plsesPesnpiecHieddhaidics i ncl udi ng

neopl astoldla@fs dFYRERAEAVERERH h¥eoclissPlod®Ihose TEIA HaRa Ris8fdeAMMA AR t i cul ar
mechani sm of action or specifically targeted tunor conponent. [50] It wll
f ur t hePabevlgip prregrralifeativadisordyrh ashme aabodinenta e spsulsior sray &e pdrginiseress ur es,
the pr @ﬁﬁ@gudjé@Y%ﬂfde%teH%r hah@sty mq)'l\foe%géi dr Qkﬂlm@gﬁ%ﬂ: hfdGoidlOAYl QEpr s of
the various isofornms of PTK7 rather than general protein tyrosine kinase
nmodul afmedslatoryyagy hedlabajgsi dr @ssopiated Witk snaplferperaerariarstay disslosed bkiomamd detectept or s

have bg HoXH t d\ general |y

o get oo SV Frbr AMBLbA3E il B R P ) O v

her et otQiﬁe at {lihag ireghniees®odintesittheinyenkinn pydmormmrssamyloalof élegrfdsmg: t he bel i ef
ETQ?EEC u Pétggt{ % fgl%glttd%nggtlﬁw% btezﬁ? ég‘ﬁpe;éelﬁr‘%?g& r \ézl vtnyo 1§1 %35%& liln ?‘ered ¥heteotf corg;frfSéncgt
frontaﬂ&h&p@ﬁmﬂhms&smgadﬁﬁﬁnmxmsmkrnase redundancy mould Ilkely conpensate

for an eci fic, antagoni s artlc t he .cl ass. Moreover,

oTicr « BEBF ¢ ey g HEEN RS et R SR cesropS slientrzas

domai n}ecbgtﬁiedrm;cem&wa AN sici upageted dnfoeXith 0¢dngfris@n B&hed <tﬂtﬁerga6§1h!gt dc target.
resent i nvent ﬁnprlses t he us i mrunospecific

51 nver se t he
il ahoeg Rttt SR R Rt Faaed 7Y RER tesre Peof or ot s 16

provi de t her apeWbtdniRengisué SamphSirihis@ll kyvjeb;scussed above in certain
enbodi nents the nodul ators of the present invention nmay be generated and

sel ected to aSsECMAEELhe Fesie wmml wittierst s Fdkhmgdul i #dot her enbodi ment s
the sel ected gpdidleatiy & H@le%ﬁ@-g{e Wﬁ7hndﬁﬁ[a@0rta§%%@1aféﬂ%1ﬂh§ﬁg Qfpeor all
recognlzed isoforns o In these |atter enbodi nents the present

i nvent [BA] may Sednpetheds Wdlﬁleaﬂtlbfr%sctﬁﬂﬁﬁi ingeBjya¢ N avidrthe imstent applidatiprond t han
one PTKZ, bs @iy REhahy: Wi Crh tic

ef f ect that ﬁaiﬁﬁ OM/féfggguéségﬁﬁgQ%y nnr%g% aﬂﬁ%ﬁ%§h&ﬂa?&n§¥&%&8&é

pat hwaseader§, gipdicast @p@fé?néysa‘flrmwemabl dleaioth smbediednts e tPAK7inmastubutdr valbpé i cat | on,

t he di | .at K

tar get “aegey 1T TRR SEE e RO o e W ol Ottt P
PTK7 aé@a&mabeqhadh&/mgdmpsmueogprlseraeroqbicasm at)tuméas1nu$eng tedrfeiqneray PHIKT7

associ at.ed. di.sordey, shal | n_an r or

(i ol u RdoB BT eaRPle i Tine G 2SR r8 e B G ot i %adene 11 o
by a phﬁwehmpwﬂlmh@nb@&mqmnoheR%KﬁPemnmeSﬁmMmmdumuhgs&hﬁoﬁmﬂmsﬁmnmeet|oIogy
of the di sease or. orde e In this regard the phenotypic aberration 14
may, fOFORRRRAEE %HﬁﬁtPEQ HP¥Gat%ed or depressed |evel s of PTK7 expression,
abnor nEIBOPTK? X m@siSieithe Preset indetiod@fsb padvides kR thad@puskd inhs di@gncaknor nal
PTK7 expression at_an i nappr @rlate phase or stage of a cell lifecycle.

[53] B oA Oelef apoddehdiutsHicArS eArsFed O; “h‘?r%‘%ﬁ B BIe§EnaHycAEiont he

i nvent gleferdbySobided heitidd SCRMBERMArEuRRN BrAfQh&sitbi RN ANSTOLYRI 6R1 _
associ ati on between selected tunor initiating cells (TI'C) and PTK7. In this
r egar ddisprdern semprésdtg ¥ iseapipcierrampsdng e PEK7 modylapg préigsrustienghmaigriple @) s of
PTK7s whess.Gomper agdtraomrtrsal ortdragasge uRIE NS gy el [s (NTG), whi ch
t oget her conprise nuch a solid tunmor. Thus, PTK7 isoformnms conprise tunor
associ EBéd maPrer Qre(eetredambpfg@nets of thp mmmtovgeuhs@)exeind th¢a9r<a)ebeenf thound to
provid HigP . C and
Besoci Sraeel et ROR et el St PR B AREERS Abrahidid *C ¢ aces
or in pMHkmlmnnsnhmmebnmmmmnmmmtmnﬁmgedﬁpmwhgimahm%smmadﬂmwdwmmme been
dlscover at  PTKY Iat I neac tive antagoni sts and
antlbo%na'eySIS Qa¥ﬂ§%§88$§?%d6?ndnﬁmg égg?opﬁg%nnﬁmedse al'fg, effectively
reduce the frequency of tunmor initiating cells and are therefore useful in
el imnating, depleting, incapacitating, reducing, pronoting the
differentiation of, or otherwise precluding or limting the ability of
these tunor-initiating cells to |ie dornmant and/or continue to fuel tunor
growth, netastasis or recurrence in a patient. As discussed in nore detai
bel ow, the TIC tunDr cel | subpopulatlon |s conposed of both tunDr

[ ——r—~\ o, . o I B



PTK7 Physi ol ogy [56] Protein tyrosine kinase (P TK7), also known as col on
carci noma kinase 4 (CCK4), is a receptor tyrosine kinase originally cloned
from nor melD 2hivEew4ael anocytes (Lee et al., Oncogene 8( P2Y/US2@98257a61d
separately fromcolon carcinoma tissue (Mdssie et al., Oncogene 11(10),
1995). The PTK7 gene is |ocated at 6pgl. 1-pl2.2. Five splice isofornms of
human PTK7 "have been cloned fromtestis cDNA (Jung, Ji et al., Biochim

Bi ophy ta 1579, 2002). The relative abundance of the jsofornms with

res pecfoa/t%g on]eAséPﬁf‘t ﬁ‘@m‘% ip\‘e}-eé’Feg HPHBEH! %é?tlp%‘a“éﬁﬂ’ CREPAE Bieidrio & siedipd

car ci neNehtifpias, isdting! fRetidniiCdriedn@lingd ghpufatie@oCemef inlthBSecdls el | f any,
is unknown. Bioinformatics anal yses have suggested that the nouse may

expr es§eaC@ S GH11RCpE Rard {UEBrF BHTAINE SeHisatithet B { pefyaiepl i ced nRNAs (Forrest,
Tayl or (@B] al . ThERNEUPBL Rbunfmard Q8 ihus EStaihd)8 Qél:'é&gieﬁnkgﬁﬁcta%s" nstant
application it will be appreciated that the %erms_ PTK7" and "CCK4" may be
used i Atnsradiaiingean pmisniany eicleladecoppiquenlyytipseatilled in diofudmil appseréass dat

or t hol a@s, AR TREQGR Bfi Quaﬁmofﬂ&dwdo%%n &gw _Vnn%@gg' ﬁlthglt a%gecfesy
contextual corstraints. Ity w [l further be appreciated’that the ternms may
al so r é&fhbwest gndandyandages ofaihé methods, Eoragpsisions ofd/a dadtdswied/or othearsitigadt nfagtem of
PTK7 t . I NS - i i.ch. { tein nmodul ator (e, g., an
ant bodg e AR S HAReGRL LRGN ERs ETERAIRAR) DA Poypficd

| engt htdHRKFdype otdeation sf @ntsppeinla sim@iteddorbr thnerepiuah&idascribed bel@v 6i/#le am no

acid extracellul.ar d in (ECD), f.oll d. .a.short TM spanni ortion
and a ?ﬁéﬁ%(ﬁlbﬁ%ng%qnd %t%ﬁ"ﬁ?’nzs 8038{%&;&0 }9% gtbra%f?%%é&uﬁ?ﬁ@f Sﬁgﬁnqﬁuégm%é (‘ite nce

of an exemhed yubjesoharemnof ishLinenddd TBe (ded @s an 4id aNG&Cdrinpling/@é kapé o ARK7- 1) has
Genbank1 accessi gn nunber NM 002821 and is represented in FIG |A (SEQ ID
NO: l)f:ag?er‘?isf@?(ftﬁattﬁr'f ull -l ength exenplary am no aci d sequence of PTK7-1
protein is shown in FIG 1B (SEQ ID NO 2). Note that the PTK7 protein in
SEQID NGO 2 differs fromthe translation product of the underlined nucleic
acid sequence of SEQ ID N@RI?L“(’FS.C@.IPW‘%?BF%EI%E§hown in SEQIDNO 3) in

that thgue i SFEGPQANL | TR r@&beétli-veiy?tl@)nu@%ic@@iﬁis&?tﬁﬂce%%c&ﬁh WRanPBg7W th
regard to isofornms FIG 1C shows the annotated a |(1;<nment of am no acid

sequent¥R B NPobb ey inmacy) seqpoms picry wsppiany lypsr FEKY o/ adss QY NG 81 or s of
PTK7 a%dﬁ@@ﬁ@%@pi&t@tl@%ﬁ%ﬁﬁlﬁn& R5 @8 b BRESHTHANEpredcpRLOL IbBr HPARZB12, SEQ
ID NO 3; isoformb = NP_690619, SEQ ID NO 5; 1soformc = NP_690620, SEQ

| D NO: (5:Q IZYPSE bdi whernip tgogeigdineSrcioDn K. 14) reprsenyy BUK blispep raddingled t o

t he se ] 4 nirsaf ] i roduct
of t norARg e, SRl Bl aS, BLEGieESh LEPARRE bR NE P T TR B e

t he | omgdEs. OF shdves a ot mratgnmditef uhkeroveixtwplaiyseffommef drdoden @XK7acel | ul ar
donuai ns_| acki ng var]j onmai elative to isoform own. All
i sof or IOlezhné‘éorgg) i éd @gén}é:kelq%ﬁgggeeqwlﬁﬁar(ﬁralbe}rr%ﬁcﬁém Sriésé)?o\flél “sﬁgn@? ??{s:] in the
cat al yisborddralNR_69D6 Ih eoforotcei NP 90620 Isbfora sl NP kigasie svharetn Bidowal bel ow t he

PTK7 alignnments S _ar.e annotati hapges ,i, PTK7 ein
though%uﬁg%rn;ﬁ%cﬁlodgésrtgf F‘Q{IE?WQ{;%S’ %’f?&iﬁ}’&;’la XC(&.’ gind @R%@é‘g iaﬁsgéa onai ns |
and VI NDS: 1[-58respectiasly. event the mature full |ength PTK7 ECD conpri ses
seven | nog l.in-1ike domains whjle, as shown in FIG 1C the various
spl i cet i an% g&éd%68‘@@?@&7“3@8‘?%?%&?1‘}3{@ P BETSXPSYHEF eI e IS rilict ur e.

Al T seftRhi¥E (§emd @lifndedal tiefbBSYinficedRMRaflrdd dshhoStid @dikdrdrorofghQgigt o t hat
found in the general class of tyrosine kinases. However, PTK7 | acks

det ect ablighly garisbech@imer prgenitgr e5I(TFPeaRemorasTRsfiating ¢58) (BRGLanddioR- subf ami |y of
p_seudoiamaﬁg@ﬁc kNl (W) %o?ﬁé’tﬁfn%btﬁi%({‘f?oxﬁ%!szs‘éh@Fr&%i%lé &1&eét51%ﬁor%§£&%£a/.ed

ki nase subdonmins lead to inpaired binding of ATP (Kroiher et al. Bioessays
23(1),[036Db1) . FKpeds f eraahira) refkespntpiea howngithe rslaberogerat aspressigndevesiof ar e

al ter egh, 4,0 PR 105 ' ' i | - bl e
phosphg%r}éis?] of A‘In%?g}lgys&l\?\gﬁdqglglgﬁ{g%%‘tit?%‘%ﬁtcgl{pljtag)e%%g’)@gwgg{ag]&g %’? .s@g?ﬁg t hese
phos p hptpasitionoehtandddrannmade beainghan k6 thete daffferent et-hradig oriah xgnuplaftZH0X) 1991) .
[59] | i f . 2cj at ol ypepti.des.co ible.with the
st anto vt ol s Rt AT s el e R RER 5 FTRT M "
of a | aligepulpriotses meswcdd @sgguinigdton RAFRERI N. It is often advantageous to

i nclude an additional am no acid sequence which contains secretory or

| eader sequences, a pre-, pro- or prepro-protein sequence, or a sequence
which aids in purification such as an affinity tag, for exanple, but
without Iimtation, nmultiple histidine residues, a FLAGtag, HA tag or mnyc
tag. Additional sequences which nmay provide stability during reconbi nant
production may al so be used. Such sequences may be optionally renoved as
required by incorporating a cleavabl e sequence as an additi onal sequence or
part thereof. Thus, a PTK7 pol ypepti de as defined herein may conprise

o o, v r v o L



17 propensity for helix-helix association and the fact that RTK typically
dinerize in response to |ligand engagenent, it was suggested that TM donmain
may nedi awe 2PPKd2eBeri zati on (Kroi her et al., 2001). APCItUSR0124025596
suggested that the PTK7 TM domai n does not pronote preferenti al

sel f-associ ati on (Kobus et al., Biochgmstry 44(5), 2005), but did not rule
out heteroneric interactions with the TM domai ns of other RTKs or nenbers

of a sj lin | e Y Ther ef or t he PTKY seud ki nase domain itself is
not exgggfed PIesi |§aff‘rfaﬁl§mf rethFée“é?tb’ﬁéF S o ! IHeyG et eaPadOtas a
scaf f oledlelf 6f @i NPTV @b R& uangtmEPSRgﬂa«hblegollaakm\@mor ecli®ys fr6fr ui t ot her
tyrosi ne ki nase(s) (Kroiher et al,, 2001). [61] Human PTK7 is not

expr esBEEN AV Gdtee Y| BKkass PHUHH IR againshthe mea elExpresiet winowwyl sploaa! a
vari et yec@fn t@é@u@(@l@a‘fAQ'o’FQ%héi@‘li/ltﬂ%jmﬁtﬂldjaclehﬂi%%e((mSL'B? et al. supra, 1995),

as well as in netastatic colorectal cancer (Saha et al., Science 294(5545)
2001) . [BBher HBrIaN anil SBesgraphdcat elpreseions @l@cvntgath@s@w@ssm frreinteigaed ude
lung, Lhys@bA NQfslﬁu,'nr% Lthymec
em gr ant 'I§§)i'([:)elea,19lgl i nt}ere(yet al P%%Ef%esea%i Sél(éd?'%q% S%gé]ﬁrral nyel oi d

pr ogeniineelmnafg@ey@?ﬁmmed DA Wit d@tw feah b@le(ll@rveﬁieme ef elglhteen ®Bffged 116(13),

2010) OthLl“T&e(%pégct to cancerous tissues, PTK7 expression has al so been
und I'n co carcinoma cells (Mdssie et al. 1995); in AM. sanpl es

(I\/UI | ef03%] dowrIG. 64l and GBipno\Gien oer taRes o, 4)e cod0QA)s animo @B 4equpnies FALL cel | s

( Shangguan t eone Res 008 tr| o

(Gorringe’ %lfec{laﬁ%l.t Cha@evalla&e&ﬁ}% 5 3%@@’:5&%‘? ?%%umaﬁ sxen\pﬁnggfgﬂ ngly,
despi t motheiing icllaake dioaed zghmaglhgerédz@mmmbﬁanln thelkanpiasthesin. PTK7 has been

t b t i t at | E t al t J Ca
7106). [1867) - Floricia B PRue sEen G R B eererreisruRin bishicsben Byt ai i ng

del et i engacefiseRnosRsprRy ﬁpﬁi n(oaua@rmh@ém Fl@ame&ep@mmﬁmﬁgmﬁ&c@ﬂm of 30(2),
2001) al t hough expression is variable in breast cancer cell lines (Su et

JeeEadBydUtatesg Wi respegiio muring and hugay &%&&Iﬁu%prga@ﬁ%fgm REWHE Hfher e
st r ong@fassefémleﬁ§ HAR fdr eMEBdt&d KRS SNGEOTC §h i show c,tohlpﬁram ﬁna‘h or abl e
prognosis in these tunors (Endoh et al., J din Oncol 5’;%1(& Fi ne
mappi ng'AECICFIREs i Pegddr b gnasilays apd ﬁszllumaé‘@ie@)ﬁoq“ﬁr%tt@é c@ﬂ@“ﬁ%ﬁs shown
that i Hﬁ&ﬁ§-§ﬁ§utie§‘ OB EPLRYAIMER ithd&pBQYo ﬁ\ﬁﬁﬁsfsm dn¥l if %ﬁymE oftl’fli 0
over ex e55| on of PTK7, as determ ned by gRT-PCR (Lu et gCancer Res
6(6), FIGGR BATHES fieppanariaws PTKg saessruts in RTdange évn'rhcshe lmt@wt/rmveatllqrhoug h
PTK7 h ignke r ' . and
devel o%?%%? g:‘lfb!];orgg\c egl':sgl%vaex}% %ﬁm&%%ﬁ%f‘%gﬁcgﬁéﬁﬂpﬁﬁg@oﬁgﬁ \%ﬁé{}r ucture of
t he protreiohlsHHHEECD dohsttucistwheesn tble eatrq@alﬂlﬂarciommtpontmnmf egdrrsostruofis cel | - cel |
cont ac ol.o PTKY
2SSOC &a‘atrgggndaﬁ%ea}g@egpagﬁga Q ngs,?rg{% he sgvenqg dorgal{xs of tl?e ex’traco-l_lulaﬁ B?r?lcr)]n %fle gnal i ng
duri ngpﬁfibaiowwdlaﬂlcél([w Idhe\reg betdlrgl regxoxhdalfrsemral BZKI ) modR®1Y as ikicanitdyy an
i nter ct| op bet ween Pl exi nAl and PTK7 in Xenopus has been denonstrated
(V\agne , Biochem Bi ophys Res Conmun 402(2) 2010) while the chick
ort hol mgz]of PH"IIGB 9KLSE illhasitdepiesssdioianeld of FTK7ejraein indifferdit @xion AlsataechdSena6D

in a co for_chick cardi ac norphogenesis ((Toyofuku et
al ., fzﬁélepjfisg*(‘%?em 5’3’3111)% SO 1S R LERPRY) ORES Ol WROtGe HB6%5. r ol e
for PTJQgeg fs Mrfpared MlthGREM ANGj10GE NESE Sontd MBIFIG.IE frividdstiodaRe formation,
m gratjon and i nva5| on of human endothelial cells (Shin et al., Biochem

Bi ophydusEdnedrsiaH e hagnan popByditiapslisopnity itk selegredgnestuors Whide gontes]

epi der @ghin Jh%%bh?zged){o%%ﬁ§§§n nae{%ﬁlercfg@,qytcraaqea%ﬂd M&@é&ﬁ@&%&%{
reorgani zati on and ce mgration (Caddy et . 19(1), 2010).
[63] Wellipopeainse(solid)- speci fi c signal i ng cascades PTK7 appears to be a
conpon of t
(Puppomg%] al . P{@gl\/%%& I%Etgmg%g?gj lﬁlgg%)&athwat xdg%é%?%mté%ﬁ?ﬁe or gge@gr ely
hy pornoinpition fintettiagpe upenpirkdingdiieh BT ot edll syrfacdi vepreay Fitg 1pGehotspes

consi s r. c L ari hway (Lu
et al. hi Sf%}qrtémft%é%%éggéﬁﬁl gg%éﬁé 0%}" ﬁ%‘;e- gﬁé.lﬁ%é”}%eéiénéon gﬁ?@g mut ant
PTK7 paTxthéGﬂsl()\m dnld laBtrbp‘rexemaamnmds ddGd1 (hgendnistome that dxempBRGOmodisqbayrom

PCP-d ctive henot Paud Da nrau.et al. 20 . ri ne PTK7 has
been ?Wg)\% PG mattan% aly)? PAt% e%g&r RFPA B Cﬁﬁgarﬁég%%‘{r%ﬂﬁ?rﬁﬁ’ ng Van g12
(Lu et al., 2004) Cel srl (Paudyal, Danrau et al. 2010), Scrbl and G hl3
(Caddy et al., 2010). Menbrane type-l matri x netal | oprotei nase (Ml -MVP)

cl eaves PTK7 to rel ease soluble PTK7 (i.e., 5PTK7), and disregul ation of

t he bal ance of MIl-MWP activity and sPTK7 production |eads to convergent
extension defects in zebrafish, also consistent with a role for PTK7 in a
PCP pat hvvay (Gol ubkov et aI , J Biol Chem 285(46) 2010) In Xenopus, PTK7

o o 1 N 1 o o v o



[65] In addition to the aforenenti oned characteristics the present

di scl osure denonstrates that the expression of PTK7 is elevated in various
tunmor i niwpavizmg2eel | popul ati ons. Along with concom t aRCTASe@gORERé on of
PTK7 in at | east some of the non-tunorigenic cells in the bulk tunor, this
rai ses the possibility that PTK7 nmedigted |igand receptor interactions may
be triggering cell signaling cascades linked to tunor proliferation,

neoangi [ / or, r . met [ i wi shing t ound by
iy parREn B P Larg S 2Pd BE Sred. HHe i hisatieror o IGr pr esent
: nvent ilRstrdt@ahd ¢xeeHt af in}él ramtz%g)a@f sdriows ﬁfodtﬁl@mtsr(aalchzmtag)oﬁﬂb:@fiﬂsm &)er@@lt I at
east in part educi ng. o imnpating tunmor initiating ce
frequePi](‘,’S}LF‘)1 e)r“@ﬁz}f fifﬁgtce]r“?erfﬁnwsttﬂe Eftf%ﬁfrou‘b‘r%%f&é‘tq Brngrdee of UiKal Tin a

di f f er gidlecBRET ard hedindlizarihyt theBal msés@ac;tamh@tam%rgevédaesr@&eutoh%er}eegwens
(e.g. iri notecag< or through imrunotherapeutic signaling or delivering a

payl oaH) 4bl e FEXilip -PRzer % djusgate die|capabpidy oldiRafstlesed anadglaiset oon i n
cancer 1r§1¥1§1{Bsﬁt%iflcaﬁ‘3¢ﬁlbéﬁhtTe¥heQié1@Q9 @gmtétleg dRlHehd ?F%T\dt@&:lllqglﬁng LWiBEY MEomoti ng

cell proliferation in face of chenoth era eu reginens that elimnate
prol i f éHad¢mges teupasof tbfree P’ﬁ—‘dﬁ&ﬁfhgmdiﬂﬁwéﬂr(@ﬁﬁ Qéﬁr Hep- i 2 tlftdesctﬁﬁrﬁe?r tefmgd i at i ng

cel | syshstfh d

mai Nt enance g%z%’L@%Sp%fegé%g}w@gggaéﬁt?gfnsolrl{&(%gé{a&“%}t Q{Oﬁdé(t“{@g%asoﬁgﬁg%r eferred
ermbodi eemessing EEKiliandrehere 5IGT il Bt-oiDcillTstae] thsaltibtyI@Tf(mr edcbﬂice@lséxngrpbe,l s, or
delive X ntr that is able
to int Fer‘%%lg%ﬁogetg%gg&gté eé |SC\3ge)t Eﬂ#e?%%%m 1PI um)r erpe E ?gm Ef1 s

[66] | rsmxbcmtirvaetcetldultlegthl'nwggmt@ﬁaltzhetop;m or art t he present i nvention

provid TK7 | at.ors tha artrcu for targeting tunor
initiatln ceF@qagﬁge%c%é‘S éﬂl? ﬁ%vegg:l%{’ﬁlél{l Sglétgfsl ®  thereby
facili hﬁhum)gpdcff&amy eadine e, dertmmgecrmcnbx@agd@tsememetdbp r@fuceﬂmplr a8k Vigbility

di sorders ec IIy, as previously indicated it has surprisingly
been f@tﬂw&r‘fﬁﬁé\ﬁig‘gﬂrﬁﬂi "%ror cel | subpopul ati ons express PTK7 and may

modi f y[deral i ERSE. ¢oQrdizaadd ﬂﬂlc@tﬁve@ﬂ{%r&?ﬁﬂy Sf @B alstib@dintRAatANMo rtdicE€ancer
stemcell self-renewal and cell surviva Thus, in preferred enbodi nents

modul athg fiaucridsmapperprauatag aelts gnd wdihaldheinvaorigsnia posstiaGvhess FIGT éiency in

accor dafcisBWhb ¥ tﬁa'ﬂﬁto@ﬁl@t%@(lte tseaemsrrgﬁrearseét}t@rneelaratefdaﬁhtart 8t §idibhgc t 1 eat ment
or managenent of roliferative djseases. £6 ] used "herein, the

t er m t $¢BY PRI tht Y‘ﬁ@‘h ef (twe iserpte Sl hisass &iaor jsef PPP@H‘#@?S waibet 134t i ng cell's
(TPC, lepfots the RIIGEH t%&r@eﬁe ttefmt tr%Qc@nﬁeM&JﬂhM RhQ usr”% foative tumor
progeni tor cells (ternmed TProg), which together enera y conprise a unique
subpopmratrrw@@mrerpmeedm@400/() of a bulk tunor or mass. For the purposes of
the in t digel ilapotg r stem
cells @w]nneop ggtlrgg&ét&]esrrtr@%sefhl%s%}) ¥el equﬁx\ergplgﬁt anhﬁgd Pﬁé& %O%gm%aowhee

i nt er chstageatshiorhercéiectivelFonadeats the ymmTRGpetiifid dalivény and ‘ﬁE&rmeglzatmntdﬁat t hey can
conpl efely .rec e the. conposition of tunor cells existing within a

t unor (téry(gg’ﬁc\g/‘éengsrtt%?lrlrlﬁt]e reSSnIgcr’q(gnewal capacity as WO

2012/ 112943PCT/ US2012/ 025726 20 denonstrated by serial transplantation (two
or nore passages through nice isolated cells. As will be

di scussed in nore detai ' *befb %\PF?%FE%Q%@@WW?%d cell sorting (FACS)

usi ng appr oprintbéuctieh! surface markers is a reliable nethod to isolate

hi ghly rich ceII subpopul ati ons . 0., .> 99.5% purity) due, at least in
part, (085 ¢ 5 FFWW%%?‘E”—BP?W%%“B@%Mé?tméP)h%‘ffereBefPtfés diglowlbesE of

cell's 4k sleafrtqmttt@t@,enﬁroanﬁemskﬁérm tl%@@fkrﬁpﬁ%hﬂﬂh 914@& Ik oMRSinRgRBSHoWwn t hat
when | ow cell nunbers of highly purified T ceI s are transplanted into

i mun oINS Fnehpizss et the BIESEH MVEREIN ig Uﬁfé‘rmltﬁﬁléﬁ/\ﬂ“ﬁ speqifig epbpdiEeyist r anspl ant .
Howev efjjychddl KeorBVet fah @ ke RThSHR %\ah GISTR alps rohergmﬂgng%ugroeés%ql tgor s do
not conpletely reflect” the paren tumor in phenotypic c heter ogenei ty
and ar@e@etrf@hswfémﬂyiasﬁeflﬁﬁ&:theﬁtbjeatmﬁféﬂrﬁﬁﬁcrlm .ng serial tunorigenesis in
subseqygat tr tr I I

Feconati Tt e Theeal Gy P Rrad Shprishiy SRR 1Bk bBREpE QIR PR

ef fi ci @nufipg ivaridus éstoéormarrmssomt@hwsbmoalalsyc gmwtlwaarlédymptotlkmmsp Hamtled. Thus,

t hose sla“ recogni ze .t.hat a definitiv ifference
bet ween %QCh wg)r(,%‘ﬁeh e}uLtqué)tr H%I](ers Vf)hlat m?ﬁ’)be eXe’lnogtr@a rttn%g?arttm%'rtr mary

transpl ant s, |s t he uni que abr lity of TPC to perpetually fuel heterogeneous
t unor grovvth upon serial transplantation at |ow cell nunbers. OQher common
approaches to characterize TPC i nvol ve norphol ogy and exam nation of cell
surface markers, transcriptional profile, and drug response although marker
expression may change with culture conditions and with cell |ine passage in
vitro. [68] Accordi ngly, for the pur poses of the |nstant |nventi on tunor
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21 tunor. Notw thstanding the foregoing distinctions, it has al so been
shown that various TProg popul ati ons can, on rare occasion, gain

sel f-renewal2ocapadBl ities normally attributed to stem celraisand/oeiteasel ves
become TPC (or CSC). In any event both types of tunor-initiating cells are
likely represented in the typical tunpy mass of a single patient and are
subject to treatnment with the nodul ators as disclosed herein. That is, the

di scl osed ositjons are effective cing the frequency or
2l tor s TP Bambear et By G- oo Srorirt SHEPERG EE R Y 3 e g ool | <
r egar diggssc@heiehempaddyitideaiis ehb@di Mené d@gndglsxthérﬁgl{cﬂﬁ edaBhienit Br [Fre fAB -

[ 70] In_the context of the instant invention, nore tunorigenic,

r el at i YEregPiAYicaligideasig spltiecinii nesd Bsrepho rAéPC%‘Hé’r%Hr &&ﬂ%?raﬁfre@ ARRCHRENT R og

(both EERRAGoLFiDbe INEGRsEE i sABY beld&, manarlmltﬁetaoatekm chRRr kR cepri ved
cells (e. fibrobl asts/stroma, endot heli al & hemat opoi etic cells) that

conpr i 3%l tgﬁémﬁfmq%w@ﬁr wigh thg diselosed; yestylafain thase pli sk in diecrt wiHapBiSFials tanh the
regi Mens phavAe insfint iSBoPRMHor mtqﬁ@moyckeen eeﬁgla&per%dhn@lﬁsb UYkdfndr YR8 scaNd
attack rapldly proliferating cel TPC ar be nore resistant to
conventiveiigh and e appeadedgiaims et h?@iﬁléy A EAPIE Py dla:eteé ito BFIT inpéylatpisrigd TPr og and
Ot e lelod TR il AARHLBUL G GGG TFee 1 ORKED o PEPK PRS0 GHOLL,
characteristics Rerh relat v enbre5|s to conventi onal
therapne@awédemdaslmdcmegs@@kewpmewstNMﬁﬂmwuthmbmuggmésmsﬁanﬁe
EFLZQZp %,r%cpuelésrtmeézﬂzll‘]nal‘s@r? ﬁacpl\lerrs%Q%hcall c{t%rrrrl%r ca‘ogrgplbggr% 1)|- Z‘ngggt Ib; .FI)_II;)CC)t eins.
consti [00e a keawltﬁﬁ&&r)m dpprectaed thaj 1hum&raen‘to stuand arior andall@gyes ttheptant
regimens to ensu erm benef.i nost. pati.ents with nced stage
neqp! abvenin TR R BFY loFRug RGet mdig iR Bl et I OREES Cor Fe
that f theh gorn pmeeldtymmmngls@mbmmd TRAUY, BHIE he(clasof pT&anerommase[ 71]
Unli ke man gf t he af oy emepti oned \prlor art treatnments, the n %

¢ ghency of

conmposTeFSRIHS e epL WiSERIRRHCAISH/B AT et DBF e elisepleys and ghresabrires e

t unor th@iabdt@%|11'it§lv@rﬁiohSPHQD@e&iﬂUkﬂUdﬁlhfo@stHaQ@hér@toﬁbr@&tt}h&&flled’s%ﬁé’i{tﬁ)heﬁﬁ #£f the
formor specific target ge genetic material, PTK7 antibody or ? gand

f usi onthégRdt ?H%f’?mdhe balist bal ‘é‘@’ff@(ﬁ“‘ﬁ’d’ﬂm seneypl PIAS acityity gpaglisagly W‘Wé“}*aaduct i on
in tunpblebbd hatihB@cCek cdnb@fldatiite a@ﬂalﬁk@%o@%ff@ctfve%}nta @érafuci€! 1 M nation,
depl etion, sensitization, silencing or inhibition of tunor |n|t|at|ng

cel | s; stdpeightsriandse Wguwecwew Hkelegqareapashiop any wecifie arfegonism qf pasicular

niti a{nbff‘agergsf thS clals) MIGESF, tmﬁmgpowa@lg anéh&g L Mrac R RRAGAL IR (JrBI Nt enance,
or proliteration o ‘tunor I'nitiating ce or y ot ermnse i ndering

t he supsgihdakinase ¢apeanortbat imap havrdlisounreedatsteapiogatish as héherapagid tgegei c cells. In
sone e i me el I i cells
occursﬁggpa rgéﬁﬁpkgfm§$gb§ﬁ”§@W%HS%§$8%£$%5§98K§@$%O %SWQMB{ Wg@g: The
c hangepnefa:rdnhellmadn\m&l onghemberisdiyrms of HEKY empromde thempﬂamlbenbfms‘ Adteieflynor

di . f h
a1 r Shstibn® Aot SREHTGR MEhaPRsT WuB e litudpael R Erendi

abi | i t yndtseleetxerdt asafciagchsh oringl h@TKlmﬂmlformthlreOﬂﬂﬂnmterﬁlfodﬁﬁdih&l’th@&lldc&d inturn

allows for the nore effectiye treatnent of PTK7 ass e i sorders by
i br PP e Bl B0 f b T 4 CeloR s bR Thara A ke T gt

r ecur r RAg@mbofiiizhtsADeschiiavdiEbN8E$ céiigtise GRAuRBrIEaths{o0ialST &St Wideh a
reduction in the frequency of tunopr initiating cells is limting dilution
anal ysmeredianae PTWmf?raﬂ FrepnProYigig ap P%?X@F%{%ﬂg Y PbREEr ey eHervEt i on

usi ng Re¥ sIfRNfod gSikickRUtor ldrShat dRti1ee rﬁédu?e@cﬁ}l%il%z@g the frequency of
predeflned definitive events such as the ability to generate tunors in vivo

or not [05%hi | eMsircgeneially tap dgnensirefed srfhaimayisipgliiien thecdisslasedr red net hods of
cal cul af-h s s HGHKI Qfu)didtPLn afﬂbmegl b £ thrg &ra%g%ﬂﬁmae P bihElwisd €SS
demandi ng net hods, nmay also be used to effectlvely determ ne the desired
val uesincaglapiate tumlorlgfmlq sellp erdstreae FUKAnspgiateddidordere (ept icoplhsia)e dyspatd siran wi t h
the t eapPk AARCARES iBorad RN b&RIM deciGn Qérsglo%ﬁgaspgm&na)ﬁg Rferdifd 1 Lhe
art, it is so possible to determne re uctlo § 1 es t hr ough
wel | - kdimrﬂerﬁ)l tba/ms:lylankncmdralgnosed or ideniiiieh bshcphchempmdbemwwf PRK7 k:xpradsiont he
P24 1308 TR 1455 Cbr aye) Sy B iU B gy ey eron
|ncorporated hereln by reference inits entirety. [73] Wth respect to
limting dilution analysis, in vitro enuneration of tunor initiating cel
frequency may be acconplished by depositing either fractionated or
unfractionated human tunor cells (e.g. fromtreated and untreated tunors,
respectively) into in vitro growh conditions that foster colony formation.
In thIS manner, colony fornlng ceIIs nlght be enunerated by S|nple counting
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nore anti bodi es or reagents that bind art recognized cell surface proteins
known to enrich for tunor initiating cells (e.g., potentially conpatible
mar kers asoane/gew3forth in Exanple 1 bel ow) and t her ebpCrassur®2sieC | evel s
fromvarious sanples. In still another conpatible nethod one skilled in the
art mght enunerate TIC frequency in gitu (e.g., in a tissue section) by
innunohistochenistry using one or nore antibodies or reagents that are able
to bind ng sur ace rotelns t hought Eo deparcate these cells, %75] Usi ng
any of " 0%1%‘8{7‘@ G &1 @ﬁ&’@&at%?rtﬂ? sseq levels phBRK pergsissioe BBogahRI fy t he

r educt kgflessidn bh @guenEfindble TG dpAlatibier TRferhRIEF B MoxpREQYH Sed i rth?pltobﬁate

di scl osed PTK7 nmodul ators (including those conjugated to cytotoxic agents)

i n accBhancyassiof A celhbfee¥iechi ngs herein. In sone instances, the conmpounds
of thepgsapt antseglaeéq@ géﬂ@ramocﬁeﬁgwa%cﬁs@&l Mn?eq;awybo% (ffd &ve(nws Raéahiligty of
nechanlsns not ed above, including elimnation, 1nduced differentiation,

ni che dissrarseiadaretofpre apkione, Phenctypicahgssa@agon bsbyeep o6cieR5ygo30linbre elien by
35% | [ e on the
order oPAOSFaTh, e e, RO AR o e 1P

di scl oEEH7cwhgroengsrerhjo nathakisstchadfnoeduemiggnio el (8T, Wigeh tog8her 80% 85%
90% or 0 i |at d that an ion of the
frequen@%ﬁﬂ?%ﬁﬁgoﬁg%ﬁﬁﬁﬁgﬁ T%%%Ehquﬁm%ggcor %?qon Zﬁﬁth ué?%%%z|n t he

t unori grergen;s dzrymnmeogahs)taedl beve heaciuuncéwq:eoxadmlefﬁtggvmsntv énesesdeat tibrhend

neopl asi a dul at ors 76 t he rese i.nvention is
G v oot aiestoh e TGRSR Resmite i BB GER RS MRS B ERGIRRESoF o "t he
di agnosi the tuitve n&gn@ﬁirsnmém emoresrptmﬁmvypﬂt hmfomlfef Ibeosi discofery@thhit@IK i sor der s

i ncludi ng any one of ~a nunber. of PTK7 assocjated malignancies. The,

i Scl 0B RO PR TR BRUEt DN 57 ST IroUEn Gt o e

var i et yhe@fotéiid, effEANEIS re QMO tﬂx@@&n&jﬂ@ﬂmmr iahRaRdt &% aReMt ufére%re useful in

i mrunot her apeuti ¢ agents (e.g., therapeutic antibodies) bi ol ogi cal

r esponSENRRS feding, ‘HCE‘(BE‘%‘@P“% EFHENEPTIRPHEi hreditfereniafgn @F orraqh@desescr ete
PTK7 nmpdiiha@hebsiifRing AR saedof tﬂeﬁmrnﬁﬁlh% defls Wli%vdogﬁalﬁ ﬁm&%gmnue to
antl-neoFIastlc effects or may be used to Tabricate nultispecific

const r (et gmor grpyth, metasapie a7 IKCEFARERIIRENRH RNt ARAispIier ifvtpig datak beloy, thehe

pr esentryd AkRALLARILYbJulati6R RbHPEsAYE Qe

pol ynucl eot i des, Lb@%%ﬁﬂes orhgg%y% b&ghhgﬁigygﬁhnnreﬁiegﬁgggﬁwgmyh
nDduIam@hﬁﬂﬁmﬁFW@@mﬁnﬁyéﬁ§dhd PwgPTK7 (SPTK7) or a form variant,

deriva or 0

dor Valdste o SAOTERL et aak, Gk U Oy ol SHARBL B TRGARIAD L o
(e.g. mPél'rK%nIﬂE(Ber FWKM@&:E/TI@T oridatagend ;hel?‘ﬁb’ﬂmbe&ncngttlm f)requbltcy\m'f lumaal so be
appr ecidlf’]at%a?lg%gé?fgslt As w1l d1 cus Hfbegghsr{\?e { Below I}ﬁfe 7Tn|§g ula ors of{]llggnsvegt?o oad?y

anti bo I mmunor eac s or r|va Irves
parti ccdngisy apy @ﬁwqmnmdthem‘e@@nm tesicts kn@mpm 20th @dnl7LR AABRACIE/ HJJSBQalgBhﬁa{ﬂ 26 24

dul at f th t | t ti bodi
T R T o R T

modul athereby raayicecd myde 36 thdﬂfr&{d@ﬂdyl (Zfitﬂﬂﬂoramhhtb@dkﬂ§ m{en{praagﬂiemaoﬂsher eof. In
still nbodi ments t he PTK7. nod ators may conpri se depletin

ant i bog‘ﬁg%seé erFWa?@WQHf%““FE@?%fO ligRpyc %fis POA@%CPW‘F‘%@P%‘?eéPéMYR@PgﬁLFéd

f usi onmcRAgih piEérfed dhibogitheaR thddR ¥ e MR WillBMphS: HAPddGAS UK bi nked or

ot herw se aSSOCIated with sel ected cytotoxic agents, polyners, biological

r es ponYRNYASERAF Yer B EMBRIvGY dePvatives therqoé SuschgpaRadies Ny be apBEPISHAGRREMEEGDI es

Wi th VRrjaeiSaddans @ﬂgﬁﬂmlelcmﬂggtéd RlabbciiRENANI TR RKic ALk FNomés al | uded to
above such antibodies may be "pan- PTK7 anti bodi eS and associate with two or
nmor e PIRGodige s medulgiory \mﬂmé@p@%am ingeniionivib dpraprise kT KSedoagituciesimprisisact Wit h
3,51 1ok Brics RERFor b Rgkfle OLARN FERATIIBNGS (b MRAULELRE SoflBPREF ALE On
the genetic Ievel onpri se conpouné as antisense cons

si RNA, camizso fURNA pacndnt h‘eidan ke lude freagfivel domainks ifrofrurthdreolybeptappiuel kst ed t hat

t he di 7 e siyl ence e i Z el imnate
or 1 B EERBGH or TR AL &6 o AR o Shlef Beons AT R un it 1

TPC, acuhpise assdcic a¢1édssarebplt}as esertsmmgxkedaffeas ket genomiceehailseker 1 ncl ud| ng

agoni zi ng .or ant agqni zi .ng sel e . or el.imnating specific cells
dependWﬂ%ﬂmP§F0@§%ﬁ$1%?hgﬁ”PH@? $ﬂ$ mﬂﬁﬁ%F%&%W?&%ﬂg associ at ed

payl oad or dosing and met hod of dellvery Accordingly, while preferred
enbodi nents di scl osed herein are directed to the depletion, inhibition or
silencing of specific tunor cell subpopul ati ons such as tunor perpetuating
cells, it nust be enphasized that such enbodi nents are nmerely illustrative
and not limting in any sense. Rather, as set forth in the appended cl ai ns,
the present |nvent|on |s broadly dlrected to PTK? modul ators and their use

e o o o o Y N - PN g — T T Y 1



25 derivatives thereof, proteins, peptides, glycoproteins, glycopeptides,
gl ycol i pi ds, pol ysaccharides, oligosaccharides, nucleic acids, antisense
const ructwg 28i2AN#943m RNA, bi oor gani ¢ nol ecul es, pepti doRCERAIS2EIZ/025726

phar macol ogi cal agents and their netabolites, transcriptional and

transl ation control sequences, and theslike. Antagonists may al so include
smal | nol ecul e inhibitors, fusion proteins, receptor nolecul es and

derivat iyes i.ch bi specifically to the protei.n thereby sequestering its
bi nat a5 1 Geserare bl Epuus i eigish SRl il s tEh o e T

ant i seasepuibiee ctategsiodiorig@d@btidrOinfoheupeat @i this rBMAI aplsalaRE PTKaMhduIaRPZY mes
agai nst tqg protein. [81] As used herein_and applied to two or nore

mol ecufid! F°@§Wﬁ$ﬁﬁﬂ§??¥ﬁ@m@éﬂHtm?@€6§ﬁNT@§”8¢“%§§%@P§WE§“gﬁ%?%”%e_held to
nmean t hRak 88CGHéRRktoR bﬂ@tgnqg)sitigpe&hﬁsﬁs%ghh@ﬂbmgmom ARiARadubQMhal P teE &ct i on,
connection, |inkage, uniting, coal escence, nerger or joining, covalently or
noncov 8P EtFdconsmingts (hislogicl ¥9hRReERb s oHl berdiaisenddn sores desaibhelay et on
the ot bebARbRGHy®e pulifidd anlfBERRYRL 2558 TOAS VARSIt ok dGEANRLES dter ei n,
some nodul ators of human PTK7 may, in certaih cases, cross-react wth PTK7
f r om aceypessitesll be prprecidiedthifsnenisglaed preparatiang ey be migtihesllydasmdatedenpl ary
nmodul a - - i ] - e i sof :hu - d will
ot exh By T o e e BEiv, Pl RlenRAE Yo R kS8 R e b AL 3P

cour setheiapegmrjspaststal dre fimithhd produdt eadtprovids plivemedenticlicémpsbiods. mrent s nmay
conprise pan-PTK7 anti bodies that associate with two or nore isoforns from
a single species or antibodies that exclusively associate with a single

i sof orm II.[ 83PTKfA Pamgiolesent, and as will be discussed in nore detail bel ow,
t hose illed in.the art .wl reci.ate that the.discl.ose | at ors may
be el eh o iyt oS dts b R PR B e o i K ERe L OHRFARGr ey be
aﬁ soci Edce;doNWltolhin@ kin@&rdriggatljadlohégl f(@% gorlncaomhzfmhéwncﬁytemme gag.aba@km:}

phar mageut i activ onmpounds, . bi ol .ogi response nodifijers

anti - cﬁﬁ?éﬁg%éﬁ@ %",Pa’éﬁffyo‘tc“b‘? FEIOBF”E‘{/‘P‘B%P%gF @\%aﬁj&ﬁ al- Queagene GO, kgi%et i es or
bi oconad PPk e ede e fotfEBat 6bM1.1-Pi B2.r BSOGSHce isbfofnk bf e MIFIRI7Ha 0OBkeh BRhesUCH
conj ugates nmy_conpri se EeptLdes, pol ypepti des qfrotelnsh fusi on proteins,
nucl ei EOBFYS FBNEdngs i e ﬁa@&xﬁﬁigéﬁﬁﬁ%égﬁﬂﬁ%%? 24 g B gl UAdIIPEOldr ugs,

| NOT gaRHeGs MR GHihGSspe Q@B dhoflel EEs B8rmalfeliRdh@ hSRAMRES coNREAOMERa aS

i ndi cated herein the sel ected conjugate may be covalently or non-coval ently
| i nkedlipgs, puiepumcriond digndicaiceioh thgser ipefpnspidlany. it wknewn.dBleevielimages aaalyfesast i n
part, it & BRfmE fREse R ] ' il | a.
ver vi By Vs R BBt B OO AR CAR KRk e AP RS, Do ment
of t hemRistsgHorr¢shviahlor eirpl.caenmmiedholTTRGOGIDHer the purgosenoft theinfentmpplicatert itbodi es

that p i.all i at. bt b re | /. The term
anti bod (el UhERRAEhE. STy HLTRAEE JIRNE B hE oSl LRl g IR

synt hesplce aartaniodoiesns, spes bomadgsant hivodbgsqf homiag8TK? nalkessarthepwisy cl ona

anti bodi es,,,.mul ticlgnal  anti bodi.es,, recombi nan roduced anti podi es,

0t r abgard o B R, 10T Tt B¢ BT RR ol B BTN H3R T e
ant i bodéreativenat|ftagmahterfit nativel dd @atiias forfwfiRMKA miai baiiesan dpitopnd xathant i bodi es,
chi mer | nt i bodi -qgrafted anti bodies, prinmatized anti bodies, Fab

£ r ngmeRt 7 Pl Mo aG e ey PR RS H e e SRR RO g ol n Fus
(scFv) [osant i - Falil RhyRIPTKTRGtEn id) typol irm&kﬁsraa@grow wathhes74 lapmmeneldogi cal |y
active antibody fragnents so long as they exhibit the desired biol ogical
activiFﬁﬂfﬂh@?ﬂomﬁﬁgﬁggbé@FW¢éb%ﬂShﬂﬁﬁﬁﬁﬁﬁ@?%ﬁE@W?&ﬂ“dﬁﬁﬂﬁa@§§6€ﬁation or

bi ndi ngtoplhshi@dffQRdRcomBRESuckRCRINEHRAH §%in @kedfISy NoBSRNF huRYERTK PN

i ncl ude i munogl obul i n_nol ecul es and i nmunol ogi cal |y active fragnments of

i mrunoglcoanscHPBliar Fl&d - 1)ihagGenbagh eceefision nuaer Wn@éﬂ%l anl iarpregavedonndi ng
Ssite, § : r - t )
Lo i b A Rl fh e g

f r agnmepotetrhie seayfn inFlipt He(SEQED Y0t P Meade ihat tho PEKd etogdih inngr@IMNG: Rdiffesy s
anti bo i ' I, ' LaRt ] i-hed

bl ow et At AR BPRE LI Rl E AR ek B SEOTR 5 B SR 1 g
Fc reghengipwoin SEQJReVD:S) ithibatgbdre isaytoino maltdtipn ClorpP) & pogtiat 93 ie&EE. 1Bne am no
aci d regsjdue di fJ catiqn d fused to an.imunol ogi cal. active fragnment
of an i%r%}’rlure aé%blfﬂf?rr?s F!I?ngh ngki‘esa@ll}%%téh’galll nmrﬁr)lp%t]a ?%1?‘1“5 %”@F%\Xffs (f%ﬁ *generic
ternms anti body or inmunogl obulin conprises five distinct classes of

anti body that can be distinguished biochem cally and, depending on the

am no aci d sequence of the constant domain of their heavy chains, can
readily be assigned to the appropriate class. For historical reasons, the
maj or cl asses of intact antibodies are terned IgA 1gD, IgE 1gG and |IgM
In humans, the 1gG and | gA classes may be further divided into recognized
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[86] While all five classes of antibodies (i.e. IgA 1gD IgE 119G and
lgM and all isotypes (i.e., 1gd, 1g&, 19gG3, 1gHA, IgA 1, and |1 gA2), as
wel | as wsioi2ataes3t hereof, are within the scope of thePprasen/oesnenti on,
preferred enbodi nents conprising the 1gG class of inmunoglobulin will be
di scussed in sonme detail solely for thge purposes of illustration. It wll
be understood that such disclosure is, however, nerely denonstrative of

exenpl ar |t|o d net haods _of pr ct|C|ng t.he present |nvent|on and
not in %%tp(ftwo aE £ ﬁB‘gﬁrS TFh‘Etegd‘bﬁéntt‘}g k e g hisn Biont Rer R QOAR 2.
appendggQherned 3; tsot&%]b 1 NPt 905 19, SHREES NOhsH TR TohBG= ngb QHY imsocepri se
two identical Ilght 5 %ﬁggh%de chai ns of nolecular weig &grOX|nately

23, 000 PSP 7§06 PRt AseEreuehailpdedde th%re@mea?ﬁt fght
53, OOO'ISBQ)HQQQ}OH‘%%MI tG gleQQtnng't%n' PP YR thé'@ﬁﬂkaﬁﬂ@'fﬁnﬁqw Bk 7 d&fsﬁt p§:tt hat

correspond to th ferent classes of antibodieS are denoted

corr es FORdNHES | Wﬂé’td 1&&@4}0@%@?% spfarest Ehe gthergplies, isoformagecqele extrfes bé%,ft ively.
The |1 gfh.i60aLa%s PlrichfecANULRAML Rl ARG 4

assi gned tno one go?zruo Fgc?rga ? df%sztul nct type%s{%%ﬁ%ﬂa%‘131 1&?&%&%%30%@%(? | anbda
(k), bazedingaretier domiaio @@isctvecewbelnn‘esndlﬁcmhbfhc dgonis bt podgimi ns. Those
skille recl t ubuni r.uct

t hree- gerln@/rtrxtsrp%h 11;lac%\gn%rl gura b%gdﬁ*?{h gry trg”?ta tlértr}lgehlts’?: %‘Léénens&ag T {iio Chat’%el%urt i ns
ar e welhe KKikGvpmotein[ti8igh Tth eeridewirs kilva¢ denan éaptdicried., hi;anghssnllsﬁhddmahendﬁi inayY
confi ge,rﬁti on wherein the |light chains bracket the heavy chains starting at
the nmouth of the Y and continuing through the variable region to the dual
ends ofosghe Yin &gakeititghhatakdilnlength IFTRKEICI cordpriveassyercitahimoppb@nelizoval ent
di sul fi,de bon i nkages. in the hi egi on i n the
neavy  CHANRSM G HE8pAC Py d HRSU oM o GRENG i s PARL GO (el
spaced tHeﬂtE’(ElIlhﬁicfmrdjl Alulsbiosgs nkAgesybh ey H&ﬁim Qﬁth%s@dﬂtlﬂ&%m\éﬁfgy tP@ged on
the isqtype of [ 89] Each heavy _chain_has at one end a vari able domain

(VH) f&oede sgﬁeaal ﬁt}rﬂfé ryrerlneclaﬂeﬁeﬁtovedﬁrai’ﬁy leeserlrttqtf@iﬁ (YRORIAE KINAYs a

var i abh@&isloaRd, Bs flch Mefon ?5‘% A MbPanRIN S Bsch @B Lin ¢ %%'s&e@&l alb® LidGhngnd; the
constant domai n of the ht chain is aligned with the first constant

domai niTOYAPHeCOREAVA! kitas #! d%m%l“t ke toiiggpgirediPaiding of A ELIKso il el pln Biogssaysi gned
Wi th theyanhBoksesamy, rkeptestdtres ln%aw)m%her Qnd \4il atémerea%gerﬁ sich ém‘heavy (V)

appreci ated that the variable domains of both the |ight

chai n goect ingasactiget ‘érﬂrﬁhﬁéoerﬁtlilsé‘érbl? pleaspiriitasiod A TEne \&qi)leﬁélcmleti(tnyof tf@d‘r‘igrer sel y,
the co l , CH2
or G o rFR eSe Hsbipfes; WAl pfaflfled el B EWRBAY ST, L1
secret (BA] tr &veplfadenbatpprahitdd REK7 rme@pth@B conpadtialefwith the nsmcmpreetimnt

bi ndi n i ention the n erln nstant .region
donai nd BERGOBhgt S millrer BRKRLY BB S LT RFRs A olehir SERR R Rg s e
or am kos tfe:mmimgecﬁustthetcmﬂe mbaxdi;mon'aﬂlmno hdmeseamrme w(hrchlkleltte]mmaamorpbr t he
ant i bog% rises the variabl e rgegl on and the carbo Gter ﬂt nus

conpr i %rt“h “EShSPAnRt PP eYi P6?Pr° " SHHE B S 2aRH R ﬂh‘i“ﬂ%‘“a?&tl Py
conpr i sehtahen faniosy -beexaimples bafwithber 1heianiyn, andiple ghtidiehakidues! £EDAGAgv el Y.

[90] The termvaria refers to the fact that rtain portions of the

var i abPée @d el Hs & R?‘SF‘O‘@HE@H%WC%‘W ch H‘a}ééﬁ’ﬁéjﬁé@g‘i‘%ﬁi}lﬁmgﬁ%ﬁﬁ@@aﬁ%ul i ns and
these petugPAhRyLRbYE h%ddﬁfc‘h@@qtkﬁ&s RiaD®E batichagly SRRGE] As%c;uyre@ paracteristics
of a particular antibody. These ervarl able sites manifest thenselves in

three geerﬁehtlegaréﬁ%hleé%quewe Gk spagreeerRafibRie e dhena PIEDRs) , in
both thg ;Igépgh’@ asClRBhdl 1RGN LG cHRRIY c&ﬁﬁh@ts HREd RRLRINAGHEE RS 1rl’cﬁﬁlﬂ%q;tﬁe\16| y. The
nor e hi h y conserved portions of variable domains flanking the CDRs are
t er medpélyReREdRsr Rueheasidsional spsyces pad efigite@is 4re alellynowminrthe it aid ipayoscur ri ng
MONOME L feral s ADLaROM B cndilien RelfnifdSS Present on each arm of the ant i body
are sh , hon-conti guous sequences of am no acids that are specifically
posi ti Bl68H t oThobinmogltel iapoitaen obP T hgcwintdesps itshmcaye kiloeddomsisumels it s
three i Vi I anmen 2 91] The
e TR SRt AR R ilols ARHARUE: G 2RTT et Fighsr ™0 aol
d o] rral nBurBEthch eﬁ B/thh tbe mequehoecautdams i @rdda:lmdl tb fagk kmawmnmﬂddrcihae:q wience.
Rat her e, fr regions |ar 13-sheet conf or t| on and the
F 39dh B e B BB hrBER 0 A St B edd P Rhp U ST he s 5+ sheet
structure Thus, these framework regions act to forma scaffold that
provi des for positioni ng the six CDRs in correct orientation by
i nter-chain, non-covalent interactions. The antigen-binding site fornmed by
t he positioned CDRs defines a surface conplenentary to the epitope on the
i mrunor eactive antigen. This conplenentary surface pronotes the
non- coval ent b| nd| ng of the antr body to the |rrrrunor eactl ve anti gen ep| tope

L 1 ) o " Y Preag—



29 nurine and four humani zed exenpl ary nodul ators in accordance with the

i nstant invention. Mreover, corresponding nucleic acid sequences of each
of the tweotyrone4exenpl ary muri ne nodul ators and four RaFarse@es2smeul at or s
set forth in FIGS. 6A and 6B are included in the sequence |isting appended
to the instant application (SEQ ID NOg 120- 169). [94] In any event, the
conplenentarity determ ning regions residue nunbers nay be defined as those
of Kabat et al. 9 NI H Publication 91-3242, National Techni cal

| nf or nﬁl&%ﬁl%&qﬁ?fg@@%gﬁwwl%wt he Gy that ek fypjcally flinerizeigjrepause soyliggud

( CDR1) enda@erht, (1%%)1g@@@d @t N1 ddeldiBhay Medib® PTKIREm&NAliSh dabinaklc g domai n
and 31-35 (CDR1), 5 (CDR2) and 95-102 (CDR3) in the heavy chai'n

var i abP@lgofrdite S“thség&eﬁtﬁﬂ thepike P%Nl\é6mwaéiaeémoyprpm@fﬁpaﬁ@rpwwyelf o anti body
(and byssdahddniKbOw et IBI%%R%Q '4b¢rs§ 2@95501519%6 Wt hhe Ll G RRRNC GRNSERIYS

sequences) . Maxi nal al'ig of framework residues frequently requires the
i nsert Vv@h t}@fTMpia@éms pleather balKs) an mehbermoib eighalipgsywpieky Thaetoee, s EdKfor t he Fv

r.e‘gl on ]@Igc\% &&9&91’1 tgehiels h&%&gécﬁe)ﬁ tQElr&)ﬁg %&n{ﬂghghﬁ%lt it i '%9%& a@ta any

gi ven %abat te nun{) fromanti ody charn to an ody chai n due

to int eqaéfpwpe@h@nncaftduéls nrcthdmearlglgm@tewa)s@enaywrtmrmhdntsaosane Iahas;e(s)]. Mol .

Bi ol . 987) Chothia et al., Nature 342, pp. 877-883 (1989),

ThoGal [oingPe ?%Og).l Biol . 262:732-745 (1996) and S. Dubel, ed..

Handbo@l61pf Thkamp@[ﬁKW@s mekmmécem ad@t ebledalthoWiHEX-eWfiikhsv@ il fagl &atdtindnd Co.

(2007), where.the definitjions, ipclu over | |ng subs ts of am.no acid

oot au ARG ol s Magtst il bt Gpeir o BBt & UE B Snain P Bl

r ef er esglesctalscandee SapoeEd ecibiee 394(53%5) Qgcﬁ 18r ©fteendrihal fiSudnhil bﬁts)fccaip&ifﬁéd td;eb

am no acid |chco rise i.ng region r as defined by

each o'FXer‘?féE)igg ?‘Ejieﬁm ?‘é‘?"é a4 gssis- alé?ggt 9?'0‘%9?? FOH ESRYAREEN bel ow

CDR Dekinfardnk D1slls (kRS bt LNOER) B1Rd o Sl douy BnMidrGBRAy3did 3R @6itodPard0- 35
CD34+CD38- bone marrow cells (Prebet et al., Blood 116(13), 2010). With respect to cancerous

tissues, PTK7 expression has also been found in colon carcinoma cells (Mossie et al. 1995); in

AML samples (Muller-Tidow, et al. Clin Cancer Res 10(4), 2004); in CD34- pre-TALL cells

(Shangguan et al., J Proteome Res 7(5) 2008) and in gastric carcinoma (Gorringe et al., Genes

Chromosomes Cancer 42(3), 2005). Interestingly, despite being cloned originally from normal

melanocytes, PTK7 has been reported to be lost in metastatic melanoma (Easty et al., Int J Cancer
71(6), 1997). PTK7 also may be lost in certain breast cancers containing deletions of chromosome

6p21 (Piao et al., Genes Chromosomes Cancer 30(2), 2001), although expression is variable in

breast cancer cell lines (Su et al., ] Cancer 1 2010). PTK7 is also expressed lung adenocarcinoma,

where stronger expression levels have been correlated with a more favorable prognosis in these
tumors (Endoh et al., ] Clin Oncol 22(5), 2004). Fine mapping of the amplifications of 6p12-p21
region in osteosarcomas has shown that increases in gene copy number do not necessarily result in
overexpression of PTK7, as determined by qRT-PCR (Lu et al., Mol Cancer Res 6(6), 2008).
[062] The ligand or ligands for PTK7 are not known, although PTK7 has been linked to a

variety of biological signaling pathways and developmental processes. The immunoglobulin-like
ECD domain structure of the protein suggests that it may be a participant in or sensor of cell-cell
contact and adhesion. The Drosophila ortholog of PTK7, OTK, has been associated with plexin as
a potential co-receptor for semaphorin signaling during axon guidance (Winberg et al., Neuron
32(1), 2001). Recently an interaction between PlexinAl and PTK7 in Xenopus has been
demonstrated (Wagner et al., Biochem Biophys Res Commun 402(2) 2010) while the chick

ortholog of PTK7, KLG, has been shown to interact with PlexinA1 and Sema6D in a complex
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important for chick cardiac morphogenesis ((Toyofuku et al., Genes Dev 18(4), 2004). Soluble
PTK7 (sPTKT7) was used to show a role for PTK7 in VEGF-induced angiogenesis, as well as in
vitro tube formation, migration and invasion of human endothelial cells (Shin et al., Biochem

Biophys Res Commun 371(4), 2008). Mouse PTK?7 has also been linked to epidermal wound

healing processes, which require actin cytoskeletal reorganization and cell migration (Caddy et al.,
Dev Cell 19(1), 2010).

[063] With respect to specific signaling cascades, PTK7 appears to be a component of various
Wnhnt signaling pathways important for development (Puppo et al., EMBO Rep 12(1), 2010). Mice
expressing a null or severely hypomorphic mutation in Prk7 die perinatally, displaying phenotypes
consistent with a role for PTK7 in a planar cell polarity (PCP) pathway (Lu et al., Nature
430(6995), 2004). Similarly, chuzhoi mice containing mutant PTK7 proteins with a three amino
acid insertion in the ECD display PCP-defective phenotypes (Paudyal, Damrau et al. 2010).
Murine PTK7 has been shown to genetically interact with other PCP genes, including Vangl2 (Lu
et al., 2004), Celsrl (Paudyal, Damrau et al. 2010), Scrbl and Grhi3 (Caddy et al., 2010).
Membrane type-1 matrix metalloproteinase (MT1-MMP) cleaves PTK?7 to release soluble PTK7
(i.e., sPTK7), and disregulation of the balance of MT1-MMP activity and sPTK7 production leads
to convergent extension defects in zebrafish, also consistent with a role for PTK7 in a PCP pathway
(Golubkov et al., J Biol Chem 285(46), 2010). In Xenopus, PTK7 was found in complexes with
dsh and the Wnt-receptor fz7 in non-canonical Wnt signaling pathways (Shnitsar et al.,
Development 135(24), 2008), whereas interactions between PTK7 and f-catenin could be shown to
be dynamically affected by canonical Wnt signaling in mouse cells (Puppo et al., 2010).
Additionally, a conserved TCF/LEF- transcription factor binding site in the PTK7 promoter
suggests it is a Wnt response gene and may explain PTK7 up regulation in certain colorectal
cancers, since these tumors are frequently disregulated for Wnt pathway signaling (Katoh, Int J Mol
Med 20(3), 2007).

[064] Within cancerous tissues, in addition to its potential for modulating the Wnt pathways
described above, PTK appears to convey pro-proliferation and anti-apoptotic signals in the HCT116
colon carcinoma line, phenotypes which could be reversed by RNAi mediated knock-down of
PTK7 (Meng et al., PLoS One 5(11), 2010). PTK7 anti-apoptotic signals conveyed resistance to
anthracycline-mediated cell killing in AML blasts, which could be reversed using a soluble PTK7-
Fc protein (Prebet et al., 2010). Overexpression of PTK7 by specific cancer cells has been
exploited in a strategy to target delivery of daunorubicin to T-ALL cells in culture using aptamers

that bind PTK7 and are subsequently internalized (Xiao et al., Chemistry 14(6), 2008).



50-56 50-56 46-55 VL CDR3 89-97 89-97 89-96 Resi due nunbering follows the

nonmencl ature of Kabat et al., supra 2Resi due nunbering follows the
nonmencl atwoeof118¥8t hi a et al ., supra 3Resi due nunberi ng@Craiskaes2i7be
nonencl ature of MacCallumet al., supra [95] As discussed herein one

skilled in the art could readily defipge, identify derive and/or enunerate
the CDRs as defined by Kabat et al., Chothia et al. or MacCallumet al. for
each Y&S%OJ'Z/II% g’dzd?tﬁo%e%el'z{ ozl‘gmlgr{tic())%ggc Eas.ra:ét(c?:ristics the present disclosure demonstrates

that the expression of PTK7 is elevated in various tumor initiating cell populations. Along with

concomitant upregulation of PTK7 in at least some of the non-tumorigenic cells in the bulk tumor,

this raises the possibility that PTK7 mediated ligand receptor interactions may be triggering cell

signaling cascades linked to tumor proliferation, neoangiogenesis and/or tumor metastasis. While

not wishing to be bound by any particular theory, it is believed that PTK7 modulators of the present

invention (particularly antagonistic or neutralizing embodiments) act, at least in part, by either

reducing or eliminating tumor initiating cell frequency thereby interfering with tumor propagation

or survival in a different manner than traditional standard of care therapeutic regimens (e.g.

irinotecan), or through immunotherapeutic signaling or delivering a payload able to kill PTK7

expressing cells. For example, a reduction in cancer stem cell activity by antagonizing PTK7 may

include simply promoting cell proliferation in the face of chemotherapeutic regimens that eliminate

proliferating cells, or inducing differentiation of the tumor initiating cell such that their self-renewal

(i.e. unlimited proliferation and maintenance of multipotency) capacity is lost. Alternatively, in

preferred embodiments recruitment of cytotoxic T-cells to PTK7 expressing cells, or delivery of a

potent toxin conjugated to an anti-PTK7 antibody that is able to internalize, may selectively kill

TPC.

I11. Tumor Perpetuating Cells

[066] In contrast to teachings of the prior art, the present invention provides PTK7 modulators
that are particularly useful for targeting tumor initiating cells, and especially tumor perpetuating
cells, thereby facilitating the treatment, management or prevention of neoplastic disorders. More
specifically, as previously indicated it has surprisingly been found that specific tumor cell
subpopulations express PTK7 and may modify localized coordination of morphogen signaling
important to cancer stem cell self-renewal and cell survival. Thus, in preferred embodiments
modulators of PTK7 may be used to reduce tumor initiating cell frequency in accordance with the
present teachings and thereby facilitate the treatment or management of hyperproliferative diseases.
[067] As used herein, the term tumor initiating cell (TIC) encompasses both tumor
perpetuating cells (TPC; i.e., cancer stem cells or CSC) and highly proliferative tumor progenitor
cells (termed TProg), which together generally comprise a unique subpopulation (i.e. 0.1-40%) of a
bulk tumor or mass. For the purposes of the instant disclosure the terms tumor perpetuating cells
and cancer stem cells or neoplastic stem cells are equivalent and may be used interchangeably
herein. Conversely, TPC differ from TProg in that they can completely recapitulate the

composition of tumor cells existing within a tumor and have unlimited self-renewal capacity as



respective heavy and |light chain sequence set forth in FIG 6A or FIG 6B.
Accordi ngly, each of the subject CDRs and anti bodi es conprising CDRs

defi ned byoabi2z/mewh nonmencl ature are expressly incl udedPairtuszon2ioky2ecope of
the instant invention. More broadly the termvariable region CDR am no acid
residue includes amno acids in a COR@s identified using any sequence or
structure based nethod as set forth above. [96] As used herein the term
variable re 0(51 franfworé Fﬁ,@ am no acid remduei refers to those am no
aci ds fi?lm?’ﬁg BERRBT KASRIGREP GO MY© BRa15TS theHeh e hof fosraniel’ Hegi on or
FR 1 egiisontedTelks &b WiglnRidiscuds e Uates dédiebasi, ﬂ@o@s‘deﬁber@mﬂéte& Ishahg argcpart  of
the variable region, but are not part of the ., usi ng t he Kabat

def i ni #iBRARPrORIBRT!! surfase aruess is arpaple at?ﬂ@drtwpléﬁ I‘I*%%)h%\ﬂ)@h@@ G
non- Coggy gb\ﬂé{§)n§€eoé‘eﬁ9@54@%1%?ﬂueagﬁbﬁst %ﬂq%rtlt%(?ts%gh%oﬁ?s'fg§]ldaﬁ Heﬁwrkgﬁh but

i ncl udes onl Y t hose am no aci'ds outsid For the specific
exanpl &nge cgl SW@é\?Uﬁ‘“@h&f pelly &irci- doyibists elgi) oRsiamauohdechniquesGDRs baen hetvithadl by

Kabat ghe@low cefi" nAHHBYR Bkhlgﬁg gﬁngslé]d ’ﬁg%é gﬁlgg&qﬁmgpgarﬁé}ﬁngq}ﬁg'luﬂo& tr(m:ﬁsé/ riable

regi on enconpassi ng am n ranmework region Corr & sponds to the
domai nmade théyecan dyell ahae grovgh ome iconpasylany Hovaver, aclildpudBedtBPCf r amewor k

regi on 0 i Q nconpassi ng

am no 5\%p§@fl%§%8%@q§’r(§¥ %eﬁlg&%e@g\o r?do IlOt Cgﬁpl\é%r rrggécgﬁ gg {en& umo(rjgp mai n of the
vari ab bbenpefglc@all he:tmmgamtynanchme dsndlﬁt%attlpmeffe;mnﬂt relflltltlfm% seeinli talbbegenegs ian. The
framewor.k regi.ons,f | chain . are sinm/la each of
tha 11 Sk e LR, b 8yiay? Sho EiePudidhs Pafbs R s RgRRR e cron of
CDRs byettigdneitpoiiaraital tneorgand GDFlcknB inddhte GRRBrdvwhehQerbfily idDid and89- 97;
CDR-H1 2 , - H2 50-58, . - thefrarrework
r egi ontrB‘%?B%HrﬁIi CE@S %‘BSessgﬁgpéﬂcha‘B 1? Wéog'%)seﬁ%%taldﬁga@ﬁg}ffﬁﬁeﬁ‘ierhet%“ d&Scri bed
above. and P&bg,\duigh bb@ rdydeaimolt depst@theSh bHMbb (Ins S isdBE atip@NbilitoM nd,

those gkilled in the art will appreciate that the antibodies of the present
i nvent iLoh QRSP I delgrpgensqes YmongiRyHodon ¢y Harplapraen ddewasthent s. In
this resRged.  ORORA R HpRAtH:D RAIL8SCERY TRMRLHISEMBPiolo ﬁmahb!@of

anti body (as the termis defined herein) that provides the desired

physi oFBhiteate PEkpsig@sqrintignad psfilse and dppg Ieaooa@ﬁs/altﬁrpugméarmrseép@gw B#t i bodi es
may be sedwli AR wa@albﬁpadwlhl dNginPpRSARY, LHBCHI NgS, certain enmbodi ments
of the invention will conprise chineric, "humani zed or human nonocl onal

ant i botfléés or AP‘Pﬁ?@Iﬁ@‘Wef&Cthﬁ\pérPPIiﬁ‘é@ﬁ’élﬁtl@t@h@r’@mpn tuyieqr potphatingrsidilivent s may,
for ex r ucts,
o var mEse QR Sy B EAN A5 Ol nBHARRRAL e Ml deroERNRLT

Mor eov elrilityite sak- Iehevoeldaﬁnmai}swhitedmmtamlrgubmca@mtfylfglunaltlhxmge differengdtionut ual | y
excl us t nd|V|du nt,i bodi.es. ma rlse one or
nor e okxﬁﬂ@?pfﬁl%ﬁ B% s th‘gscct(?l bcf: ¢ neraatd] g% ﬁhetlmr?m%e 5 pr%{%m €, tl<%1m(():rorrpat| bl e
ant i bodmlmmag(c@bn’ﬁﬁ’@ sigl EPrsg)rugI:l ROIG- hmamgelmatr@ﬂ@) mbgdnyhAmardidzectivanirabl e

[ hat OnRuihiefie ol KadauTa ko bt Pl o BSR R bR bustiiol oy PR b 12751 O her

exenpl ageyf handdcipasitystoat e rémeadir loynefdpme aétterotgmebmmeageklof tuathr tellstde art and
may easily. be discernaple igﬁfb\xgl Wi t hin he scope .of the invention. b.
Ant i bo&fgm%@ﬁéﬂaleqr XPqrHRsE2, I arwei'm eaﬁ&pgoﬁaﬂhl.‘/.fﬂ”&%m@eaw es

her ei Niidéadve When@SdspRAdB dicess 08l Mhnegs. r abbits, mce, rats, etc. may be

i nocul at ed and used to Igr ovide antibodi és in accordance with the teachi ngs

her ei nl0R} t - kdKIAHTUTRE aredharaifegfizpbasyBer nBiafingsdlase Thbdueinthssl ogi cal
respo nﬁﬁuecﬁﬁﬂﬁy% g&ﬁeﬁf& ttulﬂerrs MRl q@ a%@ﬁfége%@ of @Ptlaﬁ@arebﬂ}mﬂp%aﬂaefe ofhm ted
to, Freund's (conplete and inconple , mnefal gels such as”alum num
hydr ox figiée nugrtbﬁlr dawngelfrgewingsst! émﬁe@s:s Neoreoaer, THeog|celds may furthey|ba ditded

pol yol I ani ns,
e et e A A RS RS G L N i
Cal met b@dlmpusmd ymdendyper{elgactlbsidfaen makwmndsu&neradgtmvmmw reaapitpatot ect t he
antlge i I st.er | (R I ep03|t or they
y oo SLERRECR, IPHE D s I B AL RS B TE 08T or < et e
C h enot ‘amtmcmalﬂy)fromﬂd{bp hizng €y areceodriigy ] es:s@mmbmeoftsmamfy rctdoestmntmgnen&y sitherm
Preferably, . tide is.b t i ni zation
ccheaurasgirid ploBRULRERs il S ST oAl S BedhE s TRt TESER! | de.

spread out over several weeks.



[ 0100] After inmunization of an aninmal with a PTK7 i mmunogen (e.g., soluble
PTK7 or sPTK7) which may conprise selected isofornms and/ or peptides, or

i ve cel Iwoanix@ab943pr epar ati ons expressing the desired pCoOiUS2e12/023726 bodi es
and/ or anti body-producing cells can be obtained fromthe aninmal using art
recogni zed techniques. In sone enbodiyents, polyclonal anti-PTK7

anti body-contai ning serumis obtained by bleeding or sacrificing the
animal, The ser.y e _used for research urpos s in the forn1obta|ned
from t HEdnNARfibgnd éhttﬁ F ARCEREHAETE, | FHaTRer SE??K*? thaht i Bya T E e may be

par ti abbptldiond il oh akerdcises, bn RIO¢hdal tapabinae @pMhilyathibaeh kOAsm e&lls
honogeneous ant i bod y preparations. c. Mounoclonal antibodies [0101]Wile

pol yc| BaNeETeH ep Befome R%y(ObeSGk da amheeaihalh P WineHnidiatinggeHs as pkelys of
the pr %@%@ém&ﬁm&tt}«geﬂ upﬁ&fn%g 66h §ﬁ§?@[§ﬂn@ﬁ%§ a&%qﬁy@m@n&me&%thqﬁe PTK7
reactive nonocl onal antibodi es. As used herein, the term nonocl onal

ant i boBpdgatopms disgipeddicren. akhahist he dieslossBcainprsifions aimeanasdpaAfietivsrin of

subst a

compr | o e B e AT P B Gl s RETKT BN o PANLBARLRS
e.g., regudlead ¢fyh®mw1iarnglbﬂdlmanﬂ0®nsx repheagntereiy aljen@y esent i n m nor anounts.
Thus, nod a tlbody as
not bef ng a mh];(tlthg‘ﬁ’%wgahgg}% et {ellﬂgérﬁ?g{’)e%léﬂgm%gk%%g}lgermc el}é&glﬁ ngoénj unction
W th aqye&y@en@bﬂaﬂhmb@Uynmtmmmmﬂmaﬂw1§mﬁambmﬁﬁﬂgmdia@mhmxhuﬂb@hmma

or - asoBrn BUHRRABRARE LRGBS B 3R 6TE 9B SO NS  (he

PTK7- bedid) thex qooipytpethé ball OSEWCGIM&aO&Hnabmﬁ)da blj(erﬁplep;rzmd essméRabvd, icl udes

the selection of a.sin t bi ndi pol uenc roma

o of 5 i bsgh ofued Bt B caBo R i B R b et g BT RO

anti bodyexpfoqﬂu@magss@@hi to chxm@su@faeth@rra@@amdeglmm ®8&l the fds&@?@h%ﬂatfnrgom t he
i muni zed ani er inmmuni zation, the animal is sacrificed and |ynph

node aﬁﬁ?oéran%gﬁ%lrﬂu% theé‘FqllsoogPlét“i’MWtﬁéﬁleébOfW CHRIS OGS FRargRsiRHCs; thatt he art
as showakd Merh h@at@@g%@ﬂereﬁg@mb @&)vemi\%hﬁaﬁp@g‘ sdcHTRIcRhielicRBre&RInl 08 1 nCl ude,
but are not limted to, transfecting themw th oncogenes, infecting them
Wi th aPMuBhd8gERisENes Faspoaise. eirpgeq &Y &N hpeRarehnies 2ebh HIOBIREC PlRfINSs el ect
for i migast Bldp&@isk, 65hlo? whtHRbEFHIE S (ﬁrng PidrShcE B Q‘P@O&f’x@ﬂltﬁte%rke &l 1O
conmpounds, fusing themwth an imortalized cel e.g. el oma cell, and
i nact i (altierng Stanciwobﬁbﬁﬁfé@gwegj@ﬁ@ to Ielflsufml@ngﬁ@rwb?lﬁfﬁflﬁﬁ(élnmmp@ew withs used,
t he ny ra tides (a
non- sear ey g ioP e it BaleRRlhizyd FTIAGRHE Mt PR BER, LT e
cells ﬂamnm@t@@meaﬂewimérmgﬂawPﬁK7T€C@cCﬁdbng sel ected isoforns), or an

i nmuno tiv rti er, ferred odi the i |t|a
screont ol 1 SAPRUME G e e PRl LR SR BLIR B mnoitFu s

r adi oi prexenomssaipn pfed @3y Mdn@ tgefreqtmhdyyqf t\dmsomehtmgrmﬂ@mooraaimmsmtanhodlaes

con5|st nt . w resent inwventi can _he prepar usi. a wWde variety
of 't eotirglEs roun (RHETRE whens Rerelnaen B e R I BB A8 hn qucs,
phage flisbplayrtarbinttd egiced modersdr. s ho@d higse, thé RASIOAIICuaRdE MdiSing €e10. a
Xenowbgaiéng or HuMAb NbuF él%% Qr so conblnatlon t her eof . [For. exapmp
nonocl EPRTAES 2EEH 95 57 GHRALRR: Bﬁﬂﬁ’ﬁVEVVﬁBWa“F@EWthB@?“@ﬁ85 as
br oadl yinfde sitiaipe GelRDOMBn@s1Hnd @b @hwth, Rx pARKBn defeditentdlotiabomitRtingddells; c)

Ant i bodi es: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd
ed. 198‘5’}7“13%%11“1‘%‘@“ pégpagation, linﬁmte%%cqr@%l?emm%&aﬁlcésmaﬁalgwl@em d)

Hybr i deyfiera@3 18fidrifEhs SMVRAL reédentratiok 88Hdr 1B&GdMsRlof W tehordignlce B! AAT at ed
herein.” Using the disclosed protocols, antibodies are preferably raised in
manmal ©nsyentherineniseths msecionra edregrericn of wmer initeaiag bellspalss asorssidfor ahe

rel eva

B S
of antmg@nuwé@cpfmeﬂamrumb@H€$£MQMéwrmmW?beﬂﬁunwnhddag irfdu¢ede i nmuni zed
ani mal c - . : ile the
Fesur ¢ ErehiRRAaRRe b B Ao i RIAERRI RS Bl SRR ™
prOV|dmnmohymbmmanopommamﬁsnmnmnaidwdﬂmwgemmmafkmhmumemﬁmsﬁﬂﬁﬂﬁ@ to isolate
i ndi vi dual |ynphocytes fromthe spleen, |ynph nodes or peripheral blood to
provi de honmogenous preparations of nonocl onal antibodies. Mst typically,

t he | ynphocytes are obtained fromthe spleen and inmortalized to provide
hybri domas.



[ 0104] For exanpl e, as descri bed above, the selection process can be the

sel ection of a unique clone froma plurality of clones, such as a pool of
hybr i donmewol2oréa294phage cl ones, or reconbi nant DNA cl on@sT/useoigheirke be
understood that a sel ected PTK7 bindi ng sequence can be further altered,

33 for exanple, to inprove affinity for the target, to humani ze the target
bi ndi ng sequence, to inprove its production in cell culture, to reduce its
i mmunogeni.city in vivo, . .to create a.multispecific antibody, etc., and that
an ant Footig e diphert b ghitihed P B SaSy iy B EIAG COREERERISIH S0

nonocl emaler@ft i body of this invention. In contrast to polyclonal antibody
preparations, which typically include discrete antibodi es directed agai nst
differgwgfdet@WHWﬁQﬁ?ggkﬁfFW%&%??}“@H@H“ﬁﬁﬁﬁei%ﬁﬁPaéﬁﬂ?HBéVqﬁ¥mb9%Dnoclonal
ant i bodyndiBRAMACEIANS lidittheld@Gt @Farag ek BSiler & WirH8f & ST SERTANOI1 e _
antigen. In addition to their specificity, monoclonal anti body preparations
are adGHMCEYO8HSNE RostpardiHayionpalitigppsieryngihe agusarneftrseiehyedutefiaitive

| munoglARULENS dhe @il )Y cedBrake @B SrsiBAGS bR, Wil CO®iGn ANRLBEH8Ris
[0105] I'n anot her enbodi ment, the antibody of the invention may conprise

chi mer pig Rarefiened wsthadsraf gelgulptingredustian efrftungr indianegicebrftgesngy. sprdesss from at
| east [uR.difof i - of - hodi - L] | eci ated
that, Sl R RRERCHR 4Rk RSSO BREhREGheTRui gl e RS

const r lgst scimtelph pharacipoely compasiblet wigh the seaghisgsdiemin. | Thykitas ehlhbaagpseciatkeint i ca
with o J corr i nces .in tibodies derived froma
partiCEXgggg%ggﬁéimggﬂﬁgpgﬁé%§§H¥%%§%%§$§F%% ggméﬁgfggﬁﬁygiggsrgﬁgéubclass,
whi | e thig-knevmaflowdeytomttrit e inohanah(sechdsical degahs. cad towdl e dsrememnhegous t o

bel ongh V0 Bt ar anpt By cPaE L TRRPE AU TR AR L OBTEE (o

such amngdehodli; esh of whichnginagpéraey hexhityirtfeiche ides entaeiybi ol ogi cal activity

(U. S Eﬁ% No .g§816,56ﬁ;.wbrrison et al., Proc. Natl. Acad.. Sci. USA,

81: 685076855 (MIBGAIPFE P HMEHE WRBMANADYS dHisGen HRRETtSD Qe intiatpd sefody i n
accor dapgeni hiy B céeRRhdWsdPeyi @it By aFMEdd%e ulldidibRaddhuand nWhoran no

aci d sequences and constant regions derived. fromhuman sources. |In other

conpat FPI & &fipgHirsathaad ynizgieddimers frireeinEly) 810 trérpereeEntoniioantlon may
conpr i &RepcdiN Bfdiof dIthis MbmRGH &82chyaBinkiROEY1s &S %y}g%g gﬁ&n_b&ge&w §Be
|

[0106] Ceneral I'y, a goal of making a chinmeric an y is to create a
chi mer WA HIdHARHe IFatiom el colmics ity aBY dscompighing Hefof eagmite the sapsjsision

speci esf {yshalRthdH & Binto PS4 IR @u&tﬁmgms%g%gte el 2 8B ive b Wi Ch the

anti body conprises one or nore conplenentarity termning regions (CDRs)

f r om anqsatite feusdonydprwitien adeash &) dngifig plasing frar'td louitiag ddwitonisapyingingss or

S !Jb cl aﬁﬁwsé{g? \V&l%h taﬂ:e eﬁgrglw ﬂgl%racafratg nnethépaﬂlﬁtgqg d&aﬂ{lpe(tﬁ)n } %{t%[lﬁ J:eq}.ent I cal

wi t h or honol ogous o a correspondi ng sequence I n ant I'bodi es déri ved from
anot hefre@pegiasompashdk gngiphgtation anfoitae tureertcebo fhpmadithesungratsdidanlralss. For use

in human the .varjahle regi.on or selected CDRs. fro rodent anti body
oftenng?%ﬁﬁwgﬁPg]’#ﬁ?gmgﬂ u%%HHQHWFB%E??W?8SpggﬁﬁaughgnﬁgfWF%IIy occurring
var i abiubsaqagitlyrsordrg caBRsowk at bieheh positive anhédaddyfor ines eormaticat 4t kakscogaper al |y

nave | 0E RGO o Pogt) AR L eSO BTGB St e ens (9.
by t heyisaRjpegérably Wehe2Q1apb 1l ind POBREA iMEBR o2/ SBT3 8o &8 known frequency of

positive and negative events, thereby providing a frequency for events fulfilling the definition of a

positive event; in this case, colony or tumor formation, respectively.

[074] As to other methods compatible with the instant invention that may be used to calculate

tumor initiating cell frequency, the most common comprise quantifiable flow cytometric techniques

and immunohistochemical staining procedures. Though not as precise as the limiting dilution

analysis techniques described immediately above, these procedures are much less labor intensive

and provide reasonable values in a relatively short time frame. Thus, it will be appreciated that a

skilled artisan may use flow cytometric cell surface marker profile determination employing one or



e. Humani zed antibodies [0107]Simlar to the CDR grafted antibody is a
humani zed anti body. CGenerally, a humani zed anti body is produced froma
nonocl onavoantzyhiedy raised initially in a non-hunan ani malr/US2&1203¥d6 her ei n
humani zed forns of non-human (e.g., nurine) antibodies are chineric

anti bodies that contain a mniml seqwuence derived froma non-human

i mmunogl obulin. In one enbodi nent, a humani zed anti body is a human

i mmunogl obul.in..(recipien r. acceptor antibo in.which residues froma
cor of Herehbiits &Rt Patip? S B8 @Rt S woltimduSeh biuttBRusiorn

non- huirminspedises.g( govnrallaobmpodk) mskah adde FBSGE in BxhmpleaBioky) afdf nonhuman
prinatg@hgving phﬁﬁgesir d specificity, affinity, and/or capacitg.

[ 0108] BEHAY HIPSPh Ul St P8 aBTus SHMBIRT i 1B Sy aradhes Forarasiblernetbed gpgskilled t he
SequenGehd e @9 ¥nidndat ANORLGRhcySH IsHE Ll 88 a@ksupatdliohfy donor and reci pi ent
anti bodies. |In selected enbodi ments, the recipient antibody may conprise
consendHEURBIRASHEBISTTY THNENS A S0EONSBAGSO HeRgamS fhabare alle ksbind eelipetieteks f r om
sever aprofitBRoREA%MeMBRLA 1Rk ddight chain anino acid sequences may be
aligned to identify a consensus am no acid sequence. Mreover, in nany

i nst ant®s] on&siye appelkthe ppvevieienged siaghnds itiintherhgossibleita plaatifohaieducsiont he
human i i i resi s from
the. donor e o CF e G e Bl B e e PRONTR A R BHE ot P
wel | kHowncanjugatheé tagytqtorac ggentshin aqpaddncagitbthettérehingt lmreint Inoomedfstanbes, CDR and
f ramewnr ' identif. I r I dues b Aaportant for antigen
bindiﬁgmgﬁﬁség%ggﬁgéRggﬁ%g%%éé%h?gﬁﬁggﬂﬁ?ﬁ%iﬁ%:§§§F P&hgﬁgpwgresidues at
parti culedranpos inbiedalsove Sudhdisgibighinttinn, owisced @lfferemiibtidraniché dierupggr, opri at e

t hr ee- di nensi | configurali s he graf CDR(s nd often inprove

i nfini ?QFH 8, R (o a8 el B %I%/Ot(ﬁ S t?yr%?%gv% % é%fﬂgﬂc‘j’?‘iﬁt?’ s

Fur t heradocton ihfreqrehaed TA0Mhd90dioa shemmyer 00 AL ] 656, 50%i, d3mscivhat 658.einnot  f ound
in the recipient antibody or in the donor antibody. These nodifications may
bo rmaE-Tie PR e oS o BBy s Ghroi A ey Cha: KA Fachni ques.
[ 0109] GBR gwabbing cadithInnenicaed idmiiveaghesadd BadescEdubesh off i r@xamp! €, in
U.S.P.NF. 6,180, 370, 5,693,762, 5,693,761, 5,585,089, and 5,530,101. In
gener aP! the Tie ey waytsame Fosagonding redushion indbe WHOE RN aPaT§StEIcE. T6FUrgHCe east
one, apgh doyRbGANEY of WRne¥idiabl € domains, in which all or substantially al
of the correspond to those of a non-human i mmunogl obulin, and all or
substantially all of the framework regi ons are those of a human

i mmunogl ghul | prREAUGINLErs The humani zed anti body optionally will also

conprise at |east a portion of an i munogl obulin constant region (Fc),
t ypi cald79] t hain any eseriuthapresomnregion budiiepted Fothe fisgrof REK7 detdalaloss, inclelinge. g. |

Jones u : : R ' e

332: 32&%%“%%&3 fe RhSREE: g%ﬁaé(]c}s?% aum SRR of ol ¥992) .
See al soludimggny ongag wamimbend PHTiaktooiafed Artignafkicer Te, digddsbdmmoduldtomymmeg! . 1:
105-11 1 . Harri.s. .Bi m..Soc. . Transactions 23:1035-1038 (1995);
it o Dot s o RO Bncgh RN S Mo Pen ARG BG L Q0BRSS b, N,

6, 982, 3RinoarchpZytRST jMOdnotGirijeutiamnphivées.g., WOaRO1i2 AArERERSREBIUSROL RAQRST 26 35

met hod is..ter humaneering.and i s descri bed ex le, in US.

2005/ 0B08ESS: TRdpetrBagthaLuEngs e Bk bR capH Bt TR s Be i

humani zeebigdtivh Bogtb ege wilahced@anihatsbldstc effqReses slay be dsddud ebEBiRe gluafspdic
antibodies(%%.e. human anti bodi es conpri sing one or nore grafted non-human
CDRs) %"%'SHo or mininal framework substitutions. [0110] Additionally, a
non- hupam ant ir RiA eandbiibRAY, (FRPTRY §RdM8 IR iHd BeeMin®REEH vilCeotifligd | on of
human T cell epitopes or dei munization by the nethods disclosed in WO

98/ 5297 efidesvihisonncietides, pEynustaofidest pRptifRs DY PolxPRPtifesy Ftver marerprefaiablytshee

regi ongo@fiaBR vallkbRpee sglaﬂ]ewxaqmﬁ@rmrmpemahgsaim@é or%gﬁteﬁtqh ¢ C ass
I'l; these peptides represent potential T-cell epitopes (as defined in WO
98/ 529eludng, fRoPB4BTKY fusporcondituets (¢ onP DK 7-pothdif7 algehambietyept opes, a
comput I i p Brhe | i 1 n Lied, and in
additiglﬁlKgP #% aéggb??%ﬁ%gﬁ’Rﬁ%ﬁgﬁggék%%aﬁin |ng%g§%tig§§H%§§b e searched
f or notppfeiaadgkanin othar ¢rhisodiitrgn che\RT Kseqodites corarisd esdtrodizedr i n WO 98/ 52976
and WO 00/ 34 ifs.bind t ny _.of the 18 Lor ..IvH lass Il DR
al | ot y%*grgﬁ‘“%é%lﬁ‘?vteﬁ%‘gg‘%%ﬁgf oty e teaofs By Phuitutary Pree%e.r{egﬁdé@f)dl&sﬁé Sal T-cell
epi topes detected can be elimnated by substituting small nunbers of am no
acid residues in the variable regions, or by single amno acid
substitutions. As far as possible, conservative substitutions are made.
Oten, but not exclusively, an amino acid conmon to a position in human
gernm i ne anti body sequences may be used. After the dei mmuni zi ng changes are
identified, nucleic acids encoding VH and VL can be constructed by

o o . N - o S o o e




[0111] I n sel ected enbodi ments, at |east 60% 65% 70% 75% or 80% of the
humani zed anti body vari able region residues will correspond to those of the
par ent al woamwedkregi on (FR) and CDR sequences. | n ot red/tSatiodeiveant s at

| east 85% or 90% of the humani zed anti body residues will correspond to

t hose of the parental framework regiopy (FR) and CDR sequences. In a further
preferred enbodi nent, greater than 95% of the humani zed anti body resi dues

will corres ta those of th parental franmework. region (FR) and CDR
equendBL RO S DS R TISAPES Ty B S Er s ce el Ty CEomron

ol eculfagméitoihe@yr. andibi aﬁwdaﬁwtsahe ENET RAI0es ﬁl@cmpﬂlu@mea@an%gc ri bed
herein. These nethods jnclude jisolatin mani pul ati ng, and expressing

nucl ei anEROAKs eelipsaraisdharepft oyl Sllnpg%‘f"e‘ﬁéifh? PIRTimadgHEys BBYFOAPIRG

var i ablgpiéf@iaatisodids QP mdr@Atitre M 1QREovr, REAUY t&raférklgmtloﬁg@i‘uﬁon SOHE6gs of
such nucleic acid are well known to those skilled in the art and, for

exanpl &1eshyibely aetuatere day be AorUSHAr iksrrar oté@rwaﬁew@iomteé alith splectpthage
pr oducifigoRR 28eHd, gglg%ef%r bibPBL R SRR Y Rlifir @BHTRY) OF‘ {1@ to Folihe Qﬁéc‘taerdm ned

target, as deScri above, “fromgernine 1 muno I n genes, or from
synt hetmhoueshesaniasorig, varines (a@bopteodhtnwsiple) Ma@madﬁ asgon. hiss :Irimdahioz ed

antibo ov%"g'ﬁlchtalﬂﬁgoé?e% rx?zlggogg)% LN %o%%@% CF{iSS(?Ctla%e &3&9'{\9 gx‘rﬁ’ ‘IT(EF%mforms

[0113] Human gerniine s nces, exanpl e, are disc ose i nson,
A. et al imniu@YRYifig antlumdws BlatDiselecﬁQdy ®AG-WilBg sifdolkspfoGn. B yeebthaﬂ (1995)

I I 242:  Chot hi
227 705 BB B R R P e T gt Y Shmione 3o iRy pase
di r ect antiseipe ovisdeds,aiRdaphieleRiSAved dieliket ory of human |nnunoglobulln
i ab S tt 20
e et o SNBSS B S8 e BRGNS o, o,

for fr a«mtmﬁieke ﬁrﬁ@ht@ (13 mﬂmﬁk g@ﬁiﬁ préﬁag&tﬁﬂn dreutvivaheriemsr @anpensusnTren
framewor kK regi on e use described in U S. P.N

6, 300, AE4Or 3ssociafy, ﬁo 3 t%@&ﬁ'ééva‘[e@ﬂfz{]‘qcharé%ﬁ CBIng JePTHENG PIANASERZING ne d
ant i bog@ssd fahoses &l@hkﬂ]ﬁ@ng @pet:m% c@mstd Pkddmgaﬂﬁ@%?hﬁé Rnliabrh BepaRt | bodi es of

the present invention may conprise human anti bodi es. For the purposes
of t heMCHERGhAM ARG He li’adi?afl ﬁédqser}gmnﬁ dghtislyedty Acevrgineeyhdhpratstedody

whi ch %ﬁ&ﬁﬁ&%d@&os@ﬁh&@m@% @lre%t%gte@me@e;h&% ﬁﬁfbft%%%?ﬁ%cﬁugo? i})@&fletun?d?
ant i body produced by a human and/ or been made using a

t echni gtiessibpentlagans sHeh HUHEAT REAR ‘ﬁ%@dg@%Baéméﬂéﬁﬁﬁ@@ﬁuﬁéﬂétﬁWh¢mb@hm@ﬁ$n|tion
of a hhﬁ%r@?”iu@t‘?ﬂ%e%ﬂ?ﬁdt il i ﬁaﬁﬂém@%t&r hYRBHAEH BN PRRY GRS N9

non- human gen- bi ndi ng resi aues
present invention is broadly directed to PTK7 modulators and their use in the treatment,

management or prophylaxis of various PTK7 associated hyperproliferative disorders irrespective of
any particular mechanism or target tumor cell population.

[079] In the same sense disclosed embodiments of the instant invention may comprise one or
more PTK7 antagonists that associate with PTK7. To that end it will be appreciated that PTK7
antagonists of the instant invention may comprise any ligand, polypeptide, peptide, fusion protein,
antibody or immunologically active fragment or derivative thereof that recognizes, reacts, binds,
combines, competes, associates or otherwise interacts with the PTK7 protein or fragment thereof
and eliminates, silences, reduces, inhibits, hinders, restrains or controls the growth of tumor
initiating cells or other neoplastic cells including bulk tumor or NTG cells. In selected
embodiments the PTK7 modulators comprise PTK7 antagonists.

[080] As used herein an antagonist refers to a molecule capable of neutralizing, blocking,
inhibiting, abrogating, reducing or interfering with the activities of a particular or specified protein,
including the binding of receptors to ligands or the interactions of enzymes with substrates. More

generally antagonists of the invention may comprise antibodies and antigen-binding fragments or



[ 0115] Human anti bodi es can be produced using various techni ques known in
the art. As alluded to above, phage display techniques may be used to
provi de iwounpaaed4se binding regions in accordance w thPCRAISRoIRHRITRG

teachi ngs. Thus, certain enbodi nents of the invention provide nethods for
produci ng anti-PTK7 anti bodi es or antsgen-bi ndi ng portions thereof
conprising the steps of synthesizing a library of (preferably human)

ant i bodi es..on Scree brar with a sel ected PTK7 or an

ant | body/ T B Gre REh TERLFS TSPl P TohS SalP fog vierdeqn

obt ai nbn@shdaearidammaeeaeiﬂs \Aﬁt1§ehﬁgﬂﬁﬂﬁu8tsf§ilﬂmt RERPAAGEore e MBl¥cMds, exarrpl e,
one methogifor arin aj library of antibodies for use in phage display
t echni R O’E’B"Pﬁﬁ ?§’ mag O%‘P 6§€Wanflﬁli‘ﬁ}rfp"ztfr‘\??éj‘teé ORI RYARA 2Bh I pr i si ng

hunan  esntROEeqheHTBs) ahd b NRY | Aktbiddniktd RG] a1 ihdludegnaBieh @& RAnEBKots, Aisidh
anti geni Cc pOI‘tI on thereof to create an inmune response, ext I‘aCtI ng

ant i boB{PIsisotFGenPgnequies apd %ﬂv@ﬁ\éﬁsl“f%ﬁ?rﬁl@e%ﬂe%ﬁ?%ﬁ@ the PEten fSEEPRNA. encodi ng
heavy afifledidr@Btics GhalMRSo Af s@@ﬁdt@&%&%\%m@éorﬁﬁ? Qarki MK itePo b OfRkdIRe €xt ract ed
cells, reverse transcribin roduce cDNA, anplifying the cDNA
usi ng projeselesdiregied to W@erq&rlmg}@%éptém anﬁtrtboarrmﬁagen&ﬂﬂem@@nvect or such that

anti bo ar r E@A, ncodi ng t he

VH andﬂj\f}ﬁ?dong\lsﬁg&a}%géf%l%§%§8Q\?gg@{l%%?ﬁovﬁcp %E g%&glé% Jl(%éi nker gy PCR gnd

cl onedrecagrazes opsagrestescihelebe limld (oemepn, theye CANTABI BN spep Tobind gH8B)bindliee, vect or
oY &P REiof! GRICARCIALES bl oGR8 DB [liroERblty byl oot ed it

hel per age age use fods anent ous WO
2012/ 1¢®91¢3FP£'5[ U@Zﬁrﬁ@/u&ESJﬁEﬁbe@'anhalg@la aeltuah effeef oh dadihML3olande.t he VH and

VL do usual I reco t | .0 either [11 or
gene \ngg?? [ 0116] R« arr%l n"é’ﬁ@%&ﬁéﬂ‘h %ﬁ ?—’%&? A reEE %‘g’r%ﬁ?ﬂt ?ﬁ? gﬁ&%zntl on

may bemagah aéresth ayessabeeﬁmgnm Prl‘e:ddrﬂm mmtne@oumithatlﬁrmaal(e gnmlubﬁxijld i brary
pr epar as above. referr i ment, the I|brar cFv phage
B ot e P g R BTy G i T e U OGRS OB H i A
i sol at @4l idt@rhiBit e@kd-@actiVity head PTROTorRb R bR @th@flﬁ)e&@é’ e@fruonge SHebhjlncabar i es
are wel | litetwnjnthe art and kits for eneratlr%%67 edlspla libraries

are cofBME eAChPesNALE N sphembadignentsimipy COMRFIFRIN digg fat P‘H‘é@é‘eAnt! body
Sy st emyith &l @bi0god Gofcdis dRO0r Qdgle SREed HanTdads AR B RWeZART N Riipge di spl ay
kit, catal og no. 240612). There al so are other nethods and reagents that
can besipge#of%mgener ati ng and screening anti body display libraries (see,

€. 9., |48 P. Nip 2223 4055 E&%@M@ugs@em aerelﬁeaﬂ bMQw%/oée%@;ln%d iR Atidr271, WO
92/ 20791, WO 92/ 15679 WO 93/01288, WO 92/ 47, WD 92/ 09690; Fuchs et al.
Bi o/ Te@nm@nzrs@ghatghq@mosm md(llwgslr)iay Beaipeein aallonjugﬂmwr unAenibgseEd fpiybr Tidomas

o P b BT el Byt R BT EARA (LR, il glighogURGRY) 25, ©

(1993) pharmedeiellpactive compouniiibiol Biicl resxzcm: 880IiEB6IIAIRY pecBlsacksoxicet al .

Nat ur e 2t al Acad, Sc USA

89: 357%’?{%%%%%?3’8@ oA i 8$&1£?9C,O% g, ‘?%ﬁ‘%‘isoi“ thi5 RS i3 pe Tog1)
Eoogenbmtarmmﬂalhat sucNuonJugmesdndae&7gxgg&?%bggaesiﬂog)zpe@ﬂ&@ﬁ%te?ﬁduﬁa{Ilsra&ane,t al .,
roc e .an i es

br oduchar g AER0e Ty TR RE Uy AP ae i Bp R P BB g
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al ., Technique in e nethod o ins et a :
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Acad. Sciy, USAn:i®Ries3576-3580 (1992). Additionally, affinity maturation can
be perforned by randomy nutating one or nore CDRs, e.g. using PCRwth
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al ., Biotechnol., 10: 779-783 (1992). This technique allows the production
of antibodi es and anti body fragnments with a dissociation constant Ki
(koff/kon) of about le Mor less. 38



[0118] It will further be appreciated that simlar procedures may be

enpl oyed using libraries conprising eukaryotic cells (e.g., yeast) that
express bwodorgipaBdrs on their surface. As with phage dipspltisgozeeinel ogy,
the eukaryotic libraries are screened agai nst the antigen of interest
(i.e., PTK7) and cells expressing cang§ date-binding pairs are isolated and
cloned. Steps may be taken to optim ze library content and for affinity

mat uratj on .of the. reactive bindin airs. See, for exanmple, U S P. N
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I n ot her enbodl nments hunan bin pairs be isol ated from conbi natori al
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" onber el PerefGou P RS s 6e buGHYI Ry oL NGt ioR . 13
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Ther ap}/, R Liss, p. 985); Boerner et a
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0120 af ar.e Qr t he
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enbodi stetuse ofd ceti@n dioshdnosa grapedies. alt o1l bevappreiakrdishat thedgGaosesypes in humans
char ac S r nti-P t bod d cells (e.
hybr i d%)rr%asﬁ&%/\%oé%ﬂgy %‘ifig %%%U’S%éﬁrlﬁ}wﬁg%g %'Iég %r %fg ;%FHCE‘BFgm es) m(ay be
sel ect B@6] cl oMéle ahidivé vlntsheof amcbebndik. 19X, IgesisEalkGeamhiaMaah@ill Bbiyps
i ncl udj.n 0 bust h, hj.gh ant.i bo roducti on and, a
o scustBa1s G s e 314 ek D in® i Al S R idl SE pabindls 28R
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culture in vit
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of ordinary skill in the art.
the present invention and not in any way limiting of the scope of the invention or the claims
appended hereto.
[087] In this respect, human IgG immunoglobulins comprise two identical light polypeptide
chains of molecular weight approximately 23,000 Daltons, and two identical heavy chains of
molecular weight 53,000-70,000 depending on the isotype. Heavy-chain constant domains that

correspond to the different classes of antibodies are denoted by the corresponding lower case Greek



a. Neutralizing antibodies [0121]In particularly preferred enbodi nents the
nodul ators of the instant invention will conprise neutralizing antibodies
or derivavowverxrn29sagnment thereof. The term neutrali zi ngCaniSemRoys706
neutralizing antagonist refers to an anti body or antagoni st that binds to
or interacts with a PTK7 nol ecul e andyprevents binding or association of
the ligand to any binding partner thereby interrupting t he bi ol ogi cal

respo hor ti n or VEGF-i.nduc i ogenesi t hat .

o horwie Gt PASHREREFust B R o B S0Focha HeBr B0 dredat st essi ng
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sel ect amgpubstrhat@s ciaMiafk Binedby dl@!ﬂﬂﬁ@%ﬂd@ﬂﬂa 'BlcenkgmuBﬁ%th%mhe Yol 371:4)

or in an in vitro conpetitive binding assa In the case of anti odles to
PTK7 f ehainsbsagpsetahe hpamechaingisiaptinggit s tidydusf t 'Y and eyoiniigg thipugh therefieblabl y
di m ni ghifhe mRASIRNGY ¥ ad L oR,aRidnt L : 7 W r ecific
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anti - PTK7, anti bodi es t he |n%%ant i nven be internalized, at | east
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be internalzed by tunor-initiating cell. In artlcularl¥ preferred
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anti body fragments, human or humani zed body an antl conj’ugat es.
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var i outpeatics @afaﬁ%?rléftfﬁ HB PHBLUarGELE b d oS Y R s rHSFSeRAnbEsL RGPENVE |
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into a cell are also described in whi ch is 1 ncorporated

her ei naisyihg eeuy-ehi variablerdemains respciively. Thsoppiathighly eonsarmrsidioaons pH124] I n
other prebRULRINSARASIIROEDRE AR BB rALRLSHIAELDAGFRDS MG s l%éa}ffcaﬁy ap_will
conprise depleting antibodies or derivatives or fragnents thereof. The term
depl et paigralihedchioig moapaedc kg6 abibediesi hodix (@RS presgnemteacthanm &ithedantibedyor

associ onotes or
causcstt sl phIEIES sOtefics DERFinh REAC R s WELAERN LTS fim Y
conplemémmadewegdenﬁswyamﬂmiywkmymdmtmntdbuﬂyom%p@ﬁdwnmomeumwhamus
cytoto%<nvc1:rm§u¥%nt In sone enbodi nents di scussed nore fully below the sel ected
depleting antibodies will be associated or conjugated to a cytotoxic agent.
Preferably a depleting antibody will be able to renpbve, incapacitate,
elimnate or kill at |east 20% 30% 40% 50% 60% 70% 80% 85% 90%
95% 97% or 99% of tunor perpetuating cells in a defined cell popul ation.
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purified or isolated tunor perpetuating cells. In other enbodi nents the
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d. Epitope binding [0125]1t will further be appreciated the disclosed
anti-PTK7 antibodies will associate with, or bind to, discrete epitopes or
det er m nawo00razEst ed by the selected target(s). As usedThiSe@Rf2i7he term
epitope refers to that portion of the target antigen capable of being
recogni zed and specifically WO 2012/ 142943PCT/ US2012/ 025726 41 bound by a
particul ar anti body. When the antigen is a pol ypepti de such as PTK7,
epitop an ornmed, both from.con ous a po aci ds and noncont i guous
i o’ BBGe" ds HFBERaRES P OREIH bt Bt oGt sih (b BES  f of med
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[0127] As ‘used herein, the term binni g refers to a net to group
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enbodi ment, one allo primary antibody of the invention to bind to
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PTK? region amino acid sequences set forth in FIG. 6B (SEQ ID NOS: 21 - 61, odd numbers) may be
incorporated in a PTK7 modulator and, in particularly preferred embodiments, in a CDR grafted or
humanized antibody that immunospecifically associates with one or more PTK7 isoforms.
Examples of light (SEQ ID NOS: 62 — 68, even numbers) and heavy (SEQ ID NOS: 63 ~ 69, odd
numbers) chain variable region amino acid sequences of such humanized modulators are also set

forth in FIGS. 6A and 6B. Taken together these novel amino acid sequences depict twenty-one
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whi ch Plglr}@élﬁléi? %F)yfr%éwailé 5)5% %Pregjon to the omain of the variable region

encompassing amino acids 36-49; framework region 3 corresponds to the domain of the variable
region encompassing amino acids 66-94, and framework region 4 corresponds to the domain of the
variable region from amino acids 103 to the end of the variable region. The framework regions for
the light chain are similarly separated by each of the light claim variable region CDRs. Similarly,
using the definition of CDRs by Chothia et al. (e.g., CDR-L1 23-34, CDR-L2 50-56, CDR-L3 89-
97; CDR-H1 26-32, CDR-H2 50-58, CDR-H3 95-102) or McCallum et al. the framework region
boundaries are separated by the respective CDR termini as described above.

[098] With the aforementioned structural considerations in mind, those skilled in the art will
appreciate that the antibodies of the present invention may comprise any one of a number of
functional embodiments. In this respect, compatible antibodies may comprise any immunoreactive
antibody (as the term is defined herein) that provides the desired physiological response in a
subject. While any of the disclosed antibodies may be used in conjunction with the present
teachings, certain embodiments of the invention will comprise chimeric, humanized or human
monoclonal antibodies or immunoreactive fragments thereof. Yet other embodiments may, for
example, comprise homogeneous or heterogeneous multimeric constructs, Fc variants and
conjugated or glycosylationally altered antibodies. Moreover, it will be understood that such
configurations are not mutually exclusive and that compatible individual antibodies may comprise
one or more of the functional aspects disclosed herein. For example, a compatible antibody may
comprise a single chain diabody with humanized variable regions or a fully human full length IgG3

antibody with Fc modifications that alter the glycosylation pattern to modulate serum half-life.
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conjunction with any type of antibody. In certain embodiments, such a monoclonal antibody

includes an antibody comprising a polypeptide sequence that binds or associates with PTK7,
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di f f er BachirgsibeigipaBaygfomphiee Busier YgandaYigaminpratie saguences andeppnitantueenspeci fi cal |y

bi nd t QerRQH Hoﬁﬁ%mtdﬁﬁ&ﬁées.”ﬂl @Lﬁéflcgﬁn?%ib\f@elnllbo%ﬁné%tsrheéhﬁﬁfrkcoﬂﬁ??dgeoq itﬁe%?@sents uch as

a heterol ogous pol ypeptide or so support materi a prefierred
enbodi meenton ofay chpassta CIP Kiaftad o1 hoingsd anlbpdpasdtsdribed batingens (i . e.

bi specjfhg angi je ipodies w.th additional specifi.citi such as

trispegﬁP@c anf%%%hi%émgsg%glg a@ﬂ%%ﬁ%gg§89 %ﬁa?ﬁ%e?ggFgﬁVnWW¥%§Wion

Exanpl msntgf obirsipeatidd ftoraritei iorded subjere kpedies iswhdxtroiztd. | Oid dxaiipleris the dDRe wi t h

one armdirected agai.nst PTK7 and the other armdirected ai nst any ot her

ant gefroted G5 RARMEbe rmeenT SimirRes e WRROUUHORTHRY S BISbect 11 ¢

gpt i boddigas gﬂm_{% ngm patiduhie sgicles oﬁweadigtrigcmabalﬂelgalfmti?m s f)lUdubclllsl@,ngt Ih
ispecific antibodies is based on the coexpressi on of two i munogl gbulin

heavy }‘f{%‘éﬁ the rq“&mdea?féb%a%'g?ffys%a Szm‘? ientisgow ih g hpenalegors @i qoaewrpding

speci f iegidnc€m dniibddistdetitedeton®hnothel §3ics DEbbing3O 2ndRf aRARdly cXder nore

sophi sticated conpati ble nultispecific constructs and nethods of their
f abri cBPFlat- dpeussdt hyreang Hhe yarigbls regigg orzglggr@EBEs fym a rodent antibody often are

grafted into a human antibody, replacing the naturally occurring variable regions or CDRs of the
human antibody. These constructs generally have the advantages of providing full strength
modulator functions (e.g., CDC, ADCC, etc.) while reducing unwanted immune responses to the

antibody by the subject.



48 [0146] I n yet other enbodi nents, antibody variable domains with the
desired binding specificities (antibody-antigen conbining sites) are fused
t o i munoybablilew4aonst ant donmai n sequences. The fusi onPprafSesialoksr2é s wit h
an i mmunogl obul i n heavy chai n constant domain, conprising at |east part of
t he hinge, CH2, and/or CH3 regions. Is one exanple, the first heavy-chain
constant region (CH 1) containing the site necessary for light chain

binding is present in at He st one of the fusions. DNAs encodi ng the

i munog! obul i v ﬁ@§9§L%§§ﬁﬁegaﬁéions and, if desired, the inmunoglobulin

| i ght ¢hairn, sSieildirneee R gntal zsﬁparyagehaxm@s&h@mbdyec}e@drslly angmarkiged

cot r ansf ted in sui tabl e ani sm._ This provides for great

fl exi br"“i1 y fSrPf%%ﬁfEff?fﬂ@ mapecl P&f’? a%ﬂbosg BRSH ITEHY Bf npBUTHY WEM Yoy et i d

f r agme Rérgini HinRAROLHORBNS SnoMHR Mak 8 Udrided ik t®Sdied ak BBintcRE @RiHelY paPt i de
chains used in the construction provide the optimumyields. It is, however,

p035|bF@“PBaPH@épi“ﬂﬂ@m%éﬁﬂﬁeﬁ@éﬁd%ﬁdé@”ﬂdﬁmPWﬁ¥@¥mélF“ﬁﬁﬁé@oﬁéﬁybeptlde
chai ns hiRaRNR AXNIEGISE mnn%%wnogvﬂﬁnm deebgne%mra%@eﬁ& @nmod@t in l“@@altlegjms

pol ypeptide chains’in equal ratios results in hig S or when the

rat i os fraper @PR 96 ths aeaipiens aaibody gisirenlecgd b reS{d@qurqm A C)c(ﬂ’l%Ofm&Un‘@mSp@feSt his
appr oa i gl obul in
heavy gﬁgfﬁﬁﬁ?t 9’ F%gﬁuﬁphﬁﬁﬁghig%@%'?ﬁ?ﬂggﬁﬁg%ﬁé@gPﬁf%ﬁ&gﬂmaﬂgﬁp and a
hybrldaﬁWWHHGQMOQWWNW heavy chain-1light chain pair (providing a second

bi ndi n 0 that this

ot ruct E8F ac et Ayl B b S fan BB, b RS ol BHIGiS T B ot e R R
from uaw@cr%endcal lsrmmogsl albathi the ddvai mdoeabuemnmmqs arsseﬁdee;drehﬁs@nﬁets (If\e an

i mmunogl obul i eci fi.c nol ecul e

or ovi as e gt B SRR BBl G S RS rSerBeBs | n wo
94/ 0469@me\l§mﬂ<s fromtsberal demhan havpthagendight tHagh mispeadad fdqerabs inbped Axnsew, for

e gﬁds in.EnZénDIogy 121:210. According to
anothefeQﬁgF&Q@W“ﬁ@é@FPﬁﬁ@SFW“W@@ FPOVEL: 1A MRRY SGRECeSAE BhRYT A9 es can

be engidrieEad tHeovaiabié Bordan bh@e REMEEIMAGR gObuliedre FelicsrenScob@fondih € nsiecover ed
fromreconbi nant cell culture. The preferred interface conprises at |east a

part ofWPHECEEES Gorhedetor aMbaAY B‘E?d?/fré‘B%‘frE AYosHgRaRSRre Mdanttfied &y msthedsl, one

Or NDr el MBOWn ATh B, 8%, By Hiod8lirpAIRSInfFa0fid s e the S hRCEA Wb R sitilids$d
anti body nol ecul e are replaced with | arger side chains (e.g. tyrosine or

t rypt ofslaiHy framsipdrsaduss ymeaaant fopantigen pigding mchqeq@ﬁncemﬁmaaﬁowz iy t he

| arge ﬁmgeamme%goreeaes Gf R fBsilide smh%(mﬁﬁmg; héll?f%a 9 anti body
mol ecul e by reg@aC|ng arge amno acid side chains w er ones (e.g

al ani n@&poePriakert mdmlslomucenfpﬂumﬂodeétha gr@éﬁﬁmémaﬁdpftﬁmmmsurrfgntn/heelyu el d'
of L nesReh AR IR vV AR, UBAILAR, PRGREGIUAL LS I RBRORREN Ter S,

[0148]%|spe0| Ic anti so i nclude cross-1i et eroconj ugat e
ant i bochineise Rorduestantpranot dmed(uf the g ipagnt pigddileer in rthetdmeoﬂmxtibmctyc dihpsegat e can

be COUHI 8lglc£t%ng}{1l g'bgméa{' i f?rtthr%?retfmg axlljtilb%tdgf gerf %lfll(a:lbceant I bOH own etcﬁrgqtieg{ I's

emce unwan
(u s P[(]‘ll()9]4 ewmﬁlf)tmg mmlzeai exattboding arefdeddhhéd ﬁfrex:atm}ﬂm n@wsmvs 00360, WD

R HEN T R P e R
wel | kﬂﬁmnmbﬁmkhﬁnﬂbﬁmcﬁﬂdaﬁf&xﬁmﬁﬂbgﬁﬂ@tWBanﬁﬂPdNnmﬂs@?@hﬁﬁ@Moﬁ'Ong with
%eglugﬁg%tg{mﬂ?r 9 Bﬁlg I8i)Rs corresp d %utlei\gse ) z|1 lncl)n hlfrrTaﬁthr{lbu?]glglglgu%rnsal{d a%oorrlst ant

substantially all of the framework regions are those of a human immunoglobulin sequence. The

humanized antibody optionally will also comprise at least a portion of an immunoglobulin constant

region (Fc), typically that of a human immunoglobulin. For further details, see, e.g., Jones et al.,

Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op.

Struct. Biol. 2:593-596 (1992). See also, e.g., Vaswani and Hamilton, Ann. Allergy, Asthma &

Immunol. 1: 105-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-1038 (1995); Hurle and

Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S.P.Ns. 6,982,321 and 7,087,409. Still another



a. Fc region and Pc receptors [0149]1n addition to the various

nodi fications, substitutions, additions or deletions to the variable or

bi ndi ng rwgi2ore/ap948he di scl osed nodul ators (e.g., Fc- PTRETArS2@nops78d K7

anti bodi es) set forth above, those skilled in the art will appreciate that
sel ected enbodi nents of the present imyention may al so conpri se
substitutions or nodifications of the constant region (i.e. the Fc region).

| mvent PBH Ry BB & P R eahe: 6F ChiPEcabrs POTRSRYnaPaBea resi due

substi puﬁpb@@sfthwteaém@mmaml/t@étemduﬁqarﬁaidlaanﬁodmalmmbé BEUkd exipfes@ ﬁ@ma@und
wth pr err dChg(ﬁCtel’IStICS {Pﬁ&lumn but not limted to: altere
phar ma &0 #attsdantbodies (g humas apbrfisaramuTising ong Ackers &l Rap- H@‘“%?Pﬁﬁ)ty,

r educ edithMBWR AGEMaClrdi¥owdr 6lbe@e€chspr oduction, altered Pc |igand binding,
enhanced or reduced ADCC or CDC activity, altered glycosyl ation and/or

di sul f {¥d0hondsldiionalivpanet-bemas s FIg spabodyi reavajso tepmadifias! yesgesic it wil | be

appr eciyat@sh drihahah Iir%s,@efgpy@frrld@mrgumoﬁgme%%qyalsaﬁosl%é itGeslod/Hgpphance
the effective anti-neoplastic properties of the disclosed nodul ators.

[ 0150] TrEWQRPGHPd 7 r Byjridih thedeayymniddighiscdintverighed fegionnof@ntaatibidyghn beegi on of an

i mmuno I | i . I

e L e S s S R e T

i mrunogsablinddrin NEQV§/Se¥7giand N QRO/34317Y., Farhietettioment pbigGidh &eveit epitepes) aFc 1 egi on
IS usu ' mno aci e i.tion

oys 2260 ER SRt BHEC AR AR IO AR (R T R M BB e e

| ysi nehimasMdiieclds4 T1 troding phipndestoan bhgatcbedfonberifsigessiytsh er)Viofndthe Fc regl on

may be renoved, .for a rin o] ur|f| ation

an%/l bodUCFS B AP &l ﬁﬁ? %%@%%’P%ﬁfﬁgﬁ he[}mﬁ?l qugs tﬂﬂ‘?ﬁ) aé‘?‘nc%ﬁ‘leﬁ a heavy
chain ﬁfajcfr h?i@llakﬂd)mzillé?&p@sf dmmtghyconaltmerpp@ﬁman IIQ(le @pitdpss. &l‘dteaﬁlé]ItT tb@gl gs may
conprlse an y. popul at.i on si dues. remyve ant i body
popul aff'BRE ﬂﬁﬁt F?dl‘fg VH‘P‘E% %%’i’“f%?ﬁ%ﬁ&ﬂ‘ “&Pi‘ 3R ?‘B’Saf}”géﬁtﬁuﬁ s havi ng

a m xt yirebRfreddis, Bosli @slaMbifo and sstitaaoits. Rgakd Hdssihs koliervadvef Unctional Fc
regi on possesses an_effector function of a native sequence Fc region.

Exenpl Sttfienseromadey ftien g npbserludivcltidg 2Bimdickpomerss, o gpoyigeiptheman ndi ng;
ADCC;  pRAGIRAE MBSl P seqHQiBs g Rbd. onft&fth@@énhmm&ifn@%ﬁa,{g@scﬁ@tdaﬁéﬁe(ien&ie@ cell
receptor; BCR), etc. Such effector functions generall }/} require the Fc

r egi onagits Peodivm¥i ARk wratbegontMaRh BY BkaeTesic er ether sypf qmm%@; (¢@r feabl e
domai n)oRNInkask, @sssat%%@pﬁ%geh&samo\fa&moAsm@tﬁgemd it 1esselll Egedcanf or exanpl e,
in definitions herein. 0151] Fc reéceptor-or FcR desc es a receptor

t hat bppitpaaliy, be fisede arfé‘maéﬁm@fanéwg@ntl body. In some enbodi ments, an FCR is
a nati uma Ot A /) an 1gG
2 N P R BuATR STRRILTBL 5 DeFO8el 5 08 Le S, a0 ) o
and FcyRibbiy wbbﬂea%@sresmmlvuﬂl pmgesadmdeb n}msa/afrth@petr@ltaridnalmmIngnbn )y
splice t hose e clude Jhe RIIA(an

acti va%é é\%ﬁqug% 5 Cg?)ﬁlw&f?gggéfﬁ%m gtﬁlngsn#o/g Eﬁqgof%‘%g‘b%f}‘ ]?élﬁ have
siml aresﬂmmmllaorrdspsmquoeMesf thi trestalf ffate work region (HR) a’mdtdm{ eyiaptadihc

Lyt os i REPBIRER et ol e R o o et € P ossci o

I nEi Ei tdrfb@pdrﬁ@@?b@erofﬁlyﬂalrﬁtz@Qﬁfnawaxs( rlagloﬁ mmgﬂd eDRQEEIen&agr osi ne- based
i nhibit] not in its cytoplasmc domain see g., Daeron

Annu. E@égﬂ n#ﬂﬁ‘éé“ze‘il%m?@gem Retalyippied upageompen g F‘é%é'do ogyy#nd exarrpl e, in
Ravet chioaR@clfhns me&ﬂigl-!echﬁzﬁ\i: dsBIERBEd 1Brétd. T TIREe fnl‘@l%é@ mclg@@l@élat@r{g al

| mmunonet hods 4: 25-34 (1994 and de Haas et al. .

126: 33manipulptnad cxprersing ek adidienutceighatisaende gl Obléar'i Qfemmuﬂ@@@budm Fb/he
futureyaBbR rEAGRTRAS H8EhsDheloR 8 nERY D FER R 5 AmceERE R MIMEE 1Li8GRRIQN Or FcR
al so includes the neonatal receptor, FcRn, which, 1n certain instances, is
res po nisaasingto fhase skildedtin distieand Jpr eramptenmiay bg@alﬂ@i fr¢re ahgbridomaGenkeryott al |

J. : 4 4 and
P e L A P s e G e

t 0 FcRdesaniledlahovenrés eermlgie gmmu@hgaotudin geees Warfidm syhtimtinainstribed dhe
18(12):592-598 (1997); Chetie et al., Nature Biotechnol ogy, 15(7):637-640
(1997); Hinton et al., J. Biol. Chem 279(8):6213-6216 (2004); WO

2004/ 92219 (Hinton et al.). b. Fc functions [0152] As used herein

conpl ement dependent cytotoxicity and CDC refer to the |lysing of a target
cell in the presence of conplenent. The conpl enent activation pathway is
initiated by the binding of the first conponent of the conpl enent system
(dq) to a nolecule, an anti body for exanple, conplexed with a cognate
antigen. To assess corrpl enment actl vat| on, a CDC assay, e.g. as described in

~ ~ . A NN NN AN



cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on
certain cytotoxic cells (e.g., Natural Killer (NK) cells, neutrophils, and
macr ophagee)oeviakd4@s t hese cytotoxic effector cells to pcmasspesesneal |y to

an antigen-bearing target cell and subsequently kill the target cell wth
cytotoxins. Specific high-affinity 1g¢santibodies directed to the target
armcytotoxic cells and are absolutely required for such killing. Lysis of

thetar et ceI extracel |l ul ar ui,res dire |1 -tocell contact, and
does nd t\Pe,IV%S gﬁé%th ”[aﬁf%ﬁ]“ﬁ%ﬂgy fod nab[e(fﬁonsgﬂt%?ﬂ YPYGRIRa t er ed FCR
bi ndi ngx;aésfsiomvtcyomr ADCC activity is one which has either enhanced or

di mni bi ndi n activity and/or A ctivity conpared t
2012/ 1@33}% U@?@i‘ s SeIgnNasy, - ampleggre ﬁ%ﬁ%ﬁ’fifl‘? EH“BWPPHoéyetéi (‘c982)a

nodul ay aviolc BIERIA23i716-788; r@bk\@ 5 80 aM9%S) HEmuRd | Philay THe3mdb] @lddia (Rl ant
whi ch dj spl ays increase an FcR binds at | east one FCR with

bet t er 2af PPA% Yo B 2t2ﬁéz9%|§ %ﬁ?gngUFﬁ%GF 3li @E9A MBI dy43p2&-8038. el at or

conpr i ARG Brebidtyl @vx@&%%%?ehg&ﬂe%’e& Bry An¥Rhi ﬁ‘i%mw@ o%ﬁ'lu%a%%l@}‘égl&ecreased
binding to an Fc binds at | east one FCR with worse affinity than the

par ent SHCiSANEE Rewd chft (308} Nusr Aeid Res Al 47 dr Thevpedusihery can bralnsred'es a

sequen f d o an FcR
may pog(gle%?flh??l%‘ Il?%qg%&%gb %g%t gﬁéﬁc}%kﬁb g%ﬁcgttggs a%?%?%?rﬁ&e&u?é%? %ﬁo bi ndi ng
t o t hehPoR Goungerkogicns saammsd breisgk qgensdest@d fie UrSslyNoh 30&0@. as det er mi ned
techni ques well known in the art. [0155]As to FcRn, the antibodies of the

i nstant inventi Gn—aélw‘shcr—mnp i se or enconpass Fc variants with nodifications
to thelMdhkt abt adde'gjnonthehairerpﬂfmnaﬂiemhmbcﬁesl thveessk{lled én the se milhuppadciad thwes) in

ar oat oS R bl B e BB RES b B e P gRE b s A 25
days, dicaastar a[iﬁhamoa(ﬁhdialyrs hurga’mtxﬂdidytchallprl&'é aflaptshodg aih bsstiadtardbhigays,

greater .than 45 da ate nt hs, eater th nont hs, greater
than 4% ?‘r@netqﬁgnceg}at é‘?fé%l?o B‘H E pr %egﬁ%? ‘é@%ﬁfﬁﬂ?‘aﬁ begp@ads “t he
ant i bodiigsarfyr t}{%ae@emhed foi mgklﬁpheﬁm zeabocﬂés ds B cloEcRIRRHN. | TRIEM AN loNa &
manmal refera ItS|nah|gher serumtiter of said

ly a h
ant i bob @‘%‘F‘[’%fg'tﬁpﬁ V Fé‘@ ﬁf‘ uMANiggeign PMPHHEE RHgRIMANSGHESs t he
f r equepgin@festdags. adm ni stration of said antibodies or antibody fragments
and/ or reduces the concentration of said antibodies or antibody fragnments
to be HHAPhi sHaman aniRedich g e atloIdiyinereriesdednignesnpyniaihe ati dés can be

gener ab@fie®¥ o866 Bha S pky Qé@ﬂmﬁ@estnh@%% u@éd # bkdvide iRinfuh€acBld bin re%ﬁ)?lm)l €,

f
antibodies with increased in vivo lives can be generat ed %y nmodi fyi ng
(e.g. , Insgpgelanceiith ghe mieserttpashingy- Ewauqqgamambn@ma@ts df the griveuteon prefadet i fi ed as

I
B o s o S e M
U S. P NGPSB)fYWh@_BBlgaind)r&Dy 8f raferablp 0 @mh a0 didties Bn phidgegscreening therlibFoRwithn vi vo
and Se%%'Jf%:l'tqegl'lj,ﬂélfngr?n%Etl&ﬂﬂ%ﬂld!:%?grtn) eréle ff I 5t%ré d)li)l ed[heﬂ%l O:P;fﬁgpéllgdes can be

assayed, rans rans Atman ce Tt
expr essbtaiging uraimnfnReactoe fnagmpm framhels thagavByciay dfeexpaply peptmedes fod t h a

variant Fc.r | a%g) ) ered V\Dd20 0/ 42072 descr.i bes antlrbody

var i antshiires ErSoEa RPN Fi feoh b Ra g TD e RRE T RSBk A D0 o 3.

Shi el dBnretinizhg a don-Bingdn. an(he BomPiis2)g 10mSh-ob ﬁMh&rRzQﬁikDmun@gloﬁlMQ@@WlﬁttheQ n

nodi ficati S [0156] I n stil] other enbodi nents, gcos yl atj on patterns or
ConposiReHHe T4 F AR THHEN BEIE8 ThSHoof TR, Bt TBTe ST RO ICHE NER)-

par ti Cprodiiding ceRs Bb@Itheichn@ R a AL, ssom‘tmg IR ADEREBNE héaﬂ?/ aRd i@ iy JFonpri se
one or npre enﬁl neer ed choforms , an altered ]g‘; cosyl ation pattern

or alt @Hdadigse me%lpe eeﬁb%eﬁt&apte%@tlhe}wrge EpvaibEgthy R¥A taerddce o a
mol ecubieNBOXMRSH S the RDNZC udi QT rRfkrs, %ﬂ@in@eﬁﬁgme gbmqmrarmlag@aaﬁsﬁfy wepful for a
vari ety of purposes, including but not linited

such that antibodies are expressed on the phage. More part1cularly DNA encoding the Vi and V.

domains are recombined together with an scFv linker by PCR and cloned into a phagemid vector

(e.g., p CANTAB 6 or pComb 3 HSS). The vector may then be electroporated in E. coli and then

the E. coli is infected with helper phage. Phage used in these methods are typically filamentous



52 enhancing or reducing effector function, increasing the affinity of the
anti body for a target antigen or facilitating production of the anti body.

I n cases wbene/medaced ef fector function is desired, it Pairlus2ée/o2yps eci at ed
that the nol ecul e may be engi neered to express in an aglycosylated form
Such car bohydrate nodifications can bg acconplished by, for exanple,
altering one or nore sites of glycosylation mﬁthin the antibody sequence.
That is, one or 1,No c titutions be made that result in

o1 i nabaeB e fingiid o6 PPl B &7 iion SErsilsrirgryebL e PERIS! ¢ o6 to
therebqumagnﬁaéﬁlghyﬁeswhat|on at that site (see e.g. U S P.Ns. 5,714, 350
and 6,?5 861. Conversely, enhanced effector functions or |nproved blndlng
may be!dlPhr t S4CePRAREERdnAm KT Mg beritseE dednsptiembrn ke 'R PR one or nore
addi t i eftahig yre@mtimint @mtshdatl alt®dd/linadighdpanalak Yok, Bl 4 geRatdvely, an Fc
vari ant can be made that has an altered glycosylatlon conp05|t|on such as
a hypofubedpr: e libnbi baas irhessdsnadibeuy dnvait ysing hygioGyand esiNAS o an

ant i bogyphay g hGA R Rl 8CkiNMGHEMNAG StFMGE uﬁ@s%reelﬁag%&h%@arég Q;lel ar
altered glycos yl ation patterns have been denonstrated to increase the ADCC

abi | i t yebknewn inglaiareand @ﬁé@lrﬁéw@mggﬂhw&wmlbﬁﬁysb!écg@ﬁ@rcaallwvwbkny met hod
known o, Ocﬁgp%fnh&?ﬁ%éo%b‘i&‘ﬁtﬂ{g ABQ}Sod? h Ecao s, PE SR NGRS ?’a? or variant
eXpr essl on stral ns Yy CO-eXxpressi on WI one or- nore enzyrres or exarrpl e

N- acet ﬁt@hgm%mﬁi:ﬁ?l phagngisplazgd, datalogr@F4001}) ,Thioye abxpreegbirmgtimdraiecul e
II | f
COTTpr I § gltsatﬂ%t C?m [)ggﬁéyl n%e%eraa%%%n%s Cl% 1%?%%11%”?% élS e 1brarlers]§seFer§%\é%r OUS

organi s car onpii'sing Fc
r eqgi on5ﬁ2$4(b}t—:‘@@Td3uph@ssmNos Sée 92#16619{3%9[/@727%“@ R207R1, WO ®115879, WQ002)

e e

03/ 03583 FHumMMAn994b B8R dorkdyasrs - &t (1892); HR8 9 all\lablen<BI2@,5327mDi8117981)7;6- 180;

e
278: 34fawRAd 3)al.|J. $1dP. Bol. 62688)- @334(1992) 3:1&1&511 eth/ Ratdre 3806240281489 829; PCT WO
00/ 61739A1; PCT WO 01/ 292246A1; 311140A1; PCT WD 02/ 30954A1;

Potil | Qﬁéﬁ?tﬁfl Prae ¥k 6637 Ol H@é 89I3|§Z6 )7’580(_@1 9%1\@47““& Yo B/l ethnelaeengi neeri ng

t echnobqgys- (137 YEART, HRjoetebnet ggw&,\%ldm Q0063337 (F13:249 B2avas .8, P N.
2003/0115614 azak| et al . JMB, 336: 1239-49. ['X. Modul at or

Expr esEiosrNal AGWE@VE@ﬁﬁﬁﬁigﬁﬁﬁﬁﬁ@@ﬂ%ﬁdlng t he desired PTK7 nodul ators may

be reagjily, '5Qh@ﬁrﬁfﬂo@@gpé@\ﬁe@Bﬁﬁﬁvéﬂ%r%s?8&%@%&r91r@|syrﬂﬁé?ﬁ?%rb%%f(e g., by
usi ng ol i gonucl eoti de probe at are capable of binding specifically to

genes éﬁ@ﬁdﬁﬁﬁﬂmﬁﬁKb@HWOﬁévi1QnUIDlghﬂﬂ@ﬁhmﬁgyﬂmn§©1éﬂé@ramdd®dchUﬂed
hybrid
ybri 9 ngt%cltlﬁ% gl?% res A %ﬁ%%imysg&%gar? %B%M?g%s%gcgl%k(? ﬁl)thgrzﬁ“y I$o§ reyz%rpﬁé ‘desi r ed,

preferre sourc or 1s an anti bod
t he nuogiicn eanibd igtepduéadrat lemrdorben wen ibpubiag etorgsomg®iymidied (remed in Leung

20121 142049PCT.ISFOT21 038120, S5, Nl B £ E1.eaLe AaRae.f nal g T usi or

protelns or CHITer 1 ¢ I'zed or unman “an
partlcupamkyplmhawﬂ$dbﬁGem1DNAjﬂnhmcm Haylsa Uﬂé4$966m3ﬁﬁn(umzmsed to clone
const an va

oSt B AR SR SRR IS HRDSES or L OF MM SCLY & A phod oo
ext r actidig PO withiprifneBroairiiag S@Hemtseqixeﬂ&l sh&nniraRyY EDRI P htérdst, in selected
individual Fv clones and screening for higher affinity clones. WO 9607754 described a method for
inducing mutagenesis in a complementarity determining region of an immunoglobulin light chain
to create a library of light chain genes. Another effective approach is to recombine the Vi or Vi
domains selected by phage display with repertoires of naturally occurring V domain variants
obtained from unimmunized donors and screen for higher affinity in several rounds of chain
reshuffling as described in Marks et al., Biotechnol., 10: 779-783 (1992). This technique allows the

production of antibodies and antibody fragments with a dissociation constant Ky (kef/kon) of about

10° M or less.



cDNA, and anplification by PCR using antibody specific priners. Suitable
primers are well known in the art and, as exenplified herein, are readily
avai | abl ewbrorynessdr ous comerci al sources. It will be &pprseéianesi2¢ hat, to
express a reconbi nant human or non-human anti body i sol ated by screeni ng of
a conmbinatorial library, the DNA encog§ ng the antibody is cloned into a
reconbi nant expression vector and introduced into host cells including

mammal { an,cel i.n cells, ant eIIs east, and ba terla In yet
Cenor LADsEs it RREbe S ToshR Hini o R Say e EE Pl A e G Do

si m anc&ﬁls@@ duBaryHiRQeBelel S ye &) (hRSRprERMBIdRIg fuabY theltace elak 5&/1@"th%€| onma
cells that do not otherw se Broduce t he desired construct. As w ||

di scusdiEpfay iFChaoiegy dibe syRaryolr Hhrares an sresnebeeas! the arigeh ekisierst (e PEEY) r ed
nmodul abQf cellBYxph&sidh OMAiddR - BlﬁHlﬁﬁl)ﬁts'a%%lsdlatla@-ﬁrgi%lﬁié@-ngﬂeﬂ 88y braRinQyi de
clinical and comrercial supplies of the fusion construct” or i munogl obulin.
[ 0160] VWEriRRlbreeonigry asd foradiinityerriwaiienfithrercentiat Piadingopirs. cise.dpr eamIPRTKY
modul agey p ks 7 986,308 (98, sql@rl@mg@ o§§ qmoﬂ@agﬁ dHhsR! hﬁrﬁ%‘%&ﬂ%s SRR
libraries, hybridoma based technol ogy, synt etlca om’conmer ci al
sour ce§omiaphage kitparyewhaelhirsthoge ﬂtrhtatexmh@seplmemmmubmrWalcghalextp:ﬂ iNgitdre y
enconp I i SRAYE T dul ators
T T e e R R TN it

frag neHDsgeobocuhennd/WnntareIs Mdﬂ\eBlebﬂﬂ THe 19Ny evinikeat d.uF. ﬂ\{h@erh@mrﬁ&ls(slegl)hucl eic
aci ds 1{mﬁUC| aci cl eot r|d|ze

des t
ancor M PRrElBb R R} B TP G R ER BTG e B
stri ngg&mmtdﬂybeummt bcﬂrs SGMIyEaSDnSee(@ dJ.S.Pas. gai30ed St tealc{)nquéso

I tid t t I ' I |l eotid
G e ontb e R S LS T e at 8 P44 PhBr L eReBh R BRI var f ant

t her eofelatiVbig ehsgrmanipicdioh of amiidalBtRedes (OF., Hy&ﬁhﬁty&ﬁatﬁﬂdﬁbrﬁbﬁe@ﬁi%aﬂm ecul e,
is intended to include at |east DNA mol ecul es and RNA

as usqugﬁreln

mol ecut®&A: nucl ei ¢ acid nol ecul e may be singl e-stranded or

doubl eftgsjandgdmak uitibeniet @i’n@%)be'nﬁad@ﬁ# Rli@dedifansed oo MRERYES ind he
present invention conprises any vehicle or construct, incorporating such
modul alYPEBHCBERHE ol Yhat ‘@B?}i e cndegeiayp Hnugiabslin 29neriavaPrarpariallit or s,

pl asm gsyonfpRdly ﬁﬁ&thv@tedc@?lﬂ %Il@ﬁgevl'ﬂn%n aﬁﬁm&rp%§tion[1géﬁéav¥@ SV dbde Ol at ed
nucleic acid nmeans a that the nucieic acid was (1) anplified in vit for
exanpl@“ﬁvﬂ%thﬁéﬁaééu@ﬁ§ﬂﬁaMéﬁ%ﬁﬁoWCW¢@RﬁﬂW0FWymgﬁwﬁﬁﬁwwaﬁb1ymbroduced by
cl oni ng‘ltlbgay‘ lleberg)lt'rre' &h?qg rt)&r iISSA0N 4 Q}Ie)&t %VF}QG SW%Q%I% %?’F%%Q@@B@r etic

fractionation, or esized, for ex e cal ’synthesis. An
i sol at 2806heASk éﬁ%S é@ 4. 6%,4% 6! 81 2a¢ e I’Naﬁ015518d1\aa<il b.ap0.884fregardigi pul ati on

by rec ante ech 2012/.112943PCT/. US 025726 54
[0162]%%re %%%C| cﬁya%ngwn §F€y§%|8§5?%§ gﬁ@gﬁéﬁg%%%gﬁfég i ncl udi ng
one or BMehh:ﬁdiagyris) oI0- 283 (a912i) lmﬁhyergfet Alh &atury Bo8t 85?6’4859(XH9%)fMa@i§&ﬂNature

deriva Y '.,. vari.a reo Iyn fficient for use
as hyb 48&%2;1]& %43 Fd%‘é"éld e?’éRl\t‘?f pogec ‘l’ol gg ﬁ’g 18?&%?@”?&9? Najght i fyi ng,
anal yzBigchiblégt 14ng260n 99 Pldnbiigngd dupAl, ma@ll ROL IdrupnCcobngs @opl ypepti de,

anti-sense nucleic acids_for |nh|b|t|(ﬁ exp reSS|on of a pol ynucl eotide, and
conpl eftEFifavlys B deRaRantBedy Ray boparssdge éméoréa liggyiqprab g aB-ImARhos el ei ¢
aci ds gafudd® AMib&RHiReted CAArREantbA (s h Tay bek 25, 30,
35, 40%45&%50 t715&@100“61%%%8150”‘5&31217%lfg SR O%tes 380 %6’5%9350 500.
750, 1irgpen ind Gl suifcgenfrom, aggeplatticspeleneionadve beenimnusised i viead/ or can
conpri e r

S&, 9@ c81 mby%gg?ﬁdég%t?(ﬁ&%@ﬁ%&% Th&hp aﬁ%& ‘hss f@%ﬁs@{ Y ector.

sequences, arger nucl ei c
These Bmﬁﬁ&ﬁbﬂaéﬂdsmEGhlﬁbﬂhﬂhﬂi@Q%DraWdé&Iﬁﬁfﬁﬁﬂﬁﬁé stranded and can
conpri se RNA and/or DNA nucl eotides, and artificial variants thereof (e.g.,
pepti de nucleic acids). Nucleic acids encoding nodul ators of the invention,
includlnQHantAbdﬂMg§h@momnmmmoreact|ve fragnments or derivatives thereof

h b d i.di.zati
et [ 0720T o1e8AlE o R b MR el R R ioP YO Roe e e as
t hat hyikdsieligz Eultmm@tlh}ﬁrmamu@t& gthe preferred embodiments of the disclosed modulators may

exhibit various characteristics. In this regard anti-PTK?7 antibody-producing cells (e.g., hybridomas



aci ds under particular hybridization conditions. Methods for hybridizing
nucl eic acids are well known in the art. See, e.g., Current Protocols in
Mol ecul arwBi20l2009943John Wley & Sons, N Y. (1989), 6. 3. PCOUB2@2/0B%R6 t he

pur poses of the instant application, a noderately stringent hybridization
condition uses a prewashing solution gpntai ning 5x sodi um chl ori de/ sodi um
citrate (SSC), 0.5% SDS, 1.0 nM EDTA (pH 8.0), hybridization buffer of

about 50% f or ram de, 6xSSC, .and hybr i di zat i t ature of 55C (or
orher Srimn SRR aiH SAEReHe 2t aberhel Rt Yol E RSl A R Bout 3056

f or manmimdeiding] ol e Ganfptd) frdtilis tZead i @ NhibIe ABO @ proucdibn 42Chs digdidseda@s hoRgeeandi ti ons
of 60C, in 0.5xSSC, 0.1% SDS.. A stringent hybridization condition

hybr i dPS'8Y- feyirgesatbady durcterigics oflubridynas fan Rsrexpaided (s oda SYngersia xssc, 0. 2%
SDS at afiffals, MWhNES MRN8k QRRmRhe §kichl, clgh ntddemRE tor GRRINRBRLB Y @16, t he

hybri di zati on_and/or washing conditions to increase or decrease the

st ri ng&keipdy el ssiesting rlrang ard Swardingatbridpmpseind/opeolarics sehrof 8ihish PrdEFesst i de
sequengRsrelenatibdl Sp&ies! BTEN BRowrn’® thoke of §BinaB3kildR thedpe, 98 or 99% i denti cal

to each other typically remain hybridized to’each other. Mre generally,
for the purpogedNayrakizies antibediet di scl osure the term substantially identical

Wthr t i i r. - ence of
el ol v e hPf e B oo B N e R O oG ence
i dent i tymprese nh@ratieine peitodien acdegivetiwoir drageegudroef. TiEl64) Therabizasg mtipadyanet er s
affecti .choi ce .of ridization condi.ti . an ui. dance .f or Vi si ng
sui tang’%gg%ﬁﬂ %lﬁaég%%{rgtem%gsﬁ of %%“f‘ﬁ"’%)g?r afngarggrélétatﬁ%ﬁggs %a%ﬁ?t(e)%lnt,s Wﬁ%iatpggﬁ , and
Mani at melecdi®88J privirdneschihding &l assviciagon 4f thabgmdtouny HiihinapartnGaheetspri ng Har bor

Laboratory Press,. Cold, Sprin 55. Harbor,.. N. Y. hapters 9 and 11: and

G r ent" HBLBEGE LT b S spb gy tibe: VEGEumbr Lreledes st X100,
W ey &h&mis, whdulEresultR6er itristericléh @ik Boldelesd n asdeding @k halineadi | y

determ ned. by those having ordinary skill in the art based on, for exanple,
t he |eﬂ§€ﬁlcﬁia‘}%‘ranﬂa Oéaﬁ*ﬁagqq?%‘%ﬁlﬂxé‘r‘“%’ﬁ@l FagPeiter deeivatvethered]an wil |

f ur t heantedpprkSeicat @l dubadntame Ingibk baﬁii,fgsofWigaa@@qfsdjimngtharthmri nventi on,
be present alone or in conbination with other nucleic acids, which nay be

honol 0% FIFRETGHS gbttibofheprast Bieuntbnpidundimrasinerboyit lodheatgt d i s
functi gRakhY bl hWKRHald SIPIRSS UeR, SPRLd0Y], 768 IBNGES,, bbat 93BW7E obanp! ogous
or heterol ogous with respect to said nucl'eic acid. I'n this context the term
honol ofeifsasweasised: haexamplediyahespheyintion opelestefl sehstrpienadhinet pf, dkiechemant he

expr esgi PRy SORIEM, VREBIEEE: iRah Y Iﬁﬁléi'i il 05 MBELR' means t hat

a nucl eio_? %\Ci d is not fungt i 'onal I_?}r{)?%kedUté(;&{l%@ggafg}?e@sﬁéopﬁl%g%ﬁt rol
sequeneaiibadiesiiodt Iy, focexamppsr e 8gitiehzip9aedpdy enrataghwstani! dreferaldh dawiniah thacl ei ¢
acid e i . i i 4, O ontr ol
cequents o M PO Bl B R B o B SR BBl ot 1

| i nked4®%. BXie 68707 bfler 80% 8§t PO%, S, O ha b9 % xpmess ilowilldre dpprised ilpt thon  of

sai d mc‘ff%r!ir%is}(fed%ctiivq irrsla Lb%drr?gas&rgf i%%ﬂt (1501!1 OrI{ relélg ql?{e tterclzgn'i nefsl uegcg Ofe Saéi d
expr es STBHSESAE TSP LA RTSRERITCT $irehy MR PaTecosied 1elnifiesiof May B BPaE] i nto a
f unct i byngék ippat eich redubtdom, willihhte @nseesrplgssiidtiessact asaingivgeriesince functional |y

linked to a cpdi.ng s quen .b.induction of said expression control sequence
results in tr n§%§¥%§?¥ﬁ@éﬁigﬁﬁ d nucleic acid, without causing a frame
shift [m2the ®adicRYideRY MRNGEs Giat PEKW o @ibctrd iSBsthie Akeof flay Bebrenc apabl e of
being translated into the d?iired protein or peptide. [0167] The term
expres%‘i@ﬂe ot ¥ HSSaEGENEe [EBhpFT & BSassRcat iy Hythe 6¢lt frefareriaby Ylovwieonot er s,
ri bos o ifsliAGorSdtiRSdis SRBARNGAKISoAN A0S DRE, CORhARPTRY aRRdLRs bh@t regul ate
transcription of a gene or translation of W%NA. I n particul ar enbodi nents

of t helSHYERYIEN mEhpe Bigsrabised icasbivtsPBr cxlerfubnesds theberpiss PERT Bared. The
exact shbihed W SntPLPTRX DSOS @B KiRID PIrKS SHURNGR S TRY RS YiniBRtifh Jeg ’Px&& ign  of
the species or cell type, but generally conprises 5 -untranscribed and 5'-
and 3' inggnalizeshathe thinyedquitringselvhingrartanarly predtred ¢ mbadiments isedh aoH-FIK7

transcr i pt i n g 1 ivel T, , i ng
sequontitolBimRge bR A e, cohRRRREL! JfF clnoePHE 2o ([ AORRE nGBRE 00, 1oy
expr estiaonll derel oposisguahzagionconpri se a pronoter region that includes a
pronoter sequence for transcriptional control of the functionally Iinked
nucl ei ¢ acid. Expression control sequences may al so conprise enhancer
sequences or upstream activator sequences.



[0168] According to the invention the term pronoter or pronoter region
relates to a nucleic acid sequence which is | ocated upstream (5') to the
nucl ei ¢ awodopeqesace bei ng expressed and control s expr @ssiusnoief2ihe
sequence by providing a recognition and binding site for RNApol ynmerase. The
pronoter region may include further rggognition and binding sites for
further 56 factors that are involved in the regulation of transcription of
a gene, te contr he _.trans tion of a rok otic or
eukar yg%]l%é]o ggusﬂ}?ef‘ﬁ%’raﬁﬁpté’%lrg] GP%WQWQ ‘{j)”zﬁ'éesi ‘ﬁaﬁec figta gﬁﬁ“ﬂ”@&th? nitiate
t r anscrelptipoarbiiding 6 PRBITSSsotated Withndbiahngiaagemt TIY ini¥Balikiag @mbaayhmumluase [ 1;
ene that is under

transcription is not controlled n. i nduci ng agent

t he coﬁ’f“ﬁ%?py g’flg‘awt? ﬁiH’Hﬁ‘? B @“ﬁf"&ﬁ‘g%ﬁé’ﬁo‘?ysarﬁﬁm%F@‘%’E%adesoIIT%BYHPVE‘Q%‘F‘%%sed to
a smal becaxtento blf ol 'Fdﬂtﬁbﬂﬁﬁe@ig@ﬁﬁhcht&)n@hﬁ@ﬂﬁhzaltlﬂn g oRueHeNEL 1k the

i nduci ng agent the gene is switched on or the |level of transcription is

i ncr ea8BPLeTPhpRfibody H’@&F'&?%’&ter‘iaﬁzﬁiéﬂ@’r‘%ﬂ suffgenpprgeangicdp kil SPBET-prRsessing

t ranscwpfeg&aaﬁ@gp@m k&Y gFt’ﬁr%mmaan b Cbeg}énan@ro%ft%go%&c@emé Qﬁtrbg%o the

i nvention include pronoters for SP6 | ymerase, ™ human

pr onot €F antiopY gt eln somf alsamqsfthfz:umkew brsm@le;@mlmﬁv@rrcéewheme@he Ediy. CwW)
wher e f enes of
ot her gléfﬂél'éftt af? fﬂélftg% {éi? eggegl utg %?g tfé@arﬁbﬁcﬁf Bind GK@%—){HEP% cdMa B BLiGE fre nghg

(gl ycepat!entahydﬂ@lgaiup?hthsbhatr@hd@hydf @Jgemascel)e ofalmiomncbmdgan@i torthernntxbodyoi udi ng
(an) addiktianal e LRRE s, \RIR%IK(Q naReP ch %nrﬁbod§ %anm/zgs &p'o%%m S M
expression is used In I1ts enera e producti on
of RNAooa nainnkiNAn eglicap rbeﬂabmmhp@mM deous| etsszals moludmlgplndss é@scpb)erdtm aie expressi on

St ably PSR € ot ERas bl FERS o RbefSy ERhe 80 aditocti o1 "

accor dnrmegnztlﬂest ine d eeyient dilondepurdee i USIP.18. Ve 058, whidheis Bicappragdheirebywi th a
promnot er., whi.ch controls expression of the nucleic acid. The termvector is
used hé%f%re?cﬁ BISHELY- general meani ng and conprises any internediary

vehicl e for achusdpgitiagasdtddihi ch enabl es said nucleic acid, for exanple, to
be int rod ced into prokaryotic and/or eukaryaotic cells and, where

appr op (?1& {pother preferaet cmbodimantsdhemgdis of (s drsiing Ingention vl RoRFisgr e

pref er alistin Eamlwdaars BEld@NA(RE oL K RSSaHerboT. tE f@ldeSetin \é?ﬁ%h%asy rBRY (SPri se

pl asm ds, agem ds, bacteriophages or viral genones. The térmplasm d as
used hé‘i‘tlﬁh‘)ﬁy @refmm athindieer asgciies oridta idt? Woré‘?%rrth%wléﬁﬁ%rﬂaﬂ genetic
mat eri ﬁiducééﬁﬂé‘rlnl)%s & c%h§e§ Hle%at%a%h@ afidn orMihfihi6ABr hERLI €3 &y Ndependent |y
of chronosomnal [0172] I n practicing the present I nventi o% it will be
appr ec P@tlléﬁn?fﬁalppeﬂf’dﬁv CE@W@FW posdibodyeddpaidsnecslpdar mtewmr Irpjonieogy,

m cr Obbxﬂt ent?&ﬁcds?eﬁmé ﬁ.ﬁlgtbthé ?e?&@:(aldg rga%tlﬁ) és%ﬁ XSSH(,Slg d OSUCh
conventional techniques relate to vectors, S an reconbi nant

met hodsonasgatbdfte medotaricepent. Hibsably @ddpﬁﬁtiqlestlk@dgwlébd abknowemaened ar e

expl ai r OCI oni ng
Techni &%g’éaC{gef\/%t ﬁﬁldl%é%mgﬁazt 1‘%{% ‘ﬁ)%r 3@%? ﬁd%”@?% 6&?;% ég%blggjy 5(';4} % San

Di ego, 9%] arfo9% ﬁamrbmrqxei@eetau@ ce,lls M)d @dintdcellGopulia g Anh@b@élﬁlbamﬁryeﬂmﬂnual ( 3rd

zgo% 553 esion e Sy Bt EehE B Lol E P Yt g R o e e s o

eds st dnbod esmtsubedelll popaib@srangesmpeis@whsle tunte Isilmplsmraluemgeﬁdws Gilok ur e
., for subseqp uent nucleic acid or rot el n.isolation) include Freshney

(e
(1994) SRR (A6 CYRPIRR T PeipFiuatingcelmniiose dtillasHs the antedH APRigeiate i r d edi ti on,
W ey- bihsdrd B¥6aNei@akieatiiyueH 8 described in the Examples below (e.g., Examples 13 and 14)

may be used to monitor and quantify the depletion of tumorigenic cells or tumor perpetuating cells

in accordance with the teachings herein.

d. Epitope binding

[0125] It will further be appreciated the disclosed anti-PTK7 antibodies will associate with, or
bind to, discrete epitopes or determinants presented by the selected target(s). As used herein the

term epitope refers to that portion of the target antigen capable of being recognized and specifically



WO 2012/ 112943PCT/ US2012/ 025726 57 references cited therein; Payne etal.
(1992) Plant Cell and Tissue Culture in Liquid Systens John Wley & Sons,

I nc. New worki2/Mko3; Ganborg and Phillips (Eds.) (1995) pPramseoi€ekizze Ti ssue
and Organ Cul ture; Fundanental Methods Springer Lab Manual, Springer-Verl ag
(Berlin Heidel berg New York) and Atl ag and Parks (Eds.) The Handbook of

M crobiological Medi a (1993) CRC Press Boca Raton, Fla. Methods of making

nuclel Ilflc ion, purlfl ion from eIIs or
chemi c HtarPéﬁilcha‘ a’ﬁé??%d‘&h 'btﬂaa‘% WePHlsSHE 3 F %t d%PlT(OBGSgca“

sit e di fd’reneiﬂ Béth Motre@an@mius amBy ati@s iu’fd rioht &l g @& YiiBn oCHe B8 filxk@Bsed!bly GaHtih9 N,

etc. and various vectors, cell lines and the |ike useful in nanlpulatlng

and namlﬁifagﬂ Paict: fpitgres dprancd gt HEGOUR AN agi e tyrifadly érieiaed upep
addi ti prvceiRdSRAThAlWHErADYpiRPEYOHEdERt Ed8y (Fb RG] UeH tryglcalﬁy 1gst,upé)@&% efd or

blotlnylated pol ynucl eoti des) can be custom or standard ordered from any of

a vari BRSNS c OB AYPiedl incdiles ptdears], rdimors wudheatdepieter, 8- tthamipp esent
i nvent L Qa @raqmiqffé%pa&@ﬁ%mxﬂﬁ% hest s kbl Ae%w 18 a&Angxﬁg g@g&a@w essi on

of anti bodies the invention or portions thereo s produced by
expr es§rgspitepeduadtics ananbemalsteringnt cepdblesof apesificdfiedingld ah dmmeneglobudis or

r econbirnafite bt @%%em ¢ s a(@agms hdhY (f‘ﬁlét p;gg ﬂ g&&n&v&&ggﬁ%ﬁi% gell's

of such host ce ant | i es produce e sane eterm

r ecorrbphmn«tallbi@smveﬁgtface(gmupmgsrpf yokosgts soet :hs)qmlats adidsenl clrbolgidrte mreaagm saecel |
into combin t e ess ve |ntrodu | t.. shoul d
be under s Cc}igﬁ'? ath? ?%glf’] hdérg?nsmn% S?mCtBra;Chatr acpe” oS ATT 1rf‘8ts SHIY t he
partlcdkmguﬂm@wmnﬂweeAﬂmbmmnahsQnmmenmybgﬁmyroﬂumﬂﬁhmanﬁeﬂhahBeﬁause
certain. in syccee |ng%ggnerat|ons due to either

ot a1 ONIOBE st BT R ettt TR EE R AR BEAT At A et (SnG i pe

i dent i a@lbotly) obh& l@@dr@ﬂﬂor@&lhd prirBdty aRmd anfdlsEdluehdfthflﬂlMOtht i) Bcf&rﬂ@mﬁtﬁ@lﬂ@ of
the term host 63 used herein. Such cells, may npri.se a vector
accordﬂﬂ@pfém%ﬁ%m?ﬂ 8WFFBW1%§“H§§§F?%EHa@ﬂé@%hwf@1&8??%”%HBE%%P“%%%eCt t he
pr esengephixdfionPéhePhomédes a nmet hod for making an antibody or portion

t her eof as descri bed herein. According to one enbodi nent, said nethod

conpr i K20l ul Pars heesiedenitors prHsEgteid desernyipagh §igRastible i eaerteantbestiesas

descri RagdadpRR, . &N6Y mBhriSY, g\mghab@pua@wggm TgQﬁe 886h Mhd BaGREs [0176] As

i ndi cat ed above, expression of an antibo t he |nvent|on (or fragnment or
var i antesciibedrin B prosens irventiny Aé@ﬁww%sdu@%ﬁ@§1§p@\f¢rwe@e@$ () gepontian andng a

pol ynU@Ha?zQEe'an%xoBQ%nt%Gi@Q% Eﬂa&aﬁsﬁif &Qua@agouf’a{é@?m@%ﬂd{%@&y rrdElfods that

are wel | known to those skiiled nt e art can be us 0 construct

expr esyfamatet itoy dee pespiblegp ngnmﬁlttliv@mdqremhhfgmsvéquembegtoahﬂjsaapppm@wi ate
L7 anscihBb B0 Atk E HATRNGEIA0A o GRONR b Sl INA R n FRERE (IFLORAALOG! ude,
for exanple, 1Tn vitro reconbinan n|ques Synt het i ¢ ?e% ni ques, and
in V|vmng@mhwn@mﬁﬂannblmaamdmdwEnbmﬂMnbnbmdmguimeamnwenAmqmtmmhggmtprOV|de
replicabl Glors Co
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of an EM27lbodys used hWé)lrQ @it 2¢rinABABPETI US20AXh QD 2fp antibodies based on their
antigen binding characteristics. The assignment of bins is somewhat arbitrary, depending on how
different the observed binding patterns of the antibodies tested. Thus, while the technique is a
useful tool for categorizing antibodies of the instant invention, the bins do not always directly
correlate with epitopes and such initial determinations of epitope binding should be further
confirmed by other art recognized methodology as described herein.
[0128] With this caveat one can determine whether a selected primary antibody (or fragment
thereof) binds to the same epitope or cross competes for binding with a second antibody by using
methods known in the art and set forth in the Examples herein. In one embodiment, one allows the
primary antibody of the invention to bind to PTK7 under saturating conditions and then measures

the ability of the secondary antibody to bind to PTK7. If the test antibody is able to bind to PTK7



58 heavy or light chain variable domain of an antibody, or a portion

thereof, or a heavy or light chain CDR, a single chain Fv, or fragnents or
vari ant s wbepneofi2943operably |inked to a pronoter. In preCemused2oniyoei nent s
such vectors may include a nucl eoti de sequence encodi ng the heavy chain of
an anti body nol ecule (or fragnent thegeof), a nucleotide sequence encodi ng
t he Iight chain of an anti body (or fragnent thereof) or both the heavy and
| i ght 0177] Once the n s of resent venti on have been
ol ot TSR 3 GO TRy R AL 8 B SRR B O Sy b used

to prodiefns&liepd @dn R PHEOMSbOAIC IHINNE, AMd seEhdryantihdao ok 2% aBIE 1 Bia@neNt s
t hereof . X, Modul at or, Production and Purifijcation [5178 Usi ng art recogni zed

mol eculodrTi} ¥ithsgpme dimeniheibe seaendasy ppiingy pindt taithe Sé%‘ﬁreé‘é@%eo%‘ WeHHBHS ogy,
subst a@;tlto?é dau@e;sltotpe Bt i@fm tibe pﬂ&é’iﬂnl’t?@b t'H‘QQ;H Bt easéldr@xw&uﬂ-ﬁ Qluﬁ)%@iy Apre

speci fica I'y, nucleic acid nolecul es encodi ng modul at ors, suc

ant i boliwy igBheairaed datadedein dhefeampdes dslowedie dptyied dath eyebe mﬂqdelsmgts@lg# at ed

i nto Weldse HRQYG: xﬂﬁﬁ%ct?%ﬁﬁ%&h@daks\éy@&%)'%hh‘ﬁhz&é% ! Br PGR vsﬁzgﬁﬁ@ systenms
conprising various types of host cells to provi e preclini clinical or
commer gainogssan (BN .esendyfich ¢renpgagon sehyph Biararc Blityiseal (i-pr oafact plasmorwi | | be
apprec h r d

nood Re R nk HARRE) i RER R MBS, SO Bl R AR PRSI o1 or

t hat pmtﬂnveleytcbmq:trlehfetmd@ngy |T1teeg”nastm face plostrontrtsenset, elsumd hlamst, rat@k ko and
subseq h exp esi red. PTK7
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vect or sltecaivps ingirtigintcheeatrationk mtnmadmd;emmf mmlxe $n £ partibgarlyseetefrar
transfecéiﬁ (%f sui tabl e ma %ant cterlal or yeast hast cell
t hougnepoe . Sk aeaioBaey e Ru Jorreb sy Sriienhin tBeTeld 1 o
modul athe Exphpidusdibwn. Tr ansfectl on can be by any known nethod for

i nt rodgﬁi ?]g pLqué/nucl eot i de}s} i nt a host cell. Methods for the introduction
of het EXaPlogothas 51 GAMR BRI & P COR H A POies Teans g N Rsdfign REAHSR i 1 t he

art anghtibb@biislQlcfex it &by mazﬂsls@t16dvh‘idh&ﬂeszfrﬁl%dy)d}umﬁﬁh@lbgm&l@m%éle
preci pitation, polybrene-nediated transfection, protoplast fusion,

el ectr Bfﬁﬁf‘é‘f pRslsT teE Y58t RIS srect s dindingaf adtiesnserotisydyitn a copBedmes, and

di r ect 5{Ho6K.OTyHi@AY | Qb f asﬁdg%nq}%s it Re Bf-‘;ﬁJr@i'ed aﬁt&eﬁ@gﬁﬁd' t9H solﬂf&%}fgée%rac' d
nol ecul es may be introduced into mammalian cel by viral vectors. Methods

of trafidlp bmnﬁglthemﬁﬁmeam @réilhe@da%élmmnogl@b@bmandm lphpdedgeferengee, e. g.
U S P L i { o F N t hod
%%%ul%fl-%orﬁ'pegéﬁ Qfitioft is xfi?a éﬁ%%@&grmA}R%Q% %ﬁémﬁt&lf&aﬁ?lﬁ%o:u g&g_ f) S

of trans S are we in the“art, 1

agr obate mllmfﬁ@ohraﬂ@dnﬁheamwmemthedw,t inpheidgkbilin.t YanaBy tenwt i on, direct

i nj ect . 0 d '- |t Met hods o

tr anst B aneEloB Y BPRSFR L dhe A8 ahlb e S AL S IR @ ion BRIR TRl v

[ 0180] Miibediw inclida eanﬁﬂmdtes baldingnathe baneepitopamsthe mlfeedncmantlrbotiyvandeambassq on
vect or nven first, vector eavy
cha o Gafs i A S bRty o Rk R Bioh Bt he aiBE e g SeR R Bai
deri vefbr poliypiadhnaao oddue A&M)thﬁCﬂtﬁdil& r@ydmg)xm‘etabcﬂk fbd&mdrmﬁaxhg salpeatiabl e
mar ker hat enabcLalf1 Lf‘hieiiéantll %/ uaI ressi on . of hgaq)% and |jght chain
pol ypeg)'{1 ig® are PRVded i the Fappleg hetfip g E\%C‘E’ ARYPPEINE ADEROGNHS BiFS®htodes, and
I's capakts, @ﬁvﬂﬁ?ﬁﬁfb&?sﬁédfﬁb blﬁmﬁ@omﬂ@féYen@@Q]tibb@)hﬁo aCRAIbnRAt YRR at Bes 404N such
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heavy ggvd dobgbsa.chairasormdrecONpri se cDNA or genomi c DNA

[0130] Besides epitope specificity the disclosed antibodies may be characterized using a
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number of different physical characteristics including, for example, binding affinities, melting
temperature (Tm), and isoelectric points.

e. Binding affinity

[0131] In this respect, the present invention further encompasses the use of antibodies that have

a high binding affinity for a selected PTK7 or, in the case of pan-antibodies, more than one type of



a. Host-expression systens [0181] Varieties of host-expression vector
systens, many commercially available, are conpatible with the teachings

her ei n arwloraiz/fieg4@3sed to express the nodul at ors of thePCmSatR20257268uch
host - expressi on systens represent vehicles by which the codi ng sequences of
interest may be expressed and subsequently purified, but also represent
cells which may, when transformed or transfected with the appropriate

nucl eo odi ences SS a ule of the.invention in situ.
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recombi nant bacterlopha rLession vectors
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limted to the E. coli expression vector pUR278 (Ruther et al., EMBO 1.
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Ac NPV g{ogoger n@i t he polyhe rlnlpronDter) ,[0184] I p mamal i an
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t hen be |nserte in the adenOV|rus genone by in vitro or 1n vivo

r econbitiensi KM | prsas laaiic 19 7Ma. nonessenti al region of the viral genone
(e.qg., region:El g |l result in a reconmbinant virus that is viable
and capabl e ¥ Isellechd Ol\Mshe nol ecule in infected hosts (e.g., see Logan &
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sequences. Furthernore, the |n|t|at|on codon nust be in phase with the
reading frame of the desired coding sequence to ensure translation of the
entire insert. These exogenous translational control signals and initiation
codons can be of a variety of origins, both natural and synthetic. The
efficiency of expression nay be enhanced by the inclusion of appropriate
transcrlptlon enhancer elenents transcrlptlon ternlnators etc. (see,
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WO 2012/ 112943PCT/ US2012/ 025726 61 [0185] For | ong-term high-yield
production of reconbinant proteins stable expression is preferred.

Accor di ngwg,20¢11R94Bi nes that stably express the sel ect egCrasediaes72éray be
engi neered using standard art recogni zed techni ques. Rather than using
expression vectors that contain viralgprigins of replication, host cells
can be transformed with DNA controlled by appropriate expression control

el enent,s ter, enhancer, sequen nscription t ntnators
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particularly effectl ve for use in the instant invention. Accordingly,
particularly preferred mamal i an host cells include, but are not limted
to, CHO VERY, BHK, HelLa, COS, NSO, MXCK, 293, 3T3, W38, as well as breast
cancer cell lines such as, for exanple, BT483, Hs578T, HIB2, BT20 and T47D,
and normal manmmary gl and cell |ine such as, for exanple, CRL7030 and
HsS?8Bst Depend| ng on the rmdul at or and the seI ect ed pr oductl on system
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b. Chem cal synthesis [0188] Besides the aforenentioned host cell systens,
it wll be appreciated that the nodul ators of the invention may be

chenm cal Iwogymthesdzed usi ng techni ques known in the arPClalSg012/0335e6
Creighton, 1983, Proteins: Structures and Mol ecul ar Principles, WH
Freeman & Co., N. Y., and Hunkapiller,4M, et al., 1984, Nature

310: 105-111). For exanple, a peptide corresponding to a polypeptide
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for ex&HPITES 4'® M“&%a‘ifﬁ H¥esr o th Scfnf PHET W OB e BRgpglobyiing e

enbodi MR partidi€urlly RS G FhEm@N @b B LY ipSRioABHALKRIbESSorRHED R Chafk (¢

nol ecul es_encodi ng heavy and | |%ht chains that specifically bind to PTK7.

Wi | e BRET mplertle dhthe prgicEEC Haipnbeomadeng iRWahymine asid grsiiugs han #paintac oy

parti cengfidey aRIRhE6r SdbeIIRAG ML &rrh aﬁugtgrmm;gaf@ag%h%te%s t@ra%of?ﬁgﬁrde rats,
sheep, pigs, goats, cattle or horses. further "enbodi nents the non- hurran
t r ans gEpgTRenA Al arEMERpElekiBoT aREodr diar eadsmﬂagméemp@aq wig mehgeantibedybl ood,
mlk, Yyri r ichit is
r ead| I § ogﬁgut}%ggﬂlag@aﬁg?ﬁg fg)tnt %@é’?& p%é@&eg‘ﬁéct)?u cat ondutﬂ"qum que ‘f‘@[ 0191] It
is |i kelh@mg)ha’ts wrertldrein dhesterm frepodit nfamantibbbon elsculepiudssetzdmbiniing er ent

cell 1] r & n

pat  or FaFF S LAENIPOL AL Bl ol et DR G o ShERGLBeSS e th el e
aci d nohge dhagsanibody (deﬁj/) tveff(eb)@ fragmentoarﬁab Bagngent, he Fd fiapaeacind-vsfeguenc es
prowded her ej of ant i.nvention egar dl f the

gl ycosyTat ?%nf‘talgfa 3 tbOdg ra%rplems § g%‘%ﬁs ‘“%t‘h%t“t%?&s lé'lﬁlgrcgf‘lﬁﬁf‘tﬂt gtjgto BEY of the
presence or absence of post- transl ational nodification(s). In addition the
i nventi on enconpasses nodul ators that are differentially nodified during or
after translation, e.g., by glycosylation, acetylation, phosphorylation,

am dati on,




64 derivatization by known protecting/blocking groups, proteolytic

cl eavage, linkage to an anti body nol ecule or other cellular ligand, etc.
Any of nuwerowesiieqsenm cal nodi fications may be carried oRCThB26R025726

techni ques, including but not limted, to specific chem cal cleavage by
cyanogen brom de, trypsin, chynotrypsig, papain, V8 protease, NaBH4,

acetyl ation, fornylation, oxidation, reduction, netabolic synthesis in the
presence, of tuni.ca Variqus post-tra onal.qggifications are

al so eAcbRPASEsHc n}ltﬁ‘ilees f‘HU’éﬂﬂc‘iOB]rla“f‘E%‘WJ%mef‘tﬁr QE’% 1 40 acvesfragmgnt 9fped or

0- |i nkel7canpodry dpaitien 6hak PSK7 pioke@Bshdigtdhs i b@Ttididleraf with ek nal
ttachnment of chemcal noieties to the am no acid backbone, chem cal

ends),
nodi f i é‘g’tgir%fﬁss("d?cem-oﬁ R SPAEY M PRI Yl that of B AHrAETKEARYS-addi ti on or

del eti gRosphorAtidr 1 @EWEhMRybERERs@REIRL [c8SdrHtengs @ result of prokaryotic
host cell expression. Mreover, as set forth in the text and Exanpl es bel ow

the pol4ifbti deeserskiled nsbe e wibHPricEdE faamenk carbeeliaindeyis disatical such as an
enzymatj,omafit HOBSHSRE ra%fis % HlRhSauiordt &1, Bhidbgl & or
detecti oz%mgrlrd i sol ati onnmo ' godu | at ortma\ldE Putrr %cga?]ilgér& (?Ol%fgwg

nmodul atespmbinantmeeansia s t@ﬁarﬁa‘ghllfe\@ﬁoqaﬁr@dh@b/cfrdgylene@t@rﬁ?flnfazhn ttemproe@sr on or
any ong i sql by any
ot hod ienoian o 4P PRE b BERZLRATSK T AREtap BoFLEn bR mELP Y licy 2

gener all¢ yovioyeitherychemivelty gthandiag decpelbhmnmwAmhctdhlegpuTmfsj tbaterronandfodprat ei ns.
In thi |so e ein, i sol at ed
A S I Y e G L e R

r ecov ethednddifemtion cfonpdnenibodiés drisgntheatzad & n@wising idtembinakiamam nant

conponen af il ts natural environnment are materials that would interfere
with di 5%‘88%%% or therapeutic uses for the pol ypeptide and may incl ude
enzymegyl4hjor nvesspeaifidalBt painai g Ko NERAOLE!IQ l’prdﬂi@&a@ [t0b Rl ARGRLHGeS BintingS -

| sol at d nodul Eeg %ncl ude a. np uI at r in sjtu within recombinant cells
becaus ag’f‘eqtse % %ﬁle r&méﬂl“ﬂ t‘ﬁﬁbb‘f’fh&%s‘? ARt Uresifud BGi 1 onment
wi Il neghgrient, W}Qﬁ@ﬁﬁme e Ad3}\hany t!ﬁdrﬂ@allﬁ&ci@z{mynﬁéﬁsﬂt%hﬁ@nﬂ%@@s ab RELRTK?

nodul ator (e.g. an anti-PTK7 anti body or derivative or fragnent thereof)
can be rf)%%é@ahﬁsﬁ‘f’? aegrer-Gingingyies pd inidilsapabl st ligag antizer. Hierkadt | y

secr et orhdi Asb BhdRAhYBnstaht doRRirEShe 165 ORI EHH Re fiSt RRQGIHESHain (Cy1) of
intracellularly, as a first srmfp the particulate debris, either host cells

or |ystg hrrvaghem Kab' fragmeyes ¢ilfpriyere Falf @agl@né@rhyr the adgfioneh e Fv egidtdsahther
ul traf L {4tk Hinus 58 the GEATRNSIn (G doffain if %T@&B%&%Q%rnjt

fgb By
describe a procedure for i solating ant |(tb gene hat are secr et e@e
peri pl axipody kipgeciegion. Eab-8Hlis the Bedigifatign h%elhlforrﬁabtle ths:htﬂhr‘am?dmﬁ mesmhe(spr esence

f dj,th PNVSF
over  abai (G BnbBE ba fealeBIC oA BUERYLARY G el BELME "ne)
t he anweilbbopdylursl s eeiretfddbifrizocttstharbdic hinge sypanandtants thl’emo@ﬂsud’remoapr ession

t LIy f trate d bl
S AR o L ARSI L STB SR BESEREY) o

ul t r af ¢d.tReatn BresIN.Y .. (1999,rfoi ease demﬁed)didsaﬁpt@u ohotasr anWddy fragments

2012/ 1 /1 US2012/ 025726. 65 PNVSF be included in an

f or egofoﬁ%ﬁste f‘&gur]hﬁﬁl?ebﬂmﬁ}a&gé t%Fg?’éﬁHerﬁrFﬁ“ﬁinﬂlP(?dé{m 9346%“?%?1&%(1 to
pr evengorifi@e grrtrg\an Fecogni@ehvaa biddirplise CORt fgidnaningde {dd4dimbefaneidaay akd (e. g.
f c- PTK7 or anti - PT 7%3nt| bod corrp05|t|on prepared fromthe cells can be

pur i fi & ligdf e1gin yapipbl %Jﬂﬁrle HY aseRyoaphich sanchsrone s gt Bpw, fogeample in

el ect r @PON@SinShis dbrfilosion tANGe aféd ODORY o FCAEIOTRE 08 iBRRN intiab o Bbrenht ¥
chromat ogr a hé bei ng t he referred urification technique. The suitability
of pr otigen Mngige sifF ¥ the fir aye pfi thaNe- ‘géb@ﬁdsc%‘ﬁat\’ﬁbf hpeixi(dRemid shisset ype of
any i myueelpky lahtrgeE%mqglg%&]ﬁmtm h aRRE Mol Byek fy%erggéi %E ok %%%Ha"b(:t
Protein A can be used to purify antibodi es that are base uman

| g&2 ofor hGaf dndanapmphising snly tirerd@BRK speeificddr. an aptigamrasche Mlith tc612cdgn(z¢983) )

ot ar, i EEP TIRDNT D 1 R G AR R T ) O gna 1 &

at t achi@d4ils nbetth@femndlalgats os atibody fr@grrmem fmampbsls aneethatwa)rripahﬁsehe Fc

163 (1992)

Mechanj cal I st a mat r s .cont roI ore
pol y( slie§1r08’ne di'Vith %S)t reenozfletfrglebl% Qfancno RS R gyt WS% Gt ‘gléh %‘ﬁgc Sgimeden

processing tinmes than can be achr eved wi th agarose. Were the anti body
conprises a CH3 domai n, the Bakerbond ABX' resin (J. T. Baker;

Phill'i psburg, N.J.) is useful for purification. Qher techniques for
protein purification such as fractionation on an ion-exchange col um,

et hanol precipitation, reverse phase HPLC, chronmatography on silica,

chr omat ogr aphy on hepari n, sepharose chromat ography on an ani on or catr on

T Y



Xl . Conj ugat ed PTK7 Modul ators [0195] Once the nodul ators of the invention
have been purified according to the teachings herein they may be |inked

wi th, fuswo2br/11ewdj ugated to (e.g., covalently or non- @cvaiseniogy2er

ot herwi se associated with pharmaceutically active or diagnostic noieties or
bi oconpatible nodifiers. As used herein the termconjugate will be used
broadly and held to nean any nol ecul e associated with the discl osed

nodul ators re ardles of t he d of as this r ct it will
be. und@raT8Ete Rar SR A auaras iy compey Bul BEsdebon juiGhBRE ebs.

prot ei asd cdﬁqﬂe}tﬁﬁiﬁt BindigCIredre eabainnl, ect@sdy ﬁzrgm{dm el 8t aRUTRY tiat
agents nthetlc grugs i horgani c nnlecules ani ¢ nol ecul es and

r adi oj & ri%é’“’ol%Hf fupstangially Hgyilasieag “3%9%“‘109% Q|cstrRle eohiupabemay be
coval efihbier®inal @BmpRNaIneRtith tindieAmtfktN@ MUt AL AR RbRkLin¥gf | ous
nmol ar ratios depending, at least in part, on the nethod used to effect the
conj ugatp SR IEGIRBMEND 943PCT/ US2012/ 025726 66 [0196] I n preferred

enbodi ments i§ Wy .R&sapparent that the nodul ators of the invention may be
conjugated or associated with proteins, polypeptides or peptides that
|npartUﬁéﬂbctédm@ﬁﬁf@@b@ﬁmgﬁﬂéwﬂvéﬂgﬂ*mbpmﬁ@%$®§mtmﬁUwémwemsﬁﬂpur|f|catlon
tags, %Qnt on e ¥t 51 Y ultf\}al%r?tl (Q%t ﬁgaﬁﬁﬁb? l’gﬁtngtts, tR?ué%ﬁﬁ%%ﬂut thslt:{\l. ent I on
enconpasses t use o ators or “fragnents t ére reconpi nantl'y fused
or cheMﬂ@awhy%@@mﬂEQMKQd%ﬁpntmudngtb@tWTﬁﬁwmh@ngsmmdamma&dmmaMent

conj ugat i ) retel tide wherein.the
polypeg%#ﬁgfg%ﬁgﬁﬁ(ggrhpgﬁqggC%E%M)”?W#CQSFP§6¥%&EMF§5§FC PO%P“1%ast 40,

at | eagicubén a @tget mastul&60Whait arl @aibddy/dl, theaihsthie asden@dh, coatpribedasdre 9an ofic at | east

100 a ci.ds. ruct does. not necessari.l to be d| ectly

I nked TRABHES SRR B AR B IGe oLy et Rt S BStes ay
be used]oteeulbﬁ(regetmd}'&ih&i’tddﬁfgﬁuﬁ lip@ldy pﬁcmffbxde@nt@en@adrtdlfcdﬂérméplco@lad ot ypes
expreSS|ng)PTK7 either in vitro or |n fu5|ng?or conjugatlng t he

modul aPPENPN thssams atigan)- FQyBRPHBRSSE §F gﬁﬁﬁﬁ@ﬂ“&?“@ﬁé fybiect Bitibpdes i cul ar

cel | sufif peRrab8CIRRE O iSast M tﬂﬂﬁ@g{ site AP PREMMUBIEY . Oh oROSHBIARHER (HeO
het er ol ogous pol ypepti des nma e used in in vitro i nmunoassays and may

be conpHOPHFEOhiNG BsBrnyenHR W&lrber%?%@l@vtdwa infling gigeofghg molsade willy |

| nt er ngleb@ioaly waPlol ac's%{g'lé)ﬂﬂl" K¥PposMfon %?’épa&é@ 2in 0@&5 Qﬂ@@d?mgﬁﬁ Qﬁg anHQodlé 1ﬂ?bg 095;
Naramura et al., 1994, I nmunol . Lett 74,981,

G | | i egubivalgnt in thpoBiey copgmsse quﬂu%onelmwng saﬁq@nqténe |d1féqrelébmdmx99qs J :

| mmuno 7 referred
enbodl%éﬁ%éQPﬁéﬁﬁgﬁﬁgé%gggtgk t he |(§gkﬁﬁgﬁq%ééeL?”%%%%%Hg%éaﬁgg ot herw se
associ ml@dewwhemr@ﬁ@@trqnahq gslesteddd K7 ipelypentidator srage osanised smde aplqtcmsnnayal ter,

i npr ov S exanple
antlbo%? $>or e%@$§ﬁﬂ?%%%?§ﬁ%d@@&#?ﬁﬂ@h@%é%gigggﬁgérggﬁﬁ al'P - FI%%% can be
generameﬂUbykarﬁa@hnmg:UéiBN’WKDaHBDgH nnlecular melght pol ymer nDIecuIes

such a I ai |l abl e hyl ene

blocongggﬁble po ‘%éﬁ%ﬁ’ Yri LA k]ﬁ% %ﬁsWﬁ% ?mﬁﬁ fmg%b %Fa ém?ﬂat PEG
nmay beepbpai died desnremamgetdndléceuﬂeemtmztyninemub@mﬁaﬂlg iindao dothoheagigb@holecule
conflgurat t can .be selected tq inpart specifi roperties to the
ant1 botly g helefogsi oifr o et dpicdy Btyretpacsrasfic BpBT pihak 1o

modul awails peferiaebodhehi agme ahs POK7 d@ﬂibo\d@& oM@ Binditivb aftigeyd i BOBEpeaific

mul tifung tlonal E? ker. either through site-specific conjugation of the PEG

to t hedMbogEs) anyibpdiritidh hitSan dp%ﬁff‘i“beédi*@sasérﬁspaﬂ’?? @3@9&?& HgABAt s or via
epsi | oBrcaMib Nt dyOHP fsRAEBRAO EAMPIABF hBSIcHSRiibddid R ud! witi@pched pol ymer
derivatization that results in mnimal |oss of biological activity may be
used. TREAagheE voith sy gaestesreean BHIKcand sk gfhararm dsecisd! agyingpgy PAGE and
Mass SPRGLE RMEL NoduPat &SN HEAQPL iV J

antlbody%nnﬁggu é%u’bnreactgdBPEG égﬁgge se 5? e&fc roﬁ?g%%?ggﬁél%%g
conjug@té@ﬂﬁyomépgﬁuagm@@ﬁékbnﬁbb@mmdﬁ%m@hxbxoh@ngbmthpQwapmgﬂ@pﬁywoIn a

S |l RR0Rbu i KRG A5 G AL ALS 120, BRIGIALVGRLRT HeALRMM 1 10
order to na or an ody ragnent nore sta I'n vivo or have
a I ong@ﬂil ktainfet hli, 1833, rNammcSOS TIhe5i%cbticques: epestwated ckmpatibld multiyecidict , see

conr Ll Heads DLV R804 41032 2 forth in U.S.P.N. 2009/0155255.



67 I nternational Publication Nos. WD 93/15199, WD 93/15200, and WD

01/ 77137; and European Patent No. 0 413, 622. O her bioconpatible

conj ugat esoane/mwydent to those of ordinary skill and negTrSadiioys7be
identified in accordance with the teachings herein. b. D agnostic or
detection agents [0198]1n other prefgred enbodi ments, nodul ators of the
present invention, or fragnments or derivatives thereof, are conjugated to a

di agno ti or dete t abl e ag ent rker report al ch be a
biologf 3& %ek%mﬁ?h’ “p@ﬁqgﬂ%wﬁw' fdemaigs i a&ﬁm S‘?égﬁé“ﬁblecule,
fluor O%&E@Ltle@@nﬁl&ﬂ&&hﬁg&%Bl-bmll-r@gtkﬁltﬁdreﬂﬂ@d' t@ i SndeRbuliecdhs@httonfagy

nmoni toring the devel opnment or progression_ of a hyperproliferative disorder

or as ﬁ@P?m8$fgméV$ﬂ1E%$”@B§§WﬁbabF@B@H@F@UF%hﬁﬁYé@%ﬁﬁ%“@ﬂ%kﬁﬁm1cacy of a
par ti cedrgristiaar RRM fphrrﬂgf wdhige the, fidks 93 adidmdu @k@&aﬁn 1k, tRe filsfIRRAQNOSti CS)
or to determne a future course of treatnment. Such ers or reporters nmy
al so beEaAsEMERNtreRigIGH ¢ anipinipgthe slterecesgapericht Q‘hﬂln bs}@,fblw APresentarati sol ati ng
TI C or jchd oRé &qhé Risofl. DRAS %%aﬁg t&rlm%b%%dﬂ%meég %umérg LR SMERed,

di agnosi s and detection can be acconplis y C up ing t nmodul at or to
det ect Hblimmyudsdetatic dightichainidé mgerted unto pepiarate gxiptesion cectoparidus cenzymes
conpri s X

bet o a1 he S8 S SRLE 1AL hinEh AL 0B Fen TeEALLE BREFRIA Afa
not |i mop@domsmfsltertbxpt avhyphpmlid:)fr@gmqntsan dmamihdremts lpihert um:,queﬂ Iratios S the itree
mat er i ot i ifer cei

fluore c%peﬁwes%‘ta W 8?:‘3'? nat 8, °tho f tzlionnl pﬁ%wde R PtbrP%rP 4 iegcgi H}}T gﬂi’vﬁver fﬂoffq?’l%gcel n,
dansylushimendﬁmpmthyeﬂefw&hﬂmhtmkmmﬂﬂﬁsmﬂnmamahﬂﬁbak@e$ﬁmchmﬁ§wkmu not

as but

limte t. materi.al s, s but not ited to,
ug f oPssSresstilio fimt b A pRaT i PGt S i Srrarda’ g g e but ot
|'i m t echtibOart 0fhdgarfichibid Jignitidlnke. 1231, 1211) , 112-.-n, iii carbon (140,

| trit ndi 5] '131n d technetium
(507G (NP haln s e BEF P O Ty s @&@mfwe%bgdles,s@%omﬁ%mo(mmyd
ol ybdpibimogRBMM) hea¥ SO LSS NR) bmﬁlln Opelc IRt J}ﬁf&,arrﬂg@gnﬂﬁﬁ {3 hybB@ .,

149pm . 140La, 175yb, 166/ 10, 90Qy,, -e S 186Re pr, 105Rnh,
153Cd, immunoglobulin heavy chain-light chain pair (provxdmg a second binding spec1f1c:1ty) in the other

arm. It was found that this asymmetric structure facilitates the separation of the desired bispecific
compound from unwanted immunoglobulin chain combinations, as the presence of an
immunoglobulin light chain in only one half of the bispecific molecule provides for a facile way of
separation. This approach is disclosed in WO 94/04690. For further details of generating
bispecific antibodies see, for example, Suresh et al., 1986, Methods in Enzymology, 121:210.
According to another approach described in W0O96/27011, a pair of antibody molecules can be
engineered to maximize the percentage of heterodimers that are recovered from recombinant cell
culture. The preferred interface comprises at least a part of the Cy3 domain of an antibody constant
domain. In this method, one or more small amino acid side chains from the interface of the first
antibody molecule are replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory
cavities of identical or similar size to the large side chain(s) are created on the interface of the
second antibody molecule by replacing large amino acid side chains with smaller ones (e.g. alanine
or threonine). This provides a mechanism for increasing the yield of the heterodimer over other
unwanted end-products such as homodimers.

[0148] Bispecific antibodies also include cross-linked or heteroconjugate antibodies. For
example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin.
Such antibodies have, for example, been proposed to target immune system cells to unwanted cells

(U.S.P.N. 4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP



97Ru, 68Ce, 57Co, 65Zn, 85Sr, 32P,:69yb, 51Cr, 54Mi, 75Se, 113Sn, and
117Tin; positron emtting nmetals using various positron em ssion

t onogr aphwep1xiaesdi oacti ve paranagneti c netal ions, aneCrlSecaioezy2¢ hat are
radi ol abel ed or conjugated to specific radioisotopes. In such enbodi nents
appropriate detection nethodology is yell known in the art and readily

avai |l abl e from nunerous commerci al sources. [0200] As indi cated above, in

ot her nts the nod tors or fragnments thereof c be fused to

nar ker‘ag@%e HEOCOU VAT aé‘gg%‘{aﬁéﬁzlyl Rfemase UFIPG BMGIRSTEST Gropsy a]é‘?lﬂ“?gtlﬁ?t ods.

puri fi saitibtycrods-1thkagnesitd e ped kBEWE BShSME And@sre dBMEANH StHRRe 636,080, 0r FACs.
In preferred enbodi nents, the marker am no acid sequence is a

hexa- hlalgflgéﬂ‘tﬁé%@B?‘l‘ﬁé‘%%ﬁ@‘?@eﬁkﬁ‘qu?ﬁ such as the tag provided in a pQE
vector (Qagen Inc.), anong others, many of which are conmmercially

avai | abl e. As descrl bed in Gentz et aI , 1989 Proc. Natl. Acad. Sci. USA
86: 821- 82Ul f LK M CES - e Reg odifisatiops des for 68 conveni ent
purification gf lfcr}@glg,y%m@&%&g n. CIher peptl de tags useful for
purification inclTude, but arenot limted to, the hemagglutinin "HA" tag,
whi ch t¥rPes péwkhtm tawe@mlwp@oc@@ahmdswmmQmaelddmmnu@r@@uh@rtaggl ut i m n

prot ei 7). A

4,703, g%r%é(el &%ﬂl'?ﬁgr g%gboftgg |]§1§PEHSO§ZT%§SO%]gAs@g 312{3 |063}§ 9TK§7 S&A&) hlr e?} Se% he
modul afathsaboye, thoagskelterdsn the aderillapprecigs tltahmieetcﬂ embydialesio obme pms¢rugat ed,

lals ”;ﬁ?fn?/glgnog(ih?& aitttlsg) c%ﬁlpp Ee S%B%’Mtl?[%ﬂ?grs 88&19 02&10{18 oft t{l;'e Cg)é’t%tg? rrea% rb(tl e. tgngl S E)gt Z,l[J ::2
or cyt mlcahal Ma@matt;cumrlyhersapetampkateagamthecPrrKa n@dlaoachi Weinneitah nagn, e. g.,
al pha or D atl her ei n > oxi n or cytotoxic agent

el wag iy oHhEh Soore FadiETR BEHE el ol R By pRBERRIE Cal's and

may i nmobiftcatmls wh@hewMuh 104 c@tfouhd afith plXardalcesadrakivdiacipaial, vuex® llimited
om de emet i ne, m tOnyCI n,

cyt ochal %&I% ram cidin D, th| di Uﬂ%l:
et oposfé te“:t' Hg Og]@em‘\?l ‘ﬁ‘érF?S§ FeHm hy wereasrinding aHnidy, feduedy or ubi ci n,
daunor ik Ghdenility) yidr@xdd Retubn AL hlﬂsrempcylﬁga% bﬂ@ln@selﬁh'r?c@d 8srelil¥ed A@E‘t &M 4

| nmuno, en | nc. é di one, m toxantrone, nycli n acti norryC| n
GI‘,-I"

1 dehy@ 6t dcEYBs £ %@ycw aieandfor dispigde b?ﬂdéé‘éﬁ wedlf@%?m%aﬁmélﬁcrty d@dbsis ne,

pr opr apgh@lis willeQpYetifted BRAL MBRIFE BriafMa F ¥EhARARSAN BT LR (M2 AR LIS OF
honol ogs thereof. Additional cytotoxins ‘conprise auristatins, including

mononet Al vayHi- RAORKBLS IEORCKATARS thﬁﬁ&ch?ﬁﬁﬁ’dﬁ%iui'mls auristatin F (MVAF) (Seattle
Cenet | f(ﬁﬁOlI nCT)le RO 'réglld?xshe%ﬁ? R u@éit? %%@rﬁﬁﬁhregﬁh%f M@l’obuh

ganmma- amani tin or epsilon-amanitin erg m nor groove
bi ndi nbeaayekais irpledingntidgeisegaeney EF regeos pnvdatarieid c(rGyionsardéioudd. the ovaraies

RS A L g S o R N

associ sed iwisuhlhadeineddD3trbich dlomgmrmhmculicévssxﬂm at@ositort Corgl@bokbm PTeZSéJ | s and

have t el the ! [ tin I t echnol oqgy;_.see e.qg.,
Fuhr nagoﬁtm %iab(g{ ten}mu%ﬁﬁrﬁ% %th %rmm% lysﬂ}f& &@g %a Coﬁ&g t‘%%§1§2010) whi ch
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149pm 140La, 175yb, | 86Re, 97Ru, 68Ce, 57Co,
652n, @ssvatmgzqvepw%@@dmﬁimm B mMuUNGgAdpior PESENe- llaseqls&ﬁwatlonmronf AITAMBAC,
76Br r and
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sot ope for
9:457-92 (1991); Capel et al., Immunomethods 4:25-34 (1994); and de Haas et al., J. Lab. Clin.

Med. 126:330-41 (1995). Other FcRs, including those to be identified in the future, are

~encompassed by the term FcR herein. The term Fc receptor or FcR also includes the neonatal

receptor, FcRn, which, in certain instances, is responsible for the transfer of maternal IgGs to the
fetus (Guyer et al., J. Immunol. 117:587 (1976) and Kim et al., J. Immunol. 24:249 (1994)) and
regulation of homeostasis of immunoglobulins. Methods of measuring binding to FcRn are known
(see, e.g., Ghetie and Ward., Immunol. Today 18(12):592-598 (1997); Ghetie et al., Nature
Biotechnology, 15(7):637-640 (1997); Hinton et al., J. Biol. Chem. 279(8):6213-6216 (2004); WO
2004/92219 (Hinton et al.).

b. Fc functions
[0152] As used herein complement dependent cytotoxicity and CDC refer to the lysing of a
target cell in the presence of complement. The complement activation pathway is initiated by the
binding of the first component of the complement system (C1q) to a molecule, an antibody for
example, complexed with a cognate antigen. To assess complement activation, a CDC assay, e.g.
as described in Gazzano-Santoro et al., 1996, J. Immunol. Methods, 202:163, may be performed.
[0153] Further, antibody-dependent cell-mediated cytotoxicity or ADCC refers to a form of
cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on certain cytotoxic cells
(e.g., Natural Killer (NK) cells, neutrophils, and macrophages) enables these cytotoxic effector
cells to bind specifically to an antigen-bearing target cell and subsequently kill the target cell with
cytotoxins. Specific high-affinity IgG antibodies directed to the target arm cytotoxic cells and are
absolutely required for such killing. Lysis of the target cell is extracellular, requires direct cell-to-
cell contact, and does not involve complement.
[0154] PTK7 modulator variants with altered FcR binding affinity or ADCC activity is one
which has either enhanced or diminished FcR binding activity and/or ADCC activity compared to a



[ 0205] PTK7 nodul ators of the present invention may al so be conjugated to a
therapeutic noiety or drug that nodifies a given biological response (e.g.,
bi ol ogi cavonerpaesie nodi fiers or BRMs). That is, therapedTius2ageni’se or

noi eties conpatible with the instant invention are not to be construed as
limted to classical chem cal therapegfic agents. For exanple, in
particularly preferred enmbodinents the drug noiety may be a protein or
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obtained froma patient with a selected PTK7 nodul ator as descri bed herein
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to bound or free PTK7 in the
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IX. Modulator Expression

a. Qverview
[0158] DNA encoding the desired PTK7 modulators may be readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide probes that are capable of binding
specifically to genes encoding antibody heavy and light chains). Isolated and subcloned hybridoma
cells (or phage or yeast derived colonies) may serve as a preferred source of such DNA if the

modulator is an antibody. If desired, the nucleic acid can further be manipulated as described



[0211] I n anot her enbodi nent, the invention provides a nethod of anal yzing
cancer progression and/or pathogenesis in vivo including determning cell
nmet ast asiwoaniaae®dti ng and quantifying the | evel of ciPCulEsRIR®23726TOr
cells. In yet another enbodi nent, analysis of cell netastasis conprises
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progressi an (or of the di sorder in.a patient, wherein the kit
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and cel | s, cultures popul ati ons and conpositions conprising the sane,
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CoNpouRGgneALalBBE AbM dofmtbroialdbMES) it ishdbe BhdeRBdodandt WRG SR 19\Ven§&{ éx\f)h&)’ly of
tunor initiating cells or progeny thereof by interacting wt 7 (e.qg.,

t he pofifpBpRserallsicicqeidanglecuies ipdiranenses epding ETKTﬁ)@dmlﬁ%nmlwhng Welpef ore

furt hep RiRMhESS BYRY %Yﬁ)oél@go%ft ?&#snalgg frsgeﬁémr'denya%eg f&0s4 fipgation of a
conpound or agent that can affect a function or activity tunor tnitiating

cel | s twergion dethgr engempasbespycigisgeiss at pustpiovcidhmpiFediesde.gi, pelysusheotided gt Such

Comouﬂﬁ)%d Pqn@eﬁ%%‘g%trﬁ%ﬁl ? orql'itylgla %ﬂggﬂ%&?ﬁerﬁngglgte%g ?ovxfe? Et?l %%9% 73 for . the

treatnent o rpr erative or éexa e enbodi nent,
a systley’nudrzamxdwdhtlcmfplgl sedeftnadibelowhitd padyriunigoiidels IcemelminmbaxyltmglcRTdG and a
and co or agent

compoug il A58 LN (HEEEND AR P SRR BT,

provi deslanerhdfreds Taé tesiwmeenicngidamndedutten idsofagdnycIPiEKéidnmdedust o9 ®ed herein, is
intended to include at least DNA molecules and RNA molecules. A nucleic acid molecule may be
single-stranded or double-stranded, but preferably is double-stranded DNA. Moreover, the present
invention comprises any vehicle or construct, incorporating such modulator encoding
polynucleotide including, without limitation, vectors, plasmids, host cells, cosmids or viral
constructs.
[0161] The term isolated nucleic acid means a that the nucleic acid was (i) amplified in vitro,
for example by polymerase chain reaction (PCR), (ii) recombinantly produced by cloning, (iii)
purified, for example by cleavage and gel-electrophoretic fractionation, or (iv) synthesized, for
example by chemical synthesis. An isolated nucleic acid is a nucleic acid that is available for

manipulation by recombinant DNA techniques.



or agents and conpounds for altering an activity or function of tunor
initiating cells or progeny cells. In one enbodi nent, a nethod includes
cont act i nyot2areor244ai ti ati ng cells or progeny thereof w PoTASC@025Ig€Nt OF
conpound; and determning if the test agent or conpound nodul ates an
activity or function of the PTK7 assogjated tunor initiating cells. [0216] A
test agent or ~conpound nndulating a PTK7 related activity or function of
such t iatin |1 s ar proge thereof wi t.hin the popul ati.on
dont 1 11821 ¢ nitSneBigERe not R et R R it he SreEsR R -

acti vi byaroarnubou}cdﬂtm;wémbn a8 flagmemdidriaied, hieinusevehanggesti n cel |
nDrphoIo ressjon of a marker, differentiation or de-differentiation,
mat ur aP? gkﬁ’l‘de&*g sspleint toR use s Bybidigaion groBes BSRPrigersQs|seaugARdPHRSIS BHal

pr ogenidentifyG@! :lrﬁly@fng%@lg ortalf’r@)'h%ﬁ‘rﬁ a &%Zﬂemte%&;dl@a pOMIRPS 8- dehse

reference to cell's or a ce cul ture or net hod Step or treatnent, neans a
di r ect Nyeif pddy fer tnhlbﬁtr@reé@mw Hetrrbvarcledide dafpoaplemeHay seqyences of K7

associ afieghifeld al®S pr%%ld!zd CHet bR 20 cANRLAS 'fen%@xf q{hg}p&ﬁq)e%; Edfaplds, 10A

particul ar exanpl e of direct interaction’is sical T nteraction.
parti clp.ao %&éﬁ‘pﬂ%“%fﬁaﬁ@ VhdPe.dgp, 158t Er5a2qa. 850, |3§0 Wher40a450oPo3ia il OA0,act s

pon 2 shLISEhR o of1BL BEM Nl QPSS OGN St SEBEGHOCT entity

e g., or’ ce tur IS as he |nve 1 on
modul asmencnad|f@a3wsplﬁnﬁgtuamylsngxeawsawﬂlovbet yarmrf aflengetiuokeicatcid; fompxampié, i at i ng

cells r ' at| tecti effects on
cel l ag%?@|?§&%%“ dﬁélﬁgnnﬁhnﬁgﬂ Stra'geen O%erﬁ%ﬁééhp C@é“?gﬁé%gﬁ' to a
parti cuahdior Dis@eud: eqteleg and avetieist asinsts dierepf @ld. fpeptitel rmnl):lcmfndts)h eNuclehicids

initiatin rogen t he i.nventi on. lary activities
and 1 uhtspgRgfeRi RETTPE s i PetitNg M hduaring horHdt ogy.

devel operbatiads teaedtaase pidfekdbey ERhiidlatans dpycabdd®bad.i on, viability, cell
respiration, mtochagndri al tivity, nenbrane integrity, or expression of
mar kers assoc atmwp—i%—ﬁ%ondl tions. Accordingly, a conpound or
agent (@69 . AsGhdicheaaindifahith fGmiikr @v@é@hlml@stlds%atIhfy@mﬁieft@%ihepﬁhctewmr
initiating ceI | s. or Bro%&ey cells, contacting such cells or progeny

cel |'s ifHdRPIEEHIH iopyeanditigny M%ta%?rfPrr?@ybaﬁvmﬁr@adFIatawéharé1wean

acti vi k¥ovd in it 1928, Qf @Mféafprbwc&lm;Megcmlé@mgy TBRPERIBY &Kk N
di scl osed herein or would be known to the skil artisan. [02’19] NEt hods of

scr eenfl§§ahd. i G ht F‘?f)}h%@“fa@éh@fsth%}ﬁ‘élta&@ﬁﬂwhm al“ﬁ@?@éféy fihegsat sui t abl e for
hi gh t hiRigRRM con@fieR Uée@g Ipr%k}ﬁh LG AdBnidh r%35§ s8jufne! hioﬁdé/?od%m citrate

mcroarra e& posi t1 oned 'aced opti ona at pre-determ ned ['6Cat i ons
or addf5§§g 2% HDgh ! QmM@@Tp’u(pH%ﬁthhrldmatlmM&r ohabedl §ng0ntxaamxﬂd,s6xsaﬁ pr obe

chem C%dd%ﬁﬁ?&gdnqgﬁp#ﬂgxh%?%%r@o 8th1? Yrg! at h ggér\llag%gl)lggg&lﬁ(ﬂlts sufl{%% cgenes in a

short peri ues ave Heen zé nol ecul ar
si gnal sonfanigg abou720% Ifcumlamphoweb)l hghrdliatiboraipecdtuanat 428€s amm\amshmgoc ess

i nfor 1,0N (se Pi nhasaov Chem

Hgh T rngglé) %%ﬁ&seér e)t(asn5 ngé q)sg@%;é %ngﬁ% yRudigior COH‘? §?%§>be‘8§%€% Bchnol ogy

has beeéxtSexdt @fiXi, ¥alowed by bhe@dndre “psm:beq 0.heSSHD 2rasb$ ernss°Of Fllteusands of

genes at aqnce,. ile provi i.nfarmation for ecifi enes (see, e.g.,

vocer 1 pi ke feian Sadpae® b oo By e iGom om0 sur st

scr eenidqgeagethb aelfigdnCy gf hybhidghidnhue@hpit riccaids togpisidonhuarbidaeca@aass and
that are at least 65, 70, 75, 80, 85, 90, 95, 98 or 99% identical to each other typically remain

hybridized to each other. More generally, for the purposes of the instant disclosure the term
substantially identical with regard to a nucleic acid sequence may be construed as a sequence of
nucleotides exhibiting at least about 85%, or 90%, or 95%, or 97% sequence identity to the
reference nucleic acid sequence.

[0164] The basic parameters affecting the choice of hybridization conditions and guidance for
devising suitable conditions are set forth by, for example, Sambrook, Fritsch, and Maniatis (1989,

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring



conpounds rapidly and efficiently. For exanple, cells can be positioned or
pl aced (pre-seeded) on a culture dish, tube, flask, roller bottle or plate
(e.qg., awongi2ziipuBti -well plate or dish such as an 8, PET/1320126257206, 384
and 1536 multi-well plate or dish), optionally at defined | ocations, for
identification of potentially therapesdic nolecules. Libraries that can be
screened include, for exanple, small nolecule libraries, phage display

| i brari fully, humap antibo east  di spl libraries i mab, LLC),

si rna 1BoaY ds ST LaBR b RS Ry BB b BERi 5 1P PRbstadl i ca
Pr epar atd.dnsn @hidy &h&ma et sectidds @50 add 6 Ba. 4y dndtch® BSreadit) de@uin@®d 6 those
admnistratign [ 1] Dependi n the formof th dul at or. _.al ong with any
opt i ongf“”%?ﬁ U’@%Ytsgﬁlz injihe ”E‘bllfée‘g“g’ ?Oﬁteémﬁ t@é??g}}é?’ﬁﬂ?or{{%%ﬁ Yrpaguen ‘Pfégeng

t r eat edud¢ic a@ai t ored and numerous ot her vari abl es, conpositions of the

instant_invention may be fornul ated as desired using art recogni zed

t echni éq%éél That i ferther e gpprseiird BreiFiterts meY. aessding i thninvenipert on
COMPOS pfeks @ §106OBM k81 BidlatOKVicHRIA Inad18% Scitd, AN RUBHoWebiy # W de variety
of pharnmaceutically acceptable carriers (see, e.g., Gennaro, Rem ngton: The
Sci encéctgivtpeprsadt piederit ephadimgey. anuclsiorgit is fupadoraBypalreddoprprespon graiot s

Pl us, BncRdthal RO 1 m%'lk?%h &lheftrologdnl & b i and Drug
Del i verg%uSysteﬁs, 7th 0e a ispper?co(% g{)g V\??’Ftﬁgﬁgé%kodﬁ%rﬁg%ﬂ%%&%ﬁs Ki bbe et
al ., Hapidbodic lom Irmeieargeueinsdhat Exedlpi eid &, al@rfanctidnallyPhvéedadketxipeadioPr ess
( ZOQO) lont%@%ﬁqﬁéﬁ%e H!&ﬁlra gr?d’%%z ?e%lnlh\éte?o(f&ggm %QA % t}?a%g Il‘l{lcg{i iwxy n%pfulnlc’:]t‘i:olnlz{ﬁ}?

vehi cl es, adjuvants, a diTuents, ar readi | y availa 7'e ' Pom RUMEr bus
conmmer dhlgld te derspsssiduboeoaleequense mssdlyt nent of pharmaceutically acceptabl e
auxi liary substances,. such as pH adjusting and buffering agents, tonicity
adj usting age%t@g'rs@lg%%?l izers, wetting agents and the like, are also

avai | af166] Certaickicteit, bichiat b ngclex ecipkairyssing RN Aesisl/drpedieid er septitd)and fuf f er ed
saline, dextrose, ~water, glycerol.  ethanol, and conbinations thereof.
0225 RPESshseTiol kbt aff Aioryly | EPEans eBlerEle A cotien bbb ent s,

t he thefiegetici & sGEPOSY thhtrprediod di@rahQyiphidi GMRaildRyiclbie agidi widst @& eshuiapat or
with a m‘éﬁ%n%mv@f addi.ti.onal conponents. Conver sel 1y t he PTK7 nodul at ors of
the pr 8sBKET PRVEHETEST Y BB IBREM ! Hauese il wgicis antodiedrastlitedpl e
phar magesls fusddidndl peeBD R v tiCal dxpRESorC @RI 8§ REc XA RhANR ket Albdinki ari es
that are well known in the art and are relatively inert substances that
faci | i fAPeRce\NESIUsEDP I BIgXBISESTON ISR Al E GEBFAES U IRl Hinsiop af saghnusteia g,

modul aty@hoRtaitealTradledn i RERSSURNG sgciufeﬁ&%r@&aia\/&ng%qp&u@f:!&ﬂemgg?&%@%r ations

that are pharmaceutically optim ze or delivery to the site action. For

exanpl Beingtianskagedpite tie degiredgiretainfoppeptide- consi stency or act as a diluent to
| mprovey khe PRAL IR eKiB&Ich S sddienIRgl y WP} j ncl ude
but arg) n@te |iﬁ§{g§g Jt&g stablé?tlﬂjzisn ageﬁt El?stegégtcf)iﬁ#gg[tgﬂl&%gnﬁﬁgﬁkéﬁtﬁ%&agents,
sal t s fibgsomabyidhng steneihaniersyandeticapmidobtlementadent gilatp trinfserigjonafa geleion
penetraf i r ] 0 | at.ors. for system
e R e S AR G RS

adm ni sanrtmtreguated. Adhe eslyct sthicturdhofempteyyi@sconirolf soquenteatmayvaryeag alfenctise df the

si mul t anequs| 0 _achi eve system c.adm nistratiqn of .t he active ingredient.
e pi BRPE L e R PR PGS sP AT P b o8 8 AR F e aSar ug
del i vewyticaae isetvellon trlitiation Remansgipgion addeanSatien e paitelPrsachk asCEADA b&har macy

20t h Ed. Mack Publjshin 2000 Sujtahl e for atjons for parenteral
2o s CiepHEREHer R BT Lt aguartior T et sp el o r Bt ieaR atas o

wat er - snrdbdequdnoésBoniptite £xrafBleeregWatiRdt irRQIdEd fomdlel Sequéte 88tdahicPiPional
suspensions of the actiyve corr(gounds as appropriate for oily injection

sus penSngRsOfiRs fupeionaihy linket aydeic acdi Expsession comsioh pqauencepmyuatscampriseni cl es

i ncl udgnphadet Yeqédcs orfuPbur@NAIdR for SERAGH, Oi |, or synthetic fatty acid
esters, for exanple, ethyl oleate or triglycerides. Aqueous injection
suspenBl16¥s mAgcaEdng kel the Bprioatisdsrm pramojen ey rameter Ksiopirgalesiotynugiict he
suspengd; Pqadie Wkh WBecard ApsFXATBH o th%‘ﬁ%lé'i@‘a&@@&@éﬁ/mteﬁé 'ex;frséswmsez
sorbitol, and/or dextran. &)tl onal’ly, the suspenSion nmay al so contain
st abi | ¢onéoks expriepseids seauened yoprpdading e decognidorcanddindangsite ier Rigent f or

del i Ve{)(ﬁyﬂl&]ﬁ&. t’[tﬂg pﬁ)?rlolter region may include further recognition and binding sites for further



[0224] Sui table fornmul ations for enteral adm nistration include hard or soft
gel atin capsules, pills, tablets, including coated tablets, elixirs,
suspensi one,20eyneqs or i nhal ati ons and control | ed rel ea®eTiuseom/o2ites eof .

[ 0225] I n general the conpounds and conpositions of the invention,
conprising PTK7 nodul ators may be adnmggi stered in vivo, to a subject in
need thereof, by various routes, including, but not Iinited to, oral,

intrav intra-arter aneous arente i nt ranasa

v ameRiTapt B PR AL Fob e L YARE R R w8, oA ket SR b

rect al fransatiptipesf Iatpﬁfk@@lonc bﬂﬁtﬂk&t@i&ﬂid@nﬁ: Fapleiadre, o pranseenifbe inditgble and

i ntrathecal, or otherw.se ation or inhalation. The subject

conpos 108 Ly B Tog B LB DS BHF S 0 B0 SPPSgT g 1t SuRSGNf,

l'i qui dno@on@aRE®Y Sn iiRILEE agRe! M@tr&ghatbmndel%e Ebriiol &chntifducitdbh6kdier gaPsul es,
pOV\deI‘S gr anul es, ointnents, solutions, pOSI tories, enenas, | nj ecti ons,

i nhal aRP'<CXPisvd geoniK pYRsesserka aspal s1Fntak & lfléﬂcmﬂ ageiiteabas Fghie Bregsmee of

adm ni gferiadc M3 aBBY tﬂée‘gbﬁ@ s%@tt@r@d%ﬁ%ﬂh@“&gl SeraBﬂ% lish € el s@pahigat i on and
therapeutic reginmen Dosage £02 6] Si m | arly, the particular dosage

r egi mefiediated, in gﬁ'é%fé byt hipgipgyo €<i=1 pewseiigion fygter] depend on the particul ar
VL0181 30, A oty Rl D 3F ko BIRAfAcRaAN st | ons
contri €7 p@ymﬁesed@reérrlrﬁ}@BtNlAm!Omﬁtet \Y:U0Y Fﬁ)mmsalgertlfﬁuzeqmmqyombters
e R e T s S U RS v
cel | s, céllddr pditeigs suchmore.g. mumam(}m’@}b(glﬂcsraldﬂm;rdntWMBMtetdabydregﬂumeb and of such
neoplaﬁml% ce#k&,(ju @n?cﬁﬂ% §rqj|(§rat|on of neoplastic cells, or

del ayi nglﬁhé dévelo né% ot el At adis Al ternatively, sustained continuous
reIeasﬁnﬁﬁrnuMaunmmgummeanemgmemb&ﬁmeﬁﬁﬁermheu@dmpm§Mbh@gnﬁamnbﬁng?m
appropriate abo ari ous ns and devices for
achlevfﬂﬁm?ﬁ§@§Pﬁ@HgPBP£§§%*%} %@%%WH”FWE &P t&“ﬁ 6@???&?6%?% t her apeuti c
st andpexpﬂéssfbh ef M%JTMBUFUﬁEdrmﬁﬁn@@%sﬁlb@Hﬁy 8¢ EarAEAUR LrehsREY of faldy) anmount
effect for trea%nent or hyIaX|s of the specific indication. The

therap ]cal 2 gefered F’%?BOC%\ fﬁnwcéﬂwgﬂ maFFUje Hapadian o BhinvHsopsIegHY of

the subj eekibeiiee: dppRptied wifhiaréthoBeWhRAYSAEN exPfesilERbiithe RN 4did® nrhet he
ext ensi veness of the condition to be treated, or the age of the subject

bei ng {FBAEEES, s Prsd Gelisdn K MOptEENqIAtRITEARHE ANche RIS ISEF any reermediant Yeéir?lfhfﬁya be

adni ni ﬁ&&&@w @/h@ﬁ'e@éﬁ%‘é@&dhﬂcl&b%&ﬁ%ﬂ&a&f{) ARt ARt iKG RAN VLN, o
about 100 % body wei ght per dose. In certain enbodi nts e PTK7
nmodul a?‘dﬁﬂéyoé? cellyand. pheretapiopriesy, thée dingraitdsintoraegenpme. aMeciors ahthisi krmdtéhe r ange

of abQ fo %erlg@é% eggga'/oy\@p%%] edti? 991% \%&EQ! 1Jﬁ ?ﬂ)ﬁhe la%%%?)ﬁgo%%?gsy b

certal _ iments modul at or's I'nve

adni ni bicearieghages ervirahgsonmes. rifheriemauged @s‘usacﬂ)butmgeﬁbrallygklhgs bodgonseicght t o
about t he PTK7 duI ators of the
i nvent ?y%ﬁ(%néah% gsg%h&%t%?tg ﬂ&ﬁﬁ aac%l’ﬂlﬁ 53 Xr‘ﬁ}HClecaélfrgg%ut 100 figl/kg

body weldgtmdetrﬂyabdubmmmbkl@ body wei ght per dose. Furt her optionally, the

PTK7 ato i nvent.ion .m adm ni.stered in an anoupt in the
rangengﬂygbou Iﬁa%mr?éﬁlkegprﬁsgavnv “81%%{ wtllgb%lﬁl??ﬂ?m% th‘ﬁ/“?é‘yﬁﬁ'ﬁ’ﬁn\}%’ia ht per
dose. tephrigret ai molecubadioi®yyt ﬁudrdilﬁolﬁg)ﬂﬁﬂﬂﬁd&n@ﬁarm m&et&bhdomg@ ratei dPfiod]

provi ded a_dose of .at |east abqut 100 ji Ieast about

dos i
250 J.wgs PRI eoliayes & %teaooV&a&O’rS?g ?ql@m reB “%F&H%O | east
about gefird K@ellﬂod'ﬁes‘é@dcﬂﬂlhues&% WeBRiowaAH hre2x PRIMK@ ind A ¥x W18 Bergedhind €ast
about 10 nq/k bod is adm nistered. |0228] Ot her dosi n regi mens nmay

be prelieEtleqlight a&fr‘méerr@aeag AfbaiquessMethogs aﬁwﬁn@lﬁsy #glume 152 Academic
Press, Inc., San Diego, Calif.; Sambrook et al., Molecular Cloning-A Laboratory Manual (3rd Ed.),

Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 2000 and Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., supra Other useful references, e.g. for cell isolation
and culture (e.g., for subsequent nucleic acid or protein isolation) include Freshney (1994) Culture

of Animal Cells, a Manual of Basic Technique, third edition, Wiley-Liss, New York and the



disclosed in U S.P.N 7,744,877 which is incorporated herein by reference
inits entirety. As is well known in the art the BSA is cal cul ated usi ng

t he pati emO02012apght and wei ght and provi des a neasure eCTassubjoeseés size
as represented by the surface area of his or her body. In selected

enbodi ments of the invention using thg BSA the nodul ators nmay be

adm ni stered in dosages from 10 ng/n2 to 800 ng/n2. In other preferred

enbodi nents th dul ators w | dm. ni stered i.n dosages,from50 ng/n2 to
S00 ol iR St GodReer e arb LRy PaR Bkl 3t Dot RaM e SSGwgeE, 200
ng{ erQ,bV\ZE:Q &TSérFEQIncd&*@@vhﬂ’gt‘mﬂ,YBG@rlnh@'éﬁﬂd Plﬁﬂ@s Ulg:lsl}gWSﬂElQnﬂ’(gﬂlUﬁislslgaF@OUl‘jse it
Wi appreci ated that, r rdl ess of how the dosages are cal cul at ed,

mul tip éga&oé‘gﬁﬁsgmmﬁga%ﬁg%ﬁg%ﬁ L&E}Man}a\als rggtiadeTtagectya Heslalbe provi de
an abselkutyordosagelat @t Parss EupTiindbbok JTMIBRbioldERRA1 108ia i V8B YCROPress,
admnistrations., WO 2012/112943PCT/ US2012/ 025726 77_[0229] I n_any event,
the PTRyCHN dloMetindeohparies sty aditihesbenedraampiiadn. pyiliapprees in
need t barseqfche PR NHERD T REN&Ss fhhBadif @AE NV ei0he B NisiL hatdQn My be nade
by persons skilled'in the art, such as an attendi ng physician based on
consi dEWEAZERRS, DfrefHetiocdsABING Geeshen. higationegie-adnd sgoupfeditng cellbjesand Bei ng
treate j : | 1 bei. ed, I heal t h
of tho by e B aany BRE HTCS MEhl LREREC p LR BHELE, Tl dose of

t he PTrRMinmdedsantioly ary prdynupliestidsr(odludmeze. s ulbpaat ordiminglatedpplynudlengides) Mor e
partic I I I: l.nistered to the
subj ec?Ang%c%mgﬁ%E{a&(?&%r}ﬁgre?ﬁgﬁl agl 8Iéygar%(§#ﬁ,%}ng¢er+%ss§g lan once a nonth. In
cert ai H1éhbodilenisqnetabece fiegodsemendose wbvitdseeddfikmanoldut @llonllaveyg be

adm ni st er gd r
recom I

ltiple times,.ingcluding. fo ri ods of at. | east nt h, at
fenst SroniiuleabBion d biERuet BROLEhO%oh % pBRht e dBlipndiireRetb) o
days ( 2xpr&siod in such Gecombifnt heg\celladre wdeked td Aereid as @codbinimt aftibodie®r T Ofr
several nonths (1, 2, 3, 4, 5 6, 7 or 8) may |apse.between adm nistration
of 't haPHr L ISt s artidss brodst] eusbin s PRGTHHG® RayG oy e
deternmianed enpirically for the disclosed therapeutic conmpositions in
i ndi vi gﬂgl S \r/T\,E have been given lﬁne or nore adm nistration(s). Far exanple,
i ndi vi dliafls §e fem gieo@pinapdioghrelh (g singRly Bgsb selbs as atsgcHisFedih aRfNL2 ¢di8si t i on
producedicas rERadiiaRed pRENi&] Vectof Qs semso@lcbd.CREMURS bd hReis@beGLED
conposition, a marker of the specific disease, disorder or condition can be

f ol | owEEoBEINHE Sesticplbanddioghsed iRy noy orlhib paficHaHtsybipt eplebutiabo thecirogeaual  has
cancer s,chRes® BRGhAerdh HRAICHRRS Wa§ BB $h QbcdlifPLertABnYaR PajRAL i on or

vi sual observation, indirect nmeasurénent of tunor “size by Xx-ray or other

i magi nguEeh Al uEsImental infyeege saeit Prageny s sgke i ot b idewicalita thsrpatsinbgpdly and

m cr os LCe:@% AN J: ; S j.ndirect
furor - APy ROAMARBLIRR B wope ol HEREm ABTELFss LOPIRR MATEI n o

accor di Mestar@ceondingrist thodigerdios os ildsedbadabeien, a decrease in pain or paral ysis;
I mpr ov pee I.S] ' I he i sabi.l.ity. associated with the
t unor ; ﬁﬁ?\@r eagrg%wglﬁ%gés? ?ctt’ed;% grr%&gkfﬁ?%ng}o 32}5%1 F?]Q(rqnﬁglllgfjtﬁi/r r%afqu‘% émtgbsO%ﬁé)%sured by
accept padtivredtsodrs descoibedigeatin 0Acafrdisg touing @nboditnew, $did tnethappaneints t 0 one of
skill in the art that the dosage, wi || vary dependi on the. individual, the
Cype o kBEr B0 ri BshPCrERTATRL e a it fEBEP B Bt e B Bewnet her

t he neapibadt orpoctndhdréadn has begun to netastasize to other |location in the
i ndi vi , and.the past and caoncurrent treatnents being used. c.,

Conbi nl176h ¢ et B DS EH AR RO L R IPESICEIT BAYTY BEN e he

i nvent iheRofyyef&1eblp asrhprisdd elprdssids @fdidr(s) Bor8EINEAPbINBu Mot habintbdrg tHenwant ed

neopl astic ce_IJI%gErol Iferation (e.g. endothelial cells), decreasing the
occur r §5sed Prti-Lhncatibodie dYethedsibat gre wildknennithgosenkilled duthe eveen sfusedigcer, or

decr eagdRGu@ExRESHENL A9 Céfh?‘i&%‘%r £afo Bl colBk dSfutle§ alRf appRPARE fcral_lls'ariﬁﬁ{fhgl cases
t he conpounds of the instant invention may function as sensitizing or

chemosankanslziong! eganksigaylsr Shewimghodhincippg fprasppblginupraiseoprpeDde i ng t he
t unor O?&E-sgnth&%%cﬁxgiqhés), N Ao QL oIS H&T GG daUGerts@ g@f current

st andar cafe debul king or anti-cancer agents. That Is, a conbination
t her apng@i@p;thgﬂ, p}g)v'ale Fepikigable vectors comprising a nucleotide sequence encoding an anti-

PTK7 antibody of the invention (e.g., a whole antibody, a heavy or light chain of an antibody, a



78 nodul ator and one or nore anti-cancer agents nmay be used to dimnish

est abl i shed cancer e.g., decrease the nunber of cancer cells present and/or
decr ease wommor2/tsesden, or aneliorate at | east one nanif @sTatSe@n/0e§7261 de
effect of cancer. As such, conbination therapy refers to the adm nistration
of a PTK7 nodul ator and one or nore asgi-cancer agent that includes, but is
not limted to, cytotoxic agents cytostatic agents, chenotherapeutic

agents, targeted anti-cancer ents ogi cal res ons nmodi f.iers,.
o biie? RpEIE Pk bR HEhE A b Sinernds S PafiPn o b ar Y g ieitehiin
cyt oki 0eR, ahmgmnanu:hafrmgﬁsms bidhiriatith mardobeds@mbl}alMeama pro@best@t i ¢ agents.
[ 0232] Ac g géo t he net hods of the present invention, there is no
requir B'r‘?g"r‘i‘ie IRENTS Sl VAT iy d‘i‘ctl‘édetad]uﬁléo%ﬂ?cfie‘ﬂqe{}%e Seodipgtheheary chaiphser ved

when eatdh dntiBatyRatcu{obfragnidhk teRHS 2 AldoR@IY q@dde aRbHinE 8RABA: @hgl%rbtf}m' S
conducted separately. Al though at |east additive effects are generally

desi r aBitdody ffaﬁé?‘éé&eé‘ﬂ)%ﬂﬂhttﬂ‘?ﬁﬁﬁ%?ﬁdééﬁht%e one of the single
therapi®g7j s @%e@ﬂ‘hb%aéoudwatuwxe@mnvénh@n hz{%%@éd 9Nad@&R ﬂ@&lﬁ ERYLGR he
conbined treatnent to exhibit synergistic effects. However, ose skrlled
i n t hetodhe teaghings apisine dicamay bhasedup plodacsrselgeted wefldepsdnabehis mam% that
conpri s&iREEl er'e ﬁ{;daﬁ nts, synergi smnay be observed. [0233] To
practi ce 001%?1;6‘%:}11& %Oggy accor di ng to the invention, a PTK7 nodul at or
(e.g., anti-PTK7 antibody) in conbination with one or nore anti-cancer

gent % ve MIALTYRLEH AR RRSUAG |1 need Lhereef [0 8 mner
me)(rjlmogtsmﬂ?]a??gemg :captgﬁolglszeedagﬁamlzarba)lqigyomhdfq:ieslcagda:mrnlgmps)rtcgnﬁ éﬁ?esme anﬁe:‘ ;)r
P onbr ndatadt PR gt SR e s GRTRE B0 RERF SrsPeuhegoar
t he PTKitl¢ioshid @bmbulmcadmg mOoANers, sﬁ@@ﬁﬁanﬂaydl&e)b@ﬁkmdmhab@@dreﬁ%t he subj ect
Sompo FFEORT do bl Rl G GEIREEA sl Pun ol

[ 0234] A‘steﬁi’sl@aﬁlpx\l:ﬂhg’varfohﬁtymcﬂﬂ|h6§t@éllsrf3)5romcﬁfb%iﬁmcﬂrclfn‘iﬂal SWombfegeignt i - cancer
agent treat nent intervals ranging frommnutes to weeks. In

cert ai ﬂu@%ﬁﬂfﬁﬁrﬂ%§r%?g?r€?aﬁelﬁﬁ@ PapfuFt éraWE]é%e apprerifted Rt teefaiiRd body are

appl i egns&RASA @k YudlQc hhe mdwRiBSEncoling tHeiBRIURRS 26 e Jp%%ﬁée%%nmbh@ct&ﬂseﬁ of each
delivery is such that the anti-cancer agent and nodul ator are able to exert

a conbfinexssien Fecsars Byt prpwde {pretficienhingeersion indquthg pelegigsipisiasHand pubsgagent

cont enpy E‘Eﬁgeskff&ﬁﬁev@@%hth%Ql@sn%@tﬁm@%%%fatcﬁ‘gent and the PTK7 nodul ator are
adm ni sgered W thin about 5 mnutes to about two weeks of each other.

[ 0235] [(H79let Brekarblentsdaid sihmslecesancedinglBlIS7 pdul@orsaind Bect@s ggmptisingsever al
weeks 7 or
8) naygi%géep@ge%eatc é\iené(ﬁecé‘ rsnc%} gehsg% fogrtlraoS?éIC%h%f yﬁ“f“n? or an% A %lean f‘ ée”cagncer
agent . orTieast RFK Zelhtbdughat orll MpmnatedrthatrpmkalamG systams eray &g esutl féronornianat i on

t her ap be adm ni e e t he of time
ant 1 PRATESm AT L E A AY Bayd MefiBa Pl RoghBRE bosl BRIDHgFlo Fe’

corrbi nedlli MMiethduis faplye msroadnbmofstte&mdgdm bblymlo&aohderm&to nﬁﬂ&naﬂﬁﬂmmatei well t her apy

be, adm.ni stere hree t to.once, ev 79. si x nont hs.
o D CHRAaD LR s S oo Tl ey’ QuSPR PrsPhi e B, "o ce
daily, p@ylﬁ&)edﬁedla/ced @m&cwepmtdpmt fsiyh, clRiesralal shehftuRBofleéthe once weekly,
once eP;‘ﬁH{ i? once evq%ﬁ nmpnt.h, onc ery. two nonths, once every
three ygeot ‘VC%F‘W tRETRRCGiY) © éjﬁllfg e PesledgncadliioRuousl y vi a
a m ni RN acé@sm@rewa:m@ Be ihtisHue@t e Mﬁn%ﬂi@b Ay el {Rera e RBY% dpe
adm ni stered via an oral mucosal , buccal, intranasal, inhal abl e,

i nt r aveHS{REMinguRERRHiRB 6ells arg VelF KpAYgHhErart. $5e.&ri-df-8P.N 301 arb? 26140t opi cal
route. 4 Thea@ ol 116901 B8, FIRGHARYe B obear@%mgﬁﬁa%@als%}e@eﬁﬁnto@nd%ﬁ&aﬂt from
the site of the tunor. The conbination therapy generally wl

adni ni geledied, ¢ Hragaabattemgnadiaked tagsformation fidstntransfampided dirdvanicten,

conbi na@:étﬁ)ﬁorraﬁ&{ Wird rrﬁgﬁ)nt WRodf bf &ﬁ@&%lﬂ%%a&&?ﬂ? a] }9 ‘%t’lgn re 5190

decrease 1 h weight or volune
well known in the art.



[0236] I n one enbodi nent a PTK7 nodul ator is adm nistered in conbination
with one or nore anti-cancer agents for a short treatnent cycle to a

subj ect iwoneexdiedagr eof . The duration of treatnment w thpPChaSaniokiydy nay
vary according to the particular anti-cancer agent used. The invention also
contenpl at es di sconti nuous adm ni stragg on or daily doses divided into
several partial adm nistrations. An appropriate treatnent tinme for a

partic ant|-cancer .agent will be appreci.ated by the skill arti san,
Bnd ¢ nd BB anthT e Hiedioh a0 abY R e” Caft ot ToS SauRH BF OB fifal

t r eat mantndahRdetapld, @ feachctandncodias Bfavadeit der[Ve@ 3dl) JdpaddiiRisBhiechiavent i on
contenplates at Ie%%t one cycle, preferably nore than one cycle during

whi ch P& EBHSI Mt e ShChaegayg PAYREART i SV R UeCtth MAp BPBHP fdshécaber i od of
tine fedlecob® M¥kerS it bdabReuBRPKiSG) @md;xﬁ&sstmﬁofmdylaﬁé lighttch8iaPolypSprivkd. | the
total nunber of cycles, and the interval between cycles. The invention

cont enpl&t8dvebhe seslfrrrtenaksEsd iBish cafodepndraranaplesf memessveriaduicayy f or
each ”91‘111*'1'1%& O air Pty RPlides CRARGET siAARIAL, - thMAHE ORI is g%e@&aﬁlg gedd &fbr@%o provi des

for nore than one adm nistration of either the anti-PTK/ anti bo or the

ant i - cherve ehaig erpvoidpexerselef taxio freahefvaphdin. c Bivceding genenasafor e healvyi anidst er ed
interc t weeks; or a sequence of anti body
IoR9RaR oy SR SRS S PR

treat nme gl n, y one or nore treatnents of anticancer

agent therapya. |Hoshewpresyiensysteass wi | | be under st ood by those of ordinary
skill i e I rd of ch her apeut.J ¢, _agents will be
generappgﬁgrogﬁ}aFﬁgggﬁgF%gﬁ;Vgg%%%gggﬁn%ﬁu% ?%?%gfmﬁﬁéyg%ﬁg§gﬁherein t he
chenot banggpielatwitsthatcechaghyiheiest aad @chy dk ol toexpress dembodudioro of the tnveaioner

chenot her,gpeut i cs.. [ 0238] 1 n_anat her ef erred enbodi nent the PTK7

rodul abSP RS PRRsor SRR NEROEHFDHe Ny Bk fE GRS e AR LR oy o

r educeexpresedd diitl Ratisequehey plrdRa oW hIsd tepRsert ealsrwiadtaayf, @hkoOwhiierinB@od ni ti al
presentation of the disease. Preferably the disorder wl ve been treated
el R I e R 8%X%%IHE%BXPB?SS8%‘?‘\}%Je£%’§ri’é‘fei“8?‘ét ed so
the pali@mt Sich FSYRPIRBE, ibGt 4 nbtinki@dItS hidMorgAisiBHGR hi %tetriﬁ?e.%.!@jc%ﬁ,t may
be adm.ni stered pharmaceutically effective amunts of the disclosed

modul aPotSUBhETHOTSFY HAPHREEVER TEHRRGHNE e oPlaes PR, 8lagmidddNAREi cat i on

of di seaafd BNANG pre8Qobi R REaE S i AONON Ar RURGREHERS:s:; dy’e@st%é?g? embodi nent s
the effectors will be adm nistered on a regular schedul e over a period of
time. FEChaamssdi¢he IPTKICGHOHIN BEGRRINAG HFA Trereation rAckreaattiniekl y, every
two vepkgula@PdiHgke qRUESYinRickcNRGSms HYLlY “xmemﬁlaﬁe yiﬁl\g%;;@ée;sngﬁgt nt hs
every six nonths or annually. Gven the teachings herein, one ski Ted in
t he ar e sdubdovimaianipindes apdrlaer doding sedicecegqianged! wadmd 6s¢-NYicoégpmens to
reduce j.al di NP C Jents could
b conf hrichh bk Eed Tt VEBR RS St i RRREs WMREEDKE R BUEN LERANBRT &1 )
dependiartpro@E.¢.veulghivice mosaiesipsnS@MEnwbadch mosat viawd THIVa@n ogiisiectedaviginet er s.
[0239] I n npt her preferr enbodi ment. .t he nodul atqrs of..the present
{nvent 1orT By B DBl s R aRe LBy ST ROL PO ah0r Siiledo o

possi bod mingmaliantcalirpystemat(agt @OISSCHO), BBk, 093, 8T8 edlis) kirbgringreadinaat As used in
the instant. disclosure a.debul ki ng, procedure i s defjned broadly and shal
rman A BYBLEITPE SRSl PROH TR AR horh PP Ear B acie s ear's o
amel i omataRsthdnéit PRImoldT) Srffom mam@dalifievialses@.g., Brealphains Repibikbted tRr ocedur es

i ncl ude, but,argégﬁ% limted to, surgery, radiation treatnments (i.e., beam
radi at YA ‘EiRe PEY§Dor abl ation. At appropriate times readily

det er njones) bynoneteskishit@ds, aMmunBe Aekprefionl veoRimaybe aiNptardusdissiet@pur e the
PTK7 nodul ators may be adm ni stered as suggested by clinical and diagnostic

or t heflepgrtiag TRonpheoee aiendsd {5 theamrlewa bemsrexpiseedt B cxammRevhddurae or s may
be adn ingl & St i[§BHe phddiBS, Bk t}{%:;!g@ﬁéfgtﬁﬁxq}f'pﬁﬁlnlayeuﬁal%%k%ﬁioﬂg’aazg_es as
determ ned using standard techniques. Preferably the dosing reginmen will be
acconpaafdeobyccdpprdishidace thi cxgisesen of high lavetd afdvsiengrroetimodpgsshat st al | ow
L L0 Rl @thapBe BRERIE AN VletoA Mk Gl RERRS ol feOl s used herein

the term i -cancer agent neans any agent that can be O treat a
expression vector pUR278 (Ruther et al., EMBO 1. 2:1791 (1983)), in which the coding sequence

may be ligated individually into the vector in frame with the lac Z coding region so that a fusion



cell proliferative disorder such as cancer, including cytotoxic agents,
cytostatic agents, antiangi ogenic agents, debul ki ng agents,

chenot herwipeoatz/a2agent s, radi ot herapy and radi ot her apeuPCt/isg@R02572¢ ar get ed
anti-cancer agents, biological response nodifiers, antibodies, and

i mrunot her apeutic agents. It will be gppreciated that, in selected

enbodi nents as di scussed above, anti-cancer agents may conprise conjugates

orm cPaTB o dene s Tl Rl Midbeadif AR b i ot d PRl

functi okelaf & Sehiser,dnBiodIChemusess03ess09 UGB P undfiheCltdel PGEK. Rctorstidy Sdshst ance
is toxic to the eIIs ally, the subst a_natuyrall occurrlng
ol ecurtERPIRIEY TS Pal VORI g S RS EXL AT ReOBE > Bttt ok (€S Bdht s

i ncl udgendpdit suali isdAHrdtdiAd 4 Ebltikle arﬁﬂﬁh leasi® Ihe pili Rt fbfh RSedell €BY Yd¥BLiSR! | Y
active tOXI ns of bacteria (e.g ptheria toxin, Pseudononas endotoxin and

exot ox P! biadigs ey glsathiang @P’Eﬁ’ﬁ%gﬁaﬁs MIOW?QJWQ%P“C(“(-:‘“ ¢re paessugedf free

restri gh@hiBle. 1k POEX o are éé%'fgngd 1o/ ih@hdd thiSRBBLG thoror st S5 HiThd clRPEe Ve ed
antiviral protein, saporin, gelonin, nonoridin, trichosanthin, barley

t oxi n, Sitgsefhat te C¥Oa¢<ijﬁargeb$f‘@@@m§ct canps ivaged fropoe 6ET/MIgn12/ 025726 81

di ant hl(ﬂg@ ot gl NS AQfe 5 P-S),
l\/bm)rdl[ca ](’:har ant’i’n(ssl P%?h‘at o?) u% %?]ﬁﬂmg{rl gl%cﬁér?pEOlg}gégﬁglrslvglAgMCNﬁﬂq?ap%e

i nhi bi vend,as gebaern th express égeighiganesy &be viiwtgooisin Spdmmwhmgnperdmﬁyc"fhc and t he
tricot Q&ﬁﬁé" Qlengésrffil l ed Fidvidu gygnqgsg Ssat Frggl (g:r@x%% E‘Lr acel | ul ar
pancreati c ses; , I nc ragrren rvary S thereof.

[ 0242] polyhesiniptehien) af)élﬂtVlrus agmiﬁced‘rmahsccaltml”m”moﬁa:NPélqupmuﬂad(fbx’rmhmple the

non- spe }‘; £ al chno ergr eases or inhibits the growh, proliferation, and/or
survi var Yot CENCET el I s (e.g., cytotoxic or cytostatic agents). Such

chem ca}18agenmsmammabirt}m@t ctils,eaiuathet o virak Hisaﬁﬁéxlpu:lsﬁﬁn preaRsrgvenagassary for

cell ar{grd ééiwms o, %nd arethusg ticul %/effecweaalnst

cancer SU9¢E s des i ui cgidrarayange. Jp saeaNlera st o é‘o BBty AFgr X RiEaHD! e,

Vi ncri sédtérethe e@ﬁxhg/%q{lan@Sf iRie€s Ot albY 188itedadI6h AdaHSvilud Rbmictistida@tdnSaddnom
tosi s general , chenot herapeutic agents can i.nclude any

enterin

cheni c& “t%%‘?{‘fpl?"h&g FIWH?tBP’foér‘Ot%ranﬁl ipgEs lgsd sqagechn This chimsrie geiedddyus” cel |
or a celeh bk ik&ted ik heRBGRABULCANEAE B Biro BEASHALE bR bICRL&GHHH BASRY- (€. g. ,
TIC). Such agents are often adm nistered, and are often nost effective, in
conbi n&FHiRl regiog of the yirplgeneme (rA-AesiomE ERGD) it pesst EkieprBRingT vVian thatdmncer
agent s ,f,hRtundBabIE oHSERbsLiR ARTRIIRAIIR mfy&tédmoég fe.£.00 HO8Me Shak gﬂat o

nmodul ators of the g)r esent invention include, but are not limte
al kyl aNathgragerst-dJS /b kiP5 359 fIORAD eSpecksi mlrlmqmesggna@my|aén.bmmge<am
nmet hyl 1 t in,
o 106 R RS AT LAET dAthe LoGAT PhAESloflis RENASHEWTY i ARLLY S
pancr aendsidce i seqIeBEs. CB‘dth@tW@rﬁ th@m@mgmsc@pn musiietin plgpse with shtearedBng frame
anti bi 8} t]hg ﬁesn@ﬂ&dd ”‘%%% \?&rﬂ&! B'e%d g éansgxylgn? g@ tﬁé n tlre 1n§£p Oﬁ{%hoenx%t eensous an
esperamcrin Bt erh enedr yne “an ronop é
acl aci marsjesiong coraet slgnmg/mdnmuammmaw@ambe @fzaa\snﬂeﬂyrmé prxglhe&)mymamnsal and
cacti nomyci.n T%_ar icin, carmno carzi chromonyci ni s,

a

dact i nOW/ET etfﬁ“?%loée’f‘f’re%‘@? Té% SW}?HC@ g%‘(?Cl%S‘O‘beoPErOHB?tFeuc| ne,

Adr i arr;tmsm(lpst)ondomwtelmm;s lezmscfxtﬂﬁﬂoﬁ kePmnin2 &y, Hﬂal GéeNe.gl, Bamdbét@l. Methods in

B

strept @ﬂir@&ﬂoﬂ areSszel]lQ@bQK @tihBart tahlbﬁx&l@lﬁé}iinﬂny i edHaITEH, cef 1iRQSAVALAbb frdR tHbi Ci Nn;
anti-netabolites, i ¢ acid anal ogues, purine anal ogs, androgens,

ant i - aBFEHsASIYPE &”itﬁregé lgetioa s ERCS hBiessinelNde dnterrabip Giipesa yasteravayl at one,

al dOPh?}mﬁmlg@\Iﬂi XAOSPY8el1sAAERCIBY ULIND G Bedile &M (kAT hnol8IBRANTHDE,
best r abuci bi santrene, edatraxate, defofam ne, demecol cine, di azi quone,

el f or npTheahls, Hedjalcels, PrivUvmaieekidney, (BEHOspbt Wifiicsn @reee megkaydiidney galls i um
nitratgo yﬂfn%%‘éf)éé'@cel Lﬁma&&%}naé ﬂ@gedg'@é ), ABYd @S N0k Asmbdl J ggUAZ ONE,

m t oxantr one annol, nitraerin tostatin, phenanet, pirarubicin,

| osoxasxlrlowe, podophyl linic acid, 2- et hyl hydr azi de, procar bazi ne, PSK(r)
pol ysacchari de conpl ex (JHS Natural Products, Eugene, OR), razoxane;

rhi zoxi n; sizofiran; spirogermani um tenuazonic acid; triaziquone;
2,2",2"-trichlorotriethylam ne; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine;
mannonusti ne; mtobronitol; mtolactol; pipobroman; gacytosine; arabinoside
("Ara-C"); WD 2012/112943PCT/ US2012/ 025726



82 cycl ophospham de; thiotepa; taxoids, chloranbucil; Genear(r)

genti t abi ne; 6-thi oguani ne; nercaptopurine; nethotrexate; platinum anal ogs,
Vi nbl ast iwe;20ppVaee4aum et oposi de (VP-16); ifosfam de; nPCOABRMIRORIT26
vincristine; NAVELBINE(r) vinorel bine; novantrone; teniposide; edatrexate;
daunonyci n; am nopterin; xeloda; ibangfonate; irinotecan (Canptosar,
CPT-11), topoi sonerase inhibitor RFS 2000; difl uoronetl hyl ornithine (DVFO);

t st.at ' ; li pl at
i bt 10P2) of TRIEP B e RN TP RRLCT BB e EREE PR col |

prol i f feddriedn Aa&ddim@lc_i;l]’éﬁﬁQﬁleI the@kdbyy &peeepthadie iahdfilataGhHDeR@hgid@irédat i ves

of any aof the, apove. cluded in this definition are anti-hornonal
agent s "t A&Eanief ztrbre?%gé‘&F%lfeéh‘Bﬂuqs nRABF NHGSHSISEPTEEIOK S thas sortaingialh as
ant i - estigiagemnsepiandors abe edlis\ean BStriNELNed REEDPNN c%%@ﬁpﬁro@%@%ﬁresmon

ar omat ase |nh|%l tors that inhibit the enzyne aromatase, which regul ates

est r og&MNSY BlATERL (e i RO Pfer, seflaarral Se@‘{e&?f‘dstmné%@tlahfeifmmqm%Q@lﬁ@enﬂsﬂ%I | as

t r oxackjabi®1§ ahda ;elémbﬂs ARSI OWRE @fa%t%u&yomﬁmefoéﬁg%lm)g e ?ﬁ%ér@@”se

ol i gonucl eoti'des, ; ribozymes such as a G- expression i nhibitor and a HER2
expres §¢1I§ﬁﬂ4}’rh¢|aBPW@1f to gwatéqrﬁé?sdaypmmm@ mjediaj andthen WRTGRESAN(a )

t opoi s [ éEIg@I;lr eram cins
and phgﬁgiﬁte%gaﬁﬁé%%gggt abl e sa}{< géc})m%mg@ IQ{hnﬁéeo?]:f%% ?I\S/fg}s?%oga%ny of the
above. stdien aethdoois welhstts st@bl[srpmtﬁgetetﬂh:@mwd mfo thcmcinomh@nr&pemﬁ growagémms such
as ant l.es; nce a Lhcl udi but Ilmtdto
(it uxi F]('ggg’h%%ﬁz?s @8@%\9\6§glongd’ ng[n%% fjr%de& cemﬁms CILhIIS mr}g(%d rrr%)ba valgggetod%

tiuxet ased to a&gxrteamﬂmmps bhzmhiexmwmh m(ﬂémlw(ISmB}be;ngm&t:teﬁ uarurim ,ma(yfbat ummab
|p|||rruarlcul&Ur {fntux i mb ved 1t d rt wi.J]l be able
to reali PG THERENT I SEEEE BT AT éH‘EB?S“é&éHPE‘“E%“&E ‘éﬁﬁ Y CoRPEES I e with
the t eathitigsolbeiiei n. e. Radiotherapy [0244]The present invention also

provid or the tion of PTKY duI ators w radi ot herapy (i

By e EAHY s Y BT B TR R G TRGEE Dbt M e B g R as

ganma. nétindedad, it herpés kigdpSox wils ihyhadlh@kihQB (WG PWa VRS, 1 1 @beeiorayi ¢

em ssions and the | i ke). Conbi nation therapy usi ngl the directed delivery of
als

r adi Oi Eﬁ%oéb‘ég‘“?%‘a'@’ﬂ?rﬁ}?os%@r’lbgsy angfesise SertatYR fat @halskinkromiatipAcads 8¢- i n
connecisangwiob 1 @2 aiaeledn@HospHoRiBsS Iraf el @bwothar ctAbSgl iy RMpHgERAnNS.
Typically, radiation therapy is adm nistered in pulses over a period of
time fEBKF eBdgemplayed Bbuhemt-\QsaRrE celineespestively i Otsor mdimgppolifayestytance can
adni ni gt RLa4s e b%f@@ﬂeéw‘ﬂ%ﬂ tﬂgfﬁ%@g]rgag@gesn@rﬁk WA %ﬁfek%mﬁg@w&o L

weeks. Optionall the radiation the mnlste as a single
dose omethgtrenate E’ér etgbopghticad. Sdodied 77f357l‘(1é5t8}9l> @Hmc ecdndiaci Nats Acad.

[ 0245] F i qancer
sgent or Cani oy noy T eRs BB Sal ST R bl POk £ FBRE S
part i cBiloarNatl. dsed. tSbl USA 7@9&@@2 QIQSY))IrreeaWhlnlgcmﬁ@pfeastan@ to dredintinaphgoside

_ of b1 A
(. o CruarRHPh SEb SRR Wl 0 0L B0 CE TP PR A b 2t ect al

pr ost aRey. Ppamtama"fcmc;ol I3arﬁg3 5961/]@98):1 Muhiégaat $cdencal €):9R6REES (1 Ba8Y; Qlﬁﬁm(ﬁ),rgan

ol onancmeoB ey K ERen ot AR L0, ROy BHERRES olie b ¢

hypot haildaiyiet, anithabirers r@hmdaioarygrom@rnqsm@ed et aBGdnB 801187 (1984 ORMRthodnd
bl ast ocoel i (i i sorders; %nd i nfl anmmat orq){1 angi ogeni c, i munol ogi ¢ di sorders

and di SURBRHE KRS8 dhadt AerBrpanat Dibate BQ}P%X ngy bwfl%?%@pﬂla@ @ess@ctftm

t r eat nBAtredetbnbiRgi aRAYLhE s RO FRARIE e ASscABEN, rfﬁteragﬁi@e Qf ALfI®E P 85 BRI, o
i nvention are neopl astic conditions corrpr| Si g}g sol I turmors. | n other

pr ef er FoECE Finderelemolcchiar Ristrayatos dVilsy & Rensp &4 &9R3)ii Fvesieri @miefagnstse used
for thgndi, 30008k 5\ LENS) MRSt EERPRRNN YA odts: %ﬁ% @gépcferm am%nm es.
Preferably the Suq?ij ect of patient to be treated ' w || be hunan al t hough, as
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84 cancer, colon cancer, prostate cancer, sarcomas, renal netastatic
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ant i - cancbstB@RAtos addition into a polypeptlde sequence. Non-classical amino acids include, but

are not limited to, to the D-isomers of the common amino acids, 2,4-diaminobutyric acid, a-amino
isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric acid, g-Abu, e-Ahx, 6-amino hexanoic
acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, ornithine, norleucine, norvaline,
hydroxyproline, sarcosine, citrulline, homocitrulline, cysteic acid, t-butylglycine, t-butylalanine,
phenylglycine, cyclohexylalanine, b-alanine, fluoro-amino acids, designer amino acids such as b-
methyl amino acids, Ca-methyl amino acids, Na-methyl amino acids, and amino acid analogs in

general. Furthermore, the amino acid can be D (dextrorotary) or L (levorotary).



[0250] Still other preferred enbodi nents of the instant invention conprise
the use of PTK7 nodul ators to treat subjects suffering fromsolid tunors.
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[ 0254] The present invention al so provides kits for producing single-dose or

mul ti-dose admnistration units of a PTK7 nodul ator and, optionally, one

or nore awoDi2oAne®s agents. The kit conprises a contai necTarsdoia/obzibel or

package insert on or associated with the container. Suitable containers
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WD 2012/ 112943PCT/ US2012/ 025726 88 either in vivo or in vitro (see, for
exanpl e, WO 2012/0128801 which is incorporated herein by reference). In
still othwoprefiesed enbodi ments, and as di scussed aboweT/ush@2or37eal ati ng
tumor cells may conprise cancer stemcells. XV. Research Reagents
[0259] O her preferred enbodi ments of g4he invention also exploit the
properties of the disclosed nodul ators as an instrunent useful for
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XI. Conjugated PTK7 Modulators

[0195] Once the modulators of the invention have been purified according to the teachings
herein they may be linked with, fused to, conjugated to (e.g., covalently or non-covalently) or
otherwise associated with pharmaceutically active or diagnostic moieties or biocompatible
modifiers. As used herein the term conjugate will be used broadly and held to mean any molecule
associated with the disclosed modulators regardless of the method of association. In this respect it
will be understood that such conjugates may comprise peptides, polypeptides, proteins, polymers,
nucleic acid molecules, small molecules, mimetic agents, synthetic drugs, inorganic molecules,
organic molecules and radioisotopes. Moreover, as indicated above the selected conjugate may be
covalently or non-covalently linked to the modulator and exhibit various molar ratios depending, at

least in part, on the method used to effect the conjugation.



89 Biology, WIley, John & Sons, Inc. (2002); Harlow and Lane Using
Anti bodi es: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Hawbaniz/meM3 (1998); and Coligan et al., Short PPOTAISE012/02372¢r Ot €i n
Sci ence, WIley, John & Sons, Inc. (2003). Enzymatic reactions and
purification techniques are perfornmedg@ccording to manufacturer's
specifications, as comonly acconplished in the art or as descri bed herein.
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i mmuno m ce through nultipl e passages of heterogeneous tunor
cells g% f“?igfq?l}?télbtlg?lnédmfr?w Hﬁ?r%‘ll‘%]%“[éancer patients afflicted by a
vari ety of sohi BibsbmatitBhicgiRRci es. The continued availability of a |arge

nunber of discrete early passage NTX tunor cell |ines having well defined
| i neagEd 9 ealnt yPiekapd pphedmendhe Bediprsoithednveahen manbeagandigaied oTPC as t hey
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2012/ 1§ 2R4JBGT{ APRAR (A2 65 generated by attaching relatively high molecular weight polymer

molecules such as commercially available polyethylene glycol (PEG) or similar biocompatible

polymers. Those skilled in the art will appreciate that PEG may be obtained in many different
molecular weight and molecular configurations that can be selected to impart specific properties to
the antibody (e.g. the half-life may be tailored). PEG can be attached to modulators or antibody
fragments or derivatives with or without a multifunctional linker either through site-specific
conjugation of the PEG to the N- or C-terminus of said antibodies or antibody fragments or via
epsilon-amino groups present on lysine residues. Linear or branched polymer derivatization that
results in minimal loss of biological activity may be used. The degree of conjugation can be
closely monitored by SDS-PAGE and mass spectrometry to ensure optimal conjugation of PEG
molecules to antibody molecules. Unreacted PEG can be separated from antibody-PEG conjugates
by, e.g., size exclusion or ion-exchange chromatography. In a similar manner, the disclosed
modulators can be conjugated to albumin in order to make the antibody or antibody fragment more

stable in vivo or have a longer half life in vivo. The techniques are well known in the art, see e.g.,
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[0269] In a rel ated sense the term marker phenotype in the context of a
tissue, cell or cell population (e.g., a stable TPC phenotype) neans any
mar ker orwoanm@mawBon of markers that may 92 be used t @Crhmse@EeeinRee,
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dibromomannitol, streptozotocin, mitomycin C, and cisdichlorodiamine platinum (II) (DDP)

cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics

(e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin (AMC)),

and anti-mitotic agents (e.g., vincristine and vinblastine). A more extensive list of therapeutic

moieties can be found in PCT publication WO 03/075957 and U.S.P.N. 2009/0155255 each of

which is incorporated herein by reference.
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Furt he t | th TPC
nd oy e D L B B 28 o by
i n anyfacios ue. gyewihdophensti HDor As set firdodves yethpdcior fusing of pangirgating t hough

ot hers r. S, .0f 4 i.C Vit hat can

si i 1 P8 BASResFE o BHEy BE L n SRAKIRD i P B,

supra). As set forth below, specific tunor cell subpopul ations isolated
using cell surface marker conbinations alluded to above were then anal yzed
using whol e transcri ptonme next generation sequencing to identify and
characterize differentially expressed genes. Exanple 2 Isolation and

Anal ysis of RNA Sanples From Enriched Tunmor Initiating Cell Popul ations

[ 0275] The established colorectal NTX tunor |ine SCRX-CR4 was passaged as



Exanple 1 and used to initiate tunors in inmmune conprom sed mce. Once the
mean tunor burden reached - 300 mmB the m ce were random zed and treated

wi th 15 mygOkgiampasdt ecan, 25 ng/ kg genctitabi ne, or vehi eCa/userined72¢ PBS)
twice weekly for a period of at |east twenty days prior to euthanization.
Tunors were then renoved and TPC, TProg and NTG cells, respectively, were
isolated fromfreshly resected colorectal NTX tunors and, simlarly, TG and

technt GELEIESIES IR B thEng SRR a0 ot By S B paptd AT Une s

i sol at édmw@moammm;mewr pedlicedied vad d6/0yxs8dind WQ0a0es7oRL Tpl us RNA

|l ysis fer sat es r th stored at -80C until
uhed. OBBHEHENGS h BIAS BRI ke bl fedonf Moty 56 S1oORRg)

i sol at iapni9k2 IPNAZ BgR89: 111BE7 dach 6f WEivh mgndqualﬁéd erdiR 8Y Fed&thc@nThandoguant i fied
on the Nanodrop (Thernp Scientific) and a Bioanal yzer 2100 WO

2012/ 195008 PU@QM@O@%@}% n@@@(%@éﬂ%med’r%efhﬁiffﬂ%ép%ay i through biket he

vendor ‘s&qubfic@$.0Sieh $inRditn QL RIIRREREh on RO WA he 88 hAI &&émbeﬁihﬁna%w dtlang total
RNA preparation was suitable for genetic sequencing and anal ysis.

[ 0276] Tt liRGAnces gt fé%%b?@t?rﬁ@aetfai o%P hiogaadugeleherny K): 381 Kinpopoiaa el abns

i sol at ggoas diaved BRE J6:020 Rl OfH0Y SR \Ch o Deli¢ RETBS T BRAYE haicRgeNt - treat ed
m ce were prepared for whole transcri ptoﬁe sequenci ng using an Applied

Bi osysinsawosadipredn. 0 (Sequenm ng by Oigo Ligation/Detection) next

genera se ng of
Potal - 00hor WERENRRIE, GULALE kLo BETRONPRLE Byerl Bl Mt Reas o
34, 609 nydnle®rs arowell heomrfﬂmeg@m@mr’ee @umgixguaé tca;bb@llatorscﬂghemrt -REghizeldn sever al
sanpl e 2 ner eneratio equenci. | at f orm
enabl egleﬁdgrga IL& euﬁréor%mrllte %ﬁ D§e/ hgkalge S”‘@hy%@ ’??Cg'g’r?gﬁt s |inked
to beadiskag&ienwmmtylgmbagej hy@&tszmkfagehelotymtlaalugldeg}adhlbiegﬁmmgkl (etdefl@slly s t hen

used t e e.reads,of each fra rrent that exists in the sanple
weh s CelEL IR AR B 85T Aot Sdne it b RO M A

accuL aFer Ingpmesegetiag OO Drgks Ix}i n@mragyag? OMdnpél ommhbmr@ﬁmlmerof proteins
in the_geno eto capture not on ressi on,
but - NS ORN BRIe 20 Ao 21 vt B e ineol R e crabd AsPemies ol 1 3
new exeer Dhiug CRYedr e s OagRNc8DHEY IYelQBryt(Blﬂi EE€AROBRAVES AdE (dd5 § 3 Semepped

uni quel y tolgeénom c locations). Thus, use of this next ﬂener ation platform

al | oneMpRe f‘@r}?icnlégﬁbﬁh%"ﬂ’e’dﬁﬂf%?dér%‘é@r? Rf Lyiipsicragsntsila Gancee khraysi on as

vel | ag m@ivideer m@&%c%amrﬁlfb%@m&%lé 1BEicAREM dunqcamh;slfc@nmrmﬁak& phy those
expressed MRNA transcrip Mor eover, analysis wt SOLI D3 platform

usi ng Edrddpf e oMbt )t IA&H%? iRssiver pd Bitwiedrospecsive M Phe Sbermiegty Ysecdb onl y
r equ' r ﬁgdlélggél&?()\ﬁ%ogi/ Yo Carldgy ’cher g’arﬁ M%g?crfa{aﬂz\hf%od%r Ceﬁ?mc&xf Ib{t@ctnoﬁ’ And This is

significant as extraction of romsorte popul ati ons where
t he TPEheyeys Baldwin ¢iel. I(edsi).spp. $Q§r1€e(>€ezmlﬁ|nec Pma&st%)ﬁ) gndilhape ¢tpl.nH8Ber t han t he
NTG or 1 {RUIO ant| f usabl e
starti nrg lrlrljg% eri a§§1%§9§{éﬁreflg%g %%Fl&%g o@ﬁsnzoraﬁenoé&n Is(fa{ljugirot%at he SOLi D3
pl at f otherapeurtie nmoetyrat ¢yz@dxiangknt maybé mremedizahioy a‘@llldlpmabmdmgmad BlKated as is
standard [ dustr PTKY ene pression |evels
(expr ersné)eeﬁlﬂggssf)cela atﬁt[hece L aﬁe%reﬁégelfvgr%&@‘ﬁéher H’)aéwere measured in
respective SCRx- CR4 tum)r cel | subpopul ations. An anal ysis of the data
showed t i PIK7 was up-requl ated at the transcript |evel between 2 - 4
fold ove he#ﬁ@%&%@gﬁgﬁ%and 50 - 200% over the TProg popul ation, in
vehicle or irhngiggkidreated mce, respectively. [0279] The observations
det ail ed above show t hat PTK7 expression is general ly elevated in TPC
popul atd28hls ahd slifgifdsthe Prepraf IBIIIPN RERY 1G5S &V iER OF pdictmagiods fprelefepfing,
tunor i gaaRsing oAMBnitdHMRhy &bl RRANE Qisoldtd And ABGEbIL st RhiR I hEhESatifld
target for inmmunotherapeutic approaches.

to identify tumorigenic cells including TPCs. Such methods include identifying an individual

having cancer for treatment or monitoring progression of a cancer comprising contacting the patient

or a sample obtained from a patient with a selected PTK7 modulator as described herein and

detecting presence or absence, or level of association of the modulator to bound or free PTK7 in the



WO 2012/ 112943PCT/ US2012/ 025726 96 Exanple 3 Real -Ti ne PCR Anal ysis of PTKY
in Enriched Tunor Initiating Cell Popul ations [0280] To validate the

di f f er entwal20R2THZ948xpr essi on observed by whol e transcri proms2eeqesIne€i ng i n
TPC popul ations versus TProg and NTG cells in colorectal cancer, and TG
versus NTG cells in pancreatic canceryj TagMan(r) quantitative real-time PCR
was used to neasure gene expression levels in respective cel |l popul ations

i sol at ed fro [H.ou orth above. It mn ci ated
et s SR o e e Rl s DS BRpRBiy P RBH o et haantrty BBRAS

nmeasur ereastocatiog @itk pexipu eSETIONin gV leflikelydicfoEeth@ theaPlesmalsdongidr | Mer s
and pr?be sets s eC|b% to a artlcuhﬁﬁagene of interest. TagMWan(r)

real - fcﬁ’a%PﬁE“P % Ge T HEMs Hng hatdhe indidug) le?svywé%ﬁsr POYOHT

Machi I’l(be éﬁfw@elye@ﬁw@mgbwm nYauRbr WegestisiRd hbRinTeds Weehodd Idy athe PTK7 gene
expression in nmultiple patient- derlved NTX line cell populations and

corresﬁ@ﬁﬂﬁﬁ@SE@ﬁ?F@P%ﬂm&ﬂFeﬁﬁeP bipdiae Rreops?ls CRAYTEbNMilier B selsctadeci f i ed

i Nt he nidagfafod GIHOMSK BUPBIniRG pWipkhict Behd agdveia PFRvst R @ndp Mﬁ&dﬂ&d%mifeﬁl all'y
avai |l abl e PTK7 and PTK7Y rlnerf robe sets (Life Technologles) 81] As

seen i fliErdy or3ndigaghntip t’la() Py VF’eéIWhFP FECOPER Wil & pangle fogniodde e deSlre& pr essi on
t
vas comwaegn.uaheﬂd@g&@m (BRI Cg{g)?m%%g leBHiREnE IOttt 6T

colorectal NTIX tunor Tines a pancreati1T tunor

( SCRX- PaB knowipnghe aeid g0 pe platt:tmd gsinge@natisiol separlatuet aad@hcatwllrgwetmgf or

SCRXx - temkn€ data set forth in FIG 3 shows that PTK7 gene expression is

el evated nore than 2-fold in colorectal TPC, when conpared versus NTG cells

fron1tﬂ@OghneImmpmﬁsﬂmﬂmKﬁkmakaWEmn@ﬁémamEMHmn$eﬂhhmmnﬂﬁﬁ@mdmimaﬂEK:in
th i.ring inthe TIC.c ul ation
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Ex prh es sulrmrbe|usedNEertwcalmgmpmraﬁmmnst7 mnmaécegis%ﬁ%egzhmNEEEn@abberpx@nfeF]@dve Ij r f)m
ot C or.ect ncreatic ent rrve t unor usi ng the W de Yy

nccept SHOHEEnOUS TP Pt £ RakiiEthel PaiT R PURIEEARY PrECIRESTe

sensit hwﬁlt(fy@nd/DBunﬂQﬂyﬁn&ﬁlaﬂfgCthmﬁi Q@INE ciBRE HANREI 61Gn fidbasedf fof HRANPILW®US

Exanpl di.n s further support the qQbserved assocj ation between
PTK7 &%@@é? VﬂB et dncqrngraiesy }}eéﬁ“hﬁﬁ'@ifqrw% Ip b eerelsired crphodmaaniiibe t o

therapmHamﬁmg@gmﬁkangﬁa &%@mg&@m&ﬂgkaﬂeg§lon of PTK7s in Unfractionated
Col orectal Tunor Specinmens [0282]1n |ight of the fact that PTK7 gene
expresg?Q%]maEX@HﬁWHCpﬁpﬁeﬂ%ﬁﬁ%@?@ﬂxhhm*PErﬁbﬁﬁmampﬁﬁwsﬁméﬁﬂ%olorecta

t unor SIM%a&Qp@%ﬁ&u\Mé Bind#R & Q&a ﬁuM@eﬁq;nhﬁnI)d’ch{ﬂ BB Ak

experiments were conducted t6 determ ne whether elevated PTK/ expreSS|on
was al $sge Rlet amslysisi fipvueiteraeteyi asers.add EbIY asayal Mapemesdgdbtegionef sus

nor mal pagy ?rpz?m)lo%fcﬁss‘z!ﬁp{ewme ‘measurement of PTK7 enzymatic activity (or inhibition thereof)

may be accomplished using any art-known assay. Compatible in vivo theragnostics or diagnostics
may comprise art recognized imaging or monitoring techniques such as magnetic resonance
imaging (MRI), computerized tomography (e.g. CAT scan), positron tomography (e.g., PET scan)
radiography, ultrasound, etc. Those skilled in the art will readily be able to recognize and
implement appropriate detection, monitoring or imaging techniques (often comprising
commercially available sources) based on the etiology, pathological manifestation or clinical
progression of the disorder.

[0210] In another embodiment, the invention provides a method of analyzing cancer
progression and/or pathogenesis in vivo. In another embodiment, analysis of cancer progression
and/or pathogenesis in vivo comprises determining the extent of tumor progression. In another
embodiment, analysis comprises the identification of the tumor. In another embodiment, analysis
of tumor progression is performed on the primary tumor. In another embodiment, analysis is

performed over time depending on the type of cancer as known to one skilled in the art. In another



97 Measurenents were also made to determ ne how the expression of PTK7 in
tunors conpares with levels in normal tissue specinens (NL). [0283] More
speci fi cavbyporveam Tunmor Scan qPCR (Ori gene Technol ogi e®LTAB40100372@r r Ay S
containing 110 col orectal patient tunor specinens at different stages,
normal adj acent tissue, and 48 nornal 74i ssues were designed and fabricated
using art known techni ques. Using the procedures detailed in Exanple 3 and

t he sane, PTK7 specific, pri r/ probe sets, real -ti uantitative
bon eampadingn e RS i BT LR RGE ErES kBT Bk easau AR ehTean and 40
show t pemagsiunbsis @faljRRe i1L¥Ps.eHSInOMeCibddinend U@ sBRhhe dlapt 6f ¥BEndAY HBbiszed
agai nst the nmean expression in_normal colon and rectumtissue. Mire

parti c dieanplyzede Tessomecrabpdipgnts, Buthgipraiganaly st BPeieimeg- 168 ti ssue speci nens,

obt ai m@@lfIIomhla{Q)tﬁeQEﬁb&ﬁﬁq@ﬁt &@ﬂﬁ/@ﬁndﬁ%é\%&§ n%ttho\ﬂ%ﬁla]%'y%x@tc'agé‘é of the
di sease (I-T IESi§35 ti ssue specinmens of which are nornmal "adj acent (NAT)

tissue pfqg(ﬁﬁlew e@@%ilpgeélaﬁwrwwmléwﬂg}iet@mumz;sc%bn%atamcgglgre@tmrgraam ot her
| ocati q{i'zﬁltlf}hu}g the %%Hﬁ()f c1rézlﬂat§r@€furm)1%lls Néf@tréfn'e@l@@rm én% %H gﬁdeﬂen/ pati ent

is represented by a dot, wt ic mean val ue o popul ati on
demar cateedtasﬁcqrh@rlsxs @eﬁrgﬂfraépm e%@ﬂgreﬁwagrwth pheells 8 aitedlrat is, dlﬂébn}mma cont ai ns
dataf C fromtugor (T)

mor ol Bap RS A5ford 3 NP Blp AR the SRAE LTS AN SRR R L
t he pl mtttfed Iléamlastucspxpa@slemomdemmmgarqgllecdnwwamIvra bhmgivssculature,| i nkage

f dual
pat | on PR RRR e R PRI Rl REPRet AR Ry By ehea

t unor wealwiss p@“fcmmbd adjiac efdell trmgsmen, d\msctrﬁlmﬁthﬁ ehitfat Saeon p@life@Xfoh@sSi on in
St ages 3 ﬁ % eacpl ng statistical significance (n >4, P < 0.037).
[ 0285] BITH" 0&% Rl and 4B indicate that, in all four stages presented, the

expresgrd2] evel c@n‘amtehemﬁM(?hegemex 1ge$110&JeBs/ﬁ1taesdbjleﬂ oR a RBhSIE Frbodh 0fubjedl rRdyaset al
ched t unor adj acent tissue.

tunors and t spe ns_versus nor. nal

Nor eové\ﬁsess?%%r C@QWCWFR?S‘Q%H@ E’P‘gg‘ 18 PHPRC Bierapy ObfegH‘Eﬂ”dP gtttdish dancer
appear saseli@y ah etheVampfes FRSAmPIRiI®ivEd SSHASub A thaWhErQ¥Al Yottt (FI G 4A).
These resul ts denonstrate that PTK7 expression is increased in colorectal

cancer SERPles iR MPEUD FAsER Wmﬁhet%q@e%f@é{?é“é%’éﬂv%ﬁ ®rs 8+t Wat 2. pHK?. &&pgBessi on

i's greayested, boag)sos Reh@S, ITGtRN M RBAGE, SRLI Embhis aRY QSR écttbegms Lherapeutic
targeting of cancer stem'cells expressing PTK7 may p I‘OVI her apeuti c

benef i {erBagaHedPeraln eHeis exgrplagpithe temeyigenisrcali 4rapsseseprt ersbpaeeided pﬂw in
Exenpl QE%taTrPMbeﬁ@Ms@ss(e 02881,T9, 1f0u§(§ r3@ror %%&%%es%%?he%@? R4REssion in

addi tional col orectal %cer patient
examples, the tumorlgemc cells are characterlzed or assessed after 1 week, 2 weeks, 1 month, 2

months, 1 year, 2 years, 3 years, 4 years or more after receiving one or more therapies.
[0213] In another aspect, and as discussed in more detail below, the present invention provides
kits for detecting, monitoring or diagnosing a hyperproliferative disorder, identifying individual
having such a disorder for possible treatment or monitoring progression (or regression) of the
disorder in a patient, wherein the kit comprises a modulator as described herein, and reagents for
detecting the impact of the modulator on a sample.

b. Screening
[0214] The PTK7 modulators and cells, cultures, populations and compositions comprising the
same, including progeny thereof, can also be used to screen for or identify compounds or agents
(e.g., drugs) that affect a function or activity of tumor initiating cells or progeny thereof by
interacting with PTK7 (e.g., the polypeptide or genetic components thereof). The invention
therefore further provides systems and methods for evaluation or identification of a compound or
agent that can affect a function or activity tumor initiating cells or progeny thereof by associating

with PTKT7 or its substrates. Such compounds and agents can be drug candidates that are screened



sanpl es and tunor specinens from patients diagnosed with 1 of 18 different
solid tunor types, Tagman(r) gRT-PCR was perforned using TissueScan gqPCR
(Ori gene wochmaliogdes) 384-wel |l WO 2012/ 112943PCT/ US20P2rQR312628986 ar r ays,
whi ch were custom fabricated as described in Exanple 4 but including solid
tunmor sanples fromeighteen different7g2unor types rather than just
col orect al sarrpl es. The results of the neasurenents are present ed in FIGS
5A and 5 sh t hat Xp n of PTKY is significantly el evated
T a RO OER A BESh TG Rambh L g doenta sk fha- o
show t hethbekahprises antr alisoingtel s@ememg PTES 3hO 0 chByRing or iL8NAEST, dMghy, of
human PTK7 'ﬂ oI e tum)r (grem mg égr)ﬁ/ dots) or. matched normal adjacent
T-&nt'S A"

ti ssue"PRIA: ¢ W ORBCY IO 88N different solid

turmor fozpes. fThe ﬁh@tloﬁﬁart}féﬁ%t@ﬁd@s REth6® I 2@ EknAAIna $den IBAY FIKTEMEAIM&SSI ON i N
NAT for each tunor t (i;e anal yzed. In FIG 5B, the absol ute expression of
PTK7 was285%(8 AakenRoHN4pPY aéfﬁen& fnsactjuisy erfiestion ofupmer fEtigacellsioe PGl ot t ed as
the nughgr Ilﬂf;ne(é)&ﬁ)bgl%qeﬁpﬁ)neﬂ%@@%ﬂtcfe?ccfn%ﬁh‘g empnﬁmuhglcelewog&mm@& by
gquantitative real -tine 5{)emrrens not anplified were asSigned a C

val ue Bfthasest ygepicay CP’@B‘PLE@eﬁId eteiaininggt the yest @eethf&ﬁiﬁpwnﬂ@md_lﬂ@WS Fﬂmaqthréy
experi Hﬁﬂﬁ&ion%i’f@{e@ﬁ‘% as@@ﬁlﬂ:dq\ﬂgm 1%@5&%@@ an individual tissue specinmen,
with the nean value represented as a black Iine. [0288] Using the custom
assenblBOIOr i Gt aging stmamdAnpcayatmgta RIKS relbse petevdty ohbnctidveof meghgninby  of
bat L e nftiafh 2R 8¢ fraby InG 0 QUi Ak pEARGSE AN AL L Sl ARNgeRd W th
adr ena ometr esophagea er, yro er rcancer "had

si gni f actiantgent. nﬁreelpIFaTKictgeyl er hngrw&lmt om bermodudﬂterd inelnaer changes SUIINAT,

suggestl n t hat PTK7 ay..a rol.e in nesi s and/ or

pr ogr e SQIPBRORY: CEHEE 05%0“%%‘%%%%“8“%& PRI %me%tg'g 'PL o3 ”rf‘h?{’gp'é)ﬁgﬂiﬂptgst ate
cancer vipitityeafoptosistohcel dvitre drokilfrogexipiresisd @progenistheredAT. What was al so

clear fr these studies is th ne e Ssi on neral |y

noder a{oé?ﬂ]n nﬁg?t aGlRg whgpsedin r%’t‘a’ﬂcettﬁégl Oéﬁéé’? @%ﬁ%&%’%ﬁ %@.%&e%%@r ved in
the brgaglsa dees\or ndiredtatyractRAMEfWRRS thelcBBibbsstioane ghbh ®aee ssobdigril Bell dhege dat a
suggest that el evated PTK{ expression is indicative, and potentially

di sposfH e angnofhsr § FHeHIS 4 Particylanaamplerohadireqtimeragtion puphyeintls

pr esentntepgtivh.t A @llceglt SAmprRe R hkikdt ehiahénoR itHRQE de5mposkaPh 8péh an
Construction an ressi on of PTK7 | munogens [ 0289] IIﬂn order Fo generate

and ch‘&F@&TB?‘E?WZ@I% valieh ip T aptp HeAndhorederensederity MHW ¢l quiwre) nst ant

i nvent joeg)t Worf @ WBpelf of TS AvdnRBNY Hx%gﬁgtemﬂf%atepﬁﬁﬁérféﬁ]tg%q a@tﬂﬁlty% %@%ﬁ
Initially a commercial expression vector, pCWo6- /7, was purchased

f r om Guingemdiating ecllspherogeny e @ aghammpecompalible e’rlfbtdhte% tl(mrf&etslomelu portion
of FI n tl

oi tos 57 Pha Rt B SRR LORRT Mo PRI LR A BRSO
Thi s | pmiiferdtipa) of yhecttimpr ieikjstinsedls ot pregdnylcklld @mlgetlhv@TKﬁ Exemtpmrmacftwsced to a
T2A ri d | ectabl e ma bl i
R T i L R L N
used t dlfft:lreamniu,q:eo [28@torc elabgity celBhk Bl atiod Tiditackbdsial activity, membrane integrity,

or expression of markers associated with certain conditions. Accordingly, a compound or agent
(e.g., a drug candidate) can be evaluated for its effect on tumor initiating cells or progeny cells, by
contacting such cells or progeny cells with the compound or agent and measuring any modulation
of an activity or function of tumor initiating cells or progeny cells as disclosed herein or would be
known to the skilled artisan.

[0219] Methods of screening and identifying agents and compounds include those suitable for
high throughput screening, which include arrays of cells (e.g., microarrays) positioned or placed,
optionally at pre-determined locations or addresses. High-throughput robotic or manual handling
methods can probe chemical interactions and determine levels of expression of many genes in a

short period of time. Techniques have been developed that utilize molecular signals (e.g.,



WO 2012/ 112943PCT/ US2012/ 025726 99 according to standard protocols. In
addi tion, pCW6- XL4-PTK7 was used to transiently express PTK7 protein on
the surf awe20f2/d283 cells 48-hours after transfection offCriis2eelobz2esi ng
pol yet heni mi ne. Pl asna nmenbrane preparations were obtained from PTK7
over-expressing cells using differentjal centrifugation. [0290]1n other
instances, sol uble PTK7 immunogens were prepared and expressed using the

pEE12. re o which the portion of the PTK7
cDNA eglgo Ph 15 ed1€‘e1¥ mat%c{ee}"%dfeﬁrﬁaégr?)ﬁesﬁ infpySfioR At 4 YRBY @trgﬁegsee’eeh%oded by the
sequen®mhaken et #d Coynbt (hle:nu High ThroeghpanSan@nal: i 3s200%) I Ker eddB)ple, Inficidartdyr St
instan -8 the EéCDfra V\B.SI.SéJbC| ned jn-frame d](}}gl/nstre m of an | gK

| eader ECMERCAS bira © ﬁsgweéw BT B Prele s s tigpe iy syeE g@@@ﬁ%@ﬂf@)

Sol ubl ettt protag@esfoRation EGRpedindIFAgeReNBE., MJREUE QAd RYsst, AANSE@NMed. Biol.
transfg i on of CHO-KSV cells, and the secreted protein purified fromthe
cel | %%%%@P%% using N -NTA resins and standard nmethods (Q agen Inc.). In
addi ti gaobp t BecrAkRESE HeiHRAEE oF Tiefr tﬁ@glg!u% GRNRhANGEvelloBR B Pr eps and
transfected cells described above, a Fc K7- ECD construct was al so

gener af¥EPAALS ERIGIed sicieTHy- sFgesearls, saliscanhe ppstiend oy plper (Bivpredeilant i on of
'I[:)Rli ECDfi ﬁ@fgﬁ@mtub%eﬁask%fla Hoﬂle olrglatej(gguﬁ'sﬁ lelo\Rii] meﬁglafté Sjr%léhts}ﬂdl@ ot Start

Pol yrmer ase '(EMD Chem cal s) forward primer this
react i 6% Rah 9&@49wuﬁwltlmmmmvmm0@®ne®@@uom X 9) and al so

| ncl udeg, @il b ﬁér'él il B3 e%ﬁlhse 134 g@%két’}‘z?n Leg%%’ﬁéégﬂégcﬁlﬁglﬁérieg%' pepti de

/ | eader sequencfeb%#elnlal cre I on o duct int o
super nataampie, shlémpkvde Sbrapes, pigage dseldy llbraaeﬁp fulfyyhutae seiboon g¢astubitpdaynad PTK7

sequenge: I TW included a 5 Dralll
and Bgﬁﬁr ”r e%ﬁ (%?]L]gcrf Site arrou ar{dsagé%ovg NOHSflCt}On Vegt@am of the human | gQ&

Fc protein which was ordered as a synthesi zed gene (DNA 2.0 Inc.).

[0291] Ar 'h i or .S b- ‘H oned r o ts wer e then noved into the final

expr essi ve ' di1l and EcoRl restriction
sites, and f| ﬁiemotmm‘ii\@(&s@Mfdut’e%ﬁadﬂmMOQEQUEHCI ng. Plasnmids were

transi ansf ecte ther CHO- S or 293T suspension cells and
purifi @% FPFé‘flmﬁlOE%eelgg Ff‘VdE]ES OfAANG Bith pRY PEI&@%@&%%%% Hiermesk opr ot ei n

A for tnmd&pda‘hu@yqne st@:@élﬁémg e dr @ebagbied Wel uncdbilsReler PAHablcs ed by size
excl usi on chromaf ogr aphy usi.ng a Superdex200 col unm (GE Heal thcare) in

phos ph&PostiPred!dbr @gpqtﬁ%vepqnggyay ormuylatgg pyflesipgd ysingiaftreqpeniged ehniuet-ei n

bei ng gHAR if Jagdulshiniddne Brurdhesd umeﬁmctoﬁ]%ae@&@rc&n A&J%GPTIE’M D 942051).
Exanpl e 7 Generation of anti-PTK7 Anti bodies Usi ng EI)' mmunogens

[ 0292] PyRulForgERforPdrisd With ayads wriglysf ph&rma%ltlaaﬂyua@mraéb opesices (prcodlgced in

accord B B | L ctively,
Wit h B%E’%ll%ﬁd’rmgg'glr %%EK{F&S&@”% %ﬁ‘?‘@ﬁ’?‘g’é’%@ng fﬁ#} aﬁt"él%tmﬁ 7. PR H s

or hPTRughe st Ry, Lothted d26@3) stnsef dat Wlianmedsatiq Eeiagad orms and Drug Delivery
Systems, 7hed., Lippencott Williams and Wilkins (2004); Kibbe et al., Handbook of

Pharmaceutical Excipients, 3" ed., Pharmaceutical Press (2000)). Various pharmaceutically
acceptable carriers, which include vehicles, adjuvants, and diluents, are readily available from
numerous commercial sources. Moreover, an assortment of pharmaceutically acceptable auxiliary
substances, such as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers, wetting
agents and the like, are also available. Certain non-limiting exemplary carriers include saline,
buffered saline, dextrose, water, glycerol, ethanol, and combinations thereof.

[0222] More particularly it will be appreciated that, in some embodiments, the therapeutic
compositions of the invention may be administered neat or with a minimum of additional
components. Conversely the PTK7 modulators of the present invention may optionally be
formulated to contain suitable pharmaceutically acceptable carriers comprising excipients and

auxiliaries that are well known in the art and are relatively inert substances that facilitate



WO 2012/ 112943PCT/ US2012/ 025726 100 Exanple. In this respect three strains
of female mce (3 each: Balb/c, CD-1, FVB) were i nmuni zed with preparations
of the afwopenentiz@sed PTK7 i mmunogens. The m ce were al IPCirruseoizaesf2¢i a t he
footpad route with 10 lig of the selected PTK7 construct or 1X106 cells in
each case enulsified with an equal vojune of TiterMax(r) or alum adjuvant.
[ 0293] Either FACS or solid-phase ELI SA assays was used to screen nouse sera
for nou anti bodi ecifi r _human. PTK7. For ELI SAs, pl ate

wer e cog’fl %‘E%"fﬁﬁﬁa‘%ﬁi&o at’ Wci’l“ihfaécl %rﬂ?es%%%fetﬁ? PA'F GHBPUY ﬁsg‘[‘lf?d’r?ﬂa{ﬂ‘hoﬁ“ 01-1
pg/ L ithat KBPhawacsukighly.opAfiizt fMﬂlShVemgtoWhé fiteRBEctANFal dxamgleQaDdUpiant ysh Tween
20, the. wells were blockedvm 3%g 2,% in PBS or 2% FCS i n PBS,

2001i LAWEIP™ YreosiHgigy Oh’t’“ﬁérﬂ <R Pt Ra PRIt & e EUBAE®d on t he

PTKY7- HssitdbRad xeihietsah@sdedut B nbl kh vl th stabiliFh, %htslw@tﬂldﬁ andddulftyHoRSe s, e
washed and then incubated with 50 jiL/well %I | abel ed goat anti-nouse |1gG

di | ut ed®!% 1970730008 SMORYIRSAIPEI e SRRFFLS TSR PR BICEAGBEADECRT.  The
pl atesyese WasRede AREdtN0s S/ svﬁltxlmc%ﬁmﬁlhﬁlaauﬁn Mxﬁﬁﬁtﬁ ®driéhieps (Thermo

bs
Sci entlfl c 34028) was added forf 15 m nutes at R%Il' Fi nal an equal vol une
of 2M PErsugralRidoRierd admingigtigp IE@Péé’taﬂlébfée H@@Se@fcf@lrl?‘éﬂﬁtloamwﬁalﬂ%dz ed by

spect r gRRALIRIEE é@hlegpsy%gégnc, ia@rﬁ@étlﬁ%i%n P (z\i@tg\%qnéc}%q’ %Iﬁ] CEREDiPn YR FelPdsSO

tested for anti=-PTK/ ant’i bodi es FACS agal nst S over expressing human
PTK7 céermuiafigebfoeriremtarsl a@mnmrqn@fa yrug dell Gy BALB/f@TIBnSdnEngier, TheSticwer e

transd BB 7 ] bat. f ute h 100ul
nouse glg(f%%m fL“IIalth ed ?Cylla%)gl F%%@@%% (@ﬁwsﬁv@&g f%nsuﬁa%gni:%g’ aﬁ/ﬁ{ and
then i a@uh'&tr@t@bwmctlhde&(qm_oupeqs uganypl e @gfte/leicgmpomgid whatsethbgdatm,dait | - nouse
119G F C|fcse ndary _ di.l ut in PBS/ 29%-CS. . After a 15
m nut eg)i‘ n %Wa@’éﬁ&g@ s{swg} %C%\c}é)ghe efmfmsrfgcéhe ic F’le PHEIYRAS B EPTIALS tIghs pended
in PBSbQ}%E@SUW $ulspelDdiBhs mm}dbeazmahMZteﬂdbyul%ﬁf"pxpo[)lﬂBQQI\Sﬁfsa)r pestitd Meuigmuni zed

m ce rificed and drainin es(plit uinal, if
enl ar\é\g a%&%r GrEB &t U O’éﬁ%’&g‘ﬁg‘égg 38! e%t‘f)rﬁ’rfg ’ES’P% Pﬁ g“d@f"gr oduci ng
cells. tr@lﬁgh@:sC@thecﬁlblS@@ﬂsm aBRp@ksioBs @8y Esntdis AbxihAGs ant in&)eas)é@ﬁeewidé&@ﬂofw th
non-secretin P3x§3A98 &53 nyel oma cells (ATCC #CRL-15 at aratio of 1:1

by el eBESBPELIYNd Efydefopetample, sqdim &%{EO%}EW ?F‘élélloé%ls?fﬁlt‘flh@ldé’l‘fée%r i nmune
Syste mﬁo@ﬂy,ﬁm&ksmﬁ Ry le@I%tk’lﬁrst‘éﬁﬂlﬁjerﬁplDi?BﬁHﬁ YarA3soRRMusdd¥8 encapsulate

manuf acturer’s instructions. Follow ng el ectrofusion cells were resuspended
i n hybHedss e deideery B thedlum suppl emented with Azaserine (Sigma #A9666)

( DVEM (doeh] 9r QuiedtehdanBdions EMen@BILNTh SR A IR haljfﬁ)@sgﬁn%ﬂahnﬂa Ofesl S€rum
(Hycl one), 10% BM Condi ned (Roche Applied Sciences sodi um pyruvat e,

4 M LPYP. bt riecludimneopigd b ts Eijifspsuspangigns Ay epsor ns@mmsznndmtrsﬁpd oet hanol ,
and 100,14 etfo%@?ﬁpl% nthine). In a first fusion cells were plated at
2X104/vve| inf ottommcrotiter plates, followed by two weeks

i ncubatd2an i nInsgeneret thy eorppoNndeatidemmpSiitgms of KDREHVE’ntM5)mprismgd’T§<é’cond f usi on

tZB(i 2;:ﬁ%‘%g‘ﬂé@%%%@%%?g}@g%%%%LL%OOQ) ai s@tbjfegt"{ élé%%g’ereof Sykvsan%ltls r%uteg1 incll}é%g,
but not limited to, oral, intravenous, intra-arterial, subcutaneous, parenteral, intranasal,
intramuscular, intracardiac, intraventricular, intratracheal, buccal, rectal, intraperitoneal,
intradermal, topical, transdermal, and intrathecal, or otherwise by implantation or inhalation. The
subject compositions may be formulated into preparations in solid, semi-solid, liquid, or gaseous
forms; including, but not limited to, tablets, capsules, powders, granules, ointments, solutions,
suppositories, enemas, injections, inhalants, and aerosols. The appropriate formulation and route of
administration may be selected according to the intended application and therapeutic regimen.

b. Dosages

[0226] Similarly, the particular dosage regimen, i.e., dose, timing and repetition, will depend on
the particular individual and that individual's medical history. Empirical considerations such as

pharmacokinetics (e.g., half-life, clearance rate, etc.) will contribute to the determination of the



101 sel ection nedium per flask. The flasks were then placed in a humdified

37C i ncubator containing 5% CO 2 and 95% air for 6-7 days. [0296] After

growt h t heol2oteriaesa3conpri sing the cells fromthe secondPCudiseenziops7ehe T225s

is sorted using a FACSAria | cell sorter and plated at one cell per well in

Fal con 96 well U-bottom plates (both B Bi osci ences). Any renai ni ng unused

hybridoma library cells were frozen for future testi ng if necessary. The

sel ect 0 Iture medi cont ai ni ng
7506 Pe iy BB PECe yPEP i B dooimama b et b b el e

Sci encesy is biseﬂMh$@iﬂb1higﬂﬁymmbaﬁ o hyﬁerﬂﬂkﬂlferzgﬂvblbﬂlﬁﬂoﬁﬁstld&ﬁs |11léludmg tumor

Peneci L l.i.n- Strept anyci.n, 501, r capt oet hanol , and

hy poxaftiiitie Celg?f paptagng the 6‘5&‘}%“%016@‘? IR celfst FrdRging @ﬁ@“’i IFF‘@B’“\%I | plates

t he supespratiapdls, drideRyiaaete de/eéml):pmrtsf@ammd Aflféfnaﬁ@él¥ hadiigsi Jo%aﬁdoluye for
muri ne PTK7 usi ng an ELI SA or FACS assa [0297] Bri e 96 well plates

(WIR, Elersaipymya @S@éaﬁ%%hmpqutﬁgpwow Y lmq&vnoml@,{ei fis glbiied i ®ardonat e

buf f er vayRK for8fitaishs HE- deaﬂ%% £8 a%ﬁ@%nﬁ‘@ﬁs@m%%%&@zge RAnBLOGKEd i th 2% FCS- PBS
for one hour at 37C and used i medi ately or kept at 4C. Undiluted hybridona

super ndi23dt s Rerea hspppeicetindpeintiee pagnassuticat Cmslh@mﬁarmdmstefﬁden pl at es
are wagheth:aReL Rk pheda ehhorgE%E’RL@tegofﬁe m;?nkw%n&lt HORUE e h91 UC@ ed 1:10, 000

in 1% BSA-PBS for one hour g i'ncubati on trate
sol ut i efieciise goswt isgepicalysiependpm opltiet e ghwef the seizett zhtmmeatﬁohls[o@ﬁchB] G ow h

o LRE PR IR LR, BESIGL B TRIRE TR AACRUNS ELE fli20 o0" cened

for hufan speC| icr'ty usin sim §cr| bed
above. siyjdicebdiyg tteaxetiOIn gtmerahehd P’BN.Bb&Té}omlolf metm\&nsaﬂune;dbmdhhmbwmm K7 and
GFP were | neu ated r 30m ridoma su r nat ant .
Cell's \z}\ré"r)% wash dlg?’%%?bf%:l@é* bo yﬁ'ﬁﬁ? %@ROTtﬂQEBﬂ%O&Y f”ﬁ‘ggtope Osﬁe& sanpl e
DyelLi gmrtaﬁﬂanuoabedrm&@mmmmmusﬁhé entioa nfdyag AeMinis@erinfhamseaandar y
1:200.i.,n 15 m ncubat n cells were washed

dilute o Al ter i

2 ti n‘eg‘ CiEEf © %P&%%‘?ﬁyr@% AtfetM g?@%@ RSSO Basitaip oibe
Technobmg@m&m@m& Fnat M&ﬁdatbﬁé oFteSavem@in hileresRGMMN et Hi Mhntdig: hegul ti ng
PTK7 S%gg%gcﬂ%ﬁ %nal br| domas were expanded and cryopreserved in CS-10

freezi 10Birglke 8%8?‘6]{“1 AR é%alg@s&%ﬁwwﬁhq negdess: Rptipnaderihe

[ 0299] Pok7 ih@ulhiofsSf thisil oS Hidy 6 AdHhiRGiWRSH REAHMHTRANLE fhngé&f%b@tdl 00
anti genggosmlve wells using limted dilution plating. Plates were visually

i nspect&ys ey ‘Y%@“Eﬁ @%’éh%‘bm&kg PG ekt prodnpe- gF‘ﬁWFhORiWﬁa buperd&ant s from

si ngl ene@h Welelisveh & & ACS
confirmati gtg%aos c?elscerl belrélé}CE o%ﬁg%%ﬁd%gédugf%ﬁgggﬁ%%gg %%ﬁﬁ%tsﬁg /lsfgwer e

expandeelyarright g apreXpgy/ke bedy Weige prindpsereldicaai 9006 HBS)ts Qﬂ@%@p@@)ﬂs afnd

o o ol A 040 SOV G 08 s LU R SOOGER00, g o

f ur t herg/khbedycweaaght.zatgagrabout 750 ug/kg body weight, at least about 3 mg/kg body weight, at
least about 5 mg/kg body weight, at least about 10 mg/kg body weight is administered.
[0228] Other dosing regimens may be predicated on Body Surface Area (BSA) calculations as
disclosed in U.S.P.N. 7,744,877 which is incorporated herein by reference in its entirety. As is well
known in the art the BSA is calculated using the patient’s height and weight and provides a
measure of a subject’s size as represented by the surface area of his or her body. In selected
embodiments of the invention using the BSA the modulators may be administered in dosages from
10 mg/m2 to 800 mg/mz. In other preferred embodiments the modulators will be administered in
dosages from 50 mg/m2 to 500 mg/m2 and even more preferably at dosages of 100 mg/mz, 150
mg/m?, 200 mg/m?, 250 mg/m®, 300 mg/m?, 350 mg/m?, 400 mg/m>or 450 mg/m>. Of course it
will be appreciated that, regardless of how the dosages are calculated, multiple dosages may be
administered over a selected time period to provide an absolute dosage that is substantially higher

than the individual administrations.



WD 2012/ 112943PCT/ US2012/ 025726 102 [ 0301] A second fusion seeded over 48

pl ates (4608 wells) resulted in approximately a 65% cloning efficiency with
hundr eds wb 2hiz92943el ect ed cl ones provi ded several dozemrCrszele/0237é bodi es
t hat were i mmunospecific for human PTK7, sone of which also cross-reacted
wi th nurine PTK7. Exanple 8 Sequenci ng7 and Humani zati on of PTK7 Modul ators
8(a) Sequencing: [0302]Based on the f or egoi ng a nunber of exerrpl ary

distin no¢l onal angi es t bi nd e huna nt i bodi es
t hat cf%s% gPr egcfmy W't at @“ﬁ?’f%&%"éﬂ” ¥ Iieﬁera;gnv%t%ﬂ‘ﬂevdﬁf grf SC??O SHEL S Wer e
sel ect eebdftba’recffe@.aenﬁma@mﬁﬁdhef furdqubrey o ndthiyisirstionASaysteaiile b parséraluiiiad iff ashi on

uence. a aI sis of the light chain variable reqgions
(F1 G RPN R e RaF Ay aned oregriiion ehesaRpo Ay Sbhedtbase
monocl ﬂﬁahbﬁd’tﬂabllﬂgdieﬁsd genetyaireit doﬂdlﬁzslaﬁaahgre?at&logédefamgkebhaéaltﬁaﬂme had novel
conpl enen determ ni ng regi ons and often disp IaiéEd novel  VDJ
arranggﬁ’é‘ﬁf eing\geaedamd ther k& OBt ciivs dase PeAPRAKA ghadalgiosiss set forth

in Fl G&imi@ﬁta@é@ﬂo QBugE® ofkebd & s PRbreaRichiafly &fn eBectiveSBRY & thd HXHBIHOT €

specifically, FIG 6A depicts the contiguous am no acid sequences of
t went yISGHBIHEET trie fubiect prghe dadl. moyeathimgiice amsgihe Aslessrthin aige p mPWky In

ant i bogi 8 dmfe@nhdiNHe effg&we d@& of%}éqf’fmﬁaﬁar rﬁzﬁﬁoe AQHfini %’r@@mui—"t@% i ght
chain variable regions (SEQ ID NOS: 62 - ers) derived from

r epr esémegtioluslinafpr preiofs eftat le@ﬁaq mth, 8f ket alrx Ingpntfﬁl @at BBstdepirciisydt ther

contig C r-i n vy _.chain
vari ab?@yéjég?%gge%g%%aﬁ%g@ 53% %%%&% télﬁl m)er’ s) ?%171 t hzegrssgrr%alantl - PTK7
antl bodioas 8ind, 3, dub, G livad rzadlalbméﬂgwe@mdrmnmmtwabifdnerde@lo@e:tsmécﬁﬂi@rbD NOS: 63

numni S500T | gtk KO SR T B PR RS Gk (RGPS, ho”

an not at@nbaselqusemomhwdﬁals wmnzwe (bacm gmerm dne oambte-alafhlﬂstﬂﬂt’lbn(b)o tHoesxafdpsy, med
10.,2, .SC6.4.1 SC6. 4 C6. 13,

SCo. 14 ETR s P it CSaR ' REBa T £ Orap o o4 P e 50,

SC6. 41herbith TH8ssant @0y 5Qhe aumdtdd@ump I%F:tﬁfﬂlnh ﬁ@dcgamth@gﬁtms d(slédég mid@f%&g g?éa .

hSC6. 24, hSC6. 4 d hSC6. 58). Note t he designations an

mer el ycorngfqoé(‘f?né ﬁg Sé*ﬁ?fﬁ’é?‘i/prﬁwausﬁ%% cmbadishls Mesrtae ‘&e‘tvlj%llilf?sconprl se

two di se@t Be@nhdifRdiiRs: idabiltenomedbs iRavizeandpdipih of igiaobsdfvh @i, f1di8gi on
sequences. [030 f]{j{For the purposes of the instant application the SEQ | D NOS

of eacﬁ‘efﬁ&’f“me&h‘? ?m%{rﬂ‘%eﬁ’éﬂéyraéf”émggq@éﬁf’g grhniquesanimprosemgens agasesertni ses SEQ

| D NOSqire2@ruded bdpsyf e rﬁnﬂ%séobﬁ@&arﬁﬂﬁ'ﬂ&?ﬁﬁ\ﬂ% s s@méﬁer H@%e%sxfr@gé@ Bfan
respectively. In this regard 2 conprises D NOCSs: and ,

SC6. 4. NdEert P exrisE(y-§-3Nos! P@#taﬁiﬁdn@s) O AP @ntEgsN &?ntlwf@w@mg tQ:Rbf: respondi ng
nucl ei ge@6deSGAIENSER, gt@ercre%%n g@l’ﬂto'r BRAYsi@ThBRVAF RS ONRAGRdln L bCS: 6A

and 6B are included in the inst
other disability associated with the tumor; increased appetite; or an increase in quality of life as

measured by accepted tests or prolongation of survival. It will be apparent to one of skill in the art
that the dosage will vary depending on the individual, the type of neoplastic condition, the stage of
neoplastic condition, whether the neoplastic condition has begun to metastasize to other location in
the individual, and the past and concurrent treatments being used.

¢. Combination therapies

[0231] Combination therapies contemplated by the invention may be particularly useful in
decreasing or inhibiting unwanted neoplastic cell proliferation (e.g. endothelial cells), decreasing
the occurrence of cancer, decreasing or preventing the recurrence of cancer, or decreasing or
preventing the spread or metastasis of cancer. In such cases the compounds of the instant invention
may function as sensitizing or chemosensitizing agent by removing the TPC propping up and
perpetuating the tumor mass (e.g. NTG cells) and allow for more effective use of current standard

of care debulking or anti-cancer agents. That is, a combination therapy comprising a PTK7



WO 2012/ 112943PCT/ US2012/ 025726 103 application as a sequence |isting
appended hereto. The included nucleic acid sequences conprise SEQ | D NCS

t hat are woeotwmner4ed greater than the correspondi ng am ROTASR@282370€NCE
(heavy or light chain). Thus, nucleic acid sequences encodi ng the heavy and
| i ght chain variable region am no acitk sequences of mAb SC6.2.35 (i.e., SEQ
ID NOs: 20 and 21) conprise SEQ ID NOS: 120 and 121. The other antibody

nucleic |d seguences, includin hos encodi.ng h iz constructs are
nonber SaEhEr PEE B Fatrgen et PRabISS fe el e B e b

modul atimalset the nslab@fcotf eahclarydans plerwt ﬁﬂl’drﬂemarsetdn)cﬁ ®ardem) of hinZIr4te ht lEAAGENT
(Life Technol ogi es ep In this regard between 104 and i05
cel | svv@?eem?’?ééeﬁtg é&iee eqt Oﬁfa“?? ﬁ|suﬂh80@ﬂg$$@ﬁ t}\‘ﬁr@’d 65819 thsf t er addi ti on

of 200 adlr]nlmst}ﬁtKﬁMf QrPakarmd dub@dRh€ snemeoré RRNcHES ket wge ficRbled butfiPfor 10
m nutes and the aqueous phase was transferred to a fresh m crof uge tube

wher e dRIEGRarY RISKIGABENS CYIRYHICS SN ChaREheRReutr a2epis trigpied aRiEFaaCHFEFMS shaken
Vi gor oylagicandshiconedrid:9, inReHbSpdtic LQAM LAPRYLALME SinfiQheibPern ULES
before being centrifuged at 4C for 10 ninutes. The resulti ng RNA pellets
wer e waplideesolraong tharapiesyradigtion oz vy tash anti-madstalid asan®Bri ef |y at room

t enper ghyse bgfcarrging% M8 nlBRHsHRdGds mné&ubh hhegé ,s[aléP SRAEGGMR % The

qual ity of the RNA preparations was determ ne ctionating prLrna
1% aga?%‘én@ierbwlbtefweeadﬁéwcrgf be offests @tseweCB@@nmath tlreama@d (e.§. O@ﬂﬂ]ﬂ&f/’e vari abl e

regi on, oft 5Nl il Q%’c\éya%ﬁ?'lpcogﬁuc?gicsggzﬂ%gg Byt gmhal L EGriRLAO. @ S

prinmer mXx conprisin eCiti ¢ 'ea quence priners,
desi gng@etaﬂyﬂeﬂl@blle anlyenacowgl iameummwé:ct\&ﬁorfemrdfmersmgla therapindis hercifioal. Wi t h 3’

nouse riner.specific for all 400 bp P fragrrent
of ¢ ner VAPRREECUE R o) Sor e Bbn BTt el BT Bt io it

Siml aHbWe\tehlthdsyﬂkMﬂi ' theVet rvemi)erecﬁeqbraem\dﬁ cpmlrreer edBdcottefiagnedhdio anplify

h of th b t |
Cpeci £ Ge PG SELo R oA B4t for e used o anpl |1y and

sequenma3ihe Kapﬁa‘udd @hbirahéi theragneechiiding thélindenB6rs & PTRY SnotIaerad1pl 1 f i ed
from 100, %{; %ﬂdRNA usi n rev&lrse transcri ptase pol ynerase chain reaction

( RT- PCRYI- ¥t spmiypation yih opg opRRCABL RIS HAZNERE e MEystersd i

hybr i damgct ﬁq@ﬂé&d hereotting xﬁénkarémctwe%rres@hﬁl anti REkef kit Qithih IR Mb@aNRe heavy
chain }(ﬁ{l)r’ The Q AGEN One St eg@RT PCR kit was used for anplification,

(Q age Aredylatomppdsanicangsy BRFNERIS PRV ISIE@ HERRTUNSEHEF e g for apripdonhiimer i pt

Rever S@ffasrla@t%%éum,a&% cofioh&t @%sﬁa@b A R W IFRHeA 3 kiond thﬁe Wbor clfohfikyand
Q Sol ution, a novel additive that enables efficient anpliftication of

"di f f i eulesired; dogehicygithisigen) the EfSV arcdylatoraed #ntitqaaest egEnPORY e ativivistTotde e
direct]
I rect iy séog&vﬁ%ﬁgqeﬂéé n%nrt?ég% E:hgrl ¥01¥1€(gs'}t%'ﬂl @LEK@S érén%glsﬁ% c%pés%%{wes

wer e anal yzed usi ng [} gene nenbers with
t he hi gﬂm&tbewmﬁd@rﬂtbﬁ@hmg&yaﬂdﬁreutderr ved sequences were conpared to known

ger m | Log%g?\lgﬁggrg&%ﬁ'eﬁlﬁ?ﬁeoﬁiﬁlﬂ? n%m\ére%grﬂ*v% rrog(gs)é gH (hanger ag eBn'e Eétp%&ﬁ} ter et

dat abasg inteWR120148nd k2843 PEFY MS&@HSZ/I@E&VaﬁﬁerﬂMments wherein the ant1 -cancer
agent and the antibody are applied separately to the subject, the time period between the time of
each delivery is such that the anti-cancer agent and modulator are able to exert a combined effect
on the tumor. In a particular embodiment, it is contemplated that both the anti-cancer agent and the
PTK7 modulator are administered within about 5 minutes to about two weeks of each other.
[0235] In yet other embodiments, several days (2, 3, 4, 5, 6 or 7), several weeks (1, 2, 3, 4, 5, 6,
7 or 8) or several months (1, 2, 3, 4, 5, 6, 7 or 8) may lapse between administration of the
modulator and the anti-cancer agent. The PTK7 modulator and one or more anti-cancer agent
(combination therapy) may be administered once, twice or at least the period of time until the
condition is treated, palliated or cured. Preferably, the combination therapy is administered

multiple times. The combination therapy may be administered from three times daily to once every



[ 0308] Reaction m xtures were prepared that included 3 [tL of RNA, 0.5 of
100 uM of either heavy chain or kappa light chain prinmers 5 1AL of 5x

RT- PCR buwbeni2/1i2ga8 dNTPs, 1 uL of enzyme m x cont ai ni n@CTASI12825726
transcri ptase and DNA pol ynerase, and 0.4 pt of ribonucl ease inhibitor
RNasi n (Pronmega Bi oSystens.). The reagjion mxture contains all of the
reagents required for both reverse transcription and PCR The ther mal
cycler pr te 0 s .,95C 5 mn s foll owed
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or a sequence of antibody treatment may be given, followed by one or more treatments of anti-
cancer agent therapy. In any event, as will be understood by those of ordinary skill in the art, the
appropriate doses of chemotherapeutic agents will be generally around those already employed in
clinical therapies wherein the chemotherapeutics are administered alone or in combination with
other chemotherapeutics.

[0238] In another preferred embodiment the PTK7 modulators of the instant invention may be
used in maintenance therapy to reduce or eliminate the chance of tumor recurrence following the
initial presentation of the disease. Preferably the disorder will have been treated and the initial
tumor mass eliminated, reduced or otherwise ameliorated so the patient is asymptomatic or in
remission. At such time the subject may be administered pharmaceutically effective amounts of the

disclosed modulators one or more times even though there is little or no indication of disease using
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readily determined by one skilled in the art in view of the instant disclosure the PTK7 modulators

may be administered as suggested by clinical and diagnostic or theragnostic procedures to reduce

tumor metastasis. The modulators may be administered one or more times at pharmaceutically

effective dosages as determined using standard techniques. Preferably the dosing regimen will be

accompanied by appropriate diagnostic or monitoring techniques that allow it to be modified as

necessary.

d. Anti-cancer agents

[0240] As used herein the term anti-cancer agent means any agent that can be used to treat a
cell proliferative disorder such as cancer, including cytotoxic agents, cytostatic agents, anti-
angiogenic agents, debulking agents, chemotherapeutic agents, radiotherapy and radiotherapeutic
agents, targeted anti-cancer agents, biological response modifiers, antibodies, and
immunotherapeutic agents. It will be appreciated that, in selected embodiments as discussed above,
anti-cancer agents may comprise conjugates and may be associated with modulators prior to
administration.

[0241] The term cytotoxic agent means a substance that decreases or inhibits the function of
cells and/or causes destruction of cells, i.e., the substance is toxic to the cells. Typically, the
substance is a naturally occurring molecule derived from a living organism. Examples of cytotoxic
agents include, but are not limited to, small molecule toxins or enzymatically active toxins of
bacteria (e.g., Diptheria toxin, Pseudomonas endotoxin and exotoxin, Staphylococcal enterotoxin
A), fungal (e.g.,a-sarcin, restrictocin), plants (e.g., abrin, ricin, modeccin, viscumin, pokeweed anti-

viral protein, saporin, gelonin, momoridin, trichosanthin, barley toxin, Aleurites fordii proteins,
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dianthin proteins, Phytolacca mericana proteins (PAPI, PAPII, and PAP-S), Momordica charantia
inhibitor, curcin, crotin, saponaria officinalis inhibitor, gelonin, mitegellin, restrictocin,
phenomycin, neomycin, and the tricothecenes) or animals, e.g., cytotoxic RNases, such as
extracellular pancreatic RNases; DNase I, including fragments and/or variants thereof.

[0242] A chemotherapeutic agent means a chemical compound that non-specifically decreases
or inhibits the growth, proliferation, and/or survival of cancer cells (e.g., cytotoxic or cytostatic
agents). Such chemical agents are often directed to intracellular processes necessary for cell
growth or division, and are thus particularly effective against cancerous cells, which generally grow
and divide rapidly. For example, vincristine depolymerizes microtubules, and thus inhibits cells
from entering mitosis. In general, chemotherapeutic agents can include any chemical agent that
inhibits, or is designed to inhibit, a cancerous cell or a cell likely to become cancerous or generate
tumorigenic progeny (e.g., TIC). Such agents are often administered, and are often most effective,
in combination, e.g., in the formulation CHOP.

[0243] Examples of anti-cancer agents that may be used in combination with (or conjugated to)
the modulators of the present invention include, but are not limited to, alkylating agents, alkyl
sulfonates, aziridines, ethylenimines and methylamelamines, acetogenins, a camptothecin,
bryostatin, callystatin, CC-1065, cryptophycins, dolastatin, duocarmycin, eleutherobin,
pancratistatin, a sarcodictyin, spongistatin, nitrogen mustards, antibiotics, enediyne antibiotics,
dynemicin, bisphosphonates, an esperamicin, chromoprotein enediyne antiobiotic chromophores,
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,
carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-
oxo-L-norleucine, Adriamycin® doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites, folic acid analogues, purine analogs, androgens, anti-adrenals, folic acid
replenisher such as frolinic acid, aceglatone, aldophosphamide glycoside, aminolevulinic acid,
eniluracil, amsacrine, bestrabucil, bisantrene, edatraxate, defofamine, demecolcine, diaziquone,
elfornithine, elliptinium acetate, an epothilone, etoglucid, gallium nitrate, hydroxyurea, lentinan,
lonidainine, maytansinoids, mitoguazone, mitoxantrone, mopidanmol, nitraerine, pentostatin,
phenamet, pirarubicin, losoxantrone, podophyllinic acid, 2- ethylhydrazide, procarbazine, PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR), razoxane; rhizoxin; sizofiran;
spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine;

mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");



| GKV2- 137 JK4 SC6.58 | GHV4-1 DFL16.1 JH4 |1 GKV17-121 JK4 [0314] The obt ai ned
heavy and |ight chain sequences fromall four clones were aligned to the
functi onavoharean2esar i abl e regi on sequences and revi ewed PCOMUSh@RORIYgy and
canoni cal structure. The result the heavy and |light chain analysis are
shown bel ow in TABLES 2 and 3 respectgyvely. WO

2012/ 112943PCT/ US2012/ 025726

cyclophosphamide; thiotepa; taxoids, chloranbucil; Gemzar® gemcitabine; 6-thioguanine;
mercaptopurine; methoﬁexate; platinum analogs, vinblastine; platinum; etoposide (VP-16);
ifosfamide; mitoxantrone; vincristine; NAVELBINE® vinorelbine; novantrone; teniposide;
edatrexate; daunomycin; aminopterin; xeloda; ibandronate; irinotecan (Camptosar, CPT-11),
topoisomerase inhibitor RES 2000; difluorometlhylornithine (DMFO); retinoids; capecitabine;
combretastatin; leucovorin (LV); oxaliplatin; inhibitors of PKC-alpha, Raf, H-Ras, EGFR and
VEGF-A that reduce cell proliferation and pharmaceutically acceptable salts, acids or derivatives of
any of the above. Also included in this definition are anti-hormonal agents that act to regulate or
inhibit hormone action on tumors such as anti-estrogens and selective estrogen receptor modulators
(SERMs), aromatase inhibitors that inhibit the enzyme aromatase, which regulates estrogen
production in the adrenal glands, and anti-androgens; as well as troxacitabine (a 1,3- dioxolane
nucleoside cytosine analog); antisense oligonucleotides,; ribozymes such as a VEGF expression
inhibitor and a HER?2 expression inhibitor; vaccines, PROLEUKIN® rIL-2; LURTOTECAN®
topoisomerase | inhibitor; ABARELIX® rmRH; Vinorelbine and Esperamicins and
pharmaceutically acceptable salts, acids or derivatives of any of the above. Other embodiments
comprise the use of immunotherapeutic agents, such as antibodies, approved for cancer therapy
including, but not limited to, rituximab, trastuzumab, gemtuzumab ozogamcin, alemtuzumab,
ibritumomab tiuxetan, tositumomab, bevacizumab, cetuximab, patitumumab, ofatumumab,
ipilimumab and brentuximab vedotin. Those skilled in the art will be able to readily identify
additional anti-cancer agents that are compatible with the teachings herein.

e. Radiotherapy
[0244] The present invention also provides for the combination of PTK7 modulators with
radiotherapy (i.e., any mechanism for inducing DNA damage locally within tumor cells such as
gamma.-irradiation, X-rays, UV-irradiation, microwaves, electronic emissions and the like).
Combination therapy using the directed delivery of radioisotopes to tumor cells is also
contemplated, and may be used in connection with a targeted anti-cancer agent or other targeting
means. Typically, radiation therapy is administered in pulses over a period of time from about 1 to
about 2 weeks. The radiation therapy may be administered to subjects having head and neck cancer
for about 6 to 7 weeks. Optionally, the radiation therapy may be administered as a single dose or as
multiple, sequential doses.

f. Neoplastic conditions

[0245] Whether administered alone or in combination with an anti-cancer agent or
radiotherapy, the PTK7 modulators of the instant invention are particularly useful for generally

treating neoplastic conditions in patients or subjects which may include benign or malignant tumors
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(e.g., renal, liver, kidney, bladder, breast, gastric, ovarian, colorectal, prostate, pancreatic, lung,
thyroid, hepatic carcinomas; sarcomas; glioblastomas; and various head and neck tumors);
leukemias and lymphoid malignancies; other disorders such as neuronal, glial, astrocytal,
hypothalamic and other glandular, macrophagal, epithelial, stromal and blastocoelic disorders; and
inflammatory, angiogenic, immunologic disorders and disorders caused by pathogens. Particularly
preferred targets for treatment with therapeutic compositions and methods of the present invention
are neoplastic conditions comprising solid tumors. In other preferred embodiments the modulators
of the present invention may be used for the diagnosis, prevention or treatment of hematologic
malignancies. Preferably the subject or patient to be treated will be human although, as used
herein, the terms are expressly held to comprise any mammalian species.

[0246] More specifically, neoplastic conditions subject to treatment in accordance with the
instant invention may be selected from the group including, but not limited to, adrenal gland
tumors, AIDS-associated cancers, alveolar soft part sarcoma, astrocytic tumors, bladder cancer
(squamous cell carcinoma and transitional cell carcinoma), bone cancer (adamantinoma, aneurismal
bone cysts, osteochondroma, osteosarcoma), brain and spinal cord cancers, metastatic brain tumors,
breast cancer, carotid body tumors, cervical cancer, chondrosarcoma, chordoma, chromophobe
renal cell carcinoma, clear cell carcinoma, colon cancer, colorectal cancer, cutaneous benign
fibrous histiocytomas, desmoplastic small round cell tumors, ependymomas, Ewing's tumors,
extraskeletal myxoid chondrosarcoma, fibrogenesis imperfecta ossium, fibrous dysplasia of the
bone, gallbladder and bile duct cancers, gestational trophoblastic disease, germ cell tumors, head
and neck cancers, islet cell tumors, Kaposi's Sarcoma, kidney cancer (nephroblastoma, papillary
renal cell carcinoma), leukemias, lipoma/benign lipomatous tumors, liposarcoma/malignant
lipomatous tumors, liver cancer (hepatoblastoma, hepatocellular carcinoma), lymphomas, lung
cancers (small cell carcinoma, adenocarcinoma, squamous cell carcinoma, large cell carcinoma
etc.), medulloblastoma, melanoma, meningiomas, multiple endocrine neoplasia, multiple myeloma,
myelodysplastic syndrome, neuroblastoma, neuroendocrine tumors, ovarian cancer, pancreatic
cancers, papillary thyroid carcinomas, parathyroid tumors, pediatric cancers, peripheral nerve
sheath tumors, phaeochromocytoma, pituitary tumors, prostate cancer, posterious unveal
melanoma, rare hematologic disorders, renal metastatic cancer, rhabdoid tumor, rhabdomysarcoma,
sarcomas, skin cancer, soft-tissue sarcomas, squamous cell cancer, stomach cancer, synovial
sarcoma, testicular cancer, thymic carcinoma, thymoma, thyroid metastatic cancer, and uterine
cancers (carcinoma of the cervix, endometrial carcinoma, and leiomyoma). In certain preferred
embodiments, the cancerous cells are selected from the group of solid tumors including but not

limited to breast cancer, non-small cell lung cancer (NSCLC), small cell lung cancer, pancreatic
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cancer, colon cancer, prostate cancer, sarcomas, renal metastatic cancer, thyroid metastatic cancer,
and clear cell carcinoma.

[0247] With regard to hematologic malignancies it will be further be appreciated that the
compounds and methods of the present invention may be particularly effective in treating a variety
of B-cell lymphomas, including low grade/NHL follicular cell lymphoma (FCC), mantle cell
lymphoma (MCL), diffuse large cell lymphoma (DLCL), small lymphocytic (SL) NHL,
intermediate grade/follicular NHL, intermediate grade diffuse NHL, high grade immunoblastic
NHL, high grade lymphoblastic NHL, high grade small non-cleaved cell NHL, bulky disease NHL,
Waldenstrom's Macroglobulinemia, lymphoplasmacytoid lymphoma (LPL), mantle cell lymphoma
(MCL), follicular lymphoma (FL), diffuse large cell lymphoma (DLCL), Burkitt's lymphoma (BL),
AIDS-related lymphomas, monocytic B cell lymphoma, angioimmunoblastic lymphoadenopathy,
small lymphocytic, follicular, diffuse large cell, diffuse small cleaved cell, large cell immunoblastic
lymphoblastoma, small, non-cleaved, Burkitt's and non-Burkitt's, follicular, predominantly large
cell; follicular, predominantly small cleaved cell; and follicular, mixed small cleaved and large cell
lymphomas. See, Gaidono et al., "Lymphomas", IN CANCER: PRINCIPLES & PRACTICE OF
ONCOLOGY, Vol. 2: 2131-2145 (DeVita et al., eds., 5.sup.th ed. 1997). It should be clear to those
of skill in the art that these lymphomas will often have different names due to changing systems of
classification, and that patients having lymphomas classified under different names may also
benefit from the combined therapeutic regimens of the present invention.

[0248] In yet other preferred embodiments the PTK7 modulators may be used to effectively
treat certain myeloid and hematologic malignancies including leukemias such as chronic
lymphocytic leukemia (CLL or B-CLL) or acute myeloid leukemia AML. Such leukemias are
predominantly a disease of the elderly that starts to increase in incidence after fifty years of age and
reaches a peak by late sixties. CLL generally involves the proliferation of neoplastic peripheral
blood lymphocytes. Clinical finding of CLL involves lymphocytosis, lymphadenopatliy,
splenomegaly, anemia and thrombocytopenia. AML is also called acute myelogenous leukemia,
acute myeloblastic leukemia, acute granulocytic leukemia, and acute nonlymphocytic leukemia.
The underlying pathophysiology in AML consists of a maturational arrest of bone marrow cells in
the earliest stages of development. In the case of either disorder treatment regimens can readily be
derived by those skilled in the art in view of the instant disclosure using clinically accepted
procedures.

[0249] The present invention also provides for a preventative or prophylactic treatment of
subjects who present with benign or precancerous tumors. It is not believed that any particular type

of tumor or neoplastic disorder should be excluded from treatment using the present invention.
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However, the type of tumor cells may be relevant to the use of the invention in combination with
secondary therapeutic agents, particularly chemotherapeutic agents and targeted anti-cancer agents.
[0250] Still other preferred embodiments of the instant invention comprise the use of PTK7
modulators to treat subjects suffering from solid tumors. In such subjects many of these solid
tumors comprise tissue exhibiting various genetic mutations that may render them particularly
susceptible to treatment with the disclosed effectors. For example, KRAS, APC and CTNNB land
CDHI mutations are relatively common in patients with colorectal cancer. Moreover, patients
suffering from tumors with these mutations are usually the most refractory to current therapies;
especially those patients with KRAS mutations. KRAS activating mutations, which typically result
in single amino acid substitutions, are also implicated in other difficult to treat malignancies,
including lung adenocarcinoma, mucinous adenoma, and ductal carcinoma of the pancreas.

[0251] Currently, the most reliable prediction of whether colorectal cancer patients will respond
to EGFR- or VEGF-inhibiting drugs, for example, is to test for certain KRAS “activating”
mutations. KRAS is mutated in 35-45% of colorectal cancers, and patients whose tumors express
mutated KRAS do not respond well to these drugs. For example, KRAS mutations are predictive
of a lack of response to panitumumab and cetuximab therapy in colorectal cancer (Lievre et al.
Cancer Res 66:3992-5; Karapetis et al. NEJM 359:1757-1765). Approximately 85% of patients
with colorectal cancer have mutations in the APC gene (Markowitz & Bertagnolli. NEJM
361:2449-60), and more than 800 APC mutations have been characterized in patients with familial
adenomatous polyposis and colorectal cancer. A majority of these mutations result in a truncated
APC protein with reduced functional ability to mediate the destruction of beta-catenin. Mutations
in the beta-catenin gene, CTNNB1, can also result in increased stabilization of the protein, resulting
in nuclear import and subsequent activation of several oncogenic transcriptional programs, which is
also the mechanism of oncogenesis resulting from failure of mutated APC to appropriately mediate
beta-catenin destruction, which is required to keep normal cell proliferation and differentiation
programs in check.

[0252] Loss of CDH1 (E-cadherin) expression is yet another common occurrence in colorectal
cancer, often observed in more advanced stages of the disease. E-cadherin is the central member of
adherin junctions that connect and organize cells in epithelial layers. Normally E-cadherin
physically sequesters beta-catenin (CTNNB1) at the plasma membrane; loss of E-cadherin
expression in colorectal cancer results in localization of beta-catenin to the nucleus and
transcriptional activation of the beta -catenin/ WNT pathway. Aberrant beta-catenin/ WNT
signaling is central to oncogenesis and nuclear beta-catenin has been implicated in cancer stemness

(Schmalhofer et al., 2009 PMID 19153669). E-cadherin is required for the expression and function
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of EphA2 a known binding partner for PTK7 ligands in epithelia cells (Dodge Zantek et al., 1999
PMID 10511313; Orsulic S and Kemler R, 2000 PMID 10769210). Using modulators that bind to
PTK7 ligands and agonize with or antagonize receptor binding may modify, interrupt or reverse the
pro-oncogenic processes. Alternatively, PTK7 modulators may preferentially bind to tumor cells
with aberrant PTK7 interactions based on the binding preferences of the PTK7 modulators. Hence
patients with cancers carrying the above mentioned genetic traits may benefits from treatment with
aforementioned PTK7 modulators.

XIV. Articles of Manufacture

[0253] Pharmaceutical packs and kits comprising one or more containers, comprising one or
more doses of a PTK7 modulator are also provided. In certain embodiments, a unit dosage is
provided wherein the unit dosage contains a predetermined amount of a composition comprising,
for example, an anti-PTK7 antibody, with or without one or more additional agents. For other
embodiments, such a unit dosage is supplied in single-use prefilled syringe for injection. In still
other embodiments, the composition contained in the unit dosage may comprise saline, sucrose, or
the like; a buffer, such as phosphate, or the like; and/or be formulated within a stable and effective
pH range. Alternatively, in certain embodiments, the composition may be provided as a lyophilized
powder that may be reconstituted upon addition of an appropriate liquid, for example, sterile water.
In certain preferred embodiments, the composition comprises one or more substances that inhibit
protein aggregation, including, but not limited to, sucrose and arginine. Any label on, or associated
with, the container(s) indicates that the enclosed composition is used for diagnosing or treating the
disease condition of choice.

[0254] The present invention also provides kits for producing single-dose or multi-dose
administration units of a PTK7 modulator and, optionally, one or more anti-cancer agents. The kit
comprises a container and a label or package insert on or associated with the container. Suitable
containers include, for example, bottles, vials, syringes, etc. The containers may be formed from a
variety of materials such as glass or plastic. The container holds a composition that is effective for
treating the condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).
Such kits will generally contain in a suitable container a pharmaceutically acceptable formulation
of the PTK7 modulator and, optionally, one or more anti-cancer agents in the same or different
containers. The kits may also contain other pharmaceutically acceptable formulations, either for
diagnosis or combined therapy. For example, in addition to the PTK7 modulator of the invention
such kits may contain any one or more of a range of anti-cancer agents such as chemotherapeutic or

radiotherapeutic drugs; anti-angiogenic agents; anti-metastatic agents; targeted anti-cancer agents;
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cytotoxic agents; and/or other anti-cancer agents. Such kits may also provide appropriate reagents
to conjugate the PTK7 modulator with an anti-cancer agent or diagnostic agent (e.g., see U.S.P.N.
7,422,739 which is incorporated herein by reference in its entirety).

[0255] More specifically the kits may have a single container that contains the PTK7
modulator, with or without additional components, or they may have distinct containers for each
desired agent. Where combined therapeutics are provided for conjugation, a single solution may be
pre-mixed, either in a molar equivalent combination, or with one component in excess of the other.
Alternatively, the PTK7 modulator and any optional anti-cancer agent of the kit may be maintained
separately within distinct containers prior to administration to a patient. The kits may also
comprise a second/third container means for containing a sterile, pharmaceutically acceptable
buffer or other diluent such as bacteriostatic water for injection (BWFI), phosphate-buffered saline
(PBS), Ringer's solution and dextrose solution.

[0256] When the components of the kit are provided in one or more liquid solutions, the liquid
solution is preferably an aqueous solution, with a sterile aqueous solution being particularly
preferred. However, the components of the kit may be provided as dried powder(s). When
reagents or components are provided as a dry powder, the powder can be reconstituted by the
addition of a suitable solvent. It is envisioned that the solvent may also be provided in another
container.

[0257] As indicated briefly above the kits may also contain a means by which to administer the
antibody and any optional components to an animal or patient, e.g., one or more needles or
syringes, or even an eye dropper, pipette, or other such like apparatus, from which the formulation
may be injected or introduced into the animal or applied to a diseased area of the body. The kits of
the present invention will also typically include a means for containing the vials, or such like, and
other component in close confinement for commercial sale, such as, e.g., injection or blow-molded
plastic containers into which the desired vials and other apparatus are placed and retained. Any
label or package insert indicates that the PTK7 modulator composition is used for treating cancer,
for example colorectal cancer.

[0258] In other preferred embodiments the modulators of the instant invention may be used in
conjunction with, or comprise, diagnostic or therapeutic devices useful in the diagnosis or treatment
of proliferative disorders. For example, in on preferred embodiment the compounds and
compositions of the instant invention may be combined with certain diagnostic devices or
instruments that may be used to detect, monitor, quantify or profile cells or marker compounds
involved in the etiology or manifestation of proliferative disorders. In particularly preferred

embodiments the devices may be used to detect, monitor and/or quantify circulating tumor cells



hSC6.58 B2 JK4 86 88 [0315]As the germline selection and CDR grafting
processes provided anti bodies that generally retained their binding

char act erwetbpsi1244Ber e was apparently little need to i ngertusSrurionsy26 esi dues
in nost of the constructs. [0316] As alluded to above the am no acid
sequences of the humani zed heavy varig@pl e regi on chains and the humani zed
kappa |ight chains for all four antibodies are shown in FIGS. 6A and 6B

(52 | BN O et B SO BR El L h e (TR0 L

part i culfaehce).tinstihomihaoprafeired sebpdnaes aahd densses panei thgcirtubties Ginae cdls
sequences of the humani z F SC6.23 light chain (SEQ ID NOS: 62 and 162), and
t he hu%ﬁf%&‘%é&’wr%ﬂﬁfﬁ S¢SEQ I D NOS: 63 and 163) are shown in FIGS. 6A
and 6B and in the sequence listing. Simlarly, the am no acid sequences and

correspo&é%ng nucl ei ¢ acid sequences of the humani zed SC6.24 |ight chain
(SEQ ID : @ﬁﬁaﬁgiﬁ%%¥§ and the humani zed heavy chain (SEQ ID NOS: 65 and
165) a[e@sshowtlied pfh@red 3B oBRAS bf thANREMR BERQFLIBRpr@erddd S inVention is
illustrated by the am no acid sequences and corresponding nucleic acid

sequenfiggowf Madelatpinaiin 2esy ugest usafu] fogidentihiar Nsq8Ee sepinds: orgerighie 166), and
t he hupgghi ) | LB cel®h
enbodiE@ﬂ%%ﬁﬁ%&gn%%gggg?gcﬁgg&%ﬁgggggﬁgﬁggéggé%g%gfﬁgah%§FE|gﬂggﬁg’
sequendegresspnitapiévandreal borddg GBE-B8mignghe activaibheglISEQInEOVINGS) o6Bsand 168), and

the hurpiedddieany PARL QildFRddNR obleididtnat Bl e ACRLE hEGhea f?
denonstrated 1nt anpl es pbel ow each O the atorenenti on
several compatible techniques for the characterization and manipulation of TIC including cancer
stem cells {(e.g., see U.S.S.Ns. 12/686,359, 12/669,136 and 12/757,649 each of which is

incorporated herein by reference in its entirety).

XVI. Miscellaneous
[0260] Unless otherwise defined herein, scientific and technical terms used in connection with
the present invention shall have the meanings that are commonly understood by those of ordinary
skill in the art. Further, unless otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular. More specifically, as used in this
specification and the appended claims, the singular forms "a," "an" and "the" include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to "a protein"
includes a plurality of proteins; reference to "a cell" includes mixtures of cells, and the like. In
addition, ranges provided in the specification and appended claims include both end points and all
points between the end points. Therefore, a range of 2.0 to 3.0 includes 2.0, 3.0, and all points
between 2.0 and 3.0.
[0261] Generally, nomenclature used in connection with, and techniques of, cell and tissue
culture, molecular biology, immunology, microbiology, genetics and protein and nucleic acid
chemistry and hybridization described herein are those well known and commonly used in the art.
The methods and techniques of the present invention are generally performed according to
conventional methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification unless otherwise
indicated. See, e.g., Sambrook J. & Russell D. Molecular Cloning: A Laboratory Manual, 3rd ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2000); Ausubel et al., Short

Protocols in Molecular Biology: A Compendium of Methods from Current Protocols in Molecular



WO 2012/ 112943PCT/ US2012/ 025726 107 humani zed anti bodi es functions as an
effective PTK7 nodul ator in accordance with the teachings herein. [0318]In
any eventwOheiladiig@Bosed nodul ators were expressed and i foratSed 202372 art
recogni zed techni ques. To that end synthetic humani zed vari abl e DNA
fragments (Integrated DNA Technol ogi eg9 of both heavy chains were cl oned
into human |1 gGl expression vector. The variable light chain fragnents were

cl oned 4. pt o - a (ex Y vector. Antibodi es expressed by
Co-trans Eé%’f i%{r%?{)bfo g’? E‘gfp n%’al\]}%/'?%@git ago}viaﬁaga%eha?”ﬁg ?ﬂtﬂj@%&%\é’)ﬁé&(ﬁr%&y[ 0319] Mor e
parti c MaandlyColfl SprianHadbodyabpraady Eics 9 ol Speiag Hartak, N.Vo(1908); afd Cdligamretr i ne and

humani z varj abl e .gene .P roducts in hunan | | obul i n expression
vect or §‘F\%§§rt LIJJ ﬁ‘ﬁ%ﬁ%{a %ﬁo.te’ﬂglﬁe’gqﬁi’ %]te%’s]ﬁ’%ré‘%%oﬁs’l Y- éj@ﬁg)u sr%ggf‘?tfccre’fsé%s "c| uded
restri gbiifpsatisn fe€ltiqudgerle pafiekméatcok@fig logihnuMoRiteraBgkcPlcadidnk, &@bmh@Kly Whi ch

al lowed direct cloning into expression vectors containing the_ human |1gQd,
and | GRCBRLTEAD ﬁ?‘é@‘i’t Bhes deﬁfé@ﬁ@hffrwe ITye nqmRenglafusg usepEReqapesan tathy gyl ghe

purifi %owdrﬁﬁ@.c@ﬁkﬁs%}id B@Rﬁ?ﬂég bf, agayicanchintsut Qyaaei orFﬂﬁe dhefr@lulyoyd by

di gestion with Agel and Xhol (IgH), Xmal and Dralll (I'gK), respectively.

Di gest 8§diR Wd’g@@taée%&ﬂéhﬁuﬂrr fesarifsdihgiein e fhogtatelbknovitand expmeslsi on

vect or §gedlih gRGEON reactions were performed in a total volume of 10 "IL with
200U T4- DNA Ligase (New England Biolabs), 7.5 tL of digested and purified
gene- spEERK i ¢ AbaRepmersfe doawgnBalirglosdds grt¢d wighip gt ecibigtion @enpébant E. col |
DH10B - ' ' ' - e, Lran ' - t 42C
w th 3 Teg Pebpbafed HERN OGRS PR R SUBR, Hh e IR IRE

fi g/ mLhereihee fageicazaiRhal fprepgss wnlyoind afegiotd beegnsomedvasliniiagthensigedted i nt o

t he saglgttéslj')gte ?ib%{ﬁ PEE6. 4Hul gGL (Lonza AG) expression vector while the

synt hetic mal ~Dral 11 VK insert was cloned into the Xmal-Dralll sites of
-the respective pEEl2. 4Hu- Kappa expression vector. [0320] Cells producing
humani zed anti bodi es were gener at eg bl%/I transfection of HEK 293 cells with

t he appropriate plasm ds using 293 8PS 1 this respect plasm d DNA was
puri f |( fobesy t hTRE ﬁxﬁﬁ@pin@@iti@nﬁimjgm&a(l@]ﬁgﬁiﬁ)i abdigahl &rdmiyx@ﬂab@m(biedle@my( HEK)
293T (AT No - 68) ce re cultured in 150 .ates (Fal con,

Bect onﬁﬁ%g?{f”?‘fg(%%ﬁe %ﬁé&ﬂ@%ﬁ&%ﬁ%@% Plioéﬂﬁg(gi)%wﬂu?fgg&‘gu@l VG i%d Eagl e' s
Medi umingdat&Mbo be Uipplienarikeidstvctineatd. Meatexdmaed dry adteslefdedio PR@scht thaf ik
streptomycin, 100 Unl penicillin G (all _fromLife Technol ogies). [0321] For
t r ansi EHEIPERR 8¢l arelor e Iy GRepdEmERtHRforgeB 0dples Mdicisdapher wise Rpta#e unt s
of 1 gHpARGyGRNFHR SRACGR Yel B his GRAND a W@t HoldMar (vl ' gt or DNA)
was acl_ilged_ tyo 1%5 m. Opti I\/Ifﬁ/l mg{%zgd Wi 1?%%56) jiL H%%hgghﬁ?rrag%%f%gﬁ%ggﬁgr eagent
i n 1. 5Cattiggei APRSSUTHE ahPinepiadmpipbebat ed for 30 min at room tenperature
and distributed evenly to the culture plate. Supernatants were harvested
three days after transfection, repkEragspleny 20 nL of fresh DVEM suppl ement ed
with 10% FBS and harvested again at day 6 after transfection. Culture
supernat ants were cl eBndchrhersnl Tuho? CdiBAfid@OdBPailaini12/ 025726

[0264] To characterize the cellular heterogeneity of solid tumors as they exist in cancer
patients, elucidate the identity of tumor perpetuating cells (TPC; i.e. cancer stem cells: CSC) using
particular phenotypic markers and identify clinically relevant therapeutic targets, a large non-
traditional xenograft (NTX) tumor bank was developed and maintained using art recognized
techniques. The NTX tumor bank, comprising a large number of discrete tumor cell lines, was
prépagated in immunocompromised mice through multiple passages of heterogeneous tumor cells
originally obtained from numerous cancer patients afflicted by a variety of solid tumor
malignancies. The continued availability of a large number of discrete early passage NTX tumor
cell lines having well defined lineages greatly facilitate the identification and isolation of TPC as
they allow for the reproducible and repeated characterization of cells purified from the cell lines.

More particularly, isolated or purified TPC are most accurately defined retrospectively according to



108 cell debris by centrifugation at 800xg for 10 mn and stored at 4C
Reconbi nant chineric and hunmani zed anti bodies were purified with Protein G
beads (GBvbealzttiewse). Exanple 9 Characteristics of PTKPChhm$adianes7ge 9( a)
General Modul ator Characteristics [0322]Various nethods were used to

anal yze the i mmunochem cal characterigtics of selected PTK7 nodul ators
(both murine and humani zed) generated as set forth above. Specifi cally, a

nb i i char a terl etics,
o1 i g AR ARLE BRI oA BENSLEAR heBioskreBL L ittinist B homot oge
(e.g., ldn:yplﬁdrmt @Bipafjent Tiver Bz&ﬂﬂé frointwhidf th bedls m'lgluhtadi OTlsus\as alsiligao neasiaried by
West bl t us educed sa es to provi .sone
i ngl ggtg | %LH 28° o 1! %tgfﬁeglts% %ﬁnfr&[?go Iy teeroﬁ“ﬁ%ua?rtnrg‘?rs Hb‘ﬂmellsrftrﬁaalyt”idb%“f%‘)ft he
mur i net}&rfdctlﬂlmmlmmtdcg@,ns bindisagPdatiasugRvofloht bsel of nfthially PussdR8 WbScaf t he
ant i bo?}{?char act erJ zation for. selected nurine nmpdul ators are set forth in

t abul afmeseAtly finpliEes HigvoExpgimsptatiqn aad gKidssreqeiiggeriizeble repylis s Marever. es £ or

sel ect gghypikiaBENTXuRBRBNL 7&F0d Wk Rl G Weh€ sWPRaS Hf&?&c%g egcmﬁosaﬁv er
interferonetry analysis on a ForteBio RED (ForteBio, Inc.) with a standard

ant i gethishmewides stinieplygeleyansinsights dsaandsrlying neckisestdedingsedndrarors, exhi bit ed
rel ati yglgnbd @nggﬁtlt&g#oeg%[ﬂ Rnﬁop?ec gg{gg{)l ar range. [0323]In accordance with

the instant invention at or |n|ty was neasured in three ways to
ensur e [@é&Lir ady theFANFX tymdyicaldiings mrgmbllwsl treassiiteit fupror gelf pbee«:typmount of

anti bo%reparngl ?eQL 1%91%'1“1% §O%et1’?7|to ell d‘?snxs teor];lar%erg h% h b eE l‘oc aracterize,
y ( dat 6&L ftﬁé

det erm ne re?an ve enodul’at or
af fi ni tsoke, pody ki ﬂetch(tumco)rnmtlamtgs:ells(dmcm!d sk}@frzfte mfan’alyee §B(l: and "Eﬂogf:eflect ors

wer e sure er. | rfero tr ana sis on a ForteBio
ReD (o Piagrar PR TR i P RS Pl SRR ol P p o BB e i 1y,
t he af f)latfb{fny(lefP}ﬁ:ﬁbkﬁiﬁ’eGkrfi?ﬂﬂhht@ir@sﬁ&edvﬂaﬁthm&w}ﬁﬁcﬂ@ﬁzzﬁféﬁ bB&gls Bha8 RN
resonance (Biacore System GE Healthcare). Based on a standard antigen

concenPiOfT piPressipn aud the Ef”lﬁ%‘i“ﬁ@"t éfieﬁl“flcaﬂa%@frﬁﬂtqm‘blﬂbh‘éfie% matgest Thehe Kd of the
ant i bogyendpfsli AtehytiOa pid h&@t@ pﬂﬂébrﬁ@%lakfbﬁ@&drﬁprﬁﬁ@%h%&@s dFQiscRRGD Mﬂg wer e

determ ned (e.g., see FIGS' 7C and 7E) using techniques common I1n the art.
Gener afMojFctiie mogy eeipied Bpnsempiersial wprseaserrayed indé woll Hiieraiczanicack el lbi t ed

relati M@Hté{nﬂl ﬂﬁm@{ tiBbdy if $he ﬂﬂ?fé&?ytmpﬁ){lmés@ént cﬁa‘t?)g@l r?élg ﬂuﬁtﬂﬁeécﬁlﬁloﬁal' n FIG 7B

a superscrip desi gnat es affinity measurene lacore while
super séfrtlbpﬂleﬁndbfﬁrgm be@cmagmam@t@vmd@ellmqros@meBrceo ThisO3R4}p Rirehd mi nar y

wor k er%&a%ompg@%ggn fegelésmg 8 WPSLNST aafab}%hfag&r %Ef{sgfégtg@ L&&d by the

PTK7 effector conprises contiguous "am no acl d< °or _
noncontqlkgtﬂuulghamldmcatswd@f felevasipeBed eﬂxymsmomnﬂrwnyrelgt«mcetllsrv@mjn t he anti gen.

|28 15?3?%5%%% fﬁ%glg; gféx %g%’h‘c"r@oﬁ’%n rr}ayu\rx]/as used Xl\lgombmatlon with tissue
dissociation, transplantation and stem cell techniques well known in the art (Al-Hajj et al., 2004,
Dalerba et al., 2007 and Dylla et al., 2008, all supra, each of which is incorporated herein by
reference in its entirety), it was possible to effectively identify relevant markers and subsequently
isolate and transplant specific human tumor cell subpopulations with great efficiency.
[0266] Accordingly, upon establishing various NTX tumor cell lines as is commonly done for
human tumors in severely immune compromised mice, the tumors were resected from mice upon
reaching 800 - 2,000 mm® and the cells were dissociated into single cell suspensions using art-
recognized enzymatic digestion techniques (See for example U.S.P.N. 2007/0292414 which is
incorporated herein). Data obtained from these suspensions using the PhenoPrint Array provided
both absolute (per cell) and relative (vs. other cells in the population) surface protein expression on
a cell-by-cell basis, leading to more complex characterization and stratification of cell populations.
More specifically, use of the PhenoPrint Array allowed for the rapid identification of proteins or

markers that prospectively distinguished TIC or TPC from NTG bulk tumor cells and tumor stroma



109 reducing (e.g., using 0.5M DTT) and non-reducing conditions. Mre
specifically, using standard el ectrophoresis techniques well known in the
art, PTKAvenigeaes43n both states was run on gels and bl ecras2defoeses
exposure to the selected nodulators. As set forth in FIG 7B two PTK7

nodul ators were tested that apparentlgireacted only wth anti gen where

di sul phi de bonds were intact (NR). The remai ni ng PTK7 nodul ators were not
tested [ to,antihbo ing, a
ForteBﬁ%ﬂo&lgﬁfs Bﬁ{egglglm%T ;é@/r"% els gé%ﬁl&lf ngl e)rg\g\tévey%%lg Cg%r?cqer td?%g? urer's
i nst r uttmarsll subgoaatant expeseigy dlikdn§kmdmﬁ:dpecnﬁ¢ toidsuffArgiryttine.aln @itealem stry

386: 172- 0 to identify anti b und to.the .sane or

di ffer m%el Sl"&fé‘ AR eélf{esa%of‘ aﬁr(%syg‘f m%rv%%(’pé@ﬂ%%@dv @ﬁgﬁ ‘%’?P“&HPPQ nouse
capt ur eramlplaptabef ofrcestacmlgimgmynp@merdammﬂc@f subgupiafichst@pRMindxadyr iagh 15ug/ nl
(100nM agﬁ u %@f | ock the chlap and establish a baseline. Mononeric

r econbiNait’ ‘i alﬂla’glct‘lla’é%rfjﬁi“rﬁré’} riggL inp HWHWWOWﬁedE?ﬁﬁﬁP%e@ (at 500nM)
was t henilgapk deadsdiymdnber $Raig: TP vand ebREy i0ARé aub@aﬂn&m ot hipygs di pped
into a well with either the same antibody (Abl) as control or into a well

with al@ofk er SRt eEREMBIMRE 1t Aﬁé)sywslém@u%wh aﬁﬁtap%%ﬁﬂé§n<hm@armthaauvg/md (25nM) .
| f addifdcasdlor bR Bee Wls%&EéMeWhE ﬁaéldﬁ%\ﬁ’oﬁﬁ&t t'ypé%cl)\f cellsP€ 0o ARA AD2

were determned to be in a different bin. farther binding occurred,
si mi | athesertinger gvtial cell pomylation.hBasfergyly., W@z‘schd@treﬁemtﬂwre@@ng)@elpnrccmgeévarre bi n.

Thi s PLOGE$E% GAMLBG R4pa) deche é@%ﬁ%{a%s& 409, 96 abduP56Y ! of re@iEr R 0 08 0P ol bodi es

using a full row of anti od| es representi ng uni que bifs I n pl at e.
Exenpl &irg obtieedlan f oppuldticaef edlsrae sempantd tv@erﬁmiun%nocpnbtwrsofshbmm in FIG 7A for

e S

SC6. 25tht fyouefd chemivalus didPTG Bitgy tiat i 1dedehzthl3calsocaeftéd With, yr §proifiesl ytihend
H10. 2 rther

ant i bodj not an
det er mglnogﬁnafl a’im each o?el_ftﬂ?gaau s 4 em I%’Bg(f%%sf I?ieé‘ﬁa%de@o%ﬂ“ 3thfﬁu? PEY%ENnt  bi n.
I n a spoypulaion aﬁasumlrbyb: mmmg)ralmaidysuss masfeetemdmk@dmﬁpbe mbipeolagidilt i onal PTK7
nodul a ors V\%?qj H sutss d g 'Ig;?ese dat a detlfled at
| east SEVEH TSI %’f”cﬁllﬂgat?“@c ’bﬂ’iegﬁérﬁ 5 ‘Pdd@e?té YRS G Setl sPdace RiSigeR ¢ he
t abl esthand Hﬁ&t@ﬁam}hﬁtpréf&emﬁtm@/axwa&edlw spéeﬂﬁe cén 1§86k (e 50326) bii tyadellyunder

nd nmurine. PTK7 honpl ogs were

cross-reactivit. th re

eval uat@@ anlngylﬁglif}?‘i‘ pSC’é“sP(H s QF‘?‘B%@E"I@F&‘EI? ghcedle i RariAs MickEng

r ecombprRasitly, s@hRh 8E&S e pRAIIRIRAA SR fGably, &%sésm{e% Pbl' dYoFhifabodiBs, @ nunber
of the exenpl arge nodul at ors were reactive wth nouse K7, while all

ant i bofREery pioker bawlinsdpplggules ap ko v igsreyars i Haveaer, wﬁsﬁ%mgugowkcrf ang( )
Humani zeclb ditha bR the CHAARAGH %}‘ithﬁlta' &8 ind L%?ghi;&é%m%a&ﬁ Cgir&e% ﬁp%&defsgﬁ& h above

in this Exanple the humani zed constructs hSC6. 23 41 and
hSCB. SBOlyRepBdash Aipiis.celysechutdss. mupleicapids andsitareiin gExenaica of moiphblogisal

Addi ti d with the
par ent Q%H %}grag%{{?&ggggm%%‘g%g%lt ?fe&%%%?%éﬁxﬁe}%%}?%f?ﬁ%? or both

ant i boehitepdasimic iadlenExdmyplesrmy fgwbenat motkendesiclensticavetrgorisdladet buthreowght  about
by 1 hemﬁH&%! &\@'5619@ B hARRSI ‘particular substrates, ability to incorporate or exclude particular

dyes, for example but not limited to exclusions of lipophilic dyes, ability to migrate under particular
conditions and the ability to differentiate along particular lineages. Markers can also be a protein
expressed from a reporter gene, for example a reporter gene expressed by the cell as a result of
introduction of the nucleic acid sequence encoding the reporter gene into the cell and its
transcription resulting in the production of the reporter protein that can be used as a marker. Such
reporter genes that can be used as markers are, for example but not limited to fluorescent proteins
enzymes, chromomeric proteins, resistance genes and the like.

[0269] In a related sense the term marker phenotype in the context of a tissue, cell or cell

population (e.g., a stable TPC phenotype) means any marker or combination of markers that may



[ 0328] More specifically, the affinity of murine SC6.23 was neasured by a
Bi acore using surface plasnon resonance (SPR) to provide the results set
forth i n WD@12M@294Based on a concentration series of 25pCIais3(12apsf26. 25 nM
(generating the curves fromtop to bottomin the FIGS. 7C and 7D) and usi ng
a 1:1 Langnuir binding nodel, the Kd @f the antibody binding to antigen was
estimated to be 2.3 nM Simlar experinents then run with the humani zed

SC6. 23 OWE uivalent results. (Fl 7D) i ndicating that the
numant SoEr o S ROR Rttt R b oY il e ep AR PR B R
r egar d by RACSE asuspenifizndnsbadimolintsa the dna tea phdnb ey ph ismaaeil 2 @xtiace @haiotyype thahmdy Ba

affinity of. 3.9 which is.well within the acceptable limts for
therapé%t? N Cglgélﬁf“é‘%?r l‘ginﬁf}‘i”égrtlhﬁ%’é{)ﬁfrs@ﬁﬁ ¢ Sopypatgy @ Ceé)lfsu{Pf‘n‘? Mg zed
const r (@78] deJaodeleilled m thx anplilereBoguizR tie huh@bbdmime (&a.thelEabsdide) AVONG Wi t h
the other techniques set out in this Exgegf)l ? show t hat the disclosed
humani 2&8¢ PR |ABSPOpYads OF erucsrsign) eelly aad wsed EsselyF of HFslEE i ¢

ant i bodin@s celFxappigatibls. BRIthiO REpdIEE RMiFlanAddnbdt sRfn RAlneeked: ATl Medul at or s
[0329] I n order to further refine bi nnlgg data and deternm ne the epltope

r egi onSaas PhAES P EYleCcPét (BRyNBSH ikt drR2.ddWer et B0 4P e DES R M 3above,
sever acpdif d#E@Rn rg@re%oﬁg%?mfcaﬁbﬁypé’&lﬁzseﬁ@PAm, Rz LIN &4, Qgrfﬂ ceXpressed.

More specifically el etion nutants were designed using prinmers which

anpl i f FEH2%4RBasnestik Aok b Beintarefs casidll, pasybd miRewd, sonredb sBgickASrestriction
site upsttBangRfctiNanBUPRD oEs. EﬁD@',CﬁhE@jzf,‘FF%ngriﬁﬁ F2bg aFﬁj@éE%gﬁ he gene ('DNA

2.0). These Fc fusion proteins were then c into the p expr essi on
vect or W Bh YaNAL, WNTAGVNTAGI MNTIRE, WOIR6, ABEY I, BEIL%M YT, ( ECSF4) I3 6l7a8ed

oo o R 98y 8IS YR R R MBI RS ek BISEAD O
293 tr .HlﬁEIﬂédiPéﬁk I EPHQZ@@I%W@QI&MDQRMW MAZDS | FILIN 60t éGI4iL\QEDG3,.
Spoct RN gpbL LB PARRLRE AR SARSUT I LRG0 MU0l 0, 0
| g don®iUrs], 340P, CREQNMA MIDANID) GJA1, SLC19A2, ABCA1, PCDH7, ADCY9, SLC39A1,
NPCI, ENPP1, N33, GPNMB, LY6E, CELSR1, LRP3, C200rf52, TMEPAI, FLVCR, PCDHA 10,
GPR54, TGFBR3, SEMA4B, PCDHB2, ABCG2, CD166, AFP, BMP-4, B-catenin, CD2, CD3,
CD9, CD14, CD31, CD38, CD44, CD45, CD74, CD90, CXCR4, decorin, EGFR, CD105, CD64,
CD16, CD16a, CD16b, GLI1, GLI2, CD49b, and CD49f. See, for example, Schulenburg et al.,
2010, PMID: 20185329, U.S.P.N. 7,632,678 and U.S.P.Ns. 2007/02924 14, 2008/0175870,
2010/0275280, 2010/0162416 and 2011/0020221 each of which is incorporated herein by
reference. It will be appreciated that a number of these markers were included in the PhenoPrint
Array described above.
[0271] Similarly, non-limiting examples of cell surface phenotypes associated with cancer stem
cells of certain tumor types include CD44"CD24"°", ALDH", CD133*, CD123*, CD34*CD38",
CD44*CD247, CD46"CD324*CD66c™, CD133*CD34*CD10"CD197, CD138"CD34 CD19",
CDI133*RC2*, CD44%0,p,"CD133*, CD44*CD24 ESA*, CD271*, ABCB5* as well as other cancer
stem cell surface phenotypes that are known in the art. See, for example, Schulenburg et al., 2010,
supra, Visvader et al., 2008, PMID: 18784658 and U.S.P.N. 2008/0138313, each of which is
incorporated herein in its entirety by reference. Those skilled in the art will appreciate that marker
phenotypes such as those exemplified immediately above may be used in conjunction with standard
flow cytometric analysis and cell sorting techniques to characterize, isolate, purify or enrich TIC
and/or TPC cells or cell populations for further analysis. Of interest with regard to the instant

invention CD46, CD324 and, optionally, CD66c are either highly or heterogeneously expressed on
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the surface of many human colorectal (“CR”), breast (“BR”), non-small cell lung (NSCLC), small
cell lung (SCLC), pancreatic (“PA”), prostate (“PR”), kidney (“KDY”"), melanoma (“Mel”),
ovarian (“OV”), and head and neck cancer (“HN”) tumor cells, regardless of whether the tumor
specimens being analyzed were primary patient tumor specimens or patient-derived NTX tumors.

LR N

[0272] Cells with negative expression (i.e.”-*) are herein defined as those cells expressing less
than, or equal to, the 95 percentile of expression observed with an isotype control antibody in the
channel of fluorescence in the presence of the complete antibody staining cocktail labeling for other
proteins of interest in additional channels of fluorescence emission. Those skilled in the art will
appreciate that this procedure for defining negative events is referred to as “fluorescence minus
one”, or “FMO?”, staining. Cells with expression greater than the 95™ percentile of expression
observed with an isotype control antibody using the FMO staining procedure described above are
herein defined as “positive” (i.e.”+”). As defined herein there are various populations of cells
broadly defined as “positive.” First, cells with low expression (i.e. “lo”) are generally defined as
those cells with observed expression above the 95" percentile determined using FMO staining with
an isotype control antibody and within one standard deviation of the 95" percentile of expression
observed with an isotype control antibody using the FMO staining procedure described above.
Cells with “high” expression (i.e. “hi”) may be defined as those cells with observed expression
above the 95" percentile determined using FMO staining with an isotype control antibody and
greater than one standard deviation above the 95" percentile of expression observed with an isotype
control antibody using the FMO staining procedure described above. In other embodiments the
99t percentile may preferably be used as a demarcation point between negative and positive FMO
staining and in particularly preferred embodiments the percentile may be greater than 99%.

[0273] Using techniques such as those described above to quickly identify and rank colorectal
tumor antigens based on expression intensity and heterogeneity across several NTX tumors from
colorectal cancer patients, candidate TPC antigens were further assessed by comparison of tumor
versus normal adjacent tissue and then selected based, at least in part, on the up- or down-
regulation of the particular antigen in malignant cells. Moreover, systematic analysis of a variety of
cell surface markers for their ability to enrich for the ability to transplant fully heterogeneous
tumors into mice (i.e. tumorigenic ability), and subsequent combination of these markers
substantially improved the resolution of the method and improved the ability to tailor fluorescence
activated cell sorting (FACS) techniques to identify and characterize distinct, highly enriched tumor
cell subpopulations that exclusively contained all tumor generating ability upon transplantation (i.e.

tumor initiating cells).
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both Tumor Perpetuating Cells (TPC; i.e. cancer stem cells) and highly proliferative Tumor
Progenitor cells (TProg), which together generally comprise a unique subpopulation (i.e. 0.1-25%)
of a bulk tumor or mass; the characteristics of which are defined above. The majority of tumor
cells characterized in this fashion are devoid of this tumor forming ability, and can thus be
characterized as non-tumorigenic (NTG). Surprisingly, it was observed that most distinct markers
identified using the proprietary PhenoPrint Array did not demonstrate an ability to enrich tumor
initiating cell populations in colorectal tumors using standard FACS protocols, but that distinct
marker combinations could be used to identify two subpopulations of tumor initiating cells: TPC
and TProg. Those skilled in the art will recognize that the defining difference between TPC and
TProg, though both are tumor initiating in primary transplants, is the ability of TPC to perpetually
fuel tumor growth upon serial transplantation at low cell numbers. Furthermore, the
marker/proteins used in combination to enrich for both TPC and TProg were unknown to be
associated with cells containing such activity in any tissue or neoplasm prior to discovery by
current inventors though others have defined cell surface markers or enzymatic activity that can
similarly be used to enrich for tumorigenic cells (Dylla et al 2008, supra). As set forth below,
specific tumor cell subpopulations isolated using cell surface marker combinations alluded to above
were then analyzed using whole transcriptome next generation sequencing to identify and

characterize differentially expressed genes.

Example 2

Isolation and Analysis of RNA Samples From Enriched Tumor Initiating Cell Populations

[0275] The established colorectal NTX tumor line SCRX-CR4 was passaged as described in
Example 1 and used to initiate tumors in immune compromised mice. Once the mean tumor burden
reached ~ 300 mm® the mice were randomized and treated with 15 mg/kg irinotecan, 25 mg/kg
gemcitabine, or vehicle control (PBS) twice weekly for a period of at least twenty days prior to
euthanization. Tumors were then removed and TPC, TProg and NTG cells, respectively, were
isolated from freshly resected colorectal NTX tumors and, similarly, TG and NTG cells were
isolated from pancreatic NTX tumors, generally using the technique set out in Example 1. More
particularly, cell populations were isolated by FACS and immediately pelleted and lysed in Qiagen
RLTplus RNA lysis buffer (Qiagen, Inc.). The lysates were then stored at -80°C until used. Upon
thawing, total RNA was extracted using the Qiagen RNeasy isolation kit (Qiagen, Inc.) following

vendor’s instructions and quantified on the Nanodrop (Thermo Scientific) and a Bioanalyzer 2100
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above from vehicle or chemotherapeutic agent-treated mice were prepared for whole transcriptome
sequencing using an Applied Biosystems SOLiD 3.0 (Sequencing by Oligo Ligation/Detection)
next generation sequencing platform (Life Technologies), starting with 5 ng of total RNA per
sample. The data generated by the SOLID platform mapped to 34,609 genes from the human
genome and was able to detect PTK7, in several samples.

[0277] Generally the SOLiD3 next generation sequencing platform enables parallel sequencing
of clonally-amplified RNA/DNA fragments linked to beads. Sequencing by ligation with dye-
labeled oligonucleotides is then used to generate 50 base reads of each fragment that exists in the
sample with a total of greater than 50 million reads generating a much more accurate representation
of the mRNA transcript level expression of proteins in the genome. The SOLiID3 platform is able
to capture not only expression, but SNPs, known and unknown alternative splicing events, and
potentially new exon discoveries based solely on the read coverage (reads mapped uniquely to
genomic locations). Thus, use of this next generation platform allowed the determination of
differences in transcript level expression as well as differences or preferences for specific splice
variants of those expressed mRNA transcripts. Moreover, analysis with the SOLiD3 platform using
a modified whole transcriptome protocol from Applied Biosystems only required approximately 5
ng of starting material pre-amplification. This is significant as extraction of total RNA from sorted
cell populations where the TPC subset of cells is, for example, vastly smaller in number than the
NTG or bulk tumors and thus results in very small quantities of usable starting material.

[0278] Duplicate runs of sequencing data from the SOLiD3 platform were normalized and
transformed and fold ratios calculated as is standard industry practice. As seen in FIG. 2, PTK7
gene expression levels (expressed as reads per million mapped to exons; RPM_exon) were
measured in respective SCRx-CR4 tumor cell subpopulations. An analysis of the data showed that
PTK7 was up-regulated at the transcript level between 2 - 4 fold over the NTG population, and 50 —
200% over the TProg population, in vehicle or irinotecan treated mice, respectively.

[0279] The observations detailed above show that PTK7 expression is generally elevated in
TPC populations and suggests that PTK7 may play an important role in tumorigenesis and tumor

maintenance, thus constituting an interesting target for immunotherapeutic approaches.



SC6. 2. 35 + + - 1g domains 1-2 5C6. 39 +

WO 2012/112943 PCT/US2012/025726

96

Example 3

Real-Time PCR Analysis of PTK7 in Enriched Tumor Initiating Cell Populations

[0280] To validate the differential PTK7 expression observed by whole transcriptome
sequencing in TPC populations versus TProg and NTG cells in colorectal cancer, and TG versus
NTG cells in pancreatic cancer, TagMan® quantitative real-time PCR was used to measure gene
expression levels in respective cell populations isolated from various NTX lines as set forth above.
It will be appreciated that such real-time PCR analysis allows for a more direct and rapid
measurement of gene expression levels for discrete targets using primers and probe sets specific to
a particular gene of interest. TaqMan® real-time quantitative PCR was performed on an Applied
Biosystems 7900HT Machine (Life Technologies), which was used to measure PTK7 and PTK?7
gene expression in multiple patient-derived NTX line cell populations and corresponding controls.
Moreover, the analysis was conducted as specified in the instructions supplied with the TagMan
System and using commercially available PTK7 and PTK?7 primer/probe sets (Life Technologies).
[0281] As seen in FIG. 3, quantitative real-time PCR interrogation of gene expression was
conducted using NTG and TPC populations isolated from 2 distinct colorectal NTX tumor lines
(SCRX-CR4 & CR5) and a pancreatic tumor line (SCRX-PA3). TProg cell populations were also
separated and analyzed for SCRx-CR4. The data set forth in FIG. 3 shows that PTK7 gene
expression is elevated more than 2-fold in colorectal TPC, when compared versus NTG cells from
the same tumors. PTK7 was also elevated more than 2-fold in TPC in mice undergoing treatment
with irinotecan, and in the TIC cell population of pancreatic tumors (e.g. SCRx-PA3). The
observation of elevated PTK7 expression in NTX TPC preparations as compared with NTG cell
controls from both colorectal and pancreatic patient-derived NTX tumors using the widely accepted
methodology of real-time quantitative PCR confirms the more sensitive SOLiD3 whole
transcriptome sequencing data of the previous Example. Such findings further support the
observed association between PTK7 expression levels and cells underlying tumorigenesis,

resistance to therapy and recurrence.

Example 4

Expression of PTK7s in Unfractionated Colorectal Tumor Specimens

[0282] In light of the fact that PTK7 gene expression was found to be elevated in TPC
populations from colorectal tumors when compared with TProg and NTG cells from the same
tumors, experiments were conducted to determine whether elevated PTK7 expression was also

detectable in unfractionated colorectal tumor samples versus normal adjacent tissue (NAT).
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Measurements were also made to determine how the expression of PTK7 in tumors compares with
levels in normal tissue specimens (NL).

[0283] More specifically custom TumorScan gPCR (Origene Technologies) 384-well arrays
containing 110 colorectal patient tumor specimens at different stages, normal adjacent tissue, and
48 normal tissues were designed and fabricated using art known techniques. Using the procedures
detailed in Example 3 and the same PTK7 specific primer/probe sets, TaqMan® real-time
quantitative PCR was performed in the wells of the custom plates.

[0284] FIGS. 4A and 4B show the results of the expression data in a graphical format
normalized against the mean expression in normal colon and rectum tissue. More particularly, FIG.
4A summarizes data generated using 168 tissue specimens, obtained from 110 colorectal cancer
patients at various stages of the disease (I-IV), (35 tissue specimens of which are normal adjacent
(NAT) tissue from colorectal cancer patients) and 48 normal tissues from other locations (NL
Tissue). In the plot, data from each tissue specimen/patient is represented by a dot, with the
geometric mean value of each population demarcated on the X-axis represented as a line.
Similarly, FIG. 4B contains data from 24 matched colorectal patient specimens obtained from
tumor (T) or normal adjacent tissue (N) at various stages of the disease (I-IV). Here the plotted
data is presented on a sample by sample basis with linkage between the respective tumor and
normal adjacent tissue from individual patients. Expression of PTK7 is clearly higher in the
majority of matched tumor versus normal adjacent tissue, with the differential expression in Stages
3 and 4 reaching statistical significance (n > 4, P <0.037).

[0285] Both FIGS. 4A and 4B indicate that, in all four stages presented, the expressed level of
the PTK7 gene is elevated in a majority of colorectal tumors and in matched tumor specimens
versus normal adjacent tissue. Moreover, the mean PTK7 gene expression in any Stage of
colorectal cancer appears elevated versus most normal tissues that were evaluated (FIG. 4A).
These results demonstrate that PTK7 expression is increased in colorectal cancer and, when
coupled with the above observations that PTK7 expression is greatest in colorectal TPC and
pancreatic TIC, suggests that therapeutic targeting of cancer stem cells expressing PTK7 may

provide a therapeutic benefit to cancer patients.

Example 5
Differential Expression of PTK7 in Exemplary Tumor Samples
[0286] To further assess PTK7 gene expression in additional colorectal cancer patient tumor

samples and tumor specimens from patients diagnosed with 1 of 18 different solid tumor types,

Tagman® qRT-PCR was performed using TissueScan gPCR (Origene Technologies) 384-well
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arrays, which were custom fabricated as described in Example 4 but including solid tumor samples
from eighteen different tumor types rather than just colorectal samples. The results of the
measurements are presented in FIGS. 5A and 5B and show that gene expression of PTK7 is
significantly elevated in a number of solid tumor types.

[0287] In this regard, FIGS. 5A and 5B show the relative and absolute gene expression levels,
respectively, of human PTK7 in whole tumor specimens (grey dots) or matched normal adjacent
tissue (NAT; white dots) from patients with one of eighteen different solid tumor types. In FIG.
5A, data is normalized against mean gene expression in NAT for each tumor type analyzed. In
FIG. 5B, the absolute expression of PTK7 was assessed in various tissues/tumors, with the data
being plotted as the number of cycles (Ct) needed to reach exponential amplification by
quantitative real-time PCR. Specimens not amplified were assigned a Ct value of 45, which
represents the last cycle of amplification in the experimental protocol. Each dot represents an
individual tissue specimen, with the mean value represented as a black line.

[0288] Using the custom assembled OriGene TissueScan Array, it was observed that the
majority of patients diagnosed with colorectal cancer and most patients diagnosed with adrenal,
endometrial, esophageal, liver, thyroid and bladder cancer had significantly more PTK7 gene
expression in their tumors versus NAT, suggesting that PTK7 might play a role in tumorigenesis
and/or tumor progression in these tumors. There were also subsets of lung and prostate cancer
patients with elevated PTK7 expression versus NAT. What was also clear from these studies is that
PTK7 gene expression was generally moderate in most NAT samples; with the highest expression
being observed in the breast, cervix, ovary, pancreas, testis and bladder. Again, these data suggest
that elevated PTK7 expression is indicative, and potentially dispositive, as to tumorigenesis or

tumor perpetuation in patients presenting with selected hyperproliferative disorders.

Example 6

Construction and Expression of PTK7 Immunogens

[0289] In order to generate and characterize certain PTK7 modulators in accordance with the
instant invention two forms of PTK7 immunogen were constructed and expressed. Initially a
commercial expression vector, pPCMV6-XL4-PTK?7, was purchased from Origene, Inc. The
sequence of the full length ORF (underlined portion of FIG. 1A) was confirmed, then subcloned by
PCR into the EcoRI and Notl sites of the pCDH-EF1-MCS-T2A-GFP lentiviral vector (System
Biosciences). This lentiviral vector expresses the full length PTK7 protein fused to a T2A
ribosomal skip peptide and a GFP selectable marker, enabling multicistronic expression in

transduced cells. This lentiviral vector was used to transduce 293T cells or BALB/c 3T3 cells
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according to standard protocols. In addition, pPCMV6-X1L4-PTK7 was used to transiently express
PTKT7 protein on the surface of 293T cells 48-hours after transfection of the cells using
polyethenimine. Plasma membrane preparations were obtained from PTK7 over-expressing cells
using differential centrifugation.

[0290] In other instances, soluble PTK7 immunogens were prepared and expressed using the
pEE12.4 expression vector (Lonza AG) into which the portion of the PTK7 cDNA encoding the
extracellular domain (ECD) of the protein, encoded by the sequence denoted by the underlined
amino acids in FIG. 1B). In a first instance the ECD fragment was subcloned in-frame downstream
of an IgK leader sequence and upstream of an 8xHis epitope tag (SEQ ID NO: 8). Soluble His-
tagged PTK7 ECD immunogen was produced by transient transfection of CHO-KSV cells, and the
secreted protein purified from the cell supernatant using Ni-NTA resins and standard methods
(Qiagen Inc.). In addition to the aforementioned PTK7-ECD-His construct, plasma preps and
transfected cells described above, a Fc-PTK7-ECD construct was also generated and expressed.
This process was initiated by PCR amplification of the ECD fragment set forth in FIG. 1B using the
high fidelity KOD Hot Start DNA Polymerase (EMD Chemicals). The forward primer used in this
PCR reaction had PTK7 sequence: GCCATTGTCTTCATCAAGCAGCC (SEQ ID NO: 9) and
also included a 5* HindIII restriction site and murine IgG Kappa signal peptide / leader sequence
for secretion of the product into the culture supernatant. The reverse primer used to amplify these
constructs had PTK7 sequence: CTGGATCATCTTGTAGGGGGGAG (SEQ ID NO: 10) and
included a 5° Dralll and BglII restriction site allowing for cloning upstream of the human IgG2 Fc
protein which was ordered as a synthesized gene (DNA 2.0 Inc.).

[0291] Amplified or sub-cloned products were then moved into the final expression vector
pEE12.4 (Lonza AG) using HindIII and EcoRlI restriction sites, and fidelity was confirmed by DNA
sequencing. Plasmids were transiently transfected into either CHO-S or 293T suspension cells and
purified by either nickel affinity column for His-tagged protein or Protein A for the Fc fusion
product. The products were further purified by size exclusion chromatography using a
Superdex200 column (GE Healthcare) in phosphate buffered saline (PBS), pH 7.2 with the purified
fusion protein being quantified using the Bradford method (Bradford, 1976: PMID 942051).

Example 7
Generation of anti-PTK7 Antibodies Using hPTK7 Immunogens
[0292] PTK-7 modulators in the form of murine antibodies were produced in accordance with

the teachings herein through inoculation, respectively, with BALB/3T3 or HEK 293 cells over
expressing full length hPTK7, hPTK7-His or hPTK7-Fc fabricated as set forth in the previous
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added to stop substrate development and analyzed by spectrophotometer at OD 450.
[0294] As indicated murine sera were also tested for anti-PTK7 antibodies by FACS against
cells over expressing human PTK7 co-transduced with GFP. Briefly 1x10° BALB/3T3cells per
well were transduced with human PTK7 and GFP were incubated for 30 minutes with 100ul mouse
serum diluted 1:100 in PBS/2%FCS. Cells were washed PBS/2%FCS and then incubated with
50uL per sample DyeLight 649 labeled goat-anti-mouse IgG, Fc fragment specific secondary
diluted 1:200 in PBS/2%FCS. After a 15 minute incubation cells were washed 2 times with
PBS/2%FCS and re-suspended in PBS/2%FCS with DAPI and analyzed by FACS.
[0295] Sera positive immunized mice were sacrificed and draining lymph nodes (popliteal and
inguinal, if enlarged) were dissected out and used as a source for antibody producing cells. Single
cell suspension of B cells (375x10° cells) were fused with non-secreting P3x63Ag8.653 myeloma
cells (ATCC #CRL-1580) at a ratio of 1:1 by electrofusion. Cell electrofusion was performed
using the BTX Hybrimmune System or an ECM2001, (both BTX Harvard Apparatus) as per the
manufacturer’s instructions. Following electrofusion cells were resuspended in hybridoma
selection medium supplemented with Azaserine (Sigma #A9666) (DMEM (Cellgro cat#15-017-
CM) medium containing, 15% Fetal Clone I serum (Hyclone), 10% BM Condimed (Roche Applied
Sciences), 1 mM sodium pyruvate, 4 mM L-glutamine, 100 IU Penicillin-Streptomycin, 50 uM 2-
mercaptoethanol, and 100 pM hypoxanthine). In a first fusion cells were plated at 2X10%well in
flat bottom microtiter plates, followed by two weeks incubation in selective HAT medium (Sigma,

CRL P-7185). In a second fusion the cells were plated post fusion in four T225 flasks at 90 ml
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the solid line. It wll be appreciated that, whereas surface PTK7 staining
was relatively lowin the NTG popul ati ons of each of these tunors, surface
PTK7 staining was nmarkedly el evated in the CSC-enriched popul ati ons. These
results have since been confirnmed (data not shown) using a nunber of the

di scl osed nodul ators and is representative of nore than twenty five unique
NTX lines tested (conprising various solid tunors). [0339] The correl ated
expression pattern of PTK7 with other surface markers of TPC was



further delineated functionally in tunorigenicity studies in NSCLC and
ovarian cancer. PTK7- and PTK7+ tunor popul ations were isolated from
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SC6.23, SC6.24, SC6.26, SC6.29, SC6.41, SC6.58 and SC6.59) and four humanized antibodies

(termed hSC6.23, hSC6.24, hSC6.41 and hSC6.58). Note that the designations SC6.4.1 and SC6.4
merely reflect a naming anomaly and that the modulators actually comprise two discrete antibodies
with novel heavy and light chain variable region sequences.

[0304] For the purposes of the instant application the SEQ ID NOS of each particular antibody
are sequential. Thus mAb SC6.2.35 comprises SEQ ID NOS: 20 and 21 for the light and heavy
chain variable regions respectively. In this regard SC6.10.2 comprises SEQ ID NOS: 22 and 23,
SC6.4.1 comprises SEQ ID NOS: 24 and 25, and so on. Moreover, corresponding nucleic acid

sequences for each antibody amino acid sequence in FIGS. 6A and 6B are included in the instant



115 resulting in a shift in fluorescence to the right. Antibody clone
SC6.10.2 (i.e., HIO in FIG 10C) is an exanple of typical internalization
ability byoant/HtPK7 anti bodies with this activity. Comparam$2aio/oeires | gG
controls, approximtely 15% of the PTK7 anti body-containing supernatants (4
of 27) induced internalization. Usingoghe K562 cells this data denonstrates
that a subset of antibodies able to bind PTK7 ECD engage the antigen as it
is presented on cells and are able to i-nternalize efficiently. :
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[0307] A total of eight RT-PCR reactions were run for each hybridoma: four for the V kappa
light chain and four for the V gamma heavy chain (y1). The QIAGEN One Step RT-PCR kit was
used for amplification, (Qiagen, Inc.). This kit provides a blend of Sensiscript and Omniscript
Reverse Transcriptases, HotStarTag DNA Polymerase, dNTP mix, buffer and Q-Solution, a novel
additive that enables efficient amplification of "difficult” (e.g., GC-rich) templates. The extracted
PCR products were directly sequenced using specific V region primers. Nucleotide sequences were
analyzed using IMGT to identify germ line V, D and J gene members with the highest sequence
homology. The derived sequences were compared to known germ line DNA sequences of the Ig V-
and J-regions using V-BASE2 (Retter et al., supra) and by alignment of Vi and V| genes to the

mouse germ line database.



anti body approach that m ght have great therapeutic benefit for patients
with solid tunors. To determ ne whether the internalizing PTK7-specific

ant i bodi esodesxrneed above were able to nedi ate the del iPegms2ab/io257eyt ot oxi
agent to live cells, an in vitro cell killing assay was perforned wherein
streptavidin conjugated to the ribosome-i nactivating protein saporin
(Advanced Targeting Systems) was bound to biotinylated PTK7 antibodies, and
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addi ti @Hoﬁfae@mb%g . es and toxin: 401 WIms Tunor cells, HEK293T WO
2012/ 112943PCT/ 012/ 025726 117 engi neered using retrovi ral transduction
to explBdsl PTMprapirealdrysneinetanshadies S106- 2805wk SChél enchSAehd et as 293. PTK7
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counts cal cul ated accordingly (referred to as "Normaljzed RLU }
order to generate the optimal humanized antibody with the humanized antibodies generally
retaining the antigen-binding complementarity-determining regions (CDRs) from the mouse
hybridoma in association with human framework regions. Ultimately it was found that humanized
SC6.23, SC6.24, SC6.41 and SC6.58 mAbs bind to the human PTK7 antigen with similar affinity

to their murine counterparts as measured using the Biacore system.



[0350] Using this assay, it was denonstrated that all tested PTK7 anti bodies
(but not isotype control antibodies) were able to kill target cells (FIGS.

| 1B - 11Dyowhera2HBGS. 11B, |1C and | 1D illustrate thePgodish@oesérpact on
401 cells, 293. PTK7 cells and HEK293T cells respectively. It wll be
appreci ated that nodul ator nedi ated internalization and killing is
dependent on cell type (conpare FIGS. 11B - (401 cells and 11D - HEK293T

cells), ressi,on.level of PTK7,on the target cells (co e Fig. 11C -
S5, pri TR ;AR el B S el s BRI TS o O e
var i ousharediboat mRNA ad atectadiromehe Hbedassaycdrding bethe fanrasiesd @stotdlat f
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Based eeyuthe pliaied ddsigekdtt® a@plre eadithybligoml) $Qs LRAPOBHHhifdtioM 88thof hith&a%y111B -
11D (and simlarly derived values for additional nodul ators - not shown)
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[0313] From the nucleotide sequence information, data regarding V, D and J gene segments of
the heavy and light chains of SC6.23, SC6.24, SC6.41 and SC6.58 were obtained. Based on the
sequence data new primer sets specific to the leader sequence of the Ig Vi and Vi chain of the
antibodies were designed for cloning of the recombinant monoclonal antibody. Subsequently the
V-(D)-J sequences were aligned with mouse Ig germ line sequences. Heavy chain genes of SC6.23
were identified as VH36096 (V), DSP2.3 (D) and JH3. The heavy chain genes of SC6.24 were
identified as VHI558 (V), DSP2.7 (D) and JH4. The heavy chain genes of SC6.41 were identified
as IGHV14-4 (V), DFL16.1 (D) and JH2. The heavy chain genes of SC6.58 were identified as
IGHV4-1 (V), DFL16.1 (D) and JH4. All four light chains were K class. Light chains genes were
identified as IGKV14-111and JKS for the SC6.23 mAb, IGKV3-5 and JK1 for the SC6.24 mAb,
IGKV2-137and JK4 germ line sequence for the SC6.41 mAb and IGKV17-121 and JK4 germ line
sequences for SC6.58 kappa light chain. These results are summarized in the TABLE 1

immediately below.

TABLE 1
Clone VH DH JH VL JL
SC6.23 VH3609 DSP2.3 JH3 IGKV14-111 JK5
SC6.24 VHIJ558 DSP2.7 JH4 IGKV3-5 JK1
SC6.41 IGHV14-4 DFL16.1 JH2 IGKV2-137 JK4
SC6.58 IGHV4-1 DFL16.1 JH4 IGKV17-121 JK4

[0314] The obtained heavy and light chain sequences from all four clones were aligned to the
functional human variable region sequences and reviewed for homology and canonical structure.

The result the heavy and light chain analysis are shown below in TABLES 2 and 3 respectively.



| g&b Control No killing No killing No killing SC6.2.35 1.1 0.65 0.45
SC6.10.2 4.7 1.1

WO 2012/112943 PCT/US2012/025726
106
TABLE 2
% homology to % homology
human human human human germ line to mouse
mAb VH DH JH sequence sequence
hSC6.23 | VH2-5 IGHDS-5 JH4 91 81
hSC6.24 | VH1-3 IGHD4-23 JH6 82 82
hSC6.41 | VHI1-46 | IGHD4-23 JH4 79 88
hSC6.58 | VH3-7 IGHD2-8 JH6 86 88
TABLE 3
human human % homology to human % homology to
mAb VK JK germ line sequence mouse sequence
hSC6.23 08 JK5 91 81
hSC6.24 L6 JK1 82 82
hSC6.41 A3/A19 JK1 79 88
hSC6.58 B2 JK4 86 38

[0315] As the germ line selection and CDR grafting processes provided antibodies that
generally retained their binding characteristics, there was apparently little need to insert murine
residues in most of the constructs.

[0316] As alluded to above the amino acid sequences of the humanized heavy variable region
chains and the humanized kappa light chains for all four antibodies are shown in FIGS. 6A and 6B
(SEQ ID NOS: 62 - 69) and the corresponding nucleic acid sequences (SEQ ID NOS: 162 -169) are
set forth in the appended sequence listing.

[0317] More particularly the amino acid sequences and corresponding nucleic acid sequences
of the humanized SC6.23 light chain (SEQ ID NOS: 62 and 162), and the humanized heavy chain
(SEQ ID NOS: 63 and 163) are shown in FIGS. 6A and 6B and in the sequence listing. Similarly,
the amino acid sequences and corresponding nucleic acid sequences of the humanized SC6.24 light
chain (SEQ ID NOS: 64 and 164), and the humanized heavy chain (SEQ ID NOS: 65 and 165) are
shown in the same manner. Another embodiment of the invention is illustrated by the amino acid
sequences and corresponding nucleic acid sequences of the humanized SC6.41 light chain (SEQ ID
NOS: 66 and 166), and the humanized heavy chain (SEQ ID NOS: 67 and 167). In yet another
embodiment the amino acid sequences and corresponding nucleic acid sequences of the humanized
SC6.58 light chain (SEQ ID NOS: 68 and 168), and the humanized heavy chain (SEQ ID NOS: 69

and 169) are depicted. As demonstrated in the Examples below each of the aforementioned



156 SC6.25.1 223 10.9 97.6 SC6.8 2.8 3.5 ND SC6. 21 -200 30.6 ND

WO 2012/112943 PCT/US2012/025726

107

humanized antibodies functions as an effective PTK7 modulator in accordance with the teachings
herein.

[0318] In any event the disclosed modulators were expressed and isolated using art recognized
techniques. To that end synthetic humanized variable DNA fragments (Integrated DNA
Technologies) of both heavy chains were cloned into human IgG1 expression vector. The variable
light chain fragments were cloned into human C-kappa expression vector. Antibodies were
expressed by co-transfection of the heavy and the light chain into CHO cells.

[0319] More particularly, for antibody production directional cloning of the murine and
humanized variable gene PCR products into human immunoglobulin expression vectors was
undertaken. All primers used in Ig gene-specific PCRs included restriction sites (Agel and Xhol
for IgH, Xmal and Dralll for IgK, which allowed direct cloning into expression vectors containing
the human IgG1, and IGK constant regions, respectively. In brief, PCR products were purified with
Qiaquick PCR purification kit (Qiagen, Inc.) followed by digestion with Agel and Xhol (IgH),
Xmal and Dralll (IgK), respectively. Digested PCR products were purified prior to ligation into
expression vectors. Ligation reactions were performed in a total volume of 10 ulL with 200U T4-
DNA Ligase (New England Biolabs), 7.5 pL of digested and purified gene-specific PCR product
and 25ng linearized vector DNA. Competent E. coli DH10B bacteria (Life Technologies) were
transformed via heat shock at 42°C with 3 pL ligation product and plated onto ampicillin plates
(100 pg/mL). The Agel-EcoRI fragment of the Vy region was than inserted into the same sites of
pEE6.4HulgG1 (Lonza AG) expression vector while the synthetic Xmal-Dralll Vi insert was
cloned into the Xmal-Dralll sites of -the respective pEE12.4Hu-Kappa expression vector.

[0320] Cells producing humanized antibodies were generated by transfection of HEK 293 cells
with the appropriate plasmids using 293fectin. In this respect plasmid DNA was purified with
QIAprep Spin columns (Qiagen). Human embryonic kidney (HEK) 293T (ATCC No CRL-11268)
cells were cultured in 150mm plates (Falcon, Becton Dickinson) under standard conditions in
Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% heat inactivated FCS, 100
pg/mL streptomycin, 100 U/mL penicillin G (all from Life Technologies).

[0321] For transient transfections cells were grown to 80% confluency. Equal amounts of IgH
and corresponding IgL chain vector DNA (12.5 nug of each vector DNA) was added to 1.5 mL Opti-
MEM mixed with 50 uL HEK 293 transfection reagent in 1.5 mL opti-MEM. The mix was
incubated for 30 min at room temperature and distributed evenly to the culture plate. Supernatants
were harvested three days after transfection, replaced by 20 mL of fresh DMEM supplemented with

10% FBS and harvested again at day 6 after transfection. Culture supernatants were cleared from
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cell debris by centrifugation at 800xg for 10 min and stored at 4°C. Recombinant chimeric and

humanized antibodies were purified with Protein G beads (GE Healthcare).

Example 9

Characteristics of PTK7 Modulators

9(a) General Modulator Characteristics

[0322] Various methods were used to analyze the immunochemical characteristics of selected
PTK7 modulators (both murine and humanized) generated as set forth above. Specifically, a
number of these antibodies were characterized as to affinity, kinetics, binning, and cross reactivity
with regard to cynomolgus and murine homologs (e.g., by ForteBio). The reactivity of the
modulators was also measured by Western blot using reduced and non-reduced samples to provide
some indication as to whether epitopes were linear or not. In addition to the murine and human
antigen binding data set forth in FIG. 7A, results of the antibody characterization for selected
murine modulators are set forth in tabular form in FIG. 7B. Finally, as shown in FIGS. 7C - 7E
affinities for selected murine had humanized modulators were measured using bio-layer
interferometry analysis on a ForteBio RED (ForteBio, Inc.) with a standard antigen concentration
series. In general, the selected modulators exhibited relatively high affinities in the nanomolar
range.

[0323] In accordance with the instant invention modulator affinity was measured in three ways
to ensure accuracy. First, binding signal was measured for a fixed amount of antibody probed
against serial dilutions of antigen in an ELISA to determine relative modulator activity (data not
shown). Second, the affinities and kinetic constants k., and k¢ of the selected effectors were then
measured using bio-layer interferometry analysis on a ForteBio RED (ForteBio, Inc.) with a
standard antigen concentration series. Finally, the affinity of selected modulators was measured by
surface plasmon resonance (Biacore System, GE Healthcare). Based on a standard antigen
concentration series and using a 1:1 Langmuir binding model, the K4 of the antibody binding to
antigen and the kinetic constants ko, and ko were determined (e.g., see FIGS. 7C and 7E) using
techniques common in the art. Generally the selected effectors, whether murine or humanized,
exhibited relatively high affinities in the nanomolar range. In the table in FIG. 7B a superscript B
designates affinity measurements made on Biacore while superscript F designates measurements
made on ForteBio.

[0324] Preliminary work was also conducted to determine whether the epitope recognized by
the PTK7 effector comprises contiguous amino acids or is formed by noncontiguous amino acids

juxtaposed by secondary structure of the antigen. In this respect Western blots were run under
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reducing (e.g., using 0.5M DTT) and non-reducing conditions. More specifically, using standard
electrophoresis techniques well known in the art, PTK7 antigen in both states was run on gels and
blotted before exposure to the selected modulators. As set forth in FIG. 7B two PTK7 modulators
were tested that apparently reacted only with antigen where disulphide bonds were intact (NR).
The remaining PTK7 modulators were not tested for Western blot activity.

[0325] With regard to antibody binning, a ForteBio Octet Red96 Analyzer (ForteBio, Inc.) was
used per manufacturer’s instructions and an art recognized sandwich method [Analytical
Biochemistry 386:172-180 (2009) to identify antibodies which bound to the same or different bins.
Briefly, an antibody (Abl) was captured onto an anti-mouse capture chip before a high
concentration of nonbinding antibody at 15ug/mL (100nM) was used to block the chip and
establish a baseline. Monomeric recombinant hPTK7-His (isoform a) as provided for in Example 6
(at 500nM) was then captured by the specific antibody (Abl) and the tip was dipped into a well
with either the same antibody (Abl) as a control or into a well with a different antibody (Ab2)
where both antibodies are at 4ug/mL (25nM). If additional binding was observed with a new
antibody, then Abl and Ab2 were determined to be in a different bin. If no further binding
occurred, similar to the control Abl, then Ab2 was determined to be in the same bin. This process
can be expanded to screen large libraries of unique antibodies using a full row of antibodies
representing unique bins in a 96-well plate. Exemplary data for three representative modulators is
shown in FIG. 7A for both human and murine PTK7 antigen. FIG. 7A illustrates that while
SC6.10.2 did not bind mouse at all, SC6.2.35 bound at about 10% of human and SC6.25.1 bound to
mouse PTK7-His with identical affinity (note; the antibodies are denoted H2.35, H10.2 and H25.1
in FIG. 7A). It was further determined that each of these tested antibodies resided in a different
bin. In a similar manner binning analysis was conducted for nine additional PTK7 modulators with
the results shown in FIG. 7B. These data identified at least seven distinct bins recognized by the
tested modulators. ND in the tables indicates that the data was not determined.

[0326] Finally, cross-reactivity with regard to cynomolgus and murine PTK7 homologs were
evaluated in with a ForteBio using a concentration series comprising recombinantly expressed,
monomeric antigen. As listed in FIG. 7B a number of the exemplary modulators were reactive with
mouse PTK7, while all antibodies cross-reacted with the highly similar cynomolgus PTK7.

9(b) Humanized Modulator Characteristics

[0327] Using techniques set forth above in this Example the humanized constructs hSC6.23,
hSC6.24, hSC6.41 and hSC6.58 were analyzed to determine their binding characteristics.

Additionally, humanized antibody binding was directly compared with the parent murine antibody
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antigen was estimated to be 2.3 nM. Similar experiments then run with the humanized SC6.23

construct showed equivalent results (FIG. 7D) indicating that the humanization process had not

adversely impacted the affinity. In this regard the measurements indicated that the humanized

construct had an affinity of 3.9 nM which is well within the acceptable limits for therapeutic

antibodies. Similar measurements for each of the humanized constructs described in Example 8 are

set forth in FIG. 7E and, along with the other techniques set out in this Example, show that the

disclosed humanized PTK7 modulators possess desirable qualities for therapeutic antibodies.

Example 10

Epitope Determination of Selected PTK7 Modulators

[0329] In order to further refine binning data and determine the epitope regions defined by
selected PTK7 modulators generated as set forth above, several different variants of the PTK7 ECD
were constructed and expressed. More specifically PTK7 deletion mutants were designed using
primers which amplified various PTK7 Ig domains and fused these to the BglII restriction site
upstream of the human IgG2 Fc domain, ordered as a synthetic gene (DNA 2.0). These Fc fusion
proteins were then cloned into the pEE12.4 expression vector (Lonza AG) using HindIII and EcoRI
restriction sites. Isolated endotoxin free Plasmids DNA (Qiagen Inc.) were used for transfection of
adherent 293 cell using 293Fectin (Life Technologies). Supernatants from 293 transfected cells
were harvested 72 hours post transfection. Specifically the following deletion constructs fused to

the Fc region were designed:

1. PTK7 ECD Ig domains 1-2 (SEQ ID NO: 70) FIG. 8A
2. PTK7 ECD Ig domains 3-7 (SEQ ID NO: 71) FIG. 8B
3. PTK7 ECD Ig domains 1-5 (SEQ ID NO: 72) FIG. 8C
4. PTK7 ECD Ig domains 6-7 (SEQ ID NO: 73) FIG. 8D
5. PTK7 ECD Ig domains 2-3 (SEQ ID NO: 74) FIG. 8E
6. PTK7 ECD Ig domains 1-4 (SEQ ID NO: 75) FIG. 8F
7. PTK7 ECD Ig domains 1-7 (SEQ ID NO: 3) FIG. 1C -ECD
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Ig Domains | 1-2 | 2-3 | 1-4 | 1-5 | 3-7 | 6-7 | 1-7 | Binding domain
$C6.2.35 + |-+ |+ ]| - | -+ |i1gdomains1-2
$C6.39 + |+ |+ | -] -]+ [I1gdomain2
$C6.25.1 - |+ |+ |+ | -] - |+ |igdomains2-3
$C6.10.2 - |- |+ |+ ] -1 - + |1gdomains 1-4
$C6.18 = | =] -] =1*] =1+ |lgdomains3-7
$C6.11 = =] =1=1=1=1/|lgdomains1-7

[0333] The anti-PTK7 monoclonal antibodies apparently recognize several different epitopes
based on the different patterns of positive binding in the ELISA assay (Table 4 and FIG. 8G).

Note that in FIG. 8G the modulators are listed as 6M rather that SC6 and SC6.2.35 and SC6.10.2
are listed as H2.35 and H10.2. None of the antibodies bind only to an epitope within Ig domains 6-
7, but these two domains may contribute to the secondary/tertiary structure of the Ig3-7 Fc fusion
construct which was bound by SC6.18 and SC6.31 (NOT IN TABLE). Moreover, three antibodies
(5C6.2.35, SC6.4.1 and SC6.10.2) recognize an epitope in the first four Ig domains and none of the
antibodies bind to an epitope in within Ig domains 6-7. In the first four Ig domains SC6.2.35 binds
to an epitope within domains 1-2. SC6.4.1 recognizes an epitope within the boundaries of Ig
domains 2 and 3. Conversely SC6.10.2 appears sensitive to any deletions within the first four Ig

domains, and therefore all four Ig like domains are likely involved in defining the epitope
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protein expression was also elevated in most neuroendocrine pancreatic tumors, as well as in

subsets of patients with breast (FIG. 9C) and ovarian (FIG. 9D) cancer, respectively. Data was

generated as described above and represented as average pixel intensity per spot (spot intensity).

The horizontal black bar in each sample represents the mean for specimens in each respective

category.
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available anti-CD46, anti-CD324, and anti-PTK7 (Miltenyi Biotech) antibodies before assessing
PTK7 expression using flow cytometry in the CD46”"°CD324° NTG population and CD46™CD324*
CSC population. More specifically, flow cytometry analysis was conducted using standard
techniques on a BD FACSCanto™ II flow cytometer (BD Biosciences) with isotype-stained and
fluorescence minus one (FMO) controls employed to confirm staining specificity.
[0338] The results for exemplary breast, lung, ovarian, colorectal and kidney tumors samples
are shown in FIG. 9E where the isotype control is marked in solid grey, the NTG cell population is
represented by the hatched line and the CSC-enriched population is shown by the solid line. It will
be appreciated that, whereas surface PTK7 staining was relatively low in the NTG populations of
each of these tumors, surface PTK7 staining was markedly elevated in the CSC-enriched
populations. These results have since been confirmed (data not shown) using a number of the
disclosed modulators and is representative of more than twenty five unique NTX lines tested
(comprising various solid tumors).
[0339] The correlated expression pattern of PTK7 with other surface markers of TPC was
further delineated functionally in tumorigenicity studies in NSCLC and ovarian cancer. PTK7 and
PTK7" tumor populations were isolated from dissociated human tumor xenografts stained as
described above by fluorescence activated cell sorting (FACS), and equivalent numbers were mixed

with Matrigel (BD Biosciences) and subcutaneously transplanted into NOD/SCID recipient mice.
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for the control) for 1 hour to allow internalization. The reaction was stopped by transferring

samples to ice and adding ice cold FSM. To remove any antibody that did not internalize and

remained on the cell surface, samples were treated with low pH phosphate buffered saline (PBS

[pH2.0]) for 10 minutes on ice. Following this "acid-strip"” step, samples were washed extensively

with FSM, resuspended in 150 uL of FSM containing 2ug/ml of DAPI (Life Technologies) and

analyzed on a BD FACS Canto flow cytometer. Any increase in fluorescence over that detected

from cells incubated on ice in this experiment resulted from the ability of antibody internalization,

which protects the fluorescent molecule from being stripped off the cell surface during the low pH

phosphate buffer treatment. All incubations were performed in FACS staining medium unless

otherwise stated.

[0342] When screening individual clones of PTK7 antibody-containing hybridoma supernatants

using the acid strip protocol described above, several supernatants showed a positive shift in

fluorescence vs. unstained cells and IgG negative control antibodies (FIGS. 10A and 10B).

Antibody internalization was observed with several anti-PTK7 antibodies, as demonstrated by the

ability of these antibodies to protect the Alexa647 secondary antibody from acid stripping and
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were screened to determine if they contained internalizing antibodies. Purified antibodies
SC6.2.35, SC6.10.2 and SC6.25.3 (denoted H2.35, H10.2 and H25.3 in FIG. 10D) which were
identified in the above mentioned screen were used as positive controls (FIG. 10D). The
internalization capacity of modulators present in six exemplary supernatants (identified by well
designation) are shown immediately below the controls. With this more refined assay the data
shows that numerous modulators provided by the immunization procedure discussed above were
able to bind PTK7 and internalize (as evidenced by 1A02, 1F02, 2A03 and 2F10) although not
every clone (2F11 and 2F09) possessed this ability.
[0344] In yet a further demonstration as to the properties of the disclosed modulators, all
screened antibodies that bound to the G401 cells in a significant way were found to internalize to
some extent (FIG. 10E). As represented by the dashed line in FIG. 10E positive cell staining was
set to 4% based on mouse isotype control antibodies which showed nonspecific staining of 0-3% of
cells. Mean fluorescent intensities of G401 cells stained with each antibody were measured after
the acid-strip step (i.e., post internalization) at 37°C and 4°C and interpolated to relative receptor
numbers per cells using 8-peak Rainbow beads (BD Spherotech #559123) which contain known
numbers of fluorescent molecules. Numbers of internalized receptors were calculated by
subtracting receptor numbers obtained from samples undergoing the internalization step at the 4°C
(control) from the one at 37°C. It was noted that PTK7 specific antibodies are heterogeneous in
their ability to induce internalization given a ten-fold difference in numbers of internalized

receptors independent of the level of cell binding (upper right quadrant of FIG. 10E).



22. The isol ated PTK7 nodul ator of claim|l further conprising a cytotoxic
agent. 23. A pharmaceutical conposition conprising the isolated PTK7

nodul at orwof2od|aessl. 24. The pharnaceuti cal conpositi eaTafS2akarine3
wherein said isolated PTK7 nodul ator conprises a nonocl onal antibody. 25.
The pharnmaceutical conposition of claiigh 24 wherein sai d nonocl onal anti body
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the delivery of a cytotoxic agent to live cells, an in vitro cell killing assay was performed wherein

streptavidin conjugated to the ribosome-inactivating protein saporin (Advanced Targeting Systems)
was bound to biotinylated PTK7 antibodies, and the ability of these saporin complexes to
internalize and kill cells was measured 72 hours later by measuring cell viability.

[0346] Specifically, 1x10* G401 Wilm’s Tumor cells per well were plated in wells of a 96-well
plate. PTK7 modulators in the form of anti-PTK7 antibodies as described above were purified
from supernatants, biotinylated and then diluted to 20 pg/mL. An aliquot of each antibody was
mixed 1:1 with streptavidin-ZAP (Advanced Targeting Systems), vortexed for 5 seconds and then
incubated at room temperature for 1 hour. Three additional serial 10-fold dilutions of the antibody-
saporin complexes were then made and 50 uL of each mixture, respectively, was added to G401
cell containing wells. The cell/antibody-saporin mixture was then incubated at 37°C/5%CO, for 24
hours. Following this incubation, cells were spun down in round-bottom 96-well plates,
supernatant was removed, and 100 uL of fresh culture medium was added to each well. The cells
were then incubated for an additional 72 hours before viable cell numbers were enumerated using
CellTiter-Glo (Promega Inc.) per the manufacturer’s protocol.

[0347] Using the cell killing assay described above, exemplary internalizing PTK7 modulators
comprising antibodies from clones SC6.2.35, SC6.10.2 and SC6.25.3 (denoted H2.35, H10.2 and -
H25.3 in FIG 11A) were shown to mediate saporin toxin internalization and cell killing. More
particularly FIG. 11A clearly demonstrate the ability of these modulators effect cell killing through
PTK7 mediated internalization as opposed to a non-specific isotype control antibody (i.e. MOPC).
Such data demonstrates that the disclosed modulators are immunospecific for PTK7 and are
effectively able to mediate the delivery of a cytotoxic payload and kill PTK7 positive cells through
cell surface association.

[0348] In an extension of the aforementioned killing assay the delivery of a cytotoxic payload
via PTK7 specific antibodies was demonstrated using four more exemplary modulators (SC6.23,
SC6.41, SC6.51 and SC6.58) with SC6.10.2 used as a positive control. To this end the following
cell types were plated into 96 well tissue culture plates in their respective culture media (500 cells

per well) one day before the addition of antibodies and toxin: G401 Wilm’s Tumor cells, HEK293T
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ability of the various modulators to internalize. The assay further demonstrates that internalization

primarily occurs because of binding of the PTK7- specific antibody to the cell surface without the

need for additional crosslinking. Based on the data used to generate the dose response curves of

FIGS. 11B —~ 11D (and similarly derived values for additional modulators — not shown) the half-

maximal effective concentration (“EC507") was determined for each of the tested modulators / target

cell combination. More specifically TABLE 5 immediately below lists the EC50 (in pM) for

thirteen modulators as determined for each of the three target cells using the assay described

immediately above. ND indicates that value was not determined.
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[0351]

While some variation as to killing was noted among the individual modulators there

were some general trends that are evident from the data in TABLE 5. In this regard the modulators

were generally more effective in mediating cell killing of the engineered PTK overexpressing 293

cells than either the G401 cells or wild type 293 cells. Of interest, many of the tested modulators

were relatively effective at mediating the killing of non-engineered G401 tumor cells that are

known to express PTK7 on the cell surface. Such reproducible results are indicative as to the

therapeutic potential of a broad range of internalizing PTK7 modulators as exemplified herein.

Example 14

PTK?7 Modulators Facilitate Delivery of Cytotoxic Agents to Tumorigenic Cells

[0352]

To corroborate the results of the previous Example and demonstrate that PTK7

modulators can mediate toxin internalization and cell killing of primary human tumor cells, mouse

lineage-depleted NTX cells (i.e. human tumor cells propagated as low-passage xenografts in

immunocompromised mice) were plated and subsequently exposed to anti-PTK7 antibodies and

Fab-ZAP.
[0353]

Specifically, NTX tumors derived from lung (LLU), ovarian (OV) cancer and melanoma

(SK) patients were dissociated into a single cell suspension and plated on Primaria™ plates (BD

Biosciences) in growth factor supplemented serum free media using common art recognized

techniques that favor cancer stem cell proliferation. After3-5 days of culture at 37°C/5%CQ0,/5%0,

the cells were contacted with an isotype control (IgG2a) antibody or one of three murine anti-PTK7
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| east ]\i/elf)as on the particular modulator. These data indicate that the modulators of the instant invention
can immunospecifically associate with various antigen expressing cells from various tumor types,
internalize and thereby mediate the killing of the constituent cells. Moreover, the ability of the
disclosed modulators to do this with respect to NTX tumor cell lines cultured under conditions that
favor cancer stem cell proliferation as previously described is strongly indicative of their ability to

selectively eliminate cancer stem cells.

Example 15

PTK7 Modulators Reduce Cancer Stem Cell Tumorigenicity

[0355] To further confirm the ability of the disclosed modulators to reduce the frequency of
cancer stem cells and impact their tumorigenic potential, NTX breast tumor cells were treated with
SC6.2.35 and subsequently implanted into immunocompromised mice.

[0356] In this regard two breast cancer patient-derived NTX tumors (BR13 and BR64) were
dissociated and the human tumor cells were cultured under conditions known in the art to maintain
tumorigenic cells, and treated with a PTK7 modulator (and isotype control) and Fab-ZAP as set
forth in the previous Example. Cytotoxicity was then measured in terms of cell viability using Cell
Titer Glo per the manufacturer’s instructions fourteen days post treatment. Again the results were
normalized to untreated cells.

[0357] As seen in FIGS. 13A and 13B respectively the breast tumor cells derived from BR13
(FIG. 13A) and from BR64 (FIG. 13B) were largely eliminated through the PTK7 modulator
mediated immunospecific association and internalization of the saporin cytotoxic agent. More
specifically treatment with the PTK7 modulator SC6.2.35 (SC6.H2) at 0.2 nM resulted in the
elimination of approximately 70-80% of the cells whereas the IgG2a control treated cells were
largely unaffected. The findings are consistent with results seen in Example 13 and further
demonstrate the broad applicability of the instant invention based on the ability of the disclosed

modulators to eliminate tumor perpetuating cells derived from a variety of tumors.
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conpri K7 anqdylages G apt am}ﬁetj@w_s demonstrate that TIC are eliminated by PTK7 modulators
able to mediate toxin deliver (FIG. 13C).

[0359] A review of the data shows that the implantation of live cells remaining after treatment
of either breast cancer cell line with PTK7 modulator and saporin does not result in the formation
of tumors. Conversely, the control cells from both breast cancer cell lines (i.e., those that were
treated with the isotype control antibody) were able to reinitiate tumor growth upon implantation.
In particular, two of the three mice implanted with each control cell line (BR22 and BR64)
developed measurable tumors indicating that the implanted cells included tumor perpetuating cells.
More significantly, the inability of the modulator treated cells to form tumors strongly implies that
the cells that were implanted did not include tumor perpetuating cells. That is, it is likely that
treatment with the PTK7 modulator / saporin combination selectively targeted and eliminated
tumor perpetuating cells in accordance with the instant invention. In any event these data
demonstrate that treatment with the disclosed modulators is effective at reducing the tumorigenic

potential of tumor cells.

Example 16

Humanized PTK7 Modulators Mediate The Delivery of Cytotoxic Agents

[0360] As preferred embodiments of the present invention will likely employ humanized PTK7
modulators in a therapeutic setting, work was performed to demonstrate that humanized anti-PTK7
antibodies (fabricated as set forth in Example 8) function as effective mediators of cell killing
through delivery of cytotoxic agents.

[0361] More particularly, three exemplary humanized PTK7 modulators (hSC6.23, hSC6.58
and hSC6.24) were employed to mediate the introduction of a cytotoxic payload and eliminate
tumorigenic cells in accordance with the teachings herein. Generally using the protocol set forth in
Example 13 above HEK293 cells engineered to express PTK7 (i.e. 293.PTK7 cells) were exposed

to different concentrations of the selected modulators and saporin linked to an anti-human Fab



73. The nethod of claim 72 wherein the antibody is operably associated with
a reporter. 74. An article of manufacture useful for diagnosing or

treati ng WOKG1229318i at ed di sorders conpri sing a recept aeCe/usenpoeReOg a
PTK7 modul ator and instructional materials for using said PTK7 nodul ator to
treat or diagnose the PTK7 associ at ed2di sorder. 75. The article of

manuf acture of claim 74 wherein said PTK7 nodul ator is a nonoclonal WO
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anti - C@Q 1?1ty. 6}ge}ns respect each of the modulators provided a 50% reduction in cell viability at a
concentration between 1 and 10 pM and a reduction of greater than 80% in cell viability at a

concentration of 100 pM. Again, in accordance with the instance disclosure these data are

indicative of highly effective modulators that can immunospecifically mediate the delivery of

cytotoxic agents to selected cell populations.

[0363] Those skilled in the art will further appreciate that the present invention may be

embodied in other specific forms without departing from the spirit or central attributes thereof. In

that the foregoing description of the present invention discloses only exemplary embodiments

thereof, it is to be understood that other variations are contemplated as being within the scope of the
present invention. Accordingly, the present invention is not limited to the particular embodiments

that have been described in detail herein. Rather, reference should be made to the appended claims

as indicative of the scope and content of the invention.



82. A nethod of treating a subject suffering from neopl astic di sorder
conprising the step of admnistering a therapeutically effective anount of
at | east woeorseueeal i zi ng PTK7 nodul ator. 83. The net hedTafS2akarime?2
wherein said PTK7 nodul ator conprises an anti body. 84. The nethod of claim
83 wherein said anti body conprises a ppnocl onal antibody. 85. The nethod
of claim84 wherein said nonoclonal antibody conprises a hunmani zed

anti bo?%. 86. The nethod of claim85 wherein said humani zed anti body
furthe é@ﬁpri ses a cytotoxic agent. 87. The nethod of claim 82 wherein

t he neophasdoledEOT Eedulatsr. sel ected from the group consisting of adrenal

cancer adder er, cervical cancer, endonetrial cancer, Kkidney cancer,
liver %‘aﬂee‘tsgla‘ieﬁﬁgggW&Pf“%ﬁ?%h ‘Q“ﬁ??(’:‘é‘ih? PEEY groduiior cumpiisss 2 PhRAcr eat i ¢
cancer ant@foast.at e cancer and breast cancer. 88. A nethod of identifying,

i sol ating, sectioning or enrichi nIg a popul ation of tunor initiating cells
conpri $i %Be isplated PEE7 grodulgtar aEelpiny L sdiers it BB T KT modplator pemiréses an aiitibedy0rpTK7
nodul atn@hunor&eive nRt @doof cl ai m 88 wherein said PTK7 nodul at or
conprises an antibody. 90. A PTK7 nodul ator conprising a hunani zed

ant i bofly Thehieplated PEKY enaduleton o daimehwheyeiayhacantpedyse smauhérgietive fragmenyar i abl e

regi onth%gf@mgggysya &%C[bnglaarn}ig@ge region wherein said |ight chain variable

regi on conprises an am no acl equence having at |east 60%identity to an
am no acihk segee REE7 swidaletoedf flpiord whereigrtimupomolvsilsiniipmgly of sedaried droacthel

sequen > r ] 3EQ. | » ID NO 64, .SEQ I D NO 66 and
SEQ | Dglﬁl%’ %ﬁg{%&gﬁg@%*cgnﬁﬁg sﬁg%n\?ynzg%%?t%%@gsr 2|mz(iib g arrlél%tilbéﬁ%'orrpri ses an

am no 6aciht sdgue RTE7 havdulagr af clhieas wh&Oi¥oshid eninbelynd entibodpoomeisaca d sequence
sel ected flr.omth. roup consisting of am no acid sequences as set forth in
SEQ | D“W&a‘%%g,a“é’éﬁ‘j%ro NO 65, SEQ ID NO 67 and SEQ ID NO 69. 91. A

net hod7.i Thd olhte@ THY npydeMenbi dgnekastiashid nidhodosdll bty tdmpraedart her eof
conprising. the ste% of adm nistering a pharmaceutically effective amount of
a PTK7MSMIFRE4PUPCdY)  The method of claim 91 wherein the subject undergoes

a debub kThgis§l60€ PUKY enddehek 6f Qiim?4 hdreihREd dbibabsd hdibo@c@fiprisBeanP TK?
nmodul ator. . 93. The nethod of claim 92 wherein said debul king procedure

conpr i YBibodnBatagsacies iy o Toipofgim pedectad fempthy grqup camisting giispform a,

1soform b, isoform ¢ and isoform d.

9. The isolated PTK7 modulator of claim 8 wherein said monoclonal antibody comprises an
antibody that associates with isoform a.

10. The isolated PTK7 modulator of claim 9 wherein said monoclonal antibody comprises a light
chain variable region having three complementarity determining regions and a heavy chain variable
region having three complementarity determining regions wherein the heavy and light chain
complementarity determining regions comprise complementarity determining regions set forth in
FIG. 6A and FIG. 6B.

11. The isolated PTK7 modulator of claim 9 wherein said monoclonal antibody comprises a light
chain variable region and a heavy chain variable region wherein said light chain variable region
comprises an amino acid sequence having at least 60% identity to an amino acid sequence selected
from the group consisting of amino acid sequences as set forth in SEQ ID NO: 20, SEQ ID NO: 22,
SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO:
34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID
NO: 46, SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ
ID NO: 58 and SEQ ID NO: 60 and wherein said heavy chain variable region comprises an amino
acid sequence having at least 60% identity to an amino acid sequence selected from the group

consisting of amino acid sequences as set forth in SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO:



128 94. A nethod of perform ng mai ntenance therapy on a subject in need

t hereof conprising the step of adm nistering a pharmaceutically effective
amount ofwea 2PRKiA298dul ator. 95. The net hod of cl ai m 94 paitarsedn/oszel

subj ect was treated for a neoplastic disorder prior to the adm nistration
of the PTK7 nodulator. 96. A nethod @8 depleting tunor initiating cells in
a subject suffering froma hyperproliferative disorder conprising the step
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' 100. The method of claim98 wherein said
ggm :g{l# ’ghe:;s(glgte %ﬁ# zno!riﬁlag\;):r ot c(galm 10 or 11 further comprising a cytotoxic agent.

13. An isolated PTK7 modulator comprising a competing antibody wherein said competing
antibody inhibits the binding of an isolated PTK7 modulator of claim 10 or 11 to PTK7 by at least
about 40%.

14. A nucleic acid encoding an amino acid heavy chain variable region or an amino acid light
chain variable region of claim 11.

15. A vector comprising the nucleic acid of claim 14.

16. The isolated PTK7 modulator of claim 1 comprising an amino acid sequence as set forth in
SEQ ID NO: 3 or a fragment thereof.

1'7. The isolated PTK7 modulator of claim 16 wherein the PTK7 modulator further comprises at
least a portion of an immunoglobulin constant region.

18. The isolated PTK7 modulator of claim 1 wherein said modulator reduces the frequency of
tumor initiating cells upon administration to a subject in need thereof.

19. The isolated PTK7 modulator of claim 18 wherein the reduction in frequency is determined
using flow cytometric analysis of tumor cell surface markers known to enrich for tumor initiating
cells.

20. The isolated PTK7 modulator of claim 18 wherein the reduction in frequency is determined
using immunohistochemical detection of tumor cell surface markers known to enrich for tumor
initiating cells.

21. The isolated PTK7 modulator of claim 18 wherein said tumor initiating cells comprise tumor
perpetuating cells.

22. The isolated PTK7 modulator of claim 1 further comprising a cytotoxic agent.

23. A pharmaceutical composition comprising the isolated PTK7 modulator of claim 1.

24. The pharmaceutical composition of claim 23 wherein said isolated PTK7 modulator comprises
a monoclonal antibody.

25. The pharmaceutical composition of claim 24 wherein said monoclonal antibody comprises a
humanized antibody.

26. The pharmaceutical composition of claim 25 wherein said humanized antibody comprises an
antibody selected from the group consisting of hSC6.23, hSC6.24, hSC6.41 and hSC6.58.

27. The isolated PTK7 modulator of claim 1 wherein said PTK7 modulator comprises a pan-PTK7
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modulator.

28. A method of treating a PTK7 associated disorder comprising administering a therapeutically
effective amount of a PTK7 modulator to a subject in need thereof.

29. The method of claim 28 wherein said PTK7 modulator comprises a PTK7 antagonist.

30. The method of claim 28 wherein said PTK7 modulator comprises an antibody or
immunoreactive fragment thereof.

31. The method of claim 30 wherein the antibody or immunoreactive fragment thereof comprises a
monoclonal antibody.

32. The method of claim 31 wherein the monoclonal antibody is selected from the group consisting
of chimeric antibodies, humanized antibodies and human antibodies.

33. The method of claim 32 wherein said monoclonal antibody comprises a light chain variable
region and a heavy chain variable region wherein said light chain variable region comprises an
amino acid sequence having at least 60% identity to an amino acid sequence selected from the
group consisting of amino acid sequences as set forth in SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID
NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ
ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO:
58 and SEQ ID NO: 60 and wherein said heavy chain variable region comprises an amino acid
sequence having at least 60% identity to an amino acid sequence selected from the group consisting
of amino acid sequences as set forth in SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID
NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ
ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49,
SEQ ID NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, and SEQ ID
NO: 61.

34. The method of claim 33 wherein said monoclonal antibody is a humanized antibody.

35. The method of claim 31 wherein said monoclonal antibody comprises a neutralizing antibody.
36. The method of claim 31 wherein said monoclonal antibody comprises an internalizing
antibody.

37. The method of claim 36 wherein said internalizing antibody comprises a cytotoxic agent.

38. The method of claim 28 wherein said PTK7 associated disorder comprises a proliferative
disorder.

39. The method of claim 38 wherein said proliferative disorder comprises a neoplastic disorder.
40. The method of claim 39 wherein said neoplastic disorder comprises a solid tumor.

41. The method of claim 40 wherein neoplastic disorder comprises adrenal cancer, bladder cancer,
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cervical cancer, endometrial cancer, kidney cancer, liver cancer, lung cancer, ovarian cancer,
colorectal cancer, pancreatic cancer, prostate cancer or breast cancer.

42. The method of claim 39 wherein said neoplastic disorder comprises a hematologic malignancy.
43. The method of claim 42 wherein said hematologic malignancy comprises leukemia or
lymphoma.

44. The method of claim 39 wherein the subject suffering said neoplastic disorder exhibits tumors
comprising tumor initiating cells.

45. The method of claim 44 further comprising the step of reducing the frequency of tumor
initiating cells in said subject.

46. The method of claim 45 wherein the reduction in frequency is determined using flow
cytometric analysis of tumor cell surface markers known to enrich for tumor initiating cells or
immunohistochemical detection of tumor cell surface markers known to enrich for tumor initiating
cells.

47. The method of claim 45 wherein the reduction in frequency is determined using in vitro or in
vivo limiting dilution analysis.

48. The method of claim 47 wherein the reduction in frequency is determined using in vivo
limiting dilution analysis comprising transplant of live human tumor cells into
immunocompromised mice.

49. The method of claim 48 wherein the reduction of frequency determined using in vivo limiting
dilution analysis comprises quantification of tumor initiating cell frequency using Poisson
distribution statistics.

50. The method of claim 47 wherein the reduction of frequency is determined using in vitro
limiting dilution analysis comprising limiting dilution deposition of live human tumor cells into in
vitro colony supporting conditions.

51. The method of claim 50 wherein the reduction of frequency determined using in vitro limiting
dilution analysis comprises quantification of tumor initiating cell frequency using Poisson
distribution statistics.

52. The method of claim 28 further comprising the step of administering an anti-cancer agent.

53. The method of claim 28 wherein said PTK7 modulator comprises an amino acid sequence as
set forth in SEQ ID NO: 3 or a fragment thereof.

54. The method of claim 28 wherein said PTK7 modulator comprises a pan-PTK7 modulator.

55. A method of reducing the frequency of tumor initiating cells in a subject in need thereof
comprising the step of administering a PTK7 modulator to said subject.

56. The method of claim 55 wherein the tumor initiating cells comprise tumor perpetuating cells.
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57. The method of claim 56 wherein said tumor perpetuating cells are CD44" or CD133" cells.
58. The method of claim 55 wherein said PTK7 modulator comprises an antibody.
59. The method of claim 58 wherein said antibody comprises a monoclonal antibody.
00. The method of claim 59 wherein said monoclonal antibody further comprises a cytotoxic agent.
61. The method of claim 55 wherein the subject is suffering from a neoplastic disorder selected
from the group consisting of adrenal cancer, bladder cancer, cervical cancer, endometrial cancer,
kidney cancer, liver cancer, lung cancer, ovarian cancer, colorectal cancer, pancreatic cancer,
prostate cancer and breast cancer.
62. The method of claim 55 wherein the frequency of tumor initiating cells is reduced by at least
10%.
63. The method of claim 55 wherein the reduction in frequency is determined using flow
cytometric analysis of tumor cell surface markers known to enrich for tumor initiating cells or
immunohistochemical detection of tumor cell surface markers known to enrich for tumor initiating
cells.
64. A method of treating a subject suffering from a hematologic malignancy comprising the step of
administering a PTK7 modulator to said subject.
65. The method of claim 64 wherein said PTK7 modulator comprises a monoclonal antibody.
66. A method of sensitizing a tumor in a subject for treatment with an anti-cancer agent comprising
the step of administering a PTK7 modulator to said subject.
67. The method of claim 66 wherein said PTK7 modulator comprises an antibody.
68. The method of claim 66 wherein said tumor is a solid tumor,
69. The method of claim 66 wherein said anti-cancer agent comprises a chemotherapeutic agent.
70. The method of claim 66 wherein said anti-cancer agent comprises an immunotherapeutic agent.
71. A method of diagnosing a hyperproliferative disorder in a subject in need thereof comprising
the steps of:

obtaining a tissue sample from said subject;

contacting the tissue sample with at least one PTK7 modulator; and

detecting or quantifying the PTK7 modulator associated with the sample.
72. The method of claim 71 wherein the PTK7 modulator comprises a monoclonal antibody.
73. The method of claim 72 wherein the antibody is operably associated with a reporter.
74. An article of manufacture useful for diagnosing or treating PTK7 associated disorders
comprising a receptacle comprising a PTK7 modulator and instructional materials for using said
PTK7 modulator to treat or diagnose the PTK7 associated disorder.

75. The article of manufacture of claim 74 wherein said PTK7 modulator is a monoclonal
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antibody.

76. The article of manufacture of claim 74 wherein the receptacle comprises a readable plate.

77. A method of treating a subject suffering from neoplastic disorder comprising the step of
administering a therapeutically effective amount of at least one internalizing PTK7 modulator.

78. The method of claim 77 wherein said PTK7 modulator comprises an antibody.

79. The method of claim 78 wherein said antibody comprises a monoclonal antibody.

80. The method of claim 79 wherein the monoclonal antibody further comprises a cytotoxic agent.
81. The method of claim 80 further comprising the step of administering an anti-cancer agent.

82. A method of treating a subject suffering from neoplastic disorder comprising the step of
administering a therapeutically effective amount of at least one neutralizing PTK7 modulator.

83. The method of claim 82 wherein said PTK7 modulator comprises an antibody.

84. The method of claim 83 wherein said antibody comprises a monoclonal antibody.

85. The method of claim 84 wherein said monoclonal antibody comprises a humanized antibody.
86. The method of claim 85 wherein said humanized antibody further comprises a cytotoxic agent.
87. The method of claim 82 wherein the neoplastic disorder is selected from the group consisting
of adrenal cancer, bladder cancer, cervical cancer, endometrial cancer, kidney cancer, liver cancer,
lung cancer, ovarian cancer, colorectal cancer, pancreatic cancer, prostate cancer and breast cancer.
88. A method of identifying, isolating, sectioning or enriching a population of tumor initiating cells
comprising the step of contacting said tumor initiating cells with a PTK7 modulator.

89. The method of claim 88 wherein said PTK7 modulator comprises an antibody.

90. A PTK7 modulator comprising a humanized antibody wherein said humanized antibody
comprises a light chain variable region and a heavy chain variable region wherein said light chain
variable region comprises an amino acid sequence having at least 60% identity to an amino acid
sequence selected from the group consisting of amino acid sequences as set forth in SEQ ID NO:
62, SEQ ID NO: 64, SEQ ID NO: 66 and SEQ ID NO: 68 and wherein said heavy chain variable
region comprises an amino acid sequence having at least 60% identity to an amino acid sequence
selected from the group consisting of amino acid sequences as set forth in SEQ ID NO: 63, SEQ ID
NO: 65, SEQ ID NO: 67 and SEQ ID NO: 69.

91. A method inhibiting or preventing metastasis in a subject in need thereof comprising the step
of administering a pharmaceutically effective amount of a PTK7 modulator.

92. The method of claim 91 wherein the subject undergoes a debulking procedure before or after
the administration of the PTK7 modulator.

93. The method of claim 92 wherein said debulking procedure comprises the administration of at

least one anti-cancer agent.
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94. A method of performing maintenance therapy on a subject in need thereof comprising the step
of administering a pharmaceutically effective amount of a PTK7 modulator.

95. The method of claim 94 wherein said subject was treated for a neoplastic disorder prior to the
administration of the PTK7 modulator.

96. A method of depleting tumor initiating cells in a subject suffering from a hyperproliferative
disorder comprising the step of administering a PTK7 modulator.

97. A method of diagnosing, detecting or monitoring a PTK7 associated disorder in vivo in a
subject in need thereof comprising the step of administering a PTK7 modulator.

98. A method of diagnosing, detecting or monitoring a PTK7 associated disorder in a subject in
need thereof comprising the step contacting circulating tumor cells with a PTK7 modulator.

99. The method of claim 98 wherein said contacting step occurs in vivo.

100. The method of claim 98 wherein said contacting step occurs in vitro.



