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WO 2007/ 056470PCT/ US2006/ 043516 NEUROPI LI N
ANTAGONI STS This application is a

non- provi si onal application claimng priority under

9(e) to provisional application nuBRghf006/043516
Wé?ﬁ’%gf%s filed Novenber 8, 2005 and 60/ 820, 561,

filed July 27, 2SBEROBIMNANIAGONIYSnt ents of which

are incorporated herel n by reference. FIELD OF THE
| NVENTI ON

sent inventia
ORI it BB AR P B DAL Es o7 SRS 1otk
prowsmﬂ%ﬁzij;ibﬁ&hbﬂ ﬂnr(bHRB’()ﬁﬂC?@B Viletl INeSemtvb8, 80(sand b@/RA0BO. iledtT s 27, 2006,
nvent|§o ert.ains a her ?rpb refLﬂ ons and net hods for
the-entirg GORGTS P %ﬁ 5 VAT Fiation and mai nt enance
medi at ed by neuropili n 1 (NRP1) receptor. This
i nvention furt herF[ﬁ‘,ﬁb"ﬁIﬁP_If% vRiasts for the
screeni ng of substances 1 apeut 1 cal | y usef ul ct)t{ i
'lrw@mem mwgmgtr relateg grPIAlY IO GARPYSIORSNE FabErfsgesqdied with neuropiiin
(NRP) adtyRia I N\/ENFI Yeoferh ARG RRIRA Serkins tcBAﬁlﬁ@iQdNEhd%th‘BﬂEor modulating
vel opment of w2y S@%@r St }'? {nSerion farther
vacscula {3EerdieR ﬁ'Eddeff*t@l‘]{lﬁeF‘?ﬂ’é Wﬁuﬂﬁﬂlﬁ‘a o1 0gi cal an
relates toAdthdak ﬂﬂk}&a&reég[t@(bﬁﬁlﬁﬁﬁwes&ﬁdmpéﬂicgﬂygmm fmgalnweg@a esmlgm
0S _an rs require adequate bl ood supply
°°“d1u°Wﬁ8§H€%¥ Sg‘?som?t%c}t‘@ﬂﬁegag%% broduci ng pro-angMgeni ¢
factors, which pronote new bl ood vessel formation and

mai nt enance Vig, @ gw%ngm éherred to as

angi ogenesi s. ron 1S a conplex hut .

Bewibpigntiof orasgie sistomithiodampaplpagoamt %Fﬂ%ﬁ%ﬂ@?@% gnd
pathologgcgi )% [OMARY ALY zroRihg ERAQLRE ds 3Inb§ @ and tudrs (EcfiRy adequate blood

erat e fom eXI sting BCs . Of gl ffheclilengn!'lo%etnewbl oﬁ]vessel

supply. El“‘dgsé‘i‘ﬁfﬁ is ngsdiby grodypneprFe angiogpai WS U ORI 46 r
formatiof @ﬁcﬂmhhﬂéﬁm&t \ﬁwlﬁrwe&%endte)]ly\ta’&mﬂll taas apgipgiaesish éﬁqscuh;j@ng@cn is a
complexé»)lgf %rfkf E(gnog%l}%l gvontfmc\)fro v1 ﬁ %161&3&&% {hQ fo@lo&ﬁg Etéﬁsl a) lﬁl@ﬁbhg])ceﬂs ‘

S r ves S 'S "sen form
(ECs) prekéfennrdamyexisgaselsor diffpreptistefram prege@a@f@aﬂfva‘?) Bﬂs é&%%“-e and coalesce to

form corﬁriﬂg Etglgialot Fdird Q&Eﬁl&%&ﬁgﬁ}:ﬁ Hde@H %bﬁl@@h@&'t@ﬂxm aBebld allth a central

I -en hélial cells are recruited eﬁase
Tomen dé n:é@ﬁna ePiiaer vesigbtend ot SREPHE Wémﬁgaﬁeﬁ’el%ﬁ’i%i‘f’égé S

plexus uﬂ&‘%&l FBIRE Yerdo MGk h:ﬂﬁ&sh&ﬁng; hel fy @&E@Hahehﬂbeﬁs aeakdrsited to encase the
i.ncl udi ng. 25per tes for

endotseli GioraPieering DrBlevings g egua e wec R E L, mEfBak Bending

pericytes for fr@l dapiliries, sh:ladithlhlamle dells Mamss@i‘ﬂmﬂ@y@@rd(a}]_@gs?)n the heart.

Hanahax@g gct-zéng.«é 277"48 5‘%@?23%%30% P& Iégo o W& N2 BWSws Genetics. 3:513-

y, B. & Krasnow,
23 (2002)} LukarsiGe Bl &IQQSEO%QJZSC{@@GO%)W -28 (2003). I t is now vvel I
est abl i shed that angi ogenesis is %t ed in_t

B ag oogetiestablishd dapt gagioeeneys H'f’m@ilcé‘%‘i‘ Hé?esvat RS 9f ﬁc’f’r‘l‘t?H’

anmmve vascular

. disorderS Ol et lhél{ﬂérsﬁhcﬂﬁﬁoﬂﬁtdaﬁét@&lﬂs aﬂﬁio&%r&ﬁspie&dﬂ&ﬁal $ibroplasia,

trolental fib |
oot Shonk S L2y P8 SRR RO ortic,
e.g., diaBic Wtﬂbpaﬁ@[ bl fed W&Iﬁtﬂ&&; (AT, ueothsamga@coma, imemnme
i n o e re o
quCthI'h% eg}l,(dné ue an@ otﬁ& tlgﬁlgy h%[lmgﬁg gﬂﬂﬁ&?%@&o&ﬁm Ikroan et

I nmune rej ection
al., J. Bibk. a:hapl :aﬂ’itle@sleloﬁmwzi iKdapsmumet @l oinre Rey. Pyysiad73:217-239 (1991);

and Garh AT B bt P B BO0AS D%saﬁf A %%ﬁgﬂa&* pRseh, Garmer
A., Klingg¥orth G&@ iedis.. 2ReBditigeH{3yisrcs) Deksg; 157199500 £EH 10 and

o e s oy g bR B85 pric
to neopl@n&g BhIVRF b 19\/1@‘;’5% n@EShmenZBHthEgiotvihand fblagiailof e kaver., Fdilnan f al,

pp 1625-1710. In the case of tunor

growth anO. ogenesi s appearls to be crucial for the

transition from hyperplasia to neoplasia, and for

provi di ng nourishnment for the growth and netastasis

of the tunor. Folkman et al., 1 WD

2007/ 056470PCT/ US2006/ 043516 "

Natilag&O ".5.g"' &14119kl1iielnleC'ighliliation allows
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Aiello et at, N Engl. J. Med. 331:1480-1487 (1994).
Furt hernore, studi es have denpnstrated the
| ocali zati on of VEGF in choroi dal neovascul ar

in patients affected by AVD. Lopezp&uehosinosssie

ﬂ%%ﬁmﬁ MQBLP%Q 45% 37@3@55 868 % 99 v eand-
Nat oAyt Gl ot £ BOVGvERe

prohfet@ﬁve&u%ﬁfm)edompﬁrﬁd foEmbmtalicells. A ednlor héuniyShepins Budmglrilgerant cell

. ' 62: 841- . | .
o Sl AL 35S D Mt A g o
beds, afdlheie mmR@srmaBﬁwﬂibBﬁdﬂi@@gr(ngﬁq disseininatdo far adtng pBagvicad fime. Some
tumor cpﬁssthen s@wt%tk tl?e%ﬂ glé%gﬁ ?ﬂe)m | 9 %L Qe leﬂli&h@hsh u@t h?c‘ﬂ }th’e'iate apd

angl ogenesi s In emcC retlna ders.
mature A@am“scamﬂlaratbloowe@»ws Bmsopstvihiapmed blopd vesgelympt elzi!w@)‘f for continued

growth bEGE Elfuﬁzfr? tunﬁa? b 25 W7 tHERRQGi R arfdHdoRRBARS oPfet@RE fumor cells.
inhibitors of VEG- action are pronising candi dates

Accordmgly, 3 prerelReEiARRID OBPTVEATETEER SR FREBUESSE A (i R gpgpns and
patient REAVASChHERT caflieS Qv bSin sSYaNotRR hinhod i RadRE & ofl @6 Enilhk tied 324:1-

S SN T T e

The prédmmbcaﬂagsmaha chritiolthd «hGiddebi; swntgl is Tlotl weil m@ﬁ@ubdmut iblg belicved that

neovas zgl:%g %f l'll‘%lelﬂé%g re%lﬁtg fr@lﬂttﬂe nyt% Eg 12 0‘% an?[o%enesm stimulators

evacl zumab n approve se in
and ‘inhibs s KFrdierian RS e Med HORBt B apy regl men to treat
metastatic colorectal cancer (CRC), and non-sanal l

e Proresi 6 vRaaedeve SRy tighily e 9t b SpanEs Tygoer of
moleculel)\tRslly @aicd facidrsPRodiced B Mimdghdalgl cBilsCRdve béch Sosvnft@fegulate EC

tr eat| n Var| ous cancer | nd| ca | On
ditrerenia R PR RS oAtrRrES Blo o srismues B ftye, vascuar

endothaliakdrewth ifdceor a\mfs histhadn idkngjfisitae thokey fabtonigvaiived frestigelstingn

Vanglogqusgseifjdtupm aVI E[l élr g%%? %raéeeg al, %W@*y 1@2-2??19bﬁt The

essi e ture 436:193-200. At
finding thap @ bags of| epjelrﬁf sing aHele Elis 19 ambgyqaicdeihalitygeiiyts ta an irreplaceable

“role p1a§§n§rciﬁly fadtok HGhd HeGeldpieht @il @FrQWAAHE T e vﬂbﬁ@ﬂ@&eﬂ)’ﬂﬂﬂfbﬁmre

cycles_of extension and refraction of tllgﬁ@ cul
VEGEF b PSP o © bF A EYGROHRIChOITERES Y Vit égﬂ%@d mtraocular
disordeBS SRS erfal. OMAIBcr IR stha. Ufhe@ﬁ(ﬁﬁlﬁRHAdMﬁ&rebcﬁteﬂs&E:y&lp:aﬁaj alty of
human g}é%sge)%ngﬁgl &Sn nd ac Uf %21?1 Ji veézofief[s‘i%ﬁ {l%ﬁ HLGE %‘/E rﬁugmn
Pathol. 286§ E1095)c e ;etcéoﬁmcq'éiealéﬁé’?%%ﬁéﬁ é1§§3)thttebe@nl widd. Cancer

: X i . STe. See review
73:931 9§‘4 %99@80 n@%dééﬁgf%ﬁ? g‘ﬁ%’ﬁ%’%@%@g@gﬁ Qui dance cues

Q@&Etﬂe RodclitfariMAEeRlck §BGF ﬁietyé aGHARE Righty dorfeﬁmlt& @a fn@sence of
i ch maggact either at short ran

active mcﬂ*fera@pn loed vepselyy o Rgpients wif 81i1c arng ﬂfé'é" 1te?|erg1a-r§ated retmopathles
Aiello df,IN0Enf| B Med 3311480,148 10U Biherir@ry, tidis hafe damomitrated the

es have be en Ldentif the
ocaifify OV b Frore g gk e Rkl B bR, g ot
Invest. Gyhrhddinglr Via Sed. 320383 (188@m Rev Neur osci 26: 509- 63.

The semaphorins (Selma), also called collapsins,
BeltioYECK erugalizing getibodies shppress the iggavidyefiianiicin pl hpman tusmor cell lines in

nuds mfc@ El%ﬁféf gd A%%EE Soed1 @ﬂf’(l@%ﬁ’%@{éﬁ eﬁﬁ SP @hﬁtzﬁﬁisngsoi?@@-m’/ (1995);
nbers of the semaphori u

BorgsriRel it PR DR ORUAE? oMY ¢ dt e R 56k A 1986 and

also inhEBIEAGE Rl s 4 dn eﬁ&iériﬁfémdgi%\bﬂsﬂﬁmmnaf@ﬂﬁderi 2006 L) Arch.

] nore than thirt e

Opihallat 3 5ROY | HES0 it -ati-VEOR saodii S &t Sk skl
VEGF acﬂ&l e pﬁbmﬂg&bnd&t&aﬂ;r o rredtmend bf @lmot ndGRB o itraocude netgascutar
dlsordegu ga& {11?0 ﬁra:' ﬁa’gr c?%sljn? %éZIL I]lilg r7luﬁl(;:1%s %fl%g t.Tanuary 14, 1998; apnd in

simlarities and species off origin. For nore details

on unified nomenclature for semaphorins, see

Semaphorin Nonenclature Commttee (1999) Cel

97:551-552. The neuropilin (NRP) famly is conprised

of two honol ogous proteins, neuropilin-1 (NRP1) and

neuropilin-2 (NRP2). NRP1 was first identified as a
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whet her NRP1 exerts its vascular function exclusively
via the VEGF VEGF Receptor 2 (VEGFR2) pat hway, as an
enhancer for VEG- binding to VEGFR2 and thereby for

VG eol%sﬁ jgnaling, or via a signaling pat hwayP CT/US2006/043516
WOSRN,

B2 R D s b e Gt P L G i,

bevacuﬁlﬁﬂ@ it Haamppﬂalm Hyekd HEn %ﬂ%ﬁe m\%&eﬁm{@adthu&ﬁaﬁb?&mbﬁegﬁmen to
st B G R GE L RORED B St b gpune

being idvegigarediin mpnporisoine niixdeal thialk foraasing EHienambhceh@dicabhenpt ed
to overconme this problemby constructing "chineric"
dhrind deielegménh of/thé eehivors sygerhuneeronsaend qyesablilikel hnogs did migrate over

long dlétélcgs% Qﬂd&q%;egch%w QD3GR @5}%11& aﬁﬁghlarl-ﬂévﬁe (2005) Nature
at ent 4,816, 567 he isotype o

436: 19%%9% it B iediantic ety EPHROTAR 25 @@110&1& %S%sfw%nea@ﬂefé gawth
cone. Thid H}}nﬁmﬁr&&ﬂm ¥xtbrfdion Rl £k FiRPodid) extensions, the growth cone

anti bo depen ent ce | ar cyt ot oxiCit
contmuelbvrfﬁnsg ﬁssasgbgﬂtaémyn &1%%@{3?111 1tF ﬁpagzlfeé %nt, anci:j accnrately

selects eﬁ(ﬁﬁl’:tttratlofof esabiveiotvids @ tiigagethi ndi n g f u n ctions of
a(slver tg F cféca%e con&depa]bfgllppc}g%ee ha:t,1 geeﬂ glgde m un @n &gﬁ" §u1dr«.uace

seque n umani ze
mechatfirnse Smevgbsnléncmoe ROPD BSeigrace BMS&M i @eﬂr@m Pesoine four varieties:
atmola%% %gflr@ﬁé 1&:@4 L/VMICL ﬁﬁ? % 4 gﬂl@r A Ehoh%n%@ El e, h KRB, ﬁdﬂiﬁ% %pécﬁted) or at longer

as_been substituted at regions by t

range (i [dfflisiblsh diorfey). Bermurrdamifieseiioren gaifatse W&WC@@%W%@M@& the

 netrins, E@ﬁapﬁ&ﬁ{ﬂ%lpﬁmsraﬂ@lﬁﬁt s&&%hguu eﬁﬂmya ap@ems) ARk Nkreidi 26:509-63.

r the corres d|n rrent nt|
e siodahan (S8 S i S BB B Ry
conser@ditdcieed laﬁﬁrmmibrmﬂ&med@cmotemﬂnﬂmmwﬂf the Iséryapﬂﬁ‘hﬂamiymtﬂ‘rgpablﬁ of

. regi [es]
o S ol R ESLA 55, 800 058 A5 L ATOE g o0
Curr Opin dewrgbiolisl 088194 s Themere themthirgy serpapbeting ddentiind dasdagerallghare a conserved

N-termin I X8Rh d&lﬁéﬂéﬁb&% ToPAdno niaR, Sﬁaﬁ&ﬁﬂ%&b&% afdlclasstibd ﬁl@elbht
Nat ure 332: 323-327; Verhoeyen et al. (1988) Science

subfamgiggrdoperding @Gﬂ strprq] spnilprgios dispeeice af grig- OF MerF dpiaksop poified
nomendMilre B9 BmapRorint meuﬁ@ﬁl | fih NBh€elausd cl:tdmﬁaedt @199twnhwmﬁ1-sso
S.a a val uat e
TR PRy PR P PR S et o kPR ind aapety1 OWRED and
nenropiling (Iiﬁl’l) bHEPEWaSﬁz‘stj 1®0tf1¢i<as 4 typskl 384&Dd irersnambraoghabyree
expressgé m o%tgggngs' ori’ a&&ﬁc ﬁkpﬂwgg sh&eﬂie&ﬂr 19%3&1‘3% eﬁlgﬁsaon cloning.

et anti ogenous to t st animal °s
Fujisa Ritsgkavwad hﬁnr r Bpindawrebiol Y8 &9 NRPwape foardn be teegyptors for a
subset &t @éna%ﬁ&iﬁ's deckiRs P ONabidrhs. tioRds shREstIGRE NRPs RfctRA s non-signaling co-

sel ecting novel 35prote|ns that bind to a |igand,
receptogglope Xith ajothsriergaiiprin [gesiRg FoRk: B ni que of phage

dilﬁnﬁtﬁgh)imtlél@ lagRribddlak @fnb@SorQf a:ﬂih@{lﬂﬁd&e \NRBsdiNeS1s6 8¢tn Band to play
ceitiat J3GH iy A iob Bl oSt L9 LACR G GRAURIERS bR
1sofonn25@&>ﬂcOEM7ﬁ&(§ﬁ h@i@&ﬁ bﬁ)ﬂ;ﬁﬁﬂ_ﬁld endothelial cells, prompting considerable efforts

to undexgs agnli]#hg %I g'JExlraQ h%iﬁrglﬁ[oi 4§09<e1a&ta1 %8%88%2”@? 2 5;

use to a nuc ence enc g avira
Klagsbyn sital (2063 édnExpsM@hBtd§ 15:Be4fy dvpetlstudies havie progided syengpidence that
Nrpl m\/%;lﬂreﬁme&!uﬁr m%/gﬂ QadsR rLosntmﬁ ﬂm@h a.m&magaﬁﬁr WhEESng and

e nucl el c acl sequence encod II’]%}gé{P rotein or
SaO

branchlbg)ql%@p% phgrotyps ﬂ;auga@@e fugther ephiaged by ¢ Eometion. Kawasaki et al.

(1999) E.L% Fﬁz&%@ 155 4895&9@%&5511&4&11% ae@eozb Hocwaﬁt@mch BYLoIREN3662.
dev e

(Bass, S. (1990 ot ei ns 309

These il PFrd hett 4agiy 13 oygopseN T %&ﬁ%hﬂvwmwﬁwéa cfigps-
Enzynol ogy 3:205). In a nonoval ent phage di spl ay
system the gene fusion is3expressed at low levels
and wild type gene DI proteins are al so expressed so
that infectivity of the particles is retained. -
Met hods of generating peptide libraries and screening
those |ibraries have been disclosed in nany patents
(e.g., US Pat ent No. 5, 723 286, U. S Pat ent No.
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|'i brai ns7di peal agtaisigatEl fitry, the efficiency of
production in bacterial cells and the diversity of
the library. See, for e.g., Knappik et al. (1999) J.

W& hoo7/Re? 5%}& 296:57. The size of the library igepusao06043s16

s Ry SRS L0 SRR Pl B vt i sreses

primarflyrio tugdries, addvrpie vpinesdipephadc wisoly. Tadend (208R)vedginen: 129:4797-
. G ' I
f1-806j %égmg%a?gé Bﬁde%gb (%gqurgkf% Nngial TlBs%%fNi%ZF@ng?o%l%dmp &)gétlﬁcally
mmpairsgypphatcdeniopognt- be i nproved by mut ati ng residues in
turns at the surface of the variabl e/ const ant

ert e iy el repropedodasin oy ofpyascgr Nip] was
addres!eé—&% Ba@htion ChANEC R RRBk-obd WhiSeRlteBih strh@OR) cular defects

07-11911; Forsber et_al 19
oo g 155 %121&3%36 {0l SR 57 b ety o shoved
that SeinaS iRliigSo BRPIS hétirequiredfopwtiselilan geviio pmd. aip efotHepdnaliy g fects were
L A L I
Gerhardsfet A{20080@vé5n @71 3Ht508en bi nding proteins is al so
i nportant to isolation of high affinity antibodies.
|Peispitgitiesstensive Hudipsia NRP isedde ingascitar depelormesst, (ommaning guclear as to

whethePRRPI 36086 ds@larttdichgh accmawew m@hs@wgtﬁfm%mggz]zcmz)

e. Tom i_.nso 200 Nat ure Biotech. .18:989 .
patvaishi b 8 VLR Moriee SRREES o by s AR Sl orviea
ma]:@fphﬁﬁayaﬂ@pérﬂm of VEGFRD, bit Ddopidintidndf Bath.i gen bi ndi ng.
CDR3 regions on the heavy chain vary greatly in size,
Sdgudnmabangibrdics t:antla@tlmnaﬂactuemsmgnabmbmam DNA tech@blbgyr sWidespread

‘use hasli’)@éﬁ%aﬁés &q?og&ﬂcﬁlﬁﬁatnﬁ fél tg%sa ﬁf*ﬂgﬁ J&gnt%ever nonhiman

regi ons e varila e alns usi n
antibodjg pre froqugntly felisseip alshumanfe ahﬂrﬁfﬁ@é ptieypied tq qvewa@e ol by

cmm&m@t--chuﬁdrﬂganatddwz ¢h @mm@n@mrﬁgi amgémmaﬁ% adaramﬂ b2 ca; le@t0hnman
odal

diversity of s Lant anti S an
constant ﬂ%&@%ﬁé%ﬁ%?@tﬁ % 6@@6? B ARt ﬂl—?ﬁ‘ﬂ”ﬁ‘b‘iﬂ’f‘%‘gﬁ domain
may be(sBaitdd astaifct 91941)1m91|§h°@t196dy3&@ﬁiﬁci}5@icﬁ1@ﬂanﬁﬂﬁy(d]:&ﬂ&e)ﬂt &llular

cytotox%{:g[g&g% 1%%&\13'&% nsepcn %y%g?ﬁ iir woa[(t%g%s)zﬁ’l’o o res&ve t%gXutlgen

bindingXP@HSE 9f anu@uwwxm\to minimize thEhes ¢f hetgrelegond| lswmmssun buman antibodies,
humam%d%ﬂlﬂgﬁés H%Qeviﬁlsm geﬂgﬂafea‘lﬁf) Tarftl éﬂﬁ@éﬂs %?wlﬁ&:%pgtzﬁmﬁfy less than an intact

nodul ati on at |east one nearopilin nmed ated
human W@bl& gnpa hagloen wbﬁﬁyuteqb?té%rnabr she CQIFEPoRFipg serrgpqe from a non-human

species! aF&rlefgﬁ’zg)leeﬁdéﬁE 1%?1&% tﬁ&@%@isu@sﬁfuke_ﬂ?&'ﬂ&&oﬁ@s@?ﬂg@ s€@¥ments of a human

1 1 at ea Dne neur 11N n at.e
antibody; BpgeGce a2 G Bt et RS I PhiGh BFs ent
compleﬂhbrﬂititjo&tﬁ]ﬁmﬁg ft‘giod GGDRHBHMS amdf pogsibiesonit ifage @k regNRAFR) residues
are subdi Fcedk%g gﬁsx Bes I f:%x%@n o de? %ne &H Pbo%%é”tféﬁ%? eFala(%éﬁfﬁ%é{ﬁim 522-

P unc i'on bl oc
525; Rleghtnmmcwd@le(é%gbﬁcewaﬁéﬁ31%@7@6@11067@@ aln&wwmwfan £3HWGH-ES0.
of the disclosure fall into two classes, depending on

Wierte adupisferisigpdherapewsis aRidy todyempe, prectinicphstadigsiityghuszn
mammzflé ee&ée Qlesm{!) &a@ﬂi@m& bRy ta.msrla@cn&@ b masRibbd30 §c@aﬂy, the
bi n o the CUB d OI’TB.I ns of NRPl and
anthd’&ﬁ f“lble?\tllfajflﬁe gﬁ‘%l?sﬁ’é%?a@%b g of ﬁ"c?P%TH?“i‘fg‘m (3% Wath Jfgh potency to a target
antigen ¥l @bisSo b BdsCfinal 3idh ab FOse of Mahutinpgobe. t he
coagul ation factor V/VIII1 donmains (blb2) of NRP1l. The
a’higje dkﬁﬁi{]ﬁ&hﬂﬂbgybﬂdpm&dﬁf a golverfditsut fop ganeetiaggand bdecting novel

protems‘;‘tﬁ% F’%& d f L3 215\1/1%;12%% aP %mc]f {)Jtl% %thﬂ;l? E%%a%[gﬁpﬁi? V\fgrga Rorasies of

protein gagiguie n@és gan@tdduamﬁranglyasbmdﬁmt thess sqqeenmrthaﬁ bingd ock trgeiardigen with
NRP1ls. The anti-NRP1 A antibody of the disclosure
preferably conprises a Ilgﬁt chai n vari abl e domain
conprising the follow ng CDOR am no aci d sequences:
CURL | (RASQSISSYLK; SEQ ID NO 123), CDRL2 ( GASSRAS;
SEQ M NO 124) and CDRL3 (QQYM SVPIT; SEQ I D NO 125).
For exanple, the anti-NRP1A anti body conprises a
li ght cha| n var| abl e dorral n sequence of SEQ I D
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- immunized huggefy s5g hawaw&&aﬁama? B celblewiperioies

I n anot her aspéct, there is provided a pharmaceutica
conmposi tion conprising the anti-NRP1 antibody as
defined above. In another aspect, there is provided a

‘5 Eﬂﬂ%%'ﬁd sing the anti-NRP1 anti body as def @32306/043516
there is prOV|

fughi%‘“f@?l@r S %ﬁ%@%e At wrfuich i aamelpic Rpgiequence encoding

a viral é!ﬁt Hro0dYoudSs ﬂn@%&xfé@ﬂ pﬂmy ene VIII plr{ﬁeliﬂ nabRslem w@s bisplay
here is provided an an |-N P1 anth I¥ as def|

systemg s B FisSEd PR ABPERFYC BOHEh ShEP PSR {0 o il cid

Sequené‘eﬁﬂ&ﬂh@ B |p6‘ﬁ1b1fbf @heSeiY WGirotein have bednl’de\&mpﬁdﬁ Qﬁa};&&%pﬁ@@(}) Proteins
ere |

509 N B U R Pl el SEMER BoRbiitedRy R o

monovalarphage dwlﬂdy sjrsltwl, dntegendNRYn ia atprdsed gt 1w levd§ arxi@g{ldakpg\g@e 11

oSS AR B 20l B IER 201 b
librarieg|pnglstreaping dhosedlibrasiss bavp é%ﬂ@l@@clmeém R PRI ., 'S, Patent No.

5,723, 8810 S8t lo0NLD, AR, 8 ROWRenk No. 52R0F17 Vs, Pa@éﬁt R4l 51422908 and US.
“Tidentified partl al CDR sequences and bi ndi ng

Patent He.0p$-81%s to nurine and human NRPls The anti-NRPIE

aﬁﬁl & %]‘;%“ ; §§Ii“'gs|:§i%§l i ° @Frf;'ﬁa ‘%ﬁ gfafnﬁ"?é&isss ?gg\g%tae

expressﬁﬁﬁf ﬁmm:oal agibddysiegens #she ©EDRlkim RASOYFS Shlofant BRAE dddelopment
e ] RIS, O O e

 ScienceNRPLE). dribiping aangiberdiesios ardigen tlrmcgnapc’bfhmlﬂps\ha\felbam Péepared ina

mumber R 4% Qﬁ:z i X éﬁ&e Lr&e i RertinkEhdem DiNANRRERces or by cloning a

anti body o ure preferably conprises
family pfgrelgid geRes M%f‘ﬁ %W‘@I@W?Poé@ﬁ?fﬁ?‘éﬁeﬁ bm‘ll%ﬁ?g&e?té W“i‘a‘?g}’hag"'
displayGRR FadH das:iBei el UFC Bt 0RS 5, 7T8RRI3; 4,133(781,5, 8311@51‘{,%@,08 S6@2,197,

558&7’;%&3 %@2@% PA§C;;G];GET 1%%})4:}%%611 %@J 5,01 anugen%indlég

proteingwaingrsiesd chdvetesistics- NRPl i a anti body conpri ses a heavy
chain vari abl e domai n sequence of SEQ ID NO: 6. Mre
pFhegeatisaloy pchnplrey oy ¢ verahIvaRRegheverRoryFigal hypridoma and recombinant

methodd mﬁ}ega}ﬂrr SatibSdidshRth WAL Gl Btactiiishicd Othis SAABIHS IB'Qstﬁe
hai n variabl e domai.n sequence of SE D ‘i
develoralﬁ:a'- & IR PetAPRHOpdPT Wbt Vs TRIA e T ey §E% pse of

animal IN@rdparatiinSd hmlaMhﬁ et pbjaritide oplivaseindd admlﬁadies)&u Keﬁllﬁifeqmre several
es_athe 1 antibodies .for.treatin
month 4 Gt 4 Lol e PRl St Bt My ooy e
gmmmahﬁwpngﬁemhmEmenbmﬁrhemMQWaMEmamwﬂimaﬁmmaﬁﬁﬁﬁﬂam@ym@hu@uw
4: 1.20)%:9 og@%@ 1BERHER glsé, B ﬁt@%}a@ﬁd Vefilty AV BRd et Ftibodies.

VEG- anti1body is
%R@%sﬁla?ﬁbrgimﬂ %@@eénqm&m

SRR MBS a8 Mdid B8maSmhf1£:d, non-
anti body” A4 . More Ferabl , the %ntl VEGF

& Bgﬁ&rﬁf%) Trends
BiotecH M SGRIGT TGN @:(ﬁéﬂﬁﬁwmw N&S245; Vanghduicgals (@996) Nat. Biotech. 14:309;

e AT B PR ) i Vs i

variety splgmplioidabtiskigs. tSmntewﬁmeseaMmum rrenniRPdly a&ﬂnMe, 1gph as those

develor] ggb%nq%d&% ﬁ%m%%ﬂ g\%F&g{j@%&ggy b g %ﬁ?ﬁamm Biotech

14:309{mahikef at. GLOPNRAY !, Biob RFEID, Hhmpgmanymﬂmagzhbranes have limited
dwem%r bB2- BCD-, or BSA-coated wells, and bound | gGs were
et ect ed by anti-human 1gG | MP conjugates. (113) PACS

n Ié @ﬁjﬁ\?ﬁ ﬁ
Mﬁ?&”@é an!tifsgigg}/u%l ndi nghtggd asbl I Iﬂﬁgﬂﬂ%? by i

mpoﬁagg\pfsg]‘agn F;garﬁ]be@@si tet t@g&gyg@g&se Is lation o:f:]}:uélm gmgr antllbodles froma
illustrates binding properties of the anti-NRP1
antibody YWO07.4 and its affinity matured vari ant
YWLO7. 4. 87 (anti- NRP15. (2A) Bl Acore kinetic
anal ysis of the affinity-matured YW.O07. 4. 87 vari ant.
(2B) FACS anal ysis of YWO07.4 and YW.07.4.87 19gGs
showi ng i nproved binding to cell surface NRP1 protein
(HUVECs) by the afflnlty mat ured val i ant YWL.07. 4. 87.




HUVEC proliferation, VEGFR2 phosphoryl ati on and

' VEGFR2 downstream signaling. (8A) Quantification of
nmouse skin vascul'ar perneability assays. The val ues

showed were the average of 6 independent experinments

SRR, c Stubidb m&mm&ne thy
Wﬁeﬁ@&z&rﬁ% gg_tl on of tﬁ@U\B/%C@HﬁC?gIgﬁgf gr ati [ e

dl"el‘-’g@‘is’@éféhb‘@mm Seaifecrso ErBRINERA IO MPb oL Z0F e S FocE iy Torey is
decreksBd Dy MGy é‘émﬁﬂﬁé@ﬁ@ Eihploped Foldigvep the |mEh'HG@4E@ﬁJgen bindiag

- detected by ELISA assay usin ant| b d|e g
protcip e@dfgmrzse@cp@toa [codgps. P%%‘i% élgf’ﬁﬁ%?b% %9‘? {7 &g pntibody or
antige ¥ B{ATRE ARRASRRR bishaly |f6MbcL| B»ﬁffésmb:][baaﬁﬁlmpzwf%’éa]b& niutﬁag @6ldues in turns
e e ety e Lo e oot
Chemt :ﬁ@t%ss( 8idkn &:mpgmmks ﬁmaihsma Eé Qfﬁoﬂs&d:fﬁﬁal mgmg dskiol. Chem.

s were tr wi th the indicated.antibo
210 B O FETRTSPT BHOUE - GRLRS PR g e when
antibody phigt hiirRSark podncedgn bastealicelhi bi ti on effects by
anti-NRP1 anti-bodies (either alone or in conbination

 WiGeheratin b divEGEpraiyof waibpdessr asigendiinaling protems is aiﬁ@@té}l'@am to
iy et 0 PR e 7R ey il oo e
using i vatietylofEpprdachgr\Seecied- sToml@%»p E0PONNepe Bigterfs) 18@&819% JiR3apgions
3 j%ﬁ& pﬁﬁéﬁh dine 0 UDR3 he
aIBOf t&&tfn s%%m% ffects ant | gﬁ’?tangﬁinlbénodl es ge@ms.mt ©
heavy@hmmgreaﬂ@wzerseqﬂwce SPRERRHRan| i - VEGF) in a o
Fo5 tunor nodel Mean vasc r den .
(I‘Pé‘%ﬁha‘é'cf’lﬁﬁﬁeqﬂé‘é@&ﬁe %ﬁhﬁ OIS ){3‘{3@ igploss F‘%‘%F“%’i?n’j‘ﬁ%"? and lght
chmsfﬂsﬂnhﬁz(ﬂmﬁlﬁ@@ﬁm edcH paiton Of wa alslogle dndising alh20 a@ﬁﬁa)ndwmm resalt
e” Cmég %eneg’nlééségéaeﬁt}?g?%% %d ljgchgas:e@he ch%nc%l id Vymg novel ‘

| I O neasuring re
anﬁboﬁes‘ |(By:bs (CIYDERNAG ©1:3809; Yelton, EIEH998) .hImw;q@g)r 55@@94 Jackson, J.R.

dictive t EG.i LR on
(19957{3/&30 al\ré r%rr% élalmgha"b@?ﬁ?gg%nt s"a o eI |n Wwhi ch
bl ocki ng NRP1 functlon in newy fornmed vessels

i nhibits vessels from iyng renodel i ng and -
subsequent maturation, Eﬁ%ﬁ%%%?hg vessel s dependent on
VEGEpkQht @ddlo¥dry ﬁl‘l)wdel) gov’ei—ﬁtﬁ“ﬁ@l’sanﬂ@ﬁf&s VapsildlbfafioddRei dt east one

_ changes |n neon esence of
s P e e e PR 36 e i
capabl@EfrﬂublEEﬁ Mﬁ%ﬂr@ﬂlﬁ@dﬁﬂdﬂﬁl@ﬂd@éﬂl‘ﬂi@ More specifically, the present
i i ! ‘ a efi
dlsclogl.ﬁgp%{élgﬁsggﬁs 0{1%(}4%%&)@&” 511% ﬁiﬁ%gﬁ%dglgg?%d %%?%h%n’éaﬁggnh tic
anubommage tibicagys andRefel ﬁmd:uoo hbckmg anti-NRP1 antiedigsgpteraad thegpof. Nikpanti-
! 1 i-

e RGBS IP AR R iy e o

F_)

neur op

NRPl‘a@hum (intieting YW Rconi yrsnts Sereef) are ol biabRehn (B domains
(ala2) EPNﬁﬁﬂ- i eti- N%EF DB Jdle Bncafhg 330107 arki3ri bt Wereof) are those that bind

non-tyrosi ne kinase receptors There are nultiple

H)mﬁ%@wﬂ%maﬁﬁwﬂﬁ@m@i§%Fﬁ bR NRRE-s and 20sol ubl e

The basi c. st ture qf LN »
cgﬁf) %P Fiagibo 5?7%“6\ 'Scfoﬁ]fr%%ang?x %i%:geg%ﬁﬁlﬂéers{ Shai ns
antibodylichés askﬁinﬁ% PN QY having mammﬁm painkCTIR seuencesand madmg affinities

cytopl asm c _domai n. The aI 0 s ho ous
o b BRI IOR BHCKEY ERe o1EE QB PRRTER compissa light
cmmnwnﬁﬂa@hﬁmmmyﬁmmnmﬂmbwmc@ﬂ&mmmsmﬁ&gmﬂmmCPhhkGﬁ@ﬂﬁﬁSYLL

s 1 {830 CPsia GSpadeSro D P Ym{ SR iechysTER sB0t>

NO:12§)0 Eori eammmé, e - R BIC matibody eonebeisds gdight chinggrisledorgin sequepce of

its honology to neprin, AS and 25 receptor tyrosine

. phosphot ase p, proteins. Tke al a2 and bl b2 domains -
are responsi ble for ligand binding, whereas the c
domain is critical for honodi nerization or
het er odi meri zation. GQu et al. (2002) ./. Biol. Chem
277:18069-76; He and Tessier-Lavigne (1997) Cel

© 90:739-51. "Neuropilin medi ated biol ogical activity"



5contrast to conventional (polyclonal) antibody
preparati ons which typically include different

anti bodi es directed against different determ nants
(epitopes), each nDnocIonaI antibody is directed

SEQ%S 'Nnﬂs% rT%e n]g'hf ]o IR 1bod¥ Hf&ﬁec{gﬁc ogurf, Hrgfe g; %qupg?es 8$eatv¥] gham variable
domaintcbingritirg @8 Gk ig CORtGaaINdaeld kdgaita: CRRIRI(@GPSFSIEPIS; SEQ ID NO:126),

CoRRIALRNRaTaR Tt Drap SPubUeH Ghest s

- NO:1b38).alvy gnmptel thd HneHNRIPEY Aa6bbdy E@ﬁprsesammvﬁchaimenwmﬁaa@ajuem of
socHRE RN A8 08 e S BRI M o
comfrisingta hdlasham adabldaipmiio Idgeence bt SEIQ. JD(NIEEV@I alNedtvyl tl@in variable domain
fgﬁé yay be made by reconbi nant DNA net hods
Seq“%é@" ]D% U.S. Patent No. 4,816,567). The
nDnocIonaI anti bodi es” may al so be isolated from

p Hragre aspetti theely providedani apt-nensdmign-1 ORI pokihodyules specifically binds to
NRP3 ghgﬂh'cgfﬁﬂlsés@ 1@1@%55 Qag'laﬁlt: dgljﬁal %ﬁ%%‘l}l% L\E%E? éonca);?ris'ing the amino
acid ?2‘?”%%@?55%( SEQ Mpel 2318 ﬂ@@%msmdﬁe agninol Aoiddbcmsnce

GASBIQA@(SEQQD@@ fi4?§ldla3CDHl@|cHﬂEnSlr@méﬁ{lﬁo%c@?cﬁ]dgpﬁ%g%@@\ASWH

nmmunogl obul i hs) in which a portion o
(SEQaI:Qd?QJF SI ght chain is identical with or honol ogous to

correspondi ng sequences in antibodi es derived froma
pan eiothet @pecs Peciiesoddedas honghurgilind (NRPBrdhiileody &t specifically bmds to -

NRP& Whﬁcﬁ @Siﬂprﬁés%shéav? SRCIVAIEIRC T §oméﬁt]édnﬁm%1 Hﬁo?ﬁﬂﬁll @&?ﬂrlsglg the amino

t'he chain(s) is identical wth

acid gegicpedgohdt g SEQUBANERGR %ﬁ%‘d’dﬁpeisﬂgféﬁ argigeladid wrvence
SSITERNGYEY YAPRYKEY SO nbﬁtﬁﬂg? na at@m%asﬁsﬁg%é 204y geid

cl ass_or subcl ass, as well as 20fragnents of suc

Seq“%FﬁWﬁggl\%?M%%(qE&@%l%ﬁiey exhibit the desired
bi ol ogi cal activity (U S.- Patent No.- 4,816,567; and

VO, B h SRR a_:,g&:t, %{ere(lg- ﬁded%@ﬁtx-n&@dﬂllm—mgi) a?lﬁbo pec1ﬁcally blnds to

81: 685 umani.z of non- huna
NRPLbeTHg ea‘i’i‘i“?"ﬂ% aﬂfﬂgglse@élgg‘fﬁhﬁe ¥argabls dpm i FpEREIS e A EIRLL comprising the amino
acid sethm RASQIIESYRA (SEQ 2 NOe1 2d) & IODRIL2 komprising mehuﬁmramd

sequeg MEASGLANMO > Wl iF s ERR SRR bl BRI spaence

QQYMSNPHD(SW ID OIS, Bnd velsieiiubs a:ftnbodm cambyyspes eary chbinovaddble

domagxe gfl o3 lsuegg (E]ﬁ%f r %C Igtg mén%c %ug 5.0?(9 sl.eﬁl%ergr% n(gaséFég,léfgg %ﬁj’ om

NO:126)1 4 GORIN) compdsingthe amins &id segtcpca* Wﬁ@ﬂﬁb’ﬁmﬁ’ﬁﬁi (SEQID

and
NO: Eépa0|§Dﬁﬁ¥&ﬁ%8%€§?g %%%gggﬁﬁﬁi%ranemo#%dﬁvg FR)
NO:1¥8si dues of the human i mmunogl obulin are replaced by
correspondi ng non- human resi dues. Furthernore,
hy BRI EHp R0 kR i 8S3aBY artORERFdpiiR- 1R P OUSSHM ﬂﬁﬁp@di&any binds to
not found in the recipient antibody or in the donor
NRPlawhiclhestipriseY b &gy chaulvfriabla ioroais canireisidfthemeiRo eid fanddd@sf SEQ ID NO:3

andah ARai P VH a@b Emégg, ner aI

hﬁfrryanl zed gﬁf% &}9{& o?rpar}u}lggg(gugu? Eﬁl y a(ff' of

at | east one, and typically two, vari abI e domai ns, in

wHD erpther spest, thenslispravidedal dosbmactld:otides emmghymmmmaabﬁ@dy as defined
abovd. oops correspond to those of a non-hunman

i mmunogl obulin and all or substantially all of the FR

I egamihsr Bpeet, thBre$epréfided aREaABILomIIMQAR ] Botige SR A above.

The humani zed anti body optionally also will conprise

at I easet( ;&533 %{e%ggrg}%pﬁﬁaﬁﬂwéﬁggggﬁgﬁ%gﬁ Ivector ag‘ééf‘%e& above. -

35|nnunoglobulln For further details, see Jones et
al . (1986) Nature 321:522- 525 Ri echmanu et a
(1988) Nature 332: 323-329; Tand Presta (1992) Carr.
Op. Struct. Biol. 2:593-596. WO

2007/ 056470PCT/ US2006/ 043516 P

| al Gogdagi l egildegltiitthrittlii one which has a

<




WD 2007/ 056470PCT1US20061043516 heavPdral it
MaiegiiiitlieMvatiitattlaam of the Iight chain.
According to the nethods used in this invention, the
~am no acid positions assigned to CDRs andl -Rs may be
defi ned according to Kabat (Sequences of Proteins of
| mmunol ogi cal Interest (National Institutes of '
Heal t h, Bethesda, M., 1987 and 1991)) Am no acid
nunberi ng of anti bodies or antigen binding fragnents
is al so acco an - NROO 28581 Smprisin
t hé 48 @o%‘gﬁere?tse&&é{%e? E/ne%éc% (grp ﬁ@%’f‘%gg Regi ons (C[ﬁ‘lgls; prome
exprasﬁ.g,m@aamsmﬂamdm@mye petetls to the anino acid
resi dues of an anti body variabl e domain the presence
of which are necessary for antigen binding. Each
var inahbtBer depaj thert isprosiibd aphaascauirabeMEDIRignegnpring the anti-NRP1 antibody
anelfge%[rliI% f| ed as CDR1l, CDR2 and CDR3. Each -
&fent arj | y determ n| ng region may conprise amn no
aci d resi dues 10 froma "conpl enentari determ nin
r egingRothes gspaeif there iy PYidrdbidt copprising t%?@@w\]\{%ét' tHhadsas defined above.
24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light

SN AL R0 A2y OB A s

defilkdlabdveet al, Sequences of Proteins of Irmunol ogi cal
Interest, 5th Ed. Public Health Service, National
I nsty, i ASRARRP Makibda} 89dehe ABEHAE inhibiti
thosetallrlgetm ﬁ rerW@ﬁ1t ypervari ablle %oop e|. Fuse in inhibiting
bln@MﬁﬁNRPemsamwo@tﬁ 1@2&(01@@) 50-52 (L2) and 91 96 ('L3)
in the light chain variable 15 domain and 26-32 (Hl),

53- Sfﬁ aﬁ&tﬂe%lxsﬁgdﬂqhe?%ﬁ é\'@%‘ld ola of t%?& Wl%lﬁ] in a sam ie, comprlsmg the
sepq G abffl%g %%Samniﬁw%%aqﬂﬁ%‘tafﬁﬁe G Tﬁ‘%ﬂtttcyng he .

bindigt FHHEIBE-NR P QEIbETY 16 BB NRRT brogi: _am no aci ds from bot h
a CDR region defi ned accor di ng to Kabat and a. :

“h ar .- th H1 of the
o DY faRe  an o Bes il SRR G it HeeZ RS e e 26
“YWI07. Fantibddy ABWGE 1ok E 81 TR Tv, Gl Sh@htiRh pﬁﬁh @Rese&ﬁgéﬁm

- vari abl e domai n resi dues other than ;L he CDR

ndingetinities to U 20dhumes NP &b e ALtEYRPIC #ntikpdn a%tht fatftosmreferably
compritesd light @eindsriabRldomdmRebmpH R BRIRRA: COX adiacidldBheRE S CDRL1

R T ﬂmggDm

(QQYLGHRT) SEQH> NO: 13 )CFR)amfl, 8 utl- N@R&)ﬁboﬂﬁd}nﬂﬁsel Q¥ght chain
vari 0%}1 ns@tﬂ.g ‘%Qﬁ S]I_E,G "ﬂy)(]()q] h@ arlt B\I (3&%&%@ tﬁescgsc Zf)éure preferably

posi tio out at reS| ues 1- .
comprisgSRRpgvy chgn Malﬂtr@ﬁﬂ@)comm,gﬁ&zoltbw&g CPR ek akif s¢gnences: CDRFLL

GFT18, h gﬁ'gﬁ{éﬁ@qg)ﬁ

(« r egﬁﬁsﬁégﬁﬁgﬁmﬁésl e IAoops , chal)%ind

~ CORERGISY YRMIK B R 1D NPrd3). ales example, thﬁ'eﬂetlniﬂj%@ 3utipgdy comprises a
heav;( &h@ERlﬁable'ii%mérQ s&qh&%B&)SEQ&@i\Q% (NeSeE RSt rab 1@k Q- 131871“ antibody of

R4) in the Iight chain and the heavy chai n
the dtsé'é‘tlt%lé &er el g7 apdwecontpoising alisht eemct@e@?etd%m Sequence of SEQID

NO:5(ehiC Riayy clafi-aiblet i Jequdnbe GSEQMIRGA) , and 102- 113

(:‘&F H) |n t he heavy chain residues. In sone
Qpiggded byphe prsprd @ﬂ?@“&%ﬁ%@?%@eaﬁﬁl B Pheitibadis forfreating -

angio %%r%%oﬁ%gg ?S%p, t he é%res?lgues %ﬁ&%] c G REg antibodies

of disgloga? &t Hepdyn cop@rﬂae@(ewﬁt 48 anyiEGT @midedy. thfﬁrlable,sth@ﬁlt] VEGF-antibody-
is cap@ sT@indfl &Sthd hel VEES 2pitdpDSs tREANIGF AL D TRL p{e?eﬂb‘ij)“ﬁé anti-VEGF
re. at p03|t|ons 1-25 and the FRZ reS|dues are at

aﬂ“b"g Yegiramaber pgibizumab.  As ysed herein, "codon set"

refers to a set of different nucleotide triplet

sequences used to encode deS|red vari ant am no aci ds.

A set of oligonudeotides calt be synthesized, for

exanpl e, by solid phase synthesis, including

sequences that represent all possible conbinations of
“nucleotide triplets provided by 35 the codon set and



The term "di abodi es” refers to small anti body
fragnents with two antigen-binding sites, which
fragnents conprise a heavy chain variable domain (VH)
connected to a light chain variable domain (V1) in

t he sane pol ypeptide chain (VH and VO By using a
linker that is too short to allow pairing between the
two-domai ns on the sanme chain, the domains are forced
to pair with the co olenentar domai n f _35anot her
chain and creBBERL PLAON O R ﬁgg. Di abodi es

ar 91 Cilthd3aek HHRAE s éé:iﬂc}ﬁeé csf,auti NRPEMaFlke, (ﬁPAﬁ&ﬁREBﬁmbodles
bmd 'ggea gél]é%% 6@2&811%1%3&]2@%%& al . 01{119?3.[21115{1% ul')\l%les YWe4.3 and
ywﬂﬁﬁé@ﬁ%g&ﬂﬁ%&&@&&%ﬁ;&éﬁﬁgﬁnmg to hNRP1-, mNRP1-, iNRP2-, mNRP2-,

Sat £ fYJ
cn] P SR o o e b bL Bl 100 1 g
(1B)FALS poaly3B b a:ﬂamm aBnboéibt YWo6d A etsieY\ﬁmm&gﬁh ségwmmmb@cwémdmg

capa%t?%] %%%%Wiegygryqﬂ}gmtc%: ln) '

P
p ot‘lé%%@ é%l%ﬁ%eos& 1 ggolg%ésr of B aANKRBIERHHP W07 4 et 1&rz§ﬁmty

[in be bispecific, or npnospec]f
atuASaca VA Tans NRB 3y GAA) BUcete iopis asglysfo e G piTpogatured
Ywmh BP AN OPBAK DAY HEONEIT SEYWRCEST T6DihoR%@ IMr6ved binding

mcdgﬁg%f ﬁtldeiggf t he |gé§€%épﬂgwﬁﬁé¥;he gﬁ@bﬁ%g%a0|ds

different in the conbination of variant am no aC|ds
that are introduced into these sequences according to
t he met hods of the invention. "Phage display" is a
techni que by which variant pol ypepti des are displ ayed
as fusion proteins to 10at |east a portion of coat
protein on the surface of phage, e.g., filanentous
phage, panicles. ‘A utility of phage display lies in
the fact that large libraries of random zed protein
variants can be rapidly md efficiently sorted for
t hose sequences that bind to a target antigen with
high affinity. Display of peptide and protein
i brari es on phage has been used for screening
mllions of polypeptides for ones with specific
bi ndi ng properties. Polyval ent phage di splay nethods
have been used for displaying small random 15
pepti des and small proteins through fusions to either
gene |1l or gene VIl of filanmentous phage. Wlls and
Lowran (1992) Curr. Opin. Struct. Biol. 3:355-362,
and references cited therein. In a nonoval ent phage
di splay, a protein or peptide library is fused to a
gene ifi- or a portion thereof, and expressed at |ow
~levels in the presence of wld type gene DT protein
so that phage particles display one copy or none of
the fusion proteins. Avidity effects are reduced
relative to pol yval ent phage so that sorting is on
the basis of 20 intrinsic ligand affinity, and
phagem d vectors are used, which sinplify DNA
mani pul ations. Lowran and Wells (1991) Methods: A
conpanlon to Methods in Enzynol ogy 3:205-0216. A
"phagem d" is a plasraid vector having a bact eri al
origin of replication, e.g.. ColEl,. and a copy of an
intergenic region of a bacteriophage. The phagem d
may be used on any known bacteri ophage, including
filament ous bacteri ophage and | anbdoi d bact eri ophage.
The plasmd will also generally 25contain a
sel ectabl e marker for antibiotic resistance. Segnents
of DNA cloned into these vactors can be propagated as
pl asm ds. Wen cells harboring these vectors are _
provided with all genes necessary for the production
of phage particles, the node of replication of the
pl asm d changes to rolling circle replication to
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10accessi bl e positions can al so be determ ned using
al gorithns known in the art (e.g., Lee and Richards
(1971) J. Mot Biol. 55, 379 and Connolly (1983)1

vﬁﬁ’ﬁ’dm gﬁ,jﬁst 16, 548) Det erm nati on of sol VeRErnus2006/043516

or Q‘%l‘!fl%g} el %ﬁlee ?‘f%ﬁ 5%%45??3%“@@@%%3 19,87 (antic

NRPIB% twith (dteuﬂeallenqemfdnﬁﬁﬁhst@hs oiftraice ethefomobariag isdbadell boHybat database. The

CDR se'ﬁgéqk g@g{efﬁl&g %91[ & kﬂainzv b %%&Pst%%ge f#ﬁi’ﬁfggm ID NO:1),
YW 648(SEQ iﬂai\@%) andEWAP 64 375/(33&113 M)e(ﬁgbﬁﬁjﬂw vbh@r\endﬂp Tegion sequences
for h4DBREQ 85 NOHY) TRIEAGN Y 15 ROUY LS WdSed GG NBlg e

paraneter, the "size" of a probe which is used in the

QBfvie Y abhiadth Blo8&ls AVEGRRUIndngdo RREEbY ARNHP1SHBIRE.
in radius. I n addition, determ nation of sol vent

Xigeas S idalias the gjaﬁms:amd)f S¢re3 AMRtBE@IASR G 5ol 1agse 83X taw@ Se@na3F-induced

T S e N L T
cone coflggst off DR neugenat bt 1Il0$ Sm@ﬁmwdfganmcronmlbbse of hippokatpebneurons.
t he devel opnment of bl ood 20vessels, e.g., pronote
digire f dhesates hapadVE apdedicers ca;m@mﬂqnhl@m‘f’lﬁqﬂgrméﬁced HUVEC

mlgrau&{ SHAGr¥@HS e Siro. 2B Qﬁanﬁi@&ﬁéﬂ d? %%}%h%ssaf-‘ 2= 6 ERkach condltlon) P =

e e e ars ncl ude, but are not
0.0000; )‘g‘?ﬁqBé’aﬂ% @%Jé* . Stt%%%&w#ﬁ%%f% begd SPrquting Asegy, b = 12-14 beads
per confligion. | y, P1GE, PDGF fam |y, fibroblast growth factor
famly (FGFs), Lth lig-ands (AnghMpoietins), ephrins,
Bgurd 7 ilfustitas IahtaERPgamtpﬂv §f iawivo ivhibitarg icfféots ohark(@hlpr rainokieling in

develol}ﬂ%]%ﬁ sélgglg_:)qA) Eﬂllstrét B%} %a@cu{agl%%lgkxﬁ% ostna edaar 5 (\P;\P to P8.

ony-stinmulatin ac or ocy

- Vessebfeaf@mbﬂ 2 CPRGFYLeig wamﬁ@ﬁhefeamqége Tryptic zg'verheeci {(QVIDas Iacaged in the

center c(f tﬂer&}la, (’mmdsaﬂax Mnaé1e néte e QINH daks FlaBJ, REREH B4 mﬂrP@th:')

1 é’% Pl at e| et -deri ved endot heli al cell grovvt
ussapcof S psEyo ST OVt SLIGT R VG OhipteoR SO the ot
plexxfoxﬁslpﬁc (e 11)) ynd:iiaﬁl_-a ﬁBmsrLaBD@aEts bles,temthﬁlﬂh@mxo@hlm’LﬂB/w) gventually

T
i A SRR I BT A B ot s
trom 12 represomtathye irnageTBpn b g-p@gd retifghefreacheondigins*pf @ 005y 4l qhe001;
Student(sT 't\é's:f; @E? @;ntlﬁ%n oﬂ Jasc\ﬁ'ﬁi"éx%nﬁl)ﬁ %ehsﬂ&ld lﬂ&ﬁh fr:ﬁjgto? {h§ d&lg.\?cg from the

accel erate wound heal I Ng such ro rnone,.
ONH toy theegdps of-thg Y@écubﬂﬂmﬂﬁrfhsétswcqfwm@zo by edgypofyetinal cup. 12
represei@fRivel Qe FRten@itO W8 tdarhanh 4 {&kddretints] G- and nenbers of
its famly, and TGF-al pha and TG-beta. See, e.g.,
Kﬁags&depﬁts&hmbf@'cté\nﬁm&-m Qdtjbodiedra. VAR VindieByY ds@ilar permeabﬂlty

HOVEC ooty paF s AP B R RS RET e o)

Quantifigrsipn of meus§ élﬂlﬂ )’38‘113@ Pert Bty a'ﬂaims 1Whe etlueglshowed 3OR)the average of 6

mdepenﬁal@ Ogﬁe}ﬁ? A -g(gﬁf;ng%ﬂﬁ @géanA g.nd]i) ‘@?b 806 %{gtl ﬁ\]ﬁi%@%ﬁf@ﬁﬂ]ﬁw&m of
HUVE% ersﬂ%o@ ihp geseresasbsengetof VERE Kard iershch capivian); (8%) VEGFR2
phosphor@it@ QEENA SIUSHOR Rktkidd®k BLIR] A5 ulifly MtiBHHEds Imaﬂﬁh&gﬁ%ﬁ&al or

subst ance, ol ynucl_eot i de, peptid
rosine Ry P § B G- TEASFS BhSBLABR A P BEHRET o coi vas no
significaily tikfodt, frcmi the Mﬁﬂ@é@fﬁp:@fﬁﬁ)uﬁjzﬂmmf?&ﬂtﬁdeﬁﬁs 11168 (8O Tmmunoblot

B VIR L T M A A —

with VEGEr ni aCi : | iicegligilickaiFi cayalt should be
under st ood that theanti-angi ogenesi s agent includes
Figore? iHuytmtestuhagrowthinhitdting efbacty antidTRRN gitibgdind (either alone or in

[ GERL

combmﬁglﬁ w}eﬂl)l( .?rfrlp ?éGli‘)glﬁvﬁfétg% )@g%%f&ua o Iglﬁrgﬁscfﬁélsa 9én(§3)sMéaﬁ Utume graphs of
ant i body or other antagoni st to an angi ogeni ¢ agent
as defined above, e.g., antibodies to VEG--A or to
the VEG--A receptor (e.g., KDR receptor or Flt-1
5receptor), anti-PDGR inhibitors such as G eevecTM
(ltnatinib Mesylate). Anti-angi ogensis agents al so
i ncl ude native angi ogenesis inhibitors , e.g.,
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WD 2007/ 056470PC1/ US2006/ 043516 (190)eali™dril/ 410
141$56%384. 3glegi hpri ses mutated human |1 gGl framework
regions and antigen- binding

17/ tarity-determning regions fromth (FM‘ L 06/043516
) nti bod
o TSRS 050, ol Gl s
tumor @@, of the ami no aci d sequence of BevaC|zunab,

i ncluding nost of the framework regions, is derived
f Figure B shaws ifag@lla,r eﬁm‘s E@ 2slbNRP1 A alics (dibersdge eno eoriﬂs'nation with

i85 PSR, T45) B Py AN, DD o
pixel oy s Abee wrors mg@ﬁh  canEagofiPB) Moo efrtys dewsily (measured by
PDGFEi{B) I'r]a%g.ﬁ%) iy @@lﬁ \ngcuﬂl? LhS ﬁlsels&rﬁrﬂgelatng 9&4&5&@ g@ve

gating reduci ng or |nterfer|ng W th

\%@e R filodHatel BRI RERPT SndBITREH iEbitichs O easaﬂarriaﬁcﬁehng
receptors. VEG- _antagoni sts jnclude anti-VEG-

11A pregapt waﬂieé@ vhicd bloskingNRELiupiom i rerl dpree gestandpliyts vespels from
mdergé@g:@albavhngﬁid@@ﬁs&ﬁ@m Ak 4O, lraﬁa&dniga&sme@mau 06l VEGF for survival.

118 sh? e]%?i?fg Iv%;?' Iglty \é/}@g,‘{ﬁs %Prgzcrme by i3 et%%%?_n f?lé IB% (83 0% ank%:l lGlgi’fﬁg anti-

VEGF aithé dvathneisonaliesofEG- r ecept or ant agoni sts such as
smal | nol ecul e inhibitors of the VEGFR tyrosine
ki nases. "Treatnment” refers to both
therapeutic treatnent and proph Iactic or
prevent at i DETAILEDDESCRIRTLQ 1 INVENTEOR
ITHe Ipkéait folrEi6h @lafes A Y velbdnkbokiBiehs %@ﬁe&ﬁlﬁﬁ fcﬁlﬁlo&tﬂiiﬂng ARP mediated
those. in which the disorder 15is to be prevented.

biologigal agfiviligy qer " j's any condition that woul d benefit from
treatment with the antibody. For exanple, mammal s who

Definitons f er from or need prophylaxis agai nst abnor nal '

0genesi ce |na
RS, S G S e &) MaRPURIARED. Bl OvREs) amd et
isoformElndvaringy, uckescribirt io Rossigaicht 0(0009) Grrpoial éﬂ 2116222 Newegskes are 120
C t 0
to 130 f{]f‘t]a Agﬂ%gsgnee %?eere&?ﬁg)r% ll’?e% %ﬁlnu S ?Rg 203%}[1]05 Svali.laéliri]s and ‘
olublemfpmi rAbeibasip senetvrp obreurepilip coppries Gvet @nﬁ@s ‘tthreexirgpellular domains

(ala2, 1) @ﬂdrb) | aeh MARLIBE ) Snd%%o Qﬁiﬁl@&brﬁaﬂmﬁﬁ ala2 domam is
non- | etkem as and |y %ﬁi 9 %ies neuron&

homolagpys §p complepmeg corappnenty &E@Pﬁ A B) YR ey Gt eysicine

remdueﬂﬂﬁtff&ﬂhta@ aisculiapﬂ;ﬁ@al T, b152 dodiitl is Bunebldpb@std a&gﬂhﬂoﬂ factors V and

SO » fla tor a .

P g o fmsPos Sl ARG e Btony g A5 e
recepto\t\tjﬁﬂmﬂ phus;_lﬂiotmm Me&&el ’Eleeilazhmd bgﬂdmampmd@q for ligand binding,
whereal 18 ut f ! CI ent’ L for ho%n%dfm% 1? I %Eoﬁméén&a%og Gu ft,tlaﬁ 2002) J. Biol.

f 0&&E7 0N, “Ei i ng or onset o ]he angiogenesi s ginﬁ T
Chem. UGB 16cIHE mmealmdﬂml(l%}ﬂhﬁfﬂ%ﬂﬁﬁﬁﬁ Lin a diseased

state or such that it causes a di seased state. )

EXeegpiiy medigeihipleent reiviy” aplem Homsrrs &1 nhagiolagien siguhelopisal events
in whic® G&pRlin /o ﬁh%f%ﬂinsl P8 BibaRdiaVeR s Rbn-Biufi BrakddRE of such

contributes to the worsening of the di seased state or

20tivtigs JFASAN FIPNSIHERPILYRPIS NP RYIRLP opeleRapRE g peuron-regeneration,
angiog@eREGichliny vatass odslingy, dindedehdistabdmms: .t ast at i ¢
tunors (including colon, lung cancer (especially
Slta kel Cankibody U3 gsedamibe biﬁadestrseqse asitspicifica hrooesrs monoclonal antibodies
es c cuI
g RS AR BB RE B R BPRRREY Al R Wodics ez,
bispecifi ann’eadielsy ardfi aptibetly Gragresnisnoloag whfcyrexlageﬂm désirectrologiealibctivity.
degeneration (AND), psoriasis, psoriatic arthritis,
haemangi obl ast oma such as haenangi ong; i nfl ammat ory
renal di seases, such as gl oherul onephritis,
especi al ly mesangi oproliferative gl onerul onephritis,
haenol ytic urem c syndrone, diabetic nephropathy or
hypert ensi ve nephroscl erosis; various infiamatory
di seases, such as arthritis, especially rheumatoid
35arthritis, inflammatory bowel disease, psorsasis,
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degeneration, toxoplasritosis, trauma, tunors of
Ewi ng sarconma, tunors of neurobl astonma, tunors of
ost eosarcoma, tunors of retinoblastonma, tunors of

“%p?, doygsarcoms, ulcerative colitis, vein Of&HbRMN43s16
def i c and,  Wegeners sarcoid

ey e g BHRE S =4 4¥D8Tare s Ao SHLEom e popdaton

of substﬁﬁmbﬁlbéénéyu§ Sib&Sas, D ﬂﬁﬁﬁm\hddw&ﬂﬁbdhﬁ ai»mprgmv the populatlon are

: peértrop h foII surgey u
identical %??Ptff’{ E’Oé%b ?’5‘5‘“{5‘!’1 yr?ﬁ?“?mb?ﬁaitﬁ}{é t?’ L%/Ii) rg%m D1[‘l ovVulatT on

MonoclRCn bRy fre highle umiﬁe,rﬁmg dipdried Iagd‘mnsba ginghrpnggenic site. Furthermore, in
contrast H@Iﬂant at i on ﬁr}lgl)' Jlgptert!% %r%u(?rfs a%)l aﬂ%ﬁﬁ&h&%@%t dnBbodies

es are useful in
dlrectedtagmsgﬁffam Hettrmanﬂsréﬁptmm@, egplamﬂoﬂepaé entibedy, is ﬁlerﬁtjd against a single

determinant on%ammEl%P n.[’hF ?ﬁ)ﬁl@i‘é{)ﬁﬂoﬁo cﬁngld ﬁ]ﬂfﬁ%tes RE afkkeNe &leamnbody as being

pericar usi on, such as that associ ated w qﬂ
obtainedofemi cabgingiplly, hoaﬁgmmue ppralation ¢f patikodios. grdie B AXDe aCﬁBBt‘“ as

requmng @&lﬁ%g(%{ & tﬁa'?aﬁ&&e} & dug E.Qmaﬂa: WRdRaI Fa Iakaeap%asle tomcloB) antibodies

enma associ h .br ai
o bo ustd gpeeraangs vtk 6 PSRBT o s
described B doRBRL all WOG) Nadd-2508%4, onpayrte pladobsi ecospidrtdHe mﬂthOdS (see,

B —

librariesSingthie ahifiqubd dpsiribed mmmod el (mﬂhlmeﬂe 8628 snd Yrdget al
©(1991) ﬁglhﬁ§2&i§ﬁ4?ﬁls i glogene5|s dependent di seases

accor ntlon i ncl ude angi ofi broma 35

&?@ﬂ%{o@ﬂuﬂ mtﬂ&ﬁcs‘ﬁsreﬁfs%&ﬁicﬁﬂMblﬁ& "HiQerft" aitibodies (1mmunog10buhns)

L 3 A A R
sequench SR Eﬂfbﬁ&ks d'éﬁmm&;%attﬂtﬁlah@m@ﬂbm@ﬁg teerspagtivolaneafiprly class or

' subclassafvﬂjiq,tb%gfnfgl;l%t gétinﬁﬂ: aqu S &P w{ttt@rtho lo% Qﬁjtcoﬂ'@s%n)dm sequences

arden e arteries
in anubmSZ&ﬁ)vm 666 47RRCTEUS2IGDEB59 enqﬂ;m@qub@da ARSI WCI&SS as well as

|t atent No.
fragmerts c% Is@c%glét?bﬁglgsg Eéj]f)g% &S%% SR6k: AL a0V ESS £kisily (U.S. Patent Ni

connective tissue gésease)
4,816 5617@ g proipaa of W) BospiidlefcadiSep| ééék?%ﬁslséé
trachoma (I eading cause of Dl ngSSI ncm)'rdswmkh
wBrmaszed Harms phren “FB@W%ém“W§§?H SHEREETONS an
contain INRAETS B@Eﬁue QexBBAFEm habhaiamahmsaatobilor fet thompst part, humanized

er Ny ca a nek Bo o
B T e
region df Shetryepiaairk yeplabesirbg ¢¢sehacszfex§r1 by pemprlig regioesf @ Beorhuman species ,
(donor %tlgg}%yg-s ché AL Ba, Ubbft %p&ﬁﬁudlﬁ%ﬁgﬁ hiMihe BE &sﬁ?&tspeaﬁcﬁy, affinity,

carcinoma, |ynphoma, bl astoma, sarco

and capagity. Fresoke instancen/Biv Eapay etk Bg1oR (FROTeHAIPY the g ppmenoglobulin are

Ieplace&: an&)?&%oﬁdﬁ?gl B SSHRETIS aehdrmoR( e anizdd MGbddiRe Sy comprise
| ncl u

s ingh S n o R S B oS, 8 bons
made tCRIR RPiABar@hodyperférhag, Toopngd the)huntaheeqmuquw néhmnpnse

eIIuIar ca t Aly all of th
subsarf o G g g P g i, B BEI of ARGy al o e
hypervatatle &ops @hbsphlcﬂs thoseent acer-hinpalimgurngtobulingpd el efrpubstantially all of
the FR %%‘g’gse z{ré th!ssle\é &&n%ﬂn@o@&% A4C Ghe thﬁ%ﬂﬁ&ﬁﬁﬁbody optionally also

cancer col on cancer ol orectal canc fah
will comprite Aleasi alortion ofianminmaogdRbs eRopant r@&ﬁu@%ﬁw&ﬂl&%o a human

mmunrgj@t;bﬁhﬁ] | ORI e L OGN, S 75RO & Al Q%@Q’Vatur]z Bye922.Gas) Gﬁchmaml et al.
tate cancer, vulval cancer id
(1988) Natoet 358:3%%5320) 298 Rees@ PN 16 F&- ‘?‘ff'ﬁé ‘ngz sﬁi g(gﬁc and neck

cancer, as well as B-cell |ynphoma (including | ow
grade/folllcular non- degkln s 15 | ynphoma (NHL);
smal | | ynphocytic (SL) NHL;!%i nternediate
~grade/follicular NHL; |nternediate grade diffuse NHL
hi gh grade innunoblastic NHL; hi gh grade
| ynphobl astic NHL; high grade snmall non-cl eaved cel
NHL; bul ky di sease NHL; nmantle cell |ynphoma
Al DS-rel ated | ynphoma; and Wl denstronds
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PIlriEla.gfligantralligaiiiiislatilemcal conmpound
useful in the treatnent of cancer. Exanples of
chenot herapeutic agents include is a cheni ca

useful in'the treatnment of cancer. Exapplofisiasis

l@%gg@@MQQEh apeult AR ents .incl ude abj hting agents .
GRS AR R T 5 Yege b epRP i anteen fom
first mabrhajibn Sediésoinattaas foriclivnasogheshad Afigen gl Dstdntl anmanAlan species.
Normajg)la ?%%gécfe?ﬁépex%lit%#u :S%E 'ga’msc’lls'I %gcigéaﬂg“ tg GH&R d Wisen (L.e haé & binding

g
oguone, ne e a uredopa; ethylenrmn

 affinity{Ke) vata¢ bfyno anved teawi shes 1 x8T Mdprefyrablytnp etogerthanebout 1x 10% M and most

pre_feraﬂlgr !n@ Ingz}él tfdﬂ Q%L?% g(?:ri\ﬁ) lﬁﬁ fvis %tbﬂggl@ gﬁ%ﬁf‘ BPQ Btﬂﬂcﬁ‘c; ggae of the antigen from

triethiylenet] 10sphor anail
a secongd nprbpmpR rEen saetiprehichdeat degetiabors Sq Bkiperct it gbout 500 fold, or at

Jeast abBitl 1060 BRI WeaBFehab b biddiACARAREDs thSe RN RN €Fd Pecies-dependent
i ncl uding the syntheti ¢ anal ogue _topotecan);

. | ud ( _ . .
snibody (SR ghie SR RO PHIOOGES 20 P e g  humanizod or
human adliba®l esi n, carzel esin and bi zel esin synthetic

anal ogues); cryptophycins (particularly cryptophycin
JAsamdl hereynp tagiifogy immta@) or “hiithotasitiait? rfersdol acaiing@idsequence variant
cofd ' tk [ I .
of the s%g%?—lji_él\i/)%xdggt gﬁ%‘%ﬁ)ﬁ é?%%l? %1?6 OFI) gf%gerog%légiﬁda 0 i.ezK%\;é ?e;slﬁl?es %Pﬂe species-

dependep prsibedydieyd heen raesifiedi SEchtrimtentyrietes oyl aveess e {008 rofmenss identity

- or similafty Y MR UpdAes-dpBABABANAZY. NB « pRAQBRXIRRANHY mtibody mutant will

estranustine, ifosfam de, nechl oret ham ne,

bave an gyl 26K SERETT e T RS r7RTBIER R} ToaRenceriganit oF siyilarity with the

amino Af\sexiibice bf diherfiiReHRBS oL igHd ChaitP¥aE6HM dBuGini of the species-dependent antibody,

) . ot e
meve bR 5] BT o b B R D mos
preferabiy akssti9A®, Ideniity pesirhitanistitnrespeetind this saiéncs is Sefied bisreit hethe
pcechBEEY s QD A R sl il LEBEATA e o o i
(i.e. amigpragjd repidyeem thesagie gronp hsed r1@oWOL SiHephainmrepertiey secalgh) with the

species-3ependAr hBEY red MR Nred dhignihNEE WdhdHBesduNBRbRbRg fips, if necessary, to
bi bi sphosphonat es, su%g as ﬁlodronate; an esperatnicin;
achieve S TR RRETHRHSERPYP ISRt 1 PReChNOTBIIb et peinspual pxtensions,
deletions,fur tnear{iene trsd the AnibellysegRien bieiié afttheCvatidtlcaivia QLN construed as
Eﬁ&amg%%%%ggﬁg%%hg%hgggyinonycin, aut hranycin, azaserine, :
onycl ns,” cacti nonyci n, carabicin, carm nomycin
OB ZhIROP Hndit -%mwlgm & bel dRFLL RS
daunpnbicinfﬁ%gtoru I cin, gigﬁ%%g-S-% o@%¥%%@ %ﬁgﬁﬁ%#mna
compongitief qmptorRbeYE R | (onfaminapiciomgenggs of its natural environment are materials
which WHRIIRRE ek WittRAS D bﬁhaapeﬁﬂcaﬂmt@m&wggg HOXQY PG drymes,
rrol i no-doxorubi ci n,and deoxydoxonbi ¢i n

2- . .
h"“"“@p%d’ﬂ?‘b‘?‘ﬂ?’“@%‘ﬁ GHREPHtemaceaps f51uEs it PrRiFEed FF%Q%HF?; the antibody
will be pririfiehl Clonsastfidh B% BY vetity off antikody badeeapnenty|thed @6} slethod, and

' in i vomyci,ns,. pepl onyci atfiro LN
st kT B o Bl SR o)y RGP SRRl o it ] s o
terminalgir inqutab 2o #rid deqiverediydisan asbieningrep seqimapsoald) m homogeneity by
g ., - | o) e. .
.2 B3 342G UL DR e
Isolated gatibgdiggudes the antivedihio siexitiirecgsehinapirelly singe at least one component of
the antitoliy' SRk YASamdA il Bt B 1308 S ORMER1yARovel dt A1 AR RBhody will he
. 6- ey capt opt ui ne, thiam prine, thi'oguani ne; o
prepareq Ry af Jepsi PRrPUSHCAiRPsuch as anci t abi ne, azaciti di ne,
-azayridine, carnofur, cytarabine, di deoxyuri dine, .
B T Ao SRS, Y9750 RIS Of e o ety chains of

antibodysidérukes thatethdiRlk einiB @cid 6H50eDS ¢ TolnpiBReririo DG AN g Regions (CDRs;
. Pitb DS L mepl tiostane. t liactone:  ant. - .
. CoRRREATI, SR ot etk R o PR B bt coman of e

trilostane; 30folic acid r@plenisher such as frank
aci d; acegl at one- al dophospham de gl ycosi de;
atninolevulinic acid; eniluracil; ansacrine;
bestrabucil; bisantrene; edatraxate; defofam ne;
dene, col ci ne; di aziquone; elfornithine; elliptinium
acetate; an epothilone; etoglucid; galliumnitrate;
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capabl e of being enzymatically activated or converted
into the nore active parent form See, e.g., WInman
(1986) "Prodrngs in Cancer Chenotherapy" Bi ochem ca

ﬁhﬁﬁ%4 ransactlons 14, pp. 375-382, 35 6155 Usmmﬁjeﬁﬁ

ht;,avfﬁ/'f‘ m{i@%ﬁa %@gﬁg&%ﬁl g@? ’é%l %@ng %ﬁ?{i’s%l% ghre.%eﬂlogs used m this

mventid, the @i aﬁl‘l pgsltﬁ)ﬁd: issigtey to GoRCind FRE mﬁtbea]lefme(l adtolding ppKabat

(Sequelgcés f%§ etemsb :l%m%lo? ?&PtereQ%N% g&nugﬁteg ha ih ConffsngMdo 987 and

arni
1991)). ;mum wgbpunibbingph agipibdser mm@mﬂmggﬁazmentmlso according to that of
Kabat. 20071056470PCT/ US2006/ 043516 pr od*, _
‘gultaidlAM iilinggeAtide-containing pnclings, D amino

s AR k] Hﬁ%ﬂﬁ“@&ﬁlﬂ@%taﬂﬁm iPAsQEDREY So., CDR1, CDR2, and

-Iactan}contalnlqgﬁprodr S optlonalfy substltute
CDR3) giferm irrat adrigetdrit ofioh rigodr ety s frrseisa Pl gpich
necessafUiSdnt ik teeliggh e:mhl vasileaidingia Al i ting cp]mglu:g;scienuﬁed as

cont, S 01 B B RIS BT ST OAL ) 25RO IB0 e
from a TCDEI_BlﬁniEIlIgitY Ectdmoiuinglrepsond fs defiteglby¥abat Greuguttréridues 24 ifiel), 50-56
(L2) anfl 88-bY ?}35 7k 1 Cg?@ cgmﬁ %[aﬂféﬁi&gmﬁ Q9! 11 BIEYS 5 éﬂﬂbﬂz!nﬁ 95102 (H3) in

I nventi on I n ut are not mted t

the heam%wwb&ﬁemmmg@mls Segagicesi qé@tw%@ﬁ@munalogml Piterest, Sth Ed.

Public Hd=8R0 b R4 Nafidiel BitkuAGr HediB) B@ids®, 1D, @9@%%%&@ hag1dues froma
mol ecul e that is identified and se E rated fro

“hYPe“la’é%t%ﬁt logh &v-¢ BhPLRTIRaHE0 FUE e PEIHEE a8 @r—“’émﬁ“*’t ‘1%‘“ chain variable
domain\ahd 2433 (1), 5365 G aiid 9610 HED) 6 @t Behvy shatnReridbit ddnaih; Chothia and

: r of. y nucl eic acid. An i. at ed .
Lesk A7 ot el I8 BT E0 B i fleP. R ufpodeRian Y Bt esion can
include gminpiagigs ff@n baih mﬂDﬁhegmn definefl gepoltinigrio Kattatiand 2 hypolaggbirdoop. For
examp1é‘ el G AGH L HIRN QG ﬁfanﬁkfbﬁi} @I{)?ﬁﬁu@s Emflb SLib WY shed
fromthe nuclel ¢ aci e as It exists in .

FBiabERbrk 6&idnS* (hdTOMBMEFR) af thdss QArRbR qmﬂ:ﬂﬁ leBilikes 8@ErGhan the CDR
Iecule | cl ydes a nucl ei.c aci d. nol ecul e cont aj_ned
rsidus; Foglyyopg

apigble oty Bipa s PR fgur R p e diet A Hnt Th Sty “HHee I the
CDRs afe0fefifisdaniirding th [Eaban uied 1i2hiochait FH résiduecid @sikiSnetl Bt about resﬂues 1-23

'GLPRQH¥9&RE¢ﬁEbEXprzigﬁ%ﬂdlion &ﬂicééﬁuééggéﬁgiena&& lues are.

positionBiboyiey rreidosd - NEHEER A 36-4OHCTRD, @%MR@natdﬂﬂthIHCFR‘l) in
the heaRBLiA Rlsdudsl ﬁhl@%[ﬁa@%ﬁmmé s&u&g&&egl&eefm bl efdl Be 119621? Lihe light

organi sm The cont sequences t are suitab

chain FR residagsyis Rositioned) ﬁb‘@kﬁfﬁﬁlldées lr%@ﬁﬁél)é3ﬁ9w@ 53- 90 @CFR3> and
97-107 amFR@Pﬁ'ﬂ':eMlgﬁ&hﬂﬁ QhBthOcaGOMME meesxﬁ%r@pdsinm amat at residues 125

e SRS Do AR SRR B b it m some

msmnceBlLtﬁie& e GIR cﬂbmpﬁses @ﬁﬁb a&iﬂsyfrdm betedCDRAede hdd HyKapdt asitose of a
hypervalgligblg log% thlérﬁi rlesgé] u?(%&ls anhcllgﬁi}!\n\/\%l% ] O?Qx%%lhgaéwl{u% ?(l;)gﬁg rlncludes
amino agideHeg- Hﬁgg tﬂcélafd/e pha!JsFMpem@bk gre i mms@tlStI@S agd Wmndlas are at
positionP96.ypeptide if it is expressed as a preprotein that
participates in the secretion of the pol ypeptide; a

Rk Q8 hekinD¥cofRRAR Ghirs doB sRREAIEBM chiltli8 bR @?&Q&LE #4494 to encode
sequence if it affects the transcription of

desired acs. A sqtphiganelopfidstirat e smphesized. foprspmpip.py solid phase
symhesib,lmﬂmﬁhgts@q@ndémlm&@r@m e p&abhﬁommlnmnmﬁu&doamﬂpla@p@ﬁded by
h od%s |I| b §? neral%y, "oﬁeégblé d

& codqny ﬁ%c"‘h ‘ﬁ W BYUR AT AT PorAREGI%T e

designaipomrig 1l‘hguxﬁ te JURBsle, whickik Bamsmthefart mdsﬁﬁmbédd:ég&ml Badéan, set typically
is represgl%%i yg'su %B%%%gg L { cesa%;ln A S% FE 5%% ng Iesh'ig hﬁ‘ oS radom codon
acconpllshed by ligation ar conveni ent restriction
sites. If such sites do not exist, the synthetic
ol i gonucl eoti de adaptors or linkers are used in
accordance with conventional practice. As used
herein, the expressions "cell,” "cell line," and
“cell culture" are used interchangeably and all such
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20 anti body- dependent cel |l ul ar cytotoxicity (ADCC)
and conpl enent - nedi ated cytotoxicity (CDC) assays (US
Patent 5 500, 362) and agoni stic activity or

eS| S assayS (See WO 95127062) PCTI[-IJ-QZ0061043516

oA RN TR

preferal$ly @mFldMiQ GietifkGa RS Sifiyio a:uztslaleamntahdﬁscrd:ee Taréilp e¥ymihesis of

ollﬁonu@g%lg?sa\?l&s)efect%onugg?tr t r?egéﬁ %?cgﬂfgﬁesgn(oﬁg% g)@ﬂhﬁ'@)ﬁ*ﬂﬁtﬁlat art, for
examplehe ﬁ'E]M&p;bmaéﬂ ﬂ@amk etweb KV99)d pMoioBiel. RT3, Gagatg & Bepngrd1993)

d (4)1) are es1zed u
o 45351 8 5 ORGSR B o v
commetchbnugleici ab!déxnﬂb‘ﬁm@e(aawa@@fﬂtfeﬁef eemplyyApplisgBiosgsistesy Hstephity:
CA), m‘?:gn DY Ehne AR dhnd N (ﬁpéﬂaﬁl?@tﬁfmf&'@f@c@bﬂfg{é@tﬂo@kvﬁmmd%crefore

Phage Libraries In a preferred enbodinent
a set of p]a,gp@mlqoggps ﬁf%ﬁpﬁ@@@agnmgaﬁgalq ‘ﬁ’ldmtﬁ? é}fqlﬁay Jg?}ade a plurality of
ohgonuﬁl%tﬁigst Wlﬂﬂdlif@&iﬁ keqdiibds; tblRBffer&&Ed habiisesl hy&hertgda: setnwitiinethe overall

e RSB SR SRR A Py o,

 bybridifdie® aeadbierighein indeieapt gl empidatse cand b@ldgfﬁ noffnecessarily, include

L able d
restnct%rlile ﬁ%{?%%usgfu Eyg %r ekag% Whl&m%p é abl e donui ns,

ypept | avi he diversified
! ﬁ@’ QAT Seib fh’gﬁﬁeh%l&fcoﬁtﬁﬁga Qﬁ{[ﬁt@d&iﬁgelﬁ%ib@&mn and
w hi g

affinit 0 target NRP1 a
bindingj sifgy| Hyg r@gptbcfonpﬁ%ofy ptécale SHVY M&ngg van@et %‘)magl in tight

associafidn, HHieh G 36 Covellesh AYuriBdrdRaicia BcRve Itfii s cohfiuration that the three
e b Bl AR e G504,

dimer. @vildchedy, ihatsia' (Distot asubset ﬂm@f chwfer drvéecovindine Frepifigitirio e antibody.
Howew e&? l ang%q p%aﬂy EM ﬁaﬁ%f %pﬂ"}/(% EHpn hiak @Dﬁ? %&ﬁc foran

verse positions 1 n at east onie  CDR of
anugenams .thg@b@atmrep zp anfignias antigesifhough vgrily eﬁiq“w&aféaaéheét? entire
bindind2§e. MUt at ed using the nethods provided herein. In some
enbodi nents, it nay be preferable to generate diverse
ark I"Mdﬁaémebt @fita@6 a Riiablelhuaitcofbgmpdsiatn of ke light cEEERIn{ﬂ a variable

domam%?i? ng ﬁﬁéc%atgqcﬁegﬁg (ﬂ-hlf) é&%—a 5 %%lfDEg’g& 9{3%51%&1? fra nts comprise a

pair of Bibrfgploments witilr ate gamedolly evutlently tigked osdr thets qerboxy tmmy hingg cysteines
betwee%BF;Hb Oth%'é%caregu 3:!9%'_(@ aﬁtﬁ))oé dgh8nt 5!11'9 le@kﬂo{mg ﬁlﬁ:ﬁé/ art.

rary o anti vari abl € domai ns can ‘
%Ek@hﬁtﬁﬁv"fo? Fsc Byt %mit!oe frhl@h Goﬂiiﬂs@ihb Q’E}Snd \ doli’r@ms of antibody,

vent accessi bl e and/or h ons 0
whercHbRP Jampain OB i BRSSP qegral jﬁeg% @i urtier
compné}@ R B615depeheRMdr B&W’ﬁéﬂtﬁ V}Qﬁh& VIL ﬂmﬁﬁBL ilvhml@&ﬁb]ﬁs Ao g FODRL the

ese |ibraries can, al sa onj-4ngt i
desirod Ao PR FOEHEPSY B BT e oo e Bl bbotoay o
MonockhdliAniilioidies VoF i3, Rosenhptgepd Mvtne |edso eringer-Yeokee NewUfnds ppi269-315
ﬂgggselectlon of heavy chain libraries for binding to a
target antigen, a light chain |ibrary can be replaced

' ﬁ% gehrﬁlhﬁa%%y‘l Q(psn%il AR ireRRhE with &Qﬁ&lﬁg&l@ﬁndmg sites, which

further rounds ction to increase the. af q v
fragmenf cqnppsisgd krgwr c&mm presbledapriy (Vig cppopiiegty 2 fight etaehtaeeP %@Pymﬂm Vo)
in the sSHOSIpeptidt RO, Qhd U))NBY g zﬂﬁﬂc&&hdﬂ e t& $hBrt Wwallbw Phiring between

am no acids in 15 the CDRlllg) ﬁ‘gﬂ’ t he vari ‘?blgomamsof
the two,depighonhe tame Chadm P dOmAP S B Hh e mifpon
another chiif adyerGiRiwe Sitfos-Bindingditay. S:blabb;hemire aastritipd dipre fully in, for example,

ereipn the we dj yersit
L R e S R
sequence. In one aspect, the library is
created in the context of tRe humani zed ant i body 4D5
sequence, or the sequence of the framework am no
acids of the humani zed anti body 4D5 sequence.
Preferably, the 20 library is created by substitution
of at |east residues 95-100a of the heavy chain with
am no acids encoded by the DVK codon set, wherein the
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5113 and then conbined to select for binders to
target antigens. The nultiple libraries can be pool ed
and sorted using solid support selection and sol ution

t hods as descri bed previously and péf/ﬁéﬁ%ﬁlﬂﬂsm

}§8E§Q@ ke satrate i es nay be e
PRERE BRI a 00 Rt b dierbives deSebep ingaptia etk G805

Protezbﬁhg] d(m)exoa? S(IEIZ) &rfefﬁ;] |tﬁb‘]§@ﬁt1m&m§ Bdehprisga Foa@iof &n&eﬂﬁ"dtstgﬁﬁents (Vi
re n usi on, p ant] -
S e A R R S R B

bmdmgu@kmhIﬁmmmmmaﬂmyahmﬁwmhﬂﬁbbhnabqﬁaﬁ@an be 10 sorted
first on target bound to a solid surface, the eluted -
bAsered kerein, litrirghrebortt e dlursliyrog aibbdytor amibpdydsgmiit seiianges (for

exampl@' ﬁd@pgﬁﬁéﬁﬁ‘ e AefefoRS; 6the ﬂc%ﬁ%?id%at%@o%es@ @éqr'qr%l%% tge sequences

I Zi ng conbi nat | ons of erent sorting
being fbﬁf‘?ﬁw Bhe qogpinpion;ofFarigntaginogsids it aretintenduast ingmihee priqpgakep
accordB B (BSHEELS e eRgo@mnd provi des for selection of a
nunber of different high affinity clones. High '
a‘megaldIsylajﬂ'l 1Mtetfl'&1qﬁé)by Wiien dagihig Q&Iyﬂ‘dBRﬂzs a8 tisgeRd 6XsiQiproteins to

i S 8 0 L BB R Wi, 4 oo
phage @a&ayﬂm id therfabt ‘éalaﬂ larg# Yitganien plrakibRizeld pmfbstl\rtalyanp;rcavlnedqsdlj‘r ad
efﬁc;eﬂi'ﬁ' &teﬁ'f&lﬁm@é sfe Jéh&%( dgil !ﬁ&!ﬁg A tar, EIIIJtI M%éﬁg[h%tt Z)}A} Bepudc

ferent t versit I n
and Prwlﬂmmmha&rm bese gseflGor s¢resying miitinsef pcﬂym@esfor m;s with specific
bmdmg@&(peﬁleﬁ tpoliRalehitphae @ﬁﬁhﬁ]ﬂétﬁ&i@ 85ve BlensdddbARb1.308 L8 Mandom

B ek AL o o i oo . we

and LoRG:aid (1098) Cytrrn@pin. mau&m;bm:es_’ssmmmu eﬂar&myesmwym&elﬂ JIn a monovalent
|vers n t e

pivge ] Gt O KED-Bldopl e e SR iomon et Bl Pyt atow

levels ip the RRInGe of valrhitype gersild plpvtm Stmtl@np}@se pagticles dxspi&donb yopRDgone of the

fusion ﬁl’HﬂeﬂQ @ﬁﬂl eﬁ@éé iré {%ﬁuc%c?relaﬁveetg Sl ﬁ% 5 ah bos I 15%% ba313 of

position 30 is encod
m‘ml? UeaatheHuibe wqdyphogenyd ‘ﬁFFPﬁ @eéeqddwlaasﬁwléﬁ Diip m@lp@h@@aefepwmau
and Welly (1DBT5 . Mels: ARBkbHion3TMBROBGE BhpRfb 30058816 S encoded
by CTG; in CDR L2- amino acid position 50 is encoded
by "}iﬁ%mtﬂﬁﬂ dApbasid \téctpﬂﬁilviﬁlg 0 BackRal c&gﬁﬁf epeadele RYCAYE and a copy

O osi ti | nco
o PRSI e LD S 050 £ A
includinp\ffamaantogiircigriophagetand bmmrlmd beciedophesi ﬂh@mia@ﬁd Wil absn gadelly
containtd¥ellMoie Mepf?)r AP RekhA8Ns A Rehts o@iﬁ.ﬁgﬁﬁjed%[to ’vectors can be

am no acid position 94 is encoded and
propagaled; ag pisgails i ngﬂlsuhérb@%dkféﬁwss?rsmrmde@m@hem e estay for the
product&iﬁ@f ﬁﬁge PR IEBRdde oPreblidatidh of tHR folabrhil tRib&%0 WIfnb circle replication

to ge“e@%"r?swaﬁ 55“" SF?P%?RF? Pb”ﬁﬁ?%%i‘?ﬂd 30 i I-%%Pllﬁ%‘?%ld may

form m@elmas atreduﬂ&nmg phage astielbsy Thafs térﬁﬁ!@:hhés [ﬁhﬁg&hﬁds rvmg:h @ﬁﬁam a phage

QeSS oL /an g Nl VK o
t
coal pm?é?rg ar | JE anrt] ereo# %nrke&) 3§t4|e1.h Ogous 801%)68 % ZEene as a gene fusmn such that

ﬂwhﬂqmmgmhmbme®ﬂ¢ﬂésﬂaﬁdOpd@B@ﬂm@uﬁbﬂwQ@mwmhbot|des can

be pooled to forma subset of libraries. The

Ty jeEm | nbagegpcter msans pidenbleperrded epplidstvedom: ef@ bafgranon@ge containing
a heterdl@bE@Endal &ﬁiaﬂl@oﬁéﬂhbgmn Criiseel @&&ﬁ%@gpﬂa%@mrgm tpﬁ’cl,aﬁon

sorts can screene fOI‘ speC| Iclt
allowing %‘?aﬁ"g“"EE’F“S’A agdphagepacelfogptien. fite phage lswrféer%hiwgmg%an

bacteriopkags, Glichen athiag i, E&Mﬂh@gedﬁ& érBakive MeBRE, oRNamBIBphaS:, such as
ntl en Those binders to

ll.Aas oth r no ar
lmbda;%ﬁephfggr%’égtl ke e‘ﬁa 199 screened for -
affinity in solutlon bi ndi n conpetition ELLSA assay
or WD 20071056470PCT/ US2086/ 043516 spot
Wipikittohlahtd.S4 iliTiihtlificitiniiiliers can be
isolated fromthe library utilizing XYZ codon sets
prepared as descri bed above. These binders can be
readi |y produced as anti bodi es or antigen bindi ng
fragments in high yield in cell culture. In
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better than the biological activity of the parent

anti body in that assay. For exanple, an anti-NRP1

anti body rrut ant preferably has a binding affinity for
?10 is at | east about 10 fold StrongeE’CT/USZOOGI[MSalG

2 . ast bout. 20 fold stron nor
et @8‘?@"‘ SRR kion g et RGN G o Al deid esicue n the
variabls GdpRiné (R hgﬁ@fand @1&8 haihb 0L sodO arfiBbdd Oﬁﬁm‘:@&ﬂmﬁtﬂl ﬂq'raoment that is

detenngﬁ,{l,%a%%eﬁ ugﬁ%g et&gey?ub&) %ii ncﬂé@é‘{‘@"‘t‘ﬂ%“*ﬁ%ﬁ% Wﬁfn}flkf?dy or

anugemmmmyfragmera aapotﬂmﬁgcavmaletf&fsalvbm aseds endjor contact with a molecule, such
ntroduc e
as an %ﬁé ar I a%ﬂ%e)n ese 1txo]ps z%rﬁ grplcaﬁr]ve nt{n% t?] Eﬁgs EIII% ontthe €xterior of

ype reglo
the propdist. dbp sl Yepiericspssitde pasitiopifian armhodyam entigen bindieg fragmsnt as defined

herein,Ehd 6 dlelnRR ubifie Sy of ¥ Rhoet 51‘ ébﬁ?h%: s Rhovia iR FRRWR! iﬁngegagiy divent

resi dues may Dpe i'ntroduce parent antl

accessiple@patiqnh s éetfrreee@ FSH}&?OWPW@V @ ﬁémenﬁlwa% Hedehofiag m@ody,
preferaBlyfukiBl 4 Yor@fiet ReeraR tich @Me Bi's‘i"gﬁtﬁt o%ﬁnf Qkcdig€ Sﬁﬂ]bﬂegf-‘ €A). Solvent

om.t he se [ an
secesspl FUNRRY s P BORTES Ay OF £ o Rihards
(1971 ahBitlos 5, BT\ead Sadrloly (IBBB;‘I Jattﬁpl. ey, U6, IS@I Dytel(r;ﬁd‘iﬁubn &lsolvent

accessig]%- (8%51%%2)2?}} g%?ﬁl?%%?d‘g%? 6{%?/ £2 §)tdble%or proiein modeling and 3-dimensional

structujahinforivition bltfined doei aalaptitiody. a‘qumaE that tanrDEautél@h@th thgseptirposes
inchuded lSYBﬂ%%))I}melj\l@J)dule%bﬁ%are E"ﬁgngggsoga"tgs) §)£nd preferabl ), where an

participaté in the Interface (EP 239 400B
ﬂgon%%ﬁrwméﬁ%ﬂ&}aﬁr H’Qﬁtt%'m Pmﬁ*«tﬁﬁs tha {'sizgn ol prefsavhish isfseddn the
calculaBn iS 5€ it absu@ 0B WaEHrom@F bBdlleF BFAGISE fn dIBEH, H&eﬁxﬁhaﬁ&h of solvent

ance nt of the bin af fini f ant|
acccssiflg MRS ten DR Sy P eGSOt e B by Pacis
(1994) EompiexGahamp) B(4):f37dA8@bout one to about f| ve 5 framevvork

residues may be altered in this enbodi nent of the
i M9 @pgipgspic faSionentagent’sis atteweh faetgr Wuchstifilpics dn teveloprpinedfhlood

vesselsle A hdROSYioBML AN endeaeﬁa@éue%réaﬁ sHBHy bbIeelbiR a6l

trial's, evén where none of ervarlable r'egl on

"asc‘ﬂqgeufﬁla o Forsanmire areioge e . RSPy ut gre npidifRitpd fo, e-£ nBEGE and
membeR Uf tHe VMBGFTAMLBNPIGH PIHGE R85 fLotdetlid 8 Rtor family (FGFs), TIE ligands

Cangiop BED, Gt 1 B e P s Rk frgrymd e GASpgptisain,
Gramﬂmtecchlanpg@nhulaamgfamxxﬁ-(&b,d{apab@ye sabveh EactbD GIGD /ssitaf fattogSF),
Interle&nrfd]]f}g)n ggopfg;}'x %%ién% z e%ﬁ:élg ?{lag%al %%u%ﬂ;t%% t’lﬁtel%ﬂ& eﬁéoﬂle]ial

SucC ro S can
cell gropalpigtpngP Bt desived somth factert efbeciply ERGEES crré‘DGFR beta,

Pleiotr BRIFRY! PBerSHAR FasHdAO TR oRow D aCdl- a@cr

nmut agenesi s" (Cunni ng ham and W

scanntn
Transfogpg ARt 3o b (G BYY): THEF @ecIosirdan-ipth BB m ot T would aso
mcludeﬁablﬂﬁff @ bicalelae \ﬁoﬁﬂtl 1Alided Siic B HOSr&W th Abehobd; Rls@EAke BYowth factor-T IGF-

0. viof Bk FinR Bl LRIy b o b Bt w01

beta. Séa; am mgbwmmmmpglaﬂnmpﬁm BBysioll B3 E -39; Streit and Detmar (2003)
) enp
oncos B B e R IR B B W oy g .
(2003) Prdogare 82: 6‘54916516(@@ &"ahigl hing leywoangiogehis factrn)end, Gate (003) Inz. J.
Clin. ORLo1 8Bb0-3dke Sites of substitution. Thus, while the
site for iIntroducing an amno acid sequence variation

i "Biteigiogmpgisagent” ¢rhangieeerpsis Iyfibiter gefers oz smell mlepula eveight

substan&-ﬁ &ﬁpo[ﬁﬁcl&ﬁdao LR pRp e N Gs0lalddSrdtdif wHatomBint BroREY &BAtbody, or
are screened for their bi O|C\}{%I cal, activit

CODJugaaf‘é °H%§E¥ Rroyeips therpedi that TS ARRIPEe e n@sRIsETIEsiS PEWW%%VE‘SC“I“
a conservative substitution such as those shown bel ow
under the heading of "preféfred substitutions". If
such substitutions result in a change in biol ogica
activity (e.g. binding affinity), then nore
‘'substanti al changes, denom nat ed "exenpl ary
substitutions” in the following table, or as further
descrlbed belom1|n reference to am no aC|d classes
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gin gin Cys (C) ser set Gn (Q asn asn W

2007/ 056470PCT/ 1 JS2006/ 043516 't 6.1pi LE. :rl b asp

asp (My (G) pro, ala ala Hs (H) asn; gin; lys; arg

0 | eu; val; nmet, ala, phe; norleucifg h8bsnassis

o B AR Sy B P B B Lo o
includes those agents that bind and block th;s angiogenic activity of th’e angio g:enic factor or its receptor.
For example, an anti-angiogenesis agent is an antibody or other antagonist to an angiogenic agent as
defined above, e.g., antibodies to VEGF-A or to the VEGE-A receptor (e.g., KDR receptor or Fit-1
receptor), anti-PDGFR inhibitors such as Gleevec™ (Imatinib Mesylate). Anti-angiogensis agents also
include native angiogenesis inhibitors , e.g., angiostatin, endostatin, etc. See, e.g., Klagsbrun and
D’ Amore (1991) Anmu. Rev. Physiol. 53:217-39; Streit and Detmar (2003) Oncogene 22:3172-3179 (e.g.,
Table 3 listing anti-angiogenic therapy in malignant melanoma); Ferrara & Alitalo (1999) Nature
Medicine 5(12):1359-1364; Tonini et al. (2003) Oncogene 22:6549-6556 {(e.g., Table 2 listing known
anuanglogemc factors); and, Sato (2003) Int. J. Clin. Oncol. 8:200-206 (e.g., Table 1 listing anti-

angiogenic agents used in clinical trials).

The term "VEGF" or “VEGF-A” as used herein refers to the 165-amino acid human vascular
endothelial cell growth factor and related 121-, 189-, and 206- amino acid human vascular endothelial cell
growth factors, as described by Leung et al. (1989) Science 246:1306, arid Houck et al. (1991) Mol.
Endocrin, 5:1806, together with the natnrally occufﬂng allelic and précessed forms thereof. The term

“VEGF” also refers to VEGFs from non-human species such as monse, rat or primate. Sometimes the

. VEGF from a specific species are ndicated by terms such as hVEGF for human VEGF, mVEGF for

muringe VEGF, and etc. The term "VEGF" is also used to refer to trancated forms of the polypeptide
comprising amino acids 8 to 109 or 1 to 109 of the 165-amino acid human vascular endothelial cell
growth factor. Reference to any such forms of VEGF may be identified in the present application, e.g.,
by “VEGF (8-109),” “VEGE (1-109)” or “VEGF;es.” The amino acid positions for a "truncated" native
VEGF are numbered as indicated in the native VEGF sequence. For example, amino acid position 17
{methionine) in truncated native VEGF is also position 17 (moethicnine) in native VEGE. The truncated
native VEGF has binding affinity for the KDR and Flt-1 receptors comparable to native VEGE.

An “anti-VEGF antibody” 1s an antibody that binds to VEGK with sufﬁcienf affinity and
specificity. Preferably, the anti-VEGF antibody of the invention can be used as a therapeutic
ageﬁt' in targeting and interfering with diseases or conditions wherein the VEGF activity is -
nvolved. An anﬁnVEGF antibody will usually nof bind to other VEGF homologues such as
VEGFE-B or VEGF-C, nor other growth factors such as PIGF, PDGF or bFGE. A. preferred anti-
VEGF antibody is a monoclonal antibody that binds to the same epitope as the monoclonal anti- -
VEGF antibody A4.6.1 produced by hybridorna ATCC HB 10709. More preferably the anti-
VEGF antibody is a recombinant humanized anti-VEGF monoclonal antibody generated
according to Presta et al. (1997) Cancer Res. 57:4593-45 99, including but not limited to the

- antibody known as bevacizumab (BV; Avastin™),

The anti-VEGF antibody “Bevacizumab (BV)”, also known as “rhuMAb VEGF” or “Avastin®,

is a recombinant humanized anti-VEGF monoclonal antibody generated according to Presta et al.
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hydr ophobi ci ty

th | |
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nmacfﬁﬁﬁtﬂmﬁﬁoaﬂ@mﬂmmuﬂgﬂmmmnmigroups based on common
ain go
‘9]%(}& Fjétag r T,r% lec(ﬂ% fﬁpayhlg 8 gﬁ%ﬂ%ﬁ%{r Ehgﬁ.l'_l? lﬁﬁ]ﬁﬂqtﬁrg,
abrogauﬁ@ tedudidy qr maa-fe;mgwm VEGY acgigitich mcluth@;ts bglmgu tolc@;(: m) rnore GF
receptors, a\%ﬁ&F mﬂg§mst£ %aude%@dwe?%)mﬁlﬁﬁiegﬁﬁ%ﬁgg@ﬁmﬂxﬂ% frég%{éﬁﬁ thereof,

Ccharn orrentati . g a aroma
receptormpleculpdpmd dezivatives which bind specxﬁcally to thereby sequestermc 1t£J binding to

one or more receptors, anfi-VEGF receptor antibodies and VEGF receptor antagonists such as small

molecule inhibitors of the VEGFR tyrosine kinases.

"Treatment” refers to both therapeutic treatment and prophylactic or preventative measures.
Those in need of treatment include those already with the disorder as well as those in which the disorder

is to be prevented.

A “disorder" is any condition that would benefit from treatment with the antibody. For example,
mammals who suffer from or need prophylaxis against abnormal angiogenesis (excessive, inappropriate

 or uncontrolled angjogenesis) or vascular permeability. This includes chronic and acute disorders or

diseases including those pathological conditions which predispose the mammal to the disorder in

" question. Non-limiting examples of disorders to be treated he_fein inchide malignant and benign tumors;

non-leukemias and lymphoid malignancies; neuronal, glial, astrocytal, hypothalamic and other glandular,
macrophagal, epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and

immunologic disorders.

Abnormal ané;io genesis occurs when new blood vessels either grow excessively, insulficiently or
inappropriately {e.g., the location, timing or onset of the an giogenesis being nndesired from a medical
standpoint) in a discased state or such that it causes a diseased state. Excessive, inappropriate or
uncontrolled angiogenesis occnrs when there is new blood vessel growth that contributes to the worsening
of the disgased state or causes a diseased state, such as in cancer, especially vascularized solid tnmors and
metastatic tumors (including colon, lung cancer (especially small-cell lung cancer), or prostate cancer),
diseases cansed by ocular neovascularisation, especially diabetic blindness, retinopathies, primarily
diabetic retinopathy or age-related macular degeveration (AMD), psoﬁhsis, psoriatic arthritis,
haemangioblastoma such as haemangioma; inflammatory renal diseases, such as glomerulonephritis,
especially mesangioproliferative glomerulonephritis, haemolytic uremic syndrome, diabetic nephropathy
or hypertensive nephrosclerosis; varions imflammatory diseases, such as arthsitis, especially rhenmatoid
arthritis, inflammatory bowel disease, psorsasis, sarcoidosis, arterdal arteriosclerosis and diseases ‘
occurring after transplants, endometriosis ot chronic asthma and more than 70 other conditions. The new

blood vessels can feed the diseased tissues, destroy normal tissues, and in the case of cancer, the new
17
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I's t'he bovi ne

lencovoBOOPPOSBUPBIE! 195@5%%90@4%%‘1%0%3(1?%“%?&&?"%191 rgffogds such as
refinoic 9&@% ekifMnb %érﬁﬂr&@s%aﬁmaleﬁi:ow&m (EXRoRSipl) nekding the oxaliplatin

e TSk B Bl G5 0 S8

and VEGF-AQX Fedt@icElDprbliterafiddAmil phdnha:eut&dty@p@pih@p @qlt[s; agidportdgavatives of
ft:%égkaryote yeast, or higher eulcaryote cells
any o €Yt bed above. Suitable prokaryotes for this

LRRSRed 1P Gl RnEHPAC LR ﬂo?nlonﬂ)a%&t@tﬁal GFradeRagabd M@bikormone

an+p03| Ive organi sns, for exa

action o FrBriCibehyTs R-esiresres B eHoUe BERHa FinEPﬁ‘?fé“Od‘é‘at@fs (SERM:), including,
for exar%ﬂé kamokidag fu@lﬂ@ﬁft ROLVEDRK® t&no:dﬁe@hﬁ]oﬁfdna droRinift e, :

'monel | a hlnut
hydroxyismgptensisporiges. © Sinip e LIEPE, Byt b FA RS
aromataBBiGhibitdrs ﬁat(i‘,ﬂhﬂﬁﬁhe&nzﬁmdltmhatzsa arbith &glﬂatee ¢strpden @mdpqmn m the

A f ol aceta
adrenal élﬂ%(gl %lﬁléﬂ& gfll‘ztgiggl? Dk &%%&%@Seu no%ﬁglgldg W%mzéegx 1 acetate,
AROMASENG arginesoaa formnttandt, fadrsrelp ¥ ORGwrqsplesFEMARYM @ letropglg, and

ARIM]]%%@ LG DARE anh %nt?andﬁ%kﬂs sadths (1A GEe, %ﬁutéﬂﬁ} bicahitahadegisuprolide,

er stralns such E. coli lg # ? ATgC
and gosgrgling 3yyell 2 fgagitabis @1 HELIYE. R‘?‘?ﬁ ?C%%‘f aglog): antisenls
oli gonuglhﬁtfd@sb bﬁmcul-ghﬁ &G%Mﬂ&mm&t adp&sshdnl ofl génecih sigarling pdilevays maphicated in
abheranﬁfeélrpgcg]g%atg)&csﬁc ! 1]! SlAm e r ylgatf g&d H- ﬁgeg ﬁﬁ&ggﬂescsuch as a VEGF

ﬁtous ungl or yeas
expressiby hﬂhﬂﬂbﬁ (eqd., N GIQZUM]:”@(@:O@};B@)W d:ﬁ@,li%exp@ﬁswn inhibitor; vaccines such as

o4 1§ BT HEENGE RlQMd, ShPRAXID®
gene th%?'P %?fgxc sz ALEB@SE}N i's t e npst. copmon| se g
vaccmeamn@amw@rrneaumwm toPPIBEE b@ﬁbww ey
Vmcrelﬁin@ Hﬂ‘ﬁq% eré}ﬁlcﬂst U SEENR, 4,6 3E8ESd Pﬁiﬁﬂa&{‘ﬁ"aﬂmc‘q‘@lﬂ salts, acids
avai | abl e and useful herein, such as
Ordﬁ“@%ﬁ$2%%%eﬁﬁ%ﬂﬁﬁ?ces ponbe; Kluyveronyces hosts such
Klactis, Kfraqgili
Db tpsn; ey’ A e Fihip gRgic R e gfea“”s"( friahe fopgyta
pharmaleuBidill lattivé Ab&tkacd G],af)l@&.}s, cykotakicos mnimr tells cmpgtd @Che parent ds:ug and is

capabley:)g P?‘Bﬁv\% ”ﬁy‘f’aﬁﬁ;@{ er m)%g f"e""g d Ql%qgéétn%‘??és?ﬁ% %ﬁéﬁ% form. See, e.g.,
Wilmar?Q983 'Brddgs ilCamderddemTtherayd d?eacgwaf Sasigiy rrpgtions, 14, pp. 375-382,
615t Mibfhn £500ss DEULATPA! Qo 35 RAreSAIBARLIOLKES R0 TutBeaDg

nyces occl alis; and fllanentou% ung ¢
Delivergy anreasce Dezg @elwemeﬁia@haﬁféﬁehah Cp@h PR.2+1-24]njlumana Press. The prodrugs o
this invERigH Ffsafuh@ Bl4Rnot ﬁxﬂﬁedﬁb@ PRE@hdd-SitalR pPodfldS highosphiate-containing
nidul cns "an Sui tabl e host cells for
t he expression of glycosyléﬂed anti body are derived
frommulticellular organi sns. Exanpl es of
invertebrate cells include plant and insect cells.
Nurrer ous bacul oviral strains 25and vari ants and
correspondi ng perm ssive insect host cells from hosts
such as Spodoptera frugiperda (caterpillar), Aedes
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ATCC CCL51); 'FRI cells (Mather et at (1982) Annals
N. Y. Acad. Sci. 383:44-68); MRC 5 cells; F54 cells;
and a human hepatona |line (Hep 02). Host

W& o3 @i % transf ormed Wi th the above-descri bg@us2006/043516

— £XPI 6S] I vectors for antibody pr oduct 1 on
prodit R P B it oo7t8iing P Do Bis g R s,
Olycosﬁe&ecﬁﬁ&ir@gérﬂ-ﬂ&t&n—f:@ﬁmﬂlﬁg%&dr@ (ﬁ)ﬁ@ﬂm& @Jb&mt&qﬂ@ﬁoﬁyﬁcetﬁhglde-

t ransf or mant.s, ._or . a| enes enc
containiig 3 MBS BL i OILCEb SR ey e P TE GG o ytosine and
other SHﬁGrohﬂﬁﬁe 1&&1111{_2,3 whﬁh? chnthe c@ﬁﬂdﬂﬁlﬁo tha ﬁlom’hbﬂi\k&(mﬁﬁo@fc frieddisg.

Examples te c Eotom e C%I qteuva él!lg q V L ?ct»réaf?ﬁuse f%?iuvenﬁon include,

ava

- but are@algm’ayl to thbmchfaiothE@Bf@m aghts N@dmhmawvwEl\/p (Sigm),

%Mlsoia%?!g n&cﬁﬁcgigﬁ}nole@tﬁgls Dol age Q&d ?MHQ I’flf*{ d%%l?&!decmé separated

dium ((DVEM, Sigma) are sulita turing
from atilgpet 9rp sftntﬂélémap@uclplﬁ agidrapleqinvittawlictyt is pw@aﬁléeﬁsamated in th4 natural

source HOREAKBEH nhdleib R, &ln @tate(i:laga&} adWB loBieculdZ oth& &hafl 4h the form or setting

i whicas ogociy iy o g 1og 66 g g resisgpthed s e
nuclelcb'zcﬂ %}eéﬁg as WRIsBGY 2843 0elisV\BoBdv/e @i BbitediucldicScid Rileentt includes a
nucleic amfl Imo%b 15 cong%%ii i §§%§§ﬁag %ma?.ilg e)ttpg:ésg the an bo%x%%ere For exagapfe the
nucleicpeid emkanly iswi ¢ thrdpsenphbsatian diff@renbﬂrdmethatg)f oAkl calact ors

(‘Ishlé %ﬂ)r?éloh r}:%ﬁﬁo'l %glbeglﬁe@q%feﬁsrtg' P Llhue %F ge%gsgﬁ fod [l19, ‘éﬁﬂ?essmn of an

fact or salts as sod rum 2 ori de; crum

operablidighd spaipg seaearephbRAgitaRERCst tremmisey Ihe ek saswrrqm)m suitable for

prokarydi6, | {6 QkhiHgs, ﬁc&u&bpra@ot@d 4119 @n BpshitdrygubRdE, R84 a ribosome binding
suc h GE Al\/h( race

bi otics N ).
stte. E@P’@ﬂ%‘?@ ?IGE?OWH é‘b“ %F R R T e ﬂg:erﬁﬁ‘t?g‘ ’&%‘5% aggnpapcers-
phekentidad "oberﬂﬁl linkai esd it Btpi[a@cﬂﬁnmla fidagonaheBtichsip @ith another

nucleic &%H QEOC%% & nﬁjor gx BSﬁNg Eor%lpreﬁ&lfll{;ncé loresgéret 1&%%%% iso Cﬁaugg d to

er ‘neces a?y su
DNA ftata Palypeptige if d isexpressiant plapnommhat Inatlcmm iogithey s_ecm@wf theo

) '-polypeﬂti'agsd%r(ﬁﬁdtér oP&ahﬁﬂaertuh%e HS, hnl&ﬁeo Q:Udlug N i |1ttaff9r5.'ssthe transcription

such "as tenperature, and the |ike, 25are those
of the sgERF OB STPOUTR BngiPE i trmecTig fnksd g 2 cogding sadepos 16 ft is positioned so as

to facﬂ@&mz@aamn Gersefitly W e!rabtyqlnmp Aefitthad Mhe DNG saqlséhd&abélﬁgwnﬂced are

t f t
contigfy i PR e RS OSBRI e e enbasces
do not lpwothbe echtigmdus. alcalting ik a:cbx;zphslml Hyhigatjpa ai goh@sirntcesspdaesites. If such

: | I .9 ' d
s AL SR A5 Eh AL b E T s B
conven okt e debris, either host cells or | ysed

ARG R, th Sxph BB &, " QU 1B 83T "Sall Jawn@% iskd @ RhkAREbly and
or ultrafiltration. Carter et al.

(19
all suchygegignations inpinde prozeny-1 Brs. feeverds éfﬂl%%maﬂsp r’*%‘b ‘Sansumpgells” include
the pnmaspduajeetr&.gu aittcihas daseihbeion aethee edpRid st tﬁeﬁminhﬁ of transfers. Tt is

I as i.ni c space of E.
also “u‘feﬁsé g Pﬁ?ﬂjp ﬁ%eé’r%cfselgé%eflﬁ??i 'é’gé*‘%foé‘tef'tp Tl\‘e ée)a‘%emte o
madverEﬁl'EA;tatﬂJnd Mg yﬂomp It iswid fhe saphel fluntivn eldbididddBiactidiwes screened for-

oo B S BB BB SR Bt o v

ﬁmnﬂw@mﬁm%dlun] 35super nat ant s fron1such expression
systens are generally first concentrated using a
conmercially available protein concentration filter,
for exanple, an Amicon or MIIlipore Pellicon
ultrafiltration unit. A WD 2007/056470
PCT/ 1JS2006/ 043516 progarai bitg
kci i hPM 4F4ruit4ellitcluded in any of the foregoing
"steps to inhibit proteolysts and antibiotics may be
included to prevent the growm h of adventitious
cont am nants. The anti body conposition _
prepared faun the cells can be purified using, for
exanpl e, hydroxyl apatite chromat ography, ge
el ectrophoresis, dialysis, and affinity
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30 benzet honi um chl ori de; phenol, butyl or benzyl
al cohol ; al kyl parabens such as nethyl or propyl
paraben catechol resorcinol; cycl ohexanol;
-and n}cresol) | ow ol ecul ar ME|gg£mg£ﬁ5émﬂﬁ
i;r % 10 re§| es) pol ypepti de; proteins,
Modes iihse, Iatln or i nmunogl obul i ns;
hydr ophi lic polyners such as pol yvi nyl pyrrolidone;
Ihn&%?@h%?éﬂﬁbﬁﬁﬂ§ﬂﬁﬁmﬁ& gl ycine, glutanine, asparagine,
Istirdine, arginine, or |ysine;, nonosacchari des,
ditsasetshiheem ,pr(ﬁﬁl& oidlafiti-SRPhahipotiat Esenipty tiethadlg for generating
chelatlng agents

nn Xt.rins:
| aﬂﬁbo‘ges 58 %%Ch FAl Ors? S%%l? %’%éeufdﬁowénﬁ tHoPSse, mannitol,

HRRTER AR 3 ing/ E NRP1 atigen doved from s mermmalize

speciesf Broffjreticthe oizovb praan AIRPE SAVREh dEaveeyorcIORYs feoppshe gpegjes such as
murine &Rk (MSQEE ﬂm&)ﬁ%ﬁ)as th@ P4ntiBaN ‘I'h@NRP aﬁ;geﬁs%tna&&&s

such as T m or_ pol yet hyl ene gl ycol

mammylispregecies may be “Hl?éedff"ﬁﬂ?&?“ﬁ’tl R dp B1OF kg P 18 affiesh i produced

recombifafily drihdide S50 oBiet dyriBetiOERdNIchods @At Sary for the
particul ar indication being treated, preferably those
Wikehnitoipietned val npredly baetai seficiebtstrog balingatfingy Hethy NP1

antngf;nf %Elfeg(%?lﬁlgqne a?nﬁlﬁ)%& ma)lz: Sha mwﬁi a k}vaj@}gf &%oqgtﬁﬁx{ %Mt% nM,

Fovi de an | nMmunosuppressi ve agent

preferaply ne @meethan@beﬂ 3 ok and Imprepirederably np poredheaniabewt 509pM; Antibody
afﬁmué%'j”% Setbiled 8) smﬁé&%mx&eéﬁsn& BRPIERIREL dsthEIABS e assay as

he active |ngred|ents may al so be entrapped in
descnb?ﬂ BESEBRIEU BBled P dmutcgpsomeRAstE (YA BE CeTRFstTtsays (5.
RIA%)f@GRaNgeles or by interfacial polynerization, for
exanpl e, hydroxynet hyl cel | ul ose or
gelka tienntitodpoapisshigecatvdipobiglogiod tétirim asdyaeyl, it @jer to evaluate its
effecmgﬁfi%g %%QH&%S c. rSS(ﬁJQl?sg}z |a¥eelln¥w:l hﬂPfg 291 e{.ngld hd (g’lr tHegtaIig%t antl%%n and

systens (for exa SONEeS

mtendf:ﬁﬂsﬁrfe%tbh @ﬂé@dy Ficanise mgluds ta W@m ey a5 desrgbed in the

Exampﬂ@ﬁéi&%?ﬁdﬂo?&h efwill iNHiPRGK eeﬁy [28 uQBSved RUWD sH864M0) faltb%lple)
are disclosed in Rem ngton' Phar naceuti cal Scj en

anubodiﬁlp]ﬁ:ngeﬂt ﬁHB]ﬁI y%mty :>] an% i{gngéﬁ)menbmedlated-ﬁﬁt@toxmﬂy (CDC) 48545
(US Pafefi 5800362)048 ag@isheaouﬁqobrmaﬁampmﬁs ¥ Qaya (i MICsISrEDE2MN

must be sterile. This is readily acconplished by

fTd sereert foomtibties wdpleh bind kd 4 prticiilat epitonean treanigen nBgterest, a routine
cross-b%?ﬂé“%%?ﬁl (91 as a?c%?c%{gﬁlﬁ B%b%ﬁfep S Yo SPALE gprm Harbor

xanp es of sustal ned-releasé preparation
Laboratoryt; Ed Herleye sridgtaridd any (98%h o1 keastiopned of fegnalivell, emiephpapping, e.g.
as descesédmeﬁﬁn;e e{hthw%-m B!oh CRARI7TB8RE.- 1394 Ics;irbeqsetﬁrﬂngﬁg d@EBnine

formof sh ape articles, e.g., filnms, or
Wmmmﬁ?ﬁ?@@%ﬁ%@%%anﬁw%ﬁpﬁé@m?ﬁ sustai ned- rel ease matrices

i ncl ude pol yesters, hydrogels (for exanple,

I AT T A -

3ud Z&fegrw &mbdaﬁﬁbﬁi WA RFEndh pﬁov@ladﬁ adthad f&(gleﬁbrﬂﬁig and selectmg novel

NREDE é%{%tt" 135 l i an@‘ %Ftpfn deg'ﬁﬁl Lagyrg%c 65 gener:;(mn of

synthetmapmioﬁyrﬁiage Btuﬂits Besed chBulgldeme%E@liaﬁéslgljoémmedwersmes
within '5 Ialg“l% gc?rérr;aﬁl? gtﬁsg)lﬁ%o PEO %D%%d’gl %ag%%h%ec FSIE%% %I%\glg l(i!):ﬁail%?éegcﬁon of
candidqtrcﬂnyb@E(s swjith Bigh widfinitytp baagey NRE' amﬂgdn aWw¢1®i09 of Wmlegted;whodie&
as ethyl ene-vinyl acetate and |lactic acid colic
aeetadls et phagey dsndu swetbeds e befounde @rﬁmpb«erwg@%lansmbhshed
Decemie®fi{,2b@s_hydrogel s rel ease proteins for shorter tine
peri'ods. Wen encapsul ated antibodies remain in the
body for a long tinme, they?25 may denature or
aggregate as a result of exposure to noisture at 37C,
resulting in a | oss of biological activity and
possi bl e changes in i munogenicity. Rationa
strategi es can be devised for stabilization depending
on the mechani sminvol ved. For exanple, if the
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tunor at the primary site as well as preventing
nmetastasis of tunors at the secondary sites,
therefore allowi ng attack of the tunors by other

‘wgi;oq e()lziI] cs. Exanples of cancer to be treat ?QT}ﬁﬁfﬁ‘ﬁ&&ssm

»«Ilmt carcmoma
D00 i i niencg b ot bputtng e
solvenemmbie S0 highlg kiwelamﬁmnslmgl 1¢4keons Jqnamsvt) bkSan@iBddly variable domain.
n ance 1.NC |- sha un . .
e T R S
may bmlﬁreibﬂable lopagpratadiderequiindyBbraris by nmmgp‘osmm il ORI, CDRE2 and

CDRES Y Yolth & ijx ﬁﬁmﬁa{ Wﬁgaﬁ%g}gos?x% Qg)ﬁgl_ ﬁﬁ@ &J%%Ih’{ a smﬂe library

gastric of sto ng gas r ol nt
or by g Pf;SlﬁOp%m EPERS rnd SR ICDRéiZI andGPREB tmigrm conald lhedry.
cancer, ovarian cancer, |liver cancer, bl adder cancer,

he BB antibpdyoadibledamaiss cands Eeisratd erpsrample) ey ipespgptions in the
solvenCateSlile arNG HERY tivadse Skitbks@F CDRHE AITSRHEDMR CORM31 Wabtier hbrary can

R Y S T A i

conjunction éth cach ehat tb gerearetindemaf mﬁd\a&tmmus}«“dr y&mleZﬂteﬂtﬁne or more
roi.mds?)(fg Qeijei @(gl%f H%%ch%ﬁ?%%n}asftgﬁmy&énﬁ o g%ar eal ﬁﬁcm? !:Lm%brary can be

replacddyiip e n@u(amqf he@nmllam Hindass [5%6@1}2116[ @ul@slgf seNHLOﬂ to increase the affinity -
of the biftlRr Medi at e grade/fol licular NHL; internediate grade -
di ffuse NEIL; high grade imunobl astic NHL; high

gPraERbly Y IRRINE basdkd By it SrghAAirRRIdS with variant ammo acids in

-clea d ce NHL ; i sease NHL: mantl e cel
the C ‘f%"ﬁﬁ,}[ lPé‘?géﬂ“é’B‘E‘Fh“ﬁ%?h seqppre AP fariling Pfﬁ@camﬂfam a
pluralifyletantitddy lsujuemenwbémm dlasamnénce ijefptydcydmaiﬂylv @ tHe@ITRA3 region of the

f ' ute | ynphobl astic | eukem a 25(ALL); Hairy
eavyé:hg:nllsg?m% em a; chronic nyel-obl astic l'eukem a; and

PRShe LN &R LBy it RGP L:a,ft&f @ﬁh SOf deoal :&Q@mgce,

as wel as abnormal vascul ar proliteration assom

the seqynps ot iefieprraer swino agigethihe (hgwemzeé@mﬁ'éx ATxBseauenest Bepforably, the
Tibrary ctdatebbﬁsuﬁstﬁmm biSak Jeadd &Qﬁﬁ@ 1969 0050¢ Eliélhgal[’@ <hdMDF#h amino acids encoded
by the AEW( (Hféﬂ écﬁ I% té%ﬁ]g#'g dhlés%% ﬁ\?}gﬁ'ttﬁ? %ﬁg eﬁéfe:td):ﬁ gar%.{itgagé{gggltds for every
one of thmacpemuons: olAmregatydé ofa Bgncléotidd @t tharaneelfi] foramtisghdsk

substita{éigH colngﬁ]sg s th@ LG5 g{%gg Fﬂgs%ﬁe %PLM}HS gﬁbtﬁx&h'sl‘c)réaied%{r] saulbstltuuon

. Iros cancer lver
of mdsa?éﬁ@@ae\mh aninscavise pacoded by beth DY aud ANEsndon sktaplsixasple of an

011g0nu§ﬁ51ﬁﬁ BR thaf@ LEhl Rr Grofifil m&%ﬂ%&%ﬁﬁ%@ &€ &E&E@@ﬁz{gé (NNK).
mel anonm, ovari an cancer, nmesot hel | ohm,

T anothey epgimentyg Herasy i aqred iy obsithizon pl 6 siduct #1002 with amino acids
encodedl ByiRsH DK ar@i MVIUER6h de. Ad €@inpk OF & REbitk1e6:@18 G& thal B usdful for

crcating {1408 SRR tomprioss hr et rpice 4200 QYT S Tha R of o

oligonuglaétidb exd ihesis mfeﬁat foe crieiing ﬁteasecsnbsuamdmeompm the danntef(MVK)ﬁ Other

examp}QsFoti' Efitaﬁlg gﬁgge ase s‘%3 s@@%&%@ﬁ us Sekg‘?r%smﬁ 3? célée? S|E'r]%zdac an ec'falet fpocording (o

fhﬂcntfamiﬁﬂ%‘@ﬁég%f the present invention may be used in

combi nation with conventi onal cancer therapies, such

é%@ﬁ]ﬁl‘gf@?hydmmdqhﬁf% RS devignmaetiilizeg o isplate high affinity binders and

o isola@ OB RE b Gﬁﬁt i86ds: ThaMhee of lengths of CIDRH3 generated in this library is 11

200«3%85 47OP S2 6/ Q43516 ricrefia
to 13 angipQyacsfsy qnathsdlﬁfersfg&ﬁ?lémagaé'fa&f) bt grmeratgrpiihdiveraiy can be

expand IR QEifg NMFMWM dobiéh saitds el Ys @bre iRQed OWRRY biNand/or C-
mnmmﬂnclude ot her anti-angi ogenic agents. Many
anti-angi ogeni ¢ agents have been identified and are
known in the arts, including those |isted by
Carneliet and Jain (2000).“1n one aspect, the
anti body of the invention is used in conbination with
a VEGF antagonist or a 5 VEGF receptor antagoni st
such as anti-VEGF anti bodies, VEG- variants, soluble
VEGF receptor fragnments, aptanmers capabl e of bl ocking
VEGF or VEGFR, neutralizing anti-VEGR anti bodi es,
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50r nore separate adm nistrations, or by continuous

infusion. A typical daily dosage m ght range from

about 1 Jlg/kg to about 100 ngy/ kg or nore, dependi ng
Actors nentioned above. For repeat edycrpsaonenassis

!@M§Mt%ng%@@§m§ver al daxs or | ongergDRHI o 2

diversitel &ilg R Jirdddy bf ta%eﬁitﬁftb foihc ﬁ&tﬁ@lraﬁﬁiﬁ)tl@ﬂrepefﬂoﬁd: seR&abed with
Ns OCCuUrs

iR R o1 o ey PR e 3? wﬁ%{a‘t EPIhT B desien
YD SR RSB VPl R S ap R e

H3 andmg:b kegubiitdd boselpeidbrbimalots yg tagetchtiztos |ng mnuagle ﬂnblranctsgalu@eiﬁoled and

sorted l%smo %‘c?.tﬂ?upn gr% % Ee@myﬂ a'.:uH (ﬁut%lﬂ %&Bﬂéﬁt{tﬁoﬂé’ asr cﬁ&hﬁ&r}m@vﬁug@ §nd hergin

era OI‘ treating netastatic col orectal
below. duiiinde sorting Sﬂﬁf@mﬂm%}é@tﬁglplot’% Fetrapptlh ORgyfyationdivaiyps sorting on

target bloﬁ}}ﬁ% V&R R whd Q‘Péo‘iﬁn%rfﬁl a tthh 2P 5@131:&5@151;%5 Ieﬁﬁisﬁﬁtpolypepude (eg.

dm ni stration. er aspec

an S R T R BUPTOR R Gt B o BN g can e
sorted fEERh ket el tarkslid diaﬁﬂiéetﬁé elgteiifidemiatehidatsosedneidgiiohtion phase

t th The f .
‘ l:vmdmgt %gladéﬂgqg@ggongﬁn@gtﬂc}élg 0! r? tb,%{l aBtXl gz é:% 1 Iqw&i%r?s%rﬁ Iﬁ%%rregt c?ctrtmg

methods wmdmf&%nmzaﬁe;ﬁ af (sﬁeuuqm a‘smhrrmghbimmed sequences Fiderovides for
selectlong{’zk num 2y 0@8@%& ﬁléhoﬁ"ﬁ l pe formul ated, dosed, and

ere I'on consi st ent W|th good

gizie é}ﬁr!u RiAGL fo@ fhe teEQ& NRP$ adtQfn A B§1séi§5cﬁﬁduﬂ>ﬂ\m KiPratidd] Bimiting

cont ext |ncI ude the particular QI SOt

diversity insthe BHH2 pomion Gereancs dragrerpryahont 154 Hy i %’&F@?ﬂ*%ﬂ% Tpgo H3 diversity
provides dr Ei:loﬁ‘s’iﬁgh(éﬂﬁtﬁy binﬂdﬁ's Gﬁt]ﬂzh@ libfadéswit ditferdnedyped B divdrdtie in CDRH3

(ce. “%’@ﬁ?ﬂg;”r@% % g“? lﬁh?%ifg’tnée i ]:)nd$ ﬁe%é{ﬁmtéflu F‘?t%ﬁes ofa

target adfigeROadmi ni st ratl on, and other factors known to
medi cal practitioners. The "therapeuticall X effective '
st intders fsolpted framiemodipd Heratiss apdpiuipdabareet igibpen digovered that

affinity Y BE ﬁfﬂer%ré%ﬁl?a ? il @R sity 3le 1iSht bIR@. Mhight FRaildiversity is
anpunt necessar¥ o pr event aﬁ%lg}{ orate or t

senerai] SRR BNGHTER G UBFS I AT BOHA WEBE ot 5eied By RO Tgmino
acid pofibd Eﬁﬁéﬂhé&ecﬁ EBF Mﬂ’h‘aﬁ'jﬁﬁb z)bic‘[ﬂ&mﬁditﬁﬁ()ﬁs’ end@lc@ by BEnt smmo acid position 31

s encof 8 B, RGO PP Y aranty BT shifall B9 R bon 353

encoded BPETE sin PRI Aeanginmaint positiom#l ik baydded hy EBEneming acudwsmon 531s
encode[l % Wbaatﬂh 9 ton i ﬁ_\-nl;}_gl écgcg]gogfglg 9‘_‘! = Qﬁcg@eﬁ b? G‘M}( %ﬁbi’ﬁlmﬁ »amino acid

and other above. These are
positiog@iie prpded bm%fa‘ ot SRT leebashy pming geid gesition A isp¢oped by DMC; amino acid

posﬁm@m Blcdeli @%RVT ArAHS 854 ARitbS ©rhs BRHRIBH 8EHOY MdAmidREAH bosition 96 is
from1 to 99% of the heretofore enployed dosages.

encodedsan EWA|oF yXG&F P&l ati on or treat ment of a disease or

sorder [ voIve t he seni. an
S A o Bt Sy BT B BB hin 3R ERRiy {ROtne and RIS
regtonsﬂi; scaasted. dn ttﬁt;l mr)diment, divertityén GBBES Bfzencmtrclawing ¢ brgiety of lengths of
euti.ca ffe
oAU P S B AN DB, 880
mdmdnzé dhgoeuctdqedem emipepled br digpweleotides 428 be pasid defom éswbsﬂﬁ*efrhbrams
The llbrc'a!n dsecf tHlep(;l&lel(t beafhe softQi a%ﬁﬁ& EhduRd SRR, EXdeBtkolated from

sto cancer cel infiltration |nto}?)er| pher al
mxﬂuple BQy ik be sqaprngs] for tmﬁﬁ?ltyr?@tl albpiscysme BLRY 3says- Hopsnegfgty. the clones

can be §¥defdAlag, mﬁst‘ﬂﬁ@ﬂf%sﬁé % P anBALE Brwell@l btﬁéfaozgﬁg& @ﬁ@eﬁxt['ﬁm binders to
one or nore of the sy associ ated with the
the targephRiglantigpp %ﬂﬁ@%ﬂé&@ﬁ@ﬁtﬂ%ﬁ)@%ﬂ%ﬂ Y PRGIER £ BFLISA assay o

and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxi & In some enbodiments, a
conposition of this invention can be used to prevent
the onset or 35 reoccurrence of the di sease or

- disorder in a subject or mammal. WO
2007/ 056470PCT/ US2006/ 043516 Non 'rfpaaM E The
anti bodi es of the invention may be used as affinity
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35 of Enzyme-Anti body Conjugates for use in Enzyne
| mmuunoassay, in Methods in Enzym (ed J. Langone & H.
Van Vunakis), Academ c press, New York 73:147-166.

\gﬁ d&smof enzyne substrate conbi nati ons [ %%906,043316
/ 05647OPCT/ Us2 5
spoticd Q@”%ﬁ e Bk goiolded i nh@?aﬁ WZ&&% sets

-prepare@8s cﬁscﬁﬁ@ﬁibﬁ@t ChesWbiadcdd dan bh2adilyPiddgen afmtiaxies aswtigen binding

oxi es dye precursor (e.g.,orthophenyl ene di am ne
ﬁagme‘tt@%}gﬁ ldg %"Xl B.ge t etranet hyl benzi di ne

Ii% om%%a S;cféljgenf A:é}x%%} %esu- éa}e ato ante e E)Jh)eaﬂ%: é%?iﬁ,r dlversﬁg in lengths

of CDR@H regrrog Eeri eemmllﬁasmabedesaﬂﬂe @Ee@a@éib@@@wt regions ranging

from abbi 75 B indMcldd @ chronogeni c substrate (e.g.,
- p-nitrophenyl - p-D gal actosi dase) or fl uorogenic

Sﬂﬁﬁﬁcﬁrﬂ@ Binfdr ORIV £ Ble ibfaBETE tHEse Qmﬂ&inﬁéiﬁsflﬁé 1@&519 produced in
rate.co a.t ns al.

Nuner ous ot her enz
bacteris) M FHANPLS 1) UGS Mo TP e o el amge
sequendeeﬁﬂbleaw o0f tagsh&ﬁl&,oaﬁﬁﬁmﬂccﬁnpoﬁaﬁ sdqtientdo sud/oﬂ o248 nﬂp@ﬁst&i]n thgion

Sequences‘,o tr-:]) Proy. 16(11? goa }_31‘081%%0]% ?r?é%]é ?ELE argl%bcﬁersﬁr Zntied] I d%;c %ments in high yield.
Vaeh]}ldé %@%&ng& @Smml%y For el MkAY sﬁmfy%maang ewaagfems of

or -exa can conj u at ed

other CBR& £9r gxeaply Cd?%uo@%% QDﬁléeCB 5@1(160&?@53?-1 dpr exampie in one
embodiin& {8 CORENH-RNR oM Ey A CINIL ikt ekt bk bdhteRY/didhen,

e 5 S S o BB S S oS lg Wben

predetemﬂnetdlabcﬁm sed i ethem@nbvdimenih h&ﬁﬁaﬁﬂh\n&lla}zionstt@tha CDHRES @an be

d.| r on atian b '
combm?cﬂ eh[%r }:Apng %ar%ialbtg é%lil-gl &gklﬁﬂnﬁa %16 %aé%‘]ab% %g%ams In
one emighidipeni, the C@Rﬂl élheryafa credied wrdfmehwizqdm@@dm #D§ seesdnge Wlth variant

" amino aUEE‘&t' %ﬁﬂ é‘éo@(y 81 '3% a&é&p nj @9@1—1@ %bl‘ﬁfytngi @Qc@zﬁ&i witARd $elluence of

-anti ., anti-digoxin anti )ﬁs

humam%qé@mrb@etﬂ?ﬁdﬁ Gat SFne FCIETE PsioB 5%52;/ ﬁﬁéﬁamfr%w the
Predeteﬁlaﬁbdl@@doggag eved. I n anot her enbodi nent of the

i nvention, the antibody need not be | abel ed, and the
Anﬁ-NRPBAﬂﬂﬁﬂyMwnmf can be detected using a IabeI ed

ant i body which binds to the anti body. The anti bodies

dhe ndvel apne@@h entibpdsegenéreind frery plyae Bhrpries gaade furthegrmodidied ngenerate
mbod?ﬁ]ﬁ@e(tsw Qcaaschagma%mtw&agyce ﬂ%ﬂ%ﬁﬂe@&e@ﬁéﬁéﬁéﬂ antibody.

direct an |nd| ct sandw ch assays

Where e gpddes '13?19@%%1 MRS a3ys the Zesibady %WBE‘F%W%W has a biological
actlvlty 'ﬁﬂhé 208108 SoicAwivRR 1k 1ead aﬂfﬁﬁ mfoﬂllba%r pRiordbfy/at ead aﬂc@Rﬁ) fold

tig bi
vt b et B o o
better, thunttlib tﬁd]@daﬁs:ﬁw@aﬁﬂic@aﬁﬂainyliﬂy foahat besayd IFﬂ@xumlﬁIh afl anti-NRP1
t_pof t
laudllt ézretfe guhn :—:é 81?%1“% L )g %)F Nﬁpf\gﬁo rl? ) lea(g ab?ur%tl{ﬁ E)?c{]stroﬁger
preferabdpnasdpast ab;:ful mfa]ddgqmgelt, hwte ];b@fg‘@lﬂp at I@g@h@t ﬁQ)fotcﬂ'sg:onger and sometimes
at least %Le 1 @& &‘)J ﬁmf @bhdet i EhedmndiiG LAY O tﬁepbaieh@ana T8t tantibody.

of st an ar at becones bound, the antibodies

qerge{eeté the Aol ARRhU Bhd drafeh RAFOLR Rrathl e, $uBRitutions) are
npetition, so that. the standard and ana yze t hat

mtroducs#eoaeawaor%wwpeﬁﬂaﬁl&d%é%ﬂs Refje RGPt PjorpRiively, or in
add1hon$ &[é&f ﬁlgﬁ@léffrﬁtigﬁé Gel%ﬁmﬁ&t&itﬂﬁi) @f Bifewdilak giZIﬁreMJﬂieQﬁa)F S Wirdituced in
andw ch_assays invol.v
th pare B PR AL O B e P SEinih B giody mtant
for the antiged mmgﬂlm secop® mkinonlianGpeddn] Hxagles dffratnbveord fe@iod kidhe thomodify
include aﬁtae C[]%Cgl Iﬁo%'c%%@]h%qu%ﬁge ?&% r%\mg %taa&?%zs) cgpzcl:e%3§'947—753);
|nnDb|I|zed on a SO|Id sup % and thereafter a
second anti body binds to the analyze thus form ng an
i nsol ubl e three-part conplex. See, e.g.,U S. Pat No.
4,376, 110. The second anti body may itself be | abel ed
with a detectable noiety (direct sandw ch assays) or
may be neasured using an anti-i nmunogl obul i n anti body

antlbod¥
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invention with the sanple and observing the anti-NRP1
anti body bound to the NRP1 in the sanple or
deternining t he amount of the anti-NRP1 anti body

RP1 in the sanple. In another enbo
é& tnlr % NRP1 in subj e 9 %%(}6}'@3316
interfié iy

R Chittin BRI P Bioh 601 957 anclos

parumpa@ it @@?@ U?Jﬁﬁﬁ‘e}fa@@ SHSPLONT)Nth deAdn aﬁuoanﬂélﬁ%Ehoaﬂicam d¥one or
bound (0]

e NRP1 in the subject or
more of g4eh TAMRATqEL rpgion Fudugtesul We%qmﬁ @%ﬁﬂ% REgs1 the gotibody
for the &gﬂigetﬁﬁthh &6 Ee&éﬁ rEhmmalt i @ EGiesTPoISRampla bbmtabou: me to ﬂ)\bu:t)five
a tic
framev g e Y e R rEenE bk e SRRMERLC R ey b
sufficiehirto gieldiah antibody. mutant paekda fre dsedoplotlingtlitdats, oven Mbergeorest thn

| hyperv:%feaglg ?etlgﬁm Hﬁ% ﬁw%t ltaor'nlgﬁ}I Bb@v&oﬂé axftzgﬁdy mutant wﬂl comi)nse

l'agnostic assay. \WWere thé antibody:

ﬂddihonaéhﬂpah@h?é& regiquipltgmaticats»yne, the kit will include _
substrates _and cofactors required by the enz )

(Ibe gypervarishpyegipneddyss whigh &g Rlegged e beyihguaed a0ty cspecially where

the staxd@gtlﬁmmu Bf @EPREOARIbEy if fudomhanhdretomlypraadai tatibody mutants
ot r add tlves may be included such as stabilizers,
can be ,.a block buffer or lysis buffer) and

t(;]ne usefl%kl grocg-({]ﬁebflc’)r %c/a r!ih\{xg l?cﬂgﬂﬁ)toﬁ% lgtfltalfrt%gf%l@t{ ';a%ﬁie scanning
mutagemsn& &mmaxhammsd Wialls@9a9 § @wmowltlﬁ&l H8a)gy dlsresongier wpre of the
hyperva?ﬂpﬁ }e@[&l't&kdué/(s)% rlaﬁﬁc%@bj} zﬁﬁn&%ﬁ Sotbalavink Yesiﬁﬁe(g) l&?affect the interaction

ay Particul ar he reagents nmay rovi ¢

of the aa&mews pistnere ?%lg%@%%r% WPWWWE%@“‘?% El“ifa ar"aﬂable region
re&due@)(&‘drﬂbhﬁﬁhﬁg fedtiedul 58331%@3@{’{15 Eribetitutivnd ﬂhed)ii@l\tfiﬁiﬁ b@introducing further

oonetSRAERL SO O, DL ERRAIERE B om0 nin i
sequendvatifven isqndolewchimind} thofandrdref thanneaiion per,se pagd agitbi pledeteyfined. The
ala—mut?ﬁggrfogl%géjﬁn% f“%? Er%%%&n@cgf MBLeh bﬂ%l?ﬁil ggtﬁrfd"zls dt:&ﬁb&rﬁgrem

I'sorders des ed "above I s

FNCQM&IMG wotl8 siﬁﬂi tvitﬁ;!a EonirvAFB M b ARl Sick TR %@n Bé'_l@w under the
contalner and | abel ., Suitable contalnerSJ

heading g DSSERBRISOR | B Sich Y ATIAORE et 3 ehongh 1 Pl scivity (e
bmmngtaﬂbﬁ@) thER GofQilsRinte Eﬁng@ydebmﬁmmeﬁmbra@mlmmamseinyhaiﬁuowmg

bt of B G E S S R e B SRy PP rocucs
screenetthe condition and nay have a sterile access port (for
exanpl e the container may be an intravenous sol ution
Preferrddzgpbstitutionsyi al ~ havi ng a st opper plerceable by a
hypoderm c injection needle) The active agent jin the
conp05|tQ%wmﬂs t heEsmplasbdy. The | abel| Peferedr
associ atedigwd t h, BO the container indicates.that the
conposiftion is us popbpigpt ??eatlng t he (%H PSS lof

choi ce. 'Tho arti-el-e—af—Franufacture—ray

conprisé“ﬁ‘@econd rltaiher conpr|5|ngVQUIL”CI

phar mageptical-ty ffﬂﬂntable btef—stj @ as
phosphaf%ggﬁffere Y%éT 3 R nger's soition and
dextrosc—;"'uliu.. hlhﬁ' further—ncitge ot her
mat er i gl’&" |rab ghrtom %onnercial nd user
st andpai-p u é%jdnu ujlﬁllg ottrer—buf-fers,—dh 'uucnt S;

filters | es, yringes and packag€ inserts| with
i nstrugt f-ot

2007/ 056c %‘ECT/ US?%&/ 043516 e

Iteliaif 31 et ASTtsT &I IT I8 I ey eT ety t
iIIustrate%?he practice of the present |nvent|op and

are not provided by way of limtation. The

di scl osures of all patent &hd scientific literatures
cited herein are expressly incorporated in their
entirety by reference. EXAMPLES 5 Exanple 1.
Generation of Anti-NRP1 Anti bodies A Ceneration of
Anti body Phage |ibraries A variety of nethods
are known in the art for generating anti body
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25296: 57-86; Sheets etal. (1998) Proc Natl Acad Sc

USA 95: 6157-6162; de Haard et al. (1999) J Bio

Chem 274:18218-18230. By i ntroducing synthetic
v%)’n%’h@%sﬁ% at sol vent - exposed posi tions W thi et Beos0a3s16
vart ablge-heavy—eh AQ

R—comlamant ari t v dat oar m ni
UUIIrJI TrieTTIre AT i < wC T Irr

: : AL ML 2 1 asp
regi ons reret al . devel oped 3
phage- di-splayed—syht-heti-c—antibedy—+RHrary—but-+ on a
single Hﬁﬁéﬁyfraneﬂﬁrﬂa(VL -kappa |, \1**ubgoup| no.
Si dhu efat—F2004)—3—-MNel —Brol—30338-299-310+—+tpe et
al . (2005 B Mol BRSISBAS ¥873- 1003, (A% er et Rl

(1992) aiagrﬁbd—ﬁﬁ"d_°fi HSA—89-4285-14289—Fhts " VH
li brary!'™ Wwa's displ€§€§t3§ﬁ§£%P$%Ient a%?ﬁgen-biwding
fragnent (Fab'2) ancleus®d tail ored coqons to mpc
the natlural diversity observed in hundn
i mmunog|lsfoul) n. Leeorerciag: ile; ¢A004) ald | midenol Met hods
284:119-132. Wi l P&he VIl library hagq perfornmed well
as neasured by the affinity and functijon of der|ved

ant i bod brg@fliafd cations i n li;pgary degign
can be desirabl e i{n generating 35funct|i ona

ant i bodigs o cer&ﬁmﬂmQQElgen targets [gdg I NTerept.
The recent availability of trinucleotildes for

ol i gonuicke@k) de SYmuwesis enagdl ed the [asi ity tp
i ncreaslke am no acijd diversity w thout |i ncreasi ng DNA
44 WO PO 0564 70R&T/ US2006/ 043516 difwaeri | | E
klieWljVitiarfititileWA nibs generatgd as descfti bed
herein,| Sh&ein theérhi ghly vari abl e pqgshtions i
CDR-L3 mere further diversified, sincg CDR-H3 ahd
CDR- L3 [HErit he i peer sphere of the antsegen- bi ndi ng
site. Man et al.1(1991) J Ml _Biol 217:133-151

Mat eri a)] B &Wd Met hoggphe The VH VI tyfai ve |iprary
tenplatle with congensus CDR-11_ -12 13  -111 and
- 112 waisTg&hkr at eq BsP9idhro¥el gonucl eot i|dB di r ect pd

nmut agen m d pV035Q-4 withstop-codohs on

CDR- 113} ¥ &VHi spl afeikg: Beivelsrdl®y on t Hd®sur f ace of

ML3 bacl eri ophage | pafedi®d es. Lee et al|. (2004) J§ M

D al 340:1073-1093. Phage-di spl ayed lijbraries were

constructed using- Kunkel mnutagenesis nethod as

descri bed (Kunkel et al. (1991) Methods Enzynol

2y4n WRG-sAI3Gntial wiotlificaions ix the pesibodicrhielogiesh propetifes are accomplished by

ol - _ ) e _ .
ot S B R LAD ot A MO R, Bl e
polypeptigp hickbampi the easef i seltiiatien, forpramiple: gehrst prdlicabropiopppgion, (b)
the chafge Olyldthp ROy WEIHE nRleafid & RGraL G, biih)QAhdbunCa e sIS326h. Naturally

.cell, -1011 cells), as described (Sidhu et al.
cccumigseidhes a it e s GRS OPBPR Y JEBHSTREE her o
i iz t he r.ceptin(r erd ved VLi nppai and
@h&ﬁ@@?‘ﬁﬁLT§£$¢%%§ﬁbgéV§§g &4 for the VI Iibrary,

e i di;spl ay wel | on bact edophage,
22%%@?@ﬁagﬁﬁﬁgﬁggggggﬁg?h%ﬁﬁ whi ch can rapidly be
QovREd &g Hi@ a full Tength 1gG that expresses well in

il

nmanmal i an cells. Lee et al. (2004) J Ml D al
Q@ﬁm&@l@;%@%%; Carter et al. (1992) Proc Nati Aced
Sci USA 89:4285- 4289. The libraries were displayed
af) tdicphagahstieichieo@staorbplyalr&nhd Fab (Fab' 2) by
bei ng fused to the phage coat protein P3. This
iensadremit: tch, s/plphy. was i ntended to increase the
apparent binding affinities to 20 i mobilized
antigens and help to inprove the recovery of rare or
lowaffinity phage antibod% cl ones. To avoi d
potential biases inherited Fromthe

Her cepti na-deri ved CDR sequences mai ntained in the
light chain of the VII library, consensus kappa | CDR
sequences were introduced into the tenplate for the
VH VL |ibrary. Consensus CDR residues are determ ned
by sel ecting the nost preval ent am no aci ds existing
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1_516: 1-7. Thus 12 sub-libraries were constructed with
different CDORH3 lengths varying from9 to 20 am no
aci ds. Conbi ned, these sub-libraries cover

\’@(P 0xa,b%n:}atel y 90% of CDR H3 length variati 0%61‘7{132(}06/043;16
n %%é k%g onucl eot | des en od| CDES
t §% PFHOIERE £ MROES %ﬁﬁ ses for

-another%ﬁ'g)sbl ed us to easi I y deI ete cysteine (rare in

CDR-H3), and to boost |evels of glycine, tyrosine and
IR 5rofes enitdGinemSthe by plkand fof esdifitation re1afGER tiBured/fising pbige

. |. (1991)J Mvl Biol 217:133-151.
dlsplaY?ﬁe??:f%Effg ) | 33-151. Codon X7, a 20

eoti de m xture of about 15.6% each -seri ne,

tﬁ{l'fc&%'a&& mo% qes%ngo%ng%nun\é”a&@ seﬁue]u@ :ﬁﬁﬁﬁs £4 rEl!i}a?ed by a vanety of

g cystel ne, was used for
methodebiv ;mm I inglade by g reitimited tosaljEpmckphdsrdisted (or

s1te-d1r£c%n)01ﬁl!ml—meﬁé'sism@ﬂ RRbLEAES, md)éﬁﬁlé'tt@ hrtaB¥nkfi€sr@A barlier prepared mutant or a
inations of trinucl eot| es vvere alg used i.n

noo-muigra EFIAT P rent gpogy- ToReiRE mjugAnts gsite directed

mutageﬁé'éﬂ‘(\d’ée iely., Kaftee(1bk5)anst, ﬁdpﬂlzcﬂn‘ﬁ:ﬂw.h 85&@3)8 I, OO dons X1
to X6 have a hi gh percentage of senile, tyr03| ne, or
gh y@ﬂaiﬁembéﬂlmém tte 280M0df meart Wlﬂbqnly)@vdfmsn@h}@eﬁlanable region residue

. r t f
sl RS A R B SO e
antibody rwﬂlgh;wqa been s@pm‘.utx@ elgalson? gortyp bt teg hy ResTapiphle regif substitutions.

VH VL antibody phage |ibrary was estimted_ to have
aﬁiém@h’, ﬁ@taeqﬂgpdg_ mﬁavthIthWP@Ve&| g)&ﬂgwperwﬂl have an annno acid

sequcm%(hgﬁﬁ %&Qmﬁ@écﬂ%ih@zuT;a&iamﬁllaﬂig&ﬂﬂlhftﬁ%ainhlﬂ%cidrsequence of

e b9 i B R g 1, o

‘ preferably aledsERS, mgretpleternils it 1td0%| @i mos;mrqﬁ@alﬂﬁcat@sté’i%s idemgy or

srmﬂan ey artesg)r &% 60 tlﬂls n%% 0 Esl (Q%H E%OHC]I mﬁe &Ec%}{tgée%?gﬁmg %m %ldues in the

unan ant | I es a glrven p05|t|on
candiddtessegivoseribat gih fidshtidab(i.e sgmeugsidpegr m&aﬁ% amigp pejfiFeeifige fepm the same

 group t%%ﬁ o SRS -cAO0 BropitiBR el iaR) with @il %a@nt%ﬁ%ﬁf‘ﬁ:ﬁ&ue@ M€ter

o human heava/ chain sequences j.n t

aligning| B¢ gagBaneesERAFEPAUSios gaps. if AeepFyY- I aé%la‘fe ‘@&f@?ﬁmm percent sequence
identity? %n@@@@teﬁ@lﬁ.) C-termin@DRSntR64 et teBidss, Rdaiods) esinfriwainertentibody
sequen%)eg)ug% ; tﬁc Varr]i%bqa Qorga% éhgj? ge! c%%str(le@ as affecnngz 386:q1§én§e zden%%' olr s:ﬂ)g‘lanty

Following production of the antibody mutant, the biological activity of that molecule relative to

‘the parent antibédy is determined. As noted ahove, this may imvolve determining the binding affinity

and/or other biological activities of the antibody. In a preferred embodiment of the invention, a panel of
antibody mutants is prepared and screened for binding affinity for the antigen such as NRP1 or a fragment
thereof. One or more of the antibody mutants selected from this initial screen are 6ptiona}1y subjected to
one or more further biclogical activity assays to confirm that the antibody mutant(s) with enhanced |
binding affinity are indeed nseful, e.g. for preclinical studies. '

The antibody mutant(s) so selected may be subjected to further modifications, oftentimes
depending on the intended use of the antibody. Such modifications may involve further alteration of the
amino acid sequence, fusion to heterologous po_iypeptide(s) and/or covalent modifications sach as those
elabbrated below. With respect to amino aci;i sequence alterations, exemplary modifications are
elaborated above. For example, aﬁy cysteine residue not involved in maintaining the proper conformation
of the antibody mutant also may be substituted, generally with serine, to improve the oxidative stability of

the molecule and prevent aberrant cross linking. Conversely, cysteine bond(s) may be added to the
29
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S 55 CDR-L1 31 S44 32 Y67 33 L 94 50 G25 51 A
79 CDR-L2 52 53 S S 95 36 54 R

WO 2007/056470 : PCT/US2006/043316
antibidy tgrrfnﬁtjge(r'éih%bﬂﬁ%abljligy(ﬂpﬂéfﬁﬂﬁlﬂrly where the antibody is an antibody fragment such as an Fy

| fragment). Another type of amino acid mutant has an altered glycosylation pattern, This may be achicved

7 by deleting one or more carbohydrate moieties found in the antibody, and/or adding one or more

glycosylation sites that are not present in the antibody. Glycosylation of antibodies is typically either N-
linked or O-linked. N-linked refers to the attachment of the carbohydrate moiety to the side chain of an
asparagine residue. The tripeptide sequences asparagine-X-serine and asparagme—X—threoniﬁe, where X

is any amino acid except proline, are the recognition sequences for enzymatic attachment of the

carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tripeptide
sequences in a polypepﬁde creates a potential glycosylation site. O-linked glycosylation refers to the
attachment of one of the sugars N-aceylgalactosaminé, galactose, or xylose to a hydroxyamino acid, most
commonly serine or threonine, although S-hydroxyproline or 5-hydroxylysine may also be used.
Addition of glycosylation sites to the antibody is conveniently accomplished by altering the amino acid
sequencé such that it contains one or more of the above-described tripeptide sequences (for N-linked
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more
serine or threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

Vectors, Host Cells and Recombinant Methods

The anti-NRP]1 antibody of the invention can be produced recombinantly, using techniques and
materials readily obtainable. ‘ -

For recombinant production of an anti-NRP1 antibody , the nucleic acid encoding it is isolated
and inserted into a replicable vector for further cloning (ampliﬁéation of the DNA) or for expression.
DNA encoding the antibody is readily isolated or synthethized using conventional procedures (e.g., by
using oligonucleotide probes that are capable of binding specifically to DNAs encoding the heavy and
light chains of the antibody). Many vectors are available. The vector components generally include, but
are not limited to, one or more of the following: a signal sequence, an origin of replication, one or more

marker genes, an enhancer element, a promoter, and a transcription termination sequence.
i Signal sequence component

The antibody of this invention may be produced recombinauntly not only directly, but also as a fusion

polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other polypeptide

having a specific cleavage site at the N-terminus of the mature protein or polypeptide. The heterologous
signal sequence selected preferably is one that is recognized and processed (i.e., cleaved by a signal
peptidase) by the host cell. For prokaryotic host cells that do not recognize and process the native
antibody signal sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for
exarople, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin I
leaders. For yeast secretion the native signal sequence may be substitnted by, e.g., the yeast invertase
leader, o factor leader (inclnding Saccharomyces and Kluyveromyces a-factor leaders), or acid

phosphatase leader, the C. albicans glucoamy]ase leader, or the signal described in WO 90/13646. In
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mantiniliah coilbEbkdon; dhtiaitttignal sequences as well as viral secretory leaders, for example,

the herpes simplex gD signal, are available.

The DNA for such precursor region is ligated in reading frame to DNA encoding the antibody.
(it) Origin of replication cormponent

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to
replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that
enables the vector to replicate independently of the host chromosomal DNA, and includes origins of
replicéﬁon or autenomously replicating sequences. Such sequences are well known for a variety of
bacteria, yeast, and virnses. The origin of replicaﬁon from the plasmid pBR322 is suitable for most
Gram-negative bacteria, the 2y plasmid origin is suitable for yeast, and various viral origins (SV4(0,
polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in mammalian cells. Generally, the
origin of replication component is not needed for mammalian expression vectors (the SV40 origin may

typically be used only because it contains the early promoter).
(i) Selection gene component

Expression and cloning vectors may contain a sclection gene, also termed a selectable marker.
Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g.,
ampicillin, neomycin, methotrexate, or tetracycline, (E) complement alixon'ophic deficiencies, or (c)
supply critical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase

for Bacilli.

One example of a selection scheme utilizes a drug to atrest growth of a host cell. Those cells that
are successfully transformed with a heterologous gene produce a protein conferring drug resistance and
thus survive the selection regimen. Examples of such dominant selection use the drugs neomycin,

mycophenolic acid and hygromycin. '

\ Another example of suitable selectable markers for mammalian cells are those that enable the
identification of cells competent to take up the antibody nucleic acid, such as DHFR, thymidine kinase,
metallothionein-I and -IT, preferably primate metallothionein genes, adenosine deaminase, omithine

decarboxylase, efc.

~ Por example, cells transformed with the DHFR selection gene are first identified by culturing all
of the transformants in a culture medium that contains methotrexaié (Mix), a competitive antagonist of
DHFR. An appropriate host cell when wild-type DHER is employed is the Chinese hamster ovary (CHO)
cell line deficient in DHFR activity.

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHER)
transformed or co-transformed with DNA sequences encoding antibody, wild-type DHFR protein, and

another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected by cell
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growitnlin Tetibditdd fini M & it ithiFhgent for the selectable marker such as an aminoglycosidic
antibiotic, e.g., kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199.

A suitable selection gene for use in yéast is the #p1 gene present in the yeast plasmid YRp7
(Stincheomb et al. (1979) Nature 282:39). The trp1 gene provides a selection marker for a mutant strain
of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1. Jones
{ 1977) Genetics 85:12. The presence of the trp1 lesion in the yeast host cell genome then provides an
effective environment for detecting transformation by growth in the absence of tryptophan. Similarly,
Lew2-deficient yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the
Leu? gene. 7

In addition, vectors derived from the 1.6 pm circular plasmid pKID1 can be used for
transformation of Kluyveromyces yeasts. Alternatively, an expression system for large-scale production
of recombinant calf chymosin was reported for K. lactis. Van den Bergk (1990} Bio/Technology 8:135.
Stable multi-copy expression vectors for secretion of mature recombinant human serum albumin by
industrial strains of Kluyveromyces have also been disclosed. Fleer et al. (1991) Bio/Technology 9:968-
97s.

(iv)y  Promoter compdﬁent ,

Expression and cloning vectors usually contain a promoter that is recognized by the host
organism and is operably linked to the antibody nucleic acid. Promoters suitable for us-e with prokaryotic
hosts include the phoA promoter , f-lactamase and lactose promoier systemns, alkaline phosphatase, a
tryptophan (trp) promoter systens, and hybrid promoters such as the tac promotf;r. However, other known
bacterial promoters are suitable. Promoters for use in bacterial systems also will contain a Shine-
Dalgamo (S.D.) sequence operably linked to the DNA encoding ther antibody.

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich
region Jocated approximately 25 to 30 bases upstream from the site where transcription is initiated.
Another sequence found 70 to 80 bases upstream from the start of transcription of many genesis a
CNCAAT region where N may be any nucleotide. At the 3' end of most eukaryotic genes is an
AATAAA sequence that may be the signal for addition of the poly A tail to the 3' end of the coding

sequence. All of these sequences are suitably inserted into eukaryotic expression vectors.

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3-
phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate
isomerase, 3-phosphoglycerate nmitase, pyruvate kinase, triosephosphate isomerase, phosphoglucose

isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters having the additional advantage of
transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2,
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isochtoBhrbs U S ld fhosphiibdradebidative enzymes associated with nitrogen metabolism,
metallothicnein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and
galactose utifization. Suitable vectors and promoters for use in yeast expression are further described in

EP 73,657. Yeast enhancers also are advantageously used with yeast promoters.

Antibody transcription from vectors in mammalian host cells is controﬂed? for example, by
promoters obtained from the genomes-of viruses such as polyoma virus, fowlpox virus, adenovirus (such
as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegaloviras, a retrovirus, hepatitis-B
virus and most preferably Simian Virus 40 (SV40), from heterologous mamanalian promoters, e.g., the
actin promoter or an immunoglobulin promoter, from heat-shock promoters, provided such promoters are

compatible with the host cell systems.

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction
fragment that also contains the SV40 viral origin of replication. The immediate early promoter of the
human cytomegalovirus is conveniently obtained as a HindII E restriction fragment. A system for
expressing DNA in mammalian hosts using the bovine papilloma virus as a vector is dis;closed in1I.S.
Patent No. 4,419,446, A modification of this system is,t.:lescribed in UU.S. Patent No. 4,601,978, See also
Reyes et al. (1982) Nature 297:598-601 on expression of haman B-interferon cDNA in mouse cells under
the control of a thymidine kinase promoter from herpes simplex virus. Altematively, the rous sarcoma

virns long terminal repeat can be used as the promoter.
) Enhancer element component

Transcription of a DNA encoding the antibody of this invention by higher eukaryotes is often
increased by inserting an enhancer sequence into the vector. Many enhancer sequences are now known
from mammalian genes (globin, elastase, albumin, a-fetoprotein, and insulin). Typically, however, one
witl use an enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer on the late side
of the rép]ication' origin (bp 100-270), the cytomegalovirus early promoter enhancer, the polyoma
enhancer on the late side of the replication origin, and adenovirus enhancers. See also Yaniv (1982)
Nature 297:17-18 on enhancing elements for activation of eukaryotic promoters. The enhancer may be
spliced into the vector at a position 5’ or 3' to the antibody—encoding seqaence, but is preferably located at

a sife 5° from the promoter.
(vi) Transcription termination component

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, or
nucleated cells from other multicellular organisms) will also contain sequences necessary for the
termination of transcription and for stabilizing the mRNA. Such sequences are _commonly available from
the 5" and, occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions
contain nucleotide segments transcribed as polyadenylated fragments in the uniranslated portion of the
mRNA encoding the antibody. One useful transcription termination component is the bovine growth
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(e.g., B. licheniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P.
aeruginosa, and Streptomyces. One preferred E. coli cloning host is E. coli 204 (ATCC 31,446), although
other strains such as E. coli B, E. coli X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325) are
suitable. These examples afe illustrative rather than limiting,

In addition to prokatyotes, eukaryotic microbes snch as filamentous fungi or yeast are suitable
cloning or expression hosts for antibody-encoding vectors. Saccharomyces cerevisiae, or common
baker's yeast, is the most commonly nsed among lower eukaryotic host microorganisms. However, a
number of other genera, species, and strains are commonly available and wseful herein, such és
Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K.
bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum
{ATCC 36,906), K . thermotolerans, and K. marxianus; yarrowia (BEP 402,226); Pichia pastoris (EP

. 183,070); Candida; Trichoderma reesia (BP 244.234); Neurospora crassa; Schwanniomyces such as

Schwanniomyces occidentalis; and filamentous fungi such as, e.g., Neurospora, Penicillium,

Tolypocladium, and Aspergillus hosts such as A. nidulans and A. niger.

Suitabls host cells for the expression of glycosylated antibody are derived from mulficelfular
organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains
and variants and corréspouding permissive insect host cells from hosts such as Spodoptera frugiperda
(cateitpi]lar), Aédes aegypti (mosquito), Aedes albopicius (mosquito), Drosophila melanogaster (fruitfly),
and Bombyx mori have been identified. A variety of viral strains for transfection are publicly available,
e.g..the L-1 vasiant of Autographa californica NPV and the Bin-5 strain of Bombyx mori NPV, and such
viruses may be used as the virus herein according to the present invention, particularly for transfection of
Spodoptera ﬁ'ugiperda cells. Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and

tobacco can also be utilized as hosts.

- However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in
culture (tissue culture) has become a routine procedure. Examples of useful mammalian host ceil lines are
monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); buman embryonic kidney
line (293 or 293 cells subcloned for growth in suspension culture, Graham et al. (1977) J. Gen Virol.
36:59) ; baby hamster kidney cells (BHK, ATCC CCL 10); Chinese haruster ovary cells/-‘DHFR {CHO,
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Uttt AL (1807 B Wtk bt %8B Usa 77:4216) ; mouse serioli cells (TM4, Mather (1980) Biol.

Reprod. 23:243-251 ); monkey kiduey cells (CV1 ATCC CCL 70); African green monkey kidney cells
{VERQ-76, ATCC CRL-1587); human cervical c‘arcinoma cells (HELA, ATCC CCL 2); canine kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human hmg cells
(W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mamisary tumor (MMT 060562,
ATCC CCL51); TRI cells (Mather et al. (1982) Annals N.Y. Acad. Sci. 383:44-68); MRC 5 cells; F54
cells; and a human hepatoma line (Hep G2).

Host cells are transformed with the above-described expressidn or cloping vectors for antibody
production and cultured in conventional nutrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.
(viii) Culturing the host cells

The host cells used to 'producc the antibody of this invention may be cultured in a variety of
media. Commercially available media such as Ham's F10 (Sigma), Migimal Essential Medinm (MEM),

" (Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are suitable

for culturing the host cells. In addition, any of the media described im Ham et al. (1979) Meth. Enz.
58:44, Bames et al. (1980) Anal. Biochem.102:255, U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762;

' 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culiure

thedia for the host cells. Any of these media may be supplemented as necessary with hormones and/ox
other growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as adenosine
and thyrmdme} anubmtzcs (such as GENTAMYCIN™drug), trace elemerts (defined as inorganic
compounds usoally present at final concentrations in the micromolar range), and glucose or an equivalent
energy source. Any other necessary supplements may also be incladed at appropriate concentrations that
would be kmown to those skilled in the art. The culture conditions, such as femperature, pi, and the like,
are those previously used with the host cell selected for expression, and will be apparent to the ordinarily
skilled artisan. '
(ix)  Antibody purification

- When using recombinant techniques, the antibody can be produced intracellularly, in the
periplasmic space, 0r direcily secreted into the medium. ¥f the antibody is produced intracellularly, as a
first step, the particulate debris, either host cells or lysed fragments, is removed, for example, by
centrifugation or ultrafiltration. Carter et al. (1992) Bio/T echrology 10:163-167 describe a procedure for
isolating antibodies which are secreted to the periplasmic space of E. coli. Briefly, cell paste is thawed in
the presence of sodium acetate (pH 3.5), EDTA, and phenylmethylsulfonylfivoride (PMSF) over about 30
min. Cell debris can be removed by centrifugation. Where the antibody is secreted into the medium,
supernatants from such expression systems are generally first concentrated using a commercially -

available protein concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration upit. A
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prot&ibinkinithd Siddfe pidp ai'r‘ﬁeulﬁcluded in any of the foregoing steps to inhibit proteolysis and

antibiotics may be included to prevent the growth of adventitious contaminants.

| The antibody composition prepared from the cells can be purified using, for example,
hydroxylapatite chromatography, gel elecirophoresis, diatysis, and affinity chromatography, with affinity
chromatography being the preferred purification technique. The suitability of protein A as an affinity
ligahd depends on the species and isotype of any immunoglobulin Fc domain that is present in the
antibody. Protein A can be used to purify antibodies that are based on human v1, y2, or y4 heavy chains
(Lindmark et al. (1983) J. Immunol. Merh. 62:1-13). Protein G is recommended for all mouse isotypes

. and for human y3 (Guss et al. (1986) EMBO J. 5:15671575). The matrix to which the affinity ligand is

attached is most often agarose, but other matrices are available. Mechauically stable matrices such as

controlled pore glass or poly(styrenediviny)benzene allow for faster flow rates and shorter processing

_times than can be achieved with agarose. Where. the antibody comprises a Cy3 domain, the Bakerbond

ABX™regin (J. T. Baker, Phillipsburg, INT) is useful for purification. Other techniques for protein
purification sach as fractionation on an ion-exchange column, ethanol precipitation, Reverse Phase
HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™ chromatography on an
anion or cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and

ammonium sulfate precipitation are also available depending on the antibody to be recovered.

Following any preliminary purification step(s), the mixture comprising the antibody of interest
and contaminants may be subjected to low pH hydrophobic interaction chromatography using an elution
buifer at a pH between about 2.5-4.5, preferably performed at low salt concentrations (e.g.,from about 0-
0.25M salt}.

Pharmaceutical Formulations

Therapentic formulations of the antibody are prepared for storage by mixing the antibody having
the desired degfee of purity with optional physiologically acceptable carriers, excipicnts or stabilizers
(Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of Iyophilized
formulations or aqueous solutions. Aéceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations employed, and include buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethoninm chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propy! paraben;
catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobuling; hydrophilic
polymers such as polyvinylpyzrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose,

or dexirins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-
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fon&ngccc&urftzl’m%ﬁﬁEﬁr@has,u'&o&}ll%ﬁl,}ﬁgﬁal complexes (e.g., Zn-protein complexes); and/or non-ionic
surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

The formulation herein may also contain more than one active compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not adversely
affect each other. For example, it may be desirable to further provide an immunosuppressive agent. Such

molecules are suitably present in combination in amounts that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsule prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylceﬁulose or gelatin-
microcapsule and poly-(methylmethacylate) microcapsule, respectively, in colloidal drmg delivery
systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemmlsions. Such techniques are disclosed in Remington's Pharmaceutical

Sciences 16th edition, Osol, A. Ed. (1980).

The formulations to be used for in vive administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable examples of sustained-release

preparations include semipermeable matrices of solid hydrophobic polymers contaiting the antibody,

which matrices are in the form of shaped articles, e.g., films, or microcapsule. Examples of sustained-
release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glitamic acid and vy ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as
the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate
and lactic acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels release
proteins for shorter time periods. When encapsulated antibodies remain in the body for a long time, they
may denature or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological
activity and possible changes in immunogenicity. Rational strategies can be devised for stabilization
depending on the mechanism involved. For example, if the aggregation mechanism is discovered to be
intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be achieved by
modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling moistare content, nsing

appropriate additives, and developing specific polymer matrix compositions.

Therapeutic Uses

" Itis contemplated that the antibody of the present invention may be used to treat a mammal. In
one embodiment, the antibody is administered to a nonhuman mammal for the purposes of obtaining
Preclinical data, for example. Exemplary nonhuman mammals to be treated include nonhuman primates,
dogs, cats, rodents and other mammals in which preclinical studies are performed. Such mammals may
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be ediibiisHed Al idbes" ok diskab to be treated with the antibody or may be used to study toxicity
of the antibody of interest. In each of these embodiments, dose escalation studies may be performed in
the mammal. Where the antibody is an anti-NRP1 antibody, it may be aduainistered to 2 host rodent in a

solid turnor model, for example.

In addition, or in the alternative, the antibody is used to treat a buman, e.g. a patient suffering
from a disease or disorder who could benefit from administration of the antibody.

The present invention encompassés antiangiogenic cancer therapy, a novel cancer treatiment
strategy aimed at inhibiting the development of tumor blood vessels required for providing nutrients to
support tumor growth. Because angiogenesis is involved in both primary tumor growth and metastasis,
the antiangiogenic treatment provided by the invention is capable of inhibiting the neoplastic growth of
tumor at the primary site as well as preventing metastasis of tumors at the secondary sites, therefore
allowing attack of the tumors by other therapeutics. Examples of cancer to be treated herein include, but
are not limited to, carcinoma, lymphoma, blastoma, sarcomna, and leukemia. More particular. examples of
such cancers include squamous cell cancer, lung cancer (including small-cell lung cancer, non-small cell
lung cancer, adenocarcinoma of the g, and squamous carcinoma of the lung), cancer of the peritoneum,
hepatocellular cancer, gasiric or stomach cancer (including gastrointestinal cancer), pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer, Bladder cancer, 'hepafoma, breast cancer, colon
cancer, colorectal cancer, endometral or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types
of bead and neck cancer, as well as B-cell Iymphoma (iﬁcluding low gradeffollicular non-Hodgkin's
lymphoma (WNHL.); small lymphocytic (SL) NHL; intermediate grade/follicular NHL; intermediate grade
diffuse NFL; high grade immunoblastic NHL: high grade Iymphoblastic NHL; high grade small non-
cleaved cell NHL; bulky disease NHL; mantle cell lymphoma; ATDS-related lymphoma; and
Waldenstrom's Macroglobulinemia); chronic lymphocytic leukemia (CLL); acute lymphoblastic leukemia
{(ALL); Hairy cell leukemia; chronic myeloblastic leukemia; and post-transplant lymphoproliferative
disorder (PTLD), as well as abnormal vascular proliferation associated with phakomatoses, edema (such
as that associated with brain tumors), and Meigs' syndrome. More particularly, cancers that are amenable
to treatment by the antibodies of the i_nvention include breast éancer, colorectal cancer, rectal cancer, non-
small cell Tung cancer, non-Hodgkins {ymphoma (NHL), renal cell cancer, prostate canber, liver cancer,
pancreatic cancer, soft-tissue sarcoma, kaposi’s sarcoma, carcinoid carcinoma, head and peck cancer,
melanoma, ovarian cancer, mesothelioma, and multiple myeloma. More proferably, the methods of the

invention are used to treat colorectal cancer in a human patient.

It is contemplated that when used to treat various diseases such as tumors, the antibodies of the
invention can be combined with other therapeutic agents suitable for the same or similar discases. When
used for treating cancer, antibodics of the present inventton may be nsed in combination with

conventional cancer therapies, such as surgery, tadiotherapy, chemotherapy or combinations thereof.
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antibody of the invention include other anti-angiogenic agents. Many anti-angiogenic agents have been

identified and are known in the arts, including those listed by Carmeliet and Tain (2000).

Tn one aspect, the antibody of the invention is used in combination with a VEGF antagonist or a
VEGF receptor antagonist such as anti-VEGF antibodies, VEGF variants, soluble VEGF receptor
fragments, aptamers capable of blocking VEGF or VEGFR, neutralizing anti-VEGEFR antibodies,
inhibitors of VEGER tyrosine kinases and any combinations thereof. Alternatively, or in addition, two or
more anti-NRP1 antibodies may be co-administered to the patient. Tn a more preferred embodiment, the
anti-NRP1* or anti-NRP® antibody of the invention is used in combination with an anti-VEGF antibody
to generate additive or-synergistic effects. Preferred anti-VEGF antibodies include those that bind to the
same epitope as the anti-hVEGF 'antibo'dy A4.6.1. More preferably the anti—VEGF‘ antibody is

bevacizumab or ranibizumab.

Tn some other aspects, other therapeutic agents useful for combination tumor therapy with the
antibody of the invention include antagonist of other factors that are involved in tumor growth, such as
EGFR, ErbB2 (also known as Her2) ErbB3, ErbB4, or TNF. Preferably, the anti-NRP1 antibody of the
invention can be used in combination with small molecule receptor tyrosine kinase inhibitors (RTKIs)
that target one or more tyrosine kinase réceptofs such as VEGF receptors, FGF receptors, EGF receptors
and PDGF receptors. Many therapeutic small molecule RTKIs are known in the art, including, but are
not limiited to, vatalanib (PTK787), erlotinib (TARCEVA®), OSI-7904, ZD6474 (ZACTIMA®), ZD6126
(ANG453), ZD1839, sunitinib (SUTENT®), semaxanib (SU5416), AMG706, AGG13736, Imatinib
(GLEEVEC®), MLN-518, CBP-701, PKC- 412, Lapatinib (GSK572016), VELCADE®, AZD2171,
sorafenib (NEXAVAR®), X1.880, and CHIR-265. '

The anti-NRP1 antibody of the invention, either alone or in combination with a second
therpateutic agent (such as an anti-VEGF antibody) can be further used in combination with one or more
chemotherapeutic agents. A variety of chemotherapentic agents may be used m the combined treatment
methods of the invention. An exemplary and non-limiting list of chemotherapeutic agents contemplated

1s provided herein under “Definition”.

When the anti-NRP1 antibody is co-administered with a second therapeutic agent, the second
therapentic agent may be administered first, followed by the anti-NRP1 antibody. However,
simultaneous administration or administration of the anti-NRP1 antibody first is also contemplated.
Suitable dosages for the second therapeutic agent are those presently used and may be lowered due to the

combined action (synergy) of the agent and anti-NRP1 antibody.

For the prevention or treatment of disease, the appropriate dosage of antibody will depend on the
type of disease to be treated, the severity and course of the disease, whether the antibody is administered

for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the -
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anti%i%é?:l&dﬁt%c‘é Hidckon Stk l;a‘t’té!ntlz’fﬂlg physician. The antibody is suitably administered to the

patient at one time or over a sexies of treatments.

Depending on the type and severity of the discase, about 1 ng'kg to 50 meg/kg (e.g. 0.1-20mg/kg)
of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one
or more separate administrations, or by continuous infasion. A typical daily dosage might range from
about 1 pg/kg to about 100 mg/k_g or more, depending on the factors meﬁtioned above. For reﬁeated
administrations over several days or longer, depending on the condition, the treatment is sustained vntil 2

desired suppression of disease symptoms occurs. However, other dosage regimens may be useful. Ina

preferred aspect, the antibody of the invention is administered every two to three weeks, at a dose ranged
from about Smg/kg to about 15 mg/kg. More preferably, such dosing regimen is used in combination
with a chemotherapy reg:men as the first line therapy for treating metastatic colorectal cancer. In some
aspects, the chemotherapy regimen involves the traditional high-dose intermittent administration. In
some other aspects, the chemotherapeutic agents are administered using smaller and more frequent doses
without scheduled breaks (“metronomic chemotherapy”). The progress of the therapy of the invention is

easily monitored by conventional techniques and assays.

The antibody corposition will be formulated, dosed, and administered in a fashion consistent
with good medical practice. Factors for consideration in this context include the particular disorder being
treated, the particular maznmal being freated, the clinical condition of the individual patient, the cause of
the disorder, the site of delivery of the agent, the method of administration, the scheduling of
administration, and other factors known to medical practitioners. The “therapentically effective amount”
of the antibody to be administered will be governed by such considerations, and is the mininm amount
necessary to prevent, ameliorate, or treat a disease or disorder. The antibody need not be, but is
optionally formuiated with one or more agents currently used to prevent ot treat the disorder in question.
The effective amount of such other agents depends on the amount of antibody present in the formulation,
the type of disorder or treatment, and other factors discussed above. These are generally nsed in the same
dosﬁges and with administratioﬂ routes as nsed hereinbefore or about from 1 to 99% of the heretofore
employed dosages. Generally, alleviation or treatment of a disease or disorder involves the Jessening of
one or more symptoms or medical problems associated with the disease or disorder. In the case of cancer,
the therapeutically effective amount of the drag can accomplish one or a cornbination of the following:
reduce the number of cancer cells; reduce the tumor size; inhibit (i.e., to decrease to some extent and/or
stop) cancer cell infiltration into peripheral orgaus; inhibit tumor metastasis; inhibit, to some extent,
tumor growth; and/or relieve to some extent one or more of the symptoms associated with the cancer. To
the ektent the drug may prevent growth and/or kill existing cancer cells, it may be cytostatic and/or
cytotoxic. In somé embodiments, a composition of this inventioﬁ can be nsed to prevent the onset or

reoccurrence of the disease or disorder in a subject or mammal.
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The antibodies of the invention may be used as affinity purification agents. In this process, the
antibodies are immmobilized on & solid phase such a Sephadex resin or filter paper, using methods well
known in the ait. The mmobilized alitibody 1s contacted with a sample containing the antigen to be
purified, and thereafter the support is washed with a suitable solvent that will remove substantially all the
material in the sample except the antigen to be purified, which is bound to the immobilized antibody.
Finally, the support is washed with another suitable solvent, such as glycine buffer, pH 5.0, that will
release the antigen from the antibody.

The antibodies of this invention may also be useful in diagnostic assays, e.g., for detecting
expression of an antigen of interest in specific cells, tissues, or serum:

For diagnostic applications, the antibody typically will be Iabeled with a detectable moisty.
Numerous labels are available which can be generally grouped into the following categories:

(a) Radioisotopes, such as 35, ¥, 1573y, and B The antibo&y can be labeled with the
radioisotope using the techniques described in Current Protocols in Immunology, Volumes 1 and 2,
Coligen et al. (1991) Ed. Wiley-Interscience, New York, New York Pubs. for example and radloacuvﬂy
can be measured using scintillation countmg

(b) Fluorescent labels such as rare earth chelates (europium chelates) or fluorescein and its
derivatives, thodamine and its derivatives, dansyl, Lissamine, phycoerythrin and Texas Red are available.
The fluorescent labels can be conjugated to the antibody using the techniques disclosed in Current
Protocols in Immunology, supra, for example. Fluorescence can be quantified using a ﬂuorimefer.

(¢) Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149 provides a
review of somme of these. The enzyme generally catalyzes a chemical alteration of the chromogenic
substrate which can be measured using various techniques. For example, the enzyme may catalyze a color
change in a substrate, which can be measured spectrophotometrically. Aliernatively, the enzyme may
alter the fluorescence or chemiluminescence of the substrate. Techniques for quantifying a change in
fluorescence are described above. The chemﬂumiﬂeséé,nt substraie becomes electronically excited by a
chemical reaction and may then emit light which can be measured (using a chemiluminometer, for
example) or donates energy to a fluorescent acceptor. Examples of enzymatic labels include luciferases
(e.g., firefly luciferase and bacterial luciferase; U.S. Patent No. 4,737,456), lnciferin, 2,3-
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as horseradish peroxidase
(HRPO), alkaline phosphatase, B-galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g.,
glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidases (such
as uricase and xanthine oxidase), lactoperoxidase, microperoxidase, and the like. Techniques for
conjugating enzymes to antibodies are described in O'Sullivan et al. (1981) Methods for the Preparation
of Enzyme-Antibody Conjugates for use in Enzyme Immunoassay, in Methods in Enzym (ed J. Langone
& H. Van Vuoakis), Academic press, New York 73:147-166.

Examples of enzyme-substrate combinations include, for example:
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éAcF;nrei;e}Ines, the label is indirectly conjugated with the antibody. The skilled artisan will be aware
of various techniques for achieving this. For example, the antibody can be conjugated with biotin and ary

of the three broad categoxies' of labels mentioned above can be conjugated with avidin, or vice versa.

. Biotin binds selectively to avidin and thus, the label can be conjugated with the antibody in this indirect

manner. Alternatively, to achieve indirect conjugation of the label with the antibody, the antibody is
conjugated with a small hapten (e.g., digoxin) and one of the different types of labels mentioned above is
conjugated with an anti-hapten antibody (e.g., anti-digoxin antibody). Thus, indirect conjugatlon of the
label with the antibody can be achieved.

Tn another embodiment of the invention, the antibody peed not be labeled, and the presence
thereof can be detected using a labeled antibody which binds to the antibody..

The antibodies of ‘the present invention may be employed in any known assay method, such as
competitive binding assays, direct and indireét sandwich assays, and immunoprecipitation assays. Zola,
Monoclonal Antibodies: A Manual of Technigues, pp.147-158 (CRC Press, Inc. 1987).

Competitive binding assays rely on the ability of a labeled standard to compete with the test
sample analyze for binding with a limited amount of antibody. The amount of antigen in the tést sample
is inversely proportional to the amount of standard that becomes bound to the antibodies. To facilitate
determining the amount of standard that becomes bound, the antibodies generally are insolubilized before
or after the competition, so that the standard and analyze that are bound to the anﬁbodies may
conveniently be separated from the standard and analyze which remain tnbound.

Sandwich assays involve the use of two antibodies, each capable of binding to a different
immunogenic portion, or epitope, of the protein to be deiccted. Ina sandwich assay, the test sample
analyze is bound by a first antibody which is immobilized on a solid support, and thereafter a second
antibody binds to the analyze, thus forming an insoluble three-part complex. See, .., U.S. Pat No.
4,376,110. The second antibody may itself be labeled with a detectable moiety (direct sandwich assays)
or moay be measured using an anti-immunoglobulin antibody that is labeled with a detectable moiety
(indirect sandwich assay). For example, one type of sandwich assay is an ELISA assay, in which case the
detectable moiety is an enzyme. - A '

For immunohistochemistry, fhe tumor sample may be fresh or frozen or may be embedded in

. paraffin and fixed with a preservative such as formalin, for example.
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* B foltdwide!dtnp ks irsinbdfilied merely to illustrate the practice of the present invention and
are not provided by way of limitation. The disclosures of all patent and scientific literatures cited herein

are expressly incorporated in their entirety by refercnce.

EXAMPLES
Example 1. Generation of Anti-NRP1 Antibodies

A. Generation of Antibody Phage Libraries
A variety of methods are known in the art for generating antibody Bbraries displayed on phage or

displayed using other technologies. One of the advantages of these libraries, as compared to conventional
hybridoma technologies, is that they are well suited for generating cross-species functional antibodies,
because they allow in vitro selectionand screening without the introduction of Imnoyne tolerance. Smith

(1985) Science 228:13 15-1317; Bradbury and Marks (2004) J Immunol Methods 290:29-49.

In general, two types of combinatorial antibody libraries have been developed, distinguished by
the source of repertoires. Most libraries to date are “natural” antibody libraties which use the natural
repertoires as the source for its diversity, where the genes as message RNA of immune cells from naive or
immunized animals or human are amplified and cloned into vector for phage display or other display
techmology, such as nbosome or yeast display. The natural antibodies usually have mulmple frameworks,
which together with variable CDRs sequences and the recombination of light chain and heavy chain made
up the diversity of the library. The size of the library determines the performance of the libraries since the
repertoires are in general larger than the [ibrary size. The synthetic library, on the other band, is a new
branch of library where the diversity is designed and built into the library with synthetic DNA. Single or
multiple frameworks have been used. For single framework 1ibrary, the source of the diversity solely
depends on the degeneracy of synthetic DNA designed to create the diverse, CDR loops. Both the
diversity design and the size of the libraries are critical for the library performance, which can be
measured hy the affinity of the antibodies found from the libraries. Knappik et al. (2000) J Mol Biol
296:57-86; Sheets et al. (1998) Proc Natl Acad Sci U § A 95: 6157-6162; de Haard et al. (1999) J Biol
Chem 274:18218-18230. |

By introducing synthetic diversity at solvent-exposed positions within the variable heavy chain
complementarity-determining regioﬁs (CDRs), Lee et al. developed a phage-displayed synthetic antibody
Jibrary built on a single human framework (VLiappa 1, Vsubgoupm).  Sidim et al. (2004) J Mol Biol

| 338:299-310; Lee et al. (2004) J Mol Biol 340:1073-1093; Carter et al. (1992) Proc Natl Acad Sci U S A

89:4285-4289. This “VH library” was displayed as a bivalent antigen-binding fragment (Fab’2) and nused
tailored codons to mimic the natural diversity observed in human immunoglobulin. Lee et al. (2004) J
Immunol Methods 284: 119—132.. While the VH library has performed well as measured by the affinity
and function of derived antibodies, further modifications in library design can be desirable in generating
functional antibodies of certain antigen targets of interest. The recent availability of trinucleotides for
oligonucleotide synthesis enabled the ability to increase amino acid diversity without increasing DNA
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divelily. T neldt SR TidrP t b ffus generated as described herein, wherein the highly variable
positions in CDR-1.3 were further diversified, since CDR-H3 and CDR-L3 form the inner sphere of the
antigen-binding site. Mian et al. (1991} J Mol Biol 217:133-151.

Materials and Methods

The VH/VL nzive library template with consensus CDR-L1, -L2, -1.3, -H1 and -H2 was
generated using ohgonuclcotlde«dlrected mutagenesis on phagemid pv0350-4 with stop codons on CDR-

H3and displaying bivalently on the surfaces of M13 bacteriophage particles. Lee et al. (2004) J Mol Biol

340:1073-1093. Phage-displayed libraries were constructed using Kumkel mutagenesis method as
described (Kunkel et al. (1991) Methods Enzymol 204:125-139), with a mixture of mutagenic
oligonucleotides designed to introduce mutations at the designed sites in CDR-L3, H1, H2 and H3 and
repair CDR-H3 stop codons. The mutagenesis reactions (~10ug DNA) were electroporated into E. coli
$§320 cells (~10M cells), as described (Sidhu et al. (2004)).

Resulis

The VE/VL library described here utilized the Herceptin® detived Viiappa 1 and VEsgonp m
framework as used for the VH library, which has been shown to display well on bacteriophage, express
well in E. coli, and which can rapidly be converted to a full length IgG that expresses well in mammalian
cells. Lee et al. (2004) J Mol Biol 340:1073-1093; Carter et al. (1992) Proc Natl Acad Sci U S A 89:4285-
4289. The libraries were displayed on the phage surface as a bivalent Fab (Fab’z) by being fused to the
phage coat protein P3. This bivalent display was sntended to increase the apparent binding affinities to
immobilized antigens and help to improve the recovery of rare or low-affinity phage antibody clones.

To avoid potential biases inherited from the Herceptin®-derived CDR sequences maintained in
the light chain of the VH library, consensus kappa I CDR sequences were introduced into the template for
the VH/VL library. Consensus CDR residues are determined by selecting the most prevalent amino acids
existing in natural human antibodies. The stop codons, previously employed in the heavy chain of the
VH library to ensure mutagenésis in all 3 CDRs, were similarly replaced with consensus subgroup i1l
sequences for CDR-H1 and CDR- H2. The consensus CDR sequences represent the most prevalent amino
acid in each posmon CDR-H3 plays a dominant role in antigen recognition, thus several stop codons
were placed in H3 to ensuze functional antibody clones from the libraries were different from each other.
Xu et al. (2000) Immunity 13: 37-45. The presence of human consensus CDR sequences was expected to
allow partially mutated variants (not all targeted CDRs are changed) to be displayed and to remain
potentially functional in binding. In this way the VH/VL design has the advantage of increasing the ratio
of functional phage antibody clones in the library. The CDR sequences used were SISSYL for CDR-L1
(positions 28-33), GASSRA for CDR-L2 (positions 50-55), Y YSSPL for CDR-L3 (positions 91-96),
FIFSSYAMS for CDR-H1 (positions 27-35), and RISPSGGSTY for CDR-H2 (positions 50-58), and
WXXXRPXXMDY for CDR-H?3 (positions 95-102, X is a stop codon) as shown in Table I The
prevalence of each position in human antibodies is also shown in Table L
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Diversity in the VH/VL library was introduced into a subset of CDR positions based on their high
solvent exposure and/or especially high variability among natural antibody sequences. Positions chosen
for mutagenesm and the diversity that was introduced are shown in Table IL. For example, in CDR-H1,
position 27, 28, 30, 31, 32, 33 and 34 were chosen to diversify. For the VE/VL library design, degenerate
oligo codons or trinucletides were used to guide the diversity in each position so that the most prevalent
gmino acids would be represented. For examplé in CDR-H1 (position 30), serine tepresents about 50% of
natural diversity, so a mixture of trinucletides (X1) that have ca. 52% serine and 2.5% of other amino

acids except cysteine was used.

CDR-I3 and CDR-L3 form the center of the antigen-binding site and therefore show the highest
frequency of antigen contacts in strucfuially known antibody-antigen complexes. Chothia et al. (1989)
Nature 342:877-883. Five residues in CDR-L3 (Table II) with the highest variability were randomized.
Overall CDR-H3 is the most diverse in terms of length, sequence, and stracture and is a key component
of the diversity in natural antibodies. Xu and Davis (2000) Immunity 13:37-45; Wu et al. (1993) Proteins
16:1-7. Thus 12 sub-libraries were constructed with different CDR-H3 lengths varying from 91020
amino acids. Combined, these sub-libraries cover approximately 90% of CDR-H3 length variation in
natural antibodies. Ohgonucleotldes encoding CDR-H3 were synthesized using trinacleotide codons. This
enabled s to easily delete cysteme (rare in CDR-H3), and to boost levels of glycine, tyrosine and serine,
the most abundant residues in CDR-H3. Mian et al. (1991) J Mol Biol 217:133~151. Codon X7, a
trimuclectide mixture of about 15.6% each serine, tyrosine, and plycine, with 3.1% each of the remaining
amino acids except cysteine, was used for each position in CDR-H3 (iheoretical calculations for all
irinucleotides mixture). Different combinations of trinucleotides were also used in selected positions of
CDR-H1, H2, H3, and L3. As shown in Table 1T and Supplemental Table I, Codons X1 to X6 have a high
percentage of sexine, tyrosine, or glycine. X1 has 52.5% of serine, X2 has 52.5% tyrosine, X3 has 10%
tyrosine, glycine or serine, X4 has 28.8% glycine, X5 has 19.2% tyrosine, glycine or sexine, and X6 bas
20% tyrosine or serine. The VI/VL antibody phage library was estimated to have approximately 10'°
variants displayed.
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YYSSPL 15 PIP i SRTM 26 SI S- SGGYY 37 WESYYG --MDV 48

YW 64.55 YYSSPL 16 1, iti SSYAM 27 S| YSTGGYY 38

WGYPG- MDV 49 YW 107.4 YYSSPL 17 FTFSSYAM 28 Q SPAGGYN

39 ELPYYRMB1CV-MDV 50 Clone 1C50 (nM nl NRP& hé\IREG}
PCT/US2006/043516

WO 2007/056470
TablEeChe bl doffence sECDREL, CDR-L2, CDR-L3, CDR-H1 and CDR-H2 in the template
of VHI/VL fibrary. Consensus CDR residues are determined by selecting the most prevalent amino acids
existing in natural human aatibodies. The prevalence (%) of each residue in human antibodies at a given
position is shown, which is calculated from the alignment of approximately 1600 human light chain
sequences and 3500 human heavy chain sequences in the Kabat database (Kabat et al. (1977) J Biol Chem

252:6609-6616).

CDRs Positions Residues }EE gaaiearjfgblél d]ia:;u(r(%

28 S 33

29 I 40

30 S 55

CDR-L1 31 g a4
32 Y 67

33 L 94

30 G 25

51 A 79

52 S 95

CDR-L2 53 S 36
54 R 60

55 A 45

01 Y 54
92 Y 23

93 S 46

CDR-L3 94 g 04
95 P 80

96 L 22

27 F 45

28 T 54

29 F 73

_ 30 S T 68
CDR-H1 31 S 50
32 Y 64

33 A 22

34 M 46

35 S 34

50 R 17

51 I 34

52 S 26

52a P 20

' 53 s 24
CDR-H2 54 G 37
55 G 53

56 ) 28

57 T - 56

58 Y 32
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YW4. 3 3 4a9 41480.02 YW 64.4 359.6 247.4 YW 64. 14
113.4 5.20.9 YW64.23 4621 4714 YW64.28 7.91 1.20.2
gV\é64 29 9.914.2 2.70.1 YW64.30 6011 5019 YW G64. 47
725 1

2 6 YW64 53 162.9 40.6 YW64.55 17 6. 8P§1“/8§203‘6/043316

hf 563, CDR-H1, CDR-H2 and CDR-H3 for VE/VL library. CDR

positions chosen for randomization in CDR-L3, CDR-H1, CDR-H2 and CDR-H3 are Tisted with

consensus residues in the library template. Designed diversity is either a group of residues encoded by a

tatlored degenerate codon (italics) or 19 amino acids without cysteine encoded by mixtures of

trinucleotides codon (bold text) so that the percentage of amino acid types encoded at each position was

 close to o higher than 50% of amino acid types found in the database. For particular positions, ail 19

amino acids withont cysteine are introduced using trinucleotides codon mixtures with different bias
toward Tyr (¥), Gly (G) and Ser (8). S

Design diversity T
CDRs Positions Cod Residues encoded (%) Niglral dl:?f; 3ty
- on Y G - §  others (-Cys) verage
Y01 TAaC 100 - - - 77
MGC - - - RIS(50)
Y92 X5 192 192 192 2.5 100
COR-L3 g9 XL 25 25 525 2.5 100
S04 X6 20 33 20 3.3 100
196 NTC - D RIANGES) 45
¥37 Wwe 50 - - (50 — 63
T28 ASC - - 50 T(50) 90
30 ASC - 50 T(50) 36
CDR-H1  S31 X1 25 25 525 2.5 100
 y3: X2 525 25 25 2.5 100
A33 X7 156 156 156 3.1 100
M34 ATS . - MAGO) 67
R50 X3 55 5 5 100
S52 X6 20 33 20 3.3 - 100
P52a ccT A P(100) 100
X7 156 156 156 3.1
CDR-H2 53 X7 156 156 156 3.1 100
G54 RRC _ . 25  DIGN(S) 81
S56 DMT 166 - 166 A/DIN/I(16.6) 81
Y58  DAC 333 - - DIN(33.3) 70
95 X4 35 288 338 38 100
96 X4 38 288 38 38 100
07100k (XT)~15 156 156 156 3.1 598
1001 X7 156 156 156 3.1 100
GBT C 333 - AV(333) |
CDR-I3 40 TTC T F(100) 89
ATG .- M(100)
101 GAT - D(100) 92
102 TAC 100 - - - 67
GTC S .- V(100)
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L3 (92-95) SEQID NO 1C50 (nM M\RP1 | | NTRP1
YWL07.4 SI SSY 51 GASSRA 75 YSSPL 99 3820 6. 11
YWLO07. 4. 33a Y1SSY 52 GASRRA 76 | GSPI 100 1.5 0.4

WO 2007/056470 . PCT/US2006/043516
Tabl[{%";ﬁtikarti}ﬁ u(mf]gﬁl?" fu%fié:suﬁniii ‘ll%nding affinity (phage IC50) for anﬁ-NRPl antibodies, Only
CDR amino acid sequences at randomized positions of 11 different phiage clones initially identified from
VH/VL library are shown. The affinities as ICso values to hNRP1 and mNRP1 were measured with

competitive phage ELISA.
Clone Partial SEQ Parfial SEQ Partial SEQ Partial SEQ
CDR-L3 j 18] CDR-H1 1) CDR-HZ D CDR-H3 m
- {91-96) NO: (27-34) NO: {50-58) NO: o {95-102) NO:
YWod.3 YMSVPI | 7 FSESSEP) 18 SITGENGYY { 29 WGKRVYG-—MDV 40
YW od.4 YYSSPL | § FIESSYAM | 19 STAGSGGYY | 30 WGGSNGSG—FDY 41

YW6d4.14 | YYSSPL | 9 YSFSSHMM | 20 SIYPPGGYY | 31 WOSRSPG--—-MDV 42
YW 64.23 | YYSSFL | 10 FTFSSYAM [ 21 TIPHGGYY | 32 WAKRSYG----MDV 43
YW 6428 | YYSSPL | 11 FIESSYAM | 22 WISPLNGYY | 33 WGRRYIG—MDY 44
YW 6429 | RYSVPI | 12~ | FIFSSYQL 323 SIE-SGGYY | 34 YGNHV——-MDV_ 45
YW6430 | YYSSPL | 13 .| FTESSYAM | 24 SISRGDGYY | 35 WAGGSA-~-—--MDV 46
YW o4.47 | YYSSPL | 14 FTESQYSI 25 TIYPFGGYY | 36 FGOSYYGGSYAMDV | 47
YW 64.53 | YYSSPL | 15 FTFTSRTM | 26 SIS-SGGYY 37 WESYYG—MDV 48
YW 64.55 | YYSSPL | 16 FTFSSYAM | 27 SIYSTGGYY | 38 WGEYPG—---MDV 49
YW 1074 | YYSSPL | 17 FIFSSYAM | 28 QISPAGGYN § 39 ELPYYRMSKV-MDV | 50

Clone TC50 (M)
nNRP1 hNRP1
YWe4.3 3409 0.48:+0.02
YW 644 35:9.6 2474
YW 64.14 11234 5.2+0.9
YW 64.23 46121 47214
YW64.28 - | 7.9+1 1.220.2
YW 64.29 9.9+4.2 27201
YW 64.30 60+11 50x19
YW o4.47 6725 2116
YW 64.53 16x2.9 4+0.6
YW 64.55 17+£5.8 3.9+1
YW 1074 38420 6.1+1
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0.31 0.04 YWO07.4.53 YI SSY 53 GASRP, E 77 LNSPL 101

1.7 0.1 0.30 0.02 YWO07.4.66 YI SSY 54 GASSRA 78 | VSPL

102 2.6 0.6 0 45 *0.02 YW07.4.76a Y1 SSY 55 GASRRA -
103 0.8 0.4 0.23 -.1: 0.01 YWLO7. §ei?8ro06/043516

P ’@Jmm%ﬁt@ﬂ va.rﬂzﬁﬁ Sellip1 were used to identify the binding epitope for these clones

and all were mapped to the ala2 domain of hNRP1. To select phage antibodies that bound to the b1b2
domain of NRP1 and potentially block the binding of VEGFE, we initiated a new panning process using
baculovirus expressed hNRP1 (b1b2)-His as an immobilized antigen, Following 4 rounds of selection, '
only one unique clone, YW107.4 was identified that bound both human énd murine NRP1. YW107.4
bound to human and murine NRP1 with an ICsp of 6 and 38 nM in the Phage ELISA (Table IH).

Characierization of selected anti-NRP1 IgG - Selected anti-NRP1 clones from Table Il were
reformaited into full length humati IgG1, expressed in CHO cells and purified for further characterization.
The anti-NRP1 phage antibodies YW64.3 and YW107.4 bound specifically to human and murine NRP1

‘and did not bind to human or murine NRP-2, ErbB2-ECD or BSA. Figure 1A. Hach of the other eight-

phage antibodies showed similar specificity. By surface plasmon resonance, immobilized YW64.3 and
YW107.4 IgG did not interact with these antigens at concentrations up to 7500 nM. However, both
YW64.3 and YW 107.4 bound human NRP1 with a Kd of 0.9 and 5 nM as well as murine NRP1 with a
Kd of 7.8 and 11 nM, respectively. Although these antibodies were selected using plate-immobilized
antigen, FACS analysis demonstrated all purified IgGs also bound to HUVEC cells which express (NRP1
endogenously (e.g. YW64.3 and YW107.4 shown in Figure 1B).

C. Affinity maturation of anti-NRP1 Antibodies
YW107.4 bound to the b1b2 domain of both human and murine NRP1 with a phage ICsq of 6 and
38 nM, respectively (Table ITE). To improve potency in vivo, this clone was affinity-matured using human

© NRP1-His.

Materials and Methods

To generate the library template for affinity maturation of clone YW107.4, the GCN4 leucine
zipper of the parental phagemid was first removed using Kunkel mutagenesis to provide a monovalent
display Fab format. A stop codon was incorporated in CDR-L3. A soft randomization strategy was used
for affinity maturation, which introciuced the mautation rate of approximately 50% at the selected positions
by the mutagenic DNA synthesizing with 70-10-10-10 mixtures of bases favoring the wild type
nutleotides. Gallop et al. (1994) J Med Chem 37:1233-1251. Three different libraries with combinations
of CDR loops, L1/L2fL3, 1.3/H1/H2 and 1.3/H3 randomization, were generated through soft randomizing
selected residues at positions 28-32 of CDR-L1, 50 and 53-535 of CDR-1.2, 91, 92, 93, 94 and 96 of CDR-~
L3, 28-35 of CDR-H1, 50-58 of CDR-H2, and 95-100 of CDR-H3.

For selecting affinity-matured clones, phage libraries were subjected to plate sorting for the first round
and followed by four rounds of solution phase sorting as described. Lee etal. (2004) J Mol Biol
340:1073-1093. At the first round of plate sorting, three libraries were added to hNRP1-coated plate
separately for 1 hr at 37°C. After that, four rounds of solution phase sorting were performed to enhance

the efficiency of affinity-based selsction with increasing stringency as follow: round 2 (5nM biotinylated
52
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80 LSSPI 104 1.7 0.2 0.30 0.02 YWO07.4.85 YISS
. . . 4. Y 57
GASSCGE 81 IISPI 105 4 0.7 0.44 0.06 YWO074.51 R SSY
gg aggsi g% KLSPL 106 12 6 2 0.5 YWO07.4.58 YISSY
KSSPR
WO 2007/056470 107.3.5 1.5 0.73 0.28 PCT/US2006/043516

hNRE e réuid"d (I‘Hl\ﬁ'biﬂtmy}aféd“hNRPI) round 4 (0.5nM biotinylated hNIKEL ana 23Un non-

" biotinylated hNRP1 competitor at 37°C for 1hr) and round 5 (0.5aM biotinylated hNRP1 and 500nM

non-biotinylated hANRP1 competitor at 37°C for 3hr). During the selection process, the reaction without
biotinylated hNRP1 was included and served as background phage binding for calculating the enrichment

of each round of panning.

After five rounds of panning, a high-throughput single-point competitive phage ELISA was used
to rapidly screen for high-affinity clones as described. Sidhu et al. (2004) J Mol Biol 338:299-310.
Clones with low ratic of the absorbance at 450nm in the presence of 5nM hNRP1 to that in the absence of

bNRP1 were chosen for further characterization.
Results

Three different CDR combinations, L1/L2/L3, LB)HIII—IZ and L3/H3, were targeted for
randomization using a ‘soft randomization’ strategy that maintains a wild-type sequence bias such that
selected positions are mutated only 50 percent of the time. Callop et al. (1994) J Med Chem 37 1233-
1251. For affinity maturation, the monovalent Fab was displayed on phage rather than bi-valent Fab to
reduce potential avidity during selection. Stop codons were introduced at CDR-L3 in each sub-library.
Off-rate selection strategies (see Methods) were employed to improve the affinity of YW107.4, since it
already possessed a relatively high association rate constant, (2.2x10°), but the dissociation rate constant
(L.1x10°) was relatively fast (Table V).

Tn the first round of selection, all 3 CDR soft-randomized libraries were panned against
immobilized hNRP1 followed by subsequent rounds with a solution-phase sorting strategy to linut target
concentration and enhance affinity-based selection. 'The concentration of biotinylated-hNRP1 was
gradually reduced from 5 to 0.5 oM and a 500-fold excess of non-bmtmylated hNRP1 was added to
compete for fast off-rate binders. The mixture was also incubated at 37°C for up to 2 hrs.

The L1/L2/L3 library showed significant enrichment following round 5. Ninety-six clones were
randomly picked, sequenced and then affinities ranked. Twenty-three unique phage clones were selected
and purified for further characterization. Most clones had improved affinity for BNRP1 as determined by
phage competition BLISA. Surprisingly, the affinity for mNRP1 was also improved despite being omitted
from the selecﬁon process, suggesnng that the clones bound to a conserved epitope. Selected clones had 4
to 7 changes in the 3 light chain CDRS positions 28 and 30 in CDR-L1 tended to be substituted with
Tyrosine and Histidine, respectively, whereas positions 92, 93, and 96 in CDR-L3 werc more diverse

(Table IV).

" Clones with the highest affinity for both human and murine NRP1 (YW107.4.18, YW107.4.38,
YW107.4.52, YW107.4.63, YW107.4.76a and YW107.4.87) were reformatted and expressed as full-
Tength antibodies. All 6 IgGs had improved affinity for hNRP1 and maintained complete blocking of
VEGF-A binding. Affinities for human and murine NRP1 ranged from 0.4 to 1.8 oM (Table V). The

53



10

15

20

YWLO7. 4. 42 WHSY 60 GASSSA 84 YSSPL 108 1.2 2.2 0.81
0.09 YWO07.4.59 RIHSY 61 GASSRA 85 YISPL 109 26 * 14
1.8 0.7 YWO07.4.33b YIHSY 62 GASRRA 86 Yd PH 110 7.8
W%)Z%'O%I?SG-’W .07 YWL07. 4. 54 PLHSY 63 GASSRA 87  poqiusa006/043516

dissdEidiion raié*gc&ﬂsémlfﬂof %lﬂﬁl‘:‘%ﬁ%&s improved leading to an overall improvement in affinity of
about 10-fold for both human and murine NRP1; no binding was observed to buman or murine NRP2
(Figure 24). YW107.4.87 also showed improved binding to cell surface NRP1 (Figure 2B).

Table IV. CDR sequences and binding affinity (phage 1C50) for affinity improved YW107.4 clones.
The deduced amino acids sequences of affinity-matured YW 107.4 clones at randomized light chain CDR
positions are shown. Fab-phage 1Cs, values of individual clone against INRP1 and mNRP1 from

‘competition phage ELISA were used to compare affinity improvement with the YW107 4.

IC50 (M)

Partial | SBQ | Paial | SEQ %ﬁﬂ SEQ
Clone | CDRL1| ID CDR-L2 n 13 B I
@832) | NO: | (5055 | NO: | gy | NO: | mNRPL | BNRPI

YWI1074 SISSY 51 GASSRA 75 YSSPL 99 3820 6.1x1

YW107.4.33a | YISSY 32 GASRRA | 76 IGSPL 100 1.5+04 | 0312004

YW107.4.53 | YISSY 53 GASRRE 77 LNSPL | 101 17401 | 0.30+0.02

| YW1074.66 | YISSY 54 GASSRA 78 TVSPL | 102 | 2.6%06 4§ 045:+0.02

YWI107.4.76a { YISSY 35 GASRRA 79 IRSPH | 103 | 0.8+04 | 0.23+0.01

YWI1074.78 | YISSY 56 GASSRE |- 80 LSSPI 104 § 1.7=02 | 030002

YW107.4.85 | YISSY 57 GASSGE 81. BSPI 105 4207 0.44 & 0.06

YW1074.51 | RISSY 58 GASRRE 82 ELSPL | 106 126 2205

YWI107.4.58 | YISSY 59 GASSRA 83 KSSPR | 107 | 3.5x1.5 | 0.73%0.28

YWi107.4.42 | WHHSY 60 GASSSA 84 YSSPL | 108 12422 | 0.81£0.09

YW107.4.59 | RIHSY 61 GASSRA 85 YISPL | 108 26+14 1.8+0.7

YWI107.433b | YIHSY 62 GASRRA 86 YGIPH | 110 78+32 0.58 x0.07

YW107.4.54 | PLOSY 63 GASSRA 87 YRSPL | 111 271 0.84 £ 0.05

YW107.4.63 | YLSSY 64 GASSSE 88 ISVPL | 112 | 0.8+0.1 | 0.15x0.01

YW107.438 | YLSSY 65 GASSRA 89 LRSPI 113 1.4+03 1028000

YW107.418 | YFSSY &6 GASTHE 90 IRSPL. | 114 § 11403 | 0.21+0.02

YWI107.4.52 | YISSY | 67 GASTLA. 9 IRSPL | 113 11203 | 0.22+004

YWI107.487 | YESSY 68 GASSRA 92 LGSPP | 116 1.5+02 | 0.21+004

YW107.455 | LTHSY 69 GASSRA 93 YSSPL | 117 2x24 0.93 £0.05

YWi07.420 | RTHSY 70 GASSRA 94 | YGSPH | 118 33 . | 045006

YWIi07.412 | YTHSY 71 GASSRA 95 YSSPI 119 3.4x06 | 0.10+002

YW107.4.17 | YTHSY 72 GASSRA | 96 YSSPY ; 120 6+1 | 024002

YWI107.441 | WTHSY 73 GASRLE 97 FISPH 121 53.5%23 | 0432007

YW107.4.76b { WVHSY 74 GASSRA 98 YGTPI | 122 | 3908 | 0342001

Table V. Binding kinetic analysis of anti-NRP1 .IgGs al 25°C. The binding affinities of anti-NRP1
IgGs are measured on BIAcore-3000 instrument using IgG-immobilized biosensor chip with dilutions of
hNRP1 or mNRP1 flowing through at 25°C (See Materials and Methods). Each measurement has an error

in Kd approximately +25%.
muripe NRP1 : human NRP1 )
Clone _ —
kon/lOP Ms")  koff/10% (s7) KA@M) | kon/10°(M7s")  kofff10* s KA@M)
YWG64.3 06 45 73 13 12 09
YW107.4 1.4 15 11 2.2 11 5
YW1074.18 1.4 2.9 2.1 1.8 1.8 ° 1
YW107.4.38 0.84 2.7 3.2 0.94 1.7 1.8
YW107.4.52 1.3 1.6 12 14 13 0.9
YW107.4.63 1.6 1.3 0.8 1.8 1.5 0.8
YW107.4.76a 0.42 13 31 1.2 17 14
YW107.4.87 1.6 2 1.3 1.9 0.77 0.4
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The antibody sequences of YW64.3 and YW107.4.87 are shown in Figure 3. For the purpose of
this application and in the following descriptions of anti-NRP1 antibody activities, “YW64.3” and “anii-
NRP*” are used interchangeably; and “YW107.4.87” and “anti-NRP™ are used interchangeably.

Materials and Methods
Cell cultures

HUVEC, HUAEC, and HMVECs were purchaséd from Cambrex and cultured in EGM-2
medium (Cambrex). Cells and tissue cultnres are maintained at 37°C in a 5% CO», 95% humidity

incubator.
DRG and hippocampal collapse assays

Collapse assays on axons from mouse E12.5 DRG were performed as described in He and
Tessier-Lavigne (1997) Cell 90:739-751. Briefly, DRG explants were plated on laminin coated 8-
chamber slides (Nunc) and cultured in N3-F12 medium with S0ng/ml NGF overnight at 37°C in a 5%
CO,, 95% humidity incubator. Human Semaphorin-3A (Mei-1 to Val-771) was cloned into the eukaryotic
expression vector pRKS with a C-terminal hexahistidine fusion tag. The protem was transiently expressed
in CHO cells and purified by NiNTA affinity chromatography. N-terminal sequencing was used to
confirm the protein visible as a 90 kDa band on a Coomassie stained SDS-PAGE gel. Purified Sema3A.
was added at ~8ng/ml in the presence or absence of inhibitors, and explants were incubated at 37°C for 30
min to induce collapse. For visualization, growth cones were fixed in 4% PFA and 15% sucrose, stained
with rhodamin-phalloidin (Molecular Probes) at 1:40 in PBS for 30 min, and then washed and mounted
with Fluoromount G (Fisher). To perform the hippocampal collapse assay, E17 mouse brains were
dissected in chilled PBS and horizontally sectioned into 250pum thick slices using a tissue chopper
(Mcllwain). The dentate gyrus was further subdissected from selected sections of hippocampus using fine
tungsten needles. Explants were plated on laminin coated 8-chamber slides (Nunc) and culfured in
Neurobasal medizm supplemented with B27 (Gibco Life Technologies) ovemight at 37°C. To induce
collapse, explants were incubated with control or anti-NRP1 antibodies (10 ug/ml) in the pr'ésence of
mock transfected or Sema3F transfected COS cell conditioned media for 30 minutes at 37°C.

. Cell migration assay

Cell migration assays were performed using a modified Boyden chamber assay with the 8um
pore size Falcon 24-multiwell insert system (BD Biosciences). The plates were pre-coated with 8 pg/ml
Laminin (Invitrogen) for 16 hrs at 37°C in both the upper and lower chambers. HUVECs (80-90%
confluent) were harvested with trypsin, counted, centrifuged and resuspended in EBM-2 with 0.1% BSA.
at a concentration of 5 x 10° cells/ml. 100ul cells were added into the upper chamber of the transwell
system. Inhibitors were added to the upper chamber with the cells immediately before addition of the
stimmnli to the lower chamber (10ng/ml of VEGE in most cases), which contained 500 pl EBM-2 with
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0. 1‘7r B[b‘A The pula“tﬂes iif‘v"eﬁre then":;{')IacéE}i Ell.'g 37°C overnight. To cease the assay, cells on the upper face of

the membrane were removed using a sponge swab and cells on the lower face were fixed with methanol
and stained with Cytox green (Molecular Probes). The nomber of migrated cells on the lower face of the
membrane was counted using AxiPhot fluorescent microscope and the results were analyzed with the

Image] program (NIH, http://rsb.info.nih.gov/ii/).
Bead outgrowth assay

Dextran-coated Cytodex 3 microcérrier beads (Amersham Pharmacia) were incubated with
subconfluent HUVECS at a concentration of 400 cells per bead in 1 ml of EGM-2 medium, for 4 hrs at
37°Cina5% CO2 incubator with gentle shake every 20 min. Beads were then transfemred to a 25-cm’
tissue culture flask (BD Biosciences) and incubated in 5 ml of BGM-2 for 12-16 hrs at 37°C. HUVEC-
coated beads were then washed three times with 1ml EGM-2 and resuspended in 2.5ug/ml of fibrinogen
(Sigma) in PBS at a density of 200 beads/ml. 0.5 m! of fibrinogen/bead solution was transferred into one
well of a 24-well tissue culture plate containing 0.625 units thrombin (Sigma) to induce clotting. The

ﬁbﬁnogen)bead solution was incubated for 5 min at room temperature, then for 20 min at 37°C ina 3%

' CO2 incubator. After the clotting was complete, 1ml of EGM-2 was added to each well and the clot was

equilibrated for 30 min at 37°C The mediun was removed, and 1ml of skin fibroblast cells (Detroit 551)
‘at a concentration of 2000/m! in EGM-2 medium were plated on the top of the clot. Different antibodies
were then added to each well and the assay was monitored for 8 days with change in mediam every 2-3
days. 10x resolution images of the beads were captured by an inverted rmcroscoPe, and concentric circles
spaced at 100, 200, and 300 pm were digitally drawn around the bead in each image. The number of

vessels crossing each line was counted and the average was taken at each distance and condition.

FACS analysis

Confluent HUVECs were incubated with cqntrol or anti-NRP1 antibodies at 10ug/ml for 5 min, 2
hrs ox 20 hrs at 37°C in a 5% CO2 incubator. Cells were harvested with enzyme free cell dissociation
buffer (Gibco), nentralized with equal volume of FACS buffer (1 x PBS, 2% ¥BS, 2 mM EDTA, 0.1%
sodium azide) and transfemed into Pro-bind U-botton 96;ws11 assay plates (Falcon) at 500,000 celis per
well. Cell pellets were collected by centrifuged at 2k rpm, and resuspended in 25 pl staining buffer
(FACS buiffer with 5% normal mouse serum, 29% normal rat serum and 10% 10 pg/ml human IgG)
containing appropriate biotinylated antibody at 1: 100, followed by a2 hr incubation at 4°C. Antibodies
were biotinylated using the FluoReporter mini-biotin-xx protein labeling kit (Molecular Probes). Cells
were fhen washed twice with FACS buffer, and incubated in 25ul FACS buffer containing 1:1000
streptavidin-PE (BD Biosciences) for 20 min at 4°C. Finally, cells were washed and resuspended in
FACS buffer, and analyzed with the FécsCalibur system (BD Bibsciences). '

Cell adhesion assay
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antibodies for 30 min at 37°C, then plated on NUNC maxisorp flat bottom 96-well plates (eBioscience)
coated with 1pgfml Fibronectin (Roche) at 10,000 cells per well. Plates were centrifuged for 1 min at 140
g to synchronize contract of cells with substrate, and incubated at 37°C for 30 mmin. Plates were then
washed 3 times with PBS, frozen at -80°C for two hours. Cell density was determined with the CyQuant

kit (Molecular Probes).
Mouse neonatal refinal vascular assay

Neonatél D1 mice (same litters) were administered via i.p. with different antibodies at a
concentration of 10 mg/kg. The mjectlons were performed on postnatal day 1 and 3 for postnatal day 5
(P5) studies, and on day 1, 3 and 5 for P'8 studies. Eyes were collected and fixed with 4% PFA in PBS for
16 hrs at 4°C, followed by PBS washes. The dissected retinas were block with 10% mouse serum 1n
PBSt (PBS, 1% Triton X-100) for 3 hrs, then incubated overnight at 4°C with biotinylated isolectin B4
(Bandeiraea simplicifolia; Sigma) 25u g/ml in PBLEC (1% Triton X-100, 0. 1mM CaCl,, 0.1mM MgCls,
0.1 mM MnCl,, in PBS pH 6.8). Retinas were then washed 4 times in PBSt, and incubated with Alexa
488 streptavidin (1:200; Molecular Probes) overnight at 4°C. After staining was completed, retinas were
washed 4 times in PBSt, post fixed with 4% PEA in PBS, followed by another 4 washes in PBS. Images

of flat mounted retinas were captured by confocal fluorescence microscopy.
Mouse skin vessel permeability assay

5.7 week CSTBLG] female mice were injected with150u1 0.5% Evan’s blue solution i.v. The
areas of the back and flanks of the Mﬁﬂs were shaved to remove hair below the neck and above the hip,
and the shaved area was divided into 4 injectidn zones. One hour after the Evan’s blue injection, 20ul of '
PBS containing BSA (7.5 ng/ml) or hVEGF (7.5 pg/ml) with or without antibody (0.5 mg/mi) were
injected 1.d. randomly on any one of four zones, one injection for each zone. One hour after the i.d.
injection, the animals were sacrificed and the skin containing the 4 zones was dissected out. A digital
image of the skin was taken. A 8mim skin biopsy punch was used to cut out skin samples of same area on
the injection sites, and skin samples were sncubated in formamide solution at 55°C for 48hrs to extract the

Fvan’s blue dye from the tissues. The absorbance of the solution was then measnred with a spectcometer

at 605nm.
Cell proliferation assay

Cell proliferation was analyzed with the Cell Proliferation ELISA kit (Roche) Briefly, 90%
confluent HUVECs were harvested and resuspended in assay media (DMEM: F12 50: 50, 1.5% FBS), and
plated at 3,000 cells per well into black 96-well tissue culture plate (ViewPlate-96, Perkin Elmer) pre-
coated with 1% gelatin. Cells were incubated at 37°C for 16 hrs, changed into fresh assay media and
incubated for another 8 hrs. VEGE (20 ng/mof) and different antibodies were added to the caiture and the
cells were incubated for 20 hrs. BrdU labeling solution was added to a final concentration of 10 mM and
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Total VEGFR2 and phospho-VEGFR? were determined with DuoSet IC ELISA kits (R&D).
Bneﬂy, subconfluent HUVECSs were rinsed with PBS and lysed in the provided lysis buffer. Cell lysates
were centrifuged at 14 kg for 5 min at 4°C, and supernatants were transferred to clean tubes. ELISA

assays were then carried out as directed.

Immunoblotting

Confluent HUVECs were starved for 16 hrs in EBM-2 with 0.2% FBS and 0.1% BSA, and then
changed into EMB-2 with 0.1% BSA, followed by a 90 min incubation at 37°C, Comtrol and anti—N'RPl
antibodies were added at 50ug/ml, and cells were incubated for 30 min at 37°C. Cells were stimulated
with VEGF (20 ng/mt) for 10 mm at 37°C, washed twice with ice-cold PBS and lyséd in lysis buffer
containing 20 mM Tris 7.5, 150 mM NaCL 1% Triton X-100, phosphatase inhibitor cocktail I and I
(Sigma) and complete protease inhibitor tablet (Roche). Aliquots of lysate were subjected 10
electrophoresis in 4-20% Novex Tris-Glycine SDS gels (Tovitrogen), followed by electrotransfer to
Tavitrolon PVDF membrane (Invitrogen). The priméry antibodies used in this study were anti-Erk, anti-
phospho Erk, anti-Akt, anti-phospho-Akt, anti-p38, anh—phospho—p38 anti-Src and anu—phospho—Src
(Tyr416), all purchased from Cell Signaling Technology.

Results

A. Selective actions of anti-NRPI* and anti-NRP1 ¥ on Sema3A function and VEGF binding,
respectively

Anti-NRP1 antlbod:aes were tested for their ability to block binding of VEGF;¢s to NRP1. Anti-
NRP1® strongly blocked VEGF binding to NRP1, whereas anti-NRP1* did not (Figure 4). These results
suggests that the CUB domains (al-a2) of NRP1 are not necessary for VEGF binding. Gu et al. @0y J
Biol Chem 277:18069-18076.

Next, anti-NRP1 antibodies were tested for their effects on Sema3A function. It has been
previously suggested that Sema3A. and VEGF,¢s may share overlapping binding domains in the N-
terminal region of the bl domain, and thus may co@ete for binding to NRP1. Gu et al. (2002) J Biol
Chem 277:18069-18076; Miao et al. (1999) J Cell Biol 146:233-242. Therefore, it seemed possible that a
single anti-NRP1 mAb would block both Sema3A and VEGF binding. Anti-NRP1 mAbs of this
invention were tested for their abilities to block Sema3A-induced ét_xon srowth cone collapse. Dorsal root
ganglia (DRG) were dissected from monse E12.5 embryos and cultured to establish sensory neuron
growth cones that were responsive to Sema3A/NRP1-dependent collapse. He and Tessier-Lavigne (1997

 Cell 90:739-751. Adding Sema3A to these cultures caused growth cones to retract their actin rich
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strobtifes Ho&&%é&"%ﬁ-ﬁk?‘l”ﬂ@"ﬁdded to the wells at the same time as Sema3A, collapse was
completely blocked. In contrast, anti-NRP12 had no effect on Sema3A-induced collapse (Figure 5A).

These two antibodies thus have functionally distinct actions: anti-NRP1* blocks Sema3A
function but does not interfere with VEGF binding to NRP1; whereas anti-NRP 1® blocks VEGE binding
to NRP1 without effect on Sema3A function. Further studies showed that neither antibody blocks
Sema3F/NRP2-dependent collapse of E17 hippocampal growth cones (Figure 5B), consistent with the
observation that neither antibody binds NRP2. The antibodies thus provide selective tools to dissect the
role of NRP1 in vascular biology, and means for selectively blocking NRP1 activities.

B. Both anti-NRP1* and anti-NRP1"® reduce VEGF ig-dependent endothelial cell migration and bead
outgrowth

The anti-NRP1 mAbs of the invention were tested in VEGF-driven endothelial cell (EC)
migration. Using a transwell system, human umbilicﬂ vein endothelial cells (HUVECs) were introduced
into the top chamber, while VEGF was added to the bottom chamber to promote EC migration. ECs that
had migrated to the bottom chamber were then fixed, stained, and quantified (Figure 6A). Anti-VEGE
antjibodies were used as a positive control to block VEGF-driven EC migration in this and subsequent
experiments (a cross-species reactive anti-VEGF antibody, B20.4.1, was used in all experiments unless

staied otherwise; Liang et al. (2006) J Biol Chem 281:951-961.

_ Anti-NRP1 mAbs were added to cells in the top chamber just prior to the addition of VEGF.
Interestingly, both anti-NRP1* and anti-NRP1® significantly reduced endothelial cell migration, with anti-
NRP1® providing a stronger block of migration (Figure 6A). Similar results were obtained using two '
other types of EC lines, HUAECs and HAECs. '

To further dissect the role of NRP1 and anti-NRP1 mAbs in more complex EC functions, an in
vitro system of angiogenic sprouting was employed. Nakatsu et al. (2003) Microvasc Res 66:102-112. In
this assay, ECs coated on beads sprout over a seven days period, resulting in multiple well-defined vessel
structures protruding from each bead. Adding either anti—NRPl.mAbs to these cultures resulted in a
reduction in vessel length, and in the case of anti-NRP1® a decrease in the number of sprouts was also
observed. This obscrvation was confirmed by quantification (Figure 6B). Anti-VEGF was used as a
positive control and completely blocked sprouting in this assaj. The resulis confirmed strong effe;:ts for
each anti-NRP1 mAb in reducing FC migration and outgrowth of vessels in this in vifro assay.

C. NRP1 is necessary for vascular remodeling in the nouse retina

Phenotypes observed in the Nrpl knock-out mice are consistent with a defect in vascular
remodeling. Gu et al. (2003) Dev Cell 5:45-57; Kawasaki et al. (1999) Development 126:895-4902;
Takashima et al. (2002) Proc Natl Acad Sci US A 99:?:__657-3662. Next, the role of NRP1 in vascular
remodeling was tested by analyzing the effects of systemic treatment with the anti-NRP1 mAbs on the

developing mouse retina, which is zn ideal model to investigate the stercotyped events of vascular
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At birth, an astrocytic network is in place to gnide ECs sprouting from central retinal artery located near
the optic nerve head (ONH). After one day of postoatal life (P1) the retinal vasculature has developed a
morphogenic furrow in the nerve fiber layer (NFL), lying superficial to the ganglion cell layer, that begins
to extend toward the edge of the retina in a concentric pattern, reaching halfway by P5 (Figure 7A). Over
the next three days the furrow continues to extend to the edge of the retina, while the vascular plexus
closest to the ONH undergoes stereotyped remodeling, consisting of thinning of the vascular plexus into a

~ refined capillary network in the NFL (Figure 7B), and sprouting of vessels into deeper layers of the retina

(Figure 7C).

Antibodies were injected into neonatal mice beginning af P1, followed by injections every other
day untll retinas were collected at PS5 and P8. To visualize the vasculature retinas were stained with
isolectin B4 and compared. While the refined capillary network of the IgG control group is Well
established between P5 and P8, this vascular remodeling is completely inhibited by both anti-NRP1
mAbs. This differénce was quantified by comparing the vascular density from representative images
taken of the NIFL vascular network in regions adjacent to the ONH (Figure 7D). Becanse treatxﬁent with
either anti-NRP1 mAb results in a strong inhibition of vascular remodeling, vascular density is
significantly higher in both an’u—NRPlA and anti-NRP1® treated retinas as compared to controls.
Interestingly, the developmental furrow continues to extend in both anti-NRP1 mAb treated retinas, with
only a slight inhibition of extension in the anti-NRP1® treated animals (Figure 75). This suggests that
development of the retina is not generally inhibited, but that there is instead a specific block in vascular
remodeling when treating with either anti-NRP1 mAb.

In contrast to the anti-NRP1 mAbs, anti-VEGF treatment resulted in a redirction of retinal
vascular density as compared to control (Figure 7D). At a qualitative level, vessels in anti-VEGF treated
retinas have a reduced complexity at P8, a trend that is present but less obvious at P5. These data suggest
that anti-VEGF treatment results in either block of initial sprouting and/or vascular regression.
Tnterestingly, systemic delivery of anti-VEGF does not significantly reduce the extension of the vascular
furrow (Figure 7E). This is likely a consequence of poor antibody diffusion to the extending tip cells due
to the lack of vessel lumens in this outer region. Gerhardt et al. (2003) J Cell Biol 161:1163-1177.

Evaluaﬁhg P8 retinas also allowed further investigation of the effects of antibody treatment on
angiogenic sprouting. Between P5 and P8, vessels begin to sprout from the NFL vascular network into
deeper vascular layers resulting in the formation of the outer plexiform layer (OPL) vascular network,
which is superficial to the outer nuclear layer and is the deepest vascular bed in the retina (Figure 7C).
Later in development, sprouting from collaterals that gave rise to the OPL xesults in an intermediate
vascular bead, termed the inner plex1form layer (JPL). Images taken from the OPL at P8 show a complete
inhibition of sprouting by hoth anti-NRP1 mAbs, and by anti-VEGF treatiments. '
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D. Blocking NRRTSunstorchap fifdle piecter V@gﬁ{{%ﬂm’@& and cultured in

AR ST B U i o

. mvestlgaﬂe{l‘ fd B DEmentl 4} NRRGHamd plofifepoorand ahscdoipayss ilitgs 4wy defining

cellular 4@% ?q%?ﬁtaﬁ §§ Qfﬁ@g er%x)fcgﬁ? el é@g%ﬂ%@%ﬁg%;m MWEINRP1® had
no effect bd VBT -ikdd ey ABEreaBmiiafiGE proyrisd é)giﬁfpng% 19&‘%]11%3 8A). A
similar 1:1:£J | ata% g)bso Pve!i %ﬁg%?ﬂ;ﬁ% §1du&3ﬁ E@Wﬁe‘ﬁiﬂoﬂ,&ﬁth(ahihm@ylﬁmdemg

ure diumwith 50n
no blockafpraﬁf@ahw end55-BB 1 oA ﬁ#&‘%hda%efr?gl’?‘%ﬁ’ﬁ begig‘glr"“ Gt ! These
results su§§ Sﬂs p%lﬁisﬁé\ﬁfam lhd\nﬂug\fﬂz{t SIRTA) knogdowed oiNRPLiimEGs tiohsenot

otlc 15_expressi on o) suggests tha
st o B g e YA R 1 008 s e

roteln was

NRP1’s i iobdih MEGEXEN @S EtgthiniorOsi® medlatasceﬂmgre‘mﬂ: fied by
NTA affinity chromatography. N-term nal s :
m&ffbks eﬂamm rahmbodm mvwﬁﬁ?eﬁwhﬁgeiab%dl%?s V%%%g’“?’é%gh
ARG SRS FAGE t§Eleceptdnby fripging auto-
second vvas agg a -8n /mlln

sence
phosphoazb@elm g@eﬁal Esing W@F%S in aﬂtég&g‘l érrf{gg]a.\%e ?lecoPtﬁaétu a]iltl-VEGF which
complet%7 ﬁoékg[i VEEBFRD ﬁhotsﬂloty[h@blﬂﬁdﬁ:edl b)aﬁBGF mFIFVEGssans I NRPAL fidmot

cones were fixed.i 2 4
it BT PSS Al PR D! SR oy & modes

reductioiClreR@sicyat 1:40 in PBS for 30 nin, and then washed

and nounted wi th Fluoromunt G (Fl sher To }perf% o
RitRerltiap paoaipaNEGH2 Papﬁ@bo%‘ewe"e@’?% §°h'Q Rdiy

i g, ROl Ztmﬂarai Wmmmdiowns&eam _
- %é%ﬁ% gﬁgwg#? 1% irk% lq]ll{lg?ﬂﬁl;? J e s ob;v%qg filfuce BC
signaling dwehts wiliated bT RECER W ateEAgiids ~§E§”§ 8" Y0bdi ssected
pmhferi:lf)ﬂ){ﬁ} h Q&i"vﬁ:gvln oGt tnﬂé\;‘én ﬁéuvﬁlbmﬁﬁﬁﬁlmu@s EEBllﬁgR@qsmu et al. (1997)

tungst én needl es nt i ooula
Onconersoda B dr AR 1A Ge O ) Ok T 2P 2280 B reguiu K

tured i'n
survival NedvRbas pbrniEiicy ihreigio e elﬁeﬁme;e@/m malﬁmez 7Cheg ebf&dZQQS? Nat Med

9’93 ﬁﬁ% -13596; 'sﬁ}ﬁéd GE(2000) |FE'BSBm 532:67-
H: 1188&g§’%@9§5§fé19?%?{1%at ed” control or ant |- NBPL - ee VEGE-
69. Comidtehiveitt tBsotsdGatioy Hal a}lﬁNthl WE@W‘?@@@W& dgpt siggificantdy chang
induced ﬂCﬁ[%glgf%% g)r %sc@ﬁ] Meal%%@ ninfioadrg MYJ B@PI® incubation did not affect

I'one m n
fun tion with anti-

VEGintugebpierhonisSayotEF I o g av U SRETays Ml GERIF) Smctog v
NRP1 2HS0a8s &rdiRg idihad HBaMgetiont arpasibia SeElRRE prrifidy Jggp:ﬂqtes VEGER2
pathways required for cell motility, such as the p38 MAP kinase pathway, which has been shown to be
required for VEGE-driven actin reorganization and cell migration in ECs. Rousseau et al. (1997)
Oncogene 15:2169-2177. Anti-NRP1? and anti-NRP1® treatments both led to a slight reduction in p38
phosphorylation level in HUVECs (Figure 8D), lending support to this hypothesis. However, the mild
decrease in p38 phosphorylatmn alone is nnlikely to account for the strong reduction we observed in the

migration and sprouting-assays as described in previous sections (Figure 6), or explain the qualitatively
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30 pore size Falcon 24. nultiwell insert system (BD

Bi osci ences). The plates were pre-coated with 8

jig/rrfl Laminin (Invitrogen) for 16 hrs at 37C in both
5’5%%0 and | ower chanmbers. HUVECs (80-90%cras2006/043516

I
' nvested with trypsin, counted,
dxff&re%q&aﬁt%sg@% “ﬁ&“ S hsmeatRed miAbs EBMnE-VHGH™AD Toyumsis ine
rennalv§s§ on%I%Q i agtnlﬁc "‘%L"S?Fé’ﬁéﬁg cells/m. 1000 cells were

er of the transwell system

'T&% ﬁ&iﬁ@sd)fhﬁumﬂmmsmeshanber with the
ExamPiee] cy before addition of the 35 stinuli

Maten&l@aﬂdﬁﬁethsﬁ@er charrber (I OngimM of VEGF in nost cases),
whi ch contai ned 500 n1 EBM2 with WO

R0 MRa edmlm%ﬂ@ﬁﬁ-anﬁon-smaﬂ cell lung carcinomas were obtained from

e QoAU RGP LA RBL 85 M o

upper
fragmerf: a.€.émpifnttiibe thaibifoa He298e @0 enevelts wesd ipigeted Sspwﬁg’eﬂ

do 8! i HEwmal
e P RS T R T
reach anRypbge sizofof R-Hi0anme gmise PPig S@Wdfq@vq R5oiidggieal StopP fpRg umor sizes,

and trealTRERE ANE YR T S doBEdeDli a1 @P@a;ﬁmﬂidyflim@éaﬁﬁdﬁﬁ Riere body-welght
m croscope and the re ults Fé%‘g‘ﬁ? zed with t

adjustedpgt ﬁﬁ@g&ﬁ ,go'ﬁ%y(( Wmnh F ‘b’ldf]:y Iilt Fm&oagyo Tlubmon
(% TCTRERAdR GOV incas S2 YodBekirha eeing tutbe @tmﬂﬁ)theareatment arm /

m Ccrocarr on
i G BB D BEDAT T A VL AL IR il s on
they stud§ (FOK-MESHS= (e 22 el 2ph= dayri5). Tohe E@MpoinHEdFLmioeh Grdppint
volume hr[u%?) atbé %J (t}re{"eri) %th? é)[ Q%t pﬁ& QbpeVr tnd hﬁ@&iﬁ:&d%ﬁﬂﬁﬁ: regression

entransferredtoa %
of the Ipgrapih o sk BN qanaa%er@metwcs.gm‘? Ly d&CRng ¢ (Fodin 118 Tor
treatmeht M D@18 TPE Ror W cQftroENY dediod TH2fol fhe BénfrobdrmBy (0.
HUVECcoat ed -beads were then washed three tines with
INfike Wb/ stBied WEUSRANTE % itibréndighdrindf.8% hbyliatvolgdirPigma-

PBS at a dens o
ey PRl e ln i ey SRR P gt ool
Laboratsids) wasfmJactaﬂ Wi inutes beere systgmicpediusiina fThe waspilairppaperfused

transcar? a@f@ﬂ:ﬁlﬂ‘% ngﬁ b3 (Pl 9NPaS foP2 fdﬂﬂﬁehﬁﬂo?g &ér@ﬂmo;ﬂa@nd post-

[ noge ut| on was incubated f g "
fixed by iyorprsionip &eaww@ahwﬁ@ﬂﬁﬁlﬁr follgyedit a%t““‘ﬁ’??f”i ip 3G B%f OE% overnight

for cryéé%chw HRALGeddAfit 6CT Eﬁlﬂiﬁ&bjﬂ BB Vel cat 4ad mlondtednduto glass

slides, rg@@rqtqd\gg‘i@g%gﬁ? WB%E(%%% g jrgt?&%dlf)hgmr%%‘? nonvtt\l@alvé%)at seram for 2 hrs at
roon tdi@ﬂiﬁmm Th@d&dmh:(ﬁverﬂfnc&kﬂem mfenﬂgmmﬂasm R §1: 300 prrasianti-mouse -

t i an
PDGH%&(}%O@ 81? ggP 3, s ¢ crés%ilmlbc%{]aég Cf‘ Ha i‘(i: ns wcre% F%héd ﬁrﬁlqésqﬁBSt, d
mcubatmmb@ebne&ymrbedlémem;a@a @dat bgi-awi Ig@ind Aderd Soheoabangagt 1gG

(1:200; (iecn]gr%ro gor AN aF ro?ﬁ galuﬁa gﬂ%ﬂiﬁﬁdg‘%ﬂ@&hﬂi&é@ Yelefiohs were -

X reso I on. IITH es of beads were

washedclrtes mmmwoameWWeBFmﬂaﬁﬁs@apw by ot A @iathes pdBS. The final
wash scgl!lt{oﬁ lw%? Tegagvéipgfc‘lqdz d'il&ps %@ﬁuorgzggmt—@qgouaﬁﬁlﬂﬂﬁécﬂﬁf/&e added. Glass

drawn around the bead in each.i g
coverslipg r»mr@rplaecfd ayeesemples, Bdimagen yere SRR Wik 35l ggg’ﬁfi“’é uQRfRgence
microsdcl€ average was taken at each di stance and condi tion.

FAGS anal ysi s - Confluent HUVECs were incubated
ResultM t h control or anti-NRPL1 anti bodies at |Qug/m for 5
ruin, 2 hrs or 20 hrs at 37Cin a 5% CQ2 i ncubator.

@bdl@n\ﬂ&f@@mpaﬂmy b bwfui hoven myradcé ragwasewddrization in mouse tumor

o delséga ‘ﬁ’g %{5%}' %?%2 2%3?-3,& tfg @ﬁﬁ Naﬂgéé%ﬁ@g’%/g’%gémgﬁr it is believed

that sorEDiAwrs Qrele4s ge;xdndmoamfom@beltfpmﬂe PY T8y Gopaes msensmve to anti-
Pro-bind U-bottom 96-wel| a&ssay pl ates (Fal con) at
500,000 cells per well. Cell pellets were collected
by centrifuged at 2k rpm and resuspended in 25 ttl
staining buffer (FACS buffer with 5% nornmal nouse
serum 2% normal rat serum and 10% 10 ng/ nil human
I gG containing appropriate biotinylated anti body at
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0.1 nM MnC12, in PBS pH 6.8). Retinas were then
washed 4 tines in PBSt, and incubated with Al exa 15
488 streptavidin (1:200; Mlecular Probes) overnight

Wit 472 ssdgb Ler st a| ning was conpleted, retinagsciffsGoosnsssie
Wetdteas 4 ¢ PBSt post fixed with 4% PF
W@F‘%&B{S&'sﬁw m% Hlm Praer QucaldAds: Kesbebgial. (qOH;Qg'ggceap/Ietastasw
Rev 20:7 $ F o JRHALGS 80 E\lﬁi’![ Q@&aﬁﬁoﬁd%ﬁféﬁé&ﬁﬁﬂmﬁb‘r g@@eﬂﬁﬁ:ﬁ@iﬁm provided by
0]

SSEEnce m croscopy. Nbuse Skin. vess

blocking PECHEabiclerby seagelagnagrajt nypdelkkionp i gHibf ARG S et VEGE
therapy. %xﬁée%g Blgedsumnglhfﬁkﬁo IhhgiQerm ¥armoaferived YEGE hadietr shown o impact

areas of the back and. f] anks o the
tumor groveth.avesised st IEG T radhs et W&?@‘”BE?*JE)W“‘P’?%% e ﬁ Fn%o g etal
(Zgoﬁ)ﬂgﬂ,@cgynplglggﬁgglhe shaved area was divided into 4
~ Injection zones. One hour after the Evan's bl ue
THRERRD ddﬂ{énts %@Mﬁesﬁ)énedqﬁﬁsttbﬂtf@cmf htycksANREL aong grdig 7ong>;natton
with anth@(gF: g%clmgre smgtrle AheH b @ pR @ebrol HiBodiOYRAIMES-1 is

y on any_one of four zagnes,
a NSCLORe@ojxnit emal tiat a‘xpuesseed‘éﬂ&’lmnlyehéwﬁ% And gl HSgyg vith 40

MG md rahti VEGH paRiled HE2gskinar growth
mtermedlé é] Xéeg %t%n regsﬁﬁ nﬁﬁfggﬁg% %‘é@d s, P

d d
inhibitiof B! GI)Tangle agent 4a-NRY1 nca‘wg:g adip él.‘ﬁ}% %m}ﬁ[gélk xbo! sg%hﬁgnt effect on

TGI (F1§H9 113) was used to cut out skin sanples of sane area
the injection sites, and skin sanples were

Stﬁﬁ:ﬂgﬁtt&daduﬂﬁvé SHfenmis dises el Widneithen antERY ¥ apHbodg asusedn
combmaggé% @'&# Ats%eplctec} 1%?]1 0 eeiOEr &ml\hﬁﬁ hded %H%ﬁxbm&_thﬁ with anti-

n was then asured ——
VEGF ispast renistl &omabot 05h naab@@ﬁﬂ%p@éﬁmr%’c Rein 135%%“&“0“ with ant
VEGE 1_%0 C%:'d' Prgld :Ib%@aﬁ%ctﬁﬁm@é AR QbulW vidke dbleneDil the H1299 NSCLC
ro

fr'ati on Roche Briefl
xenografs ongfitl rdrich F4ovEmesseraiRE gﬂxaal Fiss élg gt hég?]n ggvals but in tumor

cells to gﬁ&@ryex{éﬁg iSthefe A MﬂﬁlﬁRﬂe sifed 39% YGEBS)- VEﬁﬁ dhqﬂﬂé@@d T} and the
0 cells gfr V\él: into black 96.well tissue
combm%”hwvéda at ate-96, Perkin Elnmer) pre-coated
V‘“hlo iR lod &/day 6010 ednine th
AL 9 T o
delay maﬁlﬂdrigﬁjwtﬁ(ahmsls qu&@ﬁﬁrgms?dﬁwaend:{np?réfzﬁ,ﬁx mnT'; I
ammals were IQIIOIQ‘}ESES ! @t L& Addegnt 'f-hctﬂé Meleﬂﬁl&t sBovks 4 difdant effdct of both
a e

for 20 hrs. I abel SO|éJ e gur
anti- N@@Mm@b@aqopﬁw %%@gﬁﬁm i CTBP %ﬁ
on). MERAEHOREH FARE T IHSEY GBREAG nb biagle agent delay for anti-NRP1%; 24% TGD
for anu-;%{li%é r,r rg% SU| t el lV]gtLél{ gi}‘%h lﬂ(}‘o UAﬂB 14 gg&a vBEE Lédbination arm; and -

eni | um nescence
96%fofﬁmnm%$aynVE’E@EcRﬂauﬁﬂmsmmr yl atl on assay Tot al
VEGFR2 and phospho- VEGFR2 were determ ned with DuoS L of
ISE;mE:: keSiitsko these(sRAD) the HISERE aps)s wap e ebes e it 2 e ©

breast 061101,611', ser r&m@ﬁd&q 4 @o SBR walRe tdniﬁ?seééndrﬁed ﬂy&m‘@'\&ﬁ&iﬂétﬂanbgeﬁﬂc gxpression

sates were centr
were disricdend @langddn supenivaFERE & P O Pl (a8, s
model, Nﬁlﬁs i A eSS aon vw@aearidlaegaceﬁmmadmbmu Wﬁﬁ is again only

ected nmmunobl ot t e
partial GRS FRQNEGURPEID BRI Lth DU e o gt seen

the NSESAmodds] h&\b&& td ﬁacadmn@ﬂﬁktal@m e inihet qqm@xtp%qyéﬁ@l and anti-
fol I oned ' (@shed Mide; Figure
VEGE B PP I T B Gt b el in B S AR @Al T
9C). cells were incubated for 30 min at 37C. Cells vvere
stinmulated with VEGF (20 nenl) for 10 mn at howed ver
VBsHabe Fofinpeehdbr tsquebiglelogy EGs arfpbpsreddhat FP“F%‘E‘E"“ sho y
buf f er ., con Qi Yo NBIGEFR - %0
large ugqreangd Xes T&Sg‘atﬁ‘%grsp lalpads\%&l&‘lh |V%r|a oafa%tockt ail | ang Il
(Sigma) and conpl ete protease inhibitor tablet
(Roche). Aliquots of |ysate were subjected to
15el ectrophoresis in 4-20% Novex Tris-d yci ne SDS
gels (Invitrogen), followed by electrotransfer to
I nvitrol on PVDF nenbrane (lnvitrogen). The primary
anti bodies used in this study were anti-Eric, anti-
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previ ously suggested that Sema3A and VEGF165 may
share overl appi ng binding domains in the N-term nal
region of the bl domain, and thus may corrpete for
binding to NRP1. Gu et al. (2002) J Bidl
W UGG 18076 Mao et al . (1999) J Cel|q’§””sz"““""43516
lmmmai&ﬁcﬁmm@aﬁm " '&%nmtalos@@m Daderpeinypsel dgmeigrand a

‘general %@Ang? %agct:u ar E{P%&%@@M an) £if A&k ROkdls BaTaRIRI aNli-VEGE

this inventio
treated thieat dhahwidotose zi:ss:vcratlarbvﬂ peridyiss. Supils Feé‘éﬁ g ARRERTSR R QU Poreye
parkers 2% 0N grow h cone coll apse. Dorsal root ganglia (DRG
were di ssected from nouse E12.5 enbryos and cul tured

0,85k @PinSH SAREGIYeiREURONRYT HAb Rlotappear tivdltr mp@hology to
responsive to Sema3AJNRPL- de '8 ndent %%héﬁﬁﬁfd“ﬂt‘%
anti-NRibigagied vesto2pjh BioRALE Py et 9 87 i,
mamtaxﬂu% draesiie uﬂ)ﬁem Cathks ﬁlﬂer@lal(d[\&dmﬂm'@tng@tr@ldrepted ‘Fl@@t vessels, tumors
treated x%l?hreeé:ég sk ]gl%%llreélh 2 0 0 Zﬁjgtg gAE? QPQJJeHég QRG( Rd3ak tumors that

to t s .at
were treS@dTRitH dntFeY aﬁéwﬂ:@zﬂanudﬁlﬂlap@@ﬂxbﬁ’é’l eéweé@éwvbnaﬂd@@%gape with

vessel regg?%%)g %&nﬁla $ ﬁnhavpﬁ #BPe'd Bitad bt it kdn@edingORssels appearing less refined

uced se (Figure 5A) . These two
andlaclwgtqi%@measmgﬂ%ve functionally distinct actions:

anti - NRP1A bl ocks Sema3A functi but
iThese proehdogigal q@s%n%ﬂrﬁfﬂﬂﬁ tﬁl%ﬁ Euant\:ll\ﬁé)de c%atggg in vascular

| desens@nhh shhﬁﬁ’ik@ﬁ@lr@mk&eamwm ismh :my NRI gniiRBEs eiidiahi N ECF decreased

vasculg i KON HOF DR P B LG s, B GaB e ing n omor
sampleﬁ@ﬁtdd&p semmfed Kilcontrolp @ygahhpaﬁcy@fvgwﬂﬁr réwgasmg &hﬁge B@)c yie

coveragB NSy ﬁﬁ%ﬁé Vﬂﬁ}%‘@e&@@tﬂ% GhYAL highbst R, whRh ishiedreasstty AomiyRP1

e antlbo ies thus.provide selective
andanttmll’@tr@@nmtssect the rol e of NRPI |n vascul ar

b| oI ,ggtna(rjm_rreans for Sglﬁ?{f \,@3}( @%}ﬂ‘\lﬁfﬁﬂbeacungby

blockink @ﬂfd&@c m&mdﬁwemj@aﬁng@ammsm edised Ithecpe$8ibllrw Hrtpmbjping these
and bead 5 wth
T s o

Indeed &q:lrdfm(nﬂi@dlm efifcat wmbweﬂgfhal o gEnt-NEy S FERp brigure 9.
Espemz#iﬁ o %‘%j‘%%e é \‘{ﬁi IQRlepdﬂlE p&hlts%gg@@ b lsﬁlelﬂgﬁw s ﬂiﬂ&ﬁ(ﬁhﬁ\!&: effect, since in

Into the t while Vi
multiple Umiohmodgbttheémwm&@u%f%?%iﬂég losetiagl Eﬁ %M@“a‘é%‘sq‘q’%g not

d]fferet%t %%In cBady, Hﬁt%e%h@ﬁbdﬁz Qighib@anbpédhaiechanirespouevdet ¢reined with anti-

I xed, stained, and %antlfl ed (Figure 6A). Anti-VEGF
VEGFP@&WB%@%@%?@”&F? ®s a positive control to block

VEGF d [ 1\%&; 1 e%'gé’n?tréaﬂn&@eéﬂt@&‘ﬁ aSiERERA Feﬁﬁcuon in tumor

ecl es reactive anti - VEGF b
gowmammam ﬂ%&ffdctiare vl S@éﬁd16$sm0@¥ltlthaé>@{3‘€mﬁ]c°§e JiMELs :
stated other Slmak aﬁt?l@ﬁh@j)‘zwlasahﬁlhr t&hlemu-NRPl _
reductigip Uﬁ%oig%g@fwﬁﬁtﬁec tf:}’llilbg(r)nB\bs were ad fa L hibito
combirtatien arop Toh sindhergepipsiectsf mbirNRIY 1R bey t? Fiﬁ‘? 5 Syt &

glhn\é’ oAb NBRM add ﬁﬁhﬂl—NﬂlRE’i BDn the other hand,
ammq‘s‘igSﬁﬁgJ %zga n{g) ragg E}{:%d e%dgoet h n@ | r%ﬂml Wiy &ment
both ardihedies w2 eNIREY BRI #/hl aq vgsc %c%ﬁ E)ﬂek ouse

assay 280 ShBltin® Pericth Sidb@atiDAwith Sbssald latherFeS witosmedel.e obt ai ned

using two ot her types of EC lines, HUAECs and HAECs.
k¢ hislbééanoﬁﬂ gaeehodldn eamodd:lmg dxf theurREba talsedl plagrin thrpsgnee of close

nore Cco o i ﬁﬁ
pency%pssg%o%sg%lﬁgeémggg% H?ncﬁg WAGS LS, rﬁ:ﬂatﬁ:@ blb'o& fré?ss )éﬁdlﬁgﬁl

atsu
plstiol 2263 oﬂ%ﬁtlmraﬂeh@§e@6mm®2dl(2§93) %we{oamgnt %@sf’mdmgs of
coated on beads sprout over a seven days perlod
resulting in nultiple well-defined vesse
25structures protruding fro¥ each bead. Adding either
anti-NRP1 mAbs to these cultures resulted in a
reduction in vessel length, and in the case of
anti-NRP1B a decrease in the nunber of sprouts was
al so observed. This observation was confirmed by
quantification (Figure 6B). Anti-VEGF was used as a
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10Anti bodi es were injected into neonatal mce
beginning at PI, followed by injections every other
day until retinas were collected at P5 and P8. To .

Vydﬁ,ld%éﬁm the vascul ature, retinas were st ailstelgtugyh(;ﬁmmé'
o] ared. Wiile the refi
s e AR A e S ey iGEROPTEH oL 0T beﬂt"%elteéucr’m*ng of
the morpﬂ§éeﬁ% lpHhe dasaﬁér‘ﬁﬁ% 118 fid\hpMBries] bl Bvell B uthe maturation.

eling is conpletely |nh| bited by both anti-NRP1
H&a ofr gytﬁlsfaf)lﬁhﬁg\ﬁﬁmﬂmsel}%mgnfmme wyant- YBEE theragy rvistance

P
Bergers Et*éﬁ (ﬁbﬁ J((Fn@ries 1 ﬂa)zsmmaeer dt nle@ﬂ% H@sew J\l&a33§r3t4?re1iﬂ these
studies, & ggsctﬂﬂs RF;:(Ii he %cﬁcinliﬁ fﬂllc%f)t? INAREE (E@ Iﬁ':vzth'df dn@PDOF (pericyte ligand)

reno vascu densi ty dies that
results isfogfiEr ﬂlsmgtumloﬁtumogfmula,ttﬁe [Sebsqaushiy, RRIi’i‘?Q sg?ygl in imaging studies tha

bIockm%a\m[%d}F %%?ﬂ%ﬂe%{u%rs r@stulté"ﬁ% sRRHEAMRRfBIE Tvﬁctﬂtﬁ ﬁﬁgﬁﬁh&h but the

erestingly, devel opnental furrow c

remainingespbdcoms FORnalPR WRRPIPSSPIAR R 4SR0S rPStS’r% ""“%Mq‘teﬂ"e of

jmmatus® Rlésyelﬁmaérg&kg vabcih Ridolding afd rexiretoni i e ol Q200F) Am J Pathol 165:35-
anti-NRP15 treated animals (Figure 7E). This suggests

52. that 20devel oprment of the retina is not generally

ﬁse@ g&%ﬁ %gerv% 8%%%511e5 hek, mﬁdévaoéﬂg;t L62i BnIP Sstulldis) otk Biedking

en t ing with either
NRP1 fumaticn-iNRRbrsiwbid also reduce Wukgm{np(g@pg qfétn{tqai aessals subggepently

mmbmn%’“?siet nﬁ&}duoé/ erbit £ %ssemﬁ wkh@ds VEGEdé’pexdidﬁ‘del "THis didne may
vascul ar dens y as conpared to

t
not havg ﬂlmﬁcgnt 'ﬁ'gct oqqutgmq @HP‘FEE’I_W% as 1p ‘glrnor Pa% féo A dy mherently
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SHavi ng observed that NRP1 is required for

endot hel i al cell nigration %n response to VEGF, we
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proliferation and vascul ar perneability-two defining

cellular activities induced by VEG-. Remarkably,

treatment with either anti-NRP1A or anti-NRP1B had no

effect on VEG-i nduced per rreabl I | ty, wher eas



35 decrease in p38 phosphorylation alone is unlikely
to account for the strong reduction we observed in
the m gration and sproutingassays as described in

vmﬁ,g%,&ggmsecti ons (Figure 6), or explain thepcrus2006/043516

aual. i, wel.y, =M@ 2007/ 056470PCT/ U S2006/ 043
weIFAE b b TR A H S P Gopis o SR P HIo oF NP1 extends o
areas adHobds 1 NERA phoRiS siaiGh @O EbS MR, | NADb treatnents in the
retinal vascul ar renodel i ng experinments (Figure 7).
Ex@rph&on3the TipeirhenkytidaibdeyeinAlirionditie €8t dbckihg NRPNRIIVEGF
fuctio 1 e MG 8 R o 1 aF 1 G R EFontod ar
evidencesthat NR@PIraey wer te aolteahroes nfoeckisnF O8er(tiRo MEEFRP. gignajmy.,
For SK-MES-1, each Il RLN femal e nude nouse received a
I mB tunor fragnent s.c. inplant in the flank. For
H1299, |x102 tunor cells were injected s.c. in the
flank of BRLN fermal e nude m ce. Tunor growth was
nonitored tw ce weekly by caliper neasurenents. \Wen
tunors reach an average size of 80-120 nmmB, nice were
sorted to give nearly identical group nmean tunor
- sizes, 10 and treatnent was started. This was
consi dered day 1 of each study. Al treatnents were
body-wei ght adjusted at 0.2 inl/20 g. Tunor vol une
(rnnB) = width2 x length /2. Percent tunor growh
inhibition (W& ) = (nedian tunor volume of the
control arm. nmedian tunor volunme of the treatnent
arm/ median tu or volune of the control arnm) x 100.
%A is only nmeasured as long as all aninmals renain
on they study (for SK-MRS-1 = day 22; for 111299= day
15). Tinme to.endpoint (1TE) = |l ogi o (endpoint 15
volume, nrn2) - b/ m were b is the intercept and m
is the slope of the |ine obtained by |inear
regressiaon of the |log-transformed tunor growth data.
Percent tunmor growth delay (WG) = (nedian fit for a
treatment arm- nmedian I TE for the control arm/
medi an TTE for the control arn) x 100. M ce
were anesthetized with Avertin (1.3%tri bronpet hano
and 0.8% anyl al cohol; Sigma-Aldrich). File-Iabeled
Lycopersi con esculentumlectin (150 ng in 150 ul of
0. 9% NaCl ; Vector 20 Laboratories) was injected i.v.
3 mnutes before system c perfusion. The vascul ature
was perfused transcardially with 4% par af or mal dehyde
(PFA) in PBS for 2 to 3 min. Tunors were renoved and
post-fixed by imersion in the sane fixative for 16
hrs, followed by an incubation in 30% sucrose
overni ght for cryoprotection, then enbedded in OCT
“and frozen. Sections (30um were cut and nounted onto
gl ass"slides, rehydrated and bl ocked in PBSt (PBS,
0.5% Triton X-100) with 5% normal goat serumfor 2
hrs at 25 roomtenperature. The sections were
i ncubat ed overnight with anti-NRP1B (1:500) or rat
anti - nouse PDGFRO (1:1000; clone APBS, eBioscience)
at 4C. Sections were then washed 4 tines in PBSt, and
i ncubated with secondary anti bodi es, Akxa 488 goat
anti-human | gG and Akxa 568 goat anti-rat 19gG (1:200;
Mol ecul ar Probes), for 4 hrs at room tenperature.
After staining was conpl eted, sections were washed 4
times in PBSt, post fixed with 4% PEA i n PBS,
foll owed by another 4 washes in PBS. The final 30
wash sol ution was renoved, and 1-2 drops of =
Fl uor omount - G ( Sout her nBi ot%ch) were added. d ass
coverslips were placed over sanples, and inmages were
captured wth a Zei ss Axi ophot fl uorescence
m croscope. Results Bl ocking the VEG- pat hway has
been proven to reduce neovascul ari zati on i n nouse
tunmor 35 nodels and in human cancers. Ferrara and

R o . e o v em om o o~ — a



conbi nati on showed 51% TOT (Figure 9C). 20Aninmals in
the SK-MES-1 nodel were dosed to day 35 and fol |l owed
to day 60 to exam ne the delay in tunmor growh
(animals were renoved fromthe study when tunor sizes
exceeded 1500 ronB; no animals were renopved as a
result of toxicity). The Kapl an-Meier plot shows.a
significant effect of both anti-NRP1 inekb
conbi nation arnms in delaying tunor growmh as conpared
CLAIM§ single agent arms (Figure 9B). Measurements of

: ggg&gﬁﬂ@&ﬁkg delay (TAD)- show no single agent del ay
S 1A; 24% TGD 25 for anti-NRP1B; 60% TGD
for anti-VEG-, 93% TG for anti-NRP1A + anti - VEGF
conbi pati on. a g Tt  NRP WohicNVEeTr
Lo¢ ﬁ?ﬁ'f'fr%@méi ﬁgm i[)1gml%g({yqélhér?[n's]f’ﬁar r@ﬁ@%@ to t hose séen
a lighi dhaih heriaNBGhGrinooreprisingeORI | sompisingtheaminoracy spavendse
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RSN A RO B SIS SR B G scl litade oA
(SEQ & DiCekd) o amsdmsxé@ngéée BRRIEP ICHAPPRIERCE &Q\ﬂ\%mﬂ?}@ (FERE
NO:1 hnlde etal. (2004) din Cancer Res 10:2499-2511. In
“This 30 nodel, NRP1l is primarily expressed on vessels
and adj acent stroma, and anti-VEG- is again only

PaHLL  FLRHCT SAUE 1191 cHalhVafiabl @Wath coinpiiiiigethe
> 92)‘j1E %bg%(ﬁhlaﬁlﬁii’b%hgzﬁm\%ﬁs Si ér}n'gl ar to that seenbi n i
aminotaqid spveRce oRBRf I3 NOsbwever to focus on the _

hi st ol ogi cal changes in the context of anti-NRP1 and

anti VEGF treatnent, anpimls were rves on .the . °
5. o hmaninagereni | OTRP ) R PRSUBR SHEEAP gk BT B fompriss
a hea\%%air__i va3able UhHaih Bﬁnﬁ‘@ﬁg AUIDRH fcompisapahd aftindvckitsequogpe

St udi es me,obs&rveggggat control tumrs showed very
GFSFpSif g (RO 2002 (RRES FAmiTiiNg U aREP 4P PR
SSITGIENG e YV e ADSVEGASRQAD N1 ) srdrnatDRHA dehifdhg tBe @no Wl

2007105647 / 516 i nuadol i Et cal ai gi ak
Sa¥wWF%VG£§V§§8E56EEE§§$§QQ§$EsuItéd in a decreasg in

vessel dianeter and a general reduction in vascul ar

density. .| dditi.on, 0o ' . al k
R R L
aminoasidieequatice oNSEQ IIpdi4ytes. Simlar results were

- observed with other peticyte markers. 5Vessels from
tunmors treated with either anti-NRP1 mAb _al one appear
5. siAmishtaneiropiliot BRI 10 gytibody thitspeciirply binde torNRPly ghen &ej
antiboﬁi g&%:tn%(lzs ar[%}ﬂscﬁaiﬁ Sl AomMn!cBmM e el (HRIAREAHHNE thd @dino

a nor garm aed, nal ntal ni hg a}glexus;[lke . )
acid seqppEa RASESISSDRAL (FEQIP AKX 1 Barid; DRI epersingdhecgHing 461
sequeltécrﬁ??{sggé?lﬂﬁbﬁwgdl and WIBHIS Cbﬂiﬁlﬁr%dhevﬂtﬂiﬂ) RidsBRience

al so lack significant perjcyte . .
QQYMBVRITAGRQ IRDEX 125hapd wBTFIA freyitofhiomeriyeh 3 peaf Fgin variable
domaih cEARh W AR N tpMERRE the Bilind atib dquatbd GFIWBBEAISISEQ ID
ant | - NRP1B, shomeé)a,conblned gggﬂg%égﬁqwﬁgggé G (SEO ID
NO: 12602 gomprising B awingiarid sequgnes il e C (EQ
NO: 1378 B SCDRIS cohring @iFRiniogid\segBade WEHIPEAG MY (SEQID
refined and | acking cl ose pericyte association.
NO:128kese nor phol ogi cal observations are correlated with
the quantified changes in vascul ar desensity. As

shown .in Fi.gu .~ treatment with .bot i - .
6 adnpiaresRh 0D ied fecplichl Wikl Y bl bomprices
a light(ch&AVariabR dolngin abigdsideaohmionicid smience WEGEQ S8 803 4nd 2 heavy

. increase .perictye stai.ning .l es tested,
chain ?5‘513%18 ’5‘?‘@ R S)c{igﬁl?seragf".’o %eSIF @T‘*f‘mg %E%(#E?/?g?dv ascul ar.

rati o nmeasuring relative pericyte coverage shows that
anti-VEGF treated tunors had the highest ratio, which
i s decreased by anti-NRP1A7and anti-NRP1B treat nent.
The findings that anti-NRP1 (anti-NRP1A and
anti-NLlP1n) and anti-VEGF may be acting by bl ocking
di fferent EC functions and/or signaling pathways
rai sed the possibility that conbining these



WO 20071056470PCT/ US2006/ 043516 t hi sni | ao.
isrliggiallatithi Cgietked for this intricate process
of vessel renodeling, consisting of the norphogenesis
of the vascul ar plexus into fine capillaries,
foll owed by thither maturation. The idea of
pericytes stabilizing tunor vessels, thus giving rise
to anti-VEGF therapy resistance as a consequence of
vessel s losing their VEGF- dependence, has been
. .« proposed and tested experinentally 5Bergers et al.
7. (290 ribdaydeichink BURSd idthd YIRAB bRy, Erber et al .
(2004) Faseb J 18:338-340. In these studies, it was
- observed that blocking both the function of VEGF (EC
3. | igane) NRPOadBBSdy of RS dné ¥E Qailnk gantd)eir thsatlibsdyiicapabld dfer
. disruption of tunor vascul ature. Subsequently, it has
bmd“lgé%hogwwli%&’lﬁﬁ i es that bl ocking VEGF
function alone in tunors results in a significant

5.y dBeaneNBRl B FE PR SLaus fr iyl e REFPA): Bonociona

antibcd$sSoci ati ons, possibly a consequence of 10 inmmature
vessel s undergoi ng vascul ar renodeling and
maturation. Inai et at (2004) Am J Pathol 165:35- 52.
10. BabeantbNRE hatibliyer ust dne nfclaitu ditnekbrdimthe Amibddnie b bighenigic
.bretina, it can be postulated that bl ocki ng NRP1
antibqinction in tumors woul d al so reduce vascul ar
renodel i ng of tunor vessels, subsequently inhibiting

model i ng of | ., subs: ibitine
0. (P B RE AR A R BF GG e (SCPAcA HERRRAS, b Rofiter:

antibagly.si gni fi cant effect on reducing tunor growth, as
nost tunor vessels are already inherently
di sorgani zed. Bal uk-et al. (2p05) Curr Opjin Genet Dev
12.  15he @Ri-NRRI amibgdy of pryciin of Jimp §-6c WhrEs3 the Atibegt iR fieanized
antibcgpservation that, although anti-NRP1A strongly
, Inhibits vascul ar renodeling, we do not see a single
agent effect with this antibody in reducing tunor
13, OFRWLL:-NRPWRYSEdy of hnéhe oBAI8EN I &} ekbrdiheht altibodkis Buman
_vascul ar renodeling, and the subsequent maturation,
antibqdpy conbi nation with anti-VEGF therapy may render 20
the renmai ning tunor vessels nore susceptible to

14, ComGtror e GEGLBH Be PR G ol T ot vt L (i

either anti-NRP1 mAb. in conbination-with anti- VEGF

i ndeed | ack. pericyte associ.ati o These results

15. s%&é@f “F‘??ﬁ'f"g% ﬁ’g PR elof}cgc oéff;#alei%p;'we observe in
bl ocki ng both NRP1 and VEGF function may arise as a
cqonsequengce .of. .render i,n [ s in

16 oA SRR B o T S S TRLIBRMERRE
regressi on. 25Based on the results obtained in

devel opin [ tunor nodels, it is
17 pg‘s Olfc’gepg%m%ﬁgig%%%%&r%%ﬁ%ﬁhcti on in newy _

formed vessels inhibits vessels from undergoi ng

18. ' %@&ﬁ&d rq@ﬂ&%&%ﬁ%ﬁ@ltaﬂﬁ%w@ﬁi 1Rhe ekftbiSing @RGSd érvg
t hese vessel s re dependent- on GF for Survival

claim (G suligblahwdfer!l-i n Fi gure 11A). Consistent with this
nodel , we observed a significant decrease in vascul ar
density of the developing retina in neonate m.ce

19. 1 Tan medoRpilRID SF HUEE PORIISTE FEAVEARIF SRR LATIROdY
the dose of single 30 agent al one (single dose =
10ng/ kg, conbi nati on dose = 5ng/ kg of each anti body).
See Figure 11B, as conpared to Figure 7D.
Moreover, it is possible that NRP1 may al so be
required not only for end&helial but also pericyte
function. It has recently been reported that bFGF
i nduces upregul ati on of NRP1 on snpoth rnuscle cells,
resulting in the ability of VEGF to induce snooth
muscle cell mgration. Liu et at (2005) Cytokine 35



6. An anti-neuropilin-1 (NRP1) antibody that
specifically binds to NRP1, which conprises a |ight
chai n vari abl e domai n conprising.the anm no acid
sequence of SEQ ID NO 3 and a heavy chain vari abl e
domai n conprising the am no acid sequence of SEQ1D
NG 4. - 7. The anti body of claim6, which is the
"YWs4. 3 .antibody. 8. The anti-NRP | anti body of any
one of clains 1, wherein_ the antibody |s_capable of
20.  biAphagacewsicy sPmMPeRion ARMIGRNDE rheaﬁfaNﬁEhﬂﬁbeﬁ:w? any qge ofgigms
1-7. anti-NRP | antibody of any one of clains 1-6, wherein
-the antibody is a nonoclonal antibody. 10. The
anti-NRP1 anti body of any one of clains 1-6, wherein
21. ¢ h@m@e&ﬂrghg%k SmBNRP B RE6bdyiof adithht BOMYms 1-41. The
anti-NRP1 anti body of any one of clains 1-6, wherein
the antibody is a synthetic antibody. 12. The
22, anld athNRP fimadihitedymmising e a0NBROT atibadyaf ally Gre ofbiaimeil 7.
the antibody is a humani zed anti body. 13. The
anti-NRP1 anti body of any one of clains 1-6, wherein
23.  t e ANNRPQANitody of day bR bf alainisetifpr use indinhiBiting binding of NRP1 to
ol.ynucl eoti de encodi ng the anti-NRP1 anti body of any
semay BesEetns 1-6.  15. A vector conprising the
pol ynucl eoti de of claim14. 16. The vector of claim

15, wherein the tor.is Sk v, .

24 A REb GBI PRI Rle P SRR h] eomacfs e

sampld &ith Aernd-NBE1 edtibodyocfany org oficlaizm tl17; MERittegtingitisdipding of the

. rLsin si.ng the vector of claim1l6 in a

m’%@@%ﬁ%ﬁﬁ?@eﬁla The net hod of clai m 18,
further conprising recovering the anti-NRP1 anti body.
20. A pharmaceutical conposition conprising the
anti-NRP1 anti body of any one of clains 1-7. 21. A
kit conprising the anti-NRP1 anti body of any one of
clainms 1-7. 22. An article of manufacture conprising
the anti-NRP1 anti body of any one of clainms 1-7. 23.
An anti-NRP1 anti body of any one of clains 1-7 for
use in inhibiting binding of NRP1 to semaphorin in a
subject 24. A nethod of detecting NRP1 protein in a
sanpl e, conprising the steps of contacting the sanple
with the anti-NRP1 anti body of any one of clains 1-7,
and detecting the binding of the anti-NRP1 anti body
to the NRP1 protein.
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