1 ANTI BODY TARGETI NG THROUGH A MODULAR RECOGNI TI ON DOVAI N FI ELD OF
THE |1 NVENTI ON [ 0001] This invention relates generally to anti bodies
contai ni ng one or nore nodul ar recognition domains and nore

speci f i cavioyeoawsssie use of the anti bodi es contai ni ng A¢I/EH2008{9BI337
nmodul ar recognition domains to treat, di sease, and net hods of making
ant i bodi es contai ning one or nore nodul ar recognition domai ns.
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transformati ons. Mnocl onal Abs with al dol ase activity have energed
as highly efficient catal MELDOF THREINVENTION heni cal
transformations, particularly aldol and retro-aldol reactions. The
retro- | ase.acti Vit f Abs, . such .as..38C2 and 93F3, have .al | owed

' osear BT ikt i BB L S lon o o e Pl oue
chenothespappuldomaimg and Sotdwpbcificdllyhe thraisé vbthe tntibpdieetdr@aifing 6he or more
reaction (Const.ruction of 38%‘: was described in WO 97/ 21803, herein
i ncor PBRGHaE Jeqggnifign @?I@ﬂe%sqtregé 280 ARAPREI0GHo LKA DR GRHTMARINE | t e
that cabakmeesmbiBardbéhiteddbihhag reaction between an aliphatic donor
and an al dehyde acceptor. In a syngenei c nouse nodel of

neur obl ast oma, system c adm ni stration_of an etoposide prodrug and
intra-tunor injection of 38C2 BASMGROWND pr growth. 10003] One
drawback in the use of catalytic Abs is that they lack a device to
tar get[osi2g CTabliptichily ARive ohbEomR bhteHdaRk (A8Y) ksn bised FRWsleSiveProFug
denonstrated that in_an anti body-directed enzynme prodrug therapy

( ADEPPFHVHIOR ARd ehsmyjcad frprsieraratiansy YYiproclomaloh brgvithaldelpse achpiFmye
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cells by The conjugati'on or reconbina usion to targeti
ant i baitiodend ndireenldal reagtionsy dhe tdtiaccildelaseadctiatynefiAbsesugbas 38Eandd3Kg, t he

catal ytic i d rgetin ide.loc out si de the
anti b%)%{f' %%%?E?%é%#?&de%%g%ggy eﬁg%\% %a}%ﬁﬁée pé'g(%rlu Seoaﬁsvl(gﬁgusavai | abl e
for t kkerpotheapentiaapentathhioan bEactivated by lrerro-tldel easions) @ongiic88C2ft 0 an
i ntegrjp,avf 33-hi ndi i woul d sel ectively |ocalj t he

ont § baG2 R drsbhr oIk S0 néRi fedbomte oy Srbentinab CF pepiips an

pr odr ugtibsdlyicembindiy sife thdd ditalykds@he 1061 aA01i0A tdadtior Bedwednan Afipldiic Yonor
approach is supported by preclinical and phase J]I|l clinical data

sug.geéflii Ay ald Qe pEIPIGed CHRETEITHINE modgl of pegroblastama. syptergie t hrough
fusi oRghthiantibh 8t &Gpd's%!p%lﬁu%]ar% ih@LAMoF hgediRY 8F 9P Rhitbd Rinsdpeci fi c
or nulti-specific antibodies that target two or nore cancer targets
si mul 29¥Busly and or activate prodrugs offers a novel and pronmi sing
solution to attacking cancer and other diseases. Such antibodies are
exenplipdozpd Ohe lQiack th (RS udeltf cREGAE Abs RRRA ERUAR Y devicd ¥ BPzePhe

bi speci fiC antibodies (BsAb) that “sinultaneously target two

t unor <aiglydie iAdxte theamaliggenicelle . Ryevigussimdiesfdgmioostirateddhastio aw yntibody-
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engi neered from two mpnocl onal, anti bodi es. Thes dual -vari abl e-domai n
i rmun&yissksithsaniibedseenminiae site. Bierdy Aerviisithe aaive gisryallable ke thersedhge of
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manuf acturing, yield and purity.
selectively localize the antibody to the tumor and/or the tumor vasculature and trigger

prodrug activation at that site. The potential therapy of this approach is supported by
preclinical and phase Ill clinical data suggesting that peptides can be converted into viable

drugs through fusion to antibody Fc regions.



[ 0005] A variety of reconbi nant nethods have been devel oped for
efficient production of small BsAb fragnents such as di abody,

m ni body, and Fab-scFy fusion proteins. These BsAb fragnents may
possess swioehgsgasages over the full-length 1gGlike roues2ois@ss3sor
certain clinical applications, such as for tunor radio-inaging and
targeting, because of better ti ssue %enetratl on and faster clearance

fromt i rcul afi on e ot BsAb may prove to
be pr ep)gpg ﬁQFéiEVglﬁB}P?IEP% PEGLHG ﬁlsgecf%‘r %"Pfﬁ?s tha} tgrgeidwo or more
appl i Cadnt&argets Rihilfhéoakly ¥nd Qfacﬁ%t@ bRﬁYug's Bﬁkﬁ%tﬂo‘?élsand BYorRERY sélifih t he
Pc domain that confers |ong serumhalf-11fe and ports secondary

i munetofafaeking epncey iad other @marsm@yclua;rps@n@émre ééfmllﬂl e i figoreokefdhe y and
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howev etumor-assheintetl @utigens 6.4 grmﬂth fdcenrgeasptocky ﬁortdowhhegtﬂatioaro@muﬂ;tuﬂecell

150- t
j(udgedp f8§fe§a@a %/ggrv* a'gpaégcﬁyléglﬁi ?%W%%S‘E’RP%{‘F Cg&?@ac ha&? té(g’ﬁﬁYfer y
limt elsispeae'menﬁqueswawbéeh@r@&ﬁmbpahmnalgf lirkingtnlotti fferSiit ridHaslohalCt S,
the effi Ypﬁ{;\eSSI o] g’ Fc donﬁgg cont ai ni.ng .BsAb nol ecul es in
namrala]“gﬁ ‘5 r?: YO5ema el to prodiers|a hxged hebridoss: Jaek t hat
has begBciHis, Q&révalehﬂrgmeﬁkeaﬂ&b&@éy &deaﬁvatrﬁbrak&maﬁrhﬁnmg&fbm@%b o es.

Pepti bodi es are essenti al gq fusions w th antibody Fe regions.
G ven dgineegd @@%Wmm@p@@u dis- Tapudirl-pejsbledéondin iramimaglabinstarn d

hi gh- g r f r usi on
of sucﬁf’ %Bg%)%l %gggr?h {ll%ﬂggﬁlt—l {ea&}cgﬁgé%ﬂ}r%vhggéveg thés@ g&%%he maki ng

pept i dE@enfmhallmges wpb oispert mmmmgbyleidrmd@asﬁyng t hel r circulatory

hal f-1ife and activity thr ough i ncreased val ency. [0007]Protein

i nter ns m%: C 1.5t .otein

i nt er g?‘? ns A:Ak&r,% dzéﬂr%eocep ?%génﬁ JB%? éenrd@f% |§éd0t%r gf%ltp lleB{)%OdUCElf’ noen

i nt er ssotalldsd\b foghlentseli¢h a;scdmtbady, mnﬂ:oﬁg;tahd:@dnsaﬂvtfemmpmm. \Mhtde t ar get

tissu otein interactions nvo er

pr ot ele%?b %ﬁ %&WQ’ O\ adgf"rfq@%f Qg?fﬁger ﬁ’gg ﬁgf hg HEF%}FS ©bns
and t fberthlnlcﬁmﬂﬁta@ph@hSns Jivh abﬁﬁltﬁnbtrllaﬂloﬁfnaglhgbﬁi ﬂargeﬂhg,fb@é‘duk@é‘f Beftert he
regi on, of the protein involved in contact and recognitiaon IS
refer rtﬁﬁf‘etﬂﬁnealgf ’Pﬁén‘i)faﬁ@f tlgprancedrog ﬁ‘F&F ptiog; Q th fB%@B‘}anﬂeqS Erlies

der i veghAliRs) REAOR dipsdtbed dvepgramee BsAY Blag,ﬁéﬂtyfo& ettt H@aﬁ 1iBdtfddL g

characteri stl cs when |inked to other nolecules. Specific peptl des of

this tperaficallis feroncpleay adicgionsplpraridingdbs F¢ dareain Biabededers fongseremul ar
I €COgH,{fl 130 S PEBboE S Msy }ntﬁﬁfne‘ﬁﬂﬂ: ib& sﬁm'aﬂﬁgod%ﬁeﬁérgﬁheceﬂuﬁf ngl e

protein wth bindi ng speci f| cities or severa targets.
[ 0009 cxtotaicityFnd cgmplamsufcmecaatdé tytotodicitar gehkesthele fragmeéntcegterparts,

| nt egry hesj on rec tors that
are c o&ﬁ%is&gl%oagd éﬁﬂl%ﬁ/on i bu n| {% q%’ ]%?\b hcagg %ﬁ
pr ot eitechnishlihehalletgingditerta deln laﬂgamzer&tlb’(moo ADa):mﬂss&nétmaecghplaa@ a and

ei ght 13 subuni are kn t he rm.24. differe et erodi ners
i Oh GOPTSY Biipe LRGP PR apbatortiampil Fodonaes DETIIeBt of ns.
Li gandsnife@l Réadntl9Uwith the @gdrhingtidn ¢ atdBety ol EQRAAELS Mhe FBLIACKPresdi@dMi N,
von W] I ebrand factor, osteopontl n, thronbospon in, and vitronectin,

whi ch F&demain coptsinipgm Btk melecylppinpaapmaianicallynas madg some stEides. al so bi nd
to soluble ligands such as fibrinogen or to other adhesion nol ecul es
on adjjeeu]t A@biher appRia8H tHaPBasebn K43QW abt Satibdlied 13 thboBEH ﬁ‘l@ bise 0
activation states that exhibit different affinities for |igan
Recogmrptikodicss Pepiibodiesare |emnf¢%1ywpmdqfegpmmn@ antibedy Jic rtgjendSiven the

speci i cul ar
i ¢ oh SRR uiok B8R Ben IR Rl R el G L T
depenadde vargtynefitargetd, fosiomof msh pep’mies totah@batlyrReregiofd prowidesinedno 0  of



[0010] It has been denobnstrated that a netastatic subset of human
breast cancer cells expresses integrin avf33 in a constitutively
activated form This aberrant expression of avl33 plays a role in

met ast asi woabosmsgsast cancer as wel | as prostate cancerpCTEs2e@sossi37 and
neurobl astic tunors. The activated rfcept or strongly pronotes cancer
cell mgration and enables the cells to arrest under blood flow

conditions. In thjs , activation aof avl33 endo ne atig cells
with kBOBE Bpticet il Pteheio contal Rty oS TE RO LR B hiL e and

di ssemdistty ModhdnGedsedivdaidyon of target organs. Tunor cells that
have successfully entered a target organ may fnther utilize avi33 to

thrive in_ the new envi r_onme,r}it), as (gvl 3_rr€qt§ri X.in er_actil%ns,can
pr omot WORH) | Tsaiteip pisrackrs it PtheTERQLEqULHT 18 }Cték&‘i{%‘f"é‘,m%v %I ndi ng
t 0 oSt RRPARLASInPLARES 0B ahd BRGENI0AS dnBbdAY HnBEkn if¥RIRoR! cdsdeBOpONt i N

correlate with a poor prognosis in breast cancer. [0011]For these

r eas onéontaghandfpathogensingssacsiony witetirgep fissups, Paplgindateraesons car frolyggantact

i ntegrii i i de i iyl i al.sts of
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uses the, hj bi ndi ng speci f.i ci t vP3 of peptides containing the
A - o Pl epospriaf Al arerircn oo B Bisepadie REBIREER, ot ecent
extracellular matrix proteins, is the primary binding site of the
avf 33 [0008]gr iReptiddedenesd, frdriphdga disglay épearicetyppalip etaim theirhimige mat | ¢
due to,fast .blood clearance, high Kkidney..and |ljveg uptake and fast
Cunor SHABRITRSoref BRr ofer MeliPvish SHetics tvudet Shelshdiion Jecenil
been sdzanétula® spadiict Heocker tholséudddirkdoigiition domaing (MR Ds)lthesen Bodi f i ed
peptides are then coupled to radio-jisotpes. and used ejther for tunor
i magi iPmHneddo Fisale Bisteele psteingvighpinding sepeificifes fgrgeystaldegned targsife of
the nost well characterized integrin hetaodinmers and i s one of

sever goo#st erptéxamipte difaaichaydinge engdt §id isGataeh. iIﬂte%x'-ihEﬁH‘re b RGeSk
angi ogenesis. Wi le sparingly expressed in mature bl ood vesse|s,

av133 yapsmegbrans eadrdhgsioprereriars Bebere qempogd aheredl mbsinks and medjgge The
expr esc%ll%ﬂa@ﬁneﬂﬁo%?ot@ﬁﬁ whﬁattﬁéemla}eahﬁ’ag%m' XEREsHt, Qfglhﬂ:bé RARE eigﬂt B

breast and cervical cancer as well as in malignant nel anoma. Recent
st udi exibenitygessknommathess/fors 2adiffent o betgtodimers with diffesent ispecificities for

prog n%}iioﬁs E@gf c%ﬁla%esgx%[})rétg .a;%g?d’sg‘or \La?%oﬁ?{n'téb{ﬁl%’ {n?ﬁldé ?l?/l%ﬁg&inc ularly

attractive as a therapeutic ue to screlative rmted
cel | ul catlagtinskaminin,t voorWillebrand factetr, aqyenpomin, threntpmspasiag aod vidphedna) i al

I1's, and mpimall t h 1]t . Fur.t.her.
o 53 wRPS Bl P RroRenf RAIRCH, KB e e HE0 B S Sl iEREE pishal
WD 2logem§iag@5|3§w &m&m&i&g&&%@toﬁmjmﬁcem fxmiegxlﬁn[jusn;lairf1aﬂftiwryt<>ieusaiath bi t
cvto ne-1.nauc angl o nesi .a e ro. ) SOl | nor on e
cﬁi ck leﬁ&ﬁlfl%}&ﬁ?‘éﬁ?f’ﬁg@egr&%?’%%& cﬂ?fe@&tsqumﬁgf ﬂs%ﬂde&ﬁp?sq%n&faaliu#@r ,
avps, ﬁ@ﬂ%ﬁgﬂ@d‘ ; Hri QY eBIE @n SpbcifR thﬂ%%B‘in febdPsr cofforBaiidd Thes | | kel y

i nvol ved i n "VEG-- nedi at ed angi ogenesis. 1t has been shown that avP3
and avir@9dgsragreleanlasyitish habeanirolsithe dhility jof eellspe pgmrespte ingnfimeerithr ough

bFGF - : X ;
o houn ereltfannRfithay dired DA AR RIS Jidiifbos bimd el A0
FGF2- imebhemsin imwell exfabhielkidsor [Ehlewptes esliplaslesttharigbylate pithyn thhdtooBGF2

d VE ti i ff t i i t.h t 1. i. | 33
ond wrsun 5 St Sk e P e RREa bR RSy 1Ry iRt pla |
tumtor lgmm_t Ashdaiosy oﬂ\ﬁibta'vaﬁinﬂﬁjtl_ iti6 a'tg@ﬁgtéyehepé ) 2 esc‘pwﬁli&boffespmabfim d phndre
nortall I N, C cer., A ant . (0] ession o no , I onm,
ovari aq{r%é?falasfs gs léalﬁé@g t'gfap? f;%ewg%% gﬁ%ﬁmﬁ Fnﬂ%éﬂl%w")ft?? ande

expr esuipeforqflatt1BE, fréth @Rk "3y F38vaBdh doRfRIBorsATRR WAl B¥de3en tyyes e
recently, it has been shown that activation of integrin ayl33 plays a
to arrest within the vasculature, promoting cell cohesion and leading to thrombus formation.




[ 0015] Angi ogenesi s, the formation of new bl ood vessels from existing
ones, is essential to may physiol ogi cal and pathol ogi cal processes.
Normal | y, angi ogenesis is tightly regulated by pm and

ant i - angi woendmsgsast ors, but in the case of di seases ANAGSOSIIBET ,
ocul ar neovascul ar di sease, arthritis and psoriasis, the process can
go awmy. The association of angi ogenesis with di sease has nmade the

di scover.y,..of ti,- ound attracti The npbst m sin
phage [BRY01 ¢ 4T Brstectfle @5@ %%ﬁ%ﬂ?@&%@@ﬁt%ﬁww laa%%ma@%ﬁ%ped gy
Angen, expedsbdsahte@@bodf3an aREhsBERINEG a6ia8d f68n. AN8IS abdri8il&dprodbibh 6f &vP8

VEGFs and their receptors have been anong the nost extensively

t ar get BaysAFoldn mestastasisof breayt gansgrasovslkasmresiaie capcercmelsness. 28df or t s
tar get jdgoiNge AREdRs. T BIRat\ oﬂfeéaﬁa&%ﬁﬂg@ pﬂ;usm | GhdePedi &?%ry&mway are

underway. Both protein fam Ies’1nvo I gand receptor 1nteractions,
and bowablesithe gelds trarmsnodetbinod flownesmnididions. alndhik smagaictivationtof pefled 6

post naén%u)v¥mte%§1%ﬁ9 Qélﬁ%m%eyg)?(;pe%egﬂgeli ?(1( e cn%ngltfo {) ﬁl'c?és!s 1Eslsge\r/rr;ﬁna%on

| i neages
l i gan dmd calvgizatior ﬁﬁtangeﬂorgéﬁg lI')lmbfltEediE g’m Angi soqsuammliyr‘enéerédﬂmg@et oiighe

best studje beJn Ang2. An sti nul at phos horyl ati on of
Troo i igean3® p Aol ABedn Bk ien ShPEo AL B8 THBINEEe TR

ant ag %ibxix@te&:@lll s@9Ral & plolEerafiSs SRYr@karhIO RO bitlddis! 6 BstebPoRMA bREFARTZ
expression at sites of normal and pathol ogi cal postnatal angl ogenesi s

ci r curfBalignancy) ang eleypied keyels 05?%%9@@?%%6@? Witk a peer papgyPsis in breast

Vessel gghective Ang2 induction associated with angi ogenesis has been
denonstrated in diseases including cancer. In patients with colon

car ci nong, 2 is expressed ubiquitously in tunor epithelium

wher ed80Eb pr @gEFhSW 1§8soph @hd fay its gstablishes fokrainiangirgrnssis Hamwv A3 dntegrin isr e.

The n gg[gq@ iating
fact osotnfe %?h{glﬁn(% F QS% %g&le%dquli%lgé %a%%ier ugslﬁ)geﬁh%r%fee?%u hé%trt ected
t owar dwtenéibl for wge in ngmdochug éerleretyndfam approa¢icthbt hey Abanatsedto. tadger axBpt i n

(Trast reconbi nant, h nj zed
nonocl }gt;egfi? ‘g%?? ﬂ%(:ﬁ\c{i@.‘ g?‘?g%?%e | ns tqrgge%[%e? gﬁ‘ﬁnﬂ‘ﬁg} ‘ggmﬁ&%’f t he
human BGD)eeqehcd y’li‘mmrmeptidermaamﬁpxemmn eZtraddBRAr fatrixrfa6deins, i the HER2
gene isS. ove ressed.in 25% of, | vasi v ast, cancers, and is
associPAlEy &ﬁnﬁﬁg B%Pfd Be g o’é‘?‘@“ﬁn OHFYLEy e%gﬁ Q?Fglrfl?%ef?"?%s are
chenotgieslangic due t@ﬁi@mwod Heng&epiHish RdASKmdiRer Bfisdeiah@ Fat fudfor Mashout.

Er bB2- gver.expressi ng breast cancers, and_is currently the only ErbB2

t ar get@WTHsH MogHiFatitelgpsised By peptidss hap beqnpshows fo mpigasertaey mtltyof

Er bB2 .9y Shieos0 e rﬁgdlffé‘d Aephitd &e ﬁfeﬁeéﬁplé‘@teeﬁm.@@ and el Qﬁﬁ@koradul t
cells, few ErbB2 nol ecul es"exist at the cell surface - 20,000 per
cel |, temorigmegingtos fniahibitrtemer gowdr ned and growth signals are

rel ati vely weak and controllable. Wien ErbB2 is overexpressed, -

500, 0GRomg" &Rbdrin VB4 &le%f@etlﬁgst %Il%ﬁﬁ'gét&?{eﬁ i i &E&?ﬂn@ﬂ%ﬁ%l
signalingis stronger resulting in enhanced responsiveness to growh
f act oroge ahgevemal hquadntnegertbmhave tRen dmpligsitesi in sumgryinduch@angiogenesipr Whdeé on

or oot CPREpHesRia AORBLAAT SR ae e iR co bR A PURRE, g anc

val i da:ngdgdmmgm vﬂ’vmr The egsdssioanferf3 colrelaes withiaggressiveiled3@if Hisedse pt | mary

t unor ,and tastatic sites, Herceptin i duces api d renoval Er bB2
1 om CRESBRIcERYR} et B Rl oy TabaRER Bl PSP ugesst hat

het er Q&p3ial 6 usdFa a@ra@ﬁagh@stﬁroep&dgno% GBS TEr Rnedmhb@N Iﬁégdﬁxfia@% In

observed in experinmental in vitro and in vivo nodels include

i nhi bipertishlagy apfestiensadhagapsutictapgsy due ioyitsrelaidvelylimitedientinlan disgibstiemt | on

of downg I
3- ki nase E) l%hggﬁ!rérﬁgtg%ggé -act \‘/’gltﬁg%‘%rﬁ’é’?‘g. rf}p%?néastgég 0kj;zéﬁﬁrgdﬂpjggcades
€] ceIFIunbglmoee, &wﬁ%mtagomm bichiding bofh @i REPapeptidesippmesiseloml 7 of




[ 0019] Anot her target cellular receptor is type 1 insulin-like growh
factor-1 receptor (IF-1R), I1G—-1R is a receptor-tyrosi ne kinase that
plays a critical role in signaling cell survival and proliferation.
The | G- syeteomosssos r equent |y deregul ated in cancer celAcg/usgoosiogsss?

est abl i shment of autocrine | oops i nv5ol ving |G-1 or -1l and/or |IG~-1R
over expressi on. Moreover, epidem ol ogical studies have suggested a

link between e] evated | GE. | evel s.and the. devel o nt of j_of ., human
cancer %“,“\Qg &h S@@%&ﬁ&&%ﬁ?@%ﬁ%l%%@%ﬁ a%%‘gtrhr‘r"%éﬁbdr WEOf on
of | GFsn @BehitkEhdricaRanGt eehbe@Bt Or s has been correlated with di sease
stage, reduced survival, devel opnent of netastases and tunor
de-differentiation., [0020] Besides |G- 1R, S?FII der mal (?I’O h factor

r ecept BP1IEGARYoteA dntegracrautmeny B2, & aerei ek eXRresseb rr@éﬁ%r@v%mw

NUMer oygis GANG §ikely iRfdiRaAlih VEGFUABdiated Bhdibdehiis. NBBasRENsRWAI B @dpDOt h
experinmentally and clinically with a nunber of strategl es_t hat

ant agoanidoa B promente angiegsnesis e distinct pathwaysaeefs through bF G B gud HNHwy angd
o . t . > O N .  ont
Punct 1 wsEABLL FEBR AN e bW Bl ] B IAbHBR 0P brc Wifast EREP OF

up- r eghlibek VBGF afiduoeddut got GEFR-ihdicedrangiegaptior These trsultsGizonHly-implyi thate d

pat h For le ecent. st ud as wn_t hat | 4 nt gliom
ol I e g R e A ST BBt ¥ iR 0T M E B T B B3, ot
sensi tieyettrvelly@ EGFR i nhi bition depending on their capability of
activating 1GF-1R and its downstream signaling pathways. O her

studi e ve .al so denonstrated {hat,.overexpressio nd/ or. activation
of ' crOHlY 1 Risaghe YoF Fle hetgipelite RthE BrsdRiy MaBu-Rlis Reeg

c henot gscairerdrbidit @R indrtalitf o eht@n Mignai ?i'd@%ibﬁoﬁ beinalayoraa) Gliomas,
Herceptin. And consequently. inhibitiqon of |G- 1R signaling has

r esul t@@TIRh apdbroas serrer avsiall bgn Sropelyilimken Witk fhesxprossiga it ofrenn

[ 0021] KEERn f SnletasRtAth dvpb OMdiErce&liian fad hidh showChpY RESLHNQR MaNY
normal tissues as well as neoplastic I'esions of nost organs.

Over exiptegas pefd RIfysERGHEuI Geantsols iagadtastastsin humambreash panseiofA FOFRIPRES been
observed | . i j i . !

associ S S g BeRbel b BRESuiof B dVES o bk Bahep et WS n 8 e

t hr ougivrinhl tBeasteibelds are auficewmative andtapprodinmtely f0% e invagivdlobhler FDA

approval .of Cet uxi npb,,.al so _known.as Erbitux (a / .chigreric
ane Dok e SR 08 B AR EBrer et R TR AR Gr
t ar get avpa rwithnecyiclie péprde hasiieenrlicnai tatsintergiod @itk eddidimamnctherapy i suldiesh of
2006, FEr tii,tux al so 8 received FDA approval for the treatnent
squanmoiEoR¥iag Preashcaness xenogfafhe head and neck (SCCHN). More recently,
Vectibix, a fully human anti body directed agai nst EGFR, was approved
for mears]at i ngstenéshis thalfora@rics bf ndveblobé vesskly GoinexRting omd; idkapgtiatgent
in colorectal cancer - thef/ wer e approved a}% add-ons . to existi nlg

col or 0By Rggplegisel and patbgiogicalprogestesn Napmally, gpaiogenesis igfightly fegulated

conbi rlﬁ@ﬁrerhn\&i anfl-an PR géHidifhclotd, B@Lif BRtasd ¢k dvRedel Bick ak ardflobhiat er ed
after disease progression on, or_ follow ng fluoropyrinnidine-,
oxal i preavasaular ¢iprase, prthidtiseand peerinsiai WP REpcessEaD EMYEYp I he agiopiatien ofEr bi t ux

has begpn;: Walol] i J Or, NE tatl.6.SCCHN
ony ViEBRBRSR (th @l ok BUIE U AR ver of B leni o FR OB et
cl i ni cHie most atosnisihg phegaslerivadewt-adgiogeni¢ peptide describalito datel developéd bung

carcinpnma _are_ongoi.ng. The se nce, of, Erbitux or the EG-R anti body,
is mel‘gmﬁ?fb\ﬂ/ﬁutfaﬁgﬁwtggﬁqglm%egl@é:% © le, Goldstein, et al.,
Ain.Cancer Res. 1:1311, 1995; U S. Patent No. 6,217,866), herein

i ncor piooréled Wiile taé 8fEGTsend G2 kArolnst dedneamangttivemodtickiendtdlpn of a

catalytic antibody.for selecti.v rodrug activation ip cancer thera
has “bolsiesied Salsioiet it b giosgeny Ryl ol S Rrediha Pe fofE R oe o
appr oagikcohase en@pdidii- BieR pitRkvhdte @hddratfleBotR iphAin GarRi@iBd ind6lve 1i84nd

receptor interactions, and both include members whose functions are largely restricted




9 capacity of non-catalytic antibodies, providing for an effective
approach to extendS the binding functionality of antibodies,
particularly for therapeutic purposes. SUVWARY [0024] The present

i nvent i onwiooavasgsos ed towards a full |ength anti body REMIFS26i8/088337
nodul ar recognition domain (MRD). Also enbodied in the present

I nvention are variants and derivitaves of such antibodies conprising

MED. [ 00 | . t, th ti bad d t bl
1 nkedPEHPETIY e ShePRE et spRe nPpoRactafaR el Kirder: e? BT | s
bet wee@ro%mtem%@e WER el @Bow®NgandS) anfiepoiedn] fAddl) #oh -abybiedn40 15

peptides |o In one aspect of the present invention, the |inker
pept i de\ngd tydigd beinig Aned andayag. (A stipulates phosphorylation o€ Jisd 9ad
SSCEGHRERE a((u%ErQﬁJthQ“leMS ‘beénd shoWh th BEhSEAY &ﬁ%ﬁ%%ﬁé@%ﬁﬁs
(SEQ I D NO: I nkers contalning a core sequence as

shown phwsmqlatt[onN@lqvamde%ngﬁ@Kmd@wnWé sitsisof normrad and paﬂe)lcbgwﬂl eosttgﬁéq;lt i de
Is fr ol %%9&%1S%H%9n§£gtﬁﬁ¥ ?tﬁ]!ﬁlfé 2 tpL %#ﬁﬁg {9%{3{% er asoglt -SE, ectl e %ngZ

nbodl esen ven
t he C-inéuatibn aésoaatdd ofithtahgiopamsiy h&ﬁﬁ:bﬂﬂ dehorstiated i dlkﬁaﬁbs 1ndhlithﬁg1ainbﬁl’

aspect, the er.ab i nked to t N.term nal end_ of the heavy
o n T3P Wik PGP PR AT S RSSO i TR PG iaPab! |

i nkeC‘led?ea% laepre‘sstcﬁlrdmn@h 12 fhod BpitHeBurhiveld shédiddobe@hre! Tae Adtiga §t
anot her aspect t he NBd)éﬁl s oper abl ¥3§I inked to the N-term naI

the |iagHYiDERSbRebISEFREdSR OF %wmhﬂa HEHPENmaEFgaeenssifo or nor e MRDs

are operably linked to any term nal end of the antibody. |In another

aspect[poi#O @thdFH oA dReaBEioNAtds cbliliadcdpford #e uRlder¥BhiBalt €r M nal
ends of the antibody. [0027] |n one enbodi nenf of the present

i nventavaiyatiqny dereapja (Trgstugumeabl/mpvelaped by Crangntagh, st Teepspbinans hemanized
enbodi gEnk1,9h atnﬁgocﬁr dire€idl aéﬁYs?ﬁfe'egf}acehH@r 4t 88 b AL npdin MR CD20.

[0028] In one e ment of the present 1nvention, the taarget of the
MRD i $ymsing kinaggrreeeptor 2 (BRR22s ﬁehﬂZ)t Ii?he PEBLigdne sequexmessed 1nt2$é6 of

t n anot h
o pectvih bl At &« it Hatt e s Aherpd R
PCRGDthex(lGE@ap@uc Ihlgbrrtsﬂ)Herbeptméﬂockmmb Ipmhfaamndf Erb%om@tprehemg ebqaaetﬂ ce
ofthe ntegrjn targetjin s T S ID. NO :5). I not her
aspect® I‘i We%bdelﬁfmgg@éhﬁg'ﬂgg%z Wtegﬁf“\eﬁd’ﬁi?’ 5’%%}’@8?50?{&5%3 :%P?\_%RGDCF
(SEQ Ihd trdd@nerfi bf Ertil 3RE.0¢ eS80 aeaklatiSBRAR/ @3 AVIBEY. In normal adult

cells, few ErbB2 molecules exist at the cell surface ~ 20,000 per cell, so few heterodimers are

formed and growth signals are relatively weak and controllable. When ErbB2 is
overexpressed, ~ 500,000 per cell, multiple ErbB2 heterodimers are formed and cell signaling
is stronger, resulting in enhanced responsiveness to growth factors and malignant growth.
This explains why ErbB2 overexpression is an indicator of poor prognosis in breast tumors

and may be predictive of response to treatment.

[0018] ErbB2 is a promising and validated target for breast cancer, where it is found both
in primary tumor and metastatic sites. Herceptin induces rapid removal of ErbB2 from the
cell surface, thereby reducing its availability to heterodimerize and promote growth.
Mechanisms of action of Herceptin observed in experimental in vitro and in vivo models
include inhibition of proteolysis of ErbB2's extracellular domain, disruption of downstream
signaling pathways such as phosphatidylinositiol 3-kinase (P13K) and mitogen-activated
protein kinase (MAPK) cascades, GI cell-cycle arrest, inhibition of DNA repair, suppression



10029] I n one enbodi nent of the present invention, the target of the
MRD i s an angi ogenic cytolcine. In one aspect, the peptide sequence
of the angi ogenic cytolcine targeting MRD is

MGAQT NEVPWDDLEB@BESYEQFI LQQGLE (SEQ I D. NO. : 7). |n anotPearusagpesss3’ t he
pepti de sequence of the angi ogenic (é/toki ne targeting MRD is
MGAQTNEMPVDNDELLLYEQFI LQQGLE (SEQ ID. NO :8). In yet another aspect,

the peptide sequence .of .the angi.ogeni c.t-lcinetar. L. S
NG AR ORT BT R C o et e dsgte R SR S TATREITB t ° ¢ he
pept i d@apaguTpaterd®d with Bl OBRAN Gareit Whel@iallR kgpbnd g HIrEptis,
AQQEECEWDPWI CEL | MGSGSATGGSGSTASSGSGSATHQEECEWDPWICEHMLE ( SEQ | D.

NO. : 1050WaVvRr deipensEpte dissaseprogressiop spthinyencysean i eatment niigtiangi ogeni ¢
cytokine targeting MRD i s MGAQTNFMPVDNDELLNYEQFI LQQGLE (SEQ ID. NO. :
11). | jpopg)ot eiotias RRES celll i8R tém%ﬂiﬁ&ﬂﬁﬂil&f bR fBAG-DERBMEr
cytokine_ targeting. I s PXDNDXLL (SEQID._I.&O.: 12), where X is
one of(IGEéRéngak s Teseptedyresinginaseithas plegs @ stitiqahrodgigtsignelivgesdldi nent |

the ¢ aga60 s MERIPARE 5 196 ofden £O%8,3RGUEREALMPATTRENPURS, §SEQ | D

NQO 56) , ereth X 1S any am no acl n“is from about 0 to
10030 lestahlishmesnhedr augarhioe iarpninyolving IGE ge il agd/ MAD o B bvatexressivai ns a

core uence sel ected from ,XnEFAP n re nis fr out 0.0 50
oo o TN et Gl et SR SNl MR o b TR RO it 8 0
0Oto E&Vemj)mmtawfhdjdmsjndme&chﬁliazﬂ g@ mast,zsl)(%n, liﬁigEEﬁR)fgs;&ﬂe wirRee n is
fromabout O t amno acid residues (SEQ I . ;. XnELEPWI'Xn
wher e FrPFSSIPR 8&@%&&? 5% <GB ToReRIor Bey lgfe srdeted Witk giseasp siees. 31)
and XrreddERFEXhIXE ST iR edanld huh b0d8- @ik htidlioho 50 amino acid
residues and X, X1 and X2 are any amno acid (SEQ ID NO 57). [0031]

Ex I [ i nj h. core peptides include_ for exanple:
Aﬁd&%\?&%ﬁ%&? Igﬂ%o ,%Jp}raé]rgq)sétrjo%ng factor rgcegtolr (EGFI_IQ) has lajtlso been P

AQQEE %m%@%@%@%@ﬂm‘%m&%%%ﬁ%&%ﬂ RE@ed P NO
23); AQQREECELAPWICEHM (SEQ I D NO. 24
TGOS

D . :
AQQEE@ENAPRATHOHMBSIDS 5 'Wﬂ@@aﬁpmmwiz@em

AEE P BB o o SRt Relorf b ot sienaling paduivays o umor cells, -

| D NOinlgbition of one receptor function (e.g. EGFR) could be effectively compensated by up-

regulation of other growth factor receptor (e.g. IGF-1R)-mediated pathways. For example, a
recent study has shown that malignant glioma cell lines expressing equivalent EGFR had
significantly different sensitivity to EGFR inhibition depending on their capability of
activating IGF-1R and its downstream signaling pathways. Other studies have also
demonstrated that overexpression and/or activation of IGF-1R in tumor cells might contribute
to their resistance to chemotherapeutic agents, radiation, or antibody therapy such as
Herceptin. And consequently, inhibition of IGF-1R signaling has resulted in increased

sensitivity of tumor cells to Herceptin.

[0021] EGEFR is areceptor tyrosine kinase that is expressed on many normal tissues as
well as neoplastic lesions of most organs. Overexpression of EGFR or expression of mutant
forms of EGFR has been observed in many tumors, particularly epithelial tumors, and is
associated with poor clinical prognosis. Inhibition of signaling through this receptor induces
an anti-tumor effect. With the FDA approval of Cetuximab, also known as Erbitux (a
mouse/human chimeric antibody) in February of 2004, EGFR became an approved antibody
drug target for the treatment of metastatic colorectal cancer. In March of 2006, Erbitux also



AQQEECELEPWICEHM (SEQ I D NO  30);

AQQEECEL EPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECELEPWICEHMLE ( SEQ | D NO
32); AQREECEFAPWICEHMGSGSATGGS GSTASSGSGSATHQEECELAPWICEHMLE (SEQ I D
NO 33); WwQQREEEREMFP\WI CEHMGSGSAT GGSGSTASSGSGSATHQEECEF SRIATGENMISI0BB36 SEQ
I D NG 34); and AQREECEVWDPW CEHMGSGSATGGSGSTASSGS
GSATHQEECEWDPWICEHMLE (SEQ I D. NO.: "10). [0032] In one enbodi ment of

the present jnventio e target of the S Er ne
enbodi W@Wed&# %ﬁeprawggéwpe rPRFBRR S&quuﬁéelrm CATRRemRP fbﬁee PEckEr HB3.
I n oneseding). Mot r@enilyl &veRigig Sfull RMSES éuﬁﬂbod}t Ji‘i?ecie%ra%ﬁhst(ﬁGFlb%vayRD i's

t unor - associ ated surface antigen epitheli al esi on nol ecul e

( Ep- CAmproved 3 3petastatis velogavtnd ganeet tNejthen drug jsrastandtalangveentilneolonetal

t t t th
vea 1 e e s et e o s g o PR i B A Bl N
f act orEﬂbltmersgmenrm t@mb;aathmgmls}ﬂﬁe mgﬁmsuwmmm@sm

' G- 1R.t.arge ncl ude, for
excanpl SR RREPRIRT G e R PR B S B A e e T
( SEQ Idant\alalﬁgfiahenw:mf@ynegﬁlem Hrbitix Kas b&eh dpprovBy agditingle agdndm réurtedit any
amno acid; X4 is any amno acid and X5 is_any_am no ac)d

10035 197Mastatis SR aplyivehete Rrios plagiapm:baspdichemeherapy Bas taiqd, figdvanced

NFY@%%%W eﬂ IBnNQiall%lé])l lung carcinoma are ongoing.
NFYQCI EQLAL RPAEKSRGQV\QECRT SEC NO: 36) ;
NFYQC! Diel sraveraesSronmtha EGF qd», N@eﬁiqun in the art (see for example,

Ng% @Eﬂﬁg@%@r@ ?g@%?@ Wy %?t No. 6,217,866), herein

NFYQCl iEAr B RPABK SHEMBECRTGG ( SEQ | D NO. 40) ;
NFYQC! EAL SRSPAEKSRGOWGECRTGG (SEQ | D NOU 41) ;

N A SRRl B

NFYQCI defiraicy W\%&W@e@rﬁﬁ@eﬁﬁb NQor mﬂgetmg The present invention

NFYQC! EM.SLPPAEKS
NFY%ICEW&E?@A é‘g%%%g‘ (%@83 ‘%%‘gﬁ%ﬂdmg peptides, or modular

NFYQC! E€dgftiGh. ({lﬁE@fdsEll NG@ull fehizth antlbodles that effectively target

NFYQCI ELL SARPAEK
NFY%I tpRpgsit pggé% apwéngtgt p[@gmg activation capability of the

catalytic antibody. Since the MRDs are fused to the antibody so as not to significantly

-"/

%10 ody for selective prodrug

mitigate binding to the antibody's traditional binding site, the antibody's specificity remains
intact after MRD addition.

[0023] Asnoted in Figure 2, MRDs, designated by triangles, circles, and squares, can be
appended on any of the termini of either heavy or light chains of a typical antibody. The first
schematic represents a simple peptibody with a peptide fused to the C-terminus of an Fc.
This approach provided for the preparation of bi-, tri-, tetra, and penta-specific antibodies.
Display of a single MRD at each N- and C-termini of an IgG provides for octavalent display
of the MRD. As an alternative to the construction of bi- and multifunctional antibodies
through the combination of antibody variable domains, high-affinity peptides selected from
phage display libraries or derived from natural ligands may offer a highly versatile and
modular approach to the construction of multifunctional antibodies that retain both the
binding and half-life advantages of traditional antibodies. MRDs can also extend the binding



13 [0036] I n one enbodi ment of the present invention, the target of
the MRD is a tunor antigen. 100371 In one enbodi nent of the present
I nvention, the target of the MRD is an epidem al growth factor
recept or wb@biossson one enbodi ment of the present i nveaiusnosn$sas7
target of the MRI) is an angiogenic factor. In one enbodi ment of the
present invention, the target of the MRD is an angi ogeni c receptor.
[ 0038] In .one enbodj ment of the present ipvention, the MRD, s a
vascul %apawrﬂefﬂan-ﬁ%tﬁ’tyrlaévtimﬁle&rpéova pe r,anfﬁscﬁasﬁmra@ ggemtdeor the
vascul ghdiRe RintfoRBB! didatibrliA ey F6t fhaERutiP puliieses1S) - [0039] In
one enbodihgrrent of Plhe present inventy%}n, t%adtt grget of the MRD is a
nerve growh factor. In one of the present invention, the antibody
binds to a cell surface antigen.m n one enbodi ment of the
present invention, the anti body or MRD binds to EGFR, ErbB2, ErbB3,

Er bB4, (0620, THIDdstit-ihvelsBortis Abdied BWaRTsalfull R6EMBlAbodY coRipAsSihghe
speci fic menbrane antigen. I n one aspect, the peptide sequence of the
EGER tpaarrpgpemtion dgmain (MRD). Also embodied in the present invention are variants

VDNKE!\%ﬁEI@%ﬁ}}@ &%W&ﬁﬁ%mAm LAEAI CKLNDAQA PK ( SEQ I D

NGO 16). In one aspect, the pe sequence of the EGFR targeting
MRD i s VDNK_FENI CEMAI AVEEI RNL PNLNGAWOMTAFI ASLVDDPSQSANL LAEAKI CLNDAQ APK
( SEQ 1[602%)  1mpne aspe@nibe antfhody anst the YR peeswarablyrinked thaenghafimkegrept i de

DN RN AT R R e R pepsn o AL e P B SR 3R 4 88,
NO 18)r.abpi@4a]15 peptoies longb bdénwespecodf théprepant Bwertionnthe hinkapeptidee

anti body binds to an ' tQr £0042 e g}(@F t of
the prered i el TEHERTR foly Bl mesPeh ORGP i or
[ 0943](S|Eeg I gmem), ortiesdguete srssfm(m%@ee}aasmsi (SBQADAY0.: 19). Other
pol ynucl eoti de. conprising a cleotide seguence of the antjbody. In
one’ as'HIkERs CERIAIg 470BS EAECTCH (LS eshoun Jatre DY @resl@slu@%fémm
pol ynugh&gh u@qinkkxgpe)sﬁae RN AouPEDE hinotddRIsPOl ynucl eotide is
operatively linke
[0026]) According to another embodiment of the present invention, the MRD is operably
linked to the C-terminal end of the heavy chain of the antibody. In another aspect, the MRD
is operably linked to the N-terminal end of the heavy chain of the antibody. In yet another
aspect, the MRD is operably linked to the C-terminal end of the light chain of the antibody.
In another aspect, the MRD is operably linked to the N-terminal end of the light chain of the
antibody. In another aspect, two or more MRDs are operably linked to any terminal end of
the antibody. In another aspect, two or more MRDs are operably linked to two or more

terminal ends of the antibody.

[0027] In one embodiment of the present invention, the target of the MRD is a cellular

antigen. In one embodiment of the present invention, the target of the MRD is CD20.

[0028] In one embodiment of the present invention, the target of the MRD is an integrin.
In one aspect, the peptide sequence of the integrin targeting MRD is YCRGDCT (SEQ ID.
NO.:3). In another aspect, the peptide sequence of the integrin targeting MRD is PCRGDCL
(SEQ ID. NO.:4). In yet another aspect, the peptide sequence of the integrin targeting MRD '
is TCRGDCY (SEQ ID. NO.:5). In another aspect, the peptide sequence of the integrin
targeting MRD is LCRGDCF (SEQ ID. NO.:6).



14 with a regulatory sequence that controls expression on the

pol ynucl eoti de. In one aspect, a host cell conprises the

pol ynucl eoti de or progeny. [0044] The present invention also rel ates
to a nmet hwo 2009/088%5t i ng a di sease a subject in need tIPETAR008588337
provi ded, the nethod conprising adrrilgi stering an anti body conpri sing
an MRD. In one aspect, the di sease i'S cancer. In another aspect,

desi ' bi t ed. anot ect,
angi ogBEY: < I SHrBath Eret of Y mpeeScuEel S BEet o ELNBD Gebut h i s
I nhi bi drgtbgeid caoRinB L (ﬁﬁh@]@cfrﬂ{btpepﬁder@ﬁlﬁ@de @if thé B8RSR i&tc rising
adm ni stering an additional therapeutic ent al OE% an anti body
conpr i EiEREreaMRIRS MSAQIIENBMEPDL] B H@éﬁ% BOnlml so

rel at egoftr Apl&t ﬂﬂ@geﬁfde QB AG & tﬁéﬂn%mb@ﬂg%}holgﬁé Eé sing a

MRE) is described. In one aspect I's der m a phage

di spl aMGIAWMPWBEbLh?éEQEH&QGLE@ﬁQ VRDNDs 8)d dn B’vteadompmspﬂ‘&ttm al

I 0, I nvention, the

aln%J ?Bg’};‘/’“‘uﬁes%ﬁ‘]’ncggfg‘gg?gqﬁgnamzdg‘g’? éﬁgl@@s | PTION OF THE FI GURES
[ 00471 MGAQTINEMBWD A TETREYBQBILIQQGEP (m D a0 26). ﬂﬁ anbithdr@speot, tl?ées i gns
f tet | ent 0048 A shows a typica

gept ?tﬁrﬁ’gﬁ es%&@nfg&ﬁhﬁgﬁlgl?gfgf W%Jéft ét @B'ng FIG 2B shows an

ant i badgQBECE WDIBMIOEHMEEGNRPGGST STA SSGSGIATI O EROE WHFW nCRIMVIE

anti bo 0050] FI G 2C shows an antibody with an N-term nal MRD
f usi or{géptlﬁ’[ BN lh Jhenetheriaspest: tharepads ﬁeﬂme of tho gmgipgepjamytokreshows an

ant | Egﬁ’r\éeﬂﬁgtlhmbs WS AYRRFRENDNSEL THEESOITR QRATE EHATH Y0 01 1) hif
another aspect, the peptide sequence of the angiogenic cytokine targeting MRD is
PXDNDXLLNY (SEQ ID. NO.: 12), where X is one of the 20 naturally-occurring amino
acids. In another embodiment, the targeting MRD peptide has the core sequence
MGAQTNFMPMDZXn (SEQ ID NO:56), wherein X is any amino acid and n is from about 0

to 15.

[0030] In another embodiment, the targeting MRD peptide contains a core sequence

selected from:

XnEFAPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 22);
XnELAPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 25);
XnEFSPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 28);
XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 31); and

Xn AQQEECEX; X,PWTCEHMXn where n is from about 0 to 50 amino acid residues and
X, X1 and X are any amino acid (SEQ ID NO:57).

[0031] Exemplary peptides containing such core peptides include for example:

AQQEECEFAPWTCEHM (SEQ ID NO:21);



15 [0053] FIG 4 depicts the results of an ELISA in which integrin
and Ang2 were bound by an anti-integrin antibody fused to a ang-2
targeting MED. [0054] FIG 5 depicts the results of an ELI SA in which
an anti - Ewb28®/@stos body was fused to an MRD whi ch t ar PETAE2088/088337
[0055] FIG 6 depicts the results oi an ELI SA in which an Ang2
targeting MRD was fused to a hepatocCyte growh factor receptor

bi ndi n n,\hn i , EL| in

whi ch SRCEREERArY P Ando e Al s PR e e Ty

anti bq8gQ ID06723)FI G 8 depicts the results of an ELISA in which an
integrin targeting MRD was fused to an hepatocyte growth factor
recepto L.ndi i 9 depicts the results of an

ELI SAQ@Q%VgLﬁNﬁD@%d(ﬁEQI%%@]QMh factor-1 receptor targeting MRD
was fused to an ErbB2 binding anti body. 10059] FIG 10 depicts the

r esul t5QQEEEELBPMWEFCEMMUSGSA TG OAGHTA SSRGS APHYBECHRA PWBEEHVQ.Ean
ErbB2 binding antibody. [0060] FIG 11 depicts the results of an
- ELI SA(SEQ\/BP@Q% >integrin targeting MRD was fused to a catal ytic
anti body. [0061] FIG 12 depicts the results of an ELISA in which an

Ang- 2-A@QBECERSPWROEM ( gE%mNcp 2gy;cat alytic antibody. 10062] FIG 13
depicts the results of an ELISA in which an integrin and Ang-2

target) 09 NERrRR LR 66 8s Ao RRT AR AR P wcERMLE

2xConFS (SEQ ID NO: 29);

AQQEECELEPWTCEHM (SEQ ID NO: 30);

AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE
(SEQ ID NO: 32);

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO: 33);

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
(SEQ ID NO:34); and

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10).

[0032] In one embodiment of the present invention, the target of the MRD is ErbB2. In
one embodiment of the present invention, the target of the MRD is ErbB3. In one
embodiment of the present invention, the target of the MRD is tumor-associated surface

antigen epithelial cell adhesion molecule (Ep-CAM).

[0033] In one embodiment of the present invention, the target of the MRD is VEGF. In
one aspect, the peptide sequence of the VEGF targeting MRD is
VEPNCDIHVMWEWECFERL (SEQ ID. NO.:13).

[0034] In one embodiment of the present invention, the target of the MRD is an insulin-
like growth factor-1 receptor. In one aspect, the peptide sequence of the insulin-like growth



[0063] FIG 14 depicts the results of an ELISA in which an integrin
targeting MRD was fused to an ErbB2-bi nding anti body. [0064]FIG 15
depicts the results of an ELISA in which an integrin, Ang-2, or

i nsul i n- Wwoleeoogpsgsas h factor-1 receptor-targeti ng VRD wa3/USa®essssy an
Er bB2 or hepatocyte grow h factor r%ept or-binding antibody with a
short |inker peptide. 16 10065]FI G'~16 depicts the results of an

ELISA |n ich an integrin,. -2, ihsulin- i.ke tor-|
recept %F@?-Qfegawﬁgrgﬁw%@ w@@%@ﬁggmﬁ%@ﬁw%&@m@s h

f act orNOe@§POMer Plulietitive IGPIIRASGY N MRDA indditie, for Bke@ipld) Apepal® withthé! LED
DESCRI PTI OF THE | NVENTION _[00 g&(The term"anti bo%é" used herein
to refiopmyla NERQEIK Kehketa SsARIKSRORIVQEGR ESCLREQI TRV Qi) vhstej Koifal
and : §n§ i 099 .chi . .S chal . @Hi

ant i gg%lggg%?\%l I"nt actgqgﬁ’f}%g%%} corrgra?lg’e)gg%% I eas{laﬁlgo%%jggvy (é)ﬁﬁm
chai nsacghd two |ight (L) chains inter-connected by disulfide bonds.
Each heavy chain is conprised of a heavy chain variable region

(abbr eypsdied HgkSii . in B2 ¥m ' pnstant region. The
heavye@%ﬁ]n éonst{éﬂﬁﬁe}gg%%ﬂﬁﬁir&gn%g?r%rl se‘glgg#cﬂ{aﬁ'r ee domains, CH, CH2
and CH3. Each light chain is conprised of a light chain variable

regio Vi J i _.ghain constant region.
The |[}§%&?BEWF§§§%§%§@¢§W@?MQ@§@3§ ’one domai n, CL. The
VI1 and VL regions can be further subdivided into regions of

hyper Vi Y QOIEQLALRP AEKSRGONQECRAMG(SBYIRINOeI6) ni ng regi ons (CDR),
interspersed with regions that are nore conserved, ternmed franework

regio i f..t hee CDRs and four FRs,
arr angr}i%{’ﬁrg(})[)rrlf %%%%W@Q%Cﬁ%gsgﬁlﬁgéﬁgms in the follow ng
order: FRI, CDRl1l, FR2, CDR2, FR3, CDR3, FR4. The variabl e regi ons of
t he hedvyQE&HRIVIGPAEKSROGQWQRCRTINGG(SEQM NO:30nmi n that interacts
with an antigen. [0067] A "dual-specific antibody" is used herein to

refer ‘plg&m i I t-@h.N

dual - vlgﬁggfﬁe onmal #%@n%%m,éGm§gDﬁﬁg 3??fal -vari abl e- domai n
can be engi neered fromany two nonocl onal anti bodies. [0068] An
"ant i BIYQEHIIL QP RBAEKSRGQWQEGRTGE (SEQ I NO: 4t ti on of an anti body
nol ecul e conprised of a heavy and |ight chain variable and

hyer @y @bl Ea HGh vARRSk TGEAbEY HiNgsyg] munor eact s wi th) an

anti gen. e term"Immunoreact™ 1n its various'forns neans specific

bi ndi ng_bet ween an ant ig&ni c determ nant-containing nolecule and a

mol ec UVEY QB ST HA RIS REQW YR EGHBERIIAgNQi42% such as a whol e

anti body nol ecule or a portion thereof.
NFYQCIESLAGGPAEKSRGQWQECRTG (SEQ ID NO: 43);

NFYQCIEALVGVPAEKSRGQWQECRTG (SEQ ID NO: 44);
NFYQCIEMLSLPPAEKSRGQWQECRTG (SEQ ID NO: 45);
NFYQCIEVFWGRPAEKSRGQWQECRTG (SEQ ID NO: 46);
NFYQCIEQLSSGPAEKSRGQWQECRTG (SEQ ID NO: 47);
NFYQCIELLSARPAEKSRGQWAECRAG (SEQ ID NO: 48); and

NFYQCIEALARTPAEKSRGQWVECRAP (SEQ ID NO: 49).



17 [0070] The term "natural ly occurring” when used in connection with
bi ol ogical materials such as a nucleic acid nol ecul es, pol ypepti des,
host cells, and the like refers to those which are found in nature
and not nwdizbeomdsdoy a human bei ng. [0071] " Monocl onal a@atriusemy/isssef er s
to a popul ati on of anti body nnleculgf that contain only one species
of antibody conbining site capable i mmunoreacting with a
partrcular epi tope. A_nonoclonal antibody thus typical di spl ays a
si ngl d083¢di g ong rmbﬁdtlryerrt@f the pyesgngiinysprotatheriangpl ‘Eﬁh‘? MRrﬁ:ﬁ%ﬂn‘HP%ract s. A
monocl pRgl, anti body may therefore contain an antibody nolecule having
a pluralrty of antrbody conmbi ning sites, each ininunospecific for a

drfferent epi_t ope, (g® a hispecific nDnocIonaI antrbody [0072] A
"modul [8937ec 6@ AR FBRPdiEeRtiof the PRAREN! ivention thedaresl of dhshdRELisen gridermal 5

0 UGGl A5 rEGIR) i IO(GARHAIAL O ROl sk, HaBipa 30

non-random y) bind to a target nolecule. The amno acid
S equertb@NB?tD & duRbgiogenic faator.t Inl ame ambodiorert of dapr reescof mvermoanhd: target efhd
still %W‘Sa de reemé)%‘e c%)acrty to bind the target nolecule.
Furt he FAe™" Sequence can result in changes in the
bi ndi ng specrfrcrty and in the binding constant between a preselected
t ar get[00d8] e c Uh en@embddireerbiofithe wsmtmen@@ommnes h kulfaahcﬂningc eptor’

e PR R SRR L Lo 0 °

menbr a@DORGDCREG (SBIER0RbER of a cell surface receptor of the
present invention is an activated integrin receptor, for exanple, an

activ 3 int rln e tor gn a pet tatrc el ,0074] The
¥ ar o a5 gt SF 6 bfserd i nfin, 85 (Sbat g G MBP 8645 be
descr iga@gkth fadtb) On a6¢ 6 the ftdSIHE BrvBidionilie bitebodP binds 16 4 eelisal et anigdry bi nd
a presel ected agent Exerrpl ary reference target sites are derived

fromt en integrin ands, tin

1 ort A 3 phesmaeimet yh e wsrs R anens B or todye” MIED Bradd to BOER,
cel | ulEbB2,&BRS, Fr6B 4, CI B hsWiFike FoWBfacty B fUtbr, BOfTbsigte tﬁcde or
angi ogeni c cyt oI dnes, from pr ot ei n hor nones recelg)t ors suc

i nsul PRORYIRRE AigeR HNRe epect) the peRrtise Spquenssi o drekl %raégﬁtng%%%%

r ecept@NﬁmmstemmEmﬁm@wmmmw@n@sqsmm%mm@@n
pol ypeptide" is a polypeptide conprised of at |east two 8ept| des

and opt GFQ IQ/NQ |1 6)n Kn nge wq@etheeent@e ewpeqewﬁeﬁq‘ﬂfmr@rgmg
pol yp s
i nkeéﬂrﬁﬁﬁgﬁ usi po ypep e ar R&%‘%ﬁgg Iy Dcf?rt?s\f&e%r OWMS

i ndep@dﬂ@(ﬂEQHDrNﬁbsl?) dndnt hepeefofte mestuisemtipntgpeptidel sequentpof ses t wo
linkeQﬁQﬁ&&E§£&é§ﬁﬁDﬂpt normal ly found |inked in nature.
VDNKFNKEMRNAYWEIALLPNLNNQQKRAFIRSLYDDPSQSANLLAEAKKI.NDAQA
PK (SEQ ID NO: 18).

[0041] In one embodiment of the present invention, the antibody binds to an angiogenic

factor.

[0042] In one embodiment of the present invention, the antibody binds to an angiogenic

receptor.

[0043] The present invention also relates to an isolated polynucleotide comprising a
nucleotide sequence of the antibody. In one aspect of the present invention, a vector

comprises the polynucleotide. In yet another aspect, the polynucleotide is operatively linked



[0077] The term"linker" refers to a peptide |ocated between the

anti body and the MRD. Linkers can have from about 2 to 20 am no
acids, usually 4 to 15 amino acids. [0078]"Target cell"” refers to any
cell in awsubysmsssoge. g., a human or aninmal) that can leTiEe@evessdsby

t he anti body conprising an MRD of th invention. The target cell can
be a cell expressing or overexpressing the target binding site, such

as activated [ntegrin receptor. [0079] "Patient," "subject,"” "animal"
or "ma P're%liaéorﬁ§%1€P?ﬁt€%teﬂl§%%awwmaﬁan themetynpe mﬁnirr QEATRIFL A
human Rat t@iMiotpAindt (ROPoIPMERBLE! bRb Ry, as wel | as experi ment al

animals such as rabbits, rats, and mce, and other animals. Aninals
i ncl ude all vertebrates,_e.%., mammal s and non- manmal s, such as
sheep, [08dYs, esepiinyqeEpR Alsqrelesyp amethod of tregjgia disgase a subject in

[ 0080] ekl @RbdoR S pré¥ided, HRARIRGY contphising A6Ridi NG RN ahiS]dy2onPAsiRf ad e
antib&g conpri§¥n§ %ﬁ NRD'Qf(?héggrgsent'inVentiqn tg prgvén. or
del ay -dnoae apect; the dispangtintanser c dngiothea aspesisundssiradiangiogeriesia lin

ndi e . | ovi at i ot
i bi e OBERSGier Rpbh deleBibols SIS T 2 abe? petiCplor
di sor dgowthis gdibited! Iicantiee cpbajiyttat tnethod bHtr¢atasre cOmEisitehdnyinisteging

onset of the disease, or revent the manifestati aof clipnical or
Subcl i aciHous) i aRRRte Rlsnb T BHHE fheibl B dRpgh dGpribed
alleviation of synptons after the manifestation of the disease.

Tr eat NB045] c arThb @raseritlintehtorpalid letachs 1dv/Rbetodpd fiaking A feall (vagth a@tibddy can
be used in comphipation wth an addition t hera %%;c agent _, EOOSl]As
used HOPPPRNEERMRD S fiscribnda Ihaneaipsetdhs YRR &ty faom a phage display

" physiipragi 8akhothdrakict MEMRMTE deHivaTRhd fahlraM@fahdd | ons thereof, as
they refer to conpositions, carriers, diluents and reagents, are used

interch eably and represent that the materials, are .capabl e of

admi nil00483; gﬁhmeeoelg‘wdemm% o e, PERsF YRR et ppds B ERSHE 6F
undesimabhee@hysi ol ogi cal effects such as nausea, dizziness, gastric
upset and the |ike. [0082] "Modul ate,” neans adjustnent or regulation
of anplitude, frequengy. de or activity. |n another related
aspect, such nodul at i2DPaDESERIBLION OF FHIBIGURES (. g., an 19

i ncrease in frequency, degree, or activity) or negatively nodul at ed
(e. g. ,[0e4 7 ecIFE@Skshofvs tliecdbandti reftegh@bon 6f diffefehivdebighs oftBPR3knt IgG-
"Canc%r," "tunor," or "malignancy" are used as synonynous terns and
ref er $6I§ﬁ;&of a nunber of diseases that are characterized by
uncontrol | ed, abnormal proliferation of cells, the ability of

af f ectjggsiel IFSGIIA sHYWeACyHiOA Peptibody ad Olteretikl ieodh@PEst r eam and

| ynphatic systemto other parts of the body (netastasize) as well as

any of u characteristi.c structu d/ or ol ecul ar .

Font oia@sh e Fggsian.ap Vﬁl&&réﬁ%m%ﬁ}ﬁﬁwnw{? e fidkihaipsba as
a cel lthraitibbgy.speci fic structural properties, lacking differentiation
and bei ng capabl e of invasion and netastasis. Exanples of cancers

% OB, o082 bt Bk o

the antibody.

[0051] FIG. 2D shows an antibody with unique MRD peptides fused to each terminus of
the antibody.

[0052] FIG. 3 depicts the results of an ELISA in which integrin and Ang2 were bound by
an anti-integrin antibody fused to a ang-2 targeting MRD.



[ 0084] "Humani zed anti body" or "chinmeric antibody"” includes

anti bodi es in which CDR sequences derived fromthe germine of

anot her manmmual i an species, such as a nouse, have been grafted onto
human fr awowonkssefjuences. [ 0085] The present inventi oRCHASLI0BMHS337an
approach based on the adaptation of ,target binding peptides or
nodul ar recognition donmains (IVRDs) é fusions to catal ytic or

non- catal .yt i nti.bqodi es that prayi for. effective targeti f
omor OBRYS GriBL aciits Theateiit b Bk Rdn Fbich nGoTh A e Bt § on
capabi id 4n¥i-igfegtif SntiRbR RIsED fo DdipldEebstihdRgs.. MRDs can al so extend the
bi ndi ng capacity of non-catal ytic antibodies providing for an

ef fectjve approach to extend the binding functiq ity of .antibodjes,
parti cif2tll y g, 5 Bﬁé?fag‘tsa?ﬁ s osled in M@@q@f@%%&aﬁy FVH%R’SG
pr esenty oh MRDWIHh hkRESSgh0 devel opment of a full-length antibody

conprising a nodul ar recognition domain (MRD). The interaction
between a protein ligand and its target receptor site often takes

pl ace B05Y 1 dilG: ¢ denigs therepits pf ayEIISA. in pbudABrADE] fargetingrMi g fused
resi dugs, Rbatbfife -0 f286Eree O itk Eadt®ofPst of the binding. Thus,
nol ecmges %%t é|1}§ep%ri6de Iaeng{ h&;(lgerller a%’l y (2)&5?0 60 am no acids) can bind
to the receptor %)rotein of a given large protein ligand. It is

a

cont en#P2fled HGaf dopigts thsresulie okpnddld8A i wlashiandptegdriprgeHnaMid b Frtle

sequenge. ihat ghi ih hfelvsites of interests and are about 2 to 60
am no agei c}s. ng 87 &I]'ﬂ% rol eyof integrins such as avl 33 and avO05 as
tunor - associ at ed narkers has been well docunented. A recent study of

25 perlf@HBnt MGn&depistsithe sepbts of sn BBISAsierhieh eminteguin freeaiing MR ayps
cancer t ' Ltdve for avP5 expression
and 2%%3&%‘%@0%81359%2%%¢&%§%%§1 ret;ﬂ%(%d n. Studi es have al so
shown that av133 and avf35 is highly expressed on nalignant hunman

cer vi dAPS&lundidGt 9 depiets the iesudigiof as ERtSAeinavhieh areinsiintliketgsewthifagterpleut i ¢
effects | Ll I d | anoma, and breast
cancer’?Cé["B"d%F%ﬁ%ﬂ%ﬁ%ﬁﬁ%@#%?ﬁ@%@b% 135 ant agoni sts a?e in

clinical devel opnent. These include cyclic RGD peptides and

synt h00¥]s mdllG. Hbdepiatd be ReDtnefratBLdSA imwhich atVESItHargstiog MRIAM@gr i n

ant agani.sit . 4l clinical trials for the treatnent of
%&émé a;?liaﬁoﬁﬂlécﬁ{l‘}g itlolly.

cancer. rst i axi m, the humani zed form of the nurine
anti-human av133 anti body LM609. A dose-escal ating phase | study in
cancer[0p&]i edlS. Hedapivts the results ¢fzn BUIS Avars whish en indegringer getingMRdhwas

Anot he i dn elipical trials is CNT095, a fully human mAb t hat
recogﬁi}rlszegggﬁegtlgmﬂéa?t?oﬁsdg A Phase | study of CNT095 in patients with a
variety of solid tunors has shown that it is well tolerated.

Ci | endP06lde, FiGpépdemets thetragpdts pfan BEISAvih 3diched Ang-B8argdimg MRBovasr oven
safe iﬂSJaQageatlawg(rzia%b%d Furthernore, there has been numerous drug
targeting ARG g ng S{'udi es based on the use of | i gands for these
receptors. These preclinical and clinical observations denonstrate

t he i nfo62]andéGoi3 tepicte thierrgsuity DB Blnl§ Aaiv fvdticheandnts g irsbAng tdrgdting t he
use of i badi I NothisS . St.r at have consistently reported that
tar get%@tvﬁﬁ%ﬂegﬁoﬁgg@%sbﬁ?‘%ﬁgfnﬁg’%ﬁ% safe. [0089] An exanple of an
integrin-binding MRD is an RG tri peptide-containing binding site,
and i 90863 nplFaGy 16 tepitte thgeamita bf areEbiSdsin ddsdr anlisdgtive taegeting MRJA mas

havi ng. t he ti.f.as a.m.nimmrecognition domain are well known,
a part ﬁei%tPilanErb@'W‘ihBﬁaﬁ?W@Fﬁdes, with the corresponding integrin
target in parenthesis, fibronectin (a3131, abf31, av I, 01E433,

av[ 33,[0064] aFIG1)5 Hepicts trgesults aMmRLISAdN avHidhladhlintewin) ANgH-2, @biraulth-

factor _(all bp3 and avf33), and vitronectin 133, avf33 an
av[ 35)like| [agEral FRfeRLOr ST ERHss Mgwbt‘ﬁ?srﬁl‘ﬁ’ﬁ ® %ﬁ%é}h%ﬁmm? in
t he prig&sifecdpiortdifdali®¥8y #ith AGh&flitker Sptidele sequences shown bel ow.




YCRGDCT (SEQ ID. NO.: 3) PCRGDCL (SEQ ID. NO.: 4) TCRGECY (SEQ LD.
NO : 5) LCRCDCF (SEQ ID. NO: 6) WD 2009/ 088805PCT/ US2008/ 088337 21
[0091] A MRD that mm cs a non-R&D dependent binding site on an

i nt egri n WO3eW8¥80and havi ng the target bindi ng speci ACATESY00808533Mi gh
affinity ligand that recognizes the gelected integrin is also
contenplated in the present invention. [0092] Angi ogenesi Sis

essent fr(])ﬁéw]t 0 ﬂ%n)iG%gf{l%{s%eolgélﬁél fangLR‘%} ho'lﬁ&z CAB‘L 596 or m'g‘u g has

been s as® apr oandl ogeni ¢ nol ecu n| ’S 'on o
Ang2- sl&ite@mwnhefaa:tmhl ltaca:mrstangstngMRD:swﬂﬁlseﬁoo supBhB2ss hbpﬁtdsbytam‘nmh

angi ogenesi s an nmeal ..a esi.s. Ther, fore Ang2 inhibition
al one tofwc%?fg[?l ‘§'P$ Sl?{ﬂwrig tﬁﬁﬁ‘?‘?ﬁ‘f%rnpeé’fl Bt her angi ogeni ¢ factors
such as 'VEGF nay represent an effective antiangi ogenic strategy for

treating patients DETAIESD DESCRUPFION QIOBHE INVENTIOWNenpl at ed t hat
MRDs useful in the present invention include those that bind to

angi 0GB cPERRL 2puRd: R s ot R @ pEhrp e atlingar Billesd

MGAQT Nizdtrddsipb QR YIEQE InhdadQtibml (aﬁtﬂ@die@ chid¥ric, dihgle chain, and humanized
NGAQTNFNPIVDNDELLLYEQ:I | QCOLE

MGAQT B E\FRE@E@Q W@m‘t |lq3st tmhea\gg(H) chains and two light (L)
AQQEEQE)GQE’M&@@M@%&%% %@%%%ﬁﬁg@ﬁ%%%%ﬁﬁﬁ%ﬁ Braid\O.

10) (2xCon4) MGA VDNDEL LNYEQF D" NO: 11
variable region (a brev1ated herein as VH) and a heavy chain constant region. The heavy

chain constant region is comprised of three domains, CH;, CH, and CHj;. Each light chain is
comprised of a light chain variable region (abbreviated herein as V) and a light chain
constant region. The light chain constant region is comprised of one domain, Cr. The Vg and
V. regions can be further subdivided into regions of hypervariability, termed
complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each Vy and Vi, is composed of three CDRs and
four FRs, arranged from amino-terminus to carboxyl-terminus in the following order: FR1,
CDRI1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains

contain a binding domain that interacts with an antigen.,

[0067] A “dual-specific antibody” is used herein to refer to an immunoglobulin molecule
which contain dual-variable-domain immunoglobins, where the dual-variable-domain can be

engineered from any two monoclonal antibodies.

[0068] An “antibody combining site” is that structural portion of an antibody molecule
comprised of a heavy and light chain variable and hypervariable regions that specifically
binds (immunoreacts with) an antigen. The term “immunoreact” in its various forms means
specific binding between an antigenic determinant-containing molecule and a molecule

containing an antibody combining site such as a whole antibody molecule or a portion
thereof.

[0069] The term “peptibody” refers to a peptide or polypeptide which comprises less than

a complete, intact antibody.



PXDNDXLLNY (SEQ ID. NO.: 12) where Xis one of the 20

natural | y-occurring am no acids

MGAQTNFMPIVDNDEL LLYEQFI LQQGALEGGSGSTASSGSGSSL GAQTNFMPVDNDE LLLY (SEQ I D
NC 20) AYOBEEEHBPWT CEHMCSGSAT GGSGSTASSGSGSATHQEECEVDPGTUSMNB/ESSEBEQ
ID. NO: 10) AQREECEFAPW CEHM OonFAIQSEQ | D NO 21) core nEFAPWIn ( SEQ
ID NO 22) where nis fromabout O to 50 am no acid residues 2

2
23 oA, AR EE AP BT REGTTE) KB AR Ut X S OB e o

n is fswhaabouvdlei® atid nalecalkes, polypeptitles, dobtctiels andithe Xké sefernyo thnsenehielci d
(SEQ I D NO._ .25 , .
A@BE&EE&W&%@%H&%&%WLAPWCEHM E (SEQ I D NO

26) 2xConLA AQQEECEFSPWICEHM ConFS (SEQ ID NO. 27) XnEFSPWIXn where n
i s frof@dzijout“Morioolonsl adtibotly” aferd td £popliltgion afshti¥odpmalzyulagihaicodtaind

EQ ID.NO 28 . . . . .
(SEQ only one spe():ies of antibody combining site capable of immunoreacting with a particular

epitope. A monoclonal antibody thus typically displays a single binding affinity for any
epitope with which it immunoreacts. A monoclonal antibody may therefore contain an
antibody molecule having a plurality of antibody combining sites, each immunospecific for a

different epitope, e.g., a bispecific monoclonal antibody.

[0072] A “modular recognition domain” (MRD) or “target binding peptide” is a molecule,
such as a protein, glycoprotein and the like, that can specifically (non-randomly) bind to a
target molecule. The amino acid sequence of a MRD site can tolerate some degree of
variability and still retain a degree of capacity to bind the target molecule. Furthermore,
changes in the sequence can result in changes in the binding specificity and in the binding

constant between a preselected target molecule and the binding site.

[0073]  “Cell surface receptor” refers to molecules and complexes of molecules capable of
receiving a signal and the transmission of such a signal across the plasma membrane of a cell.
An example of a cell surface receptor of the present invention is an activated integrin

receptor, for example, an activated avp3 integrin receptor on a metastatic cell.

[0074] The "target binding site” or “target site” is any known, or yet to be described,
amino acid sequence having the ability to selectively bind a preselected agent. Exemplary
reference target sites are derived from the RGD-dependent integrin ligands, namely
fibronectin, fibrinogen, vitronectin, von Willebrand factor and the like, from cellular
receptors such as VEGF, ErbB2, vascular homing peptide or angiogenic cytokines, from
protein hormones receptors such as insulin-like growth factor-I receptor, epidermal growth

factor receptor and the like, and from tumor antigens.

[0075] The term “protein” is defined as a biological polymer comprising units derived

from amino acids linked via peptide bonds; a protein can be composed of two or more chains.



AQREECEFSPWI CEHMGSGSATGGSGSTAS  SGSGSATHQEECEFSPWICEHMLE 2xConFS ( SEQ

I D NO 29) AQREECELEPWICEHM ConLE (SEQ ID NO 30) XnELEPWIXn where n

Is fromabout O to 50 am no acid residues (SEQ ID NO 31) and wherein

X i's any woi20m/088808 AQQEECEL EPWICEHMGSGSATGGSGSTAS PCT/US2008/088337

SGSGSATHQEECELEPWICEHMLE 2xConLE (SEQ ID NO 32) [0094] It should be

under stood that such peptides can bé present in dinmrers, trimers or

ot her imers.eith et er ol I N, nat For

ol V760 na A S4#Siaf AV PSRBAE o8 AP DRPPds o BRLsY oL BujahRer iRt

2x ConFdtib@alFTa0ikeley seqiao®ioagpetstivéll Bk the@ivo pOIgpéptideaft drﬁ%&nmﬂube

m xed such that ConFA is comhined with ConLA to create ConFA-L

het er R¥yDsRRde)The tvorel g@a@@ﬁ digked in a fusion polypeptide are typically derived from

AQGEECREARMECHINESE3A] GRPEREASS RN ARMECEHLG 11RER | D NO

33) [0095] Another heterodi ner i s ConFA conbi ne wth ConFS to create

ConFA-IRYypaptides npienozaailiefoned linked in nature.

AQQREECEFAMI CEl TMGSGSATGGSGSTASSOSGSATHQEECEFSPWICEHMLE ( SEQ | D

NO 34) 09 Q@Eq.ﬁo b ; LAk n,
e{OOi@m gtil e ailmgét(rhgérferg %c%ﬁ%ggélioﬁgttg{i ‘gﬁg’eémf cr eg# Q&ft&ﬁyl?%nal

Angz liumlchmgml\lﬂmsfram ablewtCrto B6 dmiirer azids, usu@lyo¥ o ISremineacddpect , t he

I nvention includes a peptide having the sequence:

[0078] “Target cell” refers to any cell in a subject (e.g., a human or animal) that can be
targeted by the antibody comprising an MRD of the invention. The target cell can be a cell

expressing or overexpressing the target binding site, such as activated integrin receptor.

[0079] “Patient,” “subject,” “animal” or “mammal” are used interchangeably and refer to
mammals such as human patients and non-human primates, as well as experimental animals
such as rabbits, rats, and mice, and other animals. Animals include all vertebrates, e.g.,

mammals and non-mammals, such as sheep, dogs, cows, chickens, amphibians, and reptiles.

[0080] “Treating” or “treatment” includes the administration of the antibody comprising
an MRD of the present invention to prevent or delay the onset of the symptoms,
complications, or biochemical indicia of a disease, alleviating the symptoms or arresting or
inhibiting further development of the disease, condition, or disorder. Treatment can be
prophylactic (to prevent or delay the onset of the disease, or to prevent the manifestation of
clinical or subclinical symptoms thereof) or therapeutic suppression or alleviation of
symptoms after the manifestation of the disease. Treatment can be with the antibody-MRD

composition alone, or it can be used in combination with an additional therapeutic agent.

[0081]  As used herein, the terms “pharmaceutically acceptable,” or “physiologically
tolerable” and grammatical variations thereof, as they refer to compositions, carriers, diluents
and reagents, are used interchangeably and represent that the materials are capable of
administration to or upon a human without the production of undesirable physiological

effects such as nausea, dizziness, gastric upset and the like.

[0082] “Modulate,” means adjustment or regulation of amplitude, frequency, degree, or

activity. In another related aspect, such modulation may be positively modulated (e.g., an



NEYQCI XI X2LX3X4 X5 PAEKSRGQMECRTGG (SEQ | D NO 58), wherein X1 is E or
D, Xy is any amno acid; X3 is any amno acid; Ks is any am no acid
and X5 is any amno acid. [0098] The invention also includes peptides
havi ng a WOre0dsspdence sel ected from XnEFAPWIXn wher @CR/US3008/0¥$337
about 0 to 50 amino acid residues ($5Q I D NO 22); XnELAPWIXn where n
is fromabout 0 to 50 am' no acid residues (SEQ ID NO 25); XnEFSPWI'Xn
where n is f.rem about id, re S 28)
XnEL Eﬁfi\ﬁ‘%sed%g’?‘é“em’( s‘,ie Fe r%r%lqbﬁ':rﬂ ‘B)”%e%‘% R mgduga‘*idi % E&ﬁk u%squ( SEQ I D
NO BmequmcyxmgWMWPWCEHWn where n is fromabout 0 to 50
amno acid residues and X, X1 and Xy are any am no acid (SEQ ID
NG 57) % 099 Phage, di spl ay eI ecti,ons and structur I stu(fi s, of
VEGH 0 al | SRS D oISt | AT A A TR e TmE Y IR e
(TgE Sé eI %tywa@ﬁmba:v&f_ dﬁséi(/&égzlﬁﬂaré bl@ixad@&&feﬁ dgw%ﬁéa{éd%hﬂﬂﬂﬁb&fﬁﬂ)

: I speci Tl I n arrinity,
and neis-ans %Wvﬁe%eqtmklé safeaﬁcheﬁmni%w 5} &WHS@?B} %Mégrlpfvé‘
Endot helimlto Gflel SarfstdPWDody %%ﬁas%%fs Wl & 4 'EFPQ hiBber df QRarRARstiEle

occupi és two identical sites at either end o t he VEGF honodi mer. An

ant i bodgicturnh and/pi meleetdanViabresn ab “cancefous” Eopr.T or ‘wesligeariicall’dd in t he

T e

2006, dapatéd of innastompemd aetaitasip. Fxafplasod eancEi® hfboprehstsluhg, rbrdin,keng dive, h

factor ecept cif.ic MRDs, can be.u |nvent|on
O ot oS, R R et D BTREORSEs L 6. ey B FRSRbee sHBEL P
factor-1 receptor is SFYSCLESLVNGPAEKSRGQADGCRI CK (SEQ I D NO.: 14).
24 [ qo0osd] Adtiiuimaaizad aitiBedy RriBidmetinahtibddy’t inelufleyl ancbodiey. in which CDR

NE¥%: sg&egga AW QE%BDMQ species, such as a mouse, have

NFYQCI @Eﬁéﬂ%ﬁ?&ﬂﬁ&@%@ﬁl&ﬁﬂs@@@nb@ NGO 37)
NFYQC! ERLVTGPAEKSRGOWQECRTGO ( SEQ | D NO. 38)

“Ei%: [%R%E%M?ggb% I'E\y%(%cc)h k@ie)d on the adaptation of target

NEYQC! KSR ARG (i SEQhdh NBIR Bs)as fusions to catalytic or non-
NEYQC! EHLS%EAEKSRGQ/\QECRTG (SEQ I D AR Sas fusions to catalytic or n

NFYQC] qggbm@@p M EApEReedor g@g]y@apggmglgg tumor cells or soluble molecules
miig: g SL e KSE%%@%&@OQ%%% 1@! Bhe ‘@ﬁ%lytlc antibody intact. MRDs can
NFYQCI a@@m@mﬁm;w@@mf(r@wnamN@hbs@)es providing for an effective

NE¥%: II‘(LJ E%%@gg%g@%@&% *y%f 'l%bo , particularly for therapeutic

NEYQCI gufboesT PAEKSRGOQWECRAP (SEQ I D NO. 49) 101021 A nunber of

studi es have characterized the efficacy of |inking the vascul ar

hom n ti z r direct their
del i vgpy I'n Iq?nve (%H;lngtfl Blreg%sn?mglﬁ dn\l}glsa%ekf ar V%S%ﬂ%{%ml %'Péﬁ

conte r’qnhhbd;cbohqmsmga moevduldn eecpgmeemdomain VIRD)NThmterastianmpeveed a an  NERD

sequence I vascul ar n eptide is Al CG, (SEQ I D
o gteln ad frfuniaRet et poefERspa ph Yy MRS Bl at ed
by t heHpi@es dhly dfétely dtidue sl thelinRgfaePEMeivigd to@icdnbihé g, ThaLPt or
(EGER), CD20, tunpr antigens, ErbB2, ErbB3, ErbB4, insulin-like

gr owt Hmelgelesrof peptidedsnsh (2 8 epraallie? (Ol amHne adids) can Wagkio the sesptatRPiEin

gr owt r,

R S R s S

t owar dspeplidssequencg dhat bind dié farges $iteg of interests and are about 2 to 60 amino acids.

-

[0087] The role of integrins such as avp3 and avf5 as tumor-associated markers has been
well documented. A recent study of 25 permanent human cell lines established from

advanced ovarian cancer demonstrated that all lines were positive for avB5 expression and



[ 0104] Exanples of MRD sequences that bind to EGER are |isted bel ow
VDNKFNKELEI CAYNEI RNLPNI NGAQMTAFI ASLVDDPSQSANLLAEAXKLNDAQA PK ( SEQ | D.
NO.: 16). VDN CENKEMA AVEEI RNLPNI NGAQMTAFI ASI NDDPSQSANL L AEAI CKENDAQ
APK ( SEQ WB2'N@#¥8937) . 101051 An exanpl e of an MRD sedGdHB&BAE i nd
to ErbB2 is listed bel ow. VDNKENKEVRNAYWEI ALLPNLNNQQ CRAFI RSLYDDP
SQSANLLAEAKKLNDAQA PK (SEQ ID. NO: 18). 101061 The sequence of the

MRD Cafaey B&sﬁme%f’a Ve I%Esiéﬁfiyssmdi%ﬁpi %%H%%?m&%@?ﬁnﬁﬂﬂs‘{g’d from
nat ur al Ilgan s or guences that bind to a spetific target

bi ndi rtggldy expressed @emaksgdnt hgeintceyical tug;n,or phmge Idicgpbshave elshinol ogy has
ener ge i,dent] tides ich bind to
Car gor LR aEBap et 2B AR o) oAb of KPP PP m et ept | e
sequeraest cacerbe di spl ayed by fusion with coat proteins of
filamentous phage. The nethods for elucidating binding sites on

ol es ,us e .displa tors has bee 0
ooy ds o AR BERGR ko) 20 ot BS 58 Sont p Bt st fliimér
i nvol Vﬂleﬁd"lﬁclu&fcyﬂlc iaGD b@ﬁﬁé%@d%yﬂhﬁﬂﬁrﬁaﬂhﬁc?@dﬂdﬂGgumi@ﬁes epgm SSSI on
vect or s or cl.onli ng and expressin 0] epti des that Ind to
the pradt ‘éilygéﬁ‘?é’d‘nte%é’ttagqntsés 25% CHTFROLY SR gliniab i orrihe MREARBLRE CBRCE he

Pr €S eNftheiffist @1V it R hih SRR fdieh d\ﬂ%ﬁtsmhﬁﬂ@tn\ﬁemﬁm B amtiboR{ 809! AP! ay
vectors for their particular advant a%e of providing a neans to screen

a ver ylopeesgelatingnhas § sedydn cencer patisely demensitrated tha itvag safa fier ustisr eby

| t t
bi g, Ay anRRaA i ol B ChoSIERNY Bisnth ARBARSSBIOR oo,
t he peptintdginsmeyPlizee pstagdaofdtNTIOSdn patidhtst with aredriegost sdlid tinesehbbsishowie

t 8 t f th ded withi
the s ARt R ioaRkT BNt Ry BiRHE SRt ot b Pregloy
i nser tsafo@phasel Btrials. Fusthernng ﬂ&b&)ﬁdslbtem mﬁﬁb&bus\tﬁtﬁg ﬁ?eﬁn@&ld/ﬁiahmgs

tional .am no acids

vari an at .i ncl ude esented here
at t hémateéEEFFS pn Bieysp ﬁmfedf for despiteRgPieo %?BB{FP ligyegl gnd glinignlt o 40, 0
t 0 30,0b&ridfoRddehiine@ate tedparithct Betargéfing biPS%nd bip3 ﬁld%ﬂgﬁésﬁﬁﬂﬂ’ﬂné hat a

particul ar MRD of the present invention nmay contain one, or all

t hr ee theyyse 8f gribodies lalrttu§ strategyehave gprpistently renorsd thet teresting thmghéhﬁsg may
cont aife Rk W @k @am no acids, unconventional amno acids, or both.
[0109] 1t " is contenpl ated that catal ytic and non-catal ytic anti bodi es
can be used in the present inventi on Ant i body 38C2 is an o

ant i bd¥AB2k ecPaexaBp] ﬁyﬁm iatagan-bindip. Rﬁilimpeme;ﬂoa@mg badingn WO
97/ 21 db Datin ltyes the
al dol %%%??gﬁe@ea tion ?I\%e%ﬁmgﬁy(gﬁl gtmﬁ%ﬂldg“rlt% %md aéiﬁ%?ﬁyde
ac cepmitif a3 pmznimpmgesngngiondomeinmietll bﬂovme @pettiablist ofrerthich yrsdwies, omth

28 mBQ@tcroﬁrhélpb 3?18% Iﬁ%ttglggtswﬁregﬁlggg %ro%@gltm (r&g ﬁ fj‘ atS H p%vﬁi r&lﬁﬁg 2 av 3
and a3B1) fibrinogen (¢Mp2 and alIbB1) von Willebrand factor (aIIbp3 and avp3), and
vitronectin (aIIbB3, avp3 and avps).

[0090] Examples of RGD containing targeting MRDs useful in the present invention have

amino acid residue sequences shown below:
YCRGDCT (SEQ ID. NO.: 3)
PCRGDCL (SEQ ID. NO.: 4)
TCRGDCY (SEQ ID. NO.: 5)

LCRGDCF (SEQ ID. NO.: 6)



[0110] Ot her antibodies of interest to this invention include A33

bi ndi ng anti bodi es. Human A33 antigen is a transnenbrane gl ycoprotein
of the Ig superfamly. The function of the human A33 antigen in

nor mal anMORB1%08584ht col on tissue is not yet known, h&KEEHSEO0SABIEY al
properties of the A33 antigen suggesi that it is a prom sing target
for imunot herapy of colon cancer. These properties include (i) the
hi ghl tricllgﬁg) o) 37 Y t] (1. e
expr e)s/[(s)dlig;1 o(& ar ggé%%gﬁl% 'gﬂ%rfﬁﬁ}??:&%?g&eg{n@?%e ggeﬁdhcd&qgﬁg%éhég}ép}&%el | s,
(iii) antdadbgthedegetfbisting spealicitr ofshegh #BBitnhganddimt rengnigésihe scheetetlact

t hat upan. bi rgg?i ng tof %gt ibady A33.to f.he A33 antigen, antibody A33 is
i nt er ARFPILY A58 FONERRIRAIP HE PresedRYRRYY  and (v) the targeting of
anti body A33 to A33 antigen expressing colon cancer in prelimnary

cl i ni da0923t udingdgeresisiioessaitiabto My ghyalbgidal tandvpatholdgidaltppocasseait Ahgh | C

or non-catal ytic anti body woul d. i ncrease, { he, { herapeutjc efficacy of
A33' 1 PGB 1 B SR B TR A ot ypedrsglgetive

cont engHibit@s istshficRine R upre @bl tufidh Sngioddhesis dndicormedl@hBgenesind

pent a-speci fic antijbodies. is contenplated that the antibodies

. g eTw 3 It- . - - - vq s, - .
used iTherefeHhngLdnibiting alons enineatpbisation wishinbibitign efiefherargiegenienown in
the arlorork Qdchad VEGE RSy AkdsBR A oiRIAVE Uh0iodDlie GHh&S BF @%ﬁg@ ?atients
according to the present "invention, the D nay be 7attache 0 an
ant i bodth sohd suegrs-t he peptide's N-terminus or C-termnus. The MRD may
be attached to the antibody at the C-term nal end of the heavy chain
of tNGo@A] | DRGY eordtdipilNed BtMRE)s 3O QAlthd BEscNERYM R MMudlihdsE that
ant i bgqy,]thq Cq-:(% er 'ngl gn ofst e ?i g%l%ﬁsccﬂa?ln of t%he antcl;sboéiy, or
t he Nbindrtaangibgemirdreedptarhangiogénic fabtarsnars¥ortAre-2nExadpgpdss.of ThgiogRd may be
attached, 1 0.t he. LhRody directl or attached through an optional
| nkefﬁgglﬁgfﬁg&m%%'ﬁ SCE B8 af)eelf édebr?[oé’v‘t 0 20 peptides long. The
| i nker peptide can contain a short 27 linker peptide with the
seque MEAQESEMEEQDLBQRIYEQYILQQGHH (SEQ ID.MN@r 7pepti de with the
sequence SSGGEGEGSGEEGEESS (SEQ ID. NO.:2), or a long linker peptide

wth qﬁmmﬁ . 19). The present
invenmﬁéa SO prg\Wﬁm@'m ch are linked to any
termnal end of the antibody. It is also contenplated that two or
nmor e VEBA QA MIMBAIES RIEQREH-ESELR Hh 8Kd W)X hr ough a | i nker
peptide to two or nore termnal ends of the antibody. The nultiple
RS RO ACORDFIECEANRIGS A6 GRLRPARIGSLERTHIIE bWRFISHMLE
different target binding sites. Additional peptide sequences may be
added (3EQ &AM 40} @aComd)vi vo stability of the MRD. [0113] The

ant i body- MRD fusi on nol ecul es can be encoded by a pol ynucl eoti ce

conpr g MHNBRD Pgs%{gpﬂ' nigontain the

pol ynh@?‘ggﬁge seqﬁﬁgngg“gf p%%%%r%q%eﬁgégfence can al so be
linked with a regul atory sequence that controls expression of the

pol ynEEDAERXEENY{SEQHBS &Qeﬂq@ whereR¥p istong ef the 28 maturallymcowaing amingn

cont a'ég { he polynucl eotide encoding the antibody-MRD fusion nol ecul e.
[0114]Ld ﬂe present invention contenpl ates therapeutic conpositions
useful for practicing the therapeutic nethods described herein.

Ther apaARENEYRNBEND YHQRhQQEL L KINGI TARSIS QIS LEDHQ BNRMEMDNDE
physi i I Jgrabl e carrier together with at | east one species
of an??‘g‘géégég%pﬁ(?s%g an MRD as descri bed herein, dissolved or

di spersed therein as an active ingredient. In a preferred enbodi nent,
t he t AQQIECE WOPYOREBIMGIOBAEGABGSTARBGBGEATHQRECE WDRWITGHEIEVEE to a
hunman i f t herapeuti c purposes. [0115] The preparation of a
phar mg%(? gg'irﬁgr?@orrposi tion that contains active ingredients

di ssolved or dispersed therein is well understood in the art.

Typi cAQQEECEIARWITOCESIM ConEA §SRQ D x2ed as sterile injectables

core nNEFAPWTn (SEQ ID NO: 22) where n is from about 0 to 50 amino acid residues



[0116] The active ingredient can be m xed with excipients which are
pharmaceutically acceptabl e and conpatible with the active ingredi ent
and in anounts suitable for use in the therapeutic nethods described
her ei n. SYOt280/088%8%kci pi ents are, for exanple, water, $EIU2008/088337
dextrose, glycerol, ethanol or the bhke and conbinations thereof. In
addition, if desired, the 28 conposition can contain m nor anmounts

of auxily I A H
buf o1 1 O A A ARG RO RTHO R RO PR T,
act i ve(SEQHENOeA8) 24(@hEX] The t her apeuti c conposition of the present

i nvention can include pharmaceutically acceptable salts of the

conpon r &4 et acgept abl e salts include the
acid a§Q@%WEC$@@?%P?-?%C?@§e am no groups of the

pol ypeptide) that are forned with inorganic acids such as, for

exanp| ZnEb4BWde whdren oy frqph elspih 6to £0 @wind scidoesidgs lndX geanyansdoe aksd as
acetic ﬂ | G5 mandelic and the |ike. Salts formed wth the free
car box @ﬁ) Qs %)an al so be derived frominorgani c bases such as, for
exanpl e, sodium potassium arrunonium calciumor ferric hydroxides,
and susQQEEGELAPWECEEMGS GSAOPGORYE BALBESGSATHBERIBUATWECEAMLE

et hyl aino.ethanal., histidine, procaine and the |ike.

[0118](1é Vi rq@g?@ﬁanﬁ‘%l erable carriers are well known in the art.
Exenplary of liquid carriers are sterile aqueous sol utions that

cont ai AQQEECEFSPWAICEHM Caal8 ($EQ ID NQ:I29) acti ve i ngredients and water,
or contain a buffer such as sodi um phosphate at physi ol ogi cal pH

val ue, j ical sal.ine.or both such.as phos e-buffered.

eal | neRESEPIRE v R REn Rl O sDreaBtS Rif R BRI X 57 PR it

buf f er(SEQIID N@s28)el | as salts such as sodi um and potassi um chl ori des,
dextrose, propylene glycol, polyethylene glycol, and other sol utes.

[ 0119] Li gy ' F}?‘Si%[ |iguid ' ition
o and RO PREE SRR O pS AR R A B BRI R ceEmBEE | one
| i qui AxlaFESESEY D WO/eeyin, vegetable oils such as cottonseed oil,
organi c esters such as ethyl oleate, and water-oil emulsions.

AQQEECELEPWTCEHM ConLE (SEQ ID NO: 30)

XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO: 31) and

wherein X is any amino acid

AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE
2xConLE (SEQ ID NO: 32)

[0094] It should be understood that such peptides can be present in dimmers, trimers or
other multimers either homologous or heterologous in nature. For example, one can dimerize
identical Con-based sequences such as in 2xConFA to provide a homologous dimer, or the
Con peptides can be mixed such that ConFA is combined with ConLA to create ConFA-LA

heterodimer with the sequence:

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO: 33).

[0095]  Another heterodimer is ConFA combined with ConFS to create ConFA-FS with

the sequence:



[0121] A therapeutic conposition contains an anti body conprising a
MRD of the present invention, typically in an anmount of at least 0.1
wei ght percent of antibody per weight of total therapeutic

conposi t i WA.200%/05880FHht percent is a ratio by wei ght of PE&RUSBUENS8
total conposition. Thus, for exanpleg 0.1 weight percent is 0.1 grans
of anti body-VRD per 100 grans of total conposition. 29 ingredient

per Vol nmg/ m
o abor Gy W PE RO oS G RO TASHhACR AT GRSV AR, ™2

t her ap@RQ B NO)si ti on i n anot her enbodi nent contains a pol ypepti de
of the present inventi on, typically in an anount of at least 0.1

wei ght cent o _ Wols) .t '

1t O B BRSO BRI ey
t ot al coompomiohs wﬁl cr&'dtelﬁ;ncﬁmral Axghpinding 0IRDwa dghdribpéhereint i s 0.1 grans
of pol ypeptide per 100 grans of total conposition. [0124] Preferably,

an pol ti econtaln thera iC CcQ sition |caIIy cont ai ns
about @gsﬂl cr oé)?%?ﬁ g%vemllﬁnl Bf ??Séqrpe ﬁ?e)%atvmg%% ﬁ 60 miini gr ans
(ng) per nl of pol ypeptl de as active ingredient per volune of

co rrposNFYQﬁ,;[X Mmmmmmwpmem KSEQ DD INO: 18)mzyhmeint)61 iaE@uD 10
nmg/ ml abotlgn% ercenﬂ% %?1 In view.of t
benef i ‘8?%%‘?%‘8"‘ 5?236"“8}110 I ATOLPPING AHP &8C £ INARY ST 4
patients, the presently described anti body-MRD nol ecul es are

parti c[ﬂbm]l y Thelihveation gleb inoludespeptides hasiag asor stquenaxelecied froengent .
The net hod conpri ses adm nistering to the patient a therapeutically

ef f ect si ol a t ol er,abl Q) .

cont ai SHLEECER T sy AT AP R 30 pR s AR IR O NG Pt 06 e
dosage ranges for the adm nistration of the antibody conprising a MRD
of t heXnEhAPWIIEn veleee 1 sasa@n bloug 6 tefdaginotacidpesidies SR ED d¥si268d ef f ect
in which the di sease synptons nediated by the target nolecule are
ame! | kR WTRE BAIOR s8RoMloth Bl oNB0 o F1ARANSER ANBE BT s

si de e such a yperV|SCOS|ty syndr nary edéng,
congestive heart fal I ure, and the like. Generally, the dosage wll
vary WKeBLERWTXgevheronisiftamoshout@so s0niss acidresistucs (FEQIRNEs 81); or t he

pati ent and can be det erm' ned by one of skill in the art. The dosage
can bexa d(@
conplicati th %('}T At erapgg?%ecrg l'y e 1?’2%:? P)v%dgnrrlgﬁﬁaao%idggp%d

ant i bolyXcaodpt. s any anivMREEId{SEQIR Ni¢@nt i on is typically an anount of
anti body such that when adm nistered in a physiologically tolerable

bout DO, EPam i) SO Bt P BTl Bty b O

pr ef ercpiplexf witnVEDD Lhavqbfwg/renortbd; Ahese stuiesi bavelrgvealed that paitidy vzhb‘b ut 5

o abd TP RN EERLRER PP AT, R YR st B B0

ny/ kg, pvasiinity3shdateefralizzb VEGH-iaducel @rﬂhf&aﬁonm“/mgnamm:ﬁmhuﬂ \&fh ng/ kg, in
one Of g i Vs BV i3k VEGE S8 Aohodiabr, B8 Beptide bovsics two daniical
sites at either end of the VEGF homodimer. An antibody containing an MRD that targets
VEGF is contemplated in the present invention. Anti-VEGF antibodies can be found for
example in Cancer Research 57, 4593-4599, Oct. 1997; J Biol Chem 281:10 6625, 2006,

herein incorporated by reference.

[0100] Insulin-like growth factor-I receptor-specific MRDs can be used in the present
invention. One example of an MRD sequence that targets the insulin-like growth factor-I
receptor is SFYSCLESLVNGPAEKSRGQWDGCRKK (SEQ ID NO.: 14).



[0128] The anti body conmprising a MRD of the invention can be
adm ni stered parenterally by injection or by gradual infusion over
time. Although the target nolecule can typically be accessed in the
body by §V§F&Wﬂ@&ﬁaninistration and therefore nost of P&/ SEUEIEETHy

i ntravenous adm ni stration of therapgutic conpositions, other tissues
and delivery neans are contenpl ated where there is a |ikelihood that
the tifguf t akg8fiGHh EONIRINIRDE hebiedebudmhecul e. Thus, antibodies
conprising a MRD of the invention can be adm ni stered intravenously,
intraperitoneal ly, intranmuscul arl subcut aneously, intracavity,

t r ans ANFYROIEMLASHPAFK SREQWQE(G BAGKSEQAPINGAR i ¢ neans. [0129] The
t herapeutic conpositions containing a human nonocl onal anti body or a
pol ypeRkivee 10 LANRS ABKGRT ) WOEURTG® (MY i Menbd)y admi ni stered
intravenously, as by injection of a unit dose, 'for exanple. The term
"unit dose" whe in reference to a therapeutic conposition of

d
the prNECRCIDREMATAEKSREAWQECREGE SBRIP MOSD et o uni s suitable as

unitary dosage for the subject, each unit containing a predetermn ned
quant i ¥ YOCTBRLVYEGPABKSRG) WOECRIGE fgh@  Noesjce the desired

t herapeutic effect in association with the required diluent; i.e.,
carrier. or vehicle. I0130bThe congositions are admnistered in a
nannerNEXQEé@Y%ﬁm e W%%T Gr(FERADNA: 3%nd in a
therapeutically effective amount. The quantity to be administered
dependsrvQOIbALQBRPAEK SREPFQECRAIG!(SERRIRN: ¥0pf the subject’s
systemto utilize the active ingredient, and degree of therapeutic

i i S RN ENER Sr A bR BT EOIRAGPAET (T oner oo are
peculiar to each individual. However, suitable dosage ranges for

syst enNEYQUEIEHLSGSRAEMSRGAWQEOREG (BBQaDN@M)depend on the route of
adm nistration. Suitable regines for adm nistration are al so

e R e et
injection or other admnistration. Alternatively, continuous

i nt r adRYQEIEAL VEVPAEKERGQWERCRTG (BEQIAND: dencentrations in the
bl ood in the ranges specified for in vivo therapies are contenpl at ed

[0131] | oW I o,dillustrate but not limt
the | ﬁﬁ@?%%@@%@?@?@%@%@?ﬂ%@%@%ﬂé@w 31 EXAMPLES Exanpl e
1. Integrin Targeting Antibody-VMRD Mol ecul es [0132] Novel

ant i bAdyY QRIEYEWIGRP ARK SRGOBREREG (3@ AD &ND:14¢) f usi on of an integrin

avl 33-targeting peptides to catalytic antibody 38(22. Fusions at the

neavy Ch R R o IR B T M omet 1y, the ant 1 body

conj ugates were shown to bind efficiently to integrin a433-
expr e NFHGCHIFART AR SRGAVEAECRAG (SEQTRENAnt8)body conj ugates al so
retained the retro-aldol activity of their parental catalytic

tib t d bi ci d
ant i bogyy 88Ear ARTPRARYREAWY EERUIdR0 Bidodayor ubi cin prodr ug

activatio enonstrates targeting and catalytic

anti body capability can be efficiently conbined for selective
chenot B892 py A mymbag o stpdiesbrye chasaiterizey thelefhency af gting e AptcilapbgmiERD

Mol ecuy ' (G L cin ' t si on
ol e fepRos BEet pheldh DR A2 G bR ek ALAEhORA AR R bt (TRl
f used vasdubardoMiip MBNsarddongniphee PioCosedin ieygiresdat invention. One example of

an MRD sequence that is a vascular homing peptide is ACDCRGDCFCG (SEQ ID NO.: 15).

[0103] Numerous other target binding sites are contemplated by the present invention,
including epidermal growth factor receptor (EGFR), CD20, tumor antigens, ErbB2, ErbB3,
ErbB4, insulin-like growth factor-I receptor, nerve growth factor (NGR), hepatocyte growth



( AQREECEVDPWI CEHMGSGSATOGSGSTASSGSGSATHQEECEWDPWICEHMLE (SEQ 1 D. NO. :
10)). The MRD peptide was fused to either the NN or C-termnus of the
| ight chain and the CG-term nus of the heavy chain. Simlar results
wer e f ounWORPN8E¥E ot her My-2 MRD pept i des. Addi t i ondICTARG03/03338T
pepti des include: LM 2x-32

MGAQT NFMPIVDNDEL L L YEQFI LQQG_EGGSGSTASSGSGSSLGAQT NFMPVDNDE LLLY (SEQ I D

(2 Con B N FOr A FECEY ABRFCERA Lk SE PO AT cor e

XnEFARUANMD. MRID<can heslubctednomamstthe@e tangeP Bindimgsitesaci d resi dues (SEQ I D
NO 22) AQREECEFAPWI CEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWICEHMLE 2x ConFA

(520 PR ¢ Bl o R S e O R B85 10 50 am no

acid residues (SEQ I D NO 25)
AQREECEDNRANGHERMESCEN EEISEST S SBREEA HIQEECFDAPRINS BRI A RAKK hNR AGBEQ

I'D NOZ8YsEQ ID. NO.: 16).

-4

VDNKFNKEMWIAWEEIRNLPNLNGWQMTAFIASLVDDPSQSANLLAEAKKLNDAQ
APK (SEQ ID. NO.: 17).

[0105]  An example of an MRD sequence that bind to ErbB2 is listed below:

VDNKFNKEMRNAYWEIALLPNLNNQQKRAFIRSLYDDPSQSANLLAEAKKINDAQA
PK (SEQ ID. NO.: 18).

[0106] The sequence of the MRD can be determined several ways. MRD sequences can
be derived from natural ligands or known sequences that bind to a specific target binding site
can be used. Additionally, phage display technology has emerged as a powerful method in
identifying peptides which bind to target receptors. In peptide phage display libraries,
random peptide sequences can be displayed by fusion with coat proteins of filamentous
phage. The methods for elucidating binding sites on polypeptides using phage display
vectors has been previously described, in particular in WQ 94/18221. The methods generally
involve the use of a filamentous phage (phagemid) surface expression vector system for

cloning and expressing polypeptides that bind to the pre-selected target site of interest.

[0107]  The methods of the present invention for preparing MRDs involve the use of phage
display vectors for their particular advantage of providing a means to screen a very large
population of expressed display proteins and thereby locate one or more specific clones that
code for a desired target binding reactivity. Once the sequence of the MRD has been
elucidated, the peptides may be prepared by any of the methods disclosed in the art.

[0108]  Variants and derivatives of the MRDs are included within the scope of the present
invention. Included within variants are insertional, deletional, and substitutional variants as
well as variants that include MRDs presented here with additional amino acids at the N-

and/or C-terminus, including from about 0 to 50, 0 to 40, 0 to 30, 0 to 20 amino acids and the



AQQREECEFSPWICEHM ConFS (SEQ I D NO 27) XnEFSPWIXn where n is from
about O to 50 am no acid residues (SEQ I D NO 28)

AQREECEFSPWI CEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWICEHMLE 2xConFS ( SEQ

| D NO 29) WRECHHIE$HEPWICEHM ConLE (SEQ | D NO 30) XnELEPWIRS2HBEE3 i s
fromabout O to 50 am no acid residygs (SEQ I D NO 31)

AQQEECEL EPWI CEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE 2xConLE ( SEQ

I'D NG ﬁl@ It g%géust%d ﬁﬁP n%é}tlaﬁar'{ggﬂﬁéoﬁ“tt}% S%HQBV&HBERﬂy Bh cdtﬁ%ng o b&

pr esent I mer s rs or timers elt onol ogous’ or
het er ohlbgmmtypﬂs ofi aalum@ Iﬁnrtimleamplsebstimnmndazanmtmay gentaio eatirat athino
Con- bage | sequen 1suclgl as:d 0 b ConFA to provide a honol ogous di ner,
or the hurﬁ)eBY g 8rslac BE M Xed"uch that ConFA is conbined with
ConLA to create ConFA-LA heterodiner with the sequence:

AQ@E@WMWM@EWMWWMME bé BEQ ih Bre

) B 420 AR SoR F oSO S0 e

AQREEGhEHL WAWT@@@@%%@E@B&M%M@SE&&D
NO 34). [013610ne of skill in the art, %Pven t he teachi ngs her ei n,

wi | | ai?&l&eﬁ Hiecldon 0 BRTHERCHOR SRINESH R MR AonGF A1 21 ASRRICH BHAERIPT
Ang2 b} 8esBiekiMRbKse 3o dd PS8 Ris iR SdyBtemic administration of an etoposide prodrug

and intra-tumor injection of Ab 38C2 inhibited tumor growth.

[0110]  Other antibodies of interest to this invention include A33 binding antibodies.
Human A33 antigen is a transmembrane glycoprotein of the Ig superfamily. The function of
the human A33 antigen in normal and malignant colon tissue is not yet known, however,
several properties of the A33 antigen suggest that it is a promising target for immunotherapy
of colon cancer. These properties include (i) the highly restricted expression pattern of the
A33 antigen, (ii) the expression of large amounts of the A33 antigen on colon cancer cells,
(iii) the absence of secreted or shed A33 antigen, and (iv) the fact that upon binding of
antibody A33 to the A33 antigen, antibody A33 is internalized and sequestered in vesicles,
and (v) the targeting of antibody A33 to A33 antigen expressing colon cancer in preliminary
clinical studies. Fusion of a MRD directed toward A33 to a catalytic or non-catalytic
antibody would increase the therapeutic efficacy of A33 targeting antibodies.

[0111]  The present invention also contemplates the preparation of mono-, bi-, tri-, tetra-,
and penta-specific antibodies. It is contemplated that the antibodies used in the present

invention may be prepared by any method known in the art,

[0112] In the antibody-MRD fusion molecules prepared according to the present
invention, the MRD may be attached to an antibody through the peptide’s N-terminus or C-
terminus. The MRD may be attached to the antibody at the C-terminal end of the heavy
chain of the antibody, the N-terminal end of the heavy chain of the antibody, the C-terminal
end of the light chain of the antibody, or the N-terminal end of the light chain of the antibody.
The MRD may be attached to the antibody directly, or attached through an optional linker
peptide, which can be between 2 to 20 peptides long. The linker peptide can contain a short



33 Exanple 3. Antibody-MRD Fusions with Non-catal ytic Antibodies
[0137] A hurmani zed nouse nonocl onal anti body, LM509, directed towards
human i nt e%ri n avf33 has been previously described. (Rader, C et.

al ., 1998WORAWABS86S Cheresh DA, Barbas CF 3rd. Proc NRCT/URHWFIEST y S
A. 1998 Jul 21;95(15):8910-5). [0138}% A human non-catal ytic

nmonocl onal Ab, JC7U was fused to an anti-Ang2 MRD contai ni ng 2xCon4

( AQREEGRMPFAM GE MRS (e CE GARSSEOIN T NEEFCE! o YWk (2EQuL D.
NO.: 10)) a%t%gigt her the N- or C—teréﬁllbhus “of’ tnjril-ee Iiglht ?%ﬁ. 2xC%3n4

( AQQEECHWIDRY W 8 EEACEESHTCEEES TRER RS AT RippFConplinrerpeptide wigele | D. NO. :

10 ' ' hon. K hain.,of the
ant 1 by ks B Ol S e i TEF B R RS RS, )
Bot h fprevidessfonewondramore RID¢ which aredindledtogRy Idrmitiahend HAhesdmibwdyi. it she

| eft panel of Fi e .3, both i body constructs. (2xCon4-JC7y and
sCr AseaRmalac it ki) Motk MR TG b SN Ao YA e IHONER £ ot e
by EL|shespeptiiet. twBioh eiongteirindlt@ids ofBY@Mtdody.| BheShtlfiple! MRDE tan taiggher
with JC7U- 2xCon4, which has the 2xCon4 (SEQ ID. NO.: 10) fusion at
the C-hefameiagebtinding sits, ghvocianate giermetargst Pingiag sitosneMdditipmel nsatids  of
Fi gur eeducl8RirdySod Aa8ePionslhdide He iAQEE sthbilie, 8tfle HREY Ang2 to integrin
avp3. The resul'ts show that fusion of 2xCon4 (SEQ ID. NO : 10) to
either the N- or the C- _light chain term nus does not affect inAb

JC7U PRI ng The antihodyVIRD fysignmolepyles an be gegsided By anelymedleotics SA st udy
usi ng | = o} L yet ~Hergeptin
U \RD PrErSAEE gt RENa e, A A ar OOk WE R b B St 07
non- c goknpeleetidersequsoeck/canralsolte lipkest with a rdgPIBtory siquence ¢lres contls.  The

Her cept i n-MRD i re.mul ti fungti,ona bot.h smal | - nol ecul e, av

i nteg rﬁg(ﬂr%%ts%a%%ﬁ?g@g&ﬁ%ﬁﬁ? ) ac}}?étrﬁeglaI‘Alolilosé)?egg?ralmggﬁnﬁ’tceaalp Plht?ltllglrlegeti ng
ant i baajynatiestideeregdusihe astifode-MBD ifisign vleaile.ng t he breast cancer
netastasis by interfering with avnedi ated cell adhesi on and

prolif i oRy . VRD fusions containi Her ceptin- 2xCon4 ich targets
B ez WHE g5 MEser: e PRI it Srpedion Bsh il prorued

t a{jgetthmkraﬁmﬂic Hestiaazlo Hk%ﬂ%le?éfihlﬂﬁmpéut(mmbsiﬁ&[sgﬁ&l& fredeBlinvantion,

and integrin. targeti are effective. . . .

20091688 FeRsioRY %Jé%s*ﬁ%%aerésa%ﬁ%‘iﬂr@ﬂ 2t {pstreng spegies phgptibody

Ant i bedmphER: MeMeRay! h@&escrﬁ&&‘h@ﬂeirﬁﬂis@dﬁéc@ﬁ@sg&@éﬁ AbRing aaRctM@D t hat
targets VEG- was constructed. A MRD which targets v114 (SEQ I.D. NO
13) waBerpdigednaprefimedemniodimenisthe therapenticsgopoiien is ot ingpapeenie when
HerCe%ﬁhﬁ}ﬁﬁé’e@%&Kkﬁn&rp&ﬁeﬁt'tﬂﬂﬁﬁ&aﬁ&%%ﬂ%%%&.SEQ ID. NQ 2). Expression
and testing of the resulting antibody- fusion constructs

denonstrated _strong VEGF binding, . . ) L .
[0115]  The preparation of a pharmacological composition that contains active ingredients

dissolved or dispersed therein is well understood in the art. Typically such compositions are
prepared as sterile injectables either as liquid solutions or suspensions, aqueous or non-
aqueous, however, solid forms suitable for solution, or suspensions, in liquid prior to use can
also be prepared. The preparation can also be emulsified. Thus, an antibody — MRD
containing composition can take the form of solutions, suspensions, tablets, capsules,

sustained release formulations or powders, or other compositional forms.

[0116] The active ingredient can be mixed with excipients which are pharmaceutically
acceptable and compatible with the active ingredient and in amounts suitable for use in the
therapeutic methods described herein. Suitable excipients are, for example, water, saline,

dextrose, glycerol, ethanol or the like and combinations thereof. In addition, if desired, the



Exanpl e 6. |G- 1R Targeting Anti body- MRD Mol ecul es [ 0141] Fusi on of
an MRD which targets the | GF- 1R ( SFYSCLESLVNGPAEKSRGOADGCRKK ( SEQ | D.
NO.: 14)) to the N-term nus of the kappa chain of 38C2 and Herceptin
usi ng t heWPapl/B¥ker sequence as a connector was st udCadS2¥/B¥%8%si on
and testing of the resulting antibogky-MRD fusion constructs
denonstrated strong | GF- 1R bi ndi ng. Additional clones show ng high

bi ndi p .

mut agg%ei)lgsslﬁanda211 s%(?}r%{enﬁrflﬁlg Ugl pre1ak1§%3§hész%nﬁgﬁs\g§égﬁvé@g giel ow show
no si @mﬂmfyargtagemts,rm{ biffeding ggeats andithe/likeonlitteenhamael theeffetiepesy of s ee
Tabl e 2). Tabhe 1: Tenplate for further nutagenesis: R n2-2-218

R2- 2-%84% R 95081 9 GTGGAGTGCAGEGCGCOG VECRAP GCTGAGT GCAGGGCTGGG
AECRAG CAGGAGTGCAGGACGGEEG QECRTG SEQ ID NO 50, 51 SEQ ID NGO 52, 53
SEQ | PONG} 5Zhe Blerapt¥dicoapda88B0SREP LSRR BN SRR3R hcBide pharmaceutically

acceptable salts of the components therein. Pharmaceutically acceptable salts include the acid

addition salts (formed with the free amino groups of the polypeptide) that are formed with
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids
as acetic, tartaric, mandelic and the like. Salts formed with the free carboxyl groups can also
be derived from inorganic bases such as; for example, sodium, potassium, ammonium,
calcium or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 2-

ethylamino ethanol, histidine, procaine and the like.

[0118] Physiologically tolerable carriers are well known in the art. Exemplary of liquid
carriers are sterile aqueous solutions that contain no materials in addition to the active
ingredients and water, or-contain a buffer such as sodium phosphate at physiological pH
value, physiological saline or both, such as phosphate-buffered saline. Still further, aqueous
carriers can contain more than one buffer salt, as well as salts such as sodium and potassium

chlorides, dextrose, propylene glycol, polyethylene glycol, and other solutes.

[0119] Liquid compositions can also contain liquid phases in addition to and to the

exclusion of water.

[0120] Exemplary of such additional liquid phases are glycerin, vegetable oils such as

cottonseed oil, organic esters such as ethyl oleate, and water-oil emulsions.

[0121] A therapeutic composition contains an antibody comprising a MRD of the present
invention, typically in an amount of at least 0.1 weight percent of antibody per weight of total
therapeutic composition. A weight percent is a ratio by weight of antibody to total
composition. Thus, for example, 0.1 weight percent is 0.1 grams of antibody-MRD per 100

grams of total composition.

[0122]  An antibody-containing therapeutic composition typically contains about 10

microgram (ug) per milliliter (ml) to about 100 milligrams (mg) per ml of antibody as active
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ingredient per volume of composition, and more preferably contains about 1 mg/ml to about

10 mg/ml (i.e., about 0.1 to 1 weight percent).

[0123] A therapeutic composition in another embodiment contains a polypeptide of the
present invention, typically in an amount of at least 0.1 weight percent of polypeptide per
weight of total therapeutic composition. A weight percent is a ratio by weight of polypeptide
to total composition. Thus, for example, 0.1 weight percent. is 0.1 grams of polypeptide per

100 grams of total composition.

[0124]  Preferably, an polypeptide-containing therapei_ltic composition typically contains
about 10 microgram (ug) per milliliter (ml) to about 100 milligrams (mg) per ml of
polypeptide as active ingredient per volume of composition, and more preferably contains

about 1 mg/ml to about 10 mg/ml (i.e., about 0.1 to 1 weight percent).

[0125] In view of the benefit of using humanized or chimeric antibodies in vivo in human
patients, the presently described antibody-MRD molecules are particularly well suited for in
vivo use as a therapeutic reagent. The method comprises administering to the patient a
therapeutically effective amount of a physiologically tolerable composition containing an

antibody comprising a MRD of the invention.

[0126] The dosage ranges for the administration of the antibody comprising a MRD of the
invention are those large enough to produce the desired effect in which the disease symptoms
mediated by the target molecule are ameliorated. The dosage should not be so large as to
cause adverse side effects, such as hyperviscosity syndromes, pulmonary edema, congestive
heart failure, and the like. Generally, the dosage will vary with the age, condition, sex and
extent of the disease in the patient and can be determined by one of skill in the art. The

dosage can be adjusted by the individual physician in the event of any complication.

[0127] A therapeutically effective amount of an antibody comprising a MRD of this
invention is typically an amount of antibody such that when administered in a physiologically
tolerable composition is sufficient to achieve a plasma concentration of from about 0.1
microgram (ug) per milliliter (ml) to about 100 ug/ml, preferably from about 1 ug/ml to about
5 ug/ml, and usually about 5 ug/ml. Stated differently, the dosage can vary from about 0.1
mg/kg to about 300 mg/kg, preferably from about 0.2 mg/kg to about 200 mg/kg, most
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preferably from about 0.5 mg/kg to about 20 mg/kg, in one or more dose administrations

daily, for one or several days.

[0128] The antibody comprising a MRD of the invention can be administered parenterally
by injection or by gradual infusion over time. Although the target molecule can typically be
accessed in the body by systemic administration and therefore most often treated by
intravenous administration of therapeutic compositions, other tissues and delivery means are
contemplated where there is a likelihood that the tissue targeted contains the target molecule.
Thus, antibodies comprising a MRD of the invention can be administered intravenously,
intraperitoneally, intramuscularly, subcutaneously, intracavity, transdermally, and can be

delivered by peristaltic means.

[0129]  The therapeutic compositions containing a human monoclonal antibody or a
polypeptide of this invention are conventionally administered intravenously, as by injection
of a unit dose, for example. The term “unit dose” when used in reference to a therapeutic
composition of the present invention refers to physically discrete units suitable as unitary
dosage for the subject, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect in association with the required diluent;

i.e., carrier, or vehicle.

[0130] The compositions are administered in a manner compatible with the dosage
formulation, and in a therapeutically effective amount. The quantity to be administered
depends on the subject to be treated, capacity of the subject’s system to utilize the active
ingredient, and degree of therapeutic effect desired. Precise amounts of active ingredient
required to be administered depend on the judgment of the practitioner and are peculiar to
each individual. However, suitable dosage ranges for systemic application are disclosed
herein and depend on the route of administration. Suitable regimes for administration are
also variable, but are typified by an initial administration followed by repeated doses at one
or more hour intervals by a subsequent injection or other administration. Alternatively,
continuous intravenous infusion sufficient to maintain concentrations in the blood in the

ranges specified for in vivo therapies are contemplated.

[0131]  The following examples are intended to illustrate but not limit the invention.
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EXAMPLES

Example 1. Integrin Targeting Antibody-MRD Molecules

[0132] Novel antibody-MRD fusion molecules were prepared by fusion of an integrin
avp3-targeting peptides to catalytic antibody 38C2. Fusions at the N-termini and C-termini
of the light chain and the C-termini of the heavy chain were most effective. Using flow
cytometry, the antibody conjugates were shown to bind efficiently to integrin ovfp3-
expressing human breast cancer cells. The antibody conjugates also retained the retro-aldol
activity of their parental catalytic antibody 38C2, as measured by methodol and doxorubicin
prodrug activation. This demonstrates that cell targeting and catalytic antibody capability can

be efficiently combined for selective chemotherapy.

Example 2. Angiogenic Cytokine Targeting Antibody-MRD Molecules

[0133] Angiogenic cytokine targeting antibody — MRD fusion molecules were
constructed. The antibody used was 38C2, which was fused with a MRD containing the
2xCon4 peptide
(AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10)). The MRD peptide was fused to either the N- or C-terminus of the light
chain and the C-terminus of the heavy chain. Similar results were found with the other Ang-

2 MRD peptides. Additional Ang-2 MRD peptides include:
LM-2x-32

MGAQTNFMPMDNDELLLYEQFILQQGLEGGSGSTASSGSGSSLGAQTNFMPMDNDE
LLLY (SEQ ID NO:20)

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(2xCon4) (SEQ ID. NO.: 10)

AQQEECEFAPWTCEHM ConFA (SEQ ID NO:21)
core XnEFAPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO:22)

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWTCEEMLE
2xConFA (SEQ ID NO:23)
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AQQEECELAPWTCEHM ConLA (SEQ ID NO:24)
XnELAPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO:25)

AQQEECELAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
2xConLA (SEQ ID NO:26)

AQQEECEFSPWTCEHM ConFS (SEQ ID NO:27)
XnEFSPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO:28)

AQQEECEFSPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
2xConF$ (SEQ ID NO:29)

AQQEECELEPWTCEHM ConLE (SEQ ID NO:30)
XnELEPWTXn where n is from about 0 to 50 amino acid residues (SEQ ID NO:31)

AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHMLE
2xConLE (SEQ ID NO:32).

[0134] It should be understood that such peptides can be present in dimmers, trimers or
other multimers either homologous or heterologous in nature. For example, one can dimerize
identical Con-based sequences such as in 2xConFA to provide a homologous dimer, or the
Con peptides can be mixed such that ConFA is combined with ConLA to create ConFA-LA
heterodimer with the sequence:
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEHMLE
(SEQ ID NO:33).

[0135]  Another illustrative heterodimer is ConFA combined with ConFS to create
ConFA-FS with the sequence:
AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHMLE
(SEQ ID NO:34).

[0136] One of skill in the art, given the teachings herein, will appreciate that other such

combinations will create functional Ang2 binding MRDs as described herein.
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Example 3. Antibody-MRD Fusions with Non-catalytic Antibodies

[0137] A humanized mouse monoclonal antibody, LM609, directed towards human
integrin avB3 has been previously described. (Rader, C. et. al., 1998. Rader C, Cheresh DA,
Barbas CF 3rd. Proc Natl Acad Sci U S A. 1998 Jul 21;95(15):8910-5).

[0138] A human non-catalytic monoclonal Ab, JC7U was fused to an anti-Ang2 MRD
containing 2xCon4
(AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10)) at either the N- or C-terminus of the light chain. 2xCon4
(AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEHMLE
(SEQ ID. NO.: 10)) was studied as an N-terminal fusion to the Kappa chain of the antibody
(2xCon4-JC7U) and as a C-terminal fusion (JC7U-2xCon4). Both fusions maintained
integrin and Ang2 binding. As shown in the left panel of Figure 3, both 'antibody constructs
(2xCon4-JC7U and JC7U-2xCon4) specifically bound to recombinant Ang?2 as demonstrated
by ELISA studies. Binding to Ang2, however, is significantly higher with JC7U-2xCon4,
which has the 2xCon4 (SEQ ID. NO.: 10) fusion at the C-terminus of the light chain of the
antibody. The right panel of Figure 3 depicts the binding of Ang2-JC7U and JC7U-Ang2 to
integrin avf3. The results show that fusion of 2xCon4 (SEQ ID. NO.: 10) to either the N- or
the C- light chain terminus does not affect mAb JC7U binding to integrin avp3. Figure 4
depicts another ELISA study using the same antibody-MRD fusion constructs.

Example 4. Herceptin — MRD fusion molecules

[0139]  Another example of MRD fusions to a non-catalytic antibody are Herceptin —
MRD fusion constructs. The Herceptin-MRD fusions are multifunctional, both small-
molecule av integrin antagonists and the chemically programmed integrin-targeting antibody
show remarkable efficacy in preventing the breast cancer metastasis by interfering with av-
mediated cell adhesion and proliferation. MRD fusions containing Herceptin-2xCon4 (which
targets ErbB2 and ang2) and Herceptin-V114 (which targets ErbB2 and VEGF targeting) and
Herceptin-RGD-4C-2xCon4 (which targets ErbB2, ang2, and integrin targeting) are effective.



RR-2-218 49 Exanple 7. ErbB2 Bi ndi ng, Ang-2-Targeting Antibody- VRD
Mol ecul es [0142] An anti body was constructed which contains an MRD
that targets Ang-2 (L17) fused to the light chain of an_anti bod

whi ch bin szgm%pHBZ. Ei ther the short |inker sequenc@FTgﬁ@mpgﬁé"
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sed dePBH GBI ORGP A HoT PR R S BT Pt R B S BRER P e  ng
const rsualiedl. @xpiession agl dbtinglofitheatsultiti atibaly-MRD-fAsibacgstructy VRD wi th
the Met anti body wi the short |inker peptide, SEQ JD NO. :

1)) (LIPPoRTTAfRY Pn&i@-ﬁﬁﬁﬂﬁf?& usfdisopst _CQH%-%OWHE%@%SW Uﬁ%ﬁg he
Met  aRfdr&dyidehfified 4fRr s8R tduREst RRRcheEs dnd3 e fFeP (SEQ 1D
NO : 19)) (L17- 1L-Met), and C-termnal fusion of Ang-2Z targeting MRD
wi t h tspeueness ligted ibplosshapring significaniry nojbinding giEmity t@dhe mpulin recaptor) (see
Expr eslsdibgrk)‘and testing of the resulting antibody-VRD fusion
constructs”denonstrated strong Ang-2 bi ndi ng when the long |inker
peptide was used. Fusion of the Ang-2 targeting MRD to the CIight
chai n Tablerli: Aemaplste fonBirthar inplegspesigsul ted in slightly higher binding to
Ang-2 then fusion of the Ang-2 targeting to the N-light chain

term nus of the antibody. Exanple 9. ErbB2 Bi ngighfh NO: 50,

| nt egr RA2TRZ ot | RECRACTHONRE NEFGe NIGRAP 31 %

Rm22316 GCTGAGTGCAGGGCTGGG AECRAG or 21D NO™32

SEQ ID NO: 54,
35

Rm2-2-319 CAGGAGTGCAGGACGGGG QECRTG



[ 01441 An antibody was constructed which contains an MRD that targets
integrin avli33 (RGMC) fused to the light chain of an anti body
Herceptin which binds to ErbB2 (Her). Either the short |inker
sequence, WPRBOYOBHYS | i nker sequence, or the 4th |oop i RCEAB2IBGHEST
chai n constant region was used as ajsfinker. Figure 7 depicts the
resul ts of an ELI SA using constructs containing an N-term nal fusion
mt&g;ii avl33 targeting MRD with the ErbB2 antibody with the

er

short peptide (GG3GS (SEQ ID NO.: 1)) (RGMCsL-1-ler), a
C-terpnina i ) ) ) D with the FrbB2
antibpdy with the short Iinker peptlde (Her - sL- RGMC), a C-terni nalSEQ
fusi on ofMutattegri n avf 13 tAnpetacidgedieiceni t h t he Er bB2 Eamiplidedy wi t hID
the 4t h Ioop in the light chain constant regi on (Her-Io RGD4AC), or N
35
| m@mm(smteq K RE9 (SEQ ID 36
19) )R REPAC- mmmLmn@AMmeQmm@armm-ﬂmr ees by alj
e CRAF310Ct S NFNQYEERIL Y TR AR SRGOWFEECBSGLoURE 201 19 by 38

llpdigi314 37 NPAIDEYLAMKPRPRSREOWQOECRIGG Fagkoh-Recept or 39
Bi nding, Rthlllﬁ@” NNF RN ) SRPABRERG( P RSY! esri8bAPlo An anti bagy

was cjon y_ggg SR IRRPARRS et rﬁ)galg)rl n avf33 4
. Bnfdql 0 g BARKS - s to the 4
epatfocy g b h S RERT G VB WA hody- RO Lot ruct s g2
i HE [ _§31%:}pl cts the,,

A t % nal fusi oL

L4

cont &i ni | o gﬁ{;‘

resulfts gELI ¥Q ﬁ ¥

of inte %I 33 o _ [ _ h factor 46
recept or ody v - ; ?:u f integrin
avf 33 t dMg T4|1 G ) SPHEAR o3 ecept or 47
ant i od)}h(’ 115 1L- R *h SREHQ ong 43
i nt edri MAEHER bi MY IEéJMPAEﬁSR@%@Mu ng Rlln%r%ﬂi?n like 4

Growt h Factor-| Recept or -Tar geting Anti body- MRD Mbl ecul es [ 0146]
Anti bodi es were constructed which contains an MRD that targets

insulin-likg.g et y-NiR]ﬂ@Loie'chI@E chain

of an anti o'ov bt Ter —the snort Ti nker
peptide, the long |inker peptlde or the 4th Ioog in the light chain
const dAi4 Aeg mmm@dmwoamteﬂuwh@wn amsran MR B{t %FargetPAag-ZKbﬂ) Acad

Sci PubMed -
|ndexe% (;? f%rﬂéﬂg%&@%%ﬁ%ﬁ%d%&%l%%%éépos%L10463,
al | i rsequepox, meddng)ynkeeﬁeelnmwa)rhm%rfmp ifrthguight Qladeqmnstast régien wesudetl s
of an ELI.SA usi.n nstruycts con an Nt nal. fusio

ol ke 30 § O HE PR RS R BheNoh Sl At AN
ant i lb(lélyhllﬂﬂl' 'ktflli}sidrhﬁ' fsipal tardeRig MRID'lwith ,theaE16BR antibods iwithithé ﬂfbrlﬂfﬁnker -

i nsulin-|j or-Irc or targeti MRD Wit teErB
ol bouptide GG ISR RS RE), o Clsbmtpl folbn of Ask g giri

fusi onMRD Wiftth IBAbBI &RibedPWiR tHeaB1@ linlter HERRIB(HEr-IAL UBL 4 aqexl}«ﬁﬁ%lw th
the ErbB2 antibody with the 4th |l oop in the |ight chai n const ant

r egi orfugitrepffnge- &mrget@a MRD evith thaFr jhodytwitthida thrloon fachglighfchain

fact e |

I ?ﬁkgicogsé%??%%r%%%-ﬁgﬁ F § . or a -a?g%s%ﬁr?gﬁgghm nho I nsu t?ntﬁ I |eke0ng
gr owt FErbB2 tutibotly méthelut long tislceg pepitilg (SSECEHISHAHBGELERSS 43EQ BONO-wi t h

oo odoh BB B L wh Bhinh ol diafeed BL B PHRE oSl ' "

I eceptidweres AngiwashoulfPodll blyieTer-sL. 33 7xanpi4L-Her. Er bB2 Bi ndi ng,
VEG-- Tar geting Anti body- MRD Mol ecul es

-
=)




[ 0148] Fusion of an MRD which targets VEG- (V114) was nmade to the
N-term nus of the the light chain of a ErbB2-binding antibody (Her).
A medi um | i nker %Spti de (SSGGEEGSGEEEEESS (SEQ 1D NO. 2(%{) was used as
a connectBP 200084392 10 depicts the results of an ELI SRCH{SAY8/488337
construct containing an N-term nal f3gsion of VEGF targeting MRD with
t he ErbB2-bi nding anti body with the nedium|inker peptide

(V114- ritediighi) 8. RGPS BRovihdrd B RAGpQE Biltfing, S64-3 a0y Ak AR a)RD
fusi on constiruct denonsirated strong VEG- and ErbBZ bi ndi ng. anmpl e
13. Integrin Targeting AntibodMBBMiteceles)| es [0149] Fusion of an
MRD which targets integrin avi33 (ROD) to the N-term nus of the |ight
chain 8 I DERIYEA] L i : t r%ﬁﬁ?

st udi e@.i“éi g%l;rugﬁ%%ggﬁenonstrgy?gé%tﬂégéezggr e}s‘gﬁgg?laﬁg%&?{eégtﬁ{érll\g{eo the

r esul tarigteaminiub ofithe ligly chainiof theddetsintibasly, Whigh binds trghepatoexje grovaly f@®r

bi ndi ng, appl e .14, 2 Targeti nt k.body- VED NMbl ecul es [ 0150]
Puat orSesplotn ERs i o Itke: SLRIAEC e (R LR e R B o O 1

| i ght @hadcroroFigh8R defdetn thetrébalts 6t EILISAKBIng S onstienis e o inth g dOermixtabr
was studied, Figqure 12 nstrates that expression and test] f
the T CEtIPE Phansd Euie MRD T sripry S hsarhor HoRY AR R ng.
Exanpl(SEQID ¥ObBS (B1 NL Met), Note@finaNusiod o \Afig2 t&éét?‘%tm viK the aeky - MED

Mol ecul es [0151] An MRD which targets integrin avl33 (RGM4C) was
conneanEbodygHEhEeApnedikPTRES o1 (SSRDGG SRECERIGSSRSS (SHEDNO. 18D ¢t T ng

1 A L T Y ey B G

MRD
e C-termnus of the’sane EP%%Z
t ar getlinker peptiddQdst-IL AL CExgression-apd tastim) of the psvlting tibedpNRD ftsim t hat

and ErptR eSS A RN HElop? RS s Bid St i e

Mol ec wifdse AfBLD Zrgding MRDho thy Calightch4is tarmixive df thia iagtibodle résaltedsinatightRD
that tarqgefs . jntegri V(33 fused.to t -t erm nus of the
hoavy TG ARGMELn Bk L DOt PERC BIe e S S 5 NI (A FoRgiHf ¢ he
medi unhd andkedy.as a connector (RGDAGC- nl-her-heavy). Figure 14 depicts
the results of an ELI SA using the construct. Both integrin and ErbB2

were bound Eggmtppee& C]Slr'])%{]gi%&ling, Integrin-Targeting Antibody-MRD Molecules

[0144]  An antibody was constructed which contains an MRD that targets integrin avf3
(RGDA4C) fused to the light chain of an antibody Herceptin which binds to ErbB2 (Her).
Either the short linker sequence, the long linker sequence, or the 4th loop in the light chain
constant region was used as a linker. Figure 7 depicts the results of an ELISA using
constructs containing an N-terminal fusion of integrin avf3 targeting MRD with the ErbB2
antibody with the short linker peptide (GGGS (SEQ ID NO.: 1)) (RGD4C-sL-Her), a C-
terminal fusion of integrin avf3 targeting MRD with the ErbB2 antibody with the short linker
peptide (Her-sL-RGD4C), a C-terminal fusion of integrin avp3 targeting MRD with the
ErbB2 antibody with the 4th loop in the light chain constant region (Her-10-RGD4C), or an
N-terminal fusion of integrin avf3 targeting MRD with the ErbB2 antibody with the long
linker peptide (SSGGGGSGGGGGGSSRSS (SEQ ID NO.: 19)) (RGDA4C-1L-Her). ErbB2
was bound with varying degrees by all of the constructs. However, integrin av3 was bound
only by RGD4C-IL-Her.



Exanpl e 17. ErbB2 or Hepatocyte Growth Factor Receptor Binding, and
Integrin. Ang-2 or Insulin-like Gowth Factor-I Receptor Targeting
Ant i body- MAD Mol ecul es with the Short Linker Peptide 1%{5%

Ant i body-VOI2889/08#0%cul es were constructed whi ch cont aifi¢ TRFSE8/083337
hepat ocyte growt h factor receptor bisnding anti bodies, and integrin
av1l33, Ang-2 or insulin-like growth factor-1 receptor- targeting VRD
regi ons Wek&mhie 1S HaMatdtyld ErowiR Factor ReSéptDEB by, hpce R_'r_%g(:ha' n
of the anfTbody. Figure I5 depicts the results o0 CTSA USI N

constructs containing an N AatihpgweMRD Melecudds Ang- 2 targeting I\/EW
fused to the ErbB2 antibody (L17-sL-Her), an N-term nal fusion of

:\Ft Z? n!O'TZI a][ 8&5 %)IﬁQ)SWns u%?%&&&k%pggovﬁ% %%P(tﬁgr%g = !mérﬁt ar 3 eting

MRD wi (RO fEsedBe theilighf ehgincoftain larmlg,od(y R@H@metbrtgb Ihedlep}tbfa’rtmwth fagtet on
f A h f
bi na 5 oy O MR g BERRR e Tl Bl Rke ME R B et i ng

MRD wi Fibure 8alepictsBRe febult ofgn ERIS A oslyg édxk%frudiicdnﬂa?ﬁmg an K-tbifal fadior 651 on
of integri.rt et.in D.with the ErbB2 bj n anti b

(Her - oitbrtieltadhetng BURtS i i bepisragn St kot 1 errt?rkaémgwﬁt@ﬁmo

f act oriL.IMEe®.RRIC ertdabitkion 9f MilariniclvP3 tangtiks MBED Wlﬂﬁdhé‘libﬁ%

(Her-sL-RP). ErbB2 was bound with variél ng degrees by t ant i body VRD

const ragtestecentenpntibrayMeate-RGDA6D- (The Hoet desppnairatpdhgironge
hepat ggi 86@’%&15%‘“ or receptor-binding antibody. Antigen was bound
only by the Her-sL-L17 construct. Exanple 18. ErbB2 or Hepatocyte

G owt h Factor Recetor BI ndi n, and 1ntegrinl Ang-2 or Insul in-like
G owt h Fdtxample 1 HBindingy Bnsulin-like G riomydly Fastpr-1iReeentor=T axgetingt he
Long Li nker Peptide [0154] QMCUI es were construct ed
whi ch contain ErbB2 or hepatot or receptor binding

anti bodies, and integrin avl33, Ang-2 or insulin-like growth factor-I

r ecept[B46] ar dettibpdies\mREe qog@tr@tﬁd whigtkeabtains 4n MRP thasigggets mselun—bleqat i de
0t N HarRlcBer Bl (RDPRAN Y %htE S b Far RiBER lidh bgs 9% é s_of

an ELI usi ng con cts contal ni usron of -2
t ar get(Hen. mmerrths slnbrltlmkblhthEddoB& Iang ]nhi@d yentidé, or ﬂLe—4ﬂeto)op imthe I‘ﬁgh'er m nal

( Repa it cplp gon st B RS Gl o7 Rl Pt Pontes o

f act orMay re28EpOO4285i%r geting MRD with the ErbB2 bindi ng anti body
(RP-1L-Her), a Ctermnal fusion of Ang-2 targeting MRD with the

O Per APt 7D o s KA iepd R BB A8 Feberindo e
gr owt h&T@@ mpositemass il ildoRsbirated Bytefdresty hefEM Erghie Midpicts the ceshy 6 nal

f usi on targeting NRD with the sulin-like growh factor-|
r eceptaﬁ?g%g‘ﬂg'ﬁ S Qo PRS2 N-fepynabiugion éfll‘\‘?‘HH‘rhl‘FelEPW fagtorahyg- 2

targetrpdy &fin Mﬁb%vthhﬁ hematReYs i di ng
ant i bédygtowl\/b%é 1L§L17) 1or ?3. Cterm ndzyl‘glt‘ﬂgtsﬂlé?)}rlt r@?@oiLH% eapé%mgm

nt e In tar et| ng
MRD vmftlfﬁort plansyhia-1ike gEa wb faciorgrecepter taseeting MR aithche Eth%dh angb@divt anldody

fatl‘vt?te;:tl ve to% rﬁﬁaﬁ{@ggn ﬁ%b@%t@%@%%l O%Wﬁ%m?%% May

20; 280¢ptor kegaing MRD Epththe BB 2Matib@ty. with the dth ladp inthd&ligit clthie nons2p04

| venthO e G AR AR e P P 8oV B et DR B

Wi Il heRDneer the BesB2 didibodyoshith iheddrgiitkeppehtide(RPALL-HBS, Rl C-anearpassed
wthin the spirjt gpe of the invention. Accordingly,

and s t he
i nventPoeR pidnsyligslikegr ﬁ;aoar-ltrﬁ@ptoa fareshing JIRP avithehe Erb Antibody with
the long linker peptide (Her-1L-RP). ErbB2 was bound with varying degrees by all of the

constructs. Insulin-like growth factor-I receptor was bound by RP-1L-Her.



41 CLAIMS WHAT IS CLAIMED | S 1. An isolated full-length
anti body conprising at | east one nodul ar recognition domain (MRD),
wherein the target of the MRD is Ang-2, and wherein the target of the
anti body WERBPABIES site of the antibody is a tunor antFiCIe$2008/088337 o
The antibody of claim1, wherein thggantibody and the MRD are
oper ably I|nked through a linker peptide. 3. The antlbody of

: . Qi aci ds or

O ! T or 3,
wherein the I|nker tlde conprlses a sequence selected fromthe
group Vb4 stﬁlﬂ@nefan@%@ﬁ@rgﬂs NEBGE) (V1 85GReEsEe8EbedEte8iEgs bfthe

y?ﬁ%ythoﬁgh %ﬁ clal %%ﬁﬁ er2’5??(%‘%%%%“8%%6F861?§1yderrﬁk23t'tgofﬁe

Cter r(SS@lG(KESGGGGG&SS’(«SE@HLNQl 2))ofastused @t donnebyor. Fipmrd\Q depidtsat end

chai n T LR AL I Rne torb et ROt bpinbAaN-arinor oA of VEQ tHlig of

t he anMRmdﬁh the ErbB2-§de5@%nﬁl§UdFvQﬁﬁMh@fne@1ﬂm IHREr SptiGé @F NB-mE Her)ther ei n
two or_nore MRDs are operabl i nked to _any term nal end of the

ant i bderpressionaed esting afdhesesulipnecantiRedy-MRD Bisiop sppsjrurt dermeastrated NS
nor e t@EEF Bad ERR9%iRfing he anti body. 7. The antibody of any one
of clainms 1-6, wherein the antibody conprises a second MRD, and the
target of the second I\/RD is sel ected fromthe gr oup consi sting of: an
integrin, an angtXam nteg goting-Ang ‘ legulegr owt h f act or
(VEGH), |nsuI I n-11ike growth factor-l receptor (IGF IR), a tunor

anti ggpp 49(]:D2 Fusieh o£R MRDWhicH kLM dinfedfih Q{/ﬁf 8 thd I RinusiottheEr B2

recept or, the ErbB3 receptor, tunor associated surface antigen
epit hé1ghe<°hae7e¢fl38§arvé1§g@w mesfiarg linker(peptideamip comecton yieo sfudicd. Figoredrd, an

angi o | Il :
anq. nooofistEE T Moo &fth'ant Wi APk GE, X RSELMAD AR RRR A
1- 6, whengintegrin avB} biedivBD conpri ses a sequence selected fromthe
group consisting of: IVGAQTNFIVPIVDDLEQQLYEQZI LQQGLE (SEQ I D NG 7),
MEAQTNEMPVDNDEL L gy thoh adv-MRD Molecules

- - o » )
@EECEV\DPWI’CEHI\/GSGSATGGSGSTASSGSGSATHQEECEV\DPWI'CEH MLE (SEQ I D
NO 10){0150]  Fusion of an MRD which targets Ang-2 (L17) to the C-terminus of the light chain

of 38C2 using the short linker sequence as a connector was studied. Figure 12 demonstrates

that expression and testing of the resulting antibody-MRD fusion construct had strong Ang-2
binding,

Example 15. ErbB2 Binding, Integrin and Ang-2 Targeting Antibody-MRD Molecules

[0151] An MRD which targets integrin ovp3 (RGD4C) was connected to the N-terminus
of the light chain of an ErbB2 targeting antibody (Her) with a medium linker, and an Ang-2
(1.17) targeting MRD was connected by a short linker to the C-terminus of the same ErbB2
targeting antibody (RGD4C-mL-Her-sL-L17). Figure 13 demonstrates that the resulting
antibody-MRD fusion construct bound to integrin, Ang-2, and ErbB2.

Example 16. ErbB2 Binding, Integrin-Targeting Antibody-MRD Molecules

[0152]  An antibody was constructed which contains an MRD that targets integrin avp3
(RGDAC) fused to the N-terminus of the heavy chain of an antibody which binds to ErbB2



42 AQQEECEFAPWICEHM ( SEQ | D NO: 21)

AQQEECEFAPWI CEHMGSGSAT GGSGSTASSGSGSATHQEECEFAPWICEH MLE (SEQ | D

NO 23), AQQEECELAPWICEHM (SEQ | D NO 24),

AQQEECEL AP /IRREESAT GGSGSTASSGSGSATHQEECELAPWICEH  MPET(USZR88/0§§337
NO 26), AQQEECEFSPWICEHM ( SEQ | D NO337), AQQEECEFSPWICEHMGSGSATGGSGS
TA S SGS GSATHQEECEF SPWICEHM LE2xConFS (SEQ | D NQ 29) ,

e o e T G I S il

AQQEECEFARW O BMSSCEATEES ST SSCHeUATHERGRL BFR2GR b Ed(ISER | D
NO. 33) ; ECEFAPW CEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWICEHM LE ( SEQ
| D NO A" QTNFMPMDNDELLNYEQFI LQQGLE (SEQ I D NO 11), and

Example 17. ErbB2 or Hepatocyte Growth Factor Receptor Binding, and Integrin,
Ang-2 or Insulin-like Growth Factor-I Receptor-Targeting Antibody-MRD Molecules
with the Short Linker Peptide

[0153] Antibody-MRD molecules were constructed which contain ErbB2 or hepatocyte
growth factor receptor binding antibodies, and integrin avf3, Ang-2 or insulin-like growth
factor-I receptor-targeting MRD regions were linked with the short linker peptide to the light
chain of the antibody. Figure 15 depicts the results of an ELISA using constructs containing
an N-terminal fusion of Ang-2 targeting MRD fused to the ErbB2 antibody (L.17-sL-Her), an
N-terminal fusion of integrin-targeting MRD with the ErbB2 antibody (RGD4C-sL-Her), an
N-terminal fusion of insulin-like growth factor-I receptor targeting MRD with the ErbB2
binding antibody (RP-sL-Her), a C-terminal fusion of Ang-2 targeting MRD with the
hepatocyte growth factor receptor binding antibody (L17-sL-Met), a C-terminal fusion of
Ang-2 targeting MRD with the ErbB2 binding antibody (Her-sL-1.17), a C-terminal fusion of
integrin targeting MRD with the ErbB2 binding antibody (Her-sL-RGD4C), or a C-terminal
fusion of insulin-like growth factor-I receptor targeting MRD with the ErbB2 binding
antibody (Her-sL-RP). ErbB2 was bound with varying degrees by the antibody-MRD
constructs, with the exception of the construct containing the hepatocyte growth factor
receptor-binding antibody. Antigen was bound only by the Her-sL-L17 construct.

Example 18. ErbB2 or Hepatocyte Growth Factor Receptor Binding, and Integrin,

Ang-2 or Insulin-like Growth Factor-I Receptor-Targeting Antibody-MRD Molecules
with the Long Linker Peptide

[0154] Antibody-MRD molecules were constructed which contain ErbB2 or hepatocyte
growth factor receptor binding antibodies, and integrin avp3, Ang-2 or insulin-like growth
factor-I receptor-targeting MRD regions linked with the long linker peptide to the light chain
of the antibody. Figure 16 depicts the results of an ELISA using constructs containing an N-
terminal fusion of Ang-2 targeting MRD fused to the ErbB2 antibody (L.17-1L-Her), an N-
terminal fusion of integrin-targeting MRD with the ErbB2 antibody (RGD4C-IL-Her), an N-



PXDNDXLLNY (SEQ ID NO 12), wherein X is selected fromone of the 20
natural | y-occurring am no acids. 9. The anti body of any one of
clains 1-8 mhereln the antibody is a chineric or humani zed anti body.

10. The aXPiHBE§30 any one of clains 1-9 wherein the Pgﬁquﬁ@ﬁﬂ()ss”"

conbining site of the antibody bindgpto a target selected fromthe
group consisting of: EGFR, ErbB2, ErbB3, ErbB4, CD20, insulin-Ilike

gr owt Refn@fdl Hisidn 618880 ke g?d%@[h@a[cﬂﬁll%& §)P-9c§ﬂgfat'ufg MRIOKAR hedbBBEN.
11. The anti body of any one of clains E wherein the anti body

conbi rhindjngantibody (REH-Hawi %Gﬂmamsslqncpfmfzztargenng MRDywitlfee ant i body
of cl aj t

ot | bashddye HRRRPREiE ARCAB! biRARY liodd ASME RS C-tognigat frsiol}

14. Anntegin tatgeting YIRIN lwﬂihehﬂ lneqbetocymgrquth fegton revaptbelbindide astdspdgnce

encodi .13 o L5, A vect or

C o IR S O iR o At Rt MRD with e R RHE S

conpr ifadtedl rbb’@tdt%idﬂr[g amfhbsd}aaH& lI5RP() ra Q@Y fugfontoll ng el thrgeting MRD 17.

The antjbody of any of clajns |-13far. use in treating a disease.
18. THEthHe ?'f@cmat%qytwawm fagtor fRqenten b%mi%mﬂibg@é@éetrléglc‘é@r&é .t

terminal fusion of integrin targeting MRD with the the hepatocyte growth factor receptor
binding antibody (Met-IL-RGD4C). As shown in Figure 16, antibody-MRD fusions are
effective to bind antigen and ErtbB2. Lu et al. J Biol Chem. 2005 May 20;280(20):19665-72.
Epub 2005 Mar 9;.; Lu et al. J Biol Chem. 2004 Jan 23;279(4):2856-65. Epub 2003 Oct 23,

[0155]  Although the invention has been described with reference to the above examples, it
will be understood that modifications and variations are encompassed within the spirit and

scope of the invention. Accordingly, the invention is limited only by the following claims.



19. The anti body of claim 17 or 18, wherein the antibody inhibits

angi ogenesi s, nodul at es angi ogenesi s, or inhibits tunmor growh.

20. A nmethod for producing the antibogx of any one of clains 1-13

conprising selecting for a MRD using Ang- 2 peptide, wherein the

MRD is derived froma phage display library or fromnatural |igands.
CLAIMS
WHAT IS CLAIMED IS:

1. An isolated full-length antibody comprising at least one modular
recognition domain (MRD), wherein the target of the MRD is Ang-2, and wherein the
target of the antibody combining site of the antibody is a tumor antigen.

2. The antibody of claim 1, wherein the antibody and the MRD are operably
linked through a linker peptide.

3. The antibody of claim 2, wherein the linker peptide is between 2 to 20
amino acids or between 4 to 15 amino acids.

4. The antibody of claim 2 or 3, wherein the linker peptide comprises a

sequence selected from the group consisting of: GGGS (SEQ ID NO:1),

( SSGGGGSGGGGGGSS (SEQ ID NO:2), and SSGGGGSGGGGGGSSRSS (SEQ ID
NO:19).

5. The antibody of any one of claims 1-4 , wherein the MRD is operably
linked to the C-terminal end of the heavy chain of the antibody, the N-terminal end of
the heavy chain of the antibody, the C-terminal end of the light chain of the antibody,
or the N-terminal end of the light chain of the antibody.

6. The antibody of any one of claims 1-5, wherein two or more MRDs are
operably linked to any terminal end of the antibody or wherein two or more MRDs
are operably linked to two or more terminal ends of the antibody.

7. The antibody of any one of claims 1-6, wherein the antibody comprises a
second MRD, and the target of the second MRD is selected from the group consisting
of: an integrin, an angiogenic cytokine, vascular endothelial growth factor (VEGF),
insulin-like growth factor-I receptor (IGF-IR), a tumor antigen, CD20, an epidermal

, growth factor receptor (EGFR), the ErbB2 receptor, the ErbB3 receptor, tumor

(‘ associated surface antigen epithelial cell adhesion molecule (Ep-CAM), an angiogenic
factor, an angiogenic receptor, cell surface antigen, vascular homing peptide, and
nerve growth factor.

8. The antibody of any one of claims 1-6, wherein

the MRD comprises a sequence selected from the group consisting of:
MGAQTNFMPMDDLEQRLYEQFILQQGLE (SEQ ID NO:7),
MGAQTNFMPMDNDELLLYEQFILQQGLE (SEQ ID NO:3),
MGAQTNFMPMDATETRLYEQFILQQGLE (SEQ ID NO:9),

AQQEECEWDPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEWDPWTCEH
MLE (SEQ ID NO:10),
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AQQEECEFAPWTCEHM (SEQ ID NO:21)

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFAPWTCEH
MLE (SEQ ID NO:23),

AQQEECELAPWTCEHM (SEQ ID NO:24),

AQQEECELAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEH
MLE (SEQ ID NO:26),

AQQEECEFSPWTCEHM (SEQ ID NO:27),

AQQEECEFSPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHM
LE2xConFS$ (SEQ ID NO:29),

AQQEECELEPWTCEHM (SEQ ID NO:30),

AQQEECELEPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELEPWTCEHM
LE (SEQ ID NO:32),

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECELAPWTCEH
MLE (SEQ ID NO:33);

AQQEECEFAPWTCEHMGSGSATGGSGSTASSGSGSATHQEECEFSPWTCEHM
LE (SEQ ID NO:34),

MGAQTNFMPMDNDELLNYEQFILQQGLE (SEQ ID NO:11), and

PXDNDXLLNY (SEQ ID NO:12), wherein X is selected from one of the 20
naturally-occurring amino acids.

9. The antibody of any one of claims 1-8, wherein the antibody is a chimeric
or humanized antibody.

10. The antibody of any one of claims 1-9 wherein the antibody combining
site of the antibody binds to a target selected from the group consisting of: EGFR,
ErbB2, ErbB3, ErbB4, CD20, insulin-like growth factor-I receptor, and prostate
specific membrane antigen.

11. The antibody of any one of claims 1-10, wherein the antibody combining
site of the antibody binds to ErbB2.

12. The antibody of claim 11, wherein the antibody is Trastuzumab.

13. The antibody of claim 1, wherein the MRD comprises SEQ ID NO:8.
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14. An isolated polynucleotide comprising a nucleotide sequence encoding
the antibody of any of claims 1-13.

15. A vector comprising the polynucleotide of claim 14.

16. A host cell comprising the vector of claim 15, or progeny of the cell.

17. The antibody of any of claims 1-13for use in treating a disease.

18. The antibody of claim 17, wherein the disease is cancer.

19. The antibody of claim 17 or 18, wherein the antibody inhibits
angiogenesis, modulates angiogenesis, or inhibits tumor growth.

20. A method for producing the antibody of any one of claims 1-13
comprising selecting for a MRD using an Ang-2 peptide, wherein the MRD is derived
from a phage display library or from natural ligands.
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