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For diversity in CORH3, nultiple libraries can be constructed separately
with different lengths of 5 H3 and then conbined to select for binders to
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o1 evi S AR PR B Sy e B R AP R REGINE o oyea

For exdemble coanaely,aﬁe aittériarfod amial ac@Selsaioh kndps@ibed Brget Sylnthenm:bft o a solid,

foll t t I.nat t f

ol y P oabo B S iceB st (RBhellBY sOCRE ERTA, U BwR YR o

t 0 Ssaixample ﬂieﬂ‘@ﬂﬂappmaihyl;(napbﬁc dt Blb{1899) eV @ aliob 296137-860rGagard S Hts:tneldh%ﬁhr get
“daé 9 sgmﬁyté o%%%?nhtt Ry Q&Qﬂ%&ﬁé?a&%@%ﬁ%&t&gﬁk féag' D¢ gen.

ut|on ecreasi ng concentration
Ut il |cpmmgrcmmema¢admsﬂlesﬁzem(#\faéabé&fwns @vrtexatlgﬂlﬁxé@nhﬁdﬁl?ﬁb’wsd%tef By,

- d
m ni s'%)a&' Rely NN Tra?:?éd%g Qfalaﬁ{, (f%xgggt %MME;[ ofls SOAHARCHD) . andrdpsoVi des

for ection o er o ent high aff |n|t cl ones. Hi gh afflnlty

bi ndexsst &f ghganhdeatidespanthegpd haying agevicdanpoda seowil ¥ mglade bttty j e
Li m tdh@&mél‘éotfﬂeé’ i Hﬁ"ﬂérehtrbe&&éﬁceﬁkﬂe‘ﬂ%ﬁr&ﬁés@&aﬂﬁﬁéﬁ@%o@&%ﬂﬂﬂﬁ%e akput 104

to 105 fold and allow ng nmore H3 diversity provides for high affinity

bithdeseeenggy Qligonuglgotides aspsed accgding fhs mEenbigy. haymsemepies @Pﬂﬂ@?% ?‘t‘y i n CDRH3

(eg. H?Bﬁdﬂaﬁbﬁlﬂ) adKal dONE) miareia\abld@asnpia@d an SBb &dn, Bl d6ds nbli nackedadilyt fethdemay bi nd
to different epitopes_qf a tar ]([ici en. Of the binders isolated from
t he ﬁmcé‘ﬂnﬁzﬁ?‘ﬁ?’feégs ‘Efefé’f:?’? “rfto'f ‘nas been di scover ed that 20

affinity e.further i ved b r ddIVI’ I the
|'i ght chalr%y ’a?ﬁmeg AR v ﬁg"igﬁ/%l“@“ ge:?tnera (?mlpne taﬁn S0 rr%%(lﬁ nen
foll dam:lmgrsxté:mhﬂ_reg[mmmef dldipesiftonoira $8and onekight chath VayiabRBPmamyii h@tam d

pQSI usé%,mtgo% tvﬁmgln ggva@ﬁtﬁtﬁl 5@@%&%@9%&% nﬁ@:a%@&@ngt‘%ﬁe faxe RVW

am no acl d posi I'S enco amno aclid position 32 Is
encoddeRswf emm@tﬁdomaat ihtgractgpriefioe at@étgwdmg@ﬁe @BthP @I@WM WYL CTG ; in
CDRL 25 geném RS ¢BRs &Qshﬁseeﬁe&@e;tféxm@&m RRShdtoen 53 is
25 encode and optionally, am_no acid po |on 5 i s_encoded by
G\A ; qumeaseﬁﬁ wesiagleidgmaia §rdplpef 2p Fvicomprisig paly hge PRl SrOEP gy bot h;
am noanggénﬂhd@ @l ahilie) Yo Yt olrfizeBE 67l @ ghtidyn, EBMonsIRMELNE @stoebemﬁmtyltm t@3%entie
encode by. RVT; am no aci d position 94 is encoded by NH '; and ami no acid

SipEsEei s encoded by TWI or YKG or both. In another enbodi nent, a
I|brary or_libra th. d| Ve t CQ%H (:Dgl—l% regl ons
is generat pﬁb E‘? ?W% i aétive %?t?m?lﬁc%gﬁéh%r‘@mgenerﬁgé using a
vari e:tpyxamfandi ma@tdnsomﬁan&d&mgCHmfmadiwmch@n pF(ahthamﬂbydy:fmgmts e and -
P K R of kel Bhich Sre GBI bl BBy Bl 1ARIMG] G, des

and tPooI ed of I gonuc can poo ed to a subset” o

| i br detvesn ﬂﬁme(xhebdmmc@kcquhnghpfgan@mﬂmﬁpmﬁs ageisodeogpintkepriagai nst t ar get
bound to solid. Cones isolated fromnultiple sorts can be screened for
s¥eci fi ci t"yingleerhain F Hort"§oby Sasgody ragnens waipese Y u &gt dopging 9f antihdy.c| ones

35¢ a%&%ﬁ@é@@ﬂﬁ%@&@ R&dt hAQGR PhIySidheR! GaRtkdl m@slyp@hhe gLt her
nont arget anti gens. ose binders to the target NRP ntl‘gtr} cap then be
scr eéﬁ@ﬂmfe&t‘P%mqpﬁ‘iletWWf’%’tﬂ%thF O a8 Ve ‘%ﬁ TR %Fgfstg%/

Spot i fBieaRe@idrd fop bYW bihlibi.f @ lai-dvfeﬁvSNdeJ’ Se Pﬁ&:tbﬁ ih m Blaptachloprast h e

bi gt BB ) 1 Bitrons ol RET S5 RRuS e el RGBTty ARG T agment s
is0 higg¢pdyield in cell culture. In sone errbodl ments, it may be

desirable to generate libraries with a greater diversity in Iengths 5 of
CDRH3 r egiTha tenlddialeodiasbiefers ﬁotsmaib@ntxb@iydleglmmm agfégee batios bitds veidhes  wi t h

CDR i j f t

o1 naareS T PO PLA% R dankid Q' Tl b PERE el Aol ()

pr odg gd same prdypeptideghain (i iEldWa) yBytuising @ Ehker ghat is tnoghirhiohllghpajiing betwePhe
vect Qf Sl APAL NRALLE. hEARILY of 3500 SEAURDEE SouthiCilbnly BRbRGS, Vi T Al

coat proteln conponent sequence, add 1 n constant ‘region 10
s¥quenctby chyjn prdowéattetwoantigsn-bindigisitns. Biabedigs|ard depagibed mere (g di. 8 cwymmdht i gen
bi ndi I dirgsd oS i n CDRH3
can b%gﬁlgé ¢ ?ﬁgb\%\?!{l Ar{&ﬁtdﬁ:%peé%ln g?sr)"p ﬁdg }\\/ugkr)f&g&rﬁ/%\?ﬁelg% ons o?ggt her CDRs,
for exanple CDRL1, CDRL2, CDRLS3, and/ or CDRH2. Thus, for exanple, in
one enbodi nent, a CDRH3 Iibrary is conbined with a CDRL3 Iibrary created
in the context of the humani zed 4D5 anti body sequence with variant am no
acids at positions 28, 29, 30,31, and/or 32 using 15 predeterm ned codon
sets. In another enbodinent, a library with nmutations to the CDRH3 can be
conbined with a library conprising variant CDRHL and/or CDRH2 heavy chain
vari abl e domai ns. In one enbodi nent, the CDR111 library is created with




5 frameworresi dues may be altered in this enmbodi ment of the invention.
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al a 1ievels in the presence of wild type gene III protein so that phage particles display one copy or none of the

s
—

. fusion proteins. Avidity effects are reduced relative to polyvalent phage so that sorting is on the basis of
20  intrinsic ligand affinity, and phagemid vectors are used, which simplify DNA manipulations. Lowman
and Wells (1991) Methods: A companion to Methods in Enzymology 3:205-0216.

A “phagemi " is a plasmid vector having a bacterial origin of replication, e.g., ColE1, and a copy
of an intergenic region of a bacteriophage. The phagemid may be used on any known bacteriophage,
including fitamentous bacteriophage and lambdoid bacteriophage. The plasmid will also generally

25  contain a selectable marker for antibiotic resistance. Segments of DNA cloned into these vectors can be
propagated as plasmids. When cells harboring these vectors are provided with all genes necessary for the
- production of phage particles, the mode of replication of the plasmid changes to rolling circle replication
to generate copies of one strand of the plasmid DNA and package phage particles. The phagemid may
form infectious or non-infectious phage particles. This term includes phagemids which contain a phage
30 coatprotein gene or fragment thereof linked to a heterologous polypeptide gene as 4 gene fusion such that
the heterologous polypeptide is displayed on the surface of the phage particle.

The term "phage vector" means a double stranded replicative form of a bacteriophage containing
a heterologous gene and capable of replication. The phage vector has a phage origin of replication
allowing phage replication and phage particle formation. The phage is preferably a filamentous
35  bacteriophage, such as an M13, f1, fd, Pf3 phage or a derivative thereof, or a lambdoid phage, such as
lambda, 21, phi80, phi§1, 82, 424, 434, etc., ora derivative thereof.
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variable regions of the heavy and light chains of a source antibody or antigen binding fragment that is

determined, based on structure, ensemble of structures and/or modeled structure of the antibody or
antigen binding fragment, as potentially available for solvent access and/or contact with a molecui;:, such
5  as an antibody-specific antigen. These positions are typically found in the CDRs and on the exterior of o

the protein. The solvent accessible positions of an antibody or antigen binding fragment, as defined
herein, can be determined using any of a number of algorithms known in the art. Preferably, solvent
accessible positions are determined nsing coordinates from a 3-dimensional model of an antibody,
preferably using a computer program such as the InsightIl program (Accelrys, San Diego, CA). Solvent

10  accessible positions can also be determined using algorithms known in the art (e.g., Lee and Richards
(1971) J. Mol. Biol. 55, 379 and Connolly (1983) J. Appl. Cryst. 16, 548). Determination of solvent
accessible positions can be performed using software suitable for protein modeling and 3~dimeﬁsiona1
structural information obtained from an antibody. Software that can be utilized for these purposes
includes SYBYL Biopolymer Module software (Tripos Associates). Generally and preferably, where an

15  algorithm (program) requires a user input size parameter, the “size™ of a probe which is used in the
calculation is set at about 1.4 Angstrom or smaller in radius. In addition, determination of solvent
accessible regions and area methods using software for personal computers has been described by Pacios
(1994) Comput. Chem. 18(4): 377-386.

_ An “angiogenic factor or agent” is a growth factor which stimulates the development of blood

20  vessels, e.g., promote angiogenesis, endothelial cell growth, stabiliy of blood vessels, and/or
vasculogenesis, etc. For example, angiogenic factors, include, but are not hm1ted to, e.g., VEGF and
members of the VEGF family, PIGF, PDGF family, fibroblast growth factor family (FGFs), TIE ligands
(Angiopoietins), ephrins, Del-1, fibroblast growth factors: acidic (aFGF) and basic (bFGE), Follistatin,
Granulocyte colony-stimulating factor (G—CSF), Hepatocyte growth factor (HGF) /scatter factor (SE),

25  Interlenkin-8 (IL-8), Leptin, Midkine,neuropilins, Placental growth factor, Platelei-derived endothelial

el growth factor (PD-ECGF), Platelet-derived growth factor, especially PDGF-BB or PDGFR-beta,

Pleiotrophin (PTN), Progranulin, Proliferin, Transforming growth factor-alpha (TGF-alpha),
Transforming gfowth factor-beta (TGF-beta), Tumor necrosis factor-alpha (’I‘NF—alpha), etc. It would also
include factors that accelerate wound healing, such as growth hormone, insulin-like growth factor-I (IGF-

30 T), VIGF, epidermal growth factor (EGF), CTGF and members of its family, and TGE-alpha and TGF-
beta. See, e.g., Klagsbrun and D’ Amore (1991) Annie. Rev. Physiol, 53:217-39; Streit and Detmar (2003)
Oncogene 22:3172-3179; Ferrara & Alitalo (1999) Nature Medicine 5(12):1359-1364; Tonini et al.
(2003) Oncogene 22:6549-6556 (e.g., Table 1 listing known angiogenic factors); and, Sato (2003) Inz. J.
Clin. Oncol. 8:200-206.

35 An "anti-angiogenesis agent" or “angiogenesis inhibitor” refers to a small molecular weight
substance, an polynuclectide, an polypeptide, an isolated protein, a recombinant protein, an antibody, or

conjugates or fusion proteins thereof, that inhibits angiogenesis, vasculogenesis, or undesirable vascular
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prevent or treat the di'sorder 1 n question. ective anou of such
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25 't [hahd dtitenaltly ik sSRMEEdeN fe ibdRBA.MWRbre dRA: eésnsm.@ﬁs ﬁEei%é&‘, R GMPRELLaRDOVe.
These are generally used in the sane dosages and mnistration

r out Qng?cﬁyﬁﬂ:herelnbefore or about from1l to 99960f t he heretofore

enpl oyed dosages. Cenerally, alleviation or treatment of a disease or

di sorder involves the | essening of one or nore synptons or nedi cal

probl ens associated with the disease or disorder. In the case of cancer,
the therapeutically effective anount of the drug can acconplish one or a
conmbi nation of the follow ng: 30 reduce the nunber of cancer cells; reduce
the tunor size; inhibit (i.e., to decrease to sone extent and/or stop)
cancer cell infiltration into peripfAéral organs; inhibit tumor netastasis;
inhibit, to sone extent, tunor growth; and/or relieve to sonme extent one
or nore of the synptons associated with the cancer. To the extent the drug
may prevent growh and/or 01 existing cancer cells, it nay be cytostatic
and/ or cytotoxic. In sone enbodi nents, a conposition of this invention can
be used to prevent the onset or 35 reoccurrence of the disease or disorder




chem cal reaction and may then emt |ight which can be nmeasured (using a
chem | um noneter, for exanple) or donates energy to a fluorescent
acceptor. Exanples of enzymatic |abels include luciferases (e.g., firefly
| uci fer nd Juc ferase; U S. Patent No. 4,737, 456),
Iucif@?gﬁﬁ’@h@y%%@hgﬁh$H?@ﬂﬂt%ala2|nedlones, mal at e dehydr ogenase, urease,
‘per coddase such as horseradi sh peroxi dase (ERPO), al kaline phosphat ase,
13- 92pRAGEAS L AR S NS hgse, lysozyne, saccharide oxidases (e.g.,

gl ucose oxirlase, galactose OX|dase and gl ucose- 6- phosphat e
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nddase act oper, | ase, 0x1 dase, and the |ike. Techni ques for
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achi evi n ?hl S.” For exanple, the antibody can be conjugated with biotin

and any o &]h B g‘{%ﬁ%@%%&%@%ﬁdﬁ?‘ﬁgﬁswg Plegde%%\éﬁuaﬁ@l& be

conju ate | Ce versa ctlvely to avidin
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binds to th resen "MVention
may b:eosehlptlmygaa;samadomy tﬂandwmbatmabﬁtzmmoﬁlﬂbgmé@n@@, Qubh&mng Hasber bi ndi ng
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abi | |V;}¥meim@aﬂnﬁ&@|&£hsﬁﬁéﬁgﬁéé},ﬁt&e&onpete with the test sanple analyze for
binding with a li'mted anmount of antibody. The anmount of antigen in the
test sanple is inversely proportional to the anount of standard that

bec oramedtivin of Nével Bet-NRP1GHbEEes Fron SiaitHetit AkBbotly PUSL«YBiaRied t he anount

of standard that becomes bound, the antibodies generally are insolubilized
bef ore or Ii# peferedhembadimsat, theitmntionpravities a msthod fon aeparatingand selestingmayek hat ar e
boundgpn SR %ntﬁ:%ﬁie?&%ﬂigeﬁm{&ﬁé’ Q@di?ﬂ?égei[}blo&chb he %@J&éﬁ ftotfds @h-F6n St andar d

and anal yze which remain un ound andw ch assays I nvolve the use of two
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The secondelilt PisbRsR D Biroob @R o td el T BBGER b ovgety i r ech
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exanpl e, one type of sandwich assay s an ELI SA assay, in which case the
35 detectable noiety is an enzyne. For irrnnunohi stochem stry, the
tunor sanple may be fresh or frozen or may be enbedded in paraffin and
fixed with a preservative such as fonnalin, for exanple. Liii8Etiki itit4
2ri nEt 1gmfor in vivo diagnostic assays. Generally, the antibody is |abeled
wi th a radionuclide (such as 111ln, "Tc, 14C, 1311, 1251, 3H, 32P or 3595)




cofactors required by the enzyne (e.g., a substrate precursor which

provi des the detectable chronophore or fluorophore). In addition, other
additives may be included such as stabilizers, buffers (e.g., a block

buf fer or r f y like. The relative anounts of the various
reagents rré% gg @gﬁhﬁf)&@\%&%b‘%ﬁ% usgd Wnhedavention c@p e eerisd Pomaating teol uti on of
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libraries. Knappik et al. (2000) J Ml Biol 25296:57-86; Sheets et al.
(1998) Proc Nail Acad Sci USA 95: %}57 6162; de Hoard et al. (1999) J
Bi ol Chem 274:18218-18230. ntrodUC|ng synthetic diversity at
sol vent - exposed positions within the vari abl e heavy chain
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phage- di spl ayed synthetic antibody library built on a single human
framework W., _hppa b Wsubproup 111). Sidhu et al. (2004) J Ml Biol
30338 299 310 Lee et aI (2004) J Mol Biol 340:1073-1093; Carter et al.




Materi al s and Met hods The VI1/\7L nave library tenplate with
consensus CDR-L1, -L2, -L3, -111 and -112 was generated using
ol i gonucl eoti de-di rect ed naut agenesi s on phagem d pV0350-4 with stop

codons on di sphayimng bivalently on the surfaces of M3
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VIT |ibr ar%‘gh?fansensus ka pa | CDR sequences were introduced_ into the
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posi ti H3 plays a dominant role in antigen recognition, thus
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eX pe GefbattDin s io@iMeRtak bRk Yo EBiREL: 4Fhinb ki 30iton 08 Mendddkd bR Rl £E.{DRs are

changed) tQ be displ aged and to remain got enti all ){# functional 1n binding.
I n t RFEAREIGon A9ds sprpdet PYHRE T paming acid prsition vl seacpdeddy RV r aaing 458 rosigor 3t | o of
f unctis @ieaded Pl ATEV; aftirioled Yosti B82S bﬂ&oaelaeymmv t¥malt hﬁm% SREHaNAs used
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W OCXRE s _95-10 as shown in
TabI 30?121( ;‘ﬁ lsenf%d\?m ogﬁg hotgom cfa(')chdzposgl(n %‘f?%@g@*‘i‘?"ﬁ o shown
i N Tab$idod 93 is encodﬂd bPRVET gy adidipdsiten V4 is/evkodkd szrm awhaninnadidphstiend 96 ist 0 a
subs e) ased on their high solvent exposure and/or

Sl SRR L3

espect al I'ty among natural anti body sequenres. Positions

chosen f oy Ha@&%ﬂﬁ&hén@@ﬂbﬂﬁ%r ﬂb%ﬁés%ﬁhyd&ehﬁ;m E:?g?ﬁ%%ﬁ‘cgi}ﬁ zShown in

Table I1. For exanpl e 5 position 27, 33 and 34
BT e TREHRYS irEcReates \Ietbsﬁ empodiment, finersitnin GDRH3(¢ gepgratabusings, variety eflenghser o | go

codons Bfjorsiahdhd WEFiRetd X8 ah ONOR HARNS NG i @b frmheld uﬁg,&h posi tion
so that .the nost prevalent am no acids woul d be represented or exanpl e

i n coRMduel glisgriclepiyiss anghpoolsd pf ofigonustspiidss rrrche 2Rt to BunasRbsERE praries.

di verrsk tivrari&Qf BisFhatsbdingar 0fn Bl sonsileBinkid8Set badnd Yo doh@t CIBRN Bofid £BAY Ser i ne
and 2. 5% of ot h%r am no_aci ds .except. cysteine was used. 10CDR-H3_ and

Gplt 597 $78 b fpersd gy sperBECiy ol giEHIh PG BTG5S peas oY seesiiciy: sheciBew t he
I35 g h esd bef seepise Bejhshie @agﬂ(g@getceﬁﬂgaa@ hisSwdllas ShEURhtdia abtizek ) OMMAse binders to

t | 1 al t 342 877-883. Fi
" osi QAT ATEBRNES rhp e pereng (h iy g w%wam?%q%eg, Effshgssay i T

random zed. Overall CDR 113 is the nost diverse in teans of | engt h,
sequence, and structure and is a key¥conponent of the diversity in natural
anti bodies. Xu and Davis (2000) Imunity 13:37-45; Wi et al. (1993)
Proteins 15 16:1-7. Thus 12 sub-libraries were constructed with different
CDR- 113 lengths varying from9 to 20 am no acids. Conbi ned, these
sub-libraries cover approxinmately 90% of CDR-H3 length variation in
natural antibodies. digonucl eotides encoding CDR- 113 were synt hesi zed




S33 291 40 CDR-L1 30 31 SS5544 32Y67 33L 94 50G25 51 A79
CDR-L2 52 53 S S 95 36

spotlbinpetitioh bidy! Wgh"tshiey-Bifiders can be isolated from the library utilizing X¥Z codon sets
prepared as described above. These binders can be readily produced as antibodies or antigen binding
fragments in high yield in cell culture,

In some embodiments, it may be desirable to generate libraries with a greater diversity in lengths
5 of CDRH3 region. For example, it may be desirable to generate libraries with CDRH3 regions ranging

from about 7 to 19 amino acids.

High affinity binders isolated from the libraries of these embodiments are readily produced n
bacterial and eukaryotic cell cultnre in high yield. The vectors can be designed to readily remove
sequences such as gD tags, viral coat protein component sequence, and/or to add in constant region

16 sequences to provide for production of full length antibodies or antigen binding fragments in high yield.

A library with mutations in CDRH3 can be combined with a library containing variant versions of
other CDRs, for example CDRL1, CDRL2, CDRL3, CDRHI and/or CDRH?. Thus, for example, in one
embodiment, a CDRHS3 library is combined with a CDRL3 library created iﬂ the context of the

- humanized 4D5 antibody sequence with variant amino acids at positions 28, 29, 30,31, and/or 32 using
15 predetermined codon sets. In another embodiment, a library with mutations to the CDRH3 can be
| combined with a library comprising variant CDRH1 and/or CDRH2 heavy chain variable domains. Tn
one embodiment, the CDRH1 library is created with the humanized antibody 4D35 sequence with variant
amino acids at positions 28, 30, 31, 32 and 33. A CDRH2 library may be created with the sequence of
humanized antibody 4D5 with variant amino acids at positions 50, 52, 53, 54, 56 and 58 using the
20 predetermmed codon sets.

Anti—NRPl Antibody Mutants

The novel anti-NRP1 antibody generated from phage libraries can be further modified to generate
antibody mutants with improved physical, chemical and or biological properties over the parent antibody.
Where the assay used is a biological activity assay, the antibody mutant preferably has a biological

25 acﬁvity in the assay of choice which is at least about 10 fold better, preferably at least about 20 fold
better, more preferably at least about 50 fold better, and sometimes at least about 100 fold or 200 fold
better, than the biological acuvlty of the parent antibody in that assay. For example, an apti-NRP1
antibody mutant preferably has a binding affinity for NRP1 which is at least about 10 fold stronger,
preferably at least about 20 fold stronger, more preferably at least about 50 fold stronger, and sometimes

30 atleast about 100 fold or 200 fold stronger, than the binding affinity of the parent anti-NRP1 antibody.

To generate the antibody mutant, one or more amino acid alterations (e. g. substitutions) are
introduced in one or more of the hypervariable regions of the parent antibody. Alternatively, or in
addition, one or more alterations (e.g. substitutions) of framework region residues may be introduced in
the parent antibody whete these result in an improvement in the binding affinity of the antibody mutant

35  for the antigen from the second mammalian species. Examples of framework region residues to modify

include those which non-covalently bind antigen directly (Amit et al. (1986) Science 233:747-753);
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interietiwithicHel EididBntofhiatica of FEDR (Chothia et al. (1987) J. Mol. Biol. 196:901-917); and/or
participate in the Vy, - Vg interface (EP 239 400B1). In certain embodiments, modification of one or
more of such framework region residues results in an enhancement of the binding affinity of the antibody
for ?he antigen from the second mammalian species. For example, from about one to about five

5  framework residues may be altered in this embodiment of the invention. Sometimes, this may be -
sufficient to yield an antibody mutant suitable for use in preclinical trials, even where none of the
hypervariable region residues have been altered. Normally, however, the antibody mutant will comprise

additional hypervariable region alteration(s).

The hypervariable region residues which are altered may be changed randomly, especially where
10  the starting binding affinity of the parent antibody is such that such randomly produced antibody mutants

can be readily screened.

One useful procedure for generating such antibody mutants is called "alanine scanning
mutagenesis” (Cunningham and Wells (1989) Science 244:1081-1085). Here, one or more of the
hypervariable region residue(s). are replaced by alanine or polyalanine residue(s) to affect the interaction

15 of the amino zﬁds with the antigen from the second mammmalian species. Those hypervariable region.
residue(s) demonstrating fonctional sensitivity to the substitutions then are refined by introducing further
or other mutations at or for the sites of substitution. Thus, while the site for introdncing an amino acid
sequence variation is predetermined, the nature of the mutation per se beed not be predetermined. The
ala-mutants produced this way are screened for their biological a;tivity as described herein.

20 Normally one would start with a conservative substitution such as those shown bélow under the
heading of "preferred substitutions". If such substitutions result in a change in biological activity (e.g.
binding affinity), then more substantial changes, denominated "exemplary substitutions" in the following
table, or as further described below in reference to amino acid classes, are introduced and the Products

screened.

25  Preferred subsiitutions:

Original Exemplary Preferred
Residue Substitutions ' Substitutions
Ala(A) val; leu; ile val

Arg (R) lys; gin; asn Iys

Asn (N) gln; his; lys; arg 7 gin

Asp (D) | glu gln .

Cys (O ser ser

Gin (Q) asn asn
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R:1: GHEE) ™25 2 et asp
Gly (G) pro; ala ala
< His (H) asn; gin; lys; arg arg '
He (D len; val; met; ala; phe; Jeu
7 nerlencine
Len (L) norleucine; ile; val; met; ala; ﬁe
phe
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile leun
Phe (F) lew; val; ile; ala; tyr leu
Pro (D) ala ala
-Ser (S) thr thr
The (1) ser . | : ser
Trp (W) tyr; phe & tyr
Tyr (Y) trp; phe; thr; ser . . phe
Val (V) ile; leu; met; phe; ala; leu
norleucine

Even more substantial modifications in the antibodies biological properties are accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or belical conformation, (b)

5  the charge or hydrophobicity of the molecule at the target site, or {c) the bulk of the side chain, Naturally

occurriﬁg residues are divided into groups based on common side-chain properties:
" (1) bydrophobic: norlencine, met, ala, val, len, ile;
(2) neutral hydrophilic: cys, ser, thr, asn, gin;
(3) acidic: asp, glu;
10 {(4) basic: his, lys, arg;
(5) residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe.
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In another embodiment, the sites selected for modification are affinity matured using phage

display (see above).

5 Nucleic acid molecules encoding amino acid sequence mutants are prepared by a variety of
methods known in the art. These methods include, but are not limited to, oligonncleotide-mediated (or
site-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared mutant or a
non-mutant version of the parent antibody. The preferred method for making mutants is site directed
mmtagenesis (see, e.g., Kunkel.(1985) Proc. Natl. Acad. Sci. USA 82:488).

10 In certain embodiments, the antibody nutant will only have a single hypervariable region residne
substituted. In other embodiments, two or more of the hypervariable region residues of the parent
anttbody will have been substituted, e.g. from about two to about ten hypervariable region substitutions.

Ordinarily, the antibody mutant with improved biological properties will have an amino acid

sequence having at least 75% amino acid sequence identity or similarity with the amino acid sequence of

15  either the heavy or light chain variable dorpain of the parent antibody, more preferably at least 80%, more
preferably at least 85%, more preferably at least 90%, and most preferably at least 95%. Identity or -
similarity with respect to this sequence is defined herein as the percentage of amino acid residues in the
candidate sequence that are identical (i.e same residue) or similar (i.e. amino acid residue from the same
group based on common side-chain properties, see above) with the parent antibody residues, after

20  aligning the sequences and introducing gaps, if necessary, to achieve the maximuum percent sequence
identity. None of N-terminal, C-terminal, or internal extensions, deletions, or insertions ini:o the antibody

sequence outside of the variable domain shall be construed as affecting sequence identity or similarity.

Following production of the antibody mutant, the biological activity of that molecule relative to
the parent antibody is determined. As noted above, this may involve determining the binding affinity
25  and/or other biological activities of the antibody. In a preferred embodiment of the invention, a panel of
antibody piutants 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 optionally subjected to
one or more further biological activity assays to confirm that the antibody mutant(s) wifh enhanced
binding affinity are indeed useful, e.g. for preclinical studies. ‘

30 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 polypeptide(s) and/or covalent modifications such as those
elaborated below. With respect to amino acid sequence alterations, exemplary modifications are
elaborated above. For example, any cysteine residue not involved in maintaining the proper conformation

35  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 -
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asparagine résidue. The tripeptide sequences asparagine-X-serine and asparagine-X-threonine, 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 polypeptide creates a potential glycosylation site. O-linked glycosylation refers to the

10 attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most
cornmonly serine or threonine, althongh 5-hydroxyproline or 5-hydroxylysine may also be used.
Addition of glycosylation sites to the antibody is conveniently accomplished by altering the amino acid
sequence such that it contains one or more of the above-described tripeptide sequences (for N-linked
slycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more

15  serine or threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

Vectors, Host Cells and Recombinant Methods

The anti-NRP1 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
20  and inserted into a replicable vector for further cloning (amplification 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 enéoding 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 ongin of replication, one or more

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

The antibody of this invention may be produced recombinantly not oﬁly 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

30  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
example, from the group of the alkaline phosphatase, penicillinase, lpp, or heat-stable enterotoxin II -
leaders. For yeast secretion the native siénal sequence may be substituted by, e.g., the yeast invertase

35  leader, a factor leader (including Saccharomyces and Kluyveromyces a-factor leaders), or acid
phosphatase leader, the C. albicans glucoamylase leader, or the signal described in WO 90/13646. Tn
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marhiiliah e EdpiEkdibn MhsiaiAntiignal sequences as well as viral secretory leaders, for example,
the herpes simplex gb signal, are available.

The DNA for such precursor region is ligated in reading frame to DNA encoding the antibody.

(i) Origin of replication component <

5 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 origiils of
replication or autonomously replicating sequences. Such sequences are well known for a variety of
bacteria, yeast, and viruses. The origin of replication from the plasmid pBR322 is suitable for most-

10  Gram-negative bacteria, the 21 plasmid origin is suitable for yeast, and various viral origins (SV40,
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 veciors (the SV40 origin may
typically be used only because it contains the early promoter).

(iti) Selection gene component

15 Expression and cloning vectors may contain a selection gene, also termed a selectable marker.
Typical sclection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g.,
ampici]].i_n, neomycin, methotrexate, or tetracycline, (b) _complement auxotrophic deficiencies, or (c)
supply critical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase
for Bacilli. '

20 One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells that
are successfully transformed with a heterologous gene preduce 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
25  identification of cells competent to take up the antibody nucleic acid, such as DHER, thymidine kinase,
metallothionein-I and -II, preferably primate metallothionein genes, adenosine deaminase, ornithine

decarboxylase, etc.

For example, cells transformed with the DHER selection gene are first identified by culturing all
of the transformants in a culture medinm that contains methotrexate (Mix), a competitive antagonist of
30 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 DHFR)
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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grovithlin fnetiibdd% ddehing St 5815 dbFagent for the selectable marker such as an aminoglycosidic
antibiofic, €.g., kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199,

A suitable selection gene for use in yeast is the 7rp1 gene present in the yeast plasmid YRp7
(Stincheomb et al. (1979) Nature 282:39). The r;pl gene provides a selection marker for a mutant strain
5 of yeast lacking the ability to grow in tryptophan, for e;;éi“mple, ATCC No. 44076 or PEP4-1. Jones
(1977) Generics 85:12. The presence of the t7p1 lesion in the yeast host cell genome then provides an
effective environment for detecting transformation by growth in the absence of tryptophan. Similarly,
Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the
Leu? gene. '

10 In addition, vectors derived from the 1.6 pm circular plasmid pKD1 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 Berg (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 ef al. (1991) Bio/Technology 9:968-
15 975,

Giv) Promoter component

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 suitabie for use with prokaryotic
hosts include the phoA promoter , B-lactamase and lactose promoter systems, alkaline phosphatase, a
20 tryptophan (i:tp) promoter system, and hybrid promoters such as the tac promoter However, other known
bacterial promoters are suitable. Promoters for use in bacterial systems also will contain a Shine-
Dalgarno (8.D.) sequence operably linked to the DNA encod}ng the antibody.

Promoter sequences are known for enkaryotes. Virtually all eukaryotic genes have an AT-rich
regton located approximately 25 to 30 bases upﬂstream from the site where transcription is initiated.
25  Another sequénce found 70 to 80 bases upstream from the start of transcxib’tion of many genes is a
CNCAAT region where N may be any mucleotide. 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-
30  phosphoglycerate kinase or other glycolytic enzymes, such as enclase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, ghacose-6-phosphate
isomerase, 3-phosphoglycerate mutase, pyravate kinase, mosephosphaie isomerase, phosphoglucose

isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters having the additional advantage of
35 transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2,
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isoctoEhrbme & i fhosphikeakEiddeBidative enzymes associated with nitrogen metabolism,
metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and
galactose utilization. Suitable vectors and promoters for use in yeast expression are further described in

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

5 - Antibody transcription from vectors in mammalian host :;Bs is controlled, for example, by
promoters obtained from the genomes of virses such as polyoma virns, fowlpox viras, adenovirus (such
as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B
virus and most preferably Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g., the
actin promoter or an immunoglobulin promoter, from heat-shock promoters, provided suéh promoters are

10 compatible with the host cell systems,

The early and Jate promoters of the SV40 virus are conveniently obtained as an SV40 restriction
fragmenit that also contains the SV40 viral origin of replication. The immediate early promoter of the
human cytomegaloviras 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 disclosed in U.S.

15  Patent No. 4,419,446, A modification of this system is described in U.S. Patent No. 4,601,978. See also
" Reyes et al. (1982) Nature 297:598-601 oﬁ expression of human f-interferon cDNA in mouse cells under
the control of a thymidine kinase promoter frofn herpes simplex virus. Alfernatively, the rous sarcoma

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

20 Transcription of 2 DNA encoding the antibody of this invention by higher eukaryotes is often
increased by inserting an enhancer sequence into the vecior, Many enhancer sequences are now known
from mammalian genes (globin, elastase, albumin, o-fetoprotein, and insulin). Typically, however, one
will use an enhancer from a eukaryotic cell virus.“ Examples include the SV40 enhancer on the late side
of the replication origin (bp 100-270), the cytomegalovirus early promoter enhancer, the polyoma

25  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-enicoding sequence, but is preferably located at
a site 5' from. the promoter,

(vi)  Transcription termination component

30 Expression vectors used in eukaryotic host cells (veast, fungi, insect, plant, animal, human, or
nucleated cells from other nmlticellular 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, occasjonally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions
contain nucleotide segments transcribed as polyadenylated fragments in the untranslated portion of the

35  mRNA encoding the antibody. One useful transcription termination component is the bovine growth
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(vil)  Selection and transformation of host cells -

Suitable host cells for cloning or expressing the DNA in the vectogs herein are the prokaryote,
5 yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose include eubacteria,

such as Gram-negative or Gram-positive organisms, for exémplc, Enterobacteriaceae such as Escherichia,
e.8., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurivum,
Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis
(e.8., B. licheniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P. |

10 aeruginosa, and Streptomyces. One preferred E. coli cloning host is E. coli 294 (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 are illustrative rather than Inmtmg

In addition to prokaryotes, eukaryotic microbes snch as filamentouns fungi or yeast are suitable

cloning or expression hosts for antibody-encoding vectors. Saccharonzyces cerevisiae, or common

15 baker's yeast, is the most commonly nsed amoﬂg lower eukaryotic host microorganisms. However, 2
number of other genera, species, and strains are commonly available and useful herein, such as
Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. Sragilis (ATCC 12,424), K
bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. walsii (ATCC 56,500), X drasophilarwﬁ
(ATCC 36,906), K . thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP

20 183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora crassa; Schwanniomyces such as _

' Schwanniomyces occidentalis; and filamentous fungi such as, e. 8., Neurospora, Penicillium,

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

Suitable host cells for the expression of glycosylated antibody are derived from mu}ticeﬂular

organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains
25  and varjants and corresponding permissive insect host cells from hosts such as Spodoptera frugiperda

(caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly),

and Bombyx mori have been identified. A variety of viral strains for transfection are publicly available,

€.g., the L-1 variant of Autographa californica NPV and the Bm-5 strain of Bombyx mori NPV, and such

viruses may be used as the viros herein according to the present invention, particularly for transfection of
30  Spodoptera frugiperda 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 cell lines are
monkey kidney CV1 line transformed by SV40 (C0OS-7, ATCC CRL 165 1); human embryonic kidney

35 lme (293 or 293 cells subcloned for growth in suspension culiure, Graham et al. (1977 J. Gen Virol.
36:59) ; baby bamster kidney cells (BHK, ATCC CCL 10); Chinese hamster oval%y cells’-DHFR (CHO,
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Urtaiblt 2 (1385 FMB Nt e 5P Usa 77:4216) ; mouse sertoli cells (TM4, Mather (1980) Biol.
Reprod. 23:243-251 ); monkey kidriey cells (CV1 ATCC CCL 70); African green monkey kidney cells
(VERO-76, ATCC CRL~1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine Kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells

5  (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); monse mammary tainor (MMT 060562,
ATCC CCL51); TR cells (Mather et al. (1982) Annals N.Y. Acad. Sci. 383:44-68); MRC 5 cells; FS4
cells; and a human hepatorma line (Hep G2).

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

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

The host cells used to produce the antibody of this invention may be cultured in a variety of
media. Commercially available media such as Ham's F10 (Sigma), Minimal Essential Medium ((MEM),
(Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medinm (DMEM), Sigrﬁa) are suitable

15  for cultoring the host cells. In addition, any of the media described in Ham et al. (197§) Meth. Enz,
58:44, Bares 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 culture
media for the host cells. Any of these media may be supplemented as necessary with hormones and/or
other growth factors (such as insulin, transferrin, or epidermal growfh factor), salts (such as sodium

20  chioride, calcium, magnesium,. and phosphate), buffers (such as HEPES), nucleotides (such as adenosine
and thymidipe), antibiotics (such as GENTAMYCIN™drug), trace elements (defined as inorganic '
compouilds usually present at final concentrations in the micromolar range), and glucose or an equivalent
energy source. Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperature, pH, and the like,

25  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, or directly secreted into the medium. ¥f the antibody is produced intraceltularly, as a
3¢ first step, the particulate debris, either host cells or Iysed fragments, is removed, for example, by
centrifugation or ultrafiltration. Carter et al. (1992) Bio/Technology 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 sodmm acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride (PMSF) over about 30
min. Cell debris can be removed by centrifugation. Where the antibody is secreted into the medium,
35  supernatants from such expression systems are generally first concentrated using 2 commercially

available protein concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A
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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 electrophoresis, dialysis, and affinity chromatography, w1th affinity
5  chromatography being the preferred purification technique. The suitability of protein A as an afﬁmty

ligand 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 v4 heavy chains
{Lindmark et al. (1983) J. Immunol. Meth. 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

10 aftached is most often agarose, but other matrices are available. Mechanically stable matrices such as
controlied pore glass or poly(styrenedivinyl)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™resin (J. T. Baker, Phi]]ipsbﬁrg, NI) is useful for purification. Other techniques for protein
purification such as fractionation on an ion-exchange column, ethanol precipitation, Reverse Phase

15 HPLC, chromatography on silica, chromatography on heparin SEPHARQSE™ chromatography on an
anion or cation exchange resin (such as a polyaspartic acid colemn), 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 thay be subjected to low pH hydrophobic interaction chromatography using an elution
20  buffer at a pif between about 2.5-4.5, preferably performed at low salt concentrations (e.g.,from about 0-
- 0.25M salt). -

Pharmaceutical Formulations

Therapeutic formulations of the antibody are prepared for storage by mixing the antibody having
the desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers
25 (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of Iyophilized
formulations or aqueous solutions. Acceptable 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; hexamethoniuni chloride; benzalkoninm chloride,

30  benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl 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 imamunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glatamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other catbohydrates including glucose, mannose,

35  ordexirins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-
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5 In addition, or in the alternative, the antibody is used to treat a human, e.g. a patient suffering

from a disease or disorder who could benefit from administration of the antibody.

The present invention encompasses antiangiogenic cancer therapy, a novel cancer treatment
strategy aimed at inhibiting the development of tumor blood vessels required for providing nutrients to
support tumor growth. Becanse angiogenesis is involved in both primary tumor growth and metastasis,

10 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, sarcoma, and leukemia. More particular, examples of
such cancers include squamous cell cancer, lung cancer (including small-cell lung cancer, non-small cell

15 Tang cancer, adenocarcinoma of the lung, and squamous carcinoma of the hung), cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer (including gastrointestinal cancer), pancreatic cancer,
glioblastoma, 'cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepai:oma, breast cancer, colon

. cancer, colorectal cancer, endometrial or nterine carcinoma, sa]ivarjr gland carcinoma, kidney or renal
cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types

20 of head and neck cancer, as well as B-cell lymphoma (including low grade/follicular rou-Hodgkin's
lymphoma (NHL}); small tymphoeytic (SL) NHL; intermediate grade/follicular NHI; mtermedlate grade
diffuse NHL; high grade immunoblastic NHL; high grade lymphoblastic NHL; high grade small non-
clea-ved cell NHL; bulky disease NHL; mantle cell lymphoma; AIDS-related lymphoma; and
Waldenstrom's Macroglobulinemia); chronic lymphocytic leukemia (CLL); acute lymphoblastic lenkemia

25  {ALL); Hairy cell levkemia; chronic myeloblastic leukemia; and post-transplant Iymphoproliferative
disorder (PTLD), as well as abnormal vascular proliferation associated with phakomatoses, edema (such
as that associated with brain turmors), and Meigs' syndrome. More particularly, cancers that are amenable
to treatment by the antibodies of the invention include breast cancer, colorectal cancer, rectal cancer, non-
small cell lung cancer, non-Hodgkins lymphoma (NHL), renal cell cancer, prostate cancer, liver cancer,

30  pancreatic cancer, soft-tissue sarcoma, kaposi’s sarcoma, carcinoid carcinoma? head and neck cancer,
melanoma, ovarian cancer, mesothelioma, and multiple myeloma. More preferably, the methods of the

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

1t is contemplated that when unsed to treat various diseases such as tumors, the antibodies of the
invention can be combined with other therapentic agents suitable for the same or similar diseases. When
35 used for treating cancer, antibodies of the present investion may be used in combination with

conventional cancer therapies, such as surgery, radiotherapy, 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, inclnding those listed by Carmeliet and Jain (2000).

In one aspect, the antibody of the invention is used in combination with a VEGF antagonist or a
5  VEGF receptor antagonist such as anti-VEGF antibodies, VEGF variants, soluble VEGF receptor

fragments, aptamers capable of blocking VEGF or VEGFR, neutralizing anti-VEGFR antibodies,
inhibitors of VEGFR tyrosine kinases and any combinations thereof. Aliernatively, or in addition, two or
more anti-NRP1 antibodies may be co-administered to the patient. In a more preferred embodiment, the
anti-NRP1* or anti-NRP®? antibody of the invention is used in combination with an anti-VEGEF antibody

10 to generate additive or synergistic effects. Preferred anti-VEGF antibodies include those that bind to the
same epitope as the anti-hVEGF antibody A4.6.1. More preferably the anti-VEGF antibody is

bevacizomab or ranibizumab.

In 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
15 EGFR, ErbB2 (also known as Her2) ErbB3, ErbB4, or TNFE. Preferably, the anti-NRP1 antibody of the
invention can be used in combination with small molecule receptor tyrosine kinase inhibitors (RTKIs)
fchat target one or more tyrosine kinase receptors such as VEGF receptors, FGF receptors, EGF receptors
- and PDGF recepiors. Many therapeutic small molecule RTKIs are known in the art, including, but are
not limited to, vatalanib (FTK787), erlotinib (TARCEVA®) OSI-7904, ZD6474 (ZACTIMA®), ZD6126
20 (ANGA453), ZD1839, sunitinib (SUTENT®), semaxanib (SU5416), AMG706, AG013736, Imatinib
(GLEEVEC®), MI..N—SlS, CEP-701, PKC- 412, Lapatinib (GSK572016), VELCADE®, AZD2171,
sorafenib (NEXAVAR®), X1.880, and CHIR-265.

The anti-NRP1 antibody of the invént'ten, 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
25  chemotherapeutic agents. A variety of chemotherapeutic agents may be used in the combined treatment
methods of the invention. An exemplary and non-timiting list of chemotherapentic agents contemplated
is provided herein under “Definition”.

When the anti-NRP1 antibody is co-administered with a second therapeutic agent, the second
therapeutic agent may be administered first, followed by the anti-NRP1 antibody. However,
30  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 adroinistered
35  for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the
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patient at one time or over a series of treatments. 7 "
Depending on the type and severity of the disease, about 1 ug/kg to 50 mg/kg (e.g. 0.1-20mg/kg)
of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one
5  or more separate administrations, or by continuous infusion. A typical daily dosage might range from
about 1 pg/kg to about 100 mg/kg or more, depending on the factors mentioned above. For repeated
administrations over several days or longer, depending on the condition, the treatrnent is sustained until a
desired suppression of disease symptoms occurs. However, other dosage regimens may be useful. Ina
preferred aspect, the antibody of the invention is admoinistered every two to three weeks, at a dose ranged
10 from about 5mg/kg to about 15 mgfkg. More preferably, such dosing regimen is used in combination
with a chemotherapy regimen as the first line therapy for treating metastatic colorectal cancer. In some
“aspects, the chemotherapy regimen involves the traditional high-dose interimittent 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

15  easily monitored by conventional technigues and assays.

The antibody composition will be formmiated, 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 mammal being treated, the clinical condition of the individual patient, the canse of
the disorder, the site of delivery of the agent, the method of administration, the scheduling of

20  administration, and other factors known to medical _prac'titioners. The "therapeutically effective amount”
of the antibody to be admilﬁstered will be governed by such considerations, and is the minimum amount
necessary to prevent, ameliorate, or treat a disease or disorder. The anﬁbc;dy need not be, bot is
optionally formulated with one or more agents currently used to prevent or treat the disorder in guestion.
The effective amount of such other agents depends on the amount of antibody present in the formulation,

25  the type of disorder or treatment, and other factors discussed above. These are generally used in the same
dosages and with administration routes as used hereinbefore or about from 1 to 99% of the heretofore
employed dosages. Genéra]ly, alieviation or treatment of a disease or disorder involves the lessening 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 drug can accomplish one or a combination of the following:

30  redoce 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 organs; inhibit tumor metastasis; nhibit, to some extent,
tnmor growth; and/or relieve to some extent one or more of the symptoms associated with the cancer. To
the extent the drug may prevent growth and/or kill existing cancer cells, it may be cytostatic and/or
cytotoxic. In some embodiments, a composition of this invention can be used to prevent the onset or

35  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 immobilized on a solid phase such a Sephadex resin or filter paper, using methods well

known in the art. The immobilized antibody is 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 boond 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. o

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

(2) Radioisotopes, such as **S, “C, "L *H, and ™' The antibody 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 radioactivity
can be measured using Scintillation counting,.

(b) Fluorescent labels such as rare earth chelates (europium chelates) or fluorescein and its
derivatives, rhodamine 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 Imnumology, supra, for example. Fluorescence can be quantified using a fluorimeter.

{c) Various énzyme—substrate labels are available and U.S. Patent No. 4,275,149 provides a
review of some of these. The enzyme genera]ly catalyzes a chemical alteration of the chromogenic
substrate which can be measured using various techniques. For example, the emyﬁe may catalyze a color
change in a substrate, which can be measured spectrophotometrically. Alternatively, the enzyme may
alter the finorescence or chemiluminescence of the substrate. Techniques for quantifying a change in
ﬂuoreécenée are described above. The chemiluminescent substrate 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 Tuciferases
{e.g., firefly luciferase and bacterial luciferase; U.S. Patent No. 4,737,456), luciferin, 2,3-
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as horseradish peroxidase
(HRPO), alkaline phosphatase, p-galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g..
ghucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase), beterocyclic 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 Vunakis), Academic press, New York 73:147-166.

Eﬁamples of enzyme-substrate combinations include, for example:
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Sometimes, the label is indirectly conjugated with the antibody. The skilled artisan will be aware
10 of various techniques for achieving this. For example, the antibody can be conjugated with biotin and any
of the three broad categories 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
15  conjugated with an anti-hapten antibody (e.g., anti-digoxin antibody). Thus, indirect conjugation of the
label with the antibody can be achieved.
Tn another embodiment of the invention, the antibody need 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
20  competitive binding assays, direct and indirect 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 Timited amount of antibody. The amount of antigen in the test sample
is inversely proportional to the amount of standard that becomes bound to the antibodies. To facilitate

25  determining the amount of stand;ard that becomes bound, the antibodies generalty are insolubilized before
or after the competition, so that the standard and analyze that are bound to the antibodies may
conveniently be separated from the standard and analyze which remain upbound.

Sandwich assays involve the use of two antibodies, each capable of binding to a different
immunogenic portion, or epitope, of the protein to be detected. In a sandwich assay, the test sample

30 analyze is bound by a first antibody which is immobilized on a solid supi)ort, and thereafter a second
antibody binds to the anatyze, thus forming an insoluble three-part complex. See, e.g. ,U.S. Pat No.
4,376,110. The second énl:ibody may itself be labeled with a detectable moiety (direct sandwich assays)
or may be measured using an anti-immumoglobulin 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

35  detectable moiety is an enzyme. | - '

For immunohistochemistry, the tamor 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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Partial CDR-L1 (28-32) FA 2 z Partial CDR-L2 (50-55) SEQ NO ID Partial
CDR -L3 (9295) 1C50 02M d. Z MRP1 hNRP1 YWLO7A SI SSY 51
GASSRA 75, YSSPL 99
- "ETHe foltdwirefdrmnpEsiretitdiiied 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 berein

are expressly incorporated in their entirety by reference.

EXAMPLES
5  Example 1. Generation of Anti-NRP1 Antibodies

A. Generation of Antibody Phage Libraries
" A varety of methods are known in the art for generating antibody libraries displayed on phage or
displayed using other technologies. One of the advantages of these libraries, as compared fo conventional
hybridoma technologies, is that they are well suited for generating cross-species functional antibodies,
10 because they allow in vitro selection and screening without the introduction of immoune tolerance. Smith

(1585) Sciencé 228:1315-1317; Bradbury and Marks (2004) J Immunol Methods 290:25-49.

In general, two types of combinatorial antibody libraries have been developed, distinguished by
the source of repertoires. Most libraries to date are “natural” antibody libtaries which use the natural
repertoires as the source for its diversity, where the genes as message RNA of immune cells from naive or

15 . immupized animals or buman are amplified and cloned into vector for phage display or other display
technology, such as ribosome or yeast display. The natural antibodies usually have multiple 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 libragies since the
repertoires are in general larger than the library size. The synthetic library, on the other hand, is a new

20  branch of library where the diversity is designed and built into tlieﬂl'ibraxy with synthetic DNA. Single or
multiple frameworks have been used. For single framework library, 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 by the affinity of the antibodies found from the libraries. Knappik et al. (2000) J Mol Biol

25 296:57-86; Sheets et al. (1998) Proc Natl Acad Sci U S 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 vatiable heavy chain
complementarity-determining regions (CDRs), Lee et al. developed a phage-displayed synthetic antibody
library built on a single hurnan framework (VLiggpa 1n VHsubgopmm).  Sidhu et al. (2004) J Mol Biol

30 338:299-310; 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 used
tailored codons to mimic the natural diversity observed in human jmmunoglobulin. 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

35  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. K el w1l W ak fHs generated as described herein, wherein the highly variable
positions in CDR-L3 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

5 The VH/VL naive library template with consensus CDR-L1, -L2, -L.3, -H1 and -H2 was

generated using oligonucleotide-directed mutagenesis on phagemid pV0350-4 with stop codons on CDR-
H3 and 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 Kunkel mutagenesis method as
described (Kunkel et al. (1991) Methods Enzymol 204: 125-139), with a mixture of mutagenic

10 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
88320 cells (~ 101 cells), as described (Sidhu et al. (2004)).

Results

_ The VH/VL library described here utilized the Herceptin® derived Vi 1 200 VEsibgomp m

15  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 ct al. (1992) Proc Natl Acad Sci U § A 89:4285-
4289. The libraries were displayed on the phage surface as a bivalent Fab (Fab®;) by being fused to the
phage coat protein P3. This bivalent display was intended to increase the apparent binding affinities t0

20  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 mto 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 co&ons, previously employed in the heavy chain of the

25  VH library to ensure mutagenesis in all 3 CDRs, were similarly replaced with consensus subgroup I
sequences for CDR-H1 and CDR-H2. The consensus CDR sequences represent the most prevalent amino
acid in each position. CDR-H3 plays a dominant role in antigen recognition, thus several stop codons
were placed in H3 to ensure functional antibody clones from the [ibraries were different from each other.
Xu et al. (2000) Immunity 13: 37-45. The presence of human consensus CDR sequences was expected to

30  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-L.2 (positions 50-55), YYSSPL for CDR-L3 (positions 91—.96),

) FTFESSYAMS for CDR-H1 (positions 27-35), and RISPSGGSTY for CDR-H2 (positions 50-58), and

35  WXXXRPXXMDY for CDR-H3 (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 esi)ecially high variability among natural antibody sequences. Positions chosen
for mutagenesis and the diversity that was introduced are shown in Table IL For example, in CDR-H1,

5  position 27, 28, 30, 31, 32, 33 and 34 were chosen to diversify. For the VH/VL library design, degenerate
oligo codens or trinucletides were used to guide the diversity in each position so that the most prevalent
amino acids would be represented. For example in CDR-H1 (position 30), sexinc represents 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 nsed.

{0 CDR-E3 and CDR-L3 form the center of the antigen-binding site and therefore show the highest
frequency of antigen contacts in sifructurally known antibody-antigen complexes. Chothia et al. (1989)
Nature 342:877-883. Five residues in CDR-L.3 (Table IT) 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 13:37-43; Wu et al. (1993) Proteins

15 16:1-7. Thus 12 sub-libraries were constructed with different CDR-H3 leﬁgths-varying from 9 to 20
amino acids. Combined, these sub-libraries cover approximately 90% of CDR-H3 length variation in
natural antibodies. Oligonucleoﬁdcs encoding CDR-H3 were synthesized using trinacleotide codons. This
enabled us to easily delete cysteine (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, 2

20 trmucleotide mixture of about 15.6% each serine, tyrosine, and glycine, with 3.1% each of the remaining
amino acids except cysteine, was used for each position in CDR-H3 (theoretical calculations forall
trinﬁcleotides mixtare). Different combinations of trinucleotides were also used in selected positions of
CDR-H1, H2, H3, and 1.3. As shown in Table II and Supplemental Table I, Codons X1 to X6 have a high

" percentage of serine, tyrosine, or glycine. X1 has 52.5% of sexine, X2 has 52.5% tyrosine, X3 has 10%

25  tyrosing, rglycine or serine, X4 has 28.8% glycine, X5 has 19.2% tyrosine, glycine or serine, andd X0 has
20% tyrosine or serine. The VH/VL antibody phage library was estimated to have approximately 10"
variants displayed.
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3.5 15 0.73 0.28 YWO07.4.42 WEISY 60 GASSSA 84 YSSPL 108 1.2 2.2 0.81
0.09 YWLO07.4.59 R1IHSY 61 GASSRA 85 YISPL 109 26 14 1.8 0.7 YWO7. 4. 33b

YI HSY 62 GASRRA 86 YGIPH 110 7.8 - 2 0.58 0.07 YWLO07.4.54 PLHSY 63 GASSRA
87 YRSPL 11

1 -
Tabl E-Chriscnbad ldRencs ECDR-E, CDR-L2, CDR-L3, CDR-HI and CDR-H2 in the template
of VH/VL Iibréry. Consensus CDR residues are determined by selecting the most prevalent amino acids
existing in natural haman antibodies. The prevalence (%) of each residue in buman antibodies at a given
position is shown, which is calcalated from the alignment of approximately 1600 huruan light chain

5  sequences and 3500 human heavy chain sequences in the Kabat database (Kabat et al. (1977) J Biol Chem

252:6609-6616).
CDRs Positions Residues }fg gaajcazﬂsgggd?:’sw(%

28 S 33

29 I 40

30 S 55

CDR-L1 31 S 44
32 Y 67

33 L 94

50 G 25

51 A 79

‘ 52 S 95
CDR-L2 53 S 36
54 R 60

55 A 45

91 Y 54

92 Y 23

93 S 46

CDR-L3 o4 S 24
95 P 80

96 L 22

27 F 45

28 T 54

29 F 73

30 S 68

CDR-H1 31 S 50
32 Y 64

33 A 22

34 M 46

35 S 34

50 R 17

51 I 84

52 S 26

52a P 29

53 S 24

CDR-H2 54 G 37
55 G 53

56 S 28

57 T 56

58 Y 32




2.7

67 GASTLA 91 1IRSPL 115

5“"-‘-.

1 0.84 0.05 YWO07.4.63 YLSSY 64 GASSSE 88 | SVPL 112 0.8 0.1 0. 15
0.01 YWO07.4.38 YLSSY 65 GASSRA 89 LRSPI 113 1.4 - 03 0.28 - 0.01 -
YWL07. 4.18 YFSSY 66 GAS= 90 | RSPL 114 1.1 0.3 0.21 0.02 YWO07.4.52 YFSSY

Tabid . Besidded Eﬂ%)@?m%fm?b*ﬂﬂ 1% CDR-H1, CDR-H2 and CDR-H3 for VH/VL library. CDR
positions chosen for randomization in CDR-L3, CDR-H1, CDR-H2 and CDR-H3 ate Tisted with

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

tailored 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 or higher than 50% of amino acid types found in the database. For particular positions, all 19

amino acids without cysteine are introduced using trinucleotides codon mixtures with different bias
toward Tyr (YY), Gly (G) and Ser (8).

Design diversity S
CDRs Positions Codon Residues encoded (%) Nggu‘fgg dl;'?;,sity
Y G S others (-Cys) age (o
Yol TAC 100 - - — 77
MGC . R/S(50)
Y92 X5 192 192 192 25 100
CDRL3  go3 Xi 25 25 525 2.5 100
594 X6 20 33 20 - 33 100
196 NTC _ T RWLIVEGS) 45
27 TWe 50 - - £30) %5
T28 ASC - - 50 T(50) 90
$30 ASC - - 50 T(50) 86
CDR-H1 S31 X1 25 25 525 2.5 100
Y32 X2 525 25 25 25 100
A33 X7 156 156 156 3.1 100
M34 ATS SL . M/I(50) 67
R50 X3 55 3 3 — 100
S52 X6 20 33 20 33 100
P52a cCcT S P(100) 100
X7 156 156 156 3.1
COR-H2  g53 X7 156 156 156 3.1 100
G54 RRC _ 0 25 DIGINGS) 81
56 DMT 166 - 16.6 A/DIN/T(16.6) 81
Y58 DAC 333 - - DIN(33.3) 70
95 X4 38 088 35 3R 100
96 X4 38 288 3.8 3.8 100
97-100k  (X7)4~15 156 156 15.6 3.1 598
1001 X7 156 156 15.6 3.1 100
GBT . 333 - A/NGE33)
CDR-H3 1 00m TTC . F(100) 89
ATG - M(100)
101 GAT - - - D@00 92
102 TAC 100 - - - 67
GTC S - V(100)
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B. Gehbradion ﬂzfg gﬁc]lg’éhﬁen%dﬂ%uﬁ%l%%al anti-NRP1 antibodies
Materials and Methods

= Library sorting and screening to identify anti NRP1 antibodies — Human and murine NRP1
constructs (1-641aa) were cloned into mammalian expression vector, and expressed in CHO cells.

5 Trﬁncated form of NRP-1, ala2 and b1b2 domains, were expressed in baculovirus. NUNC 96 well
Maxisorp immunoplates were coated overnight at 4° with target antigen (10ug/ml) and were blocked for
1hr at room temperature with phage blocking buffer PBST (PBS and 1% BSA and 0.05% Tween 20). The
antibody phage libraries were added to antigen plates and incubated overnight at RT. The following day
antigen-coated plates were washed 10 times with PBT (PBS with 0.05% T-20), and bound phage were

10 eluted with 50mM HCI and 500mM NaCl for 30 mimutes and neutralized with equal volume of 1M Tris
base pH'?.S. Recovered phage was amplified in E.coli XL-1 Blue cells. During the subsequent selection
roun&s, incubation of antibody phage with the antigen-coated plates was reduced to 2-3 hours, and the
stringency of plate washing was gradually iﬁcreased. '

Anti-NRPI antibodies binding affinities, specificity and flow cytometry analysis - Phage antibody

15  ICs, values were determined using competitive phage-binding ELISA as described. Lee et al. (2004) J
Mol Biol 340:1073-1093. Competition curves were fit with a four-parameter non-linear regression curve-
fitting program (Kaleidagraph, Synergy Software) to determine the ICs values which were calcnlated as

" ~ the concentration of antigen in solution binding stage that inhibited 50% of the phage-displayed antibody
from binding to immobilized antigen.

20 Clones of interest were then reformatted into IgGs by cloning Vy and Vi region of individual
clones into LPG3 and LPG4 vector respectively (Carter et al. (1992) Proc Natl Acad Sci U S A 89:4285-
4289), transiently expressed in mammalian cells, and purified with protein A columns. For binding
affinity detérminations of anti-NRP1 IgGs, Surface Plasmon Resonance (SPR) measurement with a
BIAcérem'-GOOO instrument was used. Anti-NRP1 IgGs were coupled to activated CM3 biosensor chips

25  to achieve approximately 500 response units (RU), followed by blocking nn-reacted groups with iM
ethanolamine. For kinetic measurements, two-fold serial dilutions of Neuropilin (0.7 to 500 nM) were
injected in PBST buffer at 25°C with a flow rate of 30pl/min. Association rates (kor) and dissociation
rates (K.g) were calculated using a simple one-fo-one Langmuir binding model (BIAéore Evaluation
Software version 3.2). The equilibrium dissociation constant (Kd) was calculated as the ratio kog/Kos.

30 ~ For binding specificity tests, 10pg/ml of IgGs in PBST buffer was incubated with 2pg/mi
antigen-coated 96-well Maxisorp plates for at least 1hr, and the plates were washed with PBT buffer.
Bound antibodies were detected with anti-huran antibody HRP conjugates, developed with TMB
substrate for approximately 5 minutes, quenched with 1M H;PO,, and read spectrophotometrically at 450

ni.
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Bi ndi ng ki netic anal yS| s of anti-NRP1 1gGs at 25C. The binding affinities

of ant i FRRIFMHEEy Mslihdine dlnmweR dedied 800 tissrrltmefiskusitngil

: hﬁ)'@f&?‘n?%%&'dé%gz é%ose%‘iqe{l%%%% Raifopgy it Dot e et o

in Kﬁoﬁﬁp%@%h A puffed YCells Greprifcubated wizh IRl anti-NRP1 antibodies or control
antibody_(anti—IgE) in FACS buffer on ice for 30 minutes. Cells were then washed twice in PBS, and
5 stained in FACS buffer with PB-Fab’, goat anti-human IgG, Fe specific antibody on ice for 30 minutes.
Following two PBS washes, the cells were re-suspended in 200p1 FACS buffer and analyzed by flow
cytometry (FACS caliber, Benton Dickenson, Mountain View, CA) using Cell-Quest software.

Respits

The 12 VH/VL sub-libraries were individually panned against immobilized CHO cell expressed
10 hNRP1 (ala2blb2)-Fc protein for the first round of selection. Eluted phages from gach sub-library were
amplified and then combined for second round of selection. Since hNRP1-Fc was used as the antigen, the
pooled phage was pre-absorbed with excess irrelevant Fe fusion protein after the first round of panning to
minimize the récovery of anti-Fc phage antibodics. After the fourth round of panning, 95 randomly
picked phage clones were evaluated for the ability to specifically bind to NRP1. Ninety percent of clones
15  were positive for hiNRP1 binding and 40% of positive clones bound both human and murine NRP1.

These phage clones were sequenced, and 10 unique clones were chosen for further
characterization. All bound to both human and murine NRP1 with an ICs; below 70 oM in the phage
ELISA. Clone YW64.3 bound human and murine NRP1 with an ICs of 0.5 and 3.4 nM, respectively
(Table II). Sequences from the 10 clones reflect the VH/VL library design with variable CDR-H3
20  lengths and varied changes distributed throughout CDR-H1, H2 and L3 yet some consensus: CDR
sequences from the library template are retained. Clones 64.3 and 64.29 have changes in all 4 CDRs and
also have the best binding affinities to both human and murine NRP1 (Table IUI). '
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uM kon/ 105(M kof f 1 (s4) Kd(RW)

human NRP1 kon/ 05(M4 1) koff/10(a") 1Cd(
4 1.4 15 11 2.2 11 5 YWO07.4.18

15 YW4.3 0.6 4.5 7.8 1.3 1.2 0.9 YWO7.
1.4 2.92.11.81.81

e e e LD B . _
TablPTE. Peirtiel E R Sequohids it binding affinity (phage IC50) for anti-NRP1 antibodies. Only
CDR amino acid sequences at randomized positions of 11 different phage clones initially identified from
VH/VL library are shown. The affinities as ICsg values to hNRP1 and mNRP1 were measured with

competitive phage ELISA.
Clone Partial SEQ Partial SEQ Partial SEQ Partial 1 8SBQ
CDR-L3 D CDR-H1 I CDR-H2 B CDR-H3 D
{91-96) NO: (27-34) NO: {50-58) NO: (95-102) NO:
YW64.3 YMSVPL | 7 FSESSERT 18 SITGENGYY | 29 WGEEKVYG--—MDV 40
YWedd | YYSSPL | 8 FIFSSYAM | 19 SIAGSGGYY | 30 WGGSNGSG--FDY 41
YWes14 | YYSSPL | 9 YSFSSHMM | 20 SIYPPGGYY | 31 WGSRSPG—MDV 42

YW 64.23 | YYSSPL | 10 FIFSSYAM | 21 TOPHGGYY |32 WAKRSYG—-MDV 43
YW 6428 | YYSSPL | 11 FIFSSYAM | 22 WISPLNGYY | 33 WGRRYIG--—-MDV 44
YW64.29 | RYSVPT | 12 FTESSYQLE, | 23 SIE-SGGYY |34 YGNHV—MDV 43
YW 64.30 | YYSSPL | 13 FIESSYAM | 24 | SISRGDGYY | 35 WAGGSA——-MDV 46
YW 6447 | YYSSPL | 14 FIFSQYSI 25 TIYPFGGYY | 36 FGOSYYGGSYAMDY | 47
YW 64.53 | YYSSPL | 15 FIFTSRTM | 26 SIS-SGGYY | 37 WESYYG—--MDV 48
YW 64.55 | YYSSPL | 16 FIFSSYAM | 27 SIYSTGGYY | 38 WCEYPG-—MDV 49
YW 1074 | YYSSPL | 17 FIFSSYAM | 28 QISPAGGYN | 39 ELPYYRMSKV-MDV | 50

5
Cione IC50 (nM)
) mNRP1 hNRP1

YW64.3 3.420.9 0.48+0.02
YW 64.4 3539.6 24x7.4
YW 64.14 11234 5.2:+0.9
YW 64.23 4621 47+14
YW 64.28 7.9x1 1.2+0.2
YW 64.29 9,942 2.7:0.1
YW 64.30 60x11 _ | 50%19

YW 64.47 6725 2126
YW 64.53 1629 4:40.6
YW 64.55 17+5.8 3.9x1
YW 1074 38220 6.1:x1
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YWL07.4.38 0.84 2.7 3.2 0.94 1.7 1.8 YWO07.4.52 1.3 1.6 1.2
YW07.4.63 1.6 1.3 0.8 1.8 1.5 0.8 YWO07.4.76a 0.42 13 31 1.

1.4 1.3
2 1.7 1.

YWL07.4.87 1.6 2

10

15

20

30

35

= &Bﬁm&%ﬁgégﬂvaﬂ%n»gﬁf%l rwere 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 VEGF, we mitiated a new panming process nsing
bacnlovirns expressed hNEPl (b1b2)-His as an immobilized antigen. Following 4 rounds of selection,
only one unique clone, YW107.4 Was identified that bound both human and murine NRP1. YW107.4
bound to human and murine NRP1 with an ICs; of 6 and 38 nM in the Phage ELISA (Table IIL).

Characterization of selected anti-NRPI IgG - Selected anti-NRP1 clones from Table III were
reformatted into full length human IgG1, expressed in CHO cells and purified for further characterization.
The anti-NRP] 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. Each 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 500 oM. However, both
YW64.3 and YW107 .4 bound human NRP1 with a Kd of 0.9 and 5 1M as well as murine NRP1 with 2
Kd of 7.8 and 11 nM, respectively. Although these antibodies were selected using plate-immobilized
antigen, FACS analysis demonstrated all parified IgGs also bound to HUVEC cells which express hNRP1
endogencusly (e.g. YW064.3 and YW107 .4 shown in Figure 1B).

C. Affinity maturation of anti-NRPI Antibodies
YW107.4 bound to the b1b2 domain of both hurnan and murine NRPI with a phage IC5, of 6 and

'38 M, respectively (Table ). To improve potency in vivo, this clone was affinity-matured using human

NRPi-His.

" Materials and Methods

To generate the library template for affinity maturation of clone YW107.4, the GCN4 lencine
zipper of thé parental phagemi& was first removed using Kunkel motagenesis 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 mtrociuced the mutation 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
nucleotides. Gallop et al. (1994) J Med Chem 37:1233-1251. Three different libraries with combinations
of CDR loops, L1/1.2/1.3, 1.3/H1/H2 and 1 3/H3 randomization, were generated throngh soft randomizing
selected residues at positions 28-32 of CDR-L1, 50 and 53-55 of CDR-L2, 9'1, 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 Iibraries were subjected to plate sorting for the first round
and followed by four rounds of solution phase sorting as described. Lee et al. (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 selection with increasing stringency as follow: round 2 (SnM biotinylated
52 ’
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t he purpose of this application and in the foll owi ng descriptions of-
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10 and treatnent was started. This was considered-day 1 of each study. Al
treatnents were body-weight adjusted at 0.2 m /20 g. Tunor volune (MB) =
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These nor phol ogi cal observations are correlated with the quantified
changes in vascul ar desensity. As shown in Figure 10, treatnent with both
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endot helial cell growth factor (VEGF). 15 4.The anti body of paragraph 1,
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anti-neopl astic conposition, a chenotherapeutic agent and a cytotoxic
agentC, NP1 6s ridoaxsanp fan odkcolr patodefirgpiinthi2 oupdyetimi n t he anti - angi ogeni ¢ agent
is a VEG- antagoni st. 27. The nmethod of paragraph 26, wherein the VEG-
ant agoni stPhemtypes desdrvedhiviBeArahkriobloot mice are consistent with a defect in vascular

remodeling. Gu et al. (2003) Dev Cell 5:45-57; Kawasaki et al. (1999) Development 126:805-4902;

Takashima et al. (2002) Proc Natl Acad Sci U S A 99:3657-3662. Next, the role of NRP1 in vascular

remodeling was tested by analyzing the effects of systemic treatment with the anti-NRP1 mAbs on the

35  developing mouse retina, which is an ideal model to investigate the stereotyped events of vascular
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28. The nethod of paragraph 27, wherein the anti-hVEGF antibody is capable
of binding to the sane 15VEGF epitope as the anti body A4.6.1. 29. The

met hod of ‘paragraph 28, wherein the anti-hVEGF anti body is bevaci zunab or

rani bi zumab, 30. The nethod of paragraph 24, wherein the second ,
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In
35  inbibition of sprouting by both anti-NRP1 mAbs, and by anti-VEGF treatments.




19. The method of claim 18, further conprising recovering the anti-NRP1
anti body. 20. A pharmaceutical conposition conprising the anti-NRPL
anti body of any one of clains 1-13. 21. A kit conprising the anti-NRP1
anti body of any one of clains 1-13. 22. An article of manufacture

----------
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proliferation through activation of the mitogen activated protein kinases Frk1/2 (Rousseau et al. (1997)
Oncogene 15:2169-2177; Takahashi et al. Shibuya (1999) Oncogene 18:2221-2230), and to regulate EC
25  survival and vascular permeability through the PI3-Kinase/Akt pathway. Chen et al. (2005) Nat Med
11:1188-1196; Gerber et al. (1998) J Biol Chemn 273:13313-13316; Six et al. (2002) FEBS Lett 532:67-
69. Consistent with the observation that anti-NRP1 mAb treatments did not significantly change VEGE-
induced EC proliferation or vascular permeability, anti-NRP1* and anti-NRP1® incubation did not affect
VEGE-induced phosphorylation of Erk1/2 or Akt. On the other hand, inhibiting NRP1 fonction with anti-
30 NRPI antibodies strongly reduced EC migration. It is possible that NRP1 specifically regulates VEGFR2
pathways required for cell motility, such as the p38 MAP kinase pathway, which has been shown to be
required for VBGF-driven actin reorganization and cell migration in ECs. Rousseau ot al. (1997)
Oncogene 15:2169-2177. Anti-NRP1* and anti-NRP1" treatments both led to a slight reduction in p33
phosphorylation level in HUVECs (Figure 8D), lending support to this hypothesis. However, the mild
35  decrease in p38 phosphorylation alone is unlikely 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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Artificial q <220> <223> nt hesi zed <400> 2 d u Val

G n Esgmp I ihifory iyt ﬁ%@%&@g’ﬁ%@“ﬁ %%/o Ay 151015 Ay Ser Leu Arg ™~

Leu i? l% a[g@ %Iggs Ser Gly Phe Asn Il e Lys 202530 p2291R1(SEQ 354045
‘ﬁe i IIe Tyr Pro Thr Asn Ay Tyr Thr Arg Tyr 505560 Al a Asp

val L egvane Al o hr Al
1o Lt T i A B el 82
Ser ATECTRpclGilie, FD). g SKNES- Pwechmsem@mse mpyge Feeivelgdomy ety § v @ n
Gy Hlémén? yc\@)kﬂa;mﬁ th\éeﬂank?%gr }%59, 1x107 tumor cells were mjected 5.c. in the flank of HRL.N

female nude mice. Tumor growth was monitored twice weekly by caliper measurements. When tumors

~ reach an average size of 80-120 mm’, mice were sorted to give nearly identical group mean tamor sizes,

10 and treatment was started. This was considered day 1 of each study. All treatments were body-weight
adjusted at 0.2 mal/20 g. Tumor volume (mm®) = width® x length / 2. Percent tumor growth inhibition
(%TGI) = (median tumor volume of the control arm — median tumor volume of the treatment arm /
median tumor volume of the control arm) x 100. %TGI is only measured as long as all animals remain on
they study (for SK-MES-1 = day 22; for H1299 = day 15). Time to endpoint (TTE) = logo (endpoint

15  volume, mm®) —b / m; were b is the intercept and m is the slope of the line obtained by linear regression
of the log-transformed fumor growth data. Percent tumor growth delay (%TGD) = (median TTE for a
treatment arm — median TTE for the control arm / median TTE for the control arm) x 100. '

Mice were anesthetized with Avertin (1.3% tribromoethanol and 0.8% amyl alcohol; Sigma-

Aldrich). FITC-labeled Lycopersicon esculentum lectin (150 ug in 150 ul of 0.9% NaCl; Vector

20 Laboratéxies) was injected 1.v. 3 minutes before systemic-perfusion. The vasculature was perfused
transcardially with 4% paraformaldehyde (PFA) in PBS for 2 to 3 min. Tumors were removed and post-
fixed by immersion in the same fixative for 16 hrs, followed by an incubation in 30% sucr,ose; overnight
for cryoprotection, then embedded in OCT and frozen. Sections (30pm) were cut and mounted onto giass
slides, rehydrated and blocked in PBSt (PBS, 0.5% Triton X-100) with 5% normal goat serum for 2 brs at

25  room temperature, The sections were incubated o§ernight with anti-NRP1® (1:500) or rat anti-mouse
PDGERB (1:1000; clone APB5, eBioscience) at 4°C. Sections were then washed 4 times in PBSt, and
incubated with secondary antibodies, Alexa 488 goat anti-human IgG and Alexa 568 goat anti-rat IgG
(1:200; Molecular Probes), for 4 hrs at room temperature. After staining was completed, sections were
washed 4 times in PBSt, post fixed with 4% PFA in PBS, followed by another 4 washes in PBS. The final

30 - wash sohition was removed, and 1-2 drops of Fluoromount-G (SouthernBiotech) were added. Glass
coverslips were placed over samples, and images were captured with a Zeiss Axiophot fluorescence

microscope.
Results

Blocking the VEGF pathway bas been proven to reduce neovascularization in mouse tumor
35  models and in human cancers. Ferrara and Kerbel (2005) Nature 438:967-974. However, it is believed

that some tumors are Jess dependent on VEGF for vessel formation, or may become insensitive to anti-
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Lys @E&eaarEdd Skl ke ottt Mua OBesl 3sef4oAKgcbmeaals@001rﬁoyw«rﬁem¥c@fs5er,
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These experiments were designed to test the effect of blocking NRP1 alone and in combination
with anti-VEGE. Also included were single agent anti-VEGE and isotype control antibody. SK-MES-1 is
a NSCLC xenograft mode} that expresses NRP1 primarily in vascular and stromel tissue, with an
10  intermediate level of expression in tumor cells. In this model, anti-VEGF provided a 52% tumor growth
inhibition (TGI), single agent anti-NRP1® caused a 37% TGI, and anti-NRP1* had no significant effect on
TGY (Figure 94). ' '

Strikingly, the additive effect was observed when either anti-NRP1 antibody was used in
combination with anti-VEGF. As depicted in Figure 10A, anti-NRP1* used in combination with anti-

15  VEGF increased the TGI from about 52% to about 70%; and anti-NRP1® used in combination with anti-
VEGF increased the TGI to about 77% (Figure 9A). Similar results were obtained in the H1299 NSCLC
xenograft model, which also expresses NRP1 in vascular and stromal tissue at high Ievels, but in tamor
cells to a lesser extent. Single agent anti-NRP1® showed 39% TG, anti-VEGF showed 28% TGL and the
combination showed 51% TGI (Figure 9C).

20 Animals in the SK-MES-1 model were dosed to day 35 and followed to day 60 to examine the
delay in tumor growth (animals were removed from the study when tumor sizes exceeded 1500 mm®; no
animals were removed as a result of toxicity). The Kaplan-Meier plot shows a significant effect of both
anti-NRP1 mAb combination arms in delaying tumor growth as compared to single agent arms (Figure
9B). Measurements of tumor growth delay (TGD) show no single agent delay for anti-NRP1%; 24% TGD

25  for anti-NRP1%; 60% TGD for anti-VEGF; 93% TGD for anti-NRP14 + anti-VEGF combination arm; and
96% for anti-NRP1® + anti-VEGF combination arm.

Similar results to those seen in the NSCLC models were also observed in a murine model of
breast cancer, termed founder 5 (Fo5), in which tumors generated by MMTV-Ter2 tramsgenic expression
were dissected and implanted in nude mice. Finkle et al. (2004) Clin Cancer Res 10:2499-2511. In this

30  model, NRP1 is primarily expressed on vessels and adjacent stroma, and anti-VEGF is again only
partially effective at reducing tumor growth (Figure 9C). Growth inhibition was similar to that seen in
the NSCLC models, however to focus on the histological changes in the context of anti-NRP1 and anti-

. VEGEF treatment, animals were harvested on the same day early in the experiment (dashed line; Figure
20).

35 Using the Fo5 model for vascular histology studies, we observed that control tumors showed very
large unorganized vessels that generally lack pericyte coverage as determined by PDGFR-B
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Aning a U5 ke appearance. On the other hand, similar to control treated tumor vessels, timors
treated with either anti-NRP1 mAb also lack significant pericyte coverage. Most interestingly, tumors that
were treated with anti-VEGF and either anti-NRP1* or anti-NRP1?, showed a combined phenotype, with
vessel reducﬁdn similar to anti-VEGF treated tumors, but with remaining vessels appearing less refined

and lacking close pericyte association.

These morphological observations are correlated with the quantified changes in vascular
desensity. As shown in Figure 10, treatment with both anti-NRP1 antibodies and anti-VEGF decreased
vascular density (10A). On the other hand, only anti-VEGF seems to increase perictye staining in tumor
samples tested, as compared to control. Overall, pericyte/vascular ratio measuring reiative pericyte

" coverage shows that anti-VEGF treated tumors had the highest ratio, which is decreased by anti-NRP1*

and anti-NRP1® treatment.

The findings that anti-NRP1 (anti-NRP1* and anti-NRP1®) and anti-VEGF may be acting by
blocking different EC functions and/or signaling pathways raised the possibility that combining these
antibodies in tumor models could have an additive or synergistic effect in reducing tumor growth.
Indeed, a profound additive effect was observed when combining anti-NRP1 with anti-VEGF (Figure 9).
Especially in the case of anti-NRP1%, the results suggest a synergistic, rather than additive effect, since in
maltiple tumor models the mean tumor volume following single agent anti-NRP1* treatment was not
different from control, but the antibody significantly enhanced tumor response when combined with anti-
VEGF, compared to anti-VEGEF treatment alone.

Tn the case of anti-NRP1®, single agent treatment resulted in a significant reduction in tumor
growth. Interestingly, these effects are only slightly less potent than anti-VEGF alone. However, the
reduction i tumor growth from the combination arms for anti-NRP1? was similar to the anti-NRP1*
combination arms. The single agent effect of anti-NRP1® may be due to its relatively stronger inhibitory
activity in reducing sprouting and in vive angiogenesis, compared o anti-NRP1#. On the other hand,
both antibodies were equally potent in blocking vascular remodeling in the mouse retinal development

assay and inhibiting pericyte association with vessels in the Fo3 tumor model.

= It has been proposed that vascular remodeling in the retina takes place in the absence of close

' pericyte associations, suggesting that pericytes serve to stabilize immature blood vessels ending the

plasticity period of vessel remodeling. Benjamin et al. (1998) Development 125 :1591-1598. Findings of
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<220> <223> sequence is synthesized <400> 6 Qu Val Gn Leu Val du Ser

Gy Ay Ay Leu Val dn Pro Ay 151015 Gy Ser Leu Arg Leu Ser cys Ala Ala

Ser Gy Phe Thr Phe Ser 202530 Ser Tyr Ala Met Ser Trp Val Arg Gn Ala Pro
y Lys Gy Leu 354045 Gu Trp val Ser Gn Ile Ser Pro Ala Gy Ay Tyr Thr

Tyr tpé 'l% W% ﬁﬁbﬁiﬂ% 691ﬁ?@s%cdﬁﬁo%%bf%sgiggﬁds?gmgaﬁgﬁofl\l'/g[ ﬁls S

Val the pohpgenasis of theypsyulmpylepeynt Oﬁpléa@év follgwad Iy, 1 Leu Arg Al a

85 @u Leu Pro Tyr Tyr 100 G
Arg Met 165 igggrof %ta}cyt)féwbﬂmmg thmcg v)ésstcrlg rthul_s.%yvm\éarise gblair)m-\?%E% ﬂ%rapy resmtgnéé Asp 90

as a consequence of vessels losing their VEGF—dependence, has been proposed and tested experimentally.
5  Bergers et al. (2003) J Clin Invest 111:1287-1295; Erber et al. (2004) Faseb J 18:338-340. In these

studies, it was observed that blocking both the fanction of VEGF (EC ligand) and PDGF (pericyte ligand)
results in further disruption of turnor vasculature. Snbsequently, it has been shown in imaging studies that
blocking VEGF function alone in tumors results in a significant amount of vascular regression, but the
remaining vessels become “normalized” with close pericyte associations, possibly a consequence of

10  immatore vessels nndergoing vascular remodeling and maturation. Inai et al. (2004) Am J Pathol 165:35-
52.

Based on the observations obtained 1n the developing retina, it can be postulated that blocking
NRP1 function in tumors would also reduce vascular remodeling of tumor vessels, subsequently
inhibiting vessel maturation, therefore keeping vessels in a state of VEGF-dependence. This alone may
15  not have a significant effect on reducing tumor growth, as most tumor vessels are already inherently
disorganized. Baluk et al. (2005) Curr Opin Genet Dev 15:102-111. "This prediction is consistent with
the observation that, although anti-NRP1# strongly inhibits vascular remodeling, we do not see a single
agent effect with this antibody in reducing tumor growth. However, it was speculated that blocking
vascular remodeling, and the subsequen{ maturation, in combination with anti-VEGE therapy may render
20  the remaining tumor vessels more susceptible to regression. The experiments of the present invention
" showed that vessels remaining in tumors treated with either anti-NRP1 mAb in combination with anti-
VEGF indeed lack pericyte association. These results suggest that the additive effect we observe in
blocking both NRP1 and VEGF function may arise as a coﬁseqnence of rendering remaining vessels in

anti-VEGF treated tumors more vulnerable to regression.

25 Based on the results obtained in developing retina and xenograft tumor models, it is postulated
that blocking NRP1 function in newly formed vessels inhibits vessels from undergoing remodeling and
subsequent maturation, thus rendering these vessels more dependent on VEGF for gurvival (see the model
in Figure 11A). Consistent with this model, we observed a significant decrease in vascular density of the
developing retina in neonate mice treated with both anti-NRP1® and anti-VEGF at half-the dose of single

30  agent alone (single dose = 10mg/kg, combination dose = Smg/kg of each antibody). See Figure 11B, as
(;pmpared to Figure 7D.

Moreover, it is possible that NRP1 may also be required not only for endothelial but also pericyte
function. It has recently been reported that bFGF induces upregulation of NRP1 on smooth muscle cells,
resulting in the ability of VEGF to induce smooth muscle cell migration. Liu et al. (2005) Cyrokine

35 32:206-212. In the present experiment, expression of NRP1 was seen on human smooth muscle cells, as
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Ser Ser <210> 7 '<211> 6 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 7 Tyr Met Ser Val Pro Ile 5 <210> 8 <211> 6
<212> PRT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 8elyy onlpericydeyin SeiouPmoribeand fuma @mos (fop ¢xanpl, Q?Q)lezsiOlPFfNB&éleS@nds to

Artificial se ce. <220> <223> I s synt hesized <400> 9 Tyr Tyr
Ser Sefmﬁragjaf%ﬁ?qse‘%@fﬁggﬁeos‘[%%%ﬂes%gﬁ@gg PRT <213> Artificial sequencg
<220> <223>.sequence .i s | get 5
ion 1 IEREIGE st e S A Atk %gfdgﬁgg%éﬁé%%gm%ﬁg SRP1 I
function in tumor models results in an additive effect in reducing tumor growth. Also presented are

5 evidences that NRP1 may also be acting through mechanisms other than VEGFR2 signaling.
The present disclosure provides:

1. An anti-nevropilin-1 (NRP1) antibody capable of inhibiting at least one neuropilin (NRP)

mediated biological activity.
10 2 The antibody of paragraph 1, which is capable of inhibiting NRP1°s interaction with semaphorin.

3. The antibody of paragraph 1, which is capable of inhibiting NRP1’s interaction with vascular
endothelial cell growth factor (VEGE).

15 4. The antibody of paragraph 1, which binds to NRP1 within the ala2 domain and blocks NRP1’s
binding to semaphorin without blocking NRP1’s binding to VEGF.

5. The antibody of paragraph 4, which is capable of inhibiting NRP1 mediated angiogenesis.

20 6. The antibody of paragraph 4, which comprises a light chain variable domain comprising the
following Complementary Determining Region (CDR) amino acid sequences: CDRLI (RASQSISSYLA;
SEQ ID NO:123), CDRL2 (GASSRAS; SEQ ID NO:124) and CDRL3 (QQYMSVPIT; SEQ ID
NO:125).

25 7. The antibody of paragraph 6, which comprises a light chain variable domain sequence of SEQ ID
NO:3. ‘

8. The antibody of paragraph 4, which comprises a heavy chain variable domain comprising the
following CDR amino acid sequences: CDRH1 (GFSFSSEPIS; SEQ ID NO:126), CDRH2
30 (SSITGKNGYTYYADSVKG; SEQ ID NO:127) and CDRH3 (WGKKVYGMDV; SEQ ID NO:128).

9. The antibody of paragraph 8, which comprises a heavy chain variable domain sequence of SEQ
ID NO:4.

35 10. The antibody of paragraph 4, which is the YW64.3 antibody comprising a light chain variable
domain sequence of SEQ ID NO:3 and a heavy chain variable domain sequence of SEQ ID NO:4.
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<220> <223> sequence i s synthesized <400> 11 Tyr Tyr Ser Ser Pro Leu 5
<210> 12 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence
i s synthesized <400> 12 Arg Tyr Ser Val Pro Ile 5 <210> 13 <211> 6 <212>
PRT <213> Afticiafifitoidabs meqrph ¢ ewkiaPinds<d NBP 1 stjinghrctel b2 Jomyin piidpcke YRRABO> 13

cequentigegad FasyherCerhinn T W R S Bl 00T 4 T T ser Tser pro
Leu 5 <210> 15 <211> 6 <212> PRT
12. The antibody of paragraph 11, which comprises a light chain variable domain comprising the
5 following CDR amino acid sequences: CDRL1 (RASQYFSSYLA; SEQ ID NO: 129), CDRL2
(GASSRAS; SEQ ID NO:130) and CDRL3 (QQYLGSPPT; SEQ ID NO:131).

13. The antibody of paragraph 12, which comprises a light chain variable domain sequence of SEQ
1D NO:5.

10
14. The antibody of paragraph 11, which comprises a heavy chain variable domain comprising the
following CDR amino acid sequences: CDRH1 (GFTFSSYAMS; SEQ ID NO:132), CDRH2
(SQISPAGGYTNYADSVKG; SEQ ID NO:133) and CDRH3 (ELPYYRMSKVMDYV; SEQ ID NO:134).

15 15, The antibody of paragraph 14, which comprises a heavy chain variable domain sequence of SEQ
ID NO:6. '

16. The antibody of paragraph 11, which is the YW107.4.87 antibody comprising a light chain
variable domain sequence of SEQ ID NO:5 and a heavy chain variable domain sequence of SEQ ID
20 NO:6.

17. The antibody according to paragraph 1, wherein the antibody is capable of binding to both murine
NRP1 and human NRP1.

25 18. The antibody according to paragraph 1, wherein the antibody is a monoclonal antibody.
19. The antibody according to paragraph 1, wherein the antibody is a bispecific antibody.
20. The antibody according to paragraph 1, wherein the antibody is a synthetic antibody.

30
21. Use of the anti-NRP1 antibody of paragraph 1 in the manufacture of a medicament for the
treatment or prevention of a disorder associated with pathological angiogenesis in a mammal.

22. The use of paragraph 21, wherein the disorder is a cancer.

23. The use of paragraph 22, wherein the cancer is selected from the group consisting of breast

cancer, colorectal cancer, non-small cell lung cancer, non-Hodgkins lymphoma (NHL), renal cancer,
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<213> Artificial sequence <220> <223> sequence is synthesized <400> 15 Tyr
Tyr Ser Ser Pro Leu 5 <210> 16 <211> 6 <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized <400> 16 Tyr Tyr Ser Ser Pro Leu 5
P2291 RpoSERcancs2 k0> canfersRebd andnecR didwer PRAlancRth3ovaiart ¢ahiari adsotbelepranyd <220>
<223> seﬁ%ﬁnce I S synthesi zed <400>17 Tyr Tyr Ser Ser Pro Leu 5 <210> 18

<211> BUEPRITHMBE- <213> Artificial sequence <220> <223> sequence i s
synt hesi zed <400> 18 Phe Ser Phe Ser Ser Qu Pro Ile 5
24, The use of paragraph 23, wherein the treatment further comprises a second therapeutic agent.
5
25. The use of paragraph 24, wherein the second therapeutic agent is an agent sclected from the

group consisting of an anti-angiogenic agent, an anti-neoplastic composition, a chemotherapeutic agent

and a cytotoxic agent.
10 26. The method of paragraph 25, wherein the anti-angjogenic agent is a VEGF antagonist.
27. The method of paragraph 26, wherein the VEGF antagonist is an anti-hVEGF antibody.

28. The method of paragraph 27, wherein the anti-hVEGF antibody is capable of ‘binding to the same
15  VEGF epitope as the antibody A4.6.1.

29. The method of parégraph 28, wherein the anti-hVEGF antibody is bevacizumab or ranibizumab.

30. The method of paragraph 24, wherein the second therapeutic agent is a receptor tyrosine kinase

20  inhibitor selected from the group consisting of vatalanib (PTK787), erlotinib (TARCEVA®), OSI-7904,
7D6474 (ZACTIMA®), ZD6126 (ANG453), ZD1839, sunitinib (SUTENT®), semaxanib (SU5416),
AMG706, AG013736, Imatinib (GLEEVEC®), MLN-518, CEP-701, PKC- 412, Lapatinib (GSK572016),
VELCADE®, AZD2171, sorafenib (NEXAVAR®), X1.880, and CHIR-265.

25
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<210> 19 <211> 8 <212> PRT <213> Artificial sequence <220> <223> sequence
I s synt hesi zed <400> 19 Phe Thr Phe ser Ser Tyr Ala Met 5 <210> 20 <211> 8
<212> PRT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 20 Tyr Ser Phe Ser Ser His Met Met 5 <210> 21 <211> 8 <212> PRT
<213> Artificial sequence <220> <223> sequence is synthesized <400> 21 Phe
Thr Phe Ser Ser Tyr Ala Met 5 <210> 22 <211> 8 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized P2291R1(SEQ <400> 22

CLAIMS

I. An isolated anti-neuropilin-1 (NRP1) antibody that specifically binds to NRP1, which
comprises a light chain variable domain comprising a CDRLI comprising the amino acid
sequence RASQYFSSYLA (SEQ ID NO:129), a CDRL2 comprising the amino acid sequence
GASSRAS (SEQ ID NO:130) and a CDRL3 comprising the amino acid sequence QQYLGSPPT
(SEQ ID NO:131).

2. The antibody of ¢laim 1, which comprises a light chain variable domain comprising the

amino acid sequence of SEQ ID NO:5.

3. An isolated anti-neuropilin-1 (NRP1) antibody that specifically binds to NRP1, which
comprises a heavy chain variable domain comprising a CDRH1 comprising the amino acid
sequence GFTFSSYAMS (SEQ ID NO:132), a CDRH2 comprising the amino acid sequence
SQISPAGGY’_[NYADSVKG (SEQ ID NO:133) and a CDRH3 comprising the amino acid
sequence ELPYYRMSKVMDYV (SEQ 1D NO:134).

4 The antibody of claimn 1, which comprises a heavy chain variable domain comprising the

amino acid sequence EVQLVESGGG LVQPGGSLRL SCAASGFTES SYAMSWVRQA
PGKGLEWVSQ ISPAGGY'INY ADSVKGRFTI SADTSKNTAY LOMNSLRAED TAVYYCARGEL
PYYRMSKVMD VWGQGTLVTVSS .

5. An isolated anti-neuropilin-1 (NRP1) antibody that specifically binds to NRP1, wherein
the antibody comprises a light chain variable domain comprising a CDRLI comprising the amino
acid sequence RASQYFSSYLA (SEQ ID NO:129), a CDRL2 comprising the amino acid
sequence GASSRAS (SEQ ID NO:130) and a CDRL3 comprising the amino acid sequence
QQYLGSPPT (SEQ ID NO:131), and wherein the antibody comprises a heavy chain variable
domain comprising a CDRH1 comprising the amino acid sequence GFTFSSYAMS (SEQ ID
NO:132), a CDRH2 comprising the amino acid sequence SQISPAGGYTNYADSVKG (SEQ ID
NO:133) and a CDRH3 comprising the amino acid sequence ELPY YRMSKVMDYV (SEQ ID
NO:134).

6. An isolated anfi-neuropilin-1 (NRP1) antibody that specifically binds to NRP1, which

comprises a light chain variable domain comprising the amino acid sequence of SEQ ID NO:5
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Phe Thr Phe Ser Ser Tyr Ala net 5 <210> 23 <211> 8 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized <400> 23 Phe Thr
Phe Ser Ser Tyr A n Leu 5 <210> 24 <211> 8 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized <400> 24 the Thr Phe Ser Ser
Tyr Ala Met 5 <210> 25 <211> 8 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized <400> 25 Phe Thr Phe Ser An Tyr Ser Ile 5
<210> 26 <211> 8 <212> PRT <213> Artificial sequence <220> <223> sequence
I s synt hagh aesy shdOmridfe domain comprising the amino acid sequence EVQLVESGGG

LVQPGGSLRL SCAASGFTFS SYAMSWVRQA PGKGLEWVSQ ISPAGGYTNY ADSVKGRFTI
SADTSKNTAY LOQMNSLRAED TAVYYCARGEL PYYRMSKVMD VWGQGTLVTVSS.

7. The antibody of claim 6, which is the YW107.4.87 antibody.

8. The antibody according to any one of claims 1-7, wherein the antibody is capable of

binding to both murine NRP1 and human NRP1.

9. The antibody according to any one of claims 1-7, wherein the antibody is a monoclonal

antibody.

10. The antibody according to any one of claims 1-7, wherein the antibody is a bispecific

antibody.

11. The antibody according to any one of claims 1-7, wherein the antibody is a humanized

antibody.

12. The antibody according to any one of claims 1-7, wherein the antibody is a human

antibody.

13. The antibody according to any one of claims 1-7, wherein the antibody is a synthetic

antibody.

14. A polynucleotide encoding the anti-NRP1 antibody of any one of claims 1-13.

15. A vector comprising the polynucleotide of claim 14.
16. The vector of claim 15, wherein the vector is an expression vector.
17. A host cell comprising the vector of claim 15 or 16.

18. A method of producing an anti-NRP1 antibody, comprising expressing the vector of

claim 16 in a suitable host cell.
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Phe Thr Phe Thr Ser Arg Thr Met 5 <210> 27 <211> 8 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized <400> 27 Phe Thr
Phe Ser Ser Tyr Ala Met 5 <210> 28 <211> 8 <212> PRT <213> Artificial
sequence P2291R1(SEQ <220> <223> sequence i s synthesized <400> 28 Phe
Thr Phe Ser Ser Tyr Ala Met 5 <210> 29 <211> 9 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized <400> 29 Ser Ile Thr Ay Lys
AZSOG y Tyr Tyr 5 <210> 30 <211> 9 <212> PRT '<213> Artificial sequence
< >

19. The method of claim 18, further comprising recovering the anti-NRP1 antibody.

20. A pharmaceutical composition comprising the anti-NRP1 antibody of any one of claims

1-13.
21. A kit comprising the anti-NRP1 antibody of any one of claims 1-13.
22. An article of manufacture comprising the anti-NRP1 antibody of any one of claims 1-13.

23. An anti-NRP] antibody of any one of claims 1-13 for use in inhibiting binding of NRP1
to VEGF in a subject.

24. A method of detecting NRP1 protein in a sample, comprising the steps of contacting the
sample with the anti-NRP1 antibody of any one of claims 1-13; and detecting the binding of the
anti-NRP1 antibody to the NRP1 protein.

25, The method of claim 24, wherein the sample is from a patient diagnosed with cancer.

26. Use of the antibody of any one of claims 1-13 in the manufacture of a medicament for the

treatment or prevention of a disorder associated with cancer.

27. The use of claim 26, wherein the cancer is selected from the group consisting of breast
cancer, colorectal cancer, non-small cell lung cancer, non-Hodgkin’s lymphoma (NHL), renal
cancer, prostate cancer, liver cancer, head and neck cancer, melanoma, ovarian cancer,

mesothelioma, glioblastoma and multiple myeloina.
28. The use of claim 26, wherein the treatment further comprises a second therapeutic agent.
29. The use of claim 28, wherein the second therapeutic agent is an agent selected from the

group consisting of an anti-angiogenic agent, an anti-neoplastic composition, a chemotherapeutic

agent and a cytotoxic agent.

71



<223> sequence is synthesized <400> 30 Ser Ile Ala Ay Ser Ay Ay Tyr Tyr
5 <210> 31 <211> 9 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 31 Ser Ile Tyr Pro Pro Ay Ay Tyr Tyr 5
<210> 32 <211> 9 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized <400> 32 Thr Ile Ile Pro Hs Gy @y Tyr Tyr 5 <210> 33
<211> 9 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 33 Trp Ile Ser Pro Leu Asn Ay Tyr Tyr 5 P2291R1(SEQ
<210> 340<21The &esPdZim PRTherein the anti-angiogenic agent is a VEGF antagonist.

31. The use of claim 30, wherein the VEGF antagonist is an anti-VEGF antibody.

32. The use of claim 31, Wherehl the anti-VEGF antibody is capable of binding to the same
VEGF epitope as the antibody A4.6.1.

33, The use of claim 31, wherein the anti-VEGF antibody is bevacizumab.

34, The use of claim 28, wherein the second therapeutic agent is a receptor tyrosine kinase
inhibitor selected from the group consisting of vatalanib (PTK787), erlotinib (TARCEVA®), OSI-
7904, ZD6474 (ZACTIMA®), ZD6126 (ANG453), ZD1839, sunitinib (SUTENT®), semaxanib
(SU5416), AMG706, AGO13736, Imatinib (GLEEVEC®), MLN-518, CEP-701, PKC- 412,
Lapatinib (GSK572016), VELCADE®, AZD2171, sorafenib (NEXAVAR®), X1.880, and CHIR-
265.
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<213> Artificial sequence <220> <223> sequence i s synthesized <400> 34 Ser
Ile Phe Ser Ay Ay Tyr Tyr 5 <210> 35 <211>9 <212> PRT <213> Artificial
sequence <220> <223> sequence is synthesized <400> 35 Ser Ile Ser Arg Ay
Asp Ay Tyr Tyr 5 <210> 36 <211> 9 <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesi zetotdPBze36 Thr Ile Tyr Pro Phe Ay Gy
Tyr Tyr 5 <210> 37 <211> 8 <24&pmeREH 142i8Bw Artificial sequence <220> <223>
sequ e 1S.S hesi zed <400> 37 Ser Ile Ser Ser Ay Ay Tyr Tyr 5 <210>
28 s SReFTEGoRC | -

<120> NEUROPILIN ANTAGONISTS

<130> P2291R1 PCT

<140> PCT/US2006/043516
<141> 2006-08-11

<150> us 60/734,798
<151> 2005-11-08

<150> us 60/820,561
<151> 2006-07-27 )

<160> 134
<210> 1

<z21il> 108
<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 1 :
Asg ITe Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
5 10 : 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Asp val Ser
. - 20 25 30

Thr Ala val Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile TyrISer_ATa Ser Phe Leu Tyr Ser Gly val Pro Ser
S50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp phe Thr Leu Thr Ile

65 70 | 75.
Ser ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr CyerTn Gln
80 85 90
Ser Tyr Thr Thr Pro Pro Thr Phe Gly Glin Gly Thr Lys val Glu
95 , 100 105
ITe Lys Arg.
<210> 2
<211> 120
<212> PRT
<213> Artificial seqguence
<220> :
<223> sequence is synthesized
<400> 2
Glu val G1n Leu val Glu ser Gly Gly Gly Leu val GIn Pro Gly
1 : 5 ' 10 ' 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala ser Gly Phe Asn Ile Lys
20 ! 25 : 30

Asp Thr Tyr Ile His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
Page 1



<213> Artificial sequence <220> <223> sequence i s synthesized <400> 38 Ser .
Ile Tyr Ser Thr Ay Ay Tyr Tyr 5 <210> 39 <211> 9 <212> PRT <213>
Artificial sequence <220>-<223> sequence is synthesized P2291R1(SEQ

<400> 39 Gn lle Ser Pro Ala Ay Gy Tyr Asn 5 <210> 40 <211> 10 <212> PRT
<213> Artificial sequence <220> %gﬁﬁ@)@gynce i's synthesized <400> 40 Trp
Ay Lys Lys Val Tyr3sdy Met Asp Val 410 <210> 41 <21hx 11 <212> PRT <213>
Artificial sequence <220> <223> sequence i s synthesized <400> 41 Trp Gy
Gy S& TaenVel A l13eATaqt]e e e THY A 61 %TY0>T W24 TYE 10 <212> PRT <213>
Artificial sequence <220> <223> sequeénce is synthesized <400> 42 Trp Gy

Ser Aig ASer séx ova@ yysValy Asp Mad TEﬂ'.Oﬂ‘SZi@P M3 Pl Ik Js%g<212> PRT <213>

Artificial sequenceb> 7
Lys Asn Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
: 80 85 90

Thr Ala val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 100 105

Ala Met Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val Ser Ser
‘ 110 , 115 N 120

<210> 3
<211> 108
<212> PRT

I T e T U PRIUL Y L R S,
SL132> ATNLITITIULIdAdE SCUUCETILE

<220> . .
<223> sequence is synthesized -

<400> 3
Asp ITe GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
i 5 - 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser GIn ser Ile Ser
20 25 30

Ser Tyr Leu Ala Trp Tyr G1n G1n Lys Pro Gly Lys Ala Pro Lys
35 - 40 ‘ . 45

Leu Leu Ile Tyr Gly Ala Ser Ser Arg Ala Ser Gly val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile

65 70 75
Ser Ser Leu GIn Pro Giu Asp Phe Ala Thr Tyr Tyr.Cys Gln Gln
80 85 20
‘Tyr Met Ser val Pro Ile Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105
Ile Lys Arg
<210> 4
. <211> 119
<212> PRT.
<213> Artificial seguence
<220>
<223> sequence is synthesized
<400> 4
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 - 5 10 15

Giy Ser bLeu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Phe Ser
20 5 30

Ser Glu Pro Ile Ser Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45

Page 2



<220> <223> sequence i s synthesized <400> 43 Trp Ala Lys Arg Ser Tyr Ay
510 <210> 44 <211> 10 <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized <400> 44 Trp Ay Arg Arg Tyr Ile Ay
510 <210> 45 <211> 8 <212> PRT <213> Artificial sequence
P2291R1(sSEQ <220> <223> sequencerZ2918Y(Hen®sSi zed <400> 45 Tyr Ay Asn H's
Val Kkt TAppva/hlses s@r1QdeJihr<@ivty9 Ashlgby FRT 213w Awrifici al sequence

Met Asp Val

Met Asp Val

<220> <223> sequencf*;0 i s synthesized 32400> 46 Trp Al a

@Iy Gy Ser Ala Mt

ASp X8h mp<dePXat’LyLEly A4 pivd 3R PHE §gll3ﬁap)§§p| theisal sequence <220>
<223> sequence i s semthesi zed <400> A/ Phe d

Tyr Ala Met
Lys Asn

Val
T rF%1a Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85

Thr Ala val Tyr ng Cys Ala Arg

Met Asp val Trp Gly Gln Gly Thr
110

<210> 5
<211> 108

<212> PRT '
<213> Artificial sequence

-

<LLU>

<223> sequence is synthesized

—'  <400> 5

Asp Ile Gin Met Thr Gln Ser Pro
1 5

Gly Asp
Ser Tyr
Leu Leu
Arg phe
ser ser
Tyr Leu
Ile Lys

<210> 6
<211> 122

Arg

Leu

Ile

Ser

Leu

Gly

Arg

<212> PRT
<213> Artificial

<220>

<223> sequence is synthesized

<400> ©

val
Ala
Tyr
Gly
Gln

ser

Thr Ite Thr
20

Trp Tyr Gln
35

Gly Ala Ser
50

ser Gly Ser
65

Pro Glu Asp
80

Pro Pro Thr
95

sequence

Cys
Gln
Ser
Gly
Phe

Phe

Glu val G?n Leu val Glu Ser Gly
1 5

Gly Ser Leu Arg Leu Ser Cys Ala
20 :

Ser Tyr Ala Met Ser Trp val Arg
35

Trp

Leu

Ser
Arg

Lys

Thr
Ala

Gly

Gly
Ala

GIn

Glu Trp val Ser Gln Ile Ser Pro Ala
50

Gly
100

val
115

ser
10

Ala
25

Pro
40

g Ala

55

Asp
70

Thr
85

Gln

Lys

Thr

Leu
Ser
Gly
ser
Phe
Tyr

Gly

100 -

Gly
10

sSer
25

Ala
40

Gly
55

Leu

Gly

Pro

Gly

Page 3

Lys

val

Ser
Gln
Lys
Gly
Thr
Tyr

Thr

val
Phe
Gly

Tyr

val

Ser

Ala

Tyr

Ala

val

Leu

cys

Lys

Gin

Thr

Lys

Thr

Gn Ses Tyr Tyr Ay Ay Ser

90

TYr Gly
105

Ser

Ser val
15

Phe Ser
30

Pro Lys -
45

Pro Ser
60

The Ile
75.

Gln €n
90

val Glu
105

Pro Gly
15

Phe ser
30

Gly Leu
45

Asn Tyr
60



510 <210> 48 <211> 9 <212> PRT <213> Artificial sequence <220>-<223>
sequence i s synthesized <400> 48 Trp GQu Ser Tyr Tyr Ay Met Asp Vval 5
<210> 49 <211> 8 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized <400> 49 Trp Gy Tyr Pro Ay Met Asp Val 5 <210> 50 <211>
13 <212> PRT <213> Artificial sequ@tgg@lfsgggb <223> sequence is synthesized
<400> 50 G u Leu Pro Tyr Tyr Arg met Ser s Val Met Asp Val 510 :
Pzzgfﬂz&(@@erd@ﬂow?f ¥ 2FD>Plie aerIJePﬁEF ééma&smﬁhrfseg al sequence <220>

Lys Asn Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Agg
80 33

Thr Ala val Tyr Tyr Cys Ala Arg Glu Leu Pro Tyr Tyr Arg Met
95 100 105

Ser Lys val Met Asp val Trp Gly Gln Gly Thr Leu val Thr val
110 115 120

Ser Ser

<210> 7

«<211> 6

<212> PRT

<213> Artificial sequence

<220> :
<223> sequence 1is synthesized

<400> 7
Tyr Met Ser val Prg Ile

<21(> 8

<211> 6

<212> PRT

<213> Artificial sequence

<220> '
<223> sequence is synthesized

<400> 8
Tyr Tyr Ser Ser Pro Leu
5

<210> 9

<211> 6

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 9
Tyr Tyr Ser Ser Pro Leu
5

<210> 10

<211> 6

<212> PRT

<213> Artificial sequence

<220> -
<223> sequence is synthesized

<400> 10
Tyr Tyr Ser Ser Pro Leu
5

<210> 11
<211> 6
<212> PRT
<213> Artificial sequence
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<223> sequence is synthesized <400> 51 Ser Ile Ser Ser Tyr 5 <210> 52
<211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 52 Tyr Ile Ser Ser Tyr 5 <210> 53 <211> 5 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 53 Tyr
Ile Ser Ser Tyr 5 <210> 54 <211> éﬂ@@ﬁf@mBET <213> Artificial sequence
<220> <223> sequence i s synthesized <400> 54 Tyr Ile Ser Ser Tyr 5 <210>

55 «220> 5 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized

<400 11
Tyr Tyr Ser Ser Pro Leu
5
<210> 12
<211> 6
<212> PRT
<213> Artificial segquence
<220> :
<223> sequence is synthesized
<400> 12
Arg Tyr Ser val Prg Ile
<210> 13
<211> 6
. <212> PRT

— <213> Artificial seguence
<220>
<223> sequence s synthesized
<400> 13
Tyr Tyr Ser Ser Pro Leu

' 5

<210> 14
<211> 6
<212> PRT
<213> Artificial sequence
<220> _
<223> sequence is synthesized
<400> 14

Tyr Tyr Ser Ser Pro Leu
5

<210> 15

<211> 6

<212> PRT

<213> Artificidl sequence

<220>
<223> sequence is synthesized

<4}0> 15
Tyr Tyr Ser Ser Pro Leu
5

<210> 16

<211l> 6

<212> PRT

<213> Artificial sequence

<220> :
<223> sequence is synthesized

<400> 16
Tyr Tyr Ser Ser Pro Leu
5
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<223> sequence is synthesized <400> 55 Tyr Ile Ser Ser Tyr 5 <210> 56
<211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed P2291R1(SEQ <400> 56 Tyr lle Ser Ser Tyr 5 <210> 57 <211> 5
<212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<400> 57 Tyr lle Ser Ser Tyr 5 <Zb0pipfsedil> 5 <212> PRT <213> Artifici al
sequ@nge 14220> <223> sequence i s synthesized <400> 58 Arg Ile Ser Ser Tyr

5 <2=1}%>559 <211> 5
<212> PRT 7
<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> .17
Tyr Tyr Ser Ser Pro Leu
5

<210> 18

<211> §

<212> PRT :

<213> Artificial sequence

<220> ’
<223> sequence 1is synthesized

PR VLN

<400> 18 )
Phe Ser Phe Ser Ser Glu Pro Ile
5

<210> 19

<211> 8

<212> PRT

<21i3> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 19
phe Thr Phe Ser Ser Tyr Ala Met
5 -

<210> 20

<211> 8

<212> PRT

<213> Artificial sequence

<220> ) _—
<223> sequence is synthesized

<400> 20
Tyr Ser Phe Ser Ser His Met Met
5

<210> 21

<211> 8

<212> PRT

<213> Artificial seqguence

<220>
<223> sequence is synthesized

<400> 21
Phe Thr Phe ser Seg Tyr Ala Met

<210> 22

<211> 8

<212> PRT

<213> Aartificial sequence

<220>
<223> sequence is synthesized
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<212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<400> 59 Tyr Ile Ser Ser Tyr 5 <210> 60 <211> 5 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized <400> 60 Trp Ile H's Ser Tyr
5 <210> 61 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 61 Arngiki@&eghs Ser Tyr 5 <210> 62 <211> 5
<2122408RD2<213> Artificial sequence P2291R1(SEQ <220> <223> sequence is
synt 88| hed Pha 0r 6@5‘ TYr AllaeMef s Ser Tyr '

<210> 23

<211> 8

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 23
Phe Thr Phe Ser Ser Tyr GIn Leu
5 .

<210> 24

<211> 8

<212> PRT

<213> Artificial. sequence’

<220>
<223> sequence is synthesized

<400> 24
Phe Thr Phe Ser Ser Tyr Ala Met
5

<210> 25

<211> 8

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 25
Phe Thr Phe Ser Gln Tyr Ser Ile
5

<210> 26

<211> 8

<212> PRT

<213> Artificial sequence

<220> ) . '
<223> sequence is synthesized

<400> 26
Phe Thr Phe Thr Ser Arg Thr Met
5

<210> 27

<211> 8

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 27
Phe Thr Phe Ser SeE Tyr Ala Met

<210> 28
<211> 8
<212> PRT
<213> Artificial sequence
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5 <210> 63 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 63 Pro Leu H's Ser Tyr 5 <210> 64 <211> 5
<212> PRT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 64 Tyr Leu Ser Ser Tyr 5 <210> 65 <211> 5 <212> PRT <213> Artifici al
sequence <220> <223> sequence i s ypidigst@ed <400> 65 Tyr Leu Ser Ser Tyr
5 <210> 66. <211> 5 <212> PRT <213> Artificial sequence <220> <223>

Seqléie L5, S DR AeRLeT400> 66 Tyr Phe Ser Ser Tyr

<400> 28
phe Thr Phe Ser Ser Tyr Ala Met
5

<210> 29

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence s synthesized

<400=> 29
ser Ile Thr Gly Lys Asn Gly Tyr Tyr
5 .

<210> 30

<211> 9

<212> PRT o
<213> Artificial sequence

<220> ) )
<223> sequence 1is synthesized

<400> 30
Ser Ile Ala Gly Seg Gly Gly Tyr Tyr

<210> 31
<211> 9

<212> PRT

<213> Artificial sequence

<220> ) .
<223> sequence is synthesized

<400> 31
Ser Ile Tyr Pro Pro Gly Gly Tyr Tyr
5

<210> 32

<211> 9

<212> PRT

<213> Artificial sequence

<220> . )
<223> sequence is synthesized

<400> 32 _
Thr Ile Ile Pro His Gly Gly Tyr Tyr
5

<210> 33

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 33
Trp Ile Ser Pro Leu Asn Gly Tyr Tyr
5
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5 <210> 67 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 67 Tyr Phe Ser Ser Tyr 5 P2291R1(SEQ

<210> 68 <211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence
I s synthesi zed <400> 68 Tyr Phe Ser Ser Tyr 5 <210> 69 <211> 5 <212> PRT
<213> Artificial sequence <220> <223izp@@yence i s synthesized <400> 69 Leu
Thr Jdies> Se,r Tyr 5 <210> 70 - <211>5 <212> PRT <213> Artificial sequence
<220(:211> 8

<212> PRT
<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 34
Ser ITe Phe Ser Gly Gly Tyr Tyr
5

<210> 35

<211> 9

<212> PRT

<213> Artificial sequence

<220 . )
<223> sequence is synthesized

<400> 35
Ser Ile Ser Arg G1y AsSp Gly Tyr Tyr

<210> 36
<211> 9

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 36
Thr Ile Tyr Pro Phe G1y Gly Tvr Tyr
5

<210> 37

<211> 8

<212> PRT

<213> Artificial sequence -

<220> ) )
<223> sequence is synthesized

<400> 37
Ser Ile Ser Ser Gly Gly Tyr Tyr
5

<210> 38

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 38
Ser Ile Tyr Ser Thg Gly Gly Tyr Tyr

<210> 39

<211> 9

<212> PRT

<213> Artificial sequence

<220> . .
<223> sequence is synthesized
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<223> sequence is synthesized <400> 70 Arg Thr Hi's Ser Tyr -5 <210> 71
<211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 71 Tyr Thr H's Ser Tyr 5 <210> 72 <211> 5 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 72 Tyr
Thr H's Ser Tyr 5 <210> 73 <211>HoshdzefRT <213> Artificial sequence
<22Qz00s228> sequence i s synthesized <400> 73 Trp Thr His Ser Tyr 5 <210>
74 <@l s1g S@lZ‘BOPFhSI b Sy Ari Asti al sequence

<210> 40

<211> 10

<212> PRT

<213> artificial sequence

<220> )
<223> sequence is synthesized

<400> 40
Trp Gly Lys Lys val Tyr Gly Met Asp Vié
' 5

<210> 41 -

<211> 11

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 41
Trp Gly Gly Ser Asg Gly Ser Gly Phe Aig Tyr

<210> 42

<211> 10

<2172> PRT

<213> Artificial sequence

<220> ' : .
<223> sequence is synthesized

<400> 42
Trp Gly Ser Arg Ser Pro Gly Met Asp V%&
' 5 _

<210> 43

<211> 10

<212> PRT

'<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 43
Trp Ala Lys Arg Ser Tyr Gly Met Asp Vgg
. 5 '

<210> 44

<211> 10

<212> PRT

<213> Artificial sequence

<220 . )
<223> sequence is synthesized

<400> 44
Trp Gly Arg Arg Tyg Ile Gly Met Asp V%é

<210> 45

<211> 8

<212> PRT

<213> Artificial sequence
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<220> <223> sequence is synthesized <400> 74 Trp Val H's Ser Tyr 5 <210>
75 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence is
synt hesi zed <400> 75 Gy Ala Ser Ser Arg Ala 5 <210> 76 <211> 6 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 76 Ay
Ala Ser Arg Arg Ala 5 <210> 77 <2&§%l§1§%&%> PRT <213> Artificial sequence
<220> <223> sequence i s synthesized <40 7 Ay Ala Ser Arg Arg Qu 5

<2109228 <211> 6 <212> PRT <213> Artificial sequence
<223> sequence is synthesized

<400> 45 .
Tyr Gly Asn His val Met Asp val
5

<210> 46

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 46
Trp Ala Gly Gly Seg Ala Met Asp Va1

<Z210> 47
<211> 14
. <212> PRT
= <213> Artificial sequence

<220> :
<223> sequence is synthesized

<400> 47
Phe GTy Gln Ser Tyr Tyr Gly Gly Ser T{g Ala Met Asp val
5

<210> 48

<211> 9

<212> PRT ‘
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 48
Trp Glu Ser Tyr Tyr Gly Met Asp val
5

<210> 49

<211> 8

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 49
Trp Gly Tyr Pro GTg Met Asp val

<210> 50

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> sequence s synthesized

<400> 50
Glu Leu Pro Tyr Tyr Arg Met Ser Lys val Met Asp val
5 10
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<220> <223> sequence is synthesized <400> 78 Gy Ala Ser Ser Arg Ala 5
<210> 79 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized <400> 79 Gy Ala Ser Arg Arg Ala 5 <210> 80 <211> 6 <212>
PRT <213> Artificial sequence <220> <223> sequence i s synthesized <400> 80

Gy Ala Ser Ser Arg Gu 5 <210> 82292ddsEQ) <212> PRT <213> Artifici al
sequéh®e 53220> <223> sequence is synthesized <400> 81 Ay Ala Ser Ser Ay

<21
a uéé@?%&z 82 <211> 6 <212> PRT
<213> Artificial seguence

<220>
<223> sequence is synthesized

<400> 51
ser Ite Ser Ser Tyg

<210> 52

<211> 5

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized
<4(0> 52
Tyr Ile Ser Ser Tyr

5

<210> 53

<211> 5

<212> PRT

<213> Artificial sequence

<220> i
<223> sequence 15 synthesized

<400> 53
Tyr Ile Ser Ser Tyr
: 5

<210> 54

<211> 5

<212> PRT

"<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 54
Tyr Ile Ser Ser Tyg

<210> 55

<211> 5

<212> PRT

<213> Artificial seguence

<220>
<223> sequence is synthesized

<400> 55
Tyr 1le Ser Ser Tyg

<210> 56

<211> 5

<212> PRT :

<213> Artificial sequence

<220>
<223> sequence is synthesized
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<213> Artificial sequence <220> <223> sequence is synthesized <400> 82 Ay
Ala Ser Arg Arg Qu 5 <210> 83 <211> 6 <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized <400> 83 Gy Ala Ser Ser Arg Ala 5
<210> 84 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized <400> 84 Gy Al a Sgrodei(seey Ala 5 P2291R1(SEQ <210> 85
<211A408> <B12> PRT <213> Artificial sequence <220> <223> sequence i-S

synt H¥§i Fled Seq oty B8{Gy Ala Ser Ser Arg Ala 5

<210> 57

<211> 5

<212> PRT

<213> Artificial sequence

<220> .
<2235 sequence is synthesized

<40Q0> 57
Tyr Ile Ser Ser Tyr
5

<210> 58

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> sequence s synthesized

<400> 58 ,
Arg Ile Ser Ser Tyg

<210> 59

<211> 5

" <212> PRT

<213> Artificial sequence

<220> _
<223> sequence is synthesized

<400> 59
Tyr Ile Ser Ser Tyr
5

<210> 60

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 15 synthesized

<400> 60
Trp Ile His Ser Tyr
5

<210> 61

<211> 5

<212> PRT

<213> Artificial sequence

<220>
. <223> sequence is synthesized

<400> 61
Arg Ile His Ser Tyr
_ 5

<210> 62
- <211> 5
<212> PRT
<213> Artificial sequence
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<210> 86 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized <400> 86 Gy Ala Ser Arg Arg Ala 5 <210> 87 <211> 6 <212>
PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 87
Ay Ala Ser Ser Arg Ala 5 <210> 88 <211> 6 <212> PRT <213> Artificial
sequence <220> <223> sequence i s PRydIHIESEQed <400> 88 Ay Ala Ser Ser Ser
A u 5 <210> 89 <211> 6 <212> PRT <213> Artificial sequence <220> <223>

squéi’g;esgéues’y&t li"'?_ssiyﬁ@l‘[]esﬁ599> 89 Gy Ala Ser Ser Arg Ala 5

<400> 62
Tyr 1le His Ser Tyg

<210> 63

<211> 5

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 63
Pro Leu His Ser Tyg

<210> 64
<211> 5
<212> PRT , .
<213> Artificial sequence e

<220> . .
<223> sequence is synthesized

| <400> 64
Tyr Leu Ser Ser Tyg

<21(> 65

<211> 5

<212> PRT

<213> Artificial seguence

<220> .
<223> sequence is synthesized

<400> 65
Tyr Leu Ser Ser Tyr
5

<210> 66

<211> 5

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 66
Tyr Phe Ser Ser Tyg

<210> 67

<211> 5

<212> PRT

<213> Artificial sequence

<220> ]
<223> sequence is synthesized

<400> 67
Tyr Phe Ser Ser Tyg

Page 14



<210> 90 <211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized P2291R1(5EQ <400> 90 Ay Ala Ser Thr Hs Au 5 <210> 91
<211> 6 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 91 Ay Ala Ser Thr Leu Ala 5 <210> 92 <211> 6 <212> PRT
<213> Artificial sequence <220> <228rig8g@ence i s synthesized <400> 92 Gy
Al a <3 8&r Arg Ala 5 <210> 93 <211>6 <212> PRT <213> Artificial sequence
<22(§91E2%SR; sequence i s synthesi zed ' '

<212> g

<213> Artificial sequence
<220> .
<223> sequence is synthesized
<400> 68

Tyr phe Ser Ser Tyg

<210> 69

<211> 5

<212> PRT

<213> Artificial sequence

<220> . .
<223> sequence is synthesized

<400> 69
Leu Thr His Ser Tyr
' ' -5

" <210> 70 -

<211> 5

<212> PRT

<213> Artificial seguence

<220> .
<223> sequence is synthesized

- <400> 70
Arg Thr His Ser Tyr
- 5

<210> 71

<211> 5

<212>  PRT

<213> Artificial sequence

<220> _
<223> sequence is synthesized

<400> 71
Tyr The His Ser Tyg

<210> 72

<211> 5

<212> PRT

<213> Artvificial sequence

<220>
<223> sequence is synthesized

<400> 72
Tyr Thr His Ser Tyg

<210> 73

<211> 5

<212> PRT

<213> Artificial sequence

<220> ) )
<223> sequence is synthesized
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<400> 93 Ay Ala Ser Ser Arg Ala 5 <210> 94 <211> 6 <212> PRT <213>
Artificial sequence ' <220> <223> sequence is synthesized <400> 94 Qy A a
Ser Ser Arg Ala 5 <210> 95 <211> 6 <212> PRT <213> Artificial sequence
<220> <223> sequence i s synthesized <400> 95 Jy Ala Ser Ser Arg Ala 5
<210> 96 <211> 6 <212> PRT <213> pApbdidicei@ sequence P2291R1(SEQ <220>
<223z00se@Bence i s synthesized <400> 96 Gy Ala Ser Ser Arg Ala 5 <210> 97
<2113@ IRT AT PATFT Tyg

<210> 74

<211> 5

«<212> PRT

<213> Artificial sequence

<220> . . ‘
<223> sequence 1s synthesized

<400> 74
Trp val His Ser Tyg

<210> 7
<211> 6
<212> PRT

<213> Artificial sequence

5

<220>

<223> sequence is synthesized
<400> 75 :

Gly Ala Ser Ser Arg Ala

5

<210> 76

<211> 6

<212> PRT

<213> Artificial sequence
<220 ) .
<223> sequence is synthesized
<400> 76

Gly Ala Ser Arg Arg Ala
5

<210> 77

<211> ©

<212> PRT

<213> Artificial sequence

220> .
<223> sequence is synthesized

<400> 77 -
Gly Ala Ser Arg Arg Glu’

<210> 78

<211> 6

<212> PRT

<213> Artificial seguence

<220> - )
<223> sequence is synthesized

<400> 78
Gly Ala Sser Ser Arg Ala

<210> 79
<211> 6
<212> PRT
<213> Artificial sequence
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<213> Artificial sequence <220> <223> sequence is synthesized <400> 97 Ay
Ala Ser Arg Leu Qu 5 <210> 98 <211> 6 <212> PRT <213> Artificial sequence
<220> <223> sequence i s synthesized <400> 98 Ay Ala Ser Ser Arg Ala 5
<210> 99 <211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence
i's synthesized <400> 99 Tyr Ser SgjpofR®cdey 5 <210> 100 <211>5 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 100

d
e R Ser Bro, e 5Rli5 01 211> 5 <21z PAT

<400> 79
Gly Ala Ser Arg Arg Ala
5

<210> 80

<211> 6

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 80
Gly Ala Ser Ser Arg Glu
5

<210> 81
<211> 6
. <212> PRT
== «213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 81
Gly Ala ser Ser Gly Glu
5

<210> 82

<211> 6

<212>. PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 82
Gly Ala Ser Arg Arg Glu
5

<210> 83

<211> 6

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 83
Gly Ala ser Ser Arg Ala
5

<210> 84

<211> 6

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 84
Gly Ala Ser Ser Ser Ala
5
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<213> Artificial sequence <220> <223> sequence is synthesized <400> 101
Leu Asn Ser Pro Leu 5 P2291R1(5EQ <210> 102 <211> 5 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized <400> 102 |l e Val
Ser Pro Leu 5 <210> 103 <211> 5 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized <40229103skeu Arg Ser Pro H's 5 <210> 104
<21x21%- €312> PRT <213> Artificial sequence <220> <223> sequence i s
syntj%%i gﬁffj <400> 104 Leu Ser Ser Pro Ile 5

<213> Artificial sequence

<220> . .
<223> sequence is synthesized

<400> 85
Gly Ala Ser Ser Arg Ala
5

<210> 86

<211> 6

<212> PRT ‘
<213> Artificial sequence

<220 ) .
<223> sequence is synthesized

<400> 86
Gly Ala Ser Arg Arg Ala
5

<210> 87

<21l> 6

<212> PRT

<213> Artificial sequence

<220> , -
<223> sequence is synthesized

<400> 87
Gly Ala Ser Ser Arg Ala
_ 5.

<210> 88

<213> 6

<212> PRT _
<213> Artificial sequence

<220>
<223> sequence s synthesized

<400> 88
Gly Ala Ser Ser Ser Glu
5

<210> 89

<211> 6

<212> PRT

<213> Artificial seguence

<220> ] i
<223> sequence is synthesized

<400> 89
Giy Ala Ser Ser Ar% Ala

<210> 90

211> 6

<212> PRT

<213> Artificial sequence

<220> . )
<223> sequence is synthesized
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<210> 105 <211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence
is synthesized -- <400> 105 Ile Ile Ser Pro Ile 5 <210> 106 <211> 5 <212>
PRT <213> Artificial sequence <220> <223> sequence is synthesized <400>
106 Lys Leu Ser Pro Leu 5 <210> 107 <211> 5 <212> PRT <213> Artificial
sequence <220> <223> sequence is pymiResdsegd <400> 107 Lys Ser Ser Pro
Arg S108219D>> 108 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequéni¥erlss S§y”n"fh1"e§i?é5du<400> 108 Tyr Ser Ser Pro Leu

<210> 91
<211> 6
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 91
Gly Ala Ser Thr Leu Ala
5
<210> 92
<211> 6
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 92
Gly Ala Ser Ser Arg ATa
‘ 5
<210> 93
<211> 6
<212> PRT
<213> Artificial sequence
<220
<223> sequence is synthesized
<400> 93
G]y Ala ser ser Arg Ala
3
<210> 94
<211> 6
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthes1zed
<400> 94 -
Gly Ala Ser Ser Arg Ala
5
<210> 95
<211l> ©
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 95

Gly Ala ser ser Arg Ala

<210> 96
<211> 6
<212> PRT
<213> Artificial sequence
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5 <210> 109 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 109 Tyr Ile Ser Pro Leu 5 <210> 110 <211> 5
<212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<400> 110 Tyr Ay Thr Pro H's 5 <210> 111 <211> 5 <212> PRT <213>
Artificial sequence <220> <223> sgoueRc&ehy synt hesi zed <400> 111 Tyr Arg
Ser Pro Leu 5 <210> 112 <211> 5 <212> PRT <213> Artificial sequence <220>

2 . .
<223:%2%>?e%1é81r}g§cé§Ss§/yrr11ttneess112%%d <400> 112 Il e Ser ‘VaI Pro Leu

<400> 96
Gly Ala Ser Ser Arg Ala
5

<210> 97

<211> 6

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<400> 97
Gly Ala Ser Arg Leu Glu
5

<210> 98

<211> 6

<212> PRT :

<213> Artificial sequence

<220>
<223> sequence is synthesized

<4350> 98 ,
Gly Ala Ser Sser Arg Ala
5

<210> 99

<211> 5

<212> PRT

<213> Artificial sequence

T <220>
<223> sequence is synthesized

<400> 99
Tyr Ser Ser Pro Leu
: 5

<210> 100

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 100
Ile Gly Ser Pro Ilg

<210> 101

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 101
Leu Ash Ser Pro Leu
5
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5 <210> 113 <211> 5 <212> PRT <213> Artificial sequence P2291R1(SEQ
<220> <223> sequence is synthesized <400> 113 Leu Arg Ser Pro Ile 5 <210>
114 <211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence is
synt hesi zed <400> 114 . Ile Arg Ser Pro Leu 5 <210> 115 <211> 5 <212> PRT
<213> Artificial sequence <220> <28wrB®@Egence i s synthesized <400> 115
|l e<Bil@ SO2 Pro Leu 5 <210> 116 <211> 5 <212> PRT <213> Artificial

seqtﬁ% X 2%20>

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 102
Ile val Ser Pro Leg

<210> 103

<211> 5

<212> PRT

<213> Artificial sequence

<220> _ _
<223> sequence is synthesized

<400> 103 _
Leu Arg Ser Pro His
5

<210> 104

<211> 5

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 104
Leu Ser Ser Pro Ile
5

<210> 105

<211> 5

<212> PRT S .
<213> Artificial seguence

<220> '
<223> sequence is synthesized
= <400> 105
! IleIle Ser Pro Ile

5
<210> 106
<211> 5
<212> PRT
<213> Artificial sequence
220>
<223> sequence is synthesized
<400> 106
Lys Leu Ser Pro Leu
5
<210> 107
<211> 5
<212> PRT
<213> Artificial sequence
| <220>

<223> sequence is synthesized
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<223> sequence is synthesized <400> 116 Leu Gy Ser Pro Pro 5 <210> 117
<211> 5 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 117 Tyr Ser Ser Pro Leu 5 <210> 118 <211> 5.<212> PRT
<213> Artificial sequence <220> <223> sequence is synthesized <400> 118
Tyr Ay Ser Pro Hs 5 P2291R1( SEQRIEATOEL19 <211> 5 <212> PRT <213>
Art k0@ aD7 sequence <220> <223> sequence i s synthesized <400> 119 Tyr Ser
Ser ProSPresd £220¥9120 <211> 5 <212> PRT

<210> 108

<211> 5

<212> PRT

<213> Artificial sequence

<220> ) )
<223> sequence is synthesized

<400> 108
Tyr Ser 5er Pro Leg

<210> 109

<211> 5

<212> PRT

<213> Artificial sequence

<220> . o
<223> sequence is synthesized

<400> 109 :
Tyr Ile Ser Pro Le5

<210> 110

<211> 5§

<212> PRT

<213> Artificial sequence

<220> _
<223> sequence is synthesized

<400> 110
Tyr Gly Thr Pro Hig

<210> 111

<211> 5

<212> PRT

<213> Artificial sequence

<220> ) )
<223> sequence is synthesized

<400> 111
Tyr Arg Ser Pro Leg

<210> 112
<211> 5
<212> PRT
<213> Artificial sequence

<220> : .
<223> sequence is synthesized

<400> 112
Ile Ser val Pro Leg

<210> 113
<211> 5
<212> PRT -
<213> Artificial sequence
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<213> Artificial sequence <220> <223> sequence i s synthesized <400> 120
Tyr Ser Ser Pro Val 5 <210> 121 <211> 5 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized <400> 121 Phe Ile Ser Pro H s
5 <210> 122 <211> 5 <212> PRT <213> Artificial sequence <220> <223>
sequence is synthesized <400> 1227bgtr{@g¢qIhr Pro Ile 5 <210> 123 <211> 11
<212> PRT <213> Arti ficial sequence <220> <223> sequence i s synthesized
<4002 23 Ar% Ser En. Ser Ile Ser Ser Tyr Leu Ala 510 <210> 124 <211>
7 <J13% 'ﬁ% S ppA" ?%3255 sequence <220> <223> sequence is synthesized

<400> 113
Leu Arg Ser Pro I1§

<210> 114

<211> 5

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence 1s synthesized

<400> 114 .
Ile Arg Ser Pro Leu
' 5

~

<Z210> 1
<211 5
<212> P
<213> A

<220>
<223> sequence is synthesized

<400> 115
ITe Arg Ser Pro Leg

tificial sequence

<210> 116

<211> 5

<212> PRT

<213> artificial sequence

<220> " )
<223> sequence is synthesized

<400> 116
Leu Gly Ser Pro Pro
5

e <210> 117
i <211> 5
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 117
Tyr Ser Ser Pro Leu
5
<210> 118
<211> 5
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 118
Tyr Gly Ser Pro His
: 5
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P2291R1( SEQ <400> 124 dy Ala Ser Ser Arg Ala Ser 5 <210> 125 <211> 9
<212> PRT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 125 G n Gn Tyr Met Ser Val Pro Ile Thr 5 <210> 126 <211> 10 <212>
PRT <213> Artificial sequence <220> <223> sequence i s synthesized <400>
126 Ay Phe Ser Phe Ser Ser G u Rrazolk¥s8qy 510 <210> 127 <211> 18 <212>
PRT<<2®831Artifici al sequence <220> <223> sequence i s synthesized <400>
127%?;@ Ille Thr Gy Lys Asn Ay Tyr Thr Tyr Tyr Ala Asp Ser 151015 Val
Lys %ﬁ%i@?ick%& selidrcal 0 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400>128 Trp Gy Lys Lys val Tyr Ay Mt Asp Va
510<2?§1>O> 129 <211> 11 <212> PRT <213> Artificial sequence

<273> seguence 15 synthesized

<400> 119
Tyr Ser Ser Pro I1§

<210> 120

<211> 5

<212> PRT _
<213> Artificial sequence

<220> ) .
<223> sequence is synthesized

<4G0> 126

Tyr Ser Ser Pro val

5
<Z210> 121
<211> 5
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 121
‘Phe Ile Ser Pro His

5
<210> 122
<211> 5
<212> PRT
<213> Artificial sequence
<220> .
<223> sequence is synthesized
<400> 122 | ' _ o

Tyr Gly Thr Pro Ile
5

<210> 123

<211> 11

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 123 _
Arg Ala Ser Gln Ser Ile Ser Ser Tyr L;g Ala
5

<210> 124

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized
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<220> <223> sequence is synthesized <400> 129 Arg Ala Ser G n Tyr Phe Ser
Ser Tyr Leu Ala 510 <210> 130 P2291R1(SEQ <211> 7 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized <400> 130 Ay Al a
Ser Ser Arg Ala Ser 5 <210> 131 <211> 9 <212> PRT <213> Artifici al
sequence <220> <223> sequence is gyotRegisasd <99>J31 G n Gn Tyr Leu Gy
Ser R0@> R24 Thr 5 <210> 132 <211> 10 <212> PRT <213> Artificial sequence
<2209122°Q3>5§%qi%n6?il“§as§ﬂrﬁ hesi zed <400> 132 Gy Phe Thr Phe Ser Ser Tyr
Ala Met Ser 510 <21 133 <211> 18 <212> PRT <213> Artificial sequence
<2202182235 sequence is synthesized <400> 133 Ser A n Ile Ser Pro Ala Ay
Gly<?*1> 'Bhr Asn Tyr Ala Asp Ser i

<213> Art1f1c1a1 sequence

<220>
<223> sequence is synthesized

- <400> 125
Gin Gln Tyr Met Ser val Pro Ile Thr
5

<210> 126

<211> 10

<212> PRT

<213> Artificial seguence

<220> .
| <223> sequence is synthesized

<400> 126
G]y Phe ser Phe Ser Ser Glu Pro Ile Ser
_ 5 10

<210> 127

<211> 18

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<4Q0> 127
Sei Ser Ile Thr G]y Lys Asn Gly Tyr Thr Tyr Tyr Ala Asp Sig
5 10 _

val Lys Gly

<210> 128

e <211> 10
i <212> PRT _
<213> Artificial sequence

<220 :
<223> sequence is synthesized

<400> 128
Trp Gly Lys Lys val Tyr Gly Met Asp Vag
. 5 1

<210> 129

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 129
Arg Ala Ser Gin Tyr Phe Ser Ser Tyr Leu Ala
5 10

<210> 130
Page 25



151015 Val Lys Ay <210> 134 <211> 13 <212> PRT <213> Artificial seq'uence
<220> <223> sequence i s synthesized <400> 134 GQu Leu Pro Tyr Tyr Arg Met
Ser Lys Val Met Asp Val 510

P2291R1(SEQ)
<211> 7
<212> PRT
<213> Artificial sequence

<220> : .
<223> sequence is synthesized

<400> 130
Gly Ala Ser Ser Arg Ala Ser
5

<210> 131

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<210> 132

<211> 10

<212> PRT

<213> Artificial sequence

<220> : .
<223> sequence is synthesized

<430> 132 _ ,
Gly Phe Thr Phe Ser Ser Tyr Ala Met Seg
' 5 1

<210> 133

<211> 18

<212> PRT

<213> Artiticial sequence

<220> L
<223> sequence is synthesized

<400> 133 .
ser GIn Ile Ser Pro Ala Gly Gly Tyr Ths Asn Tyr Ala Asp S§5
i 5 1

val Lys Gly

<210> 134

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized

<400> 134
Glu Leu Pro Tyr Tyr Arg Met Ser Lys Vig Met Asp val
5
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