WO 2010/040508PCT/EP20091007182 - 1 - Bispecific anti-VEGF/anti-ANC-2 antibodies The present
invention relates to bispecific antibodies against human vascular endothelial growth factor
(VEGFNEGE-A) and against human angiopoietin-2 (ANG-2), methods for theirfproduction,
pharmaceutig/é? %W%S%?ﬁons containing said antibodies, and uses thereof “BBAL OBF%DJ%%Zof the
Invention Angiogenesis is implicated in the pathogenesis of a variety of disorders which include solid
tumors, intraocular neovascular syndromes such asip“roliferative retinopathies or age-related macular
degeneration (AMD), rheumatoid arthritis, and psoriasis (Folkman, J., et al., J. Biol. Chem. 267 (1992)
10931-10934; Klagsbrun, 10 M., et al., Annu. Rev. Physiol. 53 (1991) 217-239; and Garner, A.,
Vascular diseases, in: Pathobiolqgiybare e antid PG aapibesieh, Garner, A., and
Klintworth, G. K. (eds.), 2nd edition, Marcel Delcker, New York (1994), pp 1625- 1710). In the case of
solid tumors, the fgovaseilaization Al e IURAEGALS iR Rsaite A arawthadyanisgasand

proliferative autonomy compared.to the ng JAccordingly, a.correlation h observed
between density 8‘?‘?{]%?@9 &kt fﬁ??%r ec |(§;1/%'%(ani§}%ti&éﬁ sat%jg\}lxv%l i ‘breast %‘gﬁ%ietg ggj'l well as in
several other tumi@r @adidnethods, &r dheig Eﬁé?i‘rﬂbd?%ﬂ%ﬂ@’@f?ﬁ%ﬂﬂ%ﬁ% FONBIARE | ancet 340
(1992) 1120-1124;i@nai¥adies)ariudfes deabflancet 340 (1992) 145-146). 20VEGF and anti-VEGF
antibodies Human vascular endothelial growth factor (VEGF/VEGF-A) (SEQ ID No: |1 05) is described
acRbAlundCie iRe B46(A689) 1306-9; Keck, P.J., et al., Science 246 (1989) 1309-12
and Connolly, D.T., et al., J. Biol. Chem. 264 (1989) 20017-24. VEGF is involved in the regulation of
normal and abnorpal 22238109 8REHisand inaarasaubbiAalionassesirigdoRitsttawessvaichintraocular

disorders (Ferrara CI}I‘dﬁéetsa .HE{%docr. Rey, 1&5%90%7%%%@@&5% NaPeR-AvRt 24-1p40ﬁ‘11é?at10<‘—!95t- 91

(1993) 153-159; Brown, L.F., et &f),rﬁul%téano 1995) 86-91: Brown, L.F.; et al., Capcer Res.
53 (1993) 4727-AFS5ORMHET T Jeccielatehmcnies dreencraaqn §08)idh 1haunaigid 305k 2. et al., Am.
J. Pathol. 146 30 $i995)s1281089)., \PE & Js Bidloflwaim2eit REDptessih 1A 4idslpedisolated from
several spyrces. YEGE shows.Migmyspesifisomitagenioctivitzbor: emdothatiet calls Wis&afahas
important regulatary functions ip the formation of -2z ri bryon
vasculogenesis a%%‘?ar‘lseash Jio %%é)sg)%gﬁr? ac l??frﬁ%%ggnﬁgﬁ%ﬁ?gﬁﬁaﬁaﬁﬁg{%ﬁ é??80@/ 1%6) 435-439;
%Pﬁ%*yﬁﬁdyﬁ%@%ﬁ?yﬁﬂ ocrine Rev.,

Ferrara, N., et al. Kt &9@6?-@3@1%@%?'}%%

18 (1997) 4-25. TheisighifibarnesecosthelidlemiayctdyevEarlmzboe sl o dhstraed Sils Ktudies

showing that inactivatin Lhasinolaeiate allRleresrisivecmnmnic dothpdidaduetiieo faileck]

development of the asgillatu ené?armeli@tﬁéia,t%alhals\lagére% QAR Adpe439u ERsara M., et al.,
EGF '

Nature, 3 (199(?)6_l 30- ﬁ?r_rll ddition as strong chemoattractant activity towards
monocy-tes, can IMTEEHTE DRSS IR 2RE P HEN Y IR S5 TRt P imiT it Th
endothelial cells, ssReidbtan alawindiéadnicrdVastalarpemsbabmied. Bet4d8elofltie Retakactivity, it

is sometimes refefred g as aseelas4aermeapilitydaator, (MR Ebedgalathorean, propertiew of VEGF
have been review&%%igﬁlgg{%%sa, N., et al., J. Cellular Biochem., 47 (1991) 211-218 and Connolly, J.
H 1)

Cellular Biochem. 19- 223. Alternative mRNA splicing of a single VEGF gene gives rise to
five isoforms 150f F. Anti-V, neutralizing antibodies suppress the growth of a variety of human
tumor ceIFﬁneS in‘yngﬁ%? fl?d af‘ﬁ'e aI.:, wg%fféi%;& (1993) 841-844; Warren, SR., et al., J. Clin. Invest.
95 (1995) 1789-1797; Bergstrom, P,, et al., Cancer.Res. )32- ; M k,O., etal.,
Cancer Res. 56 (19985H%4% %e%%gabﬁiﬁgb?qﬁd%%%% %@,&%@%‘b aﬁ%x Wo
00/35956 refer to denbbeles agaiheengE BV HeimbnbrianeadAs bR 4oty selalizufidb (sold
under the trade naBendyagEing & an3aotitY kkiFCantibivgy T d-irnlyhditheChpmn VIO I885331).
Ranibizumab (tra mg L ise).is: clon j -fragmentdesives 2 Simnihe same
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parent murine antibody as bevacizumab g@l/}astin . Itis much smaller than the#}%relrl)lh%%lﬁgyle and has
|

been affirffy matufBg e P¥Et a8 S JRGEPHATG 8T AERZR T 88/4B331). s an anti-angiogenic
that has been appitseders FemetacNwet sty findgegRevelhled AL G1aP oBgeRErtR P (BRAUD), a
common form of agenrelaest visiof $933. aotber Bréiv{EGF. astihbdylisren F3telMab(BH31

descrived ¢ 0.1 45 004I0141058, A\ 2 A aRANG: s bosher HaRRGIODOl) 2 (ANG-2)
alternatively abbreviatéd with A ANG2), (SE NOQ: 106) is descri i is ierre,
P.C., etal, Sciencg’?ﬂ'(f@@?ﬁr%- 6@8%%#1{?%’:&‘#8%%’%???‘@]‘%0%i%qs’45“&1 Qg)}i %%131 The - 3-
30 (1995) 1029-1039). VEGF is a homodimeric glycoprotein that has been isolated
from several sources. VEGF shows highly specific mi.togenic activity for
endothelial cells. VEGF has important regulatory functions in the formation of new



angiopoietins-1 and -2 (ANG-1 (SEQ ID No: 107) and ANG-2 (SEQ ID No: 106)) were discovered as
ligands for the Ties, a family of tyrosine kinases that is selectively expressed within the vascular
endothelium, YancoEoqus, G.D., et al., Nature 407 (2000) 242-48. There are now four definitive
members of%%zglgﬁé?g%goietin family. Angiopoietin-3 and -4 (Ang-3 and Kﬁ@’-’?)’%@gﬂ?ﬁr_@ﬁ?esent widely
diverged counterparts of the same gene locus in mayse and man. Kim, |., et al., FEBS Let, 443 (1999)
353-56; Kim, 1., et al., J Biol Chem 274 (1999) 26523- 28. ANG-1-and ANG-2 were originally identified
in tissue culture experiments as agonist and antagonist, respectively (see for ANG-I : Davis, S., et al.,
Cell 87 10 (1996)obil6deB30tsahuti fgr hNG-hiMaisorlpamesi P40d, Bt algiSpieate AhELBH) 55- 60) All of
th.\i ?Qg;/vrllﬂ angigpoitingm S pr,iraaaély_ F@dfﬁi%zz;migkggﬁj ngb;@gnﬁer?aﬁi,nﬂ%%fr 82 NAtgran ?féigity of 3
n . Maiso r . . Scienc =60.. -1.W QWnN to SUpROr

Surival and to pon e S REARASE B b e CS R R R o,
al., 15 FEBS Lett %48 {190ihsssenticage é(.,ﬂa rle giasicby2¥8 B eTotns) s JamaiRitdh, G., et al.,
Science 286 (199%)u@sst thdvwimhtastomcbyaeomabf Nain eV HB52 006k 460:88 ivimbeamANG-2 had the
opposite effect gaganroMetes frlpadivessehiasiatiig stianRnds eosasasian ip theabsense of the

survival factors ic fibroblast growth, factqr, Mai P,Ca, £hak, Sciepce 277 (1997)
55-60. 20 Howe%@qg?géi) 2?5%‘%%’??%% - fhﬁtcta?ldh?\r&\%u\}lée’su ggéggg)at;rsr\?dg%o&% ecg%ﬁjation.
ANG-2 might bevgggn{ﬁl%it%@%I&W%ﬁﬂér%méﬂWQr&aﬁﬁﬁ?&y@?%% ﬁéjﬂ?%ég‘éel sprouting
and vessel regreksivimogappditiatgrsurchthel b foriAlg G- 2 tEvgioe ssiobi an alysatotesied s ANG-2 is
ragidlyéro_)duaedgﬁg@mb %rswiﬁm\é}@%g@%waa{ah%%&mf' tmfi@nm!&%g@_cos@ﬁeum% a\(\!ﬁ'ﬁli?,alﬁ ANG-2 i8284
induced in the 25 absence in settings of vascular regres sh, J,, et al,, Science
(199 190408 T JISS7 (b ARG e TR P O AR b e nont
role, ANG-2 spdtRReafi§SoRta Fithehaxn&esnasrtisnads pseifkeratantdr, Fled whiGisi&iaktvated by
Ang-l, but has cBrtehartepé ity efféeid banisGuthdbiod. ViisbnparkeR. Cl7 ¢8R B2idnce 277
(1997) 55-60. 36L0IRRARANYIOGRNESISHSERYSANASH QWG thatRail ANse Toanek ANfarsdad similar
effects,l%cting S pg%%tically with VEGF to promote growth of new blood vessels. Asahara, T., et al.,
Circ. Res. 83 (199 3-40. The possibility that there was a dose-dependent endothelial response
was raised by the tion that.in vitra.at high concentration Gz2 can.also ro-angiogenic.
i 1 ot ol O Ee Ry 8D A, e D S T o e
survival factor févBAueRRéingsdBIRiga kg sdrush e W%ﬁéﬁ%%igﬁhﬁﬁgﬁvz&%ﬁo&w of Tie2 via
PI-3 Kinase ancci#t, patbiuayinkest, 95 €t 2 3)QABDgIARE Bo(2000%.4540t52, OtheernRestrétexperiments

suggested that diyoag 2ustaiBg;expPSVidnike effects0f AMlret MaY OUrRERyaly sbififrom that of an

antagonjst to a i ieg, ter.ti ' it may; cQpiti wrectly to vascular tube
formatigﬁand rﬁgg?g%&gbilﬁgigg. eic eﬁgj%@z%twﬁéﬁ Iar,%(lat_ Sl?gggﬁg?gggs&géés%9 (20wW)
659-70. FurtherfRERSHCE a8 V&R alSmaRERiTEER AR BBHPBR 3 | BEVRAFHARNG (5%¥as also
observed, perhapssulgastisontnat treastoti®h ofaaNGY ESiickuepahdwrdEE wifferdhtiatipn state.
Teichert-Kuliszewekag/K53¢1yal., Cardiovasc. 10 Res. 49 (2001) 659-70. In microvascular EC cultured
in a three-dimensional collagen gel, ANG-2 can also induce Tie2 activation and promote formation of

capillary-like straghires,MOGRIZKhatne hRlends@rlh PEoAdad2HIRiBSPrEBdd79108&i3:R spheroidal

cocultu%%' as an @Mtrﬁems%deel of \gerésr%lurggéuggggn ddemoﬁges‘}galizgllcl H;[Erlhat g‘i‘r]gs(‘;{tm or}ttagzst between ECs and
mesenchymal ceﬁs a roga?és R%rresponsweness ?OX/EG . W‘hereas tﬁe presence of'méc F and ANG-2

induced sproutifigiekerthar thetparent Jaelscyla andbes hoen Abipittopatered QAP @dhi8iE6%ted that ECs
that constitutivelyrelipgess MEGFHTe eXOXSHNS ONMMAsL a0 anid anBPdgundretsitohgly bypregulated by
ANG-2 in the Prgsgneeiob EGRREQRT wBt Jf 428na81R 95 Gilaf 2001 244G TRt 2 in vivo
pupillary membigiie £ model, Loy B, €hal, showed faat AG:2/dhe presence, of gndogenous
VEGF promotes a rapid increase it capﬁ ary diameter, remooFeIing of the basal fa ina, ﬁ"oliferation

and mig”r%\tion of’&%@fﬁﬂé@?ﬁﬁﬁ%%ﬁrﬁb%@%%ﬁ?ﬁé% new blood vessels. Lobov, 1.B., et al.,
Proc. Natl. Acad, Sci. USA 99 (2002) 11205-10. By contrast, ANG-2 promotes endothelial cell death
and vessel regréd¥fen? with satiodeqdbastibedissSEGF. Lobov, I.B., et al., Proc. Natl. Acad. Sci. USA 99
(2002) 11205-10. Similarly, with an in vivo tumor model, Vajkoczy, P., et al. demonstrated that
multicellular agdiegute seirgipe stiséu ik Fodth(biyearmgiode nabersroetédg withtheNtrRuRaneous
expression of VERERy 2530l iNKo? s hastanke suipr eapetiyedue Pajkacay Siedeap7d. Clin.
Invest. 109 (2002} 785§ his,#0¢nagisl Mugtrated ghatihe establishedgsisroassylatyye of growing
tumors is characterized by a continuous remodeling, putatively mediated by the expression of VEGF
and ANG-2. Vajkoczy, P., et al., J Clin. Invest. 09 (2002) 777-85.  Knock-out mouse studies of Tie-2
and Angiopoietin-1 show similar phenotypes and suggest that Angiopoietin-1 stimulated Tie-2
phosphorylation mediates 35remodeling and stabilization of developing vessel, promoting blood vessel
- 5 - maturation during angiogenesis and maintenance of endothelial cell-support cell adhesion
(Dumont, J., et al., Genes & Development, 8 (1994) 1897-1909; Sato, T.N., Nature, 376 (1995) 70-74;
(Thurston, G., et al., Nature Medicine: 6 (2000) 460-463). The role of Angiopoietin-1 is thought to be

concarvad in the adiilt where B it ic evnraceead widelvy and conctitiitivivelvy (NManahan D <|ecieance 277



25 Res. 59 (1999) 3185-91 generated human melanoma cell lines expressing the extracellular domain
of Tie-2, injected these into nude mice and reported soluble Tie-2 to result in significant inhibition of
tumor growth and tumor anglogene5|s Given both Angiopoietin-1 and AngiQ Fmetln -2 bind to Tie-2, itis
unclear from YheSe sttidigs whether Angiopoietin-1, Angiopoietin-2 or Tie %ﬁ Ui B0 attractive
target for anti-cancer therapy. However, effective anatl Angiopoietin-2 therapy is thought to be of benefit
in treating diseases such as cancer, in which progression is dependant on aberrant angiogenesis
where blocking the process can lead to prevention of disease advancement (Follunan, J., Nature
Medicine. 1 (1988i2FeR1ins~! Gnd dEhiNE- QDU ﬂﬁ?}sm@béﬁkﬁélﬁéﬁ@é@fb@tmles and
peptides that biRg{o ABeioneietin-2.ae8. for eemrrmé@ b $abn1 6602 85ranHUS 2003481 24129. WO

03/030833, WO 2]Oct1/0168953 S\é\é@ ?f{IOS 134 or Us 00%011 23@1@'{ 8‘&’1 cgf q)eff&cé of focal
expression of A ;h]glopme in-2 has Shown that anta onlzmg the Angiop |et|n “1/Tie>2 sigial loosens

the tight vasculdr&tigctié d78RMy ¥xpdiniEwss 3 abtiva ﬂ‘&sﬂﬁﬁ&l’é“ﬁorﬂ’ﬂﬁ By efef€ inducers,
e.g. VEGF (Hareigiopol2tjiiS fieribe, 27Fi¢a007MN48460) -4 N4 nyd-amdioymnit) effexrt iasestny from
inhibition of AngiaaaietiR-dJad i&ﬁﬁ%ﬁ@@&fﬂ&é@w%@m@w Bl ARLMEQIHG ek bera) Ief&ctiveI
anti-cancer treajmegt r fin 0 esse
remodeling is occﬂrrlnBJSO!Qaison ﬁarre §§§ mg%:ie%r){g% g,n%q ?itgg’ %1&%7 glgialér? %?dg ?ﬁ#dlwduals
ANG-2 expressith éN&sﬂn &@T%? ﬁﬁfaé%%}yré#ﬁ%’é%a‘é&wsww GRRSRMUERE Brized tumors,
including gliomag@ssidand anttgahjsintreip@ticely 182 061 AdIG-DOP Kizg®- Kef el -alCdtiaBEer Res. 61
(20Ct>1_) 6g48- 54(1@%?5@!1@%@'&5 ééammma;\lmﬁer& Iegaletéh Hfetovesty @@@1)19992)341|4f8
astric carcino al., Cang nco
?2001) 355- 61 t@ u%‘gr G"ﬁ‘o% 0“%“ 6”/9@ 933)%}&?233 % %S'S)J”Fg%g‘t”% 1nc!§r’}?sjr2nan cell lung
cancer, Wong, M t‘éfré? E” P5sep LR drof Ebfin SRKASEE 'S A, et al.,
Cancer 92 (200199921885432%nd1|fg~dst&t® ZS}JWUTMDaempDH sk a$urmmaba$mbrtReBT02@(QOOO)
5217-20. Some $piaeicnialis atesfaynp deieqresalA e 27RoveRanmplesd adakr, .. eétall,, J. Clin.

Invest. }93 (199@3 ]L4t'§ QQ?E%?E%%@% rbloequglof %&&R:%Cﬁﬁfnéé’é ug@nﬁepatocellular

carcinoma (HC lis"group r is éxpressed ubiquitously in tumar epithelium.
Ahmad, S.A urgioth &y 602t 5611194 38243989 Sther v d Sy Tefbited fifidings. Chen,
L., et al., J. Ton(FOMBAO06Y. Ric(@80ANP3 138! By denesiting EN@rg prrndreibbisiedyessshived human
breast cancer sesbRRst Siiligekcgression inliie Ibseateor #d%(2Q03) F66rd ATapPdeHMiat ANG-2

MRNA is signifigaplly %%Sg%@tﬁdfmﬁ} apiliahlpppnede nyasion. shosh diseass fEegime and poor
overall survival. Tana et al., Cancer R élr% 230 20’0 7124-29 re iewed atotaléjf 236 patients

of non-ghhall celﬁﬁ‘ﬁﬁ"&&nmﬂnmm& it Igtﬂ%éﬁ%t 6 I?ngg&e réspectveR &g
immunohistochesttistigntiéyGoumieth de peovmbix eS8 aLC yagelargsnadehingdhat piasitive. The
microvessel density far dMGrasposifivautinponts sigadicepiydughaufianihatatiANG fiegative. Such

an angiogenic effggt of A%%s&wa&n%g%@s%%%%@tewﬁ PIATSIRALYARS wgahéﬂ%ﬁaver positive
S|gn| cant factor to redlct oor ﬁ%fé n;{')erat rvwal Tanaka, F.,

expression of ANE@ 6@

et al., Cancer R&: 13563 ‘?‘fﬁ‘ﬂgﬁé) HERRRREY PR %ﬁ% g?ﬁ Eort 'Ilgﬁ ﬁnbgﬁlveen Ang-1
expressﬂén and ﬂbéﬁmﬁf\iéggéi thesestiesT afuiesuir wemssicandelered..6 L0oBoFEEI28%9. These
results suggest tha¢9 N B2 48 aoiashcatpetall paaicpregn 08is! Spatietis-aitrCsavsrattypds0f cancer.

reauiTed fo poss e e el Ol e hat
th(iI developrﬁen’i‘é‘ffi})i?fo FS%WEWF@&%%%Q%P%@‘%E gf \%ﬁ ‘i?l’ét%’?e%fzﬁ’ ée(% égs Hot occur in
the ANG-2 knockbegtiitemnndaornsieelital BlebdSsasss s TAl ¥Pproc®Bbut from the central retinal
artery. Gale, N.W., et al., Dev. Cell 3 (2002) 411-23. They also found that deletion of ANG-2 results in
profountPdefect§immend piegeing casdaivztionsbe wretphiptbiNEdcandtdd GalatedNimilagt al., Dev.
Cell 3 (200) 411A3cts;@REHE sy MIhVEGR & IBmENBoatE opubrdiithe aagicgenesis
defects. Gale, Nt g2t keReVCire IRH{2892) dds)y 235 R tafAnddimiplifaouprrangied that

soluble Tie2, when de#’ver ther as.recombinant protein or in a viral eXpression vector, inhibited in
vivo growth of nfiFdsReRfFRLFP4athsHA FRSRORSe e FBRAG DY MRS & 8ﬂf?{88‘é‘i‘s§LﬁqmFY‘ "4 4. Proc. Natl.
Acad Sci. USA $gh1 0888828844 NG, Pcantalso becvmrangy@mnmoéi(mgw)egelzmn%scular
densitiezsin the tmaobigsyssssyireatarbvesa@italiyicdiced imdditianmeiusle fisdvatocked
angiogenesis in (ATeT e | I Py ond- Clin.
Invest. 100 (199%%(%?%?%%%%%%%%2&%% and h%m%%%?ggg%stgg l%r{%}tl ad(ﬁ%n of ANG-2 to
VEGF promoted significantly longer and more circumferential neovascularity than VEGF 25 alone.
Asahara, T., et al., Circ. Res. 83 (1998) 233-40. Excess soluble Tie2 receptor precluded modulation of
VEGF-induced neovascularization by ANG-2. Asahara, T., et al., Circ. Res. 83 (1998) 233-40.
Siemeister, G., et al., Cancer Res. 59 (1999) 3185-91 showed with nude mouse xenografts that
overexpression of the extracellular ligand-binding domains of either Flt-1 or Tie2 in the xenografts 30

results in significant inhibition of pathway could not be compensated by the other one, suggesting that
the \VECE recantnr nathwavy and the Tie?2 nathwav choiild be concideread ac two indenendent



resistant RNA aptamer that specifically binds and inhibits ANG-2 significantly inhibited
neovascularization induced by bFGF in the rat corneal micropocket angiogenesis model. Bispecific
antibodies 5A \vj iety of recombinant antibody formats have been deyeloped in the recent past,
e.g. tetravalﬁr}gv ?%é%%% antibodies by fusion of, e.g., an IgG antibody foPk}rénTzzfgazﬁgg /sﬂi(r)?g]Fez chain
domains (see e.g. Coloma, M.J., et at, Nature Biotgch 15 (1997) 159-163; WO 2001/077342; and
Morrison, S.L., Nature Biotech 25 (2007) 1233- 1234). 10Also several other new formats wherein the
antibody core structure (IgA, IgD, IgE, 1gG or IgM) is no longer retained such as dia-, tria- or
tetrabodies, minibddidsyigeRiedaksingteaodafrk foratiawa{sébinm, Bis-«ckv) Qubigerard £dpa® of binding
two or more antjgengphave been developed (Holliger, P., et al., Nature Biotech 23 (2005) 1126-1136;
Fischer, N., Leger, O., Pathobiology 74 (2007) 3-14; Shen, J., et al., 15 Journal of Immunological

Methods 318 (2988 65+7ik WiemeRlsAueNAtuiaBINgHe 252007 b A30rL 281 Ak auGh formats use
linkers either to){ﬁe #he antibody cor (Is%‘%t l‘%?ﬁl Et IgG or IlgM tot further blntdlr}gr?r tein (e.g.
seFv) or to fuse e.g’.' W%aﬁq%ﬂ(}%gér‘%gﬁ Sor SC VS t%‘?sc s é‘r’} R geag’r, 8).%%%%‘&0?0@3?4 (2007)
3-14). It has to BediEPeier Srtintiatl SRy ReRfHPat tireethiiceractimidheidrznalitthand e g.
complement-dependssat cytbibxatioy.(OBiChsor-Entikoaskside pEndentatellGladoptotoxRity. (ADCC), which
re metited s b T sl B NG g obsbiaio atrly
occurring antibodies re reporte al variable domain i Q ulins as
et iy et o O R %%%%é%@%?gﬁgﬁ?é’f piologically
active antibody $iP§BAsI8 Fépstifdersptiatys gate,oheichativalisrrekeainsty oo(lgé'ﬁiﬂfﬁfaﬁ&ving at least
four variible doReaingowiahlarédtked witniesshsouer viRCpepticiedinkers tireadpostesibml S

7,129,330. Dimgkig,aid é@}ﬂ_'Wﬂ%{JQ AIGER bmwfﬁ'&'%{%_ti%@aﬁﬁ‘@%ﬂﬁﬁdﬁ WRAR(QRF79170. Tri- or
30 tetra-valent monos _(?ﬁ(lg%tguné egg&ngﬁg%%ro{{elré tcgmj)r&lﬂgggeﬁ gr{[%ﬁ Fla}%_fégg{?%nts bound to
each other covaﬁaé’rﬂ%g a‘connectirig Stracure, which'protemn’is not a’n ura% |mmuriogTobuIin are
reported in US 6581 5&%. 1abgrexiobrwestns sifettivAlektiBispardnt ahtikedrds BrYaHeked that can
be efficiently exgpresssutaiad Stptotiaeyotiorsad betieaasrotit selis] angawhysefutdhisthbrageetic and
dia:gnosztic methggﬁa;@ageﬁé%?%?&?n@@m% m@fsf@g_@%ﬂymtt?ggizagg dirgts whigheare Iinﬁed via
at least one interchain disylfi age from dimers whi e at.legst gne,interchain
disulfide Iinkagesx%?%%r?';%(?ﬂ%% (lzl?i’m&rigfllﬁgrfiﬁsg _W{)' 5\(%;;%28(!?_ p%%“g;};)tidg %%meﬁ%'s ﬁ% %ifted in US
2005/0163782. @Eﬁéﬁ?ﬁ?&%%&x&i@ﬁﬁ?@o@ﬁlﬁf@%&%ﬁ@ﬁé& s ,%9{6@?@@%@?& antibodies
with three or mefexfidneffdnalcontigenehingiegudited hyetrpoiten e \WEQR0 O YEIAR. vhlitispecific and
hmultivaler_\t antigenebiding.Rely Replise 2we yenasers I IRV Q0 3R VUS &@%Q%ng?f rgportr?
omocaggjugates, typi repar ihodi ind to the
%) E(]oé(é% o eRa &%I.]sgg{\%? gﬁé?d’lgﬁ&%lﬁﬁ& B?%&%ﬁégl 9%&%?%&'}9

same antigenic determinant’ are_covalent _synthetic cross- ‘KIX? . Oligomeric monoclonal

antibodies with PGty ¥ dRGaTe 4fe TR FIANKE 155088 555 th&Btdmers,
typically of the Ip@littassnmmdaizttbhadingdetiocbrlnsoiie, inmdstioylebaslispravhoenef ewsociated
together to formd&itetmavalanitor heravaleniele. INaleculgs. Sheepalegveda)tingdss@nd
engineered a”“ﬁg%&ﬁ?&lﬁ%ﬁ%é@%ﬁ%‘%&%&&%&iﬁ’§é?r§e§ %@'%&@ﬁ?@éﬁ%‘i WQiligdt diseases
wherein interferon gamma activity'is pat O%GI”IIC. In US 2005/0100543 are Teported targetable

construtts that SPEOFRRNRI I EanieRo%s hPspekftc diaBoaids, As2% 5 noecdie B 4hrgetable
construct can séi@adth ddimmbady, twathbr avorm 20si-dpusificrapdiodeskGenetiballytendineered

bispecific tetravadaftinamiiRadies araKeAne i 8irkI9ReR% Ll Wend0BY/1083adnsiabilized

binding molecul Sist. of IS ;gd‘,s@g 1 _2(,9915) ion of VEGF
and ANG-2 Inhi Eg%gc&i}oﬁz%%f,? ([)xggﬁé%%ﬁre%egr?g[%{%gf comblnﬁ%gn@éggrzglél%-z antd‘agéi%figt and a

VEGF, 25 ICDR'&AbASKebelum AGHnsR: WorbdorosdRasmEiy h HHEVERE inhibitor
combin&fions. WodgDaB06esd1thefetketestablomptoreiers Wsilagie AREOPUETEN BmePtona aining a
multimerization dieracisi 2840 008ALi3 205 fusieatip teing tendingliatAigiapo eliprantbV &EGF.
30Summary 10/gGE and ANG-2. Vajkoczy, P, et al., J Clin, Invest. 09 (2002) 777-85.

Knock-out mouse studies of Tie-2 and Angiopoietin-1 show similar phenotypes
and suggest that Angiopoietin-1 stimulated Tie-2 phosphorylation mediates
35 remodeling and stabilization of developing vessel, promoting blood vessel



(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 the
disclosure iyay Resfhai@cterized in that i) said antigen-binding sges,a.aaghy gpair of an
antibody heavy chain 5Svariable domain and an antibody light chain variable domain; ii) said first
antigen-binding site specifically binding to VEGF camprises 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 10 CDRL1 region of SEQ ID
NO:3, SEQ ID N@uRioSEEiNE RBIOENeNSES MaNsaseAierigikeligheelsroaniat domain a
CDRS region ohdhesdtD iDiftioht, IE QetN Giehds FEQEVEIdpm=R0,80(1SEQ 1BORDI®Y, 3atBDR2 region of

SEQ D NO'S, 350 1. 1y ASRIBA: PhauSEQIDNG. Rt ERRL GiomyT SO 1D
NO:6, SEQ ID

NO: 14 1 22,0rS sald cond antige blndlng site
specifically bméﬁ’?'ﬁ@k@ﬁo %?ﬁ&fé%gpﬁi?ﬂg (g C%%.IFIO omaln a%ﬁﬁg nh %lon of SEQ ID
NO: 25,55EQ I N@txgssssriz@ldeim)d 46“%‘!‘5{9‘1@ Waséb ﬁz?*ﬂ“@e 672/SE8 1bkoY:70, SEQ ID
NO: 78, or SEQZ4RNODGGt al CERpNagiog 0 65 FHD N0 15 EQHBINENB8pBER-1D NO: 47,

SEQ ID NO: 55, QSLQ)XII\IQ ﬁﬁraﬁ%@ﬁ@téﬁ@o Z&es%'%%é&i&qe%%dafr%%@éﬁé NQ:Bduahd a CDR1
region of SEQ |D 7, SE 40 Sé%?a D NO: 48, .SE D NO 6, SE |D gl%h64 SEQ ID

NO: 72, SEQ 5z 0 n'the’lig ain varlab e 3 region of
15, SRR GBI ShC R P ORI
25 SEQ ID NOSBSYBETemeNdp meﬂtﬁoﬁh@lﬁmtﬁmé@@maﬁmﬁf&nﬁimm%m TPNO: 41, SEQ
ID NO:149, SEQ:tbohDicSd, spio@ilg B&ha65(IEmh4l) RO 1737;:SEQiB) NO:x&l, &gt NO: 89, a
SEQ 1D NOL 74 L 1D NOL 23 b SRS S 7o, S e Cp e Rt S0 30, SEQ 1D
or an reg

NO: 43, SEQ |L‘>"|\F8(g€f%“é al‘?:%’ﬁ%?“%% %‘%‘6 %‘Ng E‘ RNPS’ 7|‘§ E?lé’% NE83, or SEQ ID
NO: 91. 11 Thébméumménﬁﬁa’avm%ﬁﬁgfwﬁﬁ@ d’&lso%tu?bw r%@?fﬁé R A OB 9 Dthat i) said
antigen-bindingraiiesoatt eadieaspgieof An@mﬂdnedy—heawwnﬂmd uatiabie dograienasid amiantibody light

ﬁham V?g'ab'e qgﬁéme i salsfiatantaen-Hind agxﬁuﬁéﬁﬁsaé@@uyml WtNEﬁfrﬁ@tﬁE@lD rl\ilscc)eszin 5 fjhe
eavy chain varia mai r and a
CDR1 region of‘gﬁgﬁg ‘N?S{\%a g%‘fgaﬂ(?se aﬁali%\l}g?lr %)Fe (éun a’C 3qr£e)§5% tP%’EQ ID NO: 4,
a CDR2 region<#&sdays N@%afﬁﬁd*&%mp&t%&lﬁﬁe&@@@‘@ N@é“"&%ﬁ?@‘?ﬁﬁs&w&&@h -binding site
specifically bindifgtolV,GH. cOnnpeisRes] 61irf2be! he s Ehalianvdidablect emdiaraeE BR3B §@gion of SEQ
ID NO: 9, a CDRgg80i9on-2§)SEQ ID NO: 10, and a CDR1 region of SEQ ID NO:11, and in the light
chain variable domain a CDR3 region of SEQ ID NO: 12, a CDR2 region of SEQ ID NO:13, and a
CDR1 region of SEQ ID NO:14; 150r said first antigen-bindi S|te specifically binding to VEGF
comprigls in th&EesRy AR i E PP o8 °6f EENHNEFP OBETIS region of
SEQ ID NO: 18p@sibla GHiRineyitrrpSEO tHeMNO A, exahiriaA&Sighteddh Wsinb$8main a CDR3
region of SEQ IRINGS 2R3, §42R2cregiaoe &ﬁQﬂ@i\I@&ﬂd andraceidiR hregianeel k4D 20NO:22;
and iii) said second an in site s [ 0 piisgs i avy chain
variable domaini a“égé?" j?oncgo %;I@%% qgs(y QBJ%%R%.E [ﬁ%lf? eb% %ﬁl%ﬁ%ﬂég%ahfd a CDR1
region of SEQ I@C’N@SZ’?‘% it h PO SHT05T e IS -0 Bhikin ioft 8t ’S%@C’ZE ID NO: 28
or SEQ2ED NO: R&with memfﬂt&sn%ﬂg@wrm@s@mw%ﬁomn:Mﬂm@wm ItheNO:29, and a
CDR1 region of & iNQRaik e m%@&&mi%&hf aﬁ@qma&gﬁ@mdiﬁ@aﬁuneqmawe

characterized in.that .12 i) said first.anti e1 |n st 0 prises as
heavy chain va?llﬂa% gorrgjﬁ 1% nhéb ngO%l%rﬁ?g @%I‘ ﬂ%ﬁ%&g%o 100, and

ID.NO: 23, or
as light chain vﬁi&?ﬂebélg?n%ﬂ@gﬁﬁﬂﬁ N@‘%A@E‘@’WN’OZ f%‘%%dr i S IGIEEFTD NO: 101,
and 5iii) said setbeswd sintipenvinthiery Siteispaichicdlly Avistingiet AN Gr2 HerA prseddadhetvy chain

variablgglomain & Ve thiet3fr SEQIRNO tfapyE QOWeND): 5Ze Bk 413 MOgic0rBER2D NO: 68,
SEQID NO: 70uSHRIR Mo B SEG IRINEY S 22lall.ehal @iahledom i esEQ 1D NO

32, SEQ ID NO: utations T92L, H
progression is dependant on aberrant anglogenems where blocking the process can

fead to prevention of disease advancement (Follunan, J., Nature Medicine. 1 (1995)
27-31).



10 andW94T SEQ ID NO: 45, SEQ ID NO: 53, SEQ ID NO: 61, SEQ ID NO: 69, SEQ ID NO: 77, SEQ
ID NO: 85 or SEQ ID NO: 93. The bispecific antibody according to the disclosure may be
characterized | i) said first antigen-binding site specifically binding jses in the
heavy chair?'?/%%é[g?g4g)3c§%rﬁain a CDRS3 region of SEQ ID NO: 1, or 15 SE%?@E%@:&QQ%?%QCDRZ region
of SEQ ID NO: 2, or SEQ ID NO: 95, and a CDR1 rggion of SEQ ID NO:3, or SEQ ID NO: 96, and in
the light chain variable domain a CDR3 region of SEQ ID NO: 4, or SEQ ID NO: 97, a CDR2 region of
SEQ ID NO:5, or SEQ ID NO: 98, and a CDR1 region of SEQ ID NO:6, or SEQ ID NO: 99; 20iii) said
second antigenkbaiditgskenspeuifipahavincioged MlGofentprigess itnthpehtdgs thdmndariable
%%mz;ig % gg?%re%b%@ﬁ@z@ﬂ!@ 83, ekRile, NOs 46,6858 IRMNOUS2088HD RN, 62, SEQ ID

. 70, (3, . jon ,of ; 39, SEQ ID NO:
47, SEQ ID NO!'55, @3‘%?@@?&‘%?6%%%%’ g%@%bofoa N:S %@&%ﬁ%@(g ID NO: 87, and a
CDR1 region of SEQ | O: , SE 0:48, SEQ | 0:.56,.SEQ,ID NO; 64, S ID NO: 72,
SEQ ID NO: 80°8 %é’% %eNé?eﬁb,qu%%at 5?%%‘??%%%&%%3 ‘l%pﬁbertﬁlgzn %%Dﬁ%"f’ég%%of SEQ ID
NO: 41, SEQ IBNagenging ey idngicpsstinEdieE enaddoaees ipeNishty sassia) {1681, or SEQ ID
30 NO: 89, a G yegiprsinpSER tDabDathl; SEQI4DrédDatHo SAGUDMNIR:58¢ BEEIBINO: 66, SEQ
ID NO: 74, SEQuL},NGh 83.Orsé'é&é,Dsz(@@K?a@.@(ﬁDﬁﬁsr%%g@&Q 12O 431t2EQ 1D NO: 51,
SEQ 131D NO_59 SEQIDND, 07, 501D MO 3, BEQIR NO: 8501, SERIRNG g1 The
bispecific antib(%’y a&l:]o mg_?o%]é] disefodure may Be'Chatactenzed in that - it pgaldp Irst
antigen-bindingnéftbespeeffreAlKE BItfg e FEEER—omprises as Sheavy chain variable domain SEQ ID
NO: 7, or SEQ ID NO: 100, and as light chain variable domain SEQ ID NO: 8 or SEQ ID NO: 101, and
iii) said Second ANSG8risbinpipggestduspecitralp et Ao ir ANt Yoathrrss! aamrdslrgiiin variable
domain SEQ IDobiritg, Sﬁﬁsﬂﬁﬂ%@éﬁa?.SEQﬂDaNQSﬁGn&EQ?ID N B8 5SEQ 1 N@uli6, SEQ ID
NO: 84 10 or SEQIBNQ: 92t as ikt Rl asiable demain 2SR ARhDIRKAR «SEENID NO: 53,
SEQ ID NO: 61, S.E%.éﬁ NO: 69, S tID NO: 7¥,£§EQ€D NO; 85dor EQ IP II\IQ:JQ : Thle bispecific
antibody accordihJ'td 8 &8 Hroe-Raractsa etk ety Ha ' &eoha antiger-binding site
specifically bindiRg2e0ANE52095 &ﬂ%r%egtiﬁlﬁr@aﬂ@a\%eéhéin%?ﬂatﬁ%%?ﬁam@@ﬁ@%gion of SEQ
ID NO: 88, SEQ:dEaihlﬁi_aéf@aﬁ&@ D M@, 54 CHEQniash OO B2, BRI 4D-M0Oza801SEQIHOMIO: 78, or SEQ
ID NO: 86, a CRR2 regign,pf SEQADNO BHRER IRNG: e, SERQ W NO1R5) SRIDINO: 63, SEQ

ID NO: 71, SE . 79, Or - 87, ' ; ;
12, St o notUB ISt o 5k e B2 9@&%@?@%% {8 and i the
light chain variake-goabesih leTsransgioeskd 151eb: Lunefrnem NA20¥) dE320W0: 57, SEQ
ID NO: 65, SEQ4x&Q@f 7 SEQMRNMOSEL, et SECHRROIBI2GCDR2FeGioandf S8 NO: 42,
00, ancPa COR L o] 106 0 45 SEO (2 NOv ot S0 [P NO; 58y SE0. o N3y 67. SEQ 1D
NO: 75, SEQ IS 4 SPEEC IR KO- PR B R sty Lo I b dilosire may
be characterizebl A Mat4147) daiErsdeSCAIBENGIntintPs Bt sple difi HRF BHTRnG L5 ERFB-2 comprises
as heavy chain vepiatieltbmamcGioRd HHNT) ABBEQop NPrBR] S ANMQ:i6ExBE%D NO: 68,
SEQ ID NO: 76 ,GEQIRNG: 8k SHERIRMN X 1932¥as daht ahaibeyariabtmdomain SEQ ID NO:
45, 5SEQ ID NQy . e Qi R N e Sdn It R MRa 8 Rs. Theh! 2. NQaf /5. Tongji Med. Univ.

21 (2001) 228-35. By detecting ANG-2 mRNA levels in archived human breast

cancer specimens, Sfiligoi, C., et al., Int. J. Cancer 103 (2003} 466-74 reported that

ANG-2 mRNA is significantly associated with auxiliary lymph node invasion,

short disease-free time and poor overall survival, Tanaka, F., et al., Cancer Res. 62

30 (2002) 7124-29 reviewed a total of 236 patients of non-small cell lung cancer

(NSCLC) with  pathological stage-] to -IIIA, respectively. Using

immunohistochemistry, they found that 16.9% of the NSCLC patients were ANG-2

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



SEQ ID NO: 85 or SEQ ID NO: 93. The bispecific antibody according to the disclosure may be
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 10 CDR2 re%@on of SEQ ID NO: 2,

and a CDRleé%H/%’Pg}EQ ID NO:3, and in the light chain variable domdif % ES’E%‘%’&‘ n of SEQ ID

NO: 4, a CDR2 region of SEQ ID NO:5, and a CDR] region of SEQ ID NO:6; and iii) said second
antigen-binding site specifically binding to ANG-2 15 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 CDR1 region of SEQ ID
NO: 48, and in tigniiffhuinc fmitonarxotiat erpedn o CORATeg ol S H@nHbaND:; ¢%].aGDRP region of
CS;_EQI ID NO: 50pgndsa B3] 7¢d@p£90fr§ﬁ@v%}>,f!eﬂ@; RundOid e bispesifiecnibady reseeding tC\J/ tggF

isclosure may be characterized in that ii) said first antigen-binding-si e gto
comprises as héQé1 Y cﬁﬁgl’ﬁe%sé?%gfg J%?n%%ﬁrgﬁés %%P(Si%?ngbar%%%gﬁ i%c%?éi?%%gy&%@d%?nain SEQ ID
NO: 8,and i$U&YHebotti gh?ﬁ&éﬁ%*ﬁcﬁﬁ%%ﬁé‘?ﬁéﬁ?%ﬁl? BhERGEE N By PEREIOTises as heavy
chain vasiable deiairs SExEeNOYDEs andiastight chain variable domain a SEQ ID NO: 53. The
bispecific antibody according to the disclosure may be characterized in that 15 ii) said first
antigen-bindingriterapeaificrl yrbiNing tedBG & eomprisesiil, tiertepyyichaimwanefieaomain a
CDRa region ofyBE QN Lo -é@%ﬁ%@a&ﬁa@%‘g &IEIDNONSRQ IPND. A HEQ ID NO:
95,and a CDR1r 'o%?’{llgng ﬁN -3, (2{ Et%‘}% X 96@,&2]‘? inrthe light chains}/oanriaé)le domain a
CDR3 region of%%%% 4, 0 5 N(») 197, E 4o E(‘E.re |ano?%ﬁ%"l ﬁgf‘, or § Q ID NO: 98,
and a CDR1 redishpflgig @rorimres b Ismee de e oooerchy %%%@&Ta kpardeHt pmehfg Site
specificaily bindingrte:AMdGh oo msisisihil the spemryoeh o ahalkleataneiing 8BRS fedgon of SEQ ID
region of SE0 15 408 ot LG o M o A e T e STy & COES region of
region o : 64, or . 88, in the light chain variable domaijn a region o
SEQ ID NO: 65" 8M&EH |B‘?§TS8‘:‘%9,QSI%I?EE§RE‘ fé%‘?o atgfgl% ﬁS“ﬂgL?“éaé?%r E eltgyﬁ’ﬁ%)‘& and a CDR1
region of SEQ IDas@agre. e BEQNMY Ne: 91 PEThEDishd) dHdndtyesiafsschs théisclosure
may be characteiiget inrtbes ithsayehfitstiantigensbihdingsitespecifitedly. Kiatinly 1§ VEGFE comprises
as heavy chain yatiable §qawn 2B NO: 7, or SEQ ID NO: 100, and as light chain variable domain
SEQ ID NO: 8 or SEQ ID NO: 101, and iii) said second antigen-binding site specifically binding to

ANG-2 20 comprises asneavyaaain s igligdomainonmie P00 Wln MeRFé:Deidr 93, and as light
chaln variable domain a SEQ ID.NO: 69, or‘SF%IPsNiO:.%BthP?ix% i&%f%% a‘.,%l(;)od(yw% cgfrdlng to the
disclosure may FEERAUAHPARG T ¥h it & Y XRrEsiqtirst antlgensfgtlnndlng site %{)emﬁcally binding to
VEGF compriseB#ing Sngferhaa SAsingme and shelderrs itarenr3nedisn'er SEG18-NG°%, a CDR2
region of SEQ IBNOA Zxdasdi at (AR fagies) 88BE2; IDM O FtahdlinChe lightschHlf (&%8ble domain a
i) Said Booon S A A et e chain
variable domaint S EOR LN S SR 0 T B iR t%@l&%ﬁﬁ%ﬁ@j@ WaIEE" a5 cora
region of SEQ IseNGonditigaedimeddight®hiin fhrtkbld delifainy DRI N bREEQY D NO: 65, a
CDR2 region of SN 166y and iCRRY regionsohSE QdDaNb G of ANG-2 to VEGF
| promoted significantly longer and more circumferential neovascularity than VEGF
25 alone. Asahara, T., et al., Circ. Res. 83 (1998) 233-40. Excess soluble Tie2 receptor
precluded modulation of VEGF-induced neovascularization by ANG-2. Asahara,
T., et al., Circ. Res. 83 (1998) 233-40, Siemeister, G., et al., Cancer Res. 59 (1999)
3185-91 showed with nude mouse xenografts that overexpression of the
extracellular ligand-binding domains of either Flt-1 or Tie2 in the xenografis
30 results in significant inhibition of pathway could not be compensated by the other
one, suggesting 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., etal., , Proc. Natl. Acad. Sci.
35 USA 100 (2003) 5028-33. In their study, it was demonstrated that a2 nuclease-



5The bispecific antibody according to the disclosure may be characterized in that ii) said first
antigen-binding site specifically binding to VEGF comprises as heavy chain variable domain SEQ ID
NO: 7, and %Aig{ﬂ%ﬁg{?jn variable domain SEQ ID NO: 8; and iii) saidPsecon((:I) aril)ti eg-binding site
specifically bindingto RNG-2 10comprises as heavy chain variable domaiﬁ%?é (5] 68, and as
light chain variable domain a SEQ ID NO: 69. In ong aspect, there is provided a bispecific antibody
specifically binding to human vascular endothelial gfowth factor (VEGF) and human angiopoietin-2
(ANG-2) comprising a first antigen-binding site that specifically binds to human VEGF and 15a second
antigen-bindingradterdhiaR3pe cificatlyrbinatsstediticatin ANG-2ndhabeictsrizaddil thghijisaity
antigen-binding; siigsaf e.each @RaAbaN e dyheawy chaimy arakisslamainapdaa:antibody light
chain variable domain; ii .said(Iirist antigen-binding site specifically binding to VEGF comprises in the
20 heavy chairfVEAEBIEHoMAain a CDR3 region of SEQ ID NO: 1, a CDR2 region of SEQ ID NO: 2,
and a CDR1 re%i‘on of SE _IDqNO:3, and in the light chain variable domain a CDR3 region of SEQ ID
NO: 4, a CDR2 é‘@ﬁfff‘ﬁf@l“:{@ %*NO:5, and a CDR1 region of SEQ ID NO:6; and iii) said second

antigen-binding site specifically binding to ANG-2 comprises in the 25 heavy, cha}gg variable domain a

CDR3 réion of SEASE FARRY! 2ETesaIReaiBheaY SERAIBHING: DP9 S5uelre8 il RyT6FBY SEQ ID NO:
48, and in the lighttchainetasiabie tispesifica@bRBadgidnsofSEQ 1D MOgdenstobhRRTegion of SEQ ID
NO: 50, and a GRR:aeionef REQD MRl cabmaaid hispecifimanibpdiestals atdeast bivalent and
may be tr"’a'e”ﬁ’%‘@f{%‘ﬁ’a E’éd%@‘)’?iﬁ“%n@rﬂgﬁ Iy t8g bixpeciligantfody prserding 4o the

disclosure is bivalent, trivalent or tetravalent. A further’aspect of the disclosure is a nucleic acid
molecule encod‘ﬁé‘%chain of 5said bispecific antibody. A further aspect of the disclosure are
expression vectors containing said nucleic acid according to the disclosure capable of expressing said

nucleic ¥tid in 2AOREYSHSH OB APEREH SdEem thhanhReryre ARBID R ddebdeEells containing
such vectors folgie seigvibinant jorosnctitined ancntib diy, doeerdirtgttabtditre dikclogigs. A further
3SPGIJCt of the g@%fa?ﬂfﬁﬂg@ &{%K%fﬁiilﬁs%@%@wﬁh%imeﬁ SReRFiMRGOR HiAalaE aesasding Lo ghe
isclosure. A fiirther aspect of the disclgsurge is hod for the producti [ ific antibody
according to themc?lrs‘?c?é%2 fa. ’cgln%“r%c gﬁ;aeeg eb?/pgéjl (?g%il,er’a ﬁﬁél%lié%%?g%cglg?:%%rgﬁg%gﬁe disclosure

t
in a prokaryotic BrEuka§iotie A5t Helllaér%rréem\%m &hichée bAtito N rorh:Hidcell or the cell
culture ssipernafantndlhefdiscioswiediedhdfabodprizds (ReOZhtifod; obtained by suchNatyecombinant
method. A furthe; aspectsqb e riselesyreys a pharmaceutical composition comprising an antibody as
defined above. 20A further aspect of the disclosure is the pharmaceutical composition as defined

above for the tregimen AHEARCGRE AnWhEHRPRS B\ Hhefittlapuirdsiine RIAMBRCEUGR composition
as defined abO\éIe for the é_ru%qég? n;g lf vasc%ll%r (glsegagé.or o A gur;t:hert%%plg%% Pr];, hee[qtlss%lpsure is the
bispecific antib Ms@d% HEECL LR ORI Bthe treatment of cancer, )
scFvs (Fischer, N., Léger, O., Pathobiology 74 (2007) 3-14). It has to be kept in
20 mind that one may want to retain effector functions, such as e.g. complement-

dependent cytotoxicity (CDC) or antibody dependent cellular cytotoxicity (ADCC),

which are mediated through the Fe receptor binding, by maintaining a high degree

of similarity to naturally occurring antibodies.

In WO 2007/024715 are reported dual variable domain immunoglobulins as
25 engineered multivalent 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



A further aspect of the disclosure is the use of the bispecific antibody as defined above for the
manufacture of a medicament for the treatment of capcer. 16b A further aspect of the disclosure is the
use of the bispecific antibody as defined above for the manufacture of a medicament for the treatment
of vascular diseases. 17 The disclosure also relates to a method of treatment of patient suffering from
cancer by administering said bispecific antibody. to a patient in the need of such treatment. The
bispecific antibpdies pedoraidg doktredis clesisreasioavd enefifs forthesmampatedisiibgnoneed of a
XE&ZS"Q%Sﬁ%*aégﬁ’;ﬁ”m%?%fﬂ g P@‘f&?égl %%E%Sfﬂa e auifering
from cancer. %Fgﬁéuﬁw S éﬁ alﬁ]i’é %}J‘é‘ éﬁ?g th]élié‘?éilosure are
more effective inawinbrasromwthiatedtbaimibitidrlofikage ﬁﬂglbgemw @Gmpar@dlg) bontiination of the
respective 10m9pa5@ﬁaﬁwfﬁﬁtamtqg%%p&%aiiﬁdj@@wémm@zﬁzhgﬂ@e%m@{b@a@ambodiment of

the invention is a bispecific antlbo | to hu man ANG-2
comprising a firSt 2 a)r?fg)gse%r |ng sﬁe Eﬁicatga%%egg |caII Pl% grt% human eg SeLon

antigen-bindingisieiehat i%ﬁ?@é?ﬁ%élﬁg@iﬁﬁsﬂf@ W@m‘@@zﬁ%’&ﬁéﬂ&ed in that i) said

antigen-binding sites are each a pair of an antibody heavy chain variable domain and an antibody light
chain variable dut#ipedifisaienfirstrantigale:tingingesitbispegificallypoirding tary/ EGfoednprises in the
heavy chain vaua@lﬁg@@mamcw@a@mm@ PN o SR 2D NSy SERIQINO: 17, or
SEQ ID.NO: 94, a CDR2 r on of , %%FCZJI ID NQ: 1& ‘g %% 8, or SEQ ID NO: 95,
and a CbR1 regfith 5t% éﬁb"@ﬁ 149 Byt énﬁf? NE'SBIGnd in the
light chain varidioterahdmanin aTQZD@Saﬂ@gt%m disEd |WN®mh®Equmm@zgsE@1@mczo, or SEQ
lD(!l\IO:C?;F’ai 2&&@%&@9@&1@6&%@ 1&iMO: %%'ﬁlfl%diglgo f<1»1|3\l %ﬂ%ﬁgéﬁ) N&Y 2%5%%5%%D)N0d98,
and a r i) sai
second antigen mdwtﬁ@éi%eu Eﬁ]éa léofm ?&Ng@%op n%éag?]f (2[{' eavar%ﬁg?n \%%drlable
domain a CDRharéga)ﬁ\m @Eqngesmn@n%los@@ |BTNES;, SEQ”IMOO&%hQEQ IBO: 54, SEQ
ID NO162, SEQ:#RWeit 78, IekQ RN QT 810 &kQ MANPI86yal G dRgiendo&:SEQABINO: 26,

SEQID NO: 39am§§éa§’[)c%9tru&s SR %{MQ& i §§93‘%'§9@ “nieh 2l DiOadedy Rl HO- 15, of

SEQ ID NO: 87, and a CDR1 region of p@%’ %8 0:48, -18-SEQ
ID NO: 56, SEGHEMEOWBE EEE KRS gﬁ?l@w‘f}ma Qﬁeéledwﬁ %éOAHB AR light chain
variable domairepo@BiR3rpegible ocbSHEQCDthiDaR8n S QI (NG T2& withithpenifitaticiisod@l , HO3Q

IDNO: A1, or S50 Tk ﬁ&é’@‘@é%%%%%%ﬁléfwa%*%a@%?g@f%ﬁoﬁoSEQ
RSP Sl et ol e e s A
region of SEQ EpNGBM SVE@IIWN@)%Q?SEQWNQW@O%E@ BN EcbP18EQ IBACuley, SEQ ID
NO: 75, SEQ 11 3ONQ: 831k SEdHINQiBHidpdoneembagiseat of the invention the bispecific

antibody according to the invention is characterized in that i) said antigen-binding sites are each a pair

of an antibody E%ﬁl‘@{xﬂ%ﬁ‘:'ﬂ yeUable gggnjamaqmypody light chain variable domain; 15i) said first

antigen-binding site specifically binding to VEGF comprises in

WO 2007/068895 refers to a combination of an ANG-2 antagonist and a VEGF,
25 KDR and/or FLTL antagonists. WO 2007/089445 refers to ANG-2 and VEGF

inhibitor combinations.

WO 2003/106501 refers to fusion proteins binding to Angiopoetin and conataining
a multimerization domain. WO 2008/132568 fusion proteins binding to
Angiopoetin and VEGF.

30 Summary

The current disclosure relates to a bispecific antibody that specifically binds to

human vascular endothelial growth factor (VEGF) and human angiopoietin-2



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, and in the light chain variable domain a CDR3 region of SEQ ID
NO: 4, a CDR2 region of SEQ ID NO:5, arid a CDR1 region of SEQ ID NO:6; 20or said first
antigen-binding site specifically binding to VEGF comprises in the heavy chain variable domain a
CDR3 region of SEQ ID NO: 9, a CDR2 region of SEQ ID NO: 10, and a CDRL1 region of SEQ ID
NO:Il, and in theAhhiDhaimydsiagle doshamtigdbREragior chs B¢ N0y Tinds GDREMayion of SEQ

ID NO:13, and ﬁ%&%@&ﬁ&%@éﬁlb@%ﬂ%%ﬁe%a?%&&rﬁ&ﬁm'%ﬂsbd@ﬁlﬁgaﬁtﬁﬁ@e@ﬂCa'|y binding
to VEGF comprises in the heavy chain variable domain a CDR3 region of SEQ ID NO: 17, a CDR2

region of SEQ ariable domain
2 CDRS region FSEB 16 e 35 s R e PR i e Pl &gﬂ%égﬂﬁgé.on of SEQ ID
NO:22;and -19-N CDR2 re nofSE ID NO: 26, and.a CDR ign of S QIDN027
and in the light chain' a?%{ﬂa Eﬁ’g BRI BsE BB NG™aY Fﬁv&f(f 28 with the
mutatiohs T92L, 1-193Q wmidhiealimaGIDR 2rreyitedf Eﬁ@d@am@a@@bhr@@@m | region of SEQ 5ID
NO:30. In one embodiment of the invention the bispecific antibody according to the invention is

characterized in thati) ssatl ditigemn:bundiigdsie siarepeaifival iyabimafian By Jveavysehain variable

domain and an antlbodytygl%g@@ghgg{%gbqgmu}gl@%g g;ogrgliggg ﬂgllgg)sqe cifically
binding to VEGF comprl as heavy chain variable d%maln SE EQ.ID NO; 15, SEQ ID

NO: 23, or SEQ ID NO %na hPcH&n Varfii ‘Boﬂ%‘{%%?{ﬂ&g §EHPRPIR®: 16, SEQ
ID NO: 24, or SEQ ID NI Nil Zrigki() HaitveeddndBRtideNDindfhgsitEQuBLiliEallY hiatkhg to ANG-2

15 corpprises as heavy el veRS IAEANSERID MRy @J@Qi@ N S 1B, NO: 52, SEQ

ID NO: 60, SEQ ID NO S 84 or ID NO: nd as light chain
variable domain SEQ I 8§§% gé%of)nfgﬁ glvﬁ?h Eé“%nvu ‘ﬁuﬂ? ﬁéé Fﬁ?% SEQ ID
NO: 45, SEQ ID NO: 53582ANDNNOALIEQED NONG; @@@HSE@@(N@ YFQSIBAD RDHa85 or SEQ
ID NO: 93. In one embodiprnt MMOmhecbfsng(qun}u@dmamm mhgyn\gsgntlon is

characterized in that ii) .?éq%f t n b| d| S ecm | K s in the
heavy chain variable domai Iﬁ(@R%%ré |§n 0 tg %ﬁ@@&%@%@ I? ‘FRZ region of
SEQ IBNO: 2, or SEQ IFFRAPIBVasé: éfltﬁﬁ@l%@@n%sm ID NO:3, or SEQ ID NO 96, and in the

light chain variable domain a CDR3 region of SEQ ID NO: 4, or SEQ ID NO: 97, a CDR2 region of
SEQ ID NO:5, or SE@IBaNO S%@nmat@@ﬁﬁmégign ofeSEEEHIINGG, onSEQ ID N@N@QZ 30iii) said

second antigen-binding sifespegifically RiadinehieANGIA campiiaesdmine Reayw ghamvasiable
domain a CDR3 region I S 2, SEQ ID
NO: WO 2010/040808PC e IRBIRY 75 AP AP SB5 b M TN S RNB N 4 coRe
region of SEQ ID NO: 3%2.SEQ 1D NO: 4%, @E@gﬂbﬁ@b@ms%&@@m@ 6%, sEORIeeOn71, SEQ ID
NO: 7900r SEQ ID NO: 87 saa GRR 16e800 0D IER 3D, NEQ 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
25 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
30 NO: 90, and a CDR1 region of SEQ ID NO:30, SEQ ID NO: 43, SEQ
ID NO: 51, SEQ ID NO: 539, SEQ ID NO: 67, SEQ ID NO: 75, SEQ ID
NO: 83, or SEQ ID NO: 91.



40, SEQ ID NO: 48, SEQ ID NO: 56, SEQ ID NO: 64, SEQ ID NO: 72,5 SEQ ID NO: 80, or SEQ ID
NO: 88,and in the light chain variable domain a CDgI’Hegion of 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: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 66, SEQ ID NO: 74, SEQ ID NO: 82 or
SEQ ID 10 NO: 90, and a CDR1 region of SEQ ED NO: 43, SEQ ID NO: 51, SEQ ID NO: 59, SEQ ID
NO: 67, SEQ IDINO®ispsciSE gt Pa83rdin 8 EGHOIMNO Qe lmgnecadmradienend af that invention the
bispecific antibody according to the invention is characterized in that 15ii) said first antigen-binding site
Specificglly ﬁinﬂingth)VE% SOMPHies@Shaay shaicratahle dﬁmaiarﬁl%@w?]&%y?amn%m ID NO:
100, and as light chain vari main ID NO: 8,0r, D NQ: 101, and said secon
antigen-binding site spe%f&aﬁ% gﬁ\ ?ﬁ%at%%%ﬁ&I}é\!)gg%Bﬁﬁg}%énﬁgg%%hd;%%gﬁable domain SEQ ID
NO: 44, SEQ ID NO:.22, SEQ 20 1D NQ: 60, SEQ ID NO: 6%, SEQ ID NO: 76, SEQ ID NO: 84 or SEQ
ID NO: 92, and as light RN VErEHBCHISMSES Rt ,%ﬁ%ﬂﬁjﬁéﬁ%@,@@@qw@x 61, SEQ
ID NO: 89, SEQ ID NO: hz, BEQ IEhNO v 85ablSE # NGIB3 regidm oh&BhBBdMa&Nt .0f the
invention the bispecific antiirady:gegosdingdortheesinvention ipghpractsrizadkinghas iyeajd second
antigen-binding site specifically, bindjng 10.ANG:2 comprises i heavy chai i dpmain a
CDP3 region of SEG (b N 5L S T Te e B R DI SE B e S GRS 16 NO: 70,
SEQ ID NO: 78, or SEQABIRRY: Beica cUREIHYidIeT. SEER BN regiosp(SEQ 1D NO:7, 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 IDoN&id81 <5 haigen Ndbey SteQpdiN@I1§Ai S D NEGY 2pSkh¢d NO: 80, or
CDR ragion of SEQ 1D M A L L L A R N 2 DI MO 73,
region o 41, ; .97, ' . 73,
SEQ ID NO: 81, or sm&ﬁ\?d?é’@@%%i’éﬁi&’é@ﬁﬁ@ RS %‘ﬁ%)wéEQ ID NO:
58, SEQ ID NO: 66, SE@ubiNGe ighSEgN Daxiahigdwn SEOIDNOcg0p aid EEODND région of SEQ
ID NO: 43, SEQ ID NO: 51 5E8 10 05X ISE Q0 DNY36 Zand EQAD RIOF3 SERIBANGs 83, or SEQ
ID NO: 91. In one embodiment of the invention the bispecitic antibody according to the invention is
characterized in that ii) said second antigen-binding site specifically binding to ANG-2 comprises 10
as heavy chain variable domain. SEQ ID NQO: 44, SEQ ID NO: 52, SEQ ID NQ: 60, SEQ ID NO: 68,
SEQ IDNO: 76, SEQ IDPREIBHTS, BEesTPNE S 515 sesihirghy tatigitab e HorE W HSEQ ID NO:
45, SEQ ID NO: 53, SE@IhdN®261¢ISEQ #D N0 68 SEQUDRNQ:Zidn SEQHQ NOYE5 6k, SEQ ID NO:
95:- 15Itn Qnede_mt:r?dtir_n)ermi}w%ge?eﬁ@%@gﬁﬁefqiﬁpﬁafthbe@wéagﬁgifsﬁ% THventia) is "
characterized in that ii) said fir en-hindin e specific nding to rises in the
heavy chain variable doffi ﬁnaal%gﬁl% f%&fgry %@ﬁ?&ﬂ&??@%ﬁﬁ%@? f’ég%ﬁi? NO: 2, and a
CDR1 region of SEQ IDNORR 20 egisn inftHeNy HITRMN Aariatslead 6MRRIh sae@DRITHiéh 87 SEQ ID
NO: 4,58 CDR2 region ofh@ER:IEhNO:5, and a CDR1 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

CDRS region of SEQH) NQ: 46. ¢SGR SR SFQ BNA: 4, 298 (DRI rasienf SEQ 1D

NO: 48, and in the light chain variable domain a CDR3 region of SEQ 1D NO:” 49, a CDR2 region of
SEQ ID NO: 50, and a CIORRTHS5idh 1B SEXM SRS vagable domaing SRR 8F tediiention the

bispecific antibody accobdingn the3RhvemtinrisSEHalaristized.imtfat CDR1 region of SEQ
ID NO:27, and in the light chain variable domain a CDR3 region of SEQ

25 ID NO: 28 or SEQ ID NO: 28 with the mutations T921., H93Q and
W4T, a CDR2 region of SEQ ID NO:29, and a CDR1 region of SEQ ID
NO:30. '

The bispecific antibody according to the disclosure may be characterized in that

1} said antigen-binding sites are each a pair of an antibody heavy chain

30 variable domain and an antibody light chain variable domain;



WO 2010/040508PCT/EP2009/007182 - 22 - i) said first antigen-binding site specifically binding to
VEGF comprises as heavy chain variable domain S ID NO: 7, and as light chain variable domain
SEQ ID NO: 8, and i) said second antigen-binding site specifically binding to ANG-2 5comprises as
heavy chain variable domain SEQ ID NO: 52, and as light chain variable domain SEQ ID NO: 53. In
one embodiment of the invention the bispecific antibody according to the invention is characterized in
that i) said first antigeh-kintlimgtsite: gpedifichitly biediperih MEGHebngpSEE GF 1dtherlieawy chain
varéaévclge lgolr\lngmg% CDS%E%D ellﬁirﬁ%adaé\&nﬂmﬂs%@@mg éé.\’? QB%;@@@ %?QAD NO: 2,
or an re n |nte| t chain
variable domain a CDRZﬁ%Q n Of %@%%%Eg F@%ﬁ@ﬁ@a@?v Ry_R G EQ ID NO:5,
or SEQ ID NO: 98, and @@Dﬁ?ﬁﬁ@r@@ﬁ@of@@@@ﬂmm X, SEXXIDINOM™IGIi) mald second
antigen-binding site specifically binding to ANG-2 comprises in the heavy chain variable domain a

CDRa3 rgion of SEQip :A: 62c@rdSERiRNMEAg a SPR2peediionl bl FHAH NO: 68NG-SEQ ID NO:
87, and a CORI region af 55D, NG00 SLSEQIRNG:A%208 i 328 shiebalfy arale domain

a CDR3 region of SEQ ID N on of %% 66 or SEQ ID
NO: 90, and a CDR1 reg%ﬂsgf%ngQ N %E?QOIPS%% @’I\%QQ N Gn&EemibSdihart 7Qhe invention
the bispecific antibody a8E&QrdingNa: thé imigitidb ibOhafactetize di ghtthiadiRSity sdid firstaintigen-binding

Etg slpeCIflc%:Iy bllndr:?g r: SR(F &l WBES% ma}@o@hﬁzﬂ%ﬂg&@ég ﬁﬁﬁ&%hﬁ@jp '\@3 dOf SE% ID
and as light c a| secon

antigen %blndlng site speél} \X]Z?A%br%&g{@aﬁﬂ %%ﬁpﬁ@e@&sﬁ a\%d;% #%%Irﬁglg |n SEQ ID

NO: 68, or SEQ ID 30NOB X% QI RGN AZinsEA HB IR Qo fiair SEQIDND 989, or SEQ ID NO: 93. -

23 - In one embodiment of the invention the bispecific antibody according to the invention is
characterized iThkdt si)safc Grstradiygendiing ditedpdeificallyfyibdicigdacMbch gothgprises in the
heavy chain variable domain a CDR3 region of SEQ ID NO: 1, a 5 CDR2 region of SEQ ID NO: 2, and
a CDR1 region of SEQ |@1N@r§b anti-hadiabtehajpyaiable tamaing @@cﬁiﬂé&ﬁ%&f fEQ ID NO:

4, a CDR2 region of SE NO 5 and a 1 region of ID NO:6;.i Sﬁa
antigen-binding site speci caﬁa HmBln % é%m rls(éﬁfllir%tﬁ@ﬁéla(\)/f g%?n varia gd)omaln a
CDR3 ¥egion of SEQ ID¥! U BF@?I‘%@@@W%@E@ NONE3 Zalﬁ’é QHSDR1NEYi8f. of SEQ ID
NO: 64, and in the light ahain yareblegiamdis R CDRIVEYieNIHESEIND:NG);: £/, ia @@B@m&eglon of

SEQ ID NO: 66, and a CRRT Iedign.of RE 3 %@#

|me ention the
bispecific antibody according to the 15invention IS ¢ Z%‘&%ﬁggﬁ%ﬁ;ﬁ ??séudr nt| en -binding site
specifically binding to VEGF oliptised 4% HedbrRdRiNVatiat e BEniE W@E@SI’[?W@ 2 as light
chain variable domain SE@dDMNOEG; IANNO:6, it} S&Q seddtid ¥htigen-binding site specifically binding
to ANG-2 20comprises as heavy chain variable domain SEQ ID NO: 68, and as light chain variable

domainSEQ ID NO:#69.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 1D 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 ID NO: 47, SEQ ID NO: 55, SEQ ID NO: 63, SEQ ID NO: 71,

25 SEQ ID NO: 79, or SEQ 1D 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 CDR3 region of 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

30 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



In one embodiment of the invention the bispecific antibody according to the invention is characterized
in that ii) said first antigen-binding site specifically binding to VEGF comprises in 25 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, 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 CDR1 region of SEQ ID NO:6; and - 24 - CDR2 region of SEQ
ID NO: 79, and a CDR1 liegigm oPSEIN IDNGD 867, e Qnith&iiy Htctdivaridlile fhmaiBE)CDR3
region of SEQ ID NO: SirangpR2 region of SEQ ID NO: 82, and a CDR1 region of SEQ ID NO: 83. En
one embodiment of the invention the bispecific antibody according to the invention is characterized in

that ii) said first.antigen:-hinding.site specifically hindi VEGF comprises as heavy chain variable
domaln SEQ 10 NG A A R B e R il Secoma
antigen-binding site specifi¢ally binding toa ANG-2 comprises as heavy chain variable domain SEQ ID
NO: 84, and as light aﬁﬁ“@%tb?gtiﬁ?%gfﬁ%% ﬁ@?%ﬁ&%ﬂﬁ@%Fﬂb%ﬁﬁe?ﬂ%?ﬂ‘?@siﬁ\slention is a
bispecific antibody specizatychinidingy i lsumamivasSc@dPaNBotheliab GoWhNELtI(\VEEGE) and human
angiopoietin-2 15 (ANGighcharacieszed HvthahibepareReiiANE2BNbedy isHet specifically
binding to human Angiopoetin 1 (ANG-1). Typical parent antibodies which specifically bind to human

ANG-2, but not to human ANG:1 are &.; 9254 R3_LGO3, AngZsutCRY, ﬁﬂgz{ LCAG ,92ngZi_LCO7,
and preferably AngZuifiquI 0 oreantibodieé Inding to the garﬁ%%egl%opg as Aﬁ S %3 LCGOS, 20

Ang2s_LC09, Ang2i_L CEBNINHEE 2 kg 7y Abyi v Eeatde frenain 9%%&%&9%&%%% same
epitope as Ang2i_LC06,53r ARQADUEID 6TheFejoie M@nele SIBQdih&iid.of ¢hShdyentidm thid bispecific

antibogly stpegf(lg?\lllé t;;wgmée ?ym@. yaseiial:g @%‘fﬁ'ﬁ?ﬁéﬂi@ &%ﬁg{n(éggﬁ‘%x;%}%gn_ .
angiopoietin- - uman - wherej nt antj- - ibody is no
specifically binding to hﬁﬁﬁ%n%@p?gnﬁ%ﬁ# I{% gﬂi%ﬂé rﬁ%o gﬁnégepﬁg éiﬁg% > R3_LCO3,
Ang2s_LCO09, Ang2i_LCIEQARGHIDLE0M, Hig 2D ING):-P3preferably to the same epitope as Ang2i_LCO6
or Ang2i_LCIO. Such bispecific antibodies specifically binding to human vascular endothelial growth
factor (VEGF) dhd bismaifiangitipaietioed (hdyGo2hbddisobiste dimnabeAhiEat (@t ot areia30 the parent
anti-ANG-2 antibody is not specifically binding to human Angiopoetin | (ANG-1)) can have improved
properties such as e;g igipgicabi PhaRRNACRIRgIcE! aalvihJdesrinXiCibin@mphagmacrkinetic profile,
comp rgd to bispecific acrg)trirtl)ogigss SR Ci igall indirlgrtlob}fuglan vascg@& ndotheli?g%rgvy factor
(VEGF) and human anglopcﬁeﬁn-i ( W -5‘)' A& Well'35 18 haman ARIG-T. jon o
2010/040508PCT/EP200$087.18PQ H3 NPhds. S Efefeid@enth Sdi Rt a bis pE&KiaNiody
specifically binding to hm@,aleQE@WIgymm@Nﬁ-ﬁ@omﬁmf@@mﬂgg@@Mimite that

specifically binds to hu f igen: irg;ﬁ:ag’ ite.thi Hically-pjnds to human
ANG-2, characterized iﬁ%?at th @gggdd‘z%%%g@rmg?ite th @sﬁﬁaéfgggﬁcﬁg }%Hln(j:?fg to human
Angiopoetin 1 (ANG-1). e Emb8aifient SER&MN NN f@d bspEliresirdfEShELNGIly binding to
humarz@ascular endotheiglSFiowih Raotet3(\MBEGHDaNG h it & Qo Gietis, F EANB-RY xdiprising a

first antigen-binding sitedhey speqitizaly bindsHe NwnRpVESE AN aReqend anigen;bipging site that
specifically binds to human ANG-2, 10 characte%jzed in that the ratig of thé binding affinities 10

(antigen-binding site sp&€ifiETd 3 TEPRBgRRBitAiING sitt! spb&hitior KNG ALY - 10.0,
preferably 1..5 -8.0 (In oA erhbotiiiReli? 510:800) SR g fabRp 115EaLEdING:I€D vafkieQslih the range
of 10-1013 mol/1. ICD valyesate cioter midre iBashNGBNGGFbinding BIAGSRE, (Sge Example 2,

and Fig.15A). As both protei E ANG:2 are both prese luble
receptg? ligands in humg]@g%r?%@a@m%mgiggém@n%%%gn@bﬁé}c%r g0 5%%3(; §[§id both
receptor ligands by a bid¥ecifie: cidractdtbadgionatRERIB dfehetbirtdiky IBX N8 UCEEQ
(antigen-binding site speTificdorsyESHe)/ Kbfentigensundingsie spesiio for ANGS2) i $18910.0,
preferably 1.5 -8.0, and § .eimbodiment 5.0- 20 8.0 can lead to improved properties with respect to
the anti-angiogenic effects, tumor growth inhibition or resistance mechanism during the treatment of
cancer or vascylar diseases with such a bispecific antibpdy. Preferably said bispecific antibody
characterized it At TRE TG 6 B0 BRI Wi RS PGB GRS EpL IS For
VEGF)/1CD(antigen-binding site specific for ANG-2) is 1.0 25 - 10.0, preferably 1.5 -8.0 (In one
embodiment 5.0-8.0) and and said said bispecific antibody comprises as first antigen-binding site
specifically binding to VEGF a heavy chain variable domain of SEQ ID NO: 7, and a light chain
variable domain of SEQ ID NO: 8, as said second antigen-binding site specifically binding to ANG-2 a)
either a heavy chain variable domain of SEQ ID NO: 52, and a light 30chain variable domain of SEQ
ID NO: 53 or b) a heavy chain variable domain of SEQ ID NO: 84, and a light chain variable domain of
SEQ ID NO: 85. As used herein, "antibody refers to a binding protein that comprises antigen-



binding sites. The terms "binding site" or "antigen-binding site" as used herein denotes the region(s) of
an antibody molecule to which a ligand actually binds; The 35term "antigen-binding site" include

4
antibody heavy chain variable domains (VU) WO 2010/040508PCT/EP2009/007182 - 26 - and/or an
antibody light chain variable domains (VL), or pairs of VH/VL, and can be derived from whole
antibodies or antibody fragments such as single chain Fv, a VH domain and/or a VL domain, Fab, or
(Fab)2. In one embodiinend ofktieenclrrenigeneiiding adheof gheidrtij gn-bindling site sSACSMIrises an
antifbodk))/I h(.ea;/y che(ljian ggﬁl@,@j geggmt?égvg};éﬁ)iﬁnﬁggﬁgl@&%ggpgﬂighg@?y;dy@' : \I/WL Ejn (VL), and
preferably is formed by onsisting nﬂ#} _|gn%$r%vr _ gé,neln (é'a an
antibody heavy chain va%ég%%oﬂi;hg(\ﬁb% %émg P r}gﬁyénc%e @IQH)N‘I a ?/chain
variable domains (VH) arrcdf&ia iRy %idyndivsiti glairidiolo denshinsi(uldinth SFEEDEBiR@NHV bind to
humbar(ljI 30 vas%ular endgthelighgrawts fasteq) (Vs Gi): AN ke deriyed®) é@@%@qw?@@?i\ﬁ,GF o
antibodies such as Kim . re,362 -844; Warren, R.S., et al., J. Clin. Invest. 95
(1995) 1789-1797; Borggﬁ%ﬁﬁégg.?régﬁgﬁlﬁﬁi % (1996) 4032-4039; Melnyk, O., et al., Cancer
Res. 56 (1996) 921-924). WO 94/10202, WO 98/45332, WO 2005/00900, WQ 00/35956 and 15 US
2007/0141065 brbyerh HearHRAVIEese GHibOHRS BRTaMEE BB vEartHastZatBA methods using
inter alia either the hiuégnan_glﬁl_EGF protein or nucleic ac@igagr fragments thereof or by phage display. The
antigen-binding site, Bhd@dgaeiaiiiiseabineizg-sianaeteigotahiedive tpanBdr aeribodyslight chain
variable domains (VL), thit Begeiickadiy Ringatdhummain angiopeistinr ANG-2hcrmbe derived a)
from kngwn anti- ANG-ZC%}Q aodies s Wé)l?é[ 0833 006!068%53’3E 5/045049 or
us 6,1T686,185; or b) from ne_v% 5%%%3,&!\%@? Qntl 0 mé%b%%mééxy els)lé% 6)?%%nn%vo névn%ﬁlg%%dn methods
using inter alia either thé'KLidheAits-shaia e s derrimeig BRY agwuaned Hee? HPyhage
display. 25Antibody spesifitfitik 2atari®tocsIECHVD MeCogniiidn.af Tiel aneiibadyTOEQ ABrilcOtat epitope of
an antigen. Natural antipadies, for example, are monospecific. "Bispecific antibodies” according to the
invention are antibodies which have two different antigen-binding specificities. Where an antibody has
more than one specificity, .the reco nizeg epitopes may be assogiated with a single gntigen or with
30more than one anfig e%é&nﬁ%%od}es of ﬁggﬁt?é%%ﬁginéé%tig ea?‘r{é"s?tg c}lt\‘{l)é or %N(?Odif?\erﬁ i%ntigens,
i.e. VEGF as first antigetPandix @Lthadestopiepintigesbladorzi /O RShsreT/EHiH0d007182 - 27
- The term "valent” as used: wihinGReurgiohapication denotes the pEpRNCR@Ha spsEifled number
of binding sites in an anfigadn mQlegie, A3 UGN MG IMIbhAIRL , datpyalent, spdifexavalent
denote the presence of two binding site, four binding sites, an Six bin INg sites, respectively, in an
antibody molecule. The HFoldFadflc %ﬁ%&ié@éﬁbé} G dNE Hiveihtion & B dseivafent” and
may be "trivalent” or "m&HaIENN (e Bl ("tetravalent” or "hexavalent”). Preferably the bispecific antibody
according to the invention is bivalent, trivalent or tetravalent. In one embodiment said bispecific

antibody is bivateabikparecmiipsinenisaiddisprecicaniiRedmis 16 valentdnLneempodiment said
bispecific antibody is 10tetravalent. Antibodies of the present invention have two or more binding sites

and are bispecific. That f5idfi antibadies MaY,PE DISRREFIC SYSRNLGPRPS WORTE.IBIR Argmore than

two binding sites (i.e. that the antibody is trivalent or multivalént). Bispecific antibodies of the invention

include, for example, m %\Qfe‘maé?nw@able domain SEQ ID NO:"7, and as light chain variable
domain SEQ ID NO: 8, and

111) said second antigen-binding site specifically binding to ANG-2
25 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 the disclosure may be characterized in that



15 chain antibodies, diabodies and triabodi es, as well as antibodies having the constant domain
structure of full length antibodies to which further anﬂ en-binding sites (e.g., single chain Fv, a VH
domain and/or a VL domain, Fab, or (Fab)2,) are linked via one or more peptide-linkers. The
antibodies can be full length from a single species, or be chimerized or humanized. For an antibody
with more than two 20 antigen binding sites, some binding sites may be identical, so long as the
protein has binding sifes#ol fiss diffieenbadiigesise That isalthéredmng firsS{Bildimggitesds specific for a

(S o St el b o et
actor - : cribed i D,W., gtal. _
1306-9; Keck, Pd., et al%Eg gg@%‘e% rf%&-f%%%@ﬁmll% r1§]%§t gﬁ,%f)nBio > Chem. 264

(1989) 20017-24. VEGPRiafoRRY Tagise pdRHEBA Fhdratat BRJ B8N ARl athibdenbels and
ngovgzsularizzation ?SSOglaﬁ@mﬂﬁbl%lﬂmgiﬁﬁcﬁnma%lgi@ﬁ%ﬁgEf?@XEEDEH,%MEQ( H). Némdocr. Rev.
18 (1997) 4-25; Berlcm R. . Clin. , - Brown, L.F., ., Human
Pat(hol. 223 (1995) 30 86@1;%@9%? {?%‘_?%?%éﬁgi%ﬁ?@é%_@sﬁgg@ %5%7%7%%‘? ﬁ/lgi%é%l J., etal,
Brit. J. Cancer. 73 (19985931 S53E QP DUdiale P EQ IR Nan®9:. Pathol. 146 (1995) 1029-1039).
VEGEF is a homodimeric glycoprotein that has been isolated from several sources. VEGF shows highly
specific mitogenic actiispifdr exwtoihekiatigefishindi®e- HilenaspenigiopoietmadigdN G2\ lkethatively
abbreviated with ANGPT2:05ANGR) ks REID Mamllfhinsassiibed nrtaisepnpicues et al,

a

g
Sciencg, 277 (1997) 55-§0.and Ch +A.B..etal ics 48 -91. The jopoietins-1
and 2(:l ANG-1(SEQ ID ﬁlg:‘ fﬁ%ﬁ@&%%&éé %%@E&Fﬁgjf% (&grg%)is@o%/ér‘e(i agrliga s for the
Ties, a family of tyrosindRin¥eSthatid seldeBlelymspras SEHIAMIA etrasuE@idgbNEium.
Yancopoulos, G.D., et agsg AatureidOA RO R4 2-4B8lc [heneiare ToRFeusioefvtilBHMBMIoErS of the
angiopoietin family. Angjgpojeti ( g-3cgﬂgz ng-4 idely diverged
counterparts of the same@zgk%g:a%rl{(-:-g %c %Iaiﬁ\rrébﬁé %_m mﬁ?%?r% ﬁ%@%{gﬁ%@%‘%&é é}ég%@ﬁ%g%)
353-56: Kim, |, et al., J Bfdl CRerrd 24 R8dgygiensi-SF4) ARNQ: Qﬂd"AﬁI%QZIR/&@:o?iginally identified
in tissue culture experiments as agonist and antagonist, respectively (see for ANG-1: Davis, S., et al.,
Cell 8731996) The bigg:caind fonbanGagetvdinoipiberdisFaGuretsly, (SoibatsiA7ed 89Rp65- 60) All of
the known angiopoietins bind primarily to Tie2, and both Ang-1 and -2 15bind to Tie2 with an affinity of
3 riM (Kd). Maisonpigiyesakl Gissetalig&ctdndan 2 §ife( 997 &b Biringriigéndiineing sites ak an antibody

of the invention can conigif, S CMPIAMAC AN ANETINNGILIRS whigh capirikute in
varying degrees to the affinity of the binding site for an iS;en. There_are three heavy chain variable 20

domain CDRs (CDRI-II, BRI Na EPRAP AR light S HEHED R YoH&iADRs (CDRLL,
CDRL2 and CDRL3). The extent of CDR and framework regions (FRs) is determined by comparison to
a compiled databaselidf sfsinsessiads catitgsacsingingictitthosierdigtely hhindbgeridlefi¥d-dccording to
variabiity among the sequgpesss AlSheialugrechwithizbibeiseape SEheDNNentisn) areSEndimnal 25
antigen binding sites corypyisgd .of 1 1.e,;.where _bindin ificity is d i by three,
four or five CDRs). For g}gfn ’e%éfs%ég\ﬁ%]}\qg%%}nﬁré?yéé{ggfa%c%%ﬁigyﬁgs(%fﬁ%er@grﬁginding. In
some cases, a VH or a WOd8rhain will be sufficient. In certain embodiments, antibodies of the
invention further comprise 30 immunoglobulin constant regions of one or more immunoglobulin
classes. Immunidgibiaméeitlasstbadyleceidies tgitheldisclirDreandyi §E thotgpies zaddnithtite case of IgG
and IgA, their subtypes. In a preferred embodiment, an antibody of the invention has a constant
domain structure of dfy |géxdityjeet antlbespitdihpasdopedfitgin bnding eiteECHisispasesmplished e.g.

by linkisg two complete gptigen, 3SRRAINGSUGS (%:faif ANASRINAILEY) IPEEHGINRNding to VEGF to
either to - 29 - N- or C-terminus heavy or light chain of a full antibody s_pecificallécbinding_ to ANG-2.

Il
Alternatively this is accofripienE) RisHg B SSHipte R BiAdii ety Shek thing to
ANG-2 to either to C-teramidhirs thedvghclohamof aifillcathiibaiayaspBdficaifyopindifg QI VEGF 4The four
antigen-binding sites Sprefesaibly LOIRYSSERY PrRRigs N RING NBRITGS fRIEaoEel adiferent binding

specificities. The terms "monoclonal antibody" or "monoclonal antibody composition" as used herein

. tlfOOTQ&@[g] "chimeric
, 1r

refer (o a preparation,pf gpybady melegles.of AFNTIS AMINRAIL SAMAGSHOD

antibody" refers to an ntlﬁ)ody cor_nprismga variable region pi.e.,' Bindin region, from one source or
speciedtand at least a pSAFBRFSERIEIASRFR e GIGHdE EPﬁiSH% EeairReobPESe s, 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 Clg 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 segmeé¥ts éAcediliRitnmeginogio Bl IEb hatartt3regionsCMR thogsoio o HRIINcing

chimeric antibodies invotyeiconugniional reeagiingah DNARLALRRS qw@%&&e@@iﬁges are well
known in the art. See, e.g., Morrison, et al., Proc d. Sci. USA 984) 6851-6855;
25US 5,202,238 and uﬁ%,%ﬁ‘, 4.a1§§$grﬁgﬁ&ﬁgr§§§q%ﬁ%w%réf&sat§é b‘&?&?&\ which the
framework or "compleméhi@riy détepmining 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
preferretl embdthmeiheai fiuinib &y Rdsogdaften htoB e fcame\weréhtegitsrioédihdiman antibody to
prepare the "humanized antibody." See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and
Neuberger, M.S., et g, Matuse8dicLA0Gha83- 20 sRarticHinryimaliened EORs.eosraepand to those
representing sequences,reco &iazuig%heba}nt(i%%glénngggbﬂg%qur ché{ner{c tntigodles..(% her forms of
"humanized antibodies" enc mpassecfll%y fhe present 35invention SP& hodE I WHIR tH& Constant
region has been additioa@mairodifieHoN4v& 204.0/840508PCT/EP2009/007182 - 30 - changed from
that of the original antibody to generate the properties according to the invention, especially in regard
to Clg binding and/oncseedeptepfdcRhbgribgudihg tenw "bpeodicahtibbohings used NéFein, is
intendeg to include antibodiesa.havingvariable AnthERNSRNLFESIOYTIHawEE{romhiuman germ line

immunoglobulin sequences. Hum tibodies. ar %%n n in the state of the art (van Dijk, M.A.,
and van de Winkel, J.G.S¥UH’ ﬁ?ag n@%ﬁéé %\/8-374). Human antibodies can also be

produced in transgenic animals (e.g., mice) that are capable, upon immunization, of producing a full
repertoire or a 1D ISene: SheGitpT aridEo dibsnstHE aptbpde BreHtsgerivndingtedmsembulin
production. Trangferaf thddibiaian genwiHifecioinTWEEIYhidih Benena s dpsach-geumine)mutant
mice will result {a.the;Brack efion.okbuman anuhad g ANIOeRERAISTAR (SPGER g ylakonovits,
A., etal,, Proc. Natl. Acad Sci. USA™90 (1993) 2551-2555; Jakobovits, A., et al., Nature 362 (1993)
255-258: Brugdetfiehid i gin-Biding s %ﬁ?ﬁﬁﬁﬁﬁ#‘%ﬁ@%‘)‘%@-EW%Mﬁ‘antibodies can also be
produced in phage display libraries (Hoogenboom, H.R., and Winter, G., J. Mol. Biol. 227 (1992)
381-388; Marksharpctesizad 19 thabl. 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., Monoclonak20 sandibodes-dmdti@andes Eherapl, 4 iss; Aflan pniBod9883yantldoemah P ., et al., J.
Immunol. 147 (199398879714 A% ABRdY H}ﬁfﬂt&%ﬁldvf&?{a%@@@ﬁiﬁiﬁ[‘d 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 accordi invention, especially in
ooart o Clg 20 .%gﬁgﬁ%%s%fg%g}ﬁaﬁﬁg%}%aﬁ%%ﬂig B R, e o e
parts (€%. from Igdgaty @i yaEA Gglomyta Hatatisgiornd &R HebémbirehPRtAisgiUhtibody”, as
used herein, is intefdsEIGINDIGAE alhiunEbRanifgcies IRBLRID prepRrecd expiesied chuated or
isolated by recomWM1@§%§1§9M3%%?&9%E@%§S%@%,aa'@ﬁkﬁ%ggﬁgﬁﬁ%@g@ﬁ? or CHO

cell or 30 from an animal (e.g. @ mouse) that’is trans%c]en!c_for human inimun nes or
antibodies expres<at dsiiy 2 fdeBmisiaion UxpresSdnVeidrtransfected into a host cell. Such

recombinant human antibodies have variable and constant regions in a rearranged form. The

recombinant hufhaigdrtbotias besoiinin e spedfigaivtinding én Ajet adngerisey idBomatic
hypgrrgstation. Thﬁ&a’&b%%@a@ﬁiﬂlﬁ@ﬂﬁh&ﬁ%&/smﬁh&%{bha@ﬂ mqamionsa@fzﬂs:,ede@pmgi;\ant .
antibodies are sequence 2 04 PCT 09/007182+ 31 ~that, while derived from an
related to human %ﬁ}ﬁ rﬁr%é%a%%@iﬁ%%%@?ﬁ%@ rngg%onnaﬁ?éﬁéé%smﬂ\ﬁ@ tﬁ%ghlarﬁﬁgn antibody
germ line repertoir ghtmpwa%%@%%ﬁ?ﬁ%ﬁﬁ%@%%ﬁ%ﬂyﬁ@liﬂﬂi%Wﬁl%riable
region of a heavy df&iB\VH)NG Utk diibadiiD@dnetaseaChke) tie Nair Hf. 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 Il-sheet conformation



10 and the CDRs may form loops connecting the p-sheet structure. The CDRs in each chain are held
in their three-dimensional structure by the framewo(rj%regions and form together with the CDRs from
the other chain the antigen binding site. The antibo yeheavy and light chain CDR3 regions play a
particularly important role in the binding specificity/affinity of the antibodies according to the invention
and 15therefore provide a further object of the invention. The terms "hypervariable region™ or
"antigen-bindin§adtispecifanaatitibdicyaehanl erse divelein aedemty the tamikm @ cidraesidues of an
antibody which grereseensibladapantigensiipding: ThedaRenRiakle: e9iGR.LCAMRNSES amino acid
residues from the " orp%[len]enttarit%/ dete[minlng regions" or "CDRs". "Framework" or "FR" 20 regions
are those varia fgad%nmalnv?eeéﬁo%% SHEARAN the hypervariable region residues as herein defined.
Therefore, the light and heavy chains of an antibody comprise from N- to C-terminus the domains FRI.
CDR1, FR2, CHRPTER32eesRA! Sifadinlpseisis bAKIR eridinatecalsaransdingyastim@imework
amino dcids. EspéddéhscEioRibbthe 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 RYotaing0fdpemustolngigatlptare siro W fidss Rublisctdealbrdghvige sii@tinnalinstitutes of
Health, Bethes%ai,dMﬂlgC 1819111 . ,E'(I)'ht é)laps%%fslgr gng&p%%'eso %grdin nto tshae dinvecgtion include, in addition,
such antibodies %avmg ‘Conservative sequence modifica iongre(gw ieh’* & meaht g:y%% \ariants" of the
bispecific antibBEE3)ytHis thediksotiedinge 5o ahhinclislaseyardsmivdifidatibng wlkh do not
affect or alter the:ahevezmentiones-chardaesisiasiahiherantibgsly aososdiig iy hedryagtion.
Modifiggtions cgp. he intraduced by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid 35substitutions include ones
in which the amjnq.agid residue is re |aC£d ith an, WO 20101040508PCT/EP20091007182 - 32 -
amino acid resi %uﬁ%\%gasé’%?ﬁi jr Eﬂ&e BRHOT U 18 PRAMIRS S ol SN RabMY SHflilar side
chains have beetgetiieeiar therecTibee fathflidisdhsiige 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. glysirferthasparagintiglutaoinersesinenthiiednioe iy rpsidecitysteing bigyptepban),
nonpolar side chaigsde &R ing:dencine: IspleungepBinguPIeRaanRghionine).
beta-branched side ¢hains }(ﬁ.g threonine, valing, isoleucine) and argmatic Side chains (e.g. tyrosine,
phenylanine, Wﬁfgﬁﬁfaw %t?d?ﬁ&f“fﬁﬂ%,adjﬁ%ﬁﬁ}f?é‘ﬁ ABIFEEES erhss hans ASSRIREE a bispecific
<VEGF-ANG-2sait) bistibotly canibedprdferabbpicpteldedrwitic apxdthexlaminsuacidatesiduBfrom the
same side chaigfamibeAupsiant DisRe dificNERE AMGRPL2tibedy Biatsbaraiarederein to a
molecule which differs in amino acid sequence from a "parent” bispecific <VEGF-ANG-2> antibody
amino acid seqye t efer ive,.addition letions and/or
substitutions in%Sﬁ(%ral}aQ%r%%g%e %{;F%bfg%fgg%ﬁég?] cagﬁgég#tx\é%g%gpc?%égﬁgrge%%Balﬁﬁécs)%g.%lmino acid
substitutions caRHRIPEMARBAIAPAGtagenesis 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)2£0029-18d83hex ayperimf hisgiscifiswy BUR-ANG s wibouymstdra irryltdinkeé dhvention
includes also bispeagificec28antibpgiaseformats 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 ArreRIgPS.RL NG AANIGRISIAEL hym@\-{ﬁﬁﬁcgﬁmn SriohMLARGO assay,

preferably in an plasmon_resonance assay (BlAcore, GE- 25 Healthcare Uppsala, Sweden) (Example
2 ) with purifiedaW%‘?@ﬁéhﬁr’if@é‘ﬁF’%%?é{ﬂ?ﬁﬂ f1¥f&@%hding is defined by the terms ka (rate constant
for the association of the antibody from the antibody/antigen complex), kE. (dissociation constant), and
KD (ko/ka). BindidBréiessepiie allytbindirrdonsaris Boiviantgi ariamiimy) ast ddipedoaevsr feiss,
preferalsly 10-9ubt ta #Q43-metht c3@Biading of the antibody to the Fc-yRIIl can be investigated by a
BlAcore assay (GE-Healthcare Uppsala, Sweden). The affinity of the binding is defined by the terms

ka (rate constant farihe agseeialioRofiit.amibadifrom thernihady/antaen£ompIgxnlQ) _
(dissociation co%stang, ind KD éko/ka). WOfﬁglO/M 508PCT/E 29}99/007182 - 33 - As used herein,

the term "not bitRSAG 6 RRBATREH PEA MSHEAR B AR BeARIER ¥ $8RETES 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 "epitopd“THGUAES SR Hofyieptaeradtdhs hishrcdiamibady spselsfiged above for use

in the treatment of vascular diseases.



5 binding to an antibody. In certain embodiments, epitope determinant include chemically active
surface groupings of molecules such as amino acid%gugar 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. 10In certain
embodiments, an antibody is said to specifically bind an antigen when it preferentially recognizes its
target antigen inaficoiaplespesixtdrthofdischeins: dndler macrdthelesptefid reprieogmipodifient of the
invention the bigpecific.antibadyameisssR il isnelnaeLaRiRad A2 eafirlddo 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 | (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
VU-CM)-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, CHI, 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 K (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 CHI 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 chirnerized or humanized antibodies. The full lenght antibodies - 34 -
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. 20In 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 25N0O: 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 30characterized in comprising as amino acid sequences of SEQ
ID NO: 133, and SEQ ID NO: 134 or variants thereof. WO 2010/040508PCT/EP2009/007182 - 35 - 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_LC06)) as second antigen-binding site
binding to AN 0-2. 10In 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 fragme%is_ 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-CH | Tiagrhecibaind althadtber ©-terminhsdobthesanend hitawyephainffeibeofrhh-CL
fragment Is fusegh\yey sRelisRN R Rt Bidpe.Aelabing o Apaens Y B h Ayl i, Including
20knobs -into holes technology, as described e.g. in EP Appl. No 09005108.7 (see Example 12). In
one embodimeﬁﬁlﬁ[@‘mgpecific 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.
25In one embodiih&ifPaseiiapeeticantisspatesiedierctosure shoerhroafis dhahastarizademiscomprising
as amind acid sequedceS0/SE0 IRINDIA-281aGRIDINE 11 Phand:BE@ADN d0evariants
thereof These gmi [ e ] chail iabl insof SEQ ID NO:
7, and the Iightﬁ%@gr%ﬁgﬁ%pmggﬁgl E%I%RE}% | N}gég%ra?ﬁé\{%\%e%%%éﬁgr%?b%ggc%cﬁ%r%ue{ﬁel R%astin)) as
first antigen-biniTy Y8 bR 165RAstly sHiPBRefoRSalsEntFPYiabId dshiaims srSER) 1D NO: 52,
and the light chiambisntalile domaiis afcSi@d D KO d68](derved tramAihg2ie L O6)passetond
antigen binding, e DInFiRGIR NG:2r WORRANN0S0IROTIERNNAATIAL ShflEred

bispec'if'c antibody formats for the bispecific antibody specifically binding to human vascular
endothgial gro P3R%6 W&S% ffian angiopoietin-2 (ANG-2) according to the invention are
tetravalent antibodies (TvAb) w erent specifities as described e.g. in WO 2007/024715, or 5
WO 2007/1092BstaiecDesenintiomabthebiygntiens 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 (sé&Examhpibmandroithe infrentie ambddipreni obthibadyestiontte! pibpelific ttetravalent
antibody TvAb-2diftdn I0ReyacizymakdCRA s chasagietizgddnremptising snepidgef §&Q ID No:
102 and the 'iggt&%i@” ?f SDEI%SIDthH 62 or \(/aé'&gts therof. In on(g embodiment the bispecific antibody
according to thePRuasioh i Bhar SLtaHIER in' daripridifg As SR ﬁefbgglé‘g]b‘é‘?ﬁ?és BtsEBiD NO:
109, ahél SEQ W@@@M%ﬂéﬁ@%ﬁ&é@-@%ﬁ@m@@?ﬁb@éﬁﬁ@ﬁt 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 tharkahtigén-biveliam Budimeatdid hispacifid antinathodgdosgingaimiine invention
is characterized in compyising 88 AMIAQAFhSEAMSRCERA! FER IRNG: dddeand SEQ 201D NO: 114

or variants thereof. These amino acid sequences are based on the heavy chain variable domains of

SEQ ID NO: 7, and the |j hain variable domains of S D.NQO: 8 ived from bevacizumab
(Avastin)) as first antllg?eré]% |nﬁdtlsr?gag\|(}[§e%i%a?nm{%3{y& m{gr? li}/nbtﬁloéhﬁég./e{}c ain Variapis domains of

SEQ ID NO: 52, and theﬂﬁ@ﬁ%mmiérmégﬁéem%é §EEgpMof SEQEANR flehE hg2i LC06))
as secid antigen- bindifyside HjrsdHAylo ANGE2, br SAEamodinent afiRinvgbliaT Brerbispecific

tetravalent antibody Tv. 14b C - ' terzedd isin ide of SEQ
ID'No: 103 and the ghtthcrg oF S0 I N B8 ot CATate Bl Ve & D Ei"g:: BEPH

2010/040508PCT/EP2008180 780 97 SEMER AR vartii boMQn [FnSERHR A Bindth ¢ site
determinant in an antibotlyGslthél e &ty altbin CORS reidn varl abtméoaminod Dkt teeibispecific

antibody according to therioyention is feiEryals RO a fteprs ReSdIneRtSai 1Stiaualpntbispecific
antibogy which has the pigjoying charagtenslitsio.s, sEQ  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;

iti) said second antigen-binding site specifically binding to ANG-2

comprises in the heavy chain variable domain a CDR3 region of SEQ ID

30 NO: 25, SEQ ID NO: 38, SEQ ID NO: 46, SEQ ID NO: 34, 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,



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 dorgﬁ%0 &)Ogégo peptide-linkers, ¢) two monospecific monoval ‘ ' %g%q'ﬁzantibodies
each consisting of an antibody heavy chain variable domain, an antibody light chain variable domain,
and a single-chain-linker between said antibody hegyy chain variable domain and said antibody light
chain variable domain; 15and 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 theSEQeAnNGs)S6f HRCMBIYSH Sdifs HRe NNt SdRigh ¥R ak%s %ind more
preferably to the same tgBQINDING:- &8)1ehiNiiekia iigls) chb it e arialo soetificadfidRhtagnibotly 20heavy

chains. In another embagliefh Saigl bispagifis antinesyis (giirvaleRuand:komsists plogya full length
antibody comprising said antigff-%}?ﬁigggrﬁ? %nd ac tlﬁ pféwgaﬁtligqg&_hﬁvg zﬂ'ﬁ\s and two
antibody light chains; arffdW ) i ical éméi% ai 'a% fragrhents comprising said second
antigen-25binding site, Wiksréf SB[ @nﬁ@:c%iﬁ%mrﬁé}h%h@%ﬁ%@r@) 2{93 ﬁg@oq R3id full length
antibody under a) via a pgpbifle CoRQemoNat 1he SEQPINNErndhuSH) the Keavyhraightithain of said

full length antibody. In aeihejzemhodiment sgiddtispasifioanibahsietavalest g gonsists of WO

2010/040508PCT/EP2009/00/182 =38 -_a) a full le i is) id, se

antigen-binding site and'® hﬁ?aﬁ&’%ﬁ%@%%ﬁ%%&? ﬂer}g%% %@%@%%%Mdﬁi ’ef%c:mins; and b)
two identical single chaifPFP g BERSR R ISNSESATP I dtigdiRoiRd g gjée,s‘g\%n@ein said
single ghain Fab fragmeNts: @3der dp@pftisedto 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 kak fragm@msnnse) aredusadie saigdliteagibantinadydingen afhvia a peptide
connector at the C-termi -hea 10light chain of said full length antibody. In one
embodiment twgl%é%%lcl:a %?r%é%%%ﬁéﬁﬁragmems binding to a second antigen are fused to said full

length antibody via a.peptide connector at the C-terminys of each Yt dloRt shaig,ef,said full
length antibody. Inlgngaé‘rfwgrgl ?ﬁlgjﬁ%?\?\}/lg E%%ti%% s%% Ig é)h,ain Fgﬁa?rabmesgts @it}wpding to a second
15antigen are fused to sEE3PIF I%?i@i‘ﬁl&‘fﬂ%@ﬁ@?&%&@%fiﬁ’éa%mrdﬁmﬁ&c-terminus of each
heavy chain of said full Iength antibody. In one embodiment two identical singgle chain Fab fragments

binding!fo a second ahtigtif e isigendsdingutiesmisatis RARg 1 pebtillCLBRRERAR at the
C-terminus of each light ihhairasf saisifutialeatdthdantido dy CEFSUsigiembb @Rt did NCluding single chain
Fab fragments are descighgghindngre.deial ineigoEL, Arpk NpROOASRILsrjapintorporated by
reference. The term "pepide.igky, g Hsed Wil INg,ITNCIVipR denalis d gealiieyyihamino acid
sequences, which is pre?é‘ral:ﬂy of 'ﬁ]ntﬁe%lc or|8|n. ese peptide- linkers according to invention are
used to link the different aRTRJehregieg TREJD NO:S, and a CDR1 region of SEQ ID NO:6; -

20 or said first antigen-binding site specifically binding to VEGF comprises
in the heavy chain variable domain a CDR3 region of SEQ ID NO: 9, a
CDR2 region of SEQ ID NO: 10, and a CDR1 region of SEQ ID NO:11,
and in the light chain variable domain a CDR3 region of SEQ ID NO: 12,
a CDR2 region of SEQ ID NO:13, and a CDRI region of SEQ ID
25 NO:14;

or said first antigen-binding site specifically binding to VEGF comprises
in the heavy chain variable domain a CDR3 region of SEQ ID NO: 17, a
CDR2 region of SEQ ID NO: 18, and a CDRI1 region of SEQ ID NO:19,
and in the light chain variable domain a CDR3 region of SEQ ID NO: 20,

30 a CDR2 region of SEQ ID NO:21, and a CDRI region of SEQ ID
NQO: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



25 and/or antibody fragments eventually comprising the different antigen-binding sites (e.g. single
chain Fv, full length-antibodies, a VI-I domain and/or a VL domain, Fab, (Fab)2, Fc part) together to

form a bispe&i&g&%?&ﬁy according to the invention The peptide-linkersé@%f‘iﬁ%%]e or more of

the following amino acid sequences listed in Table | as well as further ar ected amino acids.
30Said peptide-linkers are peptides with an aming gagid sequence with a length of at least 5 amino
acids, preferably of at least 10 amino acids, more preferably with a .- 39 - length 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 amiN&adid 8. GPBAc B i TR B i dadinkd?id @sisiPiRES = glycine, S
= serine, (x = 3 and n= 3PANG:QI Girdrifixtiedi gitctineinya3iaéle ibin sirefeTAINY regicharf®$AY 2 or 3, 5more
preferably with x = 4, nZf{agg)2)T0 gal xpnrepdelinkenalspaddiional 5, =ghseines can be
added, e.g. CC, or GGG. The term "single-chain-linker" sed within jnventio tes a peptide
with amino acid sequen&@@@ﬁ?‘ét‘?i@% é?%%&%ﬁtﬂgg%%oggiﬁ? ﬁggﬂéﬁsiir{ﬁgé% ;ng kers
accordirfg to invention ale d¥&dto 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 acidsimore prgfedabtpivith tete gtntdattheabipocifivirm@nds. imoorditamisodiment said

single-chainlinkgk s &2 ¥h i & colyehae, S = serine, (x =3 andn=4,5o0r6) or (x =4 and n= 3, 4
or 5), preferably with x = 4, n=4 or 5, more preferably with x = 4, 15n4. Furthermore said single chain

(single chain Fv) anti§odigs are preiarinly disfige siakilizgsl: Swch thilies Histficle skatilization of
single chain antibodies is acme\%ed b1¥1 th% |r}1t50g{.égaor]11§£t%}gglsulflde jooadggq% een the variable
domains of the single chan antivodies and is descrbe e.g mn\X/aCSwéj? 2655 , Rajagopal, V., et al.,
Prot. 2QEngin. 10 (12) (1997) 1453-59; Kobayashi, H.,.et al., Nuclear iIcine & Biology 25 (1998)
387-398" or 5chmidt}?§/| sa¢ .?‘dﬂ‘é%ed};éﬁ‘é‘%@)é(i&éé?ef’?‘el"‘faﬁ%ggfg}Hgotr‘:’\ék?egr%‘é’u?ﬁ%rﬁ?e%%e disulfide
stabilized single chain aheBodm8itHatRblaREBEN S B IR N S YaH N BmanS iR the single chain
antibodies comprised inMte apfibosig@aoRdng 40, the nvieghiorhadninadegsdadentyrfGEEATD single chain

antibody 25selected fromyg) legivy haiibvasiakiederan POSHIRE4aNight ehainvariable domain
position 100, ii) heavy chain variable domain position 105 to light chain variable domain position 43, or

WO 2010/040508PCTQE£%00§J%%§18£1€ S plRaa0e smbodimantine disidfige hond Refween the
variable domains of th single chain antllbo ies comprised in tg E#bo?y fcgé?#r&%tﬁgme invention is
betweelrheavy chain vafPBRE SRS PsHIAT 2(&“;}% RGRAR %1@; labre go’mal position 100. 5In
one embodiment the dist#idEQIRINeIBePHRdN AN RIS BOHS s IEhA: alftibodies
comprised in the antibodyrareoraiog ta thesEyaniniisvbeanees higswhahainrdriadeddmain position
105 and light chain variagie,deimai. ROSKER 18- HBe Srusire o ilisdsitayalentsssbosiment of a
bispecific antibody accoi@ingtQ e 1y yo: 45, SEQ 1D NO: 53, SEQ ID NO: 61, SEQ ID NO:

20 69, SEQ ID NO: 77, SEQ ID NO: 85 or SEQ ID NO: 93,

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

invention is characterized in that

i) said first antigen-binding site specifically binding to VEGF comprises in
the heavy chain variable domain a CDR3 region of SEQ ID NO: I, or
25 SEQ ID NO: 94, a CDR2 region of SEQ ID NO: 2, or SEQ ID NO: 95,
and a CDR1 region of SEQ ID NO:3, or SEQ ID NO: 96, and in the light
chain variable domain a CDR3 region of SEQ ID NO: 4, or SEQ ID NO:
97, a CDR2 region of SEQ ID NO:5, or SEQ ID NO: 98, and a CDR1
region of SEQ ID NO:6, or SEQ ID NC: 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:



10 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, t,whighidwestoptionally disulfide-stabilized) single chain Fvs specificallypinding to Antigen
B, are linked via the a peptide-linker is exemplified in the schemes of Figures I and 2. 15In one
embodiment said single chain (single chain Fv) antibgdies 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 und8r $FQPELNEARP ISR WEEE Bhdr L02R# R PRI ERt NS nospecific
single chain antibodies updes EDRIDANDG: ANGED MDaNOrther SiqbinliNené Zabd e tfanileritibispecific

iﬁgozdy isa Chaﬁctefizedéﬂ@ﬂitﬁ@ "PBPWEQWM?]%EM@??Q%&&DQ@SE@)&W@?@'&’ E\iqd_s tflJ
-2 and said two mongy spec i | u ) single
chain Fab fragment" (seegf%%l?r% ﬁ?[qg) ae‘go @ﬂ%leﬁ(gogé?sﬁ‘g%%g%é%gg&%w r&%?vy%hain variable
domain (¥H), an antibod%&q&%ﬁi%ﬁfhims&&|}Pahf<aht$l§sfag¢wg\hfh&wh&h&/ah%lma lin (VL), an

antibody light chain considvmhaarmaDiGLkaied afiBKer, Ivhekin safE@niDAdY:dmaIBQ aiRd said linker

have one of the following,grders BEd-igyRiBaki SEISHPIRG) direciinn: @ NO-GHIdinen Yb-CL, b)
VL-CL-linker-VH-CHI, c) VH-CL-linker-V| -CH1 3 ) YL-CHIlinker-VH-Cl - rein said linker
is a polypeptide of at Iea5¥ @O%?m%@%%g?%?&ggaﬁggy%%h% g%I éé g’rj%haébgé\ggs gg;id single
chain Fab fragments a) VIHOCH. fQ A NEL 4§) SEQCD MRer AH-SER TR NEH L 191mkeRVP-CH1 and d)
VL-CHI tlinker-VH-CL, arsistafilizaad ¥ig ok ragivalo¥MEQODAGA0ENSTHONTERPO09I0GFEIB2 -41 -
disulfide bond between th@)%dg@jagg@qg 08.GH! gemamnnthestergrNmteraings, detwtes the last
amino acid of the N-termi[}#ﬁgr‘bq term "C-terminus" denotes the last amino acid of the C-terminus.

In a preferred embodiment said antibody domains and said linker in said single 5chain Fab fragment
have one of the following orders in N-terminal to. C-termjnal direction. a),VH-CH 1 -linkef-VL-CL, or b)
VL-CL-linker-VHCBe n’?BT?éoﬂ}%‘Fé}IaBﬁ/ %ﬁ-@‘lﬁﬁﬂ%’?- %ﬁl- qeiiic) Anibate raﬁ?gfglr?édt% rrg%%diment said
antibody domairigntiaseitidhakedtérizagidntbaingle 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-CH I -linker-VH-CL. The term
"peptideldonnector" aguseid Withiantigsirvisdtiarstie npteidica e prindingitly X0 eetp8eiusnces, which
is preferably of synthetic peigin chapseafepidRha cFBEUPISGRCLAORTeDMVention, aiel used to fuse

the single chain Fab fragng&%}&tb&%gd}kﬁgm% ﬁﬁ@j&ll&}%grﬁi@pgylt’%@m a multispecific

antibody according to the invention. Preferably said peptide connectors under b) are peptides with an
amino acid sequence.with g length of at least 5 amino_aci referaply withaslengih of 5.0 100, more
preferably of 10 to SOIéﬁnﬁaﬁ% %e&%éa ?rrlltg%% %B‘%?n S(')!Pl ; gﬁ?ﬁ%@gﬁ‘g‘g (t\:g(I)nnector%sntéxS n or
(GxS)NGm with G glycin@s Seavesiin AatiaRle-dempinSEQIRNOAG REQ 1R B 53 =4,n=2,3,
4 or 5 and m=0, |, 2 or ADpPFEfesabBEQ 1A 140 68 DE6) B) MOre prEfGalBhNMAtR4 ar SEQEIR. In one
embodiment said peptideveprestr 4s i@f Shdinhgikeranidinkers B9 ypedovitinsthe inveiion denotes

2 pepide with amino acid 2% seskieqess Wi [pAVEBLULE) sl e Resa pepices

according to invention are tised to link a) VH-CHI to VL-CL, by VL-CL to VH-CH 1, ¢) VU-CL to VL-CH1
or d) VL-CHI to VU-CL togﬁ)(?rﬁQP%QOﬂéwing single chain Fab fragments according to the invention a)
VH-CH [ -linker-VL-CL, b) VL-CL-linkerVH-CH I, c) VH-CL-linker-VL-CH1 or d) VL-CHI-linker-VH-CL.
Said linker 30 wilhiP?Reegihefeentio b riayrEATs thea Passifiew it B3 nfss g daqtience with a
length ofat leastid@aininG eleids;tqietdrmihatvith a length of 32 to 50 amino acids. In one embodiment
said linker is (GxS)n with G = glycine, S = serine, (x =3, n=8,9 or 10 and m=0, 1,2 or 3) or (x =4 and
n= 6,7 or 8 and m= Gii{l, 224 S9cod@n2ipER/OAADSINE IPERIAMY/ 00iA1BPte AN pPefenahiyenith X = 4, n=
6or7 ang m=0,1,2 or 3,;MAeRIRICERIK Vilb¥IE dodiai AOHRE Leifhanesembesimensgaid linker is
(G4s)e02. SEQ ID NO: 46, SEQ ID NC: 54, SEQ ID NO: 62, SEQ ID NO: 70, SEQ

ID NQO: 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 CDRI 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



Optionally in said single chain Fab fragment, additionally to the natural disulfide bond between the
CL-domain and the CHI domain, also the antibody heavy chain 5 variable domain (VH) and the
antibody lightghainseiRble domain (VL) are disulfide stabilized by introgyGtipp,gfsaeisulfide bond
between the following positions: i) heavy chain variable domain position 44 to light chain variable
domain position 100, 10ii) 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 achievE®By B&asahSERER N6 REQARENShEhhR &R e viidhE domains VH
and VL of the single chaib FD: fégrRBQLDT et SED MrdducdlummBaQl iistifdéhridlges for

Etab_iliz?fgg;)o;jssg ngle ety Fﬁwmq‘;@dm 41 Y40 98/R2930 Rejapane 3, sl Prot
ngin. -59; ashi, - Nuclea &.Bi ), -393; or
ol 9%&51@‘? %ﬁ%-’l . n%?&?n%ﬁr?ﬁ(\eﬁr%lﬁgé&fi%%ﬁdisulﬁde

Schmidt, M., et al , Oncogene (1
bond betiveen the varialfi®Bdrraieg of HESIRRUENTED PR Rents ohPrdid intEshtibody
according to the inventiciDidlBetWweBBQERY@hEINSERIADI®IGoRTaior SEXIBN MG :4Hd light chain variable
domain position 100. In one embodiment the optional disulfide bond between the variable domains of
the single chain fnabnfsagitedimeamrised inviheidb mutibogycatcanlibgdp tredniiagtiontisbetween
heavy chain varighle domaip.nosition 4 @o.pnd 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 > vagiabl | : fathes s ]&1;@@' in Fab
30fragments are prel11 rrgéfg\ﬁ\?%‘%%%%t%g\{ﬁéﬁ% %%(%g%@lg%%{g?% A%%(;A%%&%Q?gk%r H-CHI)
which arf€ both fused to A ChBIMIATE? 8‘1’%‘%@5&/ Nfs 818 “t&fritri Of the two
light chains of said full |efMCirfifh SRAMHBICH 0 S SERUIDIP 6 BER HAd'fdebtieaPiRidR peptides
(either i) heavy chain angjsingte shain Fabtfeagmentiabl)dightehaibEpdsiNgle €haRBGdD Sfragment)
which are coexpressed i, a0t e \BRGNRIRPIEAAN EbRID aiéhe ubiengihaptinody to give
the bispecific antibody according_to the invention In a further embodiment said bispecific antibody is

ng.t
characterized in that the%ﬂ%ﬁ%&’ @g%ﬁ:c?érived of human origin.  In a further embodiment said
bispecific antibody is characterized in that the 10constant region of the bispecifigﬁgtibo according to

the invehfion is 6F RN APRREIMETHGhsbeorSPHif a9 g Peifie A8 bty (ARMEidAsTS34A and

L235A. In a furthevemdosintertcseidddispduific antibody is characterized in that the constant region of

the bispecific antibody according to the invention antibody is of human 1gG2 subclass. 15In a further

embodiment said bispécifiddfitdiantyi gsrchardinte size spirvifivedt h biodimst an M BGID vwhphigasispecific

antibody according to thegveaioNARIoos i OtibkmAn I6BR SubslasS T starfurtieer grabodiment

said bispecific antibody i acterized. | ant regio e bispecifi i ccording to
i SEgoEe drere e B T \t%%gg%%

the invention is of humanTg YERihda r, of humdha?g wit itional mutation

S228P. Ahas now been f8ishit thadiel sheaemiablsieris g RRSREimAl phdman ANG-2
according to the current inv@dR@rdpve ihPRSYED tHaractedistiCB Buclegisthid SgidallbNstiarmacological
activity, pharmacokinetic gygperties 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,(336Fxampigsh Mindif AR A& sompatsan:of diffevent bispggits
<VEGF-ANG-2> antibodies kge@cizu(rzpab-@&{}lieb%l-laggamwiteﬁ%% néonosggﬁg'ﬁn?ﬂ%@d%s Avastin
(bevacicumab) alone, ANBZLERE 3 oaﬁré, BF Both i Combination). SUFurthermore less toxic side

effects (@hich is reflectediRPRIeTREOTDIEIFSYRAIGhEs 898 teShimeronLh e 8d RN Yeaths of test
animals during the in vivo48, 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 CDRI1 region of SEQ ID
NO: 51.

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

30 invention is characterized in that



application) compared to the application of two corresponding individual WO
2010/040508PCT/EP2009/007182 - 44 - monospecific antibodies against VEGF and ANG-2 in
combinationgksq,/eRIgsent an advantage of the bispecific antibodies acgqrdinghigolhe igyention.
Furthermore the bispecific antibodies according to the current invention may provide benefits such as
reduced dose and/or frequency of administration ang Sconcomitantly cost savings. The term "constant
region” as used within the current applications denotes the sum of the domains of an antibody other
than the variable region. The constant region is not involved directly in binding of an antigen, but
exhibits various effectdr saidcitsh entiusseraipeont e ety drdiagiendeSt tREBEMEMt region of
their 10 heavy chains, andbodigsiareagisite dimite SEQSSOINWQAT, g, 45 HghyChamdvigibland several of
these may be further diviged intorzyelarges, sueh as I9Gl, 19G2, 19G3, and IgG4, IgA | and IgA2. The
. heavy chain constant regions that correspond to the different classes of antibodies are called a, 5, E,

v, and u, respectively, i ol chain GanRARLBGENSIGh oS ol v Ratipody classes
are 15called ic (kappalf and X (lam da%.q term "constant regj i\ﬁéilfgam h&qun igin" as used
in the cufrent application“QBREHES ?é&?ﬁgfaﬁf%éfwﬁgﬁﬁﬁ?’%‘fbﬁ%a aman antibody %ﬁ%e subclass
IgG 1, IgG2, 1gG3, or |gGehaind/aiablectstain gkt BhAIRK&ppa 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.Tip NueleintdidsRest 28e(1000)tR04t2d Sispebific Enibatyakcrdmngitl.tiead. Sci.
USA 72 (1975) Z{RR:&d B Mbils antipadigs of the 1904 subclass show reduced Fc receptor
(FcyRllla) binding, antibodies of other IgG subclasses show strong binding. However Pro238, 25

16255, Serza4, Lys e e s Wb el provid
e er254, Lys r307, . Asn an are res ich, if.aliered, provide
also red’&ced Pc recepto#ﬁ”l fﬂ”@f (%ﬁ%l(‘:f%?%ﬁf,gg éﬁm j‘.%% “Chem. 5%%%8?@659113&(’?04; Lund, J.,
et al., FASEB J. 9 (1995SESIPIOnga DR 2gegion it YY) 86 11 008F 1R HY: p 0 307 434).
30In one embodiment anadtiEidy begaoding SEChEIN@3tion $EQ Hyédkcke muRibihdinghtompared to
a?|'96641 afgi?Ody andfth%ﬂylﬂ?%%féfgblﬁié{?ﬁ'%@ﬁﬂﬁ l%@@&hbﬁgwtzami@odydﬁSE@g:amozggR bicri\/ding
of IgG4 subclass or of 'gel or ubclass ion in : , and/ or
contains the WO 2010/ 4%&@&%?@&580%(%?@ %?5 - 5{,%@? ?n_l%iér% %r?lfgrggfgnlgb?odiment the
mutatiodg in the monosp&&ER BRARA RN R GhF BEANG BBy are S228P, L234A, L235A, L235E
and/or PVA236. In another embodiment the mutations in the monospecific bivalent (full length) parent
antibody are in IgG4 $Pp8 serond agtaen piaging ¢ sesKicalbhERHpa AN cheP RGNS are
shown in SfEQbID Il\IO: (?f>5iﬁiﬂd: gﬁ;.;ly ﬂ’ﬁﬁaamﬁmﬂ&ﬁenta::; mmhmsg@ﬁcﬂ@my@oﬁz;ghe .
monospecific bivalent (fu PRRENAREREON 15,8TP 5 BJ NG 33 Withopatationg:L234A an
L235A. In another embod%ér%nt %:Sconstant p%%\q%%r%on gllgleze]@%\qgs%%c&}‘}lg bivalent (full
length) parent antibody i?f@) § ) R?éliogé’WI 1 mutatiori _Z%r - In-another 10’embaodiment the
constan®fight chain regiohebt gheimpriaipedresr 4 SRR roeRERD PERAPMNEHGdy 95 S ppa light
chain region of SEQ ID NO:NG: @9lanioR igigichaif SEQifN BOSES) dDSHQ: IBYUNPrefdkabiyd the constant

heavy chain region of the,p ificlpiyetenb fed lengshkpayentantivpdy is of SEQ ID NO: 35 or of
SEQ ID NO: 36 with mutation S228P. 15The constant region of an antibody is directly involved in

ADCC (antibodyy, dspendant sallsmediaiedavininicihd ALRC (ampismenidapentent
cytotoxicity). Complement activation gDC is initiated by binding of complement factor CI g to the
constant region gHHB&A fﬁ’ﬁ%ﬁ‘&f} dB&%ses. Binding of Clq to an antibody is caused by defined
protein-protein interactions at the so_called 20 binding site. %u%h constar&] lon bindinf sites are
known iRhe state of ke SHidAHat JaEERBOIE RS 5P TRESE A bipding Jo, ST 18%1)
2555-2560; Brunhouse, ReavdoZabreariable MohairSHihEP MO (7970580710170 B ifoAndR ., et al.,
Nature 288 (1980) 338-344hiERAN@sa e ddmmati BEQNDINDIBYASEQ 11H2000) 98%:4D04; Idusogie,
E.E., etal, J. Immunol. 164 (2000) 4178-4184; Hezareh, M., 25 et al., J. Virol. 75 (2001)
12161-12168; Morgan;ij\ &4 a'seé&ﬁ‘“ﬁ@!%%-%ﬁm&%%@@it%l%p%%ﬂi@nsl ER3i387 ¥3448ach constant

region binding sites are, e.q., characterize the amino acids #%[&7& NR8 7318, 1(320,
1(322, P331, and P329 (rﬁi‘?rﬁ%%??ﬁga%?;‘g%‘r’ iﬁ%fé’ Eﬁ‘%%e@gﬂ?a atf, The term "antipody-dependent
cellular 8ftotoxicity (ADCEP:r8fepnidoasy lighprhain vanable domam SEQ ID NO: 69, or

NO: 93.



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 CCR5 expressing cells with an
antibody acesding fQq44ag invention in the presence of effector cells suchgsfreshlysalgted PBMC or
purified effector cells from buffy coats, like monocytes or natural killer (NK) cells or a permanently
growing NK cell 35line. WO 2010/040508PCT/EP2§99/007182 - 46 - The term
"complement-dependent cytotoxicity (CDC)" denotes a process initiated by binding of complement
factor Cl g to the Fc part of most IgG antibody subclasses. Binding of Cl g to an antibody is caused by
defined protein-Brotam sibedeneisoft the dveatier BIRdigStEc SHERIY FerCBtREnE sttés are known
in 5 the state ofithemit{deehabmuwa)zdbuohiiac part binding sites are, e.g., characterized by the amino
acids L234, L235, D270, N297, E318, K320, 1(322, P331, and P329 (numbering according to EU
index of Kabat). Antipdiesdofisubsiaeslgeding G ardifg@b isndity shMEZGBromerient iactivation
including Cl g and C3 biggling.whereas JaGhogsRot actyHs theisempiepeembsygien and does not
bind Clg 10and/or C3. The_antibody a%ﬁﬁﬁgﬂﬁt&%ge inve tio@glproduced %r (i%”&bﬂﬂ] nt means.
1023 it &n gr [t 5?/

Thus, o aspect of the 1SEvEN ing the antibody according to the
invention and a further agpéin baliehl depyrsiablederidelefcRiRbresies dih§ R HAdHdd$: according to
the invention. Methods farceeaméitansf1Sagyanustns and witieR/ kegiyn ¢f SR ORthe art and
comprise protein expression in prokaryotic and eukaryotic cells with subsequent isolation of the
antibody and usually pyrification:éae phatnasauiag!siaccepiafiepyritinippthe egiesson of the
antibodies as aforementigned .ot sl PURIGIC agtsasRAing Elereshgslive diryiisd light and
heavy chains are inserted into expression vectors by 20 stan 6ard meth 13 . Expression Is performed in
appropri&te prokaryotic J?’@Uﬁ%ﬁcf?i@%%&%‘@ﬁs%@%ﬁ% PSRN Ee(ﬁ ,ﬁéﬁﬁ%’ﬂéﬁs, 1C293 cells,
COS cells, PER.C6 cellsiy&¥3t 6dr E1¢ ol thelligldntiaine amaide dpiwieesviaRedrasinn #feSESls
(supernatant or cells aftefjysig). 43enerairDathosts dorsEQambiansQrestatioDR] asdibadies are
well-known in the state ogﬁgﬁ,‘? _dﬁq_escribed, for example, in the 25 review articles of Malcrides,
S.C., Protein Expr. Puri": 17°(1999) 183-202; Geisse, S., et al., Protein Expr. Purif. 8 (1996) 271-282;
Kaufman, R.J., Yol Biolechaol A0 (2000) 450401 WEInGL B0 RIa RES, 4 (1 9RBY870-830. The
bispecific antibodied &ré 'sunaBTy separa?eénﬁom the culture medium y tonventional immunoglobulin
purificatlén prockuGRESishHeCEieLdmbi, protein 30 A-Sepharose, hydroxylapatite
chromatography, gel electrophoresis, dialysis, or affinity chromatography. DNA and RNA encoding the
monoclonal antibodie#)issrich it iBigescbaringet Feinestically P EsiRE i SRS H FOSEIINESThe
hybridoma cells can servecasyabaitrearnbsudbniaASEANIR WA: OneediselBgbt ctiaen Dhebiay be
inserted into expression yggtgksspRieh A thedransfected into host cells such as 35HEK 293 cells,
CHO cells, or myeloma cells that do not otherwise produce WO 2010/040508PCT/EP2009/007182 -

47 - immunoglobulin Rrgieiny \Q.ebkan dhegBihesisokiReapbinealnopaaiaRaliantibedies in the host
cells. Amino acid sequence variants ﬁ)r mut%nts) 0 tgf %is ecif&%g}ﬁ%g%.aégm% aasrgi t%y introducing
appropriate nucleotide cHERYEETHES hE 2nfiBE8y BRR SIOBYS Alicteotide synthesis, el
modifications can be perfdminectrisbleciasnashBER E2ER) Mhited range, e.g. as described above. For
example, the modifications do not alter the above mentioned antibody characteristics such as the IgG
isotype and antifferptindinkpdimentayfitheravecttioyithd dlspeciéemihndnt gnesadiagor phstein stability
- or facilitate the pyvifiaation. chakbedesminhast cell” as used in the current application denotes any kind
of cellular system which can be engineered to generate the antibodies according to the current

invention. In one embggigenkHEK293CollniapdibLealinidromant as hesicelspiisassad herein, the
expressigns el "cel e, and "cellovliu) g ysed e anaeably apdhal sgh designations

include progeny. Thus, the words 15 Mranstormants” and "fransfor ed cells” includeéyﬁé_l:grimary

subject cell and cultures &&F R &R o Rithb e tatt®dr HrRArBer of &l also
understood that all progemydriratheitighechretisaiphbtiedtivalin ORR Tugenty HEEQO SN rhte or
inadvertent mutations. VarianRoregsesy Sr3HRye the sama ation eehipleoirb activty.es screened
for in the originally transformed cell are included. 20Expression in NSO cells is described by, e.g.,
Barnes, L.M., et al., Cytof‘en%nology 32 (2000) 109-123; Barnes, L.M., et al., Biotech. Bioeng. 73
(2001) 261-270. Transient expression. is described e.g.. Dyracher, Y., et.ak, Nucl. Acids. Res. 30
(2002) EY. Cloning of U AR, e‘é‘éﬂi&es%’?%%%%a RN E‘Pgé #é"t . I?Aréga‘!’g. Sci. USA
86 (1989) 3833-3837; Catdhepcayy sheivyyarinbie dawaim SEDB3 A S IPA85%80: and
Norderhaug, L., et al., J. Immunol. Methods 204 (1997) 77-87. A preferred transient expression system
(HEK 293) is described by Schlaeger, E.-1., and Christensen, K., in Cytotechnology 30 (1999) 71-83
and by Schlaeger, E.-J., in J. Irnmunol. Methods 194 (1996) 191-199.



The control sequences that are suitable for prokaryotes, for example, include a 30promoter, optionally
an operator sequence, and a ribosome binding site. Eukaryotic cells are known to utilize promoters,
enhancers awg Qg}%@%ﬁl&vlaﬂon signals. WO 2010/040508PCT/Eonoglpg;&ggl}ég%ﬁ@acretory leader
is operably linked t for a polypeptide if it is expressed as a pre-protein that participates in the
secretion of the polypeptide; a promoter or enhancejjs operably linked to a coding sequence if it
affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it is 5 positioned so as to facilitate translation. Generally, "operably linked" means that the
DNA sequences being lifkeBZregtont§udd, BhdiGh #e wuke 6PRsaeessryfidddeitdittiguous and in
reading frame. However, sgnhancensdiziahhnyveatable tontiguouoRinkinonsaSEQIplisied by ligation
at convenient restriction gifes. dspchailes faspes esisiohesihetaalipanyelegiidgadaptors or
linkers are used in 10accordance with conventional practice. Purification of antibodies is performed in
order to eliminate cellula%rﬁf)onents or other contaminants, e.g. other cellular nucleic acids or

proteins, by standard techniques, including alkaline/SDS treatment, CsC1 banding, column
chromato%raphyl,naﬁa?og’é"&g“é’@étl%ﬁoﬁlﬁé§i‘éefﬁ}?& e PisRRSAE I SINIPRY Yhacsrrdige s Musubel, F., et
al., ed. Current BretogofsiscMuigeriiadBidlogy, Greene Publishing and Wiley Interscience, New York
(1987). Different methods are well established and widespread used for protein purification, such as
affinity chromatographiy witld fiictraltigbpioteiins: (étg specifdialik bimgdhogein ‘GEaif mitynphresmatography),
fon exchange chromatogigaly dfuf calMasHRRUEHoab anans iyl esingh anian2Aarehange
(amino ethyl resins) and ixed'%@%ﬁ)ﬁ?gaﬁ%})ﬁ thiophilic adsorption (e.g. with beta-mercaptoethanol
and other SH ligands), h)%’l%%‘ﬂo iC-interaction or aromatic adsorption chromatography (e.g. with
phenyl-sepharose, aza-arenophilic resins, or m-gminophenylbaronic acid), metal ch ffinity
chromattfraphy (e.g. HAteidi( et éﬁt(’ﬁ?)qé%ﬁ@gm {tgria%/?fegQogag%clc&é‘izghn%h%ma }ogé'?a%hy, and
25electrophoretical metheeRsgEsrsheahiepyetBatroptadgidomapl BBRJBAYEp Bbrasrk pVigYalakshmi,
M.A., Appl. Biochem. Biotgealh vibi{d RN KA IDMeGasygect of the invention is a pharmaceutical
composition comprising an antibody according to the invention. Another aspect of the invention is the
use of an antibody aeeptsingdenthe FTBRiIORIRbING MmaRpifivramabsaiphperidealiicatd@dgomposition.
A further aspect gf fig Ipvenian/sAmsac ﬁi&w AABR%E oha RIARARAYGaLaamPositon

comprising an antibody accor Ing to the invention. In anot pect, the present invention provides a
compostton, e.g(%’ﬁ?n‘?ﬁ@é‘ﬁ&?%éd%ﬂ@éif ?‘?ﬁ?ﬂ&é’iﬁﬁ‘ﬁéﬂ@% fgg’a’g%@%&%iﬁ%efbﬁt%%%resent
invention, formukiteting dethanmgithAngieansicelitidel EattierT Yl 2paerd 4o80BEET/EPEb09/007182 -
49 - One embodimat@ithevnventomismtie bisgeafickantihedy@chanting ANtel ingentiop, for the
treatment of canger h pe inyentiand i§kph ceglical 3] r the
treatment of can%gllg.zg;\iﬁg ebrfﬂ g’spggégi _%Ptﬁdq%’ve%?ilggig %%’us%ﬂc%@‘a”nggﬁa O%Hﬂ%%%‘égo the
invention for the MéntikE e bf %{1}%’8&8%1 Binsr e Feﬁ'?ﬁ%_n?pé?oggn%seﬁ. W‘%ﬁ’rer aspect of the
inventiodls methiekds théXiPnennetinbidft simeting$im caetiel by ddmmRiadineanbadtisody
according to the isndntian tcaspridesitophanaadXif 5006, toeatmelit [10As Tbedfosrein pne

‘pharmacevtical GagIan, B HERS BANLANS HkSSYRRIRe dseT R in, CoRRGS, ARlRaR erial and

antifungal agents, Isotonic and ahsorption. delayj ents, and siglogically
compatible. Prefﬁ?%ﬂf‘,rtﬁgﬂ&%ﬁﬁ@} %"Js)‘ﬁtﬁ’;%%afo{{?r% a e&ﬁlg&s‘fr?ﬁ HANTEEU agrnasz[%@ﬁ]érﬁg‘gts parenteral,
spinal or epidermat deminiseatidN G . loy infeessih Srannasssh) ansA NS cEtBPYT thePlesent
inventionan bespesiistensddiygay atifiynok napshoetinkn ouNGRIhdarts As thillsbaappiteptated by the
skilled artisan, thg, r%l‘t&gqgjotg@geﬁgfgggr@@@[aggggﬂﬁ@gg}/ gepending¥pamhe desised results.

To administer a compaoynd ofthe invention by certain r of admin jop,. it may be necessary to
coat the compoﬁfa ﬁbi,yo"ocgl-%a?ﬁ}ﬁig{)e}% eeagof?‘nn llmaB \bi??ﬁ’,ragf@ ma {efzaa] %uf)t}?et\)/}e t?:i;[fsﬂ:mactivation.

For example, thewedpagsansprsifichtyadinfingeie dtemauriectli 3 BrYpl AR WERi&'Rr example,
Liposomes, or a giiBen). Mdadnmaneciititayiatceiabié-d)benteinclbaeaaiiNCahdoagusous buffer
SO'ution%ophafﬂkﬂ&%ﬁ%ﬁ'aﬁﬁt@@@iﬁqm&fﬁ@lﬁo@gy@&ﬁ@aﬁsmmﬂfg% fisRgKSiensoppetiaterile powders
for the extemporancaus breparatian of terle icetable 22501190 L P FiRIRMaSHAF of such
media and agen p RS prop _ & g ) P ) } g'
-~ activity, less toxicity, or pharmacokinetic profile, compared to bispecific antibodies
specifically binding to human vascular endothelial growth factor (VEGF) and

human angiopoietin-2 (ANG-2) as well as to human ANG-1.



active substances is known in the art. The phrases "parenteral administration" and "administered
parenterally" as used herein means modes of administration other than enteral and topical

administrati(w li&fb?cj%skﬂé( injection, and includes, without limitation, intra\{,%q%;i%@%%%&scular,
rla?, intrat

30intra-arte ntrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intra-artigylar, subcapsular, subarachnoid, intraspinal,
epidural and intrastemal injection and infusion. WO 20101040508PCT/EP2009/007182 - 50 - The
term cancer as used herein refers to proliferative diseases, such as lymphomas, lymphocytic
leukemias, lung Bawsoep; sforreshamibediinerrigs(NSaeyiSarnsibasho srevidledlvibiaf eeFaUngr@ncer, bone
cancer, pancrealigGanGRr hakirCARN® cangerspithaihtasrenaakdiiganechs epdoifatiylar
melanoma, uterig KGRl CYBRAN GNP SLedRR A EARCHARSAE Al G BRL LAY B A ggmach cancer,

gastric cancer, colon cancer, breast cancer, uterine cancer, carcino ? the.fall%plan tubes,

carcinoma of th"&Ref ANHum Charsitsre o dheiclitiscontmgtasd Sk ehEiNGna of the
vulva, Hadgkin'ssBigasiéy bindiey of thaasbdphegastiedridé¥Gfthe small intestine, cancer of the
endocrine system, cancer of the thyroid gland, 10 cancer of the parathyroid gland, cancer of the
adrenal gland, s@meoenshodisufitisStie; camospofishe uspehihc ecatibed ke herlls, Wrdseatéocancer,

cancer of the blagden careanPfdiRansyLswetesaenal celbsaisinomaakaiainopaahihe renal

pelvis, mesothel; , hepatocellular cer,. bili C p ous system
(CNS), spinal a %E[;}l?;m rsg?%jrparllﬁlg%e?n%gﬁ{o?ﬁg,gaﬂ%gb §§%n§§e§§%§§ ,rr%gcéf{};gtgtlrﬁc%r;/{t&s#&%\ﬁ

3

tifo as
schwanomas, epaHabrshaserRrdiantBrsing, site thabmsriacdluhindsul QM &NSHitas, pituitary
adenomiand Evliagstearednmatlincihdingire fritherpivdigonioitian\Kd? thatitsarindingcsse or a
combination of apefEdNEIeWELTS/RIPAYEHERAGSKEIANGIBeiREIRCEE HIRdypntianois the.dispecific
anibody accordido e 20 nyETionor S RRATYACeY L omeRsliRy 75 AuIRgSIc agent

Such antiangioggnlc agent Can be used fgr the,treatment of cancer, espetially solid tumars, and other

Qr the
vascular disease@!¥srié 8hibedinghebrithe Ilverfithifhe Bi6R &t S emya5 att ér yto the
invention for the HEEGIEhirsinaIBIASIQRSL dses FaBmpbithbr aispdieg ofthe ivve htithh psodeiep

pharmagsutical sampesiteFiendhateatmect phel vescylaidiseassnbinahiptaspgaidafite invention
Is the use of an antipody f‘}ﬁr?oa[{j'é‘p%ﬁﬁ%%g& enign %8[%5@&1%1?&1‘4]‘%%18% dmedicamerfor the

a &
treatment of vascu%rndlseases. nother gspect of the invention Is me

> _ od off rﬂ‘e m%nt of patient
suffering from 3665l BACES O HyPRBRGIRfERMECITR AtibD aéc%‘grcﬁﬁli’ﬁ t8tH&InVERSh to a patient
in the need of suxdfittieestrfdht(amiSPdirGing 08B RGP RO0YIIOT Y E D (i cendimdBathyle Stroke,
A_dipositas, Acgtgpgmim,ur@m@emqgrh@gqo?@a@m@a&egk.e.@.@wmmmmdi@ﬂlﬁrgy,@raves'
Disease, t1ashimafo g rkﬁé’d?‘@@’rﬁ'{g&}ir‘é&%ﬁ@ﬁ@QH%“%Es}EEEPEBbtﬂ‘éyéﬁﬁ-eﬂg&’ Hrasr&ignt Cell

Arteritis, Rheumatoid ritis, 8_34_ temic Lupus ErythEmatosui éSL@, Lugtusente&hcrétril%érSO(f‘,rohn's
Disease, Multipl" 85I MEHIRAOE Bt BERAIR TS SHE N MG S RO UG heovascular
syndromes suchvascpleliféissises ratifosathies bispgefielamiibnsacSariaahbnesfohispadBy rheumatoid
arthritis, and psogiagisdelidnanrilectmlthd Biolrftheof. 267H(10897) 40D GOBA(bthgsbrun, M., et
al., Annu. Rev. P&M&f(% 5 %88& 2R A0S GRS WhaYasad ardisrasesals Phekjology of
10ocular disease, A dynami %%%roach,@gamer, Ab.,dand I§I§n&v§o(§th 'Kéiéz% S'gi 1‘3 %g{g%)n, Marcel
Dekker, New Yok OS5 P 628179 g one embodiment 5.0-6. )'an ancsalc s P

antibody comprises as first antigen-binding site specifically binding to VEGF a

heavy chain variable domain of SEQ ID NO: 7, and a light chain variable domain

of SEQ ID NO: 8, as said second antigen-binding site specifically binding to

ANG-2 a) either a heavy chain variable domain of SEQ ID NO: 52, and a light

30 chain variable domain of SEQ ID NO: 53 or b) a heavy chain variable domain of
SEQ ID NO: 84, and a light chain variable domain of SEQ ID NO: 85.

As used herein, "antibody”" refers to a binding protein that comprises antigen-
binding sites. The terms “binding site” or “antigen-binding site” as used herein
denotes the region(s) of an antibody molecuie to which a ligand actually binds. The
35 term “antigen-binding site” include antibody heavy chain variable domains (VH)



These compositions may also contain adjuvants such as preservatives, wetting agents, emulsifying
agents and dispersing agents. Prevention of presence of microorganisms may be ensured both by
sterilization QroceWigsssuPra, and by the 15 inclusion of various antiba(i;g{j&h,g&g/gd}t‘igingal agents,
for example, paraben, chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to
include isotonic agents, such as sugars, sodium chlgyide, and the like into the compositions. In
addition, prolonged absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents which delay absorption such as aluminum 20monostearate and gelatin. Regardless
of the route of ashdieri s atidhabldigedchiia vanspludrmaiitiy breaeptin winfionY e #aBy be used in
a suitable hydrajeddavet aog/onibie phivsdasaitioaliconpagitiens efdhegyegentiaireRtipa, are

formulated into phagmaceulically Aeeepiahle dasage dums by GanvesHeRalmeHndsknapn to 25those

of skill in the art, Actual dos%ge levels of th«};’;\c jve ingredients. in the pha%rg cgutlcal ompositions of
i ve

the present inveAtBH A6 94iBY SESETS0RRM ARSaHBIRIST (A AR hgradiestMhich is
effectiveo achiearinbie Husiad Widrandinicareapibrsty fEgkt shiire 11 3pei dameEsniNesitsi and mode of
administration, pigfaubipainBiasiChp Spaiheopsiiang die setbciedtipsehsilevelavill depeind upon a
variety of pharn]@ni kingtic E’ﬁ%&ﬁﬁﬂ%‘&?i%m%eﬁ‘?&fn‘f@)ﬁ&ﬁ&?&‘?&@@ﬂi‘:u'ar compositions of the present

invention employed, the route of administration, the time of administration, the rate of excretion of the

particular compayad belierSEapIeS. 188 SAIAN, AEHRS BRAINEALAIEHAHIB Fo RS andlor

materials used in combrnation wit ne particular compositions em Io%/ed the age, sex, weight,
condition, geneBHRRYY Jig/Fhas0H F‘@?&%@@%é‘ﬁéz thg) SPﬁ@f‘ﬁﬁ Ynd IBPeioii’J history of
the patiéfit beingaveatecndnthélia factots faetbkdWRT e rhedicaredte) rrrckaempEsition must be
sterile and fluid {grihe sxteptithalihiecampositionisdealisapablieody $yringe, Wiaaddtiis locwvater, the
carier preferably is,ap.J30tgc.pRYTerBea7aliAB oMo RIRRAI TICiL gncmpiRiaingd, for
example, by use &f coatin sucsh as lecithin, by mainten %e of requwegnp %b%e H&&he case of
dispersion and 738 SSarCEn K ary caledlit iasé]ﬁ?@?ér%?é‘ to cﬁj e ?scs%fﬂc 2Yents, for
example, sugardy Pdiyaledddls sustORSMahitol oM%erBRT/ APSodiuM @HIBHEE5H the @dcomposition.
As used ferein,tiser aprassions oeed)” fioall hee,"afdvEEH caltivediss eobatskinteycbangeably and all
such designatiops incl r Tht Y " Is" include
the primary subﬁ;@%ﬁ%ﬁn@ cgl%%{%lss #@gg%ﬁ%%tﬂ%?&%%%yf f@o‘ﬂ; kfg%ﬁ%&gﬁ%]%ﬁ!ansfers. It is
also 15 understd6id HiAFaamSPY BT éV\F%PB%gﬁ E?g]@fy identical in DNA content, due to deliberate or
inadvertent mutations. Variant progeny that have the same function or hiologica| activity as screened
for in the originaﬂ%?&ﬁéﬁ’&%ﬂé@“&%ﬁ*%&ﬂ%?ﬁ%dﬂﬁﬁ&%ﬁ?ﬁ%%@&w%‘{m??&% HBHYEHY, it will be
clear from the centidktlyT hight rehditvansfehisatoniaas (S8 héreinspefitcathypiedstpohwmarfer of a 20
vectors/gyicleic agiddpiaaspsihoed.-1f calissritnauttounigahlaelwalbariets nutisatias host cells,

transfection | d | t initagl bgd b
ransfection is Céﬁﬁggﬁﬁﬁ&/woﬁ%,ﬁ%@g% FeasIeRsecipiafiansaeingd as gesgsbed by

Graham, F.L., van , At, ViIr 546tf, However, oth§r methads for introducing DNA

into cells such a® b{ERr ﬁﬂ@cﬁ@%}lo?r B IaHHRUIEH By Bs ebgotﬁfge&?ff%%ﬁggﬁ/rbtic cells or
25 cells which comthinisubstgntisécelisvaitimndeubtions ahdilGsedpretginone melpisdasidransfection is

calcium treatmeph psikasGalsloTe bR HHS:aggeiagribed by Cohen, S.N., et al., PNAS. 69 (1972)
2110-2114. As used herein, "expression” refers to the process by which a nucleic acid is transcribed

intg MRNA ?ng/mﬁ)&h‘; ?}59&?_%&}3}’@%39 &la%élfﬁ;@%e'ggqmwéms&hmr@g_aﬁ@i@satgauscript) is
subsequently being translated into peptides eptides, or proteins, transcripts and the
encoded polype‘f)%%)(fse gfea%gﬂtelgﬁ?/ﬁ%% er?telpgt((%é%ss?ggag%%%gﬁ’c%ﬁf‘?ﬁg%%féﬁggleotide is derived from
genomic DNA, expression in a eukaryotic cell may include splicing of.the mRNA. WO
2010/040508PCT EE%%‘QR%%@T S-’5%¢Q°Aﬁ%éfo¥h‘?s“3’%‘i}é?§i8‘3%51}?1%‘%&1%%}1%‘ partcular
self-replicating, differsaraprsigrs-hinfins aresiieiiss. alisrort et ahdro oSt aR 1988 cells. The
term includes veglarigititat fonetiopyivied apiyofos insertionsed ik witR h Aingto acedh(ergyithromosomal
integratig), replicaton of YREIRRE BAL MNEIRRRTINALIREdRCinvention are specific for two

different antigens, i.e. VEGF as first antigen and ANG-2 as second antigen.

The term “monospecific” antibody as used herein denotes an antibody that has one
or more binding sites each of which bind to the same epitope of the same antigen.



5 replication of DNA or RNA, and expression vectors that function for transcription and/or translation of
the DNA or RNA. Also included are vectors that provide more than one of the functions as described.

An "expressign ¥R6AGsie a polynucleotide which, when introduced into agappsapdatekest cell, can be
transcribed and translated into a polypeptide. An 10"expression system™ usually refers to a suitable

host cell comprised of an expression vector that cafunction to yield a desired expression product.
Description of the Amino acid Sequences SEQ ID NO: 1 heavy chain CDR3, <VEGE>bevacizumab
SEQ ID NO: 2 heavy chain CDR2, <VEGE>bevacizumab SEQ ID NO: 3 heavy chain CDR1,
<VEGE>bevaciZihh s E@lent \e wsiymithiathecorest anmicationdanetes aPSeEaciPRo: 5 light
chain CDR2, <Vip&Hiddenaakedb&idagd RitdOibdightibady GoRdyl«VEGERbetacizumab SEQ ID
NO: 7 heavy Cham%%@b,let&%ﬁ%t’f%%@%@“d@ﬁo%@ I]Qe]&gé@of two binding site,

four binding sites, and six binding sites, respectively, in an antibody molecule. The

5 bispecific antibodies according to the invention are at least “bivalent” and may be

“rivalent” or “multivalent” (e.g.(“tetravalent” or “hexavalent”). Preferably the

bispecific antibody according to the invention is bivalent, trivalent or tetravalent.

In one embodiment said bispecific antibody is bivalent. In one embodiment said

bispecific antibody is trivalent. In one embodiment said bispecific antibody is

10 tetravalent.

Antibodies of the present invention have two -or more binding sites and are
bispecific. That is, the antibodies may be bispecific even in cases where there are
more than two binding sites (i.e. that the antibody is trivalent or multivalent).
Bispecific antibodies of the invention include, for example, multivalent single
15 chain antibodies, diabodies and triabodies, as well as antibodies having the constant
domain structure of full length antibodies to which further antigen-binding sites
(e.g., single chain Fv, 2 VH domain and/or a VL domain, Fab, or (Fab)2,) are
linked via one or more peptide-linkers. The antibodies can be full length from a
single species, or be chimerized or humanized. For an antibody with more than two
20 antigen binding sites, some binding sites may be identical, so long as the protein
has binding sites for two different antigens. That is, whereas a first binding site is
specific for a VEGF, a second binding site is specific for ANG-2, and vice versa.

Human vascular endothelial growth factor (VEGF/VEGF-A) (SEQ ID No: 105) is
described in e.g. Leung, D.W., et al., Science 246 (1989) 1306-9; Keck, P.J., et al.,

25 Science 246 (1989) 1309-12 and Connolly, D.T., et al., J. Biol. Chem. 264 (1989)
20017-24. VEGF is involved in the regulation of normal and abnormal
angiogenesis and neovascularization associated with tumors and intraocular
disorders (Ferrara, N., et al., Endocr. Rev. 18 (1997) 4-25; Berkman, R.A et al., J.
Clin. Invest. 91 (1993) 153-159; Brown, L.F., et al., Human Pathol. 26 (1995)

30 86-91; Brown, L.F., et al., Cancer Res. 53 (1993) 4727-4735; Mattern, I., et al,,
Brit. J. Cancer. 73 (1996) 931-934; and Dvorak, H., et al., Am. I. Pathol. 146
(1995) 1029-1039). VEGF is a homodimeric glycoprotein that has been isolated
from several sources. VEGF shows highly specific mitogenic activity for
endothelial ceils.



light chain variable domain, <VEGF>bevacizumab SEQ ID NO: 9 heavy chain CDR3,
<VEGF>ranibizumab SEQ ID NO: 10 heavy chain CDR2; <VEGE>ranibizumab SEQ ID NO: 11 heavy

chain CDRImyEGRziapibizumab SEQ ID NO: 12 light chain CDR3, <V ibj b -54-SEQ
ID NO: 13 light chain CDR2, <VEGF>ranibizumab SEQ ID NO: 14 light c%?aﬁﬁé%ugﬁqmg

<VEGF>ranibizumab SEQ ID NO: 15 heavy chain vgyiable domain, <VEGF>ranibizumab SEQ ID NO:
16 light chain variable domain, <VEGF>ranibizumab SEQ ID NO: 17

Human angiopoietin-2 (ANG-2) (alternatively abbreviated with ANGPT2 or
ANG2) (SEQ ID No: 106) is described in Maisonpierre, P.C., et al, Science 277
(1997) 55-60 and Cheung, A.H., et al., Genomics 48 (1998) 389-91. The
angiopoietins-1 and -2 (ANG-1{SEQ ID No: 107) and ANG-2(SEQ ID No: 106})

5 were discovered as ligands for the Ties, a family of tyrosine kinases that is
selectively expressed within the vascular endothelium. Yancopoulos, G.D., et al,,
Nature 407 (2000) 242-48. There are now four definitive members of the
angiopoietin family. Angiopoietin-3 and -4 (Ang-3 and Ang-4) may represent
widely diverged counterparts of the same gene locus in mouse and man. Kim, 1, et

10 al., FEBS Let, 443 {1999) 353-36; Kim, I, et al., J Biol Chem 274 (1999) 26523-
28. ANG-1 and ANG-2 were originally identified in tissue culture experiments as
agonist and antagonist, 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) All of the known angiopoietins bind primarily to Tie2, and both Ang-1 and -2

15 bind 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 antibody of the invention can contain six

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 (CDRHI1, CDRH2 and CDRH3) and three light chain variable

domain CDRs (CDRL1, 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 {gE 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



heavy chain CDR3, <VEGF>HuMab G6-31 SEQ ID NO: 18 heavy chain CDR2, <VEGF> HuMab
G6-3I SEQ ID NO: 19 heavy chain CDR1, <VEGF> HuMab 06-31 SEQ ID NO: 20 light chain CDR3,

<VEGF> H%Q 083k EQ ID NO: 21 light chain CDR2, <VEGF> HuM P D NO: 22 light
chain CDRI SVEGFE> HuMab G6-31 SEQ ID NO: 23 heavy chain variable %%%n%l%rg@ §5§%F> HuMab

0631 SEQ ID NO: 24 light chain variable domain, <¥&GF> HuMab 0631 SEQ ID NO: 25 heavy chain
CDR3, <ANG-2> Mab 536 SEQ ID NO: 26 heavy chain CDR2, <ANG-2> Mab 536 SEQ ID NO:

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 (FeR) 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. 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 grafied 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



27 heavy chain CDRI, <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& Aeayselain variable domain, <ANG-2> Mab 536 SEQ IR MN@»3adjgi ehain variable
domain, <ANG-2> Mab 536 - 55 - SEQ ID NO: 33 (G45)4 linker SEQ ID NO: 34 lambda light chain

constant region SEQ ID NO: 35 human heavy chaigonstant region derived from IgGl SEQ ID 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, ].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 Boerner, P, et al. are also available for the

preparation of human monocional 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 Clq

25 binding and/or FcR binding, e.g. by “class switching” i.e. change or mutation of Fc
parts (e.g. from IgG1 to 1gG4 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 fransfected 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



36 human heavy chain constant region derived from 1gG4 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# 7 RdsssR3_LCO3 SEQ ID NO: 40 heavy chain CDRI, sANGRqHRg4s, R3_LCO3
SEQ ID NO: 41 light chain CDR3, <ANG-2> Ang2s_R3_LCO3 SEQ ID NO: 42 light chain CDR2,
<ANG-2> Ang2s_R3_LCO3 SEQ ID NO: 43 light chgin CDRI, <ANG-2> Ang2s_R3_1_,CO3 SEQ ID
NO: 44 heavy chain variable domain, <ANG-2> Ang2s_R3_LCO3 SEQ ID NO: 45 light chain variable
domain, <ANG-2> Ang2s R3 1 ,CO3

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 f-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 amino
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 Service, National Institutes of Health, Bethesda, MD (1991).

The bispecific antibodies 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



SEQ ID NO: 46 heavy chain CDR3, <ANG-2>Ang2i_LCO6 SEQ ID NO: 47 heavy chain CDR2,
<ANG-2> Ang2i_LCO6 SEQ ID NO: 48 heavy chain CDR1, <ANG-2>Ang2i_LCO6 SEQ ID NO: 49

light chain GRRA5AN5552>ANng2i_LCO6 SEQ ID NO: 50 light chain CDR2yshasdgARe2i_LCO6
SEQ ID NO: 51 light chain CDRI, <ANG-2>Ang2i_LCO6 SEQ ID NO: 52 heavy chain variable domain,
<ANG2>Ang2i_LCO6 - 56 - SEQ ID NO: 53 light chgin variable domain, <ANG-2>Ang2i_LCO6 SEQ
ID NO: 54 heavy chain CDR3, <ANG-2>Ang2i_LCO7

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, valine, 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
<VEGF-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 (BlAcore, 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 Rinding of the antibody to the FeyRIIL 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 (kp/ka).



SEQ ID NO: 55 heavy chain CDR2, <ANG-2>Ang2i_LCO7 SEQ ID NO: 56 heavy chain CDR1,
<ANG-2>Ang2i_LCO7 SEQ ID NO: 57 light chain CDR3, <ANG-2>AnLCO7 SEQ ID NO: 58 light chain

CDR2, <ANG#27A8gisdsCO7 SEQ ID NO: 59 light chain CDR1, <ANG-Z7ARG3 ket {sSEQ ID NO:
60 heavy chain variable domain, <ANG2>Ang2i LCO7 SEQ ID NO: 61 light chain variable domain,

<ANG-2>Ang2i_LCO7 SEQ ID NO: 62 heavy chain{zgDR3, <ANG-2>Ang2k_LCO8 SEQ ID NO: 63
heavy chain CDR2, <ANG-2> Ang2k_LCO8 SEQ ID NO: 64

As used herein, the term “not binding to ANG-1" or “not specifically binding to
ANG-1” denotes that the antibody has an EC30-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

macromolecuies.

In one embodiment of the invention the bispecific antibody comprises a fuil 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 (CH1), 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-CH1-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 x (kappa) or A (larabda). 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. 1gG 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



heavy chain CDR1, <ANG-2> Ang2k_LCO8 SEQ ID NO: 65 light chain CDR3, <ANG-2> Ang2k_LCO8
SEQ ID NO: 66 light chain CDR2, <ANG-2> Ang2k_LCO8 SEQ ID NO: 67 light chain CDR1, <ANG-2>

Ang2k LC%&%%!J Q 68 heavy chain variable domain, <ANG-2> A[ﬂ%}%ﬁ %%%Q ID NO: 69
omain, vy chain

light chain varia <ANG-2> Ang2k LCO8 SEQ ID NO: 70 hea <ANG-2>
Ang2s_LCO9 SEQ ID NO: 71 heavy chain CDR2, <§NG-2> Ang2s_LCO9 SEQ ID NO: 72 heavy
chain CDR1, <ANG-2> Ang2s_LCO9 -57 - SEQ ID NO: 73

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 ¢) described in Ridgway, J1.B., Protein Eng. 9 (1996) 617-621;
WO 96/027011; Merchant, A.M., et al., Nature Biotech 16 (1998) 677-681; Atwell,
S., etal,, 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 NOG: 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 fo the invention is
30 characterized in comprising as amino acid sequences of SEQ ID NQO: 133, and SEQ
ID NQO: 134 or variants thereof.



light chain CDR3, <ANG-2> Ang2s_LCQO9 -SEQ ID NO: 74 light chain CDR2, <ANG-2> Ang2s_LCO9
SEQ ID NO: 75 light chain CDR], <ANG-2> Ang2s_LCO9 SEQ ID NO: 76 heavy chain variable

domain, <ANG 255 \8%s_LCO9 SEQ ID NO: 77 light chain variable donﬁ@Eﬁm‘gfg@ngZS_LCOQ
SEQ ID NO: 78 heavy chain CDR3, <ANG-2> Ang2i_LCIO SEQ ID NO: 79 heavy chain CDR2,
<ANG-2> Ang2i_LC 10 SEQ ID NO: 80 heavy chain{DR1, <ANG-2> Ang2i_LC I 0 SEQ ID NO: 81
light chain CDR3, <ANG-2> Ang2i_LCIO SEQ ID NO: 82 light chain CDR2, <ANC-2> Ang2i_LCIO
SEQ ID NO:

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 vaniable
domains of SEQ ID NO:53 (derived from Ang2i L.CO06)) 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 is
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 (sec 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 1D 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
SEQID 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 1.C06)) as second antigen-
binding site binding to ANG-2.



83 light chain CDR1, <ANG-2> Ang2i_LC 10 SEQ ID NO: 84 heavy chain variable domain, <ANG-2>
Ang2i_ LCIO SEQ ID NO: 85 light chain variable domain, <ANG-2> Ang2i_LCIO SEQ ID NO: 86 heavy

chain CDR3,5ANGsaR4N92k_LC11 SEQ ID NO: 87 heavy chain CDRZ, sANGsZ= Mgk LC11 SEQ
ID NO: 88 heavy chain CDR1, <ANG-2> Ang2k LC11 SEQ ID NO: 89 light chain CDR3, <ANG-2>
Ang2k_LC 11 SEQ ID NO: 90 light chain CDR2, <ANG-2> Ang2k_LC11 SEQ ID NO: 91 light chain
CDR], <ANG-2> Ang2k_LC 11 SEQ ID NO: 92 heavy chain variable domain, <ANG-2> Ang2k_LC11

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 eg in
WO 2007/024715, or WO 2007/109254 or EP Appl. No09004909.9 (see
Examples I or 10).

In one embodiment of the invention the bispecific tetravalent antibody TvAb-2441-
10 bevacizumab-LCO6 is characterized in comprising a peptide of SEQ ID No: 102
and the light chain of SEQ 1D 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 NQ: 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 1.CO6)) as second antigen-
binding site binding to ANG-2.

In one embodiment of the invention the bispecific tetravalent antibody TvAb-2441-
bevacizumab-LCO08 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



- 58 - SEQ ID NO: 93 light chain variable domain, <ANG-2> Ang2k_LCI | SEQ ID NO: 94 heavy chain
CDR3, <VEGF>B20-4.1 SEQ ID NO: 95 heavy chain CDR2, <VEGF>820-4.1 SEQ ID NO: 96 heavy

qhain C[?leﬁyg%ﬁ)ﬁggﬁ()%l SEQ ID NO: 97 Eight g:hain CDR3, <VEGERz820:4,demf531D NO: 98
light chain CDR2, <VEGF>B20-4.1 SEQ ID NO: 99 light chain CDR1, <VEGF>B20-4.1 SEQ ID NO:
100 heavy chain variable domain, <VEGF>B20-4.1 $EQ ID NO: 101 light chain variable domain,
<VEGF>B20-4.1 '

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 antibody 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



SEQ ID NO: 102 bevacizumab heavy chain Ang2i_LCO6 scFv fusion peptide of <VEGF-ANG-2>
TvAb-2441- bevacizumab-LCO6 SEQ ID NO: 103 bevacizumab heavy chain Ang2i_LCO8 scEv fusion
peptide of <YEGFONEse> TVAb-2441- bevacizumab-LCO8 SEQ ID NO3 194 light, chaim, 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 Huggan angiopoietind (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 scFAbAvastin-LC06-2620 SEQ ID NO: 110 Light chain of

bispecific, tetravalerfulilrgeemihadasaverasinggad ssoad MEaniHldtas M EAFAEII_C06-2620 -
39 - 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-linkers 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



SEQ ID NO: lll Heavy chain 1 of bispecific, tetravalent single chain Fab <VEGF-ANG-2> antibody
molecule scFabAvastin-Ang2i-LC06-2640 SEQ ID NO: 112 Light chain of bispecific, tetravalent single

chain Fab <¥;§§@M§éﬁg> antibody molecule scFab-AvastinAngZi-LCO%@@@ﬁ@%GLPSIL\IO: 113
Ibo

Heavy chain'l ispecific, tetravalent single chain Fab <VEGF-ANG-2> antibody molecule
scFabAvastin-Ang2i-LC06-2641 SEQ ID NO: 114 I__igm chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-AvastinAng2i-LC06-2641 SEQ ID NO: 115 Heavy chain 1
of bispecific, trivalent single chain Fab <VEGF-ANG-2> antibody molecule AvastinLC06-KiH-C-scFab
SEQ ID NO: 11éehgshbetetasin 1P ghdisPeaiine ssidaclesiity spidinsptidedkesruafas ) smantibody
molecule AvastipkstiaeskitihGrsematy 6O dqudae M iThLidleh giadf oif Ibispeoitimitrivadaist single chain

Fab <VEGF-ANG:2 aniibady miolestle VAR S CORDKIRG 6 g GRQNID Nikd 18 Heavy chain 1
of bispecific, trivalent fVEGF-A!\f > aﬂ“éOdﬂ\: m%ij:utle Ag/astln-L 6-C;ng- CSS SEQ ID NO: 119
Heavy chain 2 MlsPadii, AR L/ES ARG shfib oy PRrOTE e Avastii L E06 E-Fab-6CSS
SEQ ID NO: 12@nore 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=4,50r6) 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.



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 A\@ét%—llng&%ng-CL SEQ ID NO: 122 Heavy chain 2 of bispegiicgpi i
: : e PINEY main
exchanged <VEGF-ANG-2> antibody molecule Avastin-LC06-CHI-CL SEQJl?D NO:%f'zg%ight chain 1

of bispecific, bivalent domain exchanged <VEGF-AQK3-2> antibody molecule Avastin-LC06-CH1-CL
SEQ ID NO: 124 Light chain 2 of bispecific, bivalent domain exchanged <VEGF-ANG-2> antibody
molecule Avastin-LC06-CHI-CL SEQ ID NO: 125 Heavy chain 1 of bispecific, bivalent domain
exchanged <VEBPnaNGbodimsabi,dneidés kond hetreecte-\agable deains of the single
2010/040508P GRARP2006Y 162 prizod- i5 R IDtNGlylR6didiagyieny oftsispedifioyésivalent domain

exchanged <VEGEANG23 ARHROSMRISRKI8 MRS HRILGAS MiinWarRiR Harhia: astiaght chain 1 of
bispecifte, blvalegcﬁn omain exchanged <VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL SEQ

ID NO: 128 Lighlt ain 2 of bispecific, bivalent domain exchanged <VEGF-ANG-2> antibody molecule

Avastin-LC06- VH-VL SEQ ID NO; . . .
5 In one embodiment the disulfide bond between the variable domains of the single

chain antibodies comprised in the antibody according to the invention is 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

10 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.

15 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 1n that
said monospecific bivalent antibody part under a) specifically binds to VEGF and
20 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 ¢) bind to VEGF

A “single chain Fab fragment” (see Figure 11) is a polypeptide consisting of an
25 antibody heavy chain variable domain (VH), an antibody constant domain 1 (CHI),
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
30 ot 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-CHI, c) VH-CL-
linker-VL-CH1 and d) VL-CHl-linker-VH-CL, are stabilized via the natural



129 Heavy chain 1 of bispecific, bivalent domain exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-VH-VL-SS SEQ ID NO: 130 Heavy chain 2 of bispecific, bivalent domain exchanged

<VEGF-ANG;, [ molecule Avastin-LC06-VH-VL-SS SEQ ID NQ13kld in 1 of
bispecific, b%élZ%%ﬁn%g%ln exchanged <VEGF-ANG-2> antibody molecﬁ%e Avaé%}iﬂgi(%- VH-VL-SS
SEQ ID NO: 132 Light chain 2 of bispecific, bivalenygomain 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 AvastinLC06-N-scFab SEQ ID NO: 134 Heavy chain 2 of
bispecific, bivalahsubfabond fheisreaviie FlaNeuai gvb o MdledawaiadirsLteos-\DcFab SEQ ID
NO: 135 Heavy shaiaut ofdispe daiiic |&ivaleint ScrabE el dsienmiME GFhé\ NG 2Cantibooly’molecule

AvastinLC06-N-geFabSe SEQ IR NQ: I 3pkieaNychalg 2 of bispecific, bivalent ScFab-Fc fusion
<VEGF-ANG-2> antibody molecule AvastinLC06-N-scFabSS The following examples, sequence

listing and figureI% %rgrgfgr\rlei:geéjm ogiglgﬁ? said antibody domains and said linker in said single

5 chain Fab fragment have one of the following orders in N-terminal to C-terminal
direction:

a) VH-CH-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 (GxSInGm with G = glycine,
S=serine,and {(x = 3,n=3,4,50r6,andm=0, 1,2 0r3)or(x=4,n=2,3,40r5
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)2.

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-CHI, ¢} VH-CL
to VL-CH1 or d) VL-CH! 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 (GxS8)n with G = glycine, S = serine, (x =3,
n=8 9or10andm=0,1,20r3)or(x=4andn= 6, 7or8and m=0, 1, 2 or 3),



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 5set forth without departing from the

spirit of the igyentiph,Rgscription of the FifFures WO 2010/040508PCT{:R4Q0U00 7182 5 Figure 1B -
61 - is ANG-2. The structure is based on a frill 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. Schematic representation of the generated bispecific tetravalent antibodies using the
TvAb nomenclature (see Examples) - either without or with disulfide stabilization of the scFv 10Figure

2ASchematic repeégeblativitior distifdedRaBingd i G B-aNG I RpEEH bt etidafert-antibody
(=<VEGF-ANG2>7 Ty h6: Ndn233 ke hahalesa) Figurd 2@REsMmid maps of the modified heavy chain
and the light vectors used for the expression of disulfide-stabilized <VEGF-ANG-2> 15TvAb6 Figure

3SDS-PAGE Of%tiﬁiﬁﬂPiﬁtﬁﬂﬁﬁsﬁigiéiﬂﬁdxﬂE(ﬁEgﬁaN@-Béﬁim%@yi nocoia parissindieulifide standard"
human 1961 anfhory 0631 (VECRe AP AT 88) adarochuing andag ﬂs%ﬁmﬁmditim
g

20Figure 4Size exclusion chromatography of purified ES)ljsulfi e-_stabiliz%d <VEGEF- -2> TvADbG in
comparison to tﬁg‘%’clén@%@"rh&%ﬂ 756 1sntidR b 8! o YRR & ARTEE N ieaéeTva6 does
not form again alippiédateshifioedpbyifioatidnchinguel SSéiseifidecoordy hatdaws e ARG binding
ELISA. 25disulfigla;gtaRilized <VEGF-ANG-2> TvADb6 binds to VEGF comparable to <VEGF> 06-31.
<ANG-2> Mab536 does not bind to VEGF Figure 6ASchematic view and results from ANG-2 binding

ELISA. disulfide-siahiizad s WEEHA NG Fydbnbiads RaiNGath 3eeRmpA@hiEnto <ANG-2>
Mab536. <VEGF> 06-31 dogs n%(?ind to ANG-2. Figure 613Schematic view and results from ANG-2
Y

binding analysis by surfdt8 pasmon resonance (Biacore). disulfide-stabilized

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



WO 2010/040508PCT/EP2009/007182 - 62 - <VEGF-ANG-2> TvADb6 binds to ANG-2 with comparable
affinity as <ANG-2> Mab536. Figure 7Schematic view and results from VEGF-ANG-2 bridging ELISA.
disulfide-staRili -ANG-2>TvAb6binds 5 simultaneously to VEG M@I& ereas
<VEGF> ngésﬁr%g(\é%ﬁl%-b Mab536 are not capable of binding simultallgneously to @I%%]F and ANG-2.
Figure 8aEfficacy of disulfide-stabilized <VEOE-ANG32> TvADb6 in comparison to <ANG-2> Mab536,
<VEGF> 06-31 and the 10 combination of Mab536 and G6-31 in the staged subcutaneous C010205
xenograft model in Scid beige mice (study ANG2_Pz_Colo205_003) Figure 8bEfficacy of
disulfide-stabiliZ¥8-SEBRANG-CH Hvabatnace Phridsedtdoc Ar ¢ve>Grtspnes, G 06-31 and
the 15 combinatieaof deh536 anchO6w3il (hitheisiaglthsuboulipheetisifod0208 kehogreth model in

Scid beige mice, (5o ANG2 25019298 0030 K19H18, 9 Bleaking vk GEsittlucesiubg formation by
the bispecific teg%;/alent antibpdy <VEGF-ANG-2> Tv@bG:.EeglgjltsE%g':Fgﬂ%renV\{@ B %gklng of
VEGF-induced RS SR 5P HE BaRdifadement il A4 ERERNRSE f2R6 = Quantitative
analysis Figure fraguprtriuicl e oEVEEEO Mg haaly s bet wabeopbsheny Yedsitle (Biacore).
Figure 12Kineticighpilapiesisticsibddhecwie=HEGfpeaiiti hadies < MG in 2 5Athg-Rvchtibh6 and <VEGF>
06-31 in a Ka-Kd plot. Figure 13Schematic view of surface plasmon resonance (Biacore) assay to
detect simultanggus hiRdingcaimbieRR2sandipeito hispeeific antihodiesikiguie IdReslts from

surface plasmon resonance (B c%%) %%HH%H 20showing that TvAb6 binds simultaneously to
ANGPT2 and vﬁ%lé“r\]ﬁf)g'é’ 1%%840588PCUEP2 09/007182 - 63 - Figure 15A + B A) Schematic

representation of the bispecific,and simultaneous Bj core. bigdingsa a ?J& <NEEF-ANG-2>
bispecific antibo les. ia%népgladg’[%na5%%%%51?%%#5}:5%6 ta leous %l%%é(l%g 0 A_I{IG-Z andeVEGF to
TvAb-2481-pevsersinargeorf the bispecific antibody according to the invéntion 1s 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 IgG2 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 [gG3 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 1gG4 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 charactenistics
such as biological or pharmacological activity, pharmacokinetic properties or
toxicity. They show increased in vivo tumor growth inhibition and/or irhibition 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-LCO6 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 amimals during the in vivo
application) compared to the application of two corresponding individual



5 Figure 16A +B Tie2 phosphorylation of the bispecific antibodies
<VEGF-ANG2>TvAb-2441-bevacizumab-LCO6 and <VEGF-ANG-2>TvAb2441, in comparison with .

the anti- Ang%ggﬁ? qb%§3<ANGZ>AngZ| LCO6 and < ANG-2>Ang2k LC%SF}%% (;lnzﬁghematlc
representation of human Angiopoietin interaction 10ELISA Figure 18VEG ced HUVEC

proliferation of <VEGF-ANG-2>TvAb- 2441-bevacizymab-LCO6 and <VEGF-ANG-2>TvAb-2441-
bevacizumab-LCO8 and bevacizumab 15 Figure 19 In vivo anti-angiogenic efficacy of bispecific
antibody <VEGFANG-2> bevacizumab-LCO6 antibody in comparison to <ANG2> ANG2i-LC06, and
the combinationradroapes fE>aptibeditsGesahd RGAsHI (bé{@ézarﬁ%}’iﬁa@‘ﬁhﬂsﬁeﬁ%@wtmodel

monitored via labelgH etk canthedicandibé celativelvlrangeedfieBdnsignal during therapy.
20Experimental Procedure Examples Materials & general methods General information regarding the

nucleotide sequeuﬁﬁ&%mjm@ngmgmgkg}au&a&&ig{a‘cmﬂdgewym&im&&gixvmﬂimKﬁiaet E.A., etal.,
Sequences 26 oL bIRleIgs i mAnoledical nieresk, K sEHAE ERIAERCNalRnl institutes

of Health, BetheRda, mino acids of antibody chains aré numbered and referred to
accordmé to EU%HFHHEWHBY(E%%%‘QHEE M., et al., Proc. Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat,
E.A., et al., Sequences of Proteins of Immunologlcal Interest, 5th ed,, Public Health Service, National

Institutes of 30HERFFETBCIRISERRt KABIOTT 95 1SCRUHBIN HIR SHFTEN APRIRiRRSAenGfes the sum
2010/040508P Cdt/ R 2008400 31 82 anGibodS tathdatichmibtirod e regise die ranipol atgiONA as

described in Samlrqpli,Hegt @%Mg'@ﬁlﬂﬁﬁ&l@gﬂeﬂ oy I@:hi)g@&omdms@uﬁlnmhiqmwddﬁbor
Laboratory Presgi Cold 8?5 hllew York.ag:1 89 Teqlec en% ei%l nlg{%(gg&%ﬁe&gﬁg;? were used

CLlO
according to the SHORS ctarBrS |n§tructlons ene s nthesis Desire ?ene se%ments re prepared
d by singular

from olig@nucledtrdsy fhades Wﬁh‘é?iﬁ%ﬂ%ﬁﬁ‘(ﬁé“é’iénfh% Jatsessdi
restriction endonumdeaseralefvace sies bwéneatassimidddisy awirideting amdh ligatidil ofgfigonucleotides

including PCR a[g@hf'%ﬁaqg@mgwbﬁﬁaqgmﬂym@mewaﬁm déhindicaier Keshacianesiiesde.g. KpnV
Sac! or AsciiPact mltlo QI%QRS% Sgés(syatgg 51% Q&V%qlgé}@%cpql% ct‘%rsp'ggevgplﬂrﬁgquences of

the subcloned gene ragments were confirme sequencm the IS fra ments were

ordered accordinigb ﬂ?@@n@ﬁé@ﬁfcﬁ%ﬂ%ﬁ‘a‘f’@%‘héﬁh RREYEKS &‘é‘?r‘?f&%ﬂg%ﬁ gERR ggments
encodingdight aralleeavik appinand ARG bispecific 15 antlbodles were synthesized with a
5'-end DNA sequence coding for a leader peptide (MGWSCIILFLVATATGVHS), which targets proteins
for secretion in eTheatytaiic callsamncksioB atatitain fr@h Xivaharr estigotionsites] DNRsaguences carrying

disulfide Stab'::Z% k&gﬂf&% intachale) e&%%dﬂ%%g%ycﬁmlgégww%ﬂem Witib33p4E ard Tﬁ%\k/]v |
mutations in the " s" v T ¥ in the "hole"
&as&eiﬁgﬁ er m Al bn %%@A and/ 0§§ cgﬁsltg qq}%)ﬁt am géé% ‘ﬁﬂﬂﬂ&a

heavy chain. DNA se uences were determined by double strand

sequencing perféPaied ﬁ%&@@ﬁ%ﬁﬁ%@ﬁi‘bﬁf{l\)ﬁl ifSRSE BethsafioicoPSEURERM SibH
(Vaterstetten, Gelumaibe)i B BEhbAtaRdipr (tedre sedolemos. dhabsisvandIsEqhatddamdmBangement
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 (FeyRlilla)
binding, antibodies of other IgG subclasses show strong binding. However Pro238,
25 Asp265, Asp270, Asn297 (loss of Fc carbohydrate), Pro329, Leu234, Leul3S,
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, J., 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 1gG4 subclass or of IgG1 or IgG2
subclass with a mutation in S228, 1234, 1235 and/or D265, and/ or contains the



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 a&g gmggg&%. Expression vectors (for Example 1) WO 201@8%%9&5’&;{%2009/007182
- 65 - expression (e.g. In CHO cells) based either on a cDNA organization with a CMVIntron A
promoter or on a genomic organization with a CMV. pgomoter (e.g. Figure 2B) were applied. Beside the
antibody expression cassette the vectors contained: 5an origin of replication which allows replication of
this plasmid in E. coli, and a B-lactamase gene which confers ampicillin resistance in E. coll. The
transcription uniPaTARSSantIEGEY- JermasscaBipfiswsd Ge metrsirswiag e arBatetific b #&itiction site(s)
at the 5' end 10-(fae ienpByliptecaatiniepbanceSangPpiahoteri?amtheitmandoytdiegaovirus,
th"OWGd bty_bthg 'ﬂm”%&&eélﬂﬁ&‘iﬁmlé%ﬂ?ﬁecﬂﬁﬁa%ﬁg‘%&%%F%B&%ﬁi@'ﬂi@éﬁ%ﬁm”%ﬁéﬁﬁtfggéon ﬂf a

uman antibody gene, a immunoglopulin chain,s ue - the n antibody chain
(heavy chain, mSaiFNERARAY 3SR {%ﬁgﬁ%@gﬁ d ﬁ%&gf’ %%%@Aa%grideé%(?‘h?nq}g%%%ﬁ?ﬁtion with an
the immuhoglobeliziexegidntrere orerinzatictEQ 3DUNRIn3famd rdgidA With SPedameNyfon signal
sequence, and uhigtaatresivotiongitetai@l the Beenodn@Ebdifudioalgengaltdemgtisinmitte heavy chain
sequences of the selested aptinadyianiidheG-lerminatriy fusian amdeserihedipelawmwere
generated by PCR and/or gepe sgnthes’ and assembled witt hkng}v(\}/rrllorseggi Igigl%g}e%egﬁalﬂgs and
techniques by ccﬁ’i‘?‘l@gﬁ’@ﬁ e AELER; ﬁaﬁﬁc? R LE'Se 0rn(‘en?s e.g. using unique Nsil and EcoRl
sites in the genolenetheaseehanitabidss o REQUER IR PRUNIEIcTaKIE 9B §§3§%ﬂ8§§%&9‘3verified by
DNA sequencingnktiiiraasient anassiabkghansiectiegmiargethgumntitigeeafihdpidsmidiilere
prepared by p'iﬁ@ﬂ%ﬂsé}@@t;%agsamgmﬁwm@@m repliireedhyaisabond X Masherey-Nagel).

xpression vectors (for Example 1.0- \ ressiqn yector was.use ich compgsed of the
following elemer(‘u?@1 HERVGRS fg}%é@ﬁ&%@g@%ﬁ%’%&é égc |3ﬁ¥varﬁgﬂ?éa¥,y %aglrfeﬁ;%]f ?%S;:)Iication,
oriP, of Epstein-BwrmingsptEiiv i valeotigin Jerepliceares AeiaAe ‘éélﬁéﬁ&i@l@%%ﬁéﬂ%ﬂgws
replication WO 2319i0406086 GHERRAOSMILES2 - 66 -

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 Clq to the constant region of most IgG antibody subclasses. Binding of Clg
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, TJ., et al, J. Immunol. 127 (1981) 2555-2560);
Brunhouse, R. and Cebra, J.J., Mol. Immunol. 16 (1979) 907-617; Burton, D.R., 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., I. 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 1.234, 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
3G 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 isclated PBMC or purified effector cells from bufly

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



of this plaswid in E. coli a beta-lactamase gene which confers ampicillin resistance in E. coli, the
immediate early enhancer and promoter from the human cytomegalovirus (HCMV), 5- the human
1-immunoglgiwip; pelyagdenylation ("poly A") signal sequence, and uniquyg-Bambllags gsbal restriction
sites. The immunoglobulin fusion genes comprising the heavy or light chain constucts as well as
"knobs-into-hole" constructs with C-terminal VH andyyl 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 BamH1 and Xbal
restriction enzyrifas tRecTromBrEmEATORIRahfNORaY {EhEHHreEy ABLE eIl Bphoresis.
Purified heavy apg bglfishain coslislgniiAfsegmeris wethdhen figated tmdbte igOlatetbb8yRoche
expression Vect%ﬁmm/@ﬁéﬁsg%ﬁ%l %Uﬂin&ﬂwa? tmasgsar%@smmpt&r&emmal expression

vectors were transformed into. E. coli cel o id as isolated,(Miniprep) and
subjected to restABH EHShRCARATFHR }ﬁﬁé ﬁe i I\tl’ seice (Mot

RSe uencmé’ B Srrect elones were grown in 150 ml

LB-Amp fnediunthegfain ¢fidumait Earabgve) issrkéd H@T&?lb%‘iﬁ HI et QIREGHBEFLfirmed by
20DNA sequencifig afagib cidhidy & padh higbie sTSIHN dsipd T el a8l 2@ cKi3Ril e83WbrendsBd2&s described

in Current Protom%&@'a%m (%099)1&9&‘iEﬁQ@a@fﬂﬁﬁﬁbMae&"@f‘fﬁiﬁblésBIgGiD,piQGQttSChwaftZ J.
and Yamada, KM. (éeda%/ Joh #”a & Son ré%t 1];5 En%u?lgtt:}t sfe(g 10 E%And.—gE!)%%? 3;F system (for
Example 1) Antlﬁg Ja% e‘f%uﬁl tedCBmPran&en ransrection of the fwb plasmids enc dlng the
heavy or modlfle‘ﬂhﬁw%&ﬁélﬁ%&%(ﬁ?\‘/@@%ﬁ?ﬁtﬁ%‘%%@%%ﬁq@I@Pﬁ éﬂﬁ’fn"ﬂglmj‘thll-ClEIC293 F
system (lmvitrogang/accarding 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 medigRe Grvirogeniorsese tiamsiasiadiwitts promfucel the revombapectivenexifession plasmids

and 293fectin o {get fflaw@qs@)cﬁ%% Shvekishake Jlml@mm)@h@@@% Galibyssre seeded at
a density of 1.0E*6 c 4(1508P DEP2909/007182 -

/mL In 600 mL anaﬁeﬁéﬂ?} ated at 120 V\{ 2010é9n
67 - rpm, 8% Cc}"f"ﬁ*‘ﬂ@%&ytgﬁ}é’r"ﬂ‘i‘é‘%ﬁg TSR AP SO GERaIE 6 cells/mL with
ca. 42 mL mix ofeadoBtngniaropatibngy aeatebeR nPwits GDUE'QQ%taW%‘?ﬁde‘Nﬁ?‘@"@@W) encoding
the heawy; or mogitiadcheavyechidinly laspaciively aad tfeheommeapbrmimgiidghtehaaxpressicaquimolar

ratio and B) 20 m ¢ %MEM@ %&gg,lca@%éﬁmtﬁrstﬁﬁ@ad%g é@lhﬁgﬂm&%ﬁgmﬁ gycose

COI’]SUI’T\ptIOﬂ gluc n was ad durin course, of the ferment he SU gfnatant

containing the sé’l? 5388 & F’\?m B Iy B Qf(?pé ays gu%t%n %o lesWere e elther directly
purified from thethgwhméwmh@%’eﬁ@m% \Hhsafrfé?féncs d Bisleia. 204t arsefgalSections in
HE1C293-F systagpéiarExamified 10:HnR éeambihaint imemnusotio bulincvartasiswertoexpyessed by

232?4%”2@32?5&9‘%5 o e opccign Freeoye T
o5 M eE e nsieton. ngoeh USRI B suspsesion

293-F cells were ﬁtlv Xpression medlum C189% CcO2 and the cells
were seeded in fFa3hGeetfitim ¥sest: d?fn@tf?‘é)fclellzxf% Grenrsibety/mrerrisecd &0 thertttion.
DNA_293fectinT ldupermytexes weke sitapbres.iiGOpMENO)Y fedisombinitoprdut®a)ofising 325 gl
of 293fectinTM (Ipyiogen.E eranamivanth 230:88.0feavy: and lishtseaindlasarigiNAde a 1:1 molar

ratio for a_250 ml final transfecti e n S |nt hole f s with two
heavy cHains ande8IFE I?dﬂsl alﬁp&va;%%r;%égé ?(%b’z [}JAl 72(ﬁ %Ir?\%r%gg%%s%% using 325

gl of 293fectinTM (istittodaptemdinmanty ;ét%‘)éb?éfl AoRIndMol) EHaitraBhd 2 and light
chain plasmid DNA (z0ad} :152- hed | o eatier, fBr@,ZSﬁlgrRéméISt(aﬁ%ééﬁﬁrﬁ%lume "Knobs-into-hole"
DNA-293fectin complexes with two heavy chains were 25 prepared in Opti-MEM(r) 1 medium
(Invitrogen, USA)msirs@ﬁ&Efgl ahRQafestinEMvityogiar Geriany )thn @50 g grefiiEnolis-into-hole"

DNAZS3tactin cor e 9““‘ 5"{5*“’“' ey i S g“""gﬁMé‘é’s o
ectin complexes we m | me Q Si glo
293fectirt M (|nvﬁrg§8har&38r é’ L) %Wr%%nﬁ?’hﬁe ﬁg e%(\%/y c%? ﬁ) 1}é and 2 and light
chain plasmid DNAIMtz qh_n_omq.tcrm@hma@@%raadz@@%|%afit¥*§n%'ﬁ’e6'ﬂm? anReaisHiF containing
cell culture superratatsotacd hatvwegtedcédiayspitertrasiapionddyreerifuydtbloan1400 g for 30

minutes and filtergdl through a sterle fienéR- BRI SHPENTARISWRISS IBIe DA A st

purification. WO z%gelr%/ f'rgg%%gr%s-g{grf ggcqgr/so 0th181% are then transfected into host cells such as

35 HEK. 293 cells, CHO cells, or myeloma cells that do not otherwise produce



- 68 - The protein concentration of purified antibodies and derivatives was determined by determining
the optical density (OD) at 280 rim, using the molar extinction coefficient calculated on the basis of the
amino acid sggueR%aAgsording to Pace et. al., Protein Science, 1995, 4p24 kg 724ntibody
concentration determination in supernatants The concentration of antibodies and derivatives in cell
culture supernatants was estimated by immunoprecigitation 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 NacCl,
1% Nonidet-P40). Subsequently, 1 -15 mL cell culture 10 supematant are applied to the Protein A
Agarose beads prenseeglipitaiad protEBS NP 48 e Hib cOBHIRSS foif afet bingdniangsigtlire the
beads are washgdipadan ldltrafiee: MOsfilter 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 p1-1 3,0, Ros6 agtibasyvisritie@Dmadaitios: ehsSbispdcilitc MubAGESd P&piadnple Buffer
(Invitrogen). Half of.the le o] o]} [th: NUP, ). e i e ft
unreduced, resg) ct}\r}terﬁ/?&a?]}% h%?%%ﬂf%gl%%wf}mé%&ﬁgé %Slrztg”é%d ﬁ%gg%g%gg’?é?ﬁf an 4-12%
NUPAGEXY) Bis-wé%%-%%ﬁnmgwg%ﬁ‘ﬁﬁﬁ% f%?#SF’ﬂ%%- §’uec"§&_ §§§-B‘A‘E§E and MES
buffer with NuPAGE Gnitstiorkizmermmsidgsbubfet sryievEof syimadenrongdidenticayg $SDPAGE) and
stained with Coamasgie Blbee Tharencenitaiiay dhanicheries andidesiveadiNes inscslbeultidre
supernatants was MEasas PG AIBNAHE e emalaataRbimBahy il cubhurproung matants

i&s and de ha

containing antibodi€s Fivatives'that_bind to Protein A were applied to a HiTrap Protein A column
(GE HealthcareFiAPB MR fAEBRIpBA PYBEANINaC, pH 25 7.3 and eluted from the matrix with 550
mM acetic acid, pH 2.50n a Dion,gx HPLC-System. The el|uted protein was quantified by UV
absorbatte andihtegraridi¥istarsaresdt! %ﬁ;?ﬁfé‘éf‘&?&ﬁ&ﬁ?ﬂ%é‘?’%ﬁﬁﬁwg‘w \9&&6 &'standard.
Alternatively, thesysteroentialioandfecartiiudies &ndaeriathesnibediceaterulingderiwanesiias
measured by Sandwighalae Jab SAboBHEHM. IBtenia\Wealk Hiahc30Rionk Stepaiavidind QBvell
microtiter plates A@ougg ),were ct%ated V\g%léll &;/)So‘% well‘gﬁtiﬂgé?teglgnté@pM;gGag@%g(? molecule

F(ab")2<h-Fcgamma> Ih(ﬁfg}iovg H0; rig/mkL tor 1 h at room temperature or alternatively over night

at 4C and subseiferharerabhedtfral iies Ariepatont iR sE S 036%Y, en PEE¥FSigma). 100

gL/well aba dilutitrrsdoimsains? BS{ Siganafoohite celige dtidadyy be2 0101680 508P TYE P 2089/007182 -

69 - antibody coptaiag el sultner FUReaiatiSYyas dddertathnwelisandfnsuiialedifor 1-2 h on a

ot RURELALICAIL IBrREIEy NG Rl ELE VRANRGIIERIMES R, 208 gf el PEST
Wi .

and bound antibody was detecte 00 ul F(alf)2<hFcgamma>POD (Dianova) at 0.1 1.1.g/mL as
detection antibod§TBFratoR Bl RHPH A EHANR QBT MR PR D UNBSURY Betection
antibody was washbgisslaytimesisassnetticzoo the pviirksmeas@mmedsslimicdetdedeh antibody was
detected by addition of 100 pL ABTS/well. Determination of absorbance was performed on a Tecan
Fluor SectrometgpassianéadNierdistivdssiihgtbnf 405 Bamgefeddncd dlavettrigehnddoesim).
10Protein purificggionf¥ntains veeremawnficd fiam dlteredralgulpieagpesnalonts msfening to standard
protocols. In brief, anubodies were gsocPéé%Qéé’dab ToleInaRERNAFOsE solnmn (Bkatigalinggre) and

washed with PB .alglsu 10N }((J?rg?ﬁ]i%% les was achieved at acidic pH foII%\‘{?vx?ﬂd 3% immediate
neutralization of (APARDIE Ay BrRR YA NG ERTRLS FolesFabedely sy 'm‘éirf’c?‘aﬁﬁ%‘jbdies by size
exclusion chromdtarapiny fSUREFA6L098 T BR2ABRCafarier. 2D, reivil HigwgiMiath. 48cadvBraC1 pH 6.0.
Monomeyic antibgdy fgactions wess aoelrthneoneenifmied if reguiled Usingafoy. MMILEIPIDRE Amicon
Ultra (30 MWCO, ri | goncentratar and, st .-80 ovided for
subsequent protgilésa?ie@f%?s' g&ng%éﬁéé%ﬁgtgrﬁcﬁﬁg%%?%g?igt&?EWK%%%g%fg%@egxcIusion
es'3 n%l“a).’éDs-PAGE

on e.g.
chromatography?ﬁ%%rpgctgorﬁ%‘irp&’ﬂﬁeéﬁ?ﬁbt&ﬁ%&@?ﬁﬁﬁ%‘ﬁﬁb"r&sﬁ% é%)
The NUPAGE(r) Sval€est Hell systbrimiimvitlodéethodad ¥ P b?dm8%o the manufacturer's
instruction. In particular, 4-20 % NUPAGE(r) NovexC TR1S- 25 Glycine Pre-Cast gels and a Novex
TRIS-Glycine SDi%¢ waining baffemwarehasad: @emtdoyfFigwkayoRedivirgaripanipiiedg s achieved
by addi%NuPAﬁﬁQm&mﬁqﬂ QAIERE RETR sURRIna thnast Bndilyiieat sz axelision
chromatography S{ e ex%%%% Ocatri%rznat(r)%amg for %h% %?:;i%r i g&g}l fa{[b%g%rﬁgation and 30

0 i d Bylffp’lté og gl '

. : € : .
oligomeric state 6F antibodies was perfarme chrom raphy. Briefly; Protein A purified

antibodies were applied.to a. Tosgh TSIFE e%%%gioosaw column in,300.mMM N 0265 M.
KH2PO4/K2HPCA J5EieHs26id &% RBFEA ¥ 15 e%;/‘ét‘esnrg%ﬁ%‘éﬁu%g?t g 8%%3?%’??(65
Healthcare) in 2 WHiBgnether Digseig acid sequence. For example, DNA for a pre-sequence or



WO 2010/040508PCT/EP2009/007182 - 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. (S§, 8:Je/fiG8se 4). Mass spectrometry 5The total deglycosylaigerppamaafeigssover
antibodies was determined and confirmed via electrospray ionization mass spectrometry (ESI-MS).
Briefly, 100 lig purified antibodies were deglycosylatgd with 50 mU N-Glycosidase F (PNGaseF,
ProZyme) in 100 mM ICH2PO4/1C2HPOA4, pH 7 at 37C for 12-24 h at a protein concentration of up to
2 mg/ml and subsequently desalted via HPLC on a Sephadex 10 G25 ¢olumn (GE Healthcare). The
mass of the resgesgEhBadsr ahangteHiHRd f2 DN dRn B RFRER i & éﬁ‘t@?p&‘ésjﬁi?)%ﬁlation and
reduction. In brigfeaRdigiantiodyriipispindre iscritaredivitle O WPENMARCE PHm0ST Grs M

Guanidine-hydroghlaride suhssayanikedesaisging Reqiialnps e fadsthe massriptibe dedisced heavy

and light chains was determined via ESI-MS on a O-Star,Elj { | ftha
NanoMate souré@%@F%i%&%%sﬁ%ﬂl %%% %‘fﬁ(lfl(r%é) &rg(f);i egues‘ 0 G:%{e% ?@gﬁgwgaﬁ%%s (TvAb)
was evalbated iRSHIER$S A0S Y WHWH-T@"?@W‘Q’E&T@@-‘H&S OPSTaRY MRS SyRRAMsEigure 5). For
this sake Falconipolystyresgueteas baingrivscdniceotivetiplates andrerctaadswith 26940SIN 1 2 ttg/mL
recombinant hugglV EGRLEBURER SYRiemE MaRBSHewe/arakraemderaperature erover night at 4C.

The wells were washed three times with 300111 BBST g 2% Tween 200 and:blocked witz 200 td 2%
BSA 0,1% Twed W UHHSH %O?‘rlﬁ'llﬁmﬁ rodRT 1o qi?éf’gu? eSI 5%5:{ bslb_k%se uently washed threeet' 1es with

300ul PBST. 1G09ANEN & BoURitRorREHEEHEHS SNEPBISNY DIBIIIE P <VEEE AREEDE 25> TvAb
and as ageferencedhiduerndih amivédtiGh@ pragbody <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., J BiokGhshon 20Q6titaditsi2 92964 6lptd& BROSTHit4ER6E )iz PES(SigMaa)y was added
to thﬁ ‘(’j"eus and mbe%%mmn@;@. nygratitipiage M@%@&iﬁ@om tBRRAIAE. sTdaﬁlay@(IJs 3?] were
washed three times with 300111 PB 2% T, n 20).and bou nti -\WAas with 100
gL/well 0.1 ug/mtfcli—‘f%'i‘f%thb%'%ﬂ}%%> X %#%%o %{:é%‘grg?c% ine%(/? ng%g g,l_l Yo Ti/!:v‘%éﬁgﬁJi go as
detection antibodlrearatagranhy.ragsrenteitl stecmahenesieraa PHBAR, Betl i B iR Aliet&%tion
antibody; yas washesheyny ¢habedimesmeith 3o atlwisl @ STilan Bitledyo Gnecde Rudridsiagtibody WO

20L0/040508PC E RAA0SIARTRR oo o llston ENRUUHaRRIoa0 M ARTSel.
- Determination of ahsorpbance was perfor on can Flyor ment
wavelength of 465 ?é?é?%‘%/\é%eﬁgif é%{gt% %@ﬁ%ﬁn’ S“éi\/‘ééﬁ %%ﬁd%g%?r{)éﬁf] C a?#a{gerization of

VEGF binding anB7Omgl spiifteassiiesmuticson ahd isiacretinird éli‘rfﬁq‘ﬂfﬂﬁ‘@PE%dBBrate the
ELISA findings teechingingiabrudBEEphantip diet @6e3thange dstihand e EGRSARG-28iIVADG or

TVAb-244 - bevagigumab LG8 ahyivAbd 4k avaczamab dxeafl, EGhiliasdusapsisatively
analyzed using S{‘rfacetB'%é{élo”e{gs%‘e%ﬂgeofec*il“éiwe%ﬁnx%ﬁi OfSdd,hihR st according to
7 el 3 i% i

the following pro &&ol and-analyzed'using 00 software packade; Briefly <VEGF> antibodies were
captured on a CRISIEHiH Wﬁ%ﬁﬁft@’é’%?%tﬂﬁ%ﬂﬁmﬁ% | gefbg-‘b‘ﬁS%ﬁ?Wﬁlcpture
antibody was immesioiljzedrbyraiminbeog oo wisind) sratel aliblatairidieoy phrgral BRBNS B S-N buffer
served as running;auffeaCtivali B HRRE D dieXEle i BN Wit hatdgeaphy fand ligand
density of 700 RU. The Capture-Antibady was dil j ing: =2 ug/mL,
finally st%?activat%%fgg%& tl“(f;ar%ﬁlf)% \?V%%%%C%&%%%%%ﬁ#ﬁﬁﬁ? uh%%%@%%ﬁ%@%ﬁﬁ&ring of
Mabs <VEGF> aﬁ%iﬂﬂi@?@%ﬁ%‘aé ¥ohe étpalﬂ&wﬁ’feﬁ’ug}mﬁ?‘hﬁé ERPEDS \}@D) = 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-S)rteprpchioN S g entipids asehaaansaife. sRnansne FPReRhzaton of VEGF
binding to<VEG Rentitnfiiosies dvas foetifeime i 2GathBBSpedd QDB/snxgn)iMnisdhe Besofunning
buffer. The sample was,iniecied ity adlow ehrPdbintin andAmasraaiation gitimediiced and a
M2l dhad S

dissociation time of 1200,sec w%ﬁ cggceeggg on ﬁc’v%rrix gnog‘srh\ré%%gdf
Regeneration of FERPOSPIORe AT 0H, Ritale Was parformed with 10 mM Glycin pH. 1.5 and a contact
time of 60 sec affdrEEPFRIEA) RBPERIIAFOMRPESTE ARRNRPACATCOTIRE 1B RTsIA eﬂ‘ﬂ:?'ﬂ{s%lal double
referencing methadeanispbrefidkepesciindiedioh prvEGE tccaptsitonciacdlgBBaBHICHuman 19G,

blanks on the measing fiavcsaikisMEEs faspegataian Qo doslebchengenuishifudingl@ed 1:1, (Rmax
set to local because fcarg re_ molecule binding). Figure 11 shows a schematic view of the Biacore

d
assay. ANG-2 bifFSTELTEA T RS DT8R S8BE T/EP2009/007182



- 72 - 6a). For this sake Falcon polystyrene clear enhanced microtiter plates were coated with 100 Rl 1
p.g/mL recombinant human Angiopoietin-2 (R&D Systems, carrier-free) in PBS for 2 h at room
temperatur ver night at 4C. The wells were washed three times wit ,2% Tween
20) and blod ‘b‘ﬁ[ﬂ% p.15 2% BSA 0,1% Tween 20 for 30 mm at rc%ir?#&%%%ﬁ;ﬁ}aﬁtﬁég and
subsequently washed three times with 300g1 PBST,gl00 pt/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
G6-31 in PBS (Sigma) was added to the wells and incubated for 1 h on a microtiterplate shaker at
room temperatufneTtrshwdimanee ks Haren ot rise tienbispeirHig omitomB axqnivg, taylen 20) and
bound antibody was:flgteotadevitakadifwalce: 1 pg/m1l 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. Unbupg dedectioprantibagveasm Washad pravmduesidinesmiidsided Ré/wall PBST and
the bound detection atrnetgiiggdﬁ/t was d((}eetiected by addition of 100 15 pL ABTS/well. Determination of
absorbance was performeg on a 1ecan Fluor Spectrometer at a measurement wavelength of 405 rim

(reference wavelength 492 nm). Comparative hindin ANG:1 and ANG-2 G-1 and ANG-2
bincing B 15 SOTHEAREARCE D R AT an ot a A eheaanemg (N ANt ool )
length Angiopoietin-2fpfihproaarfareD S ydrsdisamsrs aNC It RERRIE M Bduced material) or
Angiopoietin-I-His (R&D systems #923-AN). Therefore 96 well plates (Falcon polystyrene clear
enhanced microfientitatepent Nt NREaRED)ivBrehasatd draatman e § PatRe/ i FEE8niRRant human
Angiopoietin-1 or 25 AngiefwieidmhiganmerafrasjitoBSceSigma) the hbeaticaamatpatipetature or over
night at 4C. The wellsyyere ywashed thiee fimes with 300111 PBST (0,2% Tween 20) and blocked with
200 RI 2% BSA 0,1% Tween 20 for 30 min at room temperature and subsequently washed three times
with 300p1 PBST. 100.pLiwell of.a dilution. seri 0 ) rifj tant in PBS was
added t%%o the :\gvséﬂgegﬂl(f E|‘(311(r:10 bgl?e ) %%%{?hgagn&%ﬁ;%c&%ggﬁ%\f@%fﬁégg agnb?gg}ﬁgtéﬁ %%%%ﬁre. The wells
were washed thf8&%inSOES0BI 1a8E%H @9 oa HINNE 288Uy Hﬁ?fﬂauén#g‘]ooa@] ?gg’stlalétected with
100 pL/well 0.1 dedimidgr{abils<addsROikqBioy orCpltsiol Gpeab5Fompatils A itmbiFyEEn 20 as
detection antibody- @k 1shs@ma8ianisratitespateshakenatdoam devopanatiue . parbamild gedattion
antibody was 35washed a hree fir it : J nd the bound detection antibody
WO 20101040508 R R R DT Srhdhel Bﬁ‘%ﬁﬁ

182'- 73~ was detected by addition of 100 tL ABTS/well.

Determination of , absorbance w erformed on a Tecan Flugr t a,,g}ﬁqég ment
wavelen%%‘h of 40% Al ngétrlgﬁcgisw%% eng qz@ eﬁtﬁg . ,AE\IL\IHG‘EJJ t?%%ﬁjﬁg%%gc%g;% 5Bin in%?of the
antibodies to thé‘ﬁ%&'}@' Qv kiR AN &%r@iﬁ?f%&é‘f@d’%ﬁ@%&%@pﬁﬁ%ﬁ §%$1%nce using a
BIACORE T100 inétonmexie(GEaétenlisicaienBiolcienc dspaByinp peaia H8vwisdieed . Byiety, For affinity
measuremelnts %fﬁ%ﬁhét@ﬁf&gﬁﬁafm@op@qumi@ﬂt@owﬁ' ' &Wﬁf@cé%ﬁ@bﬂﬁiﬁdmﬁﬁo&),@\ﬂﬁyhhp via
amine coupling for presentation of t ibodi i | ANGZLF] inding was
measured in HB ebuef?gﬁz'{étgﬁoagg %ﬁ%&oggé,%@onﬁh%&g%ﬁ 6 Oé%/%( %’L\gv%ﬁegﬁgzﬁo,vv@%@, 25C.
Purified 20NG-2-H&ieRa D'y SEXFE I HERRE e P A3 H0RS | %a‘?f’d’ﬂ%’&%cé’h ations between
6,25 riM and 20Gairiiststidtions Adsecidtiomeppransati rerrisy dor ARG jiaremes Pminutes;
dissociation wasdigasutesMawasking the:ehippuddeswithdiid® buffer {ad Adeninttéeand a 10
value was es“”‘“?ﬁh%g&(‘%%@& L 9ii'ﬁgi{ﬂ?%@éﬁ%uﬁh%ﬁt%ﬂﬂﬁﬁgyopfdﬁgﬁeém%2

preparation no 11 bin INng € observed; KD values are thus onl reéatlve estima ons. Negative
control data (e.g@BHfREFEGROSY %&gref%ﬁ{‘r%c‘?ﬁﬁ%‘?ﬁg%‘?ﬂi‘)Ié’rgﬁ?@%‘{?f{)ro P ST BFLER e m intrinsic
baseline2drift anddbrtinoisersitsrersaruchien uBiadorect 106l By andatignmts dhveleryaesidirally 1 20 was
used for analysig;gf aensRisiaenssandderisalpuation 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. 3466f)hatwas ipunahilizeshiRmacMenchipdvia@minaced Ping: (&8 freelisde below).

Inhibition of huANG-2 binding to. Tie- LISA) 25The | I n 384 well
microtiter plates %Pola%aéi%%gc}eég. omw&%fgygﬁé{?r{ﬁ Cg%?é}a%r%%fcé at%%%?éﬁ%%% were

washed 3 times With PBYSTINSCHOR. At Gides AR WM GEI-gRTE IO pfa B'systems,
UK, Cat.300.313-itjpfartaidbashRatiozeed, (HnFrersalker thsramhiaberatncaidetwithtrésstipplemented
with 0.2% Tween®andoa%1BSAHLRAa0 DiggnsiissGmbulidtl dokd, h. Bitutiensutdpurified
antibodies in PBS were incubated tqgether.with Q.2 ,pg/ry iopeietin- t , UK,
Cat.No. 623-AN).S%%)\ercipﬁuaat‘er?ﬁﬁﬁg(aé@%’vgs iﬁ%‘rg% lfélﬁ%lﬁg%ggﬁ%%m %%%%é’gﬁ%ﬁn%ﬁoietin-z
clone 8AM0981 (RR#8ystems, UK) and 1:3000 diluted streptavidin HRP (Roche Diagnostics GmbH,
DE, Cat.N0.11089153001) was WO 2010/040508PCT/EP2009/007182 - 74 - added for | 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.



5ANG-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; -quﬁ[&r@%in (R&D Systems) for detection of bound bispec%}iér&gg&g%,,(i%pure 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 "stangiard" IgG | 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 ug/mL recombinant human VEGF165 (R&D
Systems) in PBSloitgm eancer esoiscinisaranive it Brodisinsiveatisesernuehais WBrRWshed three
times with 3009 1yRBit k2 Yeukwatn, 2Q)randblcakedowithn20D pERYGBEAB 0L T wasrer20 for 30 min
at room temperafise.andl subsenusntiywashed s imesWih3A0kL LERST s4A0rhdyell of a
dilution series (40pM-O.% phil})% purifie <VEGF-ANGZ§ T(y up and as amraefeggrrﬂgg c<a,%‘|:\|e -2> antibody
Mab536 and VEBESHALMEHTSE 05-35th PEL(EIE M) WAL Aded 16 the welld And ncubated for 1 h
on a microtiterplaveriimakecar. estal tepmpekasarecTTHe thic ARl EFEI0Ta S T s s SHWHIF 300111
PBST (0,2% TwegRr«0)and kanas, amidhsidyanas, detecieddncardiiomani 0ff pho. Sapgpmat human
ANG-2-His (R&D), Systems) iR BSmEneiisisrie wrshsrdyemdmesivita3tRrhi £BSd (0,2%
Tween 20) and bound ANG-2 was 2t‘5 de ectigo '%’h 1(’1)9%1 0.5u /m(lj_ft%NeSC(;)-%szgCézilﬁléégtin antibody
(BAMO0981, R&D &AL R8T ALAPFOBI derfErin & G0 fHt detettion antibody was washed
away with three 6ftbs SOODIFBETYC:a%TAIIER SEPSHREIYSISI aFAISEET WS HRIG&PBS addition of
100 pl 112000 Siepiaviditd2REoRIMse{Raabe Bianadtios] Gt sEeaimt of1sbi8gsE8) 1:4 diluted

in blocking buffeg for Ih 3430 soam.temperalite. JeRRUBR eRAMINRRE eoRivaaimvas washed
away with three-six times 3000, PBST (0,2% Tl%ag&lzcgi} and bound .Streg%ﬁ\é@lp%hgpé%%njugate was

detected by addfSRGPLE &lﬁﬂﬂgweﬁt.cbé SimiRation of absorbance was performed or a Tecan
Fluor SpectrometasathgliviaasivarerliviversAgth JlTs mantfePSPRie Wy le Mthc883%hm). WO
2010/040508P CH¢nRB20094067 182NS]5 sireinarstratioornf bininltaeeogibmdirgioblbitpoeific
tetravt?leilgt ar&tibgﬂx@é{&@i—%%gﬁ(ﬁéw @h%%fai@s,angpgﬁgy%wgiaqgégdnbgrg@@ﬁ@jyrther
corroborate the data from the bridging ELISA an additional assay was e I irm
simultaneous biﬁﬂ?ﬁﬁ‘gé% Is_qg%rg%%étél &Efﬁb“%‘%a&rfﬁkﬂé‘lﬁfé(s?no%”%%ﬁgggggg%éﬁcﬁoggé’ ona
Biacore T100 indnelnsans eftstamg essinmstafismin Frotbesr 4ABCsRaRkadWerrHo8 ¢468%oftware
package (T100 Gewnite, MfesiatoRe0bndd60 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 doReptakpisAnsbagy (ReatadisiAhtORSAclfiee 2Qibghn MooBUGSAPtHhe was

immobilized on 3,GMp £hig Yigy H}&&%ﬂ@g&@%ﬂﬁ%ﬁ)abﬁé:&hglégeﬁié@@@ﬂ 3sdknRing buffer
during coupling, activation was oneBbﬁlén% re,of EDC/NHS. The PentaHis;
u

Ab BSA-fr
Capture-Antibod @8 Bt AT CBLBF L é%g%ﬁtfg,cgngeéﬁﬁgﬁ% %iﬁ%ﬁ% gﬁﬂ%a?csﬁivated
carboxyl groups #drethstorkeatisy dieasdn of | 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
gl.,/min diluted wWidherummiaditpstfent thenirentdsAs SibJiepssHisy, enbrily ageretisepigplsfic antibody
binding to Ang-2;anehtRyEShdvasHemaTsiiséanjisasshation with rhVEGF 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/migxand a gRERAtEANCS of RN MvalitBrdiyvithiduphingdetigeat LangosiidSAoante

simultaneous bindin we%s, 9(}‘5‘}79“‘9%19;/ gsggstégtion with VEGF (rhVEGF, R&D-Systems Cat.-No,
%3%] o (VIV

293-VE) in PBS -tfe(? V)El ween20 running buffer at a flow of 50 uL/min and a VEGF

concentration of 150 nM. Assocjation time. 120 sec, dissociation time, 1200 ion was 25
done after each éﬂ%gg %S?Foc\}voc{)? Eﬁ)i‘ﬂ Ir%ﬁnthﬁ’%iisi %r% ’Iy%ﬁ"f gﬁf%gd“§§§ %%%%stg?t{%gme of 60
sec. Sensorgyameniisrsanifactig eistinaHeansrafordhp A Re R RENgSRUH 519 Srence: binding of
bispecific antibody and rhVEGF to capture molecule PentaHisAb). Blanks for each Ab were measured
with rhVEGF conéapthatiespeat of tenawraiiririe Bribederfsepmersriwiisntigiifering ¥ 3oalternative
Biacore agsay fovmatis:siievusein thigiut@ihbtdbapenationtefdl 1 kPB8ET te e lidinationotder to
determine the inﬁg{%ﬁqg%gfﬁgggmgmigégtﬁggpodies with ANGPT2 stimulated Tie2 phosphorylation
and binding of ANGPT2 to Tie2 on cells a recombinant HEK293-Tie cell line was generated. Briefly, a

peDNAS based 3splasypid (RB2z-agDNAG.Fapo a0l er fbaRRIRAaBTiRR{SEQ ID
Atherosclerosis, Eschemia: Trauma, Sepsis, CCPD, Asthma, Diabetes, AMD,



108) under control of a CMV promoter and a Neomycin resistance marker was transfected using
Fugene (Roche Applied Science) as transfection reagent into HEK293 cells (ATCC) and resistant cells
were select%%li)lwg%slo % FCS, 500g/ml 0418. Individual clones wergdsalategh ¥ia @£loning
cylinder, and 5 subsequently analyzed for Tie2 expression by FACS. Clone 22 was identified as clone
with high and stable Tie2 expression even in the absence of G418 (HEK293- Tie2 clone22).
HEK293-Tie2 clone22 was subsequently used for cellular assays: ANGPT2 induced Tie2
phosphorylation and ANGPT2 cellular ligand binding assay. 10ANGPT2 induced Tie2 phosphorylation
assay InhibitionReEANGIRT Bireliss ddiPrsRish SSBIFONNEIR By AOTEPHEE N iBRsHEs kS Beasured
according to thegjptewing iagsssd pringiptey HE®298: TidH slane 2 HadsrstitwislatddtwitkmAING P T2 for 5

minutes in the rp f ihody Tie2mae Santifinddne, sandwich
ELISA. Brief|y,a2?<§1‘%85%i%gHEﬁ§§gﬂ%& %%g&ﬁeﬁmg PGl 10 i

) 3-Tie2 clone 22 ce well were n,over night on.
Poly-D-Lysine c%?@@@%‘ﬂ;véaﬂtﬂf‘ﬁ’iﬁ?o%@?tﬁfﬁfeiﬁﬂ‘ﬁo%f%ﬁw,ﬁ%%,%6} Sprjll\?\eirl?r%%i tCIB@(’eneticin. The
next day?a titratiGrehoils Bisaaee MultimieiSelawsinadssrapurderiitia Fiersiildy aRiiti¥idEoncentrated,
75121 final volumedweliachiplicaten) apsiroixedsadtha? ppdli ffraivANGRIP2UIRE Br sgsteriateft 623-AN]

dilution (3.2 pg/ml. Er“afé:égn%%&&{‘ KRN Ier sQluion) ARGBodiRs BadiANGRJIRMere pra-incubated
for 15 min at room temperatuyre. 1/%%? pl of the mj w%rggg_d%d ggrt@e I&;FKC?{QEﬁ-TL%é]gIoEgV_ZZ cells
(pre-incubated 85 nfPit AR N 41,@?91&% 65085 and inclibated for 5 min at 37C.
Subsequently, cRilesivkrEWEHAA With3 Somxh Gamere e Brssuian fitaanean 8o R pRoRidnanef ysed by
additiomgf 1204dclysisihuiter 2Qymdvhitrigp2sapit] Gatnet 3R MivkiNGIG a8 NRRI0(<id% giicerol, 2mM
EDTA, 1 mM Nae\éi?f%) ﬂnﬁl};@%gﬁ%r?ﬂg&g'ﬂﬁlmbﬁ&fﬁﬂ%@spﬂl\w” on ice. Cells were lysed for 30

min at 4C on a microtiter plate shaker and 100 pl lysate were transferred directly into a p-Tie2 ELISA

microtter plate (RED Syeil LD APGQ WU AURNRLS, 0 TyRaUA AR Wibiaw total proten

determination. P-Tie2 amounts were quagtlfied according to t?e magufact%lrerés iggér%%tions and
IC50 values for RSOSSN PEINE AT in(BSRfrﬁlﬂgaﬁg _éf's PGSR 1or ExcEl 0se-response one
site, model 205)micS0rganisasaanyee comipstbethhnizcshizatosy PrRETIBIREngHeV AR RoMCexperiment
to experjment. ViEGkiideceshiidy Beiipsolfesatiod assfynJAIC20(1€/040588REITF/HR2D6/007182 - 77
- VEGF i“dUCedc%%r\éﬁ&%&gffc%ﬁ&,@wﬂm@irarﬁqﬁpm@.iq{ Gelsi&ramassihBe 122 deroliferation

was chosen to measure ar function of VEGF antibodies. Briefly, 5000 HUVEC cells (low
passage numbetS&e A8 R S PR OR G Wg}‘ér?n%%%ré(l%daﬁ%%% K é)é\t/% |c§:’ncg%p(}§ §§O§BM-2

Endothelial basdhSafditiionpmiPresdotspmicn 25 the dnisstable PHoERCHIHSIS IRRBRAERR) in a
collagen I-coateg/BiBigsnate chagemkRe-wielenisrotict (ide (BOPE6H405h/B5ba0IBMOr night.
Varying goncentrati antibe re mixed with rhVEGF (30 ngl/ml final concentration, BD #
354107)£<'§nd pre{?él[c?u §t<:§1%];ad for 1 r%\%{r%tes at room temperature. Subsequently, the mix was added to
the HUVEC cells,and they 10.were inc ] SrARY lysis the
plate was equilit?;r{éa%lr _%Sgo%eﬁ%eﬁgggr%?éﬁ%g%{é%ﬁ gé%%&%ﬂ%ggﬁogﬁﬁgrationdﬁgégetermined
using the CellTit8FeBIM MiHiRhe &8Nt BeP$lbifty AsLAY ﬁaéxprfé%l{% {§We manual (Promega, #
G7571/2/3). Lunjhescexctoalasdatmsiiinetl il atBpepirspHotonaeen1 siesigratittaaient bispecific
and tetravalent rgpnasResifiaiantikodiesthebigpetifinabiibostiesdintingriaEG knpuEGP-A) and
ANG-2 (Angiopojgeti i the invention comprise a first antigen-binding site that binds to
VEGF ar%dna sec{gﬁé%?rﬁggg{%ﬁ%é% site that binds to ANG-2. As first antigen-binding site binding to
VEGF, e.g. the heavy.chain variable domain.of < O.NQ: i i jable
domains of SEQ%ﬁb&ﬁﬁgﬁ/%@ﬁ%ng %6%%%1@9}%%, ro%%h?%e@r?%ﬁ%gg%igga %E}igtéﬁé%nti-VEGF
antibody 06-31 vifii Sk iSTeEIeIEENFPRSEAY IRLIAEIEP S & 8@%‘13?& 2 é’%ﬁ‘ﬁ) bG6) 951-61
and in US 2007/0igadi6s edricheisiséitchveinatisalye Getdesiwdoigrantigen Ismanig site 8pecifically
binding to VEGF £ompriseadhe heawoshiain yadiaiadaraaingiefr25obFQtHouN BTy anxBHQ ID NO:
100, and the light,chain variable domains,S NQ: 8, or Sk Q : frgm tiaY EGF
antibodi(ég1 <VEGFSh fl/té%l?;urblnlgg a%n%%g{}é%Gﬁlg%%o-gvﬁ ﬁfrgg?e%}gm%EGgFﬁ;}ggni r:)L\f/mab. As
second antigen-mhﬂﬁ@@ﬁé‘%}cﬁ?@é@ﬂ?@ﬂw%ﬁﬁlﬁlﬁ?%ﬁfép&éﬁg}ﬁﬁcgﬁéofﬁf%:0 gﬁeand the light
chain variable domsins SEQHO ROp!82edr BEQUR MedBTisTaiR the HttRicHEgratiqasQ
andW94T (Kabatumbesindlerotibic bfate: hatt derivestiionnd e gneap antidA NG Rutithody <ANG-2>
MabS36 which is e perbethin ARIRALID.OINEhodrh Aha/cARRREGRI LR K200ARTH Gviand in US
2006/0122370, can be use .’/gternatj\_/eiy e.d. the second anti en-binglilng Sit %pecificlqll binding to
ANG-2 chinprise'h B cﬁ‘&ﬁ?@ﬂﬂaBTeeé%#%’éﬁ?ﬁs g‘?"s%%‘js%ﬁa NBENs, CEYIB"NG 82, SEQ ID
NO: 60, SEQ ID NO: 68, SEQ ID NO: WO 2010/040508PCDEP2009/007182 - 78 - 76, SEQ ID NO:
84 or SEQ ID NO: 92, and the light chain variable domains SEQ ID NO: 45, SEQ ID NO: 53, SEQ ID
NO: 61, SEQ ID NO: 69, SEQ ID NO: 77, SEQ ID NO: 85, SEQ ID NO: 93 from the anti-ANG-2
antibodies <ANG-2> Ang2s_R3_LCO3, <ANG-2>Ang2i_LC06, <ANG-2>Ang2i_LC07, 5 <ANG-2>
Ang2k LCO08, <ANG-2> Ang2s LC09, <ANG-2> Ang2i LC 10, or <ANG-2> Ang2k_LC11, preferably
from <ANG-2>Ang2i_LCO06, or <ANG-2> Ang2k LCO08. To generate agents that combine features of

hoth antibodiee nnovel ftetravvalent



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

technologieg9 6,nigs antibody which was retained in the format of a fgiplepaii Ak, This second
antibody carries the desired second binding specificity. By gene synthesis and recombinant molecular

biology techniques, the heavy chain 15 variable dargain (VH) and the light chain variable domain (VL)
of the respective antibody were linked by a glycine serine (045)3 or (045)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 (0)6- or (G4S)E=hitkend arigddnrsticad lisans pEShsuRAIGHE feeing bisatedy IRk R8I Silg Kabat
position 20 44,) iansh¥ in (iRctieiigikeadbat 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., etale RERFoLEBE®(1098) 138 139; DiiRajagrpatidft, Bialthroteipdiigineering (1997)

LIS350) ress NGB MACGHRSEICRRAmAnani: PrduGer: e A d ahprasiiged and 25

protein expression, sta logical activity was evaluated. A summary of the bispecific antibody
designs that We?’élgﬁ'ﬁﬂéai‘t%eﬁgh‘@r%ﬁe tetravalent bispecific <VEGF-ANG-2>, <ANG-2-VEGF>
antibodies and tetravalent monospecific <ANG-2> antibqdies is given in Table 3. Fﬁe%this study, we

use the term “TVABPEH EdHNIERE TAABAE Ry SRFFEHTBIO B USA RSO 3B B 5 SHEIn the
bispecific tetravalenizmtbadie sKiEGeANGIde TivAbb thadavAllBlitresioglenshlin ¥¢ @cFv) binding

to Angiopoietin-2 gerivag fiamihe baavyicharcatsiele daaai Réthif $ERk|BoNEXaablgnd the light
chain variable domain (VL) of ID NOQ; 32 wit hg: ians, T2k atd 2B QAWM T WO
2010/040508P€Pﬁ€52,%’6@f8‘6’3&§h%s—“? i“%%“éd@orﬁ Eﬁkﬁman antL{-ANG-Z antibody <ANG-2>
Mab536lfvas fuseirRethESequence corresponding to the C-terminus of the heavy chain vector of the
human anti-VEGF antibody <VEGF> 06-31 of SEQ ID NO: 23 and cq,-g#pressed with the respective

light chain expre88igpedetetibalied FRISTEOND KK 220N ipresBiatisi SHHHE dBSHEE formats is
shown in FigureihRraihdisibly inttalblke 3uth oiedgriatiobsaimdhvdbhigpesifiy. tdihavalthet atidddies TVAb9
) of SEQ 1D N e et v e ed from the
human ani-VECE IR G8 SV L R S AL MO Q o it e e A e e
C-termifds of thenqeesgrd ihag ‘%H@g‘f’n‘ﬁﬁéaﬁd‘rﬂta‘he&ﬁ?ﬁ%&ﬁti‘?ﬁ?ﬁ%dﬂfyﬁhﬁ%w&% of SEQ ID
NO: 31 and co-edgfessebwithdheteaspastiienigNadaaipregonesbishyectbe busedwatiSEY ID NO: 32,
Giferont bispeol e ) ok atoghments and e
c:)rrespondiglg T%ﬁ%‘ﬁé‘ﬁ%l‘%&%a AR }ﬁgﬂ%ﬁ’eﬁrﬁg&g an%% %&%&%%Q%g%@ Molecule Name
A ol Lo P AR 1R AR PRGN BN oM hnster of
20 vectors/nucleic acid into a host cell. If cells without formidable cell wall barriers
are used as host cells, transfection is carried out e.g. by the calcium phosphate
precipitation method as described by Graham, F.L., van der Eb, A.l., Virology 52
(1978) 546ff. However, other methods for introducing DNA into cells such as by
nuclear injection or by protoplast fusion may also be used. If prokaryotic celis or
25 cells which contain substantial cell wall constructions are used, e.g. one method of
transfection is calcium treatment using calcium chloride as described by Cohen,

S.N., et al., PNAS. 69 (1972) 2110-2114.

As used herein, “expression" refers to the process by which a nucleic acid is
transcribed into mRNA and/or to the process by which the transcribed mRNA (also
30 referred to as franscript) is subsequently being translated into peptides,
polypeptides, or proteins. The transcripts and the encoded polypeptides are
collectively referred to as gene product. If the polynucleotide is derived from
genomic DNA, expression in a eukaryotic cell may inctude splicing of the mRNA.



s_cFv de_rived from Variable Domains VH and VL: SEQ tached ID NO : Position of scFv to antibody at
linker Single-chain- Peptide -linker scFv disulfide VH44/ VL100 stabilized bevacizumab <VEGF>

bevacizu mghy, 23 doadkes Ang2i_LCOB6 (LCO6) <ANG2>Ang2i_LCO6 5 : LCO6 (LCO08
<ANG2>Ang2k LCO8 68 + 69 - PR 2000018 )

-53.

A "vector” is a nucleic acid molecule, in particular self-replicating, which transfers
an inserted nucleic acid molecule into and/or between host cells. The term includes
vectors that function primarily for insertion of DNA or RNA into a cell (e.g,
chromosomal integration), replication of vectors that function primarily for the

5 replication of DNA or RNA, and expression vectors that function for transcription
and/or translation of the DNA or RNA. Also included are vectors that provide more
than one of the functions as described.

An “expression vector" is a polynucleotide which, when introduced into an

appropriate host cell, can be transcribed and translated into a2 polypeptide. An
10 “gxpression system” usually refers to a suitable host cell comprised of an

expression vector that can function to yield a desired expression product.

Description of the Amino acid Sequences

SEQIDNO: | 1 heavy chain CDR3, <VEGF>bevacizumab
SEQIDNO: |2 heavy chain CDR2, <VEGF>bevacizumab
SEQIDNO: {3 heavy chain CDR1, <VEGF>bevacizumab
SEQIDNO: | 4 light chain CDR3, <VEGF>bevacizumab

SEQID NO: {5 light chain CDR2, <VEGF>bevacizumab
SEQIDNG: | 6 light chain CDR1, <VEGF>bevacizumab

SEQID NO: | 7 heavy chain variable domain, <VEGF>bevacizumab
SEQIDNO: { 8 light chain variable domain, <VEGF>bevacizumab
SEQIDNO: {9 heavy chain CDR3, <VEGF>ranibizumab

SEQ ID NC: { 10 heavy chain CDR2, <VEGF>ranibizumab

SEQ ID NO: | 11 heavy chain CDR1, <VEGF>ranibizumab

SEQID NO: | 12 light chain CDR3, <VEG¥F>ranibizumab




TVvAD5 (2310) <VEGF> G6-3l <ANG2> Mab53 6 23 + 24,31 + 32 with the mutations T92L, H93Q
and_W94T C-term. TIC G4S)3 (G)6 WO 2010/040508PCT/EP20091007 182 - 82 - Molecule
Antibody scg,ﬁ\gg{éﬂmgﬁgosition ingle- Peptide scFv Name backbon

PCT/EP2009/007182
- 54-
SEQ ID NO: | 13 fight chain CDR2, <VEGF>ranibizumab
SEQ IDNO: | 14 light chain CDR1, <VEGF>ranibizumab
SEQID NG: | 15 "I heavy chain variable domain, <VEGF>ranibizumab
SEQIDNO: | 16 light chain variable domain, <VEGF>ranibizumab
SEQ ID NO: | 17 heavy chain CDR3, <VEGF>HuMab G6-31
SEQ ID NO: | 18 heavy chain CDR2, <VEGF> HuMab G6-31
SEQID NO: | 19 heavy chain. CDRI, <VEGF> HuMab G6-31
SEQ ID NO: | 20 light chain CDR3, <VEGF> HuMab G6-31
SEQID NO: | 21 light chain CDR2, <VEGF> HuMab G6-31
SEQ IDNO: | 22 light chain CDR1, <VEGF> HuMab G6-31
SEQID NGO | 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
SEQID 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




derived Domains of scFv hain-linker disulfide (TvAb- e derived from VH and at inker VH44/ nomen-
from VL: SEQ tacked VL100 clature for ID NO :to

WO 2010/040508 PCT/EP2009/007182
- 55
SEQID NO: | 33 (G4S)4 linker
SEQID NO: | 34 lambda light chain constant regioh
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_LCO3
SEQ ID NO: | 39 heavy chain CDR2, <ANG-2> Ang2s_R3_LCO3
SEQ ID NO: | 40 heavy chain CDR1, <ANG-2> Ang2s_R3_LCQ3
SEQ ID NO: | 41 tight chain CDR3, <ANG-2> Ang2s R3_LCO03
SEQ ID NO: | 42 light chain CDR2, <ANG-2> Ang2s R3_LCO3
SEQ ID NO: | 43 light chain CDR1, <ANG-2> Ang2s R3_LCO3
SEQ ID 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_LC06
SEQ ID NO: | 47 heavy chain CDR2, <ANG-2> Ang2i_LCO06
SEQ ID NO: | 48 heavy chain CDR1, <ANG-2>Ang2i_LC06
SEQ ID NO: | 49 light chain CDR3, <ANG-2>Ang2i_LC06
SEQ ID NO: | 50 light chain CDR2, <ANG-2>Ang2i_LCO06
SEQID NG: | 51 light chain CDR1, <ANG-2>Ang2i_LC06
SEQID NO: | 52 heavy chain variable domain, <ANG-
2>Ang2i 1.C0O6




stabilized bispecific antibodies) antibody TvAb-2441- bevacizu LCO8 7 + 8 and C-term. (G4S)4
(G4S)4 scFv bevacizumab mab 68 69 HC disulfide -LCO8

WO 2010/040508 PCT/EPZB09/00TI82
- 56 -
SEQ ID NO: 53 | light chain variable domain, <ANG-2>Ang2i_LC06
SEQ ID NO: | 54 heavy chain CDR3, <ANG-2>Ang2i_LC07
SEQ IDNO: | 55 heavy chain CDR2, <ANG-2>Ang2: LCO7
SEQ ID NO: | 56 heavy chain CDR1, <ANG-2>Ang2i 1.CO7
SEQ ID NO: | 57 light chain CDR3, <ANG-2>Ang2i LCO7
SEQ ID NO: | 58 light chain CDR2, <ANG-2>Ang21 LCO7
\ SEQID NO: | 59 light chain CDR1, <ANG-2>Ang2i [.C07
SEQ ID NO: | 60 heavy chain variable domain, <ANG-
2>Ang2i LCO7
SEQ ID NO: § 61 light chain variable domain, <ANG-2>Ang2i_1.C07
SEQIDNO: | 62 heavy chain CDR3, <ANG-2>Ang2k_1.CO8
SEQID NO: | 63 heavy chain CDR2, <ANG-2> Ang2k L.CO8
SEQID NO: | 64 heavy chain CDR1, <ANG-2> Ang2k LCO8
SEQ ID NO: | 65 light chain CDR3, <ANG-2> Ang2k_LCO08
SEQ ID NO: | 66 light chain CDR2, <ANG-2> Ang2k LCO8
SEQ ID NO: | 67 light chain CDR1, <ANG-2> Ang2k L.CO8
SEQ ID NO: | 68 heavy chain variable domain, <ANG-2>
Ang2k 1.CO8
SEQ ID NO: | 69 light chain variable domain, <ANG-2>
Ang2k LCO8
SEQ ID NO: | 70 heavy chain CDR3, <ANG-2> Ang2s_LCG09
SEQID NG: | 71 heavy chain CDR2, <ANG-2> Ang2s_LCO0%
SEQIDNG: | 72 heavy chain CDR1, <ANG-2> Ang2s L.C09




VH44NL 100 stabilized bevacizu LCO6 7 + 8 and N-term. 04S)4 (G4S)2 scFv TvAb- mab 52 +
53 HC disulfide 3421_bevaci ‘

WO 2010/040508 PCT/EP2009/067182
-57 -
SEQ ID NO: | 73 light chain CDR3, <ANG-2> AngZs_LC09
SEQID NO: | 74 light chain CDRZ, <ANG-2> Ang2$_LCOQ
SEQIDNG: |75 light chain CDR1, <ANG-2> Ang2s_LC09
SEQIDNO: | 76 heavy chain variable domain, <ANG-2>
Ang2s LCO9
SEQ ID NO: { 77 light chain variable domain, <ANG-2> Ang2s LC09
SEQ ID NO: | 78 heavy chain CDR3, <ANG-2> Ang2i_LC10
SEQID NO: {79 heavy chain CDR2, <ANG-2> AngZi LCI10
SEQID NO: | 80 heavy chain CDR1, <ANG-2> Ang2i LC10
SEQ ID NO: | 81 ‘1 light chain CDR3, <ANG-2> Ang21 LC10
SEQID NO: | 82 light chain CDR2, <ANG-2> Ang2i_LCI0
SEQ ID NO: | 83 light chain CDR1, <ANG-2> Ang2i LC10
SEQ ID NO: | 84 heavy chain variable domain, <ANG-2>
Ang2i LC10
SEQID NO: | 85 light chain variable domain, <ANG-2> Ang2i_LC10
SEQID NO: | 86 heavy chain CDR3, <ANG-2> Ang2k LCH
SEQ ID NO: | 87 heavy chain CDR2, <ANG-2> Ang2k LCI1]
SEQID NO: | 88 heavy chain CDR1, <ANG-2> Ang2k LCl1
SEQ ID NO: | 89 light chain CDR3, <ANG-2> Ang2k_LCI1
SEQ ID NO: | 90 light chain CDR2, <ANG-2> Ang2k_LC11
SEQ ID NO: | 91 light chain CDR1, <ANG-2> Ang2k 1LC11
SEQID NO: | 92 heavy chain variable domain, <ANG-2>
AngZk LC11




zumah_LCO

VH44NL 100 6
TvAb- mab 52+ 53 LC

stabilized bevacizu L C 06 '7 + 8 and C-term (G4S)4 (04S)2 scFv

WO 2010/040508 PCT/EPZE09/007182
-58 -

SEQ ID NO: | 93 light chain variable domain, <ANG-2> Ang2k 1C11

SEQIDNO: | 54 ‘heavy chain CDR3, <VEGF>B20-4.1

SEQID NO: | 95 heavy chain CDR2, <VEGF>B20-4.]

SEQID NO: | 96 heavy chain CDR1, <VEGF>B20-4.1

SEQID NO: | 97 light chain CDR3, <VEGF>B20-4.1

SEQ ID NO: | 98 light chain CDR2, <VEGF>B20-4.1

SEQID NO: {99 light chain CDR1, <VEGF>B20-4.1

SEQ ID 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_L.C06 scFv fusion
peptide of <VEGF-ANG-2> TvAb-2441-
bevacizumab-LC06

SEQ ID NO: | 103 bevacizumab heavy chain Ang2i LCO8 scFv fusion
peptide of <VEGF-ANG-2> TvAb-2441-
bevacizumab-LCO08

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

SEQID NQO: | 110 Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFAb-Avastin-
LC06-2620




disulfide 4421_bevaci zumab  VH44TVL 100 _LCO6  stabilized bevacizu LCO6 7 + 8 and

C-term (G4S)4 (G4S)6 scFv TvAb- mab
WO 2010/040508

PCT/EP2009/007182

- 50 -

SEQ ID NO:

111

Heavy chain 1 of bispecific, tetravalent single chain
Fab <VEGF-ANG-2> antibody molecule scFab-
Avastin-Ang2i-L.C06-2640

SEQ ID NO:

112

Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-
Ang2i-LC06-2640

SEQ ID NO:

113

Heavy chain 1 of bispecific, tetravalent single chain
Fab <VEGF-ANG-2> antibody molecule scFab-
Avastin-Ang21-LC06-2641

SEQ ID NO:

114

Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-
Ang2i-1.C06-2641

SEQ ID NO:

115

Heavy chain 1 of bispecific, trivalent single chain
Fab <VEGF-ANG-2> antibody molecule Avastin-
LC06-KiH-C-scFab

SEQ ID NO:

116

Heavy chain 2 of bispecific, trivalent single chain
Fab <VEGF-ANG-2> antibody molecule Avastin-
[.C06-KiH-C-scFab

SEQ ID NO:

117

Light chain of bispecific, trivalent single chain Fab
<VEGF-ANG-2> antibody molecule Avastin-L.C06-
KiH-C-scFab

SEQ ID NO:

118

Heavy chain 1 of bispecific, trivalent <VEGF-ANG-
2> antibody molecule Avastin-LC06-C-Fab-6CSS

SEQ ID 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, trivaient <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 ID NO:

124

Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-CHI-CL

SEQ ID NO:

125

Heavy chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06-VH-VL




52+ 53 LC disulfide 4461 bevaci zumab VH44NL 100 LCO6 stabilized WO
2010/040508PCT/EP2009/007182 - 83 - The TvAb formats are based e.g. on a) aa) the human
anti-VEGF Mg%ﬁh/g?pb G6-31 and ab) two single chain hi/ (scFv) q; (iL g0 Q.Pmetln -2
derived from the heavy chain variable domain (VH) of SEQ ID NO: 31, ang (? %ght cﬁf ain variable 5
domain (VL) of SEQ ID NO: 32 with the mutations T@2L., H93Q andW94T, which are linked to the

C-terminus of the heavy chain of the anti-VEGF antibody <VEGF> GG 31 (SEQ ID NO: 23); or b) ba)
the human anti-ANG-2-antibody-<ANG-2>-Mab536-gn seFw-binding to

II 1 (;ll LINLIA OL’I V} (V)]
VEGE derived T y chain 2 53 lfnépemﬁc ARG IERA RGeS
erve frorﬁ% Pelﬁﬁ?y Il]%‘?n Va{%ﬁ%{anged <VEGF-ANG-2> antibody molecule

Avastin-LC06-VH-VL

SEQ ID NO: | 127 Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-1.C06- VH-VL

SEQ ID NO: | 128 Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL

SEQ ID NO: | 129 Heavy chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody moiecule
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-S8

SEQ ID NO: | 131 Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL-88

SEQID NOQO: | 132 Light chain 2 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule
Avastin-LC06- VH-VL-588

SEQID NO: | 133 Heavy chain 1 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
1L.CO6-N-scFab

SEQIDNO: | 134 Heavy chain 2 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
1.CO6-N-scFab

SEQID NO: | 135 Heavy chain 1 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
LC06-N-scFabSS

SEQ ID NO: | 136 Heavy chain 2 of bispecific, bivalent ScFab-Fc
fusion <VEGF-ANG-2> antibody molecule Avastin-
LCO6-N-sckabSS

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.

Deseription 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



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);or c% az)b an anti-VEGF antibody <VEGF> bevacizumab | ? ) two single
chain Fv (sc \% Olir%df%}%c]) Angiopoietin-2 derived from the 15 heavy cha#}é\ﬁriﬁag@ eﬁ((]jagrlrggin (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 ot 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 aie aiNexpreBsedsiititutheisighisetiaim of Hellabingiinadnm@©dyID NO: 104.

(Alternatively two single chain Flyn(gfrfv)t@i%@%etg ANgigpaistin-2wen @issohainkashtadbe C-terminus
of the light chain or the N-terminus of the heavy chain). =, Altemativly to the single two single chain Fv
(scFv) also single chain Fab 25 razjgr’ﬁe%ﬁé"égﬁ B@aﬁsg% 33%%%8%%% ﬁ%%e\?e%(’using? peptide connectors
for the fusion to C or N-termini) this2EeplgeiliNG©9004909.9 and in Example 10. Example 1
Expressien & purification of bispecific tetravalent antibodies <VEGF-ANG-2> TvAb5, TVAbG,
TvAb-2441-bevaigumab-L CO6Sahehibtid hafi2dditabovarizhmaner @@ Sivweific tetravalent
2010/040508PCTIEP2000/00715% i BbR¥GN MERASMIds I QERilisgin g cahagurified. and

subsequently transfected for transient expression of recombinant proteins in 1-IEK293-F cells (utilizing
Invitrogen's FreeStyle 293 systevithotfter 7ithagisuHigxsphgiraten slibestdtants were harvested, filtered
and the bispecific antibodies were purified by 5 protein A and size exclusion chromatography.
Homogeneity of all bispecific antibody constructs was confirmed by SDS-PAGE under non reducing
and redi@ing coRigusn3And andRireRa s emssesnEBn Hidndidgrtphizerha¥FEkitiig¢dnditions
(Figure 3), polypeptide heavy chaipscof < Weahatd @ndbodyAbE vBCYIngNh oS- TerAteahsaFv fusion
showed upon SDS-PAGE apparent molecular 10 sizes of ca. 75 kDa analogous to the calculated
molecular weights. Mass spectraﬁét@f’%gr%ifﬁ? d the identity of the purified antibody constructs.
Expression levelBighallxBnstru@awmeice maal ksedidnsidiednhéal-iPtiGianddvbrel ghilactorexpression
yields of 'standard' IgGs. Protein yields achieved up to mg of A 2z per liter of
cell-culture supernatant as detePn%%e%rgg}elgg’Fg%lmnA? ﬁ%%&lﬁ g(lgz'g%gc ug<ic¥r? gﬁgpr\nkét%ogrfgphy analysis
of the pusified non-disulfide stabliz&ebconstruct TvAb5 with C-terminal fused scFv at the heavy chain
showed comparqgig. siandard dg@sanipeiaasssiradenaniaadamesie asaialierauicaon o

monomeric antibody via size exclusion chromatography (so-called "daisy chain” 20 phenomenon).
This finding has been supportedt B @RhiEr eXBRTERE (RajBgopendrde mimardeEhgmitader)
1453-1459; Kobayashi, H., et alghlugl edziot (1988)3836398 onfbelunidiudihg ebml, @asogene
(1999) 18, 1711 - 1721) showing that molecules that contained scFvs that were not stabilized by
interchain disulfides between VSRS CWHIPEG an increased tendency to aggregate and reduced
25 yieldgoTo addtgesdle problepis: withiaggne ghtimmoafzsaity bisppeiffedndibadids;stabilized
disulfide-stabilization of the scFv_mojeti applied. .For th intradu j ine
replacements within VH and VL of the é%ﬁ/%?ﬁé#?r@ pl)%sal(t)loﬁén%%‘s%gr% \%?—I%%%I%%%Xg%%ording to
the Kabat numbering scheme). Tgésentibesdions-ehahie sHbaofisidfide-spedatie hitdkhanedisulfides

between VH and VL, 30 which in fuen, Stabilize, the resuliing.disHbidgsabilized scFv module.
Introduction of the VH44NL100 disulfidesin the scFv at the C-terminus of the Fv in TvAb6

<VEGF-ANG-2>Higired a stablcSrbgmpsientigitibssly 858¢ihofirn nYEGH 488818 idildérity any longer
after purfication and remained ig;g.MRaBQmELc & ateViiigurent).-dn apditian, bTvAAb &< WEGF-ANG-2>

showed no increase in aggregation 35tendenc on repeated freeze- les e.g..at the
concentration applied for in vitrocﬁm?ﬁa@?\%"oﬁg%&ggg&/b%ﬁéfo%ag%ﬁ BiB07182 - 85 -
All other TvAb molecules describke® BGFable 3 ( e.g. TvAb-2441-bevacizumab - LCO6 and
TvADb-2441-bev 1zuma6bA-LCO8 erea[t)repared %b[%i arggi){%lc?rlg{nchgﬁéggrl%qﬂdﬂ{gal %gd%ly to the

procedure descri &dr fixample iuftaneous inding of bispecific tetravalent ant
<VEGF-ANG-2> TvAb6 TvAb-2didaHidsrsieirlinvab <MVEGE-ANGTAG 2ARE -BevdcittuMdii-2CO8 to

VEGF-As@nd ANG-2 The binding, o the seb v moeubesiansk 96 the Eag-satringdiik iR gfaamodule of

the
to ANG-2.
Figure 6B Schematic view and results from ANG-2 binding analysis by

surface plasmon resonance (Biacore). disulfide-stabilized



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 censsptsatigs by performing biochemical binding ELISAs and,by. applying-syface Plasmon
Resonance (Biacore). For <VEGF-ANG-2> TvAbG6 is was shown by VEGF binding EL1SA as

described 15 above that it binds to VEGF comparalje to its parent antibody 06-3I 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 06-31. The slight difference befween <VEGF-A ﬁ§> TvAb6 and <VEGF> 06-31 is
due to small differences in prote%{ %gﬁf:‘éﬁt%é%ne’;}({gb§ SPI stté’ri?{i t ﬂer‘gﬁge BT TRE" 8) ®rminal scFv
with 20 binding of the <hFc>-P Qffiistastoaiitbddyteid.can be overcome by application of a <hk>
POD (Biozol Cat.No. 206005) dgtection antibody:. like used fo N2 Pindi ét &, Using
Biacore these fir%é?r‘fé% gvere con .rgrﬁ%? Eﬁs\fﬁegwamg{iages?i%% %8%ﬁ%§&ﬁggnes agg?? I_:igt'Jre 11).
These data showed fast Kon-rates:{dy-efatilizadg E+6YRAB)ADE sZturatiohvhs reachiddswith the

highest cpncentrations of VEGF Kaffrales ieactedstimits ohirshninaksReciipatias: (6. 5ix E-6 (s/5)

probably due to still bivalent binding (avidity”effect) under this conditions as a consequence of the
dimeric analyte rhVEGF, althouditi 0¥ 1&nghmtt denany s it reding s BREIWR G F-response
of 10-15 RU. Nevertheless, the {gratigiconsiants-of the 30 different <VEGF> antibodies could be
compared by this method and within the efror. ofg-ue m tqé)é her, ignifi ifference in the
kinetic constantd RS travaldiiASYe Sifictiit Sﬁﬁt&(} éﬁff@“&&%g%nﬁ%é original antibody
<VEGF> 06-31 detectable. Thed¢mgtifiwansiarts fas-2yY BGib786g-2¥ BV G6-31 and the
2010/040508PCT/EP2009/007182 - 86 - TVAbS <VEGE> 06-31 under g]e ganditigns were
virtually]iaentical by this methombﬁg?ﬁ’toga%%%ac%%glL?aedEtﬁagiﬁll\?Atg (S:{cs?%ép eétlg{iy&rlgtained its VEGF
binding properties. Tab. 4 showEthe9éspectivedtinetimddnstantSeidd Rigigee IRishodsiufe kinetic
characteristics of the two <VEGE: é@ti?g(&%ﬁsoiyg ng-2> 5TvAb6 and <VEGF> 06-31 in a Ka-Kd

plot. Tab. 14: Kinetic properties of <VEGF-Ang-2>TvAb6 and <VEGF> 06-31 Measured at 37C Ka kd
t1/2 KD AntibodBigpek 8] [1/s]EfmFIMpL\Emiidetabiized 3EVESE-43Ki 08 1 23786 in

comparison to <ANG-2> Mab536, <VEGF> G6-31 and the

15 combination of Mab536 and G6-31 in the staged subcutaneous
Col0205 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 -- Quantitative analysis
Figure 11 Schematic view of VEGF binding analysis by surface plasmon

resonance {Biacore).

Figure 12 Kinetic characteristics of the two <VEGF> antibodies <VEGF-
25 Ang-2> TvAbG and <VEGF> G6-31 in a Ka-Kd plot.
Figure 13 Schematic view of surface plasmon resonance (Biacore) assay to

detect simultaneous binding of ANGPT?2 and VEGF to bispecific
antibodies
Figure 14 Results from surface plasmon resonance (Biacore} experiments
30 showing that TvAb6 binds simultaneously to ANGPT2 and
VEGF.



1.93E-12 <VEGF-Ang-2> TvAb6 4.72E-f06 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 ahgyethat 0 <VEGF-ANG-2> TvAb6 binds to ANG-2 in a g@{}ﬁgﬂﬁ%ﬂp&@ble to that of
Mab536 at an equimolar concentration of 0.039 pM (Figure 6A). This showed that the scEv module of
TvADbG retained its binding properties in the TvAb copgstruct. In order to further corroborate this finding
<ANG-2> Mab536 and <VEGF-ANG- 2> TvAb6 were immobilized by a secondary antibody on a
Biacore CM5 chip and 15 binding kinetics to human ANG-2 were determined, Dye to heterogeneity of
the ANG-2 prep f'ﬁl‘ifﬁ]lﬁ@fPb@bﬁ’?&%ﬂ‘ﬁé%ﬁ?ﬁ?{%&"}@é@Slk’é‘gegﬁciﬁﬁ B AIERRE estimations.
The Biacore analysis showed thaiasiME GildAdY Gesdy dhbbe VRS Bnelirmaledpédiicalue of 4.4 nM for
ANG-2. In comparison, Mab536 h n estimated 10.valye of 1.6 nM. Withjn the error.of the method
no difference in 20 binding mod%“gﬁa%g?ﬁiﬁi?‘% Wedeanaﬁﬁﬂ@-sgl ggggléugﬂe E%&%ﬁNG-b
TvAb6 could be observed (Figurd 8B)GPrasi WI6aH telovvieliiddbivaritiersdEL®6dule of TVADG

completely retained its hindi erfies.i : : IRRIG.-
<VEGF- NG-2>IEJ‘?I%/E*B€§Oé v%/laély;b%er%?) éﬁ?é%gl?) m u%ﬁé%%%& é%f&céﬁa%ﬁﬁég%ﬁgﬁ%%m%ﬁéﬁlSA assays

and Biacore assays as describetraldve224\vbesasirpiieth-IEP 2end/020505 0891007182 - 87
- By applying the VEGF-ANG-2-idging EbLisA-Aeacringd akovgait nas shawwadnat eplXG.
<VEGF-ANG-2> TvAb6 was able to bind simultaneously to VEGF and ANG-2 at an equimolar
concentration of 0.625 pM wher&&8& 182 AGSIECTiE MiatieaPg b4 %ntibodies <ANG-2> Mab536
and <VEGF> GGrzlware not Scapamiaiof siprudiananuslybincking teMEciornd AhtG=2t(bigure 7).
Figure 14 shows the respective gﬁg rom the Biacore assay. Simultaneous binding of both antigens
Ang-2 ahd VEGF could be show he tetravalent bispecific antibody <VEGF-Ang-2> TvAbG.
Negative controlBigiarelss expedtEGFrndunmhndspactipratifivadynodngvVESRA09362sAvwed only
binding to Ang-2, but no 10 VEGE-hindi r if i MEGKE. 1 showed binding
to VEGF but no binding to Ang- %4?51 k::(V a%%r%%ﬁ%&%?n@%%b@gwe resﬁg)%)fiﬁunits of the
tetravalent bispecific antibody <Y&@rzangbZHCPGABE baretigmrthe Ang-2 coated surface, and
subsequent binding to dimeric VEGFE binding the stochigmetry cquld be.calculated t in the range
from 1:1 to 1:1.21.T ‘%E&ﬂqg togeﬁ\é’ﬂyqu AR (fgslg"rif@’egl% Il_ﬁ%?&‘egﬁda }g(ég e%s%%% it was
shown that only <VEGF-Ang-2>ANEb% DaEasinenathlic gitibade ity mraisei-ad Ay-2 whereas
the monospecific "standard" |gGE-aAiNG2EdLC0ANgnd >thdabim86isatthx \WE GARW 0623 1ANERE not capable

of simultaneously binding to VEGE@NdAiNgea{GipyiRveingRsimilar carultswRie Abtaingd with the
constructs Tva-2441-bevacizumab,-LCS)giaFﬁ%éligaA%-lg_Aégi ea‘ﬁ?{%i%&ma%ﬁ'%h%%ga{&é‘gﬁﬂ ogous
[ d

Biacore assay shown in Fig. 15,&1}%}1}10 |‘r3'1g of the antibodiesto the antigen e.g. human ANG-2 an
VEGF were investigated by surfRE€Bisiiia 8ednaiseEeB¥ing a BIACORE T100 instrument (GE
Healthcare Biosciences AB, Uppsala, Sweden). Briefly, for affinity 25 measurements goat<higG-Fc0>
polyclond! antibJékeenimesiahRiagssduteon a CM4 chip via amine coupling for presentation of the
bispecific antiboﬁ:es a%%inst human ANG-2 and VEGF. Binding was measured in HBS buffer (HBS-P
(10 mM HEPES; NaC1, 0.005% Tween 20, ph 7.4), 25C. Purified ANG-2-His (R&D systems
or in house purifigrwagsasldeadpay aatsdzoncentrations 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 Chikﬁﬁ%@;% %@aﬂﬁ%huff%ggﬂ&%nrﬂigs AdislP valuparagesimataghusing a 1:1
observed: 1D VA L e L B s a7 152
25 of Proteins of Immunological Interest, 5th ed., Public Health Service, Nationa
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)).

Recaimbinant DNA techniques



- 88 - VEGF (R&D systems) was added in various concentrations between 6,25 nM and 200 nM in
solution. Association was measured by an VEGF-injection of 3 minutes; dissociation was measured by

washing the\%lg{)%gf&gg{ﬁ with 1-1BS buffer for 3 minutes and a KD vaIueP\g%lBi%ﬁ)

tig}(ia\t,;ecsjzusing alil
Langmuir binding mo 5The order of injection of the binding partners cah swi c'hetg, list VEGF and

then Ang2 or vice versa. Negative control data (e.g. Quffer curves) were subtracted from sample
curves for correction of system intrinsic baseline drift and for noise signal reduction. Biacore TWO
Evaluation Software version 1.1.1 was used for analysis of sensorgrams and 10for calculation of
affinity data. Antitteipraffirtyodi\ng2 Afthity i@ Fate TA-241 desbivalcinfaaibrodOé. 23 nM 0,35

NM TVAD-2441-ReVRGIZMADcldnE B TBMRoathM .36 Cid AV MARS 3620l Brvacizumab

0.59nM Cold Spring Harbor, New York, 1989. The molecular biological reagents were

used according to the manufacturer’s instructions.
5 Gene synthesis

Desired gene segments were prepared from oligonucleotides made by chemical
synthesis. The gene segments, which are flanked by singular restriction
endonuclease cleavage sites, were assembled by annealing and ligation of
oligonucleotides including PCR amplification and subsequently cloned via the
10 indicated restriction sites e.g. Kpnl/ Sacl or Ascl/Pacl into a pPCRScript
(Stratagene) based pGA4 cloning vector. The DNA sequences of the subcloned
gene fragments were confirmed by DNA sequencing. Gene synthesis fragments
were ordered according to given specifications at Geneart (Regensburg, Germany).
All gene segments encoding light and heavy chains of Ang-2/VEGF bispecific
15 antibodies were synthesized with a 5°-end DNA sequence coding for a leader
peptide (MGWSCIILFLVATATGVHS), which targets proteins for secretion in
eukaryotic cells, and 5’-BamHI and 3’-Xbal restriction sites. DNA sequences
carrying disulfide stabilized “knobs-into-hole” modified heavy chains were
designed with S354C and T366W mutations in the “knobs” heavy chain and
20 Y349C, T3668, L368A and Y407V mutations in the “hole” heavy chain.

DNA sequence determination

DNA sequences were determined by double strand sequencing performed at
MediGenomix GmbH (Martinsried, Germany) or Sequiserve GmbH (Vaterstetten,
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



Finally, simultaneous binding of TvAb-2441-bevacizumab-LCO6 and TvAb-2441- bevacizumab-LCO8
could be shown by incubating with ANGPT2 and VEGF in a consecutive manner. As shown in Figure
15B ANGPT, can bind 15simultaneously to the bispecific anti (gﬁ . ¥y
2010/04050§§§%§§§)‘%Q/007182 - 89 - Example 3 In vivo efficacy of dﬁu %3_080 a@i)ﬁlzgezd bispecific
tetravalent antibody <VEGFANG-2> TvAb6 in compgyison to <ANG-2> Mab536 <VEGF> G6-31 and
the combination of Mab536 and G6-31 in the staged subcutaneous C010205 xenograft 5Smodel in
Scid beige mice The purified disulfide-stabilized <VEGF-ANG-2> TvAb6 (n00.2331 see Table 3) was
compared to the:spribnoliec eANGCHS wMEpEEEed vitersn Gec BN @rE EaHsingtiba 6MANG-2>

Mab536 and <V Dbrehdiet Wwpsiagasaniotipneaus:Coith 2AMensgnaftaneds Rudtes
(Ang23Z_Colo2Q5, 003 aglgaljfgﬁngZ_PZ_ColoZOS_OOS) in female Scid beige mice at different doses.
6w

Antibodies: <A -E\geﬁa as provided as frozen stock solution (¢ = 4.5 mg/mL), <VEGF> G6-31

was provided asgmég%seomtﬂﬁn‘?é’cﬁgﬁ%’ r{flﬁérﬁﬁfl_%&%é% % '&Nt%i?eﬁ:TVAbG was provided as frozen

stock solution (c =Y mgftpmi ne, 140 m ?\IaCl, pH 6.0. Antibody solution was

diluted 15appropriately in PBS from stock prior injections where required.and. PBS.was applied as
vehicle. Cell lines ahd &Bl?ﬂﬁ%‘b%ﬁiﬂ?@?’i‘ ‘F’é)c%‘fo hé%vyﬁarevxigﬁé}%%g%%g tae I?v%vé?%ﬁdriginally
obtained from ATCC af@Hafter expansion deposited in the Roche Penzberg internal cell bank. Tumor
cell line was routinely cuusedritadz bt 4610 20nfaedionmi (P etisisocatorBsolustria) supplemented
with 10 % fetal bovine serum (PAA Laboratories, Austria) and 2 mf% ﬁ%gg? amine, at 37 Cina
water-saturated ThsBapteaRtian g ¢ dhs aptkady geeds Fampesy ft iiﬂgﬁﬁgt%eﬁ?%ﬁmals: Female

SOD beige mice; age 4;5 weeks at aprival (purghased,fom Charles River Germany) were maintained
under specific-pathogen-} ee condition 2%h dail dcgrclestof &2 htlki% ”r%% h darkness according to
committé®l guidelines (B¢ 8EIEYEfALY . Fézgﬁ@))/ Rpetimental sty

‘ Xperimen y pr%tocol was reviewed and
approved by local govetyinresgalafiensarrival animals were maintained in the quarantine part of the
animal facility for one wepkwedJet fredusianmedetpaewiankironw enthend) oA ehsenzation. Continuous

health monitoring was gaytigg il AR AUEEN 6 PRBIRDIRtIaRY Bigvimi Kiiba 3337) and water
(acidified pH 2.5-3) were. provide%}gd libitum. A%e of mi?e at start of the study was about 10 weeks.

WO 2010/040508PCT/EPTBEHIEEPIES BgyY HERiEsRG “ERIFSTs were controlled daily for clinical
symptom3s and detectiotholiemve reatibfidy chamheryyisdaing Mblis Sse e Brperitiiht body weight of
animals was documentgighandithenas yolueruagemeasuragdyatakpeitatetistaging.

immunoglobulin exon-intron organization
- a3’ untranslated region with a polyadenylation signal sequence, and

- unique restriction site(s) at the 3° end.

20 The fusion genes comprising the heavy chain sequences of the selected antibody
and the C-terminal scFv fusion as described below were generated by PCR and/or
gene synthesis and assembled with known recombinant methods and techniques by
connection of the according nucleic acid segments e.g. using unigue Nsil and
EcoRI sites in the genomic heavy chain vectors. The subcloned nucleic acid

25 sequences were verified by DNA sequencing. For transient and stable transfections
larger quantities of the plasmids were prepared by plasmid preparation from
transformed E. coli cultures (Nucleobond AX, Macherey-Nagel).

Expression vectors (for Example 10-14)
An expression vector was used which composed of the following elements:

30 - ahygromycin resistance gene as a selection marker,
- an origin of replication, oriP, of Epstein-Barr virus (EBV),
- an origin of replication from the vector pUC18 which allows replication



Tumor cell injection: At day of injection C010205 cells were centrifuged, washed 5once and
resuspended in PBS. After an additional washing with PBS cell concentration and cell size were detel
wined u3|ng‘9(9%h&8%@6§r and analyzer system (Vi-CELL, Beckman Co el gg?n of Col10205
cells, the final titer was adjusted to 5.0 x 10E7 cells/ml, viability ca. 90%. ?‘%seque 100 ml of this
su_spen5|on corresponding to 2.5*106 cells per animg| was injected s.c. into the 10r|ght flank of the
mice. Treatment of animals started at day of randomisation, 16 days after cell transplantation (study
Ang2_PZ Co010205_003) and 14 days after cell transplantation (study Ang2_PZ_Co010205_005) at a
mean tumor volume of 106fthis@lesmig0ridinglfespectively. 15Dose schedule until Day 74 (see Fig 8A)

of Study Ang2_PZ COlO%M&%&&fﬂéFg&l@ ohrnicareGomprolindesRosed 2K iBii,) Route/Mode of

administrati on No of treaty mepts Ul QMG DOSRB/KEd promoter from the  human
cytomegalov1ru5 (HCMV),
5 - the human l-immunoglobulin polyadenylation (“poly A”) signal

sequence, and
- unique BamHI and Xbal restriction sites.

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 p(3:18 (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 expression vector BamHI/Xbal fragment resulting in the final expression
vectors. The final expression 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, 1.B., Lippincott-
Schwartz, J. and Yamada, K.M. (eds.}, John Wiley & Sons, Inc..

25 Transient transfections in HEK293-F system (for Exampie 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). Fore.g. 2L shake flask (Corning) HEK293-F
cells were seeded at a density of 1.0E*6 cells/mL in 600 mL and incubated at 120



I.p. once 4 10 Vehicle weekly 2 10 <VEGF> G6-31 6 mg/kg i.p. once weekly 8 48 3 10 <ANG-2>
Mab536 6 mg/kg i.p. once weekly 8
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rpm, 8% CGO2. The day after the cells were transfected at a cell density of ca.
1.5E*6 cells/mL with ca. 42 mL mix of A) 20 mL Opti-MEM (Invitrogen) with
600 pg total plasmid DNA (1 pg/mL) encoding the heavy or modified heavy chain,
respectively and the corresponding light chain in an equimolar ratic and B) 20 ml

5 Opti-MEM + 1.2 mL 293 fectin or fectin (2 pl/mL). According to the glucose
consumption glucose solution was added during the course of the fermentation.
The supernatant containing the secreted antibody was harvested after 5-10 days and
antibodies were either directly purified from the supernatant or the supernatant was
frozen and stored.

10 Transient transfections in HEK293-F system (for Example 10-14)

Recombinant immunoglobulin variants were expressed by transient transfection of
human embryonic kidney 293-F cells using the FreeStyle™ 293 Expression System
according to the manufacturer's instruction (Invitrogen, USA). Briefly, suspension
FreeStyle™ 293-F cells were cultivated in FreeStyle™ 293 Expression medium at
15 37°C/8 % CO, and the cells were sceded in fresh medium at a density of 1.2x10°
viable cells/ml on the day of transfection. DNA-293fectin™ complexes were
prepared in Opti-MEM® I medium (Invitrogen, USA) using 325 pl of 293fectin™
(Invitrogen, Germany) and 250 pg of heavy and light chain plasmid DNA inal:l
‘molar ratio for a 250 ml final transfection volume. “Knobs-into-hole” DNA-
20 293fectin complexes with two heavy chains and one light chain were prepared in
Opti-MEM® I medium (Invitrogen, USA) using 325 pul of 293fectin™ (Invitrogen,
Germany) and 250 pg of “Knobs-into-hole” heavy chain 1 and 2 and light chain
plasmid DNA in & 1:1:2 molar ratio for a 250 ml final transfection volume.
“Knobs-into-hole” DNA-293fectin complexes with two heavy chains were
25 prepared in Opti-MEM® I medium (Invitrogen, USA) using 325 ul of 293fectin™
(Invitrogen, Germany) and 250 pg of “Knobs-into-hole” heavy chain 1 and 2 DNA
in a 1:1 molar ratio for a 250 m! final transfection volume. CrossMab DNA-
293fectin complexes were prepared in Opti-MEM® I medium (Invitrogen, USA)
using 325 ul of 293fectin™ (Invitrogen, Germany) and 250 ug 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 ceil 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). Supernatants were stored at -
20° C until purification.

35 Protein determination



48 4 10 <VEGF> 06-31 + <ANG-2> 5mg/kg + 6 i.p. once weekly i.p. once 8 40 Mab536 mg/kg weekly
8 48 5 10 <VEGF-ANG- 2> TvAb6 7mg/kg i.p. once weekly 8 '
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The protein concentration of purified antibodies and derivatives was determined by
determining the optical density (OD) at 280 nm,. using the molar extinction
coefficient calculated on the basis of the amino acid sequence according to Pace et.
al., Protein Science, 1995, 4, 2411-1423.

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 Tms, 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 Sampie 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 pl 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-1gG-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> Bl
(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 uL/well PBS, 0.05% Tween
(PBST, Sigma). 100 uL/well of a dilution series in PBS (Sigma) of the respective



56 WO 2010/040508PCT/EP2009/007182 - 91.- In the study Ang2_PZ_Colo205_003
<VEGF-ANG-2> TvAb6 was by mistake underdosed with respect to an equimolar ratio. The dose of

<VEGF-AN%8> ]’iﬁ%g%vas adjusted in study Ang2_PZ_ Colo205 005 sgé%%gg%qmls received an

equimolar ratio %‘% and VEGF binding sites by <VEGF-ANG-2> TVA as well as the
combination of <VEGF> 06-31 and <ANG-2> Mab53g. Tumor growth inhibition until Day 74 (see Fig
8a) Ang2_PZ_Colo205_003 study: <VEGF-ANG-2> TvAb6 at a dose of 7 mg/kg exhibited efficacy
comparable to that of the combination of <VEGF> 06-31 at 5 mg/kg and <ANG-2> Mab536 at 6 mg/kg
and <VEGF> Geésiibady siomfieranpetihtd doseupt®atigikg éSigddedsa thenvwel s opdsiaedaiish to single
agent <ANG-2>Mah536 g 2 HRs6uelB1modakésihed bavirraons Crlea0Smedekihvery

responsive to the <V GF>WQ1 - [ ; ugine Iting i
almost complete uer%%grsow% %‘?&%ﬁ‘gggvy%f%@%@r%%@%ﬁﬁus %ﬁ%ﬁf@lﬁﬁ% Ifr;om
|

In Y
06-31 as single BGAMAEHRETARLEP R EAER AER detieminar SSHsihantinty {87 F-ANG-2>
TVAD6 shiowed aremparetiterishidretikt thorctsmbination binkawd deseriap586Laly HFEGF> 06-31
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(reference wavelength 492 nm).
10 Protein purification

Proteins were purified from filtered cell culture supernatants referring to standard
protocols. In brief, antibodies were applied to a Protein A Sepharose column (GE
Healthcare) and washed with PBS. Elution of antibodies was achieved at acidic pH
followed by immediate neutralization of the sample. Aggregated protein was

15 separated from monomeric antibodies by size exclusion chromatography (Superdex
200, GE Healthcare) in 20 mM Histidine, 140 mM NaCl pH 6.0. Monomeric
antibody fractions were pooled, concentrated if required using e.g. a MILLIPORE
Amicon Ultra (30 MWCQ) centrifugal concentrator and stored at -80 °C. Part of
the samples were provided for subsequent protein analytics and analytical

20 characterization e.g. by SDS-PAGE, size exclusion chromatography, mass
spectrometry and Endotoxin determination (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
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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 spectrometiry

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-Glycosidase 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/ml 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 ug
antibody in 115 pl were incubated with 60 pl IM TCEP and 50 pl 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 3).
For this sake Falcon polystyrene clear enhanced microtiter plates were coated with
20 100 pi 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
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 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., J Biol Chem. 2006
Jan 13;281(2):951-61; US 2007/6141065) in PB3 (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 uL/well 0.1 pg/ml F(ab®) <hFcgamma>POD (lmmuno
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 uL ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a measurement wavelength of 405 nm
(reference wavelength 492 nm).

VEGF 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 1gG (JIR 109-005-098). The capture antibody was
iramobilized 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, ¢ = 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. thVEGF (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 rhVEGF 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 thVEGF 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



<VEGF- ANG-2> 1- i.p. once weekly 7 28 nog/kg TvAb6  Tumor growth inhibition until day 63
Ang2 PZ Co010205 005 study: <VEGF-ANG-2> TvAbG6 at a dose of 4 mg/kg exhibited efficacy

comparable%t%[) t%b. comblnatlon of <VEGF> G6-31 and <ANG-2> Q{?g%%%@é% /kg each 5

and was superior to either single agent <VEGF> G6-31 as well as <ANG at a dose of 3
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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 <VEGF-ANG-2> TvAb and as a reference <ANG-2> antibody Mab536
and VEGF> antibody 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

10 three tirnes 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 washed away three times with 300
uL/well PBST and the bound detection antibody was detected by addition of 100

15 ul ABTS/well. Determination of absorbance was performed on a Tecan Fluor
Spectrometer at a measurement wavelength of 405 nm (reference wavelength 492
nm).

Comparative 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 systermns #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 300ul 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 300ul 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 ug/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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dose dependent inhibition of tube formation comparable to the monospecific antibody <VEGF> G6-31.
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Pharmingen #555446) on day 11. Pictures were taken at a magnification of 4x and values for tube
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wa
<VEGF-ANG-2> TvAb6 and the mq ecific <VEGF> G6-3I antibodies are equally efficacious in
inhibiting 20VEG§§T&BP3§§B%§J@?S§§%O& Example 5 Tie2 phosphorylation In order to confirm that
the anti-ANGPT2 related activities were retained.in the bispecific tefravalent <VEGF-ANGPT2>

antibodies TvAbBIRdingRE heiznHbagiosss S8 6UigI oA AN Fet TSI EBFIENIY shown that
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and TvAb-2441-hawatizizosad: QN inesfeieamitc ANGRTEX Bimtfiat dséedRiphdsphorylation in a
manner comparable to their mother clones LCO6 and LCO8 within the error of this cellular assay.

Example 6 InhibjliamrfdasiNfaANINdiBghtinki €c2iE2I R NSAS The interaction ELISA was performed
on 384 well microtiter plates (MicroCoat, DE, Cat.No. 464718) at RT. After each incubation step plates
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supplemented w . ween-20 and 2 oche 30 Diagnostics GmbH, r 1.h. Dilutions
of purified antibo¥ids RBSBSEidSdiRialsiterts geried Wittho% st nliRigiBIowin- D Systems,
UK, Cat.No. 623Abtfor UK,af RINoATIS- WasHimgaleabttdrbooto (b ilierdafiotitipdustls were
antiAngiopoietin-g slpae BAMPBS] (RkRrvatamsity K) Bnd1ikeenQ alikie st aptavidioBiRP (Roche
Diagnos%s Gm%ag[z)agsn%sa %ﬁ%%ﬁ}?&o qlﬂ.vﬁﬁutions 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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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. 3EUAMAA Y4 ta for Ang2 interaction ELISA: <VEGF-ANG-2¥ G BEItANIBbdyAVG IC50
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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
300! 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 puL/well of a dilution series (40pM-0.01 pM) of purified <VEGF-ANG-
2> TvAb and as a reference <ANG-2> antibody Mab336 and VEGF> antibody
20 G6-31 in PBS (Sigma) was added to the wells and incubated for I h on a
microtiterplate shaker at room temperature. The wells were washed three times
with 300u1 PBST (0,2% Tween 20) and bound antibody was detected by addition
of 100 ul 0.5 pg/ml human ANG-2-His (R&D Systems) in PBS. The wells were
washed three times with 300u! PBST (0,2% Tween 20) and bound ANG-2 was
25 detected with 100 ul 0.5 pg/mL <ANG-2>migGl-Biotin antibody (BAMO098I,
R&D Systems) for 1 h at room temperature. Unbound detection antibody was
washed away with three times 300p1 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 1h at
30 room temperature. Unbound Streptavidin-POD conjugate was washed away with
three-six times 300wl 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 Spectrométer at a measurement
wavelength of 405 nm (reference wavelength 492 nm).
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with PBST. At the beginning, plates were coated witfx 0.5 ug/m1 hVEGF-R protein (R&D Systems, UK,
Cat.N0.321-FL) for at least 2 hours (h). Thereafter the wells were WO
2010/040508PCT/EP2009/007182 - 96 - blocked with PBS supplemented with 0.2% Tween-20 and
2% BSA (RochdDRiagprseaiiencommultmerys binding abhispacilrifrtnaxaland #RELAYYBS were
incubated togetkarygth Ankb7>- Joabb s EEEF2A (RARifyy3teyBidciteCat.No. 298- VS) for 1 h at RT.
After washing a mixture of 0.5 tig/m1 anti VEGF clone Mab923 5 (R&D Systems, UK) and 1:2000
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Version 1.01): Ang-2 was captured with a capture level of 2000-1700 RU in PBS,
0.005 % (v/iv) 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 pL/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> TvADbb
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 simuitaneous 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 rhVEGF 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 Tie? 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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108) under control of a CMV promoter and a Neomycin resistance marker was
transfected using Fugene (Roche Applied Science) as transfection reagent into
HEK293 cells (ATCC) and resistant cells were selected in DMEM 10 % FCS,
500ug/ml G418. Individual clones were isolated via a cloning cylinder, and

5 subsequently analyzed for Tie2 expression by FACS. Clone 22 was identified as
clone with high and stable Tie2 expression even in the absence of G418 (HEK293-
Tie2 clone22). HEK293-Tie2 clone22 was subsequently used for cellular assays:
ANGPT2. induced Tie2 phosphorylation and ANGPT2 cellular ligand binding
assay.

10 ANGPT?2 induced Tie2 phosphorylation assay

Inhibition of ANGPT2 induced Tie2 phosphorylation by ANGPT2 antibodies was
measured according to the following assay principle. HEK293-Tie2 clone22 was
stimulated with ANGPT2 for 5 minutes in the absence or presence of ANGPT2
antibody and P-Tie2 was quantified by a sandwich ELISA. Brefly, 2x105
15 HEK293-Tie2 clone 22 cells per well were grown over night on a Poly-D-Lysine
coated 96 weli- microtiter plate in 100p] DMEM, 10% FCS, 500 pg/ml Geneticin.
The next day a titration row of ANGPT2 antibodies was prepared in a microtiter
plate (4-fold concentrated, 75pl final volume/well, duplicates) and mixed with 75ul
of an ANGPT2 (R&D systems # 623-AN] dilution (3.2 pg/ml as 4-fold
20 concentrated solution). Antibodies and ANGPT2 were pre-incubated for 15 min at
room temperature. 100 pl of the mix were added to the HEK293-Tie2 clone 22
cells (pre-incubated for 5 min with 1 mM NaV304, Sigma #56508) and incubated
for 5 min at 37°C. Subsequently, cells were washed with 200ul ice-cold PBS +
ImM NaV304 per well and lysed by addition of 120pl lysis buffer (20 mM Tris,
25 pH 8.0, 137 mM NaCl, 1% NP-40, 10% glycerol, 2mM EDTA, | mM NaV304, 1
mM PMSF and 10 pg/ml Aprotinin} per well on ice. Cells were lysed for 30 min at
4°C on a microtiter plate shaker and 100 pi lysate were transferred directly into a
p-Tie2 ELISA microtiter plate (R&D Systems, R&D #DY990) without previous
centrifugation and without total protein determination. P-Tie2 amounts were
30 quantified according to the manufacturer’s instructions and IC50 values for
inhibition were determined using XLfit4 analysis plug-in for Excel (Dose-response
one site, mode} 205). IC50 values can be compared within on experiment but might
vary from experiment to experiment.

VEGF induced HUVEC proliferation assay
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WO 2010/040508PCT/EP2009/007182 - 97 - Example 8 HUVEC proliferation In order to confirm that

the anti-VEgE relat tivities were retained in the bispecific tetravalen SVESEONG S antibodies
C1/EPZ009/007
Tva-2441-bg/2§)c%§%% -LCO6 5 and TvAb-2441-bevacizumab-LCO8 éwas shown that

TvAb-2441-bevacizumabLCO6 and TvAb-2441-bevacizumab-LCO8 interfere with VEGF-induced
HUVEC proliferation in a comparable manner as their mother clones LCO6 and LCO8 in the
VEGF-induced HUVEC proliferation assay as described above. Figure 18 shows that indeed
TVADb-2441-bevaditifmiatiut @OBIATRCT AIman inbibes Woin dirdmbetab S sHte fier@escd @ncentration

dependent manpes it WEGFrindused tdME GpraléesatomeomshatabRiotisre parsfaiFantibody
bevacizumab. E;(na%m%ﬁz %Q gn%§§ ?{8@“%9}9%?%&%%%%@%@?%%%% @,ﬁ’%@gl}l%@g-ghe binding of
odies Ang2i-LCO6, ) 8

parent <ANG-2>"anti es ¢ Ang2-LCQ7 and Ang2k- 15 1.CO8 t n ANG- | and
human ANG-2 vﬁéidé@ﬁniﬁ%@’ﬁ‘én%l\]&@i]go?t%% bﬁﬁ%‘if’r&E@é&’I&z &%‘8?&?55? %%%/%I\I(see
Comparative bindédinto ANSdrmad AK G- 232N G055 FANGEenbHEISEEMIR)YCBEE, the
ELISA-type assayigdeaseshordepnmebiizatiaral homarnvildtypie-ApRien@Bti#3 B ih a microtiter
plate. Binding of ntibody: directed.against the. J il] - QANG-Zisrgasured via an
<human Fc> (ar?t?—?f%f ‘é%rti‘t}allg%{i v%tlatﬂ/ﬁ%%)b%g%lf% t%]g?gﬁ Aéﬁﬁgﬁ%ggg%ﬁeégﬁf f‘hq <ANGt-2>a%ntibody
allows to detern{ifeng /Pt EpL SARETTALOR:. %@g féll%ﬂc@ﬁ'n%r?imﬁ‘égﬁtg dANGTYIHED Ay <ANG-2>

antibody Mab53f¢@lirempetaleCoriren@atly 20640 w6 Biidalta 61eJE DIY6 el B 230 ®as used. The
determingd EC5Q&ORGaIMARIORS apersummrarizeg inahe tabirebelow! AmtlpsidyiHeANiEs Iainding EC50
NANG-2 bindinge'{_:lgggrafté!\l %'?&%ﬁ%&%@&éﬁ@ i%g/ M-min and cell viability/proliferation was

determined using the CellTiter-GloTM Lumninescent 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 12 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:



133 ng/mL <ANG-2>Ang2i-LCO6 > 8000 ng/mL 84 ng/mL <AN G-2>Ang2i-LCO7 > 8000 ng/mL 3006
ng/mL WO 2010/040508PCT/EP2009/007182 - 98 - <ANG-2>Ang2i-LCO8 4044 ng/mL 105 ng/mL

All antibodi g fﬁg%&cally binding to ANG-2. MAb536 and Ang2k-LC ecific bindin
1 . TSBEXQ 9
towards AN?-(%, whereas Ang2i-LCO6 and Ang2i-LCO7 are not specific%‘ay mﬁ%‘i@ G-1 as they

have an EC50-value of above 8000 5ng/ml (detectigg limit ). Example 10 Expression & Purification of
bispecific tet_ravalent sinele.chain Fab <VECTANG-2> antibody molecules scFAb-Avastin-J,C06-2620,
scFab-Avastin- An i- 6-2d cFal_gLLC_Q_Aljn 2i- C 6-26 10Analogous to the procedures described in
Example 1 and iféth8EQalRri(3: akd onefsasRNVe, te asidpbeitishtehampatanekinglenetiam Fab
<VEGF-ANG-2xantippsiomakecytes BsRb-Asasttipn1006c2620, seraipAvastiy, LSHIB2640 and
expreseed and Dol BRI Aok and AP 16y e e AR A SO e e i th
: wer rmin scribed in the
the Examples abNEI Piie éf&?én%@&&ﬂﬁall?%%iﬁ@éﬁ’ ht%heégyﬁéigf’n%@ﬁo%gzd sequences
of these bispecifid Hfitibodieszdke ghfsn in/SKD2AD @23 09CA%0TACHKAB=AVERI-LEDB. 2620), in SEQ
ID NO: 111 -112foqBAD-Avaeti0-LENE- 36400 At S EQ NGNOARES: IUE06, or <ANG-2>
(scFAb-Avastln-%%%i—?L . Key data scFAbAvastin-LC06- 2620 scFAb-Avastin-Ang2i-LC06-2640
scFAb-Avastin-L -ANQg21-2641 Expression (Yield)
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 1gG1. 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 (G4S)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 (1595) 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> TvAbS and
TvAbé 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



291.ig/mL 27 pg_/mL 18 12g/mL Purification (Yield, Prot. A. homog.) 21 mg, 57% 19 mg, 86A 12 mg,
90% Homogeneity after preparative SEC 98% 98% 99% WO 2010/040508PCT/EP2009/007182 - 99 -

Function %Nogﬂﬁ Blgbléy (B acore) 1.9 E-9 M 1.8 E-9 M 1.9 E-9 hVEGRaffipity(Biasese) 1 E-10M

1E-10 M 1E-1 | xample 11 Expression & Purification of bispecific, trivalent single chain Fab
<VEGF-ANG2> antibody molecule Avastin-LCO06-Kifd-C-scFab

derived from the human anti-ANG-2 antibody <ANG-2> Mab3536 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
5 of the designed formats is shown in Figure 1B and listed in Table 3.

In order to obtain the bispecific tetravalent antibodies TvAb9 and TvAblS5 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

10 fused to the sequence corresponding to the C-terminus of the heavy chain vector of
the human anti-ANG-2 antibody <ANG-2> Mab336 of SEQ ID NO: 31 and co-
expressed with the respective light chain expression vector based on SEQ 1D NO:
32. A representation of the designed formats is shown in Figure 1B and listed in
Table 3.

15 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”

olecule  |AntibodyjscFv  [Variable [Position [Single- 'Peptide iscl?v
Name hackbon |derivediDomains lof scFv [chain- [linker ldisulfide
(TvAb- derived ffrom |VH and atjlinker Y44/
e o VL: SEQ |jtached VE100
lature for 1D NGO rn Fstabikized
bispecific antibody
antibodies)
Go6-31 <VEGF> | 23 + 24 - - - -
G6-31
(1000}
Mab536 <ANG- | 31+ 32 - - - -
)=
1000
( ) Mab536




5Analogous to the procedures described in Example | and in the materials and methods above, the
bispecific, trivalent single chain Fab <VEGF-ANG-2> antibody molecule Avastin-LC06-KiH-C-scFab
based on < > izumab and <ANG-2> Ang2i-LCO6 were expre %::I(;E?n rified. Binding
affinities anmgirﬁgr%@egrties were determined as described in the the E?()amp ezé% aéz)é({%élleg.zThe 10
relevant (eventually modified) light and heavy chaipg(ﬁmino acid sequences of this bispecific antibody
are given in SEQ ID NO: 115-117 (Avastin-LC06-KiH-CscFab). WO
2010/040508PCT/EP2009/Q07182 - 100 - Example 12 Expression & Purificationof bispecific, trivalent

30810 F #PeCilin Reptidehse rocedires

described in Exgiaple 1 andyidRsinaderiidmmetiads apo 3 [sexcthigRigprRIcific, trivalent
<VEGF-ANG-2% g%%ody olecule Avastin-§CQ6-CrFal ' <VEGRzhgqyacigumab and
<ANG-2> Angzg wereex?)'}iggéoé?nd purified. Bil d other propertied were
determined as qe@®%Bed in {8%he Exampled*dbovkCBi antibodl) H€culbs of this
format in genergdiarerdéscriped in EP| Appl. N& : ant (evistabiigedrjodified) light
and heavy chait @gﬂmaci sequentes of this bispecit > antibpdy are given in SEQ
ID NO: 118-120| (Avas '%G-C-Fa-GCSS . Key dataj scFAb-AvastinC{D6-262(
scFAb-Avastin- 85025'6 4dcFAb-AvastinLCpP6-2641 E 01.1.g/mL 27 trg,4mL 18

ttg/mL Purificatipn : ;9090 iHomogengity after

n “etcP DiSA-ToOMmoUTT 55]4”%;%) T
preparative SEC’BY f&’é‘%aB 9% FUunctjon

bevacizu
imab
Ang2i LCO06 KANG- | 52 + 53 - - - -
(LCO6) 2>Ang2i_ |
LC06
Ang2k LCOGIANG- | 68 + 69
(LCO8) - P>Ang2k
| LCO8
TvAbS <VEGF> [KANG-23 + 24, 31 |[C-term.  §{G4S5)3 GYo
G6-31 > H+ 32 with  JHC
(2310) IMab53 jthe
0 fmutations
T92L,
FH93Q

FndW%T




lIANG-2 affinity (Biacore) 1.9 E-9 M 1.8 E-9 M 1.9 E-9 M hVEGEF affinity (B acore) 1 E-10 M 1E-10 M
1E-10 M WO 20101040508PCT/EP2009/007182 - 101 - Fixamnle 13 Expression & Purification of
bispecific, bivalent domain exchanged <VEGFANG-2> antibody molecules Avastin-L C06-CHI-CL,
Avastin-LCOBXAHNPHENE Avastin-LC06-VH-VL-SS 5Analogous to the prlz)%ggﬁzrgﬂg@gslcsj%ibed in
Example 1 and in the materials and methods above,the bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecules Avastin-LC06-CHI-CL (CH-CL exchange as described in WO
2009/080253), Avastin-LC06-VH-VL (VH-VL exchange as described in WO 2009/080252).and
ueharge dvtessiibeitcrion/JSmaro afid an ddditional
disfideiriote)baned Aniny HGfeReVRaAHMARiaRE e Ang2i-LCOG
were expressed and purified. Binding|affiniti §7§Ind,}§th r properfges wer determ 2s déscribed in
the the Exampl PERVRHE e nf &P Mo ditied) light ahd heqwy chaifs amino fcid
sequences of t artibodies are efRQskERANG: 121 15-124 (AWM—LQOG-CHI-CL),
in SEQ ID NO: atefotAViastin-LC06-VH-\ND) mde in $&Q ID NO: 129 {132  [stabilized

(Avastin-LC06-\k1 ;ﬁléu o). Key data fvastinil C06- CMGHiigl,lvastinCO6-CM-YL Avastir|-LCO6-
on (Yield) 87 pg/mL 44 pg/rnL 65 gd/mL Purification {Yield, Hrot. A. homog.)

VH-VL-SS Expressi
antibodies)

TvAb6 <VEGF> IKANG-[23 + 24, 31 {C-term.  {G48)3 {(G48)3 |scFv
G6-31 |2> 32 with  JHC disulfide
(2331) Mab53 fthe VH44/VL
6 imutations 100
T92L., stabilized
[H93Q
andWo4T
TvADbY <ANG- KVEGFB1 +32, [C-term. }G4S)3 [G4S)3 |
2> > G6-  land 23 +24 {HC
(2330) Mab3536 Bi

TvADLS  [KANG- |<VEGEBI +32, [C-term. [(G4S)4 {G4S)3 JscFv

2> > G6-  fand 23 +24 [HC disulfide
(2431) Mab536 31 'VH44/VL
100
stabilized

TvAb-2441- Ejvacizu IL.CO6 |7+ 8and L(:term. (GASY KG4S5)¥ jscky

hevacizumab fmab 52 + 53 C disuifide
L1CO6 VH44/VL
- 1100

stabilized




50 mg, 62% 2 mg, 95% 91 mg, 74% Homogeneity after preparative SEC 84% 99% 95% Function
hANG-2 affinity (Biacore) 1.3 E-9 M .1 E-9 M 1.46 E-9 M hVEGF affinity (Biacore) 1 E-1I0M 1 E-10 M |

E-10 M WQ 20%{.} (3/(31405308PCT/EP2009/007182 - 102 - Kxam
bisTecific, bvREM S -Fe fusion <VEGF-ANG2> antibody

Avastin-LC06-N-scFabSS Analogous to the procedyye
and 5 methods above, the bispecific, bivalent ScFab-Fc fusion <VEGF-ANG-2> antibody molecules

Avastin-LC06-N-scFab and
Ang2i-LCO6 weraaxnairsse

described in th

these bispecificjantibodies
NO: 135 -136 (AU

ple 14 Exlpé%

?‘Esi%p é& Purification of
ﬁn-t@B&%-scFab and

molecules Avas
es described in Example 1 and in the materials

ab-and <ANG-2>
lermined as

iences 10of
in SEQ ID

Avastin-1 C06-N-scEabSS hased on <VEGE: bevacjzuma
b Akt Hid. . tch effi itis fian ¥ttade-p ':.\ oftre de
Fxamplls ahRveiabhe JSisyRRAIEO iﬂ%@lnhzze amﬁléﬁiﬁmm QudsighigRd
re given in SEQ 0;,138-134 Stin-L.¢06- N-g¢ ) &
o ecfyeifien ° Vi ana afiie: TP
Omen- from VEL: SEQ Itached V1.100
clature for [D NG : jto rstabilized
Eispeciﬁc antibody
ntibodies)
TvAb-2441- bbevacizu ILCO8 {7+ 8and [C-term. {(G4S)4 (G4S)4 iscFv
bevacizumab Imab J68 + 69 HC disulfide
.1.CO8 VH44/VL
100
stabilized
bevacizu rLCOé 7+ 8and [N-term. {G4S)4 KG4S)2 |scFv
TvAb- mab 52 + 53 HC disulfide
3421_bevaci VH44/ VL
zumab_LCO 100
t6 stabilized
bevacizu [LC06 |7+ 8and |C-term  [GA4S)4 |(G4S)2 iscFv
[TvAb- rmab' 32 + 53 L.C disulfide
4421_})6\’3{:5 VH44/ VL
zumab 100
1LC06 stabilized
bevacizu L.C06 [7+8and |C-term |(G48)4 (G4S)6 IsckFv
TvAb- imab 52+ 33 ILC disulfide
4461 _bevaci NV H4A4/VE
zumiab 100
-LC06 stabiiized




Key_ QIata Avastin-Avastin-LC06-N- LC06-N-scFabSS scFab Expression (Yield) 62 mg/mL
Purification (Yield, Prot. A. homog.) 3 %

WO 2010/040508 PCT/EPZ009/007182

- 83-

The TvAb formats are based e.g. on

a) aa) the human anti-VEGF antibody <VEGF> G6-31 and ab) two 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

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 (S8EQ ID NO: 23); or

b) ba) the human anti-ANG-2 antibody <ANG-2> Mab336 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 NC: 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 1D 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-termint) , in EP Appl. No 09004909.9 and in Example 10.

X le

Expression & purification of bispecific tetravalent antibodies

<VEGF-ANG-2> TvAbS, TvAb6, TvAb-2441-bevacizamab-LC06 and TvAb-
30 2441-bevacizumab -L.C08

Light and heavy chains of the corresponding tetravalent bispecific antibodies

TvAbS and TvAb6 were constructed in genomic expression vectors as described



Function

10

15

20

25

30

35

hANG-2 affinity (Biacore) 1 nM hVEGF affinity (Biacore) 1 nM

WO 2010/640508 PCT/EP2009/007182

_84-

above). The plasmids were amplified in E. coli, purified, and subsequently
transfected for transient expression of recombinant proteins in HEK293-F celis
(utilizing Invitrogen’s FreeStyle 293 system). After 7 days, HEK 293-F cell
supernatants were harvested, filtered and the bispecific antibodies were purified by
protein 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> TvAb6
carrying the C-terminal scFv fusion showed upon SDS-PAGE apparent molecular
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 vields of ‘standard’ IgGs. Protein yields achieved up to 150 mg of
TvAb6 <VEGF-ANG-2> per liter of cell-culture supernatant as determined by
Protein A HPLC.

Size exclusion chromatography analysis of the purified non-disulfide stabilized
construct TvAbS 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-called “daisy chain”
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
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,
which in turn stabilize the resulting disulfide-stabilized scFv module. Introduction
of the VH44/VL100 disulfides in the scFv at the C-terminus of the Fv in TvAb6
<VEGF-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
tendency upon repeated freeze-thaw cycles e.g. at the concentration applied for in
vitro and in vivo of 3 mg/kg.



Example 15 Inhibition of hVEGF binding to hVEGF Receptor (ELISA), Blocking of VEGF- 15 induced
tube formation. Inhibition of huANG-2 binding to Tie-2 (ELISA), Tie2 phosphorylation, and HUVEC
proliferation of the bispecific, <VEGF-ANG-2> antibody molecules of Examples 10 to 14 Inhibition
of hVEGF bmﬁiﬁ(blq@ VEGF Receptor (ELISA), blocking of VEGFinducel4 g%“?r‘r?%%ﬁ, Inhibition of
huANG-2 binding to Tie-2 (ELISA), Tie2 20phosphogylation, and HUVEC proliferation of the bispecific,
<VEGF-ANG-2> WO 2010/040508PCT/EP2009/00/7182 - 103 - antibody molecules of Examples 10 to
14 can be determined analogously to the procedures described in Materials and Methods and
Examples 4 to Qabotter Exampieikeulls vissordftidacyTeblishécific Andboiit Lvearzamed-2> antibody in
comparison to 5cANG;2g ANRRL4ELE A, he.60mltinefionet <phiErar ANGEIGREIANd Avastin
in the refractory Co10205 %enog}raft ogoetk]ig §cig d%?é smle’fé% éafter resistance to bevacizumab
(Avastin) treatm PEBTHALRRY Ve Conditions: Co10205 human colorectal cancer cells were
originally obtained from ATCC and 10 after expansion deposited in the Roche Penzberg internal cell
bank. Tumor celkkaERiaZ routinely cultured in RPMI 1640 medium (PAA, Laboratories, Austria)
supplemented wiih, 109 Jetak havine ervmRiRAR ARt RIS, Ui BANR (M ghatamine, at 37C
in a water-saturg g afnosphiere amao 0 ¢ __.'"._I.;ﬁ; Was, n. r {/aps plapiatien, 15Animals:
Female SCID beidenfitd—aged=5weeks at armnvar (purcnased 1ro arles River Germanyd) were
maintained undendgddfEE 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 apﬂ@%ﬁﬁifi’ﬁé 20 {RCaLBPURINIME Nhd \Heha Fiva} Adtimea 5 wer e halidinedfiththe

guarantine part qQf the animal facility for one week to ac d.to hew irgn nd for
observation. Coﬁfﬁ%h%rgﬁts E;esgﬁﬁ%n%oﬁl%%ﬁﬂg w\%g?%%rie% %ut‘%grlﬁ g@l%atrgba{.ﬁ ?sb%[imtﬁg o%{eg]irfvimi Kliba
3337) anfl water veid8med ighs2 i whird the hisingdesins. ﬁ'gebbsﬁ’ﬁﬁ & aorﬁg? thE"Study was
about 10 weeks d2fFeimcTiest injediess Atdtre dayief injection aquitoplee||soRetelBEARSstaY
(trypsin-EDTA) fram,cultireflasks{iereingiaiapdranalfered inip 29pnisultstetsoedrasmoashed once
and resuspended in PBS. ABfter an additional washing step with PBS and filtration (cell strainer; Falcon

0 100nm) the fin %‘jé}?ﬁfgr(vﬁgoée Justed to 2.5 x 107 / ml. Tumor 30 cell suspension was carefully

mixed with transfer pipette t oid cell aggregation. After thi |l sus ' I intoa 1.0 ml
tuberculin syringEO(Bﬁggﬁﬁﬁg‘I’géigzﬁ)eV@%gwég\f\ﬁ%% Hgg(ﬁgt?ié?ﬁ Tg} Irlrgm(i%t o?i\é%?ﬁ%ﬁ%gedle size
was WQ2010/0de5e8he THERRDIIESD consardisdgeds a5y S8 é]ac}r 8V injection a
new needle was ¢ietohnesikesiativasopOréampdd (Fgugesd 5 Eipk diraling atalib hastiptstedrall animals
with preincubatiqpcharber {pigxiglas), Andivishakmpusenaserrarski(siison)igndditfiaumable or

explosive anesthesia cowgﬁ}n? éﬁ&@g@ Y&;&-g{f{g%&@g &I&gquSdﬁiégglggjlgﬁ ﬁwégégcégwo days

before injection S 8Fthe s Wére shaved and for cell injectign skin of anaesthetized animals

was carefully liftétl RIGURIRITERT EHERGPRIETH A Sheh N0 STIREINSE S itstoreTm s 56" 8iis) was
injected soibcutabeamisyointhiee<hifdrt-PAHR déttios ananiidedy and TredteraerestethhmarpioPietreatment:

of a <hk> POD (Biozo! 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 VEGEF. 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 tetravalent bispecific antibody <VEGF-Ang-2> TvAb6é and the original
antibody <VEGF> (G6-31 detectable. The kinetic constants for <VEGF-Ang-2>



Animal treatment started 14 days after cell transplantation (study Ang2_PZ_Colo205_008) at a mean
tumor volume of 100 trun3 to 150 mm’, respectively. Mice were treated once weekly with Avastin (20
mg/kg) for a time period of 5 weeks. 15Secondary treatment: Thereafter mice were randomized for 2"
treatment antiUHA&EE%our groups with 10 mice in each group. Tumor ¥6HF@UPELAHDf 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. WO 2010/040508PCT/EP2009/007182 - 105 -
Group No of animals Compound Dose (mg/kg) (nMoUKkg) Route/Mode of administration No of
treatments Cumylativsendo sevagikg) el 3 116hAaraktine tomiigikg (G8-aMolidly) idpnioraddyvibakly 11 110 12

10 method. Thus, it can be concluded that TvAb6 completely retained its VEGF
binding properties. Tab. 4 shows the respective kinetic constants and Figure 12
shows the kinetic characteristics of the two <VEGF> antibodies <VEGF-Ang-2>

5 TvAb6 and <VEGF> (G6-31 in a Ka-Kd plot.

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 4.83B+06 | 9.33E-06 | 1237.8 | 1.93E-12

<VEGF-Ang-2> TvAb6 | 472E+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 TvAbS6 retained its binding properties in the TvAb construct.

In order to further corroborate this finding <ANG-2> Mab336 and <VEGF-ANG-
2> TvAb6 were immobilized by a secondary antibody on a Biacore CMS5 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> TvAb6
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 TvADb 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.



ANG2i- LCO6 10 mg/kg (68 nMoUKg) i.p. once weekly 6 60 13 10 ANG2i- LCO6 + Avastiri 10 mg/kg
(68 nMol/kg) + 10 mg/kg (68 nMoUKg) i.p. once weekly i.p. once weekly 6 11 60 110 14 10 TvAb-
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By applying the VEGF-ANG-2-bridging ELISA described above it was shown that

only <VEGF-ANG-2> TvAb6 was able to bind simultanecusly to VEGF and

ANG-2 at an equimolar concentration of 0.625 pM whereas the monospecific

“standard” lgGl antibodies <ANG-2> Mab536 and <VEGF> G6-31 were not
5 capable of simultaneously binding to VEGF and ANG-2 (Figure 7).

Figure 14 shows the respective data from the Biacore assay. Simultaneous binding
of both antigens Ang-2 and VEGF could be shown for the tetravalent bispecific
antibody <VEGF-Ang-2> TvAb6. Negative controls were as expected: The
monospecific antibody <Ang-2> Mab536 showed only binding to Ang-2, but no

10 VEGF-binding. The monospecific antibody <VEGF> G6-31 showed binding to
VEGF but no binding to Ang-2 at all (data not shown). From the relative response
units of the tetravalent bispecific antibody <VEGF-Ang-2> TvAb6 binding fo the
Ang-2 coated surface, and subsequent binding to dimeric VEGF binding the
stochiometry could be calculated to be in the range from 1:1 to 1:1.4. Taken

15 together, by applying the described ELISA and Biacore assays it was shown that
only <VEGF-Ang-2> TvAb6 was able to bind simultaneously to VEGF and Ang-2
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.CO06
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 TI10C instrument
(GE Healthcare Biosciences AB, Uppsala, Sweden). Briefly, for affinity

25 measurements goat<higG-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.



2441- bevacizu mab- LCO6 13 mg/kg (64 nMol/kg) 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 tumor dimensions were measured 5 by caliper beginning on the staging day and
subsequentl? HHE¥HEF week during the whole treatment period. TumoF@H%?ﬁ@%@%léélculated
according to NCI protocol (Tumor weight = 1/2ab2, ywhere "a" and "b" are the long and the short
diameters of the tumor, respectively). Termination ¢ fteria were the critical tumor mass (uptol.7gor0
> 1.5 cm), body weight loss more than 20% from baseline, 10tumor ulceration or poor general
condition of the aHCRIR LB SyiEMEVMEY giositihinbikitio nddrsetadnny beliasen(fPenbertdat day 91

TGl ANG2-LC36 19 (68 KoYkl B ANBR:A% Malka=65-pokiiad PrihiGRiLCOB 10

kg i.p.
mg/kg i.p. (68 n'\c/iligélé(cgia)ztigf\{%gsollnoégsﬁggdo %ypgj.a-s/ 15@2 %969/0 Qp 1s%§face with HBS buffer for 3

minutes and a KD value was estimated using a 1:1 Langmuir binding model.

5 The order of injection of the binding partners can switched, first VEGF and then
Ang? or vice versa.

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 was used for analysis of sensorgrams and

10 for calculation of affinity data.
Antibody Affinity hAng-2 | Affinity hWEGF
TvAb-2441-bevacizumab-LC06 2.3 nM 0,35 nM
TvAb-2441-bevacizumab-LC08 0,7 nM 0,34 nM
G6-31 - <0,1 nM
MADS36 : 3 nM -
bevacizumab - 0,59 nM

Finally, simultaneous binding of TvADb-2441-bevacizumab-L.C06 and TvAb-2441-

bevacizumab-L.CO8 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.
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In_vivo efficacy of disulfide-stabilized bispecific tetravalent antibody <VEGE-
ANG-2> TxAl:_aG in comparison to <ANG-2> Mab536, <VEGF> G6-31 and the

model in Scxd belge 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 Colo2035 xenograft model studies (Ang2 PZ Colo205_003 and
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 (c = 0.6 mg/mL) and
<VEGF-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
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 ine 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.

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 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.



The results show that the bispecific <VEGF-ANG-2> antibody TvAb-2441- bevacizumab-LCO6
showed a higher tumor growth inhibition (at lower doses) in the bevacizumab(Avastin)- resistant
xenograft tumor model Co10205 in Scid beige 5mice compared to the treatment with manospecific
antibody ANESHEE 8 one or the combination of ANG2i-LCO6 and Avggﬂ'ﬁ’f”ﬁ%gﬁ{{% &817 in vivo
inhibition of tumor anpiogenesis in s.c. Calu-3 NSCL{ xenograft - Detection via non-invasive in
vivo imaging of angiogenesis using anti-CD31 10labeled with Cell lines and culture conditions: This
human lung adenocarcinoma cancer cell line has been established from a human caucasian male with
lung cancer. CeligoneiteingtainakfromerRoctes kandaky@aclthpabspampthins iodséefertinvnriing cell bank

Tumor cells are fqutinelydsculin e MERMIARAIDdMT{RAMBioteah. aermanhatmslemented
with 10% fetal bovinﬁ?serumt%iP,g\l\(_!1 i}%erc‘p German}%gnuq_ e% gﬂvcl:alﬁ- y;&{ygﬁéﬁ@N Biotech, Germany)
at 37C in a water-&atAted a monsp ere af’%b%ec‘%?ﬁ ttture pgssa e is performed with trypsin / EDTA
| x (PAN) splitting one time./ week. Animals: 20Femal ¢ nude mice; 4-5 we at arrival
(purchased from @ﬂ’é’ﬂ&gﬁﬁ%?@&%‘é% i F@Jﬁggﬁﬁalﬁeoo& ﬁbrj] e(ra]rps sggéﬁfﬁq%%ﬁgge’nﬁﬁé%e&?:ondition with
daily cycles of 12utigind 1 esusendedsinadibrdiddtes camadiibanghisemhg (Vs EEs; edhsa;
TierschG). Expetisaeaiahstndyndretocelyasdevikuediand agpgovedhycloratgendrambaerAfter arrival

animatls we(;et m%é%ﬁ?@?&%?%@%%%@%%%52@%{6@%@%@8%%@6&&?ﬂ‘i’@ﬁhdﬂﬂ&t o out
accustomed to néw environment and for ohservation..Continuous health mani was, carried out on
regular basis. Di&fH \t}?ﬁ%ﬁggf%%&‘gf%ﬁg WaRdr acca}d%ﬁ%' g]ﬁ%ﬁ?g?@vyetﬁem;gé\ﬁﬁggs ad libitum.

Age of mice at staspohsine sergspeasiaBsat 20"k eslisper 2@??0?84‘%0@‘5"@*?%?’90@@0@?182 -107 -
Tumor ceall injectigsit AbHkereithe afilgiection, 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 additionglsuaskindostamviils PRStandatilteaion{celhbosiisdtion, Frécan® 108er.nekthe final cell
titer was adjusted.to 5,0 %&9‘1/ rm.u mg\rnﬁgll PHSBERSI ¥AS cargfulymixed willy fransigr pipette to
avoid cell aggre atioh. A er this, cell suspernsionwas filled info a 1.0 ml tuberculin sg?q (Braun
Melsungen) usi%@%‘%%@é&&ﬁﬁﬁ%ﬁ%lﬁﬁ%ﬁgg oA e YR s YR a S haRged ?@45 X 25
mm) and for evenyidjectlé mméwaseedizolyas used. Anesthesia 10 was performed using a Stephens
inhalation unit for small animals with preincubation chamber (plexiglas), individual mouse nose-mask

(silicon) #hd not flanesbieledelepiotivReaTdsitrediiedoimnpbing Ysdnierahé_Eplpbrmai in a closed

circulation system. Two days before injection coat of the animals were shaved and for.cell-injection

skin of anaesthelized animadsosds carefully lifted ppowvish aJnRﬂéifﬁ effiic f&f@g?é‘s an(aa‘;f‘béﬁ Al cell
suspension (= 5.00rdff|celishalgs infectedusdbcutdmedisly inthe dight flagk:%the aigals. Treatment
of animals s ) on me/kg
: 1.p. once 4
I 10 Vehicle weekly
2 10 <VEGF> G6-31 0 1.p. once 3 48
mg/kg weekly
3 10 <ANG-2> 6 1.p. once 8 48
Mab536 mgkg weekly ‘
4 10 <VEGF> G6-31 | 5Smg/kg |  1.p. once 8 40
+ + weekly
<ANG-2> 6 L.p. once
Mab536 mg/kg weekly & 48
5 10 <VEGF-ANG- | Tmgkg | 1ip. once g 56
2> TvAb6 weekly




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 20antibodies, 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)@3&1;9/&?‘{78?1icle (Xolair) 10 mg/kg Group 2: Avastin 10 mg/l?é) Fga??%‘.}cﬁ%bination of
monospecific <VEGF> Avastin 10 mg/kg plus 25mgr§ specific <ANG-2> Ang2i-LCO6 10 mg/kg (=
Avastin / Ang2i- LC06) Group 4: Bispecific <VEGF-ANG-2> antibody 2441-Avastin-scFv-LCO6 13.3
mg/kg Monitoring: WO 2010/040508PCT/EP2009/0071 2 - 108 - by caliper beginning on the staging
day and subsequienty 2tiidgespet WEekdoRivh dod whele Fradiment fendd. Wasnby volstaie was

calculated accorging iR NE WIRTREYILT U WEiSiH Tl /2aR2, Thersd ondy iy argifze dong and the

short diameters Qf the tumor, respectively). Terminati fterig.were,the.critical tumor. ss (up to
1.7gor0>15 Erﬁ%o‘ﬁ?sﬁgiaﬁg %@sﬁrﬁ%@e %ﬁ%@gr}% @ﬁ%ﬁ*{%ﬁ#&ﬂ%ﬁféﬁiﬁ%m general
condition of the aRifRAIgIBERII0 NG s iEEHRdRBAitetRY WEGENRNG ARt &1P81 antibody
Preliminagy studigswell eatee dhmbantid@D8 L aRiodf @3 best adeii-br Muh§ity tumor vasculature.

This agent targets mouse endothelial CD31 receptors and 10 visualizes single blood vessels with a
low signal-to-backgredpebiatidniiaieiars: iDagmy(fes BiyikaD3 ARty sepfesehtsudfeasible way to
image tumor vasculature. Three mice of each therapy group have been chosen and injected i.v. with
50 pg/mouse antisgiF-antiigndy labgisd govalgnrtyiwithihe argasiedusreophomAiaxadd Qat day 35, 49

and 79. Near-nfig(edMAdGNER RHSY BUIFLS AT galiEl narihanplicaion stshesianeled antibody

under inhalation anesthesia. An increase or decrease of tumor vasc;glg%e v&as vis%%lilze by using the
compare image 888 tAe MAEETRES SsiS el RS H S ASHE VOt (e B8 BB 8%ir and the
therapeutic antibeas Apastin tin singleasgeuf AN Bloddabédeit kolnsdanf 35 meday 79 Was observed.
In contrast, the %@iﬁ%@ﬁ@@m&fﬂ%hd%wﬂerplv@&ﬁmg%Ltﬁ@ﬁ\z’cﬂ@ii:%@&;\h/aﬁtino%@FV-LCOG
exhibited a decregge, gl MAIVASIIANEFIRAR) THmeTLedians elmouAnifiphotmanualy

drawing measurement areas an al Iintensities were ev ted In intensjty values (total signal /
exposure time). W%é?ﬁﬁ’é“&‘i‘aﬁ&% Bf%f%iaﬁéllégfr‘iﬂﬁﬁgb‘%‘% %%#grﬁrgmtg% 2 to 79 were
25 plotted in Fig @8-3Alktreatehenggrolips ad@atedeaihin cheage snnernsmnig senditipesiroilgay 35 to 49.
While CP31 tumersigralenateadifpvacereipmied incgropipablexaldixiandigeatp eibiastioy, domor
vasculature signifiganily, degraased mf%@é&%@@ﬁﬁamQ&/éa@stva\p@ascﬁmﬁaes ARG2i-LCO6)
and group 4 (BISEeCIfIC <VEGF-ANG-2> antibody 2441-Ayastin-sc v-LCQ[gg, Wltqh%roy A{) ishowmg
30clearly the mo ?WM@@%TP&%E%@% e AT B0 s stel) afterthe 1ast in vivo
imaging studies, tAMErS witebexplantat¥d @FayGo$ Hixdd indbdmidm g Bwiphided in paraffin for ex
vivo studies. Fluorescence microscopy showed numerous well defined capillaries in tumors treated
with control mabTXaiaiciSdvieraf fimdyr biobBacéseiesield 0B #hice treated



- 109 - with Avastin. In contrast, treatment groups land 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
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Tumor growth inhibition until day 63 Ang2 PZ Colo205_005 study:

<VEGF-ANG-2> TvAb6 at a dose of 4 mg/kg exhibited efficacy comparable to
that of the combination of <VEGF> (G6-31 and <ANG-2> Mab336 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
cumulative dose of the combination is 21+21 = 42 m/kg versus 28 mg/kg of the
bispecific antibody TvAb6) a bispecific antibody targeting VEGF and ANG-2 can

10

single agents blocking VEGF and ANG-2 and superior to either single agent.

result in strong anti-tumor efficacy comparable to the combination of the respective



Compound Dose (mg/kg) Route/Mode of administration 10 Xolair 10 i.p. once weekly 10 <VEGF >
Avastin 10 i.p. once weekly 10 < ANG-2> Ang2i- LCO6 10 i.p, once weekly 10 Ang2i-LCO6 + Avastin

10 10 i.p. onee ‘{‘6?5‘61 sog .once weekly 10 <VEGF-ANG-2> TvAb-2441- h oY ﬁf»zz{lf@ 5)71%2(306 13.3

-93 .

In order to confirm that the anti-VEGF related activities were retained in the
bispecific tetravalent <VEGF-ANG-2> TvAb6 is was shown in a VEGF induced
5 tube formation assay AngioKit TCS CellWorks {CellSystems) that <VEGF-ANG-
2> TvAb6 mediated dose dependent inhibition of tube formation comparable to the
monospecific antibody <VEGF> G6-31. The AngioKit TCS CellWorks assay was
performed according to the following procedure: Celis were stimulated each time
with 2 ng/ml VEGF before treatment with antibodies on day 1, 4, 7 and 9. Vascular
10 tubes were visualized by staining of endothelial cells using a CD31-PE antibody
(BD Pharmingen #555446) on day 11. Pictures were taken at a magnification of 4x
and values for tube length and number of branch points were gquantitatively
analysed using the Angiogenesis Tube Formation Application Module in
MetaMorph (Molecular Devices). Values and standard deviation were calculated
15 by duplicates and analysis of 4 pictures per specimen. Figure 9 shows the
respective results and Figure 10 A and B the quantitative analysis. Angiopietin-2
has no influence on tube formation and thus inhibition of ANG-2 was not studied
in this assay. The data show that the bispecific <VEGF-ANG-2> TvAb6 and the
monospecific <VEGF> G6-31 antibodies are equally efficacious in inhibiting

20 VEGF stimulated tube formation.

Xam
Tie2 phosphorylation

In order to confirm that the anti-ANGPT2 related activities were retained in the
bispecific tetravalent <VEGF-ANGPT2> antibodies TvAb-2441-bevacizumab-

25 LC06 and TvAb-2441-bevacizumab-LCO8 it was shown that TvAb-2441]-
bevacizumab-LC06 and TvAb-244]-bevacizumab-LCO8 interfere with ANGPT2
stimulated Tie2 phosphorylation in a comparable manner as their mother clones
LCO06 and LCO8 in the ANGPT2 stimulated Tie2 phosphorylation assay as
described above.

30 In a first experiment both bispecific antibodies TvAb-2441-bevacizumab-1.C06 and
TvAb-2441-bevacizumab-LC08 showed a dose-dependent interference with
ANGPT?2 stimulated Tie2 phosphorylation with IC50 values comparable to those
of the mother clones LC06 and LCO8 as shown in Figure 16A. TvAb-2441-



I.p. once weekly 10 <VEGF-ANG-2> Avastin-LC06- CHI - CL 20 i.p. once weekly 10 <VEGF-ANG-2>
seFAb-Avastin- LC06-2620 16.6 i.p. once weekly Monitoring: Animals were controlled 2x per week for

their health status. Body weights were documented 2x per week after cel| i ion, '§ tumor
dimensions‘@(/glzemr%%“gg%sred by caliper beginning on the staging day andgs%%%g%%%ﬁ I;)}l times per
week during 5 the whole treatment period. Tumor vglume was calculated according to NCI protocol
(Tumor weight = 1/2ab2, 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 0 > 1.5 cm), body weight
loss more than 288éienmbadslinejienfeed eataAdiGoT petingdateddl ied pditknbaftagoaniniils.
iORetSU'tSA’T\I%ng %@W@ﬂﬁ@l%ﬁgﬂ;ﬁé{lhbgss%@n mﬁa@@Sﬁ'@d@eéﬁ%%@& dawp WGP TYVEGF >
vastin < -2>. i-LC ng2i- + Ayastin,.sVEGF-ANG-2> TyAb-2441-hevacizumab-
LCO6 <VEGF-AﬂE§g‘g%\5§%n- h&%%lp 8?‘-?%&”‘& THCS vaie o approx. %’3‘? ném]r’ %ﬁb_
2441-bevacizumab-LC08  interfered with  ANGPT2  stimulated  Tie2
5 phosphorylation with a IC50 value of approx.364 ng/m}, whereas LCO8 interfered
with ANGPT2 stimulated Tie2 phosphorylation with a IC50 value of approx.499

ng/mi.

In a second experiment both bispecific antibodies TvAb-2441-bevacizumab-LC06
and TvAb-2441-bevacizumab-L.CO8 showed a dose-dependent interference with

10 ANGPT?2 stimulated Tie2 phosphorylation with 1C50 values comparable to those
of the mother clones LC06 and LCOR as shown in Figure 16B. TvAb-2441-
bevacizumab-LCO06 interfered with ANGPT2 stimulated Tie2 phosphorylation with
a IC50 value of approx. 488 ng/ml, whereas L.CO06 interfered with ANGPT2
stimulated Tie2 phosphorylation with a IC50 value of approx. 424 ng/ml. TvAb-

15 2441-bevacizumab-LCO8  interfered with ANGPT2  stimulated  Tie2
phosphorylation with a IC50 value of approx. 490 ng/ml, whercas LCOS8 interfered
with ANGPT2 stimulated Tie2 phosphorylation with a IC50 value of approx. 399
ng/mil.

Taken together these data show that the bispecific tetravalent <VEGF-ANGPT2Z>

20 antibodies TvAb-2441-bevacizumab-LC0O6 and TvAb-244]-bevacizumab-LCO08
interfere with ANGPT?2 stimulated Tie2 phosphorylation in a manner comparable
to their mother clones LCO06 and LCO8 within the error of this cellular assay.

Example §
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 (h).Thereafter 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/ml huAngiopoietin-2 (R&D Systems, UK, Cat.No.
623-AN) for 1 h at RT. After washing a mixture of 0.5 ug/ml biotinylated anti-
Angiopoietin-2 clone BAMO0981 (R&D Systems, UK) and 1:30600 diluted
streptavidin HRP (Roche Diagnostics GmbH, DE, CatNo.11089153001) was



<VEGF-ANG-2> scFAb-Avas n-LC06- 2620 The results show that all three bispecific <VEGF-ANG-2>
Avastin (bevacizumab)- ANG2i-LCO6 antibodies (all based on the bevacizumab sequences SEQ ID
No: 7 15 andi8 and on ANG2i-LCO6 sequences SEQ ID No: 52 and 53) g@g){}(\ﬁ@%ﬂ%j{.}%g&%r tumor
growth inhib‘ﬁ%ﬁ‘}l]r?l%%gsgraﬁ tumor model Colo205 in Scid beige mice comparéd to the treatment with
monospecific antibodies ANG21-LCO6 and Avastin ?lgpe or the combination of ANG2i-LCO6 and
Avastin. WO 2010/040508PCT/EP2009/00 7182 - - Example 19 Expression & Purification and
properties of bispecific <VEGF-ANG-2> antibody molecules scFAb-Avastin-LC10-2620,

scFab-Avastin-L@dd»@ 640! dnd BefeafieA viasiiaieC $0r2 64GhAlvastines G10- RBSC-Btfabwere
Avastin-LC10-C- REaBAE Sn VAR LEH0A44 s AVSINRGIR. Vitiostd SYASINDELO-
VH-VL-SS,Avasti)n- C10- é E%B argct}% a él[% '9%‘%‘15@53% 1%}/ r?&laﬂﬁq %\{/)Irﬂ z?n%g VL
domains of AngZ|-lL 0) 5 ID'NoBZ A wit% tﬁe o?fesponafjng VH arid Vi d%malns of
Ang2i-LC10 (SE@apnMeseadahGB5)Mand using the (apart from such replacement) analogous
procedures and 10 sequences described in Example 10 to 14, the bispecific, <VEGF-ANG-2> antibody
molecule$ scFAb-Avastin-LC10-262mmsaradamiastmdGneragim sl ab-Avastin-LC10-2641,
Avastin-LC10-KiH-C-scEah,_Avastin-l C10-C-Fabh6CSS Avastin-L.C10-CH1-CL _Avastin-LCIO-VH-VL
and Avastin-LC10VVEGESSYAvAstirblsied s N aptiP L] &3% -N-scFabSS; all based on
<VEGF> 15bevacigimahospstitit Meedtafnaidss! O presse d purified. Binding affinities and
other in vitro properties are determined as described in the the BExamples above. Example 20 In vivo
efficacy of bispecific antibody <VEGF-ANG-2> molecylgggei-Ab- 20 Avastin-LC10-2620,
scFab-Avastin-LC{10-2640 and scFab-Avastin-LC10-2641, Avaslin-LC10-IGH-C-sc Fab,

Avastin-LCIO-C-FgQ/-Q%S_EN%\(thGL T0-CHICL, sz;%—dﬂcm-VH-VL and

Avastin-LC10-VH{VL vastin-LC10-NscFab and Avastin-LC10-N-scFabSS. 25In vivo efficacy of
bispecific antibody X\ F-ANG: olec CFAD{AVastn-L{10-2620, ScCFab-Ayastin-LC | 0-2640
and scFab-Avasti Ey§¥8§£§¥r§w@£ﬁ}i&%«1H-(?—gscFab, AlhstinLC | 0-C-Fal}-6CSS,

Avastin-LC | O-CHFCtAvastir-LCIO=-VH=-VL and Avastm=-t€ 10 VH-Vi=-SS;Avastin-LC10-N-scFab

and Avastin-LCIO ?IQ’ %Blgﬁéé—§g—aé{é?ﬁ%&‘gﬂﬁlogm§?y to the éérresponding 30Examples above. -

113 - Patent Clainis+A-bispecific-antibody-specificaltyrbinding-ta-human-vaseutar-endothelial growth
factor (VEGF) an%tﬁfhé’ﬁ%ﬁiﬁﬁ?é‘ﬁﬁ’?@&ﬁ@e) conffrising a first antigen-binding lsite that
specifically binds te-human-VEGF-and-a-second-antigen-bindingisite-that specifically binds to human
ANG-2, TvAb-2441 bevacizumab_ LCO8 42 i1

<ANG-2>Mab 536 15 3

<VEGF >Bevacizumab >20000

TvAb-3421_bevacizumab_LCO06 31 1

TvAb-4421 bevacizumab LC06 35 17

TvAb-4461 bevacizumab _LC06 46 10

Xampl

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). Thereafier the wells were



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; - 114 - ii) said first antigen-binding site
specifically binding to VEGF comprises in the heavy chain variable domaj ion of SEQ ID
NO: 1, a CDRS 7&gion0f SEQ ID NO: 2, and a CDR1 region of SEQ ID ﬁ?@%‘%@@?‘%&f#@ light chain
variable domain a CDR3 region of SEQ ID NO: 4, a_%‘)_RZ region of SEQ ID NO:5, and a CDRL1 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 CDR1 regigndk® B@HDPRO: stifplmbmetheMightOcainvaadaine dodhaivh aBSBRR rshion of SEQ

ID NO: 49, 2 COBZESAARCEREE D309 RDIRERRLTpMIN:ABERIRND TS wletb- 2 The
ispecific antibody accordin claim 1,.char ri ratiq of t [ affipities 0
the antigen-bindi%%%%%ﬁ%%ﬁ%%&@éd /R%ang# ﬁ%&ﬁ%@? %3‘ %’hglcgﬁic gﬁ%l\lié%'z is 1.0-
10.0. 3. The bisp¥eiifahi® act BrRANGE LR BiFEst efdme s nEnGHHEEEMANTE the second
antigen-binding sRkthatspenificalli biagd tb 20l amosshl Gadisb nptrepelerc ARG hdimgptatidman
Angiopoetin 1 (AMGs1). 4ihienbisRaslic antitesiynaseondingda synNe o vipims diteBigharacterized
in that said antibgch @ Divlepl, THRCHRL CHAGIEN,R.ARRFMACHiEal sempasiippgomprising an
antibody according to clainis éfc%‘. %. Yhe [‘tharmaceutlcal composition accorJing to cf) im 5 for the
treatment of can®@ih freshhe pRaFFRGARTISAcesmb SERIGA RiedierHEs 8N BRoP Wit iednent of
vascular disease§3@0Theabispetifid 5huBd @) Botodingtotanst Bie sbsetelarsd wesdnforsuslin the
treatmengpf cangely3.nhhe use of the bispecific antibody according to any one of claims 1 to 4 for the
manufacture of a medicament for the treatment of cancer. 10. The bispecific antibody according to
any one of claims 1 to 4 for use g i, UealRE Y.L RestRlineRes L ikla.The use of the bispecific
antibody according to any one of claims 1 to 4 for the manufacture of a medicament for the treatment
of vascular diseas¢s. -116- 12. A nucleic acid encodipga bispe@@jantibody according tojclaims 1 to
4. 13. An expressie NEEtHNGraibing:thigcucisidac ? according to8EIRY 2 capable of expressing
said nucleic acid in a prokaryotic or eukaryotic host cefl’ ) A prok

yotic or eukaryotic hagst cell

comprising a vector-aeeoreing-to-cltaim-13—15—Amethod-for-theproductionof-abispecific-antibody
according to claims 1 to 4, characterized by expressinéf%%cleic acid according to claim 12 in a
prokaryotic or eukaryotic-host-cell-and-recovering-said-bispeciic-antibedy-from-said-eel-or-{he cell
culture supernatanis VEEGUWEIGEE OSBING <110> F. Mbfmann-La Rbthe AG

TvAb-2441 G6 31 Ang2i LCO06 1654 213

TvAb-2441 G6_31_ Ang2k 1.COS8 1392 184

TvAb-2441 bevacizumab_ LC06 2831 503

TvAb-2441 bevacizumab_LCO08 2305 072

TvAD-<ANG-2>Mab 536 >20000

TvAb-<VEGF >Bevacizumab 1584 357

TvAb-3421 bevacizumab_LCO06 2660 284

TvAb-4421 bevacizumab LC06 1980 1319

TvAb-4461 bevacizumab LC06 1677 394




<120> Bispecific anti-VEGF/anti-ANG-2 antibodies <130> 25401 FT <150> EP 08017607.6 <151>
2008-10-08 <150> HP 08021834.0 <151> 2008-12-16 <160> 136 <170> PatentIn version 3.2 <210> 1
<211> 14 <212> PRT <213> Atrtificial <220> <223> heavy chain CDR3, <VEGF>bevacizumab <400>
1 Tyr Pro HI¥ P RHERS set Set His Trp Tyr Phe Asp Val 1510 <210> 2P ERYYUI pRT <213>
Artificial <220> <223> heavy chain CDR2, <VEGF>bgvacizumab <400> 2 Trp lle Asn Thr Tyr Thr Gly
Glu Pro Thr Tyr Ala Ala Asp Phe Lys 151015 Arg <210> 3 <211> 5 <212> PRT <213> Artic a

Exampie 8
UVEC proliferation

In order to confirm that the anti-VEGF related activities were retained in the
bispecific tetravalent <VEGF-ANG2> antibodies TvAb-2441-bevacizumab-LC06

5 and TvAb-2441-bevacizumab-LCO08 it was shown that TvAb-2441-bevacizumab-
LC06 and TvAb-2441-bevacizumab-LCO8 interfere with VEGF-induced HUVEC
proliferation in a comparable manner as their mother clones LC06 and LCO38 in the
VEGF-induced HUVEC proliferation assay as described above.

Figure 18 shows that indeed TvAb-2441-bevacizumab-LC06 and TvAb-2441-
10 bevacizumab-LC0O8 interfere in a concentration dependent manner with VEGF-
induced HUVEC proliferation comparable to the parental antibody bevacizumab.

Example 9
ELISA Binding assay to human ANG-1 and to human ANG-2

The binding of parent <ANG-2> antibodies Ang2i-1.C06, Ang2i-I.C0O7 and Ang2k-
15 LCO8 to human ANG-1 and human ANG-2 was determined in an ANG-1 or
ANG-2 binding ELISA as described above (see Comparative binding to ANG-1
and ANG-2 (ANG-1 and ANG-2 binding ELISA)). Briefly, the ELISA-type assay
" is based on the immobilization of human wild-type Angiopoieti-1 or -2 in a
microtiter plate. Binding of an antibody directed against the immobilized ANG-1
20 or ANG-2 is measured via an <human Fc> (anti-IgG) antibody with a POD
conjugate. A dilution series of the <ANG-2>antibody allows to determine an ECsp
concentration. 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) was

used. The determined EC50 concentrations are summarized in the table below.

Antibody hANG-1 binding hANG-2 binding
EC50 EC50
<ANG-2>MAbS536 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




-2- <220> <223> heavy chain CDR1, <VEGF>bevacmzumab <400> 3 Asn Tyr Gly Met Asn 15 <210>
4 <211> 9 <212> PRT <213> Artificial <220> <223> light chain CDR3, <VEGF>bevacizumab <400> 4
Gin Gin Tyr Ser Thr Val Pro Trp Thr 15 <210> 5 <211> 7 <212> PRT <21§> Artificial <220> <223>
light chain C‘B?&f@%@%%evacizumab <400> 5 Phe Thr Her Ser Leu I—ﬂs%ﬁzﬁ(g@%ﬁ% 6 <211> 11
<212> PRT <213> Artificial <220> <223> light chain %QRL <VEGF>bevacizumab <400> 6 Her Ala
Her GIn Asp Tie Her Asn Tyr Leu Asn 1510

<ANG-2>Ang2i-L.CO8 4044 ng/mL 105 ng/mL

All antibodies are specifically binding to ANG-2. MAb536 and Ang2k-1.CO8 show

also specific binding towards ANG-1, whercas Ang2i-LC06 and Ang2i-L.CO7 are

not specifically binding to ANG-1 as they have an EC50-value of above 8000
5 ng/ml (detection limit ).

10 Analogous to the procedures described in Example 1 and in the materials and
methods above, the bispecific, tetravalent single chain Fab <VEGF-ANG-2>
antibody molecules scFAb-Avastin- LC06-2620, scFab-Avastin- LC06-2640 and
scFab-Avastin- LC06-2641, all three based on <VEGF> bevacizumab and <ANG-
2> Ang2i-LCO6 were expressed and purified. Binding affinities and other

15 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: 109 -110 (scFAb-Avastin-LC06-
2620), in SEQ ID NQO: 111 -112 (scFAb-Avastin-LC06-2640) and in SEQ ID NO:
113-114 (scFAb-Avastin-LC06-2641).

IKey data SCFAD- scFAb-  JscFAb-Avastin-
Avastin-LC06- |Avastin- LCO6-Ang2i-
2620 Ang2i- 2641

LCO6-2640

Fxpression (Yield) 29ug/mL 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




<210> 7 <211> 123 <212> PAT <213> Artificial <220> <223> heavy chain variable domain,
<VEGF>bevaciznmab <400> 7 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly

151015 Ser
Val Arg Gin

Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn
‘k%%%%éﬁ%ys Gly Leu Glu Trp Val 354045 Gly Trp lle Asn

T

i

TS

et Asn Trp
Gin Pro Thr

Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr Phg Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65707580 Leu Gin Met Asn Ser Len Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro
His Tyr Tyr Gly Ser.Ser His Trp Tyr.Phe Asn \/a

See 115120 <210Fuhetzdil > 107 <212> PRT <2

Gly 51015

Thr Val Ser

100105110 Trp Gly Gin.Gly. Thr lei Val

13> Artificial 4220> <223% heavy chain variable
domain, <VEGF>pevacizumab <400> 8 Asp HetGin Met Thr Gin_Ser Pro $er Ser Len Sef Ala Ser Val
hANG-2 affinity (Biacore) 1.9 E-9M 1.8E9M HNI9EIM
hVEGF affinity (Biacore) 1E-I0M 1E-10 M 1E-10 M
Example 11

10

Expression & Purification of bispecific, trivalent single chain Fab <VEGF-ANG-

2> antibody molecule Avastin-LC06-KiH-C-scFab

Analogous fo the procedures described in Example 1 and in the materials and
methods above, the bispecific, trivalent single chain Fab <VEGF-ANG-2>
antibody meolecule Avastin-LC06-KiH-C-scFab based on <VEGF> bevacizumab
and <ANG-2> Ang2i-LLC06 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 this
bispecific antibody are given in SEQ ID NG: 115-117 (Avastin-LC06-KiH-C-

scFab).
[Key data Avastin-1.C06-KiH-C-scFab
IExpression (Yield) 15 pg/mL

Purification (Yield, Prot. A. homog.}

4.8 mg, 91 %

Homogeneity after preparative SEC 07%
{Function

hANG-2 affinity (Biacore) 4.4 E-9 M

hVEGF affinity (Biacore) 1 E-10M




Asp Arg Val Thr lle Thr Cys Ser Ala Ser Gin Asp lle Ser Asn Tyr 202530 - 4 - Tyr Phe Thr Set Set Leu
His Set Gly Val Pro Set Arg Phe Set Gly 505560 Set Gly Set Gly Thr Asp Phe Thr Leu Thr lie Set Set
Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Set Thr Val Pro Trp 859095 Thr
Phe Gly GintSy*H{P1%%Vval Glu lie Lye 100105 <210> 9 <211> 14 <21 X PEFHDP8L N tificial <220>
<223> heavy chain CDR3, <VEGF>ranibizumab <43§> 9 Tyr Pro Tyr Tyr Tyr Gly Thr Set His Trp Tyr
Phe Asp Val 1510 <210> 10 <211> 17 <212> PRT 9§> Artificial <220> <223> heavy chain CDR2,
<VEGF>ranibizumab <400> 10 Trp lie Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe Lys

Example 12

Expression & Purification of bispecific, trivaient <VEGF-ANG-2> antibody
molecule Avastin-LC06-C-Fab-6CSS

Analogous to the procedures described in Example 1 and in the matenials 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-LCO6 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-L.C06-C-Fab-6CSS).

IKey data scFAb-Avastin- |scFAb- scFAb-Avastin-
L.C06-2620 Avastin- LC06-2641
[.C06-2640
Expression (Yield) 29g/mL 27 ng/mL. 118 pg/mL

urification (Yield, Prot. A. 21 mg, 57% 19 mg, 86% |12 mg, 90%

homog, }
iHomogeneity after preparative 198% 8% 09%
SEC
unction
hANG-2 affinity (Biacore) 1.9E-0M 1.8E-9M  j19E-9M

hVEGF affinity (Biacore) 1E-10M 1E-10M 1E-10 M




151015 Arg <210> 11 <211> 5 <212> PRT <213> Atrtificial <220> <223> heavy chain CDR1,
<VEGF>ranibizumab -5 - <400> 11 His Tyr Gly Met Asn 15 <210> 12 <211> 9 <212> PRT <213>
Artificial <220> <223> light chain CDR3, <VEGF>ranibizumab <400> 12 Gin Gin T}/r Ser Thr Val Pro
Trp Thr 15 JGUPRE 15 7 <2125 PRT <2135 Artficial <2205 <2235 RGRIRANVEHRD,
<VEGF>ranibizumab <400> 13 Phe Thr Ser Ser Lc_)LiOI—lﬁg Ser

Exampile 13

Expression & Purification of bispecific, bivalent domain exchanged <VEGF-
ANG-2> antibody molecules Avastin-LC06-CH1-CL. Avastin-LC06-VH-VL, and

Avastin-LC06-VH-VI.-S8

5 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-8S (VH-VL exchange as described

10 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: 121

15 -124 (Avastin-LC0O6-CHI1-CL}, in SEQ ID NO: 125 -128 (Avastin-LC06-VH-VL)
and in SEQ ID NO: 129 -132 (Avastin-LC06-VH-VL-SS).

IKey data Avastin-L.C06- jAvastin- Avastin-LC06-
[ICM-CHI-CL JLC06-CM- [VH-VL-S§S
VH-VL
Expression (Yield) 87 ug/mL 44 pg/ml. §65 pg/mL

Purification (Yield, Prot. A. |50 mg, 62% 22 mg, 95% $1 mg, 74%

thomog.)

[Homogeneity after preparative [84% > 99 % 95 %

SEC

Function

hANG-2 affinity (Biacore) 1.3E-9M D1ESM  146E9M

hVEGF affinity (Biacore) [ E-10 M 1 E-10M FE-10M




15 <210> 14 <211> 11 <212> PRT <213> Atrtificial <220> <223> light chain CDR1,
<VEGF>ranibizumab <400> 14 Ser Ala Ser Gin Asp lle Ser Asn Tyr Lou Asn 1510 <210> 15 <211>
123 <212> PRT <213> Atrtificial - 6 - <400> 15 Glu Val Gin Leu Val Glu Scer %I%/QP%}%%% Leu Val Gin
Pro Gly Glngfﬁi%}@éﬁeu Arg Leu Set Cys Ala Ala Ser Gly Tyr Asp Pﬁejﬁ%r IS Tyr 202530 Gly Met
Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu T_rqo al 354045 Gly Trp lie Asn Thr Tyr Thr Gly Glu
Pro Thr Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr Phe Set Leu Asp Thr Set Lys Set Thr Ala
Tyr 65707580 Leo Gin Met Asn Set Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ma Lys Tyr
Pro Tyr Tyr Tyr QGixakhpi®et His Trp Tyr Phe Asp Val 100105110 Trp Gly Gin Gly Thr Leu Val Thr Val

Set Set 115120 <210> 16 <211> 107 )
Expressio Purification of bispecific. bivalent ScFab-Fc fusion <VEGF-ANG-

2> antibody molecules Avastin-L.CO6-N-scFab and Avastin-1.C06-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 1D NO: 133-134 (Avastin-LC06-
N-scFab), and in SEQ ID NO: 135 -136 (Avastin-LC06-N-scFabS8).

lKey data Avastin- Avastin-LC06-N-
LC06-N- scFabSS
scFab
Expression (Yield) 62 pg/mL
Puriﬁcation (Yield, Prot. A. 43 %
homog.)
Function
hANG-2 affinity (Biacore) 1 nM
hVEGF affinity (Biacore) 1 nM
Example 15

Inhibition of hVEGF binding to hVEGF Receptor (ELISA). Blocking of VEGE-

15 induced tube formation, Inhibition of huANG-2 binding to Tie-2 (ELISA). Tie2
phosphorylation, and HUVEC proliferation of the bispecific, <VEGF-ANG-2>
antibody molecules of Examples 10 1o 14

Inhibition of hVEGF binding to hVEGF Receptor (ELISA), blocking of VEGF-
induced tube formation, Inhibition of huANG-2 binding to Tie-2 (ELISA), Tie2
20 phosphorylation, and HUVEC proliferation of the bispecific, <VEGF-ANG-2>



<212> PRT <213> Artificial <220> <223> light chain variable domain, <VEGF>ranibizumab <400> 16
Asp lie Gin Leo Thr Gin Set Pro Set Set Leo Set Ala Set Val Gly 151015 Asp Arg Val Thr lie Thr Cys

Set Ala Ser Gin Asp lie Set Asn Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Val
Leo lie 354045 YP88560 set Gly Ser Gly Thr Asp Phe Thr Leu Thr Ilg%TéErmszéy{P %{é]al&zin Pro

65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Qiz%gyr Ser Thr Val Pro Trp 859095 Thr Phe Gly Gin
Gly Thr Lys Val Glu lle Lys <210> <211> <212> <213> <220> <223> 100 17 11 PRT Artificial heavy
chain CDR3, 105 <VEGF>HuMab G6-31 <400>

antibody molecules of Examples 10 to 14 can be determined énaiogously to the
procedures described in Materials and Methods and Examples 4 to 9 above.

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 4-5 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; Tiersch(G). 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 ¢ 100um) the final cell titer was adjusted to 2.5 x 107/ mi. 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



17 Set Ala Ser Gin Asp lle Ser Asn Tyr Leu Asn 15 10 <210> 18 <211>17 <212>PRT <213>
Artiflc a <220> ‘
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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 2 closed

5 circulation system. Two days before injection coat of the animals were shaved and
for cell injection skin of anaesthetized animals was carefally lifted up with an
anatomic forceps and 100 gl cell suspension (= 2.5 x 10° cells) was injected
subcutaneously in the right flank of the animals.

Treatmeni of animals
10 Pretreatment:

Animal treatment started 14 days after cell transplantation (study
Ang2 PZ Colo205_008) at a mean fumor volume of 160 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 1.p. with the
different compounds as indicated in following table .



<223> heavy chain CDR2, <VEGF>HuMab G6-31 <400> 18 Gly lle Thr Pro Ala Gly Gly Tyr Thr Tyr
Tyr Ala Asp Set Val Lys 151015 Gly <210> 19 <211> 5 <212> PRT <213> Atrtificial <220> <223>

heavy chaig@%@é <\/EGF>HuMab G6-31 - 8- Asp Tyr 1 <210> <2113 i, <220> <223>
1040508 S
<400>Trp 209 '?'?lﬁgllght 20 lieHis PR RTes
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No of Dose (mg/kg) | Route/Mode of | No of Cumulati
Group . Compound L ve dose
animals {nMol/kg} administration | treatments
(mg/kg)
10 mg/k ;
1] 10 Avastin v 1p. onee. 11 110
(68 nMol/kg) weekly
12 10 ANG2i- 10 mg/kg i.p. oncs 6 60
LCO6 (68 nMolkg) weekly
13 10 ANG2i- 10 mg/kg i.p. once 6 60
LCO6 + (68 nMol/kg) weekly
+ L.D. oii{llce 11 110
Avastin 10 mg'kg weekly
(68 nMol/kg)
14 10 TvAb- 13 mg/kg i.p. once 6 78
2441- | (64 nMolke) weekly
bevacizu
mab-
LC06
Meonitering:

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 ireatment 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

ANG2i-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




5 cial chain CDR3, <VEGF>HoMab G6-31 Gin Gin Gly Tyr Gly Asn Pro Phe Thr 15 <210>21 <211>7
<212>PRT <213>Atrtificial <220> <223>light chain CDR2,<VEGF>HoMab <400>21 Ser Ala Ser Phe

Leu Tyr Ser‘&?%%]gf%@% 0> <211> <212> <213> <220> <223> <400> Aﬁ%}g@g&gﬁfﬂb <212>
> a -31

<213><220> < 11 PRT Artificial light chain CDR1,<VEGF>Hu
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TvAb-2441-bevacizumab-LC06_13 mg/kg i.p.
{64 nMol/kg)

60.4

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-LCO6 alone
or the combination of ANG2i-LC06 and Avastin.

- Detection via mon-invasive in vive imaging of angiogenesis using anti-CD31
10 labeled with

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% CO,. 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 Kiiba 3337) and water (acidified pH 2.5-3) were provided ad
libitum. Age of mice at start of the study was about 10 weeks.



22 Ser Gin Asp Val Ser Thr Ala Val Ala 510 23 120 PRT Artificial heavy chain variable
domain,<VEGF> HuMab G6-31 -9 - 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr lle Ser

Asp Tyr 202@%0 Trp lle His Trp Val Arg GiIn Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Ala Gly lle

0
Thr Pro Ala yzgﬁtﬁuf‘y? hr Tyr Tyr Ala Asp Set Val 505560 Lys Gly Arg %fh%éﬂ}zﬁer{)ﬁ/gaéleslz Ala Asp Thr
Set Lys Asn Thr Ala Tyr 65707580 Leu Gin Met As §§r Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 Ala Arg Phe Val Phe Phe Leu 100 Gly Thr Leu Val Thr Val Ser 90 Pro Tyr Ala Met 105 Ser 95 Asp
Tyr Trp Gly Gin

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. 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 (plexiglas), 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 u! 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-
LCO6)

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



110 115120 <210>24 <211>107 <212>PRT <213> Artificial <220>

10

15

20

25

30
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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,
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 agent for imaging
tumor vasculature. This agent targets mouse endothelial CD31 receptors and
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 1.v.
with 50 pg/mouse amti-CD3 antibody labeled covalently with the organic
fluorophore Alexa610 at day 35, 49 and 79. Near-infrared imaging was carried out
24 hrs after each application of the labeled antibody under inhalation anesthesia.
An increase or decrease of fumor vasculature was visualized by using the compare
image tool of the MAESTRO system. Under treatment with the control 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
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 signais from day 35 to 49 and from day 49 to 79 were
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-LC06) and group 4 {Bispecific
<VEGF-ANG-2> antibody 2441-Avastin-scFv-LC06), with group 4 showing
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 tumer blood vessels were observed in mice treated



<223> light chain variable domain, <VEGF> HuMab G6-31 <400> 24  Asp lle GIn Met Thr Gin Set .
Pro Set Set Leu Set Ala Set Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Ala Set GIn Asp Val Set
Thr Ala 202530 Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 -10- Ser Gly
Ser Gly Thr )&’sgpzﬂﬁ’é“ﬁ%’? Leu Thr lie Ser Ser Leu Gin Pro 6570 75 80 T CT/EP2009/007182
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with Avastin. In contrast, treatment groups 3'and 4 had significantly fewer and less
defined blood vessels in the tumors compared to treatmerit groups 1 and 2 whereas
group 4 showed the most prohounced effect. Group 4 revealed lower microvessel
density, capillaries 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 fo the

parent monospecific antibodies (alone or in combination) in the staged

subcutaneous Colo205 xenograft model in Seid beige mice

Cefl lines and culture conditions:

Col0205 human colorectal cancer cells were originally obtained from ATCC and

15 after expansion deposited in the Roche Penzberg intemal 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).



Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Gly Tyr Gly Asn Pro Phe 85 90 95 Thr She Gly Gin Gly Thr
Lys Val Glu lie Lys 100 105 <210>25 <211>13 <212>PRT <213>Atrtificial
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For injection of Colo205 cells, the final titer was adjusted to 5.0 x 10E7 cells/mli,

viability ca. 90%. Subsequently 100 ul of this suspension corresponding io 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 Daose (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 i.p. once weekly
LC06

10 Ang2i-1.CO6 10 i.p. once weekly

+ Avastin 10 1.p.once weekly
10 <VEGF-ANG-2> 13.3 i.p. once weekly

TvAb-2441-
bevacizumab-
LCO6
10 <VEGF-ANG-2> 20 i.p. once weekly
Avastin-LCG6- CH1-
CL
10 <VEGF-ANG-2> 16.6 i.p. once weekly
scFAb-Avastin-
L.C06-2620




<220> <223>heavy chain 00R3, <ANG-2> Nab 536 <400>25 Asp Leu Leu Asp Tyr Asp lie Leu Thr
Gly Tyr Gly Tyr 1510 <210>26 <211>17 <212>PAT
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Menitering:

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 ¢m), body weight loss more than 20% from baseline,
tumor ulceration or poor general condition of the animals.

10 Resuits:

Tumeor growth inhibition (TGI) based on medians (in percent) at day 61

TGl
<VEGF > Avastin 66
< ANG-2> Ang2i-LC06 47
Ang2i-L.CO6
78
+ Avastin

<VEGF-ANG-2> TvAb-2441-bevacizumab- %7
LCo6

<VEGF-ANG-2> Avastin-LC06- CHI-CL 92

<VEGF-ANG-2> scFAb-Avastin-LC06- 26
2620

The results show that all three bispecific <VEGF-ANG-2> Avastin (bevacizumab)-
ANG2i-LCO06 antibodies (all based on the bevacizumab sequences SEQ 1D No: 7

15 and 8 and on ANG2i-LCO06 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.



<213>Artificial <220> <223>heavy chain CDR2, <ANG-2> Nab 536 <400>26 Tyr lie Set Ser
Ser Gly Ser Thr Tie Tyr Tyr Ala Asp Ser Val Lys 15 10 15 Gly
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Expression & Purification and properties of bispecific <VEGF-ANG-2>
antibody molecules scFAb-Avastin-1L.C10-2620, scFab-Avastin-1.C10-2640 and
scFab-Avastin-LC10-2641, Avastin-LC10-KiH-C-scFab, Avastin-LC10-C-

5 Fab-6CSS, Avastin-1,C10-CH1-CL, Avastin-LC10-VH-VL and Avastin-1.C10-
VH-VL-SS,Avastin-L.C10-N-scFab and Avastin-1.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-LC10-C-Fab-
6CSS, Avastin-LC10-CH1-CL, Avastin-LC10-VH-VL and Avastin-LC10-VH-VL-
SS,Avastin-L.C10-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.

Exampie 20

In vivo efficacy of bispecific antibody <VEGF-ANG-2> molecules scFAb-

20 Avastin-1.C10-2620, scFab-Avastin-1.C16-2640 and scFab-Avastin-1.C10-2641,
Avastin-LC10-KiH-C-scFab., Avastin-LC10-C-Fab-6CSS, Avastin-LC10-CH]I-
CL, Avastin-LC10-VH-VL and Avastin-LC10-VH-VI-SS.Avastin-} C10-N-
scFab and Avastin-LC10-N-scFabS§.

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-1.C10-CH1-CL,
Avastin-LC10-VH-VL and Avastin-LC10-VH-VL-SS,Avastin-L C10-N-scFab and
Avastin-LC10-N-scFabSS is determined analogously to the corresponding

30 Examples above.



<210> <211> <212> <213> <220> <223> <400> 27 5 PRT Atrtificial heavy chain CDR1, 27 <ANG-2>
Nab 536 Ser Tyr Gly Net His 15 <210> <211> <212> <213> <220> <223> <400> Met Gin 28 9 PRT
Artificial light chain 28 Gly Thr His O0R3, Trp
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Patent Claims

1. 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,

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;



<ANG-2> Mab Pro Pro Thr 536 1 <210> <211> <212> <213> <220> <223> <400>5 29 7 PRT
Artificial light chain 29 00R2, <ANG-2> Mab 536 Leu Gly Set Asn Arg Ala 15 <210>30 <211>16
<212>PRT <213>Artificial <220> <223>light chain CDR1, <400>30 Set

~114-

i) 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, 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 CDR1 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 1D NO: 46, a CDR2
region of SEQ ID NO: 47, and a CDRI 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 CDR] region of SEQ ID NO: 51.



<ANG-2> Mab 536 Arg Set Set Gin Set Leu Leu His Ser.-Asn Gly Tyr Asn Tyr Leu Asp 15 10 15
<210> 31 <211>122 <212>PRT <213> Atrtificial

-115-

2. The bispecific antibody according to claim 1, characterized in that

the ratio of the binding affinities KD of the antigen-binding site specific for
VEGF/KD of the antigen-binding site specific for ANG-2 is 1.0- 10.0.

3 The bispecific antibody according to any one of claims 1 to 2, 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).

-4 The bispecific antibody according to any one of claims 1 to 3, characterized in that

said antibody is bivalent, trivalent or tetravalent
3. A pharmaceutical composition comprising an antibody according to claims 1 to 4.
6. The pharmaceutical composition according to claim 5 for the treatment of cancer.

7. The pharmaceutical composition according to claim 5 for the treatment of

vascular diseases.

8. The bispecific antibody according to any one of claims 1 to 4 for use m the

treatment of cancer.

9. The use of the bispecific antibody according to any one of claims I to 4 for the

manufacture of a medicament for the treatment of cancer.

10. The bispecific antibody according to any one of claims 1 to 4 for use in the treatment

of vascular diseases,

il. The use of the bispecific antibody according to any one of claims 1 to 4 for the

manufacture of a medicament for the treatment of vascular diseases.



<220> <223> heavy chain variable domain, <ANG-2> Nab 536 <400>31 - 12 - Ser Leu Arg Leu
Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 202530 Gly Met His Trip Val Arg Gin Ala Pro Gly
Lys Gly Leu Glu Trp Val 354045 Ser Tyr lie Ser Her Ser Gly Ser Thr lie Tyr Tyr Ala Asp Ser Val
505560 Lys Gly Arg Phe Thr lie Her Arg Asp Asn Ala Lys Asn Ser Leu Tyr 65707580 Leu GIn Met Asn
Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cyg 859095 Ala Arg Asp Leu Leu Asp Tyr Asp lie Leu Thr
Gly Tyr Gly Tyr Trp 100105110

12. A nucleic acid encoding a bispecific antibody according to claims 1 to 4.

13. An expression vector containing the nucleic acid according to claim 12 capable of expressing

said nucleic acid m a prokaryotic or eukaryotic host cell.
14. A prokaryotic or eukaryotic host cell comprising a vector according to claim 13.

15. A method for the production of a bispecific antibody according to claims 1 to 4, characterized
by expressing a nucleic acid according to claim 12 in a prokaryotic or eukaryotic host cell and

recovering said bispecific antibody from said cell or the cell culture supernatant.



~ Gly Gin Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 32 <211> 112 <212> PRT <213> Atrtificial
<220> <223> light chain variable domain, <ANG-2> Mab 536 <400> 32 Asp lie Val Met Thr Gin Her
Pro Leu Ser Leu Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser lie Her Cys Arg Her Ser Gin Her Leu Len
His Ser 202530 Asn Gly Tyr Asn Tyr Len Asp Trp Tyr Leu Gin Lys Pro Gly Gin Her 354045 Pro Gin
Leu Leu lie Tyr Len Gly Ser Asn Arg Ala Her Gly V.aj Pro 505560 -13- Ser Arg Val Glu Ala Glu Asp Val
Gly Val Tyr Tyr Cys Met Gin Gly 859095 Thr His Trp Pro Pro Thr Phe Gly Gin Gly Thr Lys Leo Glu lle
Lys 100105110 <210> 33 <211> 20 <212> PLC <213> Artificial <220> <223> (G4S)4 linker <400> 33

Gly Gly Gly Gly Her Gly Gly Gly Gly Her GIj¥SKFEy &y HeF Gly 151015 Gly Gly Gly Her 20 <210> 34
<211> 104 <212> PRT <213> Homo sapiens

<110>

<1z20>

<130>

<150>
<151>

<150>
<151>

<i60>
<170>
<210>
<21l>
<212
<213>

<220>
<223>

<400>

F. Hoffmann-La Roche AG
Bispscific anti~VEGF/anti-ANG-2 antibodies
25401 FT

EP 08017607.6
2008-10-08

EP 08021834.0
2008-12-186

136

Patentln version 3.2

1

14

FRT

Artificial

heavy chain CDR3, <VEGF>»bevacilzumab

1

Tyr Pro His Tyr Tyr Giy Ser Ser His Trp Tyr Phe Asp Val

1

<210>
<211>
<212>
<Z13>

<220
<223>

<400>

5 10
2
17
PRT
Artificial

heavy chain CDR2, <VEGF>bevacizumab

2

Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe Lys

1

Arg

<210>
<21l>
<212>
<213>

5 10 15

3

5

PRT
Artificial



<400> 34 Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Her Her Giu Glu 151015 Leo Gin Ala Asn
Lys Ala Thr Leo Val Cys Leo lle Set Asp Phe Tyr 202530 Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp
Ser Ser Pro Val Lys 354045 Ala Gly Val Glu Thr Thr Thr Pro Her Lys Gin Her Asn Asn Lys Tyr 505560
Ala Ala Her Her Tyr Leu Her Leu Thr Pro Glu Gin Trp Lys Her His 65707580 - 14 - Thr Val Ala Pro Thr
Glu Cys Ser 100 <210> 35 <211> 330 <212> PRT 5213> Homo sapiens <400> 35 Ala Ser Thr Lys Sly
Pro Set Val Phe Pro Leo Ala Pro Set Set Lys 151015 Set Thr Set Sly Sly Thr Ala Ala Leo Sly Cys Leo
Val Lys Asp Tyr 202530 Phe Pro Glu Pro Vol Thr Vol Ser Trp Asn Set Sly Ala Len Thr Set 354045 Sly
Vol His Thy Phe Pro Ala Vat Leo GIn Ser Set Sly Leo Tyr Set 505560 Leo Set Set Val Vol Thr Vat Pro
Ser Set Sefzzeo Sk dhr GlaiTheB5707680 Tyyvde iCysaAsn Vol Asn His Lys Pro Ser Asn Thr Lys Vol

Asp Lys 859(385 Lgs Vol Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
<400>

Asn Tyr Gly Met Asn
1 5

<210> 4

<211> S

<212> PRT

<z13> Artificial

<220
<223> light chain CDR3, <VEGF>bevacizumab

<400> 4

Gln Gln Tyr Ser Thr Val Pro Trp Thr
1 5

<210G> &

<23ii> 7

<212> PFRT

<213> Artificial

<220>
«223> 1light chain CDR2, <VEGF>bevacizumab

<400> 5

Phe Thr Ser Ser Leu His Ser
1 5

<210>» 6

<211l» 11

<212> PRT

<213> Artificisl

<220>
<223> light chain CDR1, <VEGF>bevacilzumab

<400> 6

Ser Ala Ser Gln Asp Ile Ser Asn Tyr Leu Asn
1 5 10

<210> 7

<211> 123

<212> PRT

<213» Artificial



100105110 Pro Ala Pro-Glu Leo Leo Sly Sly Pro Set Vol Phe Leo Phe Pro Pro 115120125 Lys Pro Lys
Asp Thr Leo Met lle Set Arg Thr Pro Glu Vat Thr Cys 130135140 Vol Vol Vol Asp Vat Ser His Glu Asp
Pro Glu Vol Lys Phe Asn Trp 145150155160 Tyr Val Asp Sly Vol Glu Val His Am n Ala Lys Thr Lys
Pro Arg Glu 165170175 - 15 - 180185190 His Gin Asp Trp Leo Asn Gly Lys Glu Tyr Lys Cys Lys Val
Set Asn 195200205 Lys Ala Leo Pro Ala Pro lle GluLys Thr lle Her Lys Ala Lys Gly 210215220 Gin
Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro Set Arg Asp Glu 225230235240 Leo Thr Lys Asn Gin Val
Her Leo Thr Coys Leo Val Lys Gly Phe Tyr 245250255 Pro Set Asp lle Ala Val Glu Trp Glu Ser Asn Gly

. 2

Gin Pro GIiASh 260265270 Asn. Tyrdhys Fhe Thr Bredse MakkeuAsp Set Asp Gly Ser Phe Phe
275280285 Leo Tyr Set Lys Leo Thr Val Asp Lys Set Arg Trp Gin Gin Gly Asn 290295300 Val Phe Her
Cys Set ValiMet His Glu Ala Leo His Asn His Tyr Thr 305310315320 Gin Lys Her Leo Her Leo Her Pro

(Hy'LyS Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 1G 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 ksp 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 Gilu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

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 3Ser Ser

115 120
<210> 8
<211> 107
<212> PRT

<213> Artificial

<220
<223> heavy chain variable domain, <VEGF>bevacizumab

<400> 8
Zsp Ile $ln 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 Gin Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45



325330 <210> 36 <211> 327 <212>PRT <213> Homo sapiens <400> 36 Ala Set Thr Lys Gly Pro Her
Val Phe Pro Leo Ala Pro Cys Ser Arg 151015 Set Thr Set Glu Her Thr Abs Ala Leo Gly Cys Leo Val
Lys Asp Tyr 202530 - 16- Gly Val His Thr Phe Pro Ala Val Leo Gin Ser Ser Gly Leo Tyr Ser 505560
Leo Ser Sec Val Val Thr Val Pro Ser Ser Ser Leo Gly Thr Lys Thr 65707580 Tyr Thr Cys Asn Val Asp
His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Agg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser
Cys Pro Ala Pro 100105110 Glu Phe Leo Gly Gly Pro Her Val Phe Leo Phe Pro Pro Lys Pro Lys
115120125 Asp Thr Leo Met Tie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 130135140 Asp Val Ser
Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp 145150155160 Gly Val Glu Val His Asn Ala Lys
Thr Lys Pre ArgGla:GluGinsPhe, 4651 20345 dsn Ger Shr Tyr Angy MVialeVad Seryal Leo Thr Val Leu His
Gin Asp 180185190 Trp Leo Asn Gly&Eys Glu Tyr Lys Cys Eys Val Ser Asn Lys Gly Leo 195200205

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 vVal Glu Ile Lys
100 103

<218> 8
<21l> 14
<21z» 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> PRY

<213> Artificial

<220>
<223> heavy chain CDRZ, <VEGF>ranibizumab

<400> 10

Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe Lys
1 5 16 15

Arg

<210> 11

<2i1> 5

<212> PRT

<213> Artificial

<Z20>
<223> heavy chain CDR1l, <VEGF>ranibizumab



"Pro Ser Ser lie Glu Lys Thr lie Ser Lys Ala Lys Gly Gin Pro Arg 210215220 Glu Pro Gin Val Tyr Thr
Leo Pro Pro Ser Gin Glu Glu Met Thr Lys 225230235240 Asn Gin Val Ser Leo Thr Cys Leo Val Lys
Gly Phe Tyr Pro Ser Asp 245250255 - 17 - Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
Leo Tyr Ser 275280285 Arg Leo Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser 290295300
Cys Ser Val Met His Glu Ala Leo His Asn His Tyr Thr Gin Lys Ser 305310315320 Leo Ser Leu Ser Leu
Gly Lys 325 <210> 37 <211> 107 <212> PAT <213> Homo sapiens <400> 37 Arg Thr Val Ala Ala Pro
Ser Val Phe lle Phe Pro Pro Ser Asp Glu 151015 Gin Leo Lys Ser Gly Thr Ala Ser Val Val Cys Leo
Leo Asn Asn Phe 202530 Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leo GIn 354045
Ser Gly AsH Qér Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser 505560

His Tyr Gly Met Asn

1 5
<210> 12

<211> 9

<212> PRT

<213>» Artificial

<220>
<223> 1light chain CDR3, <VEGF>rranibizumab

<400> 12

Gln Gln Tyr Ser Thr Val Pro Trp Thr

1 5
<210> 13

<211> 7

212> PRT

<213> Artificial

<220>
<223> light chain CDR2, <VEGF>ranibizumab

<400> 13

Phe Thr Ser Ser Leu His Ser

1 5
<210> 14

<211> 11

<2i2> PRT

<213> Artificial

<220>
223> 1light chain CDR1l, <VEGF>»ranibizumab

<400> 14

Ser Ala Ser Gln Asp Ile Ser Asn Tyr Leu Asn
1 5 10

<210> 15
<Z11> 123
<212> FPRT
<213> Artificial

<220>
<223> heavy chain variable domain, <VEGF>ranibizumab



Thr Tyr Ser Leo Ser Ser Thr Leo Thr Leo Ser Lys Ala Asp Tyr Glu 65707580 Lys His Lys Val Tyr Ala
Cys Glu Val Thr His Gin Gly Leo Ser Ser 859095 Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100105 <210> 38 <211> 7 <212> PAT <213> Atrtificial - 18 - <223> heavy chain CDR3, <ANG-2>
Ang2s_R3 LCO3 <400> 38 Asp Leu Gly Tyr Asp Tyr Val 15 <210> 39 <211> 19 <212> PRT <213>
Artificial <220> <223> heavy chain COR2, <ANG-2> Ang2s_R3_LCO3 <400> 39 Arg lie Lys Per Lys
Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala Pro 151015 Val Lys Gly <210> 40 <211> <212> PRT <213>
Artificial <2%CO)0> <21253> heavy chain CDR1, <ANG-2> Ang2s_R3 LCO3 <400> 40

< >

Glu Val 6ln 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 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 Tvr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 a0 95

Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

115 120
<210> 16
<21i> 107
<212> PRT

<213> Artificial

<220>
<223> 1light chain variable domain, <VEGF>ranibizumab

<400> 16
Asp Ile Gln Leu Thr Gin 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



Asn Ala Trp Met Per 15 <210> 41 <211> 10 <212> PRT <213> Atrtificial <220> <223> light chain
CDR3, <ANG-2> Ang2s_R3J,C0O3 <400> 41 Gin Gin Tyr Asp Asn Lou Pro Met Tyr Thr 1510 <210> 42
<211> 7 <212> PAT - 19- <213> Artificial <220> <223> light chain CDR2, <ANG-2> Ang25il3 LCO3
<400> 42 His Ala Set Asn Leo Glu Thr 15 <210> 43 <211>11 <212> PRT <213> Atrtificial <220>
<223> light chain CDR1, <ANG-2> Ang2s_R3_13C03 <400> 43 GIn Ala Set GIn Asp lle Ser Asn Arg
Leo Asn 1510 <210> 44 <211> 118 <212> PAT <213> Atrtificial

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 Tip
85 90 95

Thr Phe Gly Gln Gly Thr Lys Vel 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 {DRZ, <VEGF>HuMab G6-31

<400> 18

Gly Ile Thr Pro BRla Gly Gly Tyr Thr Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15
Gly

<210> 189

<211> 5

<212> PRT

<213> Artificial

<220>
<223>» heavy chain CDR1l, <VEGF>HuMab G6-31

<400> 18



<220> <223> heavy chain variable domain, <ANG-2> Ang2s_R3_LCO3 <400> 44 GluVal GIn Leo Val
Glu Set Sly Sly Sly Leo Val Lys Pro Sty Sly 151015 Set Lea Arg Lea Set Cys Ala Ala Set Sly Phe Thr
Phe Set Asn Ala 202530 Trp Met Set Trp Val Arg Gin Ala Pro Sly Lys Sly Leo Sin Trp Val 354045 Sly
Arg lle Lys Set Lys Thr Asp Sly Sly Thr Thr Asp Tyr Ala Ala 505560 Pro Val Lys Sly Arg Phe Thr lle
Set Arg Asp Asp Set Lys Asn Thr 65707580 -20- Tyr Cys Thr Thr Asp Leu Gly Tyr Asp Tyr Val Trp
Gly Gin Gly Thr 100105110 Leu Val Thr Val Ser Ser 115 <210> 45 <211> 110 <212> PRT <213>
Artificial <220> <223> light chain variable domain, <ANG-2> Ang2s_R3_LCO3 <400> 45 Asp lie Gin
Val Thr Giﬁ’FSe?YF’Srg’@e%eét%u Ser Ala Sec Val Gly 151015 Asp Arg Val Thr lle Thr Cys Gin Ala Ser
Gin Asp lie Ser Asn Arg 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lie
354045 Tyr His Ala Ser Asn Lou Glu Thr Gly Val Pro Ser Arg Phe Ser Gly

<210> 20
<211> ©
<212>» PRT

<21i3> Artificial

<220>
<223> light chain CDR3, <VEGF>HuMab G6-31

<4G0> 20

Gln Gln Gly Tyr Gly BAsn Pro Phe Thr

1 5
<210> 21

<211> 7

<212> PRT

<213>» Artificial

<220>
<223> light chain CDRZ, <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> light chain CDR1l, <VEGF>HuMab G6-31

<400> 22

ARrg Ala Ser Gln Asp Val Ser Thr Ala Val Ala

1 5 iC
<210> 23

<z211> 120

<212> PRT

<213> Artificial

<Z220>
<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



505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe ThrTie Ser Ser Lou Gin Pro 657075BO Glu Asp lie Ala -
Thr Tyr Tyr Cys Gin Gin Tyr Asp Asn Lou Pro Met 859095 Tyr Thr Phe Giy Gin Gly Thr Lys Leu Giu lie
Lys Arg Tin 100105110 <210> 46 <211> 20 <212> PAT <213> Atrtificial <220> <223> heavy chain
CDR3, <ANG-2>Ang2i LCO6 - 21 - Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
151015 Ala Phe Asp lle 20 . <21D> 47 <211> 17 <%12> PRT <213> Artificial <220> <223> heavy
chain COR2, <ANG-2>Ang2i_LCO6 <400> 47 Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala GIn

Lys Phe Gin 151015 Gly <210> 48 <211> 5 <212> PRT <213> Atrtificial <220> <223> heavy chain
CDR1, <ANG-2>Ang2i_LCG6 <400> 48 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Ile Ser Asp Tyr
20 25 30

Trp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Gly Ile Thr Pro Ala Gly Gly Tyx Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Giy Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu GSln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Aia Arg Phe Val Phe Phe Leu Pro Tyr Ala Met Asp Tyr Trp Gly Gln
100 103 1190

Gly Thr Leu Val Thr Val Ser Ser

115 12¢
<210> 24
<211>» 107
<212>» PBRT

<213> Artificial

<220>
<223> light chain variable domain, <VEGF> HuMab G&-31

<400> 24
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

i3 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Asp Val Ser Thr Ala
20 25 30

val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Fro Lys Leu Leu Tle
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



Gly Tyr Tyr Met His 15 <210> 49 <211> 11 <212> PRT <213> Artificial <220> <223> light chain
CDR3, <ANG-2>Ang2i_LCO6 <400> 49 Gin Val Trp Asp Ser Ser Ser Asp His Tyr Val 1510 <210> 50
- 22 - <212> PRT <213> Atrtificial <220> <223> light chain CDR2, <ANG-2>Ang2i_LC06 <400> 50 Asp
Asp Set Asp Arg Pro Set 15 <210> 51 <211> 11 <212> PRT <213> Artificial <220> <223> light chain
CDR1, <ANG-2>Ang2i_LCO6 <400> 51 Gly Gly A BAsn lie Gly Ser Lys Set Val His 1510 <210> 52
<211> 129 <212> PRT <213> Artificial <220> <223> heavy chain variable domain,

<ANG-2>Ang2i_LCO6 <400> 52 Gin Val Gin Leu Val Glu Set Gly Ala Glu Val Lys Lys Pro Gly Ala
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Sexr Leu Gln Pro

65 10 75 80

Glu Asp Phe Bla Thr Tyr Tyr Cys Gln Gln Gly Tyr Gly Asn Pro Phe
85 80 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<2160> 25
<211> 13
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR3, <ANG-2> Mab 536

<400> 25

Asp Leu Leu Asp Tyr Asp Ile Leu Thr Gly Tyr Gly Tyr

1 5 10
<210> 26

<211» 17

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2> Mab 536

<400> 26

Tyr ITle Ser Ser Ser Gly Ser Thr Ile Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15
Gly

<210> 27

<23i1> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <ANG-2> Mab 536

<400> 27

Ser Tyr Gly Met His
1 5



151015 Set Val Lys Val Ser Cys Lys Ala Set Gly Tyr Thr Phe Thr Gly Tyr 202530 Tyr Met His Trp Val
Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Trp lie Asn Pro Asn Set Gly Gly Thr Asn Tyr
Ala Gin Lys Phe 505560 Gin Gly Arg Val Thr Met Thr Arg Asp Thr Set lle Set Thr Ala Tyr 65707580
-23- 859095 Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Sly Tyr Tyr Tyr 100105110 Pro Sly Ala
Phe Asp lle Trp Sly Gin Sly Thr Met Val Thr Val Ser. 115120125 Ser <210> 53 <211> 110 <212> PRT
<213> Artificial <220> <223> light chain variable domain, <ANG-2>Ang2i_LCO6 <400> 53 Gin Pro Gly
Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Sly Gin 151015 Thr Ala Arg lle Thr Cys Gly Sly Asn Asn
lle Sly Set(LZX%;Se Val 202530 His Trp Tyr Gin Gin Lys Pro Sly Gin Ala Pro Val Leu Val Val Tyr

354045 AspAsp gr Asp Arg Pro Ser Sly lle Pro Glu Arg Phe Ser Sly Ser 505560

<212> PBRT
<213> Artificial

220>
<223> 1light chain CDR3, <ANG-2> Mab 536

<400> 28

Met Gln Gly Thr His Trp Pro Pro Thr
1 5

<Z210> 29

<2311> 7

<212> PRT

<213> Artificial

<220>
<223>» light chain CDR2Z, <ANG-2> Mab 536

<400> 29

Leu Gly Ser Asn Arg Ala Ser
1 5

<210> 30

<21i> 16

<212> PRT

<213> Artificial

<220>
<223> 1light 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

<21l1l> 122

<212> PRT

<Z213>» Artificial

<Z220>
<223>» heavy chain variable domain, <BANG-Z> Mab 536

<400> 31

Glu Val Gler Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 i5



Asn Ser Sly Asn Thr Ala Thr Len Thr lle Ser Arg Val Glu Ala Sly 65707580 Asp Glu Ala Asp Tyr Tyr
Cys Sin Val Trp Asp Ser Ser Ser Asp His 859095 Tyr Val Phe Sly Thr Sty Thr Lys Val Thr Val Leu Sly
Gin 100105110 <210> 54 <211> 20 <212> PRT <213> Atrtificial - 24 - <220> <223>heavy chain
CDR3,<ANG-2>Ang2iLOO7 <400>54 Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr 1510
Ala Phe Asp lie 20 Pro Gly 15 <210>55 <211>17; . <212>PRT

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Fhe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gily 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 Leu Asp Tyr Asp Ile Leu Thr Gly Tyr Gly Tyr Trp
100 105 110

Giy Gln Gly Thr Leu Val Thr Val Ser Ser

115 120
<210> 32
<211> 112
<212> PRT

<213>» Artificilal

<220>
<223> light chain variable domain, <ANG~-2> Mab 536

<400> 32

Asp Ile val Met Thr Gln Ser Pro Leu Ser Leu Fro Val Thr Pro Gly
5

Glu Pro Ala Ser Ile Ser Cys BArg Ser Ser Gln Ser Leu Leu His Ser
20 25 30

Bsn Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Fro Gly Gln Ser
35 40 45

Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly val Pro
56 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
5



<213>Artificial

<220>

<223>heavy chain CDR2, <ANG-2>Ang2i_LCO7
Pro Asn Ser Gly Gly Tin Asn Tyr Ala Gin Lys Phe Gin 1510

-13 -

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln Gly

85

20

95

Thr His Trp Pro Pro Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys

<210>
<21i>
<212>
<213>

220>
<223>

<400>
Gly Gly
1

Gly Gly

<210>
<211>
<Zi2>»
<213>
<400>
Pro Lys
1

Leu Gln

Pro Gly

Ala Gly

Ala Ala

65

Arg Ser

160
33
20
PRT
Artificial

(GdS)4 linker

33

Gly

Gly

34
104
PRT
Homo
34

Ala

Ala

35

Val

Ser

Tyr

103

110

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly

Ser
20

5

sapiens

Ala

Asn

20

Val

Glu

Ser

Ser

Pro

Lys

Thr

Thr

Tyr

Cys
85

Ser

Ala

Val

Thr

Leu
70

Val

Thr

Ala

Thr

55

Ser

Val

Thr

Leu

Trp

40

Pro

Leu

Val

25

Lys

Ser

Thr

10

Phe

10

Cys

Ala

Lys

Pro

Glu
90

Pro

Leu

Asp

Gln

Glu

15

Giy

Pro

ile

Ser

Ser

60

Gln

Ser

Ser

Ser

Ser

45

Asn

Trp

Thr

Ser

Asp

30

Pro

Asn

Lys

Val

15

Glu
15

Phe

Val

Lys T

Ser

Glu
85

Glu

Tyr

Lys

His
80

Lys

<400>55

Trp lie Asn



- 15 Gly <219> 56 <211> 5 <212> PRT <213> Artificial <220> <223> heavy chain CDR1,
<ANG-2>Ang2i_LCO7 <400> 56 Gly Tyr Tyr Met His 15 <210> 57 <211>11 <212> PRT <213>

Artificial <220> <223> light chain COR3, <ANG-2>Ang2i LCO7 <400> 57 Gin Val Trp Asp Her Asp Ser
Asp Gin Gly val - 25 -

-14 -

Thr Val Ala Pro Thr Glu Cys Ser
100

<210> 3B
<231> 330
<212> PRT

<213> Homo sapiens
<406> 35

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 3 10 i5

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 &0

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr
€5 70 75 890

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
190 105 110

Pro BAla 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 BRsn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
16% 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu



510 <210> .58 <211> 7 <212> PRT <213> Artificial <220> <223> light chain CDR2,
<ANG-2>Ang2i_LCO7 <400> 58 Asp Asp Ser Glu Arg Pro Ser 15 <210> 59 <211> 11 <212> PRT
<213> Artificial <220> <223> light chain CDR1, <ANG-2>Ang2i_LCO7 <400> 59 Gly Gly Aso Phe lle
Gly Gly Lys Ser Val His 1510 <210> 60 <211> 129 <212> PRT <213> Atrtificial <220> <223> heavy
chain variable domain, <ANG-2>Ang2i_LCO7 <400z 60 GIn Val Gin Thu Val Glu Ser Gly Ala Glu Val
Lys Lys Pro Gly Ala 151015 Set Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530

Tyr Met His Trp Val Arg Gin Ala Pro Gly GIn Cgl% Leu Glu Trp Met 3%1((3)45 -26- Gin Gly Arg Val Thr
Met Thr Arg Asp Thr set’fle Ser Thr Ala Tyr

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

Prc Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asp
260 265 270

Asn Tyr Lys Thr Thr Proc 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 Sln Gly Asn
290 295 300

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



65707580 Met Glu Leu Set Arg Leu Arg Her Asp Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Pro
Asn Pro Tyr Tyr Tyr Asp Her Set Giy Tyr Tyr Tyr 100105110 Pro Gly Ala Phe Asp lie Trp Gly Gin Gly
Tin Met Val Thr Val Her 115120125 Set <210> 61 <211> 110 <212> PRT <213> Atrtificial <220>
<223> light chain variable domain, <ANG-2>Ang2i_LCO7 <400> 61 Gin Pro Val Lou Thr Gin Set Pro
Set Val Ser Val Ala Pro Gly Glu 151015 Thr Ala Arg Val Ala Cys Gly Gly Asn Phe lie Gly Gly Lys Ser
Val 202530 His Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val lie Tyr 354045 Asp Asp Set Glu
Arg Pro Ser Gly lle Pro Gin Arg lie Set Gly Set 505560 Asp Ser Gly Asn Thr Ala Thr Len lie lie Thr Arg
Ala Gin Ala GIy, 65707580 Asp Gin Ala AsR.TYL His,Gys. Gin.Yal Ty AsprHerAsp Ser Asp Gin 859095
Gly Val Phe élyﬁ%hr ély Thr Lys LensEhr Val Len Gly GIn 140105110 -27- <210> 62 <211> 15 <212>
PRT <213> Artificial

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 5 g0

Tyr Thr Cys Asn Val Asp His Lys PFro Ser Asn Thr Lys Val Asp Lys
B5 G0 95

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Sexr Cys Pro Ala Pro
100 105 110

Glu Phe Leu Giy Gly Pro Ser Val Phe Leu Fhe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Prc Glu Val Thr Cys Val val val
130 135 140

Asp Val Ser Gin Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Vval Asp
143 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn 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 Gin 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 FPro Ser Asp
245 250 255

Tle Ala Val Glu Trp Giu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys
260 265 270



<220> <223> heavy chain CDR3, <ANG-2>Ang2k_LCOS <400> 62 Pro Thr Leu Asp lle Tyr Met Gly
Tyr Tyr Tyr Gly Met Asp Val 151015 <210> 63 <211> 17 <212> PRT <213> Atrtificial <220> <223>
heavy chain CDR2, <ANC-2>Ang2k L006 <400> 63 Val lle Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala
Asp Per Val Lys 151015 Gly <210> 64 <211> 5 <212> PRT <213> Atrtificial <220> <223> heavy chain
CDR1, <ANG-2>Ang2k_LCO8 <400> 64 Per Tyr Gly Met His 15 <210> 65 <211> 11 <212> PRT

<213> Artificial <220> <223> light chain CDR3, <ANG-2>Ang2k_LCO8 - 28 - Ala Ala Trp Asp Asp Ser
Leu Asn Gly Pro Val

Thr Thr

Arg Leu
290

Cys Ser
305

Leu Ser

<210>
211>
<212>
<213>
<400>
Arg Thr
1

Gin Leu

Tyr Fro

Ser Gly

Thr Tyr
65

Lys His

Pro Val

<2i0>
<Z11>
<Z12>
<213>

<220>

Pro
275

Thr

Val

Leu

37
107
PRT
Homo

37

Val

Lys

Arg

35

Asn

Ser

Lys

Thr

38
7
PRT

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser

Val

Met

Ser

Asp

His

Leu

325

sapiens

Ala

Ser

20

Glu

Serx

Leu

Val

Lys
100

Ala

Gln

Ser

Tyr

85

Ser

Artificial

Lys

Glu

310

Gly

Pro

Thr

Lys

Glu

Ser

10

Ala

Phe

Ser
285

Ala

Lys

Ser

Ala

Val

Sex

55

Thr

Cys

Asn

280

285

Arg Trp Gln Glu Gly Asn Val Phe Ser

300

Leu His Asn His Tyr Thr Gin Lys Ser

Val

Ser

Gln T

40

Val

Leu

Glu

Arg

Phe

Val

25

Thr

Thr

Val

Gly
103

Ile
10

Val

Lys

Glu

Lau

Thr

30

Glu

315

Phe

Cys

Val

Gln

Ser

75

His

Cys

Pro

Leu

Asp

Asp

Lys

Gln

Pro

Leu

Asn

45

Ser

Rla

Gily

Ser

Asn

30

Ala

Lys

Asp

Len

Asp

Asn

Leu

Asp

Tyr

Ser
85

320

Glu

Ser

Glu
80

Ser



1510 <210> 66 <211> 7 <212> PRT <213> Artificial <220> <223> light chain CDR2,
<ANG-2>Ang2k_LCO8 <400> 66 Asn Asn Asp Gin Arg Pro Ser 15 <210> 67 <211> 13 <212> PRT
<213> Artificia <220> <223> light chain CDR1, <ANG-2>Ang2k L008 <400> 67 Set Gly Phe Ala Set
Asn lie Gly Ser Am n Set Val Asn 1510 <210> 68 <211> 124 <212> PERT <213> Atrtificial <220>
<223> heavy chain variable domain, <ANG-2> Aqgl?sk__LCOS <400> 68 Gin Val Gin Leu Val Glu Set
Gly Gly Gly Val Val Gin Pro Gly Gly 151015 Set Leu Arg Leu Set Gym Ala Ala Set Gly Phe Thr Phe
Set Set Tyr 202530 Gly Met His Trg) Val Arg GIn Ala Pro GI&/ Lys Gly Leu Glu Trp Val 354045

<223> heavy chain CDR3, <ANG-2> Ang2s_R3_LCC3

<400> 38

Asp Leu Gly Tyr Asp Tyr Val

1 5
<210> 3%
<211>» 19
<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR2, <ANG-2> AngZs_R3_LCO3

<400> 39
Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala Pro

1 5 190 15

Val Lys Gly

<210> 40

<Z2ii> 5

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR1, <ANG-2> AngZs R3_LCO03

<400> 40

Asn Ala Trp Met Ser

T 5
<210> 41

<Z1l1> 10

<212» PRT

<213> Artificial

<220>
<223> light chain CDR3, <ANG-Z> AngZs R3 LCO3

<400> 41

Gln Gln Tyr Asp Asn Leu Pro Met Tyr Thr

1 5 10
<210> 42
<211> 7

<212> PRT



-29- Lys Gly Arg Phe Thr lle Ser Arg Asp Asn Set Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser
Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Pro Thr Leu Asp lle Tyr Met Gly Tyr Tyr
Tyr Gly Met Asp 100105110 Val Trp Gly Gin Gly Thr Thr Val Thr Val Set Set 115120 <210> 69 <211>
112 <212> PRT <213> Atrtificial <220> <223> light chain variable domain, <ANG-2> Ang2k_LCO8
<400> 69 Gin Pro Val Leu flit Gin Pro Pro Set Ala Sgt Gly Ala Pro Gly Gin 151015 Arg Val Thr lle Set
Cys Set Gly Phe Ala Ser Asn lle Gly Set Asn 202530 Set Val Asn Trp Tyr Gin Gin Val Pro Gly Thr Ala
Pro Lys Leo Leo 354045 lle Tyr Art Asn Asp Gin Arg Pro Set Gly Val Pro Asp Arg Phe Set 505560 Gly
Set Arg Set?Gly THi Sét A& Set Leo Ala lle Set Gly Leo Gin 657075BO Set Glu Asp Glu Ala Asp Tyr

Tyr Cys Alg,Ala Trp Asp Asp Set Leo 859095 Asn Gly Pro Val Phe Gly Gly Gly Thr Lys Leu Thr Val
Leu Gly Girp 190102340 s2i0> 72, <ANG-2> Ang2s_R3_LCO3

<400> 42

His Ala Ser Asn Leu Glu Thr

1 5
<210> 43
<211> 11
<212> PRT

<213> Artificial

<220>

<223> light chain CDRL, <ANG-2> AngZs R3 LCO3
<400> 43

Gln Ala Ser Gln BAsp Ile Ser Asn Arg Leu Asn

1 5 10

<z210> 44

<211> 118

<2iz2» 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 Gly Gly

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Ala
20 25 30

Trp Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala

Pro Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr
65 70 75 80

Leu Tyr Leu Gln Met Asn Ser Lew Lys Thr Glu Asp Thr Ala Val Tyr
85 9% 95



-30- <212> PRT <213> Artificial <220> <223> heavy chain CDR3, <ANG-2> Ang2s_LCO9 <400> 70
Asp Leu Gly Tyr Asp Tyr Val 15 <210> 71 <211> 19 <212> PRT <213> Artificial <220> <223> heavy
chain CDR2, <ANG-2> Ang2s_LCQO9 <400> 71 Arg lie Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr
Ala Ala Pro 151015 Val Lys Gly <210> 72 <211> 5 <212> PRT <213> Artificial <220> <223> heavy
chain CDR1, <ANG-2> Ang2s_LCO9 <400> 72 ASﬂ)Ala Trp Met Ser 15 <210> 73 <211> 7 <212>
PRT <213> Artificial <220> B

Tyr Cys Thr Thr Asp Leu Gly Tyr &sp Tyr Val Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser

115
<210> 45
<211> 110
<212> PRT

<213> Artificial

<220>
<223> light chain variable domain, <ANG-2> Ang2s_R3_LCO3

<400> 45

Asp Ile Gln Val Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
i 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

Tyr His Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Fhe Ser Gly
50 55 &0

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Tle Ser Ser Leu Gln Pro
65 76 75 80

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr Asp Asn Leu Pro Met
85 920 a5

Tyr Thr Phe Gly Glan Gly Thr bLys Leu Glu Ile Lys Arg Thr

100 105 110
<210> 46
<2il> 20
<212> PRT

<213> Artificial

<220>
<223>» heavy chain CDR3, <ANG-2>Ang2i LCO06

<4{00> 46



<223> light chain CDR3, <ANG-23 Ang2s_L009 <400> 73 Met GIn Ala Leu GlIn lie Pro 15 -31- <210>
74 <211> 7 <212> PAT <213> Artificial <220> <223> light chain CDR2, <ANG-2> Ang2s_LCO9
<400> 74 Leu Gly Set Asn Arg Ala Set 15 <210> 75 <211> 16 <212> PRT <213> Artificial <220>
<223> light chain CDR1, <ANG-2> Ang2s_LCO9 <400> 75 Arg Ser Ser Gin Ser Leu Leu His Set Asn
Gly Tyr Asn Tyr Leu Asp 151015 <210> 76 <211>,119 <212> PRT <213> Artificial <220> <223>

heavy chain variable domain, <ANG-2> Ang2s_LCQO9 <400> 76 Glu Val Gin Leu Val Clu Set Gly Gly
Gly Leu Val Lys Pro Gly Gly

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>AngZi 1006

<400G> 47

Trp Tle Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Fhe Gln

1 : 5 10 15
Gly

<210> 48

<21l> 5

<212> PRT

<213> Artificial

220>
<223> heavy chain CDR1, <ANG-2>AngZi LCOG6

<400> 48
Gly Tyr Tyr Met His
1 5

<210> 49

<211> 11

<212> PRT

<213> Artificial

<220>
<223> light 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



151015 Set Leu Arg Leu Set Cys Ala Ala Set Gly Phe Thr Phe Set Asn Ala 202530 Trp Met Set Trp-
Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Gly Arg lle Lys Set Lys Thr Asp Gly Gly Thr
Thr Asp Tyr Ala Ala 505560 -32- Leo Tyr Leo Gin Met Asn Ser Leo Lys Thr Glu Asp Thr Ala Val Tyr
859095 Tyr Cys Thr Thr Asp Leo Gly Tyr Asp Tyr Val Trp Gly Ser Pro Gly 100105110 Thr Leo Val Thr
Val Ser Ser 115 <210> 77 <211> 109 <212> PRT 5213> Artificial <220> <223> light chain variable
domain, <ANG-2> Ang2s_LCO9 <400> 77 Gin Ser Pro Leo Ser Leo Pro Val Thr Pro Gly Glu Pro Ala
Ser lie 151015 Ser Cys Arg Ser Ser Gin Ser Leo Leo His Ser Asn Gly Tyr Asn Tyr 202530 Leo Asp
Trp Tyr Le@é G L%%Erﬂgl , Gin Ser Pro Gin Leo Leo lie 354045 Tyr Leo Gly Ser Asn Arg Ala Ser Gly
Val Pro Asp Arg Phe Set Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Leo Lys Lie Ser Arg Val Glu

Ala 65707%880&1u Asp Val Gly Val Tyr Tyr Cys Met Gin Ala Leo Gin Lie Pro Phe
<223%> light chain CDRZ, <ANG-Z>Ang2i_ LCC6

<400> 50
Asp Asp Ser Asp Arg Pro Ser

1 5

<210> 51

<211> 11

<212> PRT

<213> Artificilal

<220
<223> light chain CDR1, <ANG-2>AngZi LCO6

<400> 51
Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His
1 5 10

<210> 52

<211> 12¢

<212> PRT

<213> Artificial

<Z220>
<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
il 5 _ 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Giy 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



859095 Thr Ehe Sly Pro Sly Thr Lys Val Thr Val Leo ArgFTh’r 100105 <210> 78 <211> 20 <212> PRT
<213> Artificial - 33 - <220> <223>heavy chain CDR3,<ANG-2> Ang2i_LC10 <400>78 Set Pro Asn
Pro Tyr Tyr Tyr Asp Set Set Gly 1510 Tyr Tyr Tyr Pro Gly 15 Ala Phe Asp lle 20  <210>79

-23 -

85 90 95

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 105 1190

Pro Gly Ala Phe Bsp Ile Trp Gly Gin Gly Thr Met Val Thr Val Ser

115 120 125
Sexr
<210> 53
<21i> 110
<212>» PRT

<213> Artificial

<z220>
<223> light chain variable domain, <ANG-~2>Ang2i LCOCS

<400> 53

Gln Pro Gly Leu Thr Gln Prc Pro Ser Val Ser Val Ala Pro Gly Gln

Thr Ala Brg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

iz 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 Tle Ser Arg Val Glu Ala Gly
65 70 75 B8G

Bsp Glu Ala BAsp 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 Gin

100 105 110
<210> 54
<211> 20
<212> PRT

<213> Artificial



<211>17 <212>PRT  <213>Artificial <220> <223>heavy chain COR2, <ANG-2>
Ang2i LC10

- 24 -

<220>
<223> heavy chain CDR3, <ANG-2>Ang2i LCO7

<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
<2il> 17
<212> PRT

<213> Artificial

<220>

<223> heavy chain CDR2, <ANG-2>AngZi LCO7

<400> 55

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln
1 5 i0 15

Gly

<210> 56

<211> 5

<212> PRT

<Z213> Artificial

<220>
<223> heavy chain CDR1l, <ANG-2>Ang2i LCO7

<400> 56

Gly Tyr Tyr Met His

1 5
<210> 57

<2iix» 11

<212> PRT

<213> Artificial

<220>
<223> 1light chain CDR3, <ANG-2>Ang2i LCOV

<400> 57

Gln Val Trp Asp Ser ARsp Ser Asp Gln Gly Val



<400>79  Trp lle Asn Pro Asn Set Gly Gly Thr Asn Tyr Ala Gin Lys Phe Gin 1510 ~ 15 Gly
<210>80<211>5

-25.
1 5 10
<210> 58
<211> 7
<212> PRT

<213> Artificial

<220>
<223> light chain CDR2Z, <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> light chain CDR1, <ANG-2>AngZi_ LCO7

<400> 59

Gly Gly Asn Phe Ile Gly Gly Lys Ser Val His

1 5 10
<210> 66

<211> 129

<212> PRT

<213> Artificial

220>
<223> heavy chain variable domain, <ANG-2>Ang2i_LCO7

<400> 60
Gln Val Gln Leu val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 10 15

Ser vVal 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 PFro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60



<212> PRT <213> Artificial <220> <223> heavy chain CDR1, <ANG-2> Ang2i_LC10 <400> 80 Gly Tyr
Tyr Met His 15 <210> 81 <211> 11 <212> PRT <213> Atrtificial <220> <223> light chain CDR3,
<ANG-2> Ang2i_1,010 <400> 81 Gin Val Trp Asp Set Set Ser Asp His Trp Val 1510 -34- <210> 82
<211> 7 <212> PRT <213> Artificial <220> <223> light chain CDR2, <ANG-2> An921_1510 <400> 82
Asp Asp Ser Asp Arg Pro Ser 15 <210> 83 <211> ]
chain CDR1, <ANG-2> Ang2i_1510 <400> 83 Sly Sly Asn Asn lle Sly Ser Lys Ser Val His

<212> PRT <213> Atrtificial <220> <223> light

6ln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr

65

Met Glu Lesu

Ala Arg Ser

Pro Gly Ala

115
Ser
210> 61
<211> 110
<212> PRT

Sexr

Pro
100

Phe

70

Arg Leu Arg Ser Asp

85

Asn Pro Tyr Tyr Tyr

105

Asp Ile Trp Gly Gln

<213>» Artificial

<220>

<223> 1light chain variable

<400> 6l
Gln Pro Val
1

Thr Ala Arg

His Trp Tyr
35

Asp Asp Ser
50

Asn Ser Gly
65

Asp Glu Ala

Gly vVal Phe

Leu

Val

20

Gln

Gliu

Asn

Asp

Gly
100

Thr
5
Ala
Gln
Arg
Thr
Tyr
85

Thr

Gin

Cys

Lys

Pro

Ala

70

His

Gly

Ser

Gly

Pro

Ser

55

Thr

Cys

Thr

120

domain,

Pro Ser

Gly Asn

25

Gly Gln

Gly Ile

Leu Ile

Gln Val

Lys Leu
105

75

Asp Thr Ala Val Tyr

80

Asp Ser Ser Gly Tyr

1190

Gly Thxr Met Val Thr

125

<ANG-2>AngZi LCO7

Val

10

Phe

Ala

Pro

Ile

Txrp

Thr

Ser

Ile

Pro

Glu

Thr

75

Asp

Val

Val

Gly

Val

Arg

&0

Arg

Ser

Leu

Ala

Gly

Leu

45

Ile

Ala

Asp

Gly

Pro

Lys

30

Val

Ser

Glu

Ser

Gln
110

80

Tyr Cys
95

Tyr Tyr

Val Ser

Giy Glu

15

Ser Val

fle Tyr

Gly Ser

Ala Gly

Asp Gln
85



1510 <210> 84 <211> 129 <212> PRT <213> Artificial <220> <223> heavy chain variable domain,
<ANG-2> Ang2i_1510 <400> 84 Gin Val Gin Leu Val Glu Ser Sly Ala Gin Val Lys Lys Pro Sly Ala
151015 Ser Val Lys Val Ser Cys Lys Ala Ser Sly Tyr Thr She Thr Sly Tyr 202530 Tyr Met His Trp Val
Arg Gin Ala Pro Sly GIn Sly Len Glu Trp Met 354045 Sly Trp lle Asn Pro Asn Set Sly Sly Thr Asn Tyr
Ala Gin Lys She 505560 -35- 65707580 Met Glu Ser Arg Leo Arg Ser Asp Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr 100105110 Pro Gly
Ala Phe Asp lle Trp Gly Gin Gly Thr Met Val Thr Val Her 115120125 Ser <210> 85 <211> 105 <212>

PRT

<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 Gly Tyr Tyr Tyr Gly Met Asp Val

1 5 10 15

<210> 63

<21l» 17

<212> PRT

<213> Artvificial

<220>
<223> heavy chain CDR2Z, <ANG-Z>AngZk_LCO8

<400> 63
val Tle Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys

1 5 10 15

Gly

<210> 64

<211> 5

<Ziz2> PRT

<?213» Artificial

<220>
<223> heavy chain CDR1, <ANG-2>AngZk LCOS

<400> 64

Ser Tyr Gly Met His

1 5
<210> &5

<Zil>» 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR3, <ANG-Z>RAng2k_LCOB

<400> 65



<213> Artificial <220> <223> light chain variable domain, <ANG-2> Ang2i_LC10 <400> 85 Gin Pro
Pro Ser Val Ser Val Ala Pro Gly GIn Thr Ala Arg lle Thr 151015 Cys Gly Gly Asn Asn lle Gly Ser Lys
Ser Val His Trp Tyr Gin Gin 202530 Lys Pro Gly Gin Ala Pro Val Leo Val Val Tyr Asp Asp Ser Asp Arg
354045 Pro Her Gly lle Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr 505560 Ala Thr Leo Thr lle
Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr 6570 §2_30 Tyr Cys Gin Val Trp Asp Ser Ser Ser Asp His
Trp Val Phe Gly Gly 859095 Gly Thr Lys Leo Thr Val Leo Gly Gin 100105 -36- <210> 86 <211> 15
<212> PRT <213> Atrtificial <220> <223> heavy chain CDR3, <ANG-2> Ang2k_LC11 <400> 86 Pro

Thr Leu ASpaié-Fy RRePEly R 57 T5F 1810 <216587 2213517 <212>PRT

<210> &6

<2il> 7

<212> PRT

<213> Artificial

<220>
<223> light chain CDR2, <ANG-2>Ang2k_LCO8

<4Q0> &6
Asn Asn Asp Gln Arg Pro Ser

1 5

<210> 67

<211> 13

<212> PRT

<213> Artificial

<220>
<223» 1ight chain CDR1, <ANG-2>Angl2k LCO8

<400> &7

Ser Gly Phe Ala Ser Asn Ile Gly Ser Asn 3er Val Asn

1 5 10
<210> €8

<211> 124

<2Z12» PRT

<213> Artificial

220>
<223> heavy chain variable domain, <ANG-2> AngZk LCOB

<400> 68
Gin Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Gly
1 3 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 36

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
5C 55 60



<213>Artificial <220> <223>heavy chain CDR2,<ANG-2> Ang2k_LC11 <400>87 Gly Met Asp Val 15
Val lie Ser Tyr Asp Gly Set Asn Lys Tyr Tyr Ala Asp Set Val Lys 151015 Gly <210> 88 <211> 5 <212>
2RT <213> Artificial <220> <223> heavy chain CDR1, <ANG-2> Ang2k_LC11 <400> 88 Set Tyr Gly
Met His 15 <210> 89 <211> 12 <212> PRT <213> Artificial <220> <223> light chain CDR3, <ANC-2>
Ang2k_LC11 <400> 89 Gin Val Trp Asp Set Set Sgt,Asp His Pro Giy Val -37- 10 <210> 90 <211>7

Lys Gly Arg Phe Thr Ile Sexr Arg Asp Asn Ser Lys Asn Thr Leu Tyr
55 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 85

Ala Lys Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp
100 165 110

Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120
<21i0> 69
<21l> 112
<2312> PRT

<213> Artificial

<220>
<223> light chain variable domain, <ANG-2> Ang2Zk LCO8

<400> 69
Gln Pro Val Leu Thr Gln Pro Prc Ser Ala Ser Gly Ala Pro Gly Gln

1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Phe Ala Ser Asn Ile Gly Ser Asn
20 25 30

Ser Val Asn Trp Tyr Gln Gln Val Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Asn Asn Asp Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser BArg Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 : g0 85

Asn Gly Pro Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gln
100 105 110

<ZiC0> TG
<21l> 7



<212> PRT <213> Artificial <220> <223> light chain CDR2, <ANG-2> Ang2k_LC11 <400> 90 Asp Asp
Ser Asp Arg Pro Set 15 <210> 91 <211> 11 <212> PRT <213> Atrtificial <220> <223> light chain
CDR1, <ANG-2> Ang2k_LC11 <400> 91 Gly Gly Asn Asn lle (fly Set Lys Set Val His 1510 <210> 92
<211> 124 <212> PRT <213> Atrtificial <220> <223> heavy chain variable domain, <ANG-2>
AngZk_LC11 <400> 92 Gin Val Gin Leu Val Glu SgjGly Gly Gly Val Val Gin Pro Gly Gly 151015 Ser
Leu Arg Leu Ser Cys Ala Ala Set Gly Phe Thr She Ser Ser Tyr 202530 Gly Met His Trp Val Arg Gin

Ala Pro Gly Lys Gll;{ulj_eu Glu Trp Val 354045 -38- Lys Gly Arg Phe Thr lie Her Arg Asp Asn Her Lys

< >
Asn Thr L%@thﬁxr Artificial

<220>
<223> heavy chain CDR3, <BNG-2> AngZs_LCO0S

<408> 70

Asp Leu Gly Tyr Asp Tyr Val

1 5
<2106> 71

<21i> 19

<212> PRT

<213> rtificial

<220>
<2723> heavy chain CDRZ, <ANG-2> Ang2s_LCOY

<400> 71
Arg Ile Lys Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala Pro

1 5 10 i5

Val Lys Gly

<210> 72

<2il> 5

<212> PRT

<213>» Artificial

<220>
<223> heavy chain CDR1l, <ANG-2> Ang2s LCO9

<400> T2

Asn Ala Trp Met Ser

1 5
<210> 73

<211> 7

<21i2> PRT

<213>» Artificial

<220>
<223> light chain CDR3, <ANG-2> Angls _LCO9

<400> 73

Met Gln Ala Leu Gln Ile Pro
1 5



65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Pro Thr
Leu Asp lie Tyr Met Gly Tyr Tyr Tyr Gly Met Asp 100105110 Val Trp Gly Gin Gly Thr Thr Val Thr Val
Ser Her 115120 <210> 93 <211> 106 <212> PRT <213> Artificial <220> <223> light chain variable
domain, <ANG-2> Ang2k_LC11 <220> <221> misc_feature <222>(98)..(98) <223> Xaa can be any
naturally occurring amino acid <220> <221> misc_{gature <222>(102)..(102) <223> Xaa can be any
naturally occurring a no a <400> 93 Gin Pro Pro Ser Val Ser Val Ala Pro Gly Gin Thr Ala Arg Tie Thr
151015 Cys Gly Gly Asn Asn lie Gly Her Lys Ser Val His Trp Tyr Gin Gin 202530 Lys Pro Gly Gin Ala

Pro Val Leuy}/&l Val Tyr Asp Asp Ser Asp Arg 354045 Pro Her Gly Tie Pro Giu Arg Phe Her Gly Her
Asn Her Gi\gﬂsn Thr 505560 -39- _

<212> PRT
<2313> Artificial

<Z220>
<223> light chain CDR2Z, <ANG-Z> AngzZs LCOS

<400> T4

Leu Gly Ser Asn Arg Rla Ser

1 5
<210> 75
<2il> 16
<2iz> PRT

<213> Artificial

<220>
<223%» 1light chain CDR1, <ANG-2> AngZs_LCOS

<400> 75

Arg Ser Ser Gln Ser Leu Leu His Ser Asn Gly Tyr BAsn Tyr Leu Asp

1 5 10 15
<210> 76

<211i> 11¢

<212> PRT

<233> Artificial

<220>
<223> heavy chain variable domain, <ANG-2> Ang2s LCO9

<400> 76
Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala 3er Gly Phe Thr Phe Ser Asn Ala
20 25 30

Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Giu Trp Val
35 490 45

Gly Arg Ile Lys Ser Lys Thr Asp Gly Gly Thx Thr Asp Tyr Ala BAla
50 55 60

Pro Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr
65 70 75 80



Tyr Cys Gin Val Trp Asp Ser Set Ser Asp His Pro Gly Val Phe Gly 859095 Gly Xaa Thr Lys Leu Xaa
Val Leu Sly Gin 100105 <210> 94 <211> 12 <212> PRT <213> Atrtificial <220> <223> heavy chain
CDR3, <VEGF>820-4.1 <400> 94 Trp Sly His Set Thr Set Pro Trp Ala Met Asp Tyr 1510 <210> 95
<211> 17 <212> PRT <213> Artificial <220> <223> heavy chain CDR2, <VEGF>B20-4.1 <400> 95
Ala lle Trp Pro Phe Sly Sly Tyr Thr His Tyr Ala Asp,Set Val Lys 151015 Gly <210> 96 <211> 8 <212>

PRT <213> Artificial <220> <223> heavy chain CDR1, <VEGF>B20-4.1 <400> 96 Phe Set lle Asn Sly
Set Trp lle 15 <210> 97 <211> 9 <212> PRT

Leu Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr
85 S0 S5

Tyr Cys Thr Thr Asp Leu Gly Tyr Asp Tyr Val Trp Gly Ser Pro Gly
1560 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 17
<211> 109
<212> PRT

<2313> Artificial

<220>
«<223> light chain variable domain, <ANG-Z> AngZs LCOY

<4Q0> 77
Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly Glu Pro Ala Ser lle

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 Leuw 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 g0 95

Thr Phe Gly Pro Gly Thr Lys Val Thr Val Leu Arg Thr
100 105

<Z230> 78
<2ii> 20
<212> PRT

<213> Artificial



- 40 - <213> Artificial <220> <223> light chain CDR3, <VEGF>B20-4.1 <400> 9 Gin Gin Ser Am n Thr
Ser Pro Leo Thr 15 <210> 98 <211> 8 <212> PRT <213> Atrtificial <220> <223> light chain CDR2,
<VEGF>820-4.1 <400> 98 Tyr Ala Ala Ser Asn Leo Ala Ser 15 <210> 99 <211> 11 <212> PRT <213>
Artificial <220> <223> light chain CDR1, <VEGF>620-4.1 <400> 99 Arg Ala Ser Gin Val Tie Arg Arg
Ser Leo Ala 1510 <210> 100 <211> 117 <212> PI '5 <213> Avrtificial <220> <223> heavy chain

variable domain, <VEGF>B20-4.1 <400> 100 Glu Val Gin Leo Val Glu Ser Gly Cly Gly Leo Val Gin Pro

Gly Gly 151015
<220>
<223> heavy chain CDBR3, <ANG-2> Ang2i_ LC1J

<400> 78

Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly
1 5 1¢ i5

Ala Phe Asp Ile
20

<2i0>» 79

<21li>» 17

<212> PRT

<213> Artificial

<Z20>

<223> heavy chain CDR2Z, <ANG-Z> Ang2i_LCl1O

<400> 7%

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln
i 5 10 i5

Gly

<210> 80

<211> 3

<21Z2> PRT

<213> Artificial

<220>
<223> heavy chaln CDRl, <ANG-2Z> Ang2i LCL1O

<400> 80

Gly Tyr Tyr Met His
1 5

<21i0> 81
<211> 11
<212> PRT

<213> Artificial

<220> \
<223> light chain CDR3, <ANG-2> AngZi_LC10

<400> 81

Gln val Trp Asp Ser Ser Ser Asp His Trp Val
1 5 10



-41- Trp lle Phe Trp Val Arg GlIn Ala Pro Sly Lys Sly Leu Glu Trp Val 354045 sly Ala lle Trp Pro Phe
Gly Gly Tyr Thr His Tyr Ala Asp Set Val 505560 Lys Sly Arg Phe Thr lle Set Ala Asp Thr Set Lys Asn
Thr Ala Tyr 657075B0O Leu Gin Met Asn Set Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 659095 Ala

Arg Trp Gly His Set Thr Set Pro Trp Ala Met Asp Tyr Trp Gly 100105110 Gin Sly Thr Leu Val 115
<210>101 <211>108 <212>PRT <213>Artificial

<210> 82

<211> 7

<212» PRT

<213> BArtificial

<220>
<223> light chain CDRZ, <ANG-Z> Ang2i LC10

<400> 82

Asp Asp Sex Asp Arg Pro Ser

1 5
<210> 83

<211> 11

<212> PRT

<213> Artificial

<220> .
<223> light chain CDR1, <ANG-2> AngZi LCLO

<400> 83

Gly Giy Asn Asn Ile Gly Ser Lys Ser Val His

1 5 19
<210> B4

<211> 129

<zlz2» PRT

<213> Artificial

<220>
<223> heavy chain variakble domain, <ANG-2> AngZi LC10

<400> B4
Gin Val Gln Leu Vai 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 Tyx 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 Tle ARsn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60

Gln Gly Brg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr



<220> <223>light chain variable domain, <VEGF>B20-4.1 <400>101 Asp lie Gin Met Thr Gin
Set Pro Set Set Leu Set Ala Set Val Gly 15 10 15 Asp Arg Val Thr lle Thr Cys Arg Ala

-35-
65 70 75 8¢

Met Giu Leu Ser Arg Leu Arg Ser Asp Rsp Thr Ala Val Tyr Tyr Cys
85 20 95

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
100 165 110

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser

115 120 125
Ser
<210> 85
<211> 105
<212> PRT

<213> Artificial

<220>
€223» light chain variable domain, <ANG-Z> Ang2i LC10

<400> 85

Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln Thr Ala Arg Ile Thr
1 8 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

Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr
50 55 60

Lla 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

Gly Thr Lys Leu Thr Val Leu Gly Gln
100 105



Set Gin Val lle Arg Arg Sec 2025 30 Leu Ala Trp Tyr Gin Gin Lys Pro Sly Lys Ala Pro Lys Leu Leu lle
354045 Tyr Ala Ala Ser Asn Leu Ala Set Gly Val Pro Set Arg Phe Set Gly 505560 Set Gly Set Gly Thr
Asp Phe Thr Leu Thr lle Set Set Leu Gin Pro 65707580 - 42 - Thr Phe Gly Gin Gly Thr Lys Val Glu Lie
Lys Arg 100105 <210> 102 <211> 730 <212> PRT <213> Atrtificial <220> <223> bevacizumab heavy
chain Ang2i_LCOG6 soFv fusion peptide of <VEGF-ANG-2> TvAb-2441-bevacizumab-L006 <400> 102
Glu Val Gin Leo Val Glu Her Gly Gly Gly Leo Val Gin Pro Gly Gly 151015 Ser Leu Arg Leu Her Cys
Ala Ala Her Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leo

210>
Glu Trp Vél211

<212>
<213>

<220>
<223>

<400>

15

PRT

Artificial

heavy chain CDR3, <ANG-2> AngzZk LCL1

86

Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

! 10 15
87
17
PRT
Artificial

heavy chain CDRZ, <ANG-2> Ang2k LC11

g7

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 1C 15
88
5
PRT
Artificial

heavy chain CDR1, <ANG-2> AngZk 1CI1

88

Ser Tyr Gly Met His

1

<210>
<211>
<Zi2>
<213>

<220>
223>

<400>

5

89

12

PRT
Artificial

light chain CDR3, <ANG-2> Angzk LCI11

89

Gln Val Trp Asp Ser Ser Ser Asp His Pro Gly Val



354045 Gly Trp lie Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr
Phe Her Leo Asp Thr Her Lys Her Thr Ala Tyr 65707580 Leo Gin Met Asn Her Leo Arg Ala Glu Asp
Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Gly Her Her His Trp Tyr Phe Asp Val
100105110 Trp Gly Gin Gly Thr Leo Val Thr Val Set Her Ala Her Thr Lys Gly 115120125 Pro Her Val
Phe Pro Leu Ala Pro Set Her Lys Her Thr Set Glyw({‘Jyw 130135140 Thr Ala Ala Leo Gly Cys Leo Val Lys
Asp Tyr Phe Pro Glu Pro Val 145150155160 -43- 165170175 Pro Ala Val Leu Gin Ser Ser Gly Leu
Tyr Ser Len Ser Ser Val Val 180185190 Thr Val Pro Ser Ser Ser Len Gly Thr Gin Thr Tyr lle Cys Asn
Val 1952006205 Asn His Lys’Pro Ser Asn Thr Lys Val Asp Lys Lys Val Gin Pro Lys 210215220 Ser Cys
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Gin Len 225230235240 Len Gly Gly Pro Ser Val

Phe Len Phe £ro #ro Lys Pro Lys Asp Thr 245250255 Len Met lle Ser Arg Thr Pro Gin Val Thr Cys

Val Val VatAsp Vval
<212> PRT

<Z13>» Artificial

<220>
<223> light chain CDR2, <ANG-2> Ang2k LC1l

<4Q0> S0
Asp Asp Ser Asp Arg Pro Ser

1 5

<210> 91

<211> 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR1, <BANG-2> AngZk LC11

<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_LC11

<400> 92
Giln Val Gln Leu Val Glu Ser Gly Gly Gly val Val Gln Pro Gly Gly

1 5 16 i5

Se

[

Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Giu Trp Val
35 40 45

Ala Val Ile Ser Tyr Bsp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60



260265270 Set His Gin Asp Pro Gin Val Lys Phe Asn Trp Tyr Val Asp Gly Val 275280285 Gin Val His
Asn Ala Lys Thr Lys Pro Arg Gin Gin Gin Tyr Asn Ser 290295300 Thr Tyr Arg Val Val Ser Val Leu Thr
Val Len His Gin Asp Trp Len 305310315320 Asn Gly Lys Gin Tyr Lys Cys Lys Val Ser Asn Lys Ala
Len Pro Ala 325330335 Pro lle Gin Lys Thr lle Set Lys Ala Lys G y Gin Pro Arg Gin Pro 340345350
Gin Val Tyr Thr Len Pro Pro Ser Arg Gin Gin Met Thr Lys Asn Gin 355360365 Val Ser Len Thr Cys
Len Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 370378380 - 44 - Pro Pro Val Leu Asp Set Asp Gly Set
Phe Phe Leu Tyr Ser Lys Leo 405410415 Thr Val Asp Lys Set Arg Trp Gin Gin Gly Asn Val Phe Set
Cys Set 420425480 MaPifefbis Giu 24 Ped AiE ASA 1 T&&#ﬁ?f@ﬁ?ﬁy&ese%ﬁfeo Set 435440445 Leo
Set Pro GI§5Lys Gly Gly Gly Gly et Gly Gly Gly Gly Sé Gly 450455460 Gly Gly Gly Set Gly Gly Gly
Gly Set Gin Val Gin Leo Val Glu Set 465470475480 Gly Ala Gin Val Lys Lys Pro Gly Ala Set Val Lys

Val Set Cyseuys14884904955exr Lew Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Lys Pro Thr Leu Asp Ile Tyr Met Gly Tyr Tyr Tyr Gly Met Asp
100 165 110

val Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> 93

<Z211l> 106

<212> PRT

<213> Artificial

<220>
<223> light chain variable domain, <ANG-2> Ang2k_LC11

<220>

<221> misc feature

<222> {98)..(98)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<z22>  (102)..(102)

<223> ¥aa can be any naturally occurring amino acid

<400> 93
Gln Pro Pro Ser Val Ser Val Als Pro Gly Gin Thr Ala Arg Ile Thr
1 5 i0 15

Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His Trp Tyr Gln Gln
29 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 Gilu Arg Phe Ser Gly Ser Asn Ser Gly Asn Thr
50 55 50

Ala Thr Leu Thr Ile Ser Arg Val Glu 2la Gly Asp Glu Ala Asp Tyr
65 70 75 g0



Ala Set Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gin 500505510 Ala Pro Gly Gin Cys Len
Glu Trp Met Gly Trp lie Asn Pro Asn Set 515520525 Gly Gly Thr Asn Tyr Ala Gin Lys Phe Gin Gly Arg
Val Thr Met Thr 530535540 Arg Asp Thr Set lie Set Thr Ala Tyr Met Glu Leo Set Arg Leo Arg
545550555560 Set Asp Asp Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro Asn Pro Tyr 565570575 Tyr Tyr
Asp Set Set Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp IC? Trp 580585590 Gly Gin Gly Thr Met Val Thr Val
Set Set Gly Gly Gly Gly Set Gly 595600605 -45- Gly Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly
Gin Thr Ala 625630635640 Arg lle Thr Cys Gly Asn Asn lle GIy Set Lys Set Val His Trp
645650655YFyFGirF&inBysPro SR E5ih AtA ﬁy LEtPVal VAT TyF Asg,Asp 660665670 Ser Asp Arg
Pro Ser Gly lle Pro Glu Arg ?:ﬁwe Set Gly Set Asn Ser 675680685 Gly Asn Thr Ala Thr Lee Thr lle Ser
Arg Vol Giu Ala Gly Asp Glu 690695700 Ala Asp Tyr Tyr Cys Gin Vol Trp Asp Ser Set Ser Asp His Tyr
Vol 70571@m5¢20mhe§%y1@ys><@4y\*ﬁﬁr L§s ?ob%r THPVol Lee

<210> 84

<211> 12

<212> PRT

<213> Artificial

<220>
<223> heavy chain CDR3, <VEGE>B20-4.1

<400> 94

Trp Gly His Ser Thr Ser Pro Trp Ala Met Asp Tyr
1 5 10

<210> 85

<z1l> 17

<Z212> PRT

<213> Artificial

<220> :
<223> heavy chain CDRZ, <VEGF>BZ0-4.1

<400> 85
Ala Ile Trp Pro Phe Gly Gly Tyr Thr His Tyr Ala Asp Ser Val Lys

1 5 10 15

Gly

<2310> 96

<211»> B

<212> PRT

<213>» Artificial

<220>

<223> heavy chain CDRl, <VEGF>B20-4.1
<400> 96

Phe Ser Ile Asn Gly Ser Trp Ile

1 5

<210> 87

<21l> 9

<212> PRT



725730 <210> 103 <211> 727 <212> PET <213> Atrtificial <220> <223> bevacizumab heavy chain
Ang2i_LCO8 scEv fusion peptide of <VEGF-ANG-2> TvAb-2441-bevacizumab-LCO8 <400> 103 Glu
Vol Gin Lee Vol Glu Set Gly Gly Gly Lee Val Gin Pro Gly Gly 151015 Ser Lee Arg Leu Ser Cys Ala Ala
Ser Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Asp Gin Ala Pro Gly Lys Gly Lee Glu
Trp Val 354045 Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 505560 - 46 -
65707580 Leu Gin Met Asn Set Leu Arg Ala Glu A& Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro
His Tyr Tyr Cly Ser Set His Trp Tyr Phe Asp Val 100105110 Trp Gly Gin Gly Thr Leu Val Thr Val Set
Set Ala Sef?FRr Ly Bi§-F15120125 Pro Set Val Phe Pro Leu Ala Pro Ser Set Lys Set Thr Set Gly Gly
13013514QThr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 145150155160 Thr Val
Set Trp AsrpBer Cly Ala bew ThioSet GleMaleblis Thr Phe 165170175 Pro Ala Val Leu Gin Ser Set Gly

Leu Tyr Set Leu Set Set Val Val
<400> 97

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 Bsn Leu Ala Ser
1 5

<210> 99

<Z1i> 11

<212> PRT

<213> Artificial

<220>
<223> light chain CDR1, <VEGF»B20-4.1

<400> 99
Arg Ala Ser Gln Val Ile Arg Arg Ser Leu Ala

1 5 10

<210> 100
<Z1il> 117
<212> PRT
<213> Artificial

<220> ‘
<223> heavy chain varisble 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 Sex
20 25 3¢



180185190 Thr Val Pro Set Ser Set Leu Gly Thr Gin Thr Tyr lie Cys Asn Val 195200205 Asn His Lys
Pro Set Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 210215220 Ser Cys Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu Leu 225230235240 Leu Gly Gly Pro Set Val Phe Leu Phe Pro Pro Lys
Pro Lys Asp Thr 245250255 Leu Met lie Set Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260265270 Ser His Glu Asp Pro Glu Val Lys Pheﬁsin_ Trp Tyr Val Asp Gly Val 275280285 - 47 - Thr
Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu 305310315320 Asn Gly Lys Glu Tyr Lys
Cys Lys Val Ser Am n Lys Ala Leu Pro Ala 325330335 Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin
Pro Arg GRFPrb*84054 8380 irtal Tyt TH e Frd P SEALGGla GidM&E Thr Lys Asn Gin
355360365 Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 370375380 Vol Glu Trp
Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 385390395400 Pro Pro Val Leu Asp Ser Asp
Gly Ser Pffé:PI?%al_ééleTWISé)rrEy%hEeg%dO‘BMGHiSThr Ris ggr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
B85 90 95

Rla Arg Trp Gly His Ser Thr Ser Pro Trp Ala Met Asp Tyr Trp Gly
100 105 110

Gin Gly Thr Leu Val

115
<210> 101
<211> 108
<212> PRT

<213> Artificial

<220>
<223> 1light chain variable domain, <VEGF>BZ0-4.1

<400> 101
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 Arg Ala Ser Gln Val Ile Arg Arg Ser
20 25 30

Lew Ala Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr Ala Ala Ser Asn Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser 5ly 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 Ser Asn Thr Sexr Pro Leu
85 90 95



Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Vol Phe Ser Cys Ser 420425430 Vol Met His Glu Ala Leu
His Asn His Tyr Thr Gin Lys Ser Leu Ser 435440445 Leu Ser Pro Gly Lys Sly Gay Sly Gly Ser Sly Sly
Sly Sly Set Sly 450455460 Sly Gly Sly Ser Sly Sly Sly Sly Ser Gin Val Gin Leu Val Glu Ser
465470475480 Sly Gly Gly Val Vol GIn Pro Gly Sly Ser Leu Arg Leu Ser Cys Ala 485490495 Ala Ser
Sly Phe Thr Phe Ser Ser Tyr Sly Met His Trp Val Arg Gin 500505510 - 48 - Set Asn Lys Tyr Tyr Ala
Asp Set Val Lys Gly Arg Phe Thr lie Set 530535540 Arg Asp Asn Set Lys Asn Thr Leu Tyr Leu Gin
Met Asn Set Leo Arg 545550555560 Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Lys Pro Thr Leu Asp lie
56557057§h‘ggll\/leélGI3@I]¥rG[ RY¢ %Irg Net Asp Val ngsGA}!é;Gi” Gly Thr Thr 580585590 Val Thr Val
Set Set Gly Gly (%Iy élﬁ@@t Gly Gly Gly Gly SetGly 595600605 Gly Gly Gly Set Gly Gly Gly Gly Set
Gin Pro Val Leo Thr Gin Pro 610615620 Pro Set Ala Set Gly Ala Pro Gly Gin Arg Val Thr lie Set Cys
Set 625639261:3(}5>6490galy Phe Ala Set Asn lie Gly Set Asn Set Val Asn Trp Tyr Gin Gin

<211> 730

<212> PRT
<213>» Artificial

<220>

<223> bevacizumab heavy chain Ang2i LCO6 scEFv fusion peptide of
<VEGF-BNG-2> TvAb-244i~bevacizumab-LC06

<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 Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Prc Thr Tyr Ala Ala Asp Phe

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

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Fhe 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 Bla 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 FPhe



645650.655 Val Pro Gly Thr Ata Pro Lys Leo Leo lie Tyr Asn Asn Asp Gin Arg 660665670 Pro Set Gly
Val Pro Asp Arg Phe Set Gly Set Arg Set Gly Thr Set 675680685 Ala Set Leo Ala Tie Set Gly Leo Gin
Set Glu Asp Glu Ala Asp Tyr 690695700 Tyr Cys Ala Ala Trp Asp Asp Set Leo Asn Gly Pro Val Phe
Gly Cys 705710715720 Gly Thr Lys Leo Thr Val Leu 725 <210> 104 <211> 214 <212> PRT <213>
Artificial - 49 - <220> <223> light chain of bevacig\l%mab <400> 104 Asp lle Gin Met Thr Gin Per Pro
Per Per -feu Per Ala Per Val Gly 151015 Asp Arg Val Thr lle Thr Cys Per Ala Per Gin Asp lle Ser Asn
Tyr 202530 Leo Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Val LeL7J lie 354045 Tyr Phe Thr Per
Per Leo His Per Gly Val Pro‘Per Arg Phe Per Gly 505560 Per Gly Per GllySThr Asp Phe Thr Leo Thr lle

Per Per Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Ser Thr Val Pro Trp
859095 pro Ala val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Thy Val Pro Ser Ser Ser Leu Gly Thr Glm 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 Fro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Giu 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 3exr
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
306 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr lie Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln vVal Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
55 360 365

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 380

Val Glu Trp Gilu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr
385 390 385 400



Thr Phe Sly Gin Gly Thr Lys Val Glu lle'Lys Arg Thr Val Ala Ala 100105110 Pro Per Val Phe lle Phe
Pro Pro Per Asp Glu GIn Leo Lys Per Gly 115120125 Thr Ala Per Val Val Cys Leo Leu Asn Asn Phe
Tyr Pro Arg Glu Ala 130135140 Lys Val GIn Trp Lys Val Asp ASP. Ala Leo Gin Per Gly Asn Per Gin
145150155160 Glu Per Val Thr Glu Gin Asp Per Lys Asp Ser Thr Tyr Per Leo Per 165170175 Per Thr
Leo Thr Leo Per Lys Ala Asp Tyr Glu Lys His Lys Yal Tyr 180185190 -50- Phe Asn Arg Gly Glu Cys
210 <210> 105 <211> 191 <212> PRT <213> Homo sap ens <400> 105 Met Asn Phe Leo Leo Ser
Trp Val His Trp Set Leu Ala Leo Leo Leo 151015 Tyr Leo His His Ala Lys Trp Her Gin Ala Ala Pro Met
Ala Glu Gly 202530 Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 354045 Arg Her
Tyr Cys His-Pre-lievGiuhr Lao Mal Asp ke Phe:GinGhnb05560yTysRra-Asp-Glu lie Glu Tyr lie Phe

Lys Pro Her Cys Val Pro Le#?65707580 Met Arg Gy8 Gly Gly Cys Cys ASsS Asp Glu Gly Leu Glu Cys
Val Pro 859095

Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser
420 425 430

val Met His Glu Rla Teu 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 Sex
465 470 475 480

Gly Bla Glu Val Lys Lys Pro Gly Ala Ser Val Lys Val Ser Cys Lys
485 190 495

Ala Ser Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp val Arg Gin
500 505 510

Ala Pro Gly Gln Cys Leu Glu Trp Met Gly Trp Ile Asn Fro Asn Ser
515 520 525

Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gin Gly Arg Val Thr Met Thr
530 535 540

Arg Asp Thr Ser Ile Ser Thr Ala Tyr Mel Glu Leu Ser Arg Leu Arg
545 550 535 560

Ser Asp Asp Thr Rla Val Tyr Tyr Cys Ala Arg Ser Fro Asn Pro Tyr
565 570 575

Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp
580 585 5390

Gly Gln Gly Thr Met Val Thr Val Ser Ser Gly Gly Giy Gly Ser Gly
595 600 605

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Fro
610 615 620



Thi Glu Glu Her Asn lle Thr Met Gin lle Met Arg lie Lys Pro His 100105110 GIn Gly Gin His lie Gly Glu
Met Her Phe Leo Gin His Asn Lys Cys 115120125 Giu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu
Asn Pro Cys Gly 130135140 Pro Cys Set Glu Arg Arg Lys His Leo Phe Val Gin Asp Pro Gin Thr
145150155160 Cys Lys Cys Her Cys Lys Ass Thr Asp Her Arg Cys Lys Ala Arg Gin 165170175 Leo
Glu Leo Ass Giu Arg Thr Cys Arg Cys Asp Lys Pr_o(@r_g Arg 180185190 <210> 106 <211> 504 <212>
PRT <213> Artificial <220> <223> Human angiopoletin-2 (ANG-2) with leader and His-tag <400> 106
Met Trp Gin lle Val Phe Phe Thr Leo Set Cys Asp Leo Val Leu Ala 151015 Ala Ala Tyr Asn Asn Phe
Arg Lys Set,MeLAsp SetlleGly Lys Lys 202530 Gin Ty Gin Valh Gin HisGly,$et Cys Set Tyr Thr Phe
Leo Leo Pea 354045 Glu Met AsgrAsn Cys Arg Set Set et Ser Pro Tyr Val Set Asn Ala 505560 Vall
Gin Arg Asp Ala Pro Leo Glu Tyr Asp Asp Set Val Gin Arg Leo 65707580 Gin Val Leo Glu Asn lle Met
Glu Asn AESAQgT?J[eG!H'l;rriPyls_eglM%&%ygszqsgsongszle Gly Ser Lys Ser Val His Trp

645 650 _ 655

Tyr Gln Gin 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 Gilu Ala Gly Asp Glu
690 695 700

Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His Tyr Val
705 710 715 720

Phe Gly Cys Gly Thr Lys Val Thr Val Leu
725 T30

<210> 103
<2ii> 727
<212> PRT

<213> Artificial

<220>

<223>» Dbevaclzumab heavy chain Ang2il LCO8 scPv fusion peptide of
<VEGF-ANG-2> TvAb-244l-bevaclzumab-LC08

<400> 103

Glu Val GIln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 1¢ 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 Slu 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



Leo Glu Asn Tyr lle Gin Asp Asn Met Lys Lys Glu Met Val Glu lle'100105110 Gin Gin Asn Ala Val Gin
Asn Gin Thr Ala Val Met lle Glu lle Gly 115120125 Thr Asn Leo Leo Asn GIn Thr Ala Glu Gin Thr Arg
Lys Leo Thr Asp 130135140 Val Glu Ala Gin Val Leo Asn Gin Thr Thr Arg Leo Glu Leo Gin Leo
145150155160 - 52 - Gin Thr Set Glu Tie Asn Lys Leu Gin Asp Lys Asn Set Phe Leu Glu 180185190
Lys Lys Val Leu Ala Met Glu Asp Lys His lie lie Gin,L.eu Gin Set 195200205 lie Lys Glu Glu Lys Asp
Gin Leu Gin Val Leu Val Set Lys Gin Asn 21021525 Set lie lie Glu Glu Leu Glu Lys Lys lie Val Thr Ala
Thr Val Asn 225230235240 Asn Set Val Leu Gin Lys Gin Gin His Asp Leu Met Glu Thr Val Asn
245250255%sn Leu Leu Thr Met™et Her Thr Set Asn’Set Ala Lys Asp Pro ‘?‘P]r 260265270 Val Ala
Lys Glu Glu Gin Tie Set Phe Arg Asp Cys Ala G1u Val Phe 275280285 Lys Set Gly His Thr Thr Asn
Gly lie TyriEhr teu Hdr Rhe Rro Rsn 290295300:Setel inGhi GerlieTlyys BAla Ty Cys Asp Met Glu Ala
Gly Giy Gly 305310315320 &ly Trp Thr lie lie Gin 2tg Arg Glu Asp Gly Sét Val Asp Phe Gin

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
130 138 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 180

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 199

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
2860 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
290 295 360



325330335 Arg Thr Trp I:ys Glu Tyr Lys Val Gly Phe Gly Am n Pro Set Gly Glu 340345350 Tyr Trp
Leu Gly Asn Glu Phe Val Set Gin Leu Thr Asn Gin Gin Arg 355360365 Tyr Val Leu Lys lie His Leu Lys
Asp Trp Glu Gly Asn Glu Ala Tyr 370375380 Set Leu Tyr G1u His Phe Tyr Leu Set Set Glu Glu Leu
Asn Tyr Arg 385390395400 -53- 405410415 Ser Gin Pro Gly Asn Asp Phe Ser Thr Lys
Asp Gly Asp Asn Asp Lys 420425430 Cys lle Cys Lys Cys Ser Gin Met Leu Thr Gly Gly Trp Trp Phe
Asp 435440445 Ala Cys Gly Pro Ser Asn Leu Asn Gly Met Tyr Tyr Pro Gin Arg Gin 450455460 Asn
Thr Asn Lys Phe Asn Gly lle Lys Trp Tyr Tyr Trp Lys Gly Ser 465470475480 Gly Tyr Ser Leu Lys Ala
Thr Thr Met Met lle Arg Pro Ala Asp Phe 485490495 Ser Gly His His His His His His 500 <210> 107
<211> 506::21t2> PRTw2133 Artificiak <20¥2232> BHamaisadygioparel rd (ANG-1) with leader and
His-tag <4B0> 107 Met Thr Val PHe Leu Ser Phe Ala Bhe Leu Ala Ala lle Let*Thr His 151015

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
340 345 320

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 Bsn Asn Tyr Lys Thr Thr
385 390 385 460

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Sex 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 Gin Lys Ser Leu Ser
435 440 445

Leu Ser Fro 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 Arng 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 Bsp Gly
515 520 525



lle Gly Cys Ser Asn Gin Arg Arg Ser Pro Glu Asn Ser Gly Arg Arg 202530 Tyr Asn Arg lle Gin-His Gly
Gin Cys Ala Tyr Thr Phe lle Leu Pro 354045 Glu His Asp Gly Asn Cys Arg Glu Ser Thr Thr Asp GIn
Tyr Asn Thr 505560 -54- Gin Lys Leu Gin His Lou Glu His Val Met Glu Asn Tyr Thr Gin Trp 859095
Leu Gin Lys Leu Glu Asn Tyr lie Val Glu Asn Met Lys Ser Giu Met 100105110 Ala Gin lie Gin Gin Asn
Ala Val Gin Asn His Thr Ala Thr Met Leu 115120123 Glu Tie Gly Thr Ser Len Len Ser Gin Thr Ala Glu
Gin Thr Arg Lys 130135140 Lou Thr Asp Val Giu Thr Gin Val Len Asn Gin Thr Ser Arg Len Glu
145150155160 lie Gin Lou Leu Gin Asn Ser Leu Ser Thr Tyr Lys Len Glu Lys Gin 165170175 Len Len
Gin Gin Thr Am n Gin lie. Lep Lys lie His Gio Lys Asn Set 18018p190.Lqu LauGin His Lys lie Leu Glu
Met Gin fof_yﬁ isyLys Glu Glu 19 205 Len Asp Thr lsen Lys Glu Glu Lys Glu Asn Leu Gin Gly
Len Val Thr 210215220 Arg Gin Thr Tyr lie lie Gin Gin Leu Glu Lys Gin Len Asn Arg Ala

225230230240, Thv,Thr fsn Asn,Seryal teu §In by GIn Gl Len GlenMetAsp

545 350 555 : 560

Ala GClu Asp Thr Ala Val Tyr Tyr Cys Ala Lys Pro Thr Leu Asp Tle
565 576 575

Tyr Met Gly Tyr Tyr Tyr Gly Met Asp Val Tep Gly Gln Gly Thr Thr
580 585 530

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 Ala Ser Gly Ala Pro Gly Gin Arg Val Thr Iie Ser Cys Ser
625 630 635 640

Gly Phe Ala Ser Asn Ile Gly Ser Asn Ser Val Asn Trp Tyr Gln Gin
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 BAsp Ser Leu Asn Gly Pro Val Phe Gly Cys
705 710 715 720

Gly Thr Lys Leu Thr Val Leu
T25

<210> 104
<211i> 214
<21Z>  PRT
<213> Artificial



245250255 Thr Val His Asn Leu Val Asn Len Cys Thr Lys Gin Gly Val Len Leu 260265270 Lys Gly Gly"
Lys Arg Gin Glu Glu Lys Pro Phe Arg Asp Cys Ala Asp 275280285 Val Tyr Gin Ala Gly Phe Asn'Lys
Ser Gly lie Tyr Thr lie Tyr lie 290295300 - 55 - 305310315320 Gly Gly Gly Trp Thr Val lle Gin His Arg
Gin Asp Gly Her Len Asp 325330335 Phe Gin Arg Gly Trp Lys Glu Tyr Lys Met Gly Phe Gly Asn Pro
Ser 340345350 Gly Gin Tyr Trp Len Gly Asn Glu Pfge lle Phe Ala lle Thr Ser Gin 355360365 Arg Gin
Tyr Met Len Arg lle Gin Len Met Asp Trp Gin Gly Asn Arg 370375380 Ala Tyr Ser Gin Tyr Asp Arg
Phe His lle Gly Asn Gin Lys Gin Asn 385390395400 Tyr Arg Len Tyr Leu Lys Gly His Thr Gly Thr Ala
Gly Lys Gi&%@r 405410415 Her Len lle Len His Gly Ala Asp Phe Ser Thr Lys Asp Ala Asp Asn
42042543Q,Asp AsiyGysiMet Gysdais SysH#hla Len Met Len Thr Gly Gly Trp Trp 435440445 Phe Asp
Ala Cys Gly Pro Ser Asn Len Ass Gly Met Phe Tyr Thr Ala 450455460 Gly GIm Ass His Gly Lys Len
Asn Gly 16497 TriPHis Tyr Phe Lys

Bsp Ile Gln Met Thr Glr Ser Pro Ser Ser Leu Ser Ala Ser Vél Gly
1 5 16 15

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Tys 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 16 75 80

Glu Bsp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 40 95

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Axg Thr Val Ala Ala
ice 105 110

Pro Ser Val Phne Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
113 120 125

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 Rsp Asn Ala Leu Gln Ser Gly Asn Sex Gln
145 150 155 180

Glu Ser Val Thr Glu Giln Asp Ser Lys Asp Ser Thr Tyr Ser Leu 3er
165 170 175

Ser Thr Leu Thr Leu Sar Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Gilu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205



465470475480 Gly Pro Ser Tyr Ser Len Arg Ser Thr Thr Met Met lie Arg Pro Len 485490495 Asp Phe
Ser Gly His His His His His His 500505 <210> 108 <211> 1124 <212> PRT <213> Homo Sapiens -
56 - Met Asp Set Leu Ala Set Leu Val Leu Cys Gly Val Set Leu Leu Leu 151015 Set Gly Thr Val Glu
Gly Ala Met Asp Leu lie Len tie Asn Ser Len 202530 Pro Len Val Ser Asp Ala Gin Thr Set Leu Thr Cys
lie Ala Ser Gly 354045 Trp Arg Pro His Gin Pro lie @ﬁr lie Gly Arg Asp Phe Gin Ala Len 505560 Met
Asn Gin His Gin Asp Pro Len Glu Val Thr Gin Asp Val Thr Arg 65707580 Gin Trp Ala Lys Lys Val Val
Trp Lys Arg Gin Lys Ala Set Lys tie 859095 Asn Gly Ala Tyr Phe Cys Gin Gly Arg Val Arg Gly Gin Ala
lie Arg 10091}1051310 Hg A&g Tlgﬁg/lg'gfé_ys Met Arg Gin Gin Ala Ser Phe Len Pro Ala Thr 115120125 Len
Thr Met Thr f‘/agl@sp Eys ély Asp’Asn Val Asn lie Set Phe Lys 130135140 Lys Val Len lie Lys Gin Gin

Asp Ala Val lie Tyr Lys Asn Gly Set 145150155160 Phe lie His Set Val Pro Arg His Gin Val Pro Asp lie
Len Gin Val

<210> 105
<211> 181
<212> PRT

<213> Homo sapliens
<400%> 105

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
1 3 10 15

Tyr Leu His His Ala Lys Trp Ser Gln Ala Ala Pro Met Ala Glu Gly

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 Ille 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 Gin Ile Met Arg Ile Lys Pro His
100 105 110

Gin 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 Gin Asp Pro Gln Thr
145 150 155 180

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 PFro Arg Arg



165170175 His Len Pro His Ala Gin Pro Gin Asp Ala Giy Val Tyr Ser Ala Arg 180185190 Tyr lie Gly
Gly Asn Len Phe Thr Ser Ala Phe Thr Arg Leu Tie Val 195200205 - 57 - Thr Ala Cys Met Asn Asn Gly
Vol Cys His Glu Asp Thr Gly Glu Cys 225230235240 lle Cys Pro Pro Gly Phe Met Gly Arg Thr Cys Glu
Lys Ala Cys Glu 245250255 Lou His Thr Phe Gly Arg Thr Cys Lys Giu Arg Cys Ser Gly GIn Glu
260265270 Gly Cys Lys Ser Tyr Vol Phe Cys Leo Pro Asp Pro Tyr Gly Cys Ser 275280285 Cys Ala
Thr Gly Trp Lys Gly Leu Gin Cys Asn Glu Ala Cys His Pro 290295300 Gly Phe Tyr Gly Pro Asp Cys
Lys Leu Arg Cys Ser Cys Asn Asn Gly 305310315320 Glu Met Cys Asp Arg Phe GIn Gly Cys Leo Cys
Ser Pro Gly Trp Gin 325880335 Gly Leo Gin é% Glu Arg Glu Gly 16Bro Arg Met Thr Pro Lys lle
340345350 Val Asp Leo Pro Asp His lle Glu Vol Asn Ser Gly Lys Phe Aso Pro 355360365 lle Cys Lys
Ala Ser Glyzhrp Prockeo Pro Thr Asn Glu Glu Met Thr 370375380 Leo Vol Lys Pro.Asp Gly Thr Vol

Leo His Prezllys A§E4Phe Asn His 385390395400
<212> PRT

<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 Sex 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 90c 95

Leu Glu Asn Tyr Ile Gln Asp Asn Met Lys Lys Glu Met Val Glu Tle
100 105 110

Gln Gln Asn Ala Val Gln Asn Gln Thr Ala val Met Ile Glu lle 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



Thr Asp His Phe Ser Vol Ala lle Phe Thr lle His Arg lle Leo Pro 405410415 Pro Asp Ser’GIyw Vol Trp
Vol Cys Ser Vol Asn Thr Vol Ala Gly Met 420425430 Vol Glu Lys Pro Phe Asn lle Ser Vol Lys Vol Leo
Pro Lys Pro Leo 435440445 -58- 450455460 lie Ser Ser Glu Pro Tyr Phe Gly Asp Sly Pro Tie Lys Ser
Lys Lys 465470475480 Leu Leu Tyr Lys Pro Val Asn His Tyr Glu Ala Trp Gin His lie Gin 485490495
Val Thr Asn Glu lie Val Thr Leu Asn Tyr Leu Glu Pgg Arg Thr Glu 500505510 Tyr Glu Leu Cys Val Gin
Leu Val Arg Arg Gly Giu Gly Gly Glu Gly 515520525 His Pro Gly Pro Val Arg Arg Phe Thr Thr Ala Ser
lie Gly Leu Pro 530535540 Pro Pro Arg Gly L n Leo Leo Pro Lys Ser Gin Thr Thr Leu Asn
545550555580 1o hi Tip Gin Pro ﬁ%gpcﬁ%“ pﬁﬁ@é@??s%%%%gs %é’gfpﬁé%ﬁ \J/al 565570575 Glu Val
Glu Arg Arg Ser Val Gin Lys Ser Asp Gin GIn Asn lie Lys 580585590 Val Pro Gly Asn Leu Thr Ser Val

Leu Leo Asn Asn Leu His Prcl) Arg 5%?603(3605LGIUHGinII rl\{gl }:/la}! AI\';a% Aél?nAgngal Asn Thr Lys Ala Gin
1l Leu Ala Met u Asp Lys his 3 .
Gly Glu 6110’6156?01’25 200 005

Ile Lys Glu Glu Lys Asp Gln Leu Gln Val Leu Val Ser Lys Gln Asn
210 215 220

Ser Tle Tle Glu Glu Leu Glu Lys Lys Iie 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 Sexr Ala Lys Asp Pro Thr
260 265 270

Val Ala Lys Glu Glu Gin 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 FPhe Gin
- 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 Lew Asn Tyr Arg
383 390 395 400

Ile His Leu Lys Gly Leu Thr Gly Thr Ala Gly Lys Ile Ser Ser Ile



Trp Ser Glu Asp Leu Thr Ala Trp Thr Leu Ser Asp lle Leu Pro Pro 625630635640 Gin Pro Glu Asn lie
Lys lie Set Asn lie Thr His Set Ser Ala Val 645650655 lie Ser Trp Thr lie Leu Asp Gly Tyr Ser lie Ser
Ser lie Thr lie 660665670 -59- lle Lys Asn Ala Thr lle Thr Gin Tyr Gin Leo Lys Gly Leo Glu Pro
690695700 Glu Thr Ala Tyr Gin Val Asp lle Phe Ala Glu Asn Asn lle Gly Ser 705710715720 Ser Asn
Pro Ala Phe Her His Glu Leo Val Thr Leo Pro GIu_I-Slgr_ Gin 725730735 Ala Pro Ala Asp Leu Gly Gly Gly
Lys Met Leo Leo lle Ala lle Leo 140745750 Gly HerAla Gly Met Thr Cys Leo Thr Val Leo Leo Ala Phe
Leu lle 755760765 lle Leo Gin Leo Lys Arg Ala Asn Val Gin Arg Arg Met Ala Gin Ala 770775780 Phe
Gin Asn Val Arg Glu Glu Prd ®la Val Gin Phe AsnHér Gly Thr 785790785800 Leo Ala Leo Asn Arg
Lys Val Lys Asn Asn Pro Asp Pro Thr lle Tyr 805810815 Pro Val Leo Asp Trp Asn Asp lle Lys Phe Gin
Asp Val llesaly (@i 820825830 Ghy Asre Phe Ghy Gins\Viadd oL ysAlesArgsite bws Lys Asp Gly Leo
835840845 Arg Met AspAla Ala lle Lys Arg MéPLys Glu Tyr Ala Heti%s Asp

Cys Ile Cys Lys Cys Ser Gin Met Leu Thr Gly Gly Trp Trp Phe Asp
435 440 £45

Ala Cys Gly Pro Ser Asn Leu Asn Gly Met Tyr Tyr Pro Gln Arg Gin
450 455 460

Asn Thr Asn Lys Phe Asn Gly Ile Lys Trp Tyr Tyr Trp Lys Gly Sex
465 470 475 480

5ly Tyr Ser Leu Lys Ala Thr Thr Met Met Ile Arg Pro Ala Asp Phe
485 430 435

Ser Gly His His His His His His
500

<210> 107
<211> 506
<z212> PRT
<213> Artificial

<220>
<223> Human angiopoietin-1 (ANG-1) with leader and His-tag

<400> 107
Met Thr Val Phe Leu Ser Phe Ala Phe Leu Ala Ala Ile Leu Thr His

L 5 10 15

Tle Gly Cys Ser Asn Gln Arg Brg Ser Pro Glu Asn Ser Gly Arg Arg
20 25 30

Tyr Asn Arg Ile Gln His Gly Gln Cys Ala Tyr Thr Phe lle Leu Pro

Giu His Asp Gly Asn Cys Arg Glu Ser Thr Thr Asp Gin 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 B0



- 850855860 Asp His Arg Asp Phe Ala Gly Glu Leo Glu Val Leo Cys Lys Leu Gly 865870875880 His His
Pro Asn lle lle Asn Leu Leo Gly Ala Cys Glu His Arg Gly 885890895 - 60 - Phe Leo Arg Lys Her Arg
Val Leo Glu Thr Asp Pro Ala Phe Ala lie 915920925 Ala Asn Her Thr Ala Her Thr Leo Her Ser GIn Gin

Leo Leo His Phe 930935940 Ala Ala Asp Val Ala Arg Gly Met Asp Tyr Leo Ser Gin Lys Gin Phe
945950955960 lie His Arg Asp Leo Ala Ala Arg Asn Tie Leo Val Gly Glu Asn Tyr 965970975 Val Ala
Lys lie Ala Asp Phe Gly Leo Her Arg Gly GIn Glu Val Tyr 980985990 Val Lys Lys Thr Met Giy Arg Leo
Pro Val Arg Trp Met Ala lie Glu 99510001005 Her Leo Asn T rTSer n\f/al E r Thr Thr Asn Her Asp Val
Trp Her 10¥01615T620%yr (5 Vaif 186 185 T Glgtié Val Her teo %ﬁyqé?y Thr Pro 102510301035
Tyr Cys Gly Met Thr Cys Ala Glu Leo Tyr Gin Lys Leo Pro Gin 104010451050 Gly Tyr Arg Leo Gin Lys

Pro Leo Am n Gym Asp Asp Glu Val Tyr 105510601065 Asp Len Met Arg Gin Gym Trp Arg Gin Lys
Pro Tyr Gm%rg;prd;g_@]@koqgﬂ_%g Tyr Ile Val Glu Asn Met Lys Ser Giu Met
100 105 110

Ala Gl Ile Gln Gln Asn Ala Val Gln Asn His Thr Ala Thr Met Leu
115 120 125

Glu Ile Gly Thr Ser Leu Leu Ser Gln Thr Ala Glu Gln Thr Arg Lys
130 i3 140

Leu Thr Asp Val Glu Thr Gln Val Leu Asn Gin Thr Ser Arg Leu Glu
145 150 155 160

Tie Gln Leu Leu Glu Asn Ser Leu Ser Thr Tyr Lys Leu Glu Lys Gin
165 170 175

Lew Leu Gln Gln Thr Asn Glu Ile Leu Lys Ile His Glu Lys Asn Ser
189 185 190

Leu Leu Glu His Lys Ile Leu Glu Met Glu Gly Lys His Lys Glu Gilu
195 200 205

Leu Asp Thr Leu Lys Glu Glu Lys Glu Asn Leu Gin Gly Leu Val Thr
210 215 220

Arg Gin Thr Tyr Ile Tle Gln Glu Leu Glu Lys Gln Leu Asn Arg Ala
225 230 - 235 240

Thr Thr Asn Asn Sex Val Leu Gln Lys Gln Glno Leu Glu Leu Met Asp
245 250 255

Thr val His Asn Leu Val Asn Leu Cys Thr Lys Glu Gly Val Leu Leu
260 265 270

Lys Giy 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
290 285 300

Asn Asp Met Pro Glu Pro Lys Lys Val Phe Cys Asn Met Asp Val Asn



Her Phe Ala Gin Tie Leo Val Her Leo Asn Arg Met Len Glu Gin 108510901095 Arg Lys Thr Tyr Val
Asn Thr Thr Leo Tyr Gin Lys Phe Thr Tyr 110011051110 Ala Gly lie Asp Gym Her Ala Glu Gin Ala Ala
11151120 -61- <210> 109 <211> 946 <212> PAT <213> Artificial <220> <223> Heavy chain 1 of
bispecific, tetravalent single chain Fab <VEGF-ANG-2> antibody molecule scFAb-Avastin-L006-2620
<400> 109 Glu Val Gin Leo Val Glu Ser Gly Gly GlyJeo Val GIn Pro Gly Gly 151015 Ser Leo Arg Leo
Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys
Gly Leo Glu Trp Val 354045 Gly Trp lle Asn Thr Tyr T@r ly Glu Pro Thr Tyr -Ala Ala Asp Phe 505560
Lys Arg Ar§°Phe Thr Phe Set Led'Asp Thr Set Lys Ser Thr Ala Tyr 65707580 Leo Gin Met Asn Ser
Leo Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Gly Set Ser His Trp
Tyr Phe Asp Vat 100005120rkrpGly Gin Gly Fhe LZew Fab Thrrval SéeSercAld Her Thr Lys Gly
115120125 Pro Ser Val Phe¥®Fo Leo Ala Pro Ser &% Lys Ser Thr Set GV Gly

Phe Gln Arg Gly Trp Lys Glu Tyr Lys Met Gly Phe Gly Asn Pro Ser
340 345 350

Gly Glu Tyr Trp Leu Gly Asn Glu Phe Ile Phe Ala Ile Thr Ser Gln
355 360 365

Arg Gln Tyr Met Leu Arg Ile Glu Leu Met Asp Trp Glu Gly Asn Arg
370 375 380

Ala Tyr Ser Gln Tyr Asp Arg Phe His Ile Gly Asn Glu Lys Gln Asn
385 399 385 400

Tyr Arg Leu Tyr Leu Lys Gly His Thr Gly Thr Ala Gly Lys Gln Ser
405 4190 415

car Leu Ile Leu His Gly Ala Asp Phe Ser Thr Lys Asp Ala Bsp Asn
420 425 430

Asp Asn Cys Met Cys Lys Cys Ala Leu Met Leu Thr Gly Gly Trp Trp
435 440 445

Phe Asp Ala Cys Gly Pro Ser Asn Leu Asn Gly Met Phe Tyr Thr Ala
450 455 460

Gly Gln Asn His Gly Lys Leu Asn Gly Ile Lys Trp His Tyr Phe Lys
4€5 470 475 480

Gly Pro Ser Tyr Ser Leu Arg Ser Thr Thr Met Met Ile Arg Pro Leu
485 490 495

Asp Phe Ser Gly His His His His His His
500 505

<210> 108
<211> 1124
<212> PRT

<2313> Homo sapiens

<400> 108



130135140 Thr Ala Ala Leo Gly Cys Leo Val Lys Asp Tyr Phe Pro Glu Pro Val 145150155160 Thr Val
Ser Trp Asn Her Gly Ala Leo Thr Ser Gly Val His Thr Phe 165170175 - 62 - Thr Val Pro Ser Ser Ser
Leu Gly Thr Gin Thr Tyr lie Cys Asn Val 195200205 Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys
Val Glu Pro Lys 210215220 Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
225230235240 Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leu
Met lie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val 260265270 Ser His Glu Asp Pro Glu Val
Lys Phe Asn Trp Tyr Val Asp Giy Val 275280285 Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin
Tyr Asn Ser 290295300 Thr | 2 Arg Val Val Ser.val Ley Thi, Vald-euddis Gin.Asp Trp Leu
30531031%50 A%n &fﬁy Lys u Tyr Lys Cys Lys \al Ser Asn Lys Ala Lews Pro Ala 325330335 Pro lie
Glu Lys Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro 340345350 Gin Val Tyr Thr Leu Pro Pro Ser

Arg ASp Glsuelr_eéjl;/rhl‘rhlfyﬁa%sgl%m 355 GOBQSAsp Leu Ile Leu Ile Asn Ser Leu
20 25 30

Pro Leu Val Ser Asp Rla 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

Met BAsn Glnm 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
11% 120 125

Leu Thr Met Thr Val Asp Lys Gly Asp Bsn Val Asn Tle Ser Phe Lys
130 135 140

Lys Val Leu Ile Lys Glu Glu Asp Ala Val 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 Prc His Ala Gln Pro Giln Asp Ala Gly Val Tyr Ser Ala Arg
18C 185 190

Tyr Ile Gly Gly Asn Leu Phe Thr Ser Ala Phe Thr Arg Leu Ile Val
195 200 205

Arg Arg Cys Giu Ala Gln Lys Trp Gly Fro Glu Cys Asn His Leu Cys
210 215 220



Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie Ala 370375380 Val Glu Trp Glu Ser Asn
Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 385390395400 - 63 - Thr Val Asp Lys Ser Arg Trp Gin Gin
Gly Asn Val Pile Ser Cys Ser 420425430 Val Met His Glu Ala Leo His Asn His Tyr Thr Gin Lys Ser Leu
Ser 435440445 Leo Ser Pro Gly Lys Gly Gly Gly Gly Set Gly Gly Gly Gly Set Gin 450455460 Pro Gly
Leo Thr Gin Pro Pro Set Val Ser Val Ala Pro Gly Gg} Thr 465470475480 Ala Arg lle Thr Cys Gly Gly
Asn Asn lle fly Per Lys Ser Val His 485490495 Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leo Val

Val Tyr Asp 500505510 Asp Ser Asp Arg Pro Set Gly | Pro Gi{;‘hAr(‘(;;lPi’gel Set Gly Set Amn 515520525
Set Gly Asff HrAIZ Fhi'Eed Thriig &t ARy \fél’lSGifﬁ%/A %Elysﬁsp 53053554054u Ala Asp Tyr Tyr Cys
Gin Val Trp Asp Set Set Set Asp His Tyr 545550555560 Val Phe Gly Thr Gly Thr Lys Val Thr Val Len
Arg Thr Val Ala Ala 565570575 Pro Set Val Phe lle Phe Pro Pro Set Asp. Gin Gin Leo Lys Set Gly

580585590 FhF ydaSet Xl GHY CYs teh 88 ASh Akh Prie Tyt PIS Arg Gift Ala”

Leu His Thr Phe Gly Arg Thr Cys Lys Glu Arg Cys Ser Gly Gln Glu
260 265 270

Gly Cys Lys Ser Tyr Val Phe Cys Leu Pro Asp Pro Tyr Gly Cys Ser
275 280 285

Cys Ala Thr Gly Trp Lys Gly Leu Gln Cys Rsn Glu Ala Cys His Pro
290 293 3G0

Gly Phe Tyr Gly Pro Asp Cys Lys Leu Arg Cys Ser Cys Asn Asn Gly
305 310 315 320

Glu Met Cys Asp Arg Phe Gln Gly Cys Leu Cys Ser Pro Gly Trp Gln
325 330 335

Gly Leu Gln Cys Glu Arg Glu Gly Ile Pro Arg Met Thr Pro Lys Ile
340 345 350

Val Asp Leu Pro Asp His Ile Glu Val Asn Ser Gly Lys Phe Asn Pro
355 360 365

Ile Cys Lys Ala Ser Gly Trp Pro Leu Pro Thr Asn Glu Glu Met Thr
370 375 380

"
s
0

Leu Val Lys Asp Gly Thr Val Leu His Pro Lys Asp Phe Asn His
385 390 395 400

Thr Asp His Phe Ser Val Ala Ile Phe Thr Ile His Arg Ile Leu Pro
405 410 415

Pro Asp Ser Gly Val Trp Val Cys Ser Val Asn Thr vVal Ala Gly Met
420 425 430

Val Glu Lys Pro Phe Asn Ile Ser Val Lys Val Leu Pro Lys Fro Leu
435 440 445

Bsn Ala Pro Asn Val Ile Asp Thr Gly His Asn Phe Ala Val Ile Asn



595600605 Lys Val Gin Trp Lys Val Asp Asn Ala Len Gin Set Gly Asn Set Gin 610615620 -64- Set
Thr Leu Thr Leu Set Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 645650655 Ala Cys Glu Val Thr His Gin
Sly Leu Set Set Pro Val Thr Lys Set 660665670 Phe Asn Arg Sly Glu Cys Sly Sly Sly Sly Set Sly Gly
Sly Sly Set 675680685 Sly Sly Sly Sly Set Sly Sly Sly Sly Set Sly Sly Sly Sly Set Sly 690695700 Sly
Sly Sly Set sly Sly Gin Val GIn Leu Val Glu Set SlyAla Glu 705710715720 Val Lys Lys Pro Sly Ala Set
Val Lys Val Set Cys Lys Ala Set Sly 725730735 Tyr Thr Phe Thr Sly Tyr Tyr Met His Trp Val Arg Gin
Ala Pro Sly 740745750 Sin Sly Leu Glu Trp Met Sly Trp Iieq,%gn Pro Asn Set Sly Sly Thr 755760765
Asn Tyr Ala GIi1%s Phe Sin Sly Arg 73 Thr Met Thr Arg Asp Thr 770775780 Set lie Set Thr Ala Tyr
Met Glu Leu Set Arg Leu Arg Set Asp Asp 785790795BOO Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro

Asn Pro TyrtysskysAsBO58208L5 Set Set SPTYHTYE Tyi Pré Sly*Afa'Pfie A3p lie Trp Sly Sin Sy
820825830 %> 470 475 48

Leu Leu Tyr Lys Pro val Asn His Tyr Glu Ala Trp Gin 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 Gin Leu Val Arg Arg Gly Glu Gly Sly Glu Giy
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 Gin 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
5840 585 590

val Pro Gly Asn Leu Thr Ser Val Leu Leu Asn Asn Leu His Pro Arg
593 600 605

Giew Gln Tyr Val Val 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 Azp Ile Leu Pro Pro
625 630 635 640

Gln Pro Glu Asn Ile Lys Ile Ser Asn Ile 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



Thr Met Val Thr Val Set Set Ala Set Thr Lys Sly Pro Set Val Phe 835840845 Pro Lea Ala Pro Set Set
Lys Set Thr Set Sly Sly Thr Ala Ala Leu 850855860 - 65 - 865870875880 Asn Set Gly Ala Leu Thr Set
Gly Val His Thr Phe Pro Ala Val Lou 885890895 Gin Set Set Gly Leu Tyr Set Leu Set Set Val Val Thr
Val Pro Set 900905910 Set Set Len Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His Lys Pro 915920925
Set Ann Thr Lys Val Asp Lys Lys Val Gin Pro Lys_ggt Cys Asp Lys 930935940 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 lle Gin Met Thr Gin
Set Pro Set Set Len Set Ala Set Val Gly 151015 Asp Arg Val Thr lle Thr Cys Set Ala Set Gin Asp lle
Set Asn Tyr 202230 4-eeAsnnErp ikyr@indGinlys Pro Bly Lys AleyPreuLjsWEreen lle 354045 Tyr Phe
Thr Set Set LeaHis Set Gly Val Pro $&t Arg She Set Gly 505560 Set Gly Set Gly Thr Asp Phe Thr Len
Thr lle Set Set Lou Gin Pro

Glu Thr Ala Tyr Gln Val Asp Tle 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 Tle Ala Ile Leu
740 745 750

Gly Ser Ala Gly Met Thr Cys Leu Thr val Leu Leu Ala FPhe Leu lle
755 760 765

Tle Leu Gin Leu Lys Arg Ala Asn Val Gln Arg Ar Met Ala Gln Ala
TIT0 775 780

Phe Gln Asn Val Arg Glu Glu Pro Ala Val Gln Fhe Asn Ser Gly Thr
785 790 7495 800

Leu Ala Leur Asn Arg Lys Val Lys Asn Asn Pro Asp Pro Thr Ile Tyr
805 810 815

Pro Val Leu Asp Trp Asn Asp lle Lys Phe Gln Asp Val Ile Gly Glu
B20 8250 830

Gly Asn Phe Gly Gln Val Leu Lys 2la Arg Ile Lys Lys Asp Gly Leu
835 840 845

Arg Met Asp Ala Ala Tle Lys Arg Met Lys Glu Tyr Ala Ser Lys Asp
850 855 860

Asp His Arg Asp Phe Ala Gly Glu Leu Glue Val Leu Cys Lys Leu Gly
865 870 875 880

His His Pro BAsn Ile Ile Asn Leu Leu Giy Ala Cys Glu His Arg Gly
885 890 885

Tyr Leu Tyr Leu Ala Ile Glu Tyr Ala Pro His Gly Asn Leu Leu Asp
300 905 910



65707580 - 66 - Thr Phe Gly Gin Gly Thr Lys Val Gin Tie Lys Arg Thr Val Ala-Ala 100105110 Pro Ser
Val Phe lie Phe Pro Pro Ser Asp Gin Gin Lou Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Lou Lou
Asn Asn Phe Tyr Pro Arg Giu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Lou Gin Ser Giy
Asn Ser Gin 145150155160 Gin Ser Val Thr Gin Gin Asp Ser Lys Asp Ser Thr Tyr Sot Len Sot
165170175 Ser Thr Lou Thr Lou Set Lys Ala Asp Tyf Glu Lys His Lys Val Tyr 180185190 Ala Cys Gin
Val Thr His Gin Gly Lou Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys 210 <210>
111 <211> 956 <212> PRT <213> Artificial <220> <223> Heavy chain 1 of bispecific, tetravalent
single Chai@hLaF;VE%FIAN&-@%@QQMJM@Quiﬁlscagebpewa@tmﬁ{égzh-w@é-zmo <400> 111 Glu
Val Gin Lou Va (‘flu9$§r ély Gly Gly Lou ¥ab Gin Pro Gly Gly 15%£615 Sot Lou Arg Lou Ser Cys Ala Ala
Ser Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Lou Glu Trp
Val 354045, Gly Trp lie ASn T TYL TR GY. G EraJheTyrAla (g Asp BRI ene

930 935 : 940

Ala Ala Asp Val Bla Arg Gly Met Asp Tyr Leu Ser Gin Lys Gln Phe
945 950 955 960

Yle His BArg Asp Leu Ala Ala Arg Asn Ile Leu Val Gly Glu Asn Tyr
965 970 975

Val Ala Lys Ile Ala Asp Phe Gly Leu Ser Arg Gly Gln Glu Val Tyr
980 985 gs0

Val Lys Lys Thr Met Gly Arg Leu Pro Val Arg Trp Met Ala Ile Glu
8995 1000 1005

Ser Leu Asn Tyr Ser val Tyr Thr Thr Asn Ser Asp Val Trp Ser
1010 1015 1020

Tyr Gly Val Leu Leu Trp Glu Ile val Ser Leu Gly Gly Thr Pro
1025 1030 1035

Tyr Cys Gly Met Thr Cys Ala Glu Leu Tyr Glu Lys Leu Pro Glin
1040 1045 1050

Gly Tyr Arg Leu Glu Lys Pro Leu Asn Cys ASpP Asp Glu Val Tyr
1055 1060 1065

Asp Leu Met Arg Gin Cys Trp Rrg Glu Lys Pro Tyr Glu Arg Pro
1070 1075 1080

Ser Phne Ala Gln Tle Leu Val Ser Leu Asn Arg Met Leu Glu Glu
1085 1090 1085

Arg Lys Thr Tyr Val Asn Thr Thr Leu Tyr Glu Lys Phe Thr Tyr
1100 1105 1110

Ala Gly Ile Asp Cys Ser Ala Glu Glu Ala Ala
1115 1120



- 67 - 505560 Lys Arg Arg Phe Thy Phe Set Leu Asp Thr Set Lys Set Thy Ala Tyr 65707580 Leu Gin
Met Asn Set Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Gly Set
Set His Trp Tyr Phe Asp Val 100105110 Trp Gly Gin Sly Thr bee Val Thr Val Ser Set Ala Her Thr Lys
Gly 115120125 Pro Set Val Phe Pro Lee Ala Pro Set Set Lys Set Thr Set Gly Gly 130135140 Thr Ala
Ala Lela Gly Cys Lee Val Lys Asp Tyr The Pro Glu_lg 0 Val 145150155160 Thr Val Set Trp Asn Ser Sly
Ala Lee Thr Ser Gly Val His Thy Phe 165170175 Pro Ala Val Lee Gin Set Ser Sly Lee Tyr Set Lee Set
Set Val Val 180185190 Thr Val Pro Set Set Set Lee Sly Thr Gin Thr Tyr lle Cys Asn Val 195200205
Asn His Ly§ o Seéto,&sn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 210215220 Set Cys Asp Lys Thr
His Thr Cy& ngrgR@ys Pro Ala Pro Glu Lee 225230235240 Lee Sly Gly Pro Set Val Phe Leu Phe

Pro Pro Lys:PrerLysrAspitiei245250255 Lee Met lle Set Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
Val 260265<227209 g

<223> Heavy chain 1 of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFRb-Avastin-LC06-2620

<400> 108

Glu Val Gln Leu Val Glu Ssr Gly Gly Gly Leu Val Gln Fro Gly Gly
1 5 10 i5

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyx 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

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 ac 95

ala Lys Tyr Prc 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
165 176 175

Pre Als Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180G 185 190



-68- Gin Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Per 290295300 Thr Tyr Arg Val Val -
Ser Val Len Thr Val Len His Gin Asp Trp Leu 305310315320 Asn Gly Lys Glu Tyr Lys Cys Lys Val Per
Asn Lys Ala Len Pro Ala 325330335 Pro lie Gin Lys Thr lie Per Lys Ala Lys Gly Gin Pro Arg Glu Pro
340345350 Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Gin Len Thr Lys Asn Gin 355360365 Val Ser Len
Thr Cys Len Val Lys Gly Phe Tyr Pro Per Asp Tie %370375380 Val Gin Trp Gin Ser Asn Gly Gin Pro
Gin Asn Asn Tyr Lys Thr Thr 385390395-400 Pro Pro Val Len Asp Per Asp Gly Ser Phe Phe Len Tyr
Per Lys Leu 405410415 Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Per Cys Per
420425430 Val Met His Gin Ala Len His Asn His Tyr Thr Gin Lys Ser Len Ser 435440445 Len Per Pro
Gly Lys GiyGlycly 21y Sat Gly Gl Gly.Gly SenSly: 450455460:Glydsly Gly Per Gly Gly Gly Gly Ser
Gin Pro Gly Len Thri@in Pro 465470475480°Pro Per Val Per Vat%la Pro Gly Gin Thr Ala Arg lie Thr
Cys Gly 485490495

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 Prc Cys Pro Ala Pro Giu Leu
225 230 235 240

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Bsp 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 Bla Lys Thy Lys Pro Arg Glu Glu Gln Tyr Asn Ser
240 295 300

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 Alsa
325 330 338

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 Gin
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 RAsn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
385 380 395 400

Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
405 410 415



-69- Gly Gin Ala Pro Val Lou Val Vol Tyr Asp Asp Ser Asp Arg Pro Ser 515520525 Gly lle Pro Glu Arg
Phe Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr 530535540 Lou Thr lle Ser Arg Val Glu Ala Gly Asp Glu
Ala Asp Tyr Tyr Cys 545550555560 Gin Val Trp Asp Ser Ser Ser Asp His Tyr Val Phe Gly Thr Gly Thr
565570575 Lys Val Thr Val Lou Arg Thr Val Ala Ala Pro Her Val Phe lle Phe 580585590 Pro Pro Ser
Asp Glu Gin Lou Lys Ser Gly Thr Ala Ser Vol Vol Cys 595600605 Lou Lou Asn Asn Phe Tyr Pro Arg
Glu Ala Lys Val Gin Trp Lys Val 610615620 Asp Ash Ala Lou Gin Ser Gly Asn Ser Gin Glu Ser Vol Thr
Glu Gin 625630635640 Asp Ser Lys Asp Ser Thr Tyr Ser Lea Ser Ser Thr Lou Thr Lou Ser 645650655
Lys Ala Asp Tyr, BluLys His Lys Yol BYCAICys Gl Vel Ty.tiis A6Q665640 Gin Gly Lea Ser Ser Pro
Vol Thr Lys Ser Phe sn;yﬁ{g y Glu Cys 6756,;8968% Gly Gly Gly Glg&er Gly Gly Gly Gly Ser Gly Gly

Gly Gly Ser Gly 690695700 Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly

705710715720 - 70 - . .
Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser

435 440 £45

Leu Ser Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln
450 455 460

Pre Giy Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln Thr
465 470 475 480

Ala Brg ile Thr Cys Gly Gly Asn Asn Ile Gly Ser Lys Ser Val His
485 430 485

Trp Tyr Gin Giln Lys Pro Gly Gin Ala Pro Val Leu Val Val Tyr Asp
500 505 51C

Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn
515 520 525

Ser Gly Asn Thr Ala Thr Lew Thr Ile Ser Arg Val Glu Ala Gly Asp
530 535 540

Glu Bla Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His Tyx
545 550 555 560

Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala Ala
565 578G 575

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gla Leu Lys Ser Gly
580 385 590

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
595 600 605

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
610 615 620

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
625 630 635 640



Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 740745750 Tyr Met His Trp Val Arg
Gin Ala Pro Gly Gin Gly Leo Glu Trp Met 755760765 Gly Trp lie Asn Pro Asn Ser Gly Gly Thr Asn Tyr
Ala Gin Lys Phe 770775780 Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser lie Ser Thr Ala Tyr
785790795800 Met Glu Leo Ser Arg Leo Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys 805810815 Ala Arg
Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr T%r Tyr 820825830 Pro Gly Ala Phe Asp lle Trp Gly
Gin Gly Thr Met Val Thr Val Ser 835840845 Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
Ser Ser 850855860 Lys Ser Thr Ser Gly Gly Thr Ala Ala Leo Gly Cys Leg Val Lys Asp 865870875880
Tyr Phe Pré%lﬁ@ré‘%ﬁﬁré\i‘?l & T /&gﬁ s&p CéggAﬁéuLééﬁsT + 8858995 Cer Gly Val His Thr Phe
Pro Ala Val Leo Gin Ser Ser & y Leo Tyr 900905910 Ser Leo Ser Ser Val Val Thr Val Pro Ser Ser Ser
Leo Gly Thr Gin 915920925 r Tyr lie Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp

. ¢ ¥s Ser
93093594 (klLyslrysazal ?6%‘ Pro Lys Ser Cys Asp 15¢§ Ti5F rﬁ§@92i595§%5é

Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gily Ser
675 680 685

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Giy Ser Gly
650 695 700

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 Axg Asp Thr
770 775 780

Ser Tle Ser Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Asp Asp
785 750 785 BOO

Thy 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 ARla 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 B&D

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp



- 71 - <211> 214 <212> PAT <213> Atrtificial <220> <223> Light chain of bispecific, tetravalent single
chain Fab <VEGF-ANG-2> antibody molecule scFab-Avastin-Ang2i-LC06-2640 <400> 112 Asp lle Gin
Met Thr Gin Set Pro Set Set Leu Set Ala Set Val Gly 151015 Asp Arg Val Thr lle Thr Cys Set Ala Set
Gin Asp lle Set Asn Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Val Leo lle
354045 Tyr Phe Thr Set Set Leu His Set Gly Val Pra.Set Arg Phe Ser Gly 505560 Set Gly Set Gly Thr
Asp Phe Thr Leu Thr lle Ser Set Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin GIn Tyr
Set Thr Val Pro Trp 859095 Thr Phe Gly Gin Gly Thr L S Val Glu Ib e Lys Ar%[)hr Val Ala Ala
10010511GPF}o Set Val Phe lle PH& Pro Pro Set Asp Glu™Gin Leo Lys Set Gly 115120125 Thr Ala Set
Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn
Ala Leo Gin Set&lycAsk SetiGin 145350 1851801 GlisSBr/ dhFhi :Gl1é GirY Asp-Bet Lys Asp Set Thr Tyr
Set Leu Set 165170175 Set & Leo Thr Leo Set L3¥Ala Asp Tyr Glu Ly&®Ris Lys Val Tyr 180185190

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
500 905 910

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 3er Cys Asp Lys
930 935 940

Thr His
945

<210> 1190
<211>» 214
<Z212> PRT
<213> Artificial

<Z220>

<223> Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-Z> antibody molecule scFAb-Avastin-LC06-2620

<400> 110

Asp Tle Gln Met Thr GIn 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

Leuw Asn Trp Tyr Gln Gin 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 &0

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ber Ser Leu Gln Pro
65 70 75 80C

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Giln Tyr Ser Thr Val Pro Trp
85 90 95



- 72 - Ala Cys Gin Val Thr His Gin Gly Leu Set Ser Pro Val Thr Lys Ser 195200205 she Asn Arg G&Iy ~
Glu Cys 210 <210> 113 <211> 956 <212> PR? <213> Atrtificial <220> <223> Heavy chain 1 of
bispecific, tetravalent single chain Fab <VEGF-ANG-2> antibody molecule
scFab-Avastin-Ang2i-LC06-2641 <400> 113 Gin Val Gin Leu Val Gin Ser Gly Gly Gly Len Val GIn Pro
Gly Gly 151015 Ser Len Arg Len Ser Cys Ala Ala S é'”GIy Tyr Thr She Thr Asn Tyr 202530 Gly Met
Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Len Gin Trp Val 351045 Gly Trp lle Asn Thr Tyr Thr Gly Glu
Pro Thr Tyr Ala Ala Asp She 505560 Lys Arg Arg She Thr She Ser Leu Asp Thr Ser Lys Ser Thr Ala
Tyr 65707580 Len Gin Met Asn Set Leu G Thr Ala,Val, Tyr.Tyr 5Gys 859095 Ala Lys Tyr
Pro His TerJil)r/r %Fy %Ilé/r o %ﬁlg ?r%prlfg’r’ﬁglﬁ%év%%%io%ﬁg lz}érg{gy%%n%%y Thr Len Val Thr Val
Ser Set Ala Ser Thr Lys Gly 115120125 Pro Set Val She Pro Len Ala Pro Ser Set Lys Set Thr Set Gly
Gly 130135140 Thr Ala Ala Leu Gly CPys Len Val Lxs ASPuT}," She Pro Ggwelfr&\y/al

Pro Ser Val Phe Ile PHe Fro Pro Ser Asp G In Leu Lys
115 120 125

Thr Ala Ser Val Val Cys Leu Lew Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gin 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> 111l
<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-LC06-2640

<400> 111

Glu Val Gl Leu Val Glu Ser $ly Gly Gly Leu vVal Gin Pro Gly Gly

1 5 1 i5

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 Gin Ala Pro Gly Lys Gly Leu Giu Trp Val
35 40 45

Gly Trp Ile BAsn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe



- 73 - 145150155160 Thr Val Set Trp Aso Set Gly Ala Leo Thr Set Sly Val His Thr Phe 165170175 Pro
Ala Val Leo Gin Set Ser Gly Leo Tyr Set Leo Set Set Val Val 180185190 Thr Val Pro Ser Ser Ser Leu
Gly Thr Gin Thr Tyr lle Cys Asn Val 195200205 Asn His Lys Pro Set Asn Thr Lys Val Asp Lys Lys Val
Glu Pro Lys 210215220 Set Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leo
225230235240 Leo Gly Gly Pro Set Val Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leo
Met lle Set Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val 260265270 Ser His Glu Asp Pro Glu Val
Lys Phe Ass Trp Tyr Val Asp Gly Val 575280285 Glu Vval HL)%ASS Ala Lys Thr Lys Pro Arg Glu flu Gin
Tyr Asn Set 29 595300 Phi Tyr Arg Val Val Ser Val Leo Thr Val Leo His Gin Asp Trp Leo
305310315320 Ass Gly Lys Glu Tyr Lys Cys Lys Val Set Ass Lys Ala Leo Pro Ala 325330335 Pro lle

Glu Lys Thryle Set by Ake Ly Gly<Git PreeArbs6 |G Pr§ 840335330 Bin ¥ *ggF Thr Leo Pro Pro Set
Arg Asp Gifi'Leo Thr Lys Asn Ginf 355360365 75

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 ElY a5

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
130 135 146

Thr Ala BAla Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp &sn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Th

a4

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 Fro 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 Tle 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



- 74 - Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 385390395400 Pro Pro Val
Leu Asp Set Asp G y Set Phe Phe Leu Tyr Set Lys Leu 405410415 Thr Val Asp Lys Set Arg Trp Gin
Gin Gly Asn Val Phe Set Cys Set 420425430 Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Set
Leu Set 435440445 Leu Set Pro Cly Lys Gly Gly Gly Gly Set Gly Gly Gly Gly Set Gly 450455460 Gly
Gly Giy Set Gly Gly Gly Gly Set Gin Pro Gly Leu ThgGin Pro 465470475480 Pro Set Val Set Val Ala
Pro Gly Gin Thr Ala Arg lie Thr Cys Gly 485490495 Gly Asn Asn tie Gly Set Lys Set Val His Trp Tyr
Gin Gin Lys Pro 500505510 Gly Gin Ala Pro Vat Leu Val Vat Tyr Asp Asp Set Asp Arg Pro Set
515520525 Gly Tie Pro Glu Arg Phe Set Gly Set Asn Set Gly Asn Thr Ala Thr 530535540 Leu Thr lie
Set Arg Vak@luvAla Gl Asp Gl Ala Asp Tye TarCyss545550055560 Girnvalskrmp Asp Set Set Set Asp

His Tyr Val Phe2@ly Cys Gly Thr 565520575 Lys Val Thr Vat%®u Arg Thr Val Ala Ala Pro Set Val Phe
Tie Phe 580585590 - 75 -

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 Gin Pro Arg Glu Fro
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

Yal Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Tnr
385 390 395 - 400

Pro Pro Val Leu Bsp 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 Gin Pro
465 470 475 480

Pro Ser Val Ser Val Ala Prc Gly Gln Thr Bla Axrg Ile Thr Cys Gly
485 430 435

Gly Asn Asn Ile Gly Ser Lys Ser val His Trp Tyr Gln Gin Lys Pro
500 305 510



Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val 610615620 Asp Asn Ala Leo Gin
Set Gly Asn Set Gin Glu Set Val Thr Glu Gin 625630635640 Asp Ser Lys Asp Ser Thr Tyr Set Leo Set
Set Thr Leo Thr Leo Set 645650655 Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr. His
660665670 Gin Gly Leo Set Ser Pro Val Thr Lys Set Phe Asn Arg Gly Glu Cys 675680685 Gly Gly Gly
Gly Set Gly Gly Gly Gly Set Gly Gly Gly Gly Set G[yﬁ 90695700 Gly Gly Gly Set Gly Gly Gly Gly Ser
Gly Gly Gly Gly Set Gly Gly 705710715720 Gin Val Gin Leo Val Glu Set Gly Ala Glu Val Lys Lys Pro
Gly Ala 725730735 Set Val Lys Val Set Cys Lys Ala Set Gly Tyr Thr Phe Thr Gly Tyr 740745750 Tyr
Met His Tr%\éjald%gpgin \la Pro Gly Gin Gys Lir-.;g_ C;;%T}(ppl\/geetr?ggg@%%rglggxrp lle Asn Pro Asn Set
Gly Gly Thr }l\sn Tyr_cAEa Gin Lys Phe 770%£5780 Gin Gly Arg Vakzthr Met Thr Arg Asp Thr Set lle Set
Thr Ala Tyr 785790795800 Met Glu Leo Set Arg Leo Arg Set Asp Asp Thr Ala Val Tyr Tyr Cys

B0SB10815 1,78 PIO.C Mg Bhg Asp e Typ Gl Gin Gy ThY Met VRl Thy.val 5et

530 535 540

Leu Thr Ile Ser Arg Val Glu Ala Gly Asp Glu Ala Asp Tyr Tyr Cys
545 550 555 560

Gin 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 Pne Ile Phe
580 585 590

Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys
595 6C0 605

Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val
610 515 620

Asp Asn Ala 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 &85

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
690 695 700

Gly Gly Gly Ser Gly Giy Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
705 710 715 720

Gla Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Fro Gly Bla
725 730 735



835840845 Ser Ala Set Thr Lys Gly Pro Set Val Phe Pro Leu Ala Pro Ser Set 850855860 Lys Set Thr
Set Gly Gly Thr Ala Ala Leu Gly Cys Leo Val Lys Asp 865870875880 Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser Gly Ala Leu Thr 885890895 Set Gly Val His Thr Phe Pro Ala Val Leo Gin Set Ser Gly
Leo Tyr 900905910 Set Leu Set Set Val Val Thr Val Pro Set Ser Ser Leu Gly Thr Gin 915920925 Thr
Tyr lie Cys Asn Val Asn His Lys Pro Set Asn Thr Lyg,Val Asp 930935940 Lye Lye Val Glu Pro Lye Set
Cys Asp Lys Thr His 945950955 <210> 114 <211> 214 <212> PRT <213> Artificial <220> <223> Light
chain of bispec fic, tetravalent single chain Fatg <IV(ISElGFT @pdx mollecule

scFab-Avasfih- ,X\?"ﬂgﬂ}’fdﬁ% 265180065 114 ASS lié yI\r/le élﬂ; Set Pro Ser Ser Leo Set Ala Set
Val Gly 151015 Asp Arg Val Thr lie Thr Cys Set Ala Set Gin Asp Tie Set Asn Tyr 202530 Leu Asn Trp

Tyr Gin Gin Lye Pro Gly Lys Ala Pro Lys Val Leu lie 354045 Tyr Phe Thr Set Set Leo His Ser Gly Val

oy A 1n Ala Pro Gly Gln Gly Leu Glu Trp M
Pro Set Arg PhéSet &y 55580 7t B e

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gin Lys Phe
770 775 780

Gin Gly Arg Val Thr Metr 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
805 810 815

g
[
O

Bla Arg Ser Pro Asn Tyr Tyr Tyr Asp Ser Ser Gly Tyr
820 B25 830

3
e
5

Tyr

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
850 835 860

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
865 870 875 B8O

Tyr Phe Pro Glu Pro Val val Ser Trp Asn Ser Gly Ala Leu Thr
885 890 BS5

-3
o
[

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
900 8905 91¢

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln
815 920 925

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
930 935 949

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His
945 950 955

<210> 112



Set Gly Set Gly Thr Asp Phe Thr Leu Thr lle Set Set Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr
Tyr Cys Gin GIn Tyr Set Thr Val Pro Trp 859095 Thr Phe Gly Gin Giy Thr Lys Val Glu lle Lys Arg Thr
Val Ala Ala 100105110 Pro Set Val Phe lle Phe Pro Pro Set Asp Glu Gin Leu Lys Set Gly 115120125
Thr Ala Set Val Val Cys Leu Leo Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val
Asp Asn Ala Leo Gin Set Cly Asn Set Gin 145150}9 160 Glu Set Val Thr Glu Gin Asp Set Lys Asp
Set Thr Tyr Set Leo Set 165170175 Set Thr Leu Thr Leo Set Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180185190 Ala Cys Glu Val Thr His Gin Gly Leo Set Set Pro Val Thr Lys Set 195200205 Phe Asn Arg
Sly Glu Cyg?}gq <ZiQ> 115 <211> 946 <212> PRT <213> Artificia <220> <223> Heavy chain 1 of
bispecific, toyalent single chain Fab <VEGF-ANG-2> antibody molecule Avastin-LC06-IGH-C-scFab
<400> 115 Glu Val Gin Leo Val Giu Set Sly Gly Gly Leo Val Gin Pro Gly Gly 151015 - 78 - Set Leo
Arg Leo Seﬁﬁ% Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 202530

Light chain of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody molecule scFab-Avastin-Ang2i-LC0O6-2640

<400> 11iZ2
Asp Ile Gln Met Thr Gln Ser Pro 3er Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Bsp 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 Pne Thr Ser Ser Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
590 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 B0

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 30 95

Thr Phe Gly Gin Gly Thr Lys Val Glu Tle 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 Rla Ser val Val Cys Leu Lgu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp hsn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 1606

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



Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leo Glu Trp Val 354045 Gly Top lie Am n Thr Tyr Thr
Gly Glu Pro Thr Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr Phe Set Leo Asp Thr Ser Lys Set
Thr Ala Tyr 65707580 Leo Gin Met Asn Set Leo Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala
Lys Tyr Pro His Tyr Tyr Gly Set Set His Trp Tyr Phe Asp Val 100105110 Top Gly Gin Gly Thr Leo Val
Thr Val Sec Set Ala Ser Thr Lys Gly 115120125 Pro,set Val Phe Pro Leo Ala Pro Sec Ser Lys Sec Thr
Set Gly Gly 130135140 Thr Ala Ala Leo Gly Cys Leo Val Lys Asp Tyr Phe Pro Glu Pro Val
145150155160 Thr Val Set Trp Asn Set Gly Ala Leo Thr Set G y Val His Thr Phe 165170175 Pro Ala
Val Leo Gin, Ser.SetGly .80 Jwr Set Lsq Set Set.Val val 180185190, Thrial Brp Set Set Set Leo Gly
Thr Gin Thr Tyr lie Gy Asn Val 1952002020Asn His Lys Pro Sec#sn Thr Lye Val Asp Lys Lys Val Glu

Pro Lys 210215220 Set Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leo 225230235240

-79- 245250255 Arg Gly Glu Cys

210

<Zi0> 113
<211> 556
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, tetravalent single chain Fab
<VEGF-ANG-2> antibody moleculs scFab-Avastin-Ang2i-LCO6-2641

<400> 113

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 Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
B85 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 Lew Val Thr Val Ser Ser Ala Ser Thr Lys Gly
1i5 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Sexr Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val



Leo Met lle Ser Arg Thr Pro Glu Vol Thr Cys Vol Vol Vol Asp Vol 260265270 Ser His Glu Asp Pro Glu
Vol Lys Phe Asn Trp Tyr Vol Asp Gly Vol 275280285 Glu Vol His Asn Ala Lys Thr Lys Pro Arg Glu Glu
Gin Tyr Asn Ser 290295300 Thr Tyr Arg Vol Vol Set Vol Leu Thr Vol Leu His Gin Asp Trp Leo
305310315320 Asn Gly Lys Glu Tyr Lys Cys Lys Vol Set Asn Lys Ala Leo Pro Ala 325330335 Pro lle
Glu Lys Thr lle Set Lys Ala Lys Gly Gin Pro Arg Gl_u7l§r_o 340345350 GIn Vol Tyr Thr Leo Pro Pro Cys
Arg Asp Glu Leo Thr Lys Asn GIn 355360365 Vol Ser Leo Trp Cys Leo Vol Lys Giy Phe Tyr Pro Ser
Asp lle Ala 370375380 Vol Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn TyrllE s Thr Thr
385390395449 Pro Pro Vol Leu A@S Ser Asp Gly Ser Phe Phe Leo Tyr Ser Lyséi_eu 405410415 Thr
Vol Asp Lys Ser Arg Trp Gin Gin Gly Asn Vol Phe Ser Cys Ser 420425430 Vol Met His Glu Ala Leo
His Asn Hisrhyrvehr Gin Lys Set lseo Sel 4854464 15:1 ¢ SSPrg=Gly LysTBly*Gty Gly Gly Ser Gly Gly
Gly Gly Set Gin 450455460 10 - Ala Arg lie Thr Gy$ Gly Gly Asn Asn lié Gly Ser Lys Set Val His

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 Gin Thr Tyr Ile Cys Asn Val
19% 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 Bro Pro Cys Frc 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 Tle 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 Giu Lys Thr Tle 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



485490495 Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leo Val Val Tyr Asp 500505510 Asp Set Asp
Arg Pro Set Gly Tie Pro Gin Arg Phe Ser Gly Set Asn 515520525 Set Gly Asn Thr Ala Thr Len Thr lie
Set Arg Val Gin Ala Gly Asp 530535540 Gin Ala Asp Tyr Tyr Cys Gin Val Trp Asp Set Set Set Asp His
Tyr 545550555560 Val Phe Gly Thr Gly Thr Lys Val Thr Val Len Arg Thr Val Ala Ala 565570575 Pro
Set Val Phe lie Phe Pro Pro Set Asp Gin Gin Len I:y7g4 Set Gly 580585590 Thr Ala Set Val Val Cys Len
Len Asn Asn Phe Tyr Pro Arg Glu Ala 595600605 Lys Val Gin Trp Lys Val Asp Asn Ala Leo Gin Set
Gly Asn Set Gin 610615620 Gin Set Val Thr Gin Gin Asp Set Lys Asp Set Thr Tyr Set Leu Set
625630635640 Set Thr Len Thr Len Set Lys Ala Asp Tyr Gin Lys His Lys Val Tyr 645650655 Ala Cys
Gin Val ThrHis Gin Gly keo Set 86t Rro, ValiThe L ys Sel6606656¢0:RberAsnrAmg Gly Gin Cys Gly

Gly Gly Glys3et Gly Gly Gly Gly Sen675680685 -81- GlysGly Gly Set Gly Gly4@Gin Val Gin Leu Val Glu
Set Gly Ala Glu 705710715720

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

feu Ser Pro Gly Lys Gly Gly Gly Giy Ser Gly Gly Gly Gly Ser Gly
450 455 460

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Pro Gly iLeu Thr Gln Fro
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
5G0 505 510

Gly Gln Ala Pro Val Leu Val Val Tyr Asp Asp Ser Asp Ary Pro Ser
513 520 525

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

Gin 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 59¢

Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys
535 600 605



Val Lys Lys Pro Gly Ala Set Val Lys Val Set Cys Lys Ala Set Gly 725730735 Tyr Thr Phe Thr Gly Tyr
Tyr Met His Trp Val Arg Gin Ala Pro Gly 740745750 Gin Gly Leu Glu Trp Met Gly Trp lle Asn Pro Asn
Set Gly Gly Thr 755760765 Asn TYr Ala Gin Lys Phe Gin Gly Arg Val Thr Met Thr Arg Asp Thr
770775780 Set lle Set Thr Ala Tyr Met Giu Leu Set Arg Leu Arg Set Asp Asp 785790795800 Thr Ala
Val Tyr Tyr Cys Ala Aro Set Pro Asn Pro Tyr Tyr Tyr7 sp 805810815 Set Set Gly Tyr Tyr Tyr Pro Gly
Ala Phe Asp lle Trp Gly Gin Gly 820825830 Thr Met Val Thr Val Set Set Ala Set Thr Lys Gly Pro Set
Val Phe 835840845 Pro Leu Ala Pro Set Set Lys Set Thr Set Gly Gly Thr Ala Ala Leu 850855860 Gly
Cys Leu Val Lys ASpIVRENG Br GluELo gl I Yl St 11D BesEr0878080,aen Set Gly Ala Le Thr
Set Gly Val His ﬁH Phe Pro Ala Val Le1r 885890895 GIn Setfset Gly Leu Tyr Set Leu Set Set Val Val

Thr Val Pro Set 900905910 -82- Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Her Cys Asp Lys

930935940A1;2rbs|r§ %ﬁl? Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Giu 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
690 695 100

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

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thx Phe Thr Gly Tyr
740 745 750

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gin Cys Leu Glu Trp Met
755 760 765

Gly Trp Tle Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
770 775 780

Giln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Rla Tyr
785 790 795 800

Met Glu Leu Ser Arg Lew Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
805 810 815

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
820 825 830



<210> 116 <211> 453 <212> PET <213> Artificia <220> <223> Heavy chain 2 of bispecific, trivalent
single chain Fab <VEGF-ANG-2> antibody molecule Avastin-LC06-KiH-C-scFab <400> 116 Giu Val
GIn Leu Val Glu Her Gly Gly Gly Len Val Gin Pro Gly Gly 151015 Ser Len Arg Len Her Cys Ala Ala
Her Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Len Glu
Trp Val 354045 Gly Trp lie Asn Thr Tyr Thr Gly Gin £ro Thr Tyr Aia Ala Asp Phe 505560 Lys Arg Arg
Phe Thr Phe Her Len Asp Thr Her Lys Her Thr Ala Tyr 65707580 Len GIn Met Asn Her Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Tyr Prg His Tyr Tyr. Gly Her Ser His Trp Tyr Phe Asp
Val 100105710 b &l c%%ﬁ §1%//9T rien %Eﬁ'ké?\?a}léﬂe;? e%%i\*%ﬁaé/r %}r/ ﬁ?% §T§ 115120125 Pro Her
Val Phe Pro Len Ala Pro Her Her Lys Her Thr Ser Gly Gly 130135140 - 83 - Thr Val Her Trp Asn Her

Gly Ala Leo Thr Her Gly Val His Thr Phe 165170175 Pro Ala Val Leo Gin Her Her Gly Leo Tyr Her Leo
Her Her VaFval’180185190 THF \/G&IYPEQEHEA‘?’H&}-I«SPT_(% G THHGIAThY Tyrifé Cys Asn Val

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
8&5 870 875 880

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
815 920 925

Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
830 835 240

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 scPab-Avastin-Ang2i-LC06-2641

<400> 114

Asp Ile Gin 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 Gin Asp Ile Sar 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



195200205 Asn His Lys Pro Her Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 210215220 Her Cys
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leo 225230235240 Leo Gly Gly Pro Her Val
Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leo Met lle Her Arg Thr Pro Giu Val Thr Cys
Val Val Val Asp Vol 260265270 Her His Gin Asp Pro Gin Val Lys Phe Asn Trp Tyr Vol Asp Gly Vol
275280285 Glu Vol His Asn Ala Lys Thr Lys Pro Arg755|n Gin Gin Tyr Asn Her 290295300 Thr Tyr Arg
Val Vol Her Val Leo Thr Vol Leo His Gin Asp Trp Leo 305310315320 Asn Gly Lys Glu Tyr Lys Cys Lys
Val Her Asn Lys Ala Leo Pro Ala 325330335 Pro lle Glu Lys Thr lle Her Lys Ala Lys Gly Gin Pro Arg
Glu Pro 340345350 Gin Vol Cys Thr Leo Pro Pro Her Arg Asp Gin Len Thr Lys Asn Gin 355360365 -
84 - Val GlusTrpdGiudder Asn1Galy &in Bre Gl Asp Ash Tye Lys Thyr The385398395400 Pro Pro Val
Leu Asp SerAsp Gly Ser Phe Phéd_eu Val Set Lys Leu405410415 Thr Val Asp Lys Set Arg Trp Gin
Gin Gly Asn Vol Phe Set Cys Ser 420425430

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thy Val Pro Trp
85 90 9%

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
145 150 155 150

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 Tyzx
180 18% 120

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-LCO6-KiH-C-scFab

<400> 115

Giu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15



Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Set Leu Ser 435440445 Lou Ser Pro Gly Lys 450
<210> 117 <211> 214 <212> PRT <213> Artificia <220> <223> Light chain of b specific, trivalent
single chain Fab <VEGF-ANG-2> antibody molecule Avastin-LC06-Kill-C-scFab <400> 117 Asp lie Gin
Met Thr Gin Ser Pro Set Set Leu Ser Ala Ser Vol Gly 151015 Asp Arg Vol Thr lie Thr Cys Ser Ala Ser
Gin Asp lie Set Asn Tyr 202530 Lou Asn Trp Tyr G_igSQin Lys Pro Gly Lys Ala Pro Lys Vol Lou Tie
354045 Tyr Phe Thr Ser Ser Lou His Set Gly Vol Pro Set Arg Phe Set Gly 505560 Set Gly Set Gly Thr
Asp Phe Thr Lou Thr lie Set Ser Lou Gin Pro 65707580 Glu Asp_Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr
Ser Thr Vol¥®fo b 859085 285-¥601tE110 BES Set'ValPheé hégﬁrésﬁrg\éer Asp Glu Gin Leu
Lys Set Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 1451501551160 Glu Ser Val Thr Glu

Gin Asp Se?lbyéﬁﬁs@?eﬁ%rvﬂﬂﬁér@éuﬁér Fro Gly Lys Gly Leu Glu Trp va

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Alas Asp Fhe
50 35 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 a0 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Giy 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
i65 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 1920

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



165170175 Set Thr Leu Thr Leu Her Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys Glu
Val Thr His Gin Gly Leu Ser Her Pro Val Thr Lys Her 195200205 Phe Asn Arg Gly Giu 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 Gin Leu Val Glu
Her Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Sejgl.eu Arg Leu Her Cys Ala Ala Her Gly Tyr Thr
Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Gly
Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala_ Asp Phe 505560 -86; Lys Arg Arg Phe Thr Phe
Ser Leu Asp Thr Ser Lys Ser“tfir Ala Tyr 65707586 Leu Gin Met Asn Serf Leo Arg Ala Glu Asp Thr Ala
Val Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Ely Set Ser His Trp Tyr Phe Asp Val 100105110

Trp Gly Gintely & Leo Vad Thp Vial:SerSetuAlalSErTiiveygaEly 41 5820495 Prb Ser Val Phe Pro Leo
Ala Pro Ser Ser Lys Her 3% Ser Ely Ely 265 210

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 283

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 285 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Slu Tyr Lys Cys Lys Val Ser Asn Lys Rla Leu Fro Ala
325 330 335

Pro Tle Giu 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

VYal Ser Leu Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
370 375 38¢C

Val Glu Trp Glu Ser Asn Gly Glr Pro Glu Asn Asn Tyr Lys Thxr Thr
385 330 385 400

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 Gin
450 455 460

Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pre Gly Gln Thr
4865 470 475 480



130135140 Thr Ala Ala Leo Giy Cys Leo Val Lys Asp Tyr Phe Pro GluPro Val 145150155160 Thr Val
Ser Trp Asn Ser Ely Ala Leo Thr Set Ely Val His Thr Phe 165170175 Pro Ala Val Leo Gin Ser Ser Ely
Leo Tyr Ser Leo Ser Ser Val Val 180185190 Thr Val Pro Ser Ser Ser Leo Ely Thr GIn Thr Tyr lle Cys
Asn Val 195200205 Ash His Lys Pro Set Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 210215220 Ser
Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pyg Glu Leo 225230235240 Leo Ely Ely Pro Ser Val
Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leo Met lle Ser Arg Thr Pro Glu Val Thr Cys
Val Val Val Asp Val 260265270 - 87 - Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn
Set 290295300 Thr Tyr Arg Val "Vai Set Val Leo Thr Val Leo His Gin Asp Trp Leo 305310315320 Asn
Gly Lys Giuxhyr Lys Gys kys M@l 86t Ash Ls Alanleo-Pso Al 325330335/Prosiie Glu Lys Thr Tie Ser
Lys Ala Lys Gly Gin Pro Arg @#a Pro 340345350 Gi#eWVal Tyr Thr Leo Pro4to Cys Arg Asp Glu Leo Thr
Lys Asn Gin 355360365

Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr Asp
500 505 510

Asp Ser Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser Asn
515 520 525

Ser Giy Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly Asp
530 535 540

Glu Rle Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His Tyr
545 550 555 560

Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala Ala
565 570 575

Pro Ser Val Phe Ile Fhe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
580 585 590

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
595 600 605

Lys Val Gln Trp Lys Val Asp Asn BAla Leu Gln Ser Gly Asn Ser Gln
610 615 620

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
625 630 635 640

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
645 650 655

Ala Cys Glu Val Thr His GIn Giy Leu Ser Ser Pro Val Thr Lys Ser
660 665 670

Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
675 680 G685

Giy Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
640 695 700



Val Ser Leo Trp Cys Leo Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 370375380 Val Giu Trp Giu Ser Asn
Gly Gin Pro Glu Am n Asn Tyr Lys Thr Thr 385390395400 Pro Pro Val Leo Asp Ser Asp Gly Set Phe
Phe Leo Tyr Set Lys Leo 405410415 Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
Ser 420425430 Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Set Leo Ser 435440445 Leo Ser
Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly S(gr8 ly 450455460 Gly Gly Gly Ser Gly Gly Gly Gly
Ser Gly Gly Gly Gly Ser Gly Gly 465470475480 Gly Gly Ser Gin Pro Gly Leo Thr Gin Pro Pro Ser Val
Ser Val Ala 485490495 Pro Gly Gin Thr Ala Arg lle Thr Cys Gly Gly Asn Asn lle Sly Ser 500505510 -
88 - 515520525 Val val Tyr ASp Ash Ser, ASR Alg, Rio.Sen Gly lie Pra.GjnsAtg Rhe 530535540 Ser Gly
Ser Asn Sergzly Asn Thr Ala Thr kem Thr lie Ser Arg Val 545550555560 Gin Al Gly Asp Gin Ala Asp

Tyr Tyr Cys Gin Val Trp Asp Ser Ser 565570575 Ser Asp His Tyr Val Phe Gly Cys Gly Thr Lys Val Thr

Val Len Ar
arLe g€2§Qgg??3g Pro Gly BAla Ser Val Lys Val Sexr Cys Lys Ala Ser Gly

725 130 135

' Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly
740 745 750

Gin 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 Tle Trp Gly Gln Gly
820 825 830

Thr Met Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val FPhe
835 840 845

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
850 855 B6O

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Txp
865 - 870 875 880

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
B85 890 895

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
aco 805 910

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
915 920 925



Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp Glu Gin 595600605 Len Lys Ser Gly Thr Ala
Ser Val Val Cys Len Len Asn Am n Phe Tyr 610615620 Pro Arg Gin Ala Lys Val Gin Trp Lys Val Asp
Asn Ala Len Gin Ser 625630635640 Gly Asn Ser Gin Gin Ser Val Thr Glu Gin Asp Ser Lys Asp Ser
Thr 645650655 Tyr Ser Len Ser Ser Thr Len Thr Len 3cr Lys Ala Asp Tyr clu Lys 660665670 His Lys
Val Tyr Ala Cys Gin Val Thr His Gin Gly Len Ser Ser,Pro 675680685 Val Thr Lys Sec Phe Asn Arg Gly
Gin Cys 690695 <210> 119 <211> 719 <212> PRT <213> Atrtificial <220> <223> Heavy chain 2 of
bispecific, trivalent <VEGF-ANG-2> antibody molecule Avastin-LC06-C-Fab-6C33 - 89 - Glu Vol Gin
Leu Vol Glu'S&t}Sfy &I &iy AR C%I@EP?‘O’SGWJGE}.“LSE_LW@%@& Te Krg TBUSet Cys Ala Ala Set Gly
Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Vol Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Vol
354045 Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 505560 Lys Arg Arg Phe Thr
Phe Ser Lelg?gsﬁi'Fhr Set Lys Set 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> antibedy molecule Avastin-LC06-KiH-C-scFab

<400> 116

Giu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly

1 5 10 15

Ser Leuw Arg Leu Ser Cys Ala Rla Ser Gly Tyr Thxr 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 a0 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
10C 105 110

Trp Gly Gln Gly Thr Leu Val Thy 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
145 150 155 180



Leu GIn Met Asn Set Leu Arg AlaGlu Asp Thr Ala Vol Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr
Gly Set Set His Trp Tyr Phe Asp Vol 100105110 Trp Gly Gin Gly Thr Leu Vol Thr Vol Set Set Ala Set
Thr Lys Sly 115120125 Pro Set Vol Phe Pro Leu Ala Pro Set Set Lys Ser Thr Set Gly Gly 130135140
Thr Ala Ala Leu Gly Cys Leu Vol Lys Asp Tyr Phe Pro Glu Pro Val 145150155160 Thr Vol Set Trp Asn
Set Gly Ala Leu Thr Set Gly Vol His Thr Phe 165170175 Pro Ala Vol Lea GIn Set Set Sly Leu Tyr Set
Leu Set Set Vol Vol 180185190 Thr Vol Pro Set SetSer Leu Gly Thr Gin Thr Tyr lle Cys Asn Vol
195200205 -90- Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Lou 225230235240
Lou Gly Gly Pro Per Val Phe Lou Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Lou Met lie Per Arg
Thr Pro Glual Thr Gys Yal Yah \ialAsp, Val 260265270 Beg HisyzluAspiRro Gl Val Lys Phe Asn Trp
Tyr Val Asp Gly Val 2752802865Glu Val His Asn Alaltys Thr Lys Pro Arg Gk Glu Gin Tyr Asn Per
290295300 Thr Tyr Arg Val Val Per Val Lou Thr Val Lou His Gin Asp Trp Lou

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 Giu 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 Sex
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Lew 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 33%

Pro Ile Giu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Fro
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



305310315320 Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lou Pro Ala 325330335 Pro lle
Glu Lys Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro 340345350 Gin Val Cys Thr Lou Pro Pro Ser
Arg Asp Giu Lou Thr Lys Asn Gin 355360365 Val Per Lou Per Cys Ala Val Lys Gly Phe Tyr Pro Per
Asp lie Ala 370375380 Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr
385390395400 Pro Pro Val Lou Asp Per Asp Gly Ser Phe Phe Lou Val Per Lys Lou 405410415 Thr
Val Asp Lys Per Arg Trp Gin Gin Gly Asn Val Phe Per Cys Per 420425430 Val Met His Glu Ala Lou
His Asn His Tyr Thr Gin Lys Per Lou Per 435440445 -91- 450455460 Gly Gly Gly Set Gly Gly Gly Gly
Set Gly Gly Gl Gy Sef, Gly Gly 465470,473480.GiY Ol S¢1.Gin Yl Gineuryal Glu Set Gly Ala Glu
Val Lys Lys _,4683,5490495 Pro Gly Alg et Val Lys Val Set{gys Lys Ala Set Gly Taio Thr Phe 500505510
Thr Gly Tyr Tyr Met His Trp Val Ary Gin Ala Pro Gly Gin Cys Lea 515520525 Glu Trp Met Gly Trp lle

Asn Pro Asn Set Gly Gly Thr Asn Tg/r Ala -
Pro Pro’Val® Leu Asp Seér 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

450
<210> 117
<21i> 214
<212> PRT

<213> Artificial

<220>

<223> Light c¢hain of bispecific, trivalent single chain Fab
<VEGF-ANG-2> antibody molecule Avastin-LC06-KiH-C-scFab

<400> 117

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 i5

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 FPro
65 70 75 890

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Val Pro Trp
85 &0 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala



530535540 Gin Lys Phe Gin Gly Arg Val Thr Met Thr Arg Asp Thr Set lle Set 545550555560 Thr Ala
Tyr Met Glu Leu Set Arg Leu Arg Set Asp Asp Thr Ala Val 565570575 Tyr Tyr Cys Ala Arg Set Pro
Asn Pro Tyr Tyr Tyr Asp Set Set Gly 580585590 Tyr Tyr Tyr Pro Giy Ala Phe Asp lle Trp Gly Gin Gly
Thr Met Val 595600605 Thr Val Set Set Ala Set Thr Lys Giy Pro Set Val Phe Pro Leu Ala 610615620
Pro Set Set Lys Set Thr Set Gly Gly Thr Ala Ala Leu Gly Cys Leu 625630635640 Val Lys Asp Tyr Phe
Pro Giu Pro Val Thr Val Set Trp Am n Set Gly 645650655 Ala Leu Thr Set Gly Val His Thr Phe Pro Ala
Val Leu Gin Set Set 660665670 Gly Leu Tyr Set Leu Set Set Val Val Thr Val Pro Set Set Set Lou
575680685 - 92 - Gly Tht®%in Thr Tyr lie Cys ASR Val Asn His Lys Pfd Her Asn Thr 690695700 Lys
Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His 705710715 <210> 120 <211> 214 <212>
PRT <213> Artificial w220»<228>héghtchain 6kbispecific: ttilvalem IVEGFANG-2> antibody
molecule Avastin-LCH6-C-Fab-6CSS <400% 920 125

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 1380

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Aszn Arg Gly Glu Cys
210

<210> 118
<211> 698
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, trivalent <VEGF-ANG-Z> antibody
molecule Avastin-LCO6-C-Fab-6CS8S

<400> 118

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly

1 5 i0 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



Asp lie Gin Met Thr Gin Her Pro Her Her Leu Her Ala Her Val Gly 151015 Asp Arg Val Thr Tie Thr Cys
Her Ala Her Gin Asp Tie Her Asn Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys
Val Leu lie 354045 Tyr Phe Thr Her Her Leu His Her Gly Val Pro Her Arg Phe Her Gly 505560 Her Gly
Her Gly Thr Asp Phe Thr Leu Thr lie Her Her Len Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys
Gin Gin Tyr Her Thr Val Pro Trp 859095 Thr Phe G.,I%éGni” Gly Thr Lys Val Glu Tie Lys Arg Thr Val Ala
Ala 100105110 Pro Her Val Phe Tie Phe Pro Pro Her Asp Gin Gin Len Lys Her Gly 115120125 Thr Ala
Her Val Val Cys Len Len Asn Asn Phe Tyr Pro Arg Gin Ala 130135140 - 93 - Lys Val Gin Trp Lys Val
Asp Asn Ala Len Gin Per Gly Asn Ser Gin 145150155160 Clu Ser Val, Thr, Glu.Gin Asp Sec Lys Asp
Per Thr Tyragérnﬁlé% %regr f%gl%l eHeerr‘I'f%?\f_iAr? %r?rhfe%{géeﬁjyi%ﬁ%hﬁs%%;égin Lys His Lys Val Tyr
180185190 Ala Cys Gin Val Thr His Gin Gly Len Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg

Giy Gin Cys 210
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 Fhe Asp Val
160 105 110

92}
®
Iat

Trp Gly Gln Gly Thr Leu Val Thr Val 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
165 176 175

Pro Bla 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 Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285



<210> 121 <211> 459 <212> PRT <218> Atrtificial <220> <223> Heavy chain 1 of bispecific, bivalent
domain exchanged <VEGF-ANG-2> antibody molecule Avastin-LC06-CH1-CL <400> 121 Gin Val Gin
Len Val Gin Ser Sly Ala Gin Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly
Tyr Thr Phe Thr Gly Tyr 202530 Tyr Met His Trp Val Arg Gin Ala Pro Gly Gin Giy Leu Gin Trp Met
354045 Gly Trp lle Asn Pro Asn Per Gly Gly Thr Asn,Jyr Ala Gin Lys Phe 505560 Gin Gly Arg Val Thr
Met Thr Arg Asp Thr Ser lle Ser Thr Ala Tyr 65707580 Met Glu Len Per Arg Len Arg Ser Asp Asp Thr
Ala Val Tyr Tyr Cys 859095 - 94 - Pro Gly Ala Phe Asp lie Trp Gly Gin Gly Thr Met Val Thr Val Sec
115120125 Ger ﬁgg 87 THPLYS' G PId SeE VAF PHE %%Eeﬁ.&&l&#rg Eef8er130135140 Lys Sec Thr
Set Gly Cly Thr Ala Ala Len Gly Cys Len Val Lys Asp 145150155160 Tyr Phe Pro Gin Pro Val Thr Val

Ser Trp Asn Ser Gly Ala Len Thr 165170175 Sec Gly Val His Thr Phe Pro Ala Val Len Gin Ser Ser Gly
Len'Tyr:lSOHﬁ%SIQO Ayg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 15 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Prc Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 356

Gln Vval Tyr Thr Leu Pro Pro Cys Arg Asp Glu Leu Thr Lys Asn Gin
355 360 _ K1

Val Ser Leu Trp Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
376 375 380

Val Glu Trp Gilu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
3835 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 Serx
420 425 430

Val Met His Glu Ala Lew 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 Gliy Gly
465 470G 475 4890

Gly Gly Ser Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala
485 490 495

Pro Gly Glp Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Ile Gly Ser
500 505 510

Lys Ser Val His Trp Tyr Gln Glan Lys Pre Gly Gln Ala Pro Val Leu



Ser Len Ser Ser Val Val Thr Val Pro Ser Ser Ser Len Gly Thr Gin 195200205 Thr Tyr lie Cys Asn-Val
Asn His Lys Pro Ser Asn Thr Lys Val Asp 210215220 Lys Lys Val Gin Pro Lys Ser Cys Asp Lys Thr
His Thr Cys Pro Pro 225230235240 Cys Pro Ala Pro Gin Len Len Gly Gly Pro Ser Val Phe Len Phe
Pro 245250255 Pro Lys Pro Lys Asp Thr Len Met lie Sec Arg Thr Pro Gin Val Thr 260265270 Cys Val
Val Val Asp Val Ser His Gin Asp Pro Glu Val Lys Pﬂhg@sn 275280285 Trp Tyr Val Asp Gly Val Gin Val
His Asn Ala Lys Thr Lys Pro Arg 290295300 Gin Gin Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Len
Thr Val 305310315320 - 95 - Asn Lys Ala Lou Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys
340345350 Gly Gin B3 Arg Glu Pro Gin ngq_yr Thr Leu Pro Pros%,sys Arg Asp 355360365 Glu Leu Thr
Lys Asn Gin Val Ser Leu Trp Cys Leu Val Lys Gly Phe 370375380 Tyr Pro Set Asp lle Ala Val Giu Trp
Glu Set Asnvaly\Gin ‘Bro G 3853003895400 AsmASArTHt LSl FhirPhE Rrd RroPVal Leu Asp Set Asp
Gly Per Phe 405%f0415 Phe Leu Tyr 8&t Lys Leu Thr Val Asp°Lys Set Arg Trp Gin Gin Gly

Ser Gly Ser Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val
545 550 555 560

Glu Ala Gly Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser
565 576 575

Ser Asp His Tyr Val Phe Gly Cys Gly Thr Lys Val Thr Val Leu Arg
580 585 590

Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
595 600 605

Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
610 615 620

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
625 630 635 640

Gly Esn Ser Gln Giu 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
<21l» 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



420425430 Asn Val Phe Ser Cys Set Val Met His GluAla Leu His Asn His Tyr 435440445 Thr GIn Lys
Set Len Ser Leu Set Pro Gly Lys 450455 <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 Gin Val Gin Len Val Glu Set Gly Gly Gly Len Val Gin Pro Gly Gly
151015 Set Len Arg Len Per Cys Ala Ala Ser Gly Ty%Asp Phe Thr His Tyr 202530 Gly Met Asn Trp
Val Arg Gin Ala Pro Gly Lys Cys Len Glu Trp Val 354045 - 96 - 505560 Lys Arg Arg Phe Thr Phe Set
Leo Asp Thr Set Lys Set Thr Ala Tyr 65707580 Leo Gin Met Asn Set Leu Arg Ala Glu Asp Thr Ala Val
Tyr Tyr Cys 859095 Ala Ef‘ys r.Pro Tyr Tyr. Tyr Gly . Thr Set Hi r Phe Val 100105110 Trp
Gly Gin Gly ﬁjﬁlr &6 Val Thr &éllsée%lsé?ﬁlglée%]\yaﬁgsfalﬂa \igl%%glg)éSOP%yéeﬁt al Phe Tie Phe Pro
Pro Set Asp Glu Gin Leo Lys Set Gly 130135140

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

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 S0 85

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser Ris 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
180 185 130

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



Thr Ala Set Val Val Cys Leo Leo Asn Asn Phe Tyr Pro Arg Glu Ala 145150155160 Lys Val Gin Trp Lys
Val Asp Asn Ala Leo GIn Set Gly Asn Set GIn 165170175 Glu Set Val Thr Glu Gin Asp Set Lys Asp
Set Thr Tyr Set Leo Set 180185190 Set Thr Leo Thr Leo Set Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
195200205 Ala Cys Glu Val Thr His Gin Gly Leo Set Set Pro Val Thr Lys Set 210215220 Phe Asn Arg
Gly Glu Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pra 225230235240 Ala Pro Glu Leu Leo Gly Gly
Pro Set Vat Phe Leo Phe Pro Pro Lys 245250255 Pro Lys Asp Thr Leo Met lle Set Arg Thr Pro Glu Val
Thr Cys Vat 260265270 Vat Val Asp Val Set His GIu Asp Pro Glu Val Lys Phe Asn Trp Tyr 275280285
-97 - Val Asj‘i?ﬁﬂ\slal}sélﬁVanﬁsﬁé "Rfa 135 THE LYS RIS AT Gl %1%3@256595{00 Gin Tyr Asn Ser
Thr Tyr Arg Val Val Ser Val Len Thr Val Len His 305310315320 Gin Asp Trp Len Asn Gly Lys Gin Tyr
Lys Cys Lys Val Ser Asn Lys 325330335 Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly
Gin 340345350 Pty Aty G ﬁér‘ps” G’iﬁlv%et:%"‘rﬁf"F;e?gfr%fprbYSe?eré‘Ws@;@iﬁ ‘Yen

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 Gin 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
385 350 385 400

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



355360365 Thr Lys Asn Gin Val Ser Len Ser Cys Ala Val Lys Gly Phe Tyr Pro 370375380 Ser Asp lle
Ala Val Gin Trp Gin Ser Asn Gly Gin Pro Gin Asn Asn 385390395400 Tyr Lys Thr Thr Pro Pro Val Len
Asp Ser Asp Gly Ser Phe Phe Len 405410415 Val Ser Lys Len Thr Val Asp Lys Ser Arg Trp Gin Gin
Gly Asn Vai 420425430 Phe Ser Cys Ser Val Met His Gin Ala Len His Asn His Tyr Thr Gin 435440445
Lys Ser Leu Ser Len Ser Pro Gly Lys 450455 <210> 123 <211> 215 <212> PRT <213> Atrtificial
<220> <223> Light chain 1 of bispecific, bivalent dormain exchanged <VEGF-ANG-2> antibody
molecule Avastin-LC06-CH1-CL -98- Gin Pro Gly Leo Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly
Gin 151015 Thr A8 Arg Tie Thr Cys Gy Gly Ash Asn lie Gly*88r Lys Ser Val 202530 His Trp Tyr Gin
Gin Lys Pro Gly Gin Ala Pro Val Leo Val Val Tyr 354045 Asp Asp Ser Asp Arg Pro Ser Gly lie Pro Glu

Arg Phe Ser:GlycSer£05560 Asn Ser Gly Asn Ebr Alay Thw L eoyT bt fiesSercArgdial Glu Ala Gly
65707580 465 470 - 475 480

Gly Gly Ser Gin Val Giln Leu Val Glu Ser Gly Ala Glu Val Lys Lys
485 420 495

Pro Giy Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
5C0 505 519

Thr Gly Tyr Tyr Met His Txp Val Arg Giln Ala Pro Gly Gln Cys Leu
515 520 525

Glu Trp Met Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala
530 535 540

Gln Lys Phe Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser
545 550 555 560

Thr Ala Tyr Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val
565 570 575

Tyr Tyr Cys Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly
580 585 590

Tyr Tyr Tyr Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val
595 600 605

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
610 615 620

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
625 630 635 640

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
645 650 655

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
660 665 670

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Frc Ser Ser Ser Leu
675 680 685



Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Ser Asp His 859095 Tyr Val Phe Gly Thr Gly
Thr Lys Val Thr Val Leo Arg Thr Val Ala 100105110 Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp Glu
Gin Leo Lys Ser 115120125 Gly Thr Ala Ser Val Val Cys Leo Lou Asn Asn Phe Tyr Pro Arg Glu
130135140 Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leo Gin Ser Gly Asn Ser 145150155160 Gin Glu
Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr S_e§ €0 165170175 Ser Ser Thr Leo Thr Leo Ser
Lys Ala Asp Tyr Glu Lys His Lys Val 180185190 Tyr Ala Cys Glu Val Thr His Gin Gly Leo Ser Ser Pro
Val Thr Lys 195200205 Ser Phe Asp. Arg Gly Gin Cys 210215 - 99 - <211> 212 <212> PRT <213>
Artificial <220> <223> Light chain 2 of bispecific, bivalent domain exchanged <VEGF-ANG-2>
antibody motgcute AvastintCHB-GHI -EGls $4009:124sAsp: HerGin densEkr Gin Ser Pro Ser Ser Len Ser
Ala Ser Val Gly ¥33015 Asp Arg Val Thedle Thr Cys Ser Ala B#r Gin Asp lle Ser Asn Tyr 202530

Lys Val Asp Lys 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-LCO6-C-Fab-6C8S8

<400> 120

Asp Ile Gln Met Thr Gln $er 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 Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Ser Thr Vval Pro Trp
85 899 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
160 105 110

Pro Ser vVal Phe Tle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Giu Ala
130 135 140



Len Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Val Len lle 354045 Tyr Phe Thr Ser Ser Len His
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Len Thr lle Ser Ser Len
Gin Pro 65707580 Gin Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Set Thr Val Pro Trp 859095 Thr Phe
Gly Cys Gly Thr Lys Val Gin lle Lys Ser Ser Ala Ser Thr 100105110 Lys Gly Pro Ser Val Phe Pro Len
Ala Pro Ser Ser Lys Ser Thr Ser 115120125 Gly Giy.Thr Ala Ala Len Gly Cys Len Val Lys Asp Tyr Phe
Pro Gin 130135140 Pro Val Thr Val Ser Trp Asn Ser Gly Ala Len Thr Ser Gly Val His 145150155160
Thr Phe Pro Ala Val Len Gin Ser Ser Gly Len Tyr Ser Len Ser Ser 165170175 - 100- Asn Val Asn His
Lys Pro Her:A3n'thrilys Val Asp I35 £§8 val 1@%?@20%93[?%81&&%%&%@@0 <210> 125 <211>
459 <212> PRT <213> Atificial <220> <223> Heavy chain 1 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06-VH-VL <400> 125 Gin Val Gin Leo Vat Glu Ser Gly

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
Ala Glu Vat #s £555 P @NAEI?; or e

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 186G

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pre Val Thr Lys Ser
185 200 205

Phe Asn Arg Gly Glu Cys

210
<210>» 121
<211> 45%
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of Dbispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LCO6-CH1-CL

<400> 121

Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

Ser vVal 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 Proc Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys FPhe

Gln Gly Brg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Brg Ser Asp Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyx
100 105 110



151015 Her Val Lye Vat Her Cys Lye Ala Her Gly Tyr Thr Phe Thr Gly Tyr 202530 Tyr Met His Trp Val
Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Trp lie Asn Pro Asn Ser Gly Gly Thr Asn Tyr
Ala Gin Lye Phe 505560 Gin Gly Arg Val Thr Met Thr Arg Asp Thr Her Tie Ser Thr Ala Tyr 65707580
Met Glu Leo Her Arg Leo Arg Her Asp Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Her Pro Asn Pro
Tyr Tyr Tyr Asp Her Her Gly Tyr Tyr Tyr 100105110 Pro Gly Ala Phe Asp lie Trp Gly Gin Gly Thr Met
Val Thr Vat Set 115120125 Her Ala Her Thr Lys Gly Pro Her Vat Phe Pro Leu Ala Pro Her Ser
130135140 -10'- 145150155160 Tyr Phe Pro Glu Pro Val Thr Val Sec Trp Asn Set Gly Ala Leo Thr
165170175 Set Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leo Tyr 180185190 Set Leu Set
Set Val Val Fhy Val, Pro, Sef.SefSet Leq Gl The Gir 1,99200205 Jhr Tyr e Cys Asn Val Asn His Lys
Pro Set Asn Thr Lys Mal Asp 210215220 Lygd_ys Val Gin Pro Lys Set Cys Asp Lys Thr His Thr Cys
Pro Pro

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 Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
165 170 1758

Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyx
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
218 215 220

Lys Lys Val Glu Pro Lys Ser Cys Bsp Lys Thr His Thr Cys Pro Pro
225 230 2358 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 3160 315 320

Leu His Gln Asp Trp Leu Bsn Gly Lys Glu Tyr Lys Cys Lys Val Ser
325 330 335



225230235240 Cys Pro Ala Pro Gin Len Len Gly Gly Pro Set Val Phe Len Phe Pro 245250255 Pro
Lys Pro Lys Asp Thr Leo Met lle Ser Arg Thr Pro Glu Val Thr 260265270 Cys Val Val Val Asp Val Set
His Gin Asp Pro Gin Val Lys Phe Asn 275280285 Trp Tyr Val Asp Gly Val Gin Val His Asn Ala Lys Thr
Lys Pro Arg 290295300 Gin Gin Gin Tyr Asn Set Thr Tyr Arg Val Val Set Val Leo Thr Val
305310315320 Leo His Gin Asp Trp Len Asn Gly Lyg,sc_;in Tyr Lys Cys Lys Val Ser 325330335 Asn Lys
Ala Leo Pro Ala Pro lle Gin Lys Thr lle Set Lys Ala LyS 340345350 Gly Gin Pro Arg Gin Pro Gin Val
Tyr Thr Leo Pro Pro Cys Arg Asp 355360365 Gin Len Thr Lys Asn Gin Val Set Leo Trp Cys Len Val
Lys Gly Phe 370375380 - 102 - Tyr Pro Ser Asp lie Ala. Val Gin Trp Gin Her Asn Gly Gin Pro Glu
385390395400 AZH %2‘?1 1V L%% AL Ly EP%‘&%‘I" Eeayﬁsgﬁegreﬁs%’é%%e%r%he 405410415 Phe
Leu Tyr Her Lys Len Thr Val Asp Lys Her Arg Trp Gin Gin Gly 420425430 Asn.Val Phe Ser Cys Ser
Val Met His Gin Ala Len His Asn His Té/r 435440445

Gly Gln

Glu Leu
370

Tyr Pro
385

Asn Asn
Phe Leu
Asn Val

Thr Gln
454G

<210
<211l>
<212>
<213>
<220>
<223>
<400>
Glu val
1

Ser Leu

Gly Met

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Cys Arg Asp
355 360 365

Thr Lys Asn Gln Val Ser Leu Trp Cys Leu Val Lys Gly Phe
3758 380

Ser Asp Tle Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
390 385 400

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
420 425 430

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
435 440 445

Lys Ser Leu Ser Leu Ser Pro Gly Lys
455

122
457
PRT
Artificial

Heavy chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06-CH1-CL

122

Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

5 10 15

Arg Leu Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr His Tyr
20 25 30

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



Thr Gin Lys Ser Lou Her Leu Her Pro Gly Lys 450455 <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 lie Gin Met Thr Gin Her Pro Her Her Leu Her
Ala Ser Val Gly 151015 Asp Arg Val Thr lie Thr Cys Her Ala Her Gin Asp lie Ser Asn Tyr 202530 Leu
Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Val Len lie 354045 Tyr Phe Thr Her Ser Len His Her
Gly Val Pro Her Arg Phe Her Gly 505560 Her Gly HégrﬁGIy Thr Asp Phe Thr Leu Thr lie Her Her Len
Gin Pro 65707580 - 103 - Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys Set Ser Ala Ser Thr 100105110
Lys Gly Pro Set %4l Phe Pro Leu Ala Pro Ser Set Lys Set THi°Set 115120125 Gly Gly Thr Ala Ala Leu
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu 130135140 Pro Val Thr Val Set Trp Asn Ser Gly Ala Leu Thr

Set Gly Val Hjs 1451601553 66T hrRhe-ProAladfalhes&iniSet set Gly kew Tyr Set Leu Set Set
165170175 &5 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 Tyr Tyr Tyr Gly Thr 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
136 135 140

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
145 150 155 1ed

Lys Val Gln Trp Lys Val Asp Bsn Ala Leu Gln Ser Gly Asn Ser Gln
165 170 175

Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Sear
180 185 190

Sar Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
195 200 205

Bla Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
210 215 220

Phe Asn Arg Gly Glu Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro
225 230 235 240

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
245 250 255

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
260 265 270

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
275 280 285



Val Val Thr Val Pro Set Ser Set Leu Gly Thr Gin Thr Tyr lle Cys 180185190 Asn Val Asn His Lys Pro
Set Asn Thr Lys Val Asp Lys Lys Val Glu 195200205 Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro
Pro Cys Pro Ala Pro 210215220 Glu Leu Leo Gly Gly Pro Set Val Phe Leo Phe Pro Pro Lys Pro Lys
225230235240 Asp Thr Leo Met lle Set Arg Thr Pro Glu Val Thr Cys Val Val Val 245250255 Asp Val
Set His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr V"ag:ﬁ«sp 260265270 Gly Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu Gin Tyr 275280285 Asn Set Thr Tyr Arg Val Val Set Val Leo Thr Val Leo His
GIn Asp 290295300 Trp Leo Asn Gly Lys Glu Tyr Lys Cys Lys Val Set Asn Lys Ala Leu 305310315320
- 104 - 325330335 Gin Pro Gin Val Cys Thr Len Pro Pro Ser Arg Asp Glu Len Thr Lys 340345350 Asn
Gin Val Ser Lgn Ser Gys Ma ¥al Lys Gly Phe Tyt Pro SethAsp, 35636@365:le Ata,Val Gin Trp Glu Ser
Asn Gly Gin Pro £3m Asn Asn Tyr Lys 326375380 Thr Thr PraoPro Val Len Asp Ser Asp Gly Ser Phe
Phe Len Val Ser 385390395400

"Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
305 310 315 320

Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 3er Asn Lys
325 330 335

Ala Leu Pro Ala Pro Ile Gilu Lys Thr Ile Ser Lys Ala Lys Gly Gln
340 345 350

Pro Arg Glu Pro Gln Val Cys Thr Leu Pro Fro 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
385 380 385 400

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
409 410 415

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 Gin
435 449 445

Lys Ser Leu Ser Leu Ser Pro Gly Lys

450 455
<210> 123
<211i> 215
<212> PRT

<213> Artificial

<220>

<223> Light chain 1 of bispecific, bivalent domain exchanged
<VEGF-RNG-2> antibody mclecule Avastin-LC06-CB1-CL

<400> 123



Lys Len Thr Val Asp Lye Ser Arg Trp Gin Gin Gly Asn Val Phe Ser 405410415 Cys Ser Val Met His
Gin Ala Len His Asn His Tyr Thr Gin Lys Set 420425430 Len Set Len Ser Pro Gly Lye 435 <210> 127
<211> 215 <212> PRT <213> Atrtificial <220> <223> Light chain 1 of bispecific, bivalent domain
exchanged <VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL <400> 127 Gin Pro Gly Len Thr
Gin Pro Pro Ser Val Ser Val Ala Pro Gly Gin 1510159'ghr Ala Arg lie Thr Cys Gly Gly Asn Asn Tie Gly
Ser Lys Ser Val 202530 His Trp Tyr Gin Gin Lye Pro Gly Gin Ala Pro Val Leu Val Val Tyr 354045
-105- Asn Ser G%Asn Thr Ala Thr Leu Thr IIe Set Val Glu AI ¥ Z 75 O Asp Glu Ala Asp Tyr
Tyr Cys Gin'val ALp et S&t St A5 Hi 8§§OQ§T yre\/aYEighe Gly Thryely Thr Lys Val Thr Val Leu
Arg Thr Val AIa 100105110 AIa Pro Set Val Phe lle Phe Pro Pro Set Asp Glu Gin Leo Lys Ser

115120125 Gly Thr Ala Set Val Val Cys Leo Leo Asn Asn Phe Tyr Pro Ar% GIu 130135140 Ala Lys Val
Gin Trp Lys\ral Asp ish Ala [8b Gif Set Gy ASiT St Tle Gly Ser Lys

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

RAsn Ser Gly Asn Thr Ala Thr Leu Thr Tle 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

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 Gin Leu Lys Sex
115 i2¢ 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 Giln Ser Gly Asn Ser
145 150 155 169

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

in
)
#4

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val

18GC iB: 190

Tyr Bla Cys Glu Val Thr His Glp Gly Leu Ser Ser Pro Val Thr Lys
185 200 205

Ser Phe Asn Arg Gly Glu Cys
210 215

<Z210> 124



145150155160 Gin Glu Set Val Thr Glu Gin Asp Set Lys Asp Ser Thr Tyr Ser Leo 165170175 Set Set
Thr Leo Thr Leo Set Lys Ala Asp Tyr Glu Lys His Lys Val 180185190 Tyr Ala Cys Glu Val Thr His GIn
Gly Leo Set Set Pro Val Thr Lys 195200205 Ser Phe Asn Arg Gly Glu Cys 210215 <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 Gin Leu Val Glu Set Gly
Gly Gly Leo Val Gin Pro Gly Gly 151015 - 106- 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys
Gly Len Gin Trp Val 354045 Gly Trp lie Asn Thr Tyr Thr Gly Gin Pro Thr Tyr Ala Ala Asp Phe 505560
Lys Arg Arg?ﬂjﬁThﬁﬁhe Ser Len Asp Thr Ser Lys Ser Thr Ala Tyr 65707580 Len Gin Met Asn Ser
Len Arg Alaéﬁﬁsag@@ﬂj@a\{al Tyr Tyr Cys 859095 Ala Lys Tyr Pro His Tyr Tyr Gly Set Set His Trp

Tyr Phe Asp Val 100105110
<220>
<223> Light chain 2 of bispecific, bivalent domain exchanged
<VEGF-BNG-2> antibody molecule Avastin-LC06-CH1~CL

<400> 124
Bsp 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 35 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Bsp 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 Giu 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 Sex
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 Sex 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 Thzr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
180 185 190



Trp Gly Gin Giy Thr Len Val Thr Val Set Set Ala Set Val Ala Ala 115120125 Pro Ser Val Phe lie Phe
Pro Pro Set Asp Gin Gin Len Lys Ser Gly 130135140 Thr Ala Ser Val Val Cys Len Len Asn Asn Phe
Tyr Pro Arg Gin Ala 145150155160 Lys Val Gin Trp Lys Val Asp Asn Ala Len Gin Ser Gly Asn Ser Gin
165170175 Glu Ser Val Thr Gin Gin Asp Ser Lys Asp Ser Thr Tyr Ser Len Ser 180185190 Ser Thr Len
Thr Len Ser Lys Ala Asp Tyr Gin Lys His Lys Val Tyr 195200205 Ala Cys Glu Val Thr His GIn Gly Len
Her Ser Pro Val Thr Lys Ser 210215220 Phe Asn Arg Gly Glu Cys 225230 - 107 - <212> PRT <213>
Artificia <220> <223> Heavy chain 1 of bispecific, bivalent domain exchanged <VEGF-ANG-2>
antibody mo eculp f\\ﬁas%tiQi%CQy@-\éH{;Vé.(g—JfS;\gﬁgQ; %559 gsalg Xgl (iin L](:Z'USV\ﬁllGéL#] Set Gly Ala Glu Vval
Lys Lys Pro Fy Ala 351015 Set val Lys Valpper Cys'Lys Ala Spergéiy 'Fyr Thr Phe Thr Gly Tyr 202530
Tyr Met His Trp Val Arg GIn Ala Pro Gly Gin Cys Leu Glu Trp Met 354045

Pro Lys 3er Cys

210
<210> 125
<211> 458
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 of bispecific, bivalent domain exchanged
<VEGF~ANG-2> antibody moclecule Avastin-LC06-VR-VL

<400> 125%

Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

L 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyxr
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
85 g0 85

Ala Arg Ser Pro Asn Pro Tyr Tyr Tyr Asp Ser Ser Gly Tyr Tyr Tyr
160 1G5 116

Pro Gly Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser
115 120 125

Ser Alas 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



Gly Trp lle Asn Pro Asn Set Gly Gly Thr Asn Tyr Ala Gin Lys Phe 505560 Gin Gly Arg Val Thr-Met Thr
Arg Asp Thr Set lle Set Thr Ala Tyr 65707580 Met Glu Leu Set Arg Leu Arg Set Asp Asp Thr Ala Val
Tyr Tyr Cys 859095 Ala Arg Set Pro Asn Pro Tyr Tyr Tyr Asp Set Set Gly Tyr Tyr Tyr 100105110 Pro
Gly Ala Phe Asp lle Trp Gly Gin Gly Thr Met Val Thr Val Set 115120125 Set Ala Set Thr Lys Gly Pro
Set Val Phe Pro Leu Ala Pro Ser Ser 130135140 Lys Set Thr Sec Gly Gly Thr Ala Ala Leu Gly Cys Leu
Val Lys Asp 145150155160 Tyr Phe Pro Glu Pro Va%lo'f’ﬁr Val Set Trp Asn Set Gly Ala Leu Thr
165170175 - 108- Ser Leu Ser Ser Val Val Thr Val Pro Ser Set Ser Leu Gly Thr Gin 195200205 Thr
Tyr lle Cys Aéh Val Asn His Lys P¥8°Ser Asn Thr Lys Val®Asp 210215220 Lys'i&’s Val Glu Pro Lys Ser
Cys Asp Lys Thr His Thr Cys Pro Pro 225230235240 Cys Pro Ala Pro Gin Len Len Gly Gly Pro Ser
Val Phe LeurPheRre245250265 Pro kys RPra Lsys Asp HanLetr Met liplSetsArgilhr Pro Glu Val Thr
260265270 Cys Val Val Val AsgpVal Set His Gin Asp’Pro Gin Val Lys Phe Asn

Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr
180 185 190

Ser Leu Ser Ser Val Val Thr Val Proc 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 Bsp
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 Giy 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
239 285 300

Glu Glu Gln Tyr Asn Ser Thr Tyr Brg Val Val Ser Val Leu Thr Val
305 316 315 320

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



275280285 Trp Tyr Val Asp Gly Val Giu Val His Asn Ala Lys Thr Lys Pro Arg 290295300 Gin Gin Gig.

Tyr Asn Set Thr Ty

r Arg Val Val Ser Val Len Thr Val 305310315320 Len His Gin Asp Trp Len Asn Gl

Lys Gin Tyr Lys Cys Lys Val Set 325330335 Asn Lys Ala Len Pro Ala Pro lie Gin Lys Thr Tie Ser Lys
Ala Lys 340345350 Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Len Pro Pro Cys Arg Asp 355360365 Gin
Len Thr Lys Asn Gin Val Set Len Trp Cys Len Val Lys, Gly Phe 370375380 Tyr Pro Set Asp Lie Ala Val
Gin Trp Gin Ser Asn Sly Gin Pro Gin 385390395400 Asn Asn Tyr Lys Thr Thr Pro Pro Val Len Asp Ser
Asp Gly Set Phe 405410415 - 109- 420425430 Asn Val Phe Ser Cys Her Val Met His Glu Ala Leu His
Asn His Tyr 435440445 Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys 450455 <210> 130 <211> 439

<212> PRT 12182

Agtificial<2202 223> Heawyshain 2«0f bispenifics bivatent:domain exchanged

<VEGF-ANG82> antibody molecuf®RAvastin-LC06-VH-V4233 <400> 130 Asp If€Gin Met Thr Gin Ser
Pro Ser Ser Leu Ser Ala Ser Val Gly

Asn Asn

Phe Leu

Asn Val

Thr Gln
450

<210>
<Z211>
<212>
<213>
<220>
<223>
<400>
Asp Ile
1

Asp Arg

Leu Asn

Tyr Phe
50

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
420 425 430

Phe Ser Cys Ser Val Met His Glu Bla Leu His Asn His Tyr
435 440 445

Lys Ser Leu Ser Leu Ser Pro Gly Lys
455

126
439
PRT
Artificial

Heavy chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG~-2> antibody molecule Avastin-LCO6-VH-VL

126

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

5 10 15

Val Thyr Ile Thr Cys Ser Ala Ser Gin 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 Sexr Gly Val Pro Ser Arg Phe Ser Gly
55 60

Ser Gly Ser Giy Thr Asp Phe Thr Leu Thr Tle Ser Ser Leu Gln Fro

65

70 75 80

Glu Asp FPhe Ala Thr Tyr Tyr Cys Gin Gin Tyr Ser Thr Val Pro Trp

85 20 95



151015 Asp Arg Val Thr lle Thr Cys Ser Ala Her GIn Asp lle Ser Ann Tyr 202530 Leu Ann Trp Tyr Gin
Gin Lys Pro Gly Lys Ala Pro Lys Val Leu lle 354045 Tyr Phe Thr Ser Ser Leo His Ser Gly Val Pro Serd
Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leo GIn Pro 657075BO
Gin Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Ser Thr Val Pro Trp 859095 Thr Phe Gly Gin Gly Thr Lys
Val Gin lle Lys Ser Ser Ala Ser Thr 100105110 Lys Pro Ser Val Phe Pro Leo Ala Pro Ser Ser Lys
Her Thr Ser 115120125 Gly Gly Thr Ala Ala Leu Gly Cys Len Val Lys Asp Tyr Phe Pro Glu 130135140
-110- Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Set Gly Val His 145150155160 Thr Phe Pro Ala
Val Leu Gin"8er8érGly f &k Tyr SBY L& §8}§%@1t6ﬁ%f7%ef/aﬁi7aﬁﬁrs\7ﬁl BYo Ser Set Sec Leu Gly
Thr Gin Thr Tyr lie Cys 180185190 Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
195200205 Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 210215220 Glu Leu

Leu Gly Gly:ProBer ﬁagl Ptie €U Plie Pro ﬁg) By8 BFG [5yS Ser ngg Ser Thr Ser

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 1558 160

Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser
165 176 175

Val Val Thr Val Pro Ser Ser Ser Leu Gly Tnr Gln Thr Tyr Ile Cys
180 i85 180

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
135 200 205

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 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 Giu Glu GIn 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 Leun
305 310 315 320

Pro Ala Pre Ile Glu Lys Thr Tle Ser Lys Ala Lys Gly Gln Pro Arg



225230235240 Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 245250255 Asp Val.
Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 260265270 Gly Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu Gin Tyr 275280285 Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
‘Gin Asp 290295300 Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu 305310315320
Pro Ala Pro lie Giu Lys Thr lie Ser Lys Ala Lys Gly _(é?ﬁro Arg 325330335 Glu Pro Gin Val dye Thr
Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys 340345350 -11L- lle Ala Val Glu Trp Giu Per Asn Gly Gin
Pro Glu Asn Asn Tyr Lys 370375380 Thr Thr Pro Prg Val Leu Asp Per Asg) Gly Per Phe Phe Leu Val
Per 385390395400 Lys Leu THrVal Asp Lys Per Ar§*Trp Gin Gin Gly Asn"Val Phe Ser 405410415 Cys
Per Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Per 420425430 Leu Per Leu Per Pro Gly Lys
435 <210> X311 21153 216 x2V2>TPR =2 F3> ArtifiSat 422021223 Leghtichdinsl of bispecific,
bivalent domain exchangétf<VEGF-ANG-2> antifody molecule Avastin-LC06- VH-VL-SS

Lsn Gln Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp
385 360 365

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 Gin Gly Asn Val Phe Ser
405 410 415

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
420 425 4390

Leu Ser Leu Ser Pro Gly Lys
435

<21i0> 127
<211> 215
<212> PBRT
<213> Artificial

<220

<223> Light chain 1 of  bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC0&~ VH-VL

<400> 127

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Glin

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 15

Asp Asp Ser Asp Arg Pro Ser Gly Lle Pro Glu Arg Phe Ser Gly Ser
50 55 &0



<400> 131 Gin Pro Gly Leu Thr Gin Pro Pro Per Val Per Val Ala Pro Gly Gin 151015 Thr Ala Arg lle
Thr Cys Gly Gly Asn Asn lle Gly Ser Lys Set Val 202530 His Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro
Val Leu Val Val Tyr 354045 Asp Asp Per Asp Arg Pro Ser Gly lle Pro Glu Arg Phe Per Gly Ser 505560
Asn Per Gly Asn Thr Ala Thr Leu Thr lle Per Are Val Glu Ala Gly 65707580 Asp Glu Ala Asp Tyr Tyr
Cys Gin Val Trp Asp Per Per Per Asp His 859095 - 112- Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp
Glu Gin Leo Lys Set 115120125 Gly Thr Ala Set Val Val Cys Leo Leo Asn Asn Phe Tyr Pro Arg Glu
130135140 Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Set 145150155160 Gin Glu
Set Val Thr Slu in A&g Set Lys Ash Set. TberuT%S%Iéeé'emz?rlgglﬁ&@t A%gr d; r Leu Thr Leo Ser Lys
Ala Asp Tyr ¥ Lys His Lys Valr18@185190 Tyr Ala Cys7§5T]u VAl Thr Fiis Gin Gly Leo Set Set Pro Val
Thr Lys 195200205 Set Phe Asn Arg Gly Giu Cys 210215 '

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 80 95

Tyr Val Phe Gly Thr Giy 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
145 150 155 169

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
180 185 180

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 Dbispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL

<400> 128

Giu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Giy Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala BAla Sexr Gly Tyr Thr Phe Thr Asn Tyr



<210> 132 <211> 230 <212> PRT <213> Avrtificial <220> <223> Light chain 2 of bispecific, bivalent
domain exchanged <VEGF-ANG-2> antibody molecule Avastin-LC06- VH-VL-SS <400> 132 Glu Val
Gin Leo Val Glu Set Sly Gly Gly Leo Val Gin Pro Gly Gly 151015 Set Leu Arg Leo Set Cys Ala Ala Set
Gly Tyr Thr Phe Thr Asn Tyr 202530 Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leo Glu Trp Val
354045 - 113- Lys Arg Arg Phe Thr Phe Set Leu Asp Thr Set Lys Set Thr Ala Tyr 65707580 Leu GIn
Met Asn Set Leu Arg Ala Glu Asp Thr Ala Val Tyr T éys 859095 Ala Lys Tyr Pro His Tyr Tyr Gly Set
Set His Trp Tyr Phe Asp Val 100105110 Trp Giy Gin Gly Thr Leu Val Thr Val Ser Set Ala Ser Val Ala
Ala 115120125 Pro Ser Vl Phe lle Phe Pro PréSer Asp Glu Gin Let*Bys Ser Gly 130135140 Thr Ala
Set Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 145150155160 Lys Val Gin Trp Lys Val
Asp Asn Aladieu/Girtzaet f2ly Asn Har €in 1651£0125,GlysSet VakTheGlu GInvAsp Set Lys Asp Set
Thr Tyr Set Leu Set 80185190 Set Thr LeifThr Leu Set Lys Ala4Asp Tyr Glu Lys His Lys Val Tyr

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
50 55 690

Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Rla Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala vVal Tyr Tyr Cys
85 30 95

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gin 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 Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
195 200 205

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
210 215 220

Phe Asn Arg Gly Glu Cys
225 230

<210> 129
<211> 459



195200205 Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 210215220 Phe Asn Ar
Gly Glu Cys 225230 <210> 133 <211> 706 <212> PRT <213> Atrtificial <220> <223> Heavy chain 1
bispecific, bivalent ScFab-Fc fusion <VEGF-ANG-2> antibody molecule Avastin-LC06-N-scFab <400>
133 - 114 - Thr Ala Arg Lie Thr Cys Gly Gly Asn Asn lie Gly Ser Lys Ser Val 202530 His Trp Tyr Gin
Gin Lys Pro Gly Gin Ala Pro Val Leo Val Val Tyr 3@1%5 Asp Asp Set Asp Arg Pro Set Gly Tie Pro Glu
Arg Phe Ser Gly Set 505560 Asn Ser Gly Asn Thr Ala'Thr Leo Thr lie Ser Arg Val Glu Ala Gly
65707580 Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Ser Asp His 859095 Tyr Val Phe Gly
Thr Gly Thrg 13‘E/al?i':‘ﬁr. %/aI,L u Arg Thr Val Ala 100105110 Ala Pro Set Val Phe lie Phe Pro Pro Ser.
Asp Glu Gin Leo Lyéréé ch1ng$20125 Gly Thr Ala Set Val Val Cys Leu Leo Asn Asn Phe Tyr Pro Arg

Glu 130135%46cAla Lys Val Gin Trp Lys Val Asp Asn Ala Leo Gin Ser Gly Asn Ser 145150155160
«<223> Heavy chain 1 of bispecific, bivalent domain exchanged
<VEGF-ANG-2> antibody molecule Avastin-LCO6-VHE-VL-85
<400> 129
Gln Val Gln Leu Val Glu Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 i0 15

Ser Val Lys Val Ser Cys Lys BAla Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gin Ala Pro Gly Gln Cys 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 Tle 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 85

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 Giln CGly 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
145 150 155 160

Tyr Phe Pro Gilu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
165 170 175

Lﬂ
®
&

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 8 Ser Gly Leu Tyr
180 185 190



Gin Glu Ser'Val Tin Glu Gin Asp Set Lys Asp Ser Thr Tyr Set Leo 165170175 Ser Set Tin Leo Thr Leo
Set Lys Ala Asp Tyr Glu Lys His Lys Val 180185190 Tyr Ala Cys Glu Val Thr His Gin Gly Leo Ser Ser
Pro Val Thr Lys 195200205 Set Phe Asn Arg Gly Glu Cys Gly Gly Gly Gly Set Gly Gly Gly Gly
210215220 Set Gly Gly Gly Gly Ser Gly Gly Gly Gly Set Gly Gly Gly Gly Set 225230235240 -115- Gly
Gly Gly Gly Ser Gly Gly Gin Val Gin Leu Val Glu S?tlﬁ%Iy Ala 245250255 Glu Val Lys Lys Pro Gly Ala
Set Val Lys Val Set Cys Lys Ala Set 260265270 Gly Tyr Thr Phe Thr Gly Tyr Tyr Met His Trp Val Arg
Gin Ala Pro 275280285 Gly Gin Gly Leu Glu Trp Met Gly Trp lle Asn Pro Asn Set Gly Gly 290295300
Thr Asn Tyr &R &in ?? BRe &ih Gy A \ngéTEfcM%‘ffl' PArGASIE 305310815320 Thr Set lle Set Thr
Ala Tyr Met Glu Leu Set Arg Leu Arg Set Asp 325330335 Asp Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro
Asn Pro Tyr Tyr Tyr 340345350 Asp Set Sec Gly Tyr Tyr Tyr Pro Gly Ala Phe Asp lle Trp Gly Gin
355360365 Bly ‘EI{HS Méet %FTMW&?S@;??&W&JSE?TW&VS fgl(}/ Bro Bet Val Asp

Lys Lys Val Glu Proc 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 2650 2706

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 Gilu 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 Gin Gln Gly



370375380 Phe Pro Leo Ala Pro Set Set Lys Set Thr Set Gly Gly Thr Ala Ala 385390395400 Leo Gl
Cys Leo Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Set 405410415 Trp Asn Set Gly Ala Leo Thr S
Gly Val His Thr Phe Pro Ala Val 420425430 Leo Gin Set Set Gly Leo Tyr Set Leo Set Set Val Val Thr
Val Pro 435440445 -116- Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Her Cys Asp
465470475480 Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly 485490495 Pro Her
Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Mét lie 500505510 Her Arg Thr Pro Glu Val Thr
Cys Val Val Val Asp Val Her His Gin 515520525 Asp Pro Gin Val Lys Phe Asn Trp Tyr Val Asp Gly Val
Glu Val His 530535540 A%f Ala Lys Thr Lys Pré?Arg Gin Glu GIn Tyr‘A8n Her Thr Tyr Arg
545550555560 Val Val Her Val Len Thr Val Len His Gin Asp Trp Len Asn Gly Lys 565570575 Gin Tyr
Lys Cys LysavalHer Asndeys Ala Een Pso Ale Priosliel@in580885530 Ayrs A lieHer Lys Ala Lys Gly
Gin Pro Arg Glu Pro &ih Val Tyr 59560060%%° 145

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455

<210> 130
<211> 43¢%
<212> PRT

<213> Artificial

<220

<223> Heavy chain 2 of bispecific, bivalent domain exchanged
<VEGF-ANG~2> antibody molecule Avastin-LC06-VH-VL-S8

<400> 130

Zsp 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 Gin Gln Lys Pro $ly 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 35

Thr Phe Gly Gin Gly Thr Lys Val Glu ile Lys Ser Ser Ala Ser Thr
100 105 110

Lys Gly Fro 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



Thr Len Pro Pro Cys Arg Asp Gin Len Thr Lys Asn Gin Val Her Len 610615620 Trp Cys Len Val Lys
Gly Phe Tyr Pro Her Asp lie Ala Val Glu Trp 625630635640 Gin Her Asn Gly Gin Pro Gin Asn Asn Tyr
Lys Thr Thr Pro Pro Val 645650655 Len Asp Her Asp Gly Ser Phe Phe Len Tyr Her Lys Leu Thr Val
Asp 660665670 Lys Her Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Her Val Met His 675680685 -117-
690695700 Gly Lys 705 <210> 134 <211> 699 <212> PRT <213> Artificial <220> <223> Heavy chain
2 of bispecific, bivalent ScFab-Fc fusion <VEGF-ANGY> antibody molecule Avastin-L006-N-scFab
<400> 134 Asp lle Gin Met Thr Gin Sec Pro Set Set Leu Set Ala Ser Val Gly 151015 Asp Arg Val Thr
lle Thr Cys Set Ala Set Gin Asp lle Ser Asn Tyr 202530 Leu Asn Ir r Gin Gin Lys Pro Gly Lys Ala
Pro Lys Val [gu Ife 3%%02[%%;8/?%%@8#2‘? e%rege‘?%ﬁ’ezﬁslﬁié%eﬁcﬁys\‘?‘apl CE])r/yo %aelr%\gé Phe Ser Gly 505560
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Set Ser Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr

Tyr Cys Gin Gin Tyr Ser Thr Val Pro Trp
Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser

165 1790 175

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin 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

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
2390 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 Tie Giu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
325 330 3353

Glu Pro Gln Val Cys Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
340 345 350

Asn Gin Val Ser Leu Ser Cys Ala Val Lys Gly Phe Tyr Pro Ser Asp
355 360 365



859095 Thr Phe Gly Gin Giy Thr Lys Val Glu lle Lys Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe
lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn
Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn
Ser Gin 145150155160 -118- Glu Set Val Thr Glu Gin Asp Set Lys Asp Set Thr Tyr Set Leu Set
165170175 Set Thr Leu Thr Leu Set Lys Ala Asp Tylr lu Lys His Lys Val Tyr 180185190 Ala Cys Glu
Val Thr His Gin Gly Leu Set Set Pro Val Thr Lys Set 155200205 Phe Asn Arg Gly Glu Cys Gly Gly Gly
Gly Set Gly Gly Gly Gly Set 210215220 Gly Gly Gly Gly Set Gly Gly Gly Gly Set Gly Gly Gly Gly Set
Gly 22523023524 d@@ﬂr‘@Tﬁ%@ﬁ@?‘j@l@@l&%ﬁé‘?nplfé’ugggl it 88t K GY°Gly 245250255 Leu
Val Gin Pro Gly ély Set Leu Arg Leu Set Cys Ala Aia Set Gly 260265270 Tyr Thr Phe Thr Asn Tyr Gly

Met Asn Trp Val Arg Gin Ala Pro Gly 275280285 Lys Gly Lea Glu Trp Val Gly Trp lie Asn Thr Tyr Thr

G|y Glu Pro 2#8020530@ 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 Gin 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
<2L1> 215
<212> PRT
<213> Artificial

<220>

<223>» Light chain 1 of bispecific, bivalent domain exchanged
<VEGE~-BNG-2> antibody molecule Avastin-LCQ6- VH-VL-58

<400> 131

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln

i 5 i0 15

Thr Ala Arg Ile Thr Cys Giy Gly Asn Asn Ile Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gla Gln Lys Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp AspASer Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Azg Val Glu Ala Gly
65 70 75 80

Asp Glu Bla Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 80 g5

Tyr Val Phe Gly Cys Gly Thr Lys Val Thr Val Leu Arg Thr Val Ala
100 105 110¢



Thr Tyr Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser. Leu Asp Thr 305310315320 Set Lys Set Thr
Ala Tyr Leu Gin Met Asn Set Leu Arg Ala Glu Asp 325330335 Thr Ala Vat Tyr Tyr Cys Ala Lys Tyr Pro
His Tyr Tyr Gly Set Set 340345350 His Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Set
355360365 -119- Lys Ser Thr Ser Gly Gly Thr Ala Ala Lou Gly Cys Leo Val Lys Asp 385390395400
Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr 405410415 Ser Gly Val His Thr Phe
Pro Ala Val Leo GIn Ser Ser Gly Leu Tyr 42042543 Yer Leo Her Ser Val Val Thr Val Pro Ser Ser Ser
Lou Gly Thr Gin 435440445 Thr Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp
450455460 Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro 465470475480 Cys Pro
Ala Pro Glu Lou Leo Gly Gly Rra Set Vial.Phe Len,Phig RIQ.488499495-Pra,lysRro Lys Asp Thr Leo
Met lle Ser Arg Thr ProsGlo Val Thr 500505520 Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
Lys Phe Asn 515520525 Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys vVal 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
180 185 180

Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys
185 200 205

Ser Phe Asn Arg Gly Giu Cys
210 215

<210> 132
<211> 230
<Z212> PRT
<213> Artificial

<Z220>

<223> Light chain 2 of bispecific, bivalent domain exchanged
<VBEGF-ANG-2> antibody molecule Avastin-LC0&-~ VH-VL-8S

<400> 132

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin 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 20

Gly Met Asn Trp Val Arg Gln ARla 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



530535540 Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lou Thr Val 545550555560 Leo His
Gin Asp Trp Leo Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser 565570575 Asn Lys Abs Leo Pro Ala Pro
lle Glu Lys Thr lle Ser Lys Ala Lys 580585590 Gly Gin Pro Arg Glu Pro Gin Val Cys Thr Leo Pro Pro
Ser Arg Asp 595600605 Glu Leo Thr Lys Asn Gin Val Ser Leu Ser Cys Ala Val Lys Gly Phe - 120-
610615620 Tyr Pro Ser Asp lie Ala Val Giu Trp Glu Sler Asn Gly Gin Pro Glu 625630635640 Asn Asn
Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly S r175he 645650655 Phe Leu Val Ser Lys Leu Thr
Val Asp Lys Ser Arg Trp Gin Gin Gly 660665670 Asn Val Phe Set Cys Set Val Met His Glu Ala Leu His
Asn His Tyr ?‘7556‘8@6’8@ THEGIALYS SEF LT SErPell S Pro Iy 189085 ¥F10> 135 <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-scFabSS <400> 135 Gin Pro Gly Leu Thr Gin Pro

Pro Set Val Bet Vat AlBEPISGGF 1801510 Glu Asp Thr Ala Val Tyr Tyz Cys

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val
100 105 110

Trp Gly Gln Gly Thr Lew Val Thr Val Ser Ser Ala Ser Val Ala Ala
115 120 123

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
130C 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 Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
1585 200 205

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
210 215 220

Fhe Asn Arg Gly Glu Cys

225 230
<210> 133
<2i1> 706
<212> PRT

<213> BArtificial

<220>

<223>» Heavy chain 1 of bispecific, bivalent ScFab-Fc fusion
<VEGF-BNG-2> antibody molecule Avastin-LCO&-N-scFab

<400> 133

Gln Pro Gly Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15



Thr Ala Arg lie Thr Cys Gly Gly Asn Asn lle Gly Ser Lys Set Val 202530 His Trp Tyr Gin Gin Lys Pro
Gly Gin Ala Pro Val Leu Val Val Tyr 354045 Asp Asp Ser Asp Arg Pro Ser Gly lie Pro Glu Arg Phe S

et

Gly Ser 505560 Asn Ser Gly Asn Thr Ala Thr Leu Thr lie Set Arg Val Glu Ala Gly 65707580 -121- Tyr
Val Phe Gly Cys Gly Thr Lys Val Thr Val Lau Arg Thr Val Ala 100105110 Ala Pro Ser Val Phe lle Phe

Pro Pro Set Asp Glu Gin Leu Lys Bar 115120125 Giy, Thr Ala Bar Val Val Cys Lau Leu Asn Asn Phe
Tyr Pro Arg Glu 130135140 Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Sec Gly Asn Bar

145150155160 Gin Glu Bar Val Thr Glu Gin Asp Bar Lys Asp Bar Thr Tyr Bar Lau 165170175 Set Bar
Thr Lau Thr Lau Ser Lys Ala Asp Tyr Giu Lys His Lys Val 180185190 Tyr Ala Cys Glu Val Thr His Gin
Gly Lau BarsgerRroAM! The liys 1958260205 BasPhe AsnArg GlyeSluyCysElyGly Gly Gly Bar Gly Gly

Gly Gly 210215220 Bar Gl Gly Gly Gly Bar GI¢<Gly Gly Gly Bar Gly &ly Gly Gly Bar 225230235240

Gly Gly Gly Gly Sac Gly Gly Gin Val Gin Lau Val Clu Bar Gly Ala
His Trp Tyr Gln Gln Lys Pro Gly Gin Ala Pro Val Leu Val Val Tyr

Asp

Asn

65

Asp

Tyr

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

Ser
225

Asp

30

Ser

Glu

Val

Pro

Thr

130

Lys

Gliu

Ser

BKla

Phe

210

Gly

35

Ser

GlLy

Ala

Phe

Sexr

115

Ala

Val

Ser

Thr

Cys

185

Asn

Gly

Asp

Asn

Asp

Gly

100

Val

Ser

Gln

Val

Lau

180

Glu

Arg

Gly

Arg

Thr

Tyr

85

Thr

Phe

Val

Trp

Thr

165

Thr

Val

Gly

Gly

Pro

Ala

70

Tyr

Gly

Ile

Val

Lys

150

Glu

Thr

Glu

Ser
230

Ser

55

Thr

Cys

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys

215

Gly

4G

Gly

Leu

Gin

Lys

Pro

120

Leu

Asp

Asp

Lys

Gln

200

Gly

Gly

Ile

Thr

Val

Val

105

Pro

Leu

Asn

Ser

Ala

185

Gly

Gly

Gly

Pro

Ile

Trp

Thr

Ser

Asn

Ala

Lys

170

Asp

Leu

Gly

Gly

Glu

Ser

75

Asp

Val

Asn

Leu

155

Asp

Tyr

Ser

Gly

Ser
235

Arg

60

Arg

Ser

Ley

Glu

Phe

140

Gln

Sexr

Glu

Ser

Ser

220

Gly

45

Phe

Val

Ser

Arg

Gln

125

Tyr

Ser

Thr

Lys

Pro

205

Gly

Gly

Ser

Glu

Ser

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Gly

Gly

Gly

Ala

Asp

95

Val

Lys

Arg

Asn

Ser

175

Lys

Thr

Gly

Gly

Ser

Gly

His

Ala

Ser

Ser

160

Leu

Val

Lys

Gly

Ser
240



245250255 Glu Val Lys Lys Pro Gly Ala Bar val Lys Val Bar Cys Lys Ala Bar 260265270 Gly Tyr Thr
Phe Thr Gly Tyr Tyr Met His Trp Val Arg Gin Ala Pro 275280285 Gly Gin Cys Leu Glu Trp Met Gly Trp
lle Asn Pro Asn Bar Gly Gly 290295300 - 122 - Thr Ser lie Set Thr Ala Tyr Met Glu Leu Set Arg Leu
Arg Set Asp 325330335 Asp Thr Ala Val Tyr Tyr Cys Ala Arg Set Pro Asn Pro Tyr Tyr Tyr 340345350
Asp Ser Set Gly Tyr Tyr Tyr Pro Sly Ala Phe Asp lie Trp Sly Gin 355360365 Sly Thr Met Val Thr Val
Set Set Ala Set Thr Lys Sly Pro Set Val 370375380 Phe Pro Leu Ala Pro Set Set Lys Set Thr Ser Sly
Sly Thr Ala Ala 385390395400 Leu Sly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Set
405410415 Trp Asnh Set a Leo Thr Set Sly Val His Thr Phe Pro Ala Val 420425430 Leu GIn Set
Set Sly Leu CI'[xg')r gfe)f Led ggi” %@V%%K/g[lﬁ%&\?a%%r@g%%ffoﬁ% ge‘i et %gé/lf}’egbaGly Thr GIn Thr Tyr
lle Cys Asn Val Asn His Lys 450455460 Pro Set Asn Thr Lys Vai Asp Lys Lys Val Glu Pro Lys Set Cys

Asp 465470475480
Glu Val Lys Lys Pro Gly Ala Ser Val Lys Val Ser Cys Lys Rla 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
250 295 300

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
325 330 338

Asp Thr Ala Val Tyr Tyr Cys Ala Arg Ser Prc Asn Pro Tyr Tyr Tyr
340 345 350

Asp Ser Ser Gly Tyr Tyr Tyr Pro Giy Ala Phe Asp Ile Trp Gly Gin
355 360 365

Gly Thr Met Val Thr Val Ser Ser ARla 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 Prc 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 44¢ 445

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys
450 455 460



Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Sly Sly 485490495 Pro Set Val Phe Leo
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Tie 500505510 Set Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp Val Set His Glu 515520525 Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Sly Val Glu Vol His
530535540 - 123- 545550555560 Val Val Ser Val Leu Thr Val Lou His Gin Asp Trp Leu Asn Gly Lys
565570575 Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu 580585590 Lys Thr lle
Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Vol 'I‘y? K95600605 Thr Lou Pro Pro Cys Arg Asp Glu

Lou Thr Lys Asn Gin Val Ser Lou 610615620 Trp Cys Lou Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Vol
Glu Trp 625630635649 Gli-Ser ALA'GIVIG I ProvGIUPASHEASTE TyriSyS§ FhEThrPFo Pro Val 645650655
Leu Asp Serqﬁf_)sp Gly Ser Phe Phé Leu Tyr Ser Lys Lou Thr val Asp 6606656?80Lys Ser Arg Trp Gin
Gin Gly Asn Val Phe Ser Cys Ser Val Met His 675680685 Glu Ala Lou His Asn His Tyr Thr Gin Lys Ser

Lou Ser LouSermProl680895 700 Freo Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
485 450 495

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Bsp 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 Giu 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
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 Proc Ala Pro Ile Glu
580 585 590

Lys Thr Ile Ser Lys Ala Lys Gly Gin 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 Rla Leu His asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro



Gly Lys 705 <210> 136 <211> 699 <212> PRT <213> Atrtificial <220> <223> Heavy chain 2 of
bispecific, bivalent ScFab-Fc fusion <VEGF-ANG-2> antibody molecule Avastin-LC06-N-scFabSS
<400> 136 - 124- Asp Arg Val Thr lie Thr Cys Set Ala Set Gin Asp lie Set Asn Tyr 202530 Leu Asn
Trp Tyr Gin Gin Lys Pro Sly Lys Ala Pro Lys Val Leu lie 354045 Tyr Phe Thr Set Ser Leu His Ser Gly
Val Pro Set Arg Phe Set Gly 505560 Set Gly Set Gly,Thr Asp Phe Thr Leo Thr Tie Set Set Leo Gin Pro
65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Ser. Thr Val Pro Trp 859095 Thr Phe Gly Cys
Gly Thr Lys Val Glu lie Lys Arg Thr Val Ala Ala 100105110 Pro Set Val Phe Tie Phe Pro Pro Set Asp
Glu Gin Leo Lys®38t Gly 115120125 ThtAla Set Val Val Cyé??_%o Leo Asn Asn Phe Tyr Pro Arg Glu
Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Lao Gin Set Giy Asn Set Gin 145150155160 Gin
Set Val Thr Gin Gia Asp Set Lys Asp Set Thr Tyr Sex Leo Set 165170175 Set Thr Leo Thr Leo Set Lys
Ala Asp Tyr Giu Lys His Lys Val Tyr 180185190

<210> 134
<211> 698
<212> PRT
<213> Artificial

<220>

<223> Heavy chain 2 of bispecific, bivalent ScFab-Fc fusion
<YVEGF-ANG-2> antibody molecule Avastin-LCO6-N-gcFab

<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 Tyx
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 Sexr 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 85

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 165 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr BAla 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



Ala Cys Gin Val Thr His Gin Gly Leo Set Set Pro Val Thr Lys Set 195200205 Phe Asn Arg Gly Gin Cys
Gly Gly Gly Gly Set Sly Gly Gly Gly Set 210215220 - 125- Gly Gly Gly Ser Gly Gly Glu Val Gin Leo
Val Glu Ser Gly Gly Gly 245250255 Leo Val Gin Pro Gly Gly Ser Leo Arg Leo Ser Cys Ala Ala Ser Gly
260265270 Tyr Thr Phe Thr Asn Tyr Gly Met Asn Trp Val Arg Gin Ala Pro Gly 275280285 Lys Cys Leo
Glu Trp Val Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro 290295300 Thr Tyr Ala Ala Asp Phe Lys Arg Arg
Phe Thr Phe Ser Leo Asp Thr 305310315320 Set [y et Thr Ala Tyr Lou Gin Met Asn Ser Leo Arg
Ala Glu Asp 325330335 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser 340345350
His Trp Tyr Phe Aslp Vall ‘Jr'rp Giy Gi{'u GIX Thr Leo Val Th eVaI SerT355€§6O%65 Ser Ala Ser Thr Lys Gly
Pro Ser Val Phe Bro Lzo Ala E’gé er ePBSfOrIB'}%@SE@yS et Thr Ser &ﬁyl(:-‘-iysleﬁr Ala Ala Leo Gly Cys
Leo Val Lys Asp 385390395400 Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Set Gly Ala Leo Thr

405410415 Ser Gly Val His Thr Phe Pro Ala Val Leo Gin Ser Ser Gly Leo Tyr
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr

180 185 1586

Ala Cys Glu Val Thr His Gln Gily 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
225 230 235 249

Gly Gly Gly Ser Gly Gly Giu Val Gin 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 Gly Leu Glu Trp Val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro
250 295 300

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 Gin 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



420425430 Ser Leo Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin 435440445 Thr Tyr lle ~
Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp 450455460 - 126 - 465470475480 Cys Pro A
Pro Gin Len Leu Gly Gly Pro Her Val Phe Len Phe Pro 485490495 Pro Lys Pro Lys Asp Thr Len Met

lie Her Arg Thr Pro Gin Val Thr 500505510 Cys Val Val Val Asp Val Her His Gin Asp Pro Gin Val Lys
Phe Asn 515520525 Trp Tyr Val Asp Gly Val Gin VaJ His Asn Ala Lys Thr Lys Pro Arg 530535540 Gin
Gin Gin Tyr Asn Her Thr Tyr Arg Val Val Her Val Len Thr Val 545550555560 Len His Gin Asp Trp Len
Asn Gly Lys Gin Tyr Lys Cys Lys Val Her 565570575 Asn Lys Ala Len Pra Ala Pro lie Gin Lys Thr lie

Her Lys AIag/} 880585590 Gl yGiré?jDFS’Al@lﬁiﬁlﬁrEieéi@é%aF&sL?ﬁrvfénlﬁ?o%ﬁ) Her Arg Asp
595600605 Gin Len Thr Lys Asn Gin Val Her Len Her Cys Ala Val Lys Gly Phe 610615620 Tyr Pro

Her Asp lie Ala Val Gin Trp Gin Her Asn Gly Gin Pro Gin 625630635640 Asn Asn Tyr Lys Thr Thr Pro

Pro Val Len%@p@ér%@p%}y Heér ]ijﬂe’l'hr Val Ser Trp Asn Ser Gly Ala Leu Thr
405 410 £15

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
465 470 475 480

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Fro
485 490 495

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
500 505 510

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn
515 520 525

Trp Tyr Val Asp Gly Val Glu val His Asn Rla Lys Thr Lys Pro Arg
530 © 535 540

Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
545 550 555 560

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
565 570 375

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
580 585 580

Giy Gln Pro Arg Glu Pro Gln Val Cys Thr Leu Pro Pro Ser Arg Asp
585 600 605

Glu Leu Thr Lys Asn Gln Val Ser Leu Ser Cys Ala Val Lys Gly Phe



‘645650655 Phe Len Val Ser Lys Len Thr Val Asp Lys Her Arg Trp Gin Gin Gly 660665670 Asn Val
Phe Her Cys Her Val Met His Gin Ala Len His Asn His Tyr 675680685 Thr Gin Lys Her Len Her Len
Her Pro Gly Lys 690695 '

- 120 -

610 615 620

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
625 630 535 640

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

Agn 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> 706
<212> PRT

<213> Artificial

<220>

<223> Heavy chain 1 cof bispecific, bivalent ScFab-Fc fusion
<VEGF-ANG-2> antibody moclecule Avastin-LCO&6-N-scFabSS

<400> 135

Gln Pro Gly Leu Thr Gln Pro Pre Ser Val Ser Val Ala Pro Gly Gin

Thr Ala Arg Ile Thr Cys Gly Gly Asn Asn Tle Gly Ser Lys Ser Val
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pre 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

Bsp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 a0 95



Tyr

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

Ser

225

Gly

Glu

Gly

Gly

Thr
305

Val

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe

210

Gly

Gly

Val

Tyr

Gin

290

Asn

Fhe

Ser

il5

Ala

Val

Ser

Thr

Cys

1985

Asn

Gly

Gly

Lys

Thr

275

Cys

Gly

100

Val

Ser

Gin

Val

Leu

180

Glu

Arg

Gly

Lys

260

Phe

Leu

Ala

Cys

Phe

Val

Thr

165

Val

Gly

Gly

Ser

245

Pro

Thr

Glu

Gln

Gly

Val

Lys

150

Glu

Leu

Thr

Glu

Ser

230

Gly

.

Gly

Trp

Lys
310

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys

215

Gly

Gly

Ala

Tyr

Met

295

Phe

Lys

Pro

120

Leu

Lsp

Asp

Lys

Gln

200

Gly

Gly

Gln

Ser

Tyr

280

Gly

Gln

Val

105

Pro

Leu

Asn

Ser

Ala

185

Gly

Gly

Gly

Val

Val

265

Met

Trp

Gly
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Thr

Ser

Asn

Ala

Lys

170

Asp

Leu

Gly

Gly

Gin

250

Lys

His

Ile

Arg

Val

Asn

Leu

153

Asp

Tyr

Ser

Gly

Ser

235

Leu

Val

Trp

Asn

Val
315

Leu

Glu

Phe

140

Gin

Ser

Glu

Ser

Ser

220

Gly

Val

Ser

Val

Pro

300

Thr

Arg

Gln

125

Tyr

Thr

Lys

Fro
205

Gly G

Gly

Glu

Cys

Arg

285

Asn

Met

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Gly

Ser

Lys

270

Glin

Ser

Thr

Val

Lys

Arg

Asn

Ser

175

Liys

Thr

Gly

Gly

Gly

255

Ala

Ala

Gly

Arg

Ala

Ser

Glu

Ser

160G

Leu

Val

Lys

Gly

Ser

240

Ala

Ser

Pro

Gly

Asp
320



Thr

Asp

Asp

Gly

Fhe

383

Leu

Trp

Leu

Ser

Pro

465

Lys

Pro

Ser

Asp

Asn

Ser

Thr

Ser

Thr

3790

Pro

Asn

Gln

Ser

450

Ser

Thx

Ser

Arg

Pro

530

Ala

Ile

Ala

Sexr

355

Met

Leu

Cys

Ser

Ser

435

Ser

Asn

His

Val

Thr

515

Glu

Lys

Ser

Val

340

Gly

Val

Bla

Leu

Gly

420

Ser

Leu

Thr

Thr

Phe

500

Pro

Val

Thr

Thr

325

Tyr

Tyr

Thr

Pro

Val

405

Ala

Gly

Gly

Cys

485

Leu

Glu

Lys

Lys

Ala

Tyr

Tyr

Val

Ser

390

Lys

Leu

Leu

Thr

Val

470

Pro

Phe

Val

Phe

Pro

Tyr

Cys

Tyr

Ser

375

Sar

Asp

Thr

Tyx

Gln

455

Asp

Pro

Pro

Thr

Asn

538

Arg

Met

Ala

Pro

360

Ser

Lvs

Tyx

Ser

Ser

440

Thr

Lys

Pro

Cys

520

Trp

Glu

Glu

Arg

345

Gly

Ala

Ser

Phe

Gly

425

Leu

Tyx

Lys

Pro

Lys

505

Val

Tyzr

Glu
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Leu

330

Ser

Ala

Ser

Thr

Pro

410

Val

Ser

Tle

Val

Ala

490

Pro

Val

Val

Gln

Ser

Pro

FPhe

Thr

Ser

395

Glu

His

Sexr

Cys

Glu

475

Pro

Lys

Val

Asp

Tyr

Axg

Asn

Asp

Lys

380

Gly

Pro

Thr

Val

Asn

460

Pro

Glu

Asp

Asp

Gly

540

Asn

Leu

Pro

Ile

365

Gly

Gly

Val

Phe

Val

445

Val

Lys

Leu

Thr

Val

525

Val

Ser

Arg

Tyr

350

Trp

Pro

Thr

Thr

Pro

430

Thx

Asn

Ser

Leu

Leu

510

Ser

Glu

Thr

Ser

335

Tyy

Gly

Ser

Ala

Val

415

Ala

Val

His

Gly

495

Met

His

Val

Tyr

Asp

Tyr

Gln

Val

Ala

400

Ser

Val

Pro

Lys

Asp

480

Gly

Ile

Glu

His

Arg
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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
580 585 580

Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr
595 600 605

Thr Leuw 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 Pre 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 Gin Gln Gly Asn Val Phe Ser Cys Ser Val Mat His
£§75 ] 580 685

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
690 605 700

Gly Lys
705

<210> 136
<211> 6389
<212> PRT
<213>» Artvificial

<220>

<223> Heavy chain 2 of bispecific, bivalent ScFab~Fc fusion
<VEGF-ANG-2> antibody molecule Avastin-LCQO6-N-scFabSS

<400> 1386

Bsp lle Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15



Asp

Leu

Tyr

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Phe

Gly
225

Arg

Asn

Phe

50

Gly

Asp

Phe

Ser

Ala

130

Val

Ser

Thr

Cys

Asn

210

Gly

Val

Trp

35

Thr

Ser

Phe

Gly

Val

115

Ser

Gln

Val

Leu

Glu

195

Arg

Gly

Thr

20

Tyr

Ser

Gly

Ala

Cys

100

Phe

Val

Trp

Thr

Thr

180

Val

Gly

Gly

Ile

Gln

Ser

Thr

Thr

85

Gly

ile

Val

Lys

Glu

165

Leu

Thr

Glu

Ser

Thr

Gln

Leu

Asp

740

Tyr

Thr

Phe

Cys

Val

150

Gin

Ser

His

Cys

Gly
230

Cys
Lys
His
55

Phe
Tyr
Lys
Pro
L.eu
135
Asp
Asp
Lys
Gln
Gly

215

Gly

Ser

Pro

40

Ser

Thyr

Cys

Val

Pro

120

Leu

Asn

Ser

Ala

Gly

200

Gly

Gly

Ala

25

Gly

Gly

Leu

Gln

Glu

105

Ser

Ala

Lys

Asp

185

Leu

Gly
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Ser

Lys

Val

Thr

Gln

ag

Iie

Asp

Asn

Leu

Asp

170

Tyr

Ser

Gly

Ser

Gin

Ala

Pro

Ile

75

Tyr

Lys

Glu

Phe

Gln

155

Ser

Glu

Ser

Ser

Gly
235

Asp

Pro

Ser

60

Ser

Ser

Arg

Gln

Tyr

140

Ser

Thr

Lys

Pro

Gly

220

Gly

Ile

Lys

45

Arg

Ser

Thr

Thr

Leu

125

Pro

Gly

Tyr

His

Val

205

Gly

Gly

Ser

3¢

Val

Phe

Leu

Val

Val

110

Lys

Arg

Asn

Ser

Lys

180

Thr

Gly

Gly

Asn

Leu

Ser

Ala

Ser

Glu

Ser

Leu

175

Val

Lys

Gly

Ser

Tyr

Ile

Gly

Pro

80

Trp

Ala

Gly

Ala

Gin

160

Tyr

Ser

Ser

Gly
240



Gly

Leu

Tyr

Lys

Thr

305

Ser

Thr

Ser

Lys

385

Tyr

Ser

Ser

Thr

Lys

Gly

Val

Thr

Cys

290

Tyr

Lys

Trp

Ala

370

Ser

Phe

Gly

Leu

Tyr

450

Liys

Gly

Gln

Phe

275

Leu

Ala

Ser

Val

Tyr

355

Ser

Thx

Pro

Val

Ser

435

fle

Val

Ser

Pro

260

Thr

Glu

Ala

Thr

Tyr

340

Phe

Thr

Ser

Glu

Ser

Cys

Glu

Gly

245

Gly

Asn

Trpe

Asp

Ala

325

Tyr

Lys

Gly

Bro

405

Thr

Val

Asn

Pro

Gly

Gly

Tyr

Val

Phe

310

Tyr

Cys

Val

Gly

Gly

390

Val

Phe

Val

Val

Lys

Glu

Ser

Gly

Gly

285

Lys

Leu

Ala

Trp

Pro

375

Thr

Thr

Pro

Thr

Asn

455

Ser

Val

Leu

Met

280

Trp

Arg

Gin

Lys

Gly

360

Ser

Ala

Val

Ala

Val

446

His

Cys

Gln

Arg

265

Asn

Ile

Arg

Met

Tyxr

345

Gln

Val

Ala

Ser

Val

425

Pro

Lys

Asp
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Leu

250

Leu

Trp

Asn

Phe

Asn

330

Pro

Gly

Phe

Leu

Trp

410

Leu

Ser

Pro

Lys

Val

Ser

Val

Thr

Thr

315

Ser

His

Thr

Pro

Gly

385

Asn

Gln

Ser

Ser

Thr

Glu

Cys

Arg

Tyx

300

Phe

Leu

Tyr

Leu

Leu

380

Cys

Ser

Ser

Ser

Asn

460

His

Ser

Ala

Gln

285

Thr

Ser

Arg

Tyr

Val

365

Ala

Leu

Gly

Ser

Leu

445

Thr

Thr

Gly

Ala

270

Ala

Gly

Leu

Ala

Gly

350

Thr

Pro

Val

Ala

Gly

430

Gly

Lys

Cys

Gly

255

Ser

Pro

Glu

Asp

Glu

335

Ser

Val

Ser

Lys

Leu

415

Leu

Val

Pro

Gly

Gly

Gly

Pro

Thr

320

Asp

Ser

Ser

Ser

Asp

460

Thx

Tyr

Gin

Asp

Pro



465

Cys

Pre

Cys

Trp

Glu

545

Leu

Asn

Gly

Giu

Tyr

625

Asn

Phe

Asn

Thr

Lys

Val

Tyr

530

Glu

His

Lys

Gln

Lieu

610

Pro

Asn

Leu

Val

Gln
690

Ala

Pro

Val

515

Gln

Gln

Ala

Pro

595

Thr

Ser

Tyr

Val

Phe

675

Lys

Pro

Lys

500

Val

Asp

Tyr

Asp

Leu

580

Arg

Lys

AsSp

Lys

Ser

660

Ser

Ser

Glu

485

Asp

Asp

Gly

Asn

Trp

565

Pro

Glu

Asn

Iie

Thr

645

Lys

Cys

Leu

470

Thr

Val

Val

Ser

550

Leu

Ala

Pro

Gln

Ala

630

Thr

Leu

Ser

Ser

Leu

Ser

Glu

535

Thr

Asn

Pro

Gln

Val

615

Val

Pro

Thr

Val

Leun
695

Gly

Met

His

520

Val

Tvyr

Gly

Ile

Val

600

Ser

Glu

Pro

Val

Met

680

Ser

Gly

Ile

505

Glu

His

Arg

Lys

Glu

585

Cys

Leu

Trp

Val

Esp

665

His

Pro
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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

Tle

Pro

Ala

620

Asn

Ser

Arg

Leu

Phea

Val

525

Thxr

Val

Cys

5 e-r

Pro

605

Val

Asp

His
685

Leu

Liyvs

Leu

Lys

Lys

590

Ser

Lys

Gln

Gly

Gin

670

Asn

Phe

495

Val

Phe

Pro

Thr

Val

575

Ala

Arg

Gly

Fro

Ser

655

Gln

His

480

Fro

Asn

Arg

Val

560

Ser

Lys

Asp

Phe

Glu

640

Phe

Gly

Tyx



