Bi specific anti-VEGF anti-ANC-2 anti bodi es The present invention relates to
bi specific antibodi es agai nst human vascul ar endot helial growh factor
(VEGF/ VEGF- A) and agai nst human angi opoi etin-2 (ANG 2), nethods for their
production, pharnmaceutical conpositions containing said antibodies, and
uses thereof. 5Backpround of the Invention Angiogenesis is inplicated in
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10 (1996) 1161-69; and for ANG 2: Maisonpierre, P.C., etal., Science 277
(1997) 55- 60) Al of the known angi opoietins bind primarily to Tie2, and
both Ang-1 and -2 bind to Tie2 with an affinity of 3 nM (Kd). Misonpierre,
P.C., etal., Science 277 (1997) 55-60. Ang-1 was shown to support EC
survival and to pronote endotheliumintegrity, Davis, S., et al., Cell 87
(1996) 1161-69; Kwak, H. J., et al., 15 FEBS Lett 448 (1999) 249-53; Sun, C
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P., et al., J. din. Invest. 109 (2002) 777-85. This 30 nodel illustrated
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30 attractive target for anti-cancer therapy. However, effective

anti-Angi opoietin-2 therapy is thought to be of benefit in treating

di seases such as cancer, in which progression is dependant on aberrant

angi ogenesi s where bl ocking the process can lead to prevention of disease
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resi stant RNA aptaner that specifically binds and inhibits ANG 2
significantly inhibited neovascul ari zati on i nduced by bFGF in the rat
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of pol ypept i dEokferatpg aflg "?‘%’ﬁg?‘i &fi eP‘?Pnt@ Eznﬁégf eab 598 lateBlsg WEpPg o %new
tetraval ent rte@c&me@fess duobov, &jBordt @b, Proc.USath, a0, BB83US kMg (Re@) dd2@ii0.bodi es
with three or I neli n WO
2001/ 077342 I?\?Hpénﬁrgg 2 &G (b:%a otgp%ﬂcgﬁ{é 91 (Q:‘ﬂ dégthsinh%ss%fx% 58 moﬁt

e st gen- bi ndi (ggtldes are
report@d in \mdmwsob@ﬁo Loppy,1582 /9 &0 330G Yok t@aﬁoﬁﬁcéﬁ/\légt Qu2)
typically prepaosdof reumiamy)ocitnah antvizpdumsr ahoddle Vagiscey,ass maa;h bi nd

to the sane antigenic tarec tly |knke \ th
cross-1inki nd-§ Ft&’é?‘ﬂa% émﬁg]ﬁg@ %g%ﬁ%felsﬁg f’tgs‘)é\ﬁmutl%‘ru %9“@ }?\%%ﬁ%l

antigen are rseptmtrlngd/la mevmulwm%@@%eswheméﬂiﬁ(ﬁ%%ﬁrﬁg@?@r% bYthpptl @dl I y of
the 19G cl assygf enfReEl R Yl &}n@ 140,101, epﬁexnwémwrwg(bo@wm srsommers
associ at ed toge(aﬁhe to form tg é@ al ent or )%&r fte gG nol ecul es.
Sheep- 9 i vedDate!i Hudrated hay fhgqsﬁ 91 'ﬁfﬁ?vﬁﬁw §n%h SIPWIEE dFEOBeFor t ed i n
US 6, 350, 860, chahictehizediny deontinachstrembddmg, plitapabeseditted by theieapresdien ofn ganma
activity is PapRRYGAANGHLVHR.GI0P/ Qﬂa@oﬁéﬁn%eest iRy 7iAgget abl e
constructs that are nultivalent "cafriefs of bi-specifiC antibodies, i.e.,
each nol ecul e _of a targetable cQ truct, can serve carrier of two or
more 20 bi - spRBPKrQut IpYSH Strdiss 0 @ﬁ@t ?’@aﬁf’%‘og?}&i“heesi%‘ﬁ Frdgemepplypes
tetraval ent aad Boghests thate Angippoitmt1i stitdDatk@ 9 Fid0D 98tbEphorylati® Z0@i7dtds09254

st abiliged bi l,egu 0 ' biLiged scFv
are reported %glng ia&éﬁ %?&b%ghaﬁg%%aﬂénﬁ%ﬁ :PP gﬁ%gav%ogog%sg%%%
refers to a conbination of an ANG 2 antagoni st and a VEG-, 25 KDR and/or
FLTL antagoni sts. WD 2007/ 089445 refers to ANG 2 and VEGF i nhi bitor

conbi nati ons. WD 2003/ 106501 refers to fusion proteins binding to

Angi opoetin and conataining a nmultinerization domain. W 2008/ 132568 f usi on
proteins binding to Angiopoetin and VEG-. 30Summary of the Invention - 10
- (ANG-2) conprising a first antigen-binding site that specifically binds
to human VEGF and a second antigen-binding site that specifically binds to

AR 17N &N



I n one enbodi nent of the invention the bispecific antibody according to the
invention is characterized in that 5i) said antigen-binding sites are each
a pair of an antibody heavy chain variable donmain and an anti body |i ght
chain variable domain; ii) said first antigen-binding site specifically

bi nding to VEGF conprises in the heavy chain variable domain a CDR3 region
of SEQIDNO 1, SEQID NO 9, SEQID N 17, or SEQ ID NGO 94, a CDR2
region of SEQ 101D NO 2, SEQ ID NO 10, SEQ ID NO 18, or SEQ ID NG 95,
and a CDR1 region of SEQ ID NO:3, SEQ ID NGO 11, SEQ ID NO 19, or SEQ ID
NO 96, and mmturiten| duging a@B@gmwarardbmgmmpmemfaenémhghalecgﬂcﬁnpmrt SHQ | D NO.

4, SEQ I'D NOugpkéion PBnbR, NO. etZ), GEhesSE'.QDEQIMCn%%%u %1897 1909DRgor egi on of

o e N e oy 37@%@%7%4 i A i

sai d second 460-¥gBNTihd rott dfmdpalesmelcisfthmhity bbichalengd tiothANGuI2, wiengri ses in
t he he ch Q I D NO
38, SE N% Qz’é%éﬁ%*f"ﬁ%ﬂ (@ﬁ“@é‘? i 8; es éig;g%%‘z%ﬁg’?\%%%g SEQ I D
NO 78, or SEEEEND), c'g8., Eap biorelogygil o3t %E@P%) Ncopigast, dmgiqroietiy 39, SEQ
SEQ D NO. 82 b ‘c%%“aﬁm*&d“‘? Sgéﬁ‘“"[‘%g%f?e‘m“ﬁ RG0Sk | D NO
48, SEQ I D Ngﬁ’ bg%‘""q %ﬁdﬂ“ﬁ‘ bil 9!5 %‘%@%‘ﬁ[}ﬁé@%‘et‘“%’ 25 SEQ

| D NO 88, andnoxnmgmsselsqhtremmtq; amérrpxablnemd@méashc ataGDRBich ag#obe §forSEQ | D

NO 284 SEQ lerN%ve%ﬁ 5210“? ’\%Ei‘énzﬂyt(ﬁﬁﬂeﬁﬁﬁ 13-92997 loldBQ. aéidxy\gé)-{zco%@:l D NO

41, SEQ ID NO Q1D NO
81, or SEQ I B8 Nt993§é56 ”Péf‘gie ﬁ%gr 95@8%1%@%?0@@6% ‘Ri@fesif%“ SEQ I D
NO. 50, SEQ hiD pafhoNgical58ngiGEQediD Hu@e f66nd SEQY DMNOy[RA, o SEQW DasiGlar 82 of

SEQ 1D NQ ﬁ%ﬂgﬁl&gw@é ek%gﬁ g@aﬁé%péég IFQINQ ﬁO Scﬁﬁ&b Ng@97)4§5 G@EQ | D NO

51, SEQ ID D N 75 or. SEQ I D
NO 91. |In dnectonBodidieniugsest gionelintg t?rfn’(cr{éedoins'ﬁ@@r @P%‘O&?&F%&B@

accordifg to a§sl6@1atenA(1@g‘ik5pdi)d’hnl—§ o@éiéip&édsﬁihl\iﬂdldcfeawdethmbi gRaithl imatr@sa- bi ndi ng

sites are each a gk@tﬂagng Abodtyalh A igerc}{%gl (% lfjl%ssq | Btt%i]d an

antlbodyllgﬁfé’ﬁ orimtn sald |rs Ing site
specifically Sbldrﬁdlhm‘gi asEpCVARGFARZIAPRI PR OF erexmiessioa aNith tamar Wa‘fais%aréy donain a

CDR3 regi on gktoRFR. b1 NGander Ras. 005 1a8-59f Tk, IF) dNa)., GancaResa 6LDR1
regi on of SE I'z))gg) and in the light chain variabl e domain a CDR3 regi on

of SEQ | D NO\“4, region of SEQ ID NO 5, and a CDR1l region of SEQ ID
NO 6; 10or said first antigen-binding site specifically binding to VEG-

conpr i §65 '”IBPé’ceﬁ‘é%Xﬁé Aﬁ%%dﬂale‘t’ﬂrl' amgﬁ)pemzmna/o@%%z h8Q@ Hen Plopsie@akD NO 9,
a region of S 10, an and in
t he Ilght I haoribigans s?r@ea@ﬁapﬁutac@tﬁsgsﬁ F B§;§d6§5?§\(ﬁ8$§50 5 I

regi on of SEQnd DIINCBMH64aeudh disCloBd anteJicon I@&nd&‘f&@rb@pﬂdﬁl\dﬁhﬂg@es Srud%u d first
ant 1 gen- b 1Al BheSlohB1> RS SMA rbda%?w (0 BRE S BE s bl e avy

chain vari able Ion o i on of SEQ
ID NO 18, aredentsaibim, 1r98§1>|]elﬁ 1<9f3 BEFmEst gt aly pRiempiSeR & | F"g’H S
vari abhe gomsnda 659Q@18))r33@15m1 génehfted Ihanu@métﬁxonaocelahmxmagmgnthef SEQ ID
NG 21, and a i
anti gen- bi ndle%gR%el”ngg 1|nf(if§§$|2yuﬂ djz f%es m% Nﬂ F'¢6 1%9&9 %%gt@?rsld%l lg heavy
chain vari ablheddmewltan@mﬁ%@gumblb@n s Qmpqp gRI@Vch@d tam@Dmglpgf@P%ﬁ of SEQ
ID NO 26, angivéy %]Aﬁﬁg;b(ﬁ’&mof aﬁggrgg'-?o OQUNQ Ql?ld t@nlde-inttlemblbﬂ‘hﬁmIﬁhal n
vari abl e domj n I—@%em ea’\ﬁon of. SE 2110 { BJ 1%8 Wlat h the
nut ati ons T9Zfese EL'I’A“%lo §’r‘i’p%lie “gl%d“i ‘N%) Wauld Bey 38 cpR1
regi on 30f SEC@tqra[atlmt'aget for.anu -canden tbcrap)ganﬂ:lmmv!mmf_fe@flvet s i- Amwpmebnr?t he
bi specific anpibody A6Eb MY Jtbenbft A0ONRP WiRikel SuGhAT 86L& i ®dlichn t hat
progression is dependant on aberrant angiogenesis where blocking the process can
lead to prevention of disease advancement (Follunan, J., Nature Medicine. 1 (1995)

27-31).



- 12 - ii) said first antigen-binding site specifically binding to VEG-
conpri ses as heavy chain variable domain SEQID NO 7,SEQ ID NO 15,SEQ ID
NO 23, or SEQID NO 100, and as light chain variable donmain SEQ ID NO 8,
SEQ ID NO 16, SEQID NGO 24, or SEQID NGO 101, and 5iii) said second
antigen-binding site specifically binding to ANG 2 conpri ses as heavy chain
variabl e domain SEQ ID NO 31, SEQ 1D N 44, SEQ ID NO 52, SEQ ID NO 60,
SEQID NO 68, SEQID NGO 76, SEQID NO 84 or SEQID NO 92, and as |ight
chain variable domain a SEQID NO 32, SEQID NO 32 with the mutations
T92L, HO3Q 10andliBehTscBEQrbEpsN@ve 4éportS8EQeluse NmtHadicSE@ pdptiNeg thatlhinSEQ | D
N0 69, SEQ LD MEighluinEOSLD M2 o8l B5Q 1R NG otP US oonmnonbadi ment. of

t he i nvention the 3peC| fi I nvention is
char act eri zedVPP3(038833; Wogﬁ?@foﬁ%éi Qrﬂ%/%sgrll:}‘b%‘dﬁ @80@91?@3§?Jem fically
bi nding to VEGF conprises in 15 the heavy chain variable domain a CDR3

regi on of SE(SnL@ DO the | effect SEQfdcl) RKpreBibn af ODFQopoeqlne’h lef Sie@nl thaNO. 2, or

SEQ ID %&qm %%Aagxngblgﬁn Qgﬁg%%@ Loy eg? t%é tlgﬁtqlésgll&l%&&ﬁlre and in

the |ight chaln vari or SEQID
NO 97, a CDrberehygxppsiog ESEtY a vAIREGSIZHHS aPEO&@eS@@d“éﬁaa f‘ag QBr4E 20r egi on
of SEQ I D NO(fandban, SﬁQ SclRnE) 2789(1907) ¥8-SaY. d‘h&ﬁng&@Emgedffebi rdultiggsi t e

specifically |nd es ) domai n

S CORG 1 ogi o B AR e S T i o - AR PR et o N

62, SEQ ID NCI)otEf@an SQiyErmicangg tregimeBEQ | D NO 86, a CDR2 region of SEQ | D
NO 25 39, SEQID NGO 47, SEQID NO 55, SEQID NO 63, SEQID NGO 71, SEQ

Lg NgE Qla?D (Iilrékl\?ﬁﬁ-Q ik lex Isg@ﬁun de@l@%ﬂt[)étﬁg:ﬁghﬁé bﬁE@vb@eN@mgﬁamgSEgElQDl go
No. 55 ang | PPHENEL SIRSSORET JAr a1 Al oSS 2TAoReol oo ot BHD o
41, SEQID N@\dm@}lalSEQJGEi @cprm)onagrestsmd|t@smof@5scuBE@m@1m ag¥ellSEQ | D
ggQ ?][-) NOOr g?@ L agallax‘?zemorrsei%bﬁ&ngf 11&% badhQy , 42al., BRQ. lSCDldNIQD iIOO
90, and a CDRP Z8¢H 95% i%@aig %b"-‘l nceg I%%@SI’I%N% éﬁé‘epa“’i‘g‘%arl D NO
59, SEQs5| D NQ@ardibmaSEandks, SOet a15). (SEQIdestl\m3 8999)3 1 FBQedsBidN@rcifdma,| n one
enbodi ment ofpdfier | AYentLe, Re il @IGH!1 S sENLIDLIM, AGLOTR NDAR). 1B

invention is characterize 511)._said fifst an {1%1[\ site
speci fical | y @P¥di3agod ot VE@:“E‘Eﬂ?p pags; (és chraladhm & haihal b%r 13 )e1966 in SEQ
ID NO 7, or righQnlall d¥DludgdébncanWang, M.Ighét athBing @andendd €000)rhi-22,50Q | D NO

8 SEQ ID NQ. 10 d t ¢ cal |
o or SEQ 1D, N O ccd Ao, S8hd RSg0R9na01d:0000b] 81085 Sopepbggl fiycal 1y

SEQ | D MO 10W52nbask5d Hp enal, lsmlcasm&ea 2Qc(z20@3§ 52$Eé01 Eprmetunm cekigye| D NO
géQolr Dsﬁg I g foEhd &2 ex dﬁeﬁ ANG-bghér ehaipe v%%lmaaglg etoaw,.Ngw cg;ﬁﬁ@dsol 1N®No4585
or SEQ ID NO(’lgéng11 eteFtﬁdo‘@gge%ﬁB@pﬁe Eeﬁléqlzn on%t%%e I speci fic
ant i body accolne@auugelhxlartdaa:nlcﬁnm(/léﬁﬂi) ofllip' sgr@lmarwet@f t@éd\Nﬁi 2t tegxprasted sai d

second antig CArhad, @I/{ldéf‘m tqn&lN@z 2 3§a§ in the
heavy chain SlgbrI@ @I él?gn Akt e?;ﬁ’tﬁ@lhfrﬁ @Hl t % ’529 NO 46,

e domain a regi.on oy {
SEQ i DRO  540thernvestigpiers YSEO“egE@“’I‘ jngs |eba Y1 D NO
86, a CDR2 regi @000f 23=63.1 By Netectap ABG- BEQ{NB 1bicals 47 arcﬁE@l ﬂlmnmbrdist SEQ I D
NO 63, SEQ I r aff €01 On
of SEQ 11D Ko Hib e R Rgb S o 1§ Feke 000 (@i dolidiur B9\
72, SEQ | D NOANEH2 mRNAED $lglllﬁ€§nﬂasasawt?41“ﬁ¢1eawlw IeRef mode iRA8io8 dormi n
a CDR3 regi ongtoft die@d-Redne 434 pSIT Qb NevivaD TaBBQ, FDeR4., ancd Res.3BQ | D NO
65, SEQ, D NO D ¢ SEQ I D
NO: 42%0$EQ | BO@ 7?5% “i"IfS"dﬁbtm%E"tsg%:gﬁNﬁo ﬁg%“ %ﬁB%?‘b lﬁ% 9%‘59‘]( SEQ I D
NO 82 or SEQNSEIG) 9Gth armitholgmrl r & &6 SHBALD repectively.SEQSTS NO 51,
SEQ I'D NO  59immla{dniskdchhisty, th@ﬁ@uln@t}h@m GG, of F$OLNPatiéis were @ 2301 D NO
1. - 14 positive. The microvessel density for ANG-2 positive tumor is significantly higher
than that of ANG-2 negative. Such an angiogenic effect of ANG-2 was seen only
35 when VEGF expression was high. Moreover, positive expression of ANG-2 was a



iii) said second antigen-binding site specific IIy bi nding to ANG 2

conpri ses as heavy chain variable domain SEQ ID NO 44, SEQ ID NO 52, SEQ
ID NO 60, SEQID NGO 68, SEQID NO 76, SEQID NO 84 or SEQ ID NO 92,
and as light chain variable domain a SEQ ID NO 45, 5SEQ ID NGO 53, SEQID
NO 61, SEQID NGO 69, SEQID NO 77, SEQID NO 85 or SEQID NG 93. In
one enbodi ment of the invention the bispecific antibody according to the
invention is characterized in that ii) said first antigen-binding site
specifically binding to VEG- conprises in 10 the heavy chain variabl e
domain a CDRslgnélgarmfamr tSpEdjdba Hopr postopereirsurdyloharska.dEGtab §@ced, and a
CDRL region @l %Sob@zNQﬁ 293 Adweir! 8y |fd)LG1thoC§1ginﬂcﬁ/rﬁlrcbﬂr@1hﬁorﬂBé’fﬁ’leéh a CDR3

23 06 SR Moo af Bob et gt eyt e

bi ndi ng to AlfiB02) TID4m9. Tasseiresutth suggesithat ANG-B isvar indishior dbpror mrcleEDRB region
of SEQ (%%3@ SEQ ID NO 47, and a CDR1l region of SEQ
| D NO 8 aﬁé“el%%s t e Lg@&ﬁalcgiﬁc\%“ abl e domain a CDR3 region of SEQID
NO 49, a CDR2 region of SE 50, and on of 20SEQ | D NO
51. In one ems6etirepRtingan Tzﬂvgﬁfquéﬁlot“ﬁ%“@aglcg;f’?‘?p{? ﬁt?B‘é%l{/epé?E‘c%r ding to
the inventi ofhdt ANGAr @Gtqiiied efdr pdj‘stxtaltnitanglogenems)Gsm . Wirgtal.atev g6ell bi ndi ng

it i f able d
SEG 10 N0 7o AP e pdled PR RIS B oL 0T
sai d second ahﬂlilsglmd basmluawge i the exerioes PotsPnn BistNGy2 FBOCKREE—Q‘CE&H‘SH ses as
heavy ghai n vighi Riha slesmiasSERil O edut Bt fidpdthascehirg httindhartaryy &aieabl e

Speci 11 cal 1y oinety D2k Gl HLEE et B SERAPLATLOONRAE oo o

specifically I'se aln varia
CDR3 regi on oésuBEGn| PofOnd 1defents SECh¢ DaNemingandy f@m r elgithsn GRPIBED) | D NO
2, or SEQ | D\Jé%ula%ﬁe and, & WDRL z{lemé)nc@ﬁ SEQo QlN@33GeﬁéuoSE@deDth 96,

and in the |i chanvarla n | D .NO 4,

SEQ I D NO 97°mga egrests, gl gppiphc.QEpn ?%Ef‘qé“%oge&ﬁ‘%é@%?tﬁﬁ% @g@ W a cor1
regi on 16f SE@dvDCBIO3 62000y 48EL3.1 D NO. 99; iii) said second anti gen-binding
site specifically binding to ANG 2 conprises in the heavy chain variable

domai n a l BE 19 %B)ed\l@el WBfed an@DF&B region
of SEQ | DCDNSQP&G Qaf'?({] n c§Eng1.|le) ré ortéHQhatG's)olu %) 1 EQ I t klOf 64° of

A an e
SEQ I D NO: 886%9*?&?%5“ PFR?elr‘quHf‘ ac}ﬁ‘&il ﬁxvﬁfﬁ‘%{br“%&%foh’glﬁpe& Q8 of sEQ
ID NO 65, ormSa rhidningly c&ﬁmnc&nmﬁ?mclexgammaﬁOlSE@ddblsl\Dn 86 ¢t dr Fee0) | D NO

90, and a CDR%;FL%Q:E@ b LfUSESs AQ%S%Z?# Qfin, PEQt lap NC1indhvestd100 @HE7)

enmbodi nent of e I nvention ‘ant | accordjng,to,the
inventi®¥n is W&T7§CYWIZ"§8€I}SHIGF Hathe |“i‘“)‘°r§§F‘EFS1S? Fgﬁte%WFfeg%ﬁab’ %ﬂi‘cﬁﬁ Wite
speci fical | y ddandhN@litte YRGD] o aigegnass methy yatchaeal stiamilzitd by domai n SEQ
o CoEw 1 D 1 itk YiBa 2 30 b G Cﬁﬂhnxmgﬂ aoe(9onpb SR | D NG

8 or SEQID i) sai’d second antigen-bindin

specifically Ibmhdrmrge,t bngxngd2his seepy ﬁ@@@sﬁéte%élﬂyl gitign r?f\/ﬁﬁ‘gazbﬁoevﬁgﬁal n SEQ

:\B Ngg 68, gr r&%&eh@igmca%@y lonBér @a hdré bﬁc@ﬁﬁtﬂeﬂtlma{eba?bﬂaﬂ@ﬁmmVEGBEQt |h D
or (0] \Y n e

bi specﬁsi c arft ?’H’oéﬁNC“)éEac&r &t Ay G55 Fﬁs‘e 83@1999%2% Jlld(;ﬁé}cesss %{r}lggb%rﬁ%g in that

ii) said fir s;bredndedgmndtbatnrm ol VEGFendysed inboatularizationl by ANG-V/EeEhaspr i ses

in the heavy gh vak p&d RS fe 6N Phl., IdRedrRNF9 tioom CDR2
regi on of SE?%%O , 339 CIZ)}?Q@BE;14 |on ofﬁé IDNOSrandlg 9yellght
9

chain vari abl lgéo%lalsho‘é{emhr% Coff aty OVEFAPY fh of SEQ
ID NO 5, and &t@%lﬁe@gmﬁ-bﬁﬁ&@@omﬁinmf&nhm |F)t-1sa>r dligZ doribe aaéggets- bi ndi ng

site Sp%: L1 cal 1!11¥/s 19' [% fﬂ%ﬁf %P@N%nzoﬁgma'y%%&d'd?)t bBRoMpasYtes BYithe Y&l abl e
donai n CDR3 Teg
one, suggestmg that the VEGF receptor pathway and the Tie2 pathway should be
considered as two independent mediators essential for the process of in vivo
angiogenesis. Siemeister, G., et al., Cancer Res. 59:3 (1999) 3185-91. This is
proven by a more recent publication by White, R., R., et al., , Proc. Natl. Acad. Sci.

35 USA 100 (2003) 5028-33. In their study, it was demonstrated that a nuclease-

or



- 16 - NO 62, a CDR2 region of SEQID NO 63, and a CDR | region of SEQ ID
NGO 64, and in the light chain variable donmain a CDR3 region of SEQ I D NO
65, a CDR2 region of SEQID NO 66, and a CDRl1 region of SEQ ID NO 67,.
5In one enbodi nent of the invention the bispecific antibody according to
the invention is characterized in that ii) said first antigen-binding site
specifically binding to VEG-F conprises.@s heavy chain variable domain SEQ
ID NO 7, and as light chain variable domain SEQ ID NO 8; and 10iii) said
second antigen-binding site specifically binding to ANG 2 conpri ses as
heavy chai n vaistzmbIRNAl aptimer S0 sp&ifN@llyc@ndsamt asibiisgANGehaignificantlyabl e
domai n a SEQ. NG - Sai I ifi nt.j L8sS ; bi val ent
and may be tr”g‘h\%pgn?f%%?sﬁﬂfagﬁogni?‘h%&% tb?\ggl Eedn'?l.?e'd E@eﬁ%hﬁlcioﬁga%% specific
anti body accangirgryetivsmefd. i nvention is 15bivalent, trivalent or
tetravalent. A further aspect of the invention is a nucleic acid nolecule
encodi ng a clpadpacifif amibiodiebi speci fic antibody. The invention further

provi des expression vectors containing said nucleic acid according to the

i nvent i gn canapi® i -eﬁgg&éﬁﬁﬂﬁn@ﬁhﬂo&w&nﬂhﬁ_ha&é Slchledel A A YL 2007

eukaryotic host cell, host cell s contaj ni ng.such \égecgt ors far the

reconmbi nant PRSduBtFERYalsRt bispegificiaptkpfies dydriem el £&-PRET Avhady dormathe

i nvention furhlehgleokpin damin (Reak@rGudrme, M., etikibr NatiedBibesh 16¢1997)

conprising a r i L: i OR; iy I f th.kher
conprises a r]réﬁﬁég’ @5@@72?%%%8{‘%%&15%/&?%? @63%?%1%&51 a%bi%)o y33accor di ng
to the inventlZéd); characterized by expressing a nucleic acid according to
the invention in a prokaryotic or eukaryotic host cell and recovering said
bi speciifi ¢ amnishashyrafl staen eai fdrmgth kvhereirt the astiddy cotet struetussufes,igbalgE, The

i nvention further c [i t he_ant i ai.ped a,.a T j nant
et hod. . sufpior PGS dake i SREY e Bt S o g BEAIT £2
conposi ti on covlistighrclrisfermaty (ssPe, BisREEY)anhich g /capabie 9 BHHHELPI%BNn f or

t he ]E reat ”entl?&é afdeaE Mhavé B%n%eel%eﬁﬂﬂiéﬁr,%ﬁ&}aﬂ.i Nafifd Bloesdy 28 qrodshe hod
manuf acture o i.capen [t reat nent = -mcancer, .a netho
of treatnent 161236%9%‘:&?‘:%%0%\*‘@ ?%r}?? %ﬁ%%c?éﬁg"éﬁ "/%y(zgg?g ?ubé’t WG iy

bi specilbi ¢ anbidneldyf{ ImowaolpgicaleMettiods tHE @EEY 65-74Ldut et rAdntNatdrhe

bi speci fic ani;hbRodbes @E§0s6H.- 74,0 the invention show benefits for human
patients in neleg df2 3 VE?EF and ANG 2 targeting therapy. The anti bodies

according 5 t i nvention have new and inventive pro ti ausing a
benefit for d‘{lgé‘foslgﬂ?méwsfé\”gﬁé HPB 1Y g{f& Eheaan&'ly’gée]ya%oer? (@é‘pe%ifl ,égf,f,lgguq:f ering
from cancer. 18M)po iagfimigirpindingproteio (gl sobiv) artatfusehes Bivogabifragmeatstarbodi es

according to g (PR NQ,“L&%'&P,_@PP&h@éiB@%&'ﬂQZOW)F:’Umf 110296 Be RBEY AT

i nhi bition of tunbr angi ogenesi s caonpared to conbi nati on of the respective
nmonospe®i fi c PRAA A5t MBHrags o 1%&%{%@& TBRELIOPY, G 35 §t8- tcﬂE'Pﬁ*HWB iti on One
enbodi ment ofdepbeiehtnayendticity (D@ driastieciyfdeperaient detidipr sypetokitity ADEChi ndi ng
to human VEGR 11 60NG: I S| £ st i = bl neli et € that
specifically %}lﬁ%g}% ?ﬁ)@ﬁﬁmn @E&gﬂgﬁ%%égégggﬁg&gh?fg%{ﬁ%ﬂ%hﬁgéhg%tglzéet hat
speci fi cal | y dfisimidarity tornafrsallyspeeuing @aqabodisser j zed in that 15i) said
antigen-binding sites are each a pair of an anti body heavy chain variable
domai n and aninam® oeiy0ld47¢ht are h@portedadiaib eriahbeglionyain  immunoglobulins  as

25 engineered muitivalent and multispecific binding proteins. A process for the
preparation of biologically active antibody dimers is reported in US 6,897,044.
Multivalent Fy antibody construct having at least four variable domains which are
linked with each over via peptide linkers are reported in US 7,129,330. Dimeric
and multimeric antigen binding structures are reported in US 2005/0079170. Tri- or

30 tetra-valent monospecific antigen-binding protein comprising three or four Fab
fragments bound to each other covalently by a connecting structure, which protein
is not a natural immunoglobulin are reported in US 6,511,663. In WO 2006/020258

tetravalent bispecific antibodies are reported that can be efficiently expressed in



ii) said first antigen-binding site specifically binding to VEG- conprises
in the heavy chain variable domain a CDR3 region of SEQID NO 1, SEQID
NO 9, SEQID NO 17, or SEQ ED NO 94, a CDR2 region of SEQ 20 ID NO 2,
SEQ ID NO 10, SEQID NGO 18, or SEQ ID NO 95, and a CDRI region of SEQ ID
NG 3, SEQID NO 11, SEQID NG 19, or SEQID NGO 96, and in the |ight
chain variable domain a CDR3 region of-$EQ ID NO 4, SEQ ID NGO 12, SEQID
NO 20, or SEQID NO 97, a CDR2 region of SEQ ID NO 5, SEQ ID NO 13, SEQ
ID NO 21, or 25 SEQID NGO 98, and a CDR1 region of SEQ ID NO 6, SEQ ID
NO 14, SEQ bkMEbti@ and EukSFEQid DelNoanggareuqspfyl dmjtherapeatin dnd rdirgnostiai ndi ng
site specifi g.% tHods. A gggftm d%e ggygu?g glolgmfdréﬁguy theiAv@adiynegavhith \ag¢ | abl e

domain a region E 38 SEQ I D
NO. 54, SEQ finkedcvia @deass%“e 'S’E@ ) ﬁdfg &E@?‘B%rs ’f’g o?e%‘gg ?‘BPNO 86,
a CDR2 regi ORjaoft ISLEQohDuN@ch;ﬂﬁ dlﬁlﬂmd nkd@e fR8) aSERUD cOpriging tBEW D NO

55, SEQI1D Ngfpe §E(2R|EP @Qe . %ﬁ%@%@m%mﬁ%z %@éc%c"!gra\?ﬂem and a
CDRI RIS e iy SEQ I D
NO. SESG Is(ég r@em%g 264 repgee U 95?2083SEQ$‘P"E§T?QGUU§9‘1‘€%W“ PEECF Br N@r"' 88Qand

in the light ﬁﬁl&ﬁbﬁwﬁigealatr@u%cym fredefoRiB3 irf B 2O01¢77SEY | D NO 28, SEQ I D
NO 28 with the nutations T9 HO3Q andWp4T, SEQ ID NO 41, SEQ ID NO 49,

SEQ ID NO 5 ID5 E Q ID NO
50 & R 1 SO sR BrRRSY A hdisy pofiieplifts) e Trporin FES | F R
58, SEQ ID NMOGG?WSEK;BOD\’\N@%/MOO@E@)YPWWQ@OWBW%E’QWE  Pr§gare nd a
CDRL T §§i ON GfonSERNb RN a38b0BEDA BeNGG didss SR IEhdNG thelsanBEQtRENNG. 59,

SEQ|DNO 67, SEQ|DNO 75 |D1NO one
enbodi ment  ofCCHBINANy &R | GHY2IR belhglﬁeedc é‘tm‘go%iﬁgse?é@%?%lo n %Emehﬁ

i nvention i s nunaclasdlerangbolliesn witht Mghsaii‘ddlé)ht fogeranbgendi #7§ §FE ar® each a
pair of an a'ﬁ/bq@%o @V%h@r@lﬂ ﬂleva{goﬁt&ﬁ tﬁﬁ@myrbfatﬂél Ig@ R0 ﬁe@ycrbueght chai n
i

vari abl e domain sald first b en- bi ndi n tt§ |e ga%onx bi ndi ng
to VEGF conprip¥ies e ©hdnersaimmue r PR < ?%ﬁé‘ Fégi 'S of SEQ
ID NO 13, a CEHRRalkefgirdiexadalSEQGE MdNQules, Slmapkdem@mnube(gmmdoeﬁnggﬁe}edD NO 3,

d the | h 1 NGeat 4,
and egion | gl‘gg% Ao AL AD AN 18 s SERBes cahigh i (ERdDkatd, a

region o or said
first anti gentissayedivigresn t"éﬁfgﬁﬁ%'bgqﬂﬁ'%%??ty“%‘ﬁmt%e?‘ﬁ 58& (g%?%%oéég A the
heavy chain VgsdrahltfedaaiconstrutiORBt begholtivaitnt SE@et MNDsp&ifi@ar@bics,egi on of

SEQ I D NO 1Q, chain
vari abl e dondi®n eﬁ‘% |f5%ar ta@%(f% E%"k[g Q%&Je %gghfgre&?gvr?l %r]%ﬂ@érlc:_:Q | D
NO 13, 28nd a bﬁ:—mclﬁcegntrmdm Sretirdly2amesed baspegifiF detravplent %‘PP@‘@W“& ndi ng
site specifi %ﬂ)ArbéthWED%ﬂ)OVEﬁ: IﬁCWDm(E)GH 0b254t Sisbiheaviindingimolvaildsabl e

domainaCDRSrelon on of SEQ ID NG 18, and
a CDRL regi orfh %}f o?gm%ge agggﬂizﬁd ?rgeg?g hai n variabl e donain a
CDR3 regi on of SEQID NO 20, 30a CDR2 regl on of SEQ ID NG 21, and a CDR1
regi on of SEdribiND@Df VEHF and ANG:2 fgbibiss a2 CDR2 region of SEQ ID NO 26,
and a CDR1 region of SEQID NGO 27, and in the light chain variable domain a
CDR3 regi on ofycSEQ7/088883 re?&s a6 aFobidatidiof 28 AWGH trhegomist abd aEEGB2L,

-193Q .and\\® a i on of. SE CRIRig he SEQ SID
NO 30. #n onggﬁbﬁrg??%ﬁ{fgfmtt |S§v§/¢?8%%&4g%§gé%ﬁl o a?lt iglggg’ﬁccor di ng
to the inventinbibitoscopttanadioneri zed in that i) said antigen-binding sites are
each a pair of an antibody heavy chain variabl e domain and an anti body
l'i ght R c ha: In vgzrd 200381 (490 R Fers 1P tus)ongRb1Eink birdlingaa tirgaipobtimatidngpnstatning
specifically bin to. VEGE_conpri.sas j n SEQ
IDNO 7,SEQY [f“l{i‘j“%['%at%E fB'Nio VZ@ zgég/ @ﬁ%%%% f}@&h? dﬁ%%g{r?dght
chai n vari abl Angiopatin a8EFHGY.NO 8, SEQ ID NO 16, SEQ ID NO 24, or SEQID
NO 101, and

30 u of the ention

A first aspect of the current invention is a bispecific antibody specifically binding
to human vascular endothelial growth factor (VEGF) and human angiopoietin-2



iii) said second antigen-binding site specifically binding to ANG 2 15
conpri ses as heavy chain variable domain SEQ ID NO 31, SEQ ID NO 44, SEQ
ID NO 52, SEQID NG 60, SEQID NO 68, SEQID NGO 76, SEQID NO 84 or
SEQ ID NO 92, and as light chain variable domain SEQ ID NGO 32, SEQ ID NO
32 with the nutations T92L, 1-193Q and W4T SEQ ID NO 45, SEQ ID NO 53,
SEQ ID NO 61, SEQ ID NGO 2069, SEQ IDP1le 77, SEQID NGO 85 or SEQ ID NO
93. I n one enbodi ment of the invention the bispecific antibody according to
the invention is characterized in that ii) said first antigen-binding site
speci fi cal | y(4NGel)mgmpoisivE@GHiIsbaigesbinding silechitewpesificly K 8%]"‘1 BB donmi n a

CDR3 regi on QkcrE[dlaRed¥Ad a}mgéﬂfbl&ﬁng SECQhhtRpMFicady birdls OMinsegNag2.0f SEQ |1 D
NO 2, or SEQID NGO 95, and a CDR1 region of SEQ ID NO 3, or SEQ ID NO

96, andlntellght hai n iabl e 0 i NO 4,
or SEQ I D No? n ghe g AL é’éa%e 3 engg‘%qﬁ%%l@ %ig %“{lg‘%jé F%%b%gé and a
CDRL region ofvelid@ ik Ehaxi®tGizedim ‘SEQ ID NO 99; 30iii) said second
antigen-binding site specifically binding to ANG 2 conprises in the heavy

chain variabl e doyajap ﬁlt%@ﬁ%ﬂdﬁ% §ifes Qe SED b PaiN@f @BantBEAY hBawCrhads, SEQ | D
NG 54,” SEQ ID NO. 62 0. SE 8, or SEQ ID NO
a%@“t’@%élﬁg%t R %L‘Qég%“'f“é NO 55, SEQ ID

86, a CDR2 region o‘fa
NO 63, SEQ ID NO 71, SEQIDNO 79, or SEQID 87, and a CDR1 region
of SEQ ID NO 40 @Rfitspartigen hgldlrw@e|sm‘sq@all5é9mdsec§0|‘f¥@bcomﬂse§>& I D NO
72, 5 SEQ I D NO 80nhe95a§|%@almahl§$1e%8mamb CDRS hegibr ghSEQ MBI NMOVRISED| e .

dOfTB.I n a CDR3 regi oy of QQFEQRQQ i.} %%%gégg)‘%?ﬁé?gﬁﬁ@féé% E‘r(?bnsgs | D

NO 65, SEQ ID NO 3NGs
SEQ | DING 42, SEQ IIDNKO2, SBQIBEH)Ol IDO,NSEQEI@ NGELS, 10D SKQ I3 HO: §éQam NO. 74,

SEQID NO 82 or S D"NQJ qu SEQSERN® NQor43, SEQ
I D NO 51, smm@@géggggﬂso 3 JRNO 83, or

SEQ ID NO 91. In oPeQdRi¥ai $peand ’(S‘fth? ld%htc @BH?“%E %‘“‘BF% Feionolt i body
according to the i ngEQUDANOI 4, SHRIRNGr 122 88Q I NRal0,15iSBQ AN 147 8t

ant i gen-bi ndi ng si teP%&l\%Hb%? 905@5 ngg 55@11\32% CRTRES ES NS: Feayy chain
Vari ablie domain SECSF oMb anm sl g aEQ s R, St 314,

anti gen- bi ndi ng si t sroIEAOI ZALE JEQIIDANOEIL,0 ANG 2 conprises as heavy chain
vari able domain SEQ ID NO 44, SEQ ID NO 52, SEQ 20 ID NGO 60, SEQ ID NO

68, SEQ | D NO n | itghtanghai n

vari abl e donai n S}Ebsef‘g k%on Sﬁ&%bf@ﬁﬁoﬁgﬁ eé%%an? gl;aﬁlé ® g?% NGO 69,

SEQ ID NO 77, SEQ F@npides g5thghenpsham b 9§°mama D F?r%‘%‘h% ddi ment  of

tﬂe In;/entl 03 thet En\@@@l $EQ IpmcbtsmsEQcmmdtmsm@myozm;mmw :s
aracteri ze I N Cﬁ:ﬁ@é) a

b %’r %gﬁﬂéjt hégﬁQqDaNnbl Qge'c';r | abI es%%% tegldh

bi ndi ng2 to ANG 2 co charn va nal _n regi on
of SEQ ID NO 38, SEQSED INONO4 86, ES“EQID[NQD” ,SEQ BENQ: B 7NSEQED N@Eéﬁl D NO
70, SEQ I D NGO 78, 6I§IOSE 6D ROCPRXE@ gb ;v0:019, SEQEQODNIO: 89, SEQ 30

SEQ 1D NO. 87, and “%%%mi% Qi NI SEB g SIS |
NO. 56, SEQ | D NO 6£Q BERC: I6N$5Q7IE NQE@‘H&EQ\I@ ND, 72@|SE§E@ NO: 8¢ 088, and

in the Jd ght chain Iﬁgﬂhﬁ)ﬂl @bR§ b NO 41
SEQ I D 49, SEQ | \%’q\%%??%@ figntchatn Jaible &

or SEQ ID NO 89, a SESRIDrNE: SEgﬁIQSI%TNB rs%& ‘A%EENE% mé“ﬁgoﬁ%%?

58, SEQ ID NO. 66, SEQMIBTNSEQ 1D, NSE@ | SEQID Ne2: 4%, SBRJD NONG7, 8BQ Bnhd a
5CDRL regi on of SEQ\D NOSpA3 RER A5G mPte: SEQISRIMD NeS 89SE@DR2
region of SEQ ID NO:29, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID
30 NO: 58, SEQ ID NO: 66, SEQ ID NO: 74, SEQ ID NO: 82 or SEQ ID
NO: 90, and a CDRI region of SEQ ID NO:30, SEQ ID NO: 43, SEQ
ID NO: 51, SEQ ID NO: 59, SEQ ID NO: 67, SEQ ID NO: 75, SEQ ID
NO: 83, or SEQ ID NO: 91.



IDNO_. 67, SEQID!\IQ 75_, SEQ ID NO 83, or SEQID NO 91. In one
enbodi ment of the invention the bispecific antibody according to the
invention is characterized in that ii) said second antigen-binding site
specifically binding to ANG 2 conprises 10 as heavy chain variabl e domain
SEQ ID NO 44, SEQID NGO 52, SEQID NO 60, SEQID NG 68, SEQ ID NO 76,
SEQ 1D NO 84 or SEQ ID NO 92, and aslli-ght chain variable domain a SEQ ID
NO 45, SEQID NO 53, SEQID NO 61, SEQID NO 69, SEQID NGO 77, SEQID
NO 85 or SEQ ID NO 93. 15In one enbodiment of the invention the
bi speci fic aiit iobodynbadizentiiofighe dntareon fivehtPemiic sntbedyastcerinfed i that ii)
said first apfj.gehiPbngidgized iethapeci fically binding to VEG- conprises in
the heav]}/ gggl Ianﬁlg abl e dgmai n a CDR3 region of SEQID NGO 1, a CDR2
region of NQO.. and. a .CDRL redi 0 I an the
| i ght chain vari é)blséldéme%bgldﬁﬁlﬁte? égél g%cho% péE%fI% %gbgﬂy %gavc’%%%ldr egi on of
SEQ ID NO' 5, and a \@Detledegpioranéfn SROADIiEiY dbaingigadle dompip; ) saj d second
antigen-binding site specifically binding to ANG 2 conprises in t he heavy
chain variabl e dgyajaf frsCiNdBen- 8RR stk sidcidally Biadindbto \VEQE ChiRgrises i on  of
SEQ I D NO 47, anddgﬁéDRl reﬁ{ on. g%.l D %34§ &%&gg tHegbi ghy chain
vari abl e domain a VYT 43 THRG “45° regi on of 'SEQ I D NO
50, and a CDRL regi CDR2fre&EQof BERAD FO: 2, and a CDRInregita efnHfilReNO30f t he
pent 1 on, Lhe. bi spegidih ik AN VAR iy L EORSIATITIHY NG 4
specifically bindin@cpngﬁéﬁi gﬁ%?%@églégéﬁéégﬁﬁi%%ﬂﬁgvgﬁ$ggqgk%énain SEQ
ID NG 7, and as light chain variable domain SEQ ID NO 8, and iii) said
second 1ant i gen- bi ndommidsfitseansigerbinding|sity spicifitiaiy bindingNG VECK APRPRES as
ggﬁ‘é%’ncggbnl ‘éahbab'S t%ﬁ%{n CEEQJaRaMQdoﬁgint@GﬂR@%eéi%_ﬂBF selaimNgan] abl e

. O ) Ient e venti on ispecific
ant i body according @Q&?H@g‘?‘hﬁ?gﬁ)&&ﬁ%é' ﬁd\é?‘géld ‘zléfélof‘r?&@@ﬁ)%‘@ai d first
aRt! gen- bi ng: ngdS| t endsipeled gt ahdity viniabtt drgnaima VEEBR reginpef SEQ IDANQ@0IZ he heavy
chain variabl e domaj [ I 0 94, a
CDR2 region of SEQ ?&W@S’%@@ ﬁ% @SQ%M?ng%glc%ﬁ%?gngﬁ? SEQ ID
NO 3, db SEQ I D NO Nékl4and in the light chain variable domain a CDR3
region of SEQID NO 4, or SEQID NO 97, a CDR2 region of SEQID NGO 5, or
SE_QdI D NO OI98, and ar GiRfirs] mitagh-bindig SEQpedfi¢dDydinding SECEGD cNBPrigs; iii)
sai d second anti gen-bjndi I isfical h gl C rises in
the heavy chain varFhhFgkﬁgﬁ%%%ggﬁggggg?ggfg%Dg?q%%%??%?E %5%&3.%UBSEQ I D
NO 86, a CDR2 regi 6@Bgregipmof BERAD §9: 1$randg&TR fgionged ﬁg’a‘l BR1 1 egi on
gf SEQ | DCDN% 64, oancﬁﬁ%éE 13>nger| 12i8 8 afdtde ddmiihe CIORY teglon of SEQID/EO: 2B e
omai n a regi on 1D . | D, 8 GPR%: i on of
seQ IDXNo 66, or séqﬁ)ﬁﬁ .056{}%%(25‘%? WE%‘& %rl\]d%%ﬁ%E%gTD 52 &2 °0 “seo
ID NO 91. In one eM$y@Zmedt of the invention the bispecific antibody
according to the invention is characterized in that 25ii) said first
ant| ggln- bh ndi ng sjif GaigPeEdohil C ahtigeniimilhg Gsiteo shEicatignpiridires tas ANG2y chain
oSS SO S oeasbd b o Lt
anti gen- bi ndi ng si t N {GRRY tegiasi ofiEY R HOANGE andd PR 1sEEioB9TRER Y chain
vari abl g domai n SEQiHOGY, £ inWe REHchdh 38NBle &naifaCHRS tegpatof SEA N

vari abl’€ domain SEQ 1D NO.’
QbRd80% Ho Wy ROPo8 i P mutations T92L, HI3Q and

WO94T, a CDR2 region of SEQ ID NO:29, and a CDRI1 region of SEQ ID
NO:30.

In one embodiment of the invention the bispecific antibody according to the

30 invention is characterized in that

i) said antigen-binding sites are each a pair of an antibody heavy chain

variable domain and an antibody light chain variable domain;



- 23 - In one enbodi nent of the invention the bispecific antibody according
to the invention is characterized in that ii) said first antigen-binding
site specifically binding to VEGF conprises in the heavy chain variabl e
domain a CDR3 region of SEQID NO 1, a CDR2 region of SEQID NGO 2, and a
CDR1 region of SEQID NGO 3, and in the |light chain variable domain a CDR3
region of SEQID NO 4, a CDR2 region-02-SEQ ID NO 5, and a CDR1 region of
SEQ ID NO 6; iii) said second antigen-binding site specifically binding to
ANG 2 conprises in the heavy chain variable domain a CDR3 region of SEQ ID
10 NO 62, a CDRHl) rseigifost anfiggEgnding [§ite sBRificathdbiadupre VEGH ermpisesSEQ | D NO,
64, and in the Ilgmea\ghéﬁa{h V%Méﬂh&nﬂﬁm 1B OR3, IIDTN(9f1§§@|ID NC. 65,

a CDR2 region of S nof

I n one embodi nent 5\%'[2% of ﬁ@@ﬁpﬁﬁ @e%@splééﬁfﬁ n YpHg "’(??ﬂf“ad%N?gpg[ﬁng to the
15i nvention i s charN@t&ISEQED NO: § BHREQ ID NEai2d, dri SEQ IANQ:d@h-dpilndi ng site
speci fi cal l'y binding to VEGF conprises as heavy chain variable domain SEQ

ID go ) gnd ?S ii g' sg#gt ng'dn a\ﬂfléénaﬁlh&ngoe‘@é nsp&ﬁ@cél@ NGhdiflg A ANAANG-2 i)

sai d second antigen-binding site eci o) onpri ses

as heavy chain vari®BPESH fY WWW%&‘%Z@%@ ‘gHe gﬁépﬁgéari abl e

domain SEQ | D NO. 68, SEQ IMOeﬁthﬂQrﬁhtN@%Ot REQi IbvEOt 6B E NG éci fi c

ant i body accordi ng §ER%E15'?&IC# ({; E‘?}Sllﬁ ﬁ&@rﬁf&tagégﬂﬁglamqvmﬁfe dokhisal d first
ica di n

anti gen-bi nding sit pecl rrses in 25 the heavy

chain variabl e donme$ER dDCHRB 3?e§£&1l%fN@Eé2|B‘tN@e I““%“‘EER@%Q}?W of SEQ
ljD NO 1@, and a CDRhiwegr®EQIDIQ 45 9¥Q ID Nmds3, rSEQlﬁ)INCQ;l'ﬂl SEQIDvandabl e
onalnaCDRSregl e ID NO 5, and a
CDRL region of sgo %\?@%81?]%16077%’?@1@%8&8% N@E%m NO 79, and a
CDRL region of SEQID NO 80, and in the light chaln vari abl e domain a
CDR3 regi on &f oSEGmipdin@nt f1the inygyton rag; peeific Sptbedy Resordipe ke a CDRL
regi on of SEQJeRidNGs cBRact&izad engacnbodi nent of the invention the bispecific
anti body according to the invention is characterized in that ii) said first

ti - bi ndi h
vari sble domain St ARGt Rk YRR LGP SoRBrS Y, Mo NG
8, and130iii) said @éé‘éﬁﬂ’ chatri g%fﬁibkﬁ demaiy asGPR3 gpsien of SEQ P Bi%hdi 85 to
ANG- 2 conprises as $rEQJIp r¢d)a94l aV@DRabJ:gemdefrsEQ ISEQI D) NGE@ID Ndcbsas | i ght

chain variable doma t i ntlon s
a bispecific anti boﬁ@%@é R ?%@@%@gt%ww o8 ‘iImd lg%hédl%ﬁ

growt h factor (VEGRhaanciriablesiomeerg: 6PR3aegan of IBQ IPNN@—?,)OT(,SW&BR:N@H zed in
that the parent antg; ANGDR?3BEILRGEYEQSIDINO:SRREEQ eBINg: o8, ngli AGCDR] human
P e 5. Lot ortekicn oF SRS B s BOIDIRILE o SBS” hcs Yope™
Ang2i _LC06, Ang2i _LCO7, and preferably Ang2i _LCI O or antibodies binding to
the same epitope iabsalthgRsoiR 40@EN-bIGINgARS? s Spacfpallnn hriding e AN‘ﬁg@l LCO7,
Ang2i _LC10, pref er aplpynral infifdhes yinagi vagiable dbiginSsA0BR 8 Rédi GD6f SFQ )
png2i Looe, o ano2l ek e lsigh &6@’@@5%%%&%@@‘%& % t%ﬁ%%t?ﬁ?l“f A
growt h factor (VEGFJ0,8E) Huddh 78ngi SRPQIIBtNG- &, @ ANIR 2 jeghumt ofr§diQ ) Neunan
NG 1 Gar wher el n 186 G5 g Elglﬂ;ozwl @nss furdy b N3, 8Bq 1BPeO! i cal ly

blndlngto human Anlopotln (A bi nds to_t he sanme as
Ang2s_R3_LCCB, Anng Onn%y 21" =h§2i anﬂ@(ﬁDRiﬁ@E‘?n ‘léﬁl’é ?IS&Q erably
to the sane epi tope4mssE®1g2IN(LG®SEQ Iifmg@l 56,GHR ISt da, SBEdDINO: 2ht i bodi es
specifically bindin asc r t 01\{\@]{@ ﬁt EGF) and
human angi opoi etin- gEﬁAﬁg}% %B S gttét II?W &"é?%{hg 1%3 <:th1 %aﬁ)l\é
domain a CDR3 region of SEQ ID NO: 41, SE ID NO 49 SEQ ID
30 NO: 57, SEQ ID NO: 65, SEQ ID NO: 73, SEQ ID NO: 81, or SEQ ID
NO: 89, a CDR2 region of SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID
NO: 58, SEQ ID NO: 66, SEQ ID NO: 74, SEQ ID NO: 82 or SEQ ID

NO: 90, and a CDR1 region of SEQ ID NO: 43, SEQ ID NO: 51, SEQ



30 the parent anti-ANG 2 antibody is not specifically binding to hunman
Angi opoetin 1 (ANG 1)) can have inproved properties such as e.g. biol ogical
or pharmacol ogi cal activity, less toxicity, or pharnmacokinetic profile,
conpared to bispecific antibodies specifically binding to human vascul ar
endot helial growth factor (VEGF) and human angi opoi etin-2 (ANG 2) as well
as to human ANG 1. - 25 - Thus a prefesred enbodinent is a bispecific

anti body specifically binding to human VEG- and human ANG 2 conprising a
first antigen-binding site that specifically binds to human VEG- and a
second anti gen- bi ndP¥Os$%,SEQER Nl PEQAD HObi7ACTER 6D Npat. ANSER,
characterized in thptndhse second antigen-binding site that is not
Sspecifically binding to hunan Angiopoetin 1 (ANG—l) Che enbodi ment of the

invention is.a bis CIfIC a bod i fi caII n.vascul ar
endot hel i al B} S 1Y ‘f‘lﬁm )m %he Iblsgectjl op0| e thgr(d% fiie

conpri si ng almﬁmtsmxadtar@e@mbd frofibpig SI te t hat specifi cal | y binds to human
VEG- and a second antigen-binding site that specifically binds to human

(ANG 2, s}LObchgf actiprshiaeehst dhti &abmamg srta ]izalmfanj; brdlngne VR Raédmptists &s KDf
antigen-binding site s eC| tige g ecific
for ANG2) is 1.0 -neqyy YaéTaB 1’3(@] ¥ §E§ @%@d@etﬁ?‘i 208, 0)
and preferably the lmhscHairt eari@le\ﬁb)rmlm SEQ N(hé m:ﬁ’ﬁ@lleOl@oBﬂm@) 13 nol/ 1.
KD val ues are determned in a ANG&/VEG- bi ndi ng Bl ACORE (see Exanple 2, and

Fig 15A). As bot [y F&lafat %’e&ﬁldlﬁmhﬁém\nd(@:$@é1dspaéiﬁﬁillyANﬁlcﬂn§r% hatig-2pr esent
as sol ubl e recept or ands .i n ma

n serum at i
concentrations, bl cft‘,’mp eSHs hepw ‘Esj‘&}“dvaﬁal?lﬁ domain; aﬁé% ‘@n‘%&%@qa bPspeci i ¢
characterized in t it SERED NO: 600$EQ i NP, tS@QaIH NRJ: {76 e3EQ @D NO: 84

anti gen-bi ndi ng si f ecific
]Sor | ger s "9 S c&-%Eﬁjﬁfod 37l Q{davlﬁgﬁ)éhm(mmgaammnwmmm4s

referably n t 5.0- 20
8.0 can lead to |r'rp$1%9/é Iﬁ%ééfﬁ%dﬁhﬁﬂeg%%i‘?) e téﬁeggﬁr% gﬁn%ggem c
effects, tunor grovgBEQ (MMNGRigsi @ISEQ D6t 82.ance nechani sm during the
treatnment of cancer or vascul ar di seases with such a bispecific antibody.
Preferably sgjqy Q'éx&%ﬁ dift ﬁnmebﬂd%tﬁﬂaﬁ'mécﬁl%%blﬁgdarﬂtlﬁo&)h%cowlﬁg & ith® Of the
blndln% affinitie antigen-hinding site specific f
VEGF) / 1B( ant |"§/éﬁtl<m1ﬁah¥@°t§1ﬁeé”§ Eific for ANG2) is 1. o 25 - 10.0,
preferably 1.5 -8.0 (I n one enbodinent 5.0-8.0) and and said said
bi speci fi c anti bdiiysatbngecosk sangiged-binding anité gepecificaltyi ngjnding e tos ptiGF2 cal |y
bi nding to VEGF a h&%ﬁﬁsemltﬂex I@ 2Rhig vIRIB BorRlin SEDR Prd¥en of SEEH @ |1 ght

Cpec 11 cal Ty bi ndi niOt 8548 30 O o He T8 g, SERIBINGEH %Eﬁefbd@ﬂa.”ﬁ o ¢

SEQ ID NO 52, and 70,ISEGhiD BO: 7¢8h@n SEQ HD iN I 88, d@mihegifonSEQEQJD\m 53 or b)

a heavy, chal n var I!\Ig?d ggﬁ)@m} Qg ﬁﬁé?lb%bgs %ﬁQolg‘f'ﬂloaﬁlt} S 15h@HHyvari abl e

donmi n 8 SEQ I D use ern, "antib ers to a_bi ndi ng
protein that conpri$eQ 1@@@9@?@‘55@%@53? @ad aﬁ%“t Ehﬁom te" or
"antigen-bi ndi ng si 4®&"sEas I S&Hl messQnDdeoosfesmwm Nejguéo,rﬂ;tsog ON@2ant i body

nol ecul e to which a c al | The 35t e ng site"
i ncl ude anti body hegllé@g@gﬁ(z r§ a%?@ Ig)o OI ngs]f;a(r% &l 1%@ Cgﬁgﬁl&?agn

anti body |ight chai édomainisa@P&3degian wf SE@ ID N&: ‘blalerQ 87 N9, SEQUIRan be
derivegsfrom whol e ggy. 'st§EQSID0Noa@S IMYDN@WBEQ BURD: 85, &iSEI) € chai n

e urrene T mvent bR fch el s 780 0407 o T UG Shsl B ©

anti body heavy chai NCB 58a8EQHDeNQoIs6j SEQVD)NG@NJAOSEQADND &0ehySHQ th chain
variabl e domain (VL d bl f r st of an
No; 300aRf £lcHiabta log%fgsyqrgﬁw A, BRY IPROSISL 6B

tibody |ight ch i
ar| 261'% dommin' (41 ) N 850 BLRCLAaTHR TG TARS G SIS ¥ $80y chai

vari ablsg domai ns (VH) Nmd/ior antibody |ight chain variable domains (VL),

t hat specifically bi nd to human 10 vascul ar endothelial growth factor
(VEGF) can b StoKiHa et al .
ot ure 362 ( 805)¢ Kfodhn! GESERNGAY WCHRAMI JARGES SUGEERUE ¥l 0os)
1789-1797; BOPy@tiens chpractegizediin thatCancer Res. 56 (1996) 4032- 4039; Mel nyk,
0., et aI., Cancer Res. 56 (1996) 921-924). WO 94/10202, WD 98/45332, WO
2005/ 00900, WD 00/ 35956 and 15 US 2007/0141065 or b) from new anti - VEGF
anti bodi es obtai ned by de novo i nmuni zati on nmethods using inter alia either
the human VEGF praotein or nucleic acid or fragnents thereof or by phage

di spl ay. The antigen-binding site, and especially heavy chain variable
domai ns (VH) and/or antibody |ight chain variable domains (VL), that
specifically bind to human 20 angi opoietin-2 (ANG 2) can be derived a) from
knomn anti - ANG-2 anti bodi es such as MD 03/030833 WO 2006/068953 MD

AN ] N AN AN RN N A NN AN AR 17N &N




"Bi specific antibodi es" according to the invention are anti bodi es which
have two different antigen-binding specificities. Wiere an anti body has
nore than one specificity, the recognized epitopes may be associated with a
single antigen or with 30nore than one antigen. Antibodies of the present
invention are specific for two different antigens, i.e. VEG- as first
antigen and ANG 2 as second antigen. -THe-term "nonospecific" antibody as
used herein denotes an anti body that has one or nore binding sites each of

which bind to the sane epitope of the sanme antigen. ,- .27 - T rm

"val ent" as usedihfdifhi feORd E‘H‘rgF'é‘thqﬁ‘fgplﬁ‘tEatSIi"?‘i}&GE%oP‘Qthghéo p?\&ctéﬁce of a
speci fi ed nunber otompis aghaivy eBaih Nariabl@dindio SEQNDI ¥Ou#e . SERZIBMEh, the
terms "bivalent", ' l\ent 2 . trr- ) nce of
two binding site, P%’ﬁéré(gi\fﬁﬁgos@@g{? g%?é%f@i‘%ﬁ'ﬁ?f‘gﬁ) N et i vel v,
in an anti body nol ecSEQ.IDINE: %2, Bndgrdesbt Phaimmariablscicaraime SERIPHYCE 0t he
inventippn are at | gasf 1D hicradentslh Endores, BEG (D iNGI 60)ISE@ID "M@ 77,val ent "

(e.g.("tetraval ent”, _aor "hexaval . ref erably the bispecific anti body
according to the i ﬁ@&nlﬂ @ﬁ)g orbﬁgpémda 9t%ri valent or tetravalent. In one
enbodi nent said bispecific antibody is bivalent. In one enbodi nent said
bi speci fi c alnt prodspbpdimeni hlteminventiprothe Bisprstfinaritbodyi ascordiigets thec

antibody is 0tflhaVaeiternzMinithadi es of the present invention have two or
nore binding sites and are bispecific. That is, the antibodies may be

bi specific even ih cgses ere.there are [ na. inding. sites (i.e.
that the anti bod&’i) isglgfffe}fv\éﬁgﬁgblggm%ﬁtﬁ ?p\%@%@ lglg@igétﬁ%\gpﬁl:g%%%% i es of
the iniention incl titeheavgrchenavapblle demlain ¢ AT regioigpeSEQ KhAGS laft i bodi es,
di abodi es anf t Ir: aml .?%gicﬁxsof‘@%(b I@N@“\%@@? @ERh%‘E?;iBﬂ o‘f!SEQleNcggl,t domai n
structure o u engt ntihodres. to i C er. an < ng sites
(e.g., single chai ﬁmﬁgf} &5‘(%&! iPaYaﬁ‘aélﬁd‘PBP‘“aa {9@&‘56%%,"%'&%@?%8( Il%’ab)z,)
are |linked via one acCDRDregiprepf SEQIDiNRE:, snd T RO Rinteggion dif SEQ Hh Ns&6f ul |
length froma singlgispecies, or be chinmerized or humanized. For an
anti body with nore tﬂan two 20 antigen binding sites, sonme binding sites
may be identical, so |on s the protein .has bi.pding.sites for,t
di fferbht anti geHQ.Sa‘ﬁhéng“g, %%Etngé%c}lﬁgf?lgsts%‘flﬁ%ﬁ“ﬁg bérfqtnég P9 MeiFic for a
VEGF, a second bi nadiongriséstia thesheapedhain varfable danGirRa CBRG regior of EEQAD Human
vascul ar endot hel i 51\'10956?‘%61?/}3? t " If’\lggg}g%ﬁa—; @%Qdd%l“l%%io%%h

al .

described in e.g. Leung, D W, ) Sci ence 246 306-.9;. Keck,
P.J., et al., 25 Sépéﬂgé4824‘8d (I&@Sé;htféwﬂﬁg@%@%ﬂ%ﬁﬁg% regiop of SEQ o) 3.
Biol. Chem 264 (1989N020017 CDR2 MEGHR of SEQVDIN@:A5(, rand heCPRutgmon ofi of

nor mal 2@nd abnor nal 1?(?%% si s and neovascul ari zati on associated with

t unor s“and intraocu§a di sorders (Ferrara, N., et al., Endocr. Rev. 18
(1997) 4-25; Berkman, R A ,et al., .1. din. lnvest. c?lgél\%ﬁsg 15&-159;
Brown, L.F., Isong|embogdiipen qbathegnvensign (the duspeaiic cptigady ppcgiding to ghe "o ' 5y
Cancer Res. ehti@O8rhAdRdiAdIbthatvttern, J., et al., Brit. J. Cancer. 73
(1996) 931-934; and Dvorak, H, et al., Am J. Pathol. 146 (1995)

1029- 1039). VEGF.. jaert o: gl [ j ated from
several sour ces, ‘VEgE SROUNER oty HESPIMANY ey QomCE SRR

endot hel i al cells. heavyghmnpzmsgylp "é)|§§peﬁ? NS (NN{C%‘SZ])‘SC"(téEP‘P@rVﬁ’a%l?/eI y
abbrevhated w th ANGiain SEQAN®RD: §,264) | D No: 106) is described in

Mai sonpierre, P.C., et al, Science 277 (1997) 55-60 and Cheung, A H., et
al ., Genomcs 48.{ ) 91.: Ih i I 8lhitss iz N PEQ I D
No: 107) and ANG‘%%%’% Te%%:é% ?m@fa Sggd%glg%m?y gmgm i((’A ‘i?s\]%or t he
Ties, a fanmily of tsameRsisabakpesnyhaip NarabledupypSH ﬁ??@?&r%@g@d“wtmn t he
vascul ar endot hel i UgRainfedHaBRAIREN a SEQID NO: 3Bl ., Nature 407 (2000) 242-48.
There are now four definitive nmenbers of the angiopoietin famly.

Angi opoi etinyg o%?aderflélodﬁtﬁ‘@rgc'g‘f diBdioR) th%gfe fi-CaRMbdMad&rYingi t4ethged
counterparts of tThe sane gene [ocus In nouse and man. 'Kim |., et 10 al.,
FEBS L&P, 443nyentomis chacwpzeddntiat| et al., J Biol Chem 274 (1999) 26523-
28. ANG 1 and ANG 2 were originally identified in tissue culture
experinments as agoni st and antagoni st, respectively (see for ANG 1: Davis,
S., et al., Cell 87 (1996) 1161-69; and for ANG 2: Maisonpierre, P.C, et
al ., Science 277 (1997) 55- 60) Al of the known. angi opoietins bind
primarily to Tie2, and both Ang-1 and -2 15bind to Tie2 with an affinity of
3 nM (Kd). Maisonpierre, P.C., et al., Science 277 (1997) 55-60. An
antigen-binding site of an anti body of the invention can contain siXx
conplenmentarity determ ning regions (CDRs) which contribute in varying
degrees to the affinity of the binding site for antigen. There are three
heavy chain variable



20 domain CDRs (CDRH1, CDRH2 and CDRH3) and three light chain variable
domain CDRs (CURL 1, CDRL2 and CDRL3). The extent of CDR and franmework
regions (FRs) is determ ned by conparison to a conpil ed database of am no
aci d sequences in which those regions have been defined according to
variability anong the sequences. Al so included within the scope of the

i nvention are functional 25 antigen bra8kng sites conprised of fewer CDRs
(i.e., where binding specificity is determ ned by three, four or five

CDRs). For exanple, less than a conplete set of. g be sufficient
for binding. In ghresiddisasticen-typdipg sie specHisaly {H‘“ahn |0 &@ UPFTRGSERIY | n
~certain enbodi ment she A&iviy RAgH eGrighle tdomalmy @R 30regfonr dfMEEQ dDNOL $£0130

i mmunogl obul i n con iQns . Qr j ' .@gSes.

| mminogl obul 1 ol aceat AEP bt (R REHR g IR o ROAG BB NG, 8502, i
the case of |gG ancntig&DR hesizion of BEQIESNO: OaSE%éDeNQéaé,é’ﬁéé‘HtWWf“, an

anti body of the invgghiaRi@gorRaif QTIHRN b6l SEGID WO: ur 6r SEQAD NQG type

anti body, but has four tigen bi i.l.es. S S acco i e.g. by
linking two conpl et®> érﬁ%ﬂb@g?gﬁbc?%(ﬂgljy{)g o ggl& I,d E'Osi%ﬁgg;gd %_#’;ﬁgl Fv)

speci fically bindi nggibo oM IDN@&EHLOSEQ D NO:29; - N- or C-termnus heavy or
light chain of a full antibody specifically binding to ANG 2. Alternatively
this is accoml i siedidyclial Raidthinanp! ste headay peptinden specidically
binding to ANG 2 t'o either to Cter m.nus.hfa Cha:gfb f_a Ralfl body
specifical |y bindi fgmpgsssaeshe heawy ehaip V%ﬂﬁb'eg‘}e/‘%'}ab?ﬁ i r@ SFoES §S§; erably
conpri $@ two anti geNobsnadr 8§QSIDt WEO: B6ya €RR2 region wd SBOFIDeNON 63 birrfdihg

speci ficities. The Leip maieelgagl -aabh Bedel @9 NODRRG angh BIKDPOTY

conposition"” as use ereih refer to a preparation of anti ecul es of
a single amno aci d%appdietligghchaipygib ee‘?%a“bﬁ%%régﬁﬁtofgg%gg fers to
an anti body conpri s§9@r 3EQaD RO\ 89y @PDRY, regiod. of WD NOr &gioo SEQ DM one
source or species ) | eas ROr.t. ) n®- gleri ved from
a different sour cealgg' ?@e&‘?dg ,&Dgéﬁe ’%}3}8{;?% é@e 12%5/72 ?ﬂ%% ?Iﬁr];hﬂ?].téjlm

techni ques. Chineric antibodi es conpri si ngb_a murine_ vari ablgpr egi n and a
human dbnst ade anegerehpdiment nfethe ripgentiopy the roispeefis 38RO RHOTIPE "B HiPfreri ¢ 15
ant i bodi es" gReaPRRTESalyridchen Paesent invention are those in which the
constant region has been nodified or changed fromthat of the original

anti body to genergte. I | o [ | i ecially
inregard to Cq lﬁi %acli‘# ﬁgt glﬁ%%g?&‘;ggfgr%%gsé'%%{;&?ﬁg%&%;ﬁf@gép%§&gﬂsﬁﬁ?mr| C
anti bodi es are al soh¢asy ehginyanagledomain 368 RNPe el hgg]((ﬂ @ #aNAER reri ¢
anti bodi es are the padngh vaiabhxduress SEQAD NOMRDOFEQHDING: Iddnasl conpri sing
DNA segnents encodi ng i mmunogl obul in variabl e regi ons and DNA segnents
encodi ng | munoglgpul N £ONST ARkl SElARS s eLiRMRaAPT bREAGUE NANThDITEr i C
anti bodr'es invol ve’ conventi onal “r econbi nant A and ﬁené' gannge(filbon
techni ques are wel | CRARGSS pPhheany chein vadalle dgmgin Sl I1); NG, 68,00r SE al .,
Proc. Natl. Acad. S§i0: 9bSHd83 1igHi%B4)h vafibtle @8mbin 2HIBIIB N B928ES EQIDUS
5,204, 244, The terngr'qgﬁgani zed anti body" refers to anti bodies in which the
framewor k or "conpl arity determning regions" (CDR) have been nodified
to conprise the CDR of an irnmunoglobulin of different specificity as
conpared to tlhaeneopmbetimenir ehthei iyarinp Sisubipecific,anfifgdyracrordieeiPoli nent, a

muri ne DR i Sineémibh efchant@riddd ih et f ramewor k regi on of a human anti body to
prepare the "humani zed anti body." See, e.g., R eclunam, L., et al., Nature

332 (1988) 323-327; [ M. : bind¥ak W YESFcdni2Re) in268- 270.
Particularly pr ef‘é)'r P%g%f%%ﬁg%g%ﬁé%ﬁ%% gt’pg@{ﬁﬁ%lsye IPep%esen%i glcg) Isq(équelrrllces
recogni zi ng t he ant ithfehgavyshaid vapekie dograin AiGRIk eegigh pihdEReL NS Her? for ns
of "humani zed anti b@iESregRRCIREG IBNOY 2 4hd PCPRENEgidhiof EQ IDNGBe t hose
in which the constant region _has. been addition | £ .30 -
changed fromthat of"¢ H’et%f)ﬁﬁléti %31“ Va?ﬁl?}ﬂﬁé%i/n A éie)#érrg@ gﬁ %gggggp}elg)ti’es
accordiddg to the i nadiDPRDregionBSEQAID HO:h aﬂ‘ég&?}ﬁltr@gwqfﬁﬁﬁépﬁﬁoéhd/or Fc
receptor (FcR) binding. The term'human anti body", as used herein, is

i ntended to inclugdg saat isb@edi esntucidindige Veitd apbafiag Gumignto rAgGans

derived from human'germ.line. i nogl obul i n, sequen : . | ies are
wel | - known in the s%&?‘@”ﬁﬂs g H’(?%Yy é‘?‘nvﬁajg‘?,(%%faﬁ% ?%gﬁéu\g/%gﬂgggg\?ﬁ%gl ,

J.G, Curr. Qpin. Chem Biol. 5 (2001) 368-374). Human anti bodi es can al so
be produced in transgenic aninmals (e.g., mce) that are capabl e, upon

i mmuni zation, of producing a ffll repertoire or a 10 sel ection of human
anti bodi es in the absence of endogenous i munogl obulin production. Transfer
of the human germ|ine i munogl obulin gene array in such germline nutant
mce wll result in the production of human anti bodi es upon anti gen

chal | enge (see, e.g., Jakobovits, A, et al., Proc. Natl. Acad. Sci. USA 90

PPy P = g g -1 . " ~ NN I OA NN SN\ PN =N



The term "reconbi nant human anti body”, as used herein, is intended to

i nclude all human anti bodi es that are prepared, expressed, created or

i sol ated by reconbi nant nmeans, such as antibodies isolated froma host cel
such as a NSO or CHO cell or 30 froman animal (e.g. a nouse) that is
transgeni ¢ for human i mmunogl obulin genes or antibodi es expressed using a
reconbi nant expression vector transfectied into a host cell. Such

reconbi nant human anti bodi es have vari abl e and constant regions in a
rearranged form The reconbi nant human anti bodi es according to the

i nvention have beeNGQuIF, eIRRPY tegiamof SEL 18 dtRitG3s ard p &R wioBof SFRUs, the

am no aci d 35sequengngoods, bhEinhe Bkt MhinMaghNe 8odhinaMEDR B €t JTAEQ

anti bodi es are sequences - b t hat , ?Dﬁ({)l %lﬁ:d frogfi)g?der.el at ed to
human germline VH IQnHOVES’s”eé BRecrsgion ff. u IaP9 % Wehh the
human anti body ger 8EQ @NCepéstoire in vivo. The "variabl e domai n"

(vari able domain of a light chain (VL), variable region of a heavy chain
(VH) as usedherei ibh &h® didpe@fic| dnfibbdy2RELJR@AY Yo ah@i ns 5
whi ch i3 invé \E/E)é1 %@g@ﬁnsﬁfﬁﬂgpﬂg%nﬁlgﬁt Re aI’Il)ti body to}?he an?%’gen. The
domai ns of vakveakprats sigrterizeg i thahd heavy chains have the sane general
structure and each domain conprises four framework (FR) regions whose
sequences are W dl saidcfimsantigentbindoersite sperifisally fhinsling' ey P gpinpisies 2% egi ons™”
(or conplenmentarity D hQASEQEPRND: 7Thed by AFRWALK vaggiions adopt
a 3-sheet confor mt?%ﬁ%aq%gw&i@%%%%%y form [ oops Ig%irimecti ng the
p-sheet structure. dmeaimPkQ IPN@a%#0€hain are held in their

t hree-di mensi onal structure by the framework regions and formtogether wth
the CDRg from t haiipdaitersecdraii rantigen-bintlingersithi spcriigalty t bindiMe tanfNSbdly heavy
and light chain CDRL’;3 j 1y ; IO NGNS, bl & lightt he

bi ndi ng specificity Oéépﬁgﬁf%iheg#,@%wgngﬁééﬂéﬁéﬁtﬁéhf&or d?\tr%rﬁgo t he ignhventi on
and 15t heref ore pr odiaHevagablgdpRam *b%?@(l,fp ‘Yhe invention. The terns
"hypervari abl e regi on” or "antigen-binding portion of an antibody” when
used herein refEbispeifichmtinodiesoaracit deastets valend sind fmayrbeatnity lisetd yetsaialem oar e
responsi ble for... l,9en-chindi Ag. 1 : : i ifE€qh Ofe CiAUERHLBES am no
acid resi duesn?.‘fﬂpgér]r%rlt.hgpe’f%g@gl {ehgnegigg%ﬂﬁwyggg%g?maﬁbﬁdéﬁé;e%i ons" or "CDRs",
"Franevér k" divalgRtripdent ofiteffRyalePe t hose variabl e domai n regions other than
the hypeivariabl e region residues as herein defined. Therefore, the |ight
and heavy chaa rsrtief aspecaof ibbddyentionps i swcleicovidimotegule-aneedingasheineofdonai ns
FR, CDR1, F . CDR3, and FR4. CDRs on each chain are separated
by such frarrel:g\%})dr %E%%ﬁ(%@ﬁdés. Especially, CDR3 of the heavy chain is the

regi on which contribute st to, 25 anti.gen hi ndi ng.. .CDR_an R reqions are
det er mi ned acB¥r mv%tlopoglﬁggr E‘Eoé(mféred‘pﬁésrlgrhi‘_’?&%rﬁ %@%B%f{sa%t 9‘51%& y gquences
of Proteins ofccordtgroltingineaitioh nhpabds of exprdssiog said Pugkicacideiala olgsyficce,

Nat | Onaﬂ | nStc')rtel{ﬁ(%Srot?J lixd_s’? @%%f Rind %@gt%ﬁg@@ntﬂgng L8&LVectot €orlth® RREMbingnt

_anti bodi es accordrng to thé i1nvention jnclude, in addition, such
anti bodi es hamdstiop Shareanjikedy eccertingeiRdee WEH O cat i ons” (which is meant by
30 "variants" of the bispecific antibodies). This neans nucl eotide and

ami no acid segueneentiondurklies abinpriseswhprokargdicros teukdrietist hast cell eomprising a

above- nenti onged, ch EN t he anti body according to the invention.
Modi fi cati onsveccgorl{ agég%%ﬁ%t%z:nggn (g/n'st andard techni ques known in the art,

such as site-directed mutagenesis. and PCR i at ed t agenesi s.. .
Conservati ve ah§ ieyeRE fHEn FOMAISES 6n@$ﬂ€ﬁgﬁé eoﬁéogldfth&\/\ﬁfcahgltsﬂeemﬁacm no
aci d reg due pgiboeplaseedingité hhainventi@? charmactemaedaly dxpressingue nhelvicragida
simlar side chain. L b].es.:af : am i ' VielGind i rBddvafineS| de
chai ns have b%cé:ﬁr@negf Eﬁt{el%jﬁvﬁﬁtf(ﬁrem:?})&%%ﬁgggoé g%ldalgi%glg hiaﬁtcdiel[}der am no .ag(S:i ds
with basic si shd bispgcific qnibedy ﬁg@iSﬁ’é‘,ce&Pgm?iCFﬁé&‘“%F stneHierEy Theddvgnions; ge
chains (e.g. asiefidnfpriréd e agtibtdgmbeidibglsuchunehanbieshtpedtiard. si de chai ns
(e.g. glycine, 5 asparagi ne, glutam ne, serine, threonine, tyrosine,

cysteine, t ryggiﬁ;m@ aﬁ%?,{% B9 o in%mﬁonciteﬁ%@ﬁmﬁﬁc&ﬁc@ﬂ @RigaSitioN bipAsind €uci ne,

i sol euci ne, proline, g I'ani ne, nethiopnine), beta- ranche% Si defchai ns
(e.g. tHeonisad bisapsihe antihodyetiid GEPEFHIPTLToR tht freat@prtert GaHpHshE disg 0
tyrosine, phegyhaipaiife antibodpifenihannanistureoNg medithment far freaciatned of
nonessential am no acid residue in a bispecific <VEG-- ANG 2> 10 anti body
can be preferably replaced with another am no acid residue fromthe sane
side chain famly. A "variant" bispecific <VEGF- ANG 2> anti body, refers
therefore herein to a nolecule which differs in amno acid sequence froma
"parent" bispecific <VEG-- ANG 2> anti body am no acid sequence by up to ten,
preferably fromabout two to about five, additions, deletions and/or
substitutions in 15 one or nore variable region or constant region of the



the anti body to an epitope of the antigen(either human VEGF or human ANG 2)
inan in vitro assay, preferably in an plasnon resonance assay (Bl Acore,
GE- 25 Healthcare Uppsal a, Sweden) (Exanple 2 ) with purified wild-type
antigen. The affinity of the binding is defined by the terns ka (rate
constant for the association of the antibody fromthe anti body/antigen
conpl ex), ko (dissociation constant), -and KD (koica). Binding or
specifically binding neans a binding affinity (KD) of 10-8 npl/1 or |ess,
preferably 10-9 Mto 10-13 npl/1. 30Bi ndi of the antibody to the FcyRIII
can be i nvestdngat edndiyodaoBirgatment afspaign( @fgﬂﬂealftmaa@euppﬁémwlstsvmden) The
affinity of #@blg%éggjﬁ{}%b@ﬂgéngnpimﬁgﬁ@eeggfg@hlt&gm(&,gte constant for the

association o y fromthe antibody/anti gen conpl ex), ko

oot Bl no Tug SRResipe aistafst achrd o0 B invirttin o™ SO 1 Bl oot har
t he anti body pitizatsamndeGoda Wl Gl asb ANE - BOOLEting thekapyn Thearitibodies acworiNG: 1
bi ndi NG ELI S@ @é%ﬂ)ént((ﬁlcﬁgeqiquaﬁ(ﬁllngégﬂpifo )tes T:Ql%lﬂgeﬁ @Enc?@'f&oaoﬁatlehtnd udes

any polypeptide determ nant capa I.c 5 binding nti body.
In certain eﬁﬂffﬁﬁlmﬁﬁﬁﬂ‘ssucbﬁlqlifﬁée Gepesially ﬁ‘éf ““Erffﬂ“&&%“céhéh‘%’émg@' ‘ég?ﬁ ve
surface gr OUﬂiulﬂdSo@fthﬂD{tﬁCbﬁbﬁ&lﬁdJ@htxb%ﬂleanacn@d&@ ds thesiiyantiai dee afbad ns,
phosphoryl , ul f on and,, i K ific
i co. di wensForare 4t pier, PR s BE o OE AShilchoc R, PABAAPEE
characteri stpmnbma\wn@élthedp@epev%mpwpwﬁQ)Ifaf%{’rﬁaatﬂhngf‘én that i s bound by an
anti body. 10l n certain enbodi nents, an antibody is said to specifically

bi nd apgant i gRi i nedfahe Divealibly recogni zes its target antigen in a
conpl ex m xture of proteins and/or macronol ecules. In one enbodi ment of

the inventiopt %&b?lgﬁ{%ﬁgl}f} e 1?10&1&%?‘1%’ : %F’sgg&ﬁﬁ %ﬁnl?od%""ggemh@ﬂ@t HndRg &Nt

anti body as sca term ant i denot es ﬁ_‘n ant i body
consi sting ohumap VEGH |ang digpan ANG- o‘d’?‘ﬂﬁ'é‘é‘ﬁy dpsh i‘fﬁ‘ge‘éﬁH‘ ingo Sitey | engt h

anf' body ljl gpecaltafinvindy 't Lﬁdmdrﬁf\gidfF andi boﬁyoﬂwangg&bw.hmngl ﬁ'ﬁceathat o
pol ypepti de con N-ter m irection of an anti body
ffj}%ﬁs%&ggﬁg’ th'(ae}A?\Iaa A cﬁa(%%cg%dzgé n t@n%!

heavy chai n V&% an y constant heavy chain domain 1
(CH), an antibody hinge region (HR, an anti body heavy 20 chain c¢onstant
donmai n13 (CH2), andaidhantigenhining sissyare (¢asha dHseiash aphedy rheavy ehay

abbrevi ated as VH GhhabiB-d6iHamCG3; anantbadptlightdalnyvasiabladbidaindy heavy chain
constant donain 4 (CH4) in case of an antibody of the subclass |IgE.
Preferably the "fuyl t i

consi sting i n - torG AR pAR b‘*mﬂ’%ﬂﬁ%ﬁﬁfﬁ%ﬁ‘ e GV POLEIRBRET. 5 and
CH3. A "full lengt theemtqhewﬂab Wa‘iﬁDR?§e%°’E)8f§EQdRIdQ Losting in
N-terminal to Cterm Rg: 9ISEECID BID: af7, @SEQUD booty94, iaglDR 2 hdpiion ok8EQ@DI e
domain_(VL), and a 0 i a a ) evi at ed
domes gV, 2, A btk Rl GRebapebant, A iy (b g et ot
or A (lanbda). TheCPRd rﬁglbh df 5T AD AP BhSEQR %Nchsl Q il?lli‘éQf t%@ét her via

i nter-polypeptide disglibins: di@raﬂeunﬁé Rhiih @afiblSfordaRRICDRN ehgioh@f CHI

dormai n and bet ween e heavy
chai ns. Exanpl es ofé)tj‘?@dgdg(g f‘l%qﬁﬁﬁé;hlzagggo@dﬁgsag’r E@?m ntl bodi es
like 1gG (e.g. |gG CDRadetigEf, SEQND NQA, SEQOD 2Ky 13EBEQTHS Nyl 21 logngt h
ant i bodies accordin t t teogpashess . g.
human, (%gr t hey can %Eééq |Iﬂ§r Pge Bd@ﬁRF?ér?i}g%é%mlggﬁ?gg ghe full "I enght
anti bodi es - 34 - 2ERIPN A1 6T PRE | P:N nthon conprise two antigen binding
sites each formed by a pair of VH and VL, which both specifically bind to
t he sane anti gen.iiifBui# aecomdospeginfhiodibg vateerspe%ﬁ:caﬂlul birdénggtth) AdE-2body

conprising a first W8 af'r"u Eup{h@qfe% SHafraBB6e GORGInSE CDQBQngBH‘@f@EQ'HbOdy

i ght chains and t eav hai NS 1S ody. The
C-termnus of the h@&/ﬁ%ﬁqﬁg ﬁdegglﬁgéﬁqfﬂgﬁggﬁ%mw denot es
the lagp am no aci deatSEQED GO emrrsaqsmﬂom dr SEQUD NO: 86, gNIDR:’hmgron The

N-term nus of the hefagﬁgo[b NUJ% §}E'§'IBI@(P séuS%dhtﬁ NO: ear»,g q@tNéogly dinot es

the last anino acid®a eavy_or hai .

preferred embodi mnenSEROD N0s $8c PERIDINE; HbREQ 8P hH's’% 6F StE elDoI?IQpéz;l fic

anti body 10 specifi gad b DN INdifda df S EQUIMENOVESSBQAD 20040, ISBQ H) NG 984t h
factor (VEGF) and human angi opoietin-2 (ANG 2) according to the invention

are bivalent antibodies with two different specifities as e.g. a) described
in WD 2009/ 080251, WO 2009/080252 or WD 2009/ 080253 (domai n exchanged

anti bodi es- see Exanple 13) or b) based on a scFab-Fc fusion anti body
wherein one single chain 15 Fab fragnment (eventually disulfide stabilized)
is specific for VEG- and the other single chain Fab fragment (eventually

d| sulfl de stabl I | zed) for ANG2 (see Exanple 14) or c) descrl bed |n

A NN N\ N A = O rNA LALN A A=A oA ™ A a




I n one enbodi nent the bispecific anti body according to the invention is
characterized in conprising as am no acid sequences of SEQ ID NO 129, SEQ
ID NO 130, SEQ ID NO 131 and SEQ ID NGO 132 or variants thereof. I n
one enbodi nent the bispecific anti body according to the invention is
30characterized in conprising as am no aci d sequences of SEQ ID NO 133,
and SEQ ID NO 134 or variants thereofig-- 35 - In one enbodi nent the

bi specific antibody according to the invention is characterized in
conprising as am no acid sequences of SEQ ID NO 135, and SEQ ID NO 13601
variants thereof. SEESEH N@i 16, SEQ dD NQpUEhSEQ B 8 Qa2e8EQHDINEG: B@ary chai n

variable domains okg BHQ0L e A infhe R chiIR vhsidtht agiiath & OBRI Alaldh sformai ns o
SEQ ID NO 8 (derive rom bevaci éuma C&-A ?St,l n?ﬂ% as fi rig, t 8 - bi ndi ng
site binding to VEGEQ HAdNBh 2BnatRe haf vithiieaBliRtgRH oA P éEQ I D NO
52, and the |ight ahéWwe4VasEQ@QEDeN@ottaiSES) IF NEEQ9| BENJD BQ: (de3EQdD from

Ang2i _LC06 ' L Rl h g bind| t :
eﬂgoldi_ nt : )sa?Z E?g&gﬂ;gqs??gbgﬁ?@ggg'%@ ?ﬂr)ib\%lbgelztgk gggﬂ?@%ﬁ%i}caﬁ%&ﬁsog:sed
t

on a full |ength amsioroelSEQLD XP28I PEQRUhIPh*4: 3ESh & K@ Bnti gens
]yEGF or A!\IGfZ, tg \Mﬁ);cbg,csﬂcyn:?mlnfs, @EQEIIDTNU)I;IS’MQ'SEQHE) Keasy ocBQnDa scFab
ragrrent IS use C Specl . DI t . antlgens
VEGF or ANG 2, i ncl |H8’ %%Bglﬁflnﬁeéoﬂg{%g?q g)ch}r%g?(ggy, ggfr\léfe'ggr Fggd e.g. in
EP Appl. 15 No 09002900 9!, SEELIIENAHP SHQNDANO 6 SESt HANS:FasQdR a ful |

| engt hyanti body speghfdical swohbmdrg. to one of the two antigens VEG- or
ANG 2, to which at one C-term nus of one heavy chain a VIl or VH CHL

VL Fr agneli OFS SRUSLEEhH SEET o SRRt TONERetesT Rl i e o
ant i gens VEGaventioANGelyracdterzediti theg 20knobs -i nto hol es technol ogy, as
described e.g. in EP Appl. No 09005108.7 (see Exanple 12). 1In one

eLTbodi ment tge bjySp&sd hh€geAHindiod Vited (O Ng palr dfh iu?mgm heavy:\%ain S0
characterized in’'conprising as _am ng.acid seguences .0 EQ I D NO 115, SE
ID NO 116, and SEdrgBEf’lﬂléi"%i‘ff“an?fﬁwf’g%ﬂ%htt @ng?gtﬂ%??{n%%e embodi nent the
bi specific anti body according gg}é_t he i nvenfitci@l?%@j %‘r_cégar acterized in

conpri 5 ng as amihcascfingt adigaehwdnssite SR 0 o Vditeh pqpgees M9, and
Che. hoavy chai n vl oL G a0 S BN e Ghain
vari abl e domai ns ofé%r?%’w E%Q((}I?ergi/%d%a FPZ% FEVAS zur%gfgsNAv:aSti n)) as
first antigen-bi ndiang isitedight nitiimgartable\ie@Rin akdPRonregion MSEQIENG: 1 vari abl e

domai ns of SEQ I D NQpR3 redbilof S0 b 8i): 5 Chaia YR tainraepiDnsoed; SEQ I D
NO 53 (derived frﬁ%ﬁgﬁ%o%a%% as second aanti gee%- l?i ndi % site binding to

ANG 2. - 36 - Preferred. bispecific. antibody. formts fo bi s ific

ent o spec e 2l R i Ll A R oo
and human angitbpbeayicha i8ndare

2 e; r a;/ﬁl \e/:\?)t 288; } 384- ggz(réggr{&gbf @E(%'S%t%\v@&gﬁé%z@% @@RplsrlégiféihfoksEQSIDaNgglqgcg i b'?'ﬂus

in one embodi ment <N EhesligbtF qirbvaéﬁ{’\%%wh\ %6P§?F§£§‘P 8%%%8‘?2\8% gr mats as

described e.g. in WDCINOY A7 b5 SEQr INNQUG7 2a@I2EDRIr reon ApH SEQND

0900492 .9 (see ExaIQBI, s 1 or 10). I n one enbodi nent of the invention

t he bi Specific tetraval ént anti body TvAb-2441- 10bevaci zumab-LCO6 is
characterized in conprising a peptide of SEQ I :..102 & the |.ight chain
of SEQ ID No: 62 oronid 'ﬁ'ﬁ? %ﬂtt&%%wgﬁlfi!ngﬁﬁeéﬂ@%&ﬁ*ﬁﬁ Mding tog F%’BB‘?;SIG? ic

anti body accordi ng inaht heaviynheintviatiablé SoradiaraaCDRB reppeh ofi SEQHPMNGiligaas ani no
acid sequences of SEQ.LD ; 110 Qlof\$@0 Bk idrer eof .
151 n one enbodi mentgﬁ .éz rﬁgé%é’%lgg%ﬁan ?@g@g)ﬁ(@}?hﬁ%ﬁﬂfo trtlje invention is
characterized in comsringhelishishaimvarsbledamany (ERdaszion o5FEQIB N 2% 11, and
SEQ I D3O 112 or VAIGCHRD SefibfIBHBEQ ID NO:21, and a CDR1 region of SEQ ID

NQ:22; and

iii) said second antigen-binding site specifically binding to ANG-2
comprises in the heavy chain variable domain a CDR3 region of SEQ ID



I n one enbodi nent the bispecific anti body according to the invention is
characterized in conprising as am no acid sequences of SEQ ID NO 113, and
SEQ 201 D NO 114 or variants thereof. These am no acid sequences are based
on the heavy chain variable domains of SEQID NGO 7, and the light chain
vari abl e domains of SEQ ID NO 8 (derived from bevaci zumab (Avastin)) as
first antigen-binding site binding to-WeG&, and on the heavy chain variable
dormains of SEQ ID NO 52, and the |ight chain variable 25 donmains of SEQ I D
NG 53 (derived from Ang2i _LC0O6)) as second antigen-binding site binding to
ANG 2. I n one enbodN®EM; a DR Teegionwd BEQH NGk 26 epea CPRA regipn &b 8EENnt

ant i body TvAb- 2441@9@(\59@3 &m&%eh@cna% ChBbRCIRkAiIT SEDRY 28GRI SEQY a
peptide of SEQ ID No:_ 103 and thb @g&éﬁ;&ﬁln of, SEQ 1.D Ngb gZ 3 variants
therof. - 37 - IidRt Nehaddh 9arsESbi with, the, M309Ps iR ik&%te
determ nant in an apiweaTya CBRL hezidreafSEQ HAINO:CZDRA aégiRinregion of SEQone
enbodi nent the bisqﬁﬁh 56 anti body according to the invention is
tetravalent. In a fUrthér embodi nent said tetraval ent bispecific antibody
whi ch has the 5follow ng characteristics: - it _is consisting of: @% a
monospeci f i clbiovaleatodingneof thainiseaon doh Liseesifiey apHbedxoagegIding &hd

anti body heavyeftii ib shaserize®irftihtl | engt h anti body |ight chai ns whereby
each chain is conprising only one variable donmain, 10b) two

peptide-|inkers, Ci)c)sa}d\’\%t@%-gg@/ﬁﬁ%i dife€ Bl ‘igﬁ of! ﬁgﬁrﬁibgwm@a\%ﬂ&ﬂamdi es

each consisting of an an ! eavy_chain var] abl e damal.n., an anti body
li ght chain vari ablarigelgdpmaingpd amagtibedy debihrR vriaRe foBEPween sai d

anti body heavy chain variable domain and said antibody |ight chain variable
domai n;jp15and pr &ff esatibfingt smiigeh-bindiglgesite kpeanfialiy bddigds VEGEE romprsgs e® t he
hoavy chai ns of . al TerharTh PR dhah Q0 MORTAHOTIL R 18 BER POty
C—tferrriglus)toft'i]he Nﬁb%%)é’@é_@ﬁflpczgi &%Q’g&agﬁihtﬁfggqvgmgig?gm Q _df_m)re
preferably to the SROESISEQIIND: (6, SEDQ 40 :He ospecific

bi val ent anti body 20heavy chains. In another enbodi ment said bispecific
anti body is t?”ai‘{as';a?d“seg&[hd.a BQ&I—@Bﬁingf sfe Ghebilchn el?\ﬂ&iﬁga&;'J_QQJ@Z
conprising said a I'gen-bindi ng”si te afd_consisting o ;Vf gﬂﬁbo / heavy
chai ns 1and two ant i ¢roeiyises asteatheliais vanghly domain SEQUD NQ3 h §ER}H NP si ngl e
chai n Fab fragment s44emey irsNOY 5328 EQ 300D 06R ISEQUENNDE 6B rBEQIDN®€]6, wher ei n
said single chain Faf 1AGReol 8- UBASH Rb: 85 Culdinahit Oucitlshidll borh&RIL N
anti body under a) vi d p gf &' 26mnect of at dhe - or term nus of the
heavy or |ight chai BEQfIDsMOd32,u88Q IRRYPh3Antithobeaynutations 1§2he HO2R15081 ment
sai d bispecific antijapgysp@ nb NG:-asakeot D Rod 56 08B0O SONOF 61, SEZBID Na) a ful
| ength anti body co i Si Q %l 1t eQ; i 'Bg 3site and consi sting
of two Znti body heggéf Sﬁﬁgﬁg a erﬁ@ R@%&g’fl PI t ch%l'ns; and b) two
identical single chain Fab fragments conprising said first antigen-binding
site, wherei Ansaiedersborjinentchfathe Pabntionatheebisrecificdartibeyly sceordingel® 16 said

full length qﬁ@é'nlggﬁlys 486feridad iMliat @ peptide connector at the G or N
term nus of the heavy or light chain of said full |ength antibody.

Preferably said singl. ain Fab fra nt s. o ' aid full
l'length anti body dﬂdg?lgafﬁcrg\ﬁngg%‘%d%%flggle@s Sglrt;l{é@ oﬂr;mg g?%gﬁé}bts%?nrﬁgﬁﬁs@ of the
heavy or 10l i ght chdhahaivyshaid vetkble [demginha &R Dbesgipn af PEShED MPoli ent t wo
i denti ggl single chaaigq NG rRgrem® R JTSHPID NERQOBESBQLIDILO: a5.e fused
to said full length an iqtb)d%/ V] a ? @ﬁnﬁﬂﬁ ongﬁétlng _tgé ged %tglgﬁighnus of
each heavy or |ight RBAZIGPREregeneip gf’ﬁr i od@‘. - ANC P8 NE

enbodi ment two i dentdhaialvasabigHiemaihai CDRAbegfonaafriESHh I NOX: #ddmIER P ANG@econd
15anti gen are fused g0, %aheh fdfhdn 4008 IDARDIHBHYER ® ROPER! irfles CORIECt OF at
the region of SEQ ID NO:6, or SEQ ID NO: 99;

30 iii) said second antigen-binding site specifically binding to ANG-2
comprises in the heavy chain variable domain a CDR3 region of SEQ ID
NO: 38, SEQ ID NO: 46, SEQ ID NO: 54, SEQ ID NO: 62, SEQ ID NO:



C-term nus of each heavy chain of said full length antibody. In one

enbodi nent two identical single chain Fab fragnments binding to a second
antigen are fused to said full length antibody via a peptide connector at
the C-termnus of each light chain of said full | ength antibody. 20Such
enbodi ments including single chain Fab fragnents are described in nore
detail in e.g. EP Appl. No 09004909.9 wAe ch incorporated by reference. The
term"peptide-linker" as used within the invention denotes a peptide with

am no acid sequences, which is ref er of synthetic, ori Thes
peptide- |inkers acdBriEQEP NO:iT8 v%h%lﬁ(gr{])yal?’@ %é(él?%i fegiae th%@%ﬂ}q ?@rent
antigen-bi ndi ng sitaes, Q@Qﬂnd@mmsEQh@dMOE ss,g;mmmmem SBQIIP NONPL,i si ng

the different antig Ngy Sl . g9l gth
anti bodies, a VH do%&qtif /ggr ) 18?1\19) 8§ Eﬁh (ggééart t'oget her
to form a bispecifi ¢0a$EQ IdeiD #Sc SEQ %NQO56 h%EQ |Q§nSFFQé

peptidexlinkers can S_F@Jg]m'ﬁ@ Q@eoxoswomm wﬁ]dfmlhevw omhn@nasued
ap) e

sequences listed in I am no
acids. 30Said peptid@ mlal“n‘képg% rregloﬂeogsqgo(gébv\qﬁ)hgfiggaénm %e Ses%é]glgnce with
a length of at | eastN(5 HBEQ IACNGs 65 p3EQEDANDY7HSER ID é@stSI;L@r %EQHIB aci ds,

more preferably wthy 2k Br BEHEEROLU238E0 ID RE} BE, KD
Preferably said peptlde Il\:cgkbR S]EJQ

are p S With acid
sequence with a | engi®: 3% SER IPe%IQt %SQQ%NQCJQ‘S%E&&D%@ %ﬁﬁro%gﬁt sai d
Eepu g)eml i nker i Z ( XS) 90, hd b DR ggyi GRSEGIE NRT4NSEQ D NG SEInSEQg 35 4,
or or (x =4 a nmor e
preferably with x qﬁﬁgr%ﬁﬁg&)6w$ﬁb§ﬁﬁw&§ [I)lgr}g?{jlgeg I nEgr al so
addltlonal G gl yci nd® ¥@rPlbe added, e.g. GO, or GGG The tent

"single-chain-linker" as used W|th| n the i nvention denotes a pepti de W th
amno acid Seﬁxueﬂ@%ﬁmbomeﬁﬂ’l of Sheplimfeati@blthe dfspayfic hetibodyosdegiding Thése

si ngl e-chai n-. kers acco rgldﬁgt{l% invention are used to link a VH and a VL
domain to forW\"fin PY I§ PRRTHCE T v. Preferably the said

si ngl e-chai n-1i nker under c a_peptide wth an_am n% sequence wth

1S
a | ength of at Iea)stsalﬂfﬁrﬁrﬁl%\%ena‘é‘f‘%g stg seechical e PRgIng tg, tEﬁ;CF q he%f  at
| east 20 ami no aci damea\tyrbheme/aaamedbmamss@mm g lbe SEQADMON k@Y, anday GxS) n

ith G = glyci d n= 3,
\2” or 5), gr )él(‘:lepgbl y 1{ﬁhf ag? vahﬂtgle domﬁm '?DN‘b 850r% (g b (151 aﬂé an n=

, nore pre 4, 15n=
4. Furthernore said single chain (single chain Fv) anti bod| es ar

preferably disul fiiideaidseaond potagn-boing sits sPREFCAY T &HQ ARG ‘FQ%KSF%n of
single chain anti bodi Gsaviyhaghiaguise dosat'SEQMDIe0LE4,i SBQ b NOBXSEG de bond

bet th bl ft
descri b e. o1 n 0BG 95SR3 TG, &1, 4 FuFRR, J A 9%?“@%4%‘5%“3 10
(12) (1997) 1453- 59N®<&Ba§misah|hghwhalrewr@bledomm%%@1 ‘An8ER 1B NPogy 25

(1998) 387-393; or %@h@E@mI\M 61€8EQIID, NON6R EQaDLSO( 19SS MYND: $734. I n
one enbodi nent of &gﬁ%fﬁ%ﬂ g?e stabilized singl e chain antibodi es, the

di sul fi de bond bet ‘iabl e domains of the single chain antlbodles
conprised in the antibody according to the invention is independently for
each singl e chaione amtiodisnt 28 doy@dionr G bispreifie ARjibedyaperORdiRg 491B° domai n

posi ti opg 44 t n)ehGhY isChahdlerRl idta€ domai n position 100,

ii) said second antigen-binding site specifically binding to ANG-2 comprises

in the heavy chain variable domain a CDR3 region of SEQ ID NO: 38,

SEQ ID NO: 46, SEQ ID NO: 54, SEQ ID NO: 62, SEQ ID NO: 70, SEQ

ID NO: 78, or SEQ ID NO: 86, a CDR2 region of SEQ ID NO: 39, SEQ

30 ID NO: 47, SEQ ID NO: 55, SEQ ID NO: 63, SEQ ID NO: 71, SEQ ID
NO: 79, or SEQ ID NO: 87, and a CDR1 region of SEQ ID NO: 40, SEQ

ID NO: 48, SEQ ID NO: 56, SEQ ID NO: 64, SEQ ID NO: 72, SEQ ID

NO: 80, or SEQ ID NO: 88, and in the light chain variable domain a



ii1) heavy chain variable domain position 105 to |light chain variable domain
position 43, or - 40 - In one enbodi nent the disulfide bond between the
vari abl e domains of the single chain antibodies conprised in the antibody
according to the invention is between heavy chain variabl e domain position
44 and light chain variable domain position 100. 5In one enbodi nent the

di sul fi de bond between the variabl e don®ins of the single chain antibodies
conprised in the antibody according to the invention is between heavy chain
vari abl e domain position 105-and |ight chain variable domain posjition 43.
The structure of tHiBR3 eagion/ef TR I dilneRR IBING: 47,352 [ NO: Akt PHddy
according to 10 thep neewsi SEEmENG! TrISBQ b NiDNgL .t 6 YEQGHRDAND: ANGa 2,

wherei n one of the L gens .S~V il.8. i 2. The
structure is based @ﬁk?ag%?f} gﬁ%ﬁ%ﬁﬁ “Z%t‘ﬁ%ﬁ? sp%@i %‘?(;esalﬁ gﬁtﬁﬂdréfgﬁgg?o

Antigen A to whi chiDXMO: (6pSEER NQ: dids SERQ) 1BaNOt 8bpt SEQIP NOhgl.enéhai n Fvs
speci figally bindi ngp, @ré%gasdgps;xia@mew@; 43, 8kedpvive: s hesen BEMG:de; bEQker is

Simole chain (si ngl © BRaph S IANG:S el TG ot oo BN al ai su 1 de

stabilization between the variable domains VH and VL of the single chain
ant i body (sin@l eneclabodifmedt af ehgrimfeptiorethe bispecific antthody hascomdinigotd thent sai d

tetraval ent bj [ §d bady +hs characterized in that said nonospecific
bi val ent anti%‘ggl$&|5§r<%‘aﬁd2§gr agﬁ specifically binds to VEGF and 20said two

nonoval ent nonospecific single chainh antibodi e nder c),.bi.nd to ANG 2. In
a further enbodi Mentaidsscand dtiesy-Ridme %F%e(fgficﬁﬁ%g’&ﬂﬂg%@&) ¢? CREP&Ct eri zed
in thatigai d nonospschdaivy chiin avhalle dompibRBQ FANO: A SEQID NsuA2f SEQI | y

bi nds to ANG 2 and gaid. 4 PSWELI4 | ' 2 egaspoant i bodi es
under c¢) bind to VE@Ng%QﬁIE@@B%% SER 214 SeIDACE S %éb is a
n (VH,

gFe chain Fab fragnent’ {see Figur
pol ypepti de consi st NRg 98+ angnasokeh ¢hpig yavatie 408 iR \}ﬁ’rNQDI%g’ %%
an anti body constanNOdesESEQ 1D (NIl 91, SEQ [@WOLe BBQ UhNCe d) SEQ dDiN(yl e
dormain (VL), an ant %@grg%%é&lgmo:c%ai n constant domain (CL) and a linker,
ins an

wherein said antibo "said |inker have one of the follow ng
orders in NNtermnal to Gtermnal direction: a) VH CHL-|inker-VL-CL, b)
VL- CL- | ITker - itHomHembegiment of -the riResntion tegpispesifs aptibagy. #999rding, ke ey ¢
and wherei n sgiventldnik&fardcterze® @l thept i de of at | east 30 amino acids,
preferably between 32 and 50 amino acids. Said single chain Fab fragnments

a) VH CHl-Ilinker-WM-Cl Q) = = |4 < : f srides fH1 and
d) VL-CHI -1 i Mher - U ﬁrgtrae“\t{g?‘gh}“llfii‘%gsgé ﬁ\’%t by Rfé‘?ﬁrﬁ;‘? %%K&ﬁ@% e
bond between the CL teoheavi dth vanebleflomainng; (DRI {Hegion of SEQ R 'nﬂsa‘
denotes the | ast anmgprAacégobf 5BQ I Nox 1 misa CDRd tegiom SFCH@ IDiNDS;
denotes_t he | ast am ng.agid. the Ctermnt. . K .

enbodi r’r%(flut sai d ant |aﬂgdr§/ﬁ§glng§:; ﬁ}éaugﬁ%rla;bgei (g}nfbl“ﬁ grDR|3nlleglé)?(§RsS|%n {de éﬁhi n Fab
fragnment have one ofa €RB2fregibeaf 8§QOHNESS: japd RGRIk higgian ISR dl VPRal
direction: a) VH CHigzhi nker-VL-CL, or b) VL-CL-linker-VH-CH I, nore
preferably VL-CLIinker-VH CHL. I n anot her preferred enbodi nent said

one of the fol | ow Nged aerd niEf pAoRENy SakRAlbislay b KoL adampt have
in the heavy chain variable domain a CDR3 region of SEQ ID NO: 46, a
25 : CDR2 region of SEQ ID NO: 47, and a CDRI1 region of SEQ ID NO:
48, and in the light chain variable domain a CDR3 region of SEQ ID NO:
49, a CDR2 region of SEQ ID NO: 50, and a CDR1 region of SEQ ID
NO: 51.

In one embodiment of the invention the bispecific antibody according to the

30 invention is characterized in that



a) VHCL-linker-VL-CHL or b) VL-CH -linker-VH CL. The term "peptide
connector” as used within the invention denotes a peptide with am no acid
sequences, which is preferably of synthetic origin These peptide 15
connectors according to invention are used to fuse the single chain Fab
fragnents to the C-or N-termnus of the full length antibody to forma

mul tispecific antibody according to thé&2irnvention. Preferably said peptide
connectors under b) are peptides with an am no acid sequence with a length

of at least 5 am no acids, preferably wt | engt h of o 100, nore
preferably of 10i} éa‘@(ﬁréh%tn‘éerég‘i“ég‘.g S%?\SW&CEW EWgB’@itﬁevrﬁngsﬁc?’ﬁprﬁgfﬁ de
connector is (GxS) meavy {HaxSyaableddntairCEEQJDYNDNE, ard ssdighhehaimmariqble = 3, n=
3, 4, 5 or 6, and 0 ; (x =4,n=2, 3, 4or 5and n= 0, 1, 2
or 3), preferably Q&E;na?%%%%%i\f%s%rzﬁ%, nore preferably with x =4, n= 2. In
one enbodi nent said peptide connector is (04S)2. e term"|inker",as used
wi thin the i nventioBiddesetnds aatigamRingias wsit %ﬁ?lﬁ&‘);l{g'citﬂnégg sL?ngﬁ &, which
is preferably of sydtipeféscasticagy chainlheiblepdmiain 8EQaldr NIOd iSAgartdcesi lighent i on
are used to link a) ,VHCJL ta V- to VHCH, c) VHCL to VL-CH
or d) VL-CHL to VH%‘WVW#F%O?EQ%EQQ%HHS%i ngl e chain Fab fragnents
according to the invention a) VH CHL-Iinker-VL-CL, ,g) VL- CL-|i nker VH CHL,
c) VH CL-1 i nieronyLengiqdiment f the- iopentiop fhe ispeeific andhody ppookdipg 48 Wt hin t he
si ngl e chai nRaBidd @eARAdtsided imthaepti de with an am no acid sequence with a
| ength of at |east 30 am no acids, preferably with a length of 32 to 50

am no acids. In oRe_e i woag g fidafiv W EBF GomnlbeéGh ne, S =
serine, (x =3, nél)8§alcgg%fal¥ggggr?§@r{v%%{eQE?&Zéag?l 3; ,oé:ogx = ﬁjgﬁg n=6, 7 or
8 and np--- 0, 1, 2thethegyy chainpariable dgmaing GPRA rheign of FEQHD g5 L, Prang i n=
0, 1, 2 or 3, nore PrefErRO! ¥4, CHRE regidh oNSEQ 1BMLOL - or SEQ D NDreds,

enbodi nent said |inker j 04S) 60 i I i i i ; shﬁ%ﬁ Fab
fragnment, additionaffld? ¢§R§ ﬁ‘églgzu%? ﬁsr%&%i]\g%?’fér eé(’g(ljl?]gd 'egt%\’/veg}ginﬁtﬂﬁe - domai n
and the CH donai n, clairsvarishie demaitboGPRAcagion eh8FER 1B NQati astEQ BbN&n (vH)
and the ant i body }igﬂ;a_ EbRbMekigf loAbES MONW:A) 450 AT ldhtl deCBRab | i)zed
i ntroduction of a ‘disylfi n ol l owi ng positions: i

h)e/avy dfai n vari abl B8 |s&'erﬁ%ﬁ?)| Hrﬁ%&ﬁﬁr}fégﬁ chai n vgr Pabl e domain
position 100, 10ii) heavy chain variable domain Epsition 105 to light chain
vari abl e domai n po}said s;vorBantigen-bindingisia saecificallyibipdnigdd PA G4 FAMANSsi t i on
101 to light chain L 8blvs HONRIAO8éhifA CISE: fopitRATSHIRNGaySs, @ccor di ng

Fab fragments i s achFRUBHNGY SErite BR2 Triith O 18n 014 ireq P e Bong * "
bet ween the vari abl endlarGDR ragibraotiSEQ IBf NOh€4somPE@ IBhMOn 8and i Hgnent s.
Technigyyes to intro e LRl dofasil Eipte REloH P SHPID N@ sl beskQon for a
si ngl eq%bhai n Fv ar eﬂg@s%]lrdl ed e. .O?H.lan \é\%) %4{0 §)3 g 3 S aV. Qet al ,
Prot. Engin. (1997) I@mi-@@?q@ﬁgﬂf’g‘é’ﬁio, AR N0, 06, 4 @gﬁ di%iind &

Bi ol ogy, Vol. 25, (319981 23on3IZEQID SOh6T,dt SEMID WO: @l. , Oncogene (1999)
18, 20 1711 -1721. In one enbodi ment the optional disulfide bond between
the variabl e (OGRI UswOfinlchP of I Olifvchl T BROSRITRMOTyCARDIIRED ki Lhe
anti body according to the 1nvention Is between heavy chain variable donain
posi tion 44 amdentioghs charasterizehiith¥l e domain position 100. In one enbodi ment
the optional disulfide bond between the variable domains of the single

chai n Fab fragneniis saidrpst eden-bintling s@Sspeaificalbobipding do VMBEGTycaneprispeas

| nvention is betweep, irCEHa00 w?maabém dlo .17, BPSEGIIDNGOFocaRst b ght

chain variabl e domai n oslfl on 4§ nunber | n% al wa aﬁiﬁr dbﬁ? tg EU i ndex

of Kabat). | n anigh yasiebleopgineSEQ 17 qiét?réi&b P-\PHRB%t sai d

optional disulfide stabilization between the variable donmains VH and VL of

the single chain FybsadDf seegidndrsigen-Bingingf eite egpecificlly -binding to ANG-2

VL- CL-1 1 nker - Vi C1 - Tl OLCA 1ty BORD vBrithRaditaih REG 19 NOxL6¥ 6 BEQOD the two
e‘two Ctermni of the

heavy chai ns or to th ] ) . two | ight chai 0 id full

| engt h 3ti body undéf¥Oa$2, agd@p lighisshain yagahlr demaiy § IP&%&’[&?:QFEF@?D&
peptides (either i) pp@ayy chain and single chain Fab fragment or ii) |ight
chain and single chain Fab 5fragnent) which are coexpressed with either i)
the light chain or the heavy chain of the full length antibody to give the
bi specific antibody according to the invention :



In a further enbodi nent said bispecific antibody is characterized in that
the constant region derived of human origin. In a further enbodi nent
said bispecific antibody is characterized in that the 10constant regi on of
t he bispecific anti body according to the invention is of human |gGl

subcl ass, or of human 1gGlL subclass with the nutations L234A and L235A. In
a further enbodi nent said bispecific a®3i-body is characterized in that the
constant region of the bispecific antibody according to the invention

anti body is of human |Ig& subclass. 15In a further enbodi nent sai@

bi speci fi c antidedgmbositaensrefctheripyagon ihe mispetifis ¥Bhefasccrdge dn BFf t he

bi speci fi c anijhsyisaasactehzg it that he i nvention anti body is of human |1gG&3
subcl ass. In a further enbodi nent said bispecific antibody is

characterized in.the. regt on . of ' e [ ordi ng
to the invention'l ssaécfﬁﬁﬁarr@%_g? %@ﬁ%sltggg%ggcsﬁg?&ﬁ%?é t?u\r/ragﬂplcg%gxgﬁggl ass
Wi th the additional tenheary chisyable fampach ABIS BN ELTER IHAOf Red

bi speci f5i ¢ anti bOdLeﬁRéga'giBﬁbf BEQﬁm MEGR, and a FCDRD rédi: 3f ;aBQdD_drmlgs,t o the
current invention have inprqved.characteristi . as [ or

phar macol ogi cal act R W‘f‘%ﬁ‘éf Bé’%ﬁ‘%’iﬁl%mﬁpc?;ée?g?g%%}oﬁo% @?t@ﬁiey show
i ncreased in vivo taf®R2gegon hf SERIBINQ:SnantrCBR1irggipbek SER IBNGS; t unor
angi ogenesi s when conpared to the nonospecific parent antibodi es agai nst

VEGF and ANG 2 (SgpshxasRbes AfigedBind@ ke Q%d'fﬂﬁfailﬁoﬁinﬁfngditéfﬁmu

bi speci fic <VEGF- ANG 2>, anti bodi es bevaci. - ANG21.= -\

nonospeci fic anti boi'}i’r%%“sﬁ?/%Psti?‘i3 ﬁea(vl?f %EBW@U%@%?O%‘FE‘%Dkﬁ%l&L@Q?%n& or
bot h i ntoconbi nat i onNO: RFuCDRErmgipe of 8EQ MOND¢ 63; ahd PR tregigmpd 2FQi s
reflected in the i mphedsbodyin WRI1EAE ciffin VaBbiEfimADL TBRS Bsiod8t SE@S | ess

deaths of test aninals during the in vi ppl | cation). c red.to the
appl i cation of two &N@s@@ﬁg‘?w ir?ﬁfl‘i“{/?éggﬁ I%NE% 66, ?%%6?393@1 FE Hit i bodi es
agai nst VEGF and ANSE®D IDINOo§hi nati on al so represent an advantage of the
bi specific antibodi es according to the invention. Furt hernore the

bi speci fic antifod O&g@g{r gt A% IRehtMR B bRMCi fid ¥BIBIdP NacBBInRr RV tide
benefits such as reduce ose and/ or frequency of adm nistration and
5concom3 antllyvmﬂlssﬁ\ﬂaﬁ@§?edﬁﬁéh"cterm "constant region" as used within the
current applications denotes the sumof the donmmins of an antibody other

t han the vari abl eiiy egjd dmst afitigenclondingsite spegifiorly bindiog to MESIR/eomiseedst |y i n
bi nding of an ant | Q%Qavgbél‘l‘éin%ﬂ'alﬂletdém\éﬁirS@QSDQM)??Izﬁfd dsunst ipnsvarRerendi ng
on the am no acid sequénce of the constant region of their 10 heavy chai ns,
anti bodi es are divi demainSEQEP Na8sed 1 gA 19D, IgE, 19G and IgM and
several of these may be further divided into subclasses, such as 1gG 1,

| g&, 1gG3, and |{j04aidl gédondndntiggadinditge $iteaspedfiedlly dindinganto Ad¥Pdns t hat
correspghd to the di -ent A358Si APl [ e Ret b€tnd.as BehC, V.,
and | A ﬂjrﬂlespectivel ;B&@ﬁgéaﬁsght Qha%nﬁaggﬁfgt&gggﬁfggieonspghi ch can be found
in all five anti bodyheipyadehie dgmaain SEQ 1PN Ox E?-kappa) and X (1 anbda). The
term"constant region derived fromhuman origin" as used in the current
appl i cati on denohesmbodiarat afitthdéaxentioth dhe bispgiifin anfibedyhegeardingnte sady of
the subcl ass 98009 Farack@FBa ildhat! 94 and/or a constant |ight chain kappa
or | anbda region. Sich const ant regions are well known in the state of the

art and e.g. 20 descrijbed by Kapat., E.A. e . Q. Jo G . and Wi,
T.T., Nucleic Aci H SRé FrStZ%’%@%ag’@%lmﬁfK? ﬁﬁ??,gécﬁﬁﬁifr,%"\’_g. tﬂ.m:s@? bompprisehit ¢
Nat | . Agmd.Sci. USA tRR héhg7dhin2vB8Eble2RB8lin aVHPRS region o6 HEES IBDNQhb 4 gA
subcl ass show reduc | bl icsh : i P f3 ot her
eéé’l?l@ . gg‘?@}e&‘ 958(15%8- bl &q p Oﬁkma%ﬁw s@gmm@s,

| gG subcl asses show Stron ndi ng. t ver Pro 270,
Asn297 (| oss of Pc cadpeHiedisht ghin prgd ,om%zéﬁimﬁ%%%gﬁ%/m,
11e253, Ser 254, Lys288DRThe@0N of SEQIDINOAS 434, CBRH rddieISER 8D MNGQitdues
which, if altered, prqvide also reduced Pc receptor binding (Shields, Rt.,
et al., .1. Biol. 276 (2001) 6591-6604; Lund, J., et al., FASEB J. 9
(1995) 115-119; Mrgan, A, et al., |mmunol ogy 86 ,(%995(? 8%}2-324; .EP 0 307
434). 380N one entiddiideseondrntisebipdipe stceaitnaly Bnine 19 AVERT PFURPHEE a
reduced FcR bi ndi ng iR chain &hridbldloraaih ialEI0R3 sepibrt sfSB@HD NGB CSE & C

bi valent (full length) parent antibody is in regard to FcR binding of g4
subclass or of 1gd or Ig& subclass with a mutation in 5228, L234, L235
and/ or D265, and/ or contains the




- 45 - PVA236 nutation. In one enbodi nent the nutations in the nonospecific
bi valent (full length) parent antibody are S228P, L234A, L235A, L235E
and/ or PVA236. |In another enbodi nent the nutations in the nonospecific
bival ent (full length) parent antibody are in Ig& S228P and in IgGlL L234A
and L235A. Constant heavy 5 chain regions are shown in SEQ ID NO 35 and
36. I n one enbodi ment the constant heav4-chain region of the nonospecific
bival ent (full length) parent antibody is of SEQID NO 35 with nutations
L234A and L235A. I n_anot her epbodi ne heav in region of

t he nonospeci fic bi GBR&megier of SHQHJ ]#'9 Eiraé‘a éﬁ{i ¥§§€€ ?D NO: 36
W th nutation S228Pg0,lnd fnbé Hght cwnermnﬂe danmntarm)mmgtoameEngNohai n
regi on of the nonos fi¥ g i s a
kappa |ight chain r o(frllb? ?é%\g@ ﬁ%ﬁﬂ% d egQ M%d?ﬁ@%?@%ﬁ?%@[e%l on of
SEQ ID NO 34. Pr efeﬁabi‘y t he const ant heavy chal n region of the

nonospeci fic bivalent (full length) parent antibody is of SEQ ID NO 35 or
of SEQ kD NOjn 3heVerhbodifiént dfothe Siddéifion 1hEhisisgeoifist anibodegtandiog tanthant i body
is directly i.nvol.ved Ln ADCCer?ﬁ}a{ body- dependent cell-nedi ated

cyt ot oxi ci t y)™4R 155(5 dependent cyt ot oxi city). Conpl enent
activation (CDC) is |n|t|ated by bi ndi ng of. conplenment. factor CI q to the
constant region df) sadfirsf @GEQWIWS@LP@EWQ%@]@%"‘“‘H%&%EGBFO’@P“EFStaB an

anti body is caused mvﬁeﬁalﬂaeqm@a@hmnmmemm@manaqﬁ lightschain wtakieblso cal | ed

20 binding site. [oYo) t ~EQIO blndlng sites are known in the state
of the art and descﬁ?%@ﬂgibgg%é %u gs et aI J. Im"runol 127

(1981) 2555-2560; Brunhouse, R and Cebra J J. . I'munol &1979)
907- 9170 Burt on, ithRsaid esecand | antigerrbindmgs Sctf98m01fé°3k§y 3hwdm$hc5?mre%‘%
et al., Mol. | mMmunokemgfc Rﬁwy%ﬁﬁnmﬁﬂblelddmsmggm IIEND:, 84¢tandibs light.

| munol . 164 (2000) 41 8- 5et al., J. Virol. 75 (2001)
12161- 12168; Morgan<h “@%E"i"ma‘ Egllkl}a%y 55236 (1995) 319-324; and EP 0 307

434. Such const ant regl on binding sites are, ¢ ,.Characterized by the
ami no aci ds Lassher|epdpdinppy of thramyventiers jsga b’&B@@ﬁC wsipody gregiically hingwgo

(nunberi ng aCtSQ{ﬂaﬂgvafs@nﬁwdd&@exalogrod&ﬁb&uor (VBGH) anthhant i dedpeddpendent

cel lul ar. cyt ref stol | f l1's by
an ant iBody a@g\ﬁr}é ﬁéﬂ %%eqzﬁé T ﬁ}% G BeRt 96[?1 EN@rze%%#ée n&tasi) oaﬁﬁlcel |'s.
ADCC i s meas Wsindingrtef eumadsl Angippoétin tlr éAlfehk "Bﬁ’lcal ma@phraatlbmsowh@@%
expr essi ng Ce%p%:élﬁ@élf W e apt hiasy ﬁﬁl@ﬁdmﬂﬂ ﬁ& Tt&ehdrﬁh\‘lef}m@ﬂ laBeté]g?

presence of effector cells s ch res pur
ef fector cel |Ang%soRd gefi®By ¢ 85? @“@ghé‘g?? ﬁ% klﬂr?égrabglNK)
cells or a peAﬂ@iemlcy ogranmbcugesl\lKindeigl t35he m@ne cpite as WL&MLC%

"conpl nt d C t d d by
bi ndi ngﬁgf Coﬁg@ E@{) fé%gi xné%m angliesc f, Phre a'ﬁth)cﬁ&se

to the FC paft ntib
subcl asses. Bpipdingado dhe &gmee FIBtOQﬁ a3 i Rgsedy- ﬁg O&éﬁ@é‘d‘qﬁb dtlgeir B 55
protein-prot eérﬂbd&ﬁu@rit&ﬁ&hd)ﬂﬁerﬁbnt}kheblsmcﬁ"asl dneitlodyi specificallyi bimdinStochurka par t
bi ndi ng sites ar I Fc part
bi ndi ng si tes’ aﬁ?@ %V\{.%,ehal ar@g?aec?&rg(g?@ ahﬁﬂmﬂ c?%cfeglg%ll_ 34 G%ﬁ%@% D270,
N297, E318, K@8®0fo Hmlzm AYSt! @rdvikgen theupeers ﬁ@tlefé%%ﬂduaﬂ ébady’ BUPPhdex of

Kabat ) .,sAnt i bagllgRaff bﬁalllag |t@§ﬁmh1§1 Gm@opbeml (ANG-1)y Gidu sa1etlel samehepitope

| t t t d d t
St Tvate t he. tbriandi LoOL: antik oottt ooy Ap fodic sy tifincs
anti body accopxéfeﬁlgalymo theesamevepitopo s iAngd d4id6 e Wﬂé@ﬁbﬁh@hblsﬁﬁﬁf»‘s Thus,

one aspect. of JiBaRl" &RANIRY BHdAN b SuindiiCh bt 6UsEN odioReh (agornt body
according to t

t f d
il el ¢ aci o CYEBE Ky A AOPOBAS e AN )t 0ot M ROGH PO MBS or
recombi gant  lfhepapmuaiti-ANGE entitiodg Iwndmpmﬁcpaﬁiytbhehr@ttabemem Amnpgiopegetin land
compri se prot g@ﬁfgg%&%g fﬂmgm I&L@Jg@é&@é k&haae@ geylléﬁ{gycqt bﬁplﬁehéc%w@iaah

subsequent is pur i f cat|
pharnaceutlcahﬁyﬂﬁc@eﬁ@&ﬁﬁb(EBPFFVQMFH?wﬂH% @wﬁwgegﬁdﬁ sped %mﬁﬁPg%%dles as
af or ement i onegpdciicAI{eddigehd hunids | eiseulac entbtielislogiongh thneor CEPEEY and

nodi fied |ight and hea t pression vectors by 20
st andard nethb&? Eﬁﬁﬂ’ Pgﬁpﬁa3%é§¥%@§§é‘fﬁmﬁﬁdgggﬁ.ate prokaryotic or
eukaryotic host cells like CHO cells, NSO cells, SP210 cells, HE1C293
cells, COS cells, PER C6 cells, yeast, or E.coli cells, and the anti body is
recovered fromthe cells (supernatant or cells after lysis). General

nmet hods for reconbi nant production of antibodies are well-known in the
state of the art and described, for exanple, in the 25 review articl es of
Makrides, S.C., Protein Expr. Punt 17 (1999) 183-202; Ceisse, S., et al.,
Protein Expr. Pura. 8 (1996) 271 282 Kaufnan R J., M. Biotechnol. 16
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Am no acid sequence variants (or nutants) of the bispecific antibody are
prepared by introducing appropriate nucl eoti de changes into the anti body
DNA, or by 5 nucleotide synthesis. Such nodifications can be perforned,
however, only in a very limted range, e.g. as described above. For
exanple, the nodifications do not alter the above nentioned anti body
characteristics such as the 1gGisotypesnd antigen binding, but may

i nprove the yield of the reconbi nant production, protein stability or
facilitate the purification. 10The term "host cell" as used in _the current
appl i cati on démet pesfared ckibedineht ise Yisnegificopahasimspprieally hinding tedygmiger ed t o

generate the Rtk Bodh@RaR ANY- dlcaﬁtphgng A EfirGttnki é}t-bmamgrtttb @bt sbéblﬁmy
embodi nent HEK293 cel | s

herein, the é&‘ﬂﬂségé‘i‘l’o‘ﬁ%\% tgﬁse@B?‘farﬁlg’?B%m%%S“qu‘ft Spﬁﬂhaulry m%?l{g used

i nter changeahtu;maandNGLz chaahtedesi gnthai tiwsser:mdl adigepbingergysiteThas js ndie wor ds

15 "t 1 agst of nanlfcadfhdidd @k MadicpediiS] (Aigliyde the primary subj ect cell
erive e

and cul tures romw t reg rd for the nunber of transfers.
It is also understood that all pro recr ntical in
DNA cont ent, eRfecmpdiaentind ths E‘VS?t’%n s e‘% arﬂﬁ’g% Ef’r‘?gl &#’Hﬁt ngPogeny
that have t hehusmevdsomat iendotisaliabigodvadyi faator ABMEGH)t andabursen eeg@goitn-2i n t he
originally ”(%'%1% 9 E’ﬁﬂ?&sﬁ’@ Q’{vft dnﬂgéﬂlﬁﬁﬁm ?s%%m%ﬁédl%nwblmqo% a8 18

descri bed by, g totech g “PgZ 00@ 09-123;
Barnes, L.M ,VBEFand a sgopd aahgenehinding site that snseificalbsings e h
expres Sl'Oon l Schdﬁ@féﬁkélleﬂl s tHR. @tio olﬂuhé)Bhﬂfng Affinitiet KA (antiNacbindiig) ds. Res.

30 (2002) EO9. bl e d b ndj R et

o) PR BleftiRin vegr @i g TR SdRRCELRAGDY & *@ log,

Pr oc. Natl Auaerabsct 5 -39 (UsAnggmpodigrnt &@%O)ere%rﬁblx\me trgKDL., et

oy ' 293% htHQ% .@ﬁof{ 10 o187 Krﬁvﬂﬁ@sf eerceelmtﬁr@asmermmpr essi on
| S

system (HEK scr (18;1% égch ae ﬂllr %gaé’rd an ?g}d) CXIS:.' 5t e?r%?ems ., In
Ca :

Cyt ot echnol o
Met hods15194 (Hxﬁx%) VEGE ahagmman ANGe mrhortlobresquersolebletl‘neﬂptcarlaasdﬂ mabl e for

prokaryot es, ?FbﬁrﬁrHEt@l yasanld @Jrfee%aﬁtms %@Mkmgabt YheAghi®BBthat or
sequence an a r| OSOHE

I.ng Euk otiC ¢
utilize pr onpieatPior Beandh dyr 3 B C%ﬁ %‘&U‘@ i Ahag St‘nét%o tﬁ%g’\,\%‘r@ acid is
“operably Ii ndﬁﬁdmey\nm (niliti ges-birl diee itd rspwﬁmﬁntt/ﬁﬁﬁ)ﬂ(t)emrgemm:tg ket h
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with Ni(Il)-.and. Cu(ID-affinity material), size exclusion chromatography,
and 25el ectrophoretical nethods (such as gel electrophoresis, capillary

el ectrophoresis) (Vijayal akshm, MA., Appl. Biochem Biotech. 75 (1998)
93-102). One aspect of the invention is a pharmaceutical conposition
conprising an anti body according to the invention. Another aspect of the



One enbodi ment of the invention is the bispecific antibody according to the
invention for the treatnent of cancer. Another aspect of the invention is
sai d pharmaceutical conposition for the treatnent of cancer. 5Anot her
aspect of the invention is the use of an antibody according to the
invention for the manufacture of a nedicanent for the treatnent of cancer.
Mot her aspect of the invention is netha@é-of treatnment of patient suffering
from cancer by adm nistering an anti body according to the invention to a
patient in the need of such treatnent. 10As used herei "Rgg ceutica
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25Anot her aspect of the invention is said pharnmaceutical conposition for
the treatnment of of vascul ar di seases.



Anot her aspect of the invention is the use of an anti body according to the
invention for the manufacture of a nedi canent for the treatnent of vascul ar
di seases. Anot her aspect of the invention is nmethod of treatnent of
patient suffering from 30vascul ar di seases by adm nistering an anti body
according to the invention to a patient in the need of such treatnent. The
term "vascul ar di seases" includes Cance?7- | nfl ammatory di seases,
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It is also 15 understood that all progeny may not be precisely identical in
DNA content, due to deliberate or inadvertent nutations. Variant progeny
that have the same function or biological activity as screened for in the
originally transfornmed cell are included. Were distinct designations are
intended, it will be clear fromthe context.



The term "transformati on" as used herein refers to process of transfer of a
20 vectors/nucleic acid into a host cell. |f cells without form dable cel
wal | barriers are used as host cells, transfection is carried out e.g. by

t he cal ci um phosphate precipitation nmethod as descri bed by G aham F.L.

van der Eb, A J., Virology 52 (1978) 546ff. However, other nethods for
introducing DNA into cells such as by +##cl ear injection or by protopl ast
fusion may al so be used. If prokaryotic cells or 25 cells which contain

substantial cell wall constructions are used, e. one A th d gff&
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expression pgg%ﬁtss\@escrl ption of the Am no acid Seouences SEQ ID NO 1
heavy chain GF>bevaci zumab SEQ I D NO. 2 heavy chai n CDR2,

IR bevact b 20 | 003 IR R0 S B PRIRTLAUA S 1O
complementarity determining regions (CDRs) which contribute in varying degrees
to the affinity of the binding site for antigen. There are three heavy chain variable

20 domain CDRs (CDRH1, CDRH2 and CDRH3) and three light chain variable
domain CDRs (CDRLI1, CDRL2 and CDRL3). The extent of CDR and framework

- regions (FRs) is determined by comparison to a compiled database of amino acid
sequences in which those regions have been defined according to variability among

the sequences. Also included within the scope of the invention are functional

25 antigen binding sites comprised of fewer CDRs (i.e., where binding specificity is
determined by three, four or five CDRs). For example, less than a complete set of 6

CDRs may be sufficient for binding. In some cases, a VH or a VL domain will be

sufficient.

In certain embodiments, antibodies of the invention further comprise
30 immunoglobulin constant regions of one or more immunoglobulin classes.
Immunoglobulin classes include IgG, IgM, IgA, IgD, and IgE isotypes and, in the
case of IgG and IgA, their subtypes. In a preferred embodiment, an antibody of the
invention has a constant domain structure of an IgG type antibody, but has four
antigen binding sites. This is accomplished e.g. by linking two complete antigen
35 binding sites (e.g., a single chain Fv) specifically binding to VEGF to either to



5 light chain CDR2, <VEGF>bevacizumab SEQ ID NO 6 light chain CDR1,
<VEG->bevaci zumab SEQ I D NO 7 heavy chain variabl e domain,
<VEGF>bevaci zumab SEQ ID NO 8 light chain variable domain,
<VEGF>bevaci zumab SEQ I D NO 9 heavy chain CDR3, <VEG->ranibi zumab SEQ I D
NO_ 10 heavy chain CDR2, <VEG->ranibizumab SEQ I D NO 11 heavy chain CDR1,
<VEG~>rartibi zumab SEQ ID NGO 12 |ight-xhain CDR3, <VEGF>rani bi zumab - 54
- SEQ ID NO 13 light chain CDR2, <VEG->rani bi zunmab

N- or C-terminus heavy or light chain of a full antibody specifically binding to

ANG-2. Alternatively this is accomplished by fusing two complete binding

peptides specifically binding to ANG-2 to either to C-terminus heavy chain of a

full antibody specifically binding to VEGF. The four antigen-binding sites

5 preferably comprise two antigen-binding sites for each of two different binding
specificities.

The terms "monoclonal antibody" or "monoclonal antibody composition™ as used
herein refer to a preparation of antibody molecules of a single amino acid
composition.

10 The term "chimeric antibody" refers to an antibody comprising a variable region,
i.e., binding region, from one source or species and at least a portion of a constant
region derived from a different source or species, usually prepared by recombinant
DNA techniques. Chimeric antibodies comprising a murine variable region and a
human constant region are preferred. Other preferred forms of "chimeric

15 antibodies”" encompassed by the present invention are those in which the constant
region has been modified or changed from that of the original antibody to generate
the properties according to the invention, especially in regard to Clq binding
and/or Fc receptor (FcR) binding. Such chimeric antibodies are also referred to as
"class-switched antibodies.". Chimeric antibodies are the product of expressed

20 immunoglobulin genes comprising DNA segments encoding immunoglobulin
variable regions and DNA segments encoding immunoglobulin constant regions.
Methods for producing chimeric antibodies involve conventional recombinant
DNA and gene transfection techniques are well known in the art. See, e.g,
Morrison, S.L., et al.,, Proc. Natl.v Acad. Sci. USA 81 (1984) 6851-6855;

25 US 5,202,238 and US 5,204,244,

The term "humanized antibody" refers to antibodies in which the framework or
"complementarity determining regions” (CDR) have been modified to comprise the
CDR of an immunoglobulin of different specificity as compared to that of the
parent immunoglobulin. In a preferred embodiment, a murine CDR is grafted into
30 the framework region of a human antibody to prepare the "humanized antibody."
See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S,,
et al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond to those
representing sequences recognizing the antigens noted above for chimeric
antibodies. Other forms of "humanized antibodies" encompassed by the present

35 invention are those in which the constant region has been additionally modified or



SEQ ID NO 14 light chain CDRL, <VEG->ranibizumab SEQ ID NO 15 heavy chain
variabl e domai n, <VEG->rani bi zumab SEQ ID NO 16 light chain variable

domai n, <VEGF>rani bi zumab SEQ I D NO 17 heavy chain CDR3, <VEG->HuMab 06- 31
SEQ ID NO 18 heavy chain CDR2, <VEG-> HuMab G5-31 SEQ ID NO 19 heavy
chain CDR1l, <VEGF> HuMab 06-31 SEQ ID NO 20 light chain CDR3, <VEG-> HuMab
06-31 SEQ ID NO 21 light chain CDR2, -Q0EGF> HuMab 06-31 SEQ ID NO 22

i ght chain CDR1, <VEG-> HuMab 06-31 SEQ | D NO

changed from that of the original antibody to generate the properties according to
the invention, especially in regard to Clq binding and/or Fc receptor (FcR)
binding.

The term "human antibody", as used herein, is intended to include antibodies

5 having variable and constant regions derived from human germ line

immunoglobulin sequences. Human antibodies are well-known in the state of the

art (van Dijk, M.A., and van de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2001)

368-374). Human antibodies can also be produced in transgenic animals (e.g.,

mice) that are capable, upon immunization, of producing a full repertoire or a

10 selection of human antibodies in the absence of endogenous immunoglobulin

production. Transfer of the human germ-line immunoglobulin gene array in such

‘germ-line mutant mice will result in the production of human antibodies upon

antigen challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad. Sci. USA 90

(1993) 2551-2555; Jakobovits, A., et al., Nature 362 (1993) 255-258; Bruggemann,

15 M., et al., Year Immunol. 7 (1993) 33-40). Human antibodies can also be produced

in phage display libraries (Hoogenboom, H.R., and Winter, G., J. Mol. Biol. 227

(1992) 381-388; Marks, J.D., et al., J. Mol. Biol. 222 (1991) 581-597). The

techniques of Cole, A., et al. and Boemer, P., et al. are also available for the

preparation of human monoclonal antibodies (Cole, A., et al., Monoclonal

20 ~ Antibodies and Cancer Therapy, Liss, A.L., p. 77 (1985); and Boerner, P, et al., J.

Immunol. 147 (1991) 86-95). As already mentioned for chimeric and humanized

antibodies according to the invention the term “human antibody” as used herein

also comprises such antibodies which are modified in the constant region to

generate the properties according to the invention, especially in regard to Clg

25 binding and/or FcR binding, e.g. by “class switching” i.e. change or mutation of Fc
parts (e.g. from IgG1 to IgG4 and/or IgG1/IgG4 mutation).

The term "recombinant human antibody", as used herein, is intended to include all
human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from a host cell such as a NSO or CHO cell or
30 from an animal (e.g. a mouse) that is transgenic for human immunoglobulin genes
or antibodies expressed using a recombinant expression vector transfected into a
host cell. Such recombinant human antibodies have variable and constant regions
in a rearranged form. The recombinant human antibodies according to the invention
have been subjected to in vivo somatic hypermutation. Thus, the amino acid

35 sequences of the VH and VL regions of the recombinant antibodies are sequences



23 heavy chain variabl e domain, <VEG-> HuMab 063! SEQ ID NO 24 light chain
vari abl e domai n, <VEGF> HuMab 063! SEQ I D NO 25 heavy chain CDR3, <ANG 2>
Mab 536 SEQ ID NO 26 heavy chain CDR2, <ANG 2> Mab 536 SEQ ID NO 27 heavy
chain CDR1, <ANG 2> Mab 536 SEQ ID NO 28 light chain CDR3, <ANG 2> Mab 536
SEQ ID NO 29 light chain CDR2, <ANG 2> Mab 536 SEQ I D NO 30 light chain
CDR1, <ANG 2> Mab 536 SEQ I D NO 31 headly- chain variable domai n, <ANG 2>

Mab 536 SEQ I D NGO 32
that, while derived from and related to human germ line VH and VL sequences,

may not naturally exist within the human antibody germ line repertoire in vivo.

The "variable domain" (variable domain of a light chain (VL), variable region of a

heavy chain (VH) as used herein denotes each of the pair of light and heavy chains

5 which is involved directly in binding the antibody to the antigen. The domains of
variable human light and heavy chains have the same general structure and each
domain comprises four framework (FR) regions whose sequences are widely
conserved, connected by three "hypervariable regions” (or complementarity
determining regions, CDRs). The framework regions adopt a B-sheet conformation

10 and the CDRs may form loops connecting the B-sheet structure. The CDRs in each
chain are held in their three-dimensional structure by the framework regions and

form together with the CDRs from the other chain the antigen binding site. The

'~ antibody heavy and light chain CDR3 regions play a particularly important role in

the binding specificity/affinity of the antibodies according to the invention and

15 therefore provide a further object of the invention.

The terms "hypervariable region" or "antigen-binding portion of an antibody" when
used herein refer to the amino acid residues of an antibody which are responsible
for antigen-binding. The hypervariable region comprises amino acid residues from
the "complementarity determining regions” or "CDRs". "Framework" or "FR"

20 regions are those variable domain regions other than the hypervariable region
residues as herein defined. Therefore, the light and heavy chains of an antibody
comprise from N- to C-terminus the domains FR1, CDRI1, FR2, CDR2, FR3,
CDR3, and FR4. CDRs on each chain are separated by such framework amirib
acids. Especially, CDR3 of the heavy chain is the region which contributes most to

25 antigen binding. CDR and FR regions are determined according to the standard
definition of Kabat et al., Sequences of Proteins of Immunological Interest, 5th ed.,
Public Health Serviée, National Institutes of Health, Bethesda, MD (1991).

The bispeciﬁc.,,ﬁantibodies according to the invention include, in addition, such
antibodies having “conservative sequence modifications” (which is meant by
30 “variants” of the bispecific antibodies). This means nucleotide and amino acid
sequence modifications which do not affect or alter the above-mentioned
characteristics of the antibody according to the invention. Modifications can be
introduced by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid

35 substitutions include ones in which the amino acid residue is replaced with an



l'ight chain variable domain, <ANG 2> Mab 536 - 55- SEQ ID NO 33 (04S)4
l'inker SEQ ID NG 34 lanmbda |ight chain constant region SEQ ID NO 35 hunan
heavy chain constant region derived fromIgG 1l SEQ ID NO 36 human heavy
chain constant region derived fromIgG SEQ ID NO 37 kappa light chain
constant region SEQ ID NO 38 heavy chain CDR3, <ANG 2> Ang2s_R3_1 ,CO3 SEQ
ID NO 39 heavy chain CDR2, <ANG 2> Ang¥s R3_LCO3 SEQ ID NO 40 heavy chain
CDR1, <ANG 2> Ang2s_R3 _LCO3 SEQ I D NO

amino acid residue having a similar side chain. Families of amino acid residues

having similar side chains have been defined in the art. These families include

amino acids with basic side chains (e.g. lysine, arginine, histidine), acidic side

chains (e.g. aspartic acid, glutamic acid), uncharged polar side chains (e.g. glycine,

5 asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar
side chains (e.g. alanine, véline, leucine, isoleucine, proline, phenylalanine,
methionine), beta-branched side chains (e.g. threonine, valine, isoleucine) and
aromatic side chains (e.g. tyrosine, phenylalanine, tryptophan, histidine). Thus, a
predicted nonessential amino acid residue in a bispecific <VEGF-ANG-2>

10 antibody can be preferably replaced with another amino acid residue from the same
side chain family. A “variant” bispecific <VEGF-ANG-2> antibody, refers
therefore herein to a molecule which differs in amino acid sequence from a
“parent” bispecific <VEGF-ANG-2> antibody amino acid sequence by up to ten,
preferably from about two to about five, additions, deletions and/or substitutions in

15 one or more variable region or constant region of the parent antibody. Amino acid
substitutions can be performed by mutagenesis based upon molecular modeling as
described by Riechmann, L., et al., Nature 332 (1988) 323-327 and Queen, C., et

al., Proc. Natl. Acad. Sci. USA 86 (1989) 10029-10033. A *“variant” bispecific
<VEGE-ANG-2> antibody according to the invention includes also bispecific

20 antibodies formats in which the linker (if existing) was modified, or replaced by

another linker.

As used herein, the term “binding” or “specifically binding” refers to the binding of
the antibody to an epitope of the antigen(either human VEGF or human ANG-2) in
an in vitro assay, preferably in an plasmon resonance assay (BIAcore, GE-

25 Healthcare Uppsala, Sweden) (Example 2 ) with purified wild-type antigen. The
affinity of the binding is defined by the terms ka (rate constant for the association
of the antibody from the antibody/antigen complex), kp (dissociation constant), and
Kp (kp/ka). Binding or specifically binding means a binding affinity (Kp) of
10 mol/l or less, preferably 10° M to 10" mol/L.

30 Binding of the antibody to the FcyRIII can be investigated by a BlAcore assay
(GE-Healthcare Uppsala, Sweden). The affinity of the binding is defined by the
terms ka (rate constant for the association of the antibody from the
antibody/antigen complex), kp (dissociation constant), and Kp (ko/ka).



41 |ight chain CDR3, <ANG 2> Ang2s_R3_LCO3 SEQ ID NO 42 |ight chain CDR2,
<ANG 2> Ang2s R3 LCOB SEQ ID NO 43 light chain CDRl, <ANG 2>

Ang2s_ R3_1_,CO8 SEQ ID NO 44 heavy chain variable donain, <ANG 2>
Ang2s_R3, LCO3 SEQ ID NO 45 |ight chain variable domain, <ANG 2>
Ang2s_R3_LCO3 SEQ I D NO 46 heavy chain CDR3, <ANG 2>Ang2i LCO6 SEQ I D NO
47 heavy chain CDR2, <ANG 2> Ang2i _LCO83SEQ I D NO 48 heavy chain CDR1,

;IgNG-Sg>Ang2| LCO6 SEQ ID NO 49 light chain CDR3, <ANG 2>Ang2i LCO6 SEQ I D

As used herein, the term “not binding to ANG-1" or “not specifically binding to
ANG-1” denotes that the antibody has an EC50-value above 8000 ng/ml in an in-
vitro ANG-1 binding ELISA assay (according to Example 9).

The term "epitope" includes any polypeptide determinant capable of specific
5 binding to an antibody. In certain embodiments, epitope determinant include
chemically active surface groupings of molecules such as amino acids, sugar side
chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific
three dimensional structural characteristics, and or specific charge characteristics.

An epitope is a region of an antigen that is bound by an antibody.

10 In certain embodiments, an antibody is said to specifically bind an antigen when it
preferentially recognizes its target antigen in a complex mixture of proteins and/or

macromolecules.

In one embodiment of the invention the bispecific antibody comprises a full length |
parent antibody as scaffold.

15 The term “full length antibody” denotes an antibody consisting of two “full length
antibody heavy chains” and two “full length antibody light chains” A “full length
antibody heavy chain” is a polypeptide consisting in N-terminal to C-terminal
direction of an antibody heavy chain variable domain (VH), an antibody constant
heavy chain domain 1 (CHI), an antibody hinge region (HR), an antibody heavy

20 chain constant domain 2 (CH2), and an antibody heavy chain constant domain
3 (CH3), abbreviated as VH-CHI1-HR-CH2-CH3; and optionally an antibody heavy
chain constant domain 4 (CH4) in case of an antibody of the subclass IgE.
Preferably the “full length antibody heavy chain” is a polypeptide consisting in
N-terminal to C-terminal direction of VH, CH1, HR, CH2 and CH3. A “full length

25 antibody light chain” is a polypeptide consisting in N-terminal to C-terminal
direction of an antibody light chain variable domain (VL), and an antibody light
chain constant domain (CL), abbreviated as VL-CL. The antibody light chain
constant domain (CL) can be (kappa) or A (lambda). The two full length antibody
chains are linked together via inter-polypeptide disulfide bonds between the CL

30 domain and the CH1 domain and between the hinge regions of the full length
antibody heavy chains. Examples of typical full length antibodies are natural
antibodies like IgG (e.g. IgG 1 and 1gG2), IgM, IgA, IgD, and IgE. The full length
antibodies according to the invention can be from a single species e.g. human, or
they can be chimerized or humanized antibodies. The full lenght antibodies



light chain CDR2, <ANG 2>Ang2i _LCO6 SEQ ID NO 51 light chain CDR1,
<ANG 2>Ang2i _LCO6 SEQ ID NO 52 heavy chain variabl e donain,
<AN&>Ang2i _LCO6 - 56 - SEQ ID NGO 53 light chain variable domain,
<ANG- 2>Ang2i _LCO6 SEQ I D NO 54 heavy chain CDR3, <ANG 2>Ang2i _LCO7 SEQ ID
NO 55 heavy chain CDR2, <ANG 2>Ang2i _LCO7 SEQ I D NO 56 heavy chain CDRI,
<ANG- 2>Ang2i _LCO7 SEQ I D NO 57 Iight -Mai n CDR3, <ANG 2>Ang2i LCO7 SEQ I D
NO 58 light chain CDR2, <ANG 2>Ang2i LCO7 SEQ | D NO

according to the invention comprise two antigen binding sites each formed by a

pair of VH and VL, which both specifically bind to the same antigen. Thus a

monospecific bivalent (= full length) antibody comprising a first antigen-binding

site and consisting of two antibody light chains and two antibody heavy chains is a

5 full length antibody. The C-terminus of the heavy or light chain of said full length
antibody denotes the last amino acid at the C-terminus of said heavy or light chain.
The N-terminus of the heavy or light chain of said full length antibody denotes the

last amino acid at the N- terminus of said heavy or light chain.

A preferred embodiment for bispecific antibody formats for the bispecific antibody

10 specifically binding to human vascular endothelial growth factor (VEGF) and
human angiopoietin-2 (ANG-2) according to the invention are bivalent antibodies
with two different specifities as e.g. a) described in WO 2009/080251,
WO 2009/080252 or WO 2009/080253 (domain exchanged antibodies- see
Example 13) or b) based on a scFab-Fc fusion antibody wherein one single chain

15 Fab fragment (eventually disulfide stabilized) is specific for VEGF and the other
single chain Fab fragment (eventually disulfide stabilized) for ANG-2 (see
Example 14) or c) described in Ridgway, J.B., Protein Eng. 9 (1996) 617-621;
WO 96/027011; Merchant, A.M., et al., Nature Biotech 16 (1998) 677-681; Atwell,
S., et al., J. Mol. Biol. 270 (1997) 26-35 and EP 1 870 459A1.

20 In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 121, SEQ ID
NO: 122, SEQ ID NO: 123 and SEQ ID NO: 124 or variants thereof.

In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 125, SEQ ID
25 NO: 126, SEQ ID NO: 127 and SEQ ID NO: 128 or variants thereof.

In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 129, SEQ ID
NO: 130, SEQ ID NO: 131 and SEQ ID NO: 132 or variants thereof.

In one embodiment the bispecific antibody according to the invention is
30 characterized in comprising as amino acid sequences of SEQ ID NO: 133, and SEQ
ID NO: 134 or variants thereof.



59 light chain CDR1, <ANG 2>Ang2i _LCO7 SEQ ID NO 60 heavy chain variable
domai n, <ANG2>Ang2i _LCO7 SEQ ID NG 61 light chain variable domain,
<ANG 2>Ang2i _LCO7 SEQ ID NO 62 heavy chain CDR3, <ANG 2>Ang2k_LCO8 SEQ ID
NO 63 heavy chain CDR2, <ANG 2> Ang2k LCO8 SEQ ID NO 64 heavy chain CDRI,
<ANG 2> Ang2k_LCO8 SEQ ID NO 65 light chain CDR3, <ANG 2> Ang2k_LCC8 SEQ
ID NO 66 light chain CDR2, <ANG 2> Ang2k-LCO8 SEQ ID NO. 67 light chain
CDR1, <ANG 2> Ang2k_LCO8 SEQ ID NO 68
In one embodiment the bispecific antibody according to the invention is
_characterized in comprising as amino acid sequences of SEQ ID NO: 135, and SEQ

ID NO: '136>or variants thereof.

These amino acid sequences are based on the heavy chain variable domains of

5 SEQ ID NO: 7, and the light chain variable domains of SEQ ID NO: 8 (derived
from bevacizumab (Avastin)) as first antigen-binding site binding to VEGF, and on
the heavy chain variable domains of SEQ ID NO: 52, and the light chain variable
domains of SEQ ID NO: 53 (derived from Ang2i LCO06)) as second antigen-
binding site binding to ANG-2.

10 In one embodiment said bispecific antibody is trivalent using e.g. formats based on
a full length antibody specifically binding to one of the two antigens VEGF or
ANG-2, to which only at one C-terminus of one heavy chain a scFab fragment 1s
fused which specifically binds to the other of the two antigens VEGF or ANG-2,
including knobs —into holes technology, as described e.g. in EP Appl

15 No 09004909.9 (see Example 11) or e.g formats based on a full length antibody
specifically binding to one of the two antigens VEGF or ANG-2, to which at one
C-terminus of one heavy chain a VH or VH-CHI fragment and at the other
C-terminus of the second heavy chain a VL or VL-CL fragment is fused which
specifically binds to the other of the two antigens VEGF or ANG-2, including

20 knobs —into holes technology, as described e.g. in EP Appl. No 09005108.7 (see
Example 12). |

In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 115, SEQ ID
NO: 116, and SEQ ID NO: 117 or variants thereof.

25 In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 118, SEQ ID
NO: 119, and SEQ ID NO: 120 or variants thereof.

These amino acid sequences are based on the heavy chain variable domains of
SEQ ID NO: 7, and the light chain variable domains of SEQ ID NO: 8 (derived

30 from bevacizumab (Avastin)) as first antigen-binding site binding to VEGF, and on
the heavy chain variable domains of SEQ ID NO: 52, and the light chain variable
domains of SEQ ID NO: 53 (derived from Ang2i LCO06)) as second antigen-
binding site binding to ANG-2.



heavy chain variabl e domain, <ANG 2> Ang2k_LCO8 SEQ ID NO 69 |ight chain
vari abl e domai n, <ANG 2> Ang2k LCO8 SEQ I D NO 70 heavy chain CDR3, <ANG 2>
Ang2s_LCOO SEQ I'D NO 71 heavy chain CDR2, <ANG 2> Ang2s_LCO9 SEQ ID NO 72
heavy chain CDRL, <ANG 2> Ang2s LCO® - 57 - SEQID NGO 73 light chain
CDR3, <ANG 2> Ang2s_LCO SEQ ID NO 74 light chain CDR2, <ANG 2> Ang2s_LCO9
SEQ ID NO 75 light chain CDR1l, <ANG 2>36Ang2s LCO® SEQ ID NO 76 heavy
chain variabl e domain, <ANG 2> Ang2s LCO9 SEQ | D NO

Preferred bispecific antibody formats for the bispecific antibody specifically

binding to human vascular endothelial growth factor (VEGF) and human

angiopoietin-2 (ANG-2) according to the invention are tetravalent antibodies

(TvAb) with two different specifities as described e.g. in WO 2007/024715, or

5 WO 2007/109254 or EP Appl. No 09004909.9. Thus in one embodiment said
bispecific antibody is tetravalent using formats as described e.g. in
WO 2007/024715, or WO 2007/109254 or EP Appl. No 09004909.9 (see

Exampiles 1 or 10).

In one embodiment of the invention the bispecific tetravalent antibody TvAb-2441-
10 bevacizumab-LCO06 is characterized in comprising a peptide of SEQ ID No: 102
and the light chain of SEQ ID No: 62 or variants therof.

In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 109, and SEQ
"~ ID NO: 110 or variants thereof.

15 In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 111, and SEQ
ID NO: 112 or variants thereof.

In one embodiment the bispecific antibody according to the invention is
characterized in comprising as amino acid sequences of SEQ ID NO: 113, and SEQ
20 ID NO: 114 or variants thereof. '

These amino acid sequences are based on the heavy chain variable domains of
SEQ ID NO: 7, and the light chain variable domains of SEQ ID NO: 8 (derived
from bevacizumab (Avastin)) as first antigen-binding site binding to VEGF, and on
the heavy chain variable domains of SEQ ID NO: 52, and the light chain variable

25 domains of SEQ ID NO: 53 (derived from Ang2i LCO06)) as second antigen-
binding site binding to ANG-2.

In one embodiment of the invention the bispecific tetravalent antibody TvAb-2441-
bevacizumab-LCO8 is characterized in comprising a peptide of SEQ ID No: 103
- and the light chain of SEQ ID No: 62 or variants therof. ‘

30 The binding sites in an antibody according to the invention may be each formed by

a pair of two variable domains, i.e. of one heavy chain variable domain and one



77 light chain variable domain, <ANG 2> Ang2s_LCO9 SEQ ID NO 78 heavy
chain CDR3, <ANG 2> Ang2i _LC10 SEQ ID NO 79 heavy chain CDR2, <ANG 2>
Ang2i _LCI O SEQ I D NO 80 heavy chain CDR1, <ANG 2> Ang2i _LCIO SEQ ID NGO Sl
| i ght chain CDR3, <ANG 2> Ang2i LC10 SEQ ID NO 82 light chain CDR2,
<ANG- 2> Ang2i _LC 10 SEQ ID NO 83 light chain CDRl, <ANG 2> Ang2i LC10 SEQ
I D NG 84 heavy chain variable domain,-3ANG 2> Ang2i _LC10 SEQ ID NO 85
| i ght chain variable domain, <ANG 2> Ang2i LClI 0 SEQ ID NO 86

light chain variable domain. The minimal binding site determinant in an antibody is

the heavy chain CDR3 region.

In one embodiment the bispecific antibody according to the invention is tetravalent.
In a further embodiment said tetravalent bispecific antibody which has the

5 following characteristics:
- it is consisting of:

a) a monospecific bivalent parent antibody consisting of two full length
antibody heavy chains and two full length antibody light chains whereby

each chain is comprising only one variable domain,
10 b) two peptide-linkers,

¢) two monospecific monovalent single chain antibodies each consisting of
an antibody heavy chain variable domain, an antibody light chain variable
domain, and a single-chain-linker between said antibody heavy chain

variable domain and said antibody light chain variable domain;

15 , and preferably said single chain antibodies are linked to the same terminus
(C- and N-terminus) of the monospecific bivalent antibody heavy chains or,
alternatively to the same terminus (preferably the C-terminus) of the
monospecific bivalent antibody light chains, and more preferably to the
same terminus (C- and N-terminus) of the monospecific bivalent antibody

20 heavy chains.

In another embodiment said bispecific antibody is tetravalent, and consists of

a) a full length antibod.y comprising said antigen-binding site and consisting of two

antibody heavy chains and two antibody light chains; and

b) two identical single chain Fab fragments comprising said second antigen-
25 binding site,

wherein said single chain Fab fragments under b) are fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy
or light chain of said full length antibody.

In another embodiment said bispecific antibody is tetravalent, and consists of



heavy chain CDR3, <ANG 2> Ang2k LCl11 SEQ I D NO 87 heavy chain CDR2,

<ANG 2> Ang2k_LCl11 SEQ I D NO 88 heavy chain CDRl, <ANG 2> Ang2k_LCl11 SEQ
ID NO 89 |ight chain CDR3, <ANG 2> Ang2k LCl1 SEQ ID NO 90 l|ight chain
'CDR2, <ANG 2> Ang2k_LCl11 SEQ ID NGO 91 light chain CDRl, <ANG 2> Ang2k_LCl1
SEQ ID NO 92 heavy chain variable domain, <ANG 2> Ang2k LCl11 - 58 - SEQ
ID NO 93 |ight chain variable domain,-38ANG 2> Ang2k_LCl1 SEQ ID NO 94

heavy chain CDR3, <VEGF>820-4.1 SEQ I D NO
a) a full length antibody comprising said second antigen-binding site and consisting
of two antibody heavy chains and two antibody light chains; and

b) two identical single chain Fab fragments comprising said first antigen-binding
site,

5 wherein said single chain Fab fragments under b) are fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy
or light chain of said full length antibody.

Preferably said single chain Fab fragments under b) are fused to said full length
antibody under a) via a peptide connector at the C-terminus of the heavy or
10 light chain of said full length antibody.

In one embodiment two identical single chain Fab fragments binding to a second
antigen are fused to said full length antibody via a peptide connector at the
C-terminus of each heavy or light chain of said full length antibody.

In one embodiment two identical single chain Fab fragments binding to a second
15 antigen are fused to said full length antibody via a peptide connector at the
C-terminus of each heavy chain of said full length antibody.

In one embodiment two identical single chain Fab fragments binding to a second
antigen are fused to said full length antibody via a peptide connector at the
C-terminus of each light chain of said full length antibody.

20 Such embodiments including single chain Fab fragments are described in more
detail in e.g. EP Appl. No 09004909.9 which incorporated by reference.

The term “peptide-linker” as used within the invention denotes a peptide with
amino acid sequences, which is preferably of synthetic origin. These peptide-
linkers according to invention are used to link the different antigen-binding sites
25 and/or antibody fragments eventually comprising the different antigen-binding sites
(e.g. single chain Fv, full length antibodies, a VH domain and/or a VL domain,
Fab, (Fab)2, Fc part) together to form a bispecific antibody according to the
invention The peptide-linkefs can comprise one or more of the following amino
acid sequences listed in Table 1 as well as further arbitrarily selected amino acids.
30 Said peptide-linkers are peptides with an amino acid sequence with a length of at

least 5 amino acids, preferably of at least 10 amino acids, more preferably with a



95 heavy chain CDR2, <VEGF>820-4.1 SEQ ID NO 96 heavy chain CDRL,
<VEG->B20-4.1 SEQ ID NO 97 light chain CDR3, <VEG->B20-4.1 SEQ ID NO 98

|l ight chain CDR2, <VEGF>B20-4.1 SEQ ID NGO 99 |ight chain CDR1,
<VEGF>B20-4.1 SEQ ID NO 100 heavy chain variabl e domai n, <VEG->B20-4.1 SEQ
ID NO 101 light chain variable domain, <VEG->320-4.1 SEQ ID NO 102

bevaci zumab heavy chain Ang2i _LCO6 scRv3dusion peptide of <VEGF ANG 2>
TvAb- 2441- bevaci zurnab-LCO6 SEQ I D NO 103 bevaci zunab heavy chain

Ang2i _LCOB scEv fusion peptide of <VEG-- ANG 2> TvAb-2441- bevaci zur nab- LCO8
SEQ | D NO 10dngth between 10 and 50 amino acids. Preferably said peptide-linkers under b) are

peptides with an amino acid sequence with a length of at least 10 amino acids. In
one embodiment said peptide-linker is (GxS)n with G = glycine, S = serine, (x = 3
and n=3,4,50r6) or(x=4and n=2, 3,4 or 5), preferably x = 4 and n=2or3,

5 more preferably with x = 4, n= 2 ((G4S)2). To said (GxS)n peptide-linker also
additional G = glycines can be added, e.g. GG, or GGG.

The term “single-chain-linker” as used within the invention denotes a peptide with
amino acid sequences, which is preferably of synthetic origin. These single-chain-
linkers according to invention are used to link a VH and a VL domain to form a
10 single chain Fv. Preferably the said single-chain-linker under c) is a peptide with
an amino acid sequence with a length of at least 15 amino acids, more preferably
with a length of at least 20 amino acids. In one embodiment said single-chain-
linker is (GxS)n with G = glycine, S = serine, (x = 3 and n=4, 5 or 6) or (x =4
and n= 3, 4 or 5), preferably with x = 4, n= 4 or 5, more preferably with x = 4,
15 n= 4.

Furthermore said single chain (single chain Fv) antibodies are preferably disulfide
stabilized. Such further disulfide stabilization of single chain antibodies is achieved
by the introduction of a disulfide bond between the variable domains of the single
chain antibodies and is described e.g in WO 94/029350, Rajagopal, V., et al., Prot.
20 Engin. 10 (12) (1997) 1453-59; Kobayashi, H., et al., Nuclear Medicine & Biology
25(1998) 387-393; or Schmidt, M., et al., Oncogene 18 (1999) 1711-1721.

In one embodiment of the disulfide stabilized single chain antibodies, the disulfide

bond between the variable domains of the single chain antibodies comprised in the

antibody according to the invention is independently for each single chain antibody
25 selected from:

i) heavy chain variable domain position 44 to light chain variable domain

position 100,

~ ii) heavy chain variable domain position 105 to light chain variable domain

" position 43, or

30 iii) heavy chain variable domain position 101 to light chain variable domain
position 100.



| i ght chain of bevaci zumab SEQ I D NO 105 Human vascul ar endot hel i al

growt h

factor (VEGF) SEQ ID NO 106 Human angiopoietin-2 (ANG 2) SEQ ID NGO 107
Human angi opoietin-1 (ANG 1) SEQ ID NO 108 Human Tie-2 receptor SEQ I D NG

109 Heavy chain 1 of bispecific,

tetraval ent single chain Fab <VEG-- ANG 2>

anti body nol ecul e scFAbAvasti n-LC06-2620 SEQ I D NO 110 Light chain of
‘tetraval ent single chain Fai® <VEGF- ANG 2> anti body nol ecul e

SCFAb- AvastinLC06-2620 - 59 - SEQID NO Il Heavy chain 1 of bispecific

tetraval ent single chain Fab <VEG-- ANG- 2> ant.i body .no ’

bi specific,

scFabAvast i n-Ihegeemb@igertahe diseiddebopgbbetiesn thegifia

tetraval ent singl.es i VEGhRe ANG P .
scFab- Avast i ?R%gﬂ%n?_dg%ég Og%hs c cly @oérdingdy thiingentiom is between
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heavy chain variable d%msa'i:thcl)sE)tiol}llqM and light chain variable domain position
100.

In one embodiment the disulfide bond between the variable domains of the single
chain antibodies comprised in the antibody according to the invention 1s between
heavy chain variable domain position 105 and light chain variable domain position
43.

The structure of this tetravalent embodiment of a bispecific antibody according to
the invention specifically binding to VEGF and ANG-2, wherein one of the
Antigens A or B is VEGF, while the other is ANG-2. The structure is based on a
full length antibody specifically binding to Antigen A, to which two (optionally
disulfide-stabilized) single chain Fvs specifically binding to Antigen B, are linked
via the a peptide-linker is exemplified in the schemes of Figures 1 and 2.

In one embodiment said single chain (single chain Fv) antibodies without said
optional disulfide stabilization between the variable domains VH and VL of the
single chain antibody (single chain Fv) are preferred.

In a further embodiment said tetravalent bispecific antibody is characterized in that
said monospecific bivalent antibody part under a) specifically binds to VEGF and

said two monovalent monospecific single chain antibodies under c) bind to ANG-2.

In a further embodiment said tetravalent bispecific antibody is characterized in that
said monospecific bivalent antibody part under a) specifically binds to ANG-2 and

said two monovalent monospecific single chain antibodies under c) bind to VEGF

A “single chain Fab fragment” (see Figure 11) is a polypeptide consisting of an
antibody heavy chain variable domain (VH), an antibody constant domain 1 (CH1),
an antibody light chain variable domain (VL), an antibody light chain constant
domain (CL) and a linker, wherein said antibody domains and said linker have one
of the following orders in N-terminal to C-terminal  direction:
a) VH-CH1-linker-VL-CL, b) VL-CL-linker-VH-CHI, ¢) VH-CL-linker-VL-CH1
or d) VL-CH1-linker-VH-CL; and wherein said linker is a polypeptide of at least
30 amino acids, preferably between 32 and 50 amino acids. Said single chain Fab
fragments a) VH-CHI-linker-VL-CL, b) VL-CL-linker-VH-CH1, ¢) VH-CL-
linker-VL-CH1 and d) VL-CHl-linker-VH-CL, are stabilized via the natural

| ecul .
WR dorase e"éiﬂéep%%‘f“‘ i c,



113 Heavy chain 1 of bispecific, tetraval ent single chain Fab <VEG- ANG 2>
anti body nol ecul e scFabAvasti n- Ang2i - LC06-2641 SEQ ID NO 114 Light chain
of bispecific, tetraval ent single chain Fab <VEG-- ANG 2> anti body nol ecul e
scFab- Avasti nAng2i - LC06- 2641 SEQ I D NO 115 Heavy chain 1 of bispecific,
trival ent single chain Fab <VEGF- ANC- 2> anti body nol ecul e

AvastinLQ06-Ki H C-scFab SEQ I D NO 116 4deavy chain 2 of bispecific,

trival ent single chain Fab <VEG-- ANG 2> anti body nol ecul e

AvastinLQ06-Ki H- C-scFab SEQ ID NO 117 Light chain of bispecific, trivalent
si ngl e chai n diplbfideVE@R- bt@een> thn GLb derpaimpinsc thee CRY adem#in, dbe-tekg HNE- scFab

ﬁnge'Ca ZIOA*V éiﬁﬁ%‘&?eﬁ%@#&gﬁa&ﬁnﬂ%@ Bag i[csffklrge N’Tﬁﬂgﬁﬁt@%e%ﬁﬁﬁ%%ﬁ?mmnt i body
_ e - - C- Fab- 6! . NO avy chain 2 o
bi speci fic, t4Pas @ﬁ?as%_a@@eg%qngm. nol ecul e Avasti n- LO06- C- Fab- 6CSS
SEQ ID NO 120 Light chain of bispecific, trival ent <VEG- ANG 2> anti body
nol ecul e Avashinpilefeded EnfhabinG0sSaiSaaiba N®mains] ande 33l liaker i spidpingle
bi speci f.i ¢, biyvalent ' ) v j e
Voot oL e pe féa%%{% R @ Sanard oV it Nttnhato CRbeedl
direction:
a) VH-CH1-linker-VL-CL, or b) VL-CL-linker-VH-CH1, more preferably VL-CL-
linker-VH-CH]1.

In another preferred embodiment said antibody domains and said linker in said
10 single chain Fab fragment have one of the following orders in N-terminal to C-

terminal direction:

a) VH-CL-linker-VL-CH1 or b) VL-CH1-linker-VH-CL.

The term “peptide connector” as used within the invention denotes a peptide with
amino acid sequences, which is preferably of synthetic origin. These peptide
15 connectors according to invention are used to fuse the single chain Fab fragments
to the C-or N-terminus of the full length antibody to form a multispecific antibody
according to the invention. Preferably said peptide connectors under b) are peptides
with an amino acid sequence with a length of at least 5 amino acids, preferably
with a length of 5 to 100, more preferably of 10 to 50 amino acids. In one
20 embodiment said peptide connector is (GxS)n or (GxS)nGm with G = glycine,
' S = serine, and (x = 3,n=3,4,50r6,andm=0,1,20r3)or(x =4,n=2,3,4 0r5
and m= 0, 1, 2 or 3), preferably x = 4 and n=2 or 3, more preferably with x = 4, ’
n= 2. In one embodiment said peptide connector is (G4S)a.

The term “linker” as used within the invention denotes a peptide with amino acid
25 sequences, which is preferably of synthetic origin. These peptides according to
invention are used to link a) VH-CH1 to VL-CL, b) VL-CL to VH-CH]I, ¢) VH-CL
to VL-CH1 or d) VL-CHI! to VH-CL to form the following single chain Fab
fragments according to the invention a) VH-CH1-linker-VL-CL, b) VL-CL-linker-
VH-CH1, ¢) VH-CL-linker-VL-CH1 or d) VL-CH1-linker-VH-CL. Said linker
30 within the single chain Fab fragments is a peptide with an amino acid sequence
with a length of at least 30 amino acids, preferably with a length of 32 to 50 amino
acids. In one embodiment said linker is (GxS)n with G = glycine, S = serine, (x =3,
n=8 9orl10and m=0, 1,2 or3)or (x =4 and n= 6, 7 or 8 and m= 0, 1, 2 or 3),



Heavy chain 2 of bispecific, bivalent domain exchanged <VEG-- ANG 2>

anti body nol ecul e Avastin-LC06-CH 1-CL SEQ ID NO 123 Light chain 1 of

bi specific, bivalent domai n exchanged <VEG-- ANG 2> anti body ol ecul e
Avastin-LCO6-CHL-CL SEQ ID NO 124 Light chain 2 of bispecific, bivalent
domai n exchanged <VEGF- ANG 2> anti body nol ecul e Avastin-LC06-CH -CL SEQ I D
NO 125 Heavy chain 1 of bispecific, biagal ent domain exchanged <VEG-- ANG 2>
anti body nol ecul e Avastin-LC06-VHVL - 60 - SEQ ID NO 126 Heavy chain 2
of bispecific, bivalent domai n exchanged <VEGF- ANG 2> anti body nol ecul e
Avast i n- LOD6-puéfervbly SETh K> NOn= 627 71ang = @Hal9r B, Borgprefsably w&tg XG7 fal ent

domai n_exchanged, SVEGE-1ANG: abadinkRad 1IARkES Wb &S)Ayast i n- LCD6- VH-VL SEQ I D
NO 128 Light chain 2 of bispecific, bival en'%d}dgmai n exchanged <VEGF- ANG 2>

ant i body nol ecul e Avastin-.LC06: .VE- VL. SEQ | D '
bi speci fic, H?R}‘Qpﬁlf% mos(?ffgflﬂgqéfeﬂﬁE_ﬁgg}a?r%gﬁ%aﬁgqggﬁ?ﬁ%éﬁh%ﬂggaIm:a
Avast i n- LCO6-boht Yerwes) theEL-iomai@and 3¢ Cdhdgmeinaplso shegmtigpdypleary ckain pi val ent

domai - gxchangfighs Wofiairt NP nd thi AREBOATOHGE Whin'Vfbid dbERA- (Vi) ire SS SEQ

disulfide stabilized by introduction of a disulfide bond between the following

positions:

i) heavy chain variable domain position 44 to light chain variable domain

position 100,

10 i) heavy chain variable domain position 105 to light chain variable domain

position 43, or

iii) heavy chain variable domain position 101 to light chain variable domain
- position 100 (numbering always according to EU index of Kabat).

Such further disulfide stabilization of single chain Fab fragments is achieved by the

15 introduction of a disulfide bond between the variable domains VH and VL of the
single chain Fab fragments. Techniques to introduce unnatural disulfide bridges for
stabilization for a single chain Fv are described e.g. in WO 94/029350, Rajagopal,
V., et al, Prot. Engin. (1997) 1453-59; Kobayashi, H., et al; Nuclear Medicine &
Biology, Vol. 25, (1998) 387-393; or Schmidt, M., et al , Oncogene (1999) 18,

20 1711 -1721. In one embodiment the optional disulfide bond between the variable
domains of the single chain Fab fragments comprised in the antibody according to
the invention is between heavy chain variable domain position 44 and light chain
variable domain position 100. In one embodiment the optional disulfide bond
between the variable domains of the single chain Fab fragments comprised in the

25 antibody according to the invention is between heavy chain variable domain
position 105 and light chain variable domain position 43 (numbering always
according to EU index of Kabat).

In an embodiment single chain Fab fragment without said optional disulfide
stabilization between the variable domains VH and VL of the single chain Fab
30 fragments are preferred.

Preferably said second embodiment of an tetravalent bispecific antibody according

to the invention comprises two identical single chain Fab fragments (preferably



131 Light chain 1 of bispecific, bivalent domai n exchanged <VEG-- ANG 2>
anti body nol ecul e Avastin-LC06- VHVL-SS SEQ ID NO 132 Light chain 2 of

bi specific, bivalent domai n exchanged <VEG-- ANG 2> anti body ol ecul e
Avastin-LC06- VH VL-SS SEQ I D NO 133 Heavy chain 1 of bispecific, bivalent
ScFab- Fc fusion <VEGF- AN G 2> anti body nol ecul e Avasti nLC06-N-scFab SEQ I D
NO 134 Heavy chain 2 of bispecific, bisalent ScFab-Fc fusion <VEG-AN G 2>
anti body nol ecul e AvastinLCO6-N-scFab SEQ ID NO 135 Heavy chain 1 of

bi speci fic, bivalent ScFab-Fc fusion <VEGF-AN 0-2> anti body npl ecul e

Avast i nLO06- NVE«Hal@Sr-SEQCHD) Nbich1 38 hathnfysedHai the 2wof CHangig caff the, tWai val ent
ScFab- Fc fusi &ny\c/ﬁ%- ANG @2 t#Btd-Rohi 571 8S W 1pHEHRLENGid\rsCkalsS The

foll owi ng exanples, sequence, |isting and figures are.provided to aid th
under st andi ng§POBhENdSF a5 etich ifrRIh e 1 {c{eatécai‘(f% 8‘?1’“\%55( &eﬁt%Frsl)set ©
fo(r:I thin L he mwg&ﬁﬂaﬁd gihgts chdih Fab fgohentseragdight abaimend finglgtchainsFaban be
made i n the procedur 5 ; - bl : b f th
i nventi on. pe%aegrnllerrlltj i‘ghﬁlmo%gic%éex?ﬁsgbg\r%éima%iggp@ﬁéﬂtanlg 'bP{Hethla&‘vySéPx'afn' g © °
the full length antibody to give the bispecific antibody according to the invention A

In a further embodiment said bispecific antibody is characterized in that the

constant region derived of human origin.

In a further embodiment said bispecific antibody 1s characterized in that the
10 constant region of the bispecific antibody according to the invention is of human
IgG1 subclass, or of human IgG1 subclass with the mutations L234A and L235A.

In a further embodiment said bispecific antibody is characterized in that the
constant region of the bispecific antibody according to the invention antibody is of
human IgG?2 subclass.

15 In a further embodiment said bispecific antibody is characterized in that the
constant region  of the bispecific antibody according to the invention antibody is of

human IgG3 subclass.

In a further embodiment said bispecific antibody is characterized in the constant
region of the bispecific antibody according to the invention is of human IgG4
20 subclass or, of humah IgG4 subclass with the additional mutation S228P.

It has now been found that the bispecific antibodies against human VEGF and
human ANG-2 according to the current invention have improved characteristics
such as biological or pharmacological activity, pharmacokinetic properties or
toxicity.They show increased in vivo tumor growth inhibition and/or inhibition of
25 tumor angiogenesis when compared to the monospecific parent antibodies against
VEGF and ANG-2 (see Examples 16, 17 and 18: comparison of different bispecific
<VEGF-ANG-2> antibodies bevacizumab-ANG2i-LC06 with the monospecific
antibodies Avastin (bevacicumab) alone, ANG2i-LC06 alone, or both in

combination).

30 Furthermore less toxic side effects (which is reflected in the improved body weight
of the test animals as well as less deaths of test animals during the in vivo

application) compared to the application of two corresponding individual



5 Figure 1B is ANG 2. The structure is based on a full length antibody
binding to Antigen A, to which two (optionally disulfide-stabilized) single
chain Fv' s binding to Antigen B, are linked via the a peptide-Ilinker.
Schematic representation of the generated bispecific tetraval ent anti bodies
using the TvAb nonencl ature (see Exanples) - either without or with
disulfide stabilization of the scFv 10F gure 2ASchematic representation of
di sul fi de-stabilized <VEG-- ANG 2> bi specific tet raval ent anti body

(=<VEGF- ANG 2> TvAb6; No. 2331, see Table 3%}1 gure 28Pl asm d maps of the
modi fi ed heavryor&isawﬁcamdlbbhes hgaglm VEHt and A §ea 1p 6pmbifatiak fpe sepresantof

di sul fide- Sta@z{dbéﬁ e%\f‘lé@:m%ﬂﬁﬁ%aml&ﬁve%@c&aﬁgE&th%%@%ml?&qGE of purified
di sul fide-sta i zed <VEGF- ANG 2> TvAb6 in conparison to the "standard"

human 1gGlL a d 06 3l . (<VEGF> b 06 unger u
non- r educi ngnl'é‘ifﬁ'ﬂ f@s&i ! f’ & &xeY m%on %’ r%lrrrrg o?[#vgg%gwq? Ppurified
di sul fi de- st axtrohdzéxdnﬁVE@;Gmmr@mCa'd/Abﬁ ﬂnd/@roﬁp@brqngb@ftadﬂtlm&trat@ﬂaWar d"

human 119Gl antj,badia#§-c3 sshpyes that disulfide-stabilized TvAb6 does not
form again aggr egates upon purification Fi gure SSchematl c view and results

from VEGF binding ELISA 25disylfid abjlized EGE- AN T binds to
VEGF conpar ab BN KRBt 1eglog 1 as ‘?ﬂﬁl&@& %8%%%“ mah%rfsc%mtgs p‘AbS\%E
Fi gur e 6ASchesfithé dondaiesofzmchntibedyl dtkerftharthANGiabldyiegigh nbheRlonSAnt region is

di sul fide-stapjl 6y ! ufANGhiditd VanoRAELahe: t O
<ANG- 2> MBb53 il g %Ef\é%fyw%ﬁdlgo@@bu ngﬁ?g;enA & ure 611 hematl c

vi ew and resuﬁ@§t1qf¥509?m¢“2 B Wﬁlaﬁﬁ“‘hﬁ% )ﬁg‘ﬂ‘tenffyogﬁ‘lﬁfcﬁﬁﬁ I"58AB A H¥onance
(Biacorg . di mw icHeinS tadhibddickedte dividid in thy/BEl@kseANGAL I VIABE 146 and IgM ANG- 2

Wi th comparable ST} %8S, sANEEHBRIAR o) AMERASShERRL i genand

results fr om
di sul fi de- st al#id3 Z@H%WG%MI\@@STF@AEW%‘% chaig CoRptanhFREigs (Rpt FYTesReRd and

ANG- 2 wher easio<E@Rr&f c&}sse@ﬂﬂ anhhdict>ardeiied G, B, @, ) ahd papapdcdvelly. Phadi ng
si mul taneous| P[ght ch>1/1n conatant reglloons2 ‘which can be found in all five antibody classes are

15 called k (kappa) and A (lambda).

The term “constant region derived from human origin” as used in the current
application denotes a constant heavy chain region of a human antibody of the
subclass IgG1, IgG2, 1gG3, or IgG4 and/or a constant light chain kappa or lambda
region. Such constant regions are well known in the state of the art and e.g.

20 described by Kabat, E.A., (see e.g. Johnson, G., and Wu, T.T., Nucleic Acids Res.
28 (2000) 214-218; Kabat, E.A., et al,, Proc. Natl. Acad. Sci. USA 72 (1975) 2785-
2788).

While antibodies of the IgG4 subclass show reduced Fc receptor (FcyRllla)
binding, antibodies of other IgG subclasses show strong binding. However Pro238,
25 Asp265, Asp270, Asn297 (loss of Fc carbohydrate), Pro329, Leu234, Leu235,
Gly236, Gly237, 11e253, Ser254, Lys288, Thr307, Gln311, Asn434, and His435 are
residues which, if altered, provide also reduced Fc receptor binding (Shields, R.L.,
et al., J. Biol. Chem. 276 (2001) 6591-6604; Lund, I., et al., FASEB J. 9 (1995)
115-119; Morgan, A, et al., Immunology 86 (1995) 319-324; EP 0 307 434).

30 In one embodiment an antibody according to the invention has a reduced FcR
binding compared to an IgG1 antibody and the monospecific bivalent (full length)
parent antibody is in regard to FcR binding of IgG4 subclass or of IgG1 or 1gG2
subclass with a mutation in S228, L234, L235 and/or D265, and/ or contains the



Figure FlaEfficacy of disulfide-stabilized <VEGF- ANG 2> TvAb6 in conparison
to <ANG 2> Mab536, <VEG-> 06-31 and the 10 conbination of Mab536 and 06-31
in the staged subcutaneous Colo205 xenograft nodel in Scid beige mce
(study AN&_Pz_Col 0205_003) Figure 8bEfficacy of disulfide-stabilized
<VEGF- ANG- 2> TvAb6 in conparison to <ANG 2> Mab536, <VEG-> 06-31 and the 15
conbi nati on of Mab536 and 06-31 in the-43aged subcutaneous Colo205
xenograft nodel in Scid beige mce (study ANG Jz_Col 0205_) 05) Figure
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bi specific an%f“‘%‘?%?‘ﬂéﬁ%&ﬁgﬁﬁt EBY ec%ai?nnggﬁéd gg é%;&gﬁ@%h%ﬁg%é{nﬁmgﬂb
bi speci fi ¢ anlehftoipersnt B)tibBilndcopSBELE Moiswithtmyatiay A& ades08thei ndi ng
of ANG ¢, and élxﬁﬂaﬁfiﬁlemﬂﬁébc-o%&ﬂ- BEY ahieUPgaL S0 eSmbhehpe@fid Ghvatdht TRED

phosphoryl ati on of the bispecific antibodi.es .

<VEGF- ANG2>Tv B8R Bare PRI i ke R S raige, fREQ LR At 1

Z & gpgr :A SO gkvvn tifhttchain agpion AFRFR) HMNGD Gdi RrsferiGhe snysint heos chaig region of

/ >Ang2k_L Fi . i ' f SBoMBNANgs gpef et i n
nter act { on 10EITGRAET Y AAETRY End QRIASR AL B] BOTPINONS; apef
<VEGF- ANG 2>THBR-IDM213hwithensaiva§ 2806 and <VEGF- ANG 2>TvAb- 2441-

bevaci zumab- LCO8 and bevaci zumab 15

15 The constant region of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
cytotoxicity). Complement activation (CDC) is initiated by binding of complement
factor C1q to the constant region of most IgG antibody subclasses. Binding of Clq
to an antibody is caused by defined protein-protein interactions at the so called

20 binding site. Such constant region binding sites are known in the state of the art and
described e.g. by Lukas, T.J., et al, J. Immunol. 127 (1981) 2555-2560;
Brunhouse, R. and Cebra, J.J., Mol. Immunol. 16 (1979) 907-917; Burton, DR, et
al., Nature 288 (1980) 338-344; Thommesen, J.E., et al, Mol. Immunol. 37 (2000)
995-1004; Idusogie, E.E., et al., J. Immunol. 164 (2000) 4178-4184; Hezareh, M.,

25 et al., J. Virol. 75 (2001) 12161-12168; Morgan, A., et al., Immunology 86 (1995)
319-324; and EP 0307 434. Such constant region binding sites are, e€.g.,
characterized by the amino acids 1234, L235, D270, N297, E318, K320, K322,
P331, and P329 (numbering according to EU index of Kabat).

The term “antibody-dependent cellular cytotoxicity (ADCC)” refers to lysis of
30 human target cells by an antibody according to the invention in the presence of

effector cells. ADCC is measured preferably by the treatment of a preparation of

CCRS5 expressing cells with an antibody according to the invention in the presence

of effector cells such as freshly isolated PBMC or purified effector cells from buffy

coats, like monocytes or natural killer (NK) cells or a permanently growing NK cell
35 line.



Figure 19 In vivo anti-angiogenic efficacy of bispecific antibody
<VEGFANG- 2> bevaci zumab- LCO6 anti body in conparison to <ANG> ANR2i - LCO6,
and the conbi nati on of <ANG 2> AN&2i LCO6 and Avastin (bevaci zunmab) in Cal u3
xenograft nodel nonitored via | abeled anti-CD31 anti body and the relative
change of CD31 signal during therapy. 20Experinental Procedure Exanples
Materials & general nethods General inf4fr+ration regarding the nucleotide
sequences of human i mmunogl obulins |ight and heavy chains is given in:
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5th ed., PublThe thiealcmpBanapt-depenfgnt icuibaxiqi<CGRGN dEnqses HREICES iniafiesda, MD

(1991). Am n% 91n9§1g0(f)f é&ﬁml@ﬁ@m ﬁah@lr B 51N (e tmmaepa&d o@ndodtefiger amtbody
accordi ng

USA 63 (1969)su{7(§a91§ an%&!dgg Eiq to eatn %n(t;'bod%és ﬁ%%g%’byqe%ﬁrd N?o&éin-pﬁ%ég- Sci .

| mrunol ogi caI inferdceoressdt thé5$d1ca=ieldd buﬁurb_zl jit. Sle%’n Fhp&ebinding, sitegafed@n st i t ut es
of 30Heal t gg@é%@ﬁw al}([e ee(akgﬁ%)) guchﬁ%%ﬁmlﬁ}ﬁﬁg sitllArd, 8 GhRh&H&Srized b§4 -

St andar rret ho S wer

et al., Mol ech?aming aﬁﬁi%bﬂ‘b&\HZQ%PE%%)F%D%A?SK%f}{g%re ‘ilgg{‘,%@g%’rz@’k J.

Laborat ory Pr@gsberd 4c&aingng Btairdex of Kebaty okitibodie8ef subiviassrid @l i@z,

bi ol ogi cal reage wer u uctions.
5Gene synt hes? %&e;é IR énoewse&ﬁg&%&lpgﬂg&ﬁwqpar egé ztﬁrzlttglmélgllr |C§ lslgéyl(_lzilotl des

made by chemi whﬁtregyllgﬁﬁe@es nofl'ﬁél"e@rfée %@@&m@ SYATe 0 ey P%tn 8
si ngul ayy rest giq4edricgn endonucl ease cl eavage sites, were assenbl ed by
annealing and ligation of oli gonucl eoti des incl ud| ng PCR anplification and

subsequent | y | on i a I/ Sad |
or Ascl/ Pacl ]hetzlfl 'g %Pﬁﬁ%%ﬂgplﬁo d(“g{ é)glgﬁ fc’%%gésﬁ%}, &Emﬁbﬁﬁﬁnﬁ%ags vqlgﬁgor The

DNA sequencesomef aspleet o e ewe@tgéh@tfpﬂaﬂgn%ﬁlﬂl§ eifepd cfé‘r‘if’ihfl

sequenci ng. %2 laeeﬁh%nfnbﬁlgﬁ@mﬁthwﬁs@e@ﬁaaeéeepbo@mh@ saig ﬁu@le@l aegin

TPGht | and. heaGaroLHl Hs BBHO Pt 1b; BF T Ftion AMEnBE) B S RIdnEneod! N0
synt hesized wpioluaiob' areeundel@l%oweqm&ms@t%@ﬂhﬁgﬂ ¢ comprisgPEQteigEpprcsion

(MAWSC | LFL A\@wgtlc QM&' &Qgﬁf@ﬁ@@&l& @ﬁl?%@ds@@xeﬁﬂsoﬁzﬁ&i oF ki aritiBo@uk@lr yot i c

cells, and 5 restrijc ences ca{ryl ng

di sul fi de stabwallzeanﬁ%ﬁ%éofl Yrispudica a‘f‘*FPté‘a‘Cr?é‘a&%Shgl% S PIREYE" desi gned
W t h 5354C aneheTafhdiasitat aforementiotiddein’ lkanbiss " celie amngleshatids semeodingy3u0C,

T366S, L368A and. %40 Z‘n\édm&l % dé%v§r REaind 10k Qnseptg@yn\fo ehtRionNoserpence

determ nation Wﬁve nces term ned | e strand sggve CI n
per for mdd at M@Gﬁf@aﬁ@ﬁ\%ﬁs ﬁss(lmlrstpieﬁ%‘i“i“‘é‘dn anPﬂ%ar’leSi‘ry%téﬁ?ﬁ 8"Gnb

(Vat er st et t enpodeedelfBNIK:- Cﬂ@DMlsamLSOpbatselsm’zs)eqﬂBnﬁEml yadiss COR csléquence
dat a managene h:C NS in)
sof tware packgég(&zféfsﬁeafé) d ell {n@%g %o‘?igﬂs K%%rgggrr?ce sﬁﬁ?
versi on 8.0 wésipementf @rceideqﬂemlws}: r%lﬁfabﬁ’eth?éﬁﬁPrn@COTah’éWsﬁrg uchAm St at i on
and illustrat 'aﬂtﬁbod@érafee@an RRoWEE B Stald SthExR B Gestiibed; f&Sexamplepinedsi on

(e.g. in CHO cells) r .0 t tron A
pr onot e or oﬁe"ée‘bém‘} ﬁaﬁﬁ‘ﬂfi ¢]oﬁ (&fmﬁxgr 2540 (Irm?bewgt(ﬂboa égegre 2B)
were applied. SBes |ad,eP1t>ham Brpri Bouf) 8e pP@sK 16%2&:1&9@&3%&%6\4%&1@?@“0
contained: 14 5000) 151-161; Werner, R.G., Drug Res. 48 (1998) 870-880.

The bispecific antibodies are suitably separated from the culture medium by
conventional immunoglobulin purification procedures such as, for example, protein
30 A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or
affinity chromatography. DNA and RNA encoding the monoclonal antibodies is
readily isolated and sequenced using conventional procedures. The hybridoma cells
can serve as a source of such DNA and RNA. Once isolated, the DNA may be
inserted into expression vectors, which are then transfected into host cells such as
35 HEK 293 cells, CHO cells, or myeloma cells that do not otherwise produce

L3



San origin of replication which allows replication of this plasmd in E
coli, and a B-lactamase gene which confers anpicillin resistance in E
coli. The transcription unit of the antibody gene is conposed of the
fol l ow ng el ements: unique restriction site(s) at the 5 end 10the

i mredi ate early enhancer and pronoter fromthe human cyt onmegal ovi rus,
followed by the Intron A sequence in th4 case of the cDNA organi zation, a
5' -untransl ated regi on of a human anti body gene, a i mmnogl obulin heavy
chain signal sequence, 15- the human anti body chaln (heavy chain, nDdlfled
heavy chain gmmungglebulinaprofein thebtais tBE)I\W“FS‘FS‘%\sO EQ"?B'PFPE’aBtr gurrgatalon with
an the i mmunoglinhidsiin tRHB-deNs.r on or gani zation a 3' untransl ated region
with a polyadenylatlon signal sequence, and unique restriction site(s) at

the 3' end. Thef S|on f th
sel ected anti H’S? cfef“heél earn?ﬁ u?dn"ﬂsg ;fu5| 0 \émcﬁaggﬁ}igg&;ﬁ%ﬁ%\% a/erte ©
gener at ed by HCRtmdebizy agmneﬂ@9mq¢hﬁ§tl‘é€ shangss deipbihe anfeedy IKNHNOF &¥onbi nant

remtghOS; ﬁgdutnxfﬁ%fé%dfbuﬁﬁxtmlsCQﬁtElﬁﬁ{oumaﬁkfnstdfhﬂ RCFaTSHNRE, Noiodver, ondgindasegnent s

u and Eco h
The subcl oned"e%(JE‘inéF r248% §-H 8 g@ﬁﬂh?fggbsovﬁleﬁoé e\’f%}?‘ 1%”%1% r%e%ggsg%trje\r{lgftngr >
For transi entalenchesstalt endntiamst entitiodp shhracigastics saeh ias |t@ Ig6} isop@endsni ds

wer e prepare QI 4t
(Nucl Bonond AR R e Y el e 0. 14)

An expr essi orﬁtQ}’é‘éﬁV@Ff%’éatﬁﬁ‘éd’uwf{‘f’%tl?ncorrposed of the following el enents: 30-
a hygronycin resistance gene as a selection marker, an origin of
repl i cato on, Tid tBm GosEpsI el ms@hinrthy curpesnt Epitiomdenotes ghn kel of eglluleat i on

from the vecty tI R W e gkﬁegf@% té E&le'reﬁ@-%ﬂe%tlbod1&6dccorﬁfngtt@'tffe dbegm d in

E. coli a bet act amase

coli, the i nmay¢ncs. @&“F?“@ﬂﬁ‘&?f@éﬁwg ﬁ%&ﬁ%‘sgﬁkéfc&bﬁl ‘Lr‘]rﬁré’(3 %tat}??rsltcg " &

%'; onegal FVI rNg u@ém{):m Hehexpressivns Tebllyminepliogtldnd ‘el yatterey |aag used (" pol y
si gna seguenc

15 - “ransformants” and “transformed cells” include the primary subject cell and

geagly and all such designations include progeny. Thus, the words

cultures derived therefrom without regard for the number of transfers. It is also
understood that all progeny may not be precisely identical in DNA content, due to
deliberate or inadvertent mutations. Variant progeny that have the same function or

biological activity as screened for in the originally transformed cell are included.

20 Expression in NSO cells is described by, e.g., Barnes, L.M., et al., Cytotechnology
32 (2000) 109-123; Barnes, L.M., et al., Biotech. Bioeng. 73 (2001) 261-270.
Transient expression is described by, e.g., Durocher, Y., et al., Nucl. Acids. Res. 30
(2002) E9. Cloning of variable domains is described by Orlandi, R., et al., Proc.
Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc. Natl. Acad. Sci.

25 USA 89 (1992) 4285-4289; and Norderhaug, L., et al., J. Immunol. Methods 204
(1997) 77-87. A preferred transient expression system (HEK 293) is described by
Schlaeger, E.-J., and Christensen, K., in Cytotechnology 30 (1999) 71-83 and by
Schlaeger, E.-J., in J. Immunol. Methods 194 (1996) 191-199.

The control sequences that are suitable for prokaryotes, for example, include a
30 promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic

cells are known to utilize promoters, enhancers and polyadenylation signals.

A nucleic acid is “operably linked” when it is placed in a functional relationship

with another nucleic acid sequence. For example, DNA for a pre-sequence or



uni que BanH and Xbal restriction sites. The i munogl obulin fusion genes
conprising the heavy or light chain constucts as well as "knobs-into-hole"
constructs with Ctermnal VH and VL domains were 10 prepared by gene
synthesis and cloned into pOA18 (anpR) plasm ds as descri bed. The p018
(ampR) plasm ds carrying the synthesi zed DNA segnents and the Roche
expression vector were digested with Ba4f#H and Xbal restriction enzynes
(Roche Mol ecul ar Bi ochem cal s) and subjected to agarose gel

el ectrophoresis. Purified heavy and | ﬁ\}(t chain codi ng_ DNA segnents were
then |igat ed seaetorelepdssinerssebl b limgdie DN fEsspArpeplide Hiit 'BéﬁﬂF?%éT’ af r agment

resulting in Elsroftéuli]élhate@%@tﬁcﬁﬁzﬁb@{h #RCdeOFclion Diahé ipdRlpegiide] @sgb@dtey @t Or S

vveretransfor dinto reSS| | at ed
(M ni prep) arﬁq‘E%rlfS‘j ‘é@?%rab]%'g “k%cgprai Cc?fi}ngr% uence aaﬁtlg?tg ”r‘;eqrans ip ngzlcg]uenm ng.
Correct cl onesqueace ogr cilmsdnme mﬁ@mgwwomablwémkm}no agdurrg %99@?31% tf IDRNA was
| sol ateq (Naxﬂogftlﬁf?éd angs Repughee tx‘aﬁktlaﬁﬁh' G)éné%él[}f wagasmpymzmas@qmnm ng.

Cell cul'ture techniques Standard culturete ues
descri bed i n eIk SePIeBEs R5IE ]“H‘eée?r? CRRERYY a(“%o‘é‘o‘ﬁe B faaﬁeiCFFgoryJ S.,

Dasso, M, Haeddef,bontifhious lahpdh rieamiﬁrtg- Sarhavaldweved,. enhackeadmdet, hakeNb beeds. )
John W ey e ER DRk iping 3] HBRRARAeal I{fi?gafn%ﬁ Lt QBifvchint FebRAGH GtesyRt em ( for

Example 1) A I'€s wer ansjent -transfection of the two
pl asni ds encouchsiteside u@éaw wswﬁﬁtfq @won%%\wdeas?mors PEYPEEY #1985 Mnd t he

cor r espgndi ngacu,rgmcecmﬂi dbnu&itrbﬂaltﬂa&nbEKZ% system (I nvitrogen) according
to the manufacturer's instruction. Briefly, HEK293-F cells (Invitrogen)

grow ng 1 SUsRRNSH AN EliStcl B skt sl Bk calﬁr%lnw&tmr ment er

in serunfree expression ne nV| roge e transfected
with a mix ofothérecanipmineafpees wihee gsiuas m@ﬁlelm ety @5 DAPIGInS0BY e¥adardor

fectin (Invitg s, Fgfcnﬂuc;g %mahﬁéxsbs f{raaﬁrlﬁex(tcor(mong)baiﬁlﬁg93c6luﬂﬁl | s were
seeded at a d nS|

- 67
- rpm 8% 002° @%gék}h}é?g%rf’set $it 61684’? 05\7’5 an[%rogh% é"ﬁg‘*}?% ﬁgeﬁl enS| ty
of ca. 15 5E*6AgwibklsFryiet uli,tdd. CarrentProtocals in MbleAylaQBmkngyoﬁwenwEnbleahm trogen)
Wi th 600 jig Lpf Wlllefllx?téﬂghgn%e(vl\(&ﬂ/ (Mg7) eD%FBn'?%étH’t@s RRAVI estabiBELdf | ed

heavy chai n, respec ive e cor.respond ain in,an.equi nol ar
ratio and B) 2 ¥Adespread t‘ise‘lmppti‘“?“ﬁﬁcaég@ ng' ﬁh‘%‘ﬂqyfc&é’ﬂaﬁo graphy i &ll’l L) .
Accordi ng to inh@olghluposens ¢ng.upptdinmi gk yposm Sokbfiinitynchrersatagtdply)dinni ng t he
course of the p t n

anti body was %’{%ﬁéﬁ &gyn? Bgr aEE? (gléd%‘ritgﬁ1 aﬁgth E)&f%k?gi%rereg?% g";rn%gil rectly
puri fi ed f r onexchange (gEYRmEGNt TS} e B r‘ﬁ%ﬂea?ﬁ fPOPRIYC A4EPTRENY ed.
10Transi ent t (@ SfigebdtDARrdaptoRhhes 33d Eﬂ&ySHelmga(lﬁs:)r hydeapipbe if@ratdn or
Reconbi nant i pmunogl obul i J

transfection &F 99 AN %’%Hngﬁkﬁﬁg CS%%E{ @ﬁeﬁ%ﬁ %XWIOE@Q%A gx%}l%pehéltlcyl eTM
293 EXpr essi oms@ysctremam enyleerenic epid), mai) chelatg plimly qhm%%%n

(I'nvitrogen, Waf) Ni(Bs @,fld x;u(ﬁpsﬁﬂn§lrﬁﬁteﬁmges‘iﬁey bﬁé[ﬂim&ﬁ&hxlﬁnﬁﬁigk@hwem&i
cultivated in Freeé1

essi m_at 15 d the
cel s wete seBl§&EPR ﬂeflf srﬁetﬁﬁﬁEﬁsﬁf%tas & d%]n3| Hore?ls’ capy @Fta %é)?e(s:fgfl s/ m
on the day of (Vijaakksoni bhA., Biphl. Bichemt Bivrch, 75c6&9$)e%e1592\)\ere prepared in
Opti-MEMe | medium (I nvitrogen, USA) using 325 gl of 293fectinTM
(Invitrogen, GaenRABYX @ﬁ%@%mh&h e ahﬁl@éfh‘la@d&dcéll @iﬁpo@fﬂ@h%dﬁhﬁ&ﬁgdarDNA in a

1:1 | t f | .t t h |
DA 20 Dot eaRitiety S aRed M W Es T aReg iRt 6 SO R e Bh ST h ver e
prepared i n Ophianfiidy dccomliigim (heriuventionydor, thbJSﬁanwfm?itmg Oﬁzwl‘gﬁﬂ@ﬁmcal

293f ect hpTm ( lc@x\‘xg(t){ t?&'ﬁ &E%Bé@t o@ﬂfé ifRBtibd B a%eth&@fb?%d HARTRalreof heavy

chain 1 and 2 an asmd .DNA in. a ratlof?r a 250
n final tran§f‘@'§%@‘6—%‘°@b‘f‘lﬂ%’51t‘okﬁ8ﬁ§“?‘ﬁ$ g2 ﬁ‘&lb@dyﬁf\wr@%f @F.‘%VCBB xes
with two heavym@théu d3pectyethe pserpiimgati @dpronid&pd corvbdsition, ergdd phm(mqq:uilqa& ogen,
USA) usi ng 325 of. f
Knobs- i no- harEroflis sEEd SirktiYy g o W KPR bl 260
final transfeé@gedwrwﬂh@r@a“@@%%ﬁam%f ectin conpl exes were prepared in
Opti-MEMr) | nmedium (Invitrogen, USA) using 325 gl of 293fectinTM
(I'nvitrogen, Germany) and 250 jig of "Knobs-into- 30 hole" heavy chain 1
and 2 and light chain plasmd DNAin a 1:1:1:1 nolar ratio for a 250 nm
final transfection volunme. Antibody containing cell culture supernatants
were harvested 7 days after transfection by centrifugation at 14000 g for
30 mnutes and filtered through.a sterile filter (0.22 gn). Supernatants
were stored at - 20 Cuntil purification. - 68 - The protein concentration
of purified antibodies and derivatives was determ ned by determ ning the
optical density (0OD) at 280 nm wusing the nolar extinction coefficient



20r educed SDS- PAGE) and stained with Coonassie Blue. The concentration of
anti bodi es and derivatives in cell culture supernatants was neasured by
Protein A-HPLC chromat ography. Briefly, cell culture supernatants

cont ai ni ng anti bodi es and derivatives that bind to Protein A were applied
to a H Trap Protein A colum (GE Healthcare) in 50 mM K2ZHPO4, 300 nmM Nad ,
pH 25 7.3 and eluted fromthe matrix w49 550 nM acetic acid, pH 2.5 on a
Di onex HPLC- System The eluted protein was quantified by UV absorbance and
integration of peak areas. A purified standard | gGl anti body served as a ,
standard. Al t@renembadiingnt ofi¢hec vertionr ist thenbisecidist aiibade acemdingelei thst i ves in

cel I cul ture ;SURRLA A WY Seat@snt BB&HLEEd by Sandwi ch-19G ELI SA. Briefly,
StreptaWell H gh 30 Bind Strepatavidin A-96 well mcrotiter plates (Roche)

ted with 100 pt/well biotinylat ti-h 19G | ecul
FCal 1) 2ah FoghiAtees BPEDH o, &) ot 14 sER PRt beioob Bk, 2, 88, 2Ly

or alternatively teaerenndidahceat 4C and subsequently washed three tinmes with
200 tiL/well PBS, 0.05% Tween (PBST, Signa). 100 pt/well of a dilution
series isn PBSy{oph@T8pecPbf thh fiveRRRGE e \Be of abhtibo@idcbiehy 16 @i Aléitiog cel |
cul ture supernat anttE was {slddedflo t he weté)staﬁd tﬂg%rbét etcjerf or 1-2 h on a
mcrotiterpl ate SARREMAPTFYENTAIRPRIent T thejiea 8 REFE washed three
times with 200 pL/wel |l PBST and bound anti body was detected with 100 ul
F(ab") 2<hFcgahmebd@GBpddDiod ity engion0s metfpdnef tzestraent o prigent suemedlionor 1-2 h
5 on a microtiterplal ¢y abakhitedts MORIIBIREGINGIE thelRAUOS tepaRhi BN

anti body was washed a three tinmes with 200 uL/well PBST and the bound
detection anti boot§)e V\?fgaoéé’t‘cé’éfeéanw addition of 100 iL ABTS/ wel .

Determ nati on of absorbance was perforned on a Tecan Fluor Spectroneter at
a neasurtenent Anased! rengt,H phamipgsutichingagriast drcdudse anperd alhsrlkenis ispgysion
LOProtei n purihEdigakhRhglT ahitlalerNChRt Rfifunb@daddr@in ibdtbiier @d abldrpiiual ture
supematants referring to s%gld@réed grot o%ol.s. Jnlllb“ ef .b?enk; bfggbﬁ,stvgere
applied to a H53iRg ASSRIsSARH oW 1) HmPIYEElogsally RIEPEPIS AE- REe e % t h
PBS. El ution efiri@ni isbivstile $orviasavaomiseingdmasca] sitcutphedus,| pasewseral ppinaimedi at e
neutralization glsdiin SR A% EIBARINLGh RS 15 separated from

monomeric antib es by size exc chr omat ogr aphy (Superdex 200, GE
Heal thcare) in 20 mM Hi stjdine, 140 mM.NaCl pH 6.0. . Mononeric anti body
fracti ohs wer® FIBRSHONCH Prreé‘f“édn'i’qu’%q‘ﬁf‘ﬁéed agtg]n%ergf&y 2 BPEY ?’%QE
Amicon U tra fn3hoBANEwrc antheiaftugalwil decentecatedrbyathe skillot edisan, th@®ug  Par t
of 1he sanpl eendIf fioh! 8Y LaRMhi o gﬁ%g«gﬂg%égegﬁ%%& M blrbd FesBliel To

anal ytical 20 characterization e,g. by si ze excl usion

chr omat ogr aph§dmirisies asseEwopehat he VS B EBRINToHEs 8{' ATISIAROR SdBOE gur es

3 and 4). SDShPARessEhe tdNEAGR tomiduad Gdtt, ogeb-adyitigen the kumpowgewith,was used
accor di to the .manufact urer,'s. | et ikQn. argjc - %,NUPAGEC
ovex( 1301 R STAGEAE Y Bty s CipatRRolE! O xbiphElt Sbiyond, sy NGRS
runni ng buf f endmimistered éaia sghiset 8. a8, apPropEiRls SyTierREY F*pRECoPLMSF ¥ has

aclhi exedl by adfl’i‘xéﬁﬁ M&h%ﬂ%:eﬁlﬁ;}almhélﬁam6dﬁlﬁémﬂ iragsm. t safiné @nd taqueows rtiufilgr t he )
gel . Analytical size_exclusi.on chromatogra i ze e Rt ogr aphy -
for the deter ﬁ‘?lﬂté?risoﬁﬁwaf??élcégcﬁ%eé%ﬂcdﬁeasﬁea‘}{% ugﬁ?ﬁggé’%ié?'%:ggtd gs 'éer?lg?}§

ant i bodi es wasnpestdribe meavders FiRL Bec trtonperarponp inyepapitionf ol stepleo inipgiable

pur | fieds anti Bagles HeEeoANBh! L ba &F SToR AbdkoKarhedRORR PéaplcuiTally 300 MM
NaCl, 50 nmM | CH2 [1C2HPO4, pH.7.5 on an Agilent HPLC 1100 systemor to a
Super dex 200 @giVgriHb{tREECHSAMPNER BF 2th 2 x PBS on a Dionex - 70 -

HPLC- System The eluted protein was quantified by UV absorbance and

i ntegration offhpedkases EpmentBiabRiminGehtids”| andatadovinigersd daranterghy” 130med er ved

as a standard gel(eﬁ%:“)e Inodek SFAEitstratiSsih& MRt dniR ahY topidaP adrBitration,
degl ycosyl at ed mass of .crossover anti bodi

r.cr, g esl. was, det ﬁrgm ned .atnd coqfi r med
via el ect r osprayaliydhi 1igtion Fadsacludnsc piigort oitatien, InRaYenoRy (IS gy g
purifiedoant i haehi-g%enalr éntebdigcyic omyrthapadarnwi ntradbitall) iNr@aydiass i hirgdermal,

PNGaseF, ProZ ! 00 / 7 £ or ) .
|(or ot eis ﬁ con (r: g r’n%ft?aeé’ze P%ﬁe%lf U@MF%E% / ﬁtﬂg‘lﬁ%’?%s ea@gut‘l?clzlg;g a§ grgﬁlae%l&\l):ar aHPﬁC

nt
on a Sephadex sterapngare glubsrachneid, HelipspHighr epidural, angguigas WRISFRIp &Y i ve
heavy and | i ghifusldal Nns was determ ned by 81-MS after degl ycosylation and
reduction. In brief, 50 lig antibody in 115 gl were incubated with 60 gl 1M
TCEP and 50 gl 8 M Guani di ne-hydrochl ori de subsequently desalted. The total
mass and the nass of the reduced heavy and |ight chains was determ ned via
ESI-M5 on a QStar Elite M5 system

A



15equi pped with a NanoMate source. VEGF bi ndi ng ELI SA The bi ndi ng
properties of the tetraval ent antibodies (TvAb) was evaluated in an ELI SA
assay with full-length VEG-F165-H s protein (R& Systens) (Figure 5). For
this sake Fal con pol ystyrene clear enhanced mcrotiter plates were coated
with 20 100 gl 2 gg/nL reconbi nant human VEGF165 (R&D Systens) in PBS for 2
h at roomtenperature or over night at-30C The wells were washed three
times with 30011 PBST (0, 2% Tween 20) and bl ocked with 200 pl 2% BSA 0, 1%
Tween 20 for 30 mm at roomtenperature and subseguently vvaqund three tinmes
wi th 300g1 PBSE.terhdCangér/apabdd hefeimredirs o prolifesaive ééﬁem@s

purified <VEgm§h!% 1g5legl?em-[¥s°\bluﬂﬁdca'iﬁer@ G Eklirﬁ[lCQell hmn@u@mcramcancemez
ant i body <ANG 2 antlbodé %{g? er et al an ??a el &E\/E&%%%r Nov;
6(5):507- 16, RWNhwieajeish s4b g ?"ﬁe FANGE R 3“ Santi body
G6- 31 (Li ang @hcal of, thd hBadobr GrmeutaGees Jcmnnttercmet(nz:jar@m, gtpringjgancer,

2007701 1065) 1E %gtc(:ﬁ E{m)caﬂ@é aadedof thet i1 V@tdns s@ﬂﬁch resdeat @dtricor 1 h
on am rotlterpflate S er roomterrperat ure. r?? tg é;/)@re washed
0]

three times vkanper3golen rapgsToresst 2oncehe BITIDY CAAHKE ?5’6‘61?1‘6“% RS
detect ed wi t hyBQ0 cardielina &3 tﬂe agfoﬁ“ﬂetrﬁ(rﬁ,bca)'cmdnﬁzcgﬁﬂwaceﬁm ¢aremama of theear ch)

in 2% BSA 0, 1% Tween .20_as oy t f r rplate
shake(r at rooYﬁgtr@nﬁaéflﬁ?IU? 8f %I%Qj(%ﬁ {heéclt?gg%e ac(r%glc‘% Ohthg\r/év%%h\j\%l% ée)énb%\r\(/avay

three times wofthe 300l ptt¢swe¢,|cams¢f ﬁ’r@&nﬂ%@‘fﬁﬁﬁﬁ“d%‘t“é%rtq fohe tTedsHpd: - 71 -
was det?t ed %c@rqg'tﬁél% oﬁl%i’arﬂ danc&EiShevedrbnal @ah&rsraicnﬁtarocﬁrsoﬁbhssabsor bance
was pertformed on

can uor _Sp r onet er S ngt h of
405 nm (ref er EHCE %gélue‘iﬁkéff‘hcal?@eﬁ O&Jﬁ pems, pro&at@%é_rc% g Cldé % n\eé&:k%
characteri zat czmaerodf tMEGEN gy ordiretgr, ad:naB?@l baym@gma,a@emwaa% ﬁ rengk Bel4iic e

(B acore) In (L;%)%Lﬁréﬁ@crellﬁlgf QRQF AbRia Qafe, %la@nﬂlsrlﬁstﬁcheenh'ﬁhm ng of
<VEGF> anti bo

Avastin and <VE 441-
bevaci zumab- Lwo‘éﬁr sysion - (SNP1- BRIDE c A8 ndBof oztefﬁeﬁﬁb éﬁ%ﬁ&c{ atively
anal yzegs usi NghRibinds e 49trasmmasy esdweamma‘s,ecbpwdmgqna@n aleBulésd?cb?rSemlf@, T100
i nstrunment accordin ZQAnasSdaR@mahe 1100
sof twar e pack 8 g}g as’fﬁhgg?)kéfg%\g}r#?}bo Eegﬁ\%}eyrg&ggﬁ?%%d ongéa CgB Chi p via
bi nding to a maxdlmteﬁammrsrcgeownwié@ 3hOx: FHESTS: Ofﬁ‘ecogﬁ’b‘ta\ﬁ‘rog ALY body
was i mobi | i zgdRye Sthébot@bdNctrdg Usi ng standard anmino coupling as follows:
HBS- N buffer served as running buffer, activation was done by m xture of

EDC/ NHS wi t h 5 h ; in
Capt ur e- \Xintl b esa%" nc} ({qrtggl 1%1'\«%%1&% geﬂ@ B%?&iﬁgqgt tﬂdy dBrding to the

finally28till imsnlimpesidphamassertic &9@@0%%%%&:%&%6@ |aﬁf‘ec§?"5’nan§lf
Et hanol am ne. a Mié BeEnOEanMibSsed YRGhe treatndaodf escemsspdankly selidatufriotsy of 5
FtL/rnin and c §%<V lg{) = 10 nM diluted with running buffer + 1 ng/nL
BSA, a capturél vVasEu ddsr68§< 30 RU shoul d be 20 reached r hVEGF (r hVEGF,
R&D- Systens Cat.-No, 293-VE) was used as anal yt¢ k| netrg th
charact eri zat iQre embadhEentheh HiengveRePEEFDe BisRE i @5 Wa% BN BERAEt 37C
in PBS + 0.005,%n{i¥4 Yor tleveanwéht asvdstulad digeabesf f er . The sanpl e was inj ected
with a flow of 50 uL/m n and an association of tinme 80 sec. and a

di ssocr |on t] of 1200 sec n [ r ftiohh¥gGhef r om 25
300 - 9 nM én%srpa(%2 %fﬁ?nof Vreg[e&cg%?&@ebgﬁhagéggsﬁstﬁ%dge was performnmed
wth 10 mV G ytodatmgaitofiofvagewdpr slisgenst-act tine of 60 sec after each anal yte
cycle. Kinetic constants were cal cul ated by using the usual double
referencing WEAMder(ag td&fahe e tmtioaris e usk nflamantibbdy EvEG@g to thaimvention

nmol ecul e Goat An I r hVEGF
concentration fé “R?d’d aIctur ??n Iﬁ%(ﬁ%%% g)rttﬁee%%ﬁﬁérﬂ O?O&&%gwééeat@ést o | ocal
because of capture nol ecul e b| ndi ng).. gure. 11 s ) t| Ceylew of
the Biacore asAnsthergyme Olgrthf»‘dinﬁﬁltEEPSﬂ‘eth‘W%f trea@aint\’&&atxerﬁlsg L&Al con
pol ystyrsgne C|@a@5u1§&”h‘1§éﬁ§@dbynaﬁﬂhﬁﬁstérﬁfg mh ah@isodyerceordngt tledthe inyention tpla 1

pg/ rnL reconbin n 2 (R&D Systens, carrier-free) in PBS
for 2 h at roo %ngtnlﬁ a’teerﬁeg%lrcgg[l\?%%{eﬁ}ght at 4C. The wells were washed
three times with 300111 PBST (0, 2% Tween 20) d blogked with 2 I 2%
BSA 0, 1% TweenTDD feom 3Slyaspwant dissaiest ermsatdst ulensi E@ﬁg‘gﬁﬁ(’éﬁt dOSe\e}v%s’hed
three tinmes W hheR0Rrd3BS Tschéf, phiaeink, Skpsis, dCOBDI ofstigna, i @@b(SWSLpIM\@DOl pM
of purified <VEG-- ANG 2> TvAb and as a reference <ANG 2> anti body Mab536
and VEG> anti body G5-31in PBS (Signa) was added to the wells and
incubated for 1 h on a mcrotiterplate shaker at roomtenperature. The
wells were washed 10 three tinmes with 3000 PBST (0, 2% Tween 20) and bound
anti body was detected with 100 pt/well 0.1 pg/m F(ab ) <hk>POD (Bi ozol
Cat. No. 206005) in 2% BSA 0, 1% Tween 20 as detection antibody for 1 h on a
m crotiterpl ate shaker at roomterrper ature Unbound det ectr on antr body was

o ~ N~ N

u/rrL



25 Angiopoietin-2 (carrier-free) in PBS (Sigm) for 2 h at roomtenperature
or over night at 4C. The wells were washed three tinmes with 3000 PBST (0, 2%
Tween 20) and bl ocked with 200 pl 2% BSA 0, 1% Tween 20 for 30 mn at room
tenperature and subsequently washed three tinmes with 300p,1 PBST. 100
pL/well of a dilution series (40pM0.01 pM of purified test antibody in
PBS was added to 30 the wells and incwxmited for 1 h on a mcrotiterplate
shaker at roomtenperature. The wells were washed three tines with
300p1PBST (0, 2% Tween 20) and bound anti body was detected vvithwl(oo pt/ wel |
0.1 pg/m F( dketinopativy: BEpke, BdipesitasCAeutRbngInigon Siemohses, BesCHA 19 fieen 20 as
detection antiHodye f fiuded! AMeryli Crdldst eDMedlee $hakpivtas Kamsimenper at ur e.

Unbound det ecti on . ant i hody . was.35washed away.t hree ti.nmes mith pL/ wel |
PBST and the m@'t‘ﬂetﬁwg@ﬁ ah 'Ogﬁ’aﬁﬁOPe% Purpyia, o sttty e#lLyAgtggﬁ?i on of
100 R, ABTS/Righuinatoide tAethnitinasystemiof Laghs oFtythemetosas (Pef); druptiel Naphatisfecan
Fluor S SOL! QTBhes Dlles, NEATIL §Hﬁmsis\'\@Y&lr£iQ9@alig_£, AR 4T t6 6l e rRnee

ri Ry 1N

wavel engt h 49 i ng Bl ACORE 5Bi ndi ng. of E.he anti bﬁ{ji es to

the antigen entaochlanagevarapsYRSranss ek ey gk EP“B?’%WP?% 185 Bf 385 P esonance

usi ng a Bl ACGREeulkQRgdnestibn RMD) Geutiasdid hekrites, Bad padirsis d5olkBan,Uppeal a,

Sweden). Briefly, for_ affin N ) C oky¢l onal
wete i PPy A oA AETRE S, AR O, A D kee

ant i bodi es Z€ I*ﬁ i m ne coupl | ng f(?r ¢
present ati on PHysioh&34h91batI-89;agaiGisternymyAscaledseases, dur ftBB)olo®PIgi ndi ng

was rreaj_syur ed §n4RRAuf ,_&%Tym(dﬂléﬁgﬁ’roﬁaé@ aavhdriERESnd KSBtwonl, SaiC] (ed8.) (8% Tween
20, ph 7.4), 25C. Pu““ﬁgi AN -BHI S é D s;s/&satﬁogr in house purified) was
added in vari #ligom YREShPPEER WY BaISEER IsPRE M ANt 200 nM i n sol uti on.
Associ-ation was neasured by an ANG 2-injection of 3 mnutes; dissociation
was neasur ed Blyeseasmpogitionsemeiatsoseantait cdiyvans 1B B8 PrEeRHY eS8 WESIN% nut es
and a KD val ug, Was falsifueabdasd RAd aidpedsidegaRGeTitd. r Prevétion Jofmpetsénce Dofe t 0

het erogenity of the ANG 2 epar at.i.on no 1.1 hindi u ved; RD
Val ues are. T hPTeATEy RN AeY U CRer A Bnaehiatal Podctul bl Gad By Bhe’

buf f er 1muUr vesinciteive cfirivas tastibdctepial sndnintifuogslvegentso forc exanyde:i RARRRSR syst em
intrinsic b as%ﬂn%gutq{dlfﬁheﬂ&gsdcrgfc A0, 864 BHediRa! 1t MR WGbibRNesiBibRERrifclide 00

Eval uati on Software version 1.1.1 2 ,vvas}tlus(%d fcﬁté EaJA%S{s of SERSQrgrans
and for cal cuisatonisRgetts, £P¢h 35 LHITFCLUTAFR P 4Fat ?s,el Q5 cCTRPHIBE:

capt ured W t hjR a@dfidr) (peolbipee| abebrpRON O O BjdRtdble phaammenticdH form mhdyoksy

(Pent aHi s- Ab BSA-free ) 'oggmgi LK 86aioRinCVD chi p
via am ne cou Toluﬁtét a?’%@&?ﬁ‘ttﬁ%em‘%@ge&%g%%v)wm&?tgﬁ%ﬁg?ﬁ on oféukbl%ANG 2 binding to
Ti e- 2 (ELI SA) npBiearatnprd gedativon ELI SA was perfornmed on 384 well nicroliter
plates (M croCoat, DE, Cat.No. 464718) at RT. After each incubation step

pl ates were waehbadless i thesomt boff aBPRGTstrafibh Selepbdttbs compaindo af ¢t pictent 0. 5
ug/mL Tie-2 protein (R&D, Systens, , ) 3 (o] Le@st tBe hours
(h) . Ther eaf t e AT wel” ghv\é?agbrsfgogkgeﬁd lw@%hugtlgg}jcs&%ﬁ)ateegeg??{d i t p 0. 2%
Tween- 20 and 2%@8@%#@0ﬁ@nBQﬁ“Eﬁ’régﬁés‘thchreéﬁ%H,“V?%)%n’f dgre | fopmuigiel y 1MiQns of
purified anti baghRseitidalRBacoeplablel desdpatfethst byebhentivad hmeth@dughown to

huAngi ogoi etin-2 gg%qb%ﬁtens, UK, Cat.No. 623-AN) for 1 h at RT. After
washi ng2a mi xtRAse bG8 q/ g bi oti nyl at ed anti Angi opoi etin-2 cl one
BAMD981 (R&D Systens, UK) and 1:3000 diluted streptavidin HRP éRoche

Di agnosti cs Grixthal BesagCiavelyei thoedisdngeyicfigdn the pparmacgyfical) cpigposfuags
Thereafter therRh@pRSentSiRnM&Ss Aed e Virfedssovdstto GBS .an Rinaduns ofireeaddievel oped

with freshl repar ed IS r ent. (Rech j t] SR, ' er #204
530 001, ta)tl)l gf‘%rg‘girit ‘I@gh 4§f?%%1‘§e é"r“&’%‘if%nﬁp?ﬁd?ggeﬁa{ﬁ%% Abseg)%g?\?g; \%vas
measur ed at 4Qfrtivnlar AMENR-coOMBGHtion, atdinnge Bf pEniRisTREOM WHOHEPPRBI9&It Pes of
t he }3 _e]t _rsavgl feqf]Ef a}ggtfep?girf\f,‘/é é:e}'éé;géa)H_ d&&gee;/l@g@lawlﬂ[)&d@eﬁ? hdnSA assiayy wift h
i mobi | i'zed full-Ten 5-H.S protein st.e ‘
ANG- 2-Hi s pr otFé’iaﬂm(CRgiBe@y’gftQ%‘Pc%‘lngg%et %cgltvi%éﬂg(? p%lﬁlrlllapgﬁg"s' ggfov :Slgp {aitlfclt i body
(Figure 7). Oprysedt iiapiet iefnploye/EBFroaNG fniinigintion, the fimetad 28mpisigtian
Si mul taneousl y, {0, VEGE A0ty ANGH At bb USmBGdaR e Sivgecatid geftanidrer eas

g

nonospeci fic "standa ant i bodi es shoul d noag} be capablbe glf wi

si nul t aneous| ythpitieetimegt, OBICYETESaffiD Sza'(dl(z‘?rdﬁ?téﬂ § used Jp OPIAtgR ¥ ¢ on
pol ystyrgne cl@arApiRAcethpotitont employpd, ahesguesds, ceightdcdition] @engrl 2
ug/ mL reconbi nant hunman VEGF165 (R&D Systens) in PBS for 2 h at 15 room
tenperature or over night at 4C. The wells were washed three tines with
300ul PEST (0, 2% Tween 20) and bl ocked with 200 ul 2% BSA 0, 1% Tween 20 for
30 mMm at room tenperature and subsequently washed three tines with 300111
PBST. 100 uL/well of a dilution series (40pM0.01 pM of purified

<VEGF- AN&R> TvAb and as a reference <ANG 2> anti body Mab536 and VEG->

anti body 20 G5-31 in PBS (‘Sigma) was added to the wells and incubated for 1



- 75 - Denonstration of sinultaneous binding of bispecific tetraval ent
anti body <VEGF- Ang-2> TvAb6 to VEGF- A and Ang-2 by Biacore In order to
further corroborate the data fromthe bridging ELI SA an additional assay
was established to confirm sinultaneous binding to VEGF and Ang-2 using 5
surface plasnon resonance technol ogy on a Biacore T100 i nstrunent accordi ng
to the foll owi ng protocol and anal yzed- s5i ng the T100 sof t ware package
(T100 Control, Version 2.01, T100 Eval uation, Version 2.01, 1100 Kinetics
Summary, Version 1.01): Ang-2 was captured with a capture |evel of

2000- 1700 RU henltPRS| prior0n&iical (histery of theepatizal heimmirerieds and dike factorg well

Pent aH sAnt i bgdy,.( I 10 BSA-free, Q agen No. 34660) that was

i mmobi li zed on an&ﬁggkﬁﬁgﬁbég;anine coupling (BSA-free). HBS-N buffer

served as runni ng buffer during cqupli clivati done b ] Xt ure of
EDC/ NHS. The Peéntoatiostiap r@ﬁ&h"r%ﬁ'ﬂfﬁﬂ‘h Elgléd %nheb%( n?&}é%latg? Icﬁ’%’g%s.n%{or{ln?éoupl i ng
buf fer NaAc, ¢dHvéralile by syri8ge. g/ atditiohitoatdter, dtei dakriercureferabddiscar isotepic gr oups
wer e bl qcked L £64d Btk 1 M Ethan' amine; ligand 15 densities of 5000
and 17000 RU Q\Aﬁegéa]tsg@ée : tlAni\:1-2 with a concentration of 500 nMwas captured
by the PentaHi s-Ab at a flow of 5 4,/mn diluyted w.th runnin uffer + 1
ML BSA. 5ub%r@a%reﬂw<flgx cag Qgqmaintafea-ior FXample, by yse of £PPBG UBH %Sdf%ﬁ‘é}“?’o Ang- 2
and to VEGF wesndienasder aft requibad pardelbaizeon thd tdse rolf dis@ersamdaniddrynagei on of a
sandwi ch conp| ex. r ' ;¢ ;DI it 7 - Zents VIR 8xafpiwas bound
suﬁﬁctmlx: 0 Ingrlgéng/ fsﬁém n%’ g Hgbr%l?é?gﬂlé b S HE o %8 \ x@Hpl¥

to Ang-2 at a owtof a concentration of . M. . diluted with
runni ng buf f esugars] ppyplaehasAucihas Snanpitel aple IRt ARt ﬁ@dlﬁﬁ’s"}g%%% %y

i ncubatjpon W ¢dnpdson(r hVEGE, R&D- Systens Cat.-No, 293-VE) in PBS + 0.005
1)/0 (v/v) Tween20 running buffer at a flow of 50 uL/mn and a VEGF

concentrati On{ngusé'dsger@ t?%%?rie '(;ngn‘cEli,mcéi??né,ecdnddicéﬁQﬁit@irei' Qe tuhéﬁe 1290
sec. Regeneration was 25 done after each cycle at a flow of 50 uL/mn wth
2 x 10 mM d yutaichspeeably andi all suih desiznabings iclusls BOEeYseHSr (e o Ser e
corrected usi mgnkfdgmansdtahnd owhhForfret ecetist iimgudec it ponaryebejenceil mdidi ng of
bi specific antipbody, and, r.hV t l.ec e i . ks for
each Ab were HEREGEYE] {iF E@\:?Ed%t@%ﬁ%g%@r%?iﬂ%n&&rghg %tﬁa@h%ﬁg)%%s%l%;

Bi acor elassay widersdndvhatiall IEoganyamadnot ke pe@iselyddentical/ia BNACOPENR 80 f or mat
i s shown in Fggiemitd® infaReresih@mtick. ViESR08ogimahaalabe tHersemt furetiggbr t 0

determ ne the jnterference of An oi etin-2 antibodi es, wi.th ANGPT

stimul ated Ti Bl?%ff&@ﬁ%ﬂ‘%aétsﬁfc?ﬁ“%frﬁ?bﬁ ﬁ“&i W"&ﬂylxﬁ@%“‘fdoceﬁ 5 I%C%D%eél s a
reconbi nant HERRE3diFinet desligdnatiomsearevatended afrvailldbd cleBr freml the cantgx¢ DNA3 based
35plasm d (RB22- pcDNA3 Topo hTie2) coding for full-length human Tie2 (SEQ
ID - 76 - 1§} thAfefrakd8tnidlon®fasauschMheRdin retety tdHodesNB iibfr Iofsd St ance

mar ker was transfected using Fugene ch i Sci.enc as tfransfection
reagent ¥ nt o p@t@gégg%l&aﬁgd '?’}91' Et%f&a‘i‘?gs&ecgﬁss?vﬁﬁ?m?gwléa@%rcga Saf e éi n DVEM
10 % FCS, 500uieghsed 2648t cdlindirmidertion ¢4 crreisd wer e.gi bplthe edlcimapiesphasni ng

cylinder, andg@g@%@?&%@ﬁﬁ){i%sﬁi@&lﬁ%é@ GPdhattl, €2.. SR &5 THOR WFAGS, 510 one 22

was identifie one_w gh and stable Tie2 r essi even jn the
absence of {B7EHEKIDIIowgven qthiey reshads fﬂ%@&%geéﬁ@‘l B’ﬁ%?‘gﬂ\ﬁ&@ as by
subsequent |y ws@éhrfifiectival drbyaproagsay fisioANGRTAsd belussdd IfTireRarpitosehiooy| at i on
and ANGPT2 cel |ul af. i i ndi v;@&lﬁjTi ed 1d d of
phosph(C);E | at i Sﬁlysa‘g%l.gf/?‘%ﬁ%gﬁﬁﬁg{ﬁﬁg?&z\?\éﬁ% n %Se eﬁ@%% ,g;sl-pﬁ%[rhola zgti on by
ANGPT2 ant i bodiansfesiian isrsalsivne dreaiaent uyiRg) clgiumhehleriq %ﬁ/\ﬂ%@”%ﬁé‘s‘é&c% i pl e
HEK293- Ti €2 clsauegZ WeSASt 69ruloabpeh 10i31h4 ANGPT2 for 5 minutes in the absence
or presence of ANGPT2 antibody and P-Tie2 was quantified by a sandwi ch

ELI SA. Briefly, 2x105 15 - Ti I I L& dGE OWn
over ni ght on‘%f’ E’Sgﬁ&e&lt’yggﬁge%glggt g%ergéB\r/\'th I%?0 c%’lssc{r)%t‘?ﬁéehr \jﬁgx}dac%e\é@ian 00111
DVEM 10% FCS,trag@sibed intel mBdeend/phto thierosss by whichdhs ransgibedinRydy @ko angpT2

anti bodizgs WagefRf&PHoEGsi Frafsdipl Gf | §ubkequbmlye bethgf atatislatedc émé r pépeides, 750

final volume/we|l, duplicates) a 1xed.with .75 0 . R&D. syst ens
# 623-AN] dil lPP,WﬁPtt‘%gz Ohg}m‘f}‘ﬁs r&?{‘-e%?rﬁcﬁws c%rdmcg‘r?t r%ct%géﬁls\&(?r{ﬁ%wgér%g ard

Ant i bodi es andoAdERdI? weredpioeas gensbproductf & the spakimuckeptide iderdtedelreur e.
100 ILI of the.eictSNL, adHadioht b Baelic2aPmay a1elapReiAolRE RNA
(pre-incubate or mn th 1 nmM NaVv304, Sigma #S6508) and i ncubated for
5 mm at 37C. Subsequently, cells were washed with 200p.1 ice-cold PBS + 1nM
NaV304 per well and |ysed by addition of 120ul lysis buffer (20 nM Tris, 25
pH 8.0, 137 mM NaCl, 1% NP-40, 10% gl ycerol, 2nM EDTA, 1 mM NaVv304, 1 niM
PVMBF and 10 itg/nml Aprotinin) per well on ice. Cells were lysed for 30 mm
at 4C on a mcrotiter plate shaker and 100 p.1 |ysate were transferred
directly into a p-Tie2 ELISA mcrotiter plate (R& Systens, R&D #DY990)

Wi t hout previous centrifugation and wthout total protein determ nation.




- 77 - VEGF induced HUVEC (Human Unbilical Vein Endothelial Cells,

Pronocel | #C12200) proliferation was chosen to neasure the cellular
function of VEGF antibodies. Briefly, 5000 HUVEC cells (| ow passage nunber,
passages) per 96 well were incubated in 10411 starvation medi um (EBM 2
Endot hel i al basal 5 nmedium 2, Pronocell # C 22211, 0.5% FCS,
Penicilline/Streptomycine) in a collages-l-coated BD Bi ocoat Col | agen |
96-wel |l mcrotiter plate (BD #354407 / 35640 over night. Varying
concentrations of antibody were mxed with rhVEGF (30 ngl (il final

concent rat i om "BBto#' B5410M)c avidimpleeult, e phdicaldr $Qbf'fePBC3fW1§u‘t’@§h ganstersm
tenperature. ﬁ‘i?s%ﬁ@dlﬁmw acill lﬂﬁ)léﬂu?& M@ anade 8stweon hée ctlldVEke tahliscladd t hey 10

wer e incubate at 37C, y si s the plate
was equi | i brateeigrs; §at gﬁ‘ﬁt‘?‘eﬁi‘}@tﬁﬁf ulos 1?58@%"00%#9 r?&q{%'glm 2'ctn '(@g,
vi abi | i ty/ pr athidnggsainabintegration®t ephidatien ofisientgrst thet Gerickign tpeimago Tow the

Lum nescent Ce a t a, #
Gvart ora) TenicalerS DoAY ald o &ﬁtﬁﬁﬁt"%&%ﬁé@trf%%ﬁ%t{%‘%%t%t&‘@?%%s. an of

tetraval ent mné/pet,rml%wa@é theddN&wERMY: M%‘b‘t‘?@é‘ﬁ%??l@“%t@%@ﬁ%%@
bi speci fi c anhidgdigshdduneliong ad esMilfed. (VEG-- A) and ANG 2 (Angi opoi et| n2)
according to the invention conprise a first antigen-binding site that binds

to VEG- and al%lge%,?&gss%ﬂt 89& ™ bfs %ﬂnﬁ&l%@tl&eh%téﬂ' NEkgent QiANGEed- it ahi T St

ant i gen- bi ndi ehig heavy chai n vari abl e domain
of SEQ | D 20 anproppigte kast szlhecanu %trartsﬁeb ot Frabtleeﬁdttau%goldt’e?@é&) B NO 24
whi ch afe bothygesdidedydieam dshdiyhuerens ehagsuidbipheyt o icomgrisedt of \ABGF

anti body 06-31 whi.ch i cribed.in de et al., J Biol
Chem 281(2) {PHEBI™ §ﬁ°rg§a aAY “ﬁtl é(b%% Sishi%gég&@%éonv%gduﬁed

Al ternatively e.g. the second anti gen- bi nd| ng site specifically binding to
VEGF conpr i seReschiptibm oy thecdyming agit dCUERCEomai ns of 25 SEQ ID NO 7, or SEQ
D NO 100, and the I |C|I"t chain vari able_domains SEQ D NO-8 0r-SEQ | D NO
101 fromthe 4MEQ WESO:4rt i bod| eavxVREFSBEJIatY EGRabe ARdUREGF>B20- 4. 1.
preferably fragm <VEG->bevaci zupab. As second antigen-binding site (orrpri ses
t he heavy chai %ﬂg}? qjgy-@ domai 1§ea§§@m!upd§@2 AV E@hel gzdmapht chai n
vari abl e donai|ns QID|NO 32 EQIDNO 30 32 W|ththe nmut ati ons T92L,
H93Q andV\94T (KRhRT nunmjer.ina) which ara \/u from £ he “urmn

anti- ANG 2 ant|i SRID NAKG 2> ARty oy T e snms e UM Al ner
J., et al., Cancer Cell.] 6(5 (2004) 507-16, and in US 2006/0122370, can be
used. Alternatfig®hyp .| 4he seﬁ%n@hamtjma;u-wmizr@vsﬁtmameci fical
binding to ANI0-2 conprijses the eavy chain vari abl e domai ns of SEQ 351D

NO 44, SEQ | D-NO—52—SEQ DS SFQ+HD- 78 - 76,
SEQ I D NO Q84 SEGENND N0 92 Y&W&H@HQ\% TV%?%V\%F‘REQ%? e domains SEQ | D

NO 45, SEQID NO 53, SEQID NGO 61, SEQID NGO 69, SEQID NQO 77, SEQ ID
NO 85, SEQ I O ¥ 193N d:rjcem t he aiglhtiohANGIRan{‘i’EGEPb@'asith> Ang2s |R3_LCGCB,
<ANG- 2>Ang2i _LICD6, <ANG2>Ang2il_LC07, 5 <ANG 2> Ang2k_LCD8, <ANG 2>

Ang2s_LC09, < ARG 2 1€16; RO\ ey C er ANy firom
<ANG 2>Ang2i _ A%H&N I\b2> A eﬁlgcﬁ%’é'.énwgcgﬁeba#g gggﬁfgdbtltgt}ibconbi ne
features of both antibodies, ndvel tetravalent bispecific antibody-lderived
protein entiti ESEQEDEN@ON&L r uct dight chaintvagete domaiou<¥ECErdeyasizsmabnant
single-chain b nding nol ecul es |of one antlbody are connected via
reconbi nant prpte: g tecty dy whi ch was
retained in thesgdgrnr)rawo é)a fulil H&l’@ ;i%(?ﬂg %ﬁiﬁé@?@%ﬁg%n“ body icarri es
the desired second bindihg spedifici tv R\/ gene_svynt hesis and-reconbi nant
mol ecul ar bi ol p§FQUBANAI ks, t|Heatyehaip EHRZN<YEGF aransi#usnd®omai n (MH and

the light chain variabl el domai n (VL) of the respective anti body were |inked

<

by a glycine segEpgpESI 8107 ([U% h%tnrtgﬂ)m CEQEGT-rdniRruhdd i ve a single
chain Fv (scFv ?E%Pch Was attache to the C terninus of the ot her
anti body heavy|chain usihg a (Q0)6-—or {04S)34inker—R—adgi-tion; st ei ne

resi dues were | SERJBUNOd| A the1vﬁt@Pﬁb@gaﬁnévﬁﬁﬁgtmb@§WPabn 20 44 and VL
(i ncludi ng Kabat position 100) |[domain of the scEv binding to ANG 2 pr VEGF
as described earTier (e.g. W 94/029350; Reiter, Y., et al,, Nature

bi ot echnol ogy (1996) 1239-1245; Young, N.M, et al, FEBS Letters (1995)
135- 139; or Rajagopal, V., et al., Protein Engineering (1997) 1453-59).

Al'l these nol ecul es were reconbi nantly produced, purified and characterized
and 25protein expression, stability and biological activity was eval uat ed.
A summary of the bispecific antibody designs that were applied to generate
tetraval ent bispecific <VEG-- ANG 2>, <ANG 2-VEG-> anti bodi es and
tetraval ent nonospecific <ANG 2> antibodies is given in Table 3. For this
study, we use the term TvAb' to describe the various tetravalent protein




heavy chain variable domain (VH of SEQ ID NO 31, and the light chain
vari able domain (VL) of SEQID NO 32 with the nutations T92L, H93Q andWo4T

79 - derived fromthe human anti-ANG 2 anti body <ANG 2> Mab536 was fused

to the sequence corresponding to the C-term nus of the heavy chain vector
of the human anti-VEGF anti body <VEGF> 06-31 of SEQ ID NGO 23 and

co-expressed with the respective |ight-®hai n expressi on vector

based on SEQ

ID NO 24. A representation 5of the deS|gned forrrats |s shown in Figure 1B

and listed in Table-3 n—o+-d o0t tht-—h-Spect tetravatent
ant i bodi es TvASSURN® AbT 5 tﬁ‘ﬁhts‘?hﬁﬁ‘lcgbg‘ﬁa F(Eﬁﬁ@étﬁ%‘j %)I ndi ng to| VEGF
derived fromthe heavy ¢hain Jariable domain (VH) of SEQ 1D NO 23] and the
light chain vasieabipeNdofed n (lijghodhaHCDRID, NOEGRFratdbizweab f rom t hel human
anti - VEGF ant il body <VEGF> 06- 31 was 10 fused to the sequence correpspondi ng
to the Ctermaus—of peavy—chat auc\g,,anaé 'WWQ
anti body <ANG §EQ\EDT§Q (5% SEC)hIefY 3 o expr esded W th the
respective |ight chain éxpression vector based on SEQ ID NO 32. A
represent at i on SeQ IEOd¢3$6 gned ligbt chairsvarmbihiovmain, < VEQErrenibBuaml | | sted in
Tabl e 3. 15Table 3 - The di ffer ent Dbi speC| fic tetraval ent ant| body formats
wth G term na—sefv-attachne ] ; Spae nel ature
An "-" in the ﬁgg@_ ang‘?" not 6 I ecul’'e Antibody scFv Variabl e
Position Singlle- Peptidé scFv INane backbon derived Domains of scEv]chain-
-linker SEQIDNO: | 18 heavy chain CDR2, <VEGF> HuMab G6-31

SEQIDNO: | 19 heavy chain CDR1, <VEGF> HuMab G6-31

SEQID NO: | 20 light chain CDR3, <VEGF> HuMab G6-31

SEQID NO: | 21 light chain CDR2, <VEGF> HuMab G6-31

SEQ ID NO: | 22 light chain CDR1, <VEGF> HuMab G6-31

SEQID NO: | 23 heavy chain variable domain, <VEGF> HuMab G6-

31
SEQID NO: | 24 light chain variable domain, <VEGF> HuMab G6-
31

SEQID NO: | 25 heavy chain CDR3, <ANG-2> Mab 536

SEQ ID NO: | 26 heavy chain CDR2, <ANG-2> Mab 536

SEQ ID NO: | 27 heavy chain CDR1, <ANG-2> Mab 536

SEQ ID NO: | 28 light chain CDR3, <ANG-2> Mab 536

SEQ ID NO: | 29 light chain CDR2, <ANG-2> Mab 536

SEQ ID NO: | 30 light chain CDR1, <ANG-2> Mab 536

SEQ ID NO: | 31 heavy chain variable domain, <ANG-2> Mab 536

SEQ ID NO: | 32 light chain variable domain, <ANG-2> Mab 536




di sulfide (TvAb- e derived from VI
VL100 cl ature for

SEQ t ached

stabilized 06-31 <VEG> -

\ and at |inker VH44/ nonen-
bi specific anti bodi es) | D NO :

from VL:
to anti body

- 55-

SEQ ID NO: | 33 (G4S)4 linker

SEQ ID NO: | 34 lambda light chain constant region

SEQ ID NO: | 35 human heavy chain constant region derived from
IgGl

SEQ ID NO: | 36 human heavy chain constant region derived from
IgG4

SEQ ID NO: | 37 kappa light chain constant region

SEQ ID NO: | 38 heavy chain CDR3, <ANG-2> Ang2s_R3_1.CO03

SEQ ID NO: | 39 heavy chain CDR2, <ANG-2> Ang2s_R3_LCO03

SEQ ID NO: | 40 heavy chain CDR1, <ANG-2> Ang2s_R3_1.C03

SEQ ID NO: | 41 light chain CDR3, <ANG-2> Ang2s R3_LCO03

SEQ ID NO: | 42 light chain CDR2, <ANG-2> Ang2s_R3_LC03

SEQ ID NO: | 43 light chain CDR1, <ANG-2> Ang2s_R3_LCO03

SEQID NO: | 44 heavy chain variable domain, <ANG-2>
Ang2s R3 1.CO3

| SEQ ID NO: | 45 light chain variable domain, <ANG-2>

Ang2s R3_LCO3

SEQ ID NO: | 46 heavy chain CDR3, <ANG-2>Ang2i_LCO06

SEQ ID NO: | 47 heavy chain CDR2, <ANG-2> Ang2i_LCO06

SEQ ID NO: | 48 heavy chain CDR1, <ANG-2>Ang2i_LCO06

SEQ ID NO: | 49 light chain CDR3, <ANG-2>Ang2i_L.C06

SEQ ID NO: | 50 light chain CDR2, <ANG-2>Ang2i__LC06

SEQ ID NO: | 51 light chain CDR1, <ANG-2>Ang2i_LC06

SEQ ID NO: | 52 heavy chain variable domain, <ANG-

2>Ang2i_LCO06




23 + 24

&6- 31 (1000) Mab536 <ANG - 31 + 32
- 56 -

SEQ ID NO: | 53 light chain variable domain, <ANG-2>Ang2i_LC06
SEQ ID NO: | 54 heavy chain CDR3, <ANG-2>Ang2i_LCO07
SEQIDNO: { 55 heavy chain CDR2, <ANG-2>Ang2i_LCO07
SEQID NO: | 56 heavy chain CDR1, <ANG-2>Ang2i_LCO7
SEQID NO: | 57 light chain CDR3, <ANG-2>Ang2i_LC07

SEQ ID NO: | 58 light chain CDR2, <ANG-2>Ang2i LC07

SEQ ID NO: | 59 light chain CDR1, <ANG-2>Ang2i_LCO07

SEQ ID NO: | 60 heavy chain variable domain, <ANG-

2>Ang2i_LCO7

SEQ ID NO: | 61 light chain variable domain, <ANG-2>Ang2i_LCO07
SEQ ID NO: | 62 heavy chain CDR3, <ANG-2>Ang2k_LCO08
SEQ ID NO: | 63 heavy chain CDR2, <ANG-2> Ang2k _LCO8
SEQID NO: | 64 heavy chain CDR1, <ANG-2> Ang2k_LCO08
SEQ ID NO: | 65 light chain CDR3, <ANG-2> Ang2k_LC08
SEQ ID NO: | 66 light chain CDR2, <ANG-2> Ang2k_LCO08
SEQ ID NO: | 67 light chain CDR1, <ANG-2> Ang2k_LC08
SEQID NO: | 68 heavy chain variable domain, <ANG-2>
: Ang2k LCO8

SEQ ID NO: | 69 light chain variable domain, <ANG-2>

Ang2k LCO8

SEQ ID NOQO: } 70 heavy chain CDR3, <ANG-2> Ang2s_LC09
SEQID NO: | 71 heavy chain CDR2, <ANG-2> Ang2s_LC09
SEQ ID NO: | 72 heavy chain CDR1, <ANG-2> Ang2s L.C09




2>

(1000)

Mab536 - 80 -
-57-

SEQIDNO: | 73 light chain CDR3, <ANG-2> Ang2s_LC09
SEQID NO: | 74 light chain CDR2, <ANG-2> Ang2s_LC09
SEQ ID NO: [ 75 light chain CDR1, <ANG-2> Ang2s_LC09
SEQID NO: | 76 heavy chain variable domain, <ANG-2>

Ang2s LCO09
SEQIDNO: | 77 light chain variable domain, <ANG-2> Ang2s_LC09
SEQID NO: | 78 heavy chain CDR3, <ANG-2> Ang2i_LC10
SEQ ID NO: | 79 heavy chain CDR2, <ANG-2> Ang2i_LC10
SEQ ID NO: | 80 heavy chain CDR1, <ANG-2> Ang2i_LC10
SEQ ID NO: | 81 light chain CDR3, <ANG-2> Ang2i_LC10
SEQ ID NO: | 82 light chain CDR2, <ANG-2> Ang2i_LC10
SEQ ID NO: | 83 light chain CDR1, <ANG-2> Ang2i_LC10
SEQID NO: | 84 heavy chain variable domain, <ANG-2>

Ang2i LC10
SEQ ID NO: | 85 light chain variable domain, <ANG-2> Ang2i_LC10
SEQ ID NO: | 86 heavy chain CDR3, <ANG-2> Angzk_LC11
SEQ ID NO: | 87 heavy chain CDR2, <ANG-2> Ang2k_LC11
SEQ ID NO: | 88 heavy chain CDR1, <ANG-2> Ang2k LC11
SEQID NO: | 89 light chain CDR3, <ANG-2> Ang2k LC11
SEQ ID NO: | 90 light chain CDR2, <ANG-2> Ang2k_LC11
SEQ ID NO: | 91 light chain CDR1, <ANG-2> Ang2k LC11
SEQID NO: | 92 heavy chain variable domain, <ANG-2>

Ang2k LC11




Mol ecul e Nane (TvAb- nomen- clature for bispecific antibodies) Antibody
sen, hackbon e derived fromderived from Vari abl ePositi on Donai ns VH and

VL: SEQ tached ID NO :to of scEvchain- antibody Single- at |inker -Iinker
Peptide say disulfide VH441 VL100 stabilized bevaci zumab <VEG-> bevaci zu
mab - 23 + 24 Ang2i LCO6 (LCO6) <ANG 2>Ang2i _LCO6 - 52 + 53 - -
- 58 -

SEQ ID NO: 93 light chain variable domain, <ANG-2> Ang2k_1LC11

SEQ ID NO: | 94 heavy chain CDR3, <VEGF>B20-4.1

SEQID NO: |95 heavy chain CDR2, <VEGF>B20-4.1

SEQID NO: | 96 ‘heavy chain CDR1, <VEGF>B20-4.1

SEQID NO: | 97 light chain CDR3, <VEGF>B20-4.1

SEQID NO: | 98 light chain CDR2, <VEGF>B20-4.1

SEQID NO: | 99 light chain CDR1, <VEGF>B20-4.1

SEQID NO: | 100 heavy chain variable domain, <VEGF>B20-4.1

SEQ ID NO: | 101 light chain variable domain, <VEGF>B20-4.1

SEQ ID NO: | 102 bevacizumab heavy chain Ang2i_LCO06 scFv fusion
peptide of <VEGF-ANG-2> TvAb-2441-
bevacizumab-LCO06

SEQ ID NO: | 103 bevacizumab heavy chain Ang2i_L.C08 scFv fusion
peptide of <VEGF-ANG-2> TvAb-2441-
bevacizumab-LCO8

SEQ ID NO: | 104 light chain of bevacizumab

SEQ ID NO: | 105 Human vascular endothelial growth factor (VEGF)

SEQ ID NO: | 106 Human angiopoietin-2 (ANG-2)

SEQ ID NO: | 107 Human angiopoietin-1 (ANG-1)

SEQ ID NO: | 108 Human Tie-2 receptor

SEQ ID NO: | 109 Heavy chain 1 of bispecific, tetravalent single chain
Fab <VEGF-ANG-2> antibody molecule scFAb-
Avastin-LC06-2620

SEQ ID NO: | 110 Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scF Ab-Avastin-
L.C06-2620




Ang2k_LCO6 (11908) <ANG 2>Ang2k LCC8 - 68 +69 TvAb5 (2310) <VEG->
06-31. <ANG 2> Mab53 6 23 + 24, 31 + 32 with the nutations T92L, H93Q
andWp4T C-term EC (048)3 (0)6 - - 81 - Mol ecule Nanme (TvAb- nonen-
clature for bispecific antibodies) Antibody scEv backbon

-59-

SEQ ID NO: | 111 Heavy chain 1 of bispecific, tetravalent single chain
Fab <VEGF-ANG-2> antibody molecule scFab-
Avastin-Ang2i-LC06-2640

SEQIDNO: | 112 Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-
Ang2i-1.C06-2640

SEQIDNO: | 113 Heavy chain 1 of bispecific, tetravalent single chain
Fab <VEGF-ANG-2> antibody molecule scFab-
Avastin-Ang2i-L.C06-2641

SEQIDNO: | 114 Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-
Ang2i-1.C06-2641

Heavy chain 1 of bispecific, trivalent single chain
Fab <VEGF-ANG-2> antibody molecule Avastin-
LCO06-KiH-C-scFab

SEQ ID NO: | 115

SEQIDNO: | 116 Heavy chain 2 of bispecific, trivalent single chain

Fab <VEGF-ANG-2> antibody molecule Avastin-
LC06-KiH-C-scFab

Light chain of bispecific, trivalent single chain Fab
<VEGF-ANG-2> antibody molecule Avastin-LC06-
KiH-C-scFab

SEQIDNO: | 118 Heavy chain 1 of bispecific, trivalent <VEGF-ANG-
2> antibody molecule Avastin-LC06-C-Fab-6CSS

SEQID NO: | 119 Heavy chain 2 of bispecific, trivalent <VEGF-ANG-
2> antibody molecule Avastin-LC06-C-Fab-6CSS

SEQ ID NO: | 120 Light chain of bispecific, trivalent <VEGF-ANG-2>
antibody molecule Avastin-LC06-C-Fab-6CSS

SEQ ID NO: | 121 Heavy chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-CH1-CL .

SEQ ID NO: | 122 Heavy chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-CH1-CL

SEQ ID NO: | 123 Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-CH1-CL

SEQ IDNO: | 124 Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-CH1-CL ,

SEQID NO: | 125 Heavy chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-VH-VL

SEQID NO: | 117




e derived fromfromderived |ID Vari abl ePosi ti on Domai nsof VII and VL: SEQ

tached NO :to scFvchain- antibody Single- at linker -linker Peptide scFv

di sul fide V1144/ VL100 stabilized TvAb6 (2331) <VEGF> (6-31 <ANG 2> Mab53

6 23 + 24, 31 + 32 with the nutations T92L, 1-193Q andWp4T C-term HC

(AS)3 (AS)3 scFv disulfide VHA4ANL 100 stabilized TvAb9 (2330) <ANG 2>
-60 -

SEQ ID NO: | 126 Heavy chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-VH-VL

SEQID NO: | 127 Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL

SEQ IDNO: | 128 Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antlbody molecule
Avastin-LC06- VH-VL '

SEQID NO: | 129 Heavy chain 1 of bispecific, bivalent -domain
exchanged <VEGF-ANG-2> ant1body molecule
Avastin-LC06-VH-VL-SS )

SEQ ID NO: | 130 Heavy chain 2 of bispecific, bivalent domain .
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-VH-VL-SS

SEQ ID NO: | 131 Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL-SS

SEQID NO: | 132 Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL-SS

SEQ ID NO: | 133 Heavy chain 1 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
L.CO06-N-scFab

SEQID NO: | 134 Heavy chain 2 of bispecific, bwalent ScFab-F¢
fusion <VEGF-ANG-2> antibody molecule Avastin-
LC06-N-scFab

SEQID NO: | 135 Heavy chain 1 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
LCO06-N-scFabSS

SEQID NO: | 136 Heavy chain 2 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
LCO06-N-scFabSS

The following examples, sequence listing and figures are provided to aid the

understanding of the present invention, the true scope of which is set forth in the

appended claims. It is understood that modifications can be made in the procedures
5 set forth without departing from the spirit of the invention.

Description of the Figures

Figure 1A Schematic structure of one tetravalent embodiment of a bispecific
antibody according to the invention binding to VEGF and ANG-
2, wherein one of the Antigens A or B is VEGF, while the other



Mab536 <VEGF > 6- 31 31 + 32, and 23 +24 C-term HC ((4S)3 ((4S)3 - TvAbl 5
(2431) <ANG 2> Mab536 <VEGF > G6- 31 31 + 32, and 23 +24 Cterm HC (AS)4
(&AS) 3 seFv disul fide VH44/ VL 100 stabilized TvAb-2441- bevaci zunab -LC06

bevaci zu mab LCO6 7 + 8 and 52 + 53 C-term HC (AS)4 (04S)4 seFv disulfide
VH44/ VL 100 stabilized
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is ANG-2. The structure is based on a full length antibody
binding to Antigen A, to which two (optionally disulfide-
stabilized) single chain Fv’ s binding to Antigen B, are linked via
the a peptide-linker.

Figure 1B Schematic representation of the generated bispecific tetravalent
antibodies using the TvAb nomenclature (see Examples) — either

without or with disulfide stabilization of the scFv

10 Figure 2A Schematic representation of disulfide-stabilized <VEGF-ANG-2>
bispecific tetravalent antibody (=<VEGF-ANG-2> TvAb6, No.
2331, see Table 3)
Figure 2B Plasmid maps of the modified heavy chain and the light vectors
used for.the expression of disulfide-stabilized <VEGF-ANG-2>
15 TvAb6
Figure 3 SDS-PAGE of purified disulfide-stabilized <VEGF-ANG-2>
TvAb6 in comparison to the “standard” human IgG1l antibody
G6-31 (<VEGF> HuMab G6-31) under reducing and non-
reducing conditions
20 Figure 4 Size exclusion chromatography of purified disulfide-stabilized
<VEGF-ANG-2> TvAb6 in comparison to the “standard” human
IgG1 antibody G6-31 shows that disulfide-stabilized TvAb6 does
not form again aggregates upon purification .
Figure 5 Schematic view and results from VEGF. binding ELISA.
25 disulfide-stabilized <VEGF-ANG-2> TvAb6 binds to VEGF
comparable to <VEGF> G6-31. <ANG-2> Mab536 does not bind
to VEGF
Figure 6A Schematic view and results from ANG-Q binding ELISA.
disulfide-stabilized <VEGF-ANG-2> TvAb6 binds to ANG-2
30 comparable to <ANG-2> Mab536. <VEGF> G6-31 does not bind
to ANG-2.
Figure 6B Schematic view and results from ANG-2 binding analysis by

surface plasmon resonance (Biacore). disulfide-stabilized



- 82 - Mlecule Name (TvAb-e nonmen-fromclature for bispecific antibodies)
Anti body scFv backbon derived from derivedDomains ID Variable VH and VL:
SEQ NO : if antibody osition Single- scFvchain- ached o at |inker Peptide

-Iinker scFv stabilized disulfide VH441 VL100 TvAb-2441- bevaei zumab -LC0S8
bevaci zu nab LCO8 7 + 8 and 68 + 69
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<VEGF-ANG-2> TvAb6 binds to ANG-2 with comparable
affinity as <ANG-2> Mab536.
Figure 7 Schematic view and results from VEGF-ANG-2 bridging ELISA.
disulfide-stabilized <VEGF-ANG-2> TvAb6 binds
5 simultaneously to VEGF and ANG-2 whereas <VEGF> G6-31
and <ANG-2> Mab536 are not capable of binding simultaneously
to VEGF and ANG-2.
Figure 8a | Efficacy of disulfide-stabilized <VEGF-ANG-2> TvAb6 in
comparison to <ANG-2> Mab536, <VEGF> G6-31 and the
10 combination of Mab536 and G6-31 in the staged subcutaneous
‘ Colo205 xenograft model in Scid beige fnice (study
ANG2_Pz_Col0205_003)
Figure 8b Efficacy of disulfide-stabilized <VEGF-ANG-2> TvAb6 in
comparison to <ANG-2> Mab536, <VEGF> G6-31 and the
15 combination of Mab536 and G6-31 in the staged subcutaneous
Colo205 xenograft model in Scid beige mice (study
ANG2 Pz _Colo205_005)

Figure 9 Blocking of VEGF-induced tube formation by the bispecific
tetravalent antibody <VEGF-ANG-2> TvAb6- Results
20 Figure 10A + B Blocking of VEGF-induced tube formation by the b disulfide-
stabilized <VEGF-ANG-2> TvAb6 -- Quantitat'ive analysis
Figure 11 Schematic view of VEGF binding analysis by surface‘_plasmon
~ resonance (Biacofe).
F igurév12 ' Kinetic characteristics of the two <VEGF> antibodies <VEGF-
25 Ang-2> TvAb6 and <VEGF> G6-31 in a Ka-Kd plot.
Figure 13 Schematic view of surface plasmon resonance (Biacore) assay to

detect simultaneous binding of ANGPT2 and VEGF to bispecific
antibodies
Figure 14 Results from surface plasmon resonance (Biacore) experiments
30 showing that TvAb6 binds simultaneously to ANGPT2 and
VEGF.



Cterm 1-1C (048)4 (04S)4 scFv disulfide V1-144NL 100 stabilized TvAb-
3421 bevaci zumab_ LCO 6 bevacizu mab LCO6 7 + 8 and 52 + 53 -term | C
((348)4 ((AS)2 scFv disulfide VHA4NL 100 stabilized TvAb- 4421 -bevaci
tumab bevacizu mab LCO6 _ LCO6 7 + 8 and 52 + 53 C-term C (048)4 ((348)2
scFv disul fide VH44NL 100 stabilized TvAb- 4461 bevaci zumab

-63-

Figure 15A + B A) Schematic representation of the bispecific and simultaneous
Biacore binding assay of the <VEGF-ANG-2> bispecific
antibodies. B ) Biacore data demonstrating simultaneous binding
of ANG-2 and VEGF to TvAb-2441-bevacicumab_LC06

5 Figure 16A +B Tie2 phosphorylation of the bispecific antibodies <VEGF-ANG-
2>TvAb-2441-bevacizumab-LC06 and <VEGF-ANG-2>TvAb-
2441, in comparison with the anti-Ang2 antibodies <ANG-
2>Ang2i_LCO6 and < ANG-2>Ang2k_LCO8 |

Figure 17 Schematic representation of human Angiopoietin interaction
10 , ELISA
Figure 18 VEGF-induced HUVEC proliferation of <VEGF-ANG-2>TvAb-

2441-bevacizumab-LCO06 and <VEGF-ANG-2>TvAb-2441-

bevacizumab-LCO08 and bevacizumab

Figure 19 In vivo anti-angiogenic efficacy of bispecific antibody <VEGF-
15 ANG-2> bevacizumab-LCO06 antibody in comparison to <ANG-
2> ANG2i-LC06, and the combination of <ANG-2> ANG2i-
LC06 and Avastin (bevacizumab) in Calu3 xenograft model
monitored via labeled anti-CD31 antibody and the relative change
of CD31 signal during therapy.

20 Experimental Procedure
Examples

Materials & general methods

General information regarding the nucleotide sequences of human

immunoglobulins light and heavy chains is given in: Kabat, E.A., et al., Sequences
25 of Proteins of Immunological Interest, 5th ed., Public Health Service, National

Institutes of Health, Bethesda, MD (1991). Amino acids of antibody chains are

numbered and referred to according to EU numbering (Edelman, G.M., et al., Proc.

Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E.A., et al., Sequences of Proteins of

Immunological Interest, 5th ed., Public Health Service, National Institutes of
30 Health, Bethesda, MD, (1991)).

Recombinant DNA techniques



bevaci zu mab LCO6 LCO6 7 + 8 and 52 + 53 CGterm C ((4S)4 (048)6 scFv
di sul fi de VH44NL 100 stabilized - 83 - The TvAb formats are based e.g. on
a) aa) the human anti-VEGF anti body <VEG-> 06-31 and ab) two single chain
Fv (scFv) binding to Angiopoietin-2 derived fromthe heavy chain variable
domain (VH) of SEQ ID NO 31, and the fight chain variable D domain (VL) of
SEQID NGO 32 with the nmutations T92L,-4$€30Q andW4T, which are linked to
the C-term nus of the heavy chain of the anti-VEG- anti body <VEG-> G6- 31
(SEQ ID NG 23); or b) ba) the human anti-ANG 2 anti body <ANG 2> Mab536 and
bb) two si ngltamlaal mefhod{ sefevysebitndianigutate DEGFaddescyiend ifirSambravd, fedvy chai n
vari abl e 10 S I bl e
dzﬁ”gkyn F%Hﬁg)ﬂfng E@av\l}n ﬁpm%%al anf é;ﬁﬁlg Hzﬂﬁ'ﬁr 1GB8dafbry Bfdsd he

domai n (VL) are e GC-term nus of

heavy chain o¢01€1h?éméﬂt[iiarl@NGI‘£eV‘éPﬁ°F‘bo1§ <31\B“§’$6%m0%1§%@°ﬁ§“ﬁd”er§1) or c)
ca) the hUWHnus@dlMcois&ﬁ{g:toaH&mbﬁhdyct@‘dEﬂﬁqusﬂm zumab (Avastin) and cb) two
single chain Fv (scFv) binding to Angiopoietin-2 derived fromthe 15 heavy
chain va5r| ablé &Lo%i l{SVI—I) of SEQID NGO 52 or of SEQID NO 68, and the

i ght chain varia dormai n (VL) of SEQ ID NGO 53 or of SEQ I D NO 69

which are linked to the C-term nus of 2*69 g L L0 d% t|-
anti body <VEQRSSTS@\25BF SEHRTNY W’é?s?‘ieﬂz)re(i Eﬁ%@’ﬁ Udegsme

fusi on pepti dgntiesis. SHRel BeddO sepigntqr whki@ |de NDanked3by Zﬁngvﬂarcheml@lon
co-expr essed 5 %)E'uctkgge l({lgak'/ta%ec Qﬁle%; Q%rebgéé)@ﬁbl%ﬂnﬁp %glklg B li]gqf*on of

(Al ternativel bi ndin to tin-2 can
al so be i nke@ilaoﬁu@%ldes tieglyding & aﬁlﬁhﬁth’Qﬁta“éh%H SeayFn yhé ORF dius of
the heamy Chainﬂl)cated restrichbr €3IBS i /gy KpAl/ t BRISONUAR/Pad kgl @PCRSicriptFy
(usi g pepti dSTABRRELESR Pt I RTRRS TRE DR fifeaco R hbaBihe™ 002
No 09004909. 9gemcfragmeﬁ$6awpﬂeecoxlﬁm¢d<h)' OBYA sequencingy Gerss SYIEhesig fmﬂmw%au on
of bj speci fi cytRtdarad &bramy !ot@a’!n% Y& donf NG etrearl (’I?ég‘énsbﬁifg“bﬁrmany)

TvAb- 2441- bevaci zunmab- LC%% and1 B 41 Qev chgu%@% ec1ﬁc above).
The plasmi ds O8r&nsseEnents gneading lighi laﬁa] Yicagns & Ge ]Pulﬂ’

transfert ed f atibodiansieeatsythgsized swidn 20%'- mcbhﬂm Nequengsr etdanien £01i A 1¢QEFQ293 F
cell's (utili Zgﬂ)‘&ng Qﬂé%@?ﬁﬂﬁﬁ(ﬁﬁ?@ﬁi@ ),2WRicR % t@ rot@fr{seﬂbr Zeéié’%% iHEK

293-F cell tants were harveste tere ﬁ\,‘gpem

ant i bodi es m?‘é‘aﬁ@ﬁ‘queQ& A 5 -FrmEdiad s sﬁeﬁtéw%?(‘bls'lﬂ%gr hie8WE Sy r aphy.
Honmogenei ty otarplihg kdispidd fstabﬂ&mtu liodys-onbasletictedified lomny i chasd Imer<SDS- PAGE
under non redgm%g%a‘ggh ggél&glcg tIJmQtlaﬁ ng {;Hga‘l‘ Bbse,a#ea%z&a@(gllldjm on

chr omat ogr aph UCI n ndi tions peptl de heavy
chai ns & <VEGB4MNGIPSSTLHSE %!}QrY‘SmNgm‘t‘tﬁﬁo@-“B glerﬁhﬁlﬁ h%*’é’P—‘\? #8si on showed
upon SDS- PAGE apparent nol ecular 10 sizes of ca. 75 kDa anal ogous to the
cal cul at ed nobeAlbajuen& ddrérminblies spectronetry confirmed the identity of
the purified anti body constructs. Expression |levels of all constructs were

anal ysed by P i i r hgﬂ Yoefoffiedat
'standard' @ﬁ&gﬁféﬁ?&@qé{%eﬁ@%ﬁs %vﬂeydhgﬁm% gtlﬁfgg Sg@% i <§/ éF ANG- 2>

per liter of é@dI'G“‘él?F’c”& Fén% Rariimenigth G&E‘“‘H@Q OF RETHY erStet en,
Germany).
25 DNA and protein sequence analysis and sequence data management

The GCG's (Genetics Computer Group, Madison, Wisconsin) software package
version 10.2 and Infomax's Vector NT1 Advance suite version 8.0 was used for

sequence creation, mapping, analysis, annotation and illustration.
Expression vectors (for Example 1)

30 For the expression of the described antibodies variants of expression plasmids for
transient expression (e.g. in HEK293 EBNA or HEK293-F) cells or for stable



15Protein A HPLC. Size exclusion chromat ography analysis of the purified
non-di sul fide stabilized construct TvAb5 with C-term nal fused scFv at the
heavy chain showed conpared to 'standard’ 1gGs an increased tendency to
aggregate again after purification of nonomeric antibody via size excl usion
chromat ography (so-called "daisy chain" 20 phenonenon). This finding has
been supported by ot her exanples (Rajagepal, V., et al., Prot. Engin.
(1997) 1453-1459; Kobayashi, H., et al, Nucl Med Biol. (1998) 387-393 or

- Schmdt, M, et al, Owcogene (1999) 18, 1711 - 1721) show ng that nol ecul es
that cont ai nestpessivs (¢han CHEr eclighbased aitfidrionedc YA ongasizarian widissGMM-des

bet ween VH a Eqs izt Ay CMV p@aioegat.e. Figgrer educed
25 vyi el ds. Tgﬂgéfxla- ?%Qéeg%%@ éélggﬁvm ?h aggirﬁce;ljgatl on o? suchqbl spgf:lrl fic

ant i bodi es, d?‘%)dﬁ’qucP@P]é?dabl lization of the scFv noieties was applied. For

t hat we |ntroduced single cysteine replacenents within VH and VL of the
scFv at defi nBghideaké dritibndy éxposssion oassetigrihd Kedt@9 centeivedi ng t o t he Kabat
nunberi ng schene). These nutations enable the formation of stable

interchaj n di sulfigdeg;heimeniatitd @midh MiowsSRpMrtieh of thid plashnig iaBi dolize t he
resulting disulfide-stabilized scFv nodul e. Introduction of the VH44/VL100
disulfides in the ®Fv at the C-terminus of the Fv in TvAb6 <VEGF- ANG 2>
lead to a stabl e teptawalaentenamthidiadyferhanpisiiowesistaocedgd eglat i on t endency
any longer after purification and renained in a nononmerjc state (FI gure 4).
In addition, Thep@seryrioruaricf ths anihads gendisicarped Of the fallgyyiag glements:

35t endency upon repeat ed freeze aw c S e-g. at the concentration
applied for in vitVBaUEigstehop;sygs })‘Ttv%%ge 85 - Al other TvAb

mol ecul g5 descr|-bemenmm€abﬂeear$y¢n}en@raﬂ'd/pwlgmz)ﬂetfmlneﬂladmmamrab - LCO6 and
TvAb- 2441- bevaci zu 6%5}2, s were prepar ed and anal ytically characterized
anal ogously to the ure descri bed. rrpl e 7 %%I t aneous bi ndi ng of
bi speci fic tetravaf ﬁ‘i"e%hft’ FhBéWWE@WW cpypighe SERIZHaci zunab
-1, C06 and TvAb- 244§L—ﬁlﬁ%éﬁ§lhtédlf’@h>rrdf@mniaﬂ affdayAeaid ANG 2 The bindi ng of

the scFv nodul es and of tai.n gG nodul e of the different
b| specific anti bod¥y '?IBPWFO%J eav Cﬁl m§%h]?sehlpﬁgé ’bi ndi ng of the 10 ‘

“wildtype' 1gGs frtbmhMﬁcrantﬂP@ymhﬁd vinshrinagodified bgayp sdip pelightt i bodi es
were derived. TheS&a%D%itM&%cmAeorCaar éﬁcﬁﬂc@ugan&tau@qwtm e concentrations

by perform ng biochem'ca ndi n LI SAs a by appl yi ng Surface Pl asnon
Resonance (Bi acor ef"MEYE HNEG%XR%&F 'Ps” was shown by VEG- bi ndi ng

ELI SA as descri beda 35urdtaosiated Fegion] witthd mls’acte@yl\aE@:m@mlrmuamﬂeeartdo its parent

anti body 06-31 at %ﬂlq%g%sm&,aﬁs@éegcaeﬂkraatewn of 0.625 pM (Figure 5). This
finding could be expected as the Fv region of the TvAb is identical to that

of 06-31. The_slight difference bet <VEGE- ANG: 2> > 06-31
is due £® smalf‘ ggsl“frbg%pr‘?ﬁggmpﬂs‘%&\g]eﬁv%(%}rllacuéﬁ TS |e(%)r? f-a[ﬁég\pe%cwaﬁ%égg?eri c
interference afd theeC-@ringratrsakal fusiofFas dfsphbtzbbdmvnd‘ier@g@feram@ebkﬁ =niiop

detection anti @%’nﬁf&gs %ﬁdhs@@mﬁ’l\é@%tﬁ']@o@ﬁ réddRlbirfedt meiho@ ardll teéaiguREORY ( Bi ozol
Cat . No. 20600 t

ection anti ed for the ANG 2. bi qg LI SA.
Usi ng Bi acor e SPHESEOT Phhaeo ?%nEﬂFfFl@F’fgae%qnﬁsgeﬁ UF1a8 SPERF 8E%8nt ration
series at 37 GchRi gleeinl e gélfhﬁﬁe hdatya chdiowedtofa stheKsubcloatd qukle) aad
4.7-4.8 §+6 1/s£%ufe21§;é d%rg %rﬁ g%NK’%@% eﬁ@lgg%r\efa}lgeﬁti&ﬁd Bi28lR&Shsfections

concentlz tions tes re of technical

speci fi cat i onlqrigerequatifie.0f tb%lpéa}gmﬁisoﬂﬁfﬂ pregared i by elasmyd preparaiae FHiMdi ng

(avidity effeglahsfHARRY E.1d1i Sulb@BdiNucRBBorRISA X, Madseagusagt). of the dimeric

anal yte rhVEG-, although a very low |igand density was used resulting in

final VEG--re nse of %rsl?fols%xahﬁr {)(H] | ess, the kinetic constants of the
u

30 different mé'n‘fl di‘es ¢o onpared by this nmethod and within

the error of the nethod there was,K no nifi ferenelnthe ki netic

constants of tﬁée&%ﬁsﬁ’@!}é(?‘é?ﬁw%ﬁ%%Wpﬁégﬁﬁ??%(?g@e?@“%ﬁ DU Ty Ab6 and t he

original antibody <VEGF> ((-31 detectable. The kinetic constants for

<VEGF- Ang-2> - 86 -- ﬂjﬁrﬁnmnlresiﬁ%g@ﬁasmsdn@@mrwﬁb@e conditions were

virtually identical Iggf.ps BaR& o uded that TvAb6
% S&%Eof%?h%ﬂon of El%stéfﬁl aR&i S@ )

conpletely retained i i es

respective k|netlc*coﬁb@&ﬁ?gfﬁﬁhaﬁpgﬁwgl 2‘@ﬁBVEU%ﬁgwkwhénPgs“mﬂunwn
characteristics of the two <VEG-> anti bodi es <VEG-- Ang- 2> 5TvAb6 and <VEG->
G6-31 in a Ka-Kd plot. Tab. 14: Kinetic properties of <VEG- Ang-2> TvAb6
and <VEGF> 06- 31




Measured at 37C Ka kd t112 ED Antibodies [1/(Ms 1/s m <

06-31 4. 83E+06 9. 33E-06 1237.8 1.93E-12 <£/EG(:- A%]g-[2> TLALG 2] 7[2|\E/]+06VEGF>
7.24E-06 1596.7 1.53E-12 In a further experiment it was shown by ANG 2

bi ndi ng ELI SA usi ng a <hk>-PCD detection anti body (Biozol Catal ogue No.
206005) as descri bed above that 10 <VEGF ANG 2> TvAb6 binds to ANG2 in a
manner conparable to that of Mab536 at- &n equi nol ar concentration of 0.039
EMnEiFI gure 6A)£_Thi_s sh(ﬁwed :LA‘Bat the scFv nodul e of TvAb6 retained its
inding properties in the TvAh construct. In order to further

this finding <ANG 2:fHpragnid Ayt -ANG- 2> TvAb6 were irrerb?IOir;ggo[:)stg

Zﬁg‘)gdary agtitbody Chrbeeaaj&ta.ﬁweﬁgemmhiqon&mbnipacibinndsmgldciimét¢<1i‘s to human
NG 2 were determ ned. e o) Lty repa hon no 1:1
bi ndi ng can be obseﬁg%d‘,m lfggl géerg a%glgﬁ%ehsmg&nléf}a%g#g‘%gpe??i %ginihlgns. The
Bi acore anal ysi s showednaghlavires(BEMXNG 2> TvAb6 has an estimted KU val ue

of 4.4 gMfor ANG.2.ihb MuGQRPaLingRkhogMbRER6 phlasieaniatst i (Tadled ARY sighalie of

nM Wthin the error of the t hod r%o diffgrgfldceﬂi n ZO(WE?ﬁdi ng rr%rtje and o
affinities between <JAUEPY*RMb536 and <VEGF- ANG 2> TvAb6 coul d be observed
(Figure 6B). Thus, iiniqeBaeéilcodd{baliedtrician sithe scFv nodul e of TvAb6
conpletely retained its binding properties in the TvAb construct.

The immunoglobulin fusion genes comprising the heavy or light chain constucts as
well as “knobs-into-hole” constructs with C-terminal VH and VL domains were
10 prepared by gene synthesis and cloned into pGA18.(ampR) plasmids as described.
The pG18 (ampR) plasmids carrying the synthesized DNA segments and the Roche
expression vector were digested with BamHI and Xbal restriction enzymes (Roche
" Molecular Biochemicals) and subjected to agarose gel electrophoresis. Purified
‘heavy and light chain coding DNA segments were then ligated to the isolated
15 " Roche expressiori vector BamHI/Xbal fragment resulting in the final expression
vectors. The final expressioh vectors were transformed into E. coli cells, expression
plasmid DNA was isolated (Miniprep) and subjected to restriction enzyme analysis
and DNA sequencing. Correct clones were grown in 150 ml LB-Amp medium,
again plasmid DNA was isolated (Maxiprep) and sequence integrity confirmed by

20 DNA sequencing.

Cell culture techniques

Standard cell culture techniques were used as described in Current Protocols in
Cell Biology (2000), Bonifacino, J.S., Dasso, M., Harford, J.B., Lippincott-
Schwartz, J. and Yamada, K.M. (eds.), John Wiley & Sons, Inc..

25 Transient transfections in HEK293-F system (for Examplé 1)

Antibodies were generated by transient transfection of the two plasmids encoding
the heavy or modified heavy chain, respectively and the corresponding light chain
using the HEK293-F system (Invitrogen) according to the manufacturer’s
instruction. Briefly, HEK293-F cells (Invitrogen) growing in suspension either in a
30 shake flask or in a stirred fermenter in serumfree FreeStyle 293 expression medium
(Invitrogen) were transfected with a mix of the two respective expression plasmids
and 293fectin or fectin (Invitrogen). For e.g. 2 L shake flask (Corning) HEK293-F
cells were seeded at a density of 1.0E*6 cells/mL in 600 mL and incubated at 120



In order to prove that <VEG- ANG 2> TvAb6 was able to bind sinultaneously
to VEGF and ANG 2 bridgi ng ELI SA assays and Bi acore assays as descri bed
above 25were applied. - 87 - By applying the VEG- ANG 2- bridgi ng ELI SA
descri bed above it was shown that only <VEGF- ANG 2> TvAb6 was able to bind
simul taneously to VEGF and ANG 2 at an equi nol ar concentration of 0.625 pM
wher eas the nonospecific "standard" |g@y7-antibodi es <ANG 2> Mab536 and
<VEG-> G6-31 were not 5capabl e of sinultaneously binding to VEG- and ANG 2
(Figure 7). Figure 14 shows the respective data fromthe Bi acore assay.

Si nmul t aneous bmn@¥n§O8f Thowday #fer gencellnmgre trandesielart 8 s6ll fepdYstotn for t he

tetraval ent by mCéeixb/&Lamth kady, sWEGR 4ng) 29 ﬂu/@xﬁx-mqmmg@:ﬁmwl S were

as expected: T e nonospeci i ndi ng
fo Ang-2,  bursHaeioaaeEn A A5 e At BE PP Al e bR o 51
showed bi ndi ngsgeaivéEGRdthe corpesppmding tightcch#ingn 2n gguisioliar (rafe andnBI 26 mdwn) .

F th | t bod
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in the range Tﬁe@ﬁbémétaﬁt(&oﬂtaﬂm{g thd sdoenedldmtibodyety ehiarvdsiedaybipt §l Agaystaad

descri bed ELI SA an d Bi acor VR 2>
TvAb6 was ablaé”P% B Wd© S rreﬁldf gyéudéed}t@go%@g%ﬁ%r’{%ﬁ%& gleysugreas t?ﬁ%
monospeci fi ¢ frezeanudstored] gGl ant i bod| es <Ang- 2> I\/ab536 and <VEGFY G6-31
were not capabl e of sinultaneously binding to VEGF and Ang-2 (Figure 15).
20Si mi gy r esy}dnSicneirandbiting G HER193theyscanfor Eesmple 10-14)
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Bi acor e assay 8 h%\gnn n \Aéilo%'ﬁ‘lm Bmmeﬁfex%ﬂ%e@@ 'Mﬁbﬁ%&@f&m @ntigen

e.g. human A re |nvest|gate
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observe¥) 1CL 93f9¢tl§’e%°“§’rl"é‘e§ RS 39 %Fa L FRAIRS, e g were prggared {?EGF ( R&D
syst ens) WaS %d&dEM’? Mﬁédlmus(lmmmn,tlﬂsm sing B2t meei296fe2BnTMlevido@200 nM i n

sol uti on. L atl 00,418 %%Uﬁﬁ,%b%ﬁﬂolﬁﬁfwymh%t1 QR Qfanal NEHa@S |

di ssoci atlon TNy &7 ure e _chi sur g buffer for 3
m nutes and apt@&mﬂaﬂhﬁ‘\ wag édid ﬁ%&@d“\%l o5 aa ?Pgﬁmqs eﬁ?“?‘fhl"ﬂ‘dmﬁ‘odel
SThe order of «kRjiRGhioHBIST DMA- ztmtuinmgcqwlemr Snthanvcsmheta&hedhauim vetre VEGF

S e L e

ur V€ cor ) emintrinsic
basel i ne drif (Inaﬂ@géerermeé agd @ﬁ&ugp@dﬁmﬁsoﬁo TBileaé@F\é}’ ghep! et PRV on

Sof tware versip ?'l%nélaf"’?a‘ilouﬁﬁda £ rANBhM Stsetticie slamg! @itssktat DRAor
calculation Ofl 93fectlmnLgmplgfésawerér}}rép%(r)e yln%ptl-MéM® qAncChmm'%fI \Jn%ée}( U’s‘ﬁff
using 325 pl of 293fectin™ (Invitrogen, Germany) and 250 pg of “Knobs-into-
30 hole” heavy chain 1 and 2 and light chain plasmid DNA in a 1:1:1:1 molar ratio for
a 250 ml final transfection volume. Antibody containing cell culture supernatants
were harvested 7 days after transfection by centrifugation at 14000 g for 30
minutes and filtered through a sterile filter (0.22 pm). Supematants were stored at -

20° C until purification.

35 Protein determination



TvAb- 2441- bevaci zumab-LCO6 2,3 nM 0,35 nM TvAb- 2441- bevaci zumab-LCO8 0, 7 nM
0,34 nM06-31 < 0,1 nM MAb536 3 nM -- bevaci zumeb 0,59 nM Finally,

si mul t aneous bi nding of TvAb-2441-bevaci zumab-LCO6 and TvAb-2441-

bevaci zumab- LCO8 coul d be shown by incubating with ANGPT2 and VEG- in a
consecutive nanner. As shown in Figure 15B ANGPT2 and VEGF can bind

15si mul taneously to the bispecific antiggpdies. - 89 - ,Exanple 3 In vivo
ef ficacy of disulfide-stabilized hisoecific tetraval ent anti body
<VEGFANG- 2> T b6 in co arison to <2> a.5 <VEGF> G5-3l nd he conbination of
Ma5536 and GBFliroteintchrcentratiedo fnunidied anidodiss @ da0Btixesgrdgtarmardd| in

(Sﬁ |0 belge m &e%r%pﬁngwa bhtich dichthf (9 D! hrkC doRVEGE- ANE 2260

npar €d the ant| bodi s <AN b5 6
<VEGF> 06- 31 @ﬁﬁﬁqentece\%%%a@ Fh@rbaﬂf O’tk‘g WEL%@BG’%;&%&CC é&£° in two
st aged subcutﬁgggmﬁn§aéﬂ£95gx£nggmaﬂu2MDdel studi es (AngZ_PZ_CbloZOS 003
and 10Ang2_PZ C0l10205 005) in femal e Scid beige mice at different doses.

5 Antibody concentration determination in supernatants

The concentration of antibodies and derivatives in cell culture supernatants was
estimated by immunoprecipitation with Protein A Agarose-beads (Roche). 60 pL
Protein A Agarose beads are washed three times in TBS-NP40 (50 mM Tris, pH
7.5, 150 mM NaCl, 1% Nonidet-P40). Subsequently, 1 -15 mL cell culture
10 supernatant are applied to the Protein A Agarose beads pre-equilibrated in TBS-
NP40. After incubation for at 1 h at room temperature the beads are washed on an
Ultrafree-MC-filter column (Amicon] once with 0.5 mL TBS-NP40, twice with 0.5
mL 2x phosphate buffered saline (2xPBS, Roche) and briefly four times with 0.5
mL 100 mM Na-citrate pH 5,0. Bound antibody is eluted by addition of 35 pl
15 NuPAGE® LDS Sample Buffer (Invitrogen). Half of the sample is combined with
NuPAGE® Sample Reducing Agent or left unreduced, respectively, and heated for
10 min at 70°C. Consequently, 20 ul are applied to an 4-12% NuPAGE® Bis-Tris
SDS-PAGE (Invitrogen) (with MOPS buffer for non-reduced SDS-PAGE and
MES buffer with NuPAGE® Antioxidant running buffer additive (Invitrogen) for
20 reduced SDS-PAGE) and stained with Coomassie Blue.

The concentration of antibodies and derivatives in cell culture supernatants was
measured by Protein A-HPLC chromatography. Briefly, cell culture supernatants
containing antibodies and derivatives that bind to Protein A were applied to a
HiTrap Protein A column (GE Healthcare) in 50 mM K2HPO4, 300 mM NaCl, pH
25 7.3 and eluted from the matrix with 550 mM acetic acid, pH 2.5 on a Dionex
HPLC-System. The eluted protein was quantified by UV absorbance and
integration of peak areas. A purified standard IgG1 antibody served as a standard.

Alternatively, the concentration of antibodies and derivatives in cell culture
supernatants was measured by Sandwich-IgG-ELISA. Briefly, StreptaWell High
30 Bind Strepatavidin A-96 well microtiter plates (Roche) were coated with 100
pL/well biotinylated anti-human IgG capture molecule F(ab’)2<h-Fcgamma> BI
(Dianova) at 0.1 pg/mL for 1 h at room temperature or alternatively over night at
4°C and subsequently washed three times with 200 pL/well PBS, 0.05% Tween
(PBST, Sigma). 100 pL/well of a dilution series in PBS (Sigma) of the respective



Ant i bodi es: <ANG 2> Mab536 was provided as frozen stock solution (¢ = 4.5
nmg/ m.), <VEGF> 06-31 was provided as frozen solution (¢ = 0.6 ng/nL) and
<VEGF- ANG- 2> TvAb6 was provi ded as frozen stock solution (¢ = 0.5 ng/nL) in
20 mM Hi stidine, 140 mM NaCl, pH 6.0. Antibody solution was dil uted
15appropriately in PBS fromstock prior injections where required and PBS
was applied as vehicle. Cell lines and & ture conditions: Colo205 human
col orectal cancer cells were originally obtained from ATCC and after

expansi on deposited in the Roche Penzberg internal cell bank. Tunor cell
line was routantieddy containimgerll vl tEpIEPerBants o amaddadro (rawells and dradaict es,
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about 1{) weekprotein pgglﬁcaﬁ@nl toring: Aninmals were controlled daily for
clinical synptonms and detection of adverse effects. For nonitoring
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spectrometry and Endotoxin determmatlon (see Figures 3 and 4).

SDS-PAGE

The NuPAGE® Pre-Cast gel system (Invitrogen) was used according to the
manufacturer’s instruction. In particular, 4-20 % NuPAGE® Novex® TRIS-
25 Glycine Pre-Cast gels and a Novex® TRIS-Glycine SDS running buffer were used.
(see e.g. Figure 3). Reducing of samples was achieved by adding NuPAGE®

sample reducing agent prior to running the gel.
Analytical size exclusion chromatography

Size exclusion chromatography for the determination of the aggregation and
30 oligomeric state of antibodies was performed by HPLC chromatography. Briefly,
Protein A purified antibodies were applied to a Tosoh TSKgel G3000SW column
in 300 mM NaCl, 50 mM KH2PO4/K2HPO4, pH 7.5 on an Agilent HPLC 1100
system or to a Superdex 200 column (GE Healthcare) in 2 x PBS on a Dionex



"M-- ) Route/Mde of administrati 011 No of treat- nments Cunul ative Dosis
ng/ kg I.p. once 4 1 10 Vehicle weekly 2 10 <VEG~> (6-31 6 ‘

-70 -

HPLC-System. The eluted protein was quantified by UV absorbance and
integration of peak areas. BioRad Gel Filtration Standard 151-1901 served as a
standard. (see e.g. Figure 4).

Mass spectrometry

5 The total deglycosylated mass of crossover antibodies was determined and
confirmed via electrospray ionization mass spectrometry (ESI-MS). Briefly, 100 pg
purified antibodies were deglycosylated with 50 mU N-Glycosidasé F (PNGaseF,
ProZyme) in 100 mM KH2PO4/K2HPO4, pH 7 at 37°C for 12-24 h at a protein
concentration of up to 2 mg/nil and subsequently desalted via HPLC on a Sephadex

10 G25 column (GE Healthcare). The mass of the respective heavy and light chains
was determined by ESI-MS after deglycosylation and reduction. In brief, 50 pg
antibody in 115 pl were incubated with 60 pl IM TCEP and 50 ul 8 M Guanidine-
hydrochloride subsequently desalted. The total mass and the mass of the reduced
heavy and light chains was determined via ESI-MS on a Q-Star Elite MS system

15 equipped with a NanoMate source.

VEGF binding ELISA

The binding properties of the tetravalent antibodies (TvAb) was evaluated in an
ELISA assay with full-length VEGF165-His protein (R&D Systems) (Figure 5).
For this sake Falcon polystyrene clear enhanced microtiter plates were coated with
20 100 pl 2 pg/mL recombinant human VEGF165 (R&D Systems) in PBS for 2 h at
room temperature or over night at 4°C. The wells were washed three times with
3001 PBST (0,2% Tween 20) and blocked with 200 ul 2% BSA 0,1% Tween 20
for 30 min at room temperature and subsequently washed three times with 300ul
PBST. 100 pL/well of a dilution series (40 pM-0.01 pM) of purified <VEGF-ANG-
25 2> TvAb and as a reference the human anti-ANG-2 antibody <ANG-2> antibody
Mab536 (Oliner et al., Cancer Cell. 2004 Nov;6(5):507-16, US 2006/0122370) and
the anti VEGF antibody <VEGF> antibody G6-31 (Liang et al., ] Biol Chem. 2006
Jan 13;281(2):951-61; US 2007/0141065) in PBS (Sigma) was added to the wells
and incubated for 1 h on a microtiterplate shaker at room temperature. The wells
30 were washed three times with 300ul PBST (0,2% Tween 20) and bound antibody
was detected with 100 pL/well 0.1 pg/ml F(ab®) <hFcgamma>POD (Immuno
research) in 2% BSA 0,1% Tween 20 as detection antibody for 1 h on a
microtiterplate shaker at room temperature. Unbound detection antibody was
washed away three times with 300 pL/well PBST and the bound detection antibody
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was detected by addition of 100 pL. ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a measurement wavelength of 405 nm

(reference wavelength 492 nm).

VEGEF binding: Kinetic characterization of VEGF binding at 37°C by surface
5 plasmon resonance (Biacore)

In order to further corroborate the ELISA findings the binding of <VEGF>
antibodies G6-31 or Avastin and <VEGF-Ang-2> TvAb6 or TvAb-2441-
bevacizumab-LC06 or TvAb-2441-bevacizumab-LC08 to VEGF was
quantitatively analyzed using surface plasmon resonance technology on a Biacore
10 T100 instrument according to the following protocol and analyzed using the T100
software package: Briefly <VEGF> antibodies were captured on a CM5-Chip via
binding to a Goat Anti Human IgG (JIR 109-005-098). The capture antibody was
immobilized by amino coupling using standard amino coupling as follows: HBS-N
buffer served as running buffer, activation was done by mixture of EDC/NHS with
15 the aim for a ligand density of 700 RU. The Capture-Antibody was diluted in
coupling buffer NaAc, pH 5.0, c = 2 pg/mL, finally still activated carboxyl groups
were blocked by injection of 1 M Ethanolamine. Capturing of Mabs <VEGF>
antibodies was done at a flow of 5 pL/min and ¢(Mabs<VEGF>) = 10 nM, diluted
with running buffer + 1 mg/mL BSA; a capture level of approx. 30 RU should be
20 reached. rhVEGF (thVEGF, R&D-Systems Cat.-No, 293-VE) was used as analyte.
The kinetic characterization of VEGF binding to<VEGF> antibodies was
performed at 37°C in PBS + 0.005 % (v/v) Tween20 as running buffer. The sample
was injected with a flow of 50 pL/min and an association of time 80 sec. and a
dissociation time of 1200 sec with a concentration series of thVEGF from
25 300 - 0.29 nM. Regeneration of free capture antibody surface was performed with
10 mM Glycin pH 1.5 and a contact time of 60 sec after each analyte cycle. Kinetic
constants were calculated by using the usual double referencing method (control
reference: binding of rhVEGF to capture molecule Goat Anti Human IgG, blanks
on the measuring flow cell, thVEGF concentration “0”, Model: Langmuir binding
30 1:1, (Rmax set to local because of capture molecule binding). Figure 11 shows a
schematic view of the Biacore assay.

ANG-2 binding ELISA

The binding properties of the tetravalent antibodies (TvAb) was evaluated in an
ELISA assay with full-length Angiopoietin-2-His protein (R&D Systems) (Figure
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Ang2_PZACo1028rcQf%ss with 300ul PBST (0,2% Tween 20) and bound antlbody was detected
with 100 pL/well 0.1 pg/ml F(ab®) <hk>POD (Biozol Cat.No. 206005) in 2% BSA
0,1% Tween 20 as detection antibody for 1 h on a microtiterplate shaker at room
temperature. Unbound detection antibody was washed away three times with 300
pL/well PBST and the bound detection antibody was detected by addition of 100
15 pL ABTS/well. Determination of absorbance was performed on a Tecan Fluor
‘ Spectrometer at a measurement wavelength of 405 nm (reference wavelength 492
nmy).

Cbmparative binding to ANG-1 and ANG-2 (ANG-1 and ANG-2 binding
ELISA)

20 The binding properties of antibodies were evaluated in an ELISA assay with full-
length Angiopoietin-2-His protein (R&D Systems #623-AN/CF or in house
produced material) or Angiopoietin-1-His (R&D systems #923-AN). Therefore 96
well plates (Falcon polystyrene clear enhanced microtiter plates or Nunc Maxisorb)
were coated with 100 pl 1 pg/mL recombinant human Angiopoietin-1 or

25 Angiopoietin-2 (carrier-free) in PBS (Sigma) for 2 h at room temperature or over
night at 4°C. The wells were washed three times with 300pl PBST (0,2% Tween
20) and blocked with 200 pl 2% BSA 0,1% Tween 20 for 30 min at room
temperature and subsequently washed three times with 300p! PBST. 100 pL/well
of a dilution series (40pM-0.01 pM) of purified test antibody in PBS was added to

30 the wells and incubated for 1 h on a microtiterplate shaker at room temperature.
The wells were washed three times with 300ul PBST (0,2% Tween 20) and bound
antibody was detected with 100 pL/well 0.1 pg/ml F(ab‘) <hk>POD (Biozol
Cat.No. 206005) in 2% BSA 0,1% Tween 20 as detection antibody for 1 h on a
microtiterplate shaker at room temperature. Unbound detection antibody was

35 washed away three times with 300 pL/well PBST and the bound detection antibody
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was detected by addition of 100 puL ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a measurement wavelength of 405 nm
(reference wavelength 492 nm).

ANG-2 binding BIACORE

5 Binding of the antibodies to the antigen e.g. human ANG-2 were investigated by
surface plasmon resonance using a BIACORE T100 instrument (GE Healthcare
Biosciences AB, Uppsala, Sweden). Briefly, for affinity measurements goat<hlgG-
Fcgamma> polyclonal antibodies were immobilized on a CM5 chip via amine
coupling for presentation of the antibodies against human ANG-2 (Figure 6B).

10 Binding was measured in HBS buffer (HBS-P (10 mM HEPES, 150 mM NaCl,
0.005% Tween 20, ph 7.4), 25°C. Purified ANG-2-His (R&D systems or in house
purified) was added in various concentrations between 6,25 nM and 200 nM in
solution. Association was measured by an ANG-2-injection of 3 minutes;
dissociation was measured by washing the chip surface with HBS buffer for 3

15 minutes and a KD value was estimated using a 1:1 Langmuir binding model. Due
to heterogenity of the ANG-2 preparation no 1:1 binding could be observed; KD
values are thus only relative estimations. Negative control data (e.g. buffer curves)
were subtracted from sample curves for correction of system intrinsic baseline drift
and for noise signal reduction. Biacore T100 Evaluation Software version 1.1.1

20 was used for analysis of sensorgrams and for calculation of affinity data.
Alternatively, Ang-2 could be captured with a capture level of 2000-1700 RU via a
PentaHisAntibody (PentaHis-Ab BSA-free, Qiagen No. 34660) that was
immobilized on a CMS5 chip via amine coupling (BSA-free) (see below).

Inhibition of huANG-2 binding to Tie-2 (ELISA)

25 The interaction ELISA was performed on 384 well microtiter plates (MicroCoat,
DE, Cat.No. 464718) at RT. After each incubation step plates were washed 3 times
with PBST. ELISA plates were coated with 0.5 pg/ml Tie-2 protein (R&D
Systems, UK, Cat.No.313-TI) for at least 2 hours (fl).Thereaﬁer the wells were
blocked with PBS supplemented with 0.2% Tween-20 and 2% BSA (Roche
30 Diagnostics GmbH, DE) for 1 h. Dilutions of purified antibodies in PBS were
incubated together with 0.2 pg/m! huAngiopoietin-2 (R&D Systems, UK, Cat.No.
623-AN) for 1 h at RT. After washing a mixture of 0.5 pg/ml biotinylated anti-
Angiopoietin-2 clone BAMO0981 (R&D Systems, UK) and 1:3000 diluted
streptavidin HRP (Roche Diagnostics GmbH, DE, Cat.No.11089153001) was
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added for 1 h. Thereafter the plates were washed 6 times with PBST. Plates were
developed with freshly prepared ABTS reagent (Roche Diagnostics GmbH, DE,
buffer #204 530 001, tablets #11 112 422 001) for 30 minutes at RT. Absorbance
was measured at 405 nm.

5 ANG-2-VEGF bridging ELISA

The binding properties of the tetravalent antibodies (TvAb) was evaluated in an
ELISA assay with immobilized full-length VEGF165-His protein (R&D Systems)
and human ANG-2-His protein (R&D Systems) for detection of bound bispecific
antibody (Figure 7). Only a bispecific <VEGF-ANG-2> TvAb is able to o bind

10 simultaneously to VEGF and ANG-2 and thus bridge the two antigens whereas
monospecific “standard” IgG1 antibodies should not be capable of simultaneously
binding to VEGF and ANG-2 (Figure 7).

For this sake Falcon polystyrene clear enhanced microtiter plates were coated with
100 pl 2 pg/mL recombinant human VEGF165 (R&D Systems) in PBS for 2 h at
15 room temperature or over night at 4°C. The wells were washed three times with
300p] PBST (0,2% Tween 20) and blocked with 200 pl 2% BSA 0,1% Tween 20
for 30 min at room temperature and subsequently washed three times with 300p1
PBST. 100 pL/well of a dilution series (40pM-0.01 pM) of purified <VEGF-ANG-
2> TvAb and as a reference <ANG-2> antibody Mab536 and VEGF> antibody
20 G6-31 in PBS (Sigma) was added to the wells and incubated for 1 h on a
microtiterplate shaker at room temperature. The wells were washed three times
with 300ul PBST (0,2% Tween 20) and bound antibody was detected by addition
of 100 pul 0.5 pg/ml human ANG-2-His (R&D Systems) in PBS. The ‘wells were
washed three times with 300ul PBST (0,2% Tween 20) and bound ANG-2 was
25 ~ detected with 100 pl 0.5 pg/mL <ANG-2>mlgGl-Biotin antibody (BAMO98],
R&D Systems) for 1 h at room temperature. Unbound detection antibody was
washed away with three times 300p]1 PBST (0,2% Tween 20) and bound antibody
was detected by addition of 100 pl 1:2000 Streptavidin-POD conjugate (Roche
Diagnostics GmbH, Cat. No.11089153) 1:4 diluted in blocking buffer for th at
30 room. temperature. Unbound Streptavidin-POD conjugate was washed away with
three-six times 300ul PBST (0,2% Tween 20) and bound Strepatavidin-POD
conjugate was detected by addition of 100 pL ABTS/well. Determination of
absorbance was performed on a Tecan Fluor Spectrometer at a measurement
wavelength of 405 nm (reference wavelength 492 nm).
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28 mg/ kg Tunmor growth inhibition until day 63 Ang22Z Colo0205 005 study:
<VEGF- ANG 2> TvAb6 at a dose of 4 ng/kg exhibited efficacy conparable to
that of the conbination of <VEGF> 06-3l and <ANG 2> Mab536 at 3 ng/ kg each
5 and was superior to either single agent <VEG-> 06-31 as well as <ANG 2>
Mab536 at a dose of 3 ng,/kg (Figure 8B)53- This is the first exanple show ng
that at a lower dose (with respect to the summarized concentration of
antibody - the cumulative dose of the conbipation is 21+21 = 42 tn/kg
versus 28 ny/Ignaistrafien pf spadtaneeus hindipg af birpecey tetragplepettthodyant i body
targeting VEGYEOH.ANE2TERP6 iOVESIR-A and Akg-DbY Baadore t umor ef fi cacy
conparabl e to the combi nation of the respective single agents bl ocki ng VEGF

o0 C 2 o BRI SLISHSLILS ke g o T oy ocki e
rel ated acti vissayewasvastablished & eerdirmpsimplganeous binding to VEGF and Ang-2 using
5 surface plasmon resonance technology on a Biacore T100 instrument according to
the following protocol and analyzed using the T100 software package (T100
Control, Version 2.01, T100 Evaluation, Version 2.01, T100 Kinetics Summary,
Version 1.01): Ang-2 was captured with a capture level of 2000-1700 RU in PBS,
0.005 % (v/v) Tween20 running buffer via a PentaHisAntibody (PentaHis-Ab
10 BSA-free, Qiagen No. 34660) that was immobilized on a CMS5 chip via amine
coupling (BSA-free). HBS-N buffer served as running buffer during coupling,
activation was done by mixture of EDC/NHS. The PentaHis-Ab BSA-free Capture-
Antibody was diluted in coupling buffer NaAc, pH 4.5, ¢ = 30 pg/mL, finally still
activated carboxyl groups were blocked by injection of 1 M Ethanolamine; ligand
15 densities of 5000 and 17000 RU were tested. Ang-2 with a concentration of 500
nM was captured by the PentaHis-Ab at a flow of 5 uL/min diluted with running
buffer + 1 mg/mL BSA. Subsequently, <Ang-2, VEGF> bispecific antibody
binding to Ang-2 and to VEGF was demonstrated by incubation with thVEGF and
formation of a sandwich complex. For this sake, bispecific <VEGF-Ang-2> TvAb6
20 was bound to Ang-2 at a flow of 50 uL/min and a concentration of 100 nM, diluted
with running buffer + 1 mg/mL BSA and simultaneous binding was detected by
incubation with VEGF (thVEGF, R&D-Systems Cat.-No, 293-VE) in PBS -+ 0.005
% (v/v} Tween20 running buffer at a flow of 50 uL/min and a VEGF concentration
of 150 nM. Association time 120 sec, dissociation time 1200 sec. Regeneration was
25 done after each cycle at a flow of 50 pL/min with 2 x 10 mM Glycin pH 2.0 and a
| contact time of 60 sec. Sensorgrams were corrected using the usual double
referencing (control reference: binding of bispecific antibody and thVEGF to
capture molecule PentaHisAb). Blanks for each Ab were measured with ThVEGF
concentration “0”. A scheme of the Biacore assay is shown in Figure 13. An

30 alternative Biacore assay format is shown in Figure 15.
Generation of HEK293-Tie2 cell line

In order to determine the interference of Angiopoietin-2 antibodies with ANGPT2
stimulated Tie2 phosphorylation and binding of ANGPT2 to Tie2 on cells a
recombinant HEK293-Tie cell line was generated. Briefly, a pcDNA3 based
35 plasmid (RB22-pcDNA3 Topo hTie2) coding for full-length human Tie2 (SEQ ID
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- 95 - added for 1 h. Thereafter the plates were washed 6 tinmes with PBST.
Pl ates were devel oped with freshly prepared ABTS reagent (Roche Di agnostics
GrbH, DE, buffer #204 530 001, tablets #11 112 422 001) for 30 m nutes at
RT. Absorbance was neasured at 405 nm 5Sunmary data for Ang2 interaction
ELI SA:  <VEGF- ANG 2> bi speci fic anti bodyAVG (or nonospecific parent

anti bodies) ng/m) |1 C5GsTDEv | i ANG2 - ZVEGF- ANG- 2> 06_31 ¢>20000

TvAb- 2441 G6_31_Ang2i LC06 75 39 TvAb-2441 G6_31 Ang2k LCO8 66 31

TvAb- 2441 bevaci zumab_LCO6 44 8 TvAb-2441 vaci zu
536 O o A EVEC (Homah Umtitical Ve BsacihelaP et Brotaoctlt 454 2>Mab

12200) proliferation was chosen to measure the cellular function of VEGF
antibodies. Briefly, 5000 HUVEC cells (low passage number, <5 passages) per 96
well were incubated in 100ul starvation medium (EBM-2 Endothelial basal
5 medium 2, Promocell # C-22211, 0.5% FCS, Penicilline/Streptomycine) in a
collagen I-coated BD Biocoat Collagen 1 96-well microtiter plate (BD #354407 /
35640 over night. Varying concentrations of antibody were mixed with thVEGF
(30 ngl/ml final concentration, BD # 354107) and pre-incubated for 15 minutes at
room temperature. Subsequently, the mix was added to the HUVEC cells and they
10 were incubated for 72 h at 37°C, 5% CO2. On the day of analysis the plate was
equilibrated to room temperature for 30 min and cell viability/proliferation was
determined using the CellTiter-GloTM Luminescent Cell Viability Assay kit
according to the manual (Promega, # G7571/2/3). Luminescence was determined in

a spectrophotometer.
15 Design of tetravalent bispecific and tetravalent monospecific antibodies

The bispecific antibodies binding to VEGF (VEGF-A) and ANG-2 (Angiopoietin-
2) according to the invention comprise a first antigen-binding site that binds to
VEGF and a second antigen-binding site that binds to ANG-2. As first antigen-
binding site binding to VEGF, e.g. the heavy chain variable domain of SEQ ID

20 NO: 23, and the light chain variable domains of SEQ ID NO: 24 which are both
derived from the human phage display derived anti-VEGF antibody G6-31 which is
described in detail in Liang, W.C., et al., J Biol Chem. 281(2) (2006) 951-61 and
in US 2007/0141065, can be used. Alternatively e.g. the second antigen-binding
site specifically binding to VEGF comprises the heavy chain variable domains of

25 SEQ ID NO: 7, or SEQ ID NO: 100, and the light chain variable domains SEQ ID
NO:8 or SEQ ID NO: 101 from the anti-VEGF antibodies <VEGF>bevacizumab
and <VEGF>B20-4.1,, preferably from <VEGF>bevacizumab.

As second antigen-binding site comprises the heavy chain variable domains SEQ
ID NO: 31, and the light chain variable domains SEQ ID NO: 32 or SEQ ID NO:
30 32 with the mutations T92L, H93Q andW94T (Kabat numbering) , which are both
derived from ‘the human anti-ANG-2 antibody <ANG-2> Mab3536 which is
described in detail in Oliner, J., et al., Cancer Cell. 6(5) (2004) 507-16, and in
US 2006/0122370, can be used. Alternatively e.g. the second antigen-binding site
specifically binding to ANG-2 comprises the heavy chain variable domains of SEQ
35 ID NO: 44, SEQ ID NO: 52, SEQ ID NO: 60, SEQ ID NO: 68, SEQ ID NO:



15 8 <VEGF >Bevaci zunab >20000 TvAb-3421 bevaci zumab_LCO6 31 1

TvAb- 4421 bevaci zumab _LCO6 35 17 TvAb- 4461 bevaci zumab LCO6 46 10 Tama 7
| nhi bition of hVEGF binding to hVEGF Receptor (ELISA) The test was
perforrned on 384 well mcrotiter plates (McroCoat, DE, Cat.No. 10 464718)
at RT. After each incubation step plates were washed 3 times with PBST. At
t he begi nning, plates were coated with-T85 ug/nl hVEG--R protein (R&D
Systens, UK, Cat.No.321-FL) for at |east 2 hours (h) Thereafter the wells

were - _96 - bl _ocked wi th PBS sug pl enented with Q.2% Tween-20 and 2% BSA
(Roche Di agndétiSRQ (iQ: Bejorf SEQUDLNOD; P2iang ke hght shainriagable APMBBYI es i n

Egts mrezggcﬁ NO9&, IEEQ %N%ESJSSEQ/IMNOMEGSEQQHDNa&mﬁm@m UK,
r t
VEGF cl one MEW923 7( @%zgyaﬁgmgs’u@mg gg(gm g}gséea%glé%ﬁh ?a%}b%% asgmtl
( HRP) - conj ugatANGREabA)E2s a3 iLGH8us sANGE2 ¢ S 2idal At c &G @KAﬂg%LLLW NA9310V)
was added f0r<AN¢ Tgs%ﬁ@f iRk, K@t ﬁagyset,@owa&mm 6>t An@s W1toh JPBST.

Pl at es Were deve th freshly prepare re 0C agnostics
GrbH, DE, buf‘f/‘eNG 0AngZol6dl; pfeé?f?lélﬁ'sf“?%l ﬁ@g zfﬁ‘gg’(-@%%?’o? §E&Wut es at
RT. Absorbanc,enmsm)msured 10at 405 nm Summary data for VEGF interaction
ELI SA: <VEG-- ANG 2> bi specific anti body AVGL050 (fig/nm) TDEV

To generate agents that combine features of both antibodies, novel tetravalent
bispecific antibody-derived protein entities were constructed. In these molecules,

10 recombinant single-chain binding molecules of one antibody are connected via
recombinant protein fusion technologies to the other antibody which was retained
in the format of a full-length IgG1. This second antibody carries the desired second
binding specificity.

By gene synthesis and recombinant molecular biology techniques, the heavy chain

15 variable domain (VH) and the light chain variable domain (VL) of the respective

- antibody were linked by a glycine serine (G4S)3 or (G48)4 single-chain-linker to

give a single chain Fv (scFv), which was attached to the C- terminus of the other
antibody heavy chain using a (G)6- or (G4S)3-linker.

In addition, cysteine residues were introduced in the VH (including Kabat position

20 44.) and VL (including Kabat position 100) domain of the scFv binding to ANG-2
or VEGF as described earlier (e.g. WO 94/029350; Reiter, Y., et al., Nature
biotechnology (1996) 1239-1245; Young, N.M,, et al, FEBS Letters (1995) 135-
139; or Rajagopal, V., et al., Protein Engineering (1997) 1453-59).

All these molecules were recombinantly produced, purified and characterized and

25 protein expression, stability and biological activity was evaluated.

A summary of the bispecific antibody designs that were applied to generate
tetravalent bispecific <VEGF-ANG-2>, <ANG-2-VEGF> antibodies and
tetravalent monospecific <ANG-2> antibodies is given in Table 3. For this study,
we use the term ‘TvAb’ to describe the various tetravalent protein entities.

30 In order to obtain the bispecific tetravalent antibodies <VEGF-ANG-2> TvAbS5 and
TvAb6 the single chain Fv (scFv) binding to Angiopoietin-2 derived from the
heavy chain variable domain (VH) of SEQ ID NO: 31, and the light chain variable
domain (VL) of SEQ ID NO: 32 with the mutations T92L, H93Q andW94T
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derived from the human anti-ANG-2 antibody <ANG-2> Mab536 was fused to the
sequence corresponding to the C-terminus of the heavy chain vector of the human
anti-VEGF antibody <VEGF> G6-31 of SEQ ID NO: 23 and co-expressed with the
respective light chain expression vector based on SEQ ID NO: 24. A representation
of the designed formats is shown in Figure 1B and listed in Table 3.

In order to obtain the bispecific tetravalent antibodies TVAb9 and TvAb15 the
single chain Fv (scFv) binding to VEGF derived from the heavy chain variable
domain (VH) of SEQ ID NO: 23, and the light chain variable domain (VL) of SEQ
ID NO: 24 derived from the human anti-VEGF antibody <VEGF> G6-31 was
fused to the sequence corresponding to the C-terminus of the heavy chain vector of
the human anti-ANG-2 antibody <ANG-2> Mab536 of SEQ ID NO: 31 and co-
expressed with the respective light chain expression vector based on SEQ ID NO:
32. A representation of the designed formats is shown in Figure 1B and listed in
Table 3.

Table 3 — The different bispecific tetravalent antibody formats with C- terminal
scFv attachments and the corresponding TvAb-nomenclature. An “-* in the table

means “not present”

Molecule AntibodyscFv l:)’ariable osition [Single- lPeptide ‘scFv
[Name ackbon lderived]Domains jof scFv |chain- [Hinker |disulfide
(TvAb- e derived{from [VH and atf{linker VHA44/
omen- rom VL: SEQ [tached VL1100
clature for DNO : |to istabilized
ispecific antibody
antibodies)
G6-31 <VEGF> | 23 +24 - - - -
G6-31
(1000)
{Mab536 <ANG- 31 +32 - - - -
>
1000
( ) Mab536




TvAb- 4421 bevaci zumab _LCO6 1980 1319 TvAb-4461 bevaci zumab _LCO6 1677 394

97 -

Exanpl e 8 HUVEC proliferation In order to confirmthat the anti-VEGF

related activities were retained in the bispecific tetraval ent <VEG-- ANG2>
anti bodi es TvAb-2441-bevaci zumab- LCO6 and TvAb-2441-bevaci zunmab-LCO8 it was
shown that TvAb-2441-bevaci zumabLCO6 and TvAb-2441- bevaci zumab- LCO8
interfere with VEG--induced HUVEC prol-i8Geration in a conparable manner as

their
assay as des
TvAb- 2441- be
concentratio
conparabl e t
assay to hu

anti bodi es A

human ANG 2
above (see

ELI SA)). Bri
human wi | d-t
anti body di r
an <hunman Fex,
of the <ANG
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al ., Cancer
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’50 conce s arg summari ged injthe table bglow Ahtibody
ndi ng EC50 <ANG 2>MAbS36 2538 nhy/md 138 ng/ nl
84 1BytiB <ANG 2>Arg2i - LEOY 3
Ang2k LCO6[<ANG- | 68 + 69
(LCO8) 2>Ang2k
| L.C08
TvAbS <VEGE> [<ANG- 23 + 24, 31 [C-term. |[(G4S)3 |G)6 }
G6-31° > pr32with [HC
(2310) #Aab53 E:e
6 utations
T92L,
ﬁmsQ
andW94T




> 8000 ng/nL 3006 ng/mL - 98 - 1 <ANG 2>Ang2i - LCO08 4044 ng/nL 105 ng/ nL
Al'l antibodies are specifically binding to ANG 2. MAb536 and Ang2k- LCO8
show al so specific binding towards ANG 1, whereas Ang2i - LCO6 and Ang2i - LCO7
are not specifically binding to ANG 1 as they have an BC50-val ue of above
8000 5nWil (detection limt ). Exanple 10 TxPression & Purification of

bi snecific. tetraval ent sinole chain Fa@® <VEG-ANG 2> anti body nol ecul es

scFAb- Avast i n- LCDG 2620. scFab- AyastlnAn02| LC06 2640 and

scFab- Avast i +bed in

tetraval ent {
LC06- 2620, sd _‘

\wvasti n-

A‘ckﬁ D |2

Ayastln- | three
based on <VE® 3 I
purified. Bi 3 » I as
described in the t $ abo e rgl evant Hﬁﬂiﬁled)
| i ght and hea i acid equence.Aof t hese bijspeci fc ant | bodi es
are given in [GERQ Qr 1110 (|scFAb- AvjantibedylC06- 2620), |in SEQ|I D NO

111 -112 (sc
(scFAb- Avast i
Avasti n- Angd
29ug/ mL 27 ug

2640)} and in SEQ I D|[NG 113-114
ey dafta scFAb Avastin-LOQ6- 2620 scFA$

ey  d
%’EGEEF*’?N@J?? R SRR N SiSE3 S R Ay S

G6-31 H-32 with  JHC disulfide
(2331) Mab53 jthe ' 'VH44/VL
6 mutations 100
T92L., stabilized
H93Q
andW94T
TvADI CANG. |KVEGERI +32, [C-term. [(G4S)3 |(G4S)3 }
> > G6- fand 23 +24 #HC
(2330) Mab536 |31

TvADbIS <ANG- |KVEGFf31+32, [C-term. {(G4S)4 |(G4S)3 [scFv

2> > (36~ fand 23 +24 [HC disulfide
(2431)
ab536 |31 , VH44/VL
100
stabilized

TvAb-2441- |bevacizu |LC06 |7+ 8and |[C-term. [(G4S)4 |(G4S)4 |scFv

bevacizumab jmab 52 + 53 HC disulfide
L LCO6 VH44/VL
100

stabilized




19 nm,
Functi on

86% 12 ny,

90% Honogeneity alter preparative SEC 98% 98% 99%
hANG- 2 affinity (Biacore) 1.9 EE9 M1.8 E-9 M1.9 E-9 M hVEGF

99 -

affinity (Biacore) 1 E-10 M1E-10 M 1E-10 M JE tanf 11 Expression &
Purification of bisnecific,

nol ecul e Avastin-LC06-1 GH C-scFab 5Anal ogous to the procedures descri bed

in Exanple 1 and in the materials and ngthods above,

trivalent single chain Fab <VEGF ANG 2> anti body m)l ecul e
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wer e express
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bi specific a
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Key data Avast n-LCO6-Ki H C-scFab Expression (Yield) 15 uwWnL Purification
(Yield, Prot. A hompg.) 4,8 ng, 91 % Honpgeneity after preparative SEC 97%
Functi on hANG- 2 affinity (Biacore) 4.4 E-9 M hVEG- affinity (Biacore) 1
E-10 M - 100 - &anple ..12 Expression & Purification of bispecific,

trival ent <VEG-- ANG 2> anti body nol ecul e Avasti n-LC06- C Fab-6CSS Anal ogous
to the procedures described in Exanplegg-and in the materials and 5 net hods
above (see also , the bispecific, trivalent <VEGFANG 2> antibody nol ecul e
Avast i n- LC06- C- Fab- 6CSS based on <VEGF> bevaci zumab and <ANG 2> Ang2i - LCO6
wer e expressatﬂxea\mbmmiatdadbaﬁﬂnmwg affinities and other properties were
determ ned as described in the the Exanpl es above. Bispecific, trivalent

ant i body Nl ecu}\e§a\0fhe k! MHREGE NungBo®! aVEGFe Q63T irkdeb)i voEingppl . No
10 A _ :
o e Gy G IR R b oy RO SRE
SEQ I D NO  118- 12Qafabagbmain OO} ¢ SEQ- BL3K):. 31, and the light chaih variable
5 domain (VL) of SEQ ID NO: 32 with the mutations T92L, H93Q
andW94T, which are linked to the C-terminus of the heavy chain of the
anti-VEGF antibody <VEGF> G6-31 (SEQ ID NO: 23); or

b) ba) the human anti-ANG-2 antibody <ANG-2> Mab536 and bb) two single
chain Fv (scFv) binding to VEGF derived from the heavy chain variable
10 domain (VH) of SEQ ID NO: 23, and the light chain variable domain (VL)
of SEQ ID NO: 24, which are linked to the C-terminus of the heavy chain
of the anti-ANG-2 antibody <ANG-2> Mab536 (SEQ ID NO: 31);0r

¢) ca) the human anti-VEGF antibody <VEGF> bevacizumab (Avastin) and
cb) two single chain Fv (scFv) binding to Angiopoietin-2 derived from the
15 heavy chain variable domain (VH) of SEQ ID NO: 52 or of SEQ ID NO:
68, and the light chain variable domain (VL) of SEQ ID NO: 53 or of SEQ
ID NO: 69, which are linked to the C-terminus of the heavy chain of the
anti-VEGF antibody <VEGF> bevacizumab (Avastin) (the Sequences of
the resulting fusion peptide are SEQ ID NO: 102 or SEQ ID NO: 103,
20 which are co-expressed with the light chain of bevacizumab SEQ ID NO:
104. (Alternatively two single chain Fv (scFv) binding to Angiopoietin-2
can also be linked to the C-terminus of the light chain or the N-terminus of
the heavy chain).

Alternativly to the single two single chain Fv (scFv) also single chain Fab
25 fragments can be used as described above (using peptide connectors for the
fusion to C or N-termini) , in EP Appl. No 09004909.9 and in Example 10.

X le
Expression & purification of bispecific tetravalent antibodies

<VEGF-ANG-2> TvAb5, TvAb6, TvAb-2441-bevacizumab-LC06 and TvAb-
30 2441-bevacizumab -L.C08

Light and heavy chains of the corresponding tetravalent bispecific antibodies

TvAb5 and TvAb6 were constructed in genomic expression vectors as described



Key data scFAb- Avastin- LCO6-2620 scFAb- Avastin- LCO6-2640
ScFADb- Avast i nLC06- 2641 Expression (Yield) 29pg/nm. 27 pg/n. 18 1.tg/nL

Purification (Yield, Prot. A honog.) 21 ng, 57% 19 ngy, 86% 12 ny, 90%
Honogeneity after preparative SEC 98% 98% 99% Functi on hANG- 2 affinity

(Biacore) 1.9 E-9 M1.8 E-9 M1.9 E-9 MhVEGF affinit Bi -
1E-10 M 1E-10 M 84, y (Biacore) 1 E-10 M

above). The plasmids were amplified in E. coli, purified, and subsequently
transfected for transient expression of recombinant proteins in HEK293-F cells
(utilizing Invitrogen’s FreeStyle 293 system). After 7 days, HEK 293-F cell
supernatants were harvested, filtered and the bispecific antibodies were purified by
5 proteih A and size exclusion chromatography. Homogeneity of all bispecific
antibody constructs was confirmed by SDS-PAGE under non reducing and
reducing conditions and analytical size exclusion chromatography. Under reducing
conditions (Figure 3), polypeptide heavy chains of <VEGF-ANG-2> TvAbb
carrying the C-terminal scFv fusion showed upon SDS-PAGE apparent molecular
10 sizes of ca. 75 kDa analogous to the calculated molecular weights. Mass
spectrometry confirmed the identity of the purified antibody constructs. Expression
levels of all constructs were analysed by Protein A HPLC and were similar to
expression yields of ‘standard’ IgGs. Protein yields achieved up to 150 mg of
TvAb6 <VEGF-ANG-2> per liter of cell-culture supernatant as determined by
15 Protein A HPLC.

Size exclusion chromatography analysis of the purified non-disulfide stabilized
construct TvAbS5 with C-terminal fused scFv at the heavy chain showed compared
to ‘standard’ IgGs an increased tendency to aggregate again after purification of
monomeric antibody via size exclusion chromatography (so-éalled “daisy chain”
20 phenomenon). This finding has been supported by other examples (Rajagopal, V.,
et al., Prot. Engin. (1997) 1453-1459; Kobayashi, H., et al, Nucl Med Biol. (1998)
387-393 or Schmidt, M., et al, Oncogene (1999) 18, 1711 — 1721) showing that
molecules that contained scFvs that were not stabilized by interchain disulfides
between VH and VL exhibited an increased tendency to aggregate and reduced
25 yields. To address the problems with aggregation of such bispecific antibodies,
disulfide-stabilization of the scFv moieties was applied. For that we introduced
single cysteine replacements within VH and VL of the scFv at defined positions
(positions VH44/VL100 according to the Kabat numbering scheme). These
mutations enable the formation of stable interchain disulfides between VH and VL,
30 which in turn stabilize the resulting disulﬁdé-stabilized ScFv module. Introduction
of the VH44/VL100 disulfides in the scFv at the C-terminus of the Fv in TvAb6
<VEGE-ANG-2> lead to a stable tetravalent antibody that showed no aggregation
tendency any longer after purification and remained in a monomeric state (Figure
4). In addition, TvAb6 <VEGF-ANG-2> showed no increase in aggregation
35 tendency upon repeated freeze-thaw cycles e.g. at the concentration applied for in
vitro and in vivo of 3 mg/kg.



- 101 - Exanwle 13 Flxpression & Purification of bispecific, bivalent

domai n exchanged <VEGFANG 2> anti body nol ecul es Avastin-LC06- CH1-CL.
Avastin-LCO6-VH VL and Avastin-LC06-VH VL-SS 5Anal ogous to the procedures
described in Exanple 1 and in the materials and methods above, the

bi specific, bivalent domain exchanged <VEG-- ANG 2> anti body nol ecul es
Avastin-LC06-CHL- CL (CH CL exchange as &escribed in WO 2009/ 080253),

Avasti n- LC06- VH VL (VH VL exchange as described in WO 2009/ 080252) and
Avastin-LC06- VH VL-SS (VH VL exchange as described 10 in WO 2009/ 080252 and
an addi t i onalAli nthen@usbanoledales esaibed it dieblede( Bigi dHAY-2HAkBey a6 @YECF>

bevaci zumab gf 3§b6<AM§?\?Ab%Q@ﬂLbév%mw e[ exBy es&edpRpsed Uindf analytid@lindi ng

affinities and ot her ropert es were ete as described in the the
Exanpl es abof@ara?*ﬁ‘ézetdeal“él\%?’rls y(tB\%Grﬂrﬂ%ﬁ 4?88]“? ed) |ight and heavy chains

am no acid sequenpes of these bispecifi c anti bodies are given in SEQ I D NO
121 15-124 (/ARasple2l CO6-CHI-CL), in SEQ ID NO 125 -128

(Avastin- LCO6- VH- VL) and i n SEQ I D NO 1 ) L- SS)

Key dat#& Avasiiig gs bigxing cigiravalent epdbody < HRoANEZ22 TrAbe o6

VH VL- SS Exprasg)- ml b\ékr&ll Te) A 24 0 D81 BiA on
(Yield, Prot. A 50 ng, 62% 22 ng, 95% 91 ng, 74% Honogeneity after

g.
preparative 99 % 95 % Functi on

The binding of the scFv modules and of the Fvs retained in the IgG-module of the
different bispecific antibody formats were compared to the binding of the
10 ‘wildtype’ IgGs from which the binding modules and bispecific antibodies were
derived. These analyses were carried out at equimolar concentrations by
performingbiochemical binding ELISAs and by applying Surface Plasmon

Resonance (Biacore).

For <VEGF-ANG-2> TvAb6 is was shown by VEGF binding ELISA as described

15 above that it binds to VEGF comparable to its parent antibody G6-31 at an
equimolar concentration of 0.625 pM (Figure 5). This finding could be expected as
the Fv region of the TvAb is identical to that of G6-31. The slight difference
between <VEGF-ANG-2> TvAb6 and <VEGF> G6-31 is due to small differences
in protein concentration and a slight steric interference of the C-terminal scFv with

20 binding of the <hFc>-POD detection antibody and can be overcome by application
of a <hk> POD (Biozol Cat.No. 206005) detection antibody like used for the
ANG-2 binding ELISA.

Using Biacore these findings were confirmed using a classical concentration series

at 37 °C (Figure 11). These data showed fast Kon-rates k(a) of 4.7-4.8 E+6 1/(Ms),

25 saturation was reached with the highest concentrations of VEGF. Koff-rates
reached limits of technical specification.(i.e. 5 x E-6 (s/s) probably due to still
bivalent binding (avidity effect) under this conditions as a consequence of the

dimeric analyte thVEGF, although a very low ligand density was used resulting in

final VEGF-response of 10-15 RU. Nevertheless, the kinetic constants of the

30 different <VEGF> antibodies could be compared by this method and within the
error of the method there was no significant difference in the kinetic constants of

© the tetravaleht bispecific antibody <VEGF-Ang—2> TvAb6 and the original
antibody <VEGF> G6-31 detectable. The kinetic constants for <VEGF-Ang-2>



hANG 2 affinity (Biacore) 1.3 E-9 M2.1 E-9 M1.46 E-9 M hVE I ni
(Biacore) 1 E-10 MI E10 M1 E10 M - 102 - Examle 14 Exp?;sg}c{)lnngy
Purification of bisnecific, bivalent ScFab-Fc fusion <VEG-- AN&> anti body
nol ecul es Avastin-LC06-N-scFab and Avastin-LCO06-N-scFabSS Anal ogous to the
procedures described in Exanple 1 and in the materials and 5 methods
above, the bispecific, bivalent ScFab-¥F86fusion <VEG- ANG 2> anti body

nmol ecul es Avasti n- LC06- N-scFab and Avasti n- LCO6- N-scFabSS based o
n <VEGF>
bevaci zumab and <ANG 2> Ang2i - LCO6 were expressed an ur.i.fie

affinities arfvAalithed PrEpeT Goed wideethges ‘é’tﬂﬁit'ﬁéﬂwﬁg’? lryllﬁ‘é‘ﬁ’cgl byttﬁign? |hgg
%g;mlt ﬁzsgbg:&g tgg‘??rﬁﬂ @t;/@dﬁt l()jé“é&hcﬁu&d {haavTyAbbabhiplenly netamed diss¥g§GENCes
et e coe e Sl P B SR B A i 1
(Avasti n- LOOGsHNwschabﬁa)c chahcnyerdacsaomagwrﬁvw Rptibeptigs <VEGF-Ang-2>
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Prot. A~ hono
Tab. 14: Kinetic properties of <VEGF-Ang-2> TvAb6 and <VEGF> G6-31

Measured at 37°C Ka kd t1/2 KD

Antibodies [1/(Ms)] [1/s] [min] [M]
<VEGF> G6-31 4.83E+06 | 9.33E-06 |1237.8 | 1.93E-12

<VEGF-Ang-2> TvAbb6 4.72E+06 | 7.24E-06 | 1596.7 | 1.53E-12

In a further experiment it was shown by ANG-2 binding ELISA using a <hk>-POD
detection antibody (Biozol Catalogue No. 206005) as described above that
10 <VEGF-ANG-2> TvAb6 binds to ANG-2 in a manner comparable to that of
Mab536 at an equimolar concentration of 0.039 pM (Figure 6A). This showed that
the scFv module of TvADb6 retained its binding properties in the TvAb construct.

In order to further corroborate this finding <ANG-2> Mab536 and <VEGF-ANG-
2> TvAb6 were immobilized by a secondai'y antibody on a Biacore CM5 chip and
15 binding kinetics to human ANG-2 were determined. Due to heterogeneity of the
ANG-2 preparation no 1:1 binding can be observed; KD values are thus only
relative estimations. The Biacore analysis showed that <VEGF-ANG-2> TvAbb6
has an estimated KD value of 4.4 nM for ANG-2. In comparison, Mab536 has an
estimated KD value of 1.6 nM. Within the error of the method no difference in
20 binding mode and affinities between <ANG-2> Mab536 and <VEGF-ANG-2>
TvAb6 could be observed (Figure 6B). Thus, it can be concluded that the scFv
module of TVAb6 completely retained its binding properties in the TvAb construct.

In order to prove that <VEGF-ANG-2> TvAb6 was able to bind simultaneously to
VEGF and ANG-2 bridging ELISA assays and Biacore assays as described above
25 were applied.
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whereas the monospecific “standard” IgGl antibodies <Ang-2> Mab536 and

<VEGFY G6-31 were not capable of simultaneously binding to VEGF and Ang-2
(Figure 15).

20 Similar results were obtained with the constructs TvAb-2441-bevacizumab-L.C06
and TvAb-2441-bevacizumab-LC08 in an analogous Biacore assay shown in Fig.
15A. Binding of the antibodies to the antigen e.g. human ANG-2 and VEGF were
investigated by surface plasmon resonance using a BIACORE T100 instrument
(GE Healthcare Biosciences AB, Uppsala, Sweden). Briefly, for affinity

25 measurements goat<hlgG-FcO> polyclonal antibodies were immobilized on a
CM4 chip via amine coupling for presentation of the bispecific antibodies against
human ANG-2 and VEGF. Binding was measured in HBS buffer (HBS-P (10 mM
HEPES, 150 mM NaCl, 0.005% Tween 20, ph 7.4), 25°C. Purified ANG-2-His
(R&D systems or in house purified) was added in various concentrations between

30 6,25 nM and 200 nM in solution. Association was measured by an ANG-2-
injection of 3 minutes; dissociation was measured by washing the chip surface with
HBS buffer for 3 minutes and a KD value was estimated using a 1:1 Langmuir
binding model. Due to heterogenity of the ANG-2 preparation no 1:1 binding could

be observed; KD values are thus only relative estimations.
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each graup. TRBAcWAIMBE affinitytdatat of secondary treatnent at day 51 was in
the range from 336 to 341 tnnB. Mce were treated once weekly i.p. with the

ani il 5 Conpoung \BURE g/ k) (vl ko] AL ETRae. o AW AVECaf  on Mo of
treat ment s Cumul-at—ve—dose—(ngrky)y—TiTi0Avastin
TvAb-2441-bevacizumab-LC06 2,3 M 0,35 nM
TvAb-2441-bevacizumab-LCO08 0,7 nM 0,34 nM
G6-31 -- <0,1 nM
MAbS536 3 nM -
bevacizumab ~ - 0,59 nM

Finally, simultaneous binding of TvAb-2441-bevacizumab-LC06 and TvAb-2441-
bevacizumab-LCO08 could be shown by incubating with ANGPT2 and VEGF in a
consecutive manner. As shown in Figure 15B ANGPT2 and VEGF can bind

15 simultaneously to the bispecific antibodies.



10 ng/ kg (68 nMWol/kg) i.p. once weekly 11 110 12 10 ANGZi- LCO6 10 ny/ kg
(68 nMbl/kg) i.p. once weekly 6 60 13 10 ANR2i- LCO6 4- Avastin 10 ny/kg
(68 nMwbl /kg) 4- 10 ng/ kg (68 nMoVkg) i.p. once weekly
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Example 3

In vivo efficacy of disulfide-stabilized bispecific tetravalent antibody <VEGE-
ANG-2> TvAb6 in comparison to <ANG-2> Mab536, <VEGE> G6-31 and the

combination of Mab536 and G6-31 in the staged subcutaneous Colo205 xenograft
5 model in Scid beige mice

The purified disulfide-stabilized <VEGF-ANG-2> TvAb6 (n00.2331 see Table 3)

was compared to the antibodies <ANG-2> Mab536, <VEGF> G6-31 and the

combination of <ANG-2> Mab536 and <VEGF> G6-31 in two staged

subcutaneous Colo205 xenograft model studies (Ang2 PZ_Colo205_003 and
10 Ang2 PZ Colo205_005) in female Scid beige mice at different doses.

Antibodies: <ANG-2> Mab536 was provided as frozen stock solution (¢ = 4.5
mg/mL), <VEGF> G6-31 was provided as frozen solution (¢ = 0.6 mg/mL) and
<VEGE-ANG-2> TvAb6 was provided as frozen stock solution (¢ = 0.5 mg/mL) in
20 mM Histidine, 140 mM NaCl, pH 6.0. Antibody solution was diluted

15 appropriately in PBS from stock prior injections where required and PBS was
applied as vehicle.

Cell lines and culture conditions: Colo205 human colorectal cancer cells were
originally obtained from ATCC and after expansion deposited in the Roche
Penzberg internal cell bank. Tumor cell line was routinely cultured in RPMI 1640

20 medium (PAA, Laboratories, Austria) supplemented with 10 % fetal bovine serum
(PAA Laboratories, Austria) and 2 mM L-glutamine, at 37 °C in a water-saturated
atmosphere at 5 % COZ. Passage 2-5 was used for transplantation.

Animals: Female SCID beige mice; age 4-5 weeks at arrival (purchased from
Charles River Germany) were maintained under specific-pathogen-free condition
25 with daily cycles of 12 h light /12 h darkness according to committed guidelines
(GV-Solas; Felasa; TierschG). Experimental study protocol was reviewed and
approved by local government. After arrival animals were maintained in the
quarantine part of the animal facility for one week to get accustomed to new
environment and for observation. Continuous health monitoring was carried out on
30 regular basis. Diet food (Provimi Kliba 3337) and water (acidified pH 2.5-3) were
provided ad libitum. Age of mice at start of the study was about 10 weeks.



i.p. once weekly 6 11 60 110 14 10 TvAb- 2441- bevaci zu mab- LCO6 13 ny/ kg
(64 nMol/lcg) i.p. once weekly 6 78 Monitoring: Animals were controlled 2x
per week for their health status. Body weights were documented 2x per week
after cell injection. The tunmor dinensions were neasured 5 by cali per
begi nning on the staging day and subsequently 2 tines per week during the
whol e treatment period. Tunor volume wesocal cul ated according to NC
protocol (Tunor weight = 1/2ab2, where "a" and "b" are the long and the
short diameters of the tunor, respectively Term nation criterja were the
critical tunoviomesmg( Apintais were cgnioelleg=daly Orch’r)“lcabWtW;*F are detedionidy e t han
20% from base&{ k'Qx%e %{gf HEBf mthﬁﬁfr%tthl%ﬁ%l%' tﬂ%xp%ﬂ@ft%b Wéi@ht bOahimblst he
animals. Res growt h (ghl bi i on bas op_Ie S .I(i n percent) at
day 91 TOT AN@IdOE’@E%“t?L‘ba PRET YBE™F KB Fl?@ﬁ““fdeba b\ T agihe.
Tumor cell injection: At day of injection Colo205 cells were centrifuged, washed
5 once and resuspended in PBS. After an additional washing with PBS cell
concentration and cell size were determined using a cell counter and analyzer
system (Vi-CELL, Beckman Coulter). For injection of Colo205 cells, the final titer
was adjusted to 5.0 x 10E7 cells/ml, viability ca. 90%. Subsequently 100 pl of this
suspension corresponding to 2.5%106 cells per animal was injected s.c. into the
10 right flank of the mice.

Treatment of animals started at day of randomisation, 16 days after cell
transplantation (study Ang2 PZ Col0205_003) and 14 days after cell
transplantation (study Ang2 PZ Colo205_005) at a mean tumor volume of 100
mm?3 or 150 mm3, respectively.

15 Dose schedule until Day 74 (see Fig 8A) of Study Ang2 PZ_Colo205_003:
No of 'Dose Route/Mode | Noof | Cumul
- of treat- ative
Group | animal Compound (mg/kg administrati | ments Dosis
5 ) on mg/kg
. 1.p. once 4
1 10 Vehicle weekly
2 10 <VEGF> G6-31 6 i.p. once 8 48
mg/kg weekly
3 10 <ANG-2> 6 1.p. once 8 48
Mab536 mg/kg weekly
4 10 <VEGF> G6-31 | Smg/kg | 1i.p.once 8 40
+ + weekly
<ANG-2> 6 i.p. once
Mab536 mg/kg weekly 8 48
5 10 <VEGF-ANG- | 7mg/kg | 1.p.once 8 56
2> TvAbb weekly
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that the bispecific <VEG-- ANG 2> anti body TvAb-2441- bevaci zunab- LCO6
showed a higher tunor growth inhibition (at | ower doses) in the
bevaci zumab( Avastin)- resistant xenograft tunor nodel Col205 in Scid beige
‘5m ce conpared to the treatnment with no®bspecific anti body AN&i - LCO6 al one
or the conbination of AN&Ii-LCO6 and Avastin. Exanples 17 -
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many) at 3 I

Bi ot ech,” Ger n a water-saturated atnosphere at 5% CO2. Culture
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week. Ani nal sTurQ@F%%‘ihé“IBNt}B%gnW%@' ﬁi[zé%e, 11:155@ 'S\f-"\!ﬂ)szﬂ?ge%l"%w&???%‘g?'
(purchased from Charles R ver Gernmany) were maintai ned under
speci fi c- pat hogBaFiANG-20fdhtG ana wpsehofuding/ke peikitedortligaeyrrompgrbly 2 h
darkness accopg) ignd gufiRRohlovatdetEnes: § G0k ARGl ReREb TiceusienG)
Experimental study protocol s revi ewed nflnd %prg\ﬁdﬁ}g% l,lro%%gel lgg%r%r nment .
After arrival makemel SNEGE (84 P& ﬁteag A PREB IS ot t he
ani mal f@ci | i vis beerion® wiagk dgengeANGE2uvafBd at e dew et imglkeehs tnd for
observati on. nt i nu | Je2¥ LGRS 163 He kEEEIUL GBI 1T SEYb&ar basi s.
Diet food (Pr %Wnﬁoggjb%g@gg%rbdggg V\e/g{er éaci di fiee,d %H 2. 5-6@ ver e pr ovi ded
ad |ibitum Athet blocks baman aswaH s gpuningeV EBHJGsUlERe Wodmest PR dUmot 197 -
Turmor cel I i npRGkH ¢kibition <VEGF-ANG-2> TvAb6 could thus not be differentiated from

G6-31 as single agent (6 mg/kg) under the chosen experimental conditions, while

15 <VEGF-ANG-2> TvAb6 showed a comparable inhibition like the combination of
<ANG-2> Mab536 and <VEGF> G6-31 at a clearly lower cumulative dose
(<VEGF-ANG-2> TvAb6 =56 mg/kg antibody compared to the combination of

<ANG-2> Mab536 and <VEGF> G6-31 = 40 + 48 = 88 mg/kg antibody).

Dose schedule of Study until Day 63 Ang2_PZ Colo205_005:
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Tumor growth inhibition until day 63 Ang2 _PZ_Colo205_005 study:

<VEGF-ANG-2> TvADb6 at a dose of 4 mg/kg exhibited efficacy comparable to
that of the combination of <VEGF> G6-31 and <ANG-2> Mab536 at 3 mg/kg each

5

and was superior to either single agent <VEGF> G6-31 as well as <ANG-2>

Mab536 at a dose of 3 mg/kg (Figure 8B). This is the first example showing that at
a lower dose (with respect to the summarized concentration of antibody — the

cumulativ

e dose of the combination is 21421

= 42 m/kg versus 28 mg/kg of the

bispecific antibody TvAb6) a bispecific antibody targeting VEGF and ANG-2 can

10

result in strong anti-tumor efficacy comparable to the combination of the respective

single agents blocking VEGF and ANG-2 and superior to either single agent.
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HE- st howed i ntr.at I
regi ons. i n 1 ht IReaRErRGPRL N T B pieEscryECPAN R e B B,

which is cl eamiopobpegifier <VE&E>f 66-3hentdhodies %ﬂP eeapﬁbhteffg—@@eh% iy detibitingt

shown) Exanghes i &imt@hidd YibéFoeifibgacy of bispecific antibodies

<VEGF- A&I&— 2> and conpared to the parent nonospecific antibodies (al one or
i n conbinati orilz in tgue staged subcutaneous Col 0205 xenograft nodel in Scid
bei ge nmice Cel¥* and culture conditions: Co0lo205 hunan col orect al

cancer cells \;ﬁrze !orsilg('; Eﬁ%% obt ai ned from ATCC and 15 after expansion

deposited in erg internal cell bank. Tunor cell I|ne was

routinely cultured in RP 0 medi oratorles

suppl enent ed WP toRder GO, PRER J]i‘%éntbg‘w-@é‘lﬁk%iaﬁ%lrvél%rwe%ret% g‘) and 2
mM L- gl ut ami nenspaélﬁB7@trnvala1t\/\/aVEGFsAN®P3t2edalathmd@ph@vz@b—aﬁ‘ﬂs%va)él@umﬂassage
2-3 was jysed g LRGSR AEHAL QlackAmaIR8: 'ﬁemkes@%Dtm' YeABES;. age

45vveelg at arriv pur chase rom Charles R ve nt ai ned
under specifi &eﬁéﬁlﬁwgnLq:Q(Eén‘égﬁ&bﬁ%ﬁ W?W"Hﬁbﬂgﬁ%m‘%g %f‘”’*‘g‘c‘ﬁdﬁéht /12
h dar kness acc@ghfildied trp;zc@mpﬁotrﬁdn@ulndechmpaame\fnﬁmleﬁss tifeel rasther dibmesschG) .
Experi nent al V, 0

gover nment . A?L((g(?é/élg‘? Olélg(ﬁé)érﬁ%n%l éﬁ%ﬁ?%ﬁ}%@ﬁ’g&? ﬁ% ﬁé)r%lg%drna%tééla e part of
t he ani mal f acdeséribedfabeveone week to get accustoned to new environnment and
for observation. Continuous health nonitoring was carried out on regular
basis. Dpet foad k& 'merﬁlaohablwmc antiblodiext BYAH-244 bevh@elimed-2CE6 8)d wer e
provided ad |i R@ C f weeks.
30Tunor cel | 'EY,%%?}%I ev’&%lz‘émab i@g %ﬁo%{éd 9 c‘%’%g éig[%eﬂgé(r}tv‘%eﬁg% 10

I njec wer e centrlfuged
washed once anﬂNmasquand%@ﬁ TWZF}BESPWI@PO%W%JGW veluey comrablytonihesf PBS

cel | concentrati g ABfhef @ldnes 1ADEBAE LdOB essNiHING S Figra 164l Tvabwader and
anal yzer system (Vi-CELL, Beckman Coulter).




- 110 - For

flank of the mce. Treatnent of animals started at day of random sation,
cell 5transplantation (study Ang2 PZ Col 0205 )09)) at a nean

days after

i njection of Colo205 cells, the final titer was adjusted to 5.0
x 10E7 cells/m, viability ca. 90% Subsequently 100 ul of this suspension
corresponding to 2.5*106 cells per animal was injected s.c. into the right

tunor volunme of 100 nrn3, respectivel y-9bese schedul e of Study

Ang2_ PZ Col 0205 _009: No of animals Conmpound Dose (ng/kg) Route/ Mde of
admini stration 10 Xolair 10 i.p. once weekly 10 <VEGF > Avastin 10 i.p

once weekly lgevacian@ebChh gmffeE@OS“}l ONGRI2 %‘ﬁt?éat% ieg phasphegylpion Withs

10

15

20

25

30

a IC50 value of approx. 721 ng/ml, whereas LCO6 interfered with ANGPT2
‘stimulated Tie2 phosphorylation with a IC50 value of approx. 508 ng/ml. TvAb-
2441-bevacizumab-LCO8  interfered ~ with ~ANGPT2  stimulated — Tie2
phosphorylation with a IC50 value of approx.364 ng/ml, whereas LCO8 interfered
with ANGPT? stimulated Tie2 phosphorylation with a IC50 value of approx.499
ng/ml. '

In a second experiment both bispecific antibodies TvAb-2441-bevacizumab-LCO06
and TvAb-2441-bevacizumab-LC08 showed a dose-dependent interference with

- ANGPT? stimulated Tie2 phosphorylation with IC50 values comparable to those

of the mother clones LC06 and LCO8 as shown in Figure 16B. TvAb-2441-
bevacizumab-LCO06 interfered with ANGPT2 stimulated Tie2 phosphorylation with
a 1IC50 value of approx. 488 ng/ml, whereas LCO6 interfered with ANGPT2
stimulated Tie2 phosphorylation with a IC50 value of approx. 424 ng/ml. TvAb-
2441-bevacizumab-LC08  interfered  with  ANGPT2 = stimulated 'Tie2
phosphorylation with a IC50 value of approx. 490 ng/ml, whereas LCO08 interfered
with ANGPT2 stimulated Tie2 phosphorylation with a IC50 value of approx. 399
ng/ml.

Taken together these data show that the bispecific tetravalent <VEGF-ANGPT2>
antibodies TvAb-2441-bevacizumab-LC06 and TvAb-2441-bevacizumab-LCO8
interfere with ANGPT2 stimulated Tie2 phosphorylation in a manner comparable
to their mother clones LC06 and LCO8 within the error of this cellular assay.

Example 6
Inhibition of h -2 binding to Tie-2 (ELIS

The interaction ELISA was performed on 384 well microtiter plates (MicroCoat,
DE, Cat.No. 464718) at RT. After each incubation step plates were washed 3 times
with PBST. ELISA plates were coated with 0.5 pg/ml Tie-2 protein (R&D
Systems, UK, Cat.No.313-TI) for at least 2 hours (h).Thereafter the wells were
blocked with PBS supplemented with 0.2% Tween-20 and 2% BSA (Roche
Diagnostics GmbH, DE) for 1 h. Dilutions of purified antibodies in PBS were
incubated together with 0.2 pg/ml huAngiopoietin-2 (R&D Systems, UK, Cat.No.
623-AN) for 1 h at RT. After washing a mixture of 0.5 pg/ml biotinylated anti-
Angiopoietin-2 clone BAMO0981 (R&D Systems, UK) and 1:3000 diluted
streptavidin HRP (Roche Diagnostics GmbH, DE, Cat.No.11089153001) was

16



+ Avastin 10 10 i.p. once weekly i.p.once weekly 10 <VEGF- ANG 2> TvADb-2441-
bevaci zumab- LCO6 113 i.p. once weekly 10 <VEGF- ANG 2> Avastin-LC06- CHI -
CL 20 i.p. once weekly 10 <VEGF- ANG 2> scFAb- Avastin- LC06-2620 16.6 i.p.
once weekly Monitoring: Animals were controlled 2x per week for their

heal th status. Body wei ghts were docunented 2x per week after cell
injection. The tunor dinensions were neaglred

added for 1 h. Thereafter the plates were washed 6 times with PBST. Plates were
developed with freshly prepared ABTS reagent (Roche Diagnostics GmbH, DE,
buffer #204 530 001, tablets #11 112 422 001) for 30 minutes at RT. Absorbance
was measured at 405 nm.

5 Summary data for Ang?2 interaction ELISA:
<VEGF-ANG-2> bispecific antibodyAVG IC50
(or monospecific parent antibodies) (ng/ml) STDEV
hANG?2
<VEGF-ANG-2> G6_31 >20000
TvAb-2441_G6_3 1__AngZi_LCO6 75 39
TvAb-2441_G6_31 Ang2k LCO8 66 31
TvAb-2441_bevacizumab_LC06 ¥4 8
TvAb-2441_bevacizumab_LCO08 42 11
<ANG-2>Mab 536 15 8
<VEGF >Bevacizumab >20000
TvAb-3421_bevacizumab_LC06 31 1
TvAb-4421 bevacizumab _LCO06 35 17
TvAb-4461_bevacizumab _LC06 46 10
Example 7

Inhibition of hVEGF binding to hVEGE Receptor (ELISA)

The test was performed on 384 well microtiter plates (MicroCoat, DE, Cat.No.
10 464718) at RT. After each incubation step plates were washed 3 times with PBST.
At the beginning, plates were coated with 0.5 pg/ml hVEGF-R protein (R&D
Systems, UK, Cat.No.321-FL) for at least 2 hours (h). Thereafter the wells were



by cal i per beginning on the staging day and subsequently 2 tinmes per week
during 5 the whole treatnent period. Tunor volune was cal cul ated accordi ng
to NCI protocol (Tunor weight = 112ab2, where "a" and "b" are the |ong and
the short dianeters of the tunor, respectively).Termnation criteria were
the critical tunor mass (up to 1.7 g or O > 1.5 cm, body weight |oss nore
than 20% from basel i ne, tunor ul cerati omsor poor general condition of the
animals. 10Results: Tunmor growth inhibition (TA) based on nmedians (in
percent) at day 61 TO <VEGF > Avastin < ANG 2> Ang2i -LCO6 Ang2i-LCO6 +
Avastin <VEGFblabksd2withviBS Zapdlementad i withrdhz% L Dos:nddEard A% BSA ARashkd n- LC06-

CH -CL <VEG:P°%E_L§ %/F s SRR PERSS! DHl SABiod6 4P phAfed ﬁﬁiﬂoﬂ&sﬁh%ﬂ Rate al |
t hree bi speci EG- NG—2> Avastin &%gégﬁ $&¥Q qikdkcgg 3@%lbod|es
(all based on“FH@“%%W&@F?UWﬁH)%%HE@H@E ytems 8ty
ANG2i - LCO6 seqsg fisr€ish ﬁE{J I medovasﬁﬁﬁgannixﬁ% oB016 wenlaankiNGE@F clouerdfab§2zowt h
inhibition in oQr r §Qé9g red to
the trea nent(§£@h% %mns f?%@gg%P Qﬁﬁh%b h%ﬁ@g %gRﬁggg??gﬁgfone or
t he conbi nati &rbAR m@pusg@g@ (Bt amlhsarpnUK, CaytNoNAIFAYpveas adied fipk essi on
& IF’ur I }‘ icati g&bﬁﬂé}eﬁfe?lﬂfélr_%htg§ “@;eom%@#@ & wMEGBSANG2 waat ddvelbyed
nmol ecul es sc tin SC stin-
scFab- Avast i n“LtéA%e g‘é’éf’fepaﬁ\ a‘g‘ﬁ?ﬁ TPA8F0- %%éa(,gﬁo%lcs \%bﬁf i%% or 2
5Fab- 6CSS, Ava30 DO, taB1@s €HI 1121422 A0RSOr A0 mbnges s RIL Aémrbmsrtas medagred
VH VL- SgoAyasg . {#0-N-scFab and Avastin-LC10-N-scFabSS By replacing the
VI - | VL domai'ns of .Ang2i - LCCG (SEQ ID No: 52 and 53) with the

1

correspondi ng VH and VL oona|ns jo: 84 and 85) and
using the (apart from suct—+ef edfur es and 10

sequences descri-bed—in Evanp.p 16 to H—the bispecwf.b, VEG—ANG23>
ant i body nD|eCLf§§ s¢ A@ astl? 26y®VGscFaﬁCﬁQ$¥Bé’-LC10-2640 and
scFab- Avast i n- L[ty 56 78¥ %ngl 'RAEER0Y Kijlo g cFab, [Avastin-LCI O C -|Fab -
6CSS, Avastin-L4C 1 0-CH 1-CL, Avastin-LCl0-VH VL and Avastin-LC
0- VH- VLSS, Avastfim-TCIo-~scFab and Ayasth-b I0-Ns¢FabSS, alT based on
<VEGF> 15bevacijzumab and <ANG 2> Ang2i - % re exprnessed and purifijed.

<VEGF-ANG-2> G6_31 1431 130

TvAb-2441_G6 31 Ang2i_LC06 1654 213

TvAb-2441 G6_31_Ang2k_LCO08 1392 184

TvAb-2441 bevacizumab_LCO06 2831 503

TvAb-2441 bevacizumab_LCO08 2305 972

TvAb-<ANG-2>Mab 536 >20000

TvAb-<VEGF >Bevacizumab 1584 357

TvAb-3421 bevacizumab_LC06 2660 284

TvAb-4421 bevacizumab LC06 = {1980 1319

TvAb-4461 bevacizumab _LC06 1677 394




Binding affinities and other in vitro properties are determ ned as
described in the the Exanpl es above. Exanple 20 1In vivo efficacy of

bi specific anti body <VEG- ANG 2> nol ecul es scFAb- 20 Avastin-LC10-2620,
scFab- Avasti n- LC10- 2640 and scFab- Avasti n- LC10-2641.

Avasti n- LC10- 1 G+ C- scFab, Avastin-LCl10-C- Fab-6C5S, Avastin-LCl10-011- CL,
Avasti n- LC10- VH VL and Avasti n- LC10- VH-\z--SS, Avasti 11- LC10- NscFab and
Avasti n- LC10- N-scFabSS. 251 n vivo efficacy of bispecifie antibody

<VEGF- ANG- 2> nol ecul es scFAb- Avastin-LCl10-2620, scF ab-Av astin-LC 10-2640
arid scFab - AExampie8 C 10- 2641, Avastin-LCl10-Ki H C scFab,

Avast i n- LC10- C- Fab- 6CS,§, Avastin-LC 10-CH1 -CL, Avastin-LCIO VH VL and
Avast i n- LC10- Li n-LCl O N-scFab and Avastin-LCI O N-scFabSS is
determ ned anal ogously to the correspondi ng 30Exanpl es above. - 113 -

Pat ent C ai ns Id .order b Sppefiini itkat aht i dobWEGSP erelafed cattibvifiehiweie metained hoirtben
vascular endobghdidl (oMl JASSPINIE AR shPUWZétﬁgcieQQﬁkﬁngb”L@o ANG- 2)

conprising a st anti gen-bj ndin speci fI cal s to human
VEGF and>a se@%avabﬁﬂﬁgbww% COBt B wasahowpdhat fTvARIA4H hevasizumsbhuman
AHG 2. )2 Tge LﬁDOSQﬂ@IngIA(b mlJbMﬁlﬂ%Qﬁ@mmﬁlt&ﬁré)bv&h WHGF-ahiacacHeNERd in
that i) said anti.gen-hbin es_are each a eavy -

chai n vari abl 8ro& %ﬁtlloﬁ’ ah ucom%arabli |r%ancIIler TSt fmoﬁal nfo\r}%srlr% Ch d%@r(%kld%’ tf;|| i) said
first anti genVkEGiﬁmdgceshHIéVE@@mlffﬁr@tam gssby pRddengribed ak™eF conprises in 10 the
heavy chain variable domain a CDR3 region-of SEQID NO 1, SEQID NO 9,

SEQ I D NO 17 Fighe SEQHos N&t %eecﬁ "IGMMQQJeO&lﬁfmaSE@déDaﬁ@Tva £64Q | D NO
10, SEQ.ID NO, :18

i.0 EQID
NO 3. SED | D ReFEiA™ 3%259? o e""l’é‘ s °°“’“5"|‘—_‘%aﬁ“t9 R@e“‘é%*%"ae g hg{ip? ght
chai n vari abl endﬂlgwhHHVECGmgferaégn gmnmrahlssrzﬂgemem@i armbmSEbyvmzmmb 12, SEQ
ID NO 20, or SEQ ID NO 97, a CDR2 region of SEQ |ID NO 5, SEQIDNO 13,
SEQ ID NO 21gxampRE®) | D NO 98, and a CDRL region of SEQ ID NO 6, SEQ ID
NO 14, SEQID NG 22, or SEQID NO 99; i) Sald second anti gen-bi ndi ng
site speC|f|c[ dihigrags P ANG-L d pengan A 2 heavy chain variable
domain a CDR3 regi on of SEQIDNO 25 SEQIDNO 38 SEQ ID NO 46, SEQ ID
NO 54, SEQIDNO 62, | D NQ 70, or, SEQ I D NO_ 86, a
 CDR2 region offhgpmding ‘N(B“"'Q‘G<A]§§Q¥3 @tmédleééng%}éﬁ‘;(f%‘“ﬂ@z“lﬁo Qe ABkng 55,
SEQ I D N 63, LCOBQol irN ARG-1 Sn@ hibnMOAND2 wis SEQnlihbd\@ aB7ANGS] and a

SEQ 1D Nor 64, MR HBREELSA %E%QL%B@%%%%@%%%* ke RS A ne
light chain vand ANG2dAMK-h apd 2rhipdipg EHS @E@m YN@e IQIBISASJEQP PI2NO 28
wi th the nmutati @ased T§2khe hﬂlﬁ@)lﬂﬂdﬁéﬂ‘lgﬁ hiamgh vl dNGp FoRtLDIN #9a SEQ I D

COR2 1 egi on oS BIRGBIFTTLRrR 5 s{%%vér%%g@gm%li%%ob@@ Mo o8 |
SEQ I D RO 66,0r SEGHDiN@eagted SEQan Brhy@mangBep fangHEG) BnNopdyd @itham PQD CDRl

regi on of SEQcB@ QQ: 319 dllu-QtEQ §e@esl\@' thé%Al‘sé@aﬁtlb%a atlowsoNSterine antEesh, D NO
59, SEQ I D NO 67,

bi speci fic antPBEd g W&lrﬁfﬁretnf)e megl%ﬁlag aw{?ﬁﬂ?é& @Inp%cgd<‘%\ﬁ(}tl\$ f‘ntgqofl;'-g g.l d

first antigen-Nialrsab (Qlisirteeals GaoedriGedl 204N md6(3Y 51 G/ EGF2006/I2REMS vian 5 t he

SE0 1o Na |2, ek ThE dEaRhd Bost TR LRROR: %%S‘?ﬁga‘iﬁ b B fatn "
NG 5. and a CORAMHEGon of SEQ |0 NOWE-! Btine |~ | RANG. 3'91’155152 FIP
EC50 EC50
<ANG-2>MADb536 2538 ng/mL 133 ng/mL
<ANG-2>Ang2i-LC06 | > 8000 ng/mL 84 ng/mL
<ANG-2>Ang2i-LC07 | > 8000 ng/mL 3006 ng/mL




10iii1) said second antigen-binding site specifically binding to ANG 2
conprises in the heavy chain variable domain a CDR3 region of SEQ I D NO
46, a CDR2 region of, SEQID NO 47, and a CDRl1 region of SEQ I D NG

48, and in the light chain variable domain a CDR3 region of SEQ I D NG

49, a CDR2 region of SEQ ID NO 50, and a CDRl1 region of SEQ ID 15NO 51.
4. The bispecific antibody according tag.aim3, characterized in that ii)
said first antigen-binding site specifically binding to VEG- conprises as

heavy chai n variable domain-SEQ |- bl e
domai n SEQ | D NQANG-2ahe220iC0B) sa403|14sxgdmhd anti gen1bs ngimig site
specifically binding to ANG 2 conprises as heavy chai n vari abl e domai n SEQ

1D NGO 52, and as light chain variable domain a SEQ ID NO 53. 5. The
bi specific antibody according to claim2, characterized in that i)

said first antAlQﬂﬂrbb&xe@aregp&ﬁﬁ@u?;mﬂg t@&ﬁlNGQbM)ﬂdjSBg ah@A\{gﬁFmenmses in

"egi on of SEQD Resiob P GERRT fu; ohelr BTN Bk LG0T e 11 g

chai n vari abl evotispmifivallly BbES1g g ANG-dfasSEEY hiyeNd ELS0avalbPRY dtwye dW00f SEQ

1D NO 5, sand g,offiREett&Qh AhiPf. SEQ I D NO 6; iii) said second
antigen-bindin e specifically binding to ANG 2 30conprises in the heavy
chai n varlabI§ dog g a CDR3 region of SEQID NO 62, a CDR2 region of SEQ
ID NO 63, an region of SEQ - 115 - ID NO 64, and in the |ight
chai n vari abl . domai ."“ =To]WalaPle) .S = DN O81. datPRen Logicgn of SEQ
I D NO 66, and .%i; &aP 0 {l o Ilw.."‘ t Ry ’%L-‘}“U anti body
accordi ng to AXNGrA>mntibs SSFAB-AV35 Ln;Je'-.:’; ek ab-Ayvagng gen- bi ndi ng

site specifica u/'u“ 3 : 8 0¥ f 4Y chain vari abl e donmai n
SEQ ID NO 7, and as I'i ght cha| n varlable dOITB.I n SEQID NO 8; and

iii) said second antigen-binding site specifically binding to ANG 2
conprisé§ as hemlogouhts heverpecalores diseritied iSEG@ampleNG a@B imthe @steriplgtd 10chai n

Vﬁrl ablze dﬁ“'rﬂ%tﬁodgE@olvp &J{thﬁaecxﬁe Ttaeame%pegmgﬁé Ghant F&QQWWSANU ng to
claim char act.er sai i n

specifically b'T“HB‘? glﬁ ‘@ESG?C 3{9%1839496t2ﬁ%0 %)83‘8 q‘&g’g %bé‘“&om n a
CDR3 region ofschEEQWdBtw@COﬁ 2@410@1?2hmegasemomf<VSEQ>I®vamunZa}b and|<ANGDRI
region of SEQ3 D%Z?’LC&@B\%%&Z@X&QQJ'&W gﬁ#ﬂ@edn ﬂﬁﬁln@b%ﬁin@%ahﬁ'd BothdPR3

regi on of SEQ ['egion , regi on of
SEQ ID N& 6: RFPHETtes; e éetsmma%f gessibrchi thf; the; E’@H%e&bpwea%e{ﬁvm ng to
ANG 2 conpr i sqgvénfuallpembdifivg) tipai and aeivabkimigoamino aciCDieduenegs oif tbéseSEQ | D

NO 78, 1 f D NO
35 T R EHRIE R e S e R LD

a CDR2 region MOBE@EQIN@JOB?“ ard (&FMVQSB@L&Q 0?16 Gend ip $4Q 1330:g, The
| bi speci fic antjBody (@FABLANRGnL@0GLBH4M). 7, characterized in t hat

IKey data scFAb- scFAb- scFAb-Avastin-
Avastin-LC06- jAvastin- LCO06-Ang2i-
2620 Ang2i- 0641
L C06-2640
Expression (Yield) 29ug/mlL 27 pg/mL 18 pg/mL
Purification (Yield, Prot. A. 21 mg, 57% |19 mg, 86%}| 12 mg, 90%
homog,.)
Homogeneity after preparative 98% 98% 99%
SEC




ii) said first antigen-binding site specifically binding to VEG- conprises
as 25heavy chain variable domain SEQID NGO 7, and as light chain variable
domain SEQ ID NO 8; and iii) said second antigen-binding site specifically
bi nding to ANG 2 conprises as heavy chain variable domain SEQ ID NO 84,
and as light chain variable domain a SEQ ID NO 85. -116- 9. The

bi specific anti body according to any onggof clains 1 to 8, characterized in
that the ratio of the binding affinities 10(antigen-binding site specific
for VEG:)/K[Xanflnnn hindi Rg SielS cific faor ANG ’)) Le.1..0 10..0.510. The
bi specific an't_]Fimdymaccordl ng to anyj one of cl zfi m 1 toig, char act i;i zed in
that the second antigen-binding siteg that speciffically Ibinds to hugan ANG

2 is not specij lﬂé’fﬁ?itf@@&r%o huniai Eb\g%%[opo tkﬁgl % 11. The
in

bi specific antlbo acco o any| one o 1 c aracterized

in that said ant+boty \
phar maceut i cal | Eﬁﬁﬁgﬁimtb’(ﬁﬁla@@@rl SI nid Eaho b(ht| 11 Eﬂ;OMJ clailms 1
toll 13. The pharnaceu a onposithon according ns 12 for the
treatment of cancer. 14. The pharmaceuti cal corrposi tion according
to clains 12 for the treatnent of 15vascul ar di seases. 15. The bispecific
anti body accogghmgletida any one of clains 1 to 10 for the treatnent of
cancer. 16. The use of an antl body accordl ng to any one of cI a| m 1 to 10
for the manuf &spre ation ofrbis abe : 7ih Fa : \
met hod of treg;ggqgodgl}nop&meemasgﬁmtgymg éfsgp‘gbcancer by adm ni sterl ng an
anti body according to any one of cI al m; 0to a patl ent |n t he need of
such treatnment,. 19. The blselflc an accpg to aﬁ’i of cl ai ns
Pl s e

1 to 10 for t hEAIPRWS Qeth? p(g 3@’?&5*%9‘ iR
anti body accondtheds tabowsythenbispécifid, atrrvalem tsingl® d¢hem tFab ﬁﬁEGFa/tNGFZ? of a

nedi cament  f OEntMZBQ trﬁcﬁ@&xi@ﬁ%a&fn-ﬁ’(?(%cﬂlfﬁt Q'F%%ﬁfeﬁ gl <vBJTS! BRdcigimiy eat ment
of patient sufft er| Ng} roméaigé di sease é %1 ni stgrl ng.an ant| body
according to & 02 e FRPressed apd ueRed-i Bin RHCHAG ych
treatment. - dthér pdPertibs meed determioedl ae destibed) i tid gpeEidmpiesagiavbotiye
accor di hg to Pella,agp(e\;entr&lﬁ%odiﬁed) light and heavy chains amino acid sequences of this

bispecific antibody are given in SEQ ID NO: 115-117 (Avastin-LC06-KiH-C-

scFab).
[Key data Avastin-LCO6-KiH-C-scFab
Expression (Yield) - |15 pg/mL
Purification (Yield, Prot. A. homog.) ’4,8 mg, 91 %
Homogeneity after preparative SEC 97%
Function
hANG-2 affinity (Biacore) 4.4 E-9 M
hVEGEF affinity (Biacore) 1 E-10M




23. An expression vectors containing the nucleic acid according claim 22
capabl e of expressing said nucleic acid in a prokaryotic or eukaryotic host
cell. 24. A prokaryotic or eukaryotie host cell conprising a vector
according to claim523. 25. A nethod for the production of a bispecific
anti body according to clainms 1 to 10, characterized by expressing a nucleic
acid according to claim22 in a prokarymig-c or eukaryotic host cell and
recovering said bispecific antibody fromsaid cell or the cell culture
supernatant. 1026. An anti body obtained by the reconbi nant nmethod of claim
25. SEQUENCEEk#mpleN& <110> F. Hof f nann-La Roche AG <120> Bispecific
anti-VEGF anti-ANG 2 anti bodi es <130> 25401 FT <150> EP 08017607.6 <151>
2008- 10- 08 <150> EP 08021? Z %6 <170> Patent|n
version 3.2 <Z4g: 1gaf] ] PR A 1€ 80WR0CY5 23> heavy
chai n CDR3, <)¢EGEabeAmmxzuﬁfa®C<mg§ Tyr Pro H's Tyr Tyr Ay Ser Ser H's
Trp Tyr Phe Asp Vol 1510 <210> 2 <211> 17 <212> PRT <213> Artificial <220>

Analogous to the procedures described in Example 1 and in the materials and
5 methods above (see also , the bispecific, trivalent <VEGF-ANG-2> antibody
molecule Avastin-LC06-C-Fab-6CSS based on <VEGF> bevacizumab  and
<ANG-2> Ang2i-LC06 were expressed and purified. Binding affinities and other

properties were determined as described in the the Examples above. Bispecific,

trivalent antibody molecules of this format in general are described in EP Appl. No

10 09005108.7. The relevant (eventually modified) light and heavy chains amino acid
sequences of this bispecific <VEGF-ANG-2> antibody are given in SEQ ID NO:
118-120 (Avastin-LC06-C-Fab-6CSS).

lKey data tj:FAb—Avastin- scF Ab- scFAb-Avastin-
C06-2620 Avastin- LC06-2641
[L.C06-2640
Expression (Yield) 29ug/mL 27 pg/mL 118 pg/mL

{Purification (Yield, Prot. A. 21 mg, 57% 19 mg, 86% }12 mg, 90%

homog.)

[Homogeneity after preparative [98% 98% 99%

SEC

Function

MNG-Z affinity (Biacore) 1.9E-9M 1.8E9M [|I9E-9M

hVEGEF affinity (Biacore) 1E-10M 1E-10 M 1E-10 M




<223> heavy chain CDR2,

<VEGF>bevaci zunmab <400> 2 Trp Ile Asn Thr Tyr Thr

Gy QQu Pro Thr Tyr Ala Ala Asp Phe Lys 151015 Arg <210> 3 <211> 5 <212>
PRT <213> Artificial -2- <220> <223> heavy chain CDRl1, <VEG->bevaci
<400> 3 Asn Tyr Ay Mt Asn 15 <210> 4 <211> 9 <212> PRT <213> Artificial
<220> <223> |ight chain ODR3, <VEG->bevacizumab <400> 4 G n Gn Tyr
Val Pro Trp Thr 15 <210> 5 <211> 7 <212x0PRT <213> Artificial <220> <223>
i ght chain CDR2, <VEG->bevaci zumab <400> 5 The Thr Per Set Leu H's Set 15

10

15

Example 13

Expression & Purification of bispecific, bivalent domain exchanged <VEGF-
ANG-2> antibody molecules Avastin-LC06-CH1-CL. Avastin-L.C06-VH-VL and
Avastin-LC06-VH-VI-SS

Analogous to the procedures described in Example 1 and in the materials and
methods above, the bispecific, bivalent domain exchanged <VEGF-ANG-2>
antibody molecules Avastin-LC06-CH1-CL (CH-CL exchange as described in
WO 2009/080253), Avastin-LC06-VH-VL (VH-VL exchange as described in
WO 2009/080252) and Avastin-LC06-VH-VL-SS (VH-VL exchange as described
in WO 2009/080252 and an additional introduced VH44 VL100 disulfide brigde)
based on <VEGF> bevacizumab and <ANG-2> Ang2i-LC06 were expressed and
purified. Binding affinities and other properties were determined as described in the
the Examples above. The relevant (eventually modiﬁed) light and heavy chains
amino acid sequences of these bispecific antibodies are given in SEQ ID NO: 12]
-124 (Avastin-LC06-CH1-CL), in SEQ ID NO: 125 -128 (Avastin-LC06-VH-VL)
and in SEQ ID NO: 129 -132 (Avastin-LC06-VH-VL-SS).

[Key data Avastin-LCO6- [Avastin-  |Avastin-LCO06-
CM-CHI-CL, [LC06-CM- [VH-VL-SS
VH-VL
Expression (Yield) 87 ng/mL 44 ng/mL |65 pg/mL

Purification (Yield, Prot. A. 50 mg, 62% 22 mg, 95% {91 mg, 74%
homog.)

[Homogeneity after preparative {84% > 99 % 05 %

SEC

Function

hANG-2 affinity (Biacore) 1.3E9M D1E9M |LA46E-OM

hVEGEF affinity (Biacore) 1 E-10M 1E-10M 1E-10M

zunab

Per Thr



<210> 6 <211> 11 <212> PRT <213> Artificial <220> <223> |ight chain CCRL,
<VEGF>oevaci zumab <400> 6 Per Ala Set G n Asp Ile Per Asn Tyr Leu Asn 1510
<210> 7 <211> 123 <212> PRT <213> Artificial - 3 - <220> <223> heavy chain
vari abl e domai n, <VEGF>bevaci zumab <400> 7 G n Val Gn Leu Val Qu Ser Gy
Ay dy Lou Val Gn Pro Ay @y 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser
Ay Tyr Thr Phe Thy Asn Tyr 202530 Gy My, Asn Trp ValArg Gn Ala Pro Ay
Lys Gy Leu Qu Trp Val 354045 Ay Trp Ile Asn Thr Tyr Thr Gy GQu Pro Thr
Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr Phe Ser Lou Asp Thr Ser Lys

Ser Thy Al a TyExfppl@1%80

Expression & Purification of bispecific, bivalent ScFab-Fc fusion <VEGF-ANG-
2> antibody molecules Avastin-LC06-N-scFab and Avastin-LC06-N-scFabSS

Analogous to the procedures described in Example 1 and in the materials and

5 methods above, the bispecific, bivalent ScFab-Fc fusion <VEGF-ANG-2>
antibody molecules Avastin-LC06-N-scFab and Avastin-LC06-N-scFabSS based
on <VEGF> bevacizumab and <ANG-2> Ang2i-LC06 were expressed and
purified.. Binding affinities and other properties were determined as described in
the the Examples above. The relevant modified heavy chains amino acid sequences

10 of these bispecific antibodies are given in SEQ ID NO: 133-134 (Avastin-LCO06-
N-scFab), and in SEQ ID NO: 135 -136 (Avastin-LC06-N-scFabS$).

Key data Avastin- Avastin-LCO06-N-
LCO06-N- scFabSS
scFab

Expression (Yield) 62 pg/mL

Purification (Yield, Prot. A. 43 %

homog.)

Function

hANG-2 affinity (Biacore) 1M

hVEGF affinity (Biacore) 1 nM

Example 15

Inhibition of h'VEGF binding to hVEGF Receptor (ELISA), Blocking of VEGF-
15 induced tube formation, Inhibition of huANG-2 binding to Tie-2 (ELISA), Tie2

phosphoryvlation. and HUVEC proliferation of the bispecific. <VEGF-ANG-2>
antibody molecules of Examples 10 to 14

Inhibition of hVEGF binding to hVEGF Receptor (ELISA), blocking of VEGE-
induced tube formation, Inhibition of huANG-2 binding to Tie-2 (ELISA), Tie2
20 phosphorylation, and HUVEC proliferation of the bispecific, <VEGF-ANG-2>



Lou Gn Met Asn Ser Lou Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Lys Tyr Pro His Tyr Tyr Gy Ser 3cr H's Trp Tyr Phe Asp Val 100105110 Trp

Ay Gn @y Thr Lou Val Thr Val Ser Soy 115120 <210> 8 <211> 107 <212> PRT
<213> Artificial* <220> <223> heavy chai n variabl e donai n,

<VEG>bevaci zumab <400> 8 Asp Ile G n Met Thr Gn Ser Pro Ser Ser Leu Ser

Ala Ser Val dy 151015 Asp Arg Val Thrihde Thy Cys Ser Ala Ser Gn Asp Ile
Ser Asn Tyr 202530 - 4 - Tyr Pile Thr Ser Set Leu His Set Ay Val Pro Set
Arg Phe Set Gy 505560 Set Gy Set Ay Thr Asp Phe Thr Leu Thr Ile Set Set

Leu G n Pro Gafbbi§8RolGullesAsTpERinepldN B0 Thi4 Tyr ba dete@yigedGanal gausipyto Bet  Thr
val Pro Trp 80808 %ed Mscrftif iardafl i¥Xackhbes e EXathplEl  1d § Ebdugs 100105 <210>

Example 16

In vivo efficacy of bispecific antibody <VEGF-ANG-2> antibody in comparison to
5 <ANG-2> ANG?i-LC06. and the combination of <ANG-2> ANG2i-1.C06 and
Avastin in the refractory Colo205 xenograft model in Scid beige mice (after

resistance to bevacizumab {Avastin) treatment}

Cell lines and culture conditions:

Colo205 human colorectal cancer cells were originally obtained from ATCC and
10 after expansion deposited in the Roche Penzberg internal cell bank. Tumor cell line
was routinely cultured in RPMI 1640 medium (PAA, Laboratories, Austria)
supplemented with 10% fetal bovine serum (PAA Laboratories, Austria) and 2 mM
L-glutamine, at 37°C in a water-saturated atmosphere at 5% CO,. Passage 2-5 was

used for transplantation.
15 Animals:

Female SCID beige mice; age 45 weeks at arrival (purchased from Charles River
Germanyd) were maintained under specific-pathogen-free condition with daily
cycles of 12 h light /12 h darkness according to committed guidelines (GV-Solas;
Felasa; TierschG). Experimental study protocol was reviewed and approved by

20 local government. After arrival animals were maintained in the quarantine part of
the animal facility for one week to get accustomed to new environment and for
observation. Continuous health monitoring was carried out on regular basis. Diet
food (Provimi Kliba 3337) and water (acidified pH 2.5-3) were provided ad
libitum. Age of mice at start of the study was about 10 weeks.

25 Tumor cell injection:

At the day of injection, tumor cells were harvested (trypsin-EDTA) from culture
flasks (Greiner) and transferred into 50 ml culture medium, washed once and
resuspended in PBS. Afier an additional washing step with PBS and filtration (cell
strainer; Falcon @ 100pm) the final cell titer was adjusted to 2.5 x 10"/ ml. Tumor
30 cell suspension was carefully mixed with transfer pipette to avoid cell aggregation.
After this, cell suspension was filled into a 1.0 ml tuberculin syringe (Braun

Melsungen) using a wide needle (1.10 x 40 mm); for injection needle size was



<211> 14 ;<_212> PRT . ,<213> Artificial <220> <223> heavy chai n CDR3,
<VEGF>rani bi zumab <400> 9 Tyr Pro Tyr Tyr Tyr Ay Thr Set H's Trp Tyr The
Asp Val 1510 <210> 10 <211> 17 <212> PRT <213> Artificial <220>

-104 -

changed (0.45 x 25 mm) and for every injection a new needle was used. Anesthesia
was performed using a Stephens inhalation unit for small animals with
preincubation chamber (plexiglas), individual mouse nose-mask (silicon) and not
flammable or explosive anesthesia compound Isoflurane (cp-pharma) in a closed

5 circulation system. Two days before injection coat of the animals were shaved and
for cell injection skin of anaesthetized animals was carefully lifted up with an
anatomic forceps and 100 pl cell suspension (= 2.5 x 10° cells) was injected

subcutaneously in the right flank of the animals.
Treatment of animals
10 Pretreatment:

Apimal treatment started 14 days after cell transplantation (study
Ang2 PZ_Colo205_008) at a mean tumor volume of 100 mm® to 150 mm?,
respectively. Mice were treated once weekly with Avastin (10 mg/kg) for a time
period of 5 weeks.

15 Secondary treatment:

Thereafter mice were randomized for 2™ treatment and divided to four groups with
10 mice in each group. Tumor volume at start of secondary treatment at day 51 was
in the range from 336 to 341 mm® Mice were treated once weekly i.p. with the

different compounds as indicated in following table .



<223> heavy chain CDR2, <VEGF>rani bi zumab <400> 10 Trp Ile Asn Thr Ty:
Thr Ay Qu Pro Thr Tyr Ala Ala Asp Phe Lys 151015 Arg <210> 11 <211> 5
<212> PRT <213> Artificial <220> <223> heavy chain CDRl, <VEG->rani bi zamab
- 5 - <400>11 H's Tyr Ay Mt Asn 15 <210> 12

-105-
Cumulati
Group N.o of Compound Dose (mg/kg) Rout; /MOd? of | No of ve dose
+1 animals (nMol/kg) administration | treatments
(mg/kg)
10 mg/k ; ‘
1] 10 Avastin wke -p- once 11 110
(68 nMol/kg) weekly
12 10 ANG2i- 10 mg/kg i.p. once 6 60
LCO6 (68 nMol/kg) weekly
13 10 ANG2i- 10 mg/kg i.p. once 6 60
LCO06 + (68 nMol/kg) weekly
* bp. onee 11 110
Avastin 10 mg/kg weekly
(68 nMol/kg)
14 10 TvAb- 13 mg/kg i.p. once 6 78
2441- | (64 nMol/kg) weekly
bevacizu
mab-
LCO06
Monitoring:

Animals were controlled 2x per week for their health status. Body weights were
documented 2x per week after cell injection. The tumor dimensions were measured

5 by caliper beginning on the staging day and subsequently 2 times per week during
the whole treatment period. Tumor volume was calculated according to NCI
protocol (Tumor weight = 1/2ab?, where “a” and “b” are the long and the short
diameters of the tumor, respectively). Termination criteria were the critical tumor

mass (up to 1.7 g or @ > 1.5 cm), body weight loss more than 20% from baseline,

10 tumor ulceration or poor general condition of the animals.

Results: Tumor growth inhibition based on medians (in percent) at day 91

TGI

ANG?2i-LC06 10 mg/kg (68 nMol/kg) i.p.; Avastin
10 mg/kg (68 nMol/kg) i.p.

453

ANG2i-LC06 10 mg/kg i.p. (68 nMol/kg) 44.4




<211> 9 <212> PRT <213> Artificial <220> <223> |light chain CDR3,

;;/EGF>rani bi zumab <400> 12 Gn G@n Tyr Ser Thr Val Pro Trp Thr 15 <210>

- 106 -

TvAb-2441-bevacizumab-LC06_13 mg/kg i.p.

60.4
(64 nMol/kg)

The results show that the bispecific <VEGF-ANG-2> antibody TvAb-2441-
bevacizumab-LC06 showed a higher tumor growth inhibition (at lower doses) in

the bevacizumab(Avastin)- resistant xenograft tumor model Colo205 in Scid beige

5 mice compared to the treatment with monospecific antibody ANG2i-LC06 alone
or the combination of ANG2i-LC06 and Avastin.

- Detection via non-invasive in vivo imaging of angiogenesis using anti-CD31
10 labeled with : o :

Cell lines and culture conditions:

This human lung adenocarcinoma cancer cell line has been established from a
human caucasian male with lung cancer. Cells were obtained from Roche,
Kamakura and passaged in house for working cell bank. Tumor cells are routinely
15 cultured in RPMI1640 medium (PAN Biotech, Germany) supplemented with 10%
fetal bovine serum (PAN Biotech, Germany) and 2 mM L-glutamine (PAN
Biotech, Germany) at 37°C in a water-saturated atmosphere at 5% COx. Culture
passage is performed with trypsin / EDTA 1x (PAN) splitting one time / week.

Animals:

20 Female BALB/c nude mice; age 4—5 weeks at arrival (purchased from Charles
River Germany) were maintained under specific-pathogen-free condition with daily
cycles of 12 h light /12 h darkness according to committed guidelines (GV-Solas;
Felasa; TierschG). Experimental study protocol was reviewed and approved by
local government. After arrival animals were maintained in the quarantine part of

25 the animal facility for one week to get accustomed to new environment and for
observation. Continuous health monitoring was carried out on regular basis. Diet
food (Provimi Kliba 3337) and water (acidified pH 2.5-3) were provided ad
libitum. Age of mice at start of the study was about 10 weeks.



<211-> 7 _<212> PRT <213> Artificial <220> <223> |ight chain CDR2,

<VEG~>r ani bi zumab <400> 13 Phe Thr Ser Per Leu His Ser 15 <210> 14 <211> 11
<212> PRT <213> Artificial <220> <223> |ight chain CDRl, <VEG->rani bi zumab
<400> 14 Ser Ala Set G n Asp Tie Set Asn Tyr Leu Asn 1510 <210> 15 <211>
123 <212> PRT <213> Artificial - 6 - <400> 15 Qu Val Gn Len Val Gn Ser
Ay Ay Ay Lou Val Gn Pro Ay Ay 15318125 Sec Leu Arg Leu Ser Cys Ala Al a
Ser Gy Tyr Asp Phe Thr His Tyr 202530 Gy Met Asn Trp Val Arg Gn Ala Pro
Gy Lys Ay Len G n Trp Val 359045 Gy Trp Ile Asn Thr Tyr Thr Ay GQu Pro
Thr Tyr Al a Ahdnddsal Rition:

At the day of injection, tumor cells were harvested (trypsin-EDTA) from culture

flasks (Greiner) and transferred into 50 ml culture medium, washed once and

resuspended in PBS. After an additional washing step with PBS and filtration (cell

5 strainer; Falcon @ 100um) the final cell titer was adjusted to 5.0 x 107/ ml. Tumor

cell suspension was carefully mixed with transfer pipette to avoid cell aggregation.

After this, cell suspension was filled into a 1.0 ml tuberculin syringe (Braun

Melsungen) using a wide needle (1.10 x 40 mm); for injection needle size was

changed (0.45 x 25 mm) and for every injection a new needle was used. Anesthesia

10 was performed using a Stephens inhalation unit for small animals with

_ preincubation chamber (plexi‘glas’), individual mouse nose-mask (silicon) and not

flammable or explosive anesthesia compound Isoflurane (cp-pharma) in a closed

circulation system. Two days before injection coat of the animals were shaved and

for cell injection skin of anaesthetized animals was carefully lifted -up with an

15 anatomic forceps and 100 ul cell suspension (= 5.0 x. 10° cells) was injected
subcutaneously in the right flank of the animals.

Treatment of animals

At study day 35, mice were randomized to statistically well distributed groups,
depending on their body weight and tumor size. For the treatment with therapeutic
20 antibodies, each group consisted of 10 mice and treatment with therapeutic

antibodies was applied once weekly i.p. for a 6 week time period. (see Fig 19)
Group 1: vehicle (Xolair) 10 mg/kg
Group 2: Avastin 10 mg/kg

Group 3: Combination of monospecific <VEGF> Avastin 10 mg/kg plus
25 monospecific <ANG-2> Ang2i-LC06 10 mg/kg (= Avastin / Ang2i-
LCO06)

Group 4:  Bispecific <VEGF-ANG-2> antibody 2441-Avastin-scFv-LC06 13.3
mg/kg

Monitoring:

30 Animals were controlled 2x per week for their health status. Body weights were

documented 2x per week after cell injection. The tumor dimensions were measured



505560 Lys Arg Arg Phe Thr Phe Sec Len Asp Thr Ser Lys Sec Thr Ala Tyr
65707580 Leu A n Met Asn Ser Leu Arg Ala G n Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Tyr Pro Tyr Tyr Tyr Ay Thr Ser His Trp Tyr Phe Asp Val
100105110 Trp Ay Gn Gy Thr Leu Val Thr Val Ser Ser 115120 <210> 16 <211>
107 <212>_PRT <213> Artificial <220> <223> |ight chain variable domain,
<VEGF>r ani bi zumab <400> 16 Asp |Ile d nigagen Thr G n Ser Pro Ser Ser Leu Ser
Ala Ser Val Gy 151015 Asp Arg Val Thr Ile Thr Cys Ser Ala Ser G n Asp lle
Ser Asn Tyr 202530 Len Asn Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Va
Len || e 354045 calipr bediliSsorsthe s@gneStay apdysutfeguently Mﬁéesmﬁf wegk d¥HP8 | [ e Set

Set Leu G n _Fﬁl[ wg@éotg %r@ ﬁl’grﬁap TRhRr Alodunté rwa-Eyéalo[l‘Yarte@é&cthﬂ% G MNTYr Set

Thr Val Pro
a%z C\-]NI'?GI‘BG “X” anc{ Y3 \{ﬁe IG Unnl fhe LMc?rt 100105

protocol (Tumor weight = are ong and
diameters of the tumor, respectively). Termination criteria were the critical tumor
5 mass (up to 1.7 g or @ > 1.5 cm), body weight loss more than 20% from baseline,

tumor ulceration or poor general condition of the animals.
Blood vessel and angiogenesis monitoring with labeled anti-CD 31 antibody

Preliminary studies revealed that anti-CD31 antibody as best agentwfor imaging
tumor vasculature. This agent targets mouse endothelial CD31 receptors and
10 visualizes single blood vessels with a low signal-to-background ratio. Therefore,
imaging for anti-CD31 antibody represents a feasible way to image tumor -
vasculature. Three mice of each therapy group have been chosen and injected i.v.
with 50 pg/mouse anti-CD3 antibody labeled covalently with the organic
~ fluorophore Alexa610 at day 35, 49 and 79. Near-infrared imaging was carried out
15 24 hrs after each application of the labeled antibody under inhalation anesthesia.
An increase or decrease of tumor vasculature was visualized by using the compare
image tool of the MAESTRO system. Under treatment with the contro! mab Xolair
and the therapeutic antibody Avastin an increase of tumor blood vessels from day
35 to day 79 was observed. In contrast, the combined treatment with Avastin plus
20 Ang2i-LC06 and 2441-Avastin-scFv-LC06 exhibited a decrease of tumor
vasculature (Fig 19).

Tumor regions were quantified by manually drawing measurement areas and signal
intensities were evaluated in intensity values (total signal / exposure time). The
average changes of CD31 signals from day 35 to 49 and from day 49 to 76 were
25 plotted in Fig 19. All treatment groups revealed an increase in tumor vasculature
from day 35 to 49. While CD31 tumor signals steadily accelerated in group 1
(Xolair) and group 2 (Avastin), tumor vasculature significantly decreased in group
3 (Combination of Avastin plus <ANG-2> Ang2i-LCO06) and group 4 (Bispecific
<VEGF-ANG-2> antibody 2441-Avastin-scFv-LC06), with group 4 showing
30 clearly the most pronounced antiangiogenic effect (Fig 19).

Immediately after the last in vivo imaging studies, tumors were explantated (day
79), fixed in formalin and embedded in paraffin for ex vivo studies. Fluorescence
microscopy showed numerous well defined capillaries in tumors treated with

control mab Xolair. Several tumor blood vessels were observed in mice treated



<210> 17 <211> 11 <212> PRT <213> Artificial <220> <223> heavy chai n 0083,
<VEGF>HuMab (6-31 <400> 17 Ser Ala Ser G n Asp Ile Ser Asn Tyr Leu Asn 1510
<210> 16 <211> 17 <212> PRT <213> Artificial <220> <223> heavy chai n CDR2,
<VEG->HuMab G6-31 <400> 18 Ay Ile Thr Pro Ala Ay Ay Tyr Thr Tyr Tyr Al a
Asp Ser Val Lys 151015 <210> 19 <211> 5 <212> PRT <213> Artificial <220>
<223> heavy chain CDRl1l, <VEG->RuMab Go-ihb. Asp Tyr Trp Ile H s 15 <210>20
<211>9 <212>PRT <213>Artificial <220> <223>light chain CDR3, <400>20

with Avastin. In contrast, treatment groups 3 and 4 had significantly fewer and less
defined blood vessels in the tumors compared to treatment groups 1 and 2 whereas
group 4 showed the most pronounced effect. Group 4 revealed lower microvessel
density, c‘apillaries were generally smaller and unstructured and they exhibited

5 weaker anti-CD31 fluorescence signals as Group 1, 2 and 3. Histochemical HE-
staining showed intratumoral necrotic regions for up to 90% of all regions in the
treatment group with the bispecific antibody of group 4 which is clearly higher
than for the other treatment groups (data not shown) .

Example 18
10 In vivo efficacy of bispecific antibodies <VEGF-ANG-2> and compared to the

parent monospecific antibodies (alone or in combination) in the staged
. subcutaneous Colo205 xenograft model in Scid beige mice

Cell lines and culture conditiohs:

Colo205 human colorectal cancer cells were originally obtained from ATCC and

15 after expaﬁsion deposited in the Roche Penzberg internal cell bank. Tumor cell line
was routinely cultured in RPMI 1640 medium (PAA, Laboratories, Austria)
supplemented with 10% fetal bovine serum (PAA Laboratories, Austria) and 2 mM
L-glutamine, at 37°C in a water-saturated atmosphere at 5% COZ. Passage 2-5 was
used for transplantation.

20 Animals:

Female SCID beige mice; age 4-5 weeks at arrival (purchased from Charles River
Germany) were maintained under specific-pathogen-free condition with daily
cycles of 12 h light /12 h darkness according to committed guidelines (GV-Solas;
Felasa; TierschG). Experimental study protocol was reviewed and approved by

25 local government. After arrival animals were maintained in the quarantine part of
the animal facility for one week to get accustomed to new environment and for
observation. Continuous health monitoring was carried out on regular basis. Diet
food (Provimi Kliba 3337) and water (acidified pH 2.5-3) were provided ad
libitum. Age of mice at start of the study was about 10 weeks.

30 Tumor cell injection:

At day of injection Colo205 cells were centrifuged, washed once and resuspended
in PBS. After an additional washing with PBS cell concentration and cell size were

determined using a cell counter and analyzer system (Vi-CELL, Beckman Coulter).



<VECF>HuMab &-31 Gn Gn Ay Tyr Ay Asn Pro Phe Thr 1 <210> <211> <212>
<213> <220> <223> <400> 5 21 7 PRT Artificial .light chain CDR2, 21
<VEG->HuMab G6-31 Ser Ala Ser Phe Leu Tyr Ser 15 <210> 22 <211> 11 <212>
PRT <213> Artificial <220> <223> |ight chain CDRl, <VECF>HuMab G6-31 <400>

22 Arg Ala Ser dn Asp Val Ser Thr Ala Val Ala 1 <210> <211> <212> <213>
<220> -110 - '

For injection of Colo205 cells, the final titer was adjusted to 5.0 x 10E7 cells/ml,
viability ca. 90%. Subsequentty 100 pl of this suspension corresponding to 2.5*106
cells per animal was injected s.c. into the right flank of the mice.

Treatment of animals started at day of randomisation, 16 days after cell
5 transplantation (study Ang2 PZ_Colo205_009)) at a mean tumor volume of 100
mm3, respectively.

Dose schedule of Study Ang2 PZ Colo205_009:

No Compound Dose (mg/kg) | Route/Mode of administration
of
anim
als
10 Xolair 10 ' i.p. once weekly
10 <VEGF > Avastin 10 i.p. once weekly
10 < ANG-2> Ang2i- 10 1.p. once weekly
LCO6

10 Ang2i-LC06 10 1.p. once weekly

+ Avastin 10 i.p.once weekly
10 .| <VEGF-ANG-2> 13.3 i.p. once weekly

TvAb-2441-
bevacizumab-
LC06
10 <VEGF-ANG-2> 20 i.p. once weekly
Avastin-LC06- CH1-
CL
10 <VEGF-ANG-2> 16.6 i.p. once weekly
scFAb-Avastin-
LC06-2620




<223> <400> 5 23 120 PRT Artificial heavy chain variable 23 domain, 10
<VEGF> HuNab G6-31 -9- 151015 Ser Leu Arg Leu Set Cys Ala Ala Set Sly Phe
Thr Ile Her Asp Tyr 202530 Trp Ile His Trp Val Arg Gn Ala Pro Sly Lys Sly
Leu Gu Tip Val 354045 Ala Sly Ile Thr Pro Ala Sly Sly Tyr Thr Tyr Tyr Al a
Asp Her Val 505560 Lys Sly Arg Phe Thr Ile Set Ala Asp Thr Her Lys Asn Thr
Ala Tyr 65707580 Leu A n Met Asn Her Leur Arg Ala Qu Asp Thr Ala Vval Tyr
Tyr Cys 859095 Ala Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Sly

d n 100105110 Sly Thr Leu Val Thr Val Her Her
Monitoring:

Animals were controlled 2x per week for their health status. Body weights were
documented 2x per week after cell injection. The tumor dimensions were measured
by caliper beginning on the staging day and subsequently 2 times per week during
5 the whole treatment period. Tumor volume was calculated according to NCI
protocol (Tumor weight = 1/2ab’, where “a” and “b” are the long and the short
diameters of the tumor, respectively).Termination criteria were the critical tumor
mass (up to 1.7 g or @ > 1.5 cm), body weight loss more than 20% from baseline,

tumnor ulceration or poor general condition of the animals.
10 Results:

Tumor growth inhibition (TGI) based on medians (in percent) at day 61

> TGI
<VEGF > Avastin 66
< ANG-2> Ang2i-LC06 47
Ang2i-LC06
78
+ Avastin

<VEGF-ANG-2> TvAb-2441-bevacizumab-

87

LCO06
<VEGF-ANG-2> Avastin-LC06- CH1-CL 92
<VEGF-ANG-2> scFAb-Avastin-LCO06- %6

2620

The results show that all three bispecific <VEGF-ANG-2> Avastin (bevacizumab)-
ANG2i-LC06 antibodies (all based on the bevacizumab sequences SEQ 1D No: 7

15 and 8 and on ANG2i-LC06 sequences SEQ ID No: 52 and 53) showed a higher
tumor growth inhibition in xenograft tumor model Colo205 in Scid beige mice
compared to the treatment with monospecific antibodies ANG2i-LC06 and
Avastin alone or the combination of ANG2i-LC06 and Avastin.



1151. 20 <210> 24 <211> 107 <212> PRT <213> Artificial <220> <223> |ight
chain variabl e domain, <VEGF> HuMab 56-31 <400> 24 Asp Ile Sin Met Thr Gn
Set Pro Her Her Leu Set Ala Her Val Sly 151015 Asp An) Val Thr Ile Thr Cys
Arg Ala Her Sin Asp Val Her Thr Ala 202530 Val Ala Trp Tyr Sin Sin Lys Pro
Sly Lys Ala Pro Lys Leu Leu Ile 354045 -10- - Ser Sly Set Ay Thr Asp Phe
Thr Leu Thr Ile Ser Set Leu Gn Pro 65737580 A u Asp Phe Ala Thr Tyr Tyr
Cys Gn Gn dy Tyr Sly Asn Pro Phe 859095 Thr Phe Ay Gn Sly Thr Lys Val
Gu Ile Lys 100105 <210> 25 <211> 13 <212> PAT <213> Artificial <220> <223>
heavy chain ExampledNG 2> Nab 536 <400> 25 Asp Leu Leu Asp Tyr Asp Ile Leu

I o0, Sl iR A e TR AN 13l <220
antibody molecules scFAb-Avastin-L.C10-2620, scFab-Avastin-LC10- 2640 and
scFab-Avastin-LC10-2641, Avastin-L.C10-KiH-C-scFab, Avastin-LC10-C-

5 Fab-6CSS, Avastin-LC10-CH1-CL, Avastin-LC10-VH-VL and Avastin-LC10-
VH-VL-SS.Avastin-LC10-N-scFab and Avastin-L.C10-N-scFabSS -

By replacing the VH and VL domains of Ang2i-LC06 (SEQ ID No: 52 and 53)

with the corresponding VH and VL domains of Ang2i-LC10 (SEQ ID No: 84 and

85) and using the (apart from such replacement) analogous procedures and
10 sequences described in Example 10 to 14, the bispecific, <VEGF-ANG-2>

antibody molecules scFAb-Avastin-LC10-2620, scFab-Avastin-LC10-2640 and

scFab-Avastin-LC10-2641, Avastin-LC10-KiH-C-scFab, Avastin-LCl 0-C-Fab-

6CSS, Avastin-LC10-CH1-CL, Avastin-LC10-VH-VL and Avastin-LC10-VH-VL-
v .SS,Avastin-LC10-N-scFab and Avastin-LC10-N-scFabSs, all based on <VEGF>
15 bevacizumab and <ANG-2> Ang2i-LC10 are expressed and purified.

Binding affinities and other in vitro properties are determined as described in the

the Examples above.

Example 20

In vivo efficacy of bispecific antibody <VEGF-ANG-2> molecules scFAb-

20 Avastin-LC10-2620, scFab-Avastin-LC10-2640 and scFab—Avasﬁn—LC10-264L
Avastin-LC10-KiH-C-scFab, Avastin-L.C10-C-Fab-6CSS, Avastin-L.C10-CH1-
CL. Avastin-LC10-VH-VL _and Avastin-LC10-VH-VL-S§S.Avastin-L.C10-N-
scFab and Avastin-LLC10-N-scFabSS.

25 In vivo efficacy of bispecific antibody <VEGF-ANG-2> molecules scFAb-
Avastin-LC10-2620, scFab-Avastin-LC10-2640 and scFab-Avastin-LC10-2641,
Avastin-LC10-KiH-C-scFab, Avastin-LC10-C-Fab-6CSS, Avastin-LC 10-CH1-CL,
Avastin-LC10-VH-VL and Avastin-LC10-VH-VL—SS,Avastin—LCIO—N-scFab and
Avastin-LC10-N-scFabSS is determined analogously to the corresponding

30 Examples above.



<400> 26 Tyr Ile Set Set Ser Ay Ser Thr Ile Tyr Tyr Ala Asp Set Val Lys
151015 Sly <210> 27 <211> 5 <212> PRT <213> Artificial <220> <223> heavy
chain ODR1, <ANG 2> Nab 536 <400> 27 Ser Tyr Ay Met H s 15 <210> 28 <211>
9 <212> PRT <213> Artificial <220> <223> light chain CDR3, <ANG 2> Mab 536
<400> 28 Met G n @y Thr H's Trp Pro Pro Thr 15 <210> 29 <211> 7 <212> PRT

<213> Artificial

10

15

20

25

30

<220> <223> light chaijp30DR2, <ANG 2> Mab 536

Patent Claims

A bispecific antibody specifically binding to human vascular endothelial
growth factor (VEGF) and human angiopoietin-2 (ANG-2) comprising a first
antigen-binding site that specifically binds to human VEGF and a second
antigen-binding site that specifically binds to human ANG-2.

The bispecific antibody according to claim 1, characterized in that

i) said ahtigen—binding sites are each a pair of an antibody heavy chain

variable domain and an antibody light chain variable domain;

ii) said first antigen-binding site specifically binding to VEGF compnises in
the heavy chain variable domain a CDR3 region of SEQ ID NO: 1, SEQ
ID NO: 9, SEQ ID NO: 17, or SEQ ID NO: 94, a CDR2 region of SEQ
ID NO: 2, SEQ ID NO: 10, SEQ ID NO: 18, or SEQ ID NO: 95, and a
CDR1 region of SEQ ID NO:3, SEQ ID NO: 11, SEQ ID NO: 19, or
SEQ ID NO: 96, and in the light chain variable domain a CDR3 region of
SEQ ID NO: 4, SEQ ID NO: 12, SEQ ID NO: 20, or SEQ ID NO: 97, a
CDR2 region of SEQ ID NO:5, SEQ ID NO: 13, SEQ ID NO: 21, or
SEQ ID NO: 98, and a CDR1 region of SEQ ID NO:6, SEQ ID NO: 14,
SEQ ID NO: 22, or SEQ ID NO: 99;

iii) said second antigen-binding site specifically binding to ANG-2
comprises in the heavy chain variable domain a CDR3 region of SEQ ID
NO: 25, SEQ ID NO: 38, SEQ ID NO: 46, SEQ ID NO: 54, SEQ ID NO:
62, SEQ ID NO: 70, SEQ ID NO: 78, or SEQ ID NO: 86, a CDR2 region
of SEQ ID NO: 26, SEQ ID NO: 39, SEQ ID NO: 47, SEQ ID NO: 55,
SEQ ID NO: 63, SEQ ID NO: 71, SEQ ID NO: 79, or SEQ ID NO: 87,
and a CDR1 region of SEQ ID NO:27, SEQ ID NO: 40, SEQ ID NO: 48,
SEQ ID NO: 56, SEQ ID NO: 64, SEQ ID NO: 72, SEQ ID NO: 80, or
SEQ ID NO: 88,and in the light chain variable domain a CDR3 region of
SEQ ID NO: 28, SEQ ID NO: 28 with the mutations T92L, H93Q
andW94T, SEQ ID NO: 41, SEQ ID NO: 49, SEQ ID NO: 57, SEQ ID
NO: 65, SEQ ID NO: 73, SEQ ID NO: 81, or SEQ ID NO: 89, a CDR2
region of SEQ ID NO:29, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID
NO: 58, SEQ ID NO: 66, SEQ ID NO: 74, SEQ ID NO: 82 or SEQ ID
NO: 90, and a CDR1 region of SEQ ID NO:30, SEQ ID NO: 43, SEQ



<400> 29 Leu Gy Ser Asn Arg Ala Ser

Artificial
Set G n Set Lau
<211> 122 <212>
<ANG 2>

domai n,

Ser
Ay
Tyr
Lys
Val

Ay

Ay
Lys
Tyr
Asn
Tyr
Tyr

10

15

20

25

30

She
dy
Al a
Ser
Tyr
Trp

<220> <223> |light chain CDR1,

Thr
Leu
Asp
Len

Cys

15 <210> 30 <211> 16 <212> PRT <213>
<ANG- 2> Mab 536 <400> 30 Arg Set

Leu Hs Set Asn Ay Tyr Asn Tyr Leu Asp 151015 <210> 31
PRT <213> Artificial <220> <223> heavy chain variable

Mab 536 <400> 31 - 12 - Set Leu Arg Leu Set Cys Al
She Ser Set Tyr 2025301@-y Met His Trp Val Arg Gn
Gu Trp Val 354045 Set Tyr Ile Ser Set Ser @y Set
Ser Val 505560 Lys Sly Arg Phe Thr Ile Set Ar

Ty IDOBTOMS BBQLEING: AONBEQ ABNGet 7, 556 10 3O 4, BEQ I

85993/ D AFp oken Len Asp Tyr Asp |le Leu Thr

a Ala

Ala Pro
Thr 1le
Age Al a
p M Ala
Sly Tyr

10C105110 dy Gn @y Thr Len Val Tnr Val Ser Ser 115120

3.

The bispecific antibody according to claim 2, characterized in that

ii) said first antigen-binding site specifically binding to VEGF comprises in
the heavy chain variable domain a CDR3 region of SEQ ID NO: 1, a
CDR2 region of SEQ ID NO: 2, and a CDRI1 region of SEQ ID NO:3,
and in the light chain variable domain a CDR3 region of SEQ ID NO: 4,
a CDR2 region of SEQ ID NO:5, and a CDRI region of SEQ ID NO:6;
and

iii) said second antigen-binding site specifically binding to ANG-2 comprises
in the heavy chain variable domain a CDR3 region of SEQ ID NO: 46, a
CDR2 region of, SEQ ID NO: 47, and a CDRI1 region of SEQ ID NO:

" 48, and in the light chain variable domain a CDR3 region of SEQ ID NO:
49, a CDR2 region of SEQ ID NO: 50, and a CDRI region of SEQ ID
NO: 51.

The bispecific antibody according to claim 3, characterized in that

ii) said first antigen-binding site specifically binding to VEGF comprises as
heavy chain variable domain SEQ ID NO: 7, and as light chain variable
domain SEQ ID NO: §, and

ii1) said second ~antigen—binding site specifically binding to ANG-2
comprises as heavy chain variable domain SEQ ID NO: 52, and as light
chain variable domain a SEQ ID NO: 53.

The bispecific antibody according to claim 2, characterized in that

ii) said first antigen-binding site specifically binding to VEGF comprises in
the heavy chain variable domain a CDR3 region of SEQ ID NO: 1, a
CDR2 region of SEQ ID NO: 2, and a CDR1 region of SEQ ID NO:3,
énd in the light chain variable domain a CDR3 region of SEQ ID NO: 4,
a CDR2 region of SEQ ID NO:5, and a CDR1 region of SEQ ID NO:6;

iii) said second antigen-binding site specifically binding to ANG-2
comprises in the heavy chain variable domain a CDR3 region of SEQ ID
NO: 62, a CDR2 region of SEQ ID NO: 63, and a CDR1 region of SEQ



<210> 32 <211> 112 <212> PRT <213> Artificial <220> <223> |ight chain

vari abl e donmai n, <ANG 2> Nab 536 <400> 32 Asp Ile Val Net Thr Gn Set Pro
Leu Set Len Pro Val Thr Pro Gy 151015 GQu Pro Ala Ser Ile Ser Cys Arg Ser
Set Gn Ser Len Leu H's Set 202530 Asn Sly Tyr Asn Tyr Leu Asp Trp Tyr Len
Gn Lys Pro Gy Gn Ser 354045 Pro G n Len Leu Ile Tyr Len Gy Set Asn Arg
Ala Set Ay Val Pro 505560 -13- Ser -Ang-Val Gu Ala Qu Asp val Sly Val
Tyr Tyr Cys Met G n Sly 859095 Thr His Trp Pro Pro Thr Phe Sly Gn Sly Thr
Lys Leu Gu Ile Lys 100105110 <210> 33 <211> 20 <212> PRT <213> Artifici al
<220> <223> (543) 4 IDiNRet4, anbigthghehtchaimvpriahle dapgin 3 GDRY (eggnof R )y ser
Sly Sly sly Sly SenpSi®: 51DEDRSI ¥gith ¥t SBQ B#INO: 66, and a CDRI1 region of

SEQ ID NO: 67.
6.  The bispecific antibody according to claim 5, characterized in that

5 i) said first antigen-binding site specifically binding to VEGF comprises as
heavy chain variable domain SEQ ID NO: 7, and as light chain variable
domain SEQ ID NO: 8; and

iii) said second antigen-binding site specifically binding to ANG-2
comprises as heavy chain variable domain SEQ ID NO: 68, and as light
10 chain variable domain a SEQ ID NO: 69.

7. The bispecific antibody according to claim 2, characterized in that

i) said first antiéen—binding site specifically binding to VEGF comprises in

the heavy chain variable domain a CDR3 region of SEQ ID NO: 1, a

. CDR2 region of SEQ ID NO: 2, and a CDRI region of SEQ ID NO:3,

15 and in the light chain variable domain a CDR3 region of SEQ ID NO: 4,
a CDR2 region of SEQ ID NO:S, and a CDR1 region of SEQ ID NO:6;

iii) said second antigen-binding site specifically binding to ANG-2
comprises in the heavy chain variable domain a CDR3 region of SEQ ID
NO: 78, a CDR2 region of SEQ ID NO: 79, and a CDR1 region of SEQ
20 ID NO: 80, and in the light chain variable domain a CDR3 region of SEQ
ID NO: 81, a CDR2 region of SEQ ID NO: 82, and a CDRI1 region of
SEQ ID NO: &3.

8.  The bispecific antibody according to claim 7, characterized in that

ii) said first antigen-binding site specifically binding to VEGF comprises as
25 heavy chain variable domain SEQ ID NO: 7, and as light chain variable
domain SEQ ID NO: 8; and

iii) said second antigen-binding site specifically binding to ANG-2
comprises as heavy chain variable domain SEQ ID NO: 84, and as light
chain variable domain a SEQ ID NO: &5.



20 <210> 34 <211> 104 <212> PRT <213> Hono sapi ens <400> 34 Pro Lys Ala Al a
Pro Ser Val Thr Lec Phe Pro Pro Ser Ser Qu Gu 151015 Leu G n Ala Asn Lys
Ala Thr Leu Val Cys Leu Ile Ser Asp Phe Tyr 202530 Pro Sly Ala Val Thr Val
Ala Trp Lys Ala Asp Ser Ser Pro Val Lys 354045 Ala Sly vVal Qu Thr Thr Thr
Pro Ser Lys G n Ser Asn Asn Lys Tyr 505560 Ala Ala Ser Set Tyr Leu Ser Leu
Thr Pro Gu @n Trp Lys Ser H's 657075895 _- 14 - Thr Val Ala Pro Thr Gu
Cys Ser 100 <210> 35 <211> 330 <212> PRT <313> Hono sapi ens <400> 35 Al a
Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Ay Gy Bhr AhabAbecifi€unt{Bolly asrdisgito/ady duyesofAdgims yirto B)2EBactdred Pro G u

Pro Val Thr Val §er Trp Asn Ser Ay Ala Leu Thr Ser 354045 dvy Val His Thr
Phe Pro Al a Val L%E]‘aéi n Ser Ser Ay Leu Tyr Ser
| the ratio of the binding affinities KD(antigen-binding site specific for

VEGF)/KD(antigen-binding site specific for ANG-2) is 1.0- 10.0

5 10. The bispecific antibody according to any one of claims 1 to 9, characterized
in that the second antigen-binding site that specifically binds to human ANG-
2 is not specifically binding to human Angiopoetin 1 (ANG-1).

11. The bispecific antibody according to any one of claims 1 to 10, characterized

in that said antibody is bivalent, trivalent or tetravalent

.10 12. A pharmaceutical composition comprising an antibody according to claims 1
toll ‘

13. The pharmaceutical composition according to claims 12 for the treatment of

cancer.

14. The pharmaceutical composition according to claims 12 for the treatment of

15 vascular diseases.

15. The bispecific antibody according to any one of claims 1 to 10 for the
treatment of cancer.

16. The use of an antibody according to any one of claims 1 to 10 for the

manufacture of a medicament for the treatment of cancer.

20 17. A method of treatment of patient suffering from cancer by administering an
antibody according to any one of claims 1 to 10 to a patient in the need of

such treatment.

19. The bispecific antibody according to any one of claims 1 to 10 for the

treatment of vascular diseases.

25 20. The use of an antibody according to any one of claims 1 to 10 for the

manufacture of a medicament for the treatment of vascular diseases.

21. A method of treatment of patient suffering from vascular diseases by
administering an antibody according to any one of claims 1 to 10 to a patient

in the need of such treatment.



505560 Leu Ser

65707580 Tyr

Cys Lys Val

Ser Lys Ala Lys

Pro Her Arg
Leu Val Lys

Asn Ay Gn Pro

10 -

Ser Val Val Thr Val Pro Ser Ser Ser Leu Gy Thr Gn Thr

Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 Lys Val
100105110 Pro Ala Pro Qu Leu Leu Ay Ay Pro Ser Val Phe Leu Phe Pro Pro
115120125 Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys
130135140 Val

145150155160 Tyr Val Asp Ay Val Qu Val Hs Asn Ala Lys Thr Lys Pro Arg
A u 165170175

GQu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys

Val Val Asp Val Ser Hs @4 Asp Pro Gu Val Lys Phe Asn Trp

-15- 180185190 His G n Asp Trp Leu Asn Ay Lys Qu Tyr Lys

Ser  ASRcRRAQAB&IAY 5 bAbeifiotntBody AlcardRrgro llatm&l vo L§s Thr |1e

Ay 210215220 G n Pro Arg Qu Pro dn Val Tyr Thr Leu Pro

§Y BnidGR Beside il le RBIER SpaVg amgrt ey e

24,

25.

26.

of @(ppgﬁng P sucigig acid in a prokaryotxc or eukaryotic host céi

A prokaryotic or eukaryotic host cell comprising a vector according to claim
23.

A method for the production of a bispecific antibody according to claims 1 to
10, characterized by expressing a nucleic acid according to claim 22 in a
prokaryotic or eukaryotic host cell and recovering said bispecific antibody

from said cell or the cell culture supernatant.

An antibody obtained by the recombinant method of claim 25.



Asn Tyr Lys Thr Thr Pro Pro Val Lou Asp Ser Asp Ay Her Phe Phe 275280285
Lou Tyr Her Lys Leu Thr Val Asp Lys Her Arg Trp Gn Gn Gy Asn 290295300
Val Phe Ser Cys Ser Val Met Hs GQu Ala Leu H's Asn H's Tyr Thr
305310315320 G n Lys Ser Leu Ser Leu Her Pro dy Lys 325330 <210> 36 <211>
327 <212> PRT <213> Honp sapi ens <400> 36 Ala Her Thr Lys @y Pro Her Val
Phe Pro Lou Ala Pro Cys Ser Arg 151015 1Ser Thr Ser Qu Her Thr Ala Ala Leu
Gy Cys Leu Val Lys Asp Tyr 202530 -16- dy Val Hs Thr Phe Pro Al a Val
Leo Gn Set Set Ay Leu Tyr Set 505560 Leo Ser Set Val Val Thr Val Pro Set
Set Set Leo @y Thr Lys Thr 6570738PENRfr LEFHEYCys Asn Val Asp His Lys Pro
Set Asn Thr Lys Val Asp Lys 859095 Arg Val Qu Ser Lys Tyr Ay Pro Pro Cys
Pro Ser Cys Pro Ala Pro 100105110 u Phe Leo Ay Gy Pro Set Val Phe Leu

Phe Pro Pglquiy%.PI[Iooff%ann*La Roche AG

<120> Bispecific anti-VEGF/anti-ANG-2 antibodies
<130> 25401 FT

<150> EP 08017607.6
<151> 2008-10-08

<150> EP 08021834.0
<151> 2008-12-16

<160> 136

<170> PatentIn version 3.2

<210> 1
<211> 14
<212> PRT

<213> Artificial

<220> .
<223> heavy chain CDR3, <VEGF>bevacizumab

<400> 1

Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
1 5 10

<210> 2

<211> 17

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <VEGF>bevacizumab

<400> 2

Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe Lys
1 5 10 i5

Arg

<210> 3

<211> 5

<212> PRT

<213> Artificial



115120125 Asp Thr Leo Net Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Va
130135140 Asp Val Set Gn GQu Asp Pro Qu Val Gn Phe Asn Trp Tyr Val Asp
145150155160 dy Val Qu Val H's Asn Ala Lys Thr Lys Pro Arg Gu Gu dn
Phe 165170175 Asn Set Thr Tyr Arg Val Val Ser Val Leo Thr Val Leo H's Gn
Asp 180185190 Trp Leo Asn Gy Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Gy
Leo 195200205 Pro Set Set Ile GQu Lys Bhr Ile Set Lys Ala Lys Gy Gn Pro
Arg 210215220 Gu Pro Gn Val Tyr Thr Leu Pro Pro Ser Gn Gu Gu Net Thr
Lys 225230235240 Asn G n Val Ser Leu Thr Cys Leo Val Lys @y Phe Tyr Pro
Ser Asp 245250255 - 17- Thr Thr Pro Pro Val Leo Asp Ser Asp Gy Ser Phe
Phe Leo T§ 23>Sere %ﬁﬂ%séoﬁr 9<\}a§#5b-£b£c1\£%au°~5p Lys Ser Arg Trp Gn Au Gy
Asn Val Phe Ser i@b 95300 s Ser Val Met Hs Gu Ala Leu H sS Asn Hi s Tyr
Thr G n LysoSers 305310315320 Leu Ser Leu Ser Leu Gy Lys 325 <210> 37 <211>
107 <212> PRT <213> Honmp sapi ens

Asn Tyr Gly Met Asn
1 5

<210> 4

<211> 9

<212> PRT

<213> Artificial

<220>
<223> light chain CDR3, <VEGF>bevacizumab

<400> 4

Gln Gln Tyr Ser Thr Val Proc Trp Thr
1 5 '

<210> 5

<211> 7

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR2, <VEGF>bevacizumab

<400> 5

Phe Thr Ser Ser Leu His Ser
1 5

<210> 6

<211> 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR1, <VEGF>bevacizumab

<400> 6

Ser Ala Ser Gln Asp Ile Ser Asn Tyr Leu Asn
1 5 10

<210> 7

<211> 123

<212> PRT

<213> Artificial



<400> 37 Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp G u
151015 G n Leo Lys Ser Ay Thr Ala Ser Val Val Cys Lea Lea Asn Asn Phe
202530 Tyr Pro Arg u Ala Lys Val Gn Trp Lys Val Asp Asn Ala Leo G n
354045 Ser Gy Asn Ser Gn Clu Ser Val Thr e G n Asp Ser Lys Asp Ser
505560 Thr Tyr Ser Leu Ser Ser Thr Leo Thr Lea Ser Lys Ala Asp Tyr Qu
65707580 Lys H's Lys Val Tyr Ala Cys G4y _Val Thr Hs Gn Ay Leu Ser Ser
859095 Pro Val Thr Lys Ser Phe Asn Arg Ay A u Cys 100105 <210> 38 <213> 7
<212> PRT Z<£§3> Artificial -18- <223> heavy chal n QOR3, <ANG 2>
Ang2s_R3_E <400> 38 Asp Lou Val 15 <210> 39 <211> 19
<212> PRT<&Z13F°ArY P74 éi?“é‘ﬁb?) az‘é‘3><‘1A$§§ AT CDR . <ANG 2>

Ang2s_R3_L¢¥B <A00> 39

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyxr
20 25 30

Gly Met Asn Trp ValsArg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60 ~ K ‘

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

115 120
<210> 8
<211> 107
<212> PRT

© <213> Artificial’

<220>
<223> heavy chain variable domain, <VEGF>bevacizumab

<400> 8
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45



Arg Ile Lys Set Lys Thr Asp Gy Ay Thr Thr Asp Tyr Ala Ala Pro 131015 Val
Lys Ay <210> 40 <211> 5 <212> PRT <213> Artif?cigl <220> <223> heavy ch:in
CDR1, <ANC-2> Ang2s R3 LCO3 <400> 40 Asn Ala Trp Met Set 15 <210> 41 <211>
10 <212>_PRT <213> Artificial <220> <223> |ight chain CDR3, <ANG 2>
Ang2s_R3j CO3 <400> 41 G n Gn Tyr Asp Asn Leu Pro Met Tyr Thr 1510 <210> 42
<211> 7 <212> PRT - 19- <213> Artificial <220> <223> |ight chain CDR2
<ANG- 2> Ang2s_R3 LCO3 <400> 42 His Ala Ser Asn Leu @ u Thr ’

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 ' 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 9

T<211> 14
. <312>  PRT

<213> Artificial

<220> ) .
<223> heavy.chain CDR3, <VEGF>ranibizumab

<400> 9

Tyr Pro Tyr Tyr Tyr Gly Thr Ser His Trp Tyr Phe Asp Val

1 5 10
<210> 10

<211> 17

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <VEGF>ranibizumab

<400> 10

Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe Lys

1 5 10 15
Arg

<210> 11

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <VEGF>ranibizumab



15 <210> 43 <211> 11 <212> PRT <213> Artifici al

<ANG- 2> Ang2s_ R3LLCO3 <400> 43 G n Al a Ser
Leu Asn 1510 <210> 44 <211> 118 <212> PAT <213> Artifici al
<ANG 2> Ang2s_ R3 LC33 <400> 44 du Val
Lys Pro Ay Ay 151015 Ser
Phe Thr Phe Ser Asr;
Ay Leu Gu Trp Val" 354045 Ay Arg Ile Lys Her Lys Thr
Asp Tyr Ala Al a 505560 Pro Val
65707580 -
Trp Ay Gn Ay Thr

CDR1,

heavy chain vari abl e domai n,
Gu Ser dy Ay
Cys Ala Ala Ser
Gn Ala Pro Ay Lys
Asp Ay @y Thr Thr
Her Arg Asp Asp Ser
Ay Tyr AS0TyilVal

Val

Gy Leu Val
Ay

Lys Asn Thr

His Tyr Gly Met Asn

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

- <210>

<211>
<212>
<213>

<220>
<223>

<400>

1

<210>
<211>
212>
<213>

<220>
<223>

5
12
9
PRT
Artificial

light chain CDR3,

12

Gln Gln Tyr Ser Thr Val Pro Trp Thr

5
13
7 .
PRT
Artificial

light chain CDR2,

13
Phe Thr Ser Ser Leu Ris Ser

5

14

11

PRT

Artificial

light chain CDRI1,

<400>

14

<220> <223> light chain

Gn Asp Ile Ser Asn Arg
<220> <223>

G n Leu
Leu Arg Leu Ser
Ala 202530 Trp Net Ser Trp Val Arg

Lys Ay Arg The Thr Ile
20 - Tyr Cys Thr Thr Asp Leu
100105110

<VEGF>ranibizumab

<VEGF>ranibizumab

<VEGF>ranibizumab

Ser Ala Ser Gln Asp Ile Ser Asn Tyr Leu Asn

1

<210>
<211>
<212>
<213>

<220>
<223>

5

15

123

PRT
Artificial

heavy chain variable domain,

10

<VEGF>ranibizumab



Leu Val

<220> <223>

Ile Gn
Val Thr
Tyr Gn
Asn Leu
Asp Phe
Tyr Tyr
Thr Lys

Thr Val

Val Thr
Il e Thr
G n Lys
Au Thr
Thr Phe

Artificial <220> <223> heavy chain CDR3, <ANG Zégpq)m _GIICOéSl -21- Ser Pro
Asn Pro T 34 Sy reash et e ol y Y TV W cproTayY

Ser Leu

Gly Met

Gly Trp

50

Lys Arg

65

Leu Gln

Ala Lys

Trp Gly

Ser
I i ght chain

Ser

G n Ser
Cys Gn
Pro Ay
Ay Vval

Thr
Cys Gn Gn Tyr
Lewotl usl |l e Lys

Arg

Asn

35

Ile

Arg

Met

Tyr

Gln
115

<210> 16

<211> 107
<212> PRT
<213> Artificial

<220>

Leu

20

Trp

Asn

Phe

Asn

Pro

100

Gly

Ile

Ser

Val

Thr

Thr

Ser

85

Tyr

Thr

Ser
Asp Asn
Arg Thr

Cys Ala

Arg Gln

Tyr Thr
55

Phe Ser
70 .
Leu'Arg

Tyr Tyr

Leu Val

<223> light chain variable

<400> 16

Asp Ile

1

Asp Arg

Leu Asn

Tyr Phe

Gln

Val

Trp

35

Thr

Leu

Thr

20

Tyr

Ser

Thr

Ile

Gln

Ser

Gln Ser

Thr Cys

Gln Lys

Leu His

115 <210> 45 <211> 110 <212> PRT <213> Artifici al

vari abl e domai n, <ANG 2> Ang2s_R3 LCO3 <400> 45 Asp
Pro Ser
Al a Ser
Lys Al a
Pro Ser
Ser

Ser Leu Ser Ala Ser Val @y 151015 Asp Arg
Gn Asp Ile Ser Asn Arg 202530 Leu Asn Trp
Pro Lys Leu Leu Ile 354045 Tyr H's Ala Ser
Arg The Ser Ay 505560 Ser Ay Ser Ay Thr
Leu G Pro 65707580 G u Asp Ile Ala Thr
Leu Pro Net 859095 Tyr Thr Phe Ay G n Gy
100105110 <210> 46 <211> 20 <212> PRT <213>

Ala Ser Gly Tyr Asp Phe Thr His Tyr
25 30

Ala Pro Gly Lys Gly Leu Glu Trp Val
40 45

Gly Glu Pro Thr Tyr Ala Ala Asp Phe
60

Leu Asp Thr Ser Lys Ser Thr Ala Tyr
75 80

Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Gly Thr Ser His Trp Tyr Phe Asp Val
105 110

Thr Val Ser Ser
120

domain, <VEGF>ranibizumab

Pro Ser Ser Leu Ser Ala Ser Val Gly
10 15

Ser Ala Ser Gln Asp Ile Ser Asn Tyr
25 30

Pro Gly Lys Ala Pro Lys Val Leu Tle
40 45

Ser Gly Val Pro Ser Arg Phe Ser Gly



151015 Ala Phe Asp Ile 20 . <210> 47 <211> 17 <212> PLC <213> Artificial
<220> <223> heavy chain CDR2, <ANG 2>Ang2i LCO6 <400> 47 Trp lle Asn Pro
Asn Ser Ay Gy Thr Asn Tyr Ala G n Lys Phe G n 151015 Ay <210> 48 <211> 5
<212> PLC <213> Artificial <220> <223> heavy chain CDRl, <ANG 2>Ang2i _LCO6
<400> 48 Ay Tyr Tyr Met H s 15 <210> 49 <211> 11 <212> PRT <213>
Artificial <220> <223> light chain CDR37 <ANG- 2>Ang2i LCO6 <400> 49 G n Val
Trp Asp Ser Ser Ser Asp His Tyr Val 1510 <210> 50

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 17
<211> 11
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR3, <VEGF>HuMab G6-31

. <400> 17

Ser Ala Ser Gln Asp Ile Ser Asn Tyr Leu Asn

1 5 10
<210> 18

<211> 17

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDRZ, <VEGF>HuMab G6-31

<400> 18

Gly Ile Thr Pro Ala Gly Gly Tyr Thr Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15
Gly

<210> 19

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1l, <VEGEF>HuMab G6-31

<400> 19



- 22 - <212> PAT <213> Artificial <220> <223> |ight chain CSR2,

<ANG 2>Ang2i LCO6 <400> 50 Asp Asp Ser Asp Arg Pro Set 15 <210> 51 <211> 11
<212> PAT <213> Artificial <220> <223> |ight chain CDRI, <ANG 2>Ang2i 1006
<400> 51 Ay Gy Asn Asn Ile Ay Set Lys Ser Val H's 1510 <210> 52 <211>
129 <212> PAT <213> Artificial <220> <223> heavy chai n vari abl e donmai n,
<ANG 2>Ang2i LC06 <400> 52 Adn Val An lLeu Val Qu Ser. Ay Ala Qu Val Lys
Lys Pro Gy Ala 151015 Ser Val Lys Val~ &er Cys Lys Ala Ser Ay Tyr Thr Phe
Thr Ay Tyr 202530 Tyr Met His Trp Val Arg An Ala Pro Sly An Ay Leu Gu
Trp Met 35049 @iy 1Tepiibl e Asn Pro Asn Ser Ay Sly Thr Asn Tyr Ala G n Lys
Phe 505560 A n Ay Ar¢ Val Thr Met Thr Arg Asp Thr Ser |le Ser Thr Ala Tyr

<210> 20

<211> 9

<212> PRT

<213> Artificial

<220>
<223> light chain CDR3, <VEGF>HuMab G6-31

<400> 20
Gln Gln Gly Tyr Gly Asn Pro Phe Thr

1 5

<210> 21

<211>" 7

<212> PRT
<213> Artificial

<220> .
<223> .light chain CDR2, <VEGF>HuMab G6-31

<400> 21

Ser Ala Ser Phe Leu Tyr Ser

1 5
<210> 22

<211> 11

<212> PRT

<213> Artificial

<220> ) ‘ :
<223> 1light chain CDR1l, <VEGF>HuMab G6-31

<400> 22

Arg Ala Ser Gln Asp Val Ser Thr Ala Val Ala

1 5 10
<210> 23

<211> 120

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <VEGF> HuMab G6-31

<400> 23

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly



65707580
Tyr Tyr Tyr

Thr

<220> <223>

Ay
Ile
Gn
Pro
Thr
Cys
Lys

Val

Lou
Thr
Lys
Set
Leu
Gn
Val

- 23 - 859095 Ala Arg Set Pro Asn Pro Tyr Tyr Tyr Asp Set Set Gy

100105110 Pro Gy Ala Phe Asp Ile Trp Ay Gn Ay Thr Net Val

Set 115120125 Set <210> 53 <211> 110 <212> PRT <213> Artifici al

i ght chain vari

Thr Gn Pro Pro Set
Cys Ay Ay Ann Ann
Pro Ay Gn Ala Pro
Ay Ile Pro du Arg
Thr Ile Ser Arg Val
Val Trp Asp Ser Ser
Thr Va

Ser

Trp Ile

Ala Gly
50

Lys Gly
65

Leu Gln
Ala Arg
Gly Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Asp Ile
1

Asp Arg

Val Ala Trp

Tyr Ser Ala

50

His
35

Ile

Arg

Met

Phe

Leu

115

24
107
PRT

Trp Val Arg

Thr Pro Ala

Phe Thr Ile
70

Asn Ser Leu
85

Val Phe Phe
100

Val Thr Vval

Artificial

abl e domai n, <ANG 2>Ang2i LCO6 <400> 53 G n Pro
Val Ser Val Ala Pro Ay Gn 151015 Thr Ala Arg
lle Ay Ser9 Lys Set Val 202530 His Trp Tyr G n
Val Leu Val” Val Tyr 354045 Asp Asp Ser Asp Arg
Phe Set Gy Ser 505560 Asn Set Ay Ash Thr Al a
Gu Ala Ay 65707580 Asp d%u Ala Asp Tyr Tyr

Ser Asp His 859095 Tyr Val Pile Ay Thr @y Thr

LeL|1 Alr_gel{eg E‘Yerc%yns 2(994%9?15%9 Gi%llg'?e %’é& igg'jsgrzig‘.p Tyr
20 25 30

Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
40 ' 45

Gly Gly Tyr Thr Tyr Tyr Ala Asp Ser Val
55 60

Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
75 80

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
105 ‘ 110

Ser Ser
120

light chain variable domain, <VEGF> HuMab G6-31

24

Gln

Val

35

Met Thr Gln
5

Thr Ile Thr
20

Tyr Gln Gln

Ser Phe Leu

Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
10 15

Cys Arg Ala Ser Gln Asp Val Ser Thr Ala
25 30

Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
40 45

Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
55 60



<212> PRT <213> Artificial
CDR3, <ANG- 2>Ang2i LCO7 <400>54 Ser
Tyr 510 Ala Phe Asp Ile 20 Tyr Tyr

<212>PRT <213>Artificial

Ser Gly Ser Gly Thr Asp Phe Thr Leu

65

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln

-10 -

70 75

85 90

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

<210>
<211>
<212>
<213>

<220>

223>

<400>

1

<210>
<211>
<212>
<213>

25
Asp Leu Leu Asp Tyr Asp Ile Leu Thr Gly Tyr Gly Tyr
- 5 10
26
17
PRT
Artificial

<220>
<223>

<400>

1

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

- Tyr Ile Ser Ser

100 105
25
13
PRT
Artificial

heavy chain CDR3, <ANG-2> Mab 536

heavy chain CDR2, <ANG-2> Mab 536

26
5 10
27
5
PRT
Artificial

heavy chain CDR1l, <ANG-2> Mab 536

27

Ser Tyr Gly Met His

1

5

- 24 - <220> <223>heavy chain
Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser
Pro Ay 15 <210>55

<211>17

Thr Ile Ser Ser Leu Gln Pro

80

Gln Gly Tyr Gly Asn Pro Phe

95

Ser Gly Ser Thr Ile Tyr Tyr Ala Asp Ser val Lys

15

Ay



<220> <223>heavy chain CDR2, <ANG 2>Ang2i _LCO07 <400>55 Trp Ile Asn

Pro Asn Ser Ay Ay Thr Asn Tyr Ala G n Lys Phe @ n 1510
pro_sen se y y 15 Qy <210>
-11 -
<210> 28
<211> 9
<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR3, <ANG-2> Mab 536

<400> 28

Met Gln Gly Thr His Trp Pro Pro Thr

1 5
<210> 28

<211> 7

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR2, <ANG-2> Mab 536

<400> 29

Leu Gly Ser Asn Arg Ala Ser

1 5
<210> 30
<211> 16
<212> PRT

<213> Artificial

<220>
<223> light chain CDR1, <ANG-2> Mab 536

<400> 30

Arg Ser Ser Gln Ser Leu Leu His Ser Asn Gly Tyr Asn Tyr Leu Asp

1 5 10 15
<210> 31

<211> 122

<212> PRT

<213> Artificial

<220> ,
<223> heavy chain variable domain, <BANG-2> Mab 536

<400> 31

Glu Val Gln Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 - 5 10 15



<212> PRT <213> Artificial <220> <223> heavy chain CDRl, <ANG 2>Ang2i _LC07
<400> 56 Sly Tyr Tyr Met His 5 <210> 57 <211> 11 <212> PRT <213> Artifici al
<220> <223> light chain CDR3, <ANG 2>Ang2i LC07 <400> 57 G n Val Trp Asp
Ser Asp Ser Asp Gn Sly Val - 25 - 1510 <210> 58 <211> 7 <212> PRT <213>
Artificial <220> <223> |ight chain CDR2, <ANG 2>Ang2i LCO7 <400> 58 Asp Asp
Set Au Arg Pro Ser 15 <210> 59 <211>_14.<212> PRT <213> Artificial <220>
<223> light chain CDR1, <ANG 2>Ang2i LCO7 <400> 59

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Ser Gly Ser Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

‘Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Leu Léu Asp Tyr Asp Ile Leu Thr Gly Tyr Gly Tyr Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser

115 120
<210> 32
<211> 112
<212> PRT

<213> Artificial

<220>
<223> light chain variable domain, <ANG-2> Mab 536

<400> 32
Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly

1 - 5 10 15

Glu Pro Bla Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser
20 25 30

Asn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Gln Leu Leu-Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
€5 70 75 80



Gy Gy Asn Phe Ile Ay Gy Lys Set Val H's 1510 <210> 60 <211> 129 <212>
PRT <213> Artificial <220> <223> heavy chain vari abl e domain,

<ANG- 2>Ang2i LCO7 <400> 60 G n Val Gn Leu Val Qu Ser Gy Ala Qu Val Lys
Lys Pro Gy Ala 151015 Set Val Lys Val Set Cys Lys Ala Set @y Tyr Thr ?he
Thr Ay Tyr 202530 Tyr Met His Trp Val Arg Gn Ala Pro Ay Gn Ay Leu Gu
Trp Met 354045 - 26 - Gn Ay Arg Val .-Thr Met Thr Arg Asp Thr Ser Ile Set
Thr Ala Tyr 65707580 Met G u Leu Ser Arg Leu Arg Set Asp Asp Thr Al a Val
Tyr Tyr Cys 859095 Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Set Set Ay Tyr
Tyr Tyr 100105110 Pro Ay Ala Phe Asp Ile Trp Ay Gn Gy Thr Met Val Thr
Val Ser 13§120175! Sép A21¢» 8P ¥2111G$Y1‘T6 1w F3F?|'M821 I Atificial <220>
<223> light chain vari%bl e domain, <ANG- 2>Ang2i _LCO7 2400>61 G n Pro Val
Leu Thr Gn Set Pro Set Val Set Val Ala Pro Ay Gu

Thr His Trp Pro Pro Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> 33

<211> 20

<212> PRT

<213> Artificial

<220>
<223> (G4S)4 linker

<400> 33
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
1 5 10 15

Gly Gly Gly Ser
20

<210> 34

<211> 104
<212> PRT

<213> Homo sapiens
<400> 34
Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser Glu Glu

1 5 10 15

Leu Gln Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe Tyr
20 25 30

Pro Gly Ala Val Thr val Ala Trp Lys Ala Asp Ser Ser Pro Val Lys

Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys Tyr
50 - 55 60

Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys Ser His
65 70 75 80

Arg Ser Tyr Ser Cys Gln Val Thr His Glu Gly Ser Thr Val Glu Lys
85 90 95



151015 Thr Ala Arg Val Ala Cys Ay Ay nthelle Gy Ay Lys Set Val
202530 His Trp Tyr An Gn Lys Pro Ay Gn Ala Pro vaY Leﬁ Vgl I1e Tyr
354045 Asp Asp Set Qu Arg Pro Set Ay Ile Pro Qu Arg Ile Ser Ay Set
505560 Asn Set Ay Asn Thr Ala Thr Lea Ile Ile Thr Arg Ala u Ala Ay
65707580 Asp Gu Ala Asp Tyr H's Cys Gn Val Trp Asp Set Asp Set Asp G n
859095 Gy val Phe Gy Thr Ay Thr Lys keu Thr Val Leu Ay G n 100105110 -
27 - <210> 62 <211> 15 <212> PRT <213>"Artificial <220> <223> heavy chain
CDR3, <ANG 2>Ang2k_LCO8 <400> 62 Pro Thr Leu Asp Ile Tyr Met Gy Tyr Tyr

Tyr Ay Net Asp Val 1 <210> <211> <212> <
A?tifigiarmrvaPAlaEko Thr Glu Cys Ser 12 213> <220> <223> <400> 5 63 17 PRT

100

As
G

<210> 35
<211> 330
<212> PRT

<213> Homo sapiens
<400> 35

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu



heavy chain CDR2, 63 10 <ANG 2>Ang2k LCO8 15 Val :le Ser Tyr Asp Ay Ser
Asn Lys Tyr Tyr Ala Asp Ser Val Lys 151015 Ay <210> 64 <211> 5 <212> PRT
<213> Artificial <220> <223> heavy chain CDRl, <ANG 2>Ang2k LCO8 <400> 64
Ser Tyr Ay Net Hs 15 <210> 65 <211> 11 <212> PRT <213> Artificial <220>
<223> light chain CDR3, <ANG 2>Ang2k_ LGOS - 28 - Ala Ala Trp Asp Asp Set
Leu Asn Gy Pro Val 1510 <210> 66 <211y 7 <212> PAT <213> Artificial

180 185 190

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
210 215 220

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225 230 235 240

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 ~ 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
290 - 285 300

val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

<210> 36
<211> 327
<212> PRT

<213> Homo sapiens
<400> 36
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 . 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45



<220> <223> |light chain CDR2, <ANG 2>Ang2k_L008 <400> 66 Asn Asn Asp G n
Arg Pro Ser 15 <210> 67 <211> 13 <212> ART <213> Artificial <220> <223>
| i ght chain ODAl, <ANG 2>Ang2k LOG8 <400> 67 Set Ay Phe Ala Set Asn |lle
Gy Set Asn Ser Val Asn 1510 <210> 68 <211> 124 <212> PRT <213> Artifici al
<220> <223> heavy chain variabl e domain, <ANG 2> Ang2k_LCO8 <400> 68 G n
Val @dn Leu Val Gu Set dy Ay Ay Vz_almyal Gn Pro dy @y 151015 Set Leu
Arg Leu Set Cys Ala Ala Set Ay Phe Thi Phe Set Set Tyr 202530 Ay Met Hi s
Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp Val 354045 - 29 - Lys Gy

Arg Phe Thr |Ile Ser Ar
g Gly Val His Thr P eAl;sr% ZﬁsanVaSletLetlf%slnAsserll érer}:r G{_flﬂe\;ryrl;/r685ez()7580

50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Llys
85 90 95

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val val Vval
130 135 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Vval Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Bsn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270



Leu Gn Met Asn Set Leu Arg Ala GQu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Lys Pro Thy Leu Asp Ile Tyr Met Ay Tyr Tyr Tyr Ay Mt Asp 100105110 Val
Trp Ay Gn dy Thr Thr Val Thr Val Ser Ser 115120 <210> 69 <211> 112 <212>
PRT <213> Artificial <220> <223> |ight chain variable domain, <ANG 2>

Ang2k LCOB <400> 69 G n Pro Val Leu Thr Gn Pro Pro Ser Ala Set Ay Ala Pro
@y dn 151015 Arg Vval Thr Ile Ser 0/516‘-” Gy Phe Ala Set Asn Ile Ay Set
Asn 202530 Ser Val Asn Trp Tyr Gn Adn Val Pro Gy Thr Ala Pro Lys Leu Leu
354045 Ile Tyr Asn Asn Asp Gn Arg Pro Set Ay Val Pro Asp Arg Phe Ser
505560 G 3hrSEtr Arg PSetVady ypuThip ARP &18eir LB K arft€v8et*Ay Leu G n
65707580 Ser G d'Asp Gu Ala Asp’Tyr Tyr Cys Al&°Ala Trp Asp Asp Ser Leu
859095 Asn Gy Pro Val Phe Ay Gy Gy Thr Lys Leu Thr Val Leu Ay Gn

100105110Ar§2ﬂr&1>TK9 val 1@9 Eys<§e]r22rfﬁqp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 ' 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

<210> 37
<211> 107
<212> PRT

<213> Homo sapiens

<400> 37

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu
1 5 10 15

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
20 25 30

Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln
35 40 45

Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
50 55 60

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
65 70 75 80

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser
85 90 95

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 105

<210> 38
<211> 7
<212> PRT

<213> Artificial

<220>



<213> Artificial <220> <223> heavy chain CDR3, <ANG 2> Ang2s_LCO9 <400> 70
Asp Leo Ay Tyr Asp Tyr Val 15 <210> 71 <211> 19 <212> PRT <213> Artificia
<220> <223> heavy chain ODR2, <ANG 2> Ang2s LCO® <400> 71 Arg Ile Lys Ser
Lys Thr Asp Ay Ay Thr Thr Asp Tyr Ala Ala Pro 151015 Val Lys Ay <210> 72
<211> 5 <212> PRT <213> Artificial <220> <223> heavy chain CDRl, <ANG 2>
An025_LCO9 <400> 72 Asn Ala Trp Met Sepq15 <210> 73 <211> 7 <212> PRT <213>
Artificial <220> <223> |light chain CDRé, <ANG- 2> Ang2s_LOO9

<223> heavy chain CDR3, <ANG-2> Ang2s_R3_LCO3
<400> 38

Asp Leu Gly Tyr Asp Tyr Val

1 5
<210> 39
<211> 19
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2> Ang2s_R3_LCO03

<400> 39
Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala Pro
1 5 10 15

Val Lys Gly

<210> 40
<211> 5
<212> PRT

<213> Artificial

<220> . )
<223> heavy chain CDR1l, <ANG-2> Anng_R3_LC03

<400> 40

Asn Ala Trp Met Ser

1 5
<210> 41

<211> 10

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR3, <ANG-2> Ang2s_R3 LCO3

<400> 41

Gln Gln Tyr Asp Asn Leu Pro Met Tyr Thr

1 5 10
<210> 42
<211> 7

<212> PRT



<400> 73 Met Gn Ala Leo Gn lle Pro 15 -31- <210> 74
<213> Artificial <220> <223> |ight chain ODR2, <ANG 2>
Leu Gy Ser Asn Arg Ala Ser 15 <210> 75 <211> 16 <212>
<220> <223> light chain CDRl, <ANG 2> Ang2s_LCO '<400>
Per Leu Leu His Ser Asn Ay Tyr Asn Tyr Leu Asp 151015
<212> PRT <213> Artificial <220> <223> heavy chain vari
Ang2s LCO9 <400> 76 Au Val dAn Leu val’@ u” ser @ y Ay

Gy Ay 151015 Per Leu Arg Leu Ser Cys Ala Ala Ser Ay
Al a 20253@13> Artificial

<220>
<223> 1light chain CDR2, <ANG-2> Ang2s_R3_LCO03

<400> 42

His Ala Ser Asn Leu Glu Thr
1 5

<210> 43
<211> 11
<212> PRT
<213> Artificial

<220>
<223> 1light chain CDR1, <ANG-2> Ang2s_R3_LCO3

<400> 43
Gln Ala Ser Gln Asp Ile Ser Asn Arg Leu Asn

1 5 10

<210> 44

211> 118

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <ANG-2> Ang2s_R3_LCO3

<400> 44
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gl
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser As
20 25 30

Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Tr
35 40 45

Gly Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Al
50 55 60

Pro Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys As
65 70 75

<211> 7 <212> PRT
Ang2s 1009 <400> 74
PRT <213> Artificial
75 Arg Per Ser Gn
<210> 76 <211> 119
abl e domai n, <ANG 2>
Ay Leu Val Lys Pro
Phe Thr Phe Per Asn

y Gly

n Ala

p Val

a Ala

n Thr
80

Leu Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr

85 90 95



Trp Met Per Trp Val Arg A n Ala Pro Gy Lys Ay Leu Gu Trp Val 354045 Gy
Arg Ile Lys Ser Lys Thr Asp Ay Gy Thr Thr Asp Tyr Ala Al a 505560 -32-
Len Tyr Leu G n Met Asn Ser Len Lys Thr G u Asp Thr Ala Val Tyr 859095 Tyr
Cys Thr Thr Asp Len Ay Tyr Asp Tyr Val Trp Ay Ser Pro Ay 100105110 Thr
Leu Val Thr Val Ser Ser 115 <210> 77 <211> 109 <212> PRT <213> Artificial
<220> <223> light chain variable domai, <ANG 2> Ang2s_LCO9 <400> 77 dn
Ser Pro Len Ser Len Pro Val Thr Pro Ay Gu Pro Ala Ser Ile 151015 Ser Cys
Arg Ser Ser Gn 5cr Len Len H's Ser Asn Ay Tyr Asn Tyr 202530 Len Asp Trp
Tyr Leu Gn Lys Pro Ay Gn Ser Pro An Leu Len Ile 354045 Tyr Len Gy Ser
Aso Arg Ala Ser Ay Val Pro Asp Arg Phe Se ,%Sly 0R56Q.,5er Ay Ser @y Thr
Asp Phe THF ‘i_yénﬂ]_ryégj P 381 %ygTVagg 7 rilag g?%ﬁ%%&i %l?:l ASp Val Qy Val
Tyr Tyr Cys Met Gn Ala Len Gn Ile Pro Phe 859095 Thr Phe Gy Pro Gy Thr
Lys Val Thr Val Len Arg Thr

Leu Val Thr Val Ser Ser

115

<210> 45

<211> 110

<212> PRT

<213> Artificial

<220>

<223> light chain variable domain, <ANG-2> hng2s_R3 LCO3

<400> 45

Asp Ile Gln Val Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser vVal Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Gln Ala Ser Gln Asp Ile Ser Asn Arg

20 25 30
Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45
Tyr His Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Fhe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro

65 ' 70 75 80

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr Asp Asn Leu Pro Met

85 90 95
Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr
100 105 110

<210> 46

<211> 20

<212> PRT

<213> Artificial

<220>

<223> heavy chain CDR3, <ANG-2>Ang2i_LCO6

<400>

46



100105 <210> 78 <211> 20 <212> PRT <213> Artificial -33- <220> <223>heavy
chai n CDR31<ANG 2> Ang2i LC10 <400>78 Ser Pro Asn Pro Tyr Tyr Tyr Asp

Ser Ser Ay Tyr Tyr Tyr Pro Ay 1510 15 Ala Phe Asp Ile 20 <210>79
<211>17

221 -

"Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
1 5 10 15

Ala Phe Asp Ile
20

<210> 47
<211> 17
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2>Ang2i LCO6

<400> 47

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln

1 : 5 10 15
Gly

<210> 48

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <BNG-2>Ang2i_LCO06

<400> 48

Gly Tyr Tyr Met His

1 5
<210> 49

<211> 11

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR3, <ANG-2>Ang2i_LCO6

<400> 49
Gln Val Trp Asp Ser Ser Ser Asp His Tyr Val
1 5 10

<210> 50
<211> 7



<212>PRT <213>Artificial <220> <223>heavy chai n CDR2, <ANG 2>

Ang2i 5010 <400>79 Trp Ile Asn Pro Asn Ser Ay @y Thr Asn Tyr Al
G n Lys Phe Gn 1510 15 : y g :

-22 -

<212> PRT
<213> Artificial

<220>
<223> 1light chain CDR2, <ANG-2>Ang2i_LCO6

<400> 50

- Asp Asp Ser Asp Arg Pro Ser

1 5
<210> 51

<211> 11

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR1, <ANG-2>Ang2i LC06

<400> 51

Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His

1 5 10
<210> 52

<211> 129

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <ANG-2>Ang2i_LCO06

<400> 52
Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu‘Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
.50 55 60

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys



Ay <210> 80 <211> 5 <212> PAT <213> Artificial <220> <223> heavy chain
CDR1, <ANG 2> Ang2i LCl10 <400> 80 Ay Tyr Tyr Met H's 15 <210> 81 <211> 11
<212> PRT <213> Artificial <220> <223> |ight chain COR3, <ANG 2> Ang2i LC10
<400> 81 G n Val Trp Asp Ser Ser Ser Asp His Trp Val 1510 -34-- <210> 82
<211> 7 <212> PRT <213> Artificial <220>

-23 -

85 90 95

Bla Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 110

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser

115 120 125
Ser
<210> 53
<211> 110
<212> PRT

<213> Artificial

<220>
<223> 1light chain variable domain, <ANG-2>Ang2i LCO6

<400> 53
Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 90 95

Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly Gln
100 105 110

<210> 54
<211> 20
<212> PRT

<213»> Artificial



<223> light chain CDR2, <ANG 2> An02 LCl10 <400> 82 Asp Asp Ser Asp Arg Pro
Set 15 <210> 83 <211> 11 <212> PRT <213> Artificial <220> <223> |ight chain
CDR1, <ANG 2> Ang2i LCl10 <400> 83 Ay Ay Asn Asn Ile Ay Ser Lys Set Val

H s 1510 <210> 84 <211> 129 <212> PRT <213> Artificial <220> <223> heavy
chain variabl e domain, <ANG 2> Ang2i _LC10 <400> 84 G n Val Gn Leu Val Qu
Set Ay Ala Qu Vval Lys Lys Pro Ay Al_g 151015 Set Val Lys Val Set Cys Lys
Ala Ser Ay Tyr Thr Phe Thr Ay Tyr 20 %30 Tyr Met H's Trp Val Arg Gn Ala
Pro Ay Gn Ay Leu Gu Trp Met 354045 Gy Trp Ile Asn Pro Asn Se: Gy dy
Thr Asn Tyr Ala G n Lys Phe 505560 -35- 65707580 Met G u Leu Ser Arg Leu
Arg Ser Aé%oﬁsp Thr ‘gla Val, Tyr P/r {L§(§79095 Ala Arg Set Pro Asn Pro Tyr

Tyr Tyr A Set™*88t QY WY vty 9
<400> 54

Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
1 5 10 15

Ala Phe Asp Ile
20

<210> 55
<211> 17
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2>Ang2i LCO7

<400> 55

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln
1 5 10 15

Gly

<210> 56

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1l, <ANG-2>Ang2i LCO7

<400> 36

Gly Tyr Tyr Met His

1 5
<210> 57

<211> 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR3, <ANG-2>Ang2i LCO7

<400> 57

Gln Val Trp Asp Ser Asp Ser Asp Gln Gly Val



100105110 Pro Ay Ala Phe Asp Ile Trp Ay Gn Gy Thr Met Val Thr Val Set
115120125 Set <210> 85 <211> 105 <212> PRT <213> Artificial <220> <223>

| i ght chain variable domain, <ANG 2> Ang2i LCl10 <400> 85 G n Pro Pro Ser
Val Set Val Ala Pro Ay Gn Thr Ala Arg Ile Thr 151015 Cys Ay Ay Asn Asn
Ile Ay Set Lys Ser Val H's Trp Tyr Gn Gn 202530 Lys Pro Ay Gn Ala Pro
Val Leu Val Val Tyr Asp Asp Set Asp Arg 354045 Pro Ser Ay Ile Pro GQu Arg
Phe Ser Ay Ser Asn Set Ay Asn Thr 505560 Ala Thr Leu Thr Ile Ser Arg Val
Gu Ala Ay Asp Qu Ala Asp Tyr 657075BO Tyr Cys A n Val Trp Asp Set Set
Set Asp His Trp Val Plse Ay dy 859093°Ay Thr Lys Leu Thr Val Leu Ay Gn
100105 -36- <210> 86 <211> 15 <212> PRT <213> Artificial <220> <223> heavy

chain CDR§2,10><A|§lg-} 2> Ang2k_LC11 <400> 86 Pro Thr 1

<211> 7
<212> PRT
<213> Artificial

<220>
<223> 1light chain CDR2, <ANG-2>Ang2i_ LCO7

<400> 58

Asp Asp Ser Glu Arg Pro Ser

1 5
<210> 59

<211> 11

<212> . PRT

<213> Artificial

<220>
<223> 1light chain CDR1, <ANG-2>Ang2i_ LCO7

<400> 59
Gly Gly Asn Phe Ile Gly Gly Lys Ser Val His
1 5 10

<210> 60

<211> 129

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <ANG-2>Ang2i_L€Q07

<400> 60
Gln Val Gln Léu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60



<210> <211> <212> <213> <220> <223> <400> Leu Asp Ile Tyr Met Ay Tyr Tyr
Tyr Ay Met 510 87 17 PRT Artificial heavy chain CDR2, <ANG 2> Ang2k LCl1
87 Asp Val 15 Val Ile Ser Tyr Asp Gy Per Asn Lys Tyr Tyr Ala Asp Per Val
Lys 151015 dy <210> 88 <211> 5 <212> PRT <213> Artificial <220> <223>
heavy chain CDRl, <ANG 2> Ang2k_LCl11 <400> 88 Per Tyr Ay Met H s 15 <210>

89 <211> 12 <212> PRT <213> Artificial26

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 110

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser

115 120 . 125
Ser
<210> 61
<211> 110
<212> PRT

<213> Artificial

<220>
<223> 1light chain variable domain, <ANG-2>Ang2i_ LCO7

<400> 61
Gln Pro Val Leu Thr Gln Ser Pro Ser Val Ser Val Ala Pro Gly Glu

1 5 10 15

Thr Ala Arg Val Ala Cys Gly Gly Asn Phe Ile Gly Gly Lys Ser Val
20 , 25 30

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Ile Tyr
35 40 45

Asp Asp Ser Glu Arg Pro Ser Gly Ile Pro Glu Arg Ile Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Ile Ile Thr Arg Ala Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr His Cys Gln Val Trp Asp Ser Asp Ser Asp Gln
85 90 95

Gly Val Phe Gly Thr Gly Thr Lys Leu Thr Val Leu Gly Gln
100 105 110



<220> <223> light chain CDR3, <ANG 2> Ang2k_LCl1 <400> 89 dn Val Trp Asp
Per Per Per Asp His Pro Ay Val -37- 1510 <210> 913 <211> 7 <212> PRT
<213> Artificial <220> <223> |ight chain ClL3R2 <ANG 2> Ang2k LCl11 <400> 90
Asp Asp Ser Asp Arg Pro Her 1 <210> 91 <211> 11 <212> PRT <213> Artificial
<220> <223> light chain CDR1, <ANG 2> Ang2k_LCl11 <400> 91 dy dy Asn Asn
Ile Ay Ser Lys Her Val H's 1510 <210?292 <211> 124 <212> PAT <213>
Artificial <220> <223> heavy chain 'vafi abl e domai n, <ANG 2> Ang2k LCl11
<400> 92 Gn Val Gn Leu Val Qu Ser Ay Ay Ay val val Gdn Pro dy Ay
151015 Ser Led 6§\rg Leu Her Cys Ala Ala Ser Ay Phe Thr Phe Sat Her Tyr

<210>
<211> 15
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR3, <ANG-2>Ang2k_LCO08

<400> 62

Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp Val

1 5 10 15 -
<210> 63

<211> 17

<212> PRT

<213> Artificial

<220> ‘
<223> heavy chain CDR2, <ANG-2>Ang2k_LCO8

<400> 63

Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15
Gly

<210> 64

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1l, <ANG-2>Ang2k_LCOS8

<400> 64

Ser Tyr Gly Met His

1 5
<210> 65

<211> 11

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR3, <ANG-2>Ang2k_LCO08

<400> 65



202530 Ay Met His Trp Val Arg Gn Ala Pro Ay Lys Ay Leu @u Trp Val
354045 -38- Lys Ay Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
Tyr 65707580 Leu G n Met Asn Ser Leu Arg Ala Gu Asp Thr Ala Val Tyr Tyr
Cys 859095 Ala Lys Pro Thr Leu Asp Ile Tyr Met Ay Tyr Tyr Tyr Ay Mt Asp
100105110 Val Trp Ay Gn @y Thr Thr Val Thr Val Ser Ser 115120 <210> 93
<2il> 106 <212> PAT <213> Artificial <2¢0> <223> |light chain variable
domai n, <ANG 2> Ang2k Lol |l <220> <221>"m sc_feature <222>(98)..(98) <223>
Xaa can be any naturally occurring am no acid <220> <221> m sc_feature
<222>( 102912, £102¥p 23235 )eea kanAtie CanyrAatadral |y occurring amino acid <400>
93 G n Prb Pro Ser Val® Ser Val Al a ProloGIy Gn Thr Ala Arg Ile Thr 151015
Cys Ay Ay Asn Asn Ile Gy Ser Lys Ser Val H's Trp Tyr Gn Gn

<210> 66

<211> 7

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR2, <ANG-2>Ang2k_LCO8

<400> 66

Asn Asn Asp Gln Arg Pro Ser

1 5
<210> 67

<211> 13

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR1l, <ANG-2>Ang2k LCO8

<400> 67

Ser Gly Phe Ala Ser Asn Ile Gly Ser Asn Ser Val Asn

1 5 10
<210> 68

<211>. 124

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <ANG-2> Ang2k_LCO8

<400> 68
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Bla Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser val
50 55 60



202530 Lys Pro Ay Gn Ala Pro Val Leu Val Val Tyr
354045 Pro Ser Ay Ile Pro Qu Arg Phe Ser Ay Ser
505560 - 39 - Tyr Cys G n Val Trp Asp Ser Ser Ser
Sly 859095 Sly Xaa Thr Lys Leu Xaa Val Leu SIly Gn
<212> PAT <213> Artificial <220> <223> heavy chain

Asp Asp Ser Asp Arg
Asn Ser Ay Asn Thr
Asp H's Pro Sly Val Phe
100105 <210> 94 <211> 12
CDR3, <VEGE>520-4.1

<400> 94 Trp Sly H's Ser Thr Ser Pro Tgp Ala Met Asp Tyr 1510 <210> 95

<211> 17 <212> PRT <213> Artificial <220> <223> he
<VEGF>520-4.1 <400> 95 Ala Ile Trp Pro Phe Sly Sly

Ser Val LB/S 1 510 15
ys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn

65 70 75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
85 90

Ala Lys Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr
100 105

val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120
<210> 69
<211> 112
<212> - PRT

<213> Artificial

<220>

avy chain CDR2,
Tyr Thr H's Tyr Ala Asp

Thr Leu Tyr
80

Tyr Tyr Cys
95

Gly Met Asp
110

<223> 1light chain variable domain, <BNG-2> Ang2k_LCOS8

<400> 69
Gln Pro Val Leu Thr Gln Prc Pro Ser Ala Ser Gly Ala
1 5 10

Arg Val Thr Ile Ser Cys Ser Gly Phe Bla Ser Asn Ile
20 25

Ser val Asn Trp Tyr Gln Gln Val Pro Gly Thr Ala Pro
35 40 45

Ile Tyr Asn Asn Asp Gln Arg Pro Ser Gly Val Pro Asp
50 55 60

Gly Ser Arg Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser
65 70 75

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp
85 90

Asn Gly Pro Val Phe Gly Gly Gly Thr Lys Leu Thr Val
100 105

<210> 70
<211> 7

Pro Gly Gln
15

Gly Ser Asn

Lys Leu Leu

Arg Phe Ser

Gly Leu Gln
80

Asp Ser Leu
95

Leu Gly Gln
110



Sly <210> 96 <211> 8 <212> PRT <213> Artificial <220>
heavy chai n CDRl, <VEG->B20-4.1

<212>
<213>

<220>
<223>

<400>

-30-

PRT
Artificial

heavy chain CDR3, <ANG-2> Ang2s_LCO9

70

asp Leu Gly Tyr Asp Tyr Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
71
19
PRT
Artificial

heavy chain CDR2, <ANG-2> Ang2s_LCO03

71

Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala Pro

1

val Lys Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10 15
72
5
PRT
Artificial

heavy chain CDR1, <ANG-2> Ang2s_LC09

72

Asn Ala Trp Met Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
73
7
PRT
Artificial

light chain CDR3, <ANG-2> Ang2s_LCO09

73

Met Gln Ala Leu Gln Ile Pro

1

5

<223>



<400> 96 Phe Ser Ile Asn Sly Ser Trp lle

<212> PRT

<210>
<211>
<212>
<213>

<220>
<223>

<400>

- 40 - <213> Artificial

-31 -

74

7

PRT
Artificial

light chain CDR2, <ANG-2> Ang2s_LCO09

74

Leu Gly Ser Asn Arg Ala Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
75
16
PRT
Artificial

light chain CDR1, <ANG-2> Ang2s_LCO09

75

1

<210> 97

Arg Ser Ser Gln Ser Leu Leu His Ser Asn Gly Tyr Asn Tyr Leu Asp

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10
76
119
PRT
Artificial

heavy chain variable domain, <ANG-2>

76

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu

1

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe

20 25

Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys

35 40

Gly Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr

50

55

Pro Val Lys Gly Arg Phe Thr Ile Ser Arg Asp

65

70 75

Ang2s_LCO9

Val

Thr

Gly

Thr

60

Asp

Lys

Phe

Leu

45

Asp

Ser

Pro

Ser

30

Glu

Tyr

Lys

15

Gly

Asn

Trp

Asn

Gly

Ala

Val

Ala

Thr
80

<211> 9



<220> <223> |light chain CDR3, <VEGF>B20-4.1 <400> 97 Gn G n Set Asn Thr
Set Pro Leo Thr 15 <210> 98 <211> 8 <212> PRT <213> Artificial <220> <223>
i ght chain CDR2, <VEG>920-4 . 1 <400> 98 Tyr Ala Ala Ser Asn Leo Al a Set
15 <210> 99 <211> 11 <212> pRa. <213> Artificial <220> <223> |ight chain
CDR1, <VEGF>B20-4.1 <400> 99 Arg Ala Set Gn Val Ile Arg Arg Set Leu Ala
1510 <210> 100 <211> 117 <212> PRT <2;g _Artificial <220> <223> heavy chain
vari abl e domai n, <VEGF>620-4.1 <400> 115 Gu Val Gn Leu Val Gu Set Ay
Gy @y Leu Val Gn Pro Gy Gy 151015 -41- Trp Ile Phe Trp Val Arg Gn
Ala Pro Ay Lys Gy Leu Au Trp Val

Leu Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr
85 90 95

Tyr Cys Thr Thr Asp Leu Gly Tyr Asp Tyr Val Trp Gly Ser Pro Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 77
<211> 109
<212> PRT

<213> Artificial

<220>
<223> light chain variable domain, <ANG-2> Ang2s_LC09

<400> 77
Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly Glu Pro Ala Ser Ile

1 5 10 15

Ser Cys Arg Ser Ser Gln Ser Leu Leu His Ser Asn Gly Tyr Asn Tyr
20 25 30

Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser Pro Gln Leu Leu Ile
35 40 45

Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro Asp Arg Phe Ser Gly
50 55 60 .

Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile Ser Arg Val Glu Ala
65 70 75 80

Glu Asp Val Gly Val Tyr Tyr Cys Met Gln Ala Leu Gln Ile Pro Phe
85 90 95

Thr Phe Gly Pro Gly Thr Lys Val Thr Val Leu Arg Thr

100 105
<210> 78
<211> 20
<212> PRT

<213> Artificial



354045 Gy Ala He Trp Pro Phe dy Ay Tyr Thr H's Tyr Ala Asp Ser Val
505560 Lys Ay Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Al a Tyr
65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys 85

Ala Arg Trp Ay His Ser Thr Ser Pro 90 Trp Ala Met 95 Asp Tyr Trp Ay 100
105 110 Gn @y Thr Leu Val 115 <210>101

-33-

<220>
<223> heavy chain CDR3, <ANG-2> Ang2i LC10

<400> 78

Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
1 5 10 15

Ala Phe Asp -Ile

20
<210> 79
<211i> 17
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2> Ang2i_LC10

<400> 79

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln

1 5 10 15
Gly

<210> 80

<211> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <ANG-2> Ang2i_LC10

<400> 80

Gly Tyr Tyr Met His

1 5
<210> 81

<211> 11

<212> PRT

<213> Artificial

<220> \
<223> light chain CDR3, <ANG-2> Ang2i_LC10

<400> 81

Gln val Trp Esp Ser Ser Ser Asp His Trp Val
1 5 10



<211>108

<210>
<211>
<212>
<213>

<220>
<223>

<400>

_ <212>PRT
chai n vari abl e domai n

82
7
PRT

Artificial

<213>Artificial

-34 -

light chain CDR2, <ANG-2> Ang2i_LC10

82

Asp Asp Ser Asp Arg Pro Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
83
11
PRT
Artificial

light chain CDR1l, <ANG-2> Ang2i LC10

83

Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln Val
1

Ser Val

Tyr Met

5
g4
129
PRT
Artificial

heavy chain variable

84

Gln

Lys

His
35

Gly Trp Ile

50

Gln Gly

Arg

Leu Val

Val Ser

20

Trp Val

Asn Pro

Val Thr

Glu

Cys

Arg

Asn

Met

Ser

Lys

Gln

Ser

55

Thr

domain,

Gly

Ala

Ala

40

Gly

Arg

Ala

Ser

25

Pro

Gly

Asp

10

<ANG-2>

Glu Val
10

Gly Tyr

‘Gly Gln

Thr Asn

Thr Ser

<220>

Ang2i LC10

Lys

Thr

Gly

Tyr

60

Ile

Lys Pro

Phe Thr
30

Leu Glu
45

Ala Gln

Ser Thr

Gly Ala

15

Gly Tyr

Trp Met

Lys Phe

Ala Tyr

<223>l i ght



<VEGF>820-4.1 <400>101 Asp Ile Gn Met Thr Gn Ser Pro Ser Ser Leu S
er
Ala Ser Val dy 15 10 15 Asp Arg Val Thr Ile Thr Cys Arg Ala Ser G n Val

Ile Arg Arg Ser 20 25 30 Leu Ala Trp Tyr Gn d
br oy p Ty n Lys Pro Ay Lys Ala

-35-
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 110

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Vval Thr Val Ser

115 120 125
Ser
<210> B85
<211> 105
<212> PRT

«213> Artificial

<220>
<223> 1light chain variable domain, <ANG-2> Ang2i LC10

<400> 85
Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln Thr Ala Arg Ile Thr

1 5 10 ‘ 15

Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His Trp Tyr Gln Gln
20 25 30

Lys Pro Gly Gln Ala Pro Val Leu val Val Tyr Asp Asp Ser Asp Arg
35 40 45

Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr
50 55 ' 60

Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr
65 70 75 80

Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His Trp Val Phe Gly Gly
B5 90 95

Gly Thr Lys Leu Thr Val Leu Gly Gln
100 105



Leu
Phe
Leu
Thr

Leu Ile 35 40 45 Tyr Ala Ala Ser Asn Leu Ala Ser Gy Val Pro Ser Arg
Ser dy 5055 60 Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser
Gn Pro 6570 75 80 Au Asp Phe Ala Thr Tyr Tyr Cys G n.Gn Ser Asn

<210>
<211>
<212>
<213>

<220>
<223>

<400>

-36-

86

15

PRT
Artificial

heavy chain CDR3, <ANG-2> Ang2k_LC11

86

Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10 15
87
17
PRT
Artificial

heavy chain CDR2, <ANG-2> Angzk_LCl1

87

Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys

1

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 - 10 15
88
5
PRT
Artificial

heavy chain CDR1l, <ANG-2> Ang2k_ILCil

88

Ser Tyr Gly Met His

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
89
12
PRT
Artificial

light chain CDR3, <ANG-2> Ang2k_LC11

89

Gln Val Trp Asp Ser Ser Ser Asp His Pro Gly Val



Ser Pro Leu 85 90 95 - 42 - Thr Phe Ay Gn @y Thr Lys Val Qu lle
Lys Arg 100105 <210> 102 <211> 730 <212> PRT <213> Artificial <220> <223>
bevaci zumab heavy chain Ang2i LS06 scFli fusion peptide of <VEG- ANG 2>
TvADb- 2441- bevaci zumab- L006 <400> 102 A u Val Gn Leu Val Au Set Ay Gy
Gy Leu Val Gn Pro Ay Gy 151015 Set Leu Arg Leu Set Cys Ala Ala Set Ay
Tyr Thr Phe Thr Asn Tyr 202530 Gy MetszAsn Trp Val Arg Gn Ala Pro @y Lys
Gy Leu Qu Trp Val 354045 Ay Trp Ile Asn Thr Tyr Thr Ay Gu Pro Thy Tyr
Ala Ala Asp Phe 505560 Lys Arg Arg ?he Thr Phe Ser lieu Asp Thr Set Lys Set
Thy Ala Tyr 65707580 Peu G n Met Ass S8t Leu Arg Ala G u Asp Thy Al a Val
Tyr Tyr Cys 859095

<210> 90

<211> 7

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR2, <ANG-2> Angzk LC11

<400> S0

Asp Asp Ser Asp Arg Pro Ser
1 5

<210> 91

<211> 11

<212> PRT

<213> Artificial

<220> .
<223> light chain CDR1l, <ANG-2> Ang2k LCl1

<400> 91

Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His

1 5 10
<210> 92

<211> 124

<212> PRT

<213> Artificial

<220>
<223> heavy chain variable domain, <ANG-2> Ang2k_LCl1

<400> 92
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60



Ala Lys Tyr Pro H's Tyr Tyr Ay Ser Set H's Trp Tyr ?he Asp Val 100105110
Trp Ay Gn Ay Thy Leu Val Thr Val Set Set Ala Set Thr Lys Ay 115120125
Pro Set Val Phe Pro Leu Ala Pro Ser Ser Lys Set Thr Set Ay Ay 130135140
Thy Ala Ala Leu Gy Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val

145150155160

-43- 165170175 Pro Ala Val Len Gn Ser Ser Ay Leu Tyr Ser
Len Ser Ser Val

Tyr Ile Cys Asn Val 195200205 Asn Hi s

Val 180185190 Thr Val E o Ser Ser Ser Len @y Thr Gn Thr
) é/s Pro Ser Asn Thr Lys Val Asp Lys

Lys Val Gn Pro Lys 210215220 Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
Pro Al a Pr @nAkerrh2 252302352404 éap @sy Grylpr sSEpr &k Pie Leu Phe Pro
Pro Lys Pfo Lys Asp Thr 2#5250255 Len Met’31e Ser Arg Thr®%ro G n val Thr

Cys Val Val Val

Asp Val 260265270 Ser His GQu Asp Pro Qu Val Lys Phe Asn

Tl‘p Tyr V]?‘elu é‘?rng Bé\syaéerzgeazg 8D, Gih A\éél tH B1 A8 A!ya 'II-y¥SCy-Ehr Lys Pro Arg
Gn Gn Gn Tyr Asn Seys 290295300 Thr sbyr Arg Val Val Ser Val Len Thr Val
Leu Hs Gn Asp Trp Leu

Ala Lys Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp

100 105 110

val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

115 120

93

106

PRT
Artificial

light chain variable domain, <ANG-2> AngZk LCl1l

misc_feature
(98)..(98) ,
Xaa can be any naturally occurring amino acid

misc_feature
(102)..(102) _
Xaa can be any naturally occurring amino acid

93

Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln Thr Ala Arg Ile Thr

1

5 10 15

Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser val His Trp Tyr Gln Gln

20 25 30

Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr Asp AsSp Ser Asp Arg

35 40 45

Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr

50

55 60

Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr

65

70 75 80



305310315320 Asn Ay Lys Gn Tyr Lys Cys Lys Val Ser Asn Lys Ala Len Pro
325330335 Pro Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro Arg Gn
340345350 G n Val Tyr Thr Len Pro Pro Ser Arg AQu G n Met Thr Lys Asn
355360365 Val Ser Leu Thr Cys Leo Val Lys Gy Phe Tyr Pro Ser Asp lle
370375380 -44- Pro Pro Val Leu Asp Ser Asp Ay Ser She Phe Leu Tyr Set

Al a
Pro
Gn
Al a
Lys
Cys
Leu
Ser
Au
Ser
Val
Pro
Thr

Leu
Ser
Ser
Ay
Set
Cys
Arg
Asn
Met

405410415 Thr Val Asp Lys Ser_Agg Trp Gn Gn Ay Asn Val Phe Ser
420425430 Val Met His Au Ala Eeu Hs Ass Hs Tyr Thr G n Lys Ser
435440445 Leu Ser Pro Gy Lys Gy Ay Ay Ay Set Gy Ay Ay Gy
4BOAEHA6Dn @Y TGP yAsg §erSeer Gy ‘apyiig %f/we@iy/y §é¥ FrcWal G n Leu Val
465470475480 &y Ala du Val s Lys Pro dy A’a Bar Val Lys Val
Lys 485490495 Ala Ser Ay Tyr TI-it She Thr Ay Tyr Tyr Met Hs Trp
G, 200300310 1AL axRr 021Gy @1 dys Leu Qu Trp Met Ay Trp Ile Asn

Set’ 515520526 Ay Ay Thr Asa Tyr Ala Gn Lys She dn Gy Arg Val
Thr ‘

<210> 94

<211> 12

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR3, <VEGF>B20-4.1

<400> 94

Trp Gly His Ser Thr Ser Pro Trp Ala Met Asp Tyr
1 5 10

<210> 95

<211> 17

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <VEGF>B20-4.1

<400> 95
Ala Ile Trp Pro Phe Gly Gly Tyr Thr His Tyr Ala Asp Ser Val Lys

1 5 - 10 15

Gly

<210> 96

<211> 8

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <VEGF>B20-4.1

<400> 96

Phe Ser Ile Asn Gly Ser Trp Ile
1 5

<210> 97

<211> 9

<212> PRT



530535540 Arg Asp Thr Set Ile Ser Thr Ala Tyr Met Qu Leu Set Arg. Leu Arg
545550555560 Set Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro Ass Pro
Tyr 565570575 Tyr Tyr Asp Set Set Ay Tyr Tyr Tyr Pro Ay Ala Phe Asp Ile
Trp 580585590 Gy Gn Ay Thr Met Val Thr Val Ser Set Gy Ay Ay Ay Set
Gy 595600605 -45- Gy Leu Thr Gn Pro Pro Ser Val Ser vVal Ala Pro Ay Gn
Thr Ala 625630635640 Arg Ile Thr Cys Gy Gy Asn Asn Ile Ay Set Lys Ser
Val H's Trp 645650655 Tyr Gn Gn Lys Pro Ay Gn Ala Pro Val Leu Val Va
Tyr Asp Asp 660665670 Set Asp Arg Pro Set Ay Ile Pro Gu Arg Phe Set Ay
Set Asn Sei36756806851dy Asn Thr Ala Thr Leu Thr Ile Set Arg Val Gu Al a
Ay Asp GI u 690695700 Ala Asp Tyr Tyr Cys Gn Val Trp Asp Ser Set Set Asp
His Tyr >O§Z%Q7é§1gqxﬁge<§%gpgﬁg &y Thr Lys Val Thr Val Leu 725730
<210> 103 <211> 727 <212> PRT <213> Artificial <220> <223> bevaci zunab
heavy chaimoAng2i LCOB scEv fusion peptide of <VEGP- ANG 2>

TvAb- 2441-bevaci zunab- LCO8 <400> 103
Gln Gln Ser Asn Thr Ser Pro Leu Thr

1 5

<210> 98

<211> 8

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR2, <VEGF>B20-4.1

<400> 98

Tyr Ala Ala Ser Asn Leu Ala Ser
1 5

<210> 99

<211> 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR1l, <VEGF>B20-4.1

<400> 99
Arg Ala Ser Gln Val Ile Arg Arg Ser Leu Ala

1 5 10

<210> 100
<211> 117
<212> PRT
<213> Artificial

<220>
<223> heavy chain variable domain, <VEGF>B20-4.1

<400> 100
Glu val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Ile Asn Gly Ser
20 25 30



Val

Cys
Gn
Ay
Ser

Lou
Set
Arg
Thr
Asn

Val

Arg
Trp
Thr
Gn

Gn
Leu
Val
Tyr
Met

Gu Set dy
Ala Al a Ser
Ala Pro Ay
Gu Pro Thr
Leu Arg Al a

Gy @y Leu Val Gn Pro Ay Ay 151015 Set
@y Tyr Thr Phe Thr Asn Tyr 202530 Ay Met
Lys Sly Lee Qu Trp Val 354045 Sly Trp Ile
Tyr Ala Ala Asp The 505560 - 46 - 657075BO
G u Asp Thr Ala Val Tyr Tyr Cys 859095 Al a

Leu
Asn
Asn
Leu

Lys

Ser
Al a
Thy
Pro
Thr
Asn

Tyr
Gn
Val
Al a
Val
Al a
Val
Hi s

Pro H s Tyr Ay Ser
G y Thr Val Thy VaI

Tyr
Leu

Ser Hg -Trp Tyr Phe Asp Val

Ear Ser Ala Ser Thy Lys Gy
Pro hr. Se

E‘éa IéeyPl'ey’grpLg% @é? ys4 £r0T¥§y gﬁs G L(;é (Elugl“yp qay

Ser Trp Asn Ser

u Pro Val

Ay Ala Leu Thy Ser Ay Val His Thy

Val Leu G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val
Pno :SerriSerrSero ke QyycIFhEy:Grine Ths TVyrAJJaI BSICy8T ASh

Lys Pro Ser Asn Thr %%ys Val Asp Lys ®ys val Gu Pro

Tyr
80

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala
65 70 75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Arg Trp Gly His Ser Thr Ser Pro Trp Ala Met Asp Tyr Trp Gly

100 105 110

Gln Gly Thr Leu Val
115

101
108
PRT
Artificial

-<210>
<211>
<212>
<213>

<220>

<223> <VEGF>B20-4.1

light chain variable domain,

<400> 101

Val
15

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Gly

1 5 10

Gln Val Ile Arg Ser

30

Asp Arg Val Thr Ile Thr Ser Arg

20

Cys Arg Ala

25

Ala Pro Lys Leu Leu Ile

45

Gln Gln Pro Gly

40

Leu Ala Trp Tyr Lys

35

Lys

Ser Phe Ser Gly

60

Ala Val Pro

55

Tyr Ala Ala Ser Asn Leu Ser Gly Arg

50

Gln Pro

80

Ile Ser Leu

75

Ser Gly Ser Gly Thr Phe Thr Leu Thr Ser

65

Asp
70

Pro Leu

95

Gln Asn Thr Ser

90

Thr Ser

85

Glu Asp Phe Ala Tyr Tyr Cys Gln

100105110 Trp
115120125 Pro
130135140 Thr
145150155160

Phe 165170173
Val 180185190
Val 195200205
Lys



210215220 Ser Cys Asp Lys Tnr His Thy Cys Pro Pro Cys Pro Ala Pro GQu Leu
225230235240 Leu Ay @y Pro Ser Val She Leu Phe Pro Pro Lys Pro Lys Asp
Thr 243250255 Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp
Val 260265270 Ser H's Au Asp Pro Gu Val Lys Phe Asn Trp Tyr Val Asp Gy
Val 275280285 - 47 - Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu H's Gn
Asp Trp Lou 305310315320 Asn Ay Lys (]y Tyr Lys Cys Lys Val Ser Asn Lys
Ala Lou Pro Ala 325330335 Pro Ile @ u'ﬁyé Thr Ile Ser Lys Ala Lys Ay Gn
Pro Arg Gu Pro 340345350 G n Val Tyr Thr Leu Pro Pro Ser Arg Gu G u Mt
Thr Lys Asn G n 355360365 Val Ser Lou Thr Cys Leu Val Lys Gy Phe Tyr Pro
Ser Asp | T MeatB7E375380™Walvsd'st fll‘g)I(laed‘YSe?rgAso dy Gn Pro du Asn Asn
Tyr Lys Thr Thr 385390395400 Pro Prd°Val Leu Asp Ser Asp Gy Ser Phe Phe
Lou Tyr Ser Lys Leu 405410415 .Thr Val Asp Lys Ser Arg Trp Gn Gn Gy Asn

Val Phe Sef10Cysoper 420425430 Val Met Hs Qu Ala Lou H's Asn His Tyr Thr
G n Lys Seribeusber

<212> PRT

<213> Artificial

. <220> ,
<223> bevacizumab heavy chain Ang2i LCO06 scFv fusion peptide of
<VEGF~ANG-2> TvAb-2441l-bevacizumab-LC0&
<400> 102
" Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile BAsn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 g 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe



435440445 Lou Ser Pro Ay Lys Ay Ay Ay Ay Ser Ay Ay Ay Ay Ser d
450455460 Ay Ay Ay Ser Ay Ay Ay Ay Ser Gn VaIy Gi% Leﬁ VaIy Au Se%/
465470475480 Ay Ay Ay Val Val Gn Pro Ay Gy Ser Leu Arg Leu Ser Cys
485490495 Ala Ser Gy Phe Thr Phe Ser Ser Tyr Gy Met His Trp Val Arg
500505510 - 48 - Set Asn Lys Tyr Tyr Ala Asp Set Val Lys Gy Arg Phe
Ile Set 530535540 Arg Asp Asn Ser s Asn Thr Leu Tyr Leu G n Met Asn

Al a
Gn
Thr
Set
Lou
dy
Ay
Thr
Set
Trp
Asn

Leu
Asp
Thr
Set
Adn
Cys
Tyr
Asp

Asn

Ser
225

" Leu

Leu

Ser

Glu

Thr

305

Asn

Pro

Gln

Val

Val
385

545550555560 Ala A u Asp Thr Ala Val Tyr Tyr Cys Ala Lys Pro Thr
565570575 Tyr Met Gy Tyr Tyr Tyr Ay Met Asp Val Trp Ay Gn
580585590 1%l Thr Val Set 13t dy Ay Ay&y Set Ay dy Ay
595600605 Ay Ay Ay Set Ay Ay Ay @y Set Gn Pro Val Leu
BLOBE6R0 PLC S0l Aoy Sl oGLVeoMl Poe Gy /G natr Vel Th 1 e
25630 640 Gy Phe Ahas Set Asn |l e GiyoSet Asn Set Val Asn
En 645650. 655 Val Pro Ay Thr Ala Pro Lys Leu Leu Ile Tyr Asn
]
ValgPro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 215 220

Cys Asp Lys Thr His Thr- Cys Pro Pro Cys Pro Ala Pro Glu Leu
: : 230 235 240

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr Val Asp Gly val
275 280 285

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 ' 295 300

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
310 315 320

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
355 360 ‘ 365

Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
390 395 400



660665670 Pro Set Ay Val Pro Asp Arg Phe Set Ay Set Arg Set Ay Thr Set
675680685 Ala Set Leu Ala lle Set Ay Lou Gn Set Au Asp Gu Ala Asp Tyr
690695700 Tyr Cys Ala Ala Trp Asp Asp Set Leu Asn Gy Pro Val Phe Ay Cys
705710715720 Gy Thr Lys Leu Thr Val Lou 725 <210> 104 <211> 214 <212> PRT
<213> Artificial - 49 - <220> <223> |ight chain of bevacizumato <400> 104
Asp Ile Gn Met Thr Gn Ser Pro Ser Sep,Lou Ser Ala Set Val Ay 151015 Asp
Arg Val Thr Ile Thr Cys Ser Ala Set Gn Asp Ile Ser Asn Tyr 202530 Leu Asn
Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Val Lou Ile 354045 Tyr Phe Thr
'Sl'ﬁr Egt Iﬁﬁu ?lhs Eer _IC_EIy Val Pro Ser Arg Phe Ser Ay 505560 Ser Ay Ser Gy
r p e r Leu r 1le Ser _Ser. L i 0 u Asp Phe Al a
Thr Tyr TP GVE r%e‘(‘}%rig’#yerr %é)rG hee g’ﬁ‘;&?h% %upTgxgég%%?%h]FguPhe (F');‘Iy Gn dy
Thr Lys Val Qu lle Lys Arg Thr Val Ala Al a

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
450 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Val Gln Leu Val Glu Ser
465 470 475 480

Gly Ala Glu Val Lys Lys Pro Gly Ala Ser Val Lys Val Ser Cys Lys
485 490 495

Ala Ser Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp val Arg Gln
500 505 ' 510

Ala Pro Gly Gln Cys Leu Glu Trp Met Gly Trp Ile Asn Pro Asn Ser
515 520 525

Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Met Thr
530 535 540

Arg Asp Thr Ser Ile Ser Thr Ala Tyr Met Glu Leu Ser Arg. Leu Arg
545 550 555 560

' Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Ser Pro Asn Pro Tyr
565 570 575

Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp
580 585 590

Gly Gln Gly Thr Met Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly
595 600 605

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Pro
610 615 620



100105110 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu Gn Lou Lys Set Gy
115120125 Thr Ala Ser Val Val Cys Lou Leu Asn Asn Phe Tyr Pro Arg Qu Al a
130135140 Lys Val G n Trp Lys Val Asp Asn Ala Len Gn Ser Ay Asn Ser Gn
145150155160 A u Ser Val Thr AQu G n Asp Set Lys Asp Ser Thr Tyr Ser Lou
Ser 165170175 Ser Thr Lou Thr Leu Ser Lys Ala Asp Tyr Qu Lys Hs Lys Val
Tyr 180185190 -50- Phe Asn Arg Ay Gﬁgsg/s 210 <210> 105 <211> 191 <212>
PAT <213> Honp sapi ens <400> 105 Met Ash The Leu Leu Ser Trp Vol His Trp
Ser Leu Ala Leu Leu Leu 151015 Tyr Leu His His Ala Lys Trp Set Gn Ala Ala
Pro Met Ala Qu Ay 202530 Ay Ay Gn Asn Hs H's Ju Val Vol Lys Phe Met
Asp Val g@y IS AOAS A G OSet” 5T Se) s H R PTG Fte & u™Thi,2Leu Vol Asp Ile
The G n 0 505560 Tyr Pro Asp Gu Ile Au Tyr Ile Phe LyS Pro Ser Cys Val
Pro Leu 65707580 Met Arg Cys Ay Ay Cys Cys Asn Asp Au Ay Leu Qu Cys

Vol Pro 85909H Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His Trp
645 650 655

Tyr Gln Gln Lys' Pro Gly Gln Ala Pro Val Leu Val val Tyr Asp Asp
660 665 670

Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser
675 680 685

Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu
690 685 700

Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His Tyr Vval
705 710 715 720

Phe Gly Cys Gly Thr Lys Val Thr Val Leu
725 730

<210> 103
<211> 727
<212> PRT
<213> Artificial

<220> ,

<223> bevacizumab heavy chain Ang2i LCO08 scFv fusion peptide of
© <VEGF-ANG-2> TvAb-2441-bevacizumab-LC08

<400> 103

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr



Thr Qu Qu Ser Asa Ile Thr Met Gn Ile Met Arg Ile Lys Pro H's 100105110
Gn dy Gn Hs Ile dy Gu Mt Ser Phe Leu Gn H's Asn Lys Cys 115120125
GQu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gn Gu Asn Pro Cys Ay 130135140
Pro Cys Ser Au Arg Arg Lys His Leu Phe Val G n Asp Pro G n Thr \
145150155160 Cys Lys Cys Ser Cys Lys Asn Thr Asp Set Arg Cys Lys Ala Arg
G n 165170175 Leu Gu Leu Asn Qu Arg fhr Cys Arg Cys Asp Lys Pro Arg Arg
- 51 - 180185190 <210> 106 <211> 504 <212> PRT <213> Artificial <220> <223>
Human angi opoietin-2 (ANG 2) with | eader and Hi s-tag <400> 106 Met Trp G n
lle Val Pife Phe Thr Len S8 Cys Asp Len VAl Leu Ala 151018 Ala Ala Tyr Asn
Ann Phe Arg Lys Ser Net Asp Ser Ile Gy Lys Lys 202530 Gn Tyr Gn Val Gn
Hs d y 2 &ﬁsMé%eﬁsJBégr -IT-_/Q(J }Px.JaeAi-ae@lll-@st RimLe A’i_54(9£15T§i li‘yNE‘_tysASp Asn Cys Arg
Ser Ser Ser Ser Pro Tye Val Ser Asn Alsa 505560 Val G resArg Asp Ala Pro Leu
G u Tyr Asp Asp Ser Val Gn Arg Leu 65707580

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 ‘ 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Bsp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Vval
275 280 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300



Gn Val Leu Gu Asn Ile Met Au Ann Asn, Thr G n Trp Leu Net Lys 859095 Leu
Qu Asn Tyr Ile Gn Asp Asn Met Lys Lys G n Met VaIpG ulle 10%105110 G n
Gn Asn Ala Val Gn Asn Gn Thr Ala Val Mt Ile Gn Ile Gy 115120125 Thr
Asn Len Leu Asn Gn Thy Ala Gn Gn Thr Arg Lys Leu Thy Asp 130135140 Va
Gu Ala Gn Val Leu Asn Gn Thr Thr Arg Len Gu Len G n Leu 145150155160 -
52 - G n Thr Set Qu Ile Asn Lys Leu @Gy Asp Lys Asn Ser Phe Leu Qu
180185190 Lys Lys Val Leu Ala Met Qu Asp Lys Hs Ile lle An Leu An Set
195200205 Ile Lys GQu Qu Lys Asp Gn Leu Gn Val Leu Val Set Lys G n Asn
210215220 Set Ile lle GQu GQu Leu Qu Lys Lys Ile Val Thr Ala Thr Val Asn
22523023 54% £Asi o Seh Y& sbew 8 mulys @no6 nibi@nAss bep bt G u Thr Val
Asn 2452 ? 5 Asn Leu Lewighr Met Met SeBiThr Set Asn Set2@l a Lys Asp Pro
Thr 260265270 Val Ala Lys Qu Qu G@n Ile Set Phe Arg Asp Cys Ala Qu Va

Pile 275280285 Lys Set Ay Hs T
Asn 2902953CGQY Ly{ Glu Tyr L¥/s Clyi Lyl‘;rVaTlhgefA\%rs]n GL)>s/ ZLJ!aeL;rlerrc;rm‘la Leu Thr Phe Pro
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
355 360 365

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415

_Thr val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
' 420 425 430

val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 . 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
450 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Val Gln Leu Val Glu Ser
465 470 475 480

Gly Gly Gly Val Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala
485 490 495

Ala Ser Gly Phe Thr Phe Ser Ser Tyr Gly Met His Trp Val Arg Gln
500 , 505 510

Ala Pro Gly Lys Cys Leu Glu Trp Val Ala Val Ile Ser Tyr Asp Gly
515 520 525



Set Thr Gu Au lle Lys Ala Tyr Cys Asp Mt Qu Ala Ay Ay dy

305310315320 Gy Trp Thr Ile Ile An Arg Arg Qu Asp Ay Set Val Asp Phe
G n 325330335 Arg Thr Trp Lys Qu Tyr Lys Val Gy Phe Ay Asn Pro Set Gy
G u 340345350 Tyr Trp Leu Gy Asn Qu Phe Val Set G n Leu Thr Asn G n Gn
Arg 355360365 Tyr Val Leu Lys Ile H's Leu Lys Asp Trp Gu Gy Asn Ju Ala
Tyr 370375380 Set Leu Tyr Qu His Phe jJyr Leu Set Set Qu GQu Leu Asn Tyr
Arg 385390395400 - 53 - 405410415 Ser Gn Pro Ay

Asn Asp Phe Ser Thr Lys Asp Ay Asp Asn Asp Lys 420425430 Cys Ile Cys Lys
Cys Ser Gn Met Leu Thr Gy Ay TrQa

Trp_Phe 435440445 Ala Cys Gy Pro
Ser Asn ISen H&sntyg JYMEYT TyF ?F@rsﬁisro IG'LES Ry ﬁ%hZnghngh% “Asn Thr Asn Lys
Phe Asn Gy e Lys Trp Tyr Tyr Trp Lys Ay Ser 465470475480 Ay Tyr Ser

Leu Lys Ala Thr Thr Met Met Ile Arg Pro Ala Asp Phe 485490495 Ser Ay His

Hs H s Hig AdpSadd se509s 922 0enr10ai T2 1eu 506 21250 PATLeRE3s Artifici al
<220> 545 550 555 560

Ala Glu Asp Thr Ala Val.Tyr Tyr Cys Ala Lys Pro Thr Leu Asp Ile
565 570 575

Tyr Met Gly Tyr Tyr Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Thr
580 585 590

val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
595 600 605

© Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Pro Val Leu Thr Gln Pro
610 615 620

Pro Ser BAla Ser Gly Ala Pro Gly Gln Arg Val Thr Ile Ser Cys Ser
625 630 635 640

Gly Phe Ala Ser Asn Ile Gly Ser Asn Ser Val Asn Trp Tyr Gln Gln
645 650 . 655

val Pro Gly Thr Ala Pro Lys Leu Leu Ile Tyr Asn Asn Asp Gln Arg
660 665 670

Pro Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Arg Ser Gly Thr Ser
675 680 685

Ala Ser Leu Ala Ile Ser Gly Leu Gln Ser Glu Asp Glu Ala Asp Tyr
690 695 700

Tyr Cys Ala Ala Trp Asp Asp Ser Leu Asn Gly Pro val Phe Gly Cys
705 710 715 720

Gly Thr Lys Leu Thr Val Leu
725

<210> 104
<211> 214
<212> PRT

<213> Artificial



<223> Human

Thr Val
Cys Ser
Il'e Gn
Asn Cys
Gn Hs
d u Asn
G n Asn
Set Leu
Au Thr
Leu Gu
Gn Thr
H's Lys |

Phe
Asn
Hi s
Arg
Leu
Tyr
Al a

Leu Ser

angi opoi etin-1 (ANG 1) with | eader and Hi s-tag <400> 107 Met

Leu Ser
Gn Arg
Ay Gn
du Ser
Au H s
Il e Val
Gn
Gn

Val

G230%/al

A§4QJ NE

[ e Len Gn Mt Gu

Leu

A3 Bet U

Phe Al a
Arg Ser
Cys Al a
Thr Thr
Val Met
d u Asn
Ace Hi s
Thr Al a

Phe
Pro
Tyr
Asp
Au
Met
Thr
du

Leu
du
Thr
Gn
Asn
Lys S
Al a
Gn

clgxétn %Be >c/:lemaE)

Yohle Len Lys Ile Hi's

Gy Lys

Ala Al a
Asn Set
Phe Ile
Tyr Asn

r9 Thr

% Gu
Thr Met
Thr Arg
Arg Leu
Leu Gu
G n Lys
Hi s Lys

Il e

Ay
Leu
Thr
Gn
Met
Leu
Lys
Au
Lys
Asn
Gn

Leu Thr H's 151015 Ile Ay
Arg Arg 202530 Tyr Asn Arg
Pro 354045 Au H's Asp Ay
505560 - 54 - G n Lys Leu
Trp 859095 Leu G n Lys Leu
100105110 Ala G n Ile Gn
115120125 GQu Ile Ay Thr
130135140 Leu Thr Asp Val
145150155160 Ile G n Leu
G n 165170175 Leu Leu G n
Set 180185190 Len Len G n
d u 195200205

Bsp Ile Gln Met Thr Gln

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Arg

Asn

Phe

50

Gly

Asp

Phe

Ser

Ala

130

Val

Ser

Thr

Cys

Val

Trp

35

Thr

Ser

Phe

Gly

‘Val
+115

Ser

Gln

Val

Leu

Glu
195

Thr

20

Tyr

Ser

Gly

Ala

Gln

100

Phe

vVal

Trp

Thr

Thr

180

val

5

Ile Thr

Gln Gln

Ser Leu

Thr Asp

70

Thr
85

Tyr
Gly Thr
Ile éhe
Cys

val

Val
150

Lys

Glu
165

Gln

Ser

Leu

Thr His

Ser Pro Ser Ser Leu
10

Ala
25

Cys Ser Ser Gln

Pro Ala

40

Lys Gly Lys

His Ser val Pro

55

Gly

Ile
75

Phe Thr Leu Thr

Gln
90

Tyr Cys Gln Tyr

val Glu

105

Lys Ile Lys

Pro Ser Glu

120

Pro Asp

Leu Leu Asn Asn Phe

135

Ala Gln

155

Asp Asn Leu

Asp Ser Lys Asp Ser

170

Lys Ala Asp Glu

185

Tyr

Gln Gly Leu Ser Ser

200

Ser Ala Ser Val Gly
15

Ile Ser Asn

30

Asp Tyr

Pro Lys Val Leu Ile

45

Ser Phe Ser

60

Arg Gly

Gln Pro

80

Ser Ser Leu

Thr Val Pro

95

Ser Trp

Val
110

Arg Thr Ala Ala

Leﬁ
125

Gln Lys Ser Gly

Tyr Pro Glu Ala

140

Arg

Gln
160

Ser Gly Asn Ser

Thr Leu Ser

175

Tyr Ser

Lys His Lys Val

190

Tyr

Val
205

Pro Thr Lys Ser



Leu
Arg

Asp Thr Len Lys Gu Gu Lys Gu Asn Len Gn @y Leu Val Thr 210215220
Gn Thy Tyr Ilelle Gn Gn Leu u Lys Gn Leu Asn Arg Ala

225230235240 Thr Thy Asn Asn Ser Val Leu Gn Lys Gn Gn Len Qu Leu Mt

Asp
Len
Asp
Ile
Au
Ay
Phe

245250255 Thr Val His Asn Len Val Asn Len Cys Thy Lys Gn Gy Val Leu
260265270 Lys Ay Gy Lys Arg Gn Gn Gn Lys Pro Phe Arg Asp Cys Al a
275290285 val Tyr G n Ala Ay Phe é@] Lys Ser Ay Ile Tyr Thr Ile Tyr
290295300 - 55 - 305310315320 Ay"dy Ay Trp Thr Val Ile Gn Hs Arg
Asp Ay Ser Leu Asp 325330335 Phe Gn Arg Ay Trp Lys Au Tyr Lys Met
Phe Gy Asn Pro Her 340345350 Gy GQu Tyr Trp Leu Gy Asn Qu Phe Ile
Al a | P Fhy AMeFlGGAY 355360365 Arg G n Tyr Met Leu Arg Ile u Leu Met
Trp Gu &Y% Asn Arg 370375380 Ala Tyr Her G n Tyr Asp Arg Phe His Ile
Asn G u Lys G n Asn 385390395400 Tyr Arg Leu Tyr Leu Lys Ay His Thr
Thr Alsd yiobys G n Her 405410415 Ser Leu Ile Leu Hs Ay Al a Asp Phe
Thr LysiAspoAl a Asp Asn

<212> PRT

<213> Homo sapiens

<400> 105

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
1 5 10 15

Tyr Leu His His Ala Lys Trp Ser Gln Ala Ala Pro Met Ala Glu Gly
20 25 30

Gly Gly Gln Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gln
' 35 40 45

Arg Ser Tyr Cys His Pro Ile Glu Thr Leu Val Asp Ile Phe Gln Glu
50 55 60

Tyr Pro Asp Glu Ile Glu Tyr Ile Phe Lys Pro Ser Cys Val Pro Leu
65 70 75 80

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro
85 90 95

Thr Glu Glu Ser Asn Ile Thr Met Gln Ile Met Arg Ile Lys Pro His
100 105 110

Gln Gly Gln His Ile Gly Glu Met Ser Phe Leu Gln His Asn Lys Cys
115 120 125

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gln Glu Asn Pro Cys Gly
130 135 140

Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gln Asp Pro Gln Thr
145 150 155 160

Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gln
165 170 175

Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg



420425430 Asp Asn Cys Met Cys Lys Cys Ala Leu Met Leu Thr Gy @y Trp Tr
435440445 Phe Asp Ala Cys Ay Pro Her Asn Leu Asn Ay Met thg Ty?/ Thlro Alg
450455460 Ay Gn Asn His Ay Lys Leu Asn Ay Ile Lys Trp H's Tyr Phe Lys
465470475480 Ay Pro Her Tyr Her Leu Arg Ser Thr Thr Met Met Ile Arg Pro
Leu 485490495 Asp Phe Her Gy H's H's Hs Hs Hs H s 500505 <210> 108
<211> 1124 <212> PRT <213> Hono sapi ens, <400> 108 - 56 - Met Asp Ser Lou
Ala Ser Lou Val Lou Cys Gy Val Ser Lol Leu Leu 151015 Set Ay Thr Val Qu
Gy Ala Met Asp Lou Ile Lou Ile Asn Ser Lou 202530 Pro Lou Val Ser Asp Al a
Gu Ttr Ser Lou ThisTys Ile Ala Sett®dy 354045 Trp'APg Pro His Qu Pro Ile
Thr Ile Ay Arg Asp Pile Gu Ala Leu 505560 Met Asn Gn H's Gn Asp Pro Lou
GQu Vval T OG n,Asp Val Thr Arg 65707580 Gu Trp Ala Lys Lys Val Val Trp

Lys Arg Giéiliysso a Ser Lys Ile 859095 Asn Ay Ala Tyr Phe s u dy A
Val Arg Gy duwrAla Ile Arg d o YA

<213> Artificial

<220>
<223> Human angiopoietin-2 (ANG-2) with leader and His-tag

<400> 106
Met Trp Gln Ile Val Phe Phe Thr Leu Ser Cys Asp Leu Val Leu Ala

1 5 10 15

Ala Ala Tyr Asn Asn Phe Arg Lys Ser Met Asp Ser Ile Gly Lys Lys
20 25 30

Gln Tyr Gln Val Gln His Gly Ser Cys Ser Tyr Thr Phe Leu Leu Pro
35 40 45

Glu Met Asp Asn Cys Arg Ser Ser Ser Ser Pro Tyr Val Ser Asn Ala
50 55 60

Val Gln Arg Asp Ala Pro Leu Glu Tyr Asp Asp Ser Val Gln Arg Leu
65 70 75 . 80

Gln Val Leu Glu Asn ‘Ile Met Glu Asn Asn Thr Gln Trp Leu Met Lys
: 85 90 95

Leu Glu Asn Tyr Ile Gln Asp Asn Met Lys Lys Glu Met Val Glu Ile
100 105 110

Gln Gln Asn Ala Val Gln Asn Gln Thr Ala Val Met Ile Glu Ile Gly
115 120 125

Thr Asn Leu Leu Asn Gln Thr Ala Glu Gln Thr Arg Lys Leu Thr Asp
130 135 140

Val Glu Ala Gln Val Leu Asn Gln Thr Thr Arg Leu Glu Leu Gln Leu
145 150 155 160

Leu Glu His Ser Leu Ser Thr Asn Lys Leu Glu Lys Gln Ile Leu Asp
165 170 175



100105110 Ile Arg Thr Met Lys Met Arg Gn G n Ala Ser Phe Lou Pro Ala T

115120125 Lou Thr Met Thr Val Asp Lys Gy Asp Asn Val Asn lle Ser Phg ch
130135140 Lys Val Lou Ile Lys Qu GQu Asp Ala Val Ile Tyr Lys Asn Ay Ser
145150155160 Phe Ile His Ser Val Pro Arg H's Qu Val Pro Asp Ile Lou Qu
Val 165170175 His Lou Pro His Ala Gn Pro Gn Asp Ala @y Val Tyr Ser A a
Arg 160185190 Tyr Ile Gy Ay Asn Lou_Bhe Thr Ser Ala Phe Thr Arg Lou lle
Val 195200205 - 57 - Thr Ala Cys Met Asn Asn Ay Val Cys Hs Qu Asp Thr
Gy Gu Cys 225230235240 Ile Cys Pro Pro Ay Th Ay Arg Thr CGys Qu
Lys Ala GJs WruSe45250258 ey *HY E’é{f REVE VAT ThE sys Qu Arg Oys
Set Ay Gn Qu 2602%5270 Ay Cys Lys Set Tyr Val Phe Cys Leu Pro Asp Pro
Tyr Gy Cys Set 275280285 Cys Ala Thr Ay Trp Lys Ay Leu Gn Cys Asn GQu
Ala Cys ?syg Rrs0v2902923001ed y1Phss Tys HEGhyI1Pr ileASIn Oys dlyssereu Arg Cys Set

n

Oys Asn G y1805310315320 G @00kt Cys Asp Ar@dPhe G
Ser Pro Gy Trp Gn , Cy p Arg n dy Cys Lou Cys

Ile Lys Glu Glu Lys Asp Gln Leu Gln Val Leu Val Ser Lys Gln Asn
210 215 220

Ser Ile Ile Glu Glu Leu Glu Lys Lys Ile Val Thr Ala Thr Val Asn
225 230 235 240

Asn Ser Val Leu Gln Lys Gln Gln His Asp Leu Met Glu Thr Val Asn
245 250 255

Asn Leu Leu Thr Met Met Ser Thr Ser Asn Ser Ala Lys Asp Pro Thr
260 265 270

val Ala Lys Glu Glu Gln Ile Ser Phe Arg Asp Cys Ala Glu Val Phe
275 280 285

Lys Ser Gly His Thr Thr Asn Gly Ile Tyr Thr Leu Thr Phe Pro Asn
290 : 295 300

- Ser Thr Glu Glu Ile Lys Ala Tyr Cys Asp Met Glu Ala Gly Gly Gly
305 310 315 320

Gly Trp Thr Ile Ile Gln Arg Arg Glu Asp Gly Ser Val Asp Phe Gln
325 330 335

Arg Thr Trp Lys Glu Tyr Lys Val Gly Phe Gly Asn Pro Ser Gly Glu
340 345 350

Tyr Trp Leu Gly Asn Glu Phe Val Ser Gln Leu Thr Asn Gln Gln Arg
355 360 365

Tyr val Leu Lys Ile His Leu Lys Asp Trp Glu Gly Asn Glu Ala Tyr
370 375 380

Ser Leu Tyr Glu His Phe Tyr Leu Ser Ser Glu Glu Leu Asn Tyr Arg
385 390 395 400

Tle His Leu Lys Gly Leu Thr Gly Thr Ala Gly Lys Ile Ser Ser Ile



325330335 Ay Lou Gn Cs Qu Arg Qu Ay Ile Pro Arg Net Thr Pro Lys Ile
340345350 Val Asp Leo Pro Asp His Ile Qu Val Asn Ser Ay Lys Phe Asn Pro
355360363 Ile Cys Lys Ala Set Ay Trp Pro Leo Pro Thr Asn Qu Gu Met Thr
370375380 Leo Val Lys Pro Asp Ay Thr Val Leo His Pro Lys Asp Phe Asn His
385390395400 Thr Asp His Phe Ser Val Ala Ile Phe Thr Ile Hs Arg Ile Leo
Pro 405410415 Pro Asp Set dy Val Trp_%/?l Cys Set Val Asn Thr Val Ala Ay
Met 420425430 Vol G u Lys Pro Phe Asn e Ser Val Lys Val Leo Pro Lys Pro
Leo 435440445 - 58 - 450455460 Ile Ser Set Qu Pro Tyr Phe Ay Asp Gy Pro
Ile Lys Ser Lys Lys 468270475480 Len 1488 Tyr Lys Pro VaP Asn His Tyr Gn
Ala Trp Gn Hs Ile Gn 485490495 Val Thr Asn Qu Ile Val Thr Len Asn Tyr
Len Gn Pro g, Thr. G 5055 L MLe ¥Yal &bndsen Val Arg Arg
dy Gn G?eyr érnfof I’ié A&“%%%S%%S%% %21‘ rosg f}ygfip Vab %g y,lzrg Phe Thr Thr
Ala Her Ile Gy Len Pro 530535540

Cys Ile Cys Lys Cys Ser Gln Met Leu Thr Gly Gly Trp Trp Phe Asp
435 440 445

Ala Cys Gly Pro Ser Asn Leu Asn Gly Met Tyr Tyr Pro Gln Arg Gln
450 455 460

Asn Thr Asn Lys Phe Asn Gly Ile Lys Trp Tyr Tyr Trp Lys Gly Ser
465 470 475 480

Gly Tyr Ser Leu Lys Ala Thr Thr Met Met Ile Arg Pro Ala Asp Phe
485 490 495

Ser Gly His His His His His His
500

<210> 107
<211> 506
<212> PRT

<213> Artificial

<220> ,
<223> Human angiopoietin-1 (BNG-1) with leader and His-tag

<400> 107
Met Thr Val Phe Leu Ser Phe Ala Phe Leu Ala Ala Ile Leu Thr His

1 5 10 15

Ile Gly Cys Ser Asn Gln Arg Arg Ser Pro Glu Asn Ser Gly Arg Arg
20 25 30

Tyr Asn Arg Ile Gln His Gly Gln Cys Ala Tyr Thr Phe Ile Leu Pro
35 40 45

Glu His Asp Gly Asn Cys Arg Glu Ser Thr Thr Asp Gln Tyr Asn Thr
50 55 60

Asn Ala Leu Gln Arg Asp Ala Pro His Val Glu Pro Asp Phe Ser Ser
65 70 75 80



Pro Pro Arg Ay Lou Asn Len Len Pro Lys Her G n Thr Thr Leu Asn

Val
Lys
Arg
Gn
Pro
Al a
Thr
ady
Asn
Leu
Leu
Leu

545550555560 Len Thr Trp Gn Pro Ile Phe Pro Her Her G u Asp Asp Phe Tyr

565570575 G u Val Gu Arg Arg Her Val G n Lys Her Asp Gn G n
580585590 Val Pro Gy Asn Len Thr Her Val Lgn Len Asﬁ Asn Len ﬁ;sg ::’lrg
595600605 G n Gn Tyr Val Val Arg Ala Arg Val Asn Thr Lys Ala Gn Qy
610615620 Trp Her G u Asp Leu Thr Ala Trp Thr Len Set Asp Ile Leu Pro
625630635640 G n Pro Gn Asn |le E%'Ile Her Asn Ile Thr Hi s Her Set
Vai 645650655 Ile Her Trp Thr Ile Len Asp Gy Tyr Her Ile Ser Her Ile
|l e 66066a676u GLn50s-Ldu el yiss Agh YHtaGPhisn Fgr ThE APn"™Fyr A n Len Lys
Leu Gu Pro 690695200 G u Thr Ala &r G n Val Asp%sle Phe Ala G u Asn
Il'e Ay Ser 705710715720 Ser Asn Pro Ala Phe Ser H's G n Len Val Thy
Pro SP%; ?Fré L(Eas rle72Gi213Qs7n3§yfA‘II@e Rr.9 AlaaddsRelens ey Suyudd y Lys Met Leu

Ile eulol340745750 Ay Ses Ala Gy Mt Th S Len Thy V
Ala Phe Len Ile 755760765 Y y & y Val Leu

Ala Gln Ile Gln Gln Asn Ala Val Gln Asn His Thr Ala Thr Met Leu
115 120v 125

Glu Tle Gly Thr Ser Leu Leu Ser Gln Thr Ala Glu Gln Thr Arg Lys
130 135 140

Leu Thr Asp Val Glu Thr Gln Val Leu Asn Gln Thr Ser Arg Leu Glu
145 150 155 160

TIle Gln Leu Leu Glu Asn Ser Leu Ser Thr Tyr Lys Leu Glu Lys Gln
165 170 175

Leu Leu Gln Gln Thr Asn Glu Ile Leu Lys Ile His Glu Lys Asn Ser
180 185 190

Leu Leu Glu His Lys Ile Leu Glu Met Glu Gly Lys His Lys Glu Glu
195 200 205

Leu Asp Thr Leu Lys Glu Glu Lys Glu Asn Leu Gln Gly Leu Val Thr
210 215 220

Arg Gln Thr Tyr Ile Ile Gln Glu Leu Glu Lys Gln Leu Asn Arg Ala
225 230 235 240

Thr Thr Asn Asn Ser Val Leu Gln Lys Gln Gln Leu Glu Leu Met Asp
245 250 255

Thr Val His Asn Leu Val Asn Leu Cys Thr Lys Glu Gly Vval Leu Leu
260 265 270

Lys Gly Gly Lys Arg Glu Glu Glu Lys Pro Phe Arg Asp Cys Ala Asp
275 280 285

val Tyr Gln Ala Gly Phe Asn Lys Ser Gly Ile Tyr Thr Ile Tyr Ile
290 295 300

Asn Asn Met Pro Glu Pro Lys Lys Val Phe Cys Asn Met Asp Val Asn



Ile Leu Gn Leu Lys Arg Ala Asn Val
The G n Asn Val

Tyr
du
Leu
Asp
Ay
Arg
Al a
Lou
dn
Val
Arg

805810815 Pro Val

Arg Gn Gn Pro Al a Val
785790795800 Leu Ala Len Asn Arg Lys Val

820825830 Gy Asn The Ay G n Val

835840845 Arg Met Asp Al a

CAa L

850855860 Asp His Arg Asp The Ala’
865370875880 Hi's His Pro Asn Ile Ile Asn Leu Len Gy Ala Cys Gn H's

- 60 -31The Lou Arg Lys3'8et Arg Val Let®™& n Thr Asp Pro
Ala Ile 915920925 Ala Asn Set Thr Ala Set Thr
H s She 930935940 Al

Ay
She
Lou
Lys
Ay
Ay

883890895

Pl She 94598

25560

AL, ASP Mal e

G u Asn Tyr 965970975

Gn Gn Val

Phe

Gly

Arg

Ala

385

Tyr

Ser

Asp

Phe

Gly

465

Gly

Asp

Tyr

e

I S

- Val

Gln Arg Gly Trp Lys Glu Tyr

Glu
Gln
370
Tyr
Arg
Leu
Asn
Asp
450
Gln

Pro

Phe

<210>
<211>
<212>
<213>

<400>

Tyr

355

Tyr

Ser

Leu

Ile

Cys
435

Ala

Asn

Ser

Ser

108
1124
PRT
Homo

108

340

Trp Leu
Met Leu
Gln Tyr
Tyr Leu

405

Leu His
420

Met Cys
éyé Gly
His Gly
Tyr Ser

485

Gly His
500

sapiens

Gly

Arg

Asp

390

Lys

Gly

Lys

Pro

Lys

470

Leu

His

Asn

Ile

375

Arg

Gly

Ala

Cys

Ser

455

Leu

Arg

His

Glu

360

Glu

Phe

His

Asp

Ala

440

Asn

Asn

Ser

His

Lys

345

Phe

Leu

His

Thr

Phe

425

Leu

Leu

Gly

Thr

His
505

A9
Al a

Met

Ile

Met

Ile

Gly

1410

Ser

Met

Asn

Ile

Thr

490

His

G n The Asn Ser
Lys Asn Asn Pro Asp Pro Thr Ile

Gn Arg Arg Met Ala Gn Ala 770775780

Ay Thr

Leu Asp Trp Asn Asp Ile Lys Phe Gn Asp Val Ile Gy
Leu Lys Ala Arg Ile Lys Lys Asp Ay

Lys Arg Met Lys G n Tyr Ala Ser Lys
y Gu Len Gn Val Len Cys Lys Len

0|
Asp

Phe
Asp
Gly
395
Thr
Thr
Leu
Gly
Lys
475

Met

Ala

Trp

380

Asn

Ala

Lys

Thr

Met

460

Trp

Met

Ile

365

Glu

Glu

Gly

Asp

Gly

445

Phe

His

Ile

350

Thr

Gly

Lys

Lys

Ala

430

Gly

Tyr

Tyr

Arg

Leu Set Set G n Gn

AAEG, Gy Matadhsp Tyr Lou Set
Lou Ala Aza Arg Asn Ile Len

Lys Ile Ala Asp She Gy Leu Set

Gly Phe Gly Asn

Pro

Ser

Asn

Gln

Gln

415

Asp

Trp

Thr

Phe

Pro
495

Ser

Gln

Arg

Asn

400

Ser

Asn

Trp

Ala

Lys

480

Leu



980985990 Val Lys Lys Thr Met Ay Arg Leu Pro Val Arg Trp Met Al
99510001005 Set Lou Ash Tyr Set i//al ‘gll'yr Thr Thr Ace %et Rsp {/al '?'rlpl getGlu
101010151020 Tyr Gy Val Leu Leu Trp Gu Ile Val Set Len Ay @y Thr Pro
102510301035 Tyr Cys Gy Met Thr Cys Ala Gu Leu Tyr Qu Lys Leu Pro G n
104010451050 Gy Tyr Arg Len G n Lys Pro Len Asn Cys Asp Asp Qu Val Tyr
105510601065 Asp Lou Met Arc- G n Cys ‘Erp Arg Gn Lys Pro Tyr Qu Arg Pro
107010751080 Set She Ala G n He Lou VaP°Set Leu Age Arg Met Leu Gu Qu
108510901095 Arg Lys Thr Tyr Val Asn Thr Thr Leu Tyr du Lys She Thr Tyr

110011051110 Ala Gy Ile Asp Cys Set Ala Qu Qu Ala Ala 11151120 -61-
<210> 109Met &34 For 4@ Ala Ser Leu Val Leu Cys Gly Val Ser Leu Leu Leu
1 5 10 15

Ser Gly Thr Val Glu Gly Ala Met Asp Leu Ile Leu Ile Asn Ser Leu
20 25 30

Pro Leu Val Ser Asp Ala Glu Thr Ser Leu Thr Cys Ile Ala Ser Gly
35 40 45

Trp Arg Pro His Glu Pro Ile Thr Ile Gly Arg Asp Phe Glu Ala Leu
50 55 60

Met Asn Gln His Gln Asp Pro Leu Glu Val Thr Gln Asp Val Thr Arg
65 70 75 80

Glu Trp Ala Lys Lys Val Val Trp Lys Arg Glu Lys Ala Ser Lys Ile
85 90 95

Asn Gly Ala Tyr Phe Cys Glu Gly Arg Val Arg Gly Glu Ala Ile Arg
100 105 110

Ile Arg Thr Met Lys Met Arg Gln Gln Ala Ser Phe Leu Pro Ala Thr
115 120 125

Leu Thr Met Thr Val Asp Lys Gly Asp Asn Val Asn Ile Ser Phe Lys
130 135 140

Lys Val Leu Ile Lys Glu Glu Asp Ala vVal Ile Tyr Lys Asn Gly Ser
145 150 155 160

Phe Ile His Ser Val Pro Arg His Glu Val Pro Asp Ile Leu Glu Val
165 170 175

His Leu Pro His Ala Gln Pro Gln Asp Ala Gly Val Tyr Ser Ala Arg
180 185 190

Tyr Ile Gly Gly Asn Leu Phe Thr Ser Ala Phe Thr Arg Leu Ile Val
195 200 205

Arg Arg Cys Glu Ala Gln Lys Trp Gly Pro Glu Cys Asn His Leu Cys
210 215 220



<212> PRT

<213> Artificial
bi specific,tetraval ent single chain anti body nol ecul e

<220>

<223> Heavy chain 1 <vEGF ANG 2> of

scFAb- Avasti n- LA06- 2620 Fab <400> 109

Gy @y Leu Val |
Gy Tyr Thr Phe Thr Asn Tyr 202530 Gy Met Asn Trp Val

d u Val

Adn Leu Val

Gu Set Ay

An Pro Ay Gy 151015 Set Leu Arg Leu Set Cys Ala Al a Set
Arg Gn Ala Pro Gy

Lys Ay Leu Qu Trp Val

Thr

225

Ile

Leu

Gly

Cys

Gly

305

Glu

Gly

Val

Ile

Leu

385

Thr

Pro

val

Asn

Ala

Cys

His

Cys

Ala
290

Phe .

Met

Leu

Asp

Cys

370

val

Asp

Asp

Glu

Ala

Cys

Pro

Thr

Lys

275

Thr

Tyr

Cys

Gln

Leu

355

Lys

Lys

His

Ser

Lys

435

Pro

Met

Pro

Phe

260

Ser

Gly

Gly

Asp

Cys

340

Pro

Ala

Phe

Gly

420

Pro

Asn

Asn

Gly

245

Gly

Tyr

Trp

Pro

Arg

325

Glu

Asp

Ser

Asp

Ser

405

Val

Phe

Val

Asn

230

Phe

Arg

Val

Lys

Asp

310

Phe

Arg

His

Gly

Gly

390

Val

Trp

Asn

Ile

Gly

Met

Thr

Phe

Gly

295

Cys

Gln

Glu

Ile

Trp

375

Thr

Ala

val

Ile

Asp

Val

Gly

Cys

Cys

280

Leu

Lys

Gly

Gly

Glu

360

Pro

Val

Ile

Cys

Ser

440

Thr

Cys

Arg

Lys

265

Leu

‘Gln

Leu

Cys

Ile

345

Val

Leu

Leu

Phe

Ser

425

Val

Gly

-57 -
His
Thr
250
Glu
Pro
Cys
Arg
Leu
330
Pro
Asn
Pro
His
Thr
410
Val

Lys

His

Glu

235

Cys

Arg

Asp

Asn

Cys

315

Cys

Arg

Ser

Thr

Pro

395

Ile

Asn

Val

Asn

Asp

Glu

Cys

Pro

Glu

300

Ser

Ser

Met

Gly

Asn

380

Lys

His

Thr

Leu

Phe

Thr

Lys

Ser

Tyr

285

Ala

Cys

Pro

Thr

Lys

365

Glu

Asp

Arg

Val

Pro

445

Ala

Gly

Ala

Gly

270

Gly

Cys

Asn

Gly

Pro

350

Phe

Phe

Ile

Ala

430

Lys

Val

Glu

Cys

255

Gln

Cys

His

Asn

Trp

335

Lys

Asn

Met

Asn

Leu

415

Gly

Pro

Ile

Cys

240

Glu

Glu

Ser

Pro

Gly

320

Gln

Ile

Pro

Thr

His

400

Pro

Met

Leu

Asn



354045 Gy Trp Ile Asn Thr Tyr Thr Ay Gn Pro Thr Tyr Ala Al a
505560 Lys Arg Arg Phe Thr Phe Ser Lou Asp Thr Set Lgs Set Thr ﬁlsg ‘I?C(ra
65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Tyr Pro H's Tyr Tyr Ay Set Set H's Trp Tyr Phe Asp Val
100105110 Trp Ay A n Ay Thr Leu Val Thr Val Set Set Ala Set Thr Lys Gy
115120125 Pro Set Val Phe Pro Len Al a Ig 0 Set Set Lys Set Thr Set Ay Ay
130135140 Thr Ala Ala Leu Ay Cys Len_\/%l' Lys Asp Tyr Phe Pro G u Pro Vol
145150155160 Thr Val Set Trp Asn Set Ay Ala Len Thr Set Ay Val H's Thr
Phe 1651701755Pro Al a Val Le#55G n Set Set d §°9deu Tyr Set Lou Set Set Val
\Sls i§01\8/5|19(395- 082 5 Thr Val Pro Set Set Set Leu Ay Thr Gn Thr Tyr Ile
n Va n.H s, L Rr. t T I Lys Lys
Gu Pro Ly§ §iﬁ%i§%§b 15gﬁé’t Z’@EheAﬁgy If\ﬁﬁs} (ZIS'I%r Zﬁgleﬁ'%]s L&éi #oiﬁg Q/ys P?/o xala

Pro Gu Leu 225230235240 Leu Ay Ay Pro Set Val Phe L
oo Lys op 1ot y y e Lou Phe Pro Pro Lys

Leu Leu Tyr Lys Pro Val Asn His Tyr Glu Ala Trp Gln His Ile Gln
485 490 495

val Thr Asn Glu Ile Val Thr Leu Asn Tyr Leu Glu Pro Arg Thr Glu
500 505 510

Tyr Glu Leu Cys Val Gln Leu Val Arg Arg Gly Glu Gly Gly Glu Gly
515 520 525

His Pro Gly Pro Val Arg Arg Phe Thr Thr Ala Ser Ile Gly Leu Pro
530 535 540

Pro Pro Arg Gly Leu Asn Leu Leu Pro Lys Ser Gln Thr Thr Leu Asn
545 550 555 560

Leu Thr Trp Gln Pro Ile Phe Pro Ser Ser Glu Asp Asp Phe Tyr Val
565 570 575

Glu Val Glu Arg Arg Ser Val Gln Lys Ser Asp Gln Gln Asn Ile Lys
580 585 590

val Pro Gly Asn Leu Thr Ser Val Leu Leu Asn Asn Leu His Pro Arg
595 600 605

Glu Gln Tyr Val vVal Arg Ala Arg Val Asn Thr Lys Ala Gln Gly Glu
610 615 620

Trp Ser Glu Asp Leu Thr Ala Trp Thr Leu Ser Asp Ile Leu Pro Pro
625 630 635 640

Gln Pro Glu Asn Ile Lys Ile Ser Asn lle Thr His Ser Ser Ala Val
645 650 655

Ile Ser Trp Thr Ile Leu Asp Gly Tyr Ser Ile Ser Ser Ile Thr Ile
660 665 670

Arg Tyr Lys Val Gln Gly Lys Asn Glu Asp Gln His Val Asp Val Lys
675 680 685



245250255 Leu Met Ile Set Arg Thr Pro G u Val Thr s Val Vval Val

260265270 Set H's Qu Asp Pro Qu Val Lys Phe Asn ‘Igr/p Tyr Val Asp élsf/) x::
275280285 A u VvVal His Asn Ala Lys Thr Lys Pro Arg Qu Qu G n Tyr Asn Set
290295300 Thr Tyr Arg Val Val Set Val Leu Thr Val Leu His Gn Asp Trp Leu
305310315320 Asn Ay Lys Qu Tyr Lys Cys Lys Val Set Asn Lys Ala Leu Pro

Al a
Pro
Gn
Al a
Thr
?he
Lys
Ay
Pro

325330335 Pro Ile Gu Lys Thr Ile Sgt Lys Ala Lys Ay Gn Pro Arg Qu |
340345350 G n Val Tyr Thr Leu Pro Pfo Set Arg Asp Gu Leu Thr Lyg Asn
355360365 Val Set Lou Thr Cys Leu Val Lys Gy Phe Tyr Pro Set Asp lle
370375380 Val GQu Trp Au Set Asn Ay Gn Pro Gu Asn Asn Tyr Lys Thr

385390395400 hr Va r r €]
y Asn Val
Ser CGf$ 3{’20“425%0;_ th ﬁeréé §§1 Ié\ﬁ_gllj;rl}ligg%&gngﬁps Tyr Thr Gn
Ser Leu Ser 435440445 Leu Ser Pro Ay Lys Ay Ay Ay Ay Ser Ay dy
Ay Ser Gn 450455460 Pro Gy Leu Thr Gn Pro Pro Ser Val Sor Val Al a
a Yy Gznu Thr Ala Tyr Gln Val Asp Ile Phe Ala Glu Asn Asn Ile Gly Ser
705 710 715 720

Ser Asn Pro Ala Phe Ser His Glu Leu Val Thr Leu Pro Glu Ser Gln
725 730 735

Ala Pro Ala Asp Leu Gly Gly Gly Lys Met Leu Leu Ile Ala Ile Leu
740 745 750

Gly Ser Ala Gly Met Thr Cys Leu Thr Val Leu Leu Ala Phe Leu Ile
755 760 765

Ile Leu Gln Leu Lys Arg Ala Asn Val Gln Arg Arg Met Ala Gln Ala
770 775 780

Phe Gln Asn Val Arg Glu Glu Pro Ala Val Gln Phe Asn Ser Gly Thr
785 790 795 800

Leu Ala Leu Asn Arg Lys Val Lys Asn Asn Pro Asp Pro Thr Ile Tyr
805 810 815

Pro Val Leu Asp Trp Asn Asp Ile Lys Phe Gln Asp val Ile Gly Glu
820 825 830

Gly Asn Phe Gly Gln Val Leu Lys Ala Arg Ile Lys Lys Asp Gly Leu
835 840 . 845

Arg Met Asp Ala Ala Ile Lys Arg Met Lys Glu Tyr Ala Ser Lys Asp
850 855 860

Asp His Arg Asp FPhe Ala Gly Glu Leu Glu Val Leu Cys Lys Leu Gly
865 870 875 © 880

His His Pro Asn Ile Ile Asn Leu Leu Gly Ala Cys Glu His Arg Gly
885 890 895

Tyr Leu Tyr Leu Ala Ile Glu Tyr Ala Pro His Gly Asn Leu Leu Asp
900 905 910



465470475480 Ala Arg Ile Thr Cys Gy @y Asn Asn Ile Ay Ser Lys Ser Val
485490495 Trp Tyr

500505510 Asp Ser Asp Arg Pro Ser Ay Ile Pro Qu Arg The Ser Ay Ser

Gu Ala dy
Trp Asp Ser Ser Ser Asp His

Hi s
Asp
Asn
Asp
Tyr
Al a
dy
Al a
Gn
Lys
Thr
Ay
Ay

515520525 Ser Ay Asn Thr Ala Thr

Leu Thr

530535540 A u Ala Asp Tyr Tyr Cys G n Val

545550555560 Val

565570575 Pro Ser Vol
580585590 Thr Al a Ser Val
595600605 Lys Vol

Gn Trp
610618620y -Arg4lys et AThr'2Leg Thi Beubgefre
Val Tyr 645650655 Ala Cys G ifval Thy Hs Gn"Ay Leu Set
Lys Her 660665670 Phe Asn Arg Ay u Cys Ay Gy Ay dy

Phe Ay Thr

Val

Lys Vol

ey,
Phe 11 e Phe

Thr

B

Lys Val

Ile Ser Arg Val

_ Thr Val
0 Pro Ser Asp Au Gn
Cys Leu Leu Asn Asn Phe Tyr
Asp Asn Ala Leu Gn

yil2aTE Alp?

Gn dn Lys Pro Ay Gn Ala Pro Val

Leu Val

er

i

Leu
Pro
fly
Gu
Ser
Ser

Ay Sat,6Z5680685 HysG wndeuGar Set Gl y1aneuGen Gy rBet Gy
940

Set Ay

Ala

945

Ile

Val

Val

Ser

Tyxr

Tyr

Gly

Asp

Ser

Arg

Ala

930

Ala Asp

His Arg

Ala

Lys

Leu
1010

Gly
1025

Cys
1040

Tyr
1055

Leu
1070

Phe
1085

Lys
1100

Gly

935

Val Ala Arg Gly Met Asp
950

Tyr

955

Leu Ser Gln Lys Gln

Asp Leu Ala Ala Arg Asn Ile Leu Val Gly Glu Asn
965 970 975
Lys Ile Ala Asp Phe Gly Leu Ser Arg Gly GIn Glu val
980 985 : 990
Lys Thr Met Gly Arg Leu Pro Val Arg Trp Met
9385 1000 1005
Asn Tyr Ser Val Tyr Thr Thr Asn Ser Asp Val Trp
1015 1020
Val Leu Leu Trp Glu 1Ile Val Ser Leu Gly Gly Thr
1030 1035
Gly Met Thr Cys Ala Glu Leu Tyr Glu Lys Leu Pro
1045 : 1050
Arg Leu Glu Lys Pro Leu Asn Cys Asp Asp Glu Val
1060 1065
Met Arg Gln Cys Trp Arg Glu Lys Pro Tyr Glu Arg
1075 1080
Ala Gln Ile Leu Val Ser Leu Asn Arg Met Leu Glu
1090 1085
Thr Tyr Val Asn Thr Thr Leu Tyr Glu Lys Phe Thr
1105 1110
Ile Asp Cys Ser Ala Glu Glu Ala Ala
1120

1115

Phe
960

Tyr

Tyr

Ala Ile Glu

Ser

Pro

Gln

Tyr

Pro

Glu

Tyr

Val

Lys
Arg
Asn
Lys
Pro
Ay
Ay

Tyr

Leu Arg Thr Vol Al a

Ser
du
Ser
Hi s
Val
Ay
Ay



690695700 Ay Ay Ay Set Ay Ay Gn Val An Leu Val Gu Set Ay Ala Qu
705710715720 Val Lys Lys Pro Ay Ala Set Val Lys Val Set Cys Lys Ala Set
Gy 725730735 Tyr Thr Phe Thy Ay Tyr Tyr Met His Trp Val Arg Gn Ala Pro
Gy 740745750 A n Ay Leu Gu Trp Met Ay Trp Ile Asn Pro Asn Ser Ay Gy
Thr 755760765 Asn Tyr Ala A n Lys Phe Gn Gy Arg Val Thr Met Thr Arg Asp
Thr 770775780 Set |Ile Set Thr Ala Tyr t Qu Leu Set Arg Leu Arg Set Asp
Asp 785790795800 Thr Ala Val Tyr Tyr ‘Ala Arg Set Pro Aso Pro Tyr Tyr
Tyr Asp 805810815 Ser Ser Ay Tyr Tyr Tyr Pro Ay Ala Phe Asp Ile Trp Ay
Gn Gy 82082583® Thr Met Val Thr Val Set Set Ala Set Thr Lys Ay Pro Set
Val Phe 8388%083% Pro Leu Ala Pro Set Set Lys Set Thr Set Ay Ay Thr Al a
Al a Leu 8538 Bsé‘t)’f.fr .6? - 865870875880 Asn Set Ay Ala Leo Thr Ser @y Val
His Thr Phé'Pro A'a* VAl Leo 885890895 G n Set Set @y Leu Tyr Ser Leo Set
Set Val Val,,dhr Val Pro Ser 900905910

<223> Heavy chain 1 of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFAb-Avastin-LC06-2620

<400> 109
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95 .

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro vVal
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190



Ser Set Leu Gy Thr Gn Thr Tyr Ile Cys Asn Val Asn His Lys Pro 915920925
Ser Asn Thr Lys Val Asp Lys Lys Val Qu Pro Lys Ser Cys Asp Lys 930935940
Thr Hi's 995 <210> 110 <211> 214 <212> PRT <213> Artificial <220> <223>

Li ght chain of bispecific, tetraval ent single chain Fab <VEG-- ANG 2>

ant i body nol ecul e scFAb- Avasti n-LC06-2620 <400> 110 Asp Ile A n Met Thr Gn
Set Pro Set Set Leu Set Ala Set Val Ay 151015 Asp Arg Val Thr Ile Thr Cys
Set Ala Set Gn Asp Ile Set Asn Tyr 207830 Leo Asn Trp Tyr Gn G@n Lys Pro
Gy Lys Ala Pro Lys Val Leo Ile 354045 Tyr Phe Thr Set Set Leo His Set Ay
Val Pro Set Arg Phe Set dy 505560 Set Gly Set Gly Thr Asp Phe Thr Leo Thr
Ile Set Set Leo G n Pro 65707560 - 66 - Thr Lys Val
Gu |le LysTAry PI;HrSEVaPeWSErAIeé 0"‘"1*65_@1‘{)1%? (')Fyéei'le\/)é(\‘f f’?‘l“ f‘l\f/e Phe Pro Pro
Ser Asp u Gn Y%8u Lys Ser Gy 5120125 Thr Ala Ser Val Val Cys Leu Leu
Asn Asn Phe Tyr Pro Arg A u Ala 130135140 Lys Val G n Trp Lys Val Asp Asn

Ala Leu GpanS8E (dsypASBerS@En GhR Lys val Asp Lys Lys Val Glu Pro Lys
210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Proc Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415



145150155160 d u Ser Val
Ser 165170175 Ser Thr

<213> Artificial
singl e chain Fab <VEG-- ANG 2> anti body

Leu Thr
Tyr 180185190 Ala Cys du Val

Thr Au Gn Asp Ser Lys Asp Ser Thr Tyr Ser Leu
G@s Lys H's Lys Val

Pro Val Thr Lys
Ser 195200205 Phe Asn Arg Gy Gu Cys 210 <210> 111 <211> 956 <212> PRT
<220> <223> Heavy chain 1 of bispecific,

Leu Ser
Thr

Lys Ala Asp Tyr

| ecul e

scFab- Avasti n- Ang2i - LC06- 2640 <400> 1117-Gd u Val

Gy Les
Tyr Thr
Gy Leu
Ala Al a
Lys Ser
Al a Val
Tyr Phe
Set Thr

Val

Gn Pro dy dy 151015 Ser

Phe Thr Asn Tyr 202530 Ay Met Asn Trp
Gror Fep Afal LB53048 QP THp FineClasAsTHRL TR

Asp Phe
Thr Al a

Tye: Tk
Asp Val

Lys Sly

Leu

Pro

465

Ala

Trp

Asp

Ser

Glu

545

Val

Pro

Thr

Lys

Glu
625

Ser

450

Gly

Arg

Tyr

Ser

Gly

530

Ala

Phe

Ser

Ala

Val

610

Ser

C 8P .

4880105110 Trp slapoG n Sly Thr

Pro

Leu

Ile

Gln

Asp

515

Asn

Asp

Gly

vVal

Ser

595

Gln

vVal

Gly

Thr

Thr

Gln

500

Arg

Thr

Tyr

Thr

Phe

580

Val

Trp

Thr

Lys

Gln

Cys

485

Lys

Prc

Ala

Tyr

Gly

565

Ile

Val

Lys

Glu

505560 Lys

Gly Gly Gly Gly

Pro

470

Gly

Pro

Ser

Thr

Cys

550

Thr

Phe

Cys

val

Gln
630

455

Pro

Gly

Gly

Gly

Leu

535

Gln

Lys

Pro

Leu

Asp

615

Asp

Ser Val

Asn Asn

Gln Ala
505

Ile Pro
520

Thr Ile

Val Trp

Val Thr

Pro Ser

585

Leu Asn
600

Asn Ala

Ser Lys

Ser

Ser

Ile

490

Pro

Glu

Ser

Asp

Val

570

Asp

Asn

Leu

Asp

Gly

Val

475

Gly

Val

Arg

Arg

Ser

555

Leu

Glu

Phe

Gln

Ser
635

Gly

460

Ala

Ser

Leu

Phe

Val

540

Ser

Arg

Gln

Tyr

Ser

620

Thr

Hs Gn Gy Leu Ser Ser

tetraval ent

G n Leu Val
Leu Arg Leu Ser Cys Ala Ala Ser Ay
Gn Ala Pro Ay Lys
r°q y*@ u Pro Thr Tyr

e Set Leu Asp Thr Set
Tyr 657075BO Leu G n Met Asn Set Leu Arg Ala Gu Asp Thr

1OYScB85209%. Al slas T T8 anHicsn Tiys Jaur L&l geSer Ser His Trp

Val

g Arg Phe Thr

Gly

Pro

Lys

Val

Ser

525

Glu

Ser

Thr

Leu

Pro

605

Gly

Tyr

Arg

LeassVal

Gly

Gly

Ser

Val

510

Gly

Ala

Asp

Val

Lys

590

Arg

Asn

Ser

Thr Val

Ser

Gln

Val

495

Tyr

Ser

Gly

His

Ala

575

Ser

Glu

Ser

Leu

Gln

Thr

480

His

Asp

Asn

Asp

Tyxr

560

Ala

Gly

Ala

Gln

Ser
640

Gu Ser dy Ay

Set Set Al a



115120125 Pro Set Val Phe Pro Leu Ala Pro Set Set Lys Set Thr Set Sly Sly
130135140 Thr Ala Ala Len Sly Cys Len Val Lys Asp Tyr Phe Pro Qu Pro Val
145150155160 Thr Val Set Trp Asn Set Sly Ala Len Thr Set Sly Val H's Thr
Phe 165170175 Pro Ala Val Leu G n Ser Ser Sly Len Tyr Set Leu Set Set Val
Val 180 -185190 Thr Val Pro Set Set Set Leu Sly Thr An Thr Tyr Ile Cys Asn
Val 195200205 Asn Hs Lys Pro Set Asn Thr Lys Val Asp Lys Lys Val Gu Pro
Lys 210215220 Set Cys Asp Lys Thr His T8 Cys Pro Pro Cys Pro Ala Pro G u
Leu 225230235240 Leo Sly Sly Pro Set Val Phe Len Phe Pro Pro Lys Pro Lys
Asp Thr 245250255ul elor Vet Skt e.ySealaArgp Thr GPpdyE HisVays Thy T€ys Val Val Val
Asp Val 260265270 -68%4@ u Val His Asfi®Nl a Lys Thr Ly§°Pro Arg Gn Gn Gn
Tyr Asn Ser 290295300 Thr Tyr Arg Val Val Ser Val Leu Thr Val Len His Gn
Asp Trp L%@a%lOySSBég_\gégégr %Q G@nyGllyyﬁeuGSQr -E\éE ﬂrXSVa(l’y§h1L!§s \&k Ser Asn LyS
Pro a 5

Al a Leu Pro Ile Gsgs Lys Thr Ile SetoLys Ala Lys Ay Gn
Pro Arg Gu Pro

Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
675 680 685

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
690 695 700

Gly Gly Gly Ser Gly Gly Gln Val Gln Leu Val Glu Ser Gly Ala Glu
705 710 715 720

val Lys Lys Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly
725 730 735

Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly
740 745 750

Gln Gly Leu Glu Trp Met Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr
755 760 765

Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Met Thr Arg Asp Thr
770 775 780

Ser Tle Ser Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Asp Asp
- 785 - 790 795 800

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp
805 810 815

Ser Ser Gly Tyr Tyr Tyr Pro Gly Bla Phe Asp Ile Trp Gly Gln Gly
820 825 830

Thr Met Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
835 840 845

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
850 855 860

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro vVal Thr Val Ser Trp



340345350 G n Val Tyr Thr Len Pro Pro Ser Arg Asp G u Lou Thr Lys Asn Gn
355360365 Val Ser Len Thr Cys Len Val Lys Gly Phe Tyr Pro Ser Asp lle Al a
370375380 Val G n Trp Gn Ser Asn Ay Gn Pro Qu Asn Asn Tyr Lys Thr Thr
385390395400 Pro Pro Val Leu Asp Set Asp Ay Ser Phe Phe Len Tyr Ser Lys

Len 405410415 Thr Val Asp Lys Set Arg Trp Gn G n Gy Asn Val Phe Ser Cys
Set 420425430 Val Met Hs Gn Ala Len (I—éls Asn H's Tyr Thr G n Lys Ser Len
Set 435440445 Len Ser Pro Ay Lys Ay y Ay Ay Set Gy Ay Ay dy Ser
Gy 450455460 Ay Ay Ay Ser Ay Ay Ay Ay Ser Gn Pro Ay Len Thr Gn
Pro 465478475480 Pro Ser ¥& Set Val AI a PP Ay Gn Thr Af% Arg Ile Thr

Cys Ay 485490495 -69- Ay Gn Ala Pro Val Leu Val Val Tyr Asp Asp Ser Asp

Arg Pro Ser 5 r nolkroGhya P8t 1Asn Set Ay Asn
Thr AIaTrSrl @%EJT%%QE&%#%gT\%%%U Ala €y Asp Gu Ala Asp
Tyr Tyr Cys 545550555560 G n Val Trp Asp Ser Ser Ser Asp His Tyr Val Phe
Gy Thr dy Thr
Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Vval Thr Val Pro Ser
900 905 910

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
915 920 925

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
930 935 940

Thr His
945

<210> 110
<211> 214
<212> PRT
<213> Artificial

<220>
<223> Light chain of bispecific, ‘tetravalent single chain Fab

. <VEGF~-ANG- 2> antibody molecule scFAb-Avastin-LC06-2620
<400> 110
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

"Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 . 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95



565570575 Lys Val Thr Val Leu Arg Thr Val Ala Ala Pro Set Val Phe |le Phe
580585590 Pro Pro Ser Asp GQu G n Leu Lys Set Gy Thr Ala Ser Val Val Cys
595600605 Leu Leu Asn Asn Phe Tyr Pro Arg Gu Ala Lys Val Gn Trp Lys Val
610615620 Asp Asn Ala Leu G n Ser Ay Asn Ser Gn GQu Set Val Thr Au Gn
625630635640 Asp Set Lys Asp Ser Thr Tyr Set Leu Set Ser Thr Leu Thr Leu

Ser 645650655 Lys Ala Asp Tyr Qu Lys I\—?ﬁs Lys vVal Tyr Ala Cys Gu Vval Thr
H s 660665670 G n Gy Leu Ser Ser Pro 81 Thr Lys Set Phe Asn Arg Ay Gu
Cys 675680685 Ay Ay Gy Gy Ser Ay Ay Gy Ay Set dy Ay Ay Ay Ser
Gy 690695700 Ay Ay Ay Ser VyGI Gy GlxsetGl Gy Ay Ay Set Ay
Ay 705710715721y - GlmGLy ey Lyal Ey%luvé]ie &5t A8y S Ey Ai”af‘ ééar dy Tyr Thr

The Thr Gy Tyr 740P45750 Tyr Met HS Trp Val Arg GN Ala Pro Gy Gn Qv
Leu u Trp Met 755760765 Ay Trp Ile Asn Pro Asn Ser Ay Ay Thr Asn Tyr

Ala A n Lys, Ehe vA70425780p@ B8 BroAsg Nal cTheiMateuThys degchAsp Thr Ser Ile
Ser Thr Ala Tyr 115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 , 205

Phe Asn Arg Gly Glu Cys

210
<210> 111
<211> 956
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-Ang2i-LC06-2640

<400> 111

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe



785790795800 Met Qu Leu Ser Arg Lau Arg Ser Asp Asp Thr Ala Val Tyr T
Cys 805810815 Ala Arg Ser Pro Asn Pro Tgr Tyr T)F/)r Agp Ser Ser Ay ¥yr ¥3r/r
Tyr 820825830 Pro Gy Ala Phe Asp Ile Trp Ay Gn Ay Thr Met Val Thr Val
Ser 835840845 Ser Ala Ser Thr Lys Ay Pro Ser Val Phe Pro Leu Ala Pro Ser
Ser 850855860 Lys Ser Thr Ser Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys
Asp 865870875880 Tyr Phe Pro Gu Pro V k_Thr Val Ser Trp Asn Ser Ay Al a
Leu Thr 885890895 Ser Ay Val H s Thr e Pro Ala Val Leu Gn Ser Ser Ay
Leu Tyr 900905910 Ser Leu Ser Ser Val Val Thr Val Pro Ser 5cr Ser Leu Gy
Thr G n 915920925 Thr Tyr I1&5Cys Asn Val AsA’His Lys Pro Ser Asn Thr Lys
Val Asp 930935940 Lys Lys Val GQu Pro Lys Ser Cys Asp Lys Thr H' s 945950955
71 - <2192 ,200, S2A2onPAT <RIBS e 8l 53208 Ba3maLight chain of
bi speci fi g5 et raval ent skeigl e chain Fab /EG-- ANG 2> ant ebody nol ecul e
scFab- Avasti n- Ang2i - LC06- 2640 ‘

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 .95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val
180 - 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn val
195 200 205

‘ Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Led
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285



<400> 112 Asp Ile Gn Met Thr G n Ser Pro Set Ser Leu Set Ala Set Val Gy
151015 Asp Arg Val Thr Ile Thr Cys Set Ala Set G n Asp Ile Ser Asn Tyr
202530 Leu Asn Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Val Leu lle
354045 Tyr Phe Thr Ser Ger Leu H's Set Ay Val Pro Set Arg Phe Set Ay
505560 Scr Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Set Ser Leu G n Pro
65707580 G u Asp Phe Ala Thr Tyr Tyr Cgg G n Gn Tyr Ser Thr Val Pro Trp
859095 Thr Phe Ay G n @y Thr Lys Val ulle Lys Arg Thr Val Ala Al a
100105110 Pro Set Val Phe Ile Phe Pro Pro Ser Asp Gu Gn Leu Lys Ser Gy
115120125 Thr Ala Set Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a

130135140 Vi val Asn Set @
145150155fg%§’ agléers"\/IJf’E’DJrfvwéls'r o APS‘B 'ﬁs@n @t%tﬁ&@pﬂs’%‘t %‘F% yTyrnset(:a t Leun

Set 165170175 Set Thr Leu Thr Leu Set Lys Ala Asp Tyr Qu Lys His Lys Val

Tyr 180185190 - 72 - Ala Cys GQu Val Thr Hs Gn Ay Leo Ser Ser Pro Val
Thr Lys S@&rr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 8 430

val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
450 ‘ 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Pro Gly Leu Thr Gln Pro
465 470 475 480

Pro Ser Val Ser Val Ala Pro Gly Gln Thr Ala Arg Ile Thr Cys Gly
485 490 485

Gly Asn Asn Ile Gly Ser Lys Ser Val His Trp Tyr Gln Gln Lys Pro
500 505 510



195200205 Phe Asn Arg Ay A u Cys 210 <210> 113 <211> 956 <212> PRT <213>
Artificial <220> <223> Heavy chain 1 of bispecific, tetraval ent single
chai n Fab <VEGF- ANG 2> anti body nol ecul e scFab- Avasti n- Ang2i - LO06- 2641
<400> 113 GQu Val dn Leu Val Au Ser Sly Sly Sly Leu Val An Pro Sly Sly
151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Sly Tyr Thr Phe Thr Asn Tyr
202530 SIly Met Asn Trp Val Arg An Ala_%[_o Sly Lys SIly Leu Qu Trp Val
354045 Gy Trp Ile Asn Thr Tyr Thr Sly u Pro Thr Tyr Ala Ala Asp Phe
505560 Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Set Thr Ala Tyr
65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Al a \éal Tyr Tyr Cys
859095 Al &lyydn ProoVH $eTyP T %{fyA%tAs%eSFr@g P R P Phe” Asp” Val
100105110 Trp Sl *An Sly Thr Leu "Val Thr Val Ser Ser Ala Set Thr Lys Sly
115120125 Pro Ser Val Phe Pro Leu Ala Pro Set Ser Lys Ser Thr Set Sly Sly

130135140 cThr11Al &oAbR hey phk WeCy@ yLedr Yot skys1AsmnTyur Rhe TRe0 G u Pro Val
-73- 145150155260 535 540

Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr Tyr Cys
545 550 555 560

Gln Val Trp Asp Ser Ser Ser Asp His Tyr Val Phe Gly Thr Gly Thr
565 570 575

Lys Val Thr Val Leu Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe
580 585 590

Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser val val Cys
595 600 605

Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val
610 615 620

Asp Asn BAla Leu Gln Ser Gly Asn Ser Gln Glu Ser val Thr Glu Gln
625 630 635 640

Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser
645 650 655

Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His
660 665 670

Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
675 680 685

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
690 695 700

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
705 710 715 720

Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
725 730 735



Thy Val Ser Trp Asn Ser Ay Ala Leu Thy Ser Gy Val H's Thy Phe 165170175
Pro Ala Val Leu Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val 180185190
Thy Val Pro Ser Ser Ser Leu Ay Thy Gn Thy Tyr Ile Cys Asn Val 195200205
Asn H's Lys Pro Set Mh Thr Lys Val Asp Lys Lys Val GQu Pro Lys 210215220
Ser Cys Asp Lys Thr H's Thr Cys Pro Pro Cys Pro Ala Pro Qu Leu

225230235240 Leu Ay Gy Pro Ser Val Phg Leu Phe Pro Pro Lys Pro Lys Asp
Thr 245250255 Leu Met Ile Ser Arg Thr 0 Qu Val Thr Cys Val Vval Val Asp
Val 260265270 Ser H's Au Asp Pro Gu Val Lys Phe Asn Trp Tyr Val Asp Gy
Val 275286285/a@ ws\Vedl Bk CasrivAl Blal §&r Thy TvySThPrieAfy @ T@& u G n Tyr Asn
Ser 290295300 Thr TY#° Arg Val Val Sét> val Leu Thr VAI° Leu His Gn Asp Trp
Leu 305310315320 Mh Ay Lys Gu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro
Al a 32533@??%@? B b Gd abyS1hhiial bes S8y i1 Beul¥sy Gy Mekn Pro Arg Gu

Pro 340345350 G #ssval Tyr Thy LewsoPro Pro Ser ArgsAsp G u Leu Thr Lys Asn
G n 355360365 - 74 -

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
770 775 780

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
785 790 795 800

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
BO5 810 B15

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
820 825 830

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met val Thr val Ser
835 840 845

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
B850 855 , o 860

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
865 870 875 880

Tyr Phe Pro Glu Pro Val Thr Val‘Ser Trp Asn Ser Gly Ala Leu Thr
885 : 890 895

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
900 905 910

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln
915 920 925

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
930 935 940

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His
945 950 955

<210> 112



Val

AQu Trp Qu Set Asn Ay Gn Pro Au Asn Asn Tyr Lys Thr Thr

385390395400 Pro Pro Val Leu Asp Ser Asp Ay Set Phe Phe Leu Tyr Set Lys

Leu
Set
Set
Ay
Pro
Cys
Lys
Pro
Al a
Tyr
Cys
Phe

405410415 Thr Val Asp Lys Set Arg Trp Gn Gn Ay Asn Val Phe Set Cys
420425430 Val Met His Qu Ala Leu H's Asn His Tyr Thr G n Lys Set Leu
435440443 Leu Set Pro Ay Lys Ay Gy Ay Ay Set Ay Ay Gy @y Set
450455460 Ay Ay Ay Set Ay Ay f;y dy Set Gn Pro Ay Leu Thr Gn
465470475480 Pro Set Val Set Val A4 Pro @ y Gn Thr Ala Arg Ile Thr

Gy 485490495 Ay Asn Asn Ile Ay Set Lys Set Val His Trp Tyr Gn Gn
Pro 580505520 Ay Gn Ala Pro Val Leu Val Val Tyr Asp Asp Set Asp Arg
Set 5¥85205P%5 dy Ile Pro Qu Arg Phe Set Ay Set Asn Set Ay Amn Thr
Thr 538535520 £&UThr I1e Set Arg Val Gu Ala Gy Asp Gu Ala Asp Tyr
Cys 545590555560 G n Val Trp Asp Set Set Set Asp His Tyr Val Phe Gy

Ay Thh; 56507875 aby VI8l spEbr£iVal tekeavasrg ThiglWadhahharaBl @ Pro Set Val
Il e Phe 58058559NG-27Bntibody molecule scFab-Avastin-Ang2i-LC06-2640

<400> 112
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 - 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 20 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 .. 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 , 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
180 185 190



Leo

Asp
Asp
Lys
Gn
Ay
Ay

Leu
Asn
Set
Al a
Ay
Ay
d

Asn Asn Phe Tyr Pro Arg Gu Ala Lys Val Gn Trp Lys Val 610615620
Ala Leu Gn Set Ay An Set Gn GQu Set Val Thr Qu A n 625630635640
Lys Asp Set Thr Tyr Set Leu Set Set Thr Leo Thr Leu Ser 645650655
Asp Tyr Qu Lys Hi s Lys Val Tyr Ala Cys GQu Val Thr H's 660665670
Leo Set Set Pro Val Thr Lys Ser Phe Asn Arg Ay Qu Cys 675680685
dy dy Set dy dy Ay Ay Set,dy Ay Ay Gy Set Ay 690695700

y Ay Set Ay Gy Ay Ay Set Ay Gy Gy Ay Set Ay Ay

705710715720 G n Val Gn Leu Val Gu Ser Gly Ala Au Val Lys Lys Pro Ay
725730735 Set Val Lys Val Set S r Thr Phe Thr d

74074@?5§Y?y?lu|\/é"‘tl s "7 5* g YA % ’hsﬂf 6hrfer\tyalg“)(r g &ys Leu Gu Tr%

755760765 GySTrp Ile Asn Pro Asn Set Ay Gy Thr Asn Tyr Ala G n Lys

770775780 Gn Ay Arg Val Thr Met Thr Arg Asp Thr Set- Ile Set Thr Al a

7857909 5300a et 1o loge Set Arg Leu Arg Set Asp Asp Thr Ala Val Tyr
Cys 805810815 -76-

Al a
Tyr
Met
Phe
Tyr
Tyr

<210> 113
<211> 956
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, tetravalent single chain Fab
<VEGF-BNG-2> antibody molecule scFab-Avastin-Ang2i-LC06-2641

<400> 113

Glu Val Gln Leu Vval Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr

65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
B5 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val



Pro Gy Ala Phe Asp Ile Trp Ay Gn @y Thr Met Val Thr Val Ser 835840845
Ser Ala Ser Thr Lys Ay Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 850855860
Lys Ser Thr Ser Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp
865870875880 Tyr Phe Fro Gu Pro Val Thr Val Ser Trp Asn Ser Gy Ala Leu
Thr 885890895 Ser Gy Vol H's Thr Phe Pro Ala Val Leu Gn Ser Ser Ay Leu
Tyr 900905910 Ser Leu Ser Ser Val Val %r Val Pro Ser Ser Ser Leu Ay Thr
G n 913920925 Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val
Asp 930935940 Lys Lys Val GQu Pro Lys Ser Cys Asp Lys Thr H s 945953955
<210> 11414211> 214 <212>1FRT <213> Artifilgtal <220> <2232°%ight chain of
bi IS:ng:A\fI C'E' t et ra\2/al ent single chain Fab <VEGF- ANG 2> anti body nol ecul e
scFab- Avasti n- Ang2i - LOD6- 2641..<400> 11 ld 1Ny Thr.Gn Ser Pro Ser
Ser Leu Sér-Af érTWgIEZbgf/r jféié%% ]finp?hﬁgﬁlglﬁfgrl HJI\%E%?EB/S Ser Ala Ser
Gn Asp Ile Ser Asn Tyr 202530 Leu Asn Trp Tyr A n d@n Lys Pro Ay Lys Ala

Pro Lys Val Leu Ile 354045 Tyr Phe Thr Ser Ser Leu His Ser Gy Val Pro Ser
Arg Phe Serro@ly . BA5560G1ln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Vval Val
180 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

Bsn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro .Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Vval
275 280 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 ; 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Tle Ala
370 375 380



-77- Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Set Leu Gn Pro
65707580 G u Asp The Ala Thr Tyr Tyr C¢ys G n Gn Tyr Ser Thr Val Pro Trp
859095 Thr Phe Ay Gn Ay Thr Lys Val Qu Ile Lys Arg Thr Val Ala Al a
100105110 Pro Ser Val The Ile Phe Pro Pro Set Asp Gu Gn Leu Lys Set Gy
115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a
130135140 Lys Val Gn Trp Lys Val U Ala Leu Gn Ser Sly Asn Set G n
145150155160 G u Ser Val Thr Qu G n As Ser Lys Asp Ser Thr Tyr Ser Leu
Ser 165170175 Ser Thr Lou Thr Leu Ser Lys Ala Asp Tyr Qu Lys His Lys Val
Tyr 180185190 Ala Cys Qu Val Thr Hs Gn Gy Leu Ser Ser Pro Val Thr Lys
Ser 195200205 Phe Ass Arg GI Gu C\és 210 <210> 1;L15 <2H> 46 <212> PRT
<213> Art iRt &l T’%’Zﬁb‘bs%? qliéfaw GHJE ASBl Betis Jobivalent single
chai n Fab *4VSGF- ANG 2> ant’l Body nol ecul e vastl n- LCO6- KlH— C-scFab <400> 115
Set Leu Arg Len Ser Cys Ala Ala Set Ay Tyr Thr Phe Thr Asn Tyr 202530

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
450 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Pro Gly Leu Thr Gln Pro
465 470 475 480

Pro Ser Val Ser Val Ala Pro Gly Gln Thr Ala Arg Ile Thr Cys Gly
485 490 495

Gly Asn Asn Ile Gly Ser Lys Ser Val His Trp Tyr Gln Gln Lys Pro
500 505 510

Gly Gln Ala Pro Val Leu Val Val Tyr Asp Asp Ser Asp Arg Pro Ser
515 520 525

Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr
530 535 540

Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr Tyr Cys
545 550 555 560

Gln val Trp Asp Ser Ser Ser Asp His Tyr Val Phe Gly Cys Gly Thr
565 570 575

Lys Val Thr val Leu Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe
580 585 590

Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys
595 600 605



Trp
Arg
Met
Pro
Ay
Phe
Len
Set
Val
Pro
Lys
Asp
-79-

Met
I'le
Phe
Asn
H s
Thr
Pro
Ay
Trp
Len
Set
Pro
Lys

Asn
Asn
Thr
Ser
Tyr
Len
Len
Cys
Asn
Glgu
Ser

Trp
Thr
Phe
Leu
Tyr
Val

Al a
Len
Sec
Sesa
S

Set Asn

1WN§p

625

Asp
Lys
Gln
Gly
Gly
705
Gln
Ser
Tyr
Gly
Gln
785

Met

Ala

Hiss:

Ser

Ala

Gly

Gly

690

Gly

Val

Val

Met

Trp

770

Gly

Glu

Arg

Val
Tyr
Set
Arg
Ay
Thr
Pro
Val
d

Arg Gn

Thr

dy

Len Asp
Ala Gn

Ser
Val
Ser

Set

Ser

Set

Lys Asp
Al a Len

y
St A Phe gar

Len Ay Thr
Lys Val
A LY S1RPrR-Pg 35 sBr e1Al@ure @inThew12252330235240

Thr

Lys

Asp

Leu

675

Gly

Gly

Gln

Lys

His

755

Ile

Arg

Leu

Ser

Asp

Tyr

660

Ser

Gly

Ser

Leu

Val

740

Trp

Asn

Val

Ser

Pro
820

Ser

645

Glu

Ser

Ser

Gly

Val

725

Ser

Val

Pro

Thr

Arg

805

Asn

630

Thr

Lys

Pro

Gly

Gly

710

Glu

Cys

Arg

Asn

Met

790

Leu

Pro

o
ASp

Ala Pro
Gn Pro
Thr Sec
Asp Thr
Hs Trp
Ser Al a

Tyr Phe
Thr Sec

Tyr Ser

His Lys

Val Thr
680

Gly Gly
695

Gly Gly
Ser Gly
Lys Ala
Gln Ala

760

Ser Gly
775
Thr Arg

Arg Ser

Tyr Tyr

Ay Lys Ay Leu Qu Trp Val 354045 Ay
Thr Tyr Ala Ala Asp Phe 505560 Lys Arg
Lys Set Thr Ala Tyr 65707580 Leu G n

Al a Val

Tyr

Ser_Thr
Lys Set Thr " Set

Tyr Tyr Cys 859095 Ala Lys Tyr
Phe Asp Val 100105110 Trp Ay Gn
Lys Ay 115120125 Pro Ser Val

Gy Ay 130135140 Thr Ala Al a

Pro Gn Pro Val 145150155160 Thr Val

Ay

Leu

Val

665

Lys

Gly

Ser

Ala

Ser

745

Pro

Gly

Asp

Asp

Tyr
825

Ser

650

Tyxr

Ser

Ser

Gly

Glu

730

Gly

Gly

Thr

Thr

Asp

810

Asp

Val

Ile

635

Ser

Ala

Phe

Gly

Gly

715

Val

Tyr

Gln

Asn

Ser

795

Thr

Ser

H s Thr Phe 165170175 Pro Al a
%Gt%ﬁls&ysgég 8 TbYi86185190 Thr Val
Thr Tyr S

Lys Lys Val

Asn Val 195200205 Asn Hi s

G n Pro Lys 210215220 Set Cys

640

Thr Leu Thr Leu Ser
655

Cys Glu Val Thr His
670

Asn Arg Gly Glu Cys
685

Gly Gly Gly Ser Gly
700

Gly Gly Ser Gly Gly
720

Lys Lys Pro Gly Ala
735

Thr Phe Thr Gly Tyr
750

Cys Leu Glu Trp Met
765

Tyr Ala Gln Lys Phe
780

Ile Ser Thr Ala Tyr
800

Ala val Tyr Tyr Cys
815

Ser Gly Tyr Tyr Tyr
830



245250255 Leu Met Ile Ser Arg Thr Pro Q.u Val Thr Cys Val Val Val Asp Val
260265270 Ser H's Qu Asp-Pro Gu Val Lys Phe Asn Trp Tyr Val Asp Ay Va

275280285 A u VvVal H's Asn Ala Lys Thr Lys Pro Arg Au Qu G n Tyr Asn Ser
290295300 Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gn Asp Trp Lou
305310315320 Asn Ay Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lou Pro

Al'a 325330335 Pro Ile Qu Lys Thr Ile Sef Lys Ala Lys Ay Gn Pro Arg Gu
Pro 340345350 A n Val Tyr Thr Leu Pro Pro Cys Arg Asp Qu Leu Thr Lys Asn
G n 355360365 Val Ser Lou Trp Cys Leu Val Lys Gy Phe Tyr Pro Ser Asp lle
Al a 3703753806VablaGPhe BEp I@LFrBéFlYAEhn Gy Teweprgalé”ef X&h S&Sn Tyr Lys Thr
Thr 3853903954008%r0 Pro Vol Lou®#sp Ser Asp @ y°Ser Phe Phe Leu Tyr Ser

Lys Leu 405410415 Thr Val Asp Lys Ser Arg Trp An Gn Ay Asn Val Phe Ser
Cys Ser 420425430 Vahr Mpt iy sp:d seAval lpad HdbSLeAsmaHpso Bye sEar G n Lys Ser

Lou Ser 435449445 Leu Ser Praes@y Lys Ay Awe@y Gy Ser Ay Ay Ay Gy
Ser G n 450455460

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
865 870 875 880

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
885 890 895

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyrx
900 905 910

Ser Leu Ser Ser Val Val Thr vVal Pro Ser Ser Ser Leu Gly Thr Gln
915 920 925

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
930 935 ~ %40

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His

945 950 955
<210> 114
<211> 214
<212> PRT

<213> Artificial

<220> : .

<223> Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab~Avastin-Ang2i-LC06-2641

<400> 114

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



-80- Ala Arg Ile Thr Cys Ay Gy Asn Asn Ile Ay Ser Lys Ser Val His
485490495 Trp Tyr Gn Gn Lys Pro Ay Gn Ala Pro Val Lou Val Val Tyr Asp
500505510 Asp Ser Asp Arg Pro Ser Ay Ile Pro Qu Arg Phe Ser Gy Ser Asn
515520525 Ser Ay Asn Thr Ala Thr Lou Thr Ile Ser Arg Val GQu Ala Ay Asp
530535540 A u Ala Asp Tyr Tyr Cys A n Val Trp Asp Ser Ser Ser Asp His Tyr
545550555560 Val Phe Gy Thr @y Thr Ly 7VaI Thr Val Leu Arg Thr Val Al a
Al a 565570575 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Qu G n Leu Lys Ser
Gy 580585590 Thr Ala Ser Val Val Cys Lou Lou Asn Asn Phe Tyr Pro Arg Gu
éla giggggggS Iéys Val GI n Trp Lys VaI Asp Asn Ala Lou Gn Ser Ay Asn Ser
n 0 u Ser er L r r Tyr Ser Leu
Ser 625630835640° %reFl"rh rLﬁ‘gB ﬁ*he % Le Aﬁ? §e y ‘yg‘ﬁ‘sA%Q”r%P1 q‘gb’ Lyg Hs Lys
Val Tyr 645650655 Al a Cys u Val Thr H| S G n Gy Lou Ser Ser Pro Val Thr

Lys Ser 660665670 Phe Asn Arg Ay u Cys Ay Ay Gy Ay Ser Ay Ay Gy
Ay Ser 675688048Bhe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Bla Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Prc Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 i 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
: 195 ) 200 ~ 205

Phe Asn Arg Gly Glu Cys

210
<210> 115
<211> 946
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, trivalent single chain Fab
<VEGF~ANG~-2> antibody molecule Avastin-~LC06-KiH-C-scFab

<400> 115

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15



- 8l- Gdy Gy dy Ser dy Ay Gn Val Gn Leu Val Gu Ser dy Ala Gu
705710715720 Val Lys Lys Pro Ay Ala Ser Val Lys Val Ser Cys Lys Ala Ser
Gy 725730735 Tyr Thr Phe Thr Ay Tyr Tyr Met Hs Trp Val Arg Gn Ala Pro
Gy 740745750 A n Ay Leu Gu Trp Met Ay Trp Ile Asn Pro Asn Ser Ay Gy
Thr 755760765 Asn Tiyr Ala G n Lys Phe Gn Ay Arg Val Thr Met Thr Arg Asp
Thr 770775780 Ser Ile Ser Thr Ala Tyr G u Leu Ser Arg Leu Arg Ser Asp
Asp 785790795800 Thr Ala Val Tyr Tyr Cys"Ala Arg Ser Pro Asn Pro Tyr Tyr
Tyr Asp B05810815 Ser Ser Ay Tyr Tyr Tyr Pro Ay Ala Phe A6p Ile Trp Ay
Gn Ay 826825830dTheu Kbt Oval AIFhtlavaer Sey TSerThAl BheSghr TP Tvys Ay Pro Ser
Val Phe 835840845 Pf® Leu Ala Pro Séf Ser Lys Ser TRP Ser (fly Ay Thr Ala
Al a Leu 850855860 Ay Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val
Ser Trp 8Q§.§7[\Qe§7§56189r 201 384 &ryaf a-d ey, The 8§ 1d ¥1Vakp Hias Thr Phe Pro
Ala Val Leu 685890895 G n Ser Sefody Leu Tyr Se#slLeu Ser Ser Val Val Thr
Val Pro Ser 900905910 -82-

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 : 150 155 160

Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
' 165 . ) 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 : 215 220

Ser Cys Bsp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr



Ser Asn- Thr Lys Val Asp Lys Lys Val Qu Pro Lys Ser Cys Asp Lys 930935940
Thr H's 945 <210> 116 <211> 453 <212> PRT <213> Artificial <220> <223>
Heavy chain 2 of bispecific, trivalent single chain Fab <VEG-- ANG 2>

anti body nol ecul e Avasti n-LC06- Ki H C-scFab <400> 116 Gu Val dn Leu Val
Gu Ser dy Ay Ay Leu Val Gdn Pro Ay @y 151015 Ser Leu Arg Leu Ser Cys
Ala Ala Ser Ay Tyr Thr Phe Thr Asn Tyr,202530 Ay Met Asn Trp Val Arg G n
Ala Pro Ay Lys Ay Leu Gu Trp Val 354045 Ay Trp Ile Asn Thr Tyr Thy Qy
Gu Pro Thr Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr Phe Ser Leu Asp
Thr Ser Lys Her Thr Al &4Tyr 65707580 LEBOG n Met Asn SéP>Lou Arg Ala G u
ﬁ;p $hr _;A_\Ia Val Tyr ;I'/ylr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Gy Ser Ser
is Trp Tyr, a 0n110 T T Wal Thr Val Ser
Ser Ala Sef f%%/ ys?_gg f‘ri%g‘b%gﬁ% Pg% &e%{ c\%maghzangé)é %gﬂ Xlga Pro Ser Ser
Lys Ser Thy Her Ay Ay 130135140 -83- Thr Val Ser Trp Asn Ser Ay Ala Leu
Thr Ser Ay Val H's Thr Phe

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 ) 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Cys Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu.Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 ' 410 415

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445 -

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln
450 455 460

Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln Thr
465 470 475 480



165170175 Pro Ala Val Leu G n Ser Ser
180185190 Thr Val Pro Ser Ser Ser Leu
195200205 Asn His Lys Pro Ser Asn Thr
210215220 Ser Cys Asp Lys Thr Hi's Thr
225230235240 Leu Ay dy Pro Ser Val

Thr 245250255 Leu Met Ile Ser Arg Thr
Val 260265270 Ser H's Au Asp Pro Gu
Val 275280285 G u Val H's Asn Ala Lys

Ser 290295300 Thr Tyr Arg Val
Leu 305310315320 Asn d

Pro Al a 329330335 9rb" | YF
du Pro 340345350 G n Va
Asn G n 355360365 84 -

Tyr Lys ThrrpTtyr Gin Gln Lys
500

Val Ser

Cys Thr Leu
Val Gu Trp

Ile
520

Asp Ser Asp Pro Ser

515

Arg Gly

Thr Ala Thr Leu Thr

535

Ser Gly Asn

530

Glu
545

Ala Asp Tyr Tyr Cys Gln Val

550

Val Phe Gly Thr Gly

565

Thr Lys Val

Val Phe

580

Pro Ser Ile Phe Pro Pro

Thr Ala Val Val Leu

600

Ser Leu

595

Cys

Val
610

Lys Gln Trp Lys Val Asp Asn

615

Glu
625

Val Thr Glu Gln

630

Ser Asp Ser

Thr Thr Leu Ser Ala

645

Ser Leu Lys

Ala Glu Val His Gln

660

Cys Thr Gly

Phe Asn Arg Glu

675

Gly Cys Gly Gly

680

Gly Gly Ser

690

Gly Gly Gly Gly

695

Gly

Lys

L
TRRLVAS ﬁ‘?”l
Pro Gly Gln Ala Pro
505
Pro
Ile
Trp
Thr
Ser
585
Asn
Ala
Lys
Asp
Leu
665

Gly

Gly

Ay Leu Tyr Ser
@y Thr Gn Thr

Leu Ser Ser Val Val
Tyr Ile Cys Asn Val
Lys Val Asp Lys Lys Val Qu Pro Lys
Cys Pro Pro Cys Pro Ala Pro G 1] Leu
Phe Leu Phe Pro Pro Lys Pro Lys Asp
Sg(? G u Vval Thr Cys Val Val Val Asp
“Lys Phe Asn Trp Tyr Val Asp Ay
Thr Lys Pro Arg Gu Qu G n Tyr Asn
Val Leu Thr Val Leu H's Gn Asp Trp
s L a n Lys Ala Leu
(%é‘r e{y AlsarwalA% y Gn Pro Arg
F4’ro Pro Ser Arg Asp G u Leu Thr Lys
Gu Her Asn Ay Gn Pro Gu Asn Asn

Val Leu Val Val Tyr Asp
510

Glu Phe Ser Ser Asn

525

Arg Gly

Val
540

Ser Arg Glu Ala Gly Asp

Ser Ser Ser His

555

Asp Asp Tyr

560

Val
570

Thr val Ala

575

Leu Arg Ala

Asp Glu Gln Leu Lys Ser

590

Gly

Phe Pro Glu Ala

605

Asn Tyr Arg

Gln Ser Asn Ser Gln

620

Leu Gly

Thr Ser

640

Ser Ser Leu

635

Asp Tyr

Glu Val

655

Tyr His

650

Lys Lys Tyr

Val Thr

670

Ser Ser Pro Lys Ser

Gly Ser Gly Gly Gly Ser

685

Gly

Ser Gly Gly Ser

700

Gly Gly Gly



385390395400 Pro Pro Val Leu Asp Her Asp Ay Ser Phe Phe Leu Val Her Lys
Leu 405410415 Thr Val Asp Lys Her Arg Trp Gn Gn Gy Asn Val Phe Her Cys
Her 420425430 Val Met H's Gu Ala Leu H's Asn H's Tyr Thr G n Lys Ser Leu
Her 435440445 Leu Her Pro Gy Lys 450 <210> 117 <211> 214 <212> PAT <213>
Artificial <220> <223> Light chain of bispecific, trivalent single chain
Fab <VEGF- ANG 2> anti body nol ecul e Avaslé' n- LCO6- KIH C-scFab <400> 117 Asp
Ile Gn Met Thr A n Her Pro Ser Her Leu r Ala Her Val dy 151015 Asp Arg
Val Thr He Thr Cys Her Ala Ser Gn Asp Ile Ser Asn Tyr 202530 Leu Asn Trp
Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Val Leu Ile 354045 Tyr Phe Thr Ser
Her Leu H®yHEy GhySvalclprgyser Ky SPhéckief> &y 505560 FerSdy Her Ay Thr
Asp Phe Thi%Leu Thr Ile Hel°Her Leu @ n Pro°65707580 G u ASp Phe Ala Thr
Tyr Tyr Cys Gn Gn Tyr Her Thr Val Pro Trp 859095 - 85 - 100105110 Pro

Ser Val Ph\%ll L}ES E’Jj‘@ pE% Qil?rFQaS@é’r AspP 1 Wald serlegs Lys rbersed gy
725 ' 730 735

' Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly
740 745 750

Gln Gly Leu Glu Trp Met Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr
755 760 765

Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Met Thr Arg Asp Thr
770 775 780

Ser Ile Ser Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg -Ser Asp Asp
785 790 795 800

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp
805 810 815

Ser Ser Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly
820 , B25 830

Thr Met Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
835 840 845

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
850 B55 860

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
865 870 875 880

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
885 890 895

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
900 905 910

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
915 920 925



115120125 Thr Ala Ser Val Val Cys Lou Lou Asn Asn Phe Tyr Pro Arg Qu Al a
130135140 Lys Val Gn Trp Lys Val Asp Asn Ala Lou Gn Her Ay Asn Her Gn
145150155160 A u Her Val Thr AQu G n Asp Her Lys Asp Her Thr Tyr Her Lou
Her 165170175 Her Thr Lou Thr Lou Her Lys Ala Asp Tyr Gn Lys H's Lys Val
Tyr 180185190 Ala Cys Qu Val Thr Hs Gn Gy Lou Her Her Pro Val Thr Lys
Ser 195200205 Phe Asn Arg Ay du Cys 2%9 <210> 118 <211> 698 <212> PRT
<213> Artificial <22D> <223> Heavy chain“1l of bispecific, trivalent

<VEGF- ANG 2> anti body nol ecul e Avasti n-LC06- C- Fab- 6CSS <403> 118 G n Val

G n Lou Va$exrGan Per L3 WaOGAspGys Leu VWBIGIE froPrys &Y C& VSP5 P15 Her Lou Arg
Lou Her Cys AP¥® Ala Her dy T‘S’/%}g Thr Phe Thr AT Tyr 202530 Ay Met Asn Trp
Val Arg Gn Ala Pro Ay Lys Ay Lou Clu Trp Val 354045 Cly Trp Ile Asn Thr
Tyr Thr Gy Gn Pro Thr Tyr Ala Ala Asp Phe 505560 - 86 - Lys Arc Arg The
Thr The SegssLeu Asp Thr Ser Lys Ser Thr Ala Tyr 65707580

<210> 116
<211> 453
<212> PRT

<213> Artificial

<220> ’

<223> Heavy chain 2 of bispecific, trivalent single chain Fab
<VEGF-ANG-2> antibody molecule Avastin-LCO6-KiH-C-scFab

<400> 116

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 - 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160



Leu Gn Met Asn Set Len Arg Ala GQu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Lys Tyr Pro H's Tyr Tyr Ay Set Set H's Trp Tyr The Asp Val 100105110 Trp
Gy Gn dy Thr Len Val Thr Val Set Set Ala Ser Thr Lys Ay 115120125 Pro
Set Val The Pro Leu Ala Pro Ser Set Lys Set Thr Set Ay Ay 130135140 Thr
Ala Ala Leu Gy Cys Leu Val Lys Asp Tyr Phe Pro Gu Pro Val 145150155160
Thr Val Set Trp Asn Set Ay Ala Leu Thr Set Ay Val H's Thr Phe 165170175
Pro Ala Val Len Gn Ser Set Ay Len Tyr8%Bet Len Set Ser Val Val 180185190
Thr Val Pro Set Set Ser Len Ay Thr G@n Thr Tyr Ile Cys Asn Val 195200205
Asn H's Lys Pro Set Asn Thr Lys Val Asp Lys Lys Val GI u Pro Lys 210215220
Set Cys Asp Lys Thr Hi's Thr Cys Pro Pro Pro Ala Pro Qu Leu
22523023521!1t(;c tehsa yraipnpie St A%ﬂalLePgerLSeea Brye VEt &lPrTQSL% Pro Lys Asp
Thr 245250255 Len Met 11% Ser Arg Thr 8 Au val Thr S Val Vval Val Asp
Val 260265270 - 87- Qu Val H's Asn Ala Lys Thr Lys Pro Arg Gu Qu Gn

Tyr Asn Sef’rOZQQazggngQu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285

Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 2385 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335 '

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Cys Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380



Thr Tyr "Arg Val Val Ser Val Leu Thr Val Leu Hs @n Asp Trp Leu 305310315320
Asn Ay Lys Au Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Al a 325330335
Prolle Qu Lys Thr Ile Set Lys Ala Lys Ay G n Pro Arg Gu Pro 340345350
Gn Val Tyr Thr Leu Pro Pro Cys Arg Asp Qu Leu Thr Lys Asn G n 355360365
Val Ser Leu Trp Cys Leu Val Lys Gy Phe Tyr Pro Set Asp Ile Ala 370375380
Val Qut Trp Gu Ser Asn Ay Gn Pro @y, Asn Asn Tyr Lys Thr Thr
385390395400 Pro Pro Val Leu Asp Ser AS iie y Ser Phe Phe Leu Tyr Set Lys
Leu 405410415 Thr Val Asp Lys Set Arg Trp Gn G n @y Asn Val Phe Ser Cys
Set 420425430 Val Met Hs GQu Ala Leu Hs Asn Hs Tyr Thr G n Lys Set Leu
Set 4354404456 e lrsSEiv Breg AgnyGiw SIngPye @y AnyAtg yyséys @hy 'y dy Gy Ser
Ay 450455%#60 Gy Ay Ay By Ay Gy Gyﬁsy Set Ay Ay y Gy Ser Ay
Gy 465470475480 Ay Ay Ser Gn Pro Ay Leu Thr Gn Pro Pro Set Val Set

Val Al a 48549P49%.Preu @y §arNasthE1Alsar Ahg #Heerdihia Opsr @yy duy Asn Asn |le
Gy Set 500505510 - 8805 410 415

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys
450

<210> 117
<211> 214
<212> PRT
<213> Artificial

<220>

<223> Light chain of bispecific, trivalent single chain Fab
<VEGF-ANG~2> antibody molecule Avastin-~LC06-KiH-C-scFab

<400> 117

Bsp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 a5

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala



515520525 Vval Val Tyr Asp Asp Set Asp Arg Pro Ser Sly Ile Pro Gu An; the
530535540 Ser Sly Set Asn Set Gy Asn Thr Ala Thr Leu Thr Ile Set Arg Val
545550555560 G u Ala SIy Asp Gu Ala Asp Tyr Tyr Cys @ n Val Trp Asp Set

Sex
Arg
Adn
Tyr
Ser
Set
Au

565570575 Sex Asp His Tyr Val Phe Ay Cys Gy Thr Lys Val Thr Val Leu
580585590 Thr Val Ala Ala Pro Set Val the Ile the, Pro Pro Set Asp GQu
595600605 Leu Lys Sex Sly Thr Ala Ser Val Val Cys Leu Len Asn Asn the
610615620 Pro Arg Gu Ala Lys Val G®A Trp Lys Val Asp Asn Ala Leu G n
625630635640 Gy Asn Set Gn Qu Set Val Thr Au A n Asp Set Lys Asp
Thr 645650655 TywoSet Lou Set Seé¥5Thr Leu Thr LduoSet Lys Ala Asp Tyr
Lys 660665670 His Lys Val Tyr Ala Cys Qu Val Thr Hs Gn Sly Leu Set

Sex Pro 675680685 Vi S Phe 0695 <210> 119
<211>r(7)19 £P12%° B %25 §> @/SP Oetpro %eré%ég "gﬁg‘ XJEI'éaL ceﬁa?19 N 2 of

bi specific, tri va ent <VEGF- ANG 2> ant i body nol ecul e
Avasti n- LC06- C- Fab- 6CSS - 89-

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ada
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 1380

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys

210
<210> 118
<211> 698
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, trivalent <VEGF-ANG-2> antibody
molecule Avastin-LC06-~C-Fab-6CSS

<400> 118

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60



d u Val

SerLeu Arg Lou Set Cys Ala Ala Set Ay Tyr Thr
Arg Adn Ala Pro Gy

Met Asn
Il e Asn
Phe Thr
Asn Set
Hi s Tyr
Thr Leu
Pro Leu
Ay Cys
Trp Asn
Leu G n

G n Lou Val

Trp Val
Thr Tyr
She Set
Leu Arg
Tyr Ay
Val Thr
Ala Pro

Ala

Trp

Pro

Thr

145

Thr

Pro

Thr

Asn

Ser

225

Leu

Leu

Ser

Lys

Gly

Ser

130

Ala

Val

Ala

Val

His

210

Cys

Gly

Met

His

Gu Set dy dy Ay Leu Val

Thr Ay GQu Pro Thr
Leu Asp Thr Set Lys

Ala Qu Asp Thr Al a

Set Set His Trp Tyr
Set Set Al a Set
Set Set Lys Set Thr
Leuys/akg |Arg IAspThiFyPhePler Pea AEpuTHRr BerVals
Sef>Ay Ala Leu Thf®Set dy Val
Set Set Ay Leu Tyr Set Leu Ser Set Val

Set Set SeEeLl-%l?(ln gey A-EIHrSeg ﬂeuTHEg -EME dllueAsgl%uAﬁﬂa \‘6@& T%;QS%QOE% - 90-
95

Val

Tyr

Gln

115

val

Ala

Ser

Val

Pro

195

Lys

Asp

Gly

Ile

Glu
275

Pro

100

Gly

Phe

Leu

Trp

Leu

180

Ser

Pro

Lys

Pro

Ser

260

Asp

85

His

Thr

Pro

Gly

Asn

165

Gln

Ser

Ser

Thr

Ser

245

Arg

Pro

Tyr

Leu

Leu

Cys

150

Ser

Ser

Ser

Asn

His

230

Val

Thr

Glu

Tyr

Val

Ala

135

Leu

Gly

Ser

Leu

Thr

215

Thr

Phe

Pro

Val

Gly

Thr

120

Pro

Val

Ala

Gly

Gly

200

Lys

Cys

Leu

Glu

Lys
280

Gn Pro dy dy 151015

Phe Thr Asn Tyr 202530 Ay

Lys Ay Lou Qu Trp Val 354045 Ay Trp
Tyr Ala Al a
Set Thr Al a
Tyr Tyr
p Val
Lys Gy
Set dy Gy

Val

Phe 88s

Thr

Ser

105

Val

Ser

Lys

Leu

Leu

185

Thr

Val

Pro

Phe

Val

265

Phe

Hi $° Thr

90

Ser

Ser

Ser

Asp

Thr

170

Tyr

Gln

Asp

Pro

Pro

250

Thr

Asn

His

Ser

Lys

Tyr

155

Ser

Ser

Thr

Lys

Cys

235

Pro

Cys

Trp

Trp

Ala

Ser

140

Phe

Gly

Leu

Tyr

Lys

220

Pro

Lys

Val

Tyr

Asp The 505560 Lys Arg Arg
Tyr 65707580 Leu G n Met
Cys 859095 Ala Lys Tyr Pro
100105110 Trp Ay e Ay
115120125 Pro Set Val Phe
130135140 Thr Ala Ala lieu
F451H@155160 Thr Val Set
Phe 1651701%5 Pro Al a Val
Val 180185190 Thr Val Pro

Tyr Phe Asp Val
110

Ser Thr Lys Gly
125

Thr Ser Gly Gly

Pro Glu Pro Val
160

Val His Thr Phe
175

Ser Ser Val Val
190

Ile Cys Asn Val
205

Val Glu Pro Lys

Ala Pro Glu Leu
240

Pro Lys Asp Thr
255

Val val Asp Val
270

Val Asp Gly Val
285



Ser Cys Asp Lys Thr H's Thr Cys Pro Pro Cys Pro Ala Pro G u Leu

225230235240 Len Ay Gy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245250255 Len Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp
260265270 Ser Hs G n Asp Pro Qu Val Lys Phe Asn Trp Tyr Val Asp Gy
275280285 G n Val H's Asn Ala Lys Thr Lys Pro Arg G'n Gu G n Tyr Asn
290295300 Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu H's Gn Asp Trp
305310315320 Asn Gy Lys Au Tyr Ly$/Cys Lys Val Ser Asn Lys Ala Len

Thr
Val
Val
Ser
Leu
Pro
du
Asn
Ile
Thr
Ser
Ser
Ser

Al a
Pro
Gn
Al a
Thr
Lys L
Cys

Leu

325330335 Pro Ile Gu Lys Thr Ile Ser Lys Ala Lys AY Gn Pro Arg
3468453501 6 a3n\alla Oyss THhriyberroPry ProGBeGlAryrAs &mn Leu Thr Lys
355360865 Val Ser Leu2%er Cys Ala Val 38§s dy Phe Tyr Pro Ser Asp
370375380 Val Qu Trp Gu Ser Asn Ay Gn Pro Qu Asn Asn Tyr Lys
38 Pro P S e Phe Leu Val
?}? 8‘ %630\/ 1 'ﬁal %% Vg‘l LIE%;TS}@S‘%}} £y ‘ﬁ?? GgﬁyAs§ 'Ernppﬂgt& Asn Val Phe
Ser 420425430 Val Met H| s Au Ala Len H| s Asn Hs Tyr Thr G n Lys

Ser 435440445
Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Cys Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
450 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
465 470 475 480

Gly Gly Ser Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala
485 490 495

Pro Gly Gln Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser
500 505 510

Lys Ser Val His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu



-91 - 450455460 Ay Gy Ay Set dy Ay Gy Gy Set dy Ay Ay Gy Set Ay
Ay 465470 '475480 Ay Ay Ser Gn Val Gn Leu val Qu Ser dy Ala Gu Val
Lys Lys 485490495 Pro Ay Ala Set Val Lys Val Set Cys Lys Ala Ser Ay Tyr
Thr Phe 500505510 Thr Gly Tyr Tyr Met His Trp Val Arg Gn Ala Pro Ay Gn
Cys Leu 515520525 Au Trp Met Ay Trp Ile Asn Pro Asn Set Ay Ay Thr Asn
Tyr Al a 530535540 A n Lys Phe Gn Ay Agg- Val Thr Met Thr Arg Asp Thr Set
Il e Set 545550555560 Thr Ala Tyr Met Qu Leu Ser Arg Leu Arg Set Asp Asp
Thr Ala Val 565570575 Tyr Tyr Cy%ZAIa Arg Set Prgﬁﬁsn Pro Tyr Tyr Tyr Asp
Set Set @y 580585590 Tyr Tyr Tyr’%Pro Gy Ala Phé“Asp Ile Trp Ay Gn Gy
Thr Met Val 595600605 Thr Val Set Set Ala Ser Thr Lys Ay Pro Set Val Phe
Pro Leu Al@6J0635626 Rep sSetasperrd yso Set cLhrriSebrddeyu @ry PRar Ala Al a Leu
Gy Cys Leu 6285630635640 Val 13ps Asp Tyr Phe #00 A u Pro Val Thr Val Set

Trp Asn Set Gy 645650655 Ala Leo Thr Set Ay Val H's Thr Phe Pro Al a Val

Leu G n Set Set
Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg vVal

545 550 555 560

Glu Ala Gly Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser
: 565 570 575

Ser Asp His Tyr Val Phe Gly Cys Gly Thr Lys Val Thr Val Leu Arg
580 585 530

Thr Val Ala Ala Pro Ser Val Phe Ile Phe\Pro Pro Ser Asp Glu Gln
. 585 L 600 ) - 605

Leu]Lyﬁ ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
S el0 . 615 ‘ - 620

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
625 630 635 640

Gly Asn Ser Gln Glu Ser val Thr Glu Gln Asp Ser Lys Asp Ser Thr
645 650 655

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
660 665 670

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
675 680 685

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys

690 695
<210> 119
<211> 719
<212> PRT

<213> Artificial

<220> .

<223> Heavy chain 2 of bispecific, trivalent <VEGF-ANG-2> antibody
molecule Avastin-LC06~C~-Fab-6CSS

<400> 119



660665670 -92 - Ay Thr Gn Thr Tyr Ile Cys Asn Val Asn H's Lys Pro Set
Asn Thr 690695700 Lys Val Asp Lys Lys Val Qu Pro Lys Set Cys Asp Lys Thr
Hi s 705710715 <210> 120 <211> 214 <212> PAT <213> Artificial <220>
<223>

-89 -

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

Ser-Leu Arg.Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 . 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 1390

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
210 215 220



Li ght chai nof bi specific,trival ent nol ecul e Avasti n- LCO6- C- Fab- 6CSS
<VEGY- ANG- 2> anti body <400> 120 Asp Ile Gn Met Thr Gn Ser Pro Set Ser

Leu
Asp
Lys
Phe
Adn
Pro
Al a
Ay
Al a

Set Ala Ser Val Ay 151015 Asp Arg Vol Thr Ile Thr Cys Set Ala Set G n
Ile Set Asn Tyr 202530 Leu Asn Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro
Val Leu Ile 354045 Tyr Phe Thr Ser Set Leo Hs Set Ay Val Pro Set Arg
Set Ay 505560 Set Ay Set @y Thr Aﬁp Phe Thr Leo Thr Ile Set Set Leo
Pro 65707580 A u Asp Phe Ala Thr Tyr9 Tyr C¢ys G n Gn Tyr Set Thr Val
Trp 859095 Thr The Ay Gn Gy Thr Lys Vol GQu Ile Lys Ara Thr Val Al a
1001054ek0cFr asiSetys Vi RiseTHd @ysTiReo Firo PrsoPSeplAdpo Gy IGun Leo Lys Set
1151202225 Thr Al a Set 3| Val Cys Leu #¥u Asn Asn Phe Zr Pro Arg G u
130135140

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 ] 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser.Asn Lys Ala Leu Pro Ala
325 ' 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 : 345 350

Gln Val Cys Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
355 360 365

Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 395 400

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Val Ser Lys Leu
405 410 415

Thr val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
435 440 445

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly



- 93 - Lys vVal Gn Trp Lys Val
145150155160 d u Set Val

Set 165170175 Ser Thr
Tyr 180185190 Ala Cys G u Val
Set 195200205 Phe Asn Arg Gy Gu Cys 210 <210> 121 <211> 459 <212> PRT

<213> Artificial <220> <223> Heavy chain 1 of bispecific,

Thr
Leu Thr

GQu Gn Asp Ser
Leu Ser

Thr

Asp Asn Ala Leu Gn Set Ay Asn Set G n
Lys Asp Set Thr Tyr
Lys Ala Asp Tyr Qu Lys H s Lys Val
Hs Gn Gy Lou Ser Set Pro Val

Set Leu
Lys

bi val ent donmi n

exchanged <VEGF- ANG 2> anti body nol ecul-@1lAvasti n- LC06- CH1- CL <400> 121 G n
Lys Lys Pro Ay Ala 151015 Set Val

Val Gn Leu Val Qu
Lys Val Ser Cysolys
Trp Val Arg A n Ala
Pro Asn Set Ay dy
Met Thr Arg BY THy

Ing
Lou Arg Sef®Asp Asp

Gly Gly Ser

Pro Gly Ala

Thr Gly Tyr
515

Glu Trp Met
530

Gln Lys Phe
545

Thr Ala Tyr
Tyr Tyr Cys

Tyr Tyr Tyr
595

Thr Val Ser
610

Pro Ser Ser
625

Val Lys Asp

Ala Leu Thr

Gly Leu Tyr
675

Set Ay Ala du Vval
Ala Ser Guys Tyr Thr

Phe Theo Gy Tyr 202530 Tyr

Met Hi s

Pro Ay An dy Leu Gu Trp Met 354045 Ay Trp Ile Asn

Thr Asn Tyr Ala G n Lys Phe 505560 Gn Ay Arg Val

et Gy eLysELy PRy
Thr Al 2’%al

Tyr

Gln Val Gln Leu Val

Ser

485

Val

500

Tyr

Gly

Gln

Met

Ala

580

Pro

Ser

Lys

Tyr

Ser

660

Ser

Met

Trp

Gly

Glu

565

Arg

Gly

Ala

Ser

Phe

645

Gly

Leu

Lys

His

Ile

Arg

550

Leu

Ser

Ala

Ser

Thr

630

Pro

Val

Ser

Val

Trp

Asn

535

Val

Ser

‘Pro

Phe

Thr

615

Ser

Glu

His

Ser

Ser
Val
520
Pro
Thr
Arg
Asn
Asp
600
Lys
Gly
Pro

Thr

Val
680

Thr

RSPy L6870 FBBO Nt LY Leu Ser Arg

Tyr

oyd’

859095

Glu Ser Gly Ala Glu

Cys

505

Arg

Asn

Met

Leu

Pro

585

Ile

Gly

Gly

Val

Phe

665

Val

490

Lys

Gln

Ser

Thr

Arg

570

Tyr

Trp

Pro

Thr

Thr

650

Pro

Thr

Ala

Ala

Gly

Arg

555

Ser

Tyr

Gly

Ser

Ala

635

Val

Ala

Val

Ser

Pro

Gly

540

Asp

Asp

Tyr

Gln

Val

620

Ala

Ser

Val

Pro

Gly

Gly

525

Thr

Thr

Asp

Asp

Gly

605

Phe

Leu

Trp

Leu

Ser
685

Val

Tyr

510

Gln

Asn

Ser

Thr

Ser

590

Thr

Pro

Gly

Asn

Gln

670

Ser

Lys Lys

485

Thr Phe

Cys Leu

Tyr Ala

Ile Ser
560

Ala Val
575

Ser Gly

Met Val

Leu Ala

Cys Leu

640

Ser Gly
655

Ser Ser

Ser Leu



- 94 - Pro Gy Ala Phe Asp Ile Trp Ay Gn @y Thr Met Val Thr Val Ser

115120125 Ser Ala Ser Thr Lys Sly Pro Ser Val Phe Pro Lou Ala Pro Ser Ser
130135140 Lys Ear Thr Ser Sly Sly Thr Ala Ala Leu Gy Cys Leu Val Lys Asp
145150155160 Tyr Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Sly Ala Leu
Thr 165170175 Ser Gy Val His Thr Phe Pro Ala Val Lou Gn Ser Ser Sly Leu
Tyr 180185190 Ser Lou Ser Ser Val Val Thgh Val Pro Ser Ser Ser Lou Sly Thr
G n 195200205 Thr Tyr Ile Cys Asn Val Astt ' His Lys Pro Ser Asn Thr Lys Val
Asp 210215220 Lys Lys Val Qu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro
Pro 225230235240 Cys Pro Ala Pro Qu Thu Len Sly SIly Pro Ser Val Phe Lou
Phe Pro 245250255 Pro Lys Pro Lys Asp Thr Lou Met Ile Ser Arg Thr Pro Gu
Val Thr 26628527F ey VAT VAT CX?ASAS VAP" St 1P STTRl T TASE Brd du Val Lys
Phe Asn 275280785 Trp Tyr Val A%p Sy Val Gu VAl H's Asn Ala Lys Thr Lys
Pro Arg 290295300 Gu Cu Gn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lou

Thr Val 305%330815320Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr His
705 710 715

<210> 120
<211> 214
<212> PRT
<213> Artificial

<220>

<223> Light chain of bispecific, trivalent <VEGF-ANG-2> antibody
molecule Avastin-LC06-C-Fab-6CSS

<400> 120

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140



- 95 - Asn Lys Ala Leu Pro Ala Pro Ile Qu Lys Thr Ile Ser Lys Ala Lys
340345350 Gy Gn Pro Arg Qu Pro Gn Val Tyr Thr Leu Pro Pro Cys Arg Asp
355360565 G u Leu Thr Lys Asn G n Val Bar Leo Trp Cys Leu Val Lys Ay Phe
370375380 Tyr Pro Ser Asp Ile Ala Val GQu Trp Qu Her Asn Sly Gn Pro Qu
385390395400 Asn Asn Tyr Lys Thr Thr Pro Pro Val Leo Asp Her Asp Ay Her
She 405410415 Phe Leo Tyr Her Lys Leu Thr Val Asp Lys Her Arg Trp G n Gn
Gy 420425430 Asn Val Phe Her Cys Her Vi IE'I\/Et Hs GQu Ala Leo His Asn Hi s
Tyr 435440445 Thr G n Lys Her Leu Her Leo Her Pro Ay Lys 450455 <210> 122
<211> 457 X122 BRI T« 13> Vylt Pfp @isalAlaZRO>Ck298> GHedvvy Thafhr 2 of

bi speci fi cl4%i val ent donai Fl%xchanged <VEGRSANG 2> anti bod¥*%hml ecul e
Avasti n- LC06- CH1- CL <400> 122 Qu Val Gn Leo Val Qu Her Ay Ay Ay Leu
Val Gn Pr luq":gr gay T%?JEQ:\IJSGlHeE\sA-%Qr&. d Ars%usé_xlelfhgf§r@e@ ﬂuaSé_J.ler a y Tyr Asp

Phe Thr H s Tyr 202530 {gsy Met Asn Trp Mal Arg Gn Ala Pso Ay Lys Cys Leo
G u Trp Val 354045

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> 121
<211> 459
.<212> PRT
<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06-CH1-CL

<400> 121

Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 110



- 96 - 505560 Lys Arg Arg ?he Thy Phe Set Leu Asp Thr Set Lys Ser Thr Al a
Tyr 65707580 Leu G n Met Asn Set Leu Arg Ala A u Asp Thr Ala Val Tyr Tyr

Cys 859095 Ala Lys Tyr Pro Tyr Tyr Tyr Ay Thr Set His Trp Tyr Phe Asp Val
100105110 Trp Ay Gn Gy Thy Leu Val Thr Val Set Set Ala Set Val Ala Al a
115120125 Pro Set Val Phe Ile Phe Pro Pro Set Asp Gu Gn Leu Lys Set Gy
130135140 Thr Ala Set Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a
145150155160 Lys Val G n Trp Lys Val Asp*Asn Ala Leu Gn Set Gy Asn Set

G n 165170175 Au Set Val Thr Qu G n Asp Ser Lys Asp Set Thy Tyr Set Leu
Ser 180185190 Set Thy Leu Thr Lou Set Lys Ala Asp Tyr Gu Lys H's Lys Val
Tyr 195200205 Ala Cys Qu Val Thr Hs Gn Ay Leu Set Set Pro Val Thr Lys
Set 210215Z2061hélaadhe Acg HeyTig GLOFE" AP 'Ji_fstth?’a%ﬂ,HiTQrfﬁﬁ ¥fs Pro Pro Oys
Pro 225230235240'A a Pro Gu Leu'teu Gy Gy Pro‘Ser val Phe Leu Phe Pro

Pro Lys 245250255 Pro Lys Asp Thr Leu Met Ile Set Arg Thr Pro G u Val Thr

(A/S Val Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
130 135 140

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
145 150 155 160

Tyr Phe Pro Glu Prc Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
165 170 175

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
180 185 190

Ser Leu Ser.Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln
195 200 205

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
210 215 220

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
225 230 235 240

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
245 250 255

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
260 265 270

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
275 280 285

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
290 295 300

Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
305 310 315 320

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
325 330 335



260265270 - 97 - Val Asp fly Vval flu Val H's Asn Ala Lys Thr Lys Pro Arg
A u G u 290295300 A n Tyr Asn Set Thr Tyr Arg Val Val Set Val Leu Thr Val
Leu H s 305310315320 G n Asp Trp Leu Asn Ay Lys Qu Tyr Lys Cys Lys Val
Ser Asn Lys 325330335 Ala Leu Pro Ala Pro Ile GQu Lys Thr Ile Ser Lys Al a
Lys Gy G n 340345350 Pro Arg Gu Pro Gn Val Cys Thr Leu Pro Pro Set Arg
Asp G u Leu 355360365 Thr Lys Asn G n Val Set Leu Set Cys Ala Val Lys Gy
Pilo Tyr Pro 370375380 Set Asp Ile Ala-V¥ar du Trp Au Set Asn fly Gn Pro
G u Asn Asn 385390395400 Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gy
Set Phe Phe Leu 405410415 Val Ser Lys Leu Thr Val Asp Lys Set Arg Trp Gn
G n Gy AspasVals 4204256430 PhrePRQefllOfduSers Val IMeteHlygs@lg Asa Leu Hi s Asn
H's Tyr Thr G n 435840445 Lys Set LGG°Set. Leu Set Pr6°dy Lys 430455 <210>
123 <211> 215 <212> PRT <213> Artificial <220> <223> Light chain 1 of
bi sSpocl fi CGl)bbeanggtArgml ﬂoeéﬁh@.QQQ‘gr Thr Leu Pro Pro Cys Arg Asp

355 360 365

Glu Leu Thr Lys Asn Gln Val Ser Leu Trp Cys Leu Val Lys Gly Phe
370 375 380

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
385 390 395 400

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
420 - 425 430

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
435 440 445

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

450 455
<210> 122
<211> 457
<212> PRT

<213> Artificial

<220>

<223> "Heavy chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06-CH1-CL

<400> 122

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr His Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Cys Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe



<VEGF- ANG 2> anti body nol ecul e Avastin-LCO6-CHL-CL -98- Gn Pro Ay Leu
Pro Pro
Ay Asn
Gn Al a
Pro Qu
Ser Arg
Asp Ser
Leu Arg
Au Ggn
Phe Tyr
G n Ser

Thr
Cys
Pro
Ay
Thr
Val
Thr
Ser
Asn
Al a
Ser
Al a
Sy

Gn
Ay
Ay
Ile
I'le
Trp
Val

Asp
Asn
Leu
Lys
Asp
Leu

TyP°Au Lys H's Ly& val 180185190 Tyr Ala Cys flu

Ser Bar
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala

Trp

Pro

Thr

145

Lys

Glu

Ser

Ala

Phe

225

Ala

Pro

Val

Lys

Gly

Ser

130

Ala

Val

Ser

Thr

Cys

210

Asn

Pro

Lys

Val

Ser
Asn
Pro
Arg
Val
Ser
Thr
Leu
Pr o

Pro

Tyr

Gln

115

Val

Ser

Gln

Val

Leu

195

Glu

Arg

Glu

Asp

Asp
275

Val

Ser

lle Ay

Val

Leu

Phe Ser
du Al a

Ser
Val

Asp
Al a

Lys Ser

Arg GQu

Asn Ser

As Y SBFI T‘H? Py TrSef L 8Y 165179175 Lpereris L8 g}yg‘r Leu Ser Lys
al

Val

Pro

100

Gly

Phe

Val

Trp

Thr

180

Thr

Val

Gly

Leu

Thr

260

Val

Thr

85

Val Ala Pro Ay G n 151015 Thr Ala Arg Ile Thr
Ser Lys Ser Val 202530 His Trp Tyr Gn Gn Lys
Val Val Tyr 354045 Asp Asp Ser Asp Arg Pro Ser
Gy Ser 505560 Asn Ser Ay Asn Thr Ala Thr Leu
Ay 65707580 Asp A u Ala Asp Tyr Tyr Cys G n

H s 859095 -P¢r Val Phe Gy Thr Ay Thr Lys Val
100105110 Ala Pro Ser Val Phe Ile Phe Pro Pro
136120125 fly Thre®l a Ser Val Val Cys Leu Leu
130135190 Ala Lys Val G n Trp Lys Val Asp Asn
145150155160 G n Gu Ser Val Thr Au G n Asp

Thr Hs Gn
Lys

90 . 95

Tyr Tyr Tyr Gly Thr Ser His Trp Tyr Phe Asp Val

105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Val Ala Ala

120 125

Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly

135 140

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
150 155 160

Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln

165

170 175

Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser

185 . 190

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr

200 205

Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser

215 220

Glu Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro
230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys

245

250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val

265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr

280 285



195200205 Ser Phe Asn Arg Ay du Cys 210215 - 99 - <211> 212 <212> PRT
<213> Artificial <220> <223> Light chain 2 of bispecific, bivalent domain
exchanged <VEGF- ANG 2> anti body nol ecul e Avastin-LC06-CHI - CL <400> 124 Asp
Ile Gn Leu Thr Gn Ser Pro Ser Ser Leu Ser Ala Ser Val Gy 51015 Asp Arg
Val Thr Ile Thr Cys Ser Ala Ser Gn Asp Ile Ser Asn Tyr 202530 Leu Asn Trp
Tyr Gn A@n Lys Pro Ay Lys Ala Pro Lys Val Leu Ile 354045 Tyr Phe Thr Ser
Ser Leu His Ser Ay Val Pro Ser Arg Phe ®er @y 505560 Ser Ay Set Ay Thr
Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro 65707580 G u Asp Phe Al a Thr
Tyr Tyr Q/s Gn Gn Tyr Ser Thr Val Pro Trp 859095 Thr Phe Ay Cys Gy Thr
Lys Val Ile Lys Ser Ser Ala Ser Thr 100105110 Lys Gf/ Pro Ser Val Phe
Pro Leu AI &alPlAép S§éV ‘SérGlt’y%aJSéf‘S TP Sér P Br2gi2g e Yire et Glu

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
305 310 315 320

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
325 330 335

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln
340 345 350

Pro Arg Glu Pro Gln Val Cys Thr Leu Pro Pro Ser Arg Asp Glu Leu
355 360 365

Thr Lys Asn Gln Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro
370 375 380

Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn
385 390 395 400

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
405 410 415

Val Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val
420 425 430

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
435 440 445

Lys Ser Leu Ser Leu Ser Pro Gly Lys

450 455
<210> 123
<211> 215
<212> PRT

<213> Artificial

<220>

<223> Light chain 1 of bispecific, bivalent domain exchanged
<VEGF~ANG-2> antibody molecule Avastin-LC06-CH1-CL

<400> 123



Gy Gy Thr Ala Ala Leu Gy Cys Leo Val Lys Asp Tyr Phe Pro G u 130135140

Pro Val

Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser Ay Val H's

145150155160 Thr Phe Pro Ala Val Leu Gn Set Set Ay Leu Tyr Set Leu Ser
Ser 165170175 - 100 - Asn Val Asn H's Lys Pro Ser Asn Thr Lys Val Asp Lys

Lys Val

A u 195200205 Pro Lys Ser Cys 210 <210> 125 <211> 459 <212> PRT

<213> Artificial <220> <223> Heavy chai 581 of bispecific, bivalent domain

exchanged <VEGF- ANG 2> anti body nol ecul”

Val dn
Lys Val
Trp Val
Pro Asn
Met Thr
Leu Arg

Avasti n- LCO6- VH VL <400> 125 G n
Leu Val Gu Ser Gy Ala Gu Val Lys Lys Pro Gy Al a 151015 Set Val
See10pso oy g IAbarrSe¢lrGeyo Pyp SEmrVaPhgerTHzl @Ely FRprG302580 Tyr Met Hi s
Arg Gn Ala Procdy Gn Ay Leut™@u Trp Met 354D45 Gy Trp |le Asn
Set Ay Ay Thr Asn Tyr Ala G n Lys The 505560 Gn Ay Arg Val Thr

Ar a J h s er L S A
o ghrﬁs%g }2% ?@rTh gys\slgiy-[;%z %?Aggl gg;g%@?%gybé G,4h Leu Ser Arg

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Vval Tyr
35 40 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Bsp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
’ 85 90 85

Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala
100 105 110

Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
115 120 125

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 ‘ 140

Bla Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155 160

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
185 200 205

Ser Phe Asn Arg Gly Glu Cys
210 215

<210> 124



Ala Arg
Pro Ay
Set Al a
- 101 -
Al a Len
Gy Leu
Gy Thr
Lys Val
Cys Pro
Phe Len
Pro Gn
Val Lys
Thr Lys
Val Len

Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser @y Tyr Tyr Tyr 100105110
Ala Phe Asp Ile Trp Ay Gn Ay Thr Met Val Thr Val Ser 115120125
Set Thr Lys Ay Pro Set Val Phe Pro Leu Ala Pro Set Set 130135140
145150155160 Tyr Phe Pro Qu Pro Val Thr Val Set Trp Asn Set Gy
Thr 165170175 Ser Gy Val H's Thr Phe Pro Ala Val Leu G n Set Set
Tyr 160185190 Ser Len Ser Ser Val Val Thr Val Pro Set Set Ser Leu
G n 195200205 Thr Tyr Ile Cys ASH “val Asn His Lys Pro Set Asn Thr
Asp 210215220 Lys Lys Val GQu Pro Lys Set. Cys Asp Lys Thr His Thr
Pr @2225280235240 Cys Pro Ala Pro G n Len Len Gy Ay Pro Set Val
Phe2Pro 28245250255 Pro Lys Pro Lys Asp Thr Len Met Ile Ser Arg Thr
Val<2ifr 260265270 Cys Val Val Val Asp Val Set His Gn Asp Pro G u
Phe, Asn 275280285 Trp Tyr Val Asp Gy Val Qu Val H's Asn Ala Lys
Pr ;0 290295300 .00 Gl4pol A T W vASSehonlBl T¥fariy Val Val Set
)

al <VEGF-ANG-2> antibody molecule Avastin-LC06-CH1-CL
<400> 124
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 : . 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 20 95

Thr Phe Gly Cys Gly Thr Lys Val Glu Ile Lys Ser Ser Ala Ser Thr
100 105 110

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
115 120 125

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
130 135 140

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His
145 150 155 160

Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser
165 170 175

val vVal Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
180 185 190



305310315320 Len His Gn Asp Trp Leu Asn Ay Lys Gu Tyr Lys Cys Lys Val

Set
Lys
Asp
Phe
Gn
Asp
Trp
H s

325330335 Asn Lys Ala Leu Pro Ala Pro Ile Qu Lys Thr Ile Set Lys Al a
340345350 Sly Gn Pro Arg Gn Pro Gn Val Tyr Thr Leu Pro Pro Cys Arg
355360365 G n Leu Thr Lys Asn G n Val Ser Len Trp Cys Len Val Lys Ay
370375380 - 102 - Tyr Pro Ser Asp Ile Ala Val Qu Trp Qu Ser Asn Ay
Pro G n 385390395400 Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser

Gy Ser Phe 405410415 Phe Leu Tyr S&°1ys Len Thr Val Asp Lys Ser Arg
Gn Gn Gy 420425430 Asn,Val Phe Ser Cys Ser Val Met Hs Gu Ala Len
Asn Hi's Tyr 435440445 Thr G n Lys Ser Leu Ser Leu Ser Pro Gy Lys

450455 <210sn Y25 AeD s WIFQP=D §9> APRThe 2y3>Vaty fFF iLyp dlys <2208l w223> Heavy
chain 2 of bispedPfic, bivalent d8fmi n exchanged “2VEGF- ANG 2> anti body
nol ecul e Avastin-LC06- VH VL <400> 126 Asp Ile G n Met Thr G n Ser Pro Ser

Ser

Len Set ALgs 86k val Ay 151015

210
<210> 125
<211> 459
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, bivalent domain exchanged
<VEGF~ANG-2> antibody molecule Avastin-LC06-VH-VL

<400> 125

Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30 ’

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60 :

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 110

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser
- 115 120 125

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
130 135 140

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp



Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gn Asp Ile Ser Asn Tyr 202530 Len
Asn Trp Tyr Gn A@n Lys Pro Ay Lys Ala Pro Lys Val Len |Ile 354045 Tyr Phe
Thr Ser Ser Leu His Ser Ay Val Pro Ser Arg Phe Ser Ay 505560 Ser Gy Ser
Ay Thr Asp Phe Thr Len Thr Ile Ser Ser Len A n Pro 65707580 - 103 - Thr
Phe Ay Gn Ay Thr Lys Val Qu Ile Lys Set Set Ala Set Thr 100105110 Lys
Gy Pro Ser Val Phe Pro Leu Ala Pro Set Set Lys Set Thr Set 115120125 Qdvy
Sly Thr Ala Ala Leu Ay Cys Leu Val Lysl®sp Tyr Phe Pro G u 130135140 Pro
Val Thr Val Ser Trp Asn Ser Sly Ala Leu Thr Set Sly Val Hs 145150155160

. Thr Phe PresAl a Val Leu G nscSet Set Sly LewssTyr Set Leu SetsdSer 165170175
Val Val Thr Val Pro Set Set Set Leu Ay Thr G@n Thr Tyr Ile Cys 180185190
Asn Val Asn H s Pro Set Asn Thr Lys Val Asp Lys Val du 195200205
Pro Lys Sefyoy§e ﬁga CLlysPrPhYawgr Tar Seys ﬂ](ﬁsrpﬁ&r § Begt jéel aMPro 210215220

r

Gu Lou Leu Sly Sly Pro 18et Val Phe Leu'Phe Pro Pro Lys 0 Lys
225230235240
Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr

180 ‘ 185 190

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln
195 200 205

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
210 215 220

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
225 230 235 ' 240

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
245 250 ‘ 255

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
260 265 270

Cys Val val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
275 280 285

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
290 295 300

Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr val
305 310 315 320

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
325 330 335

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
340 345 350

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Cys Arg Asp
355 360 365

Glu Leu Thr Lys Asn Gln Val Ser Leu Trp Cys Leu Val Lys Gly Phe
370 375 : 380



Asp Thr Leu Met Ile Ser Arg Thr Pro Gu Val Thr Cys Val Val Val 245250255
Asp Val Set H's Qu Asp Pro Qu Val Lys Phe Asn Trp Tyr Val Asp 260265270
Sly Val du Val Hs Asn Ala Lys Thr Lys Pro Arg Gu Qu dn Tyr 275280285
Asn Set Thr Tyr Arg Val Val Set Val Leu Thr Val Leu H's Gn Asp 290295300
Trp Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val Set Asn Lys Ala Leu
305310315320 - 104- 325330335 Gu Pro G n Val Cys Thr Leu Pro Pro Ser Arg
Asp G u Leu Thr Lys 340345350 Asn G n VA2 Set Leu Set Cys Ala Val Lys Gy
Phe Tyr Pro Ser Asp 355360365 Ile Ala Val GQu Trp Gu Ser Asn Ay Gn Pro
G u Asn Asn Tyr Lys 370375380 Thr Thr Pro Pro Val Leu Asp Ser Asp Gy Set
Phe Phe Leu Val Set 385390395400 Lys Leu Thr Val Asp Lys Set Arg Trp Gn
Gn Gy Ashyvaro Pke 2set Teoblel o Sleyspseh %;g AMREIHEAY Ah Leu H s Asn
H's Tyr ThP®G n Lys Set 426425430 Leu Set C&u Ser Pro Gy Lys 435 <210> 127
<211> 215 <212> PRT <213> Artificial <220>

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
420 425 430

Bsn.Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
435 440 445

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

450 455
<210> 126
<211> 439
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 2 of bispecific, bivalent domain exchanged
<VEGF~ANG-2> antibody molecule Avastin-LC06-VH-VL

<400> 126

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 . 5 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95



<223> Light chain 1 of bispecific, bivalent domain exchanged <VEG--ANG 2>
anti body nol ecul e Avastiln-LC06- VH VL <400> 127 G n Pro Ay Leu Thr Gn
Pro Pro Ser Val Set Val Ala Pro Ay Gn 151015 Thr Ala Arg Ile Thr Cys dy
Ay Asn Asn Ile Ay Set Lys Set Val 202530 His Trp Tyr Gn Gn Lys Pro Gy
Gn Ala Pro Val Leu Val Val Tyr 354045 - 105 - Asn Set Ay Asn Thr Ala Thr
Leu Thr Ile Set Arg Val Gu Ala Ay 65;1%580 Asp G n Ala Asp Tyr Tyr Cys
Gn Val Trp Asp Set Set Set Asp His 859095 Tyr Val Phe @y Thr Ay Thr Lys
Val Thr Val Len Arg Thr Val Al a 100105110 Ala Pro Ser Val Phe Ile Phe Pro
Pro Set AspirGne G@ncleGliydrSets 145ER0T26 1@sySeFhferAld2 S6F Wal Val Cys Len
Len Asn Asn Phe Tyr 1Mo Arg G u 130185140 Ala Lys Val°G n Trp Lys Val Asp
Asn Ala Len Gn Set Ay Asn Ser 145150155160 Gn Gu Set Val Thr Gn Gn
ASF) Set kgf;s¢§£§ g%% Sl¥”§a¥)@he5$¥o Egﬂ1A%@EELZCEEZSSégeLyga%Er1%%& 48N Thr Len Set

Lys Ala N1 Lys H's Lys vVal 180185190 TyuzAla Cys GQu Val Thr Hi's
Gn Ay Leu Set Set Pro Val Thr Lys

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
130 135 140

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His
145 : 150 155 160

Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser
165 170 175

val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
180 185 130

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
195 200 205

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
210 215 220

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
225 230 235 240

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
245 250 , 255

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
260 265 270

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
275 280 285

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
230 295 300

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
305 310 315 320

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg



195200205 Set Phe Asn Arg Ay G n Cys 210215 <210> 128 <211> 230 <212> FRT
<213> Artificial <220> <223> Light chain 2 of bispecific, bivalent domain -
exchanged <VEGF- ANG 2> anti body nol ecul e Avastin-LC06- VH VL <400> 128 G n
Val Gn Lou Val Gn Set dy Gy Ay Len Val Gn Pro Ay Gy 151015 -106-
202530 Ay Met Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp Val
354045 Gy Trp Ile Asn Thr Tyr Thr Ay u Pro Thr Tyr Ala Al a Asp Phe
505560 Lys Arg Arg Phe Thr Phe Set Leu’ ) Thr Set Lys Set Thr Ala Tyr
65707580 Leu G n Met Asn Set Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Tyr Pro 3bs Tyr Tyr Ay B€r Set Hs Trp 3Bpyr Phe Asp Val
100105110 Trp Ay Gn dy Thr Leu Val Thr Val Set Set Ala Set vVal Ala Al a

115120125 Pro_Set. Val e._Ph ro Pro u Lys Set dy
130135140 Tt & 8% Q’ \{Jn b et Pr5Lsreu R Al %luéﬁ L Arg Gu Ala

Asn Gln Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp
355 360 365

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
370 375 380

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Val Ser
385 390 395 400

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
405 410 415

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
420 425 430

Leu Ser Leu Ser Pro Gly Lys

435
<210> 127
<211> 215
<212> PRT

<213> Artificial

<220>

<223> Light chain 1 of bispecific, bivalent domain exchanged
<VEGF~ABNG-2> antibody molecule Avastin-LC06- VH-VL

<400> 127

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60



145150155160 Lys Val G'n Trp Lys Val Asp Asn Ala Leu G n Set Gy Asn Set
G n 165170175 Au Set Val Thr Qu G n Asp Set Lys Asp Set Thr Tyr Set Leu
Ser 180185190 Set Thr Leu Thr Leu Set Lys Ala Asp Tyr Gu Lys His Lys Val
Tyr 195200205 Ala Cys Au Val Thr Hs Gn Ay Lea Set Set Pro Val Thr Lys
Ser 210215220 Phe Asn Arg Gy du Cys 225230 - 107- <212> PRT <213>
Artificial <220> <223> Heavy chain 1 of bispecific, bivalent domain
exchanged <VEGF- ANG 2> anti body mol ecurd0vasti n- LC0O6- VH VL- 33 <400> 129
Gn Val Gn Leu Val Qu Ser Ay Ala Qu Val Lys Lys Pro Ay Ala 151015 Ser
Val Lys Val Ser Cys Lys Ala Ser Ay Tyr Thr Phe Thr Ay Tyr 202530 Tyr Met
H s Trp VabksiAsgr Glm AnaTir 81dTyr Gen WysIleefexGAng Tep Wt ABSA0A5 Ay Trp Ile
Asn Pro Ash>Ser Ay Ay Thr%Asn Tyr Ala G A°Lys Phe 5055608Gn Gy Arg Val
Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr 65707580

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 - 90 95

Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala
100 105 110

Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
115 120 125

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155 160

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
195 - 200 205

Ser Phe Asn Arg Gly Glu Cys

210 215
<210> 128
<211> 230
<212> PRT

<213> Artificial

<220>

<223> Light chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL

<400> 128

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr



Met Gu Leu Ser Arg Leu Arg Set Asp Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Set Ay Tyr Tyr Tyr 100105110 Pro
Gy Ala Phe Asp Ile Trp Ay Adn dy Thr Met Val Thr Val Ser 115120125 Ser
Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 130135140 Lys
Ser Thr Ser Ay Ay Thr Ala Ala Len Ay Cys Leu Val Lys Asp 145150155160
Tyr Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr 165170175
- 108- Ser Leu Set Set Val Val Thr Val -6 Set Ser Set Leu Ay Thr Gn
195200205 Thr Tyr Ile Cys Asn Val Asn His Lys Pro Set Asn Thr Lys Val Asp
210215220 Lys Lys Valp Gu Pro Lys Sets Cys Asp Lys Thawo Hi's Thr Cys Pro Pro
225230235240 Cys Pro Ala Pro G n Len Len Ay Gy Pro Set Val Phe Len Phe
Pro 245250255 Pro Lys Pro Lys Asp Thr Leu Met Ile Set Arg Thr Pro G u Val
Thr 260265970 MeYy Psval-P\iid! % GAR Aa| Praet vy &Hh jﬁg\spﬂpr%fpe"ﬁl Val Lys She
Asn 275280285 Trp°Tyr Val Asp Gy Vol Gn Vol H s Asn Ala Lys Thr Lys Pro
Arg 290295300

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe

50 55 60

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110 -

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Val Ala Ala
115 120 125

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
130 135 140

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
145 150 155 160

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
165 170 175

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
180 185 130

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
195 200 205

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
210 215 220

Phe Asn Arg Gly Glu Cys
225 230

<210> 129
<211> 459



Gn du Gn Tyr Asn Set Thr Tyr Arg Val

Lys
Asp
She
Au
Ser
Al a
Lys

chain 2 of )

340345350 Ay Gn Pro Arg Gn Pro G n Val

355360365 G n Len Thr

370375380 Tyr

She 405410415

Lys Asn G n Val

Pro Set Asp Ile Ala Vﬁ)&

385390395400 Ago Asn Tyr Lys Thr Thr ‘Pro Pro Val
- 109- 420425430 Asn Val
Leo Hi s2iasn #ATs Tyr 435440445 Thr G n Lys Ser

Vol

Ser Val

Leu Thr Vol
305310315320 Len His G n Asp Trp Leu Asn Ay Lys G n Tyr
Set 325330335 Asn Lys Ala Len Pro Ala Pro Ile Qu Lys Thr
Tyr Thr
Set Len Trp Cys Len Val Lys Ay
GQu Trp Au Set Asn Ay Gn Pro
Len Asp Set Asp Ay

Len

450455<2B20>Ari80icé2 1> 439 <212> PRT <213> Artificial

mol ecul e Ay

Ser
Ser

Ser Leo

<40

Lys Cys Lys Val
Ile Set Lys Al a q
Pro Pro Cys Arg

Phe Ser Cys Ser Val Met Hs Gu
Leu Ser

Leu Ser Pro Ay
<220> <223> Heavy

specific, bivalent domain exchanged <VEGF- ANG 2> anti body

L Nz L 08 YR Yis 33, 5400251130, 1681 nk | @1 ik MetnalBea G n Ser Pro
er Aear-Q6-MahntGhyayl 8d LR AspaAig-Mals-Thwiidse Thr Cys Ser Al a
Gn Asp Ile Ser Asn Tyr

0>

129

Gln val Gln

1

Ser

Tyr

Gly

Gln

65

Met

Ala

Pro

Ser

Lys

145

Tyr

Ser

Val

Met

Trp

50

Gly

Arg

Gly

Ala

130

Ser

Phe

Gly

Lys
Ris
35

Ile
Arg
Leu
Ser
Ala
115
Ser
Thr

Pro

Val

Leu Val Glu

Val

20

Trp

Asn

Val

Ser

Pro

100

Phe

Thr

Ser

Glu

His
180

5

Ser

Val

Pro

Thr

Arg

85

Asn

Asp

Lys

Gly

Pro

165

Thr

Cys

Arg

Asn

Met

70

Leu

Pro

Ile

Gly

Gly

150

Val

Phe

Ser

Lys

Gln

Ser

55

Thr

Arg

Tyr

Trp

Pro

135

Thr

Thr

Pro

Gly

Ala

Ala

40

Gly

Arg

Ser

Tyr

Gly

120

Ser

Ala

Val

Ala

Ala
Ser
25

Pro
Gly
Asp
Asp
Tyr
105
Gln
Val
Ala

Ser

Val
185

Glu

10

Gly

Gly

Thr

Thr

Asp

Asp

Gly

Phe

Leu

Trp

170

Leu

vVal

Tyr

Gln

Asn

Ser

75

Thr

Ser

Thr

Pro

Gly

155

Asn

Gln

Lys
Thr
Cys
Tyr
60

Ile
Ala
Ser
Met
Leu
140
Cys

Ser

Ser

Lys

Phe

Leu

45

Ala

Ser

vVal

Gly

Val

125

Ala

Leu

Gly

Ser

Pro

Thr

30

Glu
Gln
Thr
Tyr
Tyr
110
Thr
Pro
Val

Ala

Gly
190

Gly

15

Gly

Trp

Lys

Ala

Tyr

Tyr

Val

Ser

Lys

Leu

175

Leu

Ala-

Tyr

Met

Phe

Tyr

80

Cys

Tyr

Ser

Ser

Asp

160

Thr

Tyr



202530 Leo Asn Trp Tyr A n Gn Lys Pro Ay Lys Ala Pro Lys Val Leu lle
354045 Tyr Phe Thr Ser Ser Leu His Ser Ay Val Pro Ser Arg Phe Ser Gy
505560 Ser Gy Ser Ay Thr Asp Phe Thr Leo Thr Ile Ser Ser Leu Gn Pro
65707580 Ciu Asp Phe Ala Thr Tyr -Tyr-Cys G n Gn Tyr Ser Thr Val Pro Trp
859095 Thr Phe Gy Gn Ay Thr Lys Val Qu Ile Lys Ser Ser Ala Ser Thr
100105110 Lys Gy Pro Ser Val Phe Pro Leo Ala Pro Ser Ser Lys Ser Thr Ser
115120125 -110- Pro Val Thr Val Ser Trb Asn Ser Ay Ala Leu Thr Ser Ay
Val H's 145150155160 Thr Phe Pro Ala Val Leu Gn Ser Ser Ay Leu Tyr Ser
Leu Ser Seped®51701 er\Vadl V@l THhrvaVatroPier Ser sGerebedlyl®Bu Gy Thr G n Thr
Tyr Ile Cys 180188190 Asn Val AsrfORis Lys Pro Serr%Asn Thr Lys Val Asp Lys
Lys Val A u 195200205 Pro Lys Ser Cys Asp Lys Thr Hi's Thr Cys Pro Pro Cys
Pro Ala Prg u Phe Pro Pro
Lys Pro Lys %%%%%2%“@% E%'?qugu]yyl\s/&% E)(gerO]é‘Ia hyaLys \?aqPr%yG u Val Thr
Cys Vval Vval Val

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
225 230 235 240

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
245 250 255

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
» 260 265 270

© Cys Val val Val Asp val Ser His Glu Asp Pro Glu Val Lys Phe Asn
' ' 2715 2 - 280 285 .

- Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
290 295 300

Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
305 310 315 320

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
325 330 335

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
340 345 350

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Cys Arg Asp
355 360 365

Glu Leu Thr Lys Asn Gln Val Ser Leu Trp Cys Leu Val Lys Gly Phe
370 375 380

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
385 390 395 400

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly



245250255 Asp Val Ser Hi's Qu Asp Pro Au Val Lys Phe Asn Trp Tyr Val Asp

260265270 Ay Val Qu Val H's Asn Ala Lys Thr Lys Pro Arg Qu GQu G n Tyr

275280285 Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu H's Gn Asp

290295300 Trp Leu Asn Gy Lys Gu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu

305310315320 Pro Ala Pro Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro

Arg 325330335 Qu Pro Gn Val Cys Thr L@g Pro Pro Ser Arg Asp. G u Leu Thr
t

Lys 340345350

Ile Ala Val Gu Trp Gu

Asn Ay Gn Pro Qu Asn Asn Tyr

Lys 370375380 Thr Thr Pro Pro Val Leo Asp Set Asp Gy Set Phe Phe Leo Val

Ser 385390395400 Lyd2¢eo Thr Val
Phe Set 405410415 Cys Set Val
Lys Set 42}(\)41
<212> PRT <213

Li ght chaipps 1 of bispecific,

Asg2bys Set Arg Tr3&Gn Gn Ay Asn Val
Met HHs GQu Ala Leo H's Asn H's Tyr Thr Gn
%514 ]quCI 5] Selfeg?)lsﬁ%%é 9 G@uy?]llay]§eu4§§s i\gljrqasl’]%']r <211> 215

bi val ent domain exchanged <VEGF- ANG 2> ant i body nol ecul e Avasti n- LCO8-
VH VL-SS <400> 131 Gn Pro Ay Leo Thr Gn Pro Pro Set Val Set Val

Ay Gn

Thr Gln
450

<210>
<211>
<212>
<213>

<220>
<223>
<400>

Asp Ile
1

" Asp Arg

Leu Asn

Tyr Phe
50

Ser Gly

65

Glu Asp

Thr Phe

Lys Gly

Gly Gly
130

Lys Ser Leu Ser Leu Ser Pro Gly Lys
455
130
439
PRT
Artificial
Heavy chain 2 of bispecific, bivalent domain exchanged

<VEGF-ANG-2> antibody molecule Avastin-LC06-VH~VL-SS

1130

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
55 60

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
70 75 80

Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Ala Ser Thr
100 105 110

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
115 120 125

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
135 140

Abs Pro

-«



151015 Thr Abs Arg Ile Thr Cys Gy Ay Asn Asn Ile Ay Ser Lys Ser. Val
202530 His Trp Tyr Gn Gn Lys Pro Gy Gn Ala Pro Val Leo Val Val Tyr
354045 Asp Asp Set Asp Arg Pro Set Ay Ile Pro Qu Arg Phe Set Ay Set
505560 Asn Set Ay Asn Thr Ala Thr Leo Thr Ile Ser Arg Val u Ala Ay
65707580 Asp Gu Ala Asp Tyr Tyr Cys G n Val Trp Asp Ser Set Ser Asp His
859095 - 112 - Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp G n G n Leu Lys
Set 115120125 Gy Thr Ala Ser Val Val T/Leu Len Asn Asn Phe Tyr Pro Arg
G u 130135140 Ala Lys Val @n Trp Lys Val Asp Asn Ala Leu G n Set Ay Asn
Set 145150155160 Grt GQu Set Val Thr Gn Gn Asp Set Lys Asp Set Thr Tyr
Set Len 163%704l75bSeel Ser Ty AteSeTREY Féa St T1€/§GN%Y%}5 “Ié;f Au Lys Hs
Lys Val 180%85190 Tyr Ala &s Gn Val Thr H° Gn Gy Len 6t Set Pro Val
Thr Lys 195200. 205 Set Phe Asn Arg Ay du Cys 210215 <210> 132 <211> 230

<212> PRT 5}%181% 'QE& iAfliaC\iaal Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser
165 170 175

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
180 185 190

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
195 ’ 200 205

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
210 215 220

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
225 ) 230 235 240

Bsp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Vval Val
245 250 255

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
260 265 270

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
) 275 280 285

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
290 295 300

. Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
305 310 315 320

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
325 330 335

Glu Pro Gln Val Cys Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
340 345 350

Asn Gln Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp
355 360 365



<220> <223> Light chain 2 of bispecific, bivalent domain exchanged

<VEGF- ANG- 2> anti body nol ecul e Avasti n-L006- VR-VL-SS <400> 132 Gn Val Gn
Len Val Gu Set Ay Ay Ay Len Val Gn Pro Ay Ay 151015 Set Leu Arg Leu
Set Cys Ala Ala Set Ay Tyr Thr Phe Thr Asn Tyr 202530 Gy Met Asn Trp Val
Arg Gn Ala Pro Ay Lys Ay Len Gn Trp Val 354045 - 113- Lys Arg Arg Phe
Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr 65707580 Leo G n Met Asn
Ser Leu Arg Ala Qu Asp Thr Ala Val Tyrliyr Cys 859095 Ala Lys Tyr Pro His
Tyr Tyr Ay Ser Ser His Trp Tyr Phe Asp Val 100105110 Trp Gy G n dy Thr
Leo Val Thridaka Sen SertA aiSeer iah Alyacl ard 54 28225 Pro $e¢ Val Phe |l e
Phe Pro Pro Sef0Asp GQu G n Léd5Lys Ser Ay 136435140 Thr Ala Ser Val Val
Cys Leu Leu Asn Asn Phe Tyr Pro Arg A u Ala 145150155160 Lys Val Gn Trp

Lys Val As a leo G n Ser n.Ser. G 701 Ser Val Thr
du Gn Asggnggrﬁgfg éifé’pv%egzgrﬁ‘?p%?l "é@’rGﬁeé‘; epgei%gﬁ?lg% g&%’ Thr Leu Thr
Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys Val Tyr

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
405 410 415

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
420 425 430

Leu Ser Leu Ser Pro Gly Lys

435
<210> 131
<211> 215
<212> PRT

<213> Artificial

<220>

<223> Light chain 1 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL-SS

<400> 131

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly .Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Bsp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Sexr Ser Ser Asp His
85 90 95

Tyr Val Phe Gly Cys Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala
100 105 110



195200205 Ala Cys Qu Val Thr Hs Gn Ay Leo Ser Ser Pro Val Thr Lys Ser
210215220 Phe Asn Arg Ay A u Cys 225230 <210> 133 <211> 706 <212> PRT
<213> Artificial <220> <223> Heavy chain 1 of bispecific, bivalent ScFab-Fc
fusi on <VEG-- ANG- 2> anti body nol ecul e Avasti n-LCO6- N-sci ab <400> 133 -114-
Thr Ala Arg Ile Thy Cys Gy Gy Asn Asn Ile Gy Ser Lys Ser Val 202530 Hi s
-~ Trp Tyr Gn Gn Lys Pro Gy Gn Ala Pro Val Leu Val Val Tyr 354045 Asp Asp
Set Asp Arg Pro Set Ay Ile Pro Au Arglbhe Set Ay Ser 505560 Asn Ser Qvy
Asn Thy Ala Thy Leu Thr Ile Set Arg Val Qu Ala Ay 65707580 Asp Qu Al a
Asp Tyr Tyr Cys G n Val Trp Asp Ser Set Set Asp Hi s 859095 Tyr Val Phe Gy
Thr Ay Thr Lys 'Val Thr Val Leu Arg Thr Val Al a 100105110 Ala Pro Set Va
She || e PhalPrec By Bt Phgs plaaPie Grf ireuStsy §SiBELy %gllfm% &Y Thy Ala Ser
Val Vol Cys Leu L8t Asn Asn Phe TyP Pro Arg Gu 130135140 Ala Lys Vol Gn
Trp Lys Val Asp Asn Ala Leu G n Ser Gy Asn Set

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 ‘ 135 140

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155 160

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
: 165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro ‘Val Thr Lys
195 B 200 p -205 :

Ser Phe Asn Arg Gly Glu Cys

210 215
<210> 132
<211> 230
<212> PRT

<213> Artificial

<220>

<223> Light chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL-SS

<400> 132

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 60



145150155160 G n Gu Ser Vol Thr Au G n Asp Set Lys Asp Ser Thy Tyr Ser

Leu
Vol

Lys
Ay
Set

Lys
Gn
Set

Thr
Leu
Pro
Ile
Sy

165170175 Set Set Thr Leu Thr Leu Set Lys Ala Asp Tyr Qu Lys H's Lys
180185190 Tyr Ala Cys Qu Vol Thr Hs Gn Gy Leu Set Set Pro Vol Thr
195200205 Set Phe Asn Arg Ay Gu Cys Ay Ay Ay Gy Set dy Ay Ay
210215220 -115- Gy Sly Ay Sly Set Sly Ay Gn Val Gn Leu Val Qu
Sly Ala 245250255 G u Val Lys Lys Pro Ay Ala Set Val Lys Val Set Cys
Ala Set 260265270 Sly Tyr Thr Phe ThHPSly Tyr Tyr Met His Trp Val Arg
Ala Pro 275230285 Sly Gn Ay Leu GQu Trp Met Sly Trp Ile Asn Pro Asn
Gy Sl y2902935300e Thnr Bsnsdy meAlzapGhy frsLPn@eGMThr@Glp Aymg Val Thr Met
Arg Asps 305310315320 THt Set Ile Set Thr Ala Tyr Met GPU Leu Set Arg
Arg Set Asp 325330335 Asp Thr Ala Val Tyr Tyr Cys Ala. Arg Set Pro Asn
Tyr Tyr T 403453 t Ty P Al a Phe Asp
Trp Sl %/e‘le)é%n ?ﬁg%@g%ﬁ% g%gA? rAl%gc%lu\(%ﬁj% 1€Al\/%lvals>eﬁ{yrs?;?§ %% Set Thr Lys
Pro Set Val

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Val Ala Ala
115 120 125

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
130 135 140

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
145 150 155 160

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
165 ~ 170 175

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
180 ’ 185 190

Ser Thr Leu Thr Leu Sef Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
195 200 205

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
210 215 220

Phe Asn Arg Gly Glu Cys
225 230

<210> 133
<211> 706
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, bivalent ScFab-Fc fusion
<VEGF-ANG-2> antibody molecule Avastin-LC06-N-scFab

<400> 133

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15



370375380 Phe Pro Leu Ala Pro Set Set Lys Set Thr Set Gy Ay Thr Ala Ala
385390395400 Leu Ay Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Va
Set 405410415 Trp Asn Ser Gy Ala Leu TimSet Sly Val His Thr Phe Pro Al a
Val 420425430 Leu G n Set Set Sly Leu Tyr Set Leu Set Set Val Val Thr Va
Pro 435440445 -116- Pro Set Aso Thr Lys Val Asp Lys Lys Val GQu Pro Lys
Set Cys Asp 465470475480 Lys Thr H s Th1 Cys Pro Pro Cys Pro Ala Pro Qu
Leu Leu Gy Gy 485490495 Pro Ser Val PL@ Leu Phe Pro Pro Lys Pro Lys Asp
Thr Leu Met 1le 500505510 Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp
Val Set His Gu 515520525 Asp Pro G u VaI Lys Phe Asn Trp Tyr Val Asp Ay
Val Gu Val H's 530535540 Asn_Al a \/E1y f’r(g % C;:T{ @ n Tyr Asn
Set Thr Tyf™aPtf %ﬁ%%g%%‘%@ﬁ Cal G%IAsgeﬁsn oV erLou Hs An Asp
Trp Leu Asn Gy Lys 565570575 G u Tyr Lys Cys Lys Val Ser Asn Lys Ala Lou
Pro Ala Pro Ile du 580585590 Lys Thr Ile Set Lys Ala Lys Ay Gn Pro Arg

Gu Pro G miéJafp'fyf Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 ' 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 - 80 95

Tyr Val Phe Gly Thr Gly Thr Lys* Val Thr Val Leu Arg Thr Val Ala
100 , ; 105 ~ 110 .

Bla Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
115 120 125

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 : 155 160

Gln Glu Ser Val Thr Glu Gln ‘Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 ] 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
195 200 205

Ser Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gly
210 215 220

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
225 230 235 240



595600605 Thr Leu Pro Pro Cys Arg Asp GQu Leu Thr Lys Asn G n Val Ser Leu
610615620 Trp Cys Leu Val Lys Gy Phe Tyr Pro Set Asp Ile Ala Val GQu Trp
625630635640 G u Set Asn Ay Gn Pro Gu Asn Aso Tyr Lys Thr Thr Pro Pro
Val 645650655 Leu Asp Ser Asp Ay Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
Asp 660665670 Lys Set Arg Trp Gn Gn @y Asn Val Phe Set Cys Ser Val Mt
H s 675680685 - 117- 690695700 Ay Lys 705 <210> 134 <211> 699 <212> PRT
<213> Artificial <220> <223> Heavy chai H>37 of bi speci fic, bivalent ScFab-Fc
fusi on <VEGF- ANG 2> anti body nol ecul e Avasti n-L006- N-scFab <400> 134 Asp
Ile Gn Met Thr A n Ser Pro Her Ser Leu Ser Ala Ser Val Gy 151015 Asp Arg
Val Thr |1 8LTRFY G CSerSeAl @ ySEy Gl VAS PP euser! Ash SFYrci202530 Leu Asn Trp
Tyr Gn Gn Lys Pro G y*ys Ala Pro Lys>Yal Leu Ile 3540°45 Tyr Phe Thr Ser
Ser Lou His Ser Ay Val Pro Ser Arg The Ser Gy 505560 Ser Gy Ser Ay Thr

Asp Phe Thgidesh The 1hkerSe1,Sela lsed vE nLyBr @1 ser cys Lys Ala Ser
260 265 270

Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gln Ala Pro
275 280 285

Gly Gln Gly Leu Glu Trp Met Gly Trp Ile Asn Pro Asn Ser Gly Gly
290 ' 295 300

Thr Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Met Thr Arg Asp
305 310 315 320

Thr Ser Ile Ser Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Asp
325 330 335

Asp Thr Ala Val Tyr Tyr Cys~AlaﬁArg Ser Pro Asn Pro Tyr Tyr Tyr
340 345 350

Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp Gly Gln
355 360 365

Gly Thr Met Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
370 375 380

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
385 3380 395 400

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
405 410 415

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
420 425 430

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
435 440 445..

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
450 455 460



65707580 G u Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr Ser Thr Val Pro Trp
859095 Thr Phe Ay Gn Ay Thr Lys Val Qu Ile Lys Arg Thr Val Ala Al a
100105110 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu Gn Leu Lys Ser Gy
115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a
130135140 Lys Val G n Trp Lys Val Asp Asn Ala Leu G n Ser Ay Asn Her Gn
145150155160 - 118- Qu Set Val Thr Au G n Asp Set Lys Asp Ser Thr Tyr
Set Leu Set 165170175 Set Thr Leu Thr télfSet Lys Ala Asp Tyr Gu Lys Hi s
Lys Val Tyr 180185190 Ala Cys Gu Val Thr Hs Gn Gy Leu Set Set Pro Val
Thr Lys Sebrdl95200r0mrPhe Asnads gySnys@dl Eyspre Ly ger@y Gy Set Ay Gy
Ay Ay Set6210215220 Ay @y Gy Ay Set @Gy Ay Ay Ay 8t dy Ay Qy
Gy Set Ay 225230235240 Ay Ay Gy Set Ay Ay Au Val Gn Leu Val Qu

Set Ay Gy Gy 245250255 Leu _Val.  Gn Pro Set Leu Leu Set Cys
Ala A a Se%‘%l%r %652‘52%@ li:tyor Pﬁrcyﬁh%oééé %%G%?ieb%fur\%g % Trp Val Arg
Gn Ala Pro Ay

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
500 505 510

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu
515 520 525

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
530 535 540

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyf Arg
545 550 555 560

Val val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
565 570 575

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu
580 585 590

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
595 600 605

Thr Leu Pro Pro Cys Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu
610 615 620

Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
625 630 635 640

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
645 650 655

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
660 665 670

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
675 680 685

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro



275280285 Lys Ay Leu Gu Trp Val Ay Trp Ile Asn Thr Tyr Thr Ay Gu Pro
290295300 Thr Tyr Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Set Leu Asp Thr
305310315320 Ser Lys Set Thr Ala Tyr Leu G n Met Asn Set Leu Arg Ala G u

Asp 325330335 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro H's Tyr Tyr Ay Set
Set 340345350 His Trp Tyr Phe Asp Val Trp Ay G n @y Thr Leu Val Thr Val
Set 355360365 - 119- Lys Ser Thr Set GI}/ @y Thr Ala Ala Lea Ay Cys Lea
Val Lys Asp 385390395400 Tyr Phe Pro G d'Pro val Thr Vol Set Trp Asn Set

Gy Ala Lea Thr 405410415 Set Ay Val H's Thr Phe Pro Ala Val Lea G n Set
Set Gy Leu Typo420425430 Set 6Bea Set Set Val 7%&l Thr Val Pro Set Ser Set
Lou Ay Thr GI n 435440445 Thr Tyr Ile Cys Aso Val Asn His Lys Pro Set Asn
Thr Lys VaI 450455460 Lys Lys Val Qu Pro Lys Set Cys Asp Lys Thr His
Thr Cys P 465470475480 Cys Pro Ala Pro Qu Lou Lea Gy Ay Pro Set

Val Phe Leu he Pro 485490495 Pro Lys Pro Lys Asp Thr Leu Met Ile Set Arg
Thr Pro GQu Val Thr

<210> 134
<211> 699
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 2 of bispecific, bivalent ScFab-Fc fusion
<VEGF-BNG-2> antibody molecule Avastin-LC06-N-scFab

<400> 134

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 ’ 10 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp TyrwGln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160



500505510 Cys Val Vol Vol Asp Val Set His Gu Asp Pro GIl Val Lys Phe Asn

515520525 Trp Tyr Vol

Asp Ay Val
530535540 Gu @u @n Tyr Asn Set Thr Tyr Arg Vol
545550555560 Leu His G n Asp Trp Leu Asn Ay Lys Qu Tyr
Ser 565570575 Pisn Lys Ala Lou Pro Ala Pro Ile GQu Lys Thr

d u Val

H's Asn Ala Lys Thr Lys Pro Arg

Lys 580585590 Ay dn Pro Arg Qu Pro G n Val
Asp 595600605 A u Leu Thr Lys Asn G n Vél8Set Leu Ser Cys Ala Vol Lys Ay
Pro Ser Asp Ile Al a Val
Lys Thr Thr

Phe - 120 -

Trp Gn Gn Ay 660665678 Asn Val The Het® Cys Her Val

610615620 Tyr
Gn Pro Qu 625630635640 Asn Asn Tyr

H's Asn H's Tyr 675680685 Thr G n Lys Ser Her |
690695 <21Q3z, 135 1221dz 406552198 MR 5243> e Ll igkalys va1

Ala

Phe

Gly

225

Gly

Leu

Tyr

Lys

Thr

305

Ser

Thr

His

Ser

Cys

Asn

210

Gly

Gly

Val

Thr

Gly

290

Tyr

Lys

Ala

Trp

Ala
370

Glu

195

Arg

Gly

Gly

Gln

Phe

275

Leu

Ala

Ser

Val

Tyr

355

Ser

180

Val

Gly

Gly

Ser

Pro

260

Thr

Glu

Ala

Thr

Tyr

340

Phe

Thr

Thr

Glu

Ser

Gly

245

Gly

Asn

Trp

Asp

Ala

325

Tyr

Asp

Lys

His

Cys

Gly

230

Gly

Gly

Tyr

Val

Phe

310

Tyr

Cys

Val

Gly

Gln

Gly

215

Gly

Glu

Ser

Gly

Gly

295

Lys

Leu

Ala

Trp

Pro
375

Gly

200

Gly

Gly

Val

Leu

Met

280

Trp

Arg

Gln

Lys

Gly

360

Ser

185

Leu

Gly

Gly

Gln

Arg

265

Asn

Ile

Arg

Met

Tyr

345

Gln

Val

Ser

Gly

Ser

Leu

250

Leu

Trp

Asn

Phe

Asn

330

Pro

Gly

Phe

Leu Her

Ser

Ser

Gly

235

Val

Ser

Val

Thr

Thr

315

Ser

His

Thr

Pro

Cys Thr

Pro

Gly

220

Gly

Glu

Cys

Arg

Tyr

300

Phe

Leu

Tyr

Leu

Leu
380

Val

Val

205

Gly

Gly

Ser

Ala

Gln

285

Thr

Ser

Arg

Tyr

Val

365

Ala

Set Val Lou Thr Val
Lys Cys Lys Val

Ile Set Lys Ala

Lea Pro Pro Set Arg

GQu Trp Au Ser Asn Gy
Pro Pro Val Leu Asp Ser
Asp Ay SeclPiser 645680665 Flre AbebeValysSkir Egs TheFyThierVegu Asp Lys Her Arg

190

Thr

Gly

Gly

Gly

Ala-

270

Ala

Gly

Leu

Gly
350

Thr

Pro

Lys

Gly

Ser

Gly

255

Ser

Pro

Glu

Asp

Glu

335

Ser

Val

Ser

Met> Hs u Ala Leu
Leu Her

Pro Gy Lys
Tyr

Ser

Ser

Gly

240

Gly

Gly

Gly

Pro

Thr

320

Asp

Ser

Ser

Ser



<220> <223> Heavy chain 1 of bispecific,

<VEGF- ANG- 2> anti body nol ecul e Avasti n- LCO6- N-scFabSS <400> 135 G n Pro Q&
Ala Pro Ay Gn 151015 Thr Ala Arg Ile
202530 Hi's Trp Tyr Gn Gn
Tyr 354045 Asp Asp Ser Asp Arg Pro
@y Asn Thr Ala Thr
Phe Ay Cys Ay

Leu
Thr
Lys
Ser
Leu
Thr
Phe
Cys
Val

du
Leu
Thr

Thr
Cys
Pro
Ay
Thr
Lys
Pro
Leu
Asp
dn
Ser
Hi s

G n
Ay
d

D 0D

Pro Pro Ser Val
Ay Asn Asn Ile Ay
Gn Ala Pro Val
Pro Au Arg The Ser
Au Al a

Her Arg Val

Val Thr Val

Her

Lou

Val
Her
Val

Ay Her
dy 657

Leu Arg Thr Val
Pr oysSe¢r Asp s€&t 616 GLyL@rr

bi val ent ScFab- Fc fusion

Lys Her Val

Val

05560 Asn Ser

b7s580

-121- Tyr Val
Al a 100105110 Ala Pro Ser Val

Phe Il e

Bys ASerlep Q2@ 5e@We 1 Thits AfPa Set Val Val
Le88%Asn Asn Phe Ty#%°Pro Arg G u 13%P35140 Ala Lys A

Gn Trp Lys

Asn Ala Leu Gn Ser Ay Asn Set 145150155160 G n A u Ser Val Thr

ASP,Sefe Lys foﬁpﬁe&a{mr T s98rrhossn1651 %0175 .Sdy §&r Thr Leu Thr
u Lys

Lys

a Asp Tyrae6
A@n Ay Lou Set Ser

Ser Gly Val

Ser

Thr

* Lys

465

Cys

Pro

Cys

Trp

Glu

545

Leu

Asn

Gly

Glu

Leu

Tyr

450

Lys

Pro

LYS

val

Tyr

530

Glu

His

Lys

Gln

Leu

Ser

435

Ile

Val

Ala

Pro

Val

515

Val

Gln

Gln

Ala

Pro

595

Thr

His Thr Phe Pro

420

Ser

Cys

Glu

Pro

Lys

500

Val

Asp

Tyr

Asp

Leu

580

Arg

Lys

Val

Asn

Pro

Glu

485

Asp

Asp

Gly

Asn

Trp

565

Pro

Glu

Asn

Val

Val

Lys

470

Leu

Thr

Val

Val

Ser

550

Leu

Ala

Pro

Gln

Thr

Asn

455

Ser

Leu

Leu

Ser

Glu

535

Thr

Asn

Pro

Gln

Val

H s Lyssival
Pro Val

Ala

Val

440

His

Cys

Gly

Met

His

520

vVal

Tyr

Gly

Ile

Val

600

Ser

Thr

Val

425

Pro

Lys

Asp

Gly

Ile

505

Glu

His

Arg

Lys

Glu

585

Cys

Leu

Lys

Leu Gln Ser

Ser

Pro

Lys

Pro

490

Ser

Asp

Asn

Val

Glu

570

Lys

Thr

Ser

Ser

Ser

Thr

475

Ser

Arg

Pro

Ala

Val

555

Tyxr

Thr

Leu

Cys

Ser

Asn

460

His

Val

Thr

Glu

Lys

540

Ser

Lys

Ile

Pro

Ala

Ser

Leu

445

Thr

Thr

Phe

Pro

val

525

Thr

Val

Cys

Ser

Pro

605

Val

Gly

430

Gly

Lys

Cys

Leu

Glu

510

Lys

Lys

Leu

Lys

Lys

590

Ser

Lys

Leu

Thr

Val

Pro

Phe

495

Val

Phe

Pro

Thr

Val

575

Ala

Arg

Gly

Tyr

Gln

Asp

Pro

480

Pro

Thr

Asn

Arg

Val

560

Ser

Lys

Asp

Phe

180185190 Tyws Ala Cys G u Val

|



195200205 Ser Phe Asn Arg Ay Qu Cys Ay Sly Ay Ay Ser Ay Ay Sly Ay
210215220 Ser Sly Sly Sly Sly Ser Ay Ay Sly Sly Ser Sly Sly Sly Sly Set
225230235240 Sly Sly Ay Ay Set Sly Sly Gn Val Gn Lou Val Qu Ser Ay
Al a 245250255 G u Val Lys Lys Pro Gy Ala Ser Vval Lys Val Ser Cys Lys Ala
Ser 260265270 Ay Tyr Thr Phe Thr Ay Tyr Tyr Met H's Trp Val Arg An Al a
Pro 275280285 Gy Gn Cys Leu Qu Trp Met Sy Trp Ile Asn Pro Asn Ser Ay
Gy 290295300 - 122- Thr Set Ile Set THP -Al a Tyr Met Qu Leu Set Arg Leu
Arg Set Asp 325330335 Asp Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro Asn Pro
Tyr Tyr Tyr 340845350 Asp SetéB8Bet Ay Tyr TyréXyr Pro Ay Ala Phe Asp Ile
Trp Ay G n 355360365 Ay Thr Met Val Thr Val Set Set Ala Set Thr Lys Qvy

Pro Set Val 370375380 a Pro Ser_Ser. Ly r Set Ay Ay
Thr Al a AI 3%‘5‘%%@@320‘3 %}b @’H ¢ sTrEec’rlquS £S5 °ng GSI’T‘ °Phg Pro A u Pro
Val Thr Set 405410415 Trp Asn Set Gy AI a Leu Thr Set Gy Val H's Thr
Phe Pro AI a Val

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
645 650 655

Phe Leu Val Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
660 665 670

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
675 680 685

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

690 695
<210> 135
<211> 1706
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, bivalent ScFab-Fc fusion
<VEGF-ANG-2> antibody molecule Avastin-LC06-N-scFabSS

<400> 135

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His



420425430 Leu G n Set Set Ay Leu Tyr Ser Leu Set Set Val
435440445 Ser Set Set Leu Ay Thr @n Thr Tyr Ile Cys Asn
450455460 Pro Set Asn Thr Lys Val Asp Lys Lys Val GQu Pro

465470475480 Lys Thr

Ay
I'le
Au
Hi s
Asp
Lou
Arg
Lys
Asp

485490495 Pro Set Val Phe Leu Phe Pro Pro Lys Pro Lys
500505510 Set Arg Thr Pro G u Val Thr Cys Val Val Val
515520525 Asp Pro G u Val Lys Phe ABH-Trp Tyr Val Asp

530535540 - 123 - 545550555560 Val Val Ser Val Leu Thr Val

Trp Leu Asn Gy Lys 565570575 A u Tyr Lys Cys Lys Val
Pro Al ayiPrel lPhe AlyuCcy5860585590yvs wel Thr YdlelSerrd yibr Alad
Au Pro Gn Val ¥r 595600605 THP>Lou Pro Pro C/4CArg
Asn G n Val Ser Leu 610615620 Trp Cys Leu Val Lys Qy
e A ﬁlavel:o gey V-grlpl?hQ,Z?peSg@eS%@élgro Ser Asp Glu Gln Leu Lys

115 120 125

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
130 135 140

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn
145 150 155

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
180 185 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr
195 200 205

Ser Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly
210 215 220

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
225 230 235

Gly Gly Gly Gly Ser Gly Gly Gln Val Gln Leu Val Glu Ser Gly
245 250 255

Glu Val Lys Lys Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala
260 ' 265 270

Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gln Ala
275 280 285

Gly Gln Cys Leu Glu Trp Met Gly Trp Ile Asn Pro Asn Ser Gly
290 295 300

Thr Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val Thr Met Thr Arg
305 310 315

Val Thr Val Pro
Val Asn Hi s Lys
Lys Set Cys Asp

Hs Chr Cys Pro Pro Cys Pro Ala Pro Qu Lou Lou Gy

Asp Thr Leu Met
Asp Val Set Hi s
@y Vval du Vval

Set Asn Lys Ala
AMpss Gy Gn Pro
Asp G u Lou Thr
Phe Tyr Pro Ser

Ser

Glu

Ser

160

Leu

Val

Lys

Gly

Ser

240

Ala

Ser

Pro

Gly

Asp
320

Lou Hs Gn



Gu Ser Asn Ay Gn Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Val 645650655
Lou Asp Ser Asp Ay Ser Phe Phe Lou Tyr Ser Lys Lou Thr Val Asp 660665670
Lys Set Arg Trp Gn G n Ay Asn Val Phe Ser Cys Ser Val Met His 675680685
GQu Ala Leu H's Asn H's Tyr Thr G n Lys Ser Leu Set Lou Ser Pro 690695700
Ay Lys 705 <210> 136 <211> 699 <212> PRT <213> Artificial <220> <223>
Heavy chain 2 of bispecific, bivalene S gzab Fc fusion <VEG- ANG 2> anti body
nol ecul e Avasti n- LC06- N- scFabSS <400> 1§ "- 124- Asp Arg Val Thr Ile Thr
Cys Set Ala Set G n Asp Ile Set Asn Tyr 202530 Leu Asn Trp Tyr G n G n Lys
Pro Gy LyghAlsarPrle $ersThMabhl4 dur IMeg @405 STy ArPHeuTAng Sat ASet Leu Hi s Set
Gy Val Pro Ser At Phe %t dvy 505560 Sei° Gy Set Ay Tht> Asp Phe Thr Leu
Thr Ile Set Set Leu Gn Pro 657075BO A u Asp Phe Ala Thr Tyr Tyr Cys Gn
Gn Tyr I 0 T, s Val Aulle
Lys Arg Th%s%gﬁ : i \?ar(l)aT}?L-{)g ?%géﬁrg%s%}e@? xéﬁéflqgs%ngr E% Pro Set Asp
GQu Gn Leu Lys Ser Ay 115120125

Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp Gly Gln
355 360 365

Gly Thr Met Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
370 375 380

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
385 390 395 ‘ 400

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
405 410 415

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
420 ' 425 430

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
435 440 445

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
450 455 460

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
465 470 475 480

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
485 490 495

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
500 505 510

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu
515 520 525

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
530 535 540

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg



Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a 130135140
Lys Val Gn Trp Lys Val Asp Asn Ala Leu Gn Set Ay Asn Ser Gn
145150155160 A u Set Val Thr AQu G n Asp Ser Lys Asp Set Thr Tyr Ser Leu
Ser 165170175 Set Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys Hi s Lys Val
Tyr 180185190 Ala Cys Qu Val Thr Hs Gn Gy Leu Set Set Pro Val Thr Lys
Ser 195 200205 Phe Asn Arg Ay Qu Cys @y. dy Ay Ay Set Ay Ay Ay Gy
Set 210215220 - 125 - Ay Ay Ay Ser Ay Ay Gn Val Gn Leu Val Qu Set
Gy Ay Ay 245250255 Leu Val Gn Pro Ay dy Set Leu Arg Leu Set Cys Al a
Al a Set G|§45260265270 Tyr THt Phe Thr Asn ﬁg Ay Met Asn TP val Arg Gn
Ala Pro Ay 275280285 Lys Cys Leu Qu Trp Val @Ay Trp Ile Asn Thr Tyr Thr
Ay Gu Pro,29.0225300 Thr rdykaA@uAlid &spaRherbysuAG &rgiPhe Thr Phe Ser
Len Asp Thr 30531031532¢xsSet Lys Ser The70Al a Tyr Leu G a7dvet Asn Set Leu
Arg Ala A u Asp 325330335 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr

Tyr Ay Set Ser 340345350
Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu

580 585 ‘ 590

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
595 600 605

Thr Leu Pro Pro Cys Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu
610 615 620

Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
625 630 635 640

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
645 650 655

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
660 665 670

Lys Ser Brg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
675 680 685

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
690 695 , 700

Gly Lys
705

<210> 136
<211> 699
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 2 of bispecific, bivalent ScFab-Fc fusion
<VEGF-ANG-2> antibody molecule Avastin-LC06-N-scFabSS

<400> 136

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15



Hs Trp Tyr Phe Asp Val Trp Gy @n Ay Thr Leu Val Thr Val Set 355360365
Set Ala Set Thr Lys Ay Pro Ser Val Phe Pro Leu Ala Pro Set Set 370375380
Lys Set Thr Set Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp
385390395400 Tyr Phe Pro G n Pro Val Thr Val Set Trp Asn Set Ay Ala Leu
Thr 405410415 Set Gy Val His Tint Phe Pro Ala Val Leu An Set Set Ay Leu
Tyr 420425430 Set Leu Set Ser Val Val Thr Val Pro Set Set Set Leu Ay Thr
d n 435440445 Thr Tyr He Cys Asn Val Ash*His Lys Pro Set Asn Thr Lys Val
Asp 450455460 - 126 - 465470475480 Cys Pro Ala Pro Qu Leu Leu Ay Ay Pro
Set Val Phe Leu Phe Pro 485490495 Pro Lys Pro Lys Asp Thr Leu Net Ile Set
Arg Thr Pr ési@Erge Valk Thar 1300505589 FeCyilavadr al AvalIlAserVasn St His G u Asp
Pro Au Val Lys Phe #&sn 515520525 TrP Tyr Val Asp A3f Val Qu Vol H's Asn
Ala Lys Thr Lys Pro Arg 530535540 Gu GIlI dn Tyr Asn Set Thr Tyr Arg Val

Val Set Valeley,Hhe T\@I G151455I5Q§§5>§@0G11yoyy54h§a eWy Lﬁgépvgir Ped-€Ye Asn Ay Lys
A u Tyr Lys Cys Layss Val Set

Tyr Phe Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 90 95

Thr Phe Gly Cys Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 - 150 ‘ 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 + 200 205

Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
210 215 220 :

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
225 230 235 240



565570575 Asn Lys Ala Lou Pro Ala Pro Ile GQu Lys Thr Ile Ser Lys Ala Lys
580585590 Gy Gn Pro Arg AQu Pro Gn Vol Cs Thr Leu Pro Pro Set Arg Asp
595600605 G u Leu Thr Lys Asn G n Val Ser Leu Set Cys Ala Val Lys Ay Phe
610615620 -Tyr Pro Set Asp Ile Ala Val Qu Trp Au Ser Asn Gy Gn Pro Qu
625630635640 Asn Asn Tyr Lys Thr Thr Pro Pro Vol Leu Asp Set Asp Ay Set
Phe 645650655 Phe Leu Val Set Lys Leu Thy. Vol Asp Lys Ser Arg Trp Gn Gn
dy 660665670 Asn Val Phe Set Cys Ser Vi >Met Hs Gu Ala Leu Hs Asn His

Tyr 675680685 Thr G n Lys Set Lou Set Lou Ser Pro Ay Lys 690695
Gly Gly Gly Ser Gly Gly Glu Val Gln Leu Val Glu Ser Gly Gly Gly
245 250 255

Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
260 265 270

Tyr Thr Phe Thr Asn Tyr Gly Met Asn Trp Val Arg Gln Ala Pro Gly
’ 275 280 285

Lys Cys Leu Glu Trp Val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro
290 . 295 . 7 300

Thr Tyr Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr
305 310 315 320

Ser Lys Ser Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
325 330 335

Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser
340 345 350

His Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser
355 360 365

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
370 375 380

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
385 390 395 400

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
405 410 415

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
420 425 430

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln
435 440 445

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
450 455 460

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro



465

Cys

Pro

Cys

Trp

Glu

545

Leu

Asn

Gly

Glu

-Tyr

625

Asn

Phe

Asn

Thr

Pro

Lys

Val

Tyr

530

Glu

His

Lys

Gln

Leu

610

Pro

Asn

Leu

Val

Gln
690

Ala

Pro

Val

515

Val

Gln

Gln

Ala

Pro

585

Thr

Ser

Tyr

Val

Phe

675

Lys

Pro

Lys

500

Val

Asp

Tyr

Asp

Leu

580

Arg

Lys

Asp

Lys

Ser

660

Ser

Ser

Glu

485

Asp

Asp

Gly

Asn

Trp

565

Pro

Glu

Asn

Ile

Thr

645

Lys

Cys

Leu

470

Leu

Thr

Val

Val

Ser

550

Leu

Ala

Pro

Gln

Ala

630

Thr

Leu

Ser

Ser

Leu

Leu

Ser

Glu

535

Thr

Asn

Pro

Gln

Val

615

Val

Pro

Thr

Val

Leu
695

Gly

Met

His

520

Val

Tyr

Gly

Ile

Val

600

Ser

Glu

Pro

Val

Met

680

Ser

Gly

Ile

505

Glu

His

Arg

Lys

Glu

585

Cys

Leu

Trp

Val

Asp

665

His

Pro

- 126 -

Pro

490

Ser

Asp

Asn

Val

Glu

570

Lys

Thr

Ser

Glu

Leu

650

Lys

Glu

Gly

475

Ser

Arg

Pro

Ala

Val

555

Tyr

Thr

Leu

Cys

Ser

635

Asp

Ser

Ala

Lys

Val

Thr

Glu

Lys

540

Ser

Lys

Ile

Pro

Ala

620

Asn

Ser

Arg

Leu

Phe

Pro

Val

525

Thr

Val

Cys

Sevr

Pro

605

Val

Gly

Asp

Trp

His
685

Leu

Glu

510

Lys

Lys

Leu

Lys

Lys

590

Ser

Lys

Gln

Gly

Gln

670

Asn

Phe

495

vVal

Phe

Pro

Thr

Val

575

Ala

Arg

Gly

Pro

Ser

655

Gln

His

480

Pro

Thr

Asn

Arg

Val

560

Ser

Lys

Asp

Phe

Glu

640

Phe

Gly

Tyr



