Bl SPECI FI C Bl NDI NG MOLECULES FOR ANTI - ANG OGENESI S THERAPY FI ELD OF THE

| NVENTI ON 5The invention relates to the field of human therapy, in

parti cul avoeangspsbher apy and agents and conpositi ons ugefrmp2010/06468H

t herapy. BACKGROUND OF THE | NVENTI ON As summarized in US 2008/ 0014196,
angi ogenesis is inplicated in the pathogenesis of a nunber of disorders,
including solid tunors and netastasis. ioln the case of tunor grow h,

angi ogenesi s appears to be crucial for the transition from hyperplasia to
neopl asi a, and for providing nourishment for the growth and netastasis of
the tunor (Folkman et al., Nature 339 -58 (1989)), which allows the tunor
cells to acquire a grow h advantage conpared to the normal cells.
Therefore, anti-angi ogenesi s therapi es have becone an 15i nportant treatnent
option for several types of tunors. One of the nost inportant
pro- angi ogenic factors is vascul ar endot heli al gromth factor (VEG--A, in
the followng referred to as "VEG- whi ch belon S a ene_fam | that
i ncl udes pl agb‘iﬁﬁcwevﬁlhl%l@ttﬂpl(ﬁﬁ@# -ERA

and which exists in several isoforns that arlse 20 frontalternatlve
splicing of nRNA of a single gene, VEGF165 being the biologically nost

rel evant isofornt Therefore, nobst anti-cancer therapies that rely on

anti - angi oge n bl ocking the VEGF pat hway (Ferrara et
al ., Nat Revp OE?M?% ﬁe%%ﬁ%j y, 3(5):391-400). Recently, D14 (or
Delta like 4 or delta l'i ke |i d 4) has been identified as a prom sing
target fo¥ cahpeswventien eggtesip tl@id@f hremmgarthefapy hie mR&lieuar caricey thefamot ch

| i gands i cancers, e.g. in 1-cel
acute Iynpho%ﬁ%é??@glgga;nﬁxg% in @&ﬁ?%P@Lﬁ% y(Sharna et al. 2007, Cel
5Cycle 6 (8): 927-30; Shih et al Cancer Res. 2007 Mar 1; 67(5): 1879-82).
The ext r acel BACKGRGHNhOG THF INVENTIONposed of an N-terninal donain, a
Del ta/ Serrate/Lag-2 (DSL) domain, and a tandem of eight epidermal growh
factor (EGF)Abkkenigpeatis u@m@/@otmga bﬂ%E@EnQQéWQ iRplisaedieaagni zed as
conprising anm no acid residues 218-251 (EG--1; domain 1), 252-282 (EGF-2;
i 0 domai n 2)Pathggengsss @ia;:umbea@ﬁaﬁﬁrdgfs '@Qud'BQQObCE@mWS Wdﬁ??@skﬁ)s's and
362-400 (EG--5; domain 5), with the DSL domai n at about am no acid residues
173-217 and InheeNabeofturadr groweh, mnglogebesis sppears RAdcruel fuese 27- 172 of
hDI 14 (WD 2008/ 076379). |t has been reported that DII4 exhibits_ highly
sel ective ex‘iﬁ?'&‘%‘?rbﬂﬁo'ﬁww&%ﬁ@arto Dsepi@sienand (phPrevidingmausishment t?rénq eri al
endothellunt ( dﬁaqgg 1. Recent
studies in @yﬁgﬁg n%t[ggv\tlﬁsts Oﬁ?lc')é[))iul 4 1is I n uc%ﬁab %&@Egkﬁig? negative
f eedback regwhigh@llowsdne twror cdllsdo wagdice argr@\pﬂmdwangamrm%md Ho ithe

oxcessive anyibels o Heluiold BBl heR bRy R oot g "o 2 11

20( 11) : 4753- ipfhortahihtreatmere Siptian fedeas gl dgzastitsmpey. adoxi cal | y decr eases
tumor growm h due to the formation of non-productive vascul ature, even in

t i Ca )
2007 Wy 7005, ¥sitas) BEGARBSRS MEGSIS yBkatr endMeidfy " 0006
Dec 21; 444(gmbaah )‘actd>m(\/£ﬁl¥t°t imthedfolldweing fréfecres torst“VEGF avdiicybelesys,

hi bi t f D4 . dyce th f t
ol o' | e g ara Arolbel FeheRe Hfishfs BEF TacSHGEINREA 5305 g o
5(2) : 168- 77) vEGFVE! REGH-D! H@ WRGFO0BERQ WIS, £015 i 86084 BbichmaItRal dlise

(pre-)clinical devel opment have been described: REGN-421 (= SARl 53192;
Regener o Saefalteqativeisplicing@s 0udix @8 agyngle gecey RSk 85 temgaied) (Hoey et

ZLttbgﬁlLsSt®§k§§EmY8§g99?éy%¥Iygéﬁﬁﬁgﬁgggﬁg) gggﬁt&ﬁlgyw%gﬁggway et al.

Nat ure. 2006relecn 20hti-@adg(0gedesis maétﬂc)useﬁ)]cftﬂblﬁckn(nge&ge‘viEGErpatlﬁ)aapf i -Aventis),

a 5reconbi napt_ f usi tein co sed ar region of D114
and the Fc r rr&lﬁagfahﬁ}lr%tﬁ ﬁ%r%{oﬁr@%’eﬁig §§f bH ture. 2006 Dec
21;444(7122)). It has been shomm that the conbined inhibition of VEGF and
D114 provides superior anti-tunor activity conpared to anti-VEG- alone in
xenograft nodels io of nmultiple tunor types and in anti-VEGF resitant tunor
nodel s (NogueraTroise et al., Nature. 2006 Dec 21; 444(7122):1032-7,

Ri dgway et al., Nature. 2006 Dec 21; 444(7122):1083-7; US 2008175847).
Monocl onal anti bodi es (MAbs) and fusion proteins have several shortcom ngs
in view of their therapeutic application: To prevent their degradation,
they nust 15be stored at near freezing tenperatures. Al so, since they are
qui ckly digested in the gut, they are not suited for oral adm nistration.
Anot her major restriction of MAbs for cancer therapy is poor transport,
mhlch results |n IOM/concentratlons and a Iack of targetlng of aII cells in

A o - .. Y - b1 o




In view of the above, it has been an object of the invention to provide

i nproved nol ecul es for human anti-tunor therapy. The present invention is
based on wbeonierespt of conbi ning one or nore VEG- bi ndipog/ereéieomess wit h
one or nore D114-binding nolecules in a single therapeutic agent. Thus,
the invention relates to bispecific binding nolecules conprising one or 5
nore D114-bi ndi ng nol ecul es and one or nore VEG- bi nding nol ecules. In the
following, if not otherwi se stated, the term "bi ndi ng nol ecul e" (or
"antigen-binding nolecule”) refers to either or both of a D114-bi nding

nol ecul e, in particular an i munogl obulin single variable domain, or a
VEGF- bi ndi ng nol ecule, in particular an inmunogl obulin single variable

compr i si ng. arerauy DRaBERel R eRamBe B5ah g 4 bt Bl [ BudBaként ) ana
at | east onepdREingitadentbr dahesittherapy! DM o Rensisad nied Delta farkilpprci fi c
bi ndi ng nol ecul e may contain nore than one D114-bi ndi ng nol ecul e_and/ or

nore than onbOWBdBaRA%dNeERI9RR! NS dystegulated Nemany 6ai¢RiE: € BeiNoi-§plbci fi c
bi ndi ng ol egyllig Iﬁﬁéﬁ@dlé‘s’ilca}ed@hlﬁaérﬁtlﬁﬁbﬁd (Lﬁfﬁo@?@hﬁﬁﬁa RebowpoPld4y bi ndi ng

nol ecul e and/ or & bi parat opi ¢ VEG-- bi nd |ng [ecule, In the part of the
nol ecul e ¢ ha€ydle®d8)tR7DB4Shih etal VE@CGI‘ es. 2007 Mer 1;8r(4): Hl&ﬁ&f&?@
conmponent” (or anti-D114 conponent) or "VEGFbi nding component” (or

anti - VEG- Coﬁﬁ@egﬂﬁééellurﬁﬁﬁﬁ‘%h ¥EDN4 |sTétﬁn§és%}be&'éd R-teimAaNgbrA®hegul es of the
invention are useful as 20pharmacol ogically active agents in conpositions

in the preveﬁ@itafﬁerrﬁtﬁéb@g@r@s'—éldpmlratanérﬁ deay of Righfrapidermal geiveBases or
condi tions t gLancer. It
has been a f@?t%gré&ggfﬁgg?%ﬁ% ﬁéélerﬁjérqr\e}%? I}u%ﬁ@lr—o&or% aniﬂ- & cfscﬁﬁ% e%?%r t he
prevention, toreptisiegbmiad beidirasidoes ané/26n Ecﬁgmaﬂnsmoﬂ S2ER28P ¢eGEes,

agent s ot cOmpRRID) oRea2p (EBER deitap 3 a8 kO L e ) &t ot the

i nvention to3@r-auo geGFUS: HdPRaA rfs?quromeq%momatm ¥EalsElR inFino @efPosi ti ons
and/ or et hods that7prOV|de certain advantages conpared to the agents,

conposi t i onsregisiesr ved Hoard e Ndenmipal dasaaig el Abpukaioing aaid fasidugst . 5 These
advant ages |@¢ gg%fhﬁﬂﬁgmﬂgzbbgbqggyglc and/ or pharmacol ogi cal properties
and/ or ot her vantageo S propertires,” e.g. for manufacturing purposes,

especially as conpared to conventional antibodi es as those descri bed above,
or fragnent slthRELESH reppsied that Pt exgigitahighiy selgetivecapressigbPrrasetan he

invention.to s that
bimd to Ramarieutelt R gk SRS bnddiieiyRP (el 8t ol (000 Bess t Clch
nol ecul es arBegelbpatd:el J18r1318. Réeardptudiesinanidediaagrsbswindhatblipbises as

aspect . ¢ ner BaHFes BY YEGIaNS{La BeRie ToeHeTly bl R ECeS 8 Reastat ng a

D114- bi ndi ngsmﬁumﬁgwam baa"mthmveaﬁsmmlvﬂm tARITRRY) &M déletien oi imgltstiomdfecul e.
Mor e speC|f|ca L a b|s$e0|f|c bi ndi ng nol ecul e of the inventiagn

essentially © uifadn exqgessiveanNgiegensivg Seehpeid - Bipod £P84arvy 16i0%di ng to
at | east ,pne ﬁgmrg@%o?fnﬁyfmre%ﬂg infeld! an\g@oé\:élﬁ@%.squa&gc&@mmyesqmgkfl cally
binding to a 0 |l east an epitope of wherei n the conponents are

| i nked to eaglowdh Hoe to ﬂwesiwcmahomva;/n@matootu@éye samlataree@usmw binmerst o D114

Spgf \e/rE?e:dO;s't)eg aﬁtQ§%pﬁ \;E{Puven?er%ﬂéggr-rﬁé%? Oété}f tﬁr?tv %’%ﬁr%@?@ gl or ';n(;re

i mmunogl obul 7% 327@16V\#@QO@WO?O&@nrﬁlNoguérbéltromwtlae Nature. rmﬂmelbdeaﬂj y of

each ot her odj es, d/ or any ot her
mmunog| obm%/‘m@ 28 Jh st the RIEFTts ondimr 280000h0sTe: MBD 158 o Mftned

herein, pg OVhéje.egeéﬂ@rﬁoﬁﬁ%‘réﬁucéWﬁéﬁehﬂéﬂ@%'c‘é%&ﬂéleﬁw' Ik & YAddipRke domai ns
will bind the antigen, i or VEGF, respectivel According to a

preferred entoouimeodels (Heey ﬁm!n&ﬁ”o‘ﬁiam REBiA9PAYGT 5(B): 408G ns are of the
sane type, in particular, all inmunoglobulin single variable 5 domains are

VHHs or donegayaérat blb@@i(ﬁéﬂicovﬁﬁﬁgﬁdb fﬂﬂt tPgét [Dwaﬂeth (pel ) lifiE gl ®fvieRsdbment
enbodi nent, all imunogl obul I n S|ng1e vari abl e donalns are VHHs, preferably

hurmani zed (ohaveskeriaescribpdi REGN: ésS&81|5r$é82h8f3@¢m9r0m$&n0f%mt&, ngly,
the invention relates to bispecific binding nolecules conprising an
(optionally humani zed or sequence- 10 optim zed) anti-D114 VHH and an
(optionally humani zed or sequence-optimzed) anti-VEG- VHH However, it

will be clear to the skilled person that the teaching herein may be applied
anal ogously to bispecific binding nolecules including other anti-D114 or
anti - VEGF i mmunogl obul i n single variable domains, such as donain

15anti bodi es. I n another aspect, the invention relates to nucleic acids
encodlng the blspe0|f|c blndlng nDIecuIes of the |nvent|on as mell ‘as host

. o o . o, v o



Unl ess indicated or defined otherwise, all terns used have their usual
meaning in the art, which wll be clear to the skilled person. Reference is
for exanpwe amds9370 t he standard handbooks, such as SanpcoaP2en/oedes

"Ml ecul ar doning: A Laboratory Manual" (2nd Ed.), Vols. 1-3, Cold Spring
Har bor Laboratory ioPress (1989); Lewin, "Genes IV', Oxford University
Press, New York, (1990), and Roitt et al., "Inmunol ogy" (2nd Ed.), Gower
Medi cal Publishing, London, New York (1989), as well as to the general
background art cited herein; Furthernore, unless indicated otherw se, al

met hods, steps, techniques and mani pul ations that are not specifically
described in detail can be perforned 15 and have been perfornmed in a manner

el o aga W7 B3P AEORMR 418 ERERNED RSEIR YRl BiSekE: ouna art
referred to 200%/AugTd5(): 1687 T)ubdtheully firaae Mieartibbaidst VArS2F. Unl ess
i ndi cat ed ot herw se, | obul i n" and "i mmunogl obulin 20

the terns "inmmuno ,
sequence” - \WRASNEEChIstAUREnEzed Dlg @@rb%ﬂyt(B'd@WaﬁiW-cHaMe ody or to a

conventi onal Déc‘?h?iﬂé?ﬁé)h@@}i-?; Bﬂ@-FH?R@gé‘ﬁer@ﬁﬂ%ﬁéfi-ﬁ\@érﬁ‘f&)}é’ i ncl ude both
the full-size antibody, the individual chains thereof, as well as all

parts, dofraiiggombirtaniduaen prateiarcesiposet of the exjragellulaprediompt BUd and the

ant i gen- bi ndj } i or VH VL domai ns,
respectivel yfegﬁﬁgﬁgﬁﬁ@ﬁgﬁ,'5‘5?Wﬁ@@éﬁg&e@%@{;@ﬁﬂg@@ed herein (for
exanpl e i n tBeoR1l44d€71229unogl obul i n sequence", "anti body sequence",
“(single) variable domain sequence”, "VHH sequence” or "protein sequence”),
shoul d_gener gl egn UAARHSHANle Omid AR bIIEGE he\ S idlldRg acid
sequence as well "as nucleic acld sequences or nucleoti de sequences encodi ng
t he sane, unsg=sior hati-dumbeadtivitg gompasedtaramteVEGH dlede imkenqpreft aiddets The

term "domai n"_ (of. ol ypepti de or_ pr in) as . used herein. refers to a
5ol ded. gt o & HugpR Y Behs & Reaci A CEibs Ry 1i50r BBHRk NoGUSEE | ar y
structure i ndepeNged)t INat@e. bb66 Dest210k44va 2pi-9082-7; RIRRIyAtlaY, Ndarei ns are
responsi ble for discrete functional properties of proteins, and in many
cases may be2@RIPEC 2efAdd€d28)y10¢FRAsYerd089817e8bther proteins without |oss
of function of the remainder of the protein and/or of the donmain. io The

term "i nmmunomgibabubhal dhiaties (MALSS afd hegien prateihehave seder@l shartcuminggi on of

an anti body chain %such as e.g. a chain of a conventional 4-chain antibody
or of a heavi UHHIO ”’@r'ftthﬁE?cW)J,'C 6Pp'ﬂQ§t'8an‘P 9&%’@(‘? H@I&%&ra@@wmh%mw

consi st s pf i ey i i RS :

char act er1?ze§iéli§'{r§)r§%§t H?ﬁleff/é %Zfe@%eﬁﬁeﬁ% ul m‘nﬁéodé%gtd&lqupggﬁ gélgﬁg?jégcetsé?q stic of
anti body nol i@dbe gsit, they aie nBcoitsd sersoraf admipidtajien. Aretters mhjasfrestbotian 7

anti parall el =str rr . in t a-. ets,.optionally
stabilized b@ﬂ@k@giére%ggr @\%@8‘%%&’ rgéﬁ%)&? 2"?’2%’?‘1”&? ﬂﬂr@ﬁvogl obul in

vari abl e donedntenaatioifegndegikofteRyesingdf ainoeioial oliidrn donmai n essential ly
consisting of four "franmework regions” which are referred to in the art and
e Srpe! S Ao, HEATRRInE ) @hletbaf e BRL oPbrallaTR EdEBhan 2
"FR4", r espeDii4 wepresenha chmbireatiendndrapg fnvahsngtveo indivedual pritdéisitdey, itehinee

" | tar] det | 1 ni i " " " which f dtoi
the brtand KERE ARG aeCe it Snsharale PR RERIaARy R Bigheeh B5se Corl”
as "conpl enefepididy nSed _ﬂfef‘@lrﬁi/vﬂgcliseﬂlfa@Be‘?ér'lo@rheﬁﬁaﬁ@%'hbti&ﬂgf o0

"conmpl enentarity determ ning region 3" o CDR3", respectively. Thus, the
general st r uggRarategirugefiyehves igh eests andmaoiesPuises awoadues domehavecan be

i ndi cated asg; ; - = - ; - It is the
i mmunogl obul 9&8@5?}6@%@ (ﬁrqﬁ nzl S?p?rﬁ%aggn er d-smﬁ@gﬁ?tn%l y toodr]gﬁéésnti body

for the antiigeonmniedrfoythegatibat.anti gen-binding site. The term

"i mmunogl obul in single variable domain" as used herein neans an

i nmunogl obul jn,Mard dmi | | Shi : { £l F ihding to
an 5epitope @W%(\ﬁgfgﬂ% ?%en ’vvir{éﬁ\(l)ﬁlﬁeﬁgbaq ??J%%qbﬁlﬂﬁngﬁﬁ g)lt?(r?{ae I%ﬁ?% e

i nmunogl obul inoledotesi for h@maneaxdéirdpmer gferapyrunogl obul i n si ngl e vari abl e
domains in the neaning of the present invention are "domain antibodies",
such as the i munogl obulin single variable domains VH and VL (VH donai ns
and VL domai ns). Anot her exanple of imunogl obulin single variable donains
are io "VHH donmains" (or sinply "VHHs") 3rom canelids, as defined
hereinafter. In view of the above definition, the antigen-binding domain of
a conventional 4-chain antibody (such as an IgG 1gM I1gA 1IgDor IgE

nol ecul e; known in the art) or of a Fab fragnent, a F(ab')2 fragnent, an Fv
fragment such as a disul phide linked Fv or a scFv fragnent, or a di abody
(all known in the art) 15 derived from such conventional 4-chain anti body,



15 CDR2- FR3- CDR3- FR4 and specifically binding to an epitope w thout
requiring the presence of a second i munogl obul in variable domain), and
whi ch ar ewdisti/sgarnshed from VH domai ns by t he so-cal | e#CTE2Ré10m64695

resi dues”, as defined in e.g. W2009/109635, Fig. 1. The am no acid

resi dues of a i munogl obulin single variable domain, e.g. a 20 VHH, are
nunbered according to the general nunbering for VH domains given by Kabat
et al. ("Sequence of proteins of inmunological interest”, US Public Health
Servi ces, N H Bethesda, MD, Publication No. 91), as applied to VHH domai ns
fromcanelids, as shown e.g. in Figure 2 of R echmann and Myl der mans, J.

| mmunol . Met hods 231, 25-38 (1999). According to this 25nunbering, FR1l

conprises th ] id resi itions.1-30. . i ses the
am no acid rﬁ@?ﬁh%%ngﬁhgggﬁfFg#%zg%%éﬁg%obhgﬂég#Bﬁggggé%ﬁ%Cﬁﬁ?ﬁ aci ds at
posi tions 36VEBF-bindidgancleswes $8th drizcoranbroDiM-bithdirgsmaleesledtin pasndle ons
50-65, FR3 conprises the am no acid residues at positions 66-94, CDR3
conpri ses t hBCHRGCASEAL r esi dues at positions 95-102, and FR4 conprises
the am no acid residues at positions 103-113. 5 However, it should be noted

that - as i sThed,lth&imventiomreldtes ao bispecifiyHirdiimpmatecares dampridithd dograr ns - t he
total nunber of 1 N0 acid residues in each o ( may vary and may
ot - cor r 68 poiara TRBindEs MRS P MY UEPH LOoATosHEEAt od by i he
Kabat numbering (that is, one or nore positions according to the Kabat
nunberi ng mal thetfollmaving,dupotexthemvideetated, trae tebid “beglirenme]ecate”t(bre act ual
sequence may, cantain pore am nQ, aci d .residues, than t nunber al | oned for
by the- Kabat RBSPIHE MeHcu e hathen sl s DB Gaseerge

accordi ng t oinkaedulareah RAmUIBYgIBBLIircSRglesRaBBlet iR, &Cd VEGMUMaRg ng of the
am no acid residues in the actual sequence. Alternative nethods for

nunberi ng t h@olgeulfs itpaigcrlas pa ireE urPIgRUlD siaclesvared e HPPRI B NRABEN can al so
be appli I ; JiBane i ; i he art.
Fbmever,q?n ?% Sﬁgggﬁgﬂgéécru5?ﬂ§ﬁ?3¥?§fﬁ@g§#g%9| 6§g§, ?ﬁ%ﬂgﬁﬁbering
accor di ng t oDikbabatdiranohobgepla @d “biodigiodyoreient’) asd aékast brel VEKF+binding be

foll owed, unless |ndicated ot herw .. The total nunber of am no acid
081 ques” 1 inBERer By PAGERE A Bisetifc RooB RElestlesRay BERBELS ¢
120, often bebvetanldne BMbhting mbleshruamh/ bowerethabeorizoVEGFthadingmal | er and

| onger sequences may al so be suitable for_the purposes described herein.
| munogl obul MRlesUigyl-8- dhe sBs@ thai kg Rispeeflig bingingmalegulgotrNtaina®t i bodi es) ,

have a n ef; } : F - R i
s oper t 1 eanShipdatlt e ashiautaiod) PRSI RGOk aRer SRR, oy as
functional aVEGHebpindingdnolgcus] iedbe eart af theyendiéatile that bands teilldautto bei ng

limted ther VHH _dongi ns.. i been " I " nat to
functi onal | y\ggl&rln:d"? b'nd%nﬂgﬁfsq”gcﬁﬂé &lﬁ Wﬂ%ﬁgn&)g rr?r}%gﬁ% ?(ﬂr%gom?rmp 'ac\ﬂ%(?ﬁ

vari abl e donbihdhgacamgdneet’i (onans-VEGRtempoetmty,irespectiveml |, functi onal
antigen-binding structural units. Due to their unique properties,

i nmunogl obul 4 i ; i i i in, like VHHs or VHs
(or VLo) - ol BisBEpHe BRSO e ARelbh BRELOBLG . ' o7g.

bi par at ops ¢ prdretacobginallp abtigpagerits in bomgositiomoinetbielpee varttivar treatmemer of
si gni fi cant vant ages; nly a single domain js r ired to hin n
anehgen w ¢ ARG oRER e JRats st e Serdeiipod Hipt ab baBedkiRtd s no
need to havejnhiMticredsran it 8uEIPARICARCEN esent, nor to assure that these two
domains are present in 10the right spacial conformation and configuration
(i.e. through, the use of especially designed |inkers, ,as with scFv's);
rmunogl obut FRe8 Sege DpFEREe Gy e HERERT fuialisEabeundie fiie el ngi &

nucl ei ¢ aci dpreRbeEaH, Greafifle MO all@liaticOathd/6r BYNENS bf slicHGikedde@Nalsorders _
nodi fication (like glycosylation; 15 i mmunogl obulin single variable donai ns
can easi ky ber eagiitipssy EUOK/HtgothﬁmsﬁiWV@rﬁdf@iﬁ@trﬁﬂ@rﬂ PEpR 298Nt 8Pt s (as
further discyss Ggmgﬁéﬂ n); i nmmunogl obulin single variabl e domai ns have
hi gh specifiC|t§ and affinity for their target, low inherent toxicity and
can be adm nistered via alternative routes than infusion or injection; 20
i mmunogl obul in single variable domains are highly stable to heat, pH,

prot eases and ot her denaturing agents or conditions and, thus, may be
prepared, stored or transported wi thout the use of refrigeration

equi pnent s; i mrunogl obulin single va4iabl e donai ns are easy and

rel atively 25i nexpensive to prepare, both on small scale and on a

manuf acturing scale. For exanple, imunoglobulin single variable domains
and pol ypeptides containing the same can be produced using n crobi al
fernmentation (e.g. as further described below) and do not require the



use of manmal i an expression systens, as with for exanple conventi onal

anti bodi es; 5 i mmunogl obulin single variable domains are relatively small
(appr oxi mmoaby/as837kDa, or 10 times snaller than a convemrCrmrad1oloesps
conpared to conventional 4-chain antibodies and antigen-binding fragnments
t hereof, and therefore show high(er) penetration into tissues (including
but not limted to solid tunors and ot her dense tissues) and 10can be

adm ni stered in higher doses than such conventional 4-chain antibodies and
anti gen-binding fragnents thereof; VHHs have specific so-called
"cavity-binding properties" (inter alia due to their extended CDR3 | oop,
conpared to VH domains from 4-chain antibodies) and can therefore also

access targets bl . convent. |,.4-chain

ant i bodi es aFrrl1 ﬁﬁ&f'g § '%R%bﬁgﬁﬁ 3%?%%{’%@@@%0% t%\ﬂ?iﬁl\é'dgrag\%hthe particul ar
advant age thprharh’ra@yslogﬁ@nplagtN/eyag@htubctcﬁnmmtuot@r%osbradnbmoaedhatq)ramaehave a

t endency to ag ate éas with the nouse-derived anti en bi ndi ng, donai ns

descri bed by® 'EI gyanjpges oppaiRddoihe agsnts. BQ@W%‘@‘B@% gnd ?h@e’lﬂFﬁﬁf’nogl obul i n

singl e vari ablifeflQTRcasarPEH IdoMpdnitRe BRe conponents of the bispecific
bi ndi ng nol ecul es“of the invention, are not [imted wth respect to a

specific biological source fr mwhlchthe ve been obtalndor to a

Sheci 11 ¢ fet HOORC 0P HE TG0 B LA RS e a B MOHSBTAER | ncl ude ¢ he
25f ol | owi ng g ?Bﬁres(%/ér&ﬂh@ﬁéd\&nﬁé&o\ﬁb"ﬂ &%Fﬁé@ 4. Br Adinufhlnnhgoccurring
heavy chain an ; Or screenin |'i brary conprising heavy chain

ant i bodi es oORUNVPEES, aﬂ%ep@ﬁy as pﬂ@pa‘(ﬂd fascarwenignad gntibgdigs éﬁm%@m ng a

nucl e| c aci dd r%%Hla‘Bo%'C&ﬂfHébgnéantymr%f h the naturally occurring sequence;

(3) "humani zing sequence-optim zing) a VHH, optionally after affinity
Smaturation, with a naturally occurring seguence or expressing a nucleic

aci d encodi nifOstiEHPAtiRAT HEs\Rgen ary ahieckefitae inMeRyon (RBraYkeciausbd bel ow) a
uho0) 9pulimRIGL AL 8 A8 TR BT D AaRMdifidny, occur T g

anti body froman ani na ecies, In particular a species of famml, such as
from a humanespscaly, bmmeuﬂlégmdd@raam YEG Ivéiareiaciughmosleculbs aemcodi ng such
canel i zed donaj n; canel i.zi n a VH,. or expressi cleic acid

nol ecul e enc%'ﬂiart?be fsc’&g%] ﬁ‘eé%‘?%itF%@‘ Wnosé'é)puﬁ%?ﬁ%é s e%er?%f'aﬁ% - prepari ng
synthetically or sem -synthetically proteins, polypeptides or other am no
aci d sequencBRIEASUMYARYeQar THig INVENJI@NC acid nol ecul e encodi ng a VHH
domai n using techniques for nucleic acid synthesis, followed by expression
of the nucl eAécd%Gin@ th RUR sORpRIch 8kere a(r@préxHQé@BFsE@&ﬂ@%ﬁdYn Rdldtufiat | bodi es
or VHHs to affinity maturation, to nutagenesis (e.g. random mutagéenesis or
site-diregt e@bmnmlag@adﬁl%blndlna/@mmmyam RefEGEdmdigaepmponenigndger to

i ncrease thesﬂ{;l“rﬂ{)l%}f gnd/ or specificity of the VHH, and/or (9)

conbi nati ons™ 0 ¥Fons of the foregoi ng steps. Suitable nethods and
techni ques for perform ng the above-described steps are known in the art

and wi |l be Mosapredficaliy a kispreific pindiemmotesulreidhaiiniention #ssertialyi c
nbodi ment , th
b1 spect 11c YRR RE Tl 2oar Sudd bdhBnd R spBREalesTARR GEFREEL oS ho”aci

sequence thaepIEIpSG:thDIMJ and ma)ar\éléﬁﬁfmisdimg)comneoaemtrﬁpearflcdllysqumgde abf a

naturally occurrin at _has be n_hu

(=equenci opEP FLaptoRs el | yReie P ga o Thatuh Reran Fach otherdy

repl aci ng onguda mwhmh%smw&ne@aswﬁw o DI ENRVEGF acthdt SRGURRER of
said naturally occurrin H sequence by one or nore of the amno acid

resi dues t ha@ithgs Qi Céftvéjqﬁﬁ a¢8rif&pondi ng position(s) in a variable heavy
domain of a conventional 5 4-chain antibody froma human being. This can be

perfornmed ushsgpromighogeefisnedrashactsvf tes invediors ihe o bymponéntsebiprised by
the skilled person. A sequence-optim zed VHH nay contain one or nore fully

human fr amewd?%Of E@F%Hn@éaﬂ@ﬁ@\é@“ sinalg, vargbledaRs fptdnapeei fi ¢ enbodi ment ,
may cont gi N iRuEBehddrRTRIBaKN oRE ORHPRGH AR, ARELINRES KRB dHy dHeRdor
gernmine Vh3 10 sequehces DP-2 1, or parts thereof,

hi ghl y honol ofgousundgtotaiio. snﬂgi@garlablh@mmalrmtsuoh apnat daohingags defmmd se t he
repl acement of any of the VHH residues with the corresponding framework 1,
2 and 3 (FRI, FR2 and FR3) residues of germine VH genes such as DP 47, DP
29 and DP 51) either alone or in conmbination. Suitable franework regions
(FR) of the 15 inmunogl obulin single var%able domains of the invention can
be selected fromthose as set out e.g. in WO 2006/ 004678 and specifically,
i nclude the so-called "KERE" and "GLEW cl asses. Particularly preferred are
i mmunogl obul in single variable domai ns having the am no aci d sequence

G L-E-Wat about positions 44 to 47, and their respective humanized
counterparts 20 By way of exanple K hunan|2|ng substltutlon for VHHs
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CDR grafting, humani zing, conbining fragnents derived fromdifferent

i mmunogl obul i n sequences, PCR assenbly using overl apping priners, and
sim | ar twohniigsexof or engi neering i mmunogl obul i n sequemrceEprPemiolocdendPWn t O
the skilled person; or any suitable conbination of any of the foregoing,

al so 5 terned "sequence optim zation", as described herein. Reference is,
for exanple, made to standard handbooks, as well as to the further
description and Exanples. |f appropriate, a binding nolecule with increased
affinity may be obtai ned by affinity-maturation of another binding

nol ecule, the latter representing, with 10respect to the affinity-matured
nol ecul e, the "parent" binding nol ecul e. Methods of obtaining VHHs that

bind to a specifi 1, | } . . i arl | e.g. in
02006/ 04015§g,15k{d%{@8%g%%£& ﬁi‘%gg|"5@’\(‘§‘8§@’§gl&’g§ﬁ‘§[?“e‘?a§rgﬁ?? ﬁé”hg{”& |, VHH
domai ns der i wiidbifhd 8 gatigein de. BiNoEEGFY reypieztiEly.(al so terned
"sequence-optim zed" herein, "sequence-optim zing" 15may, in addition to
humani zat i on S it Lfi i . the s ce by one
e Zat | SRR A AL RSBl b b3Rain bAGERERE S DY o

t he renoval dbémpiokemt ichthepsmhe typensl pdrtiouat, atfdchiniunogtobufin Sirtghs yarigble

repl aci ng one or. nore i, N0 gcid.rﬁgkdaes in the amno acid sequence of the
original YH @@aﬁéﬁﬁﬁ\ﬁwm%ﬂ% YPAF BIOBF'®Phe ami no acid 20 residues that
occur at the corresponding position(s) in a VH donmain froma conventi onal
4-chain anti ,horctydihgdmaapértimalarl;bpie_rﬁgred\embmdinmwdalk/ilﬁhm_dmgibbulimyngient ain one
peci 1 c. embUINEREOMRAY B RGP PORERAeE PeaeoHe Rty ablEeader  ved
from DP- 29, WdéfYne&Pe@hB)OW{HQa(dc@rdiﬁ@{/,etﬁfedn@ﬂtibﬁméﬂatéé t3%i iched with JH
sequences, such as JHS. mai n anti bodi es, al so known as "Dab"s and "dAbs"
(the terns "DofEOMAGEUIBS gPEWrisEFRN @RESNallydiyiganized onseqyaidenar ks by t he
G axoSm t hKI | ; ) YIAg| n '@%%' g. Ward, E. S.,
et al.: Egin%?ﬁggégggyeppges o?hg%béggyﬁgﬁ ?uo S|ﬁ5 e f%@ﬂﬁ%globulin

vari abl e donweptinsizedramt-¥8GH dhHEScherichia coli"; Nature 341: 544-546
(1989); Holt, L.J. et al.: "Domain antibodies: proteins for therapy"”;

TRENDS 1 B Qbggiio| i b2 Heho uAPAPnd 380 et 10 L HARRAROAZRAPPS Dommin

anti bodi es essentia correspond to the VH or VL . ant dies
f r om non- canappliedrenatrgasislyi ta bispecificllinding omiecules ngiudinghotheodniédll4ion or der

to bind an epit i . i,aen .bi ndj domai n, i,e, .wthout being
paired with %ﬁt{/geg;fa %H%H@%%ﬁ'nﬁé%gggf'sélgﬁo%g%stiCE a§‘eq°é%?'ﬁnon for such
anti gen bs ndamipopiezperties is required, e.g. by using libraries of hunman
single io VH or VL domain sequences. Domain antibodies have, like VHHs, a
nol ecul ar wej I i - - J

dor ved fr o 1ot ERREE TR Ehlon i8S B RLOKICIA st Hithee,
t her apeut i cabindi®g molebulea s theAsvemtidrhas wab as tlosMtétschomiiniag shhey are wel
expressed al so in prokaryotic expression systens, 15providing a significant
reduction in ; ﬁﬁﬁﬂ{ I S ~tEUT re Jd-t.iw-kl..al so be clear
to the skil I-Ie-@élg{evr%bg% ateiilﬁ:%lb’t{egqgggé;rlﬁ%v%t #ébﬁg{dg@toﬁ Cgrrﬁealpéﬂrqb%re of the
CDR s nent i ocerdpiadiog at @asbont hispelifc aindoigisdlecutecdfite myentionmod [imted to
human scaffol ds or, non-i mmunqQgl.obulin scaffol ds, Suitahle scaffolds and
Lechni qués 1 BRI SBeRr GHLP ST SORaNENls ¢\ UHEOHIROSMOES TG ¢ or e
"epitope" and "antigenic determ nant”, which can be used interchangeably,
refer to theTpamveofiomfurtder ogelesdalnestheds for aserarngl grgsperatag theat i s

A I L

ant i gen- bi nd¢drgpsditichsodeseabed meteigul es. Epi t opes define the m ni mum bi ndi ng
25site for an i munogl obulin, and thus represent the target of specificity

of an imun Li.p t.i . i ogl 1N

ant i body. an T eAeBro B0 ER PRSI R e ribrs BT B HeBRHIE AnoBY o
general | ys a imotetules, notleicldaids host ¢alisgpmidiiictshedecdmpdditidnscdasctibedd t 0" or
"specifically bind to", that "has affinity for” and/or that "has
specificity for" a certain epitope, antigen or protein (or for 5at |east
one part, fragnent or epitope thereof) is said to be "against" or "directed
agai nst" said epitope, antigen or protein or is a "binding" nolecule with
respect to such epitope, antigen or prot@in. In this context, a VEG-- or
D114- bi ndi ng nol ecul e may al so be referred to as "VEG--neutralizing" or
"D114-neutralizing", respectively. 10Generally, the term"specificity"
refers to the nunber of different types of antigens or epitopes to which a
particul ar antigen-binding nol ecul e or antigen-binding protein (such as an
i mrunogl obul i n single variabl e domai n) nol ecul e can bind. The specificity
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5 VEGF anti body fragnents, "anti-D114 anti body-1ike nol ecul es” or
"anti-VEGF anti body-1ike nol ecul es", as defined herein, and conjugates with
any of thweeaontiAibibodi es include, but are not |imted tecTmro@oloomsas and
chi meri zed nonocl onal anti bodies. The term "anti body" enconpasses conpl ete

i mmunogl obul i ns, 1ike nonocl onal antibodi es produced by reconbi nant
10expression in host cells, as well as antibody fragnments or "anti body-Iike
nol ecul es”, including single-chain antibodies and |inear antibodies,

so-called "SM Ps" ("Small Modul ar | mmunopharmaceutical s"), as e.g descri bed
in WD 02/ 056910; Anti body-1ike nolecul es include i munogl obulin single
vari abl e donai ns as defined herein. Oxher exanples for antibody-1ike

15no|ecu|es

CDR- gr afted q%%&%@@g?ﬁﬁh%&%’]h H 859&6%%5&%8%} H&gﬁﬁ? ecul e"
respecti vel yand 6fs©cher$ thdiehh brmﬂcdalatedtby iahitlondfrdliang nol ecul es (i .

nol ecul es that bind to one epitope of the respective target) as well as to
bi- or multi e i.ndi 2C t bind to
mor et han ond g 1B eleL BenEEt ol Sdimiehis sl Bq ERpRECHS of 1R

her ei nbel ow) inv&kiEF( will Uétﬂaﬁjeddemd‘rmg tmmfwthelrelescrmtoaihdreigbebme t han one
VEGF(or D114) - bi ndi ng i munogl obulin single variable domain are also terned
"formatted" BERNAYORR! ecul es, they may, within the target-binding
conmponent, ina d|t|on to the inmunogl obulin single 25var|able domai ns,

conprise linkers and/or noieties wwth effector functions, e.
hal f- 1 i f e- extBle8s HilicrRie@or 8sfingdcethgrwiasi 7l teraiusgd |hﬁﬁﬁmﬁj'l @ﬁj{ﬂ' meaging| e

vari abl e dongiipg ’a{?}i"g/%g@ bfeflkﬂémor?ﬁé SKiffed Fé#&%n?% éjllé ei%?'ﬁ'pg@r an

attached pol yner eterm'’ | paratopi c I ndi ng
mol ecul " ormale paitha siphdaridrimmibgbbﬁb&uch a&Sagheromhratabl"bflot&mmrmoraegused

Sngl e vari abeoHEem AN e Yai R EoRER R fiftes LA e donai n
as_her ei no dePigzeq198d)eL ewh, tGends t\woomirecuﬂums.w Pﬁbs’fSONbV\D{mnT’I@@@?' appi ng

epi topes of the respective antigen. The biparatopic binding nolecules are
conposed of FMATRBYPAHUI IMMENelgRY (ParFab @owshiiedisalRrBlishing, éoadeRer ent

spect {111 L1 eRoWi i PoaAChe 1 eBRo RS boRal TRcPAila A ofidl fgidigen- bl ndi no

nol ecul e (suc as a ant’i or an I n S|ng e variable donaln
of the i nvenFmrcﬂmrmmie,tunlesa)lgducaw oztherv_v_ee,pﬂlltmp@qu slaps dechknigaesanpe.

denti cal | nHRGIARUE TR R RbLoBea el SRS S ens o PliPlied ° ”"
i mrunogl ebul amd havgbeer peifaiphed thoarmianset kadwi poogEi asewill lve cearto dife
over | appi ng e t opes or_t |r re ectlv antigen. In this case, with

respect to 1 rSPReRE @@H‘Mﬁge&nd@?@e%ﬁf\ea%? A8mai ns may bi nd
to the same I%nd%ﬂ)o%e&)'tﬁ@@eﬁgrﬁeb&lgﬁ@uhd‘aﬁ%ﬁérr% tb R®ol¥anaRe HEfusthEhat form
the VEGF dinmer. Typically, the b ng nol ecul es of the invention wll bind

with a di ssotsiferehoes citatktherain{ KD) of 10E-5 to 10E-14 noles/liter (M or

| ess, and preferably 10E-7 20to 10E-14 noles/liter (M or less, nore

pref erably 1@Em§sﬁrwué&5dbﬂ1mlsesmé fefrhs "MﬂuﬁdﬂﬁbW%n@"ﬁﬁrﬂDﬁbﬂ]MbME 11 to
10E- 13, as neasured %ﬂ‘ ina Biacore or in a Kinexa assay), and/or with an
associ at i2on SAHANSAT - W thestised heeads to t@@@?tomﬂqavym/eveaetmcgdyatrtoeast 10E8

ME-1, nore p I 9 1. Any
KD val ue greéol e‘}rae ? ﬁké{l 43%“:5 ﬁ%ml?é%e%%ﬁjﬁ%Py ;@ghoeﬁéllt Ferrr]ée E?%M%%gjljoih EA%

non- speci f i cfullisnol argibodly etheriadiliguabchmins thepeafdas okl ekelliparisntomainsidrl - bi nd
to the de5|r d anti | 14 espectivel with a KD |ess
than 500 nM TevBPaEdBRisor uSaudingipuSoetimfed s &N arbrtiRlo #Omaohan 10°nm
such as | essfrafaene@lchMs \BE GonHindbNIHNE. 8bmarthsa rddpaetivd )i Bdditidh, ot ei n
to an antigen or epitope can be determ ned in any suitabl e manner known per
se, incl@di nge tean %Sébzl?@p@ ag Hee¢ be®ys (faeexampledn Hemsi like "samveaalPBUlEhal ysi s
and/ or conpe -bl-- Sl Rpaneviy “RI A), enzyne
i m’runoassayséé((fj—_" Xsﬁe san %gcﬁ:%enpte{‘tgmtg?egr\léggglgys H%@@@%@ce&l fferent

vari ants t hehadifl sleqownnq‘i@r "ereutemsteheermef shnuldgesrerallyresuniisrstonditd be

i ndi cated according to the standard three | etter or one-letter amno acid
code, as generally known and agreed upon in the art. \Wen conparing two

am no acid sequences, the term"amno acid difference" refers to
insertions, deletions or substitutions of the indicated nunber of amno io
acid residues at a position of the reference sequence, conpared to a second
sequence. In case of substitution(s), such substitution(s) will preferably
be conservative am no acid substitution(s), which nmeans that an am no acid
residue is replaced with another am no acid residue of simlar chem cal
structure and V\/mch has I|ttIe or essentlally no |anuence on the functlon
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5 and/or the reaction nediumor cultivation mediumfromwhich it has been
obtai ned - when it has been separated fromat | east one other conponent
wi t h whi cwoi2o11/s93r8ual |y associated in said source or nediTEPR0IBOGIEIRS
anot her protein/pol ypeptide, another nucleic acid, another biological
conponent or macronol ecul e or at |east one contam nant, inpurity or mnor
conponent. In 10particular, a polypeptide or nucleic acid nolecule is
considered "essentially isolated” when it has been purified at | east
2-fold, in particular at |east 10-fold, nore in particular at |east
100-fol d, and up to 1000-fold or nore. A polypeptide or nucleic acid

nol ecul e that is "in essentially isolated fornt is preferably essentially

honbgeneous, a 15suitabl e
chr omat ogr ap'H%@ggeqogiwm% V%ﬂ g%h %éi%?%%’? @gg&ﬁ%ﬁ %@iophor esi s.

" Sequence i degdudngés bEhmantldel\Qe(}(léﬁEebleﬁdbdilgltﬁé savk eursiesgitrasmitéxidi cat es
the percentage of am no acids that are identical between the sequences. It
may be cal cul®4at Eﬁsérmﬂr@tlﬁ'Fﬁ%@@rB@et%@é’brl bed in paragraph f) on pages 49 20
and 50 of WD 08/020079. "Sequence simlarity"” indicates the percentage of
anm no aci ds Thaterar woeidifiefof bg@htdeptiie or ptdteih) agpsed epteirt cafersrtoat | ve am no

acid substit ons. Alternativ t hods erin mno aci d

resi dues of etSJ;‘?T'Q e st rW%WﬁﬁgﬁWst%é}??@f ng?é g?fit“%rd% WCH€anal ogous
manner to VHHdQQéWdé?ﬁly o?%@i‘e%t kh@ebrbfein. Gerfdrhily, lHOWRN®S are r@s&&%ltﬂé@éﬁ”t
description, clainms and figures, the nunbering ‘according abat and

applied to \MBDMWBO% rierssiies ebproiRve and in ey @ﬁlﬂe@v@ay be@dded;

i ndi cat ed ot in particular
2 Vi or o dona e b BB R G e SRR e o, Pror e CoRs
whi ch resul trenmaiaden omhemadelafefndmrtqf thedosairar get, as conpared to the
respective parent binding nolecule. Afffinity-matured binding nol ecul es may

Var ks o a1 T BRI R Bk ssr e SRR o YO B

Proc. Nat. Aecfah aSgiodydBairoucae®. @81LGhain Sh'aenoneentajna] 4108/, ar@iody

169: 147- 155; n et .al 1994- 20 Jackson, et aL,

1905, 10 T v oA Rt offlin aados) 4rd Aalinebte that essegaally SREEEFS Bl o

226(3): 889 &%ag@b&ﬁr&@@aﬁommﬂo btwgbmSins'defdhardctemidunataton of
ord University Press 1996. For the

ant i bodi es usi ng pha%e di spl g}al&h

present i nveeyoplainghieimmue Lﬂiné@aﬁﬁ%erﬁtlcﬁ@nmwwwlqsﬂm ifles, if
not otherw s howith
The sequonce aRomn o & 2 RO STRMARM Of ARILT gl b gl Shgegin
sequences t htato beteessheetd, eationdiywtatiizes kyca donskmed disuwphide bored.sequence
shown in the respective SEQID NO x; b) am no acid sequences that have 3,
2, or 1 am nph@edrh dmmﬁfo@mn%h%/&%n%ﬁﬂw&éwm mBah$'@nr €spective
SEQ ID NO x. The ternms "Cancer" and "cancerous" refer to or describe the
physi ol ogi caimmoeegiabulingprainessentiallytdeasisting of/fsiuc drapewnts regiansi' zed by
unr egul at ed r.ok r e} w LI eated
with a bi spe@ﬁﬂpbcag%%%njea e th% Eﬁ’E bﬂ(?]h??eﬁ?ﬁsgrﬂ\)/\g%tsl f)rﬁﬁ%%%f ré@iorgﬁt Bér e not
limted o cm"nasrﬁframgwph@mg;orbfmmﬂ,, asdfram&w,orlamj;udreﬁrk@rﬂFR3"j\/br e

articular ex e; of sych cangers, d for reatment with D14
Pt agoni ot s P BR BHDRMBHARR6E £ oF ke OGN NI FABaNGR feotRs | cel |

I ung cancer, aﬂéQHte‘Fmb'céd BF{Hreé %&nﬁéﬁféﬁfantﬁ@@t&@ﬁ]ﬁfﬁ% RYIGhLTor *EBRsUNY,
squanous carci noma of the |un cancer of  the ritoneum hepatocell ul ar
cancer, gasthiChtaégtrﬁifﬁﬁ"Bdé@tﬁt arbamh@@dnb,el@a@@efzomp@m%aratyt oma, cervical
cancer, ovar " er weast
cancer, col oerjlgt%gﬁ@g@e rrego Horg’gt(g ﬂganacs'e?lc}ﬂ-g)(ije(?@ ri a(fet(e)llr;lr(ﬁ ?@‘}Eﬁe (%ﬁo?i noma,
sal i vary 2gl afﬁDRﬁf @ndarse cokipteregntadtyctsterniningregiandror "Gb&3’at e cancer,

vul val cancer, i d, cancer e I c._carcinonma stric 5 cancer,

el anom. - artFSpaRMls THBeGe et F kR of ReRice o) ETRREON of

angi ogenesi svariblé 88falrCcdrby indicisdlas follohat FRan GBRY -eREdChDRCOPRYSI ti ons
and nethods of the invention. These disorders include both nonneopl astic
and neopl astic conditions. Neoplasties include but are not limted those
descri bed above. Non-neoplastic disorders include, but are not limted 10
to, as suggested for treatnent with D14 antagonists in US 2008/ 0014196,
undesi red or aberrant hypertrophy, arthr8tis, rheumatoid arthritis (RA),
psoriasis, psoriatic plaques, sarcoidosis, atherosclerosis, atherosclerotic
pl agues, di abetic and other proliferative retinopathies including
retinopathy of prematurity, retrolental fibroplasia, neovascul ar gl auconms,
age-rel ated nmacul ar 15degenerati on, diabetic nmacul ar edenma, corneal
neovascul ari zat| on, cor neal gr aft neovascul ar| zat| on, cor neal gr aft
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10 VEGF- bi ndi ng conponent conprise at |east one D114-bi ndi ng i mmunogl obulin
single variable domain and at |east one VEGF- bi ndi ng i mmunogl obulin single
vari abl e wormimsosz7especti vely. In a preferred aspect, sacu/HP2dd/obionsli ng
conponent and sai d VEG-- bi ndi ng conponent each conprise at |east one
VEGF- bi ndi ng i mmunogl obul i n single 15vari abl e domain and at |east one
D114- bi ndi ng i munogl obul in single variable domain, respectively, wherein
each of said inmunogl obulin single variable domains has four framework
regions and three conplenentarity determ ning regions CDRL, CDR2 and CDR3,
respectively, wherein a) a CDR3 of said at |east one D114-bi nding

i mmunogl obul i n single vari abl e 20domai n has an am no aci d sequence sel ected

fromi) Arg r . Tyr a as shown in
SEQ I D NG 1%@#;’?2',:@2%%%? %%th[%glgﬁﬁgn ﬁéﬁi\?lé,doﬁfa?%ﬂr@%ésnéaa at position
11 is Leu orsgddificitgne adaXtBody fopdise bhigenldy camyisig ty atdigen-eindingisite. Asp Arg
Tyr Ile Trp Ala Arg Gn Ay GQu Tyr Trp Ay Ala Tyr Xaa Asp Tyr as shown in

SEQ ID NGO 2 el i i N ; g rel N, CDR3 of
said at IeasIh%\,ﬂagFr\/é&e{(@i%ﬁ@ rﬁ@’ ?%@ng%’?%%%ﬁ”ﬁagf%&me%%@ﬁ?%'&”e‘e@d%%’ai n has

t he am no acintnsesgliendia \Geiabky dorbia Which @ gapable Sespesifigallebinding tobeain Al a Asp
Thr Tyr Xaa Tyr, as.,shown in SEOID NO 3 wherein Xaa is Asp or GG u,
wher el n shi doNIEEE G ARESTHTRGUIRRUUNG Wt PHGREToRe Ehiab onai n i s capabl o
of bl ocking fhun I@E@Wd&ﬁaiﬁfOhé!@(_ﬁnfp@é?@mﬁirﬁ@rﬁﬁogléﬁﬁﬁ%lé‘vbhablét he human
reconbi nant VEGFR-2 with an inhibition rate of 60(:)/0. According to

preferred enBapimenin &e meganingraidig)Pesent nventin) arevaomas andmediehssuate VHHs.
In preferred o 'ﬂq@{g o1 Ll indi. f ﬁtnl;!ﬁ i ntion
cont ai ns i m‘r%%g)ﬁg%i 'gtu i @%?Lﬁ‘&tyéﬁ‘ﬁg&?@ tﬁgqgﬁﬂiﬁﬁgﬂpérﬁocg'é?}/ﬁcdu ar ”%ﬁ@ t hat
15have been Ybtdameadus)binsibeuexaraplepfiimnraioigtobulin gingtenadriablatomairafdreni ty
mat ur ati on, Qf ar ent, i munog) li.n single.variapl.e mai.n.. By way of
exanpie. 1 he VA AORIAR BT RETEC NS4S o Gl PRdI s S5 R TEr e DERIFAETY nd ng

nol ecul es have been obtai ned from parent DI 14-bi ndi ng nol ecul es that are
VHHs wi t h aninndewoff thesaoprendaimitsinotire amtigeabbindibg alodhaBEQF & DoNGenticrdh - 20.

Pr ef d i | obul i.n,singl i abl £, donmj i ned i h
D 14 bi i ng SARGEpeR S T B AN LARBP T 15 BT AR db8 ence
shown in SEGbMNPa Réb fragmeat, el (abgriradiiepntsh F¢ hgmehesedt &slaDl 14- bi ndi ng

i mmunogl obul i n si %%I e 25 variabl e domai ns have been obtai ned by sequence
opti m zat i ondigelPRide; linkeg FviRiasdEy fagrerte Pt 3 Sirbody kel Keowrin Rietaitt ne
sequence ,shoyaJj ; JAN i LI W 1 R AV VHHs have
am no aci15csi s%\%}b\}gr?cfﬁgﬁg gk?wmw%\ﬁér%ggﬁfﬁﬁﬁlé@3’?@?99%7@%&”&&@5%@%?@%&_ In a
preferred entsgadrdathas agianouabglobuliysingtewvasi@blgbhaim, as, indingse eades, sequence

sel ected frog nces. . s i | D 2. N ferre odi nent s,
the Vi has BRIRSIEUES FesheBiYs ellistecy Bt ineDdteda P RaRUR e Bln s no
ﬁci d sequencm%tmwgle)' imrﬁﬁﬁbglclﬁbd\\laddd&?ainﬁueby@rm @fG(Qﬁwtﬁa'rr@pti m zed VHHs
ave am no acid sequences sel ecte r.om sequences shown in SEQ I D NOs: 34
and 35 and i'H‘%’b@ﬁo%lﬂ dSOf%‘B? FEFN g7 Habt F1d peaweay vanaRin dgMeB: i-6 si ngl e
vari abl e ,gdongy S/ 9Nt &Hj Adal ikd ReHiAioh REBit hived
froma VFAH mﬁ an a.rg)drllrl(ﬂ)@g?%@'] sdgq%%ﬂgg%m% [ rlldsngO%q{WDS?IHI\I@O[H ?LZ.@EII ﬁ&f:grtai n
enmbodi ment s, thedaespgatetantigéin.D114- bi ndi ng i mmunogl obul i n singl e vari abl e
domai ns have been obtai ned by sequence optim zation of affinity- matured

VHHs der i ved'pg@ohns’HalsvikhBwhle PRAYENGS ddhrims, MHIPERYibAyIPadikEntd2,

wherein said affinity-mtured VHHs have am no aci d sequences shown in SEQ

| D NCs: 28 -3 Yhidl amtibpsiigse have originally pe¢r gescribegirsdtha@mntiges Kingling
affinity-mat; S { (e ect.ed from sequences
shown in SEdﬁrﬁgr&@%@g] (v%@a@%}d&%-ﬁﬁlcﬂf gﬁ%@%@ﬁ{e‘gﬁlgjéﬁ%é enbodi nment ,
t he VHH has 'aedibodibt @iemeid diyigROchsadng!eHameopOasteraiandd, AtbrreoughH, Wi t h an
am no acid segquence sh in SEQ I.D NO 32. Exanml es of se nce-optimzed
T are + holdYERTRatE B Rl a B TR SO tIER: Bapdanig N hRRagR. 0y
and, particuRarNgtupaIgf @éduﬁ%\gEamidy{ advoREer lidht MRBinsY NADE 363, 43848 i N
Tabl e 25. Exg)ml)_%es for GF- bi ndi ng i mmrunogl obul i nﬁg:dénsgl e variabl e

5

domai ns capafi983 ¢ teymp il i glomain'] haseh et Fhsesrin IMeRS ipabishdReseVEGF165
with the human reconbi nant VEGFR-2 with an inhibition rate of 60')/c. are
VHHs shown in SEQ I D NGs: 42 - 44 and Tabl e 32.

9



Preferably, a VEGF- bi ndi ng i munogl obulin single variable domain contained
i n the VEGF- bi ndi ng conponent has been obtai ned by sequence optim zation 5
of a VHH wot2h1120393mi no aci d sequence shown in SEQ | D NOpca&P2030@64p5 ed VHHS
have sequences as shown in SEQ ID NGs: 54 - 62, particularly preferred
receptor- bl ocki ng VHHs have sequences shown in SEQ ID NGs: 63 and 64 and
Table 59. In a further enbodinent, the invention relates to bispecific

bi ndi ng nol ecul es, i 0 wherein the D114-bi ndi ng conponent and/or the

VEGF- bi ndi ng conponent conprise(s) two or nore binding nolecules in the
form of imunoglobulin single variable domains that bind to the antigen
D114, or VEGF, respectively, at different non-overl appi ng epitopes on the

bi ni ng. ol ST o mARE T I e, S R ade R B e P REre
variabl e don@@m&ntlbré’él 4acieainliahtisddies agaichate Rifelredss hér\em zﬁ@W@d@rlhthpl ng
epi topes present in D114 or VEGF, respecti velgm%Merel n sai d individual

i munogl obul P V41 H@'in@”\?a)r?%ir‘émoth?rﬁgrﬁfsc%'%v?” GoreinsERt BEERIESER Buch a

way that theyof/eptiSRnaltitaifanbbhapibs ﬁmehl%é’ré?éﬂﬂé’d ROhéRid Hery, dsamAst i ve
epi tope. 20 Thus, the anti-D114 and/or the anti-VEG- conponent contained in

t he bi speti forc i ¢eimaigs noV Btudesaios oanespnemf/l@aultm liRd regniepdepelwithaet gor  nmor e)

dormi ns. wner o) T AETREI TR ShEEYRT BB b VARG R Poct e
agai nst di ffeasranehtlemlm@”@n wntllbmdy irhehidhlchsedine ¥pifdpe isatgednizehipga t he two

i mmunogl obul | S|n rlab mai n a bIS ecific I ng | ecul e
will have di YFepam kb S e g ERS At el aPBnTt Rk
sequences. Sélrﬁb.eht M tre@b@ﬁlt.&guﬁ@ REMe8DYH ﬁn@ieﬁﬁmﬁ@f@obﬁh%ﬁélﬁp' c

si ngl e domai n antlbo constructs” (if the’i mmunogl obulin single varlable

b1 par at dpi Ve C&Bf@f Bl dredeft astbnohs dats SR8 A VHIRNET Y domai ns

consi st or 5Sgsmaimt VH MnmwfségnaéntWHWantrb@apegé WeR kY "Napobde&"™dhd
i mmunogl obul i n single variable domains will include two different

par at opes. | Nanabogy@siomainc("Nenepedy” isingcatradematihef thawemaaoy A or bot h

f the bind t
may be bi par SpapCEah FRkidRY R utd Bldbhandeally e e T obul i n
10 si ngl e vainimbhegldoutini singlevatibkle\deBraibs (tiving therghaucane ARiCHR lohB2-

i mmunogl obul onal 114- bi, ndi ng, ¢ onent may be
b par acost o CORYBRATrRY R Sod' SERLA-ARDiNITG B 49 e BialSe Wi TRAORG 12
prefer abl y tine Eéﬁmmawgemmmmmogudb@ﬂm@ﬂb@emnaa.m wab evHictVEf- bi ndi ng
|nnunoglobulln 155|ngle vari abl e do paratopi ¢ VHH. Such

VEGF- bi ndi ngdistmaiighgcoisem; §'PH’L§’|‘Q§ b/lémea?ﬂ %‘g{@gﬁﬁﬁwﬂﬁweﬁ@uﬁﬁo 8r nore

VEGF- bi ndi nggMiddsy cal VHHs that are capabl e of bl ocking
the inter actl on bel?m\g;éeﬁ)vpg?g?rﬂprglggtgrﬁgngn VEGF and the reconbi nant human
VEGFR-2 with_20an inhibition rate of 60% or b. dlfferent VHHs that bind to
non- over | appl g 2BPIQ Bpiddedifugiera Ir(mgpgglﬁbalﬂn pinglervasRBlaAeMaI, E&&bl e of

bl ocki ng .4 hevHﬂt %Fé‘ﬁ&ﬂn%@rébeéd%%ln &S HEDG S1ERA| AUHBSTN va%rﬁd“aﬁs {;ﬁ@ﬁﬂb' nant
human VEGFR-2 w'th an 1 nhibition rate 60% and wher ein at | east one VHH

i s capabl e opy Kebaietldl r’(gSSQiHQjWCemf@T@t@tﬁScﬂ‘f immumnotagicah teiest "ol SrRgldicof 60 %

rate of 60 (HFR pene S Reh e M Taleta T B Bph e A’ D oot

45 -47 and THHI—bchBalnafrmnetamehadt \dslhafvnt dg sintRigerelast Rureehmaquamde shown in

bini ng 5 mobGREsAR . Hafrnc ireges 8. BBBUTRRE AT B e ¢ o
VHH with,a smggm@%shom in SEQ 1D NO 45, in particular VHHs with
n

sequences shown i EQ ID Nos: 65 and 66 and in Table 61, a particularly
preferred bindi a. bi val ent  VEGE- b| has a sequence

artner in d| n H
shown in SEQ I'BQ%BB”@? %’H’tﬂ %mgmg)amg Bes'éﬁjﬁ %trﬁ gIVégF VHH constructs are
exenmplified i ncﬁﬁ@ddauh@%s t|4é%amuﬁ@a@.adeiabwaﬂéos.ﬁbmpesI ¢ bi ndi ng

nol ecul es for human therapy contain the respective sequence-optin zed
vari ants of theB%CVHHé'SGBF@p@BIWOi%C'CEﬁ APoRfiansl EctPes are exenplified in SEQ
ID NOs: 68 - 73 (see also Table 66 and Figure 39) and SEQ ID NO 74 - 80
(see also Table 68 and Figure 40); the 15 exanples shown contai n parental
and affinity-matured VHHs as buil di ngs Wbocks; bispecific binding nolecules
for human therapy will contain the respective sequence-optim zed variants
of these VHHs (as exenplified in SEQ ID NGs: 81 - 89 and Figure 48).
Preferred bispecific binding nolecules of the invention conprise 20 a) as

t he D114- bi ndi ng conponent a VHH with a sequence sel ected from sequences in
SEQ | D NO 35 or 41 and b) as the VEGF b| ndi ng conponent i) a VHH

o o o A=~ 1 I~ T L N zmom




10bi specific binding nol ecules (the D114-bi nding nol ecules within the
D114- bi ndi ng conponent or the VEGF- bi nding nol ecules within the

VEGF- bi ndwogoticispsrnent or the two adj acent D114- and VEBEThPR@innNGt695
conponents) nmay be connected with each other directly (i.e. w thout use of
a linker) or via a linker. The linker is preferably a |linker peptide and

W ll be selected so as to allow 15binding of the two different binding

nol ecul es to each of non-overl appi ng epitopes of the targets, either within
one and the sane target nolecule, or within two different nolecules. In the
case of biparatopic binding nolecules, selection of linkers within the
D1114- or the VEGF bi ndi ng conponent will inter alia depend on the epitopes

20and, specifi the target to

whi ch the immu orﬁrﬂ%e tﬁ%%ﬂﬁﬁo ??g\gggaﬂ%ﬁgt ﬁ@é %ﬁ%dbso §ﬁd will be clear to
the skilled pelr-laoeob@ﬁseéstrre adinodhSé rasdlies ditqrcsitrmnsmt%nal ly after some
limted degree_of routine exgerrnentatron i.ndi ng nol ecul es (two VHHs

or domain ant i BEBRSELTRMISGRNG AT RO ACiFEPFIYSS %E"?%%Qﬂ% -6P243%¢ bi ndi ng

conponents, WR@%oHp'FrESQtHé)aﬁ%%&él R&ﬁdd’ésaat%sﬁ%ﬂ‘sﬁ'o@ﬂﬁis VHH or domai n
anti body, respectively (in such binding nolecules, the two or nore

| obul | b I k d di tly to. d
Lo 0L S PR e T G 9 o )
Such an addi éh&ﬂﬁ'vﬁ#‘doﬁfarrﬁ’@%'erto@'ﬂhuﬁr%yof@Mwfo%cr@?@”@he% iR adh Yribheor
domai n anti body that provides for an increased half-life. For exanple, the
| atter VHH oeDRSmaRY vait ansbingy mey cosesnandttadie I@ahfwamreofcﬁmlbpr@éldwg toab
(human) Ser“ﬁ@st@%&%&]aé@&%ﬁ @é%ﬁ?ﬂ&mﬁ@{)@tﬁétbg”bﬁb 8 m%wgpgr.o Jansferrin.

Al ternatively, hgle varia omai ns t hat
bind to the amp@ogrtoma Iéalgmtnumt;erln@ r‘nayrhe’dbe oc&qnecem theiacheal directly or

bl | k dd ti bod whi ch
o vrae e seuenBe S e BedSscs BAY conain Plrd STide ] resSgRs g, °h r

to one of Fh@@%ulﬁoéNMo%dH@f%/@feq{%anmgb MR A@a0B WhathgSestamICces.
Suitable |inkers are described herein in connection wth specific

pol ypept i desthefnumpRering\aeording émlﬁahevnaypbrnayMPeeammmth@mctual mtation
- conprise N ! i ence preferably has
a length of aﬁurﬂ%'wgr gprg%az@ﬂgge@epesmegm ?@f%‘?a 'y ggﬁ%ast 17 am no aci ds,

such as about 15 20 to 40 am no aci ds, However t he upper limt is not
critical butAtemalgsEethoss PRAYBRENRY theoamila aGie eesidups fi Vrgd@magins.,

bi ophar ”‘%&e%h&ﬁ%&he%%h Asc%e SHAMRARINRGRIASRS: Témf‘er'tb'i'/‘fﬁli doffaitigice may

be a naturall'y occurring sequence or a non-naturally occurring sequénce. |f
used for thear@oewrtm;ihepdseloyvetvherm thekeresent qﬁsefremcablcjermemd figwnemogeni c

in the subjegt i C ntion is
admnrsteredéFl gﬁ%ﬁ%ﬁgﬁgh%ﬁﬂgféggﬁﬁqﬂq§?$§gggﬁ iéaégﬁgéﬁved from
t he hi nge reghor \mﬂ Ueefauw@d]arme@rihmbgwdecﬁha@wﬁgscrr bed in WD 96/ 34103 and
WO 94/ 04678. O her exanples are poI y-al ani ne |inker sequences such as Al a-

Ao Aa LIS Rl dre GATR B3cPLetd DRI BEAMEDGAR, ARy ELYl B

|l i nkers of differén h suc xsery) ers, inc
(gl ydser 3 , rapgkytsen) 41’,IO (cgh&@lszﬁre)w be(twbgﬂsl&?)andglﬂ;’é&t shiod|d ipwSseb2) 3.

Some non- 1l imit, exanp| es | i nkers are sho n Fi. 40 and 48, e.g
Sthe | nker OB RRSAIEArS (9SSR ORI AR (R BBDISRH D NO:  90)

GOEGSEEES (9 o%é&r%@d Hekgin.
GGGGSGEEGES GOGGSGEGGSGEGES (40G6; 10 SEQ ID N0 92). If a

bi specific b ndrn

oxamol e of amH) 'ﬂk}r'gh%n@rﬂy@rr?g'sé%nae%e%b U HET e Bhin HnBals The T

l'i nker sequeRgg @hafn%reabf Mmqnélsude@rmharadwrsares@na%mar@ﬂar ﬁr@abrt@@ a
cysteine or ahl %SI ne, | owi ng such nodification, e.g. PEGyl ation, in the
IC

|i nker régi oW m@%ﬁhe@ féigh'Vr&@'P(éW@gG@efﬁ far userin BRRCHPYRES HHICEPRAl GEGECGREGES
"9, C5", G E I D
(NCI 94) GGGS iy g@ ﬁiiiig@oé 'ﬁ%%égg‘%ret?zq

GGGGSGEGEES GBI 6aGEECHBE8eBeEs "(esis6ed CibsnatusHQ fUDCMDaﬂlﬁ)o;ncehoohn
GEEECEEEEECEEESCEEESGEEESGEEESEEEES (" Gb35, G5, SEQ I D NO 97) . Furthernore,
the linker nmay al so be a poly(ethylene glycol) noiety, as shown in e.g. WO
04/ 081026. | n another enbodi nent, the i mmunogl obulin single variable
dormains are |inked to each other via andtther noiety (optionally via one or
two |linkers), such as 5 another pol ypeptide which, in a preferred but
non-limting enbodi ment, may be a further immunoglobulin single variable
dormai n as descri bed above. Such noiety may either be essentially inactive
or may have a biological effect such as inproving the desired properties of
t he pol ypepti de or may confer one or nore addrtronal desrred propertres to

o o B e . T



15agent, a noiety which extends the half-life of the pol ypeptide of the
invention in serumor other body fluids of a patient. The term"half-life"
i s definestoasidses?i me it takes for the serum concentr aPCOEPRI1010b4B9S

(rmodi fied) polypeptide to reduce by 50% in vivo, for exanple due to
degradati on of the pol ypeptide and/or clearance and/or sequestration by
nat ural mechani sns. 20More specifically, such half-life extending noiety
can be covalently linked to or fused to an i munogl obulin single variable
dormain and may be, without limtation, an Fc portion, an albumn noiety, a
fragnent of an al bumin noiety, an al bum n binding noiety, such as an
anti-al bum n i munogl obul in single variable domain, a transferrin binding

ety h ANt - ot i . . bl
dormi o 2 por bk Rk R RGELF WO A RS BB A ot ecu e
an al bum n bgindieng:igply staalhrfuactiydr axtiginayihdisgatebturblkpitsderi vative. In
anot her enbodi nent, the bispecific binding molecule of the invention

o bar o sor BA ooyt PR e, SRk PO Bl e B B gen or
transf erri n, définedeipreing likeeV HiHsgporarHs (wndas e@ithad dlohe beas patiof @ lagetr he

resul ting 5pol ypeptide of the |[nvention. According to speci f i cal

by of o1 r o cnBRSHIe; SsherRpPARE Moleiie, Pt BisReBTnans BotReolt 58T i n and,
especi al |y pg eligibeedf sighifichMadvankigadi ng i munogl obulin single variable
domai n such as an al bum n-bi ndi ng H domain. If intended for use in

humans, such al buni n- bi ndi i mmunogl obulin single io variable donmain
referably. bi nds 0 AGRLE SERAR @ B e lenind ABrastigB G RN PRE

al bum n- bi ndi ng Mjgth ARfedelectivutPahbetierd B fd RS Eto/RdVeilBsdiriiens bi nding
to human serum al bumin are known in the art and are described in further
detail in e.g. WI@VaEs PPSSESS. NFie @psiredhatthese v doaainsmra mesentmy VHHs
are ALB 1 and it ' : rit 4 O her

a1 bumi n £ ndi ng VP B e aea wRnH R h ARk conflrelioh i3 ARRUGHIRE IR ot may.
however, be used espectlll dedigepddinkersabs withseFuk);al bum n bi ndi ng VHH domai n
is ALB8 which consists of or contains the am no acid sequence shown in SEQ
ID NO 98 Accqr digh b SeuliNSRAE SRS TRNinOLad BE ckhiesabh fBim 4 Bhgid

i mmunogl obul in 20 'sing variabl e donmarns, 1n preférably , may “be fused
to a serum al bum muaieit ecid replesuleharasdalasttreigbize aey post-mand&idna®271 and

W03/ 59934. As eéﬂ. %escri@gdﬁbp Vﬁ09/79271, the fusion protein may be
obt ai ned by conveRPPGRAIOT dKE ICREHAI?chnol ogy: a DNA rol ecul e codi ng for
serum al bum n, or a fragnent thereof, is joined to the DNA coding for the
VEGF- bi nds ng nwel eéatmhenogd&bulinesinndlé abrigisle donstingican essilyrtseengideerationta pl asm d

suitable for expression in the selected host cell, e 9. a yeast cell like
i chi a pastor s oPolvaget ars AU ERepTicanmath s bieties istus S BERNY ans ect od
with the fused nucl eoti de sequence and grown under suitable conditions. The
sequence of a uwsahthurdgfobwinsheyia vanalSEQomaiNChaedhigAcpetificiigahd anot her

mbodi t, hal f-1if t endi dj fi i on of I ti f th
nventfon {(such- rTP AT REIaa oPOBNEIERG IR ASGGEACh JoBgteregia.

pol ypept i de) conpjtetRstivalrottddBah ifflisian Dpirjédion; phar macol ogi cal I'y
accept abl e pol yner, such as straight or branched chain pol y(ethyl ene

glycol) (PEG or derivatives thereof (such as nethoxypol t hyl ene gl ycol)
o1 P  Goneral ITIUORI SIS VR HAtE SOty P GV SHP 6 HSaaPris uch_as

the PEGyl ation usedtdddelbdather ®naaiid 2 oPBShAB LAY, thiAGRBIbS _
(i ncluding but 10not Iimted to domain antibodi es and scFv's); reference is

made, for exanpl epreparedChigseshAr trapgRor@idovidtdi dhe useaf refiersti® (2002) ;
Veronese and Harrj imﬁgﬁF'Equ Deliv. Rev. 54, 453-456 (2003); Harris and
Chess, Nat. Rev. ug scov. 2 (2003); and WO04/060965. Various reagents
for PEGyl ati on of polypeptides are also commercially 15 avail able, for
exanpl e from Nektigmmomeglepdiotsirgle vargable slomaars axsr grsyaandoielatiyalyan, such as

the Sunbrjght(r) . i es rLes, L8Ss, Serl Seri es,
such as éunbri ght'F%psqﬁ){fl\%o%hyi,gb%hﬁﬁg%%?ﬁ%@%@@%n %Wf@&%‘@% t(r)

VE- 400MA.  Pr ef er adidaje. Firtesadipies drheadinBEBpLEN sigld Barisbéridomaingaarid cul ar via a
cysteine- 20 residue (see for exanple Yang et al., Protein Engineering 16,
761-770 (2003)). For example, for this purpose, PEG may be attached to a
cysteine residue that naturally occurs 18 a pol ypeptide of the invention, a
pol ypeptide of the invention nay be nodified so as to suitably introduce
one or nore cysteine residues for attachnment of PEG or an amno acid
sequence conprising one or nore 25 cysteine residues for attachnment of PEG
may be fused to the N and/or C-term nus of a pol ypeptide of the invention,
all using techniques of protein engineering known per se to the skilled

o o Y o o - - - o N~ "



According to an especially preferred enbodi nent of the invention, a

PEGy| at ed pol ypeptide of the invention includes one PEG noiety of |inear
PEG havi igoaommizesyal ar wei ght of 40 kDa or 60 kDa, wher ecm/EPh@0BEGIFOI ety
is attached to the polypeptide in a |linker region and, specifially, at a
Cys 25 residue at position 5 of a G59-1inker peptide as shown in SEQ ID

NG 93, at position 14 of a Gb27-1inker peptide as shown in SEQ ID NGO 95, or
at position 15 of a Gb35-linker peptide as shown in SEQ ID NO 96, or at
position 5 of a 35Gh-1inker peptide as shown in SEQ ID NO 97. A bispecific
bi ndi ng nol ecul e of the invention my be PEGylated with one of the PEG
reagents as nentioned above, such as "Sunbright0O Me-400MA", as shown in the

foll owi ng chem c f la: o H G - - . . .

2G00) |- ot PIRRHes opieining the Sap? ch BertB8iising AT O s ¢ ha
contai n |inkers afeehentatiah {e.bi e fatiee ddsaribddurstdwpaad dgmet psyureehghown i n
SEQID NG 81 and in Figure 48. According to anot her enbodinent, the

i munogl obul i n si Y%A & VaMMalies SXPRSID SEELBOHMY WA 8X8aIPE, as defi ned
herein. | mmunogl oduHVeRtishdl@hBod@esabl e domains present in the bispecific
bi nding io nol ecules of the invention may al so have sequences t hat
correspond to the am no acid s_eciuence of a natural Ig occurring VH domai n

that has been '*cafnynaiebulin singlgyaranie domainsmée 61t e sBRl no aci d
residues in the ' j c i ' Labl e heavy
chain froma con\al(glﬁ &ﬁ?@fﬁg?g grnﬁ B@gg%antl{e%gﬁg%ﬁgngrgnnﬁgégzi d

resi dues that occeamp&@edtto chaverdionekpehainrantipediesiand(antigen-tindimgd donai n of
a heavy chain antj j 1 i . Kr . se,
whioh w1 be o drotgredel el e BRI e B R AR 2y e
made to WO 94/ 046(filudhtg butaetdimital toaolidtymprsedrer ether déhge fissties) and am no
acid positions which are present. at the VHVL interface and at the

o cal Led® Canel | ceAil PaPOMIRGHS Paugheloses S22 SHOTsHEneonal S

94/ 04678) . A det ajhtlRdicdastd 4RideRbifding aBmenreigst i on” and
"canelization" techniques and preferred franmework regi on sequences

consi stent therew t an additionally be taken frome.g. pp. 46 and pp. 98
of WD 2006/ 0401535[%'8?@5? SPgY 'Bﬁoxﬁé”é@d@ﬂt}émﬂg P"F}P@"gq%z'ﬁﬁ‘é 8 ul es
have specificity HhaneiPektbnabd GBR3 IdpS BEMbaNR 16 VIH Hohidis fr&@Y4-6Q4RT | Se one
or nore i munogl obulin single variable domains specifically binding to one
or nore epitopes aitdledies) Bed brndhersfase @lse ancess taroatst ang Q,{Eélpemﬂoécul e,
respectively. 5Specifl&, i ndi bindi ng. C it ntigen DI14
or VEGF égn be de (’Cedre frsnls"ir?leegtl Oir}%nggg%sn@?td' ?nﬁ%g{ %ﬁ%ke%k#o%ﬁt&eérn ég@ﬁbncl udi ng,
for exanple, the faspagstsdesreof;bed herein, Scatchard anal ysis and/or
conpetitive binding assays, such as radi oi nunoassays (Rl A), enzyne

i munoassays (El i il - t he
different vari anﬁéﬁﬁ%&@gé?ﬁ% Bgﬁ%\%ﬁ?%g%rﬁsigglgWﬁﬁé%?r%%qﬁl?%%ﬁ@é%rg dt o the
antigen DI 14 or MESrstats prddovrlt havaa temierydb @lglegats (axieh ey i abl e

domain is not limted with regard t.o the species. Thus, e, i nogl obul i n
S'hol & var | abl e dBREerSeRved EsybiBRing dop o aRs oA tyr Ve lfn VECE
respectively, if Nafupaded. sorsiderg@oguti c purposes in humans. 15However,

i mmunogl obulin single variable domains that bind to D14 or VEGF,

respectively_ from anot het namral i an, speci.es, 0or .po|. tides contai ning
Chem ar e a 3¢ IEHARS pRE. TR e aBieclaio B8 coBi e AR GRBBRBBER Tt o ngi
vari abl e dongeni§hdtioinding Pslesies oEthelifvéntdh, B dotaimiddd ithRaspetogs - r eact
with the respective antigen fromone or nore other species. For exanple, 20
i mrunogl obul # §Pefifigbelagigal sBHECedmmRIMREChiNgYiNGye beenipbtainedhar h@i gen may
exhi bit cros VAR YARLY) e r i Ny e ot her
peci es of peoaranetidortihrplifh IR RRGHOKE R AR AR IRoRhe B ©

ani nal s thatfollowingsdeps:n ani nal nodel s for di seases, for exanple nmonkey (in
particul ar Cynonol gus or Rhesus), nouse, rat, rabbit, pig, dog or) and in
25parti cul ar4iyg i Nagg! } i ; i .

Todul at od byl A rfEthe 2 S?Fﬂﬂgﬂ%ﬁggﬁg'ﬁh‘i@é@?@é rendib Bhife): BF
ment i oned hes&eaning lanibuaygtooterising kéawyl chairmantiindiesionviiHs aoid isdlstinghivent i on
t hat show such cross-reactivity are advantageous in a research and/ or drug
devel opnent, since it allows the inmunogl obulin single variable domains of
the invention to be tested in acknow edgéd di sease nodel s such as nonkeys,
in particular Cynonol gus or Rhesus, or mce and rats. Al so, the binding

nol ecul es are not limted to or defined by a specific domain 5or an
antigenic determ nant of the antigen agai nst which they are directed.
Preferably, in view of cross-reactivity with one or nore antigen nol ecul es
from speci es other than human that is/are intended for use as an ani mal

oy o, o o, ™I A Al \ IFp~Np=- a1 -,



D114- bi ndi ng nol ecul e, which contains nore than one i mmunogl obulin single
vari abl e donain, at |east one of the inmunogl obulin single variable donmain
conmponentwoknnds9i’o t he epitope within the EG-2 donmai npcagpdebionsds above.
Preferably, the VEG- bi nding conponent binds to the VEGF isoforns 25
VEGF165 and/ or VEGF121. Preferably, an i munogl obulin single variable
domain that is a conponent of a bispecific binding nolecule of the
invention binds to DIl4 or to VEG-, respectively, with an affinity |ess
than 500 nM preferably |l ess than 200 nM nore preferably |l ess than 10 nM
such as | ess than 500 pM (as determ ned by Surface Pl asnon Resonance

anal ysis, as described in Exanple 5.7). Preferably, inmunoglobulin single
vari abl e do ed in the bispecific 5binding molecules of the

i nvention hgglélp'%éé%r&@hﬁ as neasured in a conpetition ELI SA assay as
descri bed i nmmselr@-alnuctléictd@&i maeeleoéncodiy 4 YHHwitA th@hetiraliyi re or

| ess, nore prefer_ablé/ in the range of 10-8 to 10-1 noles/litre or less and
even nore pr@¥AAH §e94ENCRe range of 10-9 to 10-10 noles/litre or |ess.
10Accor di ng G@ "ﬁurﬂ@ﬁmln‘gm(ér'é&u@H&e-Bbﬁrfn?zr r'igﬁqla VH?P@BH&#EIIyQtheP Bffinitpvent i on,

Dl 14- or VEGF- bi ndi ng irmunogl obul i n singl'e variabl e domai ns contai ned in
t he bi speti f matusatien, vythnd hatualysocsurmingesequease oo BXpiesdingd® Migleic @CidvVEGF,
respectively d constant (KD) of 10-5 to 10-12
noles/liter ?#&% eshsﬁérﬁ%@%%rrj%ably 10-7 to 10-12 noles/liter (M or

|l ess and nore preferably 1510-8 to 10-12 noles/liter (N{, and/or with an
associ ati on ¢onerapizingAps geseribgdkeiew) 8 TmMmUnNog|nbetie siag Q/VaitaW%B@@VYlOS M 1,

nore prefer t aﬁ nd in
particul ar vm%ﬁaﬁ] f@ﬁ%é@ag&%ﬂgnc 6'ﬁg t'géﬁr@ﬁéﬁ"é@ig?% 0 nM nore
preferably |patictlhaa spéciedlof mmamhimak sumasﬁdmanammani\beﬁ@a)r@pmmgéa val ues
of the i mmnoLgI obul ;d;ralo|qcﬂ| e vari abl e domai,n t he 20i nvention agai nst

D14 can'be A&HEFHC UL %&%ﬁme‘?ﬁa 4Rt i on relates to nucleic

aci d nol ecul &3 "&é‘rﬁéllzﬁaﬁ@@Vbeﬁéﬁ&béélﬁg Bi MbI@ abll rB6leLEis eﬁhfcoéllfhg éd&ﬁ@tl on.
Such nucleic acid nolecules will also be referred to herein as "nucl eic

aci ds of theC3mel&edi\di" and may also be in the formof a genetic construct,

as defined h c DNA,
SonA or " synt e oA S or BRoarhly pfheeah DU e oo, BRAS

speci ficall yp@lumnteiesfomrotfm(mmsela@rd $ayuehnees;nt ended host cell or host

or gani snm ntion, the nucleic acid

di n of he |
o I he” T et S ndthal P nld 8 R Folella Stostdiiae NALEOGAN Ui hor above. The

nucl ei ¢ aci die@hnighes FarvRRIdi©BciaRYNHeSR, RftlolvedtbdieeppegBiot of hdyhueRidr esent in
and/or may be part of a vector, such as for exanple a plasmd, cosmd or

YAC. 5 The v%f‘éﬁ'u aigefeci al I y be an expression vector, i.e. a vector
that can pro i vitro
and/or in VI(\\? ‘é,?bjfeeﬁnﬁﬂéé sweﬁrggﬁﬁbid;%t Qigﬁ'ﬂé tﬁost iﬂégtﬁlﬁsﬂr%%akd;/ or

expr essi on siystagenesiSuely. exqass sutageareEsioer gendredted mutagenesiss and/oreast one

nucl ei ¢ aci d_of i aventi qn _that y. ke £

Ui t abi o 2 egrinae S bR T bER e bR B b s iRt pFHie

t erm nat or (sYHHaaddldne |i ke. Such elements and their selection in view of
expressi on of a specific sequence in a _specjfic host are conmmon know edge
of the skill&d E&ﬁ@rﬁ'on%ﬁééfﬂﬁpﬁo@%‘cﬁﬁ?& e@f’"@éﬁ%ﬁ’%\tory el ements and ot her
el enents useful or necessary for expressing D114-bi ndi ng nol ecul es of the

i nvention, s8ciaks metoods andtechnigapes dorsperfidbmingrineadbaive -desotilegn atepen
factors, sel ecti on markers, | eader sequences,. reporter genes, and the |iKke,
are di scl osed®PWHRA thp artesd W'ﬂ%fﬁcie%ﬁo §6‘B%‘§8ﬁ6%9§3 The nucl ei ¢ aci ds
of the invention may be prepared or obtained in a manner known per se (e.g.
by aut onat edA&hdmgriv lrespesifisrahibodimeat rite 'rmmUnﬁ)glAbuldarcd;inglleogay)ablebased on the

information on the amn uences. for the 20 epti des t.he
| vent on_gi SUREHE AR in e SR B apeacies ahie BEPRT drentilF ai
source. In amhbaranaﬁa%@tdséda@nb@wtés,@éntia%%ﬁ%sp@wdm&tthé%Inhﬁotab.@t express
or that are capable of expressing one or nore bispecific binding nolecules

of the i nvent@aencaiiadiatynatly oe@#tiag Iy Aoeieé. buaEad h6$ b@ﬁ@ humasyzadon .
According to a 25particularly preferred enbodi nent, said host cells are
bacterial cells; other useful cells are yeast ceIIs, fungal cells or
mammal i an cells. Suitable bacterial celibs include cells fromgram negative
bacterial strains such as strains of Escherichia coli, Proteus, and
Pseudonbnas, and gram positive bacterial strains such as strains of
Baci |l us, Streptomyces, Staphyl ococcus, and Lactococcus. Suitable fungal
cell include cells fromspecies of 5Trichoderma, Neurospora, and
Aspergillus SU|tabIe yeast ceIIs |nclude ceIIs fron1spe0|es of

o ~ o o



- recovering or isolating the pol ypeptide expressed by the host cells from
the culture; and 20- optionally further purifying and/or nodifying and/or

f or nul at iwgQ 20hen3ts7speci fi ¢ bi ndi ng nol ecul e of the i nverCir@®P2016064695
production on an industrial scale, preferred host organisns include strains
of E. coli, Pichia pastoris, and S. cerevisiae that are suitable for |arge
scal e 25expressi on, production and fernentation, and in particular for

| arge scal e pharmaceuti cal expression, production and fernentation. The
choi ce of the specific expression system depends in part on the requirenent
for certain post-translational nodifications, nore specifically

gl ycosyl ati on. The production of a bispecific binding nolecule of the

vention,  leshgl SAORAL LN AR S VBT A e e

gl ycosyl at e pheoaxamirsasd pegidigasin the ahlihs atidsegaence bf sdid |nat1ﬁ!alq,l ear to the
skill ed person that the gl ycosg ation pattern obtained % . the Kkind,

number and pBGUTIR VB $EBERGe DY ANERHBAE Nithe 2R ARG S'P'H@S fhatocgyr cel |
line that isaupedof@spséMEnGBBEIRSSisPM a %ﬁé’cﬁé'hfeh?y BbmAirsr mrﬁ@ﬁltIGﬁa|Of the
invention may be produced either in a cell 10as set out above

i ntracel | &l | 4achgin(@ntigody frorhe hugiapdesing.i This hen pemeplossad usingimethads usi on

ouri 1 edor V) rE8R BEUIHRALAT PR ey Y REE B o e um i n

which the host cells are cultured) and then isolated fromthe culture
medi um and optSeaHanssoptirnizae Vit MY eantainoNRErHBers fuuwhw@agérmr@ewéd for
t he reconbin %té bl e
expressi on v'%@ioorféé r %hggh or{rgﬁa ?@é%‘?ﬂoggﬁg?@ﬂ??gﬁ%ge a?/scr%wteé(::'?l on
mar kers, netadan dfamewvehrk region eéqmmiesmerﬂeplfmtr@rhumam garrallrca)‘vﬂdist i ons,

andthellke are kn h Slm r rotein isolation and
purificat'{ oné?(&@?ﬁ?ﬁﬁ)?]zg’g%% ‘ﬁ ﬁ# 3 tb&%‘?@rﬂff%c@'ﬁ?%% AOIMSy pept i de
200f the i nveRtdtenTRGE a¥irhakiPsigh ér@tddéﬁ?rrﬁlyldo'nﬂﬁlslé%é@éplad:émélntfdfratn'yer
aspect, the invention relates to a peptide with an am no acid secf]i uence

sel ect ed fr ofh tBRi\H sesidueseyilie Hacorserpanding fermewerknee: and 8 §FR6ERZSEQ |1 D
NGs: 333 to e%lf&, I?&SS t | eic
acid nol ecul%ﬁo’:ngg’ |rng ség%fl\ég;@“#%g/ﬁeg%eptl e?a%ggrpr‘!e?\é?op/n%gtg@g%ggfderi ved
fromthe VHHsithEr aldne ommmmkmatloﬁhSy;tabla fraarewarkiregiond ¢-Ruef tbec aci d

nol ecul es encodi ng t are usefu or. rafting in.,ord t | ace a
CoRe i a1 RHBIORR si7E yAREDE, dodiing RERfe B RS Sesthiioi obal i
scaffol d, e.hos@ aBrset 8as€.gi IMMWVD Qma/omwsaarﬁwepsmﬂmfamyahamdéyh@@dsrcan@d b562,
a heli x- bundl rotein. a disulfide-bridged peptide, | i pocalin or an

anticalin, %oﬁ'ﬂ%r@ﬁ-'ﬁ@l tcéﬁsﬁéﬁ 'B‘”r‘ﬁ’QHWﬁay BF@B@?@ @&W'BUQ%Hb%|Eh$'F%|Pd The
met hod of ol used,
e.g. for hmﬁﬁab@%{f!sﬁﬂ AR i R e T 28 aE BT SRR o

from a rodend4 tnd7 bﬂwhemtrespdwvé\huﬁmmdmdmtejbaas human anti body). In
order to obtain an i nmunogl obulin or a non-inmunogl obulin scaffold

contai ni ng apFEy dlexbifld, %Vr%}hémangtshu%sﬁiuﬁoﬁr&qmﬂgbé%@.r@b&ﬁyl e rray be
i 0 obtained according to standard net hods of nolecul ar biol Qﬁip
i ng PCR

gene synt hes1@3 Py, Segriogprandlasding By rasalip (Rp dﬁ?flﬂw bﬁ@m)slsdﬂ8&/@r1

reccar on. ' varet s AGRaHEeMEHIIEKK ol vordlP BonbHES GgirEl i

non-i nmunogl tewdrt.n scaffol d has been described by N caise et al., 2004,
15Protein Science, 13, 1882 - 1891. The invention further relates to a
product or conposition containing or conprising at |east one bispecific

bi ndi ng nol eBlmIdmgdfnmlﬂféOQWNLélﬁtSWdﬂ%e AAtalipdoavang yita repwvedwrepgriies iner
conmponent on the

i nt ended %se\/'gﬁ&ﬁﬁr&g@ rnL(]))tids%l Fﬁ@%t'&g&\g@ eﬂ*ﬁ'[?nﬁgd alfﬂnﬁ o?*agg%%ggg bi specific

bi ndi ng nol eicvhenadertidity, rrmyekmd)toialrmd fmmMWW|IMII¢@m&ﬂdulmb$aﬁe may be
fornmul ated a phar maceut i ratl n, or tion cqnprising at
oot one. by E6BRRHEE KBPRAIH B e b eo e e R RRTT (o S 3tedo8 one
phar maceut i cbmysyntetie! RiPldentar rﬁét@faﬂ%@cb&#ﬂﬁb |Mhtﬁ?®@ld®uﬁﬁtsequné14c%s? adj uvant,
and optionally one or nore further pharmaceutically 25 active pol ypepti des
and/ or compounds. By neans of non-limting exanples, such a formul ati on may
be in a formsuitable for oral adm nistri&tion, for parenteral

adm ni stration (such as by intravenous, intranuscular or subcutaneous

i njection or intravenous infusion), for topical admnistration, for

adm nistration by inhalation, by a skin patch, by an inplant, by a
suppository, etc. Such suitable admnistration forms - which may be solid,
sem sol | d or |IC]UI d dependl ng on the manner of adm n| stratl on - as weII

L, . Y



Rem ngton, the Science and Practice of Pharmacy, 21th Edition, Lippincott
Wllianms and W1 kins (2005); or the Handbook of Therapeutic Antibodies 20
(S. DubelwoBdiiya393ml ey, Wei nheim 2007 (see for exanpl ePpagwe301iBbi4c255) . For
exanpl e, an immnogl obulin single variable domain of the invention may be
fornmul ated and adm nistered in any manner known per se for conventi onal
anti bodi es and anti body fragnments (including ScFv's and di abodi es) and

ot her pharnmaceutically active proteins. Such formrulations and net hods for
preparing 25the sane will be clear to the skilled person, and for exanple
i nclude preparations suitable for parenteral adm nistration (for exanple
i ntravenous, intraperitoneal, subcutaneous, intranuscular, intralum nal,
intra-arterial or intrathecal adm nistration) or for topical (i.e.

t ransder nal GPR griaftange hoedanizadricenimiag i fragménte perieed oo dierepar ent er al
adm ni stratign qﬁﬁwfor.exanple ngz%erile Folutions suspensi ons

di spersi ons DFMEMAIAPYRSIHENCEy £ GRREABNEYUTNY RYUAPHN IR Be'S; @i on.

Sui t abl e car sinflasteehnidubs fartehgireriay GhninegRbalin eegudriees Meiikpoanitac! ude,
without limtation, sterile water and pharnmaceutical ly acceptabl e agueous

buf fers and $6ISHIIEERETSRE 197 28Y SHifaRI8 ICORINRANIOBHI AN A 10 [HeIed 380 i ne,
R nger S, 501 i SsedRACE ARl O aaRAnbRRKIch SHuid RS B o Of |

gl ycerol; ethanol; g |'s such as propyl ene glycol or as we as m ner al

oi I s, i oani nexaroplesmadd te stpedartsl kangdooks fasrwelkasris begednen dasicriptiarogmkan
oil, as meIIEQ B%'table m xtures thereof. Usually, aqueous solutions or
suspensi ons W ik "preferred. Thus, the bispecific binding nolecule of the

Wi h s phar nERRPaT DS AP S FereaSedafir il My be bGFRIGET ' o7 an

assi m | abl e affinity-enatanatior of akatheobiadinghreolepelet the laten repsdéseatingwith he
bi specific bindin | equl.e of the ipvention, may be conbined with one or
mor e exci'bi eieLeaHg s Atk PHuraEPAIRSHR, MR e e Or IR EECH e cal tabl et s,

troches, capsules, elixirs, suspensions, syrups, wafers, and the |ike. Such
conposi t i onsMatibdsrat pitaaning ndds that dindototaaspecific aniigen @.epitwpObdave he

bi speci fic bjndi |l ecul.e of the,j | Thel AD_t he
conpositionsb%ﬂhgg$%%§§5%?%%seﬁaVSNg$X§@h¥§g?35@d¢gpggﬁggﬁ%9ﬁ§yAsako
conveni ent | ydéerribet Weeirdib@étail HH abmiginstdBfivet fidne cariedds caf ba gi ven unit
dosage form  The anount of the pispecific_bjnd;n%FnDLecule of the invention
in such therziW@U’_cﬂ'%%@l |(9'39§%rmﬁd S6RPBR¢R-PRIHBIZEY E G-t sRAVCARESMIRYEINg e _
dosage | gyel m2ovhldddioraBiRinistzatibheehdithiss aPblibifionAdRSHi@tionathd he 1 ke
may al so contain binders, excipients, disintegrating agents, lubricants and
sweet eni ng osedueacednyiang ergeartesnutatione teatplreishtbe e/ he mtithomedovad pages

143- 144 of 0 n i } . it may
cont ai n, invé%%gﬁ%%hg@%1%a er%%ﬂgaggf@ﬁgggﬂgggt&%@%%ﬁiﬁ$pgﬁﬁ§%h§?rier, such
as a veget absitesyiol replaeing@nxe&irhyd_)rern&nigg)e;ctd reﬁmreiﬁw&a)iﬁﬂn?m amﬂferi ﬁl S rrflydbe
present as coatings or to.otherw se nodi t he sic ormof .the so

uni t dosage ?Qﬂ%ﬂgﬁ&?th%@%ﬂ@g\{%%ﬂe?%@ PP_%PPB%/OF%ng PR Sbe coat ed
with gel g} i nesiMes tBARICRE afPthe B paRding PBsitibk@) irfa I 8BmaMn Pdrd I may
contain the bispecific binding nolecules of the invention, sucrose or
fructose as ecryigatioralidnehaigyentibodyelrepia Ryrganbehgl Hdruibenisedy Hbt dewpinat i ves,
a dye and fl ri - r V. S

mat eri al use@%'ﬁoﬁggzgﬁgﬁgﬁgﬁg%ﬂﬁﬁpﬂﬁgggg£@§6$%ﬁgﬁdbféﬁ%%R%EQ%%E@EéPicaIIy
accept abl e asenl®srdbspenific ednbgdinemttroay contairt hemamiraniesvarkpégiged. | n

addi tion, the bispecific bjndi C t he inyention may be
incorporatedS?qﬂqgcgﬁ9?5Y%£ﬁgqgﬁgé§£t%?étgﬁggﬁoﬁgp%ﬁ%ﬁH%@?%Bgﬁo par at i ons
and for my} at ¢@BINEA Wil SH saguirites! §@H &nJHBY al so be provided with an
enteric coating that will allow the constructs of the invention to resist

15t he gastri g _environnent anpd pass inko t.he intestines, Mre generally,

or epar at | onsDaRA" 3RS B0 MBS DaRRARAS PREE | OIF 1RaSo RoRET abl
fornul at ed fAhtistRliésreind "dAbe" BeiYigdeet edraeritarks by e Gaslosithikgiati nal
tract. In addition, suitable suppositories may be used for delivery into

t he gastroi n9@sPigi&PMPRaALES) have Eﬁ@n gesgediin €-i\Waich & aoleéalil '8inNdrd t he

i nvention may al so be adm nistered intravenously or intraperitoneally by

i nfusion or injection, as further described on pages 144 and 145 of WO

08/ 020079. For topical adm nistration oftéthe bispecific binding nolecul es
of the invention, it will generally be desirable to adm nister themto the
skin as conpositions or 25fornulations, in conbination with a
dermat ol ogi cal |y acceptable carrier, which nay be a solid or a liquid, as
further described on page 145 of WO 08/ 020079. Generally, the concentration
of the bispecific binding nolecules of the inventionin a liquid

o " - - r - N o ~ oA ~r a2 I T T




The desired dose may conveniently be presented in a single dose or as

di vi ded doses adm nistered at appropriate intervals, for exanple, as two,

t hree, 15wDbauori1/op3700r e sub- doses per day. The sub-dose ipcyaipboomyscbe
further divided, e.g., into a nunber of discrete |oosely spaced

adm ni strations; such as nultiple inhalations froman insufflator or by
application of a plurality of drops into the eye. An adm nistration regi nen
may include long-term daily treatnment. By "long- 20 term is neant at

| east two weeks and preferably, several weeks, nonths, or years of

duration. Necessary nodifications in this dosage range nmay be determ ned by
one of ordinary skill in the art using only routine experinentation given

t he teaching i 0. i i r i i in,
Ew . Caa a3 ReyleR' dhaBErPTY b SR e B R Bty S S R e
adj ust ed by frove Hsuthevicioia @oli'h INetlrel 341 : 58415346 (@969); Hlt, BRY e ol Dodddin on.
According to a further enbodi ment, the invention relates to the use of

bi speci fic bRPHAHFSTRIUenede therapy”i IRENBS BrRiPerne?IAgY &1\ d i 484-29% o mai ns

or pol ypeptig@%?og,ﬁ@mm\'g/@mog‘_or t herapeutic purposes, such as for the
prevention, treatnent and/or alleviation of a disorder, disease or

5condition, especially in a hu bei ng, that is assqciated w.th

DL14- med &t cHoBRIaBasi rseblanear s song fathe SH L PEDaRS, 't reat ed or
al I evi at ed byntBiHE kb hohbrMQ i asingdIa! ih partRaldrWrinaM 43hainlkkibolieadi ng

nol ecule, in a nethod of treatnment of a patient in need of such therapy,
such met hod EOPET i bigd aarapiree @siangjngle@nigenbjnsing demaivedet Wehasdt | a

phar maceut i cgl. j: - i ifd ¢ Picndi

nol ecul e of ?é{hélip%\%ﬁw%ﬁ% gg%g%aﬁsﬁn?nbukogl tgg\g‘%]?’néﬂgﬁﬁ@féeek%/%roﬁé I e&’g'orrai n,

or a phar macanitgenddindiogpospdrtiesisaenquiagdieng ameng libfaces thbumpeesiigk i on of a
medi canent f@g tQﬁ18revention treatnent or alleviation of disorders,

di seases "br COriVl OHDARSREMCACE with 15D114- medi ated effects on

angi ogenesis; as an active ingredient in a pharmaceutical conposition or
medi cament uBethafroantitiosliesbitane, ke Wbl tss a Maleouldr wgight ohagpesinatelyasitect ,

sai d di sorder_disorder,, di.sease .or condi ti I, S a cancer_ or cancgerous
Gsoase ne sRAPRER Y koS 338 Llefatiierh Sy iRt SAS TS, §RBSG! coase i <
an eye di seasguas$ueiaigdionifohe. gsteeagdtidamidgdinBlibfarisediginatieebbeefs on
angi ogenesi s or which can be treated or alleviated by nodul ating the Notch
si gnal i ng paYRgomiping. Reppia sl fIPIRF SRS IBEOUN ProkyRifIPRIESHOR AESiERScer ous

di sease 49 b/ SdiaicBhBRREES i PVBEN AR BGMR.O! the | nventi on

may be used on its o I'n conbination wth one or nore additional

t herapeutic nts, in particular selected fromch t her apeytic agents

|1 ke DNA danbdiirgmiagent Bais Reless e e e eroe ftis @ROSDHS: i nhi bi
angi ogenesi Sugrsi'dslad of MBRSSUREICIDRR3H ENRRRdUboVE Rl BtHehesdgedats i n cancer
cells. The additional therapeutic agent nmay be adm nistered sinultaneously
with, 5 optiioakding kig net imipd te humeh scatioldams nphamnategtabedin spatégids.at i on,

or before orga 1 i i i Ll |.ndi culke. In
certain enbogla]i[réebﬁ% géﬁﬁ@é g'hd(ij?quhglkq%fstfég%a%e%?%gérég@ﬁ?& r%beﬂlgqﬁ\l%% ‘Jifl'l(g'ut

limtation (and in the case of the receptors, including the respective
| i gands) 20 onEh@termsy epitors " mncorgtigenie detadminasth, thichyedube el nhi bi t ors of

EGFR, VEGFR ; S ala P inase, FGFR
POGFR, Raf . RERBRPOIpies e s matitioiRchie Sicriita Bl . 2

t her apeut i c thgeistrecagrizéchy bintigersbiolingDKpleakles, suat & comtentioodli t, cMet / HGF,
c- Myc, F1t3, P90, h eh ant agoni sts, i.nhibitors of .J STAT, Mek,
o " NEkappRRIOEHES OrBE 2o0gRalosRg! g esAR Bhd B ParRileEy Bidfe ng or an
i nhi bi tor of ghthRenuBhaingtsittdf said malbuRY. Epitapes hefind thi inirumdindiRg Not ch
signaling pathway. Exanples for Aurora inhibitors are, without limtation,
PHA- 739388, #itaor agmmanogiadulingyd thys represent thekarggbof specssity ofeN- 8045,

PF- 3814735. ﬁﬂn&%ﬁﬂg& inffor a PLK inhibitor is GSK-461364. 20Exanples for
raf inhibitors are” BAY-73-4506 (also a VEGFR inhibitor), PLX 4032, RAF-265
(also in addition a VEGFR i nhibitor), sorafenib (also in addition a VEGFR
inhibitor), and XL 281. Exanples for KSP inhibitors are ispinesib,

ARRY- 520, AZD- 4877, CK-1122697, GSK 246053A, GSK-923295, MK-0731, and

SB- 743921. Exanples for a src and/or bcr-abl inhibitors are dasatinib,

AZD- 0530, bosutinib, XL 228 (also an IGAY1R inhibitor), nilotinib (also a
PDGFR and cKit inhibitor), imatinib (also a cKit inhibitor), and NS-187.

An exanple for a PDKL inhibitor is BX-517. 5 An exanple for a Rho inhibitor
is BA-210. Exanples for PI3 kinase inhibitors are PX-866, BEZ-235 (al so an
mlor inhibitor), XL 418 (also an Akt inhibitor), XL-147, and XL 765 (al so
an mlor inhibitor). Exanples for inhibitors of cMet or HGF are XL-184 (al so

N SR g g— V4 A 1 SN\ NI NN A A NS R A7 N A/~ A N N o - o



Exanples for F1t3 inhibitors are AC-220 (also an inhibitor of cKit and
PDGFR), 15 KW 2449, lestaurtinib (also an inhibitor of VEGFR, PDGFR, PKC),
TG 101348w0absien3astoi nhi bit or of JAK2), XL-999 (al so an ipamEPRE100645D5 CKi t
FGFR, PDGFR and VEGFR), sunitinib (also an inhibitor of PDGFR, VEGFR and
cKit), and tandutinib (also an inhibitor of PDGFR, and cKit). Exanpl es
for HSP90 i nhibitors are tanespinycin, alvespinycin, |IPlI-504 and 20 CNF
2024. Exanples for JAK/ STAT inhibitors are CYT-997 (also interacting with
tubulin), TG 101348 (also an inhibitor of F1t3), and XL-019. Exanples for
Mek inhibitors are ARRY-142886, PD 325901, AZD-8330, and XL 518. Exanples
for mlor inhibitors are tensirolinus, AP-23573 (which also acts as a VEGF

i nhibitor), \/ ption), . oaPl3
oL o) GRABHHINE S 5 LNLB B R b TR, 2, P12,
for Akt inhiinhglenariable dx&ﬁathﬁIth@tnv%rﬁ%@gaeraﬂ)(a%ﬂdmgarﬁtﬁie&ﬁleIoﬁlarI bi ne
Exanples for_cKit inhibitors are oSl -9 acts as_a VEGF

i nhi bitor), e9mopt theread Bat P"t‘fhltﬂnq 3}" %f'sﬁqffyaﬂh@”ﬂj@ﬁ?at DRARATY b (aI SO
an i nhi bi t or rpf 5 kb BinanthJ3XFeR)ficit ¥t b@eﬁaﬂrﬁé[%%g@”ahﬂgnbérgﬁbtem (off&FR and
PDGFR), XL-999 (also an inhibitor” of F1t3 sunitinib
10 (al so an atlpasdiansrpast, fIBDDB%ntPDGFRDPQ/E@:@f ) iscardd bq_bempa(uasts@r acts as a

(al 50 an i nneEse enits i cplibe pistef o Brdefid e ARG bR goni ot o

are | Pl -609 witil rﬁd@cﬁfdléubh dpiapp| astidedror@bteimin this costeat, @ WEGFebcl i b,

R 547, NS 0BU-EBHICGO0HYE Bk RS EoRBcd gV EG I Gh oo

i nhibitors arm|4b(qut|%;i9,ﬁgb,re§@éc§t,t,é@om b, and NPI -0052 (al so an inhibitor of
NFkappaB). An exanple for an NFkappaB pat hvvay inhibitor is NPI-0052. 20 An

exanpl e for n ubi ti,nat i, on hwa itor preferred
onboni merit s, CERERUdne 07 Mot Ml h e Sor Efean BPea R b agont
Exanpl es fOfarﬁtl'gtensaﬂféz'pﬂgﬁéetb\ﬁlgléﬁtaspa’#f@lhﬂﬂht@ehodlﬁdlﬁé rﬁcb]@aﬁ@ﬁRani?&H:R and
VEGFR or the respective ligands (e.g VEGF inhibitors |ike pegapt an| b or the

25 ant i - VEGPIRAOHSEipinb@usbiasarei)mURegiob il sitgeivasablesloptinljaaiesulsei ng

sel ected f ro h i

S0 Tatis, 1 oran Db PHE RPN AR SRR ol PS8 b8, e )r?&}\m- 869,
BMVS- 690514 medzcmstts bffititkK DR/ or Ridditg Fllhe afiihDg, reprasantmtiwmhatemu'tibduugs)

t hal i dom de derlv tiv %C om de M:%i 9% 11, 5Ki
23057, brY va?ﬁrbgta e t%& ?focb?t'oﬁéga(‘aﬁ Qeaﬁv'ﬁhrﬁﬂ AN ’F‘d'BPqFtr & F1t 3),

1B3, CP 8685D), Id-madurdiot Hadbinaingst@mgtibétiiceararoépifobbnd guni tini b

(al so an inhi bitor of cKit and F1t3), axitinib (also an inhibitor of cKit),

| est aur ti ni batigesiodigaing sHe v the a@tlgmtbmdampw thgdesaeatipvalbaitha ni b

(al so an i nhipi i P%? 7210,

| MC- 1121B, A’\?E %H%%R;ngggt%@ggmlﬁo@geh %%@&%éﬂ e é%&ggﬁ?gﬁf %i/gl ate (al so
an i nhi bi t or bioflingahylecarak@Baliedgchaaffi mﬂyldantadso bé eRafessed andieg ani b,

Ba. 57- odb2 gAnBbosnsim Ry AT B aiih B8 Rpe sottd MBI or o1 oo

Raf), XL 880exarhple omnthiemaiski dfahe ajrthétr/lats)ctos&ke fdreif)abfipitpaan bei bi tor of EGFR
and EphB4), XL 820 %al SO an i nh| bi tor of cKi t{ and 15ni | ot| nib (also an

i nhi bi tor of 9RIRMPINgHN Bre2RffinKNOWRPSA $6; f ing AR R BRRSIC AR Yray al so
be sel ect ed |hté?€§tEﬁB|tyr§‘thté'ﬁw@é?inre'dfth@é’tr%tﬁoﬁﬂﬁmn t%e'h%n'-:éﬁt_'ﬁehnh' bi t or
or an anti-EG-R antib for anti-EG-R ant’i bodi es 0
lintation, @nélneenelﬁpwgtisucﬁhm tanmnmoghbzumLam@ntltmdyeararrpnnenoelobahrsmal |

nol ecul e E r f t i . . . .

modul at of” i sgpglgwégé%udsdlrﬁ?tgt% 0 y%r%'ﬁg C@ﬁ%@&ﬁeﬁa@gﬂ %@re EZ’t |er?ﬁ|58|l?§%§s
useful for cAvbitpatiettestd bothitre laﬁmyddef\ﬂ/eerbhnébm@emh@wIaatigmén bineling

i nvention arela tinib, ef tini rIot|n|b t.a.tuz mab

ni ot uzumab, SIS Biberaeleeie andahs Aumier 6 paRNER GadpaRT

pertuzumab, aqe @Ht7@n H@ar&@%n dEn§ PRACELIARRY- 334543, AV 412, 25 rrAB— 806,
BMS- 690514, JNJ- 26483327, AEE-788 (al so an inhibitor of VEGFR)

ARRY- 333786, | MC-11F8, Zemab O her agents that nmay be advant ageously
conbined in a therapy with the bispecific binding nolecule of the invention
are tositunmunmab and ibritumomab tiuxetan (two radiol abelled anti-CD20

anti bodi es), alentuzumab (an anti-CD52 dati body), denosunmab, (an osteocl ast
differentiation factor ligand inhibitor), galiximb (a CD80 antagonist),

of atunumab (a CD20 inhibitor), zanolimmb (a CD4 antagonist), SGWMO0 (a
CD40 ligand receptor nodulator), rituximab (a 5 CD20 inhibitor) or

mapat umumab (a TRAIL-1 receptor agonist). Qher chenotherapeutic drugs that
may be used i n conbl nat i on W|th the b| speC| f| c bi ndi ng rml ecuI es of the

T o o o o M. L 1 o o o o o



| etrozol e, |iarozole, exenestane, atanestane, fornestane), LHRH agonists
and antagonists (e.g. goserelin acetate, |euprolide, abarelix, cetrorelix,
15desl or eorpiihizsizoel in, triptorelin), antimnmetabolites eeTErP2@nsfos at es

| i ke methotrexate, penetrexed, pyrimdine anal ogues like 5 fluorouracil,
capeci tabi ne, decitabine, nelarabine, and gentitabine, purine and adenosine
anal ogues such as nercaptopurine thioguani ne, cladribine and pentostatin,
cytarabi ne, fludarabine); antitunor antibiotics (e.g. anthracyclines |ike
20doxor ubi ci n, daunorubicin, epirubicin and idarubicin, mtonycin-C,

bl eonyci n dactinomycin, plicanycin, mtoxantrone, pixantrone,

streptozocin); platinumderivatives (e.g. cisplatin, oxaliplatin,

car bopl ati n, | at | . rapl-atin).: ting. . .

ot r amuet | nelNGBaRST e RIS, Iitec ™ I BoRBRR Boldhen sqred 2

dacar bazi ne, pgredpgphospham de, ifosfam de, 25 hydroxyurea, tenopzol om de,
nitrosoureas such as carnustine and |onustine, thiotepa); antimtotic
agents (e.g. v | i.ke vinblasyine. Vi j W el hine,

vi nfl uni ne aHﬁfeglgﬂwcoﬁ%é;tai %'té%%\g#& ’ aexfgﬂﬁséﬁ%' IPQ% r')rgh{&?%cyle%)?crd\ége a@hpfr@nd
their fornmul molezote” incuddsaaxel-DIl4 omabhii/EGF antibaxibed, lantiddikisarntibloely ioxabgpi | one,
pat upi | one, -EPO).; topoi sonerase. inhibitors (e. epi podophyl Xi ns
like etopdsi éE%@P&ﬁ%ﬁﬁ&eﬁﬁeﬁ?%b@ﬁ@@t'é‘a%g‘é% F}%&C“F%pr efgﬂ%\,/#&ﬁ:lonot ecan)
and m scel | ageiedyaReRbIBElIBFEHS idefinSd RBreis, M dPRidNEs WRAGK O tikkde.
interferone al pha, procarbazine, mtotane, and porfinmer, bexarotene,

cel ecoxi b. Thelikgdiecingldef b arpesit fimiteditadneresiena @ndenirperizese i nventi on or
pol ypepti des I N e f . j L L&kng the sane,
can be teste@gﬂég%gaém;'gggfe?ab %?ﬁp% %ﬁ'?g@g’g&%@?%@%é%@assay1 in vivo
assay and/ orinanumaedloaiths| likenmanogenalsantibodieamyodurdai arteicombirtagt eof |

Sepen g N kBESSREH M e BRIl S S 0L oo
include the aorrYResdansilEPeGiNPEChEINTBABEJES thd IMhehPantcHiY, 85-2@kawW, e.g.

a proliferation assay. Brief description of the Figures: Figure 1. Am no
aci d sequenceSMIRsgh Il MpduariAmuppeRraasedties)pondt g@dascried in - Fi gure 2:

Cuper seri pt) T REpIEoBo5: BkBa R R RO R R PORERA I REYRE™ o 1

i nteracti on ydlabEJomainguae définglinerfeire dthelHsxdrhplek farrantiobdy-4dikéiNot chl- Fc

i nteraction haScr een). -iqure 5. .Purified YHHs, bl o t he

GO hot LT N EIRTERCAE T seatgbntio BipRBmil Ahebofe JESE R RIRET i gur e
6: Purified MdldgulRdsock the DLL4 nedi ated Notchl cl eavage (reporter). Figure
7: Binding of purified VHHs to reconbi nant human and nouse DLL4 (ELISA). 25

Fi 8: Bingh puri fied MH _ - ) _
agaed- 1 (oL BBy Dkl MR B R PRI T BB orB o R
huran/ mous e/ gnovalbattardatlbindifid\@B)ecukigileemblsculés hat bindrtatone egitvbiisf bl ock

the hDLL4/ hNotchl-Fc interaction (ELISA). 5 Figure 11: Affinity-nmatured
VHHs bl ock t e TEpReHivefarasRiaso el £ (R ol Bindiie melasias i act i on
(FMAT) . B 9upigdihg: mBlieBAes thafbiid mbRIthdhtdhel dpitoprra/gmasissrakdgdi¢ (ELI SA)
Figure 13: Binding of purified affinity-matured VHHs to reconmbi nant human
DLL1 and hun@eleTafges defined reaginbelowsi Jacé (ardlI4Biieding msflegues fi ed VHHs to

human/ nouse/ . F i re. 15: i .of. VHHs effects
on D114- nedi %‘ﬁg‘ﬁﬁﬁéfﬂ%ﬁ %F%E@p@%l)ﬁ@n Fﬁrﬁthﬁéléﬁ@g %B&eAf finity
rr}a_t ured VHI—I?vérﬁSI[ﬂ_Ué?%rgt%? teemﬁlt“m;mﬂedy?_g??gi rgule%n_éi’,: thay n&qguencg)

al i gnnment of 05 to the man .V ermine sequence.
Setoenco. al | WNEAEE GoCkRNBrOSOT B8 1 SOPHEn K te TR Eo G SHAIR o
sequence y; Fi Qé%fa%lééémé)ns%%égﬂnﬁh@@Iir%@éﬂé'%ﬂ@)%r%iét‘f@'sz\ﬁ% Wit teAfUnRibss, @ g.

DLLBI | 129B05 20bl ocki n -NDLL4/ hNot chl- Fc and CHO- nDLL4/ hNot chl-Fc
i nteraction #MEyeBINPE Ndieliesd kg pdpigBindY RYIRD 2N UAGEIoPAKN &iNOEE of

DLLBI 1 136C07 j / = ECp. 4 1- Fc

i nteraction Y%b&%ag@aﬁ%ﬁ%ké:fﬂ%ﬁb ?J?ﬂtg%ﬁg%{i%g%l%ﬁh!nﬁé%? %ElHS bl ocki ng
DLL4 nedi at eattaddtedigblyhealikegeEGr eport er assay) Figure 20: Purified

nonoval ent VHHs bl ock the hVEGF165/ hVEGFR2- Fc interaction (ELISA) Figure
21: Purified nonoval ent VHHs bl ock the hVEGF165/ hVEGFRL- Fc interaction
(ELI SA) Figure 22: Purified nonoval ent VHHs bl ock the hVEGF165/ hVEGFR2- Fc
interaction (Al phaScreen) 5 Figure 23: Parified nonoval ent VHHs bl ock the
hVEGF165/ hVEGFRL- Fc i nteraction (Al phaScreen) Figure 24: Binding of

nonoval ent VHHs to reconbi nant human and nouse VEG- (ELI SA) Figure 25:

Bi ndi ng of nonoval ent VHHs to human VEGF121 10 Figure 26: Purified VHHs do
not bind to VEGFB, VEG-C, VEGFD and Pl G-



Figure 27: Formatted VHHs bl ock hVEG-165/ hVEGFR2- Fc interaction (ELISA)
Figure 28: Formatted VHHs bl ock hVEGF165/ hVEGFRL- Fc interaction (ELISA) 15
Fi gure 29woRormmabpized VHHs bl ock hVEGF165/ hVEGFR2- Fc i nt @CamPR@in/064695

(Al phaScreen) Figure 30: Formatted VHHs bl ock hVEG-165/ hVEGFRL- Fc
interaction (Al phaScreen) Figure 31: Formatted VHHs bl ock

nVEGF164/ nWEGFR2- Fc i nteracti on 20( Al phaScreen) Figure 32: Formatted VHHs
bind to nmouse and hunman VEGF Figure 33: Formatted VHHs do not bind to
VEGFB, VEGFC, VEGFD and PI G- Figure 34: Formatted VHHs bind to VEGF121 25
Fi gure 35: Sequence alignnment of VHH VEGFBI 123B04 wi th human VH3/ JH

germ i ne consensus sequence Figure 36: VHH variants of VEG-BI 123B4 bl ock

t he hVEGF165{£hVI -Fc_jnte i 3 QUL .

Sequence- opt | 1Y 00 Biistalonys VBRI BAURIR Beout Febbeote orre- o

i nteraction jphhphegiob@engindle yariebBHontmatgnasedhérgimemdll rméarvatbindicg Bl | 5B5S
with human VH3/JH germl i ne consensus sequence 5 Figure 39: Format of cycle
1 bispecifi cm@@u_lecfmpwma_fﬁtgmwrm!o Pﬁmgl%var@m? 803} e fi ¢

VEGF- DLL4 VHesoonligitithdblobuh Siefié VagadyEidemahy 5% ﬁgﬂéirlmvl H%@%}E WS YREFR2

Al phaScreen assay (in the presence or absence o p . Figure 42:
Bi speci fig ViMEsMOEgslas bind imtwheon/e@lageGrRepimnssabdne egspechivs antigen

= . 13- Bi g . e 1) |
Phe: cros nowL e RBEEaSbi bR idle Gl b hnadlftibolldBlig S 1Y |
Fi gure 44: Brajzbte HomavidhshiClo hale different speeifiviiesWREGES2eAltp traeSepitope. assay
in presence_or absence of 5 .HSA) 15 Fjgure 45: Bjspecific VHHs (cycle
) i B Che VEER GRGeRAN ATASSEMANG RRlEq 1Sich s B uthBE SAMapsence of 5 pM
HSA) Fi gur e géhuGesain difglWafalbie)dontair bf tHe ihbentfrPidel-bdddHidcthd- Fc and
CHO nDLL4/ hNot chl-Fc FMAT assay (in the presence or absence of 25 pM HSA)

20 Fi gur eo 47epiBipggecpliecayargiopeycl e 2) in the DLL4 nedi ated reporter assay
(in the presence or absence of 175 pM HSA) Figure 48: Format of

sequence- opt Aot ﬁﬁ@iggfrﬁ@eb{ﬁ%é%laﬂoe‘%%& bieddtied, 4950 Eorapesd e VHHS
(cycle 3) in the VEGF VEG-R2 Al phaScreen assay (in presence or absence of 5
pM HSA) 25 Fidgotieal sumuppglebelin pingigHyasiable epraaims qriwe iffeyend/ VEGFRL

Al phaScreen ; i r ; i 51:

Bi Speci 11 o VITEogoP R SIRGRGASBIRRERRING YAl ocidéife sae 6

CHOnDLL4/ hNoowhteppogrepbpas sayh€ii respactiver asigeoelnahisatasenwéh oés@st oM HSA)
Figure 52: EftLi f selected WHHs in a.mouse nodel of .h col on
Scancer _(svedbCodi o aigosiory R elP SR AR Rt S s bBL B (e Hrior
vol unes at tHeareBderfppinteesitdpdyin@acHay trbliwe mehameaes Biat ReAythee/ERIBE over
time Materials and nethods 10 a)Generation of CHO and HEK293 cell lines

overexpressiWQ‘E}‘iunan, nouse and cynonol gus D114 The cDNAs encodi ng human
(SEQ ID NO 101; NM 019074.2) and nouse DI 14 (NM 019454.3) are anplified
from a HumanTyslcdlly, e tindinginssleeultle af thecibWntlanbwitl oynd Witie Ghdissocidtiayiwar d, CA,
USA) and a Muse He%rt T sErsTue cDNA 1511 br isolated from C571Bl 6

dry) g%

|'i brar

strain), r es?R—ﬂ:?"i‘r}‘; ofy I1p§01ﬁjm°&§{|lt%‘ye®)o%s!?%éﬁ‘diF}ﬁefle '5'10'51*7_(:1 3" UTR
of the coyregpmly AGnAESHRAPR) ofERY | HBRSprf&ablyOtEds ik Y OEL fIEmBRIETREA, an
expression vector pCDNA3. 1(+)-neo (lnvitrogen, "Carl sbad, CA, USA).

and even more preferably 10E-11 to 10E-13, as measured e.g. in a Biacore or

in a Kinexa assay), and/or with an association constant (Ka) of at least 10E7

ME-1, preferably at least 10E8 ME-1, more preferably at least 10EQ ME-1,

such as at least 10E11 ME-1. Any Kp value greater than 10E-4 M is generally

25 considered to indicate non-specific binding. Preferably, a polypeptide of the
invention will bind to the desired antigen, i.e. VEGF or DIl4, respectively, with a
Kb less than 500 nM, preferably less than 200 nM, more preferably less than

10 nM, such as less than 500 pM. Specific binding of an antigen-binding

20



Cynonol gus D14 cDNA is anplified froma Cynonol gus Normal Tissue Heart 20
cDNA |ibrary (BioChain, Hayward, CA, USA), using prinmers designed on the 5
and 3' UNRoabiitd3es7dl | 4 encodi ng sequence of the closel yprcelrpb@dosqsexi es
rhesus (Macaca nulatta DiI4, SEQ ID NG 102; XM 001099250.1) (see Figure 1).
The final amplicon is cloned in the manmal i an expressi on vector

pCDNA3. 1(+)-neo (lnvitrogen, Carlsbad, CA, USA). The am no acid sequence 25
of cynonolgus D14 is shown to be 100% identical to rhesus, and 99%
identical to human (see Figure 1; differences fromthe human sequence are

i ndi cated as bol d-underlined). To establish Chinese Hanster Ovary (CHO
cells overexpressing human DI |4, nouse DI l4 or cynonolgus D14, parental

oconas, 10+ esies P PfE Bt A b oo b o remfan
Enbyoni ¢ Ki dm)vvr( bEt@eQ?n)clodhg sfopeRarape! mamybdeacntfda Hrélreﬁmocawueﬁj D4
are generat ed pi d- medi ated transfection wth Fug)ene Roche) of

PCDNA3. 1( +) - %@Jyfrrpﬁna/%ﬁomﬁﬁruvepblagwg@ésar%w@taﬁwéﬂ IMMYNPATS PEK293
parental cel |Rjk) Nz %/ﬁférrrrﬁ‘hun&a%@gyé ramanars,aﬁgteﬁtc%mp%t.%ﬁa@.@é “bAd by
adding 1 ng/m_ jenet | ci nr‘&ﬁnvrtrogen Car | sbad neration of
monocl ona$ affei f@r,ent Y@@ran theredy Knoagreaitseiio t|1l€ha[US 2008/ 0014196 Genent ech)
a human/ nouse cross-reactive D14 mAb is described that is used by Ri dgway
et al. (2006Amfiy §&1@‘r\e§é@é§ wm%eefnaﬁ,etéd Sbcovdilh e aaﬁdétldltﬂréeﬂrettehort unor
growth in a nunber of xenograft nodels. This anti-D114 mAb and its

cor r espondi n@$@§teaﬁ@lmﬁﬁlﬂr@det @S gererady Knewp eog @areedsuRdn Hhe agint i body

(fragnent) f nd for
specific el u ons @ﬁﬂ w&gagr@Hée CIe &gk%cg%ﬁgég% n‘ﬁﬂ’%g a&é@@%e eavy and
i ght chain @emetomrlndnstbl@troﬂ@oasmdosirttdmd df thevinaidatepRarkbér ook,
transiently expressed in | 1s.and purified from srépernatants usi ng
bt ot of n 10 HESIEEIINEBAL PRVIFS PEReEEIOIo T SIS HOPHES: D14 and
mouse DI |4 i gedtlenS. RIhsBAESUbSRLNG woua@rsuestmwsmﬁa&braoor sél s),

sub- nanonol ar affinities to both rowth factor orthol ogues in Br acore. The
cor r espondi n@orﬁler\tﬁtlﬂétﬁm'F‘@@ﬁ@rﬁuhsgt%'§ﬁ§t)r\t\j@§6anﬁ% thahen agyndtiy based on
pack; Lrans! aldspleAR o aualwaR bhBliier i bel (BYBLESP LA BnEmiceh! | US! 10
Leto's Cene tirm za Ion so I'gonucl eot i de
25priners f ostrttdtlerea&rmbwbrlch hafs ||ttreeorv@sreabtalbr ha gtﬁtremteaormtr(a/llu)wptroraracamne heavy

chain (V tant t ch t . domain of the heavy
chai n (00 ar & 86T Bhiog A hrdRiT e b POPERSIEE. Al SRRERIVaTKE aEIRARBgmun s
encodi ng VL+&dbsadiovbtaeélved k@ o®han &tk tarﬂ!H@r 8x AeVOV@Bl4yE88,0r, whi ch
contains the LacZ pronotor, a resistance gene kanamyci n, a rruI tiple

cl oni ng si teWQﬁr(?'raC‘PWY%t'VélaﬂmBé]C@ $%B&'°§§Mﬁ@p'y a8 WSF'HE'OF‘%Q riction
sites Sfil/ t I ectively.
I Trame i (RS A oy e LR SRl (Dn® s Do b eg R des 2
C-term nal Hancther smiosasid egpidughwitifialihé sagneegroup S(i)esopalealipbatic, ndBpotaw/ i as

Hi s6-t d t t di b
mobi | 76d St e pRRR regRRR ATl S ARG TG el on ™
chr omat ogr apdshergé&@srdm mrhterra(mdtargedpbmmuempsmt Glbenvtatsllnabl e heavy
and variable |i ht chai.n are depicted and SEQ

respecti vel y(“')cﬂo QJSPQ@t'WDQV‘W@fQIQ%?UGQ ﬁé‘s a?ﬁgrﬁf‘daldsd 'gé@t@rewaélp t he
compl ete heayn st rklialibs ML el fe, VUMW CySBRUI(D) Niatit 18sialek: 420,
respectively. Gener ation of tants for epr ope mapping To identify
t he region ihRhe, hE/r@adrEroeParjlcalarldmteﬁe@l@ooyaerzyatlw prninchacid suhplitusens t he
epi tope reco e t t el.pt ants of
15 the orf 4 BRSPS R A e A R S Bt Tl R g
pSecTag2/ H%/ngp (rito@lltr 1Cygento St Gilrb&do ACA; GMSA)O AemxBlysPtmgAlla dEhMop?][rorrot or
upstream of pol.ypucl eoti de cadj ng a eries of deletion fragments
o “the D 14 BROTRKRE: i CuTNentodth Sy i Tele i i 48 ey P
recombi nant M&A.rttefdmdrww diaeRetings L 8u AntEMy st iRl If6; $PEBAt Meuflgries in
20superscript).). These reconbinant proteins are expressed in transiently
transfected HEK293 cells using the Freestyle 293 Expression System
(I'nvitrogen, Carlsbad, CA USA) fromwhich conditioned nediumis collected
and purified via IMAC. Only DII4 nmutants | acking the EG-2-1i ke donain
showed i npaired binding to the humani ze®thunman/ nouse cross-reactive anti -
25 D14 mAb descri bed above (immbilized via a capturing anti-human 1gG
coated Bi acore sensor chip). This 1gGis known to have a specific binding
epitope in this D14 donmain (patent application Genentech, US

2008/ 0014196A1). WD 2011/ 039370PCT/ EP2010/ 064695 d) Generation of D114
reporter assay pI asm ds A reporter assay |s devel oped based on the
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buffers wth decreasing urea concentrations from6Mtill OM The refol ded
protein is purified by ion exchange chronmat ography using a MonoQb/ 50G

( Amer shamwBi2080i3e370es) col um fol | owed by gel filtrati orChEPROI@/OGEPRT deX75
10/ 300 & col umm (Anershei m Bi oSci ences). The purity and honogeneity of 5
the protein is confirnmed by SDS-PAGE and Westen blot. In addition, binding
activity to VEGFRL, VEGFR2 and Bevaci zunmab is nonitored by ELISA. To this
end, 1 pg/nL of reconbi nant human VEG-109 is i mmobilized overnight at 4C in
a 96-well Maxi Sorp plate (Nunc, Wesbaden, Germany). Wells are bl ocked with
a casein solution (1% . Serial dilutions of VEGFRL, VEGFR2 or 10

Bevaci zumab are added to the VEGF109 coated plate and binding is detected

(Sackson | i SRAREAE L Kb hroftudeeditrrB gt B Ty el B Fheia ' ©

subsequent evaying ll€or ipeclé®n in the presence of the substrate PNPP
(pni trophenyl phosphate) (Sigma-Aldrich). VEG-109 could bind to VEGFRL, 15

VEGFR2 and cti ve.
f)KLH conj uggtb%@)ﬁégﬂgggbhqgé%g#ﬁ%unﬁl onta}i%n?{dgféejogf‘o %je%gﬂ‘? &6 j ugat ed
VEGF165 Recoisblateh{fommjrafiondxakide, \/(/R&Dccﬁylpamdsto |ﬂh’ln‘a1l|ea|©uilmgacall\dﬁurdéSA) is
conjugated to narjculture keyhole |inpet hemc ]n véw wa %lng t he 20
Imj ect | niundd¥RT BBEERFYOMNEHUR: R fHIF R tgnBediggLikerg M ich [t Neg®RENa ccor di ng
to the manuf gshinedr- vﬁhémﬁhésl%béﬁ@égar%ftéd bt Iéé)sﬂlo%gaithé}fbdhﬁ drigdt with

pol ypeptide to ncKLH is confirmed SDS- PAGE. Functional i ty of the

conj ugat ed pwBickiitisiusugiheaseagiagd EL$&:BASOQFC}§g7rrmedjﬂmKEHPft@ﬁjaﬂgtéﬂ@éd VEGF165
is immobili z t I

W esbaden, @ﬁééﬁ%%fypggb%%asn%g}éer oc(fkse én%ﬁ'l %‘fglg) 'CB'I g%@ﬁ%ﬁ%“r}%{ 19 .
Serial dil utmanmrmdile(s(ﬁéSERht mast/E@BQntarrmaiddlerd)LmndorbmrrdJrtmgmp@ndat dtt ed

usi ng a hor ser adi sh oat .anti,-.human | gG Fc
apeert ho o aeRDoual e HER e rhoEks S iR Ee T et "Rl a Uy
and a subsediggRte EWHERt hgs beas bubfied 8t leBst Zlfcﬂéelﬁfp%rtﬁfulérfhﬂélédwﬁbffélﬁe VB
(3,3 ,5, 5 -tetranentyl benzidine) (Pierce, Rockford, IL, USA). The KLH
conj ugat ed pereiPaBeular atleast 100Heihendwintte \IEEHRID onereRA Refyeptide
Bevaci zumab, 5] E still
5accessi bl e. o@@lé@%%%meztﬁﬁ Ign,nw%%hgﬁﬁ)ﬁ@reg% @H?(f gr:%r%% Q%Zci es

i nduces a humemltlailyﬂnmmegerwpmnsedetermlraa&chusmgaJsuutahieuacmaqwe;r&ycAfasea

approval of th t hi ca &8 of. the faculty of Ve nary Medi ci ne
(Uni versi'ty %H%’?F HEB t‘BﬁF;‘]‘W"&a Pague ‘ﬁ 00, 230 231)
are i muni zeglediréphdresist r amuscul ar i nj ect i ons (100 or 50 pg/ dose at weekly
i nterval s) of reconbi nant human D14 (R&D Systens, M nneapolis, M\, US). 15

e DL 2l AL TH R0 B D PARORE 85 BBl 2
are i muni zethegerosritage of ammcﬁmias thapaod meah@al\Mett\heéh tHebsatjuenees!dt
injections of alternati human DI 14 and nmpuse DI | 4 over expr essin

cel I's whi ch BR¥ begaipy! @t@ﬁ@a dglerginigd aHEBSHIREHdN PEEAraPh o kA nded in
D- PBS and, kepiq 8 029\'/(9@8m2(5®'79t (Bécgje%é 'sf?ﬁllariﬁ}‘”lﬁﬁ‘i@é@@rtﬁe pbRicRBaRAsf ti onal

| 'amas (designated No. are i muni zed accor d| ng to standard
protocol s wi @aminp acids mahgfmemerndﬁ;rétstal ontbal repoesant songrjvaldseaminoAcikek| y

i nterval s) Oéubasltlhﬁ{oﬂgt' ng reconbi nant human DI 14 and nouse D14 (R&D
Systens, M nneapo MN, US). The first injection at day O with human DI | 4
is formulated in Conplete Freund' s Adjuvant 25(Difco, Detroit, M, USA),
while the suﬁ%@r@aﬁ‘r‘ﬁ medasist oo RgMReEiRg H”!ﬁ’r@m'r@rﬁp'tﬁrfﬁﬁé@ﬁ oA red@MeBEUl at ed i n
| ncompl et e FLAdnSinadk LAlso(HR hiflied 6 ohBiratoddus iler td Vi BYdlattl i on of

i nduced i nmune responses R R o eva I'hductT on an | nmune

r esponsess i narehencaum imghe adg Blionsveh inrtre @Iebéntbjesﬁhpﬁm, ckma aaddiguoéd,ect ed

fromllamas 208 09, 230 and t. day O (prexj n nd day 43
(time of per FBHbIERTCRRFT B foRPa A pBE ML EPElns 35 it Bams 1270,
260 and 261 ghovdawillbeXopowey, UnlessandichicdBthémn®s 282, 283 and 284 at day O,
day 28 and day 50. In short, 2 pg/nL of reconbi nant human DI |14 or nouse
D14 (R&D Systens, M nneapolis, M\, USA) are inmobilized overnight at 4Cin
a 96-well Maxi Sorp plate (Nunc, Wesbaden, Germany). Wells are bl ocked with
a casein solution (1°)/0). After ioaddition of serumdilutions,
specifically bound i munogl obulins are @&tected using a horseradish
per oxi dase (HRP)-conjugated goat anti-I|I|ama i mmunogl obulin (Bethyl
Laboratories Inc., Mntgonery, TX, USA) and a subsequent enzymatic reaction
in the presence of the substrate TMB (3,3',5,5 - tetranentyl benzi di ne)
(Pierce, Rockford, IL, USA), showing that a significant 15

antlbody dependend |nnune ‘response agalnst DII4 |s |nduced The antlbody



| mmun ogen Total 1gG1gGlL Ig& 1gG3 Total 1gGIgGL Ig& 1gG3

rec. human DLL4 + + +/- +/- n/d n/d n/d n/d 209 rec. human DLL4 + + +/-

n/d n/d rwo 2011/039370 PCT/EP2010/064695
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An "affinity-matured” binding molecule, in particular a VHH or a domain
antibody, has one or more alterations in one or more CDRs which result in an
improved affinity forits target, as compared to the respective parent binding
molecule. Afffinity-matured binding molecules may be prepared by methods
known in the art, for example, as described by Marks et al., 1992,
Biotechnology 10:779-783, or Barbas, et al., 1994, Proc. Nat. Acad. Sci,
USA 91: 3809-3813.; Shier et al., 1995, Gene 169:147-155; Yelton et al.,
1995, Immunol. 155: 1994-2004; Jackson et al., 1995, J. Immunol.
154(7):3310-9; and Hawkins et al., 1992, J. Mol. Biol. 226(3): 889 896;

KS Johnson and RE Hawkins, "Affinity maturation of antibodies using phage
display"”, Oxford University Press 1996.

For the present invention, an “amino acid sequences of SEQ ID NO: x”:
includes, if not otherwise stated, an amino acid sequence that is 100%
identical with the sequence shown in the respective SEQ ID NO: x;

a) amino acid sequences that have at least 80% amino acid identity

with the sequence shown in the respective SEQ ID NO: x;

b) amino acid sequences that have 3, 2, or 1 amino acid differences

with the sequence shown in the respective SEQ ID NO: x.

The terms "cancer" and "cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell
growth/proliferation. Examples of cancer to be treated with a bispecific binding
molecule of the invention, include but are not limited to carcinoma, lymphoma,
blastoma, sarcoma, and leukemia. More particular examples of such cancers,
as suggested for treatment with DII4 antagonists in US 2008/0014196, include
squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of the

peritoneum, hepatocellular cancer, gastrointestinal cancer, pancreatic cancer,
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n/d 230 rec. human DLL4 ++ ++ +/- +/- n/d n/d n/d n/d 231 rec. human DLL4
++ ++ ++ ++ n/d n/d n/d n/d 127b CHOhDLL4 + CHOnDLL4 ++ ++ +1-
+1- + ++ Wd-2011/039370 PCT/EP2010/064695

glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial or
uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, gastric

5 cancer, melanoma, and various types of head and neck cancer. Dysregulation
of angiogenesis can lead to many disorders that can be treated by
compositions and methods of the invention. These disorders include both non-
neoplastic and neoplastic conditions. Neoplasties include but are not limited
those described above. Non-neoplastic disorders include, but are not limited

10 to, as suggested for treatment with DIl4 antagonists in US 2008/0014196,
undesired or aberrant hypertrophy, arthritis, rheumatoid arthritis (RA),
psoriasis, psoriatic plagues, sarcoidosis, atherosclerosis, atherosclerotic
plagues, diabetic and other proliferative retinopathies including retinopathy of
prematurity, retrolental fibroplasia, neovascular glaucoma, age-related macular

15 degeneration, diabetic macular edema, corneal neovascularization, corneal
graft neovascularization, corneal graft rejection, retinal/choroidal
neovascularization, neovascularization of the angle (rubeosis), ocular
neovascular disease, vascular restenosis, arteriovenous malformations (AVM),
meningioma, hemangioma, angiofibroma, thyroid hyperplasias (including

20 Grave's disease), corneal and other tissue transplantation, chronic
inflammation, lung inflammation, acute lung injury/ ARDS, sepsis, primary
pulmonary hypertension, malignant pulmonary effusions, cerebral edema (e.g.,
associated with acute stroke/ closed head injury/ trauma), synovial
inflammation, pannus formation in RA, myositis ossificans, hypertropic bone

25 formation, osteoarthritis (OA), refractory ascites, polycystic ovarian disease,
endometriosis, 3" spacing of fluid diseases (pancreatitis, compartment
syndrome, burns, bowel disease), uterine fibroids, premature labor, chronic
inflammation such as IBD (Crohn's disease and ulcerative colitis), renal

allograft rejection, inflammatory bowel disease, nephrotic syndrome, undesired
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+1- 260 CHOhDLL4 + CHODLL4 ++ ++ + + ++ ++ + ++ 261 CHOhDLL4 + CHODLL4
++ ++ +/- +/ - + + - +1- 282 rec. hunman DLL4 + npuse DLL4 ++ ++
++ ++ ++ WO 2011/039370 PCT/EP2010/064695

or aberrant tissue mass growth (non-cancer), hemophilic joints, hypertrophic
scars, inhibition of hair growth, Osier-Weber syndrome, pyogenic granuloma
retrolental fibroplasias, scleroderma, trachoma, vascular adhesions, synovitis,
dermatitis, preeclampsia, ascites, pericardial effusion (such as that associated

5  with pericarditis), and pleural effusion.
DETAILED DESCRIPTION OF THE INVENTION

In a first aspect, the present invention relates to a bispecific binding molecule

comprising a Dll4-binding component and a VEGF-binding component.

According to preferred embodiments, said DIl4-binding component and said
10 VEGF-binding component comprise at least one Dll4-binding immunoglobulin
single variable domain and at least one VEGF-binding immunoglobulin single

variable domain, respectively.

In a preferred aspect, said Dll4-binding component and said VEGF-binding
component each comprise at least one VEGF-binding immunoglobulin single

15 variable domain and at least one DIl4-binding immunoglobulin single variable
domain, respectively, wherein each of said immunoglobulin single variable
domains has four framework regions and three complementarity determining
regions CDR1, CDR2 and CDR3, respectively, wherein

a) a CDR3 of said at least one Dll4-binding immunoglobulin single variable

20 domain has an amino acid sequence selected from

i) Arg Ala Pro Asp Thr Arg Leu Xaa Pro Tyr Xaa Tyr Asp Xaa as shown in
SEQ ID NO: 1, wherein
Xaa at position 8 is Arg, Ala or Glu;
Xaa at position 11 is Leu or Glu; and

25 Xaa at position 14 is Tyr or His; and

25



+ + 283 rec. human DLL4 + nouse DLL4 ++ ++ ++ ++ ++ ++ ++ ++ 284 rec. human
DLL4 + nouse DLL4 + + + + + ++ + ++ n/d, not determned B) FAGS (natively
expr essedwpnrotigizgs7on HEK293 cel | s) human DLL4 nouse Diec4/dpe@omedonsruno gen
Total 1gG1gGL Ig& 1gG3 Total 1gG IgGL

i) Asp Arg Tyr lle Trp Ala Arg GIn Gly Glu Tyr Trp Gly Ala Tyr Xaa Asp Tyr
as shown in SEQ ID NO: 2, wherein

Xaa is GIn, Ala or Tyr; and wherein

b) a CDRa3 of said at least one VEGF-binding immunoglobulin single variable
5 domain has the amino acid sequence Ser Arg Ala Tyr Gly Ser Ser Arg Leu
Arg Leu Ala Asp Thr Tyr Xaa Tyr, as shown in SEQ ID NO: 3, wherein Xaa
is Asp or Glu,

wherein said VEGF-binding immunoglobulin single variable domain is
capable of blocking the interaction of human recombinant VEGF 165 with

10 the human recombinant VEGFR-2 with an inhibition rate of 260%.

According to preferred embodiments, the immunoglobulin single variable

domains are VHHSs.

In preferred embodiments, a bispecific binding molecule of the invention
contains immunoglobulin single variable domains, in particular VHHs, that
15 have been obtained by sequence optimization, optionally after affinity

maturation, of a parent immunoglobulin single variable domain.

By way of example, the DIll4-binding molecules contained in the bispecific
binding molecules have been obtained from parent Dll4-binding molecules that
are VHHs with amino acid sequences shown in Table 5 and SEQ ID NOs:

20 4-20.

Preferred immunoglobulin single variable domains contained in the
Dll4-binding component are derived from a VHH with an amino acid sequence
shown in SEQ ID NO: 10.

In certain embodiments, said preferred DIl4-binding immunoglobulin single
25  variable domains have been obtained by sequence optimization of affinity-
matured VHHs derived from the VHH with the sequence shown in SEQ ID
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lg& 19gG3 208 rec. human DLL4 n/d n/d n/d n/d n/d n/d n/d n/d 209
rec. human DLL4 n/d n/d n/fd n/fd n/d n/d n/fd n/fd 230 rec. human DLL4 n/d n/d
n/d n/d rwo 2011/039370 PCT/EP2010/064695

NO: 10, wherein said affinity-matured VHHs have amino acid sequences
shown in SEQ ID NOs: 21 — 27 and in Table 16.

In a preferred embodiment, said affinity-matured VHH has an amino acid

sequence selected from sequences shown in SEQ ID NO: 22.

5 In preferred embodiments, the VHH has been obtained by sequence
optimization of a VHH with an amino acid sequence shown in SEQ ID NO: 22.
Preferred sequence-optimized VHHs have amino acid sequences selected
from sequences shown in SEQ ID NOs: 34 and 35 and in Table 23.

Another group of preferred immunoglobulin single variable domains contained
10 in the DIl4-binding component are derived from a VHH with an amino acid
sequence shown in SEQ ID NO: 12.

In certain embodiments, said preferred Dll4-binding immunoglobulin single
variable domains have been obtained by sequence optimization of affinity-
matured VHHs derived from the VHH with the sequence shown in SEQ ID

15 NO: 12, wherein said affinity-matured VHHs have amino acid sequences
shown in SEQ ID NOs: 28 — 33 and in Table 17.

In a preferred embodiment, said affinity-matured VHH has an amino acid

sequence selected from sequences shown in SEQ ID NOs: 30, 32 and 33.

In an even more preferred embodiment, the VHH has been obtained by
20  sequence optimization of a VHH with an amino acid sequence shown in
SEQ ID NO: 32. Examples of sequence-optimized VHHs are those with
sequences shown in SEQ ID NOs: 36 — 39 and Table 24, and, particularly
preferred, those with SEQ ID NOs: 40 and 41, shown in Table 25.

Examples for VEGF-binding immunoglobulin single variable domains capable
25 of blocking the interaction of human recombinant VEGF165 with the human
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recombinant VEGFR-2 with an inhibition rate of 260% are VHHs shown in

SEQ ID NOs: 42 — 44 and Table 32.

Preferably, a VEGF-binding immunoglobulin single variable domain contained
in the VEGF-binding component has been obtained by sequence optimization
of a VHH with an amino acid sequence shown in SEQ ID NO: 43. Preferred
VHHs have sequences as shown in SEQ ID NOs: 54 — 62, particularly
preferred receptor-blocking VHHs have sequences shown in SEQ ID NOs: 63
and 64 and Table 59.

In a further embodiment, the invention relates to bispecific binding molecules,
wherein the DIl4-binding component and/or the VEGF-binding component
comprise(s) two or more binding molecules in the form of immunoglobulin
single variable domains that bind to the antigen Dll4, or VEGF, respectively, at
different non-overlapping epitopes on the respective antigen. Such binding
molecules contained in the bispecific binding molecules of the invention
comprise immunoglobulin single variable domains that are directed against at
least two non-overlapping epitopes present in DIl4 or VEGF, respectively,
wherein said individual immunoglobulin single variable domains are linked to
each other in such a way that they are capable of simultaneously binding to

their respective epitope.

Thus, the anti-DIl4 and/or the anti-VEGF component contained in the bispecific
binding molecules of the invention may include two (or more) anti-Dll4 (or anti-
VEGF, respectively) immunoglobulin single variable domains, wherein the
immunoglobulin single variable domains are directed against different epitopes
within the DII4 (or VEGF) target. Thus, the two immunoglobulin single variable
domains in a bispecific binding molecule will have different antigen specificity

and therefore different CDR sequences.
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Such bivalent binding molecules are also named "biparatopic single domain
antibody constructs” (if the immunoglobulin single variable domains consist or
essentially consist of single domain antibodies), or "biparatopic VHH
constructs” (if the immunoglobulin single variable domains consist or
essentially consist of VHHSs), respectively, as the two immunoglobulin single

variable domains will include two different paratopes.

In the bispecific binding molecule of the invention, one or both of the binding
molecules may be bivalent; e.g. the VEGF-binding component may be
biparatopic and the DIll4-binding component may be one immunoglobulin
single variable domain, or the VEGF-binding component may be one
immunoglobulin single variable domain and the DIll4-binding component may

be biparatopic.

In bispecific binding molecules of the invention, it is preferably the VEGF-
binding component that contains a bivalent VEGF-binding immunoglobulin

single variable domain, e.g. a biparatopic VHH.

Such VEGF-binding immunoglobulin single variable domain may be two or
more VEGF-binding VHHSs, which are

a. identical VHHs that are capable of blocking the interaction between
recombinant human VEGF and the recombinant human VEGFR-2 with

an inhibition rate of 2 60% or

b. different VHHs that bind to non-overlapping epitopes of VEGF, wherein
at least one VHH is capable of blocking the interaction between
recombinant human VEGF and the recombinant human VEGFR-2 with
an inhibition rate of = 60% and wherein at least one VHH is capable of

blocking said interaction with an inhibition rate of < 60 %.
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n/d n/d n/d 283 rec. human DLL4 + nouse DLL4 n/d n/d n/d n/d n/d n/d n/d
n/d 284 rec. human DLL4 + nmouse DLL4 n/d n/d n/d n/d n/fd n/d n/d n/d n/d,
not det erwonrzed/o3Bcanpl e 2 C oni ng of the heavy-chai n onlpgTarRelbos9$ r agment
repertoires and preparation of phage Follow ng the final immunogen
injection, inmmune tissues as the source of 5B-cells that produce the
heavy-chain anti bodies are collected fromthe imuni zed || amas. Typically,
two 150-m bl ood sanples, collected 4 and 8 days after the |ast antigen

i njection, and one |ynph node biopsy, collected 4 days after the | ast
antigen injection are collected per animal. Fromthe bl ood sanpl es,

peri pheral bl ood nononuclear cells (PBMCs) are prepared using

Bi osci ences £ DRAE ARG H AR seRebialor RS b BinRe Gl RORukATREE "
bi opsy, t ot abf KBA% $‘nextreesstodbloskinghVHSIsyarslisaed #t BEQ IMoNo®t4s +alr f or
RT-PCR to a%rlr‘lfy t he VHH enco S, as descrijbed in_ WO

087 bansse. Fod Ehelk S Eae YR tas Pyt 5 e SayREss SeoEa BIELHR i ng

the total RNQOLabsgLdiRe VI bahls 566 b8 CofthonBRINR bidpeeHRLitding hat ani mal .
In short, the PCR agpllfl ed VHH repertoire is cloned via speciTic
(¥

restricti®on Fotessldsfoohamasdherapyess gequence-driviized vakanis ao¥Hitl wigh ay of t he

R R e e

pronoter, a rotei n'codin duence, € gene for
anpi cil i n oinh SEQIBNaY: I65iand &6 2hknid Talge & 1¢ b @airtiayl syt @retemcedebihglibyi d

gill-pelB | 98‘:9 rqerslr?%%?\péignt(\ﬂféei%diné Q/I—II—E ﬁgsea sequence shown in SEQ ID
NO: 67 (Table 63).

10 Bivalent anti-VEGF VHH constructs are exemplified in SEQ ID NOs: 48 — 53
and Table 45; bispecific binding molecules for human therapy will contain the
respective sequence-optimized variants of these VHHSs. Bispecific binding
molecules are exemplified in SEQ ID NOs: 68 — 73 (see also Table 66 and
Figure 39) and SEQ ID NO: 74 — 80 (see also Table 68 and Figure 40); the

15 examples shown contain parental and affinity-matured VHHs as buildings
blocks; bispecific binding molecules for human therapy will contain the
respective sequence-optimized variants of these VHHs (as exemplified in SEQ
ID NOs: 81 — 89 and Figure 48).

Preferred bispecific binding molecules of the invention comprise

20 a) as the DIll4-binding component a VHH with a sequence selected from
sequences in SEQ ID NO: 35 or 41, and

b) as the VEGF-binding component
i) a VHH with a sequence shown in SEQ ID NO: 64 or

ii) a biparatopic VHH comprising a VHH with a sequence shown in SEQ ID
25 NO: 64 and a VHH with a sequence shown in SEQ ID NO:67.
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wi th the VHH codi ng sequence, the vector encodes a C-termnal c-nyc tag and
a H s6 tag. Phage are prepared according to standard protocols and stored
after filwenostmpihi zati on at 4C for further use. Exampce/EP28eloesbs on of
D114-specific VHHs via phage display VHH repertoires obtained from al

| l amas and cl oned as phage library are used in different selection
strategies, applying a nultiplicity of selection conditions. 5Variabl es
include i) the D114 protein format (C-termnally Hi s-tagged reconbinantly
expressed extracel lul ar dormain of human D114 (Met 1-Pro524) and nouse D114
(Met 1- Pro525) (R&D Systems, M nneapolis, M\, USA), or full Iength human
D114 and nouse D114 present on D114-overexpressing CHO or HEK293 cells, ii)

Neut ravi oi n APt atoge i e Aol R VRGH A FaE hatblR aidde”

i ncubati on i at thelNHeroindsel | owed by capturing on Neutravidin-coated pl ates),
iii) the antigen concentration and iv) different elution nethods

(non-speci fi i - i i€V 1/ Fc chinmera
o ant| - b SRt B aPBRE of e e SRRSO BRI € D B
(Nunc, 15 W Nsbaieal EGEarktiy)maySed esdlacetsbypa® (wehitoisnefteres rédsallitiadws: D114
antigen preparations for oISd ?nd sol ution @gﬁse sel ection_for, S are
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library selection format phage el ution selection rounds VHH ID 1
DLLBI |1 8A09 31 231 rhDLL4 (3 nM trypsin 1 2 DLLBII5B11 1 231 rhDLL4 (3 nM
trypsin w8 ukBhi76B05 21 231 RI: biot-rhDLL4 (3 nM RhprchipreemwlhBishsl (0. 03
nM trypsin 2 4 DLLBII6B11 13 231 biot-rhDLL4 (3 M trypsin 1 5 DLLBII8C11
5

10

15

20

to said additional immunoglobulin single variable domain or via suitable
linkers). Such an additional VHH or domain antibody may for example be a
VHH or domain antibody that provides for an increased half-life. For example,
the latter VHH or domain antibody may be one that is capable of binding to a

(human) serum protein such as (human) serum albumin or (human) transferrin.

Alternatively, the two or more immunoglobulin single variable domains that
bind to the respective target may be linked in series (either directly or via a
suitable linker) and the additional VHH or domain antibody (which may provide
for increased half-life) may be connected directly or via a linker to one of these

two or more aforementioned immunoglobulin sequences.

Suitable linkers are described herein in connection with specific polypeptides
of the invention and may - for example and without limitation - comprise an
amino acid sequence, which amino acid sequence preferably has a length of
9 or more amino acids, more preferably at least 17 amino acids, such as about
20 to 40 amino acids. However, the upper limit is not critical but is chosen for
reasons of convenience regarding e.g. biopharmaceutical production of such

polypeptides.

The linker sequence may be a naturally occurring sequence or a non-naturally
occurring sequence. If used for therapeutic purposes, the linker is preferably
non-immunogenic in the subject to which the bispecific binding molecule of the

invention is administered.

One useful group of linker sequences are linkers derived from the hinge region
of heavy chain antibodies as described in WO 96/34103 and WO 94/04678.

Other examples are poly-alanine linker sequences such as Ala- Ala- Ala.
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231 Ri: biot-rhDLL4 (3 nM Rh: biot-rhDLL4 (3 nM trypsin 2 6 DLLBII19D10 1
231 biot-rhDLL4 (3 nM trypsin 1 7 DLLBII133CO5 2 231 CHO hDLL4 (2E6/ m)
trypsin w8 ukBhi7a8B06 2 231 nuDLL4 (0.5 ug/nlL) trypsi rCI/EP200l0BI6b17G10 1
231 biot-rhDLL4 (3 nM trypsin 1 10 DLLBII17C01 8 231 biot-rhDLL4 (3 nM
trypsin 1 11 DLLBI119F04 1

Further preferred examples of linker sequences are Gly/Ser linkers of different
length such as (glyxsery), linkers, including (glysser)s , (glysser)s, (glysser),

(glysser), glys, and (glyssera)s.

Some non-limiting examples of linkers are shown in Figures 40 and 48, e.g.

5 the linkers

GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS (35GS; SEQID
NO: 90);

GGGGSGGGS (9GS; SEQ ID NO: 91);

GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGEGS (40GS;
10 SEQID NO: 92).

If a bispecific binding molecule is modified by the attachment of a polymer, for
example of a polyethylene glycol PEG (polyethylene glycol) moiety, the linker
sequence preferably includes an amino acid residue, such as a cysteine or a

lysine, allowing such modification, e.g. PEGylation, in the linker region.
15 Examples of linkers useful for PEGylation are:

GGGGCGGGS (“GS9,C5”, SEQ ID NO:93);

GGGGCGGGGSGGGGSGGGGSGGGGS (“GS25,C5, SEQ ID NO:94)

GGGSGGGGSGGGGCGGGGSGGGGSGGG  ("GS27,C14", SEQ ID
NO:95),

20 GGGGSGGGGSGGGGCGGGGSGGGGSGGGGSGGGES ("GS35,C15Y,
SEQ ID NO:96), and

GGGGCGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS (“GS35,65”, SEQ
ID NO:97).
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231 biot-rhDLL4 (3 nM trypsin 1 12 DLLBII17F10 1 231 biot-rhDLL4 (3 nM
trypsin 1 13 DLLBI117B03 5 231 biot-rhDLL4 (3 nM trypsin 1 14 DLLBI I 19F12
2 231 bi overhDLd343703 nM) trypsin 1 15 DLLBI142B07 1 2%tTHRIP201bi06t695 hDLLA
(3 nM Rh: biot-rhDLL4 (3 nM rhNotchl /Fc 2 16 DLLBI147D01 1 230 RI:

bi ot-rhDLL4 (3 nM Rh: biot-rhDLL4 (3 nM rhNotchl /Fc 2 17

Furthermore, the linker may also be a poly(ethylene glycol) moiety, as shown
in e.g. WO 04/081026.

In another embodiment, the immunoglobulin single variable domains are linked
to each other via another moiety (optionally via one or two linkers), such as

5 another polypeptide which, in a preferred but non-limiting embodiment, may be
a further immmunoglobulin single variable domain as described above. Such
moiety may either be essentially inactive or may have a biological effect such
as improving the desired properties of the polypeptide or may confer one or
more additional desired properties to the polypeptide. For example, and

10 without limitation, the moiety may improve the half-life of the protein or
polypeptide, and/or may reduce its immunogenicity or improve any other

desired property.

According to a preferred embodiment, a bispecific binding molecule of the
invention includes, especially when intended for use or used as a therapeutic
15 agent, a moiety which extends the half-life of the polypeptide of the invention in
serum or other body fluids of a patient. The term "half-life" is defined as the
time it takes for the serum concentration of the (modified) polypeptide to
reduce by 50%, in vivo, for example due to degradation of the polypeptide

and/or clearance and/or sequestration by natural mechanisms.

20  More specifically, such half-life extending moiety can be covalently linked to or
fused to an immunoglobulin single variable domain and may be, without
limitation, an Fc portion, an albumin moiety, a fragment of an albumin moiety,
an albumin binding moiety, such as an anti-albumin immunoglobulin single
variable domain, a transferrin binding moiety, such as an anti-transferrin

25 immunoglobulin single variable domain, a polyoxyalkylene molecule, such as a
polyethylene glycol molecule, an albumin binding peptide or a hydroxyethyl
starch (HES) derivative.
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DLLBI | 56A09 15 230 RI: CHO nDLL4 (2E6/nL) RI1: CHO nDLL4 (2E6/nl)
rhNotchl / Fc 2 18 DLLBI195F02 5 230 RI: CHO nDLL4 (2E6/nl) RII: CHO nDLL4
(2E6/ L) WOowpsi392019 DLLBI | 96C03 20 230 RI: CHO nDLL4 @REGIPRAI)/ORIGHS

CHO nDLL4 (2E6/nL) trypsin 2 20 DLLBII104G01 1 230 RI: CHO nDLL4 (2E6/nL)

RIl: CHO nDLL4 (2E6/nl) Rill: biot-rhDLL4 (+rhDLL4) (RII1) rhNotchl /Fc
(RI-RII) trypsin 3 21 DLLBII102F08 3 230 Rl: CHO nDLL4 (2E6/nL) RII:
CHO nDLL4 (2E6/nL) Rill: biot-rhDLL4 (0.01 nM hNot chl

In another embodiment, the bispecific binding molecule of the invention
comprises a moiety which binds to an antigen found in blood, such as serum
albumin, serum immunoglobulins, thyroxine-binding protein, fibrinogen or
transferrin, thereby conferring an increased half-life in vivo to the resulting

5  polypeptide of the invention. According to a specifically preferred embodiment,
such moiety is an albumin-binding immunoglobulin and, especially preferred,
an albumin-binding immunoglobulin single variable domain such as an

albumin-binding VHH domain.

If intended for use in humans, such albumin-binding immunoglobulin single
10 variable domain preferably binds to human serum albumin and preferably is a

humanized albumin-binding VHH domain.

Immunoglobulin single variable domains binding to human serum albumin are
known in the art and are described in further detail in e.g. WO 2006/122786.
Specifically, useful albumin binding VHHs are ALB 1 and its humanized

15 counterpart, ALB 8 (WO 2009/095489). Other albumin binding VHH domains

mentioned in the above patent publication may, however, be used as well.

A specifically useful albumin binding VHH domain is ALB8 which consists of or

contains the amino acid sequence shown in SEQ ID NO: 98.

According to a further embodiment of the invention, the two immunoglobulin

20  single variable domains, in preferably VHHs, may be fused to a serum albumin
molecule, such as described e.g. in WO01/79271 and WO03/59934. As e.g.
described in WO01/79271, the fusion protein may be obtained by conventional
recombinant technology: a DNA molecule coding for serum albumin, or a
fragment thereof, is joined to the DNA coding for the VEGF-binding molecule,

25  the obtained construct is inserted into a plasmid suitable for expression in the
selected host cell, e.g. a yeast cell like Pichia pastoris or a bacterial cell, and

the host cell is then transfected with the fused nucleotide sequence and grown
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r /Fc (RI-RII) trypsin (RII1) 3 22 DLLBII112A03 1 209 RI: CHO nDLL4
(2E6/nmL) RI1: CHO nDLL4 (2E6/nl) trypsin 2 23 DLLBI 1102 @4 2 230 RI:

CHO- nDLLAVO2ER/3R370RI | CHO nDLL4(2E6/nL) Rill: bi ot - r hPCIAPR@0OE46DIV)
hNotchl r /Fc (RI-RI1) trypsin (RII1) 3 24 DLLBI1101G08 1 230 RI: CHO nDLL4
(2E6/nL) RII: CHO nDLL4 (2E6/nL) Rill: biot-rhDLL4 (0.1 nM rhNotchl /Fc

(RI-RII) trypsin (RII1) 3 25 DLLBII112A04 1 209 RI:

CHO nDLL4 (2E6/nmL) trypsin 2

10
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20

25

under suitable conditions. The sequence of a useful HSA is shown in SEQ ID
NO: 99.

According to another embodiment, a half-life extending modification of a
polypeptide of the invention (such modification also reducing immunogenicity
of the polypeptide) comprises attachment of a suitable pharmacologically
acceptable polymer, such as straight or branched chain poly(ethylene glycol)
(PEG) or derivatives thereof (such as methoxypoly(ethylene glycol) or mPEG).
Generally, any suitable form of PEGylation can be used, such as the
PEGylation used in the art for antibodies and antibody fragments (including but
not limited to domain antibodies and scFv's); reference is made, for example,
to: Chapman, Nat. Biotechnol., 54, 531-545 (2002); Veronese and Harris, Adv.
Drug Deliv. Rev. 54, 453-456 (2003); Harris and Chess, Nat. Rev. Drug.
Discov. 2 (2003); and WO04/060965.

Various reagents for PEGylation of polypeptides are also commercially
available, for example from Nektar Therapeutics, USA, or NOF Corporation,
Japan, such as the Sunbright® EA Series, SH Series, MA Series, CA Series,
and ME Series, such as Sunbright® ME-100MA, Sunbright® ME-200MA, and
Sunbright® ME-400MA.

Preferably, site-directed PEGylation is used, in particular via a cysteine-
residue (see for example Yang et al., Protein Engineering 16, 761-770 (2003)).
For example, for this purpose, PEG may be attached to a cysteine residue that
naturally occurs in a polypeptide of the invention, a polypeptide of the invention
may be modified so as to suitably introduce one or more cysteine residues for
attachment of PEG, or an amino acid sequence comprising one or more
cysteine residues for attachment of PEG may be fused to the N- and/or
C-terminus of a polypeptide of the invention, all using techniques of protein

engineering known per se to the skilled person.
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26 DLLBI1101H09 1 230 RI: CHO nDLL4 (2E6/nmL) Rh: CHO nDLL4 (2E6/nm) Rill:
biot-rhDLL4 (0.1 nM rhNotchl /Fc (RI-Rh) trypsin (RII11) 3 27 DLLBII 101H05
1 230 R :wOH@wBizd (2E6/ nlL) Rh: CHO nDLL4 (2E6/ L) Ril lpCThiPedtombdobs 4 (1
nM rhNotchl /Fc (RI-Rh) tryp sin (RI1l1) 3 28 DLLBII112E07 1 209 RI:

CHO nDLL4 (2E6/nmL) RIl: CHO nDLL4 (2E6/nlL) trypsin 2 29 DLLBII101F01 1 230
Rl : CHO nDLL4 (2E6/nmL) RIl: CHO nDLL4 (2E6/mL) Rill: biot-rhDLL4 (1 nM
rhNotchl /Fc (RI-RIl) tryp sin (RIl1l) 3 30 DLLBII 104A03

Preferably, for the polypeptides of the invention, a PEG is used with a
molecular weight of more than 5 kDa, such as more than 10 kDa and less than
200 kDa, such as less than 100 kDa; for example in the range of 20 kDa to

80 kDa.

5  With regard to PEGylation, its should be noted that generally, the invention
also encompasses any bispecific binding molecule that has been PEGylated at
one or more amino acid positions, preferably in such a way that said
PEGylation either (1) increases the half-life in vivo; (2) reduces
immunogenicity; (3) provides one or more further beneficial properties known

10 per se for PEGylation; (4) does not essentially affect the affinity of the
polypeptide for its target (e.g. does not reduce said affinity by more than 50 %,
and more preferably not by more than 10%, as determined by a suitable assay
described in the art); and/or (4) does not affect any of the other desired
properties of the bispecific binding molecules of the invention. Suitable PEG-

15 groups and methods for attaching them, either specifically or non-specifically,
will be clear to the skilled person. Various reagents for PEGylation of
polypeptides are also commercially available, for example from Nektar
Therapeutics, USA, or NOF Corporation, Japan, such as the Sunbright® EA
Series, SH Series, MA Series, CA Series, and ME Series, such as Sunbright®

20  ME-100MA, Sunbright® ME-200MA, and Sunbright® ME-400MA.

According to an especially preferred embodiment of the invention, a
PEGylated polypeptide of the invention includes one PEG moiety of linear
PEG having a molecular weight of 40 kDa or 60 kDa, wherein the PEG moiety
is attached to the polypeptide in a linker region and, specifially, at a Cys

25  residue at position 5 of a GS9-linker peptide as shown in SEQ ID NO:93, at
position 14 of a GS27-linker peptide as shown in SEQ ID NO:95, or at
position 15 of a GS35-linker peptide as shown in SEQ ID NO:96, or at
position 5 of a 35GS-linker peptide as shown in SEQ ID NO:97.
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1 230 RI: CHO nDLL4 (2E6/nL) RII: CHO nDLL4 (2E6/nL) Rill: biot-rhDLL4 (1
nM + rhDLL4 (RI11) rhNotchl /Fc (RI-RI1) trypsin 3 31 DLLBI 104004 1 230

R : CHO mBold1@ESbnl) RI1: CHO nDLL4 (2E6/nl) Rill: bi eCTErDbAc46ds NN) +
rhDLL4 rhNotchl /Fc (RI-RI1) tryp sin (RI1) 3 32 DLLBII104B05 1 230 RI:
CHO nDLL4 (2E6/nL) RII: CHO nDLL4 (2E6/nL) Rill: biot-rhDLL4 (1 nM +

rhDLL4 rhNotchl /Fc (RI-RIT) trypsin (RII11) 3 33 DLLBII107CC8 1 208 RI:
CHO nDLL4 (2E6/nL) RII: CHO nDLL4 (2E6/ni) rhNotchl/Fc 2 34 DLLBII58AL 1 4
260 RI: biot-rhDLL4 (3 nM RII: biot-niDLL4 (3 nM

A bispecific binding molecule of the invention may be PEGylated with one of
the PEG reagents as mentioned above, such as "Sunbright® ME-400MA", as

shown in the following chemical formula:

3Hs0— 3 HalPHaO0ty — CHo3HaCHMHTICH ) o

5  Bispecific binding molecules that contain linkers and/or half-life extending

functional groups are shown in SEQ ID NO: 81 and in Figure 48.

According to another embodiment, the immunoglobulin single variable

domains are domain antibodies, as defined herein.

Immunoglobulin single variable domains present in the bispecific binding

10 molecules of the invention may also have sequences that correspond to the
amino acid sequence of a naturally occurring VH domain that has been
"camelized", i.e. by replacing one or more amino acid residues in the amino
acid sequence of a naturally occurring variable heavy chain from a
conventional 4-chain antibody by one or more amino acid residues that occur

15 at the corresponding position(s) in a VHH domain of a heavy chain antibody.
This can be performed in a manner known per se, which will be clear to the
skilled person, and reference is additionally be made to WO 94/04678. Such
camelization may preferentially occur at amino acid positions which are
present at the VH-VL interface and at the so-called Camelidae Hallmark

20  residues (see for example also WO 94/04678). A detailled description of such
"humanization" and "camelization" techniques and preferred framework region
sequences consistent therewith can additionally be taken from e.g. pp. 46 and
pp. 98 of WO 2006/040153 and pp. 107 of WO 2006/122786.
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rhNotchl /Fc 2 35 DLLBII61F05 1 260 RI: HEK293H hDLL4 (2E6/nm) RII:
HEK293H hDLL4 (2E6/ nmL) trypsin 2 36 DLLBII61F07 1 260 RI: HEK293H hDLL4
(2E6/ m.) Wol2011HBXZ93H- hDLL4 (2E6/ L) trypsin 2 37 DLLBCIrG»@11b/0846260 Rl :
HEK293H hDLL4 (2E6/ L) Rh: HEK293H nDLL4 (2E6/nmL) trypsin 2 38 DLLBII115A05
1 230 RI: CHO nDLL4 (2E6/ ) Rh: CHO nDLL4 (2E6/m) Rill: biot-rhDLL4 (1
nM RIV: CHO nDLL4 (2E6/nL) rhNotchl /Fc (RI-RIl) trypsin (Rill) trypsin
(RI'V) 4 39 DLLBII83G01 4 284

The binding molecules have specificity for DIl4 or VEGF, respectively, in that
they comprise one or more immunoglobulin single variable domains
specifically binding to one or more epitopes within the DIl4 molecule or within
the VEGF molecule, respectively.

5  Specific binding of a binding molecule to its antigen DIl4 or VEGF can be
determined in any suitable manner known per se, including, for example, the
assays described herein, Scatchard analysis and/or competitive binding
assays, such as radioimmunoassays (RIA), enzyme immunoassays (EIA and
ELISA) and sandwich competition assays, and the different variants thereof

10 known per se in the art.

With regard to the antigen DIl4 or VEGF, respectively, an immunoglobulin
single variable domain is not limited with regard to the species. Thus, the
immunoglobulin single variable domains preferably bind to human DII4 or to
human VEGF, respectively, if intended for therapeutic purposes in humans.

15 However, immunoglobulin single variable domains that bind to DIl4 or VEGF,
respectively, from another mammalian species, or polypeptides containing
them, are also within the scope of the invention. An immunoglobulin single
variable domain binding to one species form of DIl4 or VEGF may cross-react
with the respective antigen from one or more other species. For example,

20  immunoglobulin single variable domains binding to the human antigen may
exhibit cross reactivity with the respective antigen from one or more other
species of primates and/or with the antigen from one or more species of
animals that are used in animal models for diseases, for example monkey (in
particular Cynomolgus or Rhesus), mouse, rat, rabbit, pig, dog or) and in

25  particular in animal models for diseases and disorders that can be modulated
by inhibition of DIl4 (such as the species and animal models mentioned
herein). Immunoglobulin single variable domains of the invention that show

such cross-reactivity are advantageous in a research and/or drug
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Ri: CHO nDLL4 (2E6/nl) RI: CHO-hDLL4 (2E6/ml) DLL4 1gG 2 40 DLLBI|I80EO8 1
283 RI: CHO hDLL4 (2E6/m.) RI: CHO hDLL4 (2E6/nL) DLL4 1gG 2 Table 4:

Scr eeni ngvohopempybasnm ¢ extracts contai ni ng expressed aotriErPRub4cddpi1 B- cel |
| i neage Representative # uni que sequence s ELI SA Al pha Screen FMAT FNVAT

Bi acore (a) VHH ID hDLL4 hDLL4 hDLL4 nDLL4

development, since it allows the immunoglobulin single variable domains of the
invention to be tested in acknowledged disease models such as monkeys, in

particular Cynomolgus or Rhesus, or mice and rats.

Also, the binding molecules are not limited to or defined by a specific domain

5 oran antigenic determinant of the antigen against which they are directed.
Preferably, in view of cross-reactivity with one or more antigen molecules from
species other than human that is/are intended for use as an animal model
during development of a therapeutic DII4/VEGF antagonist, a binding molecule
recognizes an epitope in a region of the the respective antigen that has a high

10 degree of identity with the human antigen. By way of example, in view of using
a mouse model, an anti-DIllI4 immunoglobulin single variable domain contained
in the bispecific binding molecules of the invention recognizes an epitope
which is, totally or in part, located within the EGF-2 domain of DIl4, which
shows a high identity between human and mouse.

15 Therefore, according to a preferred embodiment, the bispecific binding
molecule of the invention comprises a DIl4-binding molecule which is an
immunoglobulin single variable domain that is selected from the group that
binds to an epitope that is totally or partially contained within the EGF-2
domain that corresponds to amino acid residues 252-282 of SEQ ID NO:101.

20 If a bispecific binding molecule of the invention contains a biparatopic
Dll4-binding molecule, which contains more than one immunoglobulin single
variable domain, at least one of the immunoglobulin single variable domain
components binds to the epitope within the EGF-2 domain, as defined above.
Preferably, the VEGF-binding component binds to the VEGF isoforms

25 VEGF165 and/or VEGF121.

Preferably, an immunoglobulin single variable domain that is a component of a
bispecific binding molecule of the invention binds to DIl4 or to VEGF,
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inh inh inh %inh lcd (s-1) 1 DLLBII8A09 31 96 - - - (1.2L-u3- 2.4-04) 2
DLLBII15B11 1 98 - - - 3 DLLBII7B05 21 84 - - - (2.4E-04) 4 DLLBII6B11 13
98 - - - WO.2411/34370 PCT/EP2010/064695

respectively, with an affinity less than 500 nM, preferably less than 200 nM,
more preferably less than 10 nM, such as less than 500 pM (as determined by

Surface Plasmon Resonance analysis, as described in Example 5.7).

Preferably, immunoglobulin single variable domains contained in the bispecific

5  binding molecules of the invention have ICsg values, as measured in a
competition ELISA assay as described in Example 5.1. in the range of 10 to
10™"° moles/litre or less, more preferably in the range of 10 to 107"° moles/litre
or less and even more preferably in the range of 10 to 107"° moles/litre or

less.

10 According to a non-limiting but preferred embodiment of the invention, DIl4- or
VEGF-binding immunoglobulin single variable domains contained in the
bispecific binding molecules of the invention bind to DIl4 or VEGF,
respectively, with an dissociation constant (Kp) of 10”° to 1072 moles/liter (M)
or less, and preferably 107 to 1072 moles/liter (M) or less and more preferably

15 10®to 10" moles/liter (M), and/or with an association constant (Ka) of at least
10" M, preferably at least 108 M, more preferably at least 10° M, such as at
least 10" M™; and in particular with a Kp less than 500 nM, preferably less
than 200 nM, more preferably less than 10 nM, such as less than 500 pM. The
Kp and Ka values of the immunoglobulin single variable domain of the

20 invention against DIl4 can be determined.

In another aspect, the invention relates to nucleic acid molecules that encode
bispecific binding molecules of the invention. Such nucleic acid molecules will
also be referred to herein as "nucleic acids of the invention" and may also be
in the form of a genetic construct, as defined herein. A nucleic acid of the

25 invention may be genomic DNA, cDNA or synthetic DNA (such as DNA with a
codon usage that has been specifically adapted for expression in the intended

host cell or host organism). According to one embodiment of the invention, the
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3 DLLBII8Cl1 5575 - - - (7.3L- 6.0E-w) 6 DLLBII119D10 1 98 85 - - 13E-03
7 DLLBI133CC 2 86 75 - - 9.2b-u4 (2.1E-03) 8 DLLBII28B06 2 23 54 - -
7.5b- 03 UvOGH+10¥MY37® DLLBI I 17G10 1 93 82 - PCT/EP2010/064695
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nucleic acid of the invention is in essentially isolated form, as defined

hereabove.

The nucleic acid of the invention may also be in the form of, may be present in
and/or may be part of a vector, such as for example a plasmid, cosmid or YAC.
The vector may especially be an expression vector, i.e. a vector that can
provide for expression of the DIll4-binding molecule in vitro and/or in vivo (i.e. in
a suitable host cell, host organism and/or expression system). Such
expression vector generally comprises at least one nucleic acid of the
invention that is operably linked to one or more suitable regulatory elements,
such as promoter(s), enhancer(s), terminator(s), and the like. Such elements
and their selection in view of expression of a specific sequence in a specific
host are common knowledge of the skilled person. Specific examples of
regulatory elements and other elements useful or necessary for expressing
Dll4-binding molecules of the invention, such as promoters, enhancers,
terminators, integration factors, selection markers, leader sequences, reporter
genes, and the like, are disclosed e.g. on pp. 131 to 133 of WO 2006/040153.

The nucleic acids of the invention may be prepared or obtained in a manner
known per se (e.g. by automated DNA synthesis and/or recombinant DNA
technology), based on the information on the amino acid sequences for the
polypeptides of the invention given herein, and/or can be isolated from a

suitable natural source.

In another aspect, the invention relates to host cells that express or that are
capable of expressing one or more bispecific binding molecules of the
invention; and/or that contain a nucleic acid of the invention. According to a
particularly preferred embodiment, said host cells are bacterial cells; other

useful cells are yeast cells, fungal cells or mammalian cells.
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Suitable bacterial cells include cells from gram-negative bacterial strains such
as strains of Escherichia coli, Proteus, and Pseudomonas, and gram-positive
bacterial strains such as strains of Bacillus, Streptomyces, Staphylococcus,
and Lactococcus. Suitable fungal cell include cells from species of

5 Trichoderma, Neurospora, and Aspergillus. Suitable yeast cells include cells
from species of Saccharomyces (for example Saccharomyces cerevisiae),
Schizosaccharomyces (for example Schizosaccharomyces pombe), Pichia (for

example Pichia pastoris and Pichia methanolica), and Hansenula.

Suitable mammalian cells include for example CHO cells, BHK cells, HelLa
10 cells, COS cells, and the like. However, amphibian cells, insect cells, plant
cells, and any other cells used in the art for the expression of heterologous

proteins can be used as well.

The invention further provides methods of manufacturing a bispecific binding

molecule of the invention, such methods generally comprising the steps of:

15 - culturing host cells comprising a nucleic acid capable of encoding a
bispecific binding molecule under conditions that allow expression of the

bispecific binding molecule of the invention; and

- recovering or isolating the polypeptide expressed by the host cells from the

culture; and

20 - optionally further purifying and/or modifying and/or formulating the bispecific

binding molecule of the invention.

For production on an industrial scale, preferred host organisms include strains
of E. coli, Pichia pastoris, and S. cerevisiae that are suitable for large scale
25  expression, production and fermentation, and in particular for large scale

pharmaceutical expression, production and fermentation.
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The choice of the specific expression system depends in part on the
requirement for certain post-translational modifications, more specifically
glycosylation. The production of a bispecific binding molecule of the invention
for which glycosylation is desired or required would necessitate the use of

5 mammalian expression hosts that have the ability to glycosylate the expressed
protein. In this respect, it will be clear to the skilled person that the
glycosylation pattern obtained (i.e. the kind, number and position of residues

attached) will depend on the cell or cell line that is used for the expression.

Bispecific binding molecules of the invention may be produced either in a cell
10 as set out above intracellullarly (e.g. in the cytosol, in the periplasma or in
inclusion bodies) and then isolated from the host cells and optionally further
purified; or they can be produced extracellularly (e.g. in the medium in which
the host cells are cultured) and then isolated from the culture medium and

optionally further purified.

15 Methods and reagents used for the recombinant production of polypeptides,
such as specific suitable expression vectors, transformation or transfection
methods, selection markers, methods of induction of protein expression,
culture conditions, and the like, are known in the art. Similarly, protein isolation
and purification techniques useful in a method of manufacture of a polypeptide

20  of the invention are well known to the skilled person.

In a further aspect, the invention relates to a peptide with an amino acid
sequence selected from amino acid sequences shown in SEQ ID NOs: 1 to
166, SEQ ID NOs: 333 to 353, or SEQ ID NOs: 375 to 395, respectively, and a

nucleic acid molecule encoding same.

25 These peptides correspond to CDR3s derived from the VHHSs of the invention.
They, in particular the nucleic acid molecules encoding them, are useful for

CDR grafting in order to replace a CDR3 in an immunoglobulin chain, or for
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insertion into a non-immunoglobulin scaffold, e.g. a protease inhibitor, DNA-
binding protein, cytochrome b562, a helix-bundle protein, a disulfide-bridged
peptide, a lipocalin or an anticalin, thus conferring target-binding properties to
such scaffold. The method of CDR-grafting is well known in the art and has
been widely used, e.g. for humanizing antibodies (which usually comprises
grafting the CDRs from a rodent antibody onto the Fv frameworks of a human
antibody).

In order to obtain an immunoglobulin or a non-immunoglobulin scaffold
containing a CDR3 of the invention, the DNA encoding such molecule may be
obtained according to standard methods of molecular biology, e.g. by gene
synthesis, by oligonucleotide annealing or by means of overlapping PCR
fragments, as e.g. described by Daugherty et al., 1991, Nucleic Acids
Research, Vol. 19, 9, 2471 — 2476. A method for inserting a VHH CDR3 into a
non-immunoglobulin scaffold has been described by Nicaise et al., 2004,
Protein Science, 13, 1882 — 1891.

The invention further relates to a product or composition containing or
comprising at least one bispecific binding molecule of the invention and
optionally one or more further components of such compositions known per se,

i.e. depending on the intended use of the composition.

For pharmaceutical use, a bispecific binding molecule of the invention or a
polypeptide containing same may be formulated as a pharmaceutical
preparation or composition comprising at least one bispecific binding molecule
of the invention and at least one pharmaceutically acceptable carrier, diluent or
excipient and/or adjuvant, and optionally one or more further pharmaceutically
active polypeptides and/or compounds. By means of non-limiting examples,
such a formulation may be in a form suitable for oral administration, for
parenteral administration (such as by intravenous, intramuscular or

subcutaneous injection or intravenous infusion), for topical administration, for
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administration by inhalation, by a skin patch, by an implant, by a suppository,
etc. Such suitable administration forms - which may be solid, semi-solid or
liquid, depending on the manner of administration - as well as methods and
carriers for use in the preparation thereof, will be clear to the skilled person,

and are further described herein.

Thus, in a further aspect, the invention relates to a pharmaceutical composition
that contains at least one bispecific binding molecule, in particular one
immunoglobulin single variable domain of the invention or a polypeptide
containing same and at least one suitable carrier, diluent or excipient (i.e.
suitable for pharmaceutical use), and optionally one or more further active

substances.

The bispecific binding molecules of the invention may be formulated and
administered in any suitable manner known per se: Reference, in particular for
the immunoglobulin single variable domains, is for example made to

WO 04/041862, WO 04/041863, WO 04/041865, WO 04/041867 and

WO 08/020079, as well as to the standard handbooks, such as Remington’s
Pharmaceutical Sciences, 18" Ed., Mack Publishing Company, USA (1990),
Remington, the Science and Practice of Pharmacy, 21"
Williams and Wilkins (2005); or the Handbook of Therapeutic Antibodies

(S. Dubel, Ed.), Wiley, Weinheim, 2007 (see for example pages 252-255).

Edition, Lippincott

For example, an immunoglobulin single variable domain of the invention may
be formulated and administered in any manner known per se for conventional
antibodies and antibody fragments (including ScFv’s and diabodies) and other
pharmaceutically active proteins. Such formulations and methods for preparing
the same will be clear to the skilled person, and for example include
preparations suitable for parenteral administration (for example intravenous,

intraperitoneal, subcutaneous, intramuscular, intraluminal, intra-arterial or
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intrathecal administration) or for topical (i.e. transdermal or intradermal)

administration.

Preparations for parenteral administration may for example be sterile solutions,
suspensions, dispersions or emulsions that are suitable for infusion or
injection. Suitable carriers or diluents for such preparations for example
include, without limitation, sterile water and pharmaceutically acceptable
aqueous buffers and solutions such as physiological phosphate-buffered
saline, Ringer's solutions, dextrose solution, and Hank's solution; water oils;
glycerol; ethanol; glycols such as propylene glycol or as well as mineral oils,
animal oils and vegetable oils, for example peanut oil, soybean oil, as well as
suitable mixtures thereof. Usually, aqueous solutions or suspensions will be

preferred.

Thus, the bispecific binding molecule of the invention may be systemically
administered, e.g., orally, in combination with a pharmaceutically acceptable
vehicle such as an inert diluent or an assimilable edible carrier. For oral
therapeutic administration, the bispecific binding molecule of the invention may
be combined with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers,
and the like. Such compositions and preparations should contain at least 0.1%
of the bispecific binding molecule of the invention. Their percentage in the
compositions and preparations may, of course, be varied and may
conveniently be between about 2 to about 60% of the weight of a given unit
dosage form. The amount of the bispecific binding molecule of the invention in
such therapeutically useful compositions is such that an effective dosage level

will be obtained.

The tablets, pills, capsules, and the like may also contain binders, excipients,
disintegrating agents, lubricants and sweetening or flavouring agents, for
example those mentioned on pages 143-144 of WO 08/020079. When the unit
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dosage form is a capsule, it may contain, in addition to materials of the above
type, a liquid carrier, such as a vegetable oil or a polyethylene glycol. Various
other materials may be present as coatings or to otherwise modify the physical
form of the solid unit dosage form. For instance, tablets, pills, or capsules may
be coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir may
contain the bispecific binding molecules of the invention, sucrose or fructose
as a sweetening agent, methyl and propylparabens as preservatives, a dye
and flavoring such as cherry or orange flavor. Of course, any material used in
preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the bispecific
binding molecules of the invention may be incorporated into sustained-release
preparations and devices.

Preparations and formulations for oral administration may also be provided
with an enteric coating that will allow the constructs of the invention to resist
the gastric environment and pass into the intestines. More generally,
preparations and formulations for oral administration may be suitably
formulated for delivery into any desired part of the gastrointestinal tract. In
addition, suitable suppositories may be used for delivery into the

gastrointestinal tract.

The bispecific binding molecules of the invention may also be administered
intravenously or intraperitoneally by infusion or injection, as further described
on pages 144 and 145 of WO 08/020079.

For topical administration of the bispecific binding molecules of the invention, it
will generally be desirable to administer them to the skin as compositions or
formulations, in combination with a dermatologically acceptable carrier, which
may be a solid or a liquid, as further described on page 145 of WO 08/020079.
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Generally, the concentration of the bispecific binding molecules of the
invention in a liquid composition, such as a lotion, will be from about

0.1-25 wt-%, preferably from about 0.5-10 wt-%. The concentration in a semi-
solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%,
preferably about 0.5-2.5 wt-%.

The amount of the bispecific binding molecules of the invention required for
use in treatment will vary not only with the particular bispecific binding
molecule selected, but also with the route of administration, the nature of the
condition being treated and the age and condition of the patient and will be
ultimately at the discretion of the attendant physician or clinician. Also, the
dosage of the bispecific binding molecules of the invention varies depending

on the target cell, tumor, tissue, graft, or organ.

The desired dose may conveniently be presented in a single dose or as
divided doses administered at appropriate intervals, for example, as two, three,
four or more sub-doses per day. The sub-dose itself may be further divided,
e.g., into a number of discrete loosely spaced administrations; such as multiple
inhalations from an insufflator or by application of a plurality of drops into the

eye.

An administration regimen may include long-term, daily treatment. By “long-
term” is meant at least two weeks and preferably, several weeks, months, or
years of duration. Necessary modifications in this dosage range may be
determined by one of ordinary skill in the art using only routine experimentation
given the teachings herein. See Remington’s Pharmaceutical Sciences
(Martin, E.W., ed. 4), Mack Publishing Co., Easton, PA. The dosage can also

be adjusted by the individual physician in the event of any complication.
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According to a further embodiment, the invention relates to the use of
bispecific binding molecules, e.g. immunoglobulin single variable domains or

polypeptides containing them, for therapeutic purposes, such as

for the prevention, treatment and/or alleviation of a disorder, disease or
5 condition, especially in a human being, that is associated with Dll4-mediated
effects on angiogenesis or that can be prevented, treated or alleviated by

modulating the Notch signaling pathway with a DIl4-binding molecule,

in a method of treatment of a patient in need of such therapy, such method
comprising administering, to a subject in need thereof, a pharmaceutically
10 active amount of at least one bispecific binding molecule of the invention,
e.g. an immunoglobulin single variable domain, or a pharmaceutical

composition containing same;

for the preparation of a medicament for the prevention, treatment or
alleviation of disorders, diseases or conditions associated with
15 Dll4-mediated effects on angiogenesis;

as an active ingredient in a pharmaceutical composition or medicament used

for the above purposes.

According to a specific aspect, said disorder disorder, disease or condition is a

cancer or cancerous disease, as defined herein.

20  According to another aspect, the disease is an eye disease associated with
associated with Dll4-mediated effects on angiogenesis or which can be treated
or alleviated by modulating the Notch signaling pathway with a Dll4-binding

molecule.

Depending on the cancerous disease to be treated, a bispecific binding
25 molecule of the invention may be used on its own or in combination with one or

more additional therapeutic agents, in particular selected from
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chemotherapeutic agents like DNA damaging agents or therapeutically active
compounds that inhibit angiogenesis, signal transduction pathways or mitotic

checkpoints in cancer cells.

The additional therapeutic agent may be administered simultaneously with,
5 optionally as a component of the same pharmaceutical preparation, or before

or after administration of the bispecific binding molecule.

In certain embodiments, the additional therapeutic agent may be, without
limitation (and in the case of the receptors, including the respective ligands),
one or more inhibitors selected from the group of inhibitors of EGFR, VEGFR,

10 HERZ2-neu, Her3, AuroraA, AuroraB, PLK and PI3 kinase, FGFR, PDGFR, Raf,
KSP, PDK1, PTK2, IGF-R or IR.

Further examples of additional therapeutic agents are inhibitors of CDK, Akt,
src/ber abl, cKit, cMet/HGF, c-Myc, FIt3, HSP90, hedgehog antagonists,
inhibitors of JAK/STAT, Mek, mTor, NFkappaB, the proteasome, Rho, an

15 inhibitor of wnt signaling or an inhibitor of the ubiquitination pathway or another
inhibitor of the Notch signaling pathway.

Examples for Aurora inhibitors are, without limitation, PHA-739358, AZD-1152,
AT 9283, CYC-116, R-763, VX-680, VX-667, MLN-8045, PF-3814735.

An example for a PLK inhibitor is GSK-461364.

20  Examples for raf inhibitors are BAY-73-4506 (also a VEGFR inhibitor),
PLX 4032, RAF-265 (also in addition a VEGFR inhibitor), sorafenib (also in
addition a VEGFR inhibitor), and XL 281.

Examples for KSP inhibitors are ispinesib, ARRY-520, AZD-4877,
CK-1122697, GSK 246053A, GSK-923295, MK-0731, and SB-743921.

51



1 WGQGTQVTVSS TGQGTQVTVSS TGQGTQVTVSS WEQGTQVTVSS TGQGTQVTVSS HGQGTQVTVSS
RAADTR LGPYEY DY AWCDSS WYRSFV GY :KG H a 121 121 1214i 01 f, a CD -i VHP

STG FGS R&bANG/BAE70HY PG AAC RG HY PG AAC RG HY PG AAECREP2H¥/06B8E5WG V
RFT | SRDNAKN TVYLQWNSLKP EDTAVYYCAN RFT | SSDNAKN TVYLQWNSLKP EDTAVYYCAT
RFT | SRDNAKN 1 RFT | SRDDAKN TVSLQWNSLKP EDAAVYYCYS RFT | SRDNAKN
TVYLQWSLKP EDTAVYYCAT RFTT SRDNAKN TVYLQWNSLKP EDTAVYYCAT RFTT SRDSAKN
TVYLQWNSLKP EDTAVYYCAT RFT | SRDNAKN TVYLQWNSLKP EDTAVYYCAT RFT | SRGNAKN
TLFLQMTGLKS E DAAVY Y CAR Al RA6G GTAYYA DSVQG ClI SSSD GS TYYA DSVKG CD CD
a) z

Examples for a src and/or ber-abl inhibitors are dasatinib, AZD-0530,

bosutinib, XL 228 (also an IGF-1R inhibitor), nilotinib (also a PDGFR and cKit

inhibitor), imatinib (also a cKit inhibitor), and NS-187.
An example for a PDK1 inhibitor is BX-517.
5 An example for a Rho inhibitor is BA-210.

Examples for PI3 kinase inhibitors are PX-866, BEZ-235 (also an mTor
inhibitor), XL 418 (also an Akt inhibitor), XL-147, and XL 765 (also an mTor
inhibitor).

Examples for inhibitors of cMet or HGF are XL-184 (also an inhibitor of

10 VEGFR, cKit, FIt3), PF-2341066, MK-2461, XL-880 (also an inhibitor of
VEGFR), MGCD-265 (also an inhibitor of VEGFR, Ron, Tie2), SU-11274,
PHA-665752, AMG-102, and AV-299.

An example for a ¢c-Myc inhibitor is CX-3543.

Examples for FIt3 inhibitors are AC-220 (also an inhibitor of cKit and PDGFR),

15 KW 2449, lestaurtinib (also an inhibitor of VEGFR, PDGFR, PKC), TG-101348
(also an inhibitor of JAK2), XL-999 (also an inhibitor of cKit, FGFR, PDGFR
and VEGFR), sunitinib (also an inhibitor of PDGFR, VEGFR and cKit), and
tandutinib (also an inhibitor of PDGFR, and cKit).

Examples for HSP9O0 inhibitors are tanespimycin, alvespimycin, IPI-504 and
20 CNF 2024.

Examples for JAK/STAT inhibitors are CYT-997 (also interacting with tubulin),
TG 101348 (also an inhibitor of FIt3), and XL-019.

Examples for Mek inhibitors are ARRY-142886, PD-325901, AZD-8330, and
XL 518.
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Examples for mTor inhibitors are temsirolimus, AP-23573 (which also acts as a
VEGF inhibitor), everolimus (a VEGF inhibitor in addition). XL-765 (also a P13
kinase inhibitor), and BEZ-235 (also a PI3 kinase inhibitor).

Examples for Akt inhibitors are perifosine, GSK-690693, RX-0201, and

5  triciribine.

Examples for cKit inhibitors are AB-1010, OSI-930 (also acts as a VEGFR
inhibitor), AC-220 (also an inhibitor of FIt3 and PDGFR), tandutinib (also an
inhibitor of FIt3 and PDGFR), axitinib (also an inhibitor of VEGFR and
PDGFR), XL-999 (also an inhibitor of FIt3, PDGFR, VEGFR, FGFR), sunitinib

10 (also an inhibitor of FIt3, PDGFR, VEGFR), and XL-820 (also acts as a
VEGFR- and PDGFR inhibitor), imatinib (also a bcr-abl inhibitor), nilotinib (also
an inhibitor of bcr-abl and PDGFR).

Examples for hedgehog antagonists are IPI1-609 and CUR-61414.

Examples for CDK inhibitors are seliciclib, AT-7519, P-276, ZK-CDK (also
15 inhibiting VEGFR2 and PDGFR), PD-332991, R-547, SNS-032, PHA-690509,
and AG 024322.

Examples for proteasome inhibitors are bortezomib, carfilzomib, and NPI-0052

(also an inhibitor of NFkappaB).
An example for an NFkappaB pathway inhibitor is NPI-0052.
20  An example for an ubiquitination pathway inhibitor is HBX-41108.

In preferred embodiments, the additional therapeutic agent is an anti-

angiogenic agent.

Examples for anti-angiogenic agents are inhibitors of the FGFR, PDGFR and
VEGFR or the respective ligands (e.g VEGF inhibitors like pegaptanib or the

25 anti-VEGF antibody bevacizumab), and thalidomides, such agents being
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selected from, without limitation, bevacizumab, motesanib, CDP-791,
SU-14813, telatinib, KRN-951, ZK-CDK (also an inhibitor of CDK), ABT-869,
BMS-690514, RAF-265, IMC-KDR, IMC-18F1, IMiDs (immunomodulatory
drugs), thalidomide derivative CC-4047, lenalidomide, ENMD 0995, IMC-D11,

5  Ki 23057, brivanib, cediranib, XL-999 (also an inhibitor of cKit and Fit3), 1B3,
CP 868596, IMC 3G3, R-1530 (also an inhibitor of FIt3), sunitinib (also an
inhibitor of cKit and FIt3), axitinib (also an inhibitor of cKit), lestaurtinib (also an
inhibitor of FIt3 and PKC), vatalanib, tandutinib (also an inhibitor of FIt3 and
cKit), pazopanib, GW 786034, PF-337210, IMC-1121B, AVE-0005, AG-13736,

10 E-7080, CHIR 258, sorafenib tosylate (also an inhibitor of Raf), RAF-265 (also
an inhibitor of Raf), vandetanib, CP-547632, OSI-930, AEE-788 (also an
inhibitor of EGFR and Her2), BAY-57-9352 (also an inhibitor of Raf), BAY-73-
4506 (also an inhibitor of Raf), XL 880 (also an inhibitor of cMet), XL-647 (also
an inhibitor of EGFR and EphB4), XL 820 (also an inhibitor of cKit), and

15 nilotinib (also an inhibitor of cKit and brc-abl).

The additional therapeutic agent may also be selected from EGFR inhibitors, it
may be a small molecule EGFR inhibitor or an anti-EGFR antibody. Examples
for anti-EGFR antibodies, without limitation, are cetuximab, panitumumab,
matuzumab; an example for a small molecule EGFR inhibitor is gefitinib.

20  Another example for an EGFR modulator is the EGF fusion toxin.

Among the EGFR and Her2 inhibitors useful for combination with the bispecific
binding molecule of the invention are lapatinib, gefitinib, erlotinib, cetuximab,
trastuzumab, nimotuzumab, zalutumumab, vandetanib (also an inhibitor of
VEGFR), pertuzumab, XL-647, HKI-272, BMS-599626 ARRY-334543, AV 412,

25 mAB-806, BMS-690514, JNJ-26483327, AEE-788 (also an inhibitor of
VEGFR), ARRY-333786, IMC-11F8, Zemab.

Other agents that may be advantageously combined in a therapy with the

bispecific binding molecule of the invention are tositumumab and ibritumomab
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tiuxetan (two radiolabelled anti-CD20 antibodies), alemtuzumab (an anti-CD52
antibody), denosumab, (an osteoclast differentiation factor ligand inhibitor),
galiximab (a CD80 antagonist), ofatumumab (a CD20 inhibitor), zanolimumab
(a CD4 antagonist), SGN40 (a CD40 ligand receptor modulator), rituximab (a
CD20 inhibitor) or mapatumumab (a TRAIL-1 receptor agonist).

Other chemotherapeutic drugs that may be used in combination with the
bispecific binding molecules of the present invention are selected from, but not
limited to hormones, hormonal analogues and antihormonals (e.g. tamoxifen,
toremifene, raloxifene, fulvestrant, megestrol acetate, flutamide, nilutamide,
bicalutamide, cyproterone acetate, finasteride, buserelin acetate,
fludrocortisone, fluoxymesterone, medroxyprogesterone, octreotide,
arzoxifene, pasireotide, vapreotide), aromatase inhibitors (e.g. anastrozole,
letrozole, liarozole, exemestane, atamestane, formestane), LHRH agonists
and antagonists (e.g. goserelin acetate, leuprolide, abarelix, cetrorelix,
deslorelin, histrelin, triptorelin), antimetabolites (e.g. antifolates like
methotrexate, pemetrexed, pyrimidine analogues like 5 fluorouracil,
capecitabine, decitabine, nelarabine, and gemcitabine, purine and adenosine
analogues such as mercaptopurine thioguanine, cladribine and pentostatin,
cytarabine, fludarabine); antitumor antibiotics (e.g. anthracyclines like
doxorubicin, daunorubicin, epirubicin and idarubicin, mitomycin-C, bleomycin
dactinomycin, plicamycin, mitoxantrone, pixantrone, streptozocin); platinum
derivatives (e.g. cisplatin, oxaliplatin, carboplatin, lobaplatin, satraplatin);
alkylating agents (e.g. estramustine, meclorethamine, melphalan,
chlorambucil, busulphan, dacarbazine, cyclophosphamide, ifosfamide,
hydroxyurea, temozolomide, nitrosoureas such as carmustine and lomustine,
thiotepa); antimitotic agents (e.g. vinca alkaloids like vinblastine, vindesine,
vinorelbine, vinflunine and vincristine; and taxanes like paclitaxel, docetaxel
and their formulations, larotaxel; simotaxel, and epothilones like ixabepilone,

patupilone, ZK-EPQO); topoisomerase inhibitors (e.g. epipodophyllotoxins like
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>- | 121 EVQLVESGGGELV QPGGSLRLSCAA SGFTFG EVQLVESGGELY DLLB 1 | 9 6C
03 19 DLLB I | 57Cl1 20 Exanple 5 Characterization of purified anti-D114
VHHs | nhiwdteoriy3sstni - D114 VHHs sel ected from the screenipo@/Ebesionsdsesl i n
Exanple 4 are further purified and characterized. Selected VHHs are
expressed in E. coli TGL as c-nyc, His6-tagged proteins. Expression is

i nduced by addition of 1 nMIPTG and allowed to continue for 4 hours at
37C. After spinning the cell cultures, periplasmc extracts are prepared by
freeze-thawing the pellets. These extracts are used as starting materi al
and VHHs are purified via | MAC and si ze excl usi on chromat ography (SEC)
resulting in 95%purity as assessed via SDS-PAGE. 5.1. Evaluation of D14

bl ocki ng VH c ed in a
o, o1 4 BiRkRs R G EribsRRRRSREnfe, P S rhGeRR LR

Not chl/ Fc chinigziearfddu dﬁwﬁﬁcﬁmrap%mmaml a§am%bt|nlé$éhagr@h@@aht%¢ferdheﬂ

96-wel | Maxi Sorg | ate (Nunc, W esbaden, 6\%') A fi xed concentrati on of
15 nM bi ot i n/PH Oﬁﬁrr?é’ﬁ'an Fﬁtofaé‘epﬁﬁijﬁ@dﬁﬁ?reae okeng. §e1eGPXIBn series of the
VHH for 1 hour, after which the m xture is incubated on the coated Notchl
recept or forTha effitdcy bbbiapedifieibindRgsndigallebiaf thenipvehtidn ot palyperdtidds human

R e N e
described abgyRg aﬁ?%uitéﬁ@/N@kf‘é%’%SE?rce‘ﬂHbﬁséH g5k 106 aBuagndbi 4 - human

Not chl/ Fc i nt eractl on are depicted in Table 6. 0 (nM val ues
for VHHs in @mMaimedst krown per &@rqs@nytqomblrmosﬂ;hmqf|d§neogmg(¢rmh66511 1.5

SoD12 12,3 e ideaPGAidohddr oSt SuRdNE hsddyaltf Brlital mdbiels wil

be clear to the skilled person, and for example include the assays described
10 herein and used in the Examples below, e.g. a proliferation assay.

Brief description of the Figures:

Figure 1: Amino acid sequence alignment of human, rhesus and

cynomolgus DLL4

Figure 2: Human and mouse DLL4 deletion mutants (amino acid domain

15 boundaries in superscript).

Figure 3: Purified VHHs block the hDLL4/hNotch1-Fc interaction (ELISA).

Figure 4: Purified VHHs block the hDLL4/hNotch1-Fc interaction
(AlphaScreen).

Figure 5: Purified VHHs block the CHO-hDLL4/hNotch1-Fc and
20 CHO-mDLL4/hNotch1-Fc interaction (FMAT).

Figure 6: Purified VHHs block the DLL4 mediated Notch1 cleavage
(reporter).

Figure 7: Binding of purified VHHSs to recombinant human and mouse DLL4
(ELISA).

25  Figure 8: Binding of purified VHHs to recombinant human DLL1 and human
Jagged-1 (ELISA).
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96003 38.4 101G08 9.5 104CG01 1.1 115A05 9.1 antiDLL4 Fab 0.7 5. 2.

Eval uation of D114-bl ocking VHHs in Al phaScreen In brief, 1 nMbiotinylated
human DI Iwoi2s110Bpi7ar ed on streptavi di n-coat ed donor bea®sT(E2B01pgb4v), whil e
0.4 nMof the receptor human Notchl (as a Fc fusion protein) is captured on
anti - human Fc VHH coated acceptor beads (20 pg/nL). Both | oaded beads are

I ncubat ed together with a dilution range of the conpeting VHH (Figure 4).
The 1 C50 val ues for VHHs bl ocking the hurman DI 14 - human Notchl/Fc
interaction are depicted in Table 7. Table 7: 1C50 (nM values for VHHs in
hDLL4/ hNot chl conpetition Al phaScreen VHH ID 1 C50 (nM 5B11 0.7 6B11 0.3
7A02 0.4 7B05 1.1 8A09 0.4 8011 0.7 (a) 19F04 55D12 2.3 56A09 1.2 56004
>. 4 S6HO8 1'9@?}839% %ir%ding of purified VHHs to human/mouse/cynomolgus DLL4
(FACS).

Figure 10: Affinity-matured VHHs block the hDLL4/hNotch1-Fc interaction
(ELISA).

5  Figure 11: Affinity-matured VHHs block the CHO-hDLL4/hNotch1-Fc and
CHO-mDLL4/hNotch1-Fc interaction (FMAT).

Figure 12: Binding of purified VHHs to human/mouse DLL4 (ELISA)

Figure 13: Binding of purified affinity-matured VHHs to recombinant human
DLL1 and human Jagged-1 (ELISA).

10 Figure 14: Binding of purified VHHs to human/mouse/cynomolgus DLL4
(FACS).

Figure 15: Evaluation of VHHs effects on Dll4-mediated inhibition of HUVEC
proliferation.

Figure 16: Affinity matured VHHs in DLL4-mediated reporter assay

15 Figure 17: A) Sequence alignment of VHH DLLBII129B05 to the human
VH3/JH germline sequence.

B) Sequence alignment of VHH DLLBII136CO07 to the human
VH3/JH5 germline sequence.

Figure 18: A) Purified sequence optimized VHH variants of DLLBII129B05
20 blocking CHO-hDLL4/hNotch1-Fc and CHO-mDLL4/hNotch1-Fc
interaction (FMAT)

B) Purified sequence optimized VHH variants of DLLBII136C07
blocking CHO-hDLL4/hNotch1-Fc and CHO-mDLL4/hNotch1-Fc
interaction (FMAT)

25 Figure 19: Purified sequence optimized VHHs blocking DLL4 mediated
Notch1 cleavage (reporter assay)

Figure 20: Purified monovalent VHHs block the hVEGF165/hVEGFR2-Fc
interaction (ELISA)
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62011 24.1 115A05 5.0 anti DLL4 Fab 0.3 (a) partial inhibitor 5.3.

I nhibition by anti-D114 VHHs of human Notchl/Fc binding to human or
DI 4 exprwe=ed/mmmhe CHO cells The bl ocki ng capacity ofrctrier20dbiitie46bs
evaluated in a human and nouse DI 14 - human Notchl/Fc conpetitive FNMAT
assay (Figure 5) as outlined in Exanple 4. The |1 C50 val ues for VHHs

bl ocking the interaction of human Notchl/Fc to human or nouse DI |4
expressed on CHO cells are depicted in Table 8. Table 8: (Mean) |1C50 val ues
(nM of purified VHHs bl ocking the interaction of human Notchl/Fc to human
or nouse DLL4 expressed on CHO cells (FMAT) hDLL4 nDLL4 VHH ID 1 C50 (nM
IC50 (nM 6B11 8.9 - 8A09 5.5 -19F04 33.0 -55D12 39.1 41.0 56A09 10.6

nouse

15.0 56004 2B;4{,rd 31° PrbE®ntoRolardAt VHRE Hidck the hVEGF 165/hVEGFR1-Fc
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25

Figure 22:

Figure 23:

Figure 24:

Figure 25:

Figure 26:

Figure 27:

Figure 28:

Figure 29:

Figure 30:

Figure 31:

Figure 32:
Figure 33:

Figure 34:
Figure 35:

Figure 36:

interaction (ELISA)
Purified monovalent VHHs block the hVEGF165/hVEGFR2-Fc
interaction (AlphaScreen)

Purified monovalent VHHs block the hVEGF165/hVEGFR1-Fc

interaction (AlphaScreen)

Binding of monovalent VHHs to recombinant human and mouse
VEGF (ELISA)

Binding of monovalent VHHs to human VEGF121

Purified VHHs do not bind to VEGFB, VEGFC, VEGFD and PIGF
Formatted VHHs block hVEGF165/hVEGFR2-Fc¢ interaction
(ELISA)

Formatted VHHs block hVEGF165/hVEGFR1-Fc¢ interaction
(ELISA)

Formatted VHHs block hVEGF165/hVEGFR2-Fc¢ interaction
(AlphaScreen)

Formatted VHHs block hVEGF165/hVEGFR1-Fc¢ interaction
(AlphaScreen)

Formatted VHHs block mVEGF164/mVEGFR2-Fc¢ interaction
(AlphaScreen)

Formatted VHHSs bind to mouse and human VEGF

Formatted VHHs do not bind to VEGFB, VEGFC, VEGFD and
PIGF

Formatted VHHSs bind to VEGF121

Sequence alignment of VHH VEGFBII23B04 with human VH3/JH
germline consensus sequence

VHH variants of VEGFBII23B4 block the hVEGF165/hVEGFR2-F¢

interaction(AlphaScreen)
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53.9 49.5 62011 172.2 106.3 96003 160.8 28.8 101@08 24.6 92.1 10401 2.5
-115A05 22.0 43.0 antiDLL4 Fab 5.4 2.3 5.4. Evaluation of D114-bl ocking
VHHs in rwepantiemomssay To eval uate the potency of the secempedovbids; a
reporter assay is set up which is based on the y-secretase nediated

cl eavage of Notchl and release of the intracellular domain of Notchl (N CD)

upon stinmulation with D114. The Notchl- GAL4/ VP16 construct
with the pG.4. 31[ Luc2P/ Gal 4UAS/ Hygr 0]
resulting in a transient expression of the fusion protein.

I s cotransfected
reporter plasmd in HEK cells
These

transiently transfected cells are stinulated for 24 hours by co-culture

with a HEK293-hDI 1 4 stabl e cell
t he readout
cells 1 hour

P8 0° BRECno Polf e Beps SV

line. Forty-eight hours post-transfection,

VSR APES M Lcca dur 1 ng 1 he

co-culture (Figure 6)hVHGBE163HVEGHREEC OftettaletiorViAiph&Serebhpcki ng t he

D114- nedi at ed. cl eavage of Notchl and subse%uent transl ocati on of

to the nucl efil9Use SBhSCAERRGR Bionsant ohVelry¥

its NI CD
(RIPEI Wi BI@ag VHYHHe o

(Mean) 1050 val ues (gj@\-mm‘-,e BHhédrsed s\ég‘hﬁnéé‘ a DLL4/ Notchl reporter assay
6

VHH I D | C50 56A09 54

2011 4663 96003 5156 101@08 2760 10401 964 115A05

1740 antis DLEigure391Ba@rmat of cycle 1 bispecific VEGF-DLL4 VHHSs.
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Figure 40

Figure 41:

Figure 42:

Figure 43:

Figure 44:

Figure 45:

Figure 46:

Figure 47:

Figure 48:
Figure 49:

Figure 50:

: Format of cycle 2 bispecific VEGF-DLL4 VHHSs.

Bispecific VHHs (cycle 1) in the VEGF/VEGFR2 AlphaScreen
assay (in the presence or absence of 5 yM HSA)

Bispecific VHHs (cycle 1) in the VEGF/VEGFR1 AlphaScreen
assay (in presence or absence of 5 uM HSA)

Bispecific VHHs (cycle 1) in the CHO-hDLL4/hNotch1-Fc FMAT
assay (in presence or absence of 25 yM HSA)

Bispecific VHHs (cycle 2) in the VEGF/VEGFR2 AlphaScreen
assay (in presence or absence of 5 uM HSA)

Bispecific VHHs (cycle 2) in the VEGF/VEGFR1 AlphaScreen
assay (in the presence or absence of 5 yM HSA)

Bispecific VHHs (cycle 2) in the CHO-hDLL4/hNotch1-Fc and
CHO-mDLL4/hNotch1-Fc FMAT assay (in the presence or absence
of 25 yM HSA)

Bispecific VHHs (cycle 2) in the DLL4 mediated reporter assay
(in the presence or absence of 175 yM HSA)

Format of sequence-optimized bispecific VEGF-DLL4 VHHs
Bispecific VHHs (cycle 3) in the VEGF/VEGFR2 AlphaScreen
assay (in presence or absence of 5 uM HSA)

Bispecific VHHs (cycle 3) in the VEGF/VEGFR1 AlphaScreen

assay (in presence or absence of 5 uM HSA)
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5.5. Epitope binning In order to determ ne whether VHHs can bind

simul taneously to D114 when e.g. a benchmark anti body is bound, epitope

bi nni ng expeaniwspi’e are carried out (via Surface Pl asnmrCREPon@ncsIt SPR) on
a Biacore T100 instrument). Anti-D114 Fab fragnment is irreversibly

i rmobi |l i zed on the reference and on the active flow cell of a CVb sensor
chip. For each sanple (cycle), human D114 is injected on the active and
reference flow cell and reversibly captured by anti-D114 Fab. Additional

bi nding of VHHs is evaluated by injection over the immobilized surface. All
VHHs and anti-D114 Fab are injected at 100 nMwith a surface contact tinme
of 120 seconds and a flowrate of 10 uL/m nute. Surface is regenerated
using 10 nmM glycine (pH1.5). Processed curves are eval uated with Biacore

1100 Eval uat Figares9f: Biapesific VAPK ¢cytl-3) i @RIGHREADELA/ARoteRAFEBRd BHO-
i njection/regeneration path of anal ysed VHHs and controls. VHHs DLLBI 156A09

(SEQ I D NO 15), DLLE1Rdeideterdes T esaay)(in thi presents PEARSENSEeS | D NO  10)
and DLLBI11 15A05 (SEQMBSNG 1 12) are shown not to additionally bind to

human D114 capt urgd D114 Fab. [Injection of D114 Fab also failed to
near i onai | yPBHHSH EHGROCATE SC IS B DRAE P SO o sat ur ar ed.
Therefores it can beapcsigbwdednidaal) t hese VHHs recogni ze an epitope

overlapping with D114 or bi ndi.n uman D114. Human-only VHHs DLLBI | 6B1
1 (SEQ I D NO 5) and]h{‘@%(g H‘éb%“%t@ﬁﬁl’}lssm 11) show additional binding on

D114 Fab capt ured hBrebsBiltbAumondilaadd atghd erat oftthestedwbiiHgayt 2at are specific

for human D114 recoghi if it.ope than the human/ nouse
cross-reactive VHI—IS.Q‘EI'I%{%?%e %(P—Okﬂv%%h%%éb@ignni ng of anti-DLL4 VHHs -

si mul t aneous_binding with DLL4 Fab Injection step Binding/ Regeneration
[sanpl e] ] BMAtgrRjsiapdemeth@ds 1 nhpDLL4 100 nM 1727 2 DLL4 Fab 100 nM no

bi nding 3 59A9 100 nM no binding 4 6B11 100 nM 405 5 dycine pHL.5 10 nM 90
6 hDLL4 180 aM 1388narali®d ol CH andHEKY I3 d8iNines @vpdkpbe skthgmdiBdn,9

mouse and cynomolgus Dil4

The cDNAs encoding human (SEQ ID NO: 101; NM_019074.2) and mouse
Dll4 (NM_019454.3) are amplified from a Human Adult Normal Tissue Heart
cDNA library (BioChain, Hayward, CA, USA) and a Mouse Heart Tissue cDNA

15 library (isolated from C57/BI6 strain), respectively, using oligonucleotides
designed in the 5" and 3’ UTR of the corresponding sequence. Amplicons are
cloned into the mammalian expression vector pCDNA3.1(+)-neo (Invitrogen,
Carlsbad, CA, USA).

Cynomolgus DIl4 cDNA is amplified from a Cynomolgus Normal Tissue Heart
20 cDNA library (BioChain, Hayward, CA, USA), using primers designed on the 5’

and 3’ UTR of the DIll4 encoding sequence of the closely related species

rhesus (Macaca mulatta DIl4, SEQ ID NO:102; XM _001099250.1) (see

Figure 1). The final amplicon is cloned in the mammalian expression vector

pCDNAS.1(+)-neo (Invitrogen, Carlsbad, CA, USA). The amino acid sequence
25 of cynomolgus DII4 is shown to be 100% identical to rhesus, and 99% identical

to human (see Figure 1; differences from the human sequence are indicated

as bold-underlined).
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hDLL4 100 nM 1336 10 dycine pHL.5 10 MM 70 11 hDLL4 100 nM 1333 12 9603
100 nM no bi ndi ng 13 101&8 100 nM no binding 14 115A05 100 nM no bi ndi ng
15 @ yci nwopbilyBz0 MV 70 5. 6. Epitope mappi ng usi ng DipC4/ebedeosmns mut ant s
Binding of the VHHs to these D14 nutants is assessed in Biacore. In brief,
VHHs DLLB11101G&08 (SEQ I D NO 10) and DLLBII115A5 (SEQ I D NO 12) are coated
on a CV4 Sensorchip and 200 nM of each deletion nutant is injected across
the chip. Binding is qualitatively assessed. No binding of DLLBI156A09 (SEQ
| D NG 15), DLLB11101G08 (SEQ ID NO 10) and DLLBI 1115A05 (SEQ ID NO 12) is
observed to human and nouse DI 14 nutants hDI 14.1 and nDI 14. 8, respectively,
| acking EG--li ke 2 donain (Table 10-B). Indirect evidence using a

bri of 1 pal 12 SSREb SHRe il SRR O o trdees S B R, "
W esbaden, Geousayi4 ofchhaedigueanparintalTHO d2lisbtdeltiroydratetwituman Dl | 4
i's prei ncubated with a dilution series of the VHH faor 1 hour, after which

the nixture PSPNASuHAL-8803WIithRCRYASEY - @@W”“a?f REAENAB dhiBrnanse. rResi dual
bi ndi ng of bicpbesweR} %n‘i‘é’rﬂ'ﬁﬂwﬁgbhiﬂ: Kign&et I-@Ek?%g%llé‘%vg%rxﬁﬁ‘és%mgsﬁhrﬁ% oxi dase

conj ugat ed extravidi'n gls Loul s, data not shown). Human
D14 is bfot DH%/B&@@@PL@@ DIKsariel grneratse by, lipid- meghat@@mnﬁegm pwitefmugeneer at ur e

hat the ol sl BEEAGRLE LS RN B P AOHAI R e 10

mappi ng of aHEKQ%lpﬁaréﬂtHscell Ihbnﬂbmgl tondilidng, thahsfiectamtsraitessdlected®bl Bl 156 A9
DLLBI 110168 a rl?gl:] I11r%95 gen |C|n H’nwg’oggn (éql‘g?sbag &K ?J)SA

b) Generation of monoclonal anti-Dll4 I9G and Fab fragment

10 In US 2008/0014196; Genentech) a human/mouse cross-reactive DIl4 mAb is
described that is used by Ridgway et al. (2006) to show additive effects of
VEGF mAb and DIl4 mAb on tumor growth in a number of xenograft models.
This anti-Dll4 mAb and its corresponding Fab are purified to assess the
properties of this antibody (fragment) in biochemical/cellular assays and

15 xenograft models and for specific elutions during phage selections. The
published variable heavy and light chain sequences of DIl4 mAb are cloned
into a hlgG2ak framework, transiently expressed in HEK293 cells and purified
from supernatants using protein A chromatography. Purified DIl4 mAb shows
binding to human DIl4 and mouse DIl4 in ELISA and FACS (using CHO-mDII4

20 and CHO-hDII4 cells), sub-nanomolar affinities to both growth factor

orthologues in Biacore.

The corresponding DIl4 Fab fragment is constructed via gene assembly based
on back-translation and codon optimization for expression in E. coli using
Leto’s Gene Optimization software (www.entechelon.com). Oligonucleotide

25  primers for the assembly of the variable light chain (V. ), variable heavy chain
(Vn), constant light chain (C.) and constant domain 1 of the heavy chain (Cu1)
are designed and an assembly PCR is performed. The cDNA segments

encoding V| +C. and Vy+Cyy are cloned into a pUC119-derived vector, which
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Binding (RU Kd (1/s) Binding (RUY kd (1/s) hDLL4 281 9.5E-04 373 2.0E-03
324 3.5E-03 m DLL4 389 1.9E-03 502 6.0E-03 344 6.5E-03 hDLL4.1 no bi ndi ng
no bi ndi ngo 20o/Bv3Tdi ng  hDLL4. 3 125 7. 4E-04 198 4. 65E- 0BCIAP2@0BEOS
hDLL4.5 143 1.2E-03 266 2. 19E-03 162 4.2E-03 hDLL4.6 136 1.1E-03

10

15

20

25

contains the LacZ promotor, a resistance gene for kanamycin, a multiple
cloning site and a hybrid glll-pelB leader sequence, using the restriction sites
Sfil and Ascl and the restriction sites Kpnl and Notl, respectively. In frame with
the Fab coding sequence, the expression vector encodes a C-terminal HA and
His6-tag. The Fab fragment is expressed in E. coli as His6-tagged protein and
subsequently purified from the culture medium by immobilized metal affinity
chromatography (IMAC) and size exclusion chromatography (SEC). Relevant
amino acid sequences of the variable heavy and variable light chain are
depicted (SEQ ID NO: 1 and SEQ ID NO: 2; respectively, of US
2008/0014196); the amino acid sequences of the complete heavy and light
chain are shown in SEQ ID NOs: 419 and 420, respectively.

c) Generation of DIl4 mutants for epitope mapping

To identify the region in the extracellular domain (ECD) of DIl4 that comprises
the epitope recognized by the anti-Dll4 VHHSs, progressive deletion mutants of
the DIl4 ECD are generated. The mammalian expression vector
pSecTag2/Hygro (Invitrogen, Carlsbad, CA, USA) comprising a CMV promotor
upstream of polynucleotides encoding a nested series of deletion fragments of
the DIlI4 ECD fused to a polyHis-tag are generated using standard recombinant
DNA technology (see Figure 2; amino acid domain boundaries in
superscript).). These recombinant proteins are expressed in transiently
transfected HEK293 cells using the Freestyle 293 Expression System
(Invitrogen, Carlsbad, CA, USA) from which conditioned medium is collected
and purified via IMAC. Only DIl4 mutants lacking the EGF2-like domain
showed impaired binding to the humanized human/mouse cross-reactive anti-
Dll4 mAb described above (immobilized via a capturing anti-human 1gG coated
Biacore sensor chip). This IgG is known to have a specific binding epitope in
this DII4 domain (patent application Genentech, US 2008/0014196A1).
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229 2.20E-03 152 4. 1E-03 nDLL4.8 no binding no binding no binding

nDLL4. 10 141 1.1E-03 189 5.14E-03 121 3. 8E-03 nDLL4. 11 132 1.6E-03 210

6. 16E- 03 Wwdkot/Bd83703 nDLL4. 12 161 1. 3E-03 244 4.52E- 03 PE2/EP201B406895 5. 7.
Determining the affinity of the hDil4 - VHH interaction Kinetic analysis to
determne the affinity of the DIl4 - VHH interaction is performed by
Surface Plasnon Resonance (SPR) on a Biacore 1100 instrunent. Reconbi nant
human DI14 is inmobilized onto a CMb chip via am ne coupling using EDC and
NHS) or biotinylated human DI14 is captured on a SA chip (streptayidin
surface). Purified VHHs or Fab fragnment are injected for 2 mnutes at
different concentrations (between 10 and 300 nM and all owed to dissociate
for 20 mn at a flowrate of 45 pl/m n. Between sanple injections, the

surfaces areqgy egengqarb®sn W bil4 Hbdidrdlsksy pashfils 5 and 100 mM HC . HBS-N
(Hepes buffer pH7.4) is used as running buffer. If possible, data are

eval uated by, fitting a 1.1 interaction nodel (Langnuir hindin ontq the
bi ndi ng. cur vALePaHE BsErY i 5V aneadd e ST aiRe ctede i dehmipidty
associ ati on RBghiFROAICKdr AAnERICALEHP BthRNhFadefialar dBfhairk8h Notthe (_Rli(ﬁlbzli ties
of the anti-D114 VHHs are depicted in Table 11. Table 11: Affinit D (nM

of purified WppkStaylatier vifbilknessentighy Be Idgscribaol (S4rupHend Hdrghi Rell- 1. s- 1)
kd (S-1) KD {888 Mmay 15:93(4):649-60). Gald/VP16 coding sequences are inserted into
the NICD-coding sequence. The potent hybrid transcriptional activator GAL4-
VP16, which consists of a DNA binding fragment of yeast GAL4 fused to a
Herpes simplex viral transcriptional activator domain VP16, is inserted
carboxy-terminal to the transmembrane domain of Notch1. Cleavage of this
10 construct by y-secretase results in the release of the Gal4/VP16 NICD fusion
protein which will translocate to the nucleus where it will bind to and
transcriptionally activate a co-transfected luciferase reporter plasmid,
containing a strong GAL4-UAS promoter sequence (Struhl, G. and Adachi, A.,
Cell, vol. 93, 649-660, 1998). The human Notch1-Gal4/VP16 expression
15 cassette is cloned in pcDNA3.1(+)-neo (Invitrogen, Carlsbad, CA, USA). The
pGL4.31[Luc2P/Gal4UAS/Hygro] vector (Promega, Madison, WI, USA) is used

as luciferase reporter plasmid.
e) Production and functionality-testing of VEGF109

A cDNA encoding the receptor binding domain of human vascular endothelial
20  growth factor isoform VEGF165 (GenBank: AAM03108.1; AA residues 27 -

135) is cloned into pET28a vector (Novagen, Madison, WI) and overexpressed

in E.coli (BL21 Star DE3) as a His-tagged insoluble protein. Expression is

induced by addition of 1 mM IPTG and allowed to continue for 4 hours at 37°C.

Cells are harvested by centrifugation and lysed by sonication of the cell pellet.
25 Inclusion bodies are isolated by centrifugation. After a washing step with

1% Triton X 100 (Sigma-Aldrich), proteins are solubilized using 7.5M guanidine

hydrochloride and refolded by consecutive rounds of overnight dialysis using
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56A09 1. 7E+05 9.3E-04 5.6 56004 1. 1E+05 4.9E-03 45 56H08 1.2E+05 1. 1E-03
9.4 62011 1.2E+06 1.3E-01 120 96003 1.6E+05 4. 8E-02 310 101G08 4. 3E+04

2. 2E- 03 5R0207@34370a) 1. 2E+05 - 1. 5E+05 3E-03 - 6E- 04 4,24/EP251A06468s S5E+05
3.9E-03 25 anti DLL4 Fab 2.3E+05 3.4E-04 1.5 (a) heterogeneous binding
curve resulting inno 1:1 fit 5.8. Binding to orthol ogues (nDl 14, cD1I 4)
and fam |y nenbers (hJagged-1, hDLL1l) In order to determ ne
cross-reactivity to nmouse DIl4 a binding ELISA is perforned. In brief,
reconbi nant nmouse D14 (R&D Systens, M nneapolis, M5, USA) is coated
overnight at 4C at 1 pg/nL in a 96-wel|l Maxi Sorp plate (Nunc, W esbaden,
Germany). Wells are blocked with a casein solution (VA in PBS). VHHs are

(Roche) and bt SR b Eid st QPR &R et i BM B R *(H i e
7). As ref erpmnesn idpudicadyt ion rw{ﬁh@n@ d:rtilrorrsatdsr@aﬁuy asing Eﬂﬂanu%mw e

summari zed in Tabl e 12. Table 12: EC50 mval ues. for. VHHs
reconmbi nant W\ReNshem &ioS QWH‘CWWLQ!'O‘%O' 9\@ fit[qtion W'thasuperdeX75

10/300 GL column (Amersheim BioSciences). The purity and homogeneity of

5 the protein is confirmed by SDS-PAGE and Westen blot. In addition, binding
activity to VEGFR1, VEGFR2 and Bevacizumab is monitored by ELISA. To
this end, 1 ug/mL of recombinant human VEGF 109 is immobilized overnight at
4°C in a 96-well MaxiSorp plate (Nunc, Wiesbaden, Germany). Wells are
blocked with a casein solution (1%). Serial dilutions of VEGFR1, VEGFR2 or

10 Bevacizumab are added to the VEGF109 coated plate and binding is detected
using alkaline phosphatase (AP) conjugated goat anti-human IgG, Fc specific
(Jackson Immuno Research Laboratories Inc., West Grove, PA, USA) and a
subsequent enzymatic reaction in the presence of the substrate PNPP (p-
nitrophenylphosphate) (Sigma-Aldrich). VEGF109 could bind to VEGFR1,

15 VEGFR2 and Bevacizumab, indicating that the produced VEGF109 is active.

f) KLH conjugation of VEGF 165 and functionality-testing of
KLH-conjugated VEGF165

Recombinant human VEGF165 (R&D Systems, Minneapolis, MN, USA) is
conjugated to mariculture keyhole limpet hemocyanin (mcKLH) using the

20  Imject Immunogen EDC kit with mcKLH (Pierce, Rockford, IL, USA) according
to the manufacturer's instructions. Efficient conjugation of the polypeptide to
mcKLH is confirmed by SDS-PAGE. Functionality of the conjugated protein is
checked by ELISA: 2 pg/mL of KLH conjugated VEGF165 is immobilized
overnight at 4°C in a 96-well MaxiSorp plate (Nunc, Wiesbaden, Germany).

25 Wells are blocked with a casein solution (1%). Serial dilutions of VEGFR1 or
VEGFR2 are added and binding is detected using a horseradish peroxidase
(HRP)-conjugated goat anti-human IgG, Fc specific (Jackson Immuno

Research Laboratories Inc., West Grove, PA, USA) and a subsequent
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rhDLL4 rnDLL4 VHH I D ECS50 (nM EC50 (nM 5B11 1.8 - 6Bl11 1.4 - 7A02 1.4 -
7B05 7.2 - 8A09 0.9 - 8011 1.1 -17F10 0.9 -19F04 0.9 0.8 55D12 13.1
30. 0 56A080201/03983056004 44.3 244.0 56HO8 PCT/EP2010/064695

enzymatic reaction in the presence of the substrate TMB
(3,3’,5,5'-tetramentylbenzidine) (Pierce, Rockford, IL, USA). The KLH
conjugated protein could still interact with VEGFR1, VEGFR2 and
Bevacizumab, confirming that the relevant epitopes onVEGF 165 are still

5 accessible.

Example 1

Immunization with Dll4 from different species induces a humoral immune

response in llama
10 1.1. Immunizations

After approval of the Ethical Committee of the faculty of Veterinary Medicine
(University Ghent, Belgium), 4 llamas (designated No. 208, 209, 230, 231) are
immunized with 6 intramuscular injections (100 or 50 pg/dose at weekly
intervals) of recombinant human DIl4 (R&D Systems, Minneapolis, MN, US).

15 The DII4 antigen is formulated in Stimune (Cedi Diagnostics BV, Lelystad, The
Netherlands). Three additional llamas (designated No. 127b, 260, 261) are
immunized according to standard protocols with 4 subcutaneous injections of
alternating human DIl4 and mouse DIl4 overexpressing CHO cells which are
established as described above. Cells are re-suspended in D-PBS and kept on

20 ice prior to injection. Furthermore, three additional llamas (designated No. 282,
283, 284) are immunized according to standard protocols with 4 intramuscular
injections (100 or 50 pg/dose at biweekly intervals) of alternating recombinant
human DIl4 and mouse DIl4 (R&D Systems, Minneapolis, MN, US). The first
injection at day O with human DIl4 is formulated in Complete Freund’s Adjuvant

25  (Difco, Detroit, Ml, USA), while the subsequent injections with human and
mouse DIl4 are formulated in Incomplete Freund’s Adjuvant (Difco, Detroit, MI,
USA).
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4.1 8.7 57011 7.9 83.4 62011 137.0 13.1 96003 86.5 8.7 101Q08 8.9 53.9
10401 8.4 -115A05 5.0 33.4 antiDLL4 Fab 3.0 3.0 In order to determ ne
t he cynormebagus3egsioss-reactivity of the VHHs, a FACS bi mdirmp@epersdsrent i s
performed. Cynonol gus DI 14 expressing HEK293 cells (transient or stable
transfection) are used for a titration binding experinment of the VHHs.
After a 30 mnutes incubation on ice, all sanples are washed and detection
is perforned by applying anti-c-nyc-Alexa647 (Santa Cruz Bi ot echnol ogy,
Santa Cruz, CA, USA). Human and nouse D114 overexpressing HEK293 cells are
taken as reference. The nean MCF value is determ ned on the FACS Array and
used for calculation of the EC50 value (see Figure 9). Absence of binding

phase. bi nai ni Ea0° et PERRuCr e PATRRSRS PR al S.i's: “San 1 ego, A,
(

USA) and hunman Jagged-1 (Al exis, San Diego, CA USA) are coated overnight
at 4C at 1 pp evaiupateathedngwdtion vdanIonung reseorisesno thenaeivtaisleaainskr many) .

Vel ls are bl it sej |yl (1% | r Led as
di lution serlﬁ@rléggr%\hblyn%rl%’ ?égd%@eﬁlégtgggeong\@mggéég g%&@yagn%chg) and
e Consi der g 5 oL ng. nan. C1 985 paatiiye Lo L Hoe. oM ogous |igands
(i gure ) BT caliaiah tom Jrman 27 Biaod Sreel AT Brn S BiTh b at ed
HUVEC prol i f@érﬁtl!a%s'rit?z,Q%B%yzsllfattd%@%Ja‘?%%d’bﬁ%@ﬂn@h@ﬁ%t Ln a
proliferation assay, as described by Ridgway et al., Nature. 2006 Dec 21;
444(7122) : 108Fegpmbinangbdmen a4 errﬁ@us'mDﬁ-'ﬂ i(%&,D Istems] Minnegpeliss MNur e

| at X e e L~ .
i o tagged nosi ot RoBtized bt gt £ S9buRfERBordR B M. | coat i ng
buf f er ( PBS, WiesbbadBSALerény)sVaelle ana bloetied nvitRESc dsedin s eluded 01 Sl \VAEEr

I '1s/well , ded i d licate, Cell, prolif ti i db
[31- 1] - THYm eRIEOT Aoy By diPans cpeglivaly o MuBupediobWing are BSeier o 15,
d trate t h\Pdrsxihd e 4§ dma DLLBI 1115A05,
DEEEP%ESZOS %ﬂgéfhﬁgﬁ%ﬁﬁgépab i)ghi bi tﬂ%ﬁg%lihﬂ%%gggﬁggnt ef?ect on HUVEC

prol i f er at i oMMuNeoieRdie- Bepumbaherarlinsdnc. MrtgaBerw AKubSAR@dimmar i zed in
e % ToSRRLER SRR ATRL B Pl AR P pendent
assay VHH FetrafentBibetridiod)ZPideeBodkiBab I, CEDA), shpwingxdthet & simificant 4. 9 11. 0
103 15 antibody-dependend immune response against DIl4 is induced. The antibody

response is mounted both by conventional and heavy-chain only antibody

expressing B-cell repertoires since specifically bound immunoglobulins can be

detected with antibodies specifically recognizing the conventional llama 1gG1

antibodies or the heavy chain only llama IgG2 or IgG3 antibodies (Table 2-A).

20 Inall llamas injected with mouse DlI4, an antibody response is mounted by

conventional and heavy chain only antibody expressing B-cells specifically

against mouse DIl4. Additionally, serum titers of cell immunized animals are

confirmed by FACS analysis on human and mouse DIl4 overexpressing

HEK293 cells (Table 2-B). The DIl4 serum titer responses for each llama are

25 depicted in Table 2.
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401 10002 1C50 (nM (experinment 2) 5.6 6.8 32 112 ND. n 2 2 2 2 1 Exanple
6 Affinity maturation of selected anti-D114 VHHs VHHs DLLB11101®&8 and
DLLBI 1115%020arm9xubj ected to two cycles of affinity matarareanocdens a fir st
cycle, amno acid substitutions are introduced randomy in both franmework
(FW and conpl enentary determ ning regions (CDR) using the error-prone PCR
met hod. Mutagenesis is perfornmed in a two-round PCRbased approach
(Genenorph Il Random Mut agenesis kit obtained from Stratagene, La Jolla,

CA, USA) using 1 ng of the DLLB11101G08 or DLLBI 1115A05 cDNA tenpl ate,

foll owed by a second error-prone PCR using 0.1 ng of product of round 1.
After a polish step, PCR products are inserted via unique restriction sites
into a vector designed to facilitate phage display of the VHH |ibrary.

Consecutive TamRdE AHtiboBy-FRddibte8speekie SEHNPeoRsBRIghfsFBILYSi ng decr easi ng
concentrations of biotinylated reconbi nant hurman DLL4 (biotrhDLL4) and

trypsin el ut] ffinity-driven selections in a third round using cold
rivta (a1 ARBEISAGoRrRlE BRI, feAeHBRoHs PPk so per for med. No
sel ections pn murfine DLL4 are i ncluded as (copservation of)
cross-reactjvity i s assessed. bihhtGused SEH NI| | ¥8lmpidanBhitOdaly mitants are
produced as nant[protein USiNg an|expressi on vector gerived from
pUC119, whigch contains {he,l@acZ prgmoter, a regjgfance gene |for anpicillin,
a nul tiple g]opind™e|and an RERA [Raden,sepuence (RARE) | Fgscoli TG
cells are transftoraed vvitrigéhe expr|essi on vec %G' brary "and pl at ed on agar
pl ates (LB FAmMp F 2% glucose)| Single coloni€s arg picked firomthe agar
plates and grown in 1 nlL 96-deep-wgl |l plates.|VHH expressior is induced by
addi ng | PTG (Invy—Periptasmcextracts (T m ajvotupe of [ = 8 ut) are
prepared according.to standard nmethods and scfeened for| bindging to
reconbi nant| human and mpuse DI 14 ijn a PjoteOnh (Bi pRad,| Her dul es, |CA, USA)
off-rate assay. I[BPMef, 4 GC Prdtetn Sersor Yhip 1§ cddt gd Wit h
reconbi nant human PB4 on the ["ligand channel 8" 12/ and 14 (with 11/L3 as
reference channel|), while "ligand ghanneljs" LB and|L6 i|s codted wjth nouse
DI 14. Perip|asm c|rextract of affinijty-matured|clones is|dildted 1/10 and

i njected acra®s thamaanal ytre channgl si. Al- A6. | Ald ayer@ge naf f|-rad e i s

cal cul ated pf the wy;l,d type clones |presemt in|the platel and |served as a
reference tp caltutate pff-Tatfe TQrovengnts. [T a Ssecond CYyTHE, ¢
conbi natoripl library i$ creatied by simultanepusly|random siing the
suscepti bl e| pasitlions identifiled in cycle one| For|{this, thg full [l ength
DLLBI 1101G8 %p?P DULBM 15A05™ cONATi s%///'nt hedt zedVby| dVer| &t RCR'Usi|ng

ol i gonucl eotides |dedénerated (INNS) [at the random sation| posilti ons|and a
rescue PCR | s perffornmed]| The rjandom sed YHH genes are ijnsertjed i nfo a phage
di spl ay vector (pAX60) uUsing speciflic restriction sites| as descrilbed above
(Exanpl e 2)|23®r eplafuatd on of+ per i+l gsnic extractsd of wadi waddal nvHH cl ones
is performed as deggni bed befgI{e. Screeniing fpr binding to rieconbilnant

human DI 1 4 fma AroteOmnof f=rate agsay rdenti{res ctones wtiirup o 38-fold
(DLLBI 1101Q308) and 11-fold (DLLBI 1115A05) i nproved| of f-rateq (Tablle 15).
Tabl e 15: f=rate screemng of DEBIT10TGO8wndDELBH1T15AG5

9
affinity-mafured [clgnes hDLL4 kd |(s-1) (fold| nDLL4 kd |(s-1)| fold
DLLB11101QX0B 2. 2E- L} 6. 7E- 03] 1 DULBI |1 129D08| 5. 9Et 05 38 1. 9E-04 35
DLLBI | 129H04126b8E-f+6§rH0 TR R VA VAR A R VR )

mDLL4

CHO-
hDLLA
260 ++ ++ + + ++ ++ + ++
+ CHO-

mDLL4
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33 2.5E-04 27 DLLBI1129Gl10 7. 3E-05 31 2.6E-04 26 DLLBII| 129H07 7. 4E-05 30
2.5E-04 27 DLLBII129B02 7.6E-05 30 2.6E-04 26 DLLBII129E11 8. OE-05 28
2. 5E- 04 2A802011BI3pITBOFO6 6. SE-05 27 2. 6E-04 19 DLLBI | 130BO3/EP201BABHI2 7
2.4E-04 20 DLLBII129D01 8.5E-05 26 2. 6E-04 26 DLLBI I 130D06 6. 9E- 05

CHO-

hDLLA
261 ++ ++ +/- +/- + + +/- +/-
+ CHO-

mDLL4

rec.
human
282 DLL4 + ++ ++ ++ ++ ++ ++ + +
mouse
DLL4

rec.

human
283 DLL4 + ++ ++ ++ ++ ++ ++ ++ ++
mouse
DLL4

rec.

human
284 DLLA + + + + + + ++ + ++
mouse
DLL4

n/d, not determined
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26 3.1E-04 16 DLLBI1129G09 8.8E-05 26 3.4E-04 20 DLLBI1129B05 9. 3E-05 24
3.4E-04 20 DLLBI1130EO3 7.5E-05 24 2. 7E-04 18 DLLBII129H05 9. 4E-05 24

3. 5E- 04 M8oDRLiRBI3HIFBOAOS 7. 5E-05 24 3. 0E-04 17 DLLBI | 130B0Z2/EP28BA06H92 3
2.9E-04 17 DLLBII129H02 9.9E-05 23 3. 4E-04 19 DLLBII130B04 8. 3E-05 22

2. 9E-04

B) FACS (natively expressed protein on HEK293 cells)

human DLL4 mouse DLL4

Immuno Total Total
Llama IgGl | IgG2 | IgG3 IgGl | IgG2 | IgG3
gen IeG IeG

rec.
208 human n/d n/d n/d n/d n/d n/d n/d n/d
DLL4

rec.
209 human n/d n/d n/d n/d n/d n/d n/d n/d
DLL4

rec.
230 human n/d n/d n/d n/d n/d n/d n/d n/d
DLL4

rec.
231 human n/d n/d n/d n/d n/d n/d n/d n/d
DLL4

CHO-

hDLL4 +
127b + n/d n/d n/d + n/d n/d n/d
CHO-

mDLL4

CHO-

hDLL4 +
260 ++ n/d n/d n/d ++ n/d n/d n/d
CHO-

mDLL4

CHO-
261 hDLL4 + + n/d n/d n/d + n/d n/d n/d
CHO-
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17 DLLBI1129E07 1.1E-04 21 2.8E-04 24 DLLBII 129E03 1.1E-04 20 3.6E-04 18
DLLBI | 129A03 1. 2E-04 19 3.8E-04 18 The best variants of DLLB11101G08 and
DLLBI 1115%020ua3pznt s are cl oned i nto expression vect or PpAXPA@0I0b46DF ame
with a CGtermnal c-nyc tag and a (His)6 tag. O f-rates on reconbi nant
nouse DI 14 are al so inproved. VHHs are produced in E. co/las Hi s6-tagged
proteins and purified by I MAC and SEC. Sequences of VHHs sel ected for
further characterization are represented in Tables 16 (DLLBI 1101308) and 17
(DLLBI 1115A05), respectively. Exanpl e 7 Characterization of
affinity-matured purified anti-D114 VHHs Affinity-matured variants of VHHs
DLLB11101G08 and DLLBI 1115A05 are expressed and purified as descri bed above
(Exanpl e 5) —VHHs—are—charactertzeg—+nthehpH=4 iNetecht—eonpetition

ELI SA (Exanpl e 5.[1"PHigbl ¢ 17;| Fi gufel0)} the| CHO hD114[ hNot ¢hl-F¢ and

CHO nD114/ hNot chl- Fc conpetit]jon FMAT (Exanple 5.8; Table 18; Figure 11),
the hDLL1 apd hJAGL binding ELI SA and hpDI 14/| nDI 14/ cypoDl | 4 FACS ( Exanpl e
5.8; Table [19; Filgures 18 and| 14, [Tabl el 20 ahd 15), determ hatiof of

bi nding affjnity [og. hDLL4 and| nDLLA in Biacore (Exanple 5.7] Table 19,
Figure 12) and the RLL4-pediafed reporter assay (fExanple 5.4; Table 21;
Figure 16).| Characteri zation pdata are summarj zed (n Table 22. Overall, the
affinity- maf tired MEHE *show ¢l patd i rrp‘i/%ven’?é%t s ¥h affin tE/da1deot ency,

whil e their| bindijngeuwo nDl 14 gnd cyno D14 is maiptai ned and no binding to
hDLL1 or hJAGL i s| mhgerved. Table [17: 1[C50 (hM values|for affinity-matured
VHHs in hDLL4/ hNot chl-Fc|conpetitipn ELJ] SA VHH I D[ 1 C50((nM [101G)8 10.0
129A03 1.8 [129B05 #:. 9 129008 (1.2 1P9E11| 1.3 [129HOF 1.0

human
283 DLL4 + n/d n/d n/d n/d n/d n/d n/d n/d
mouse
DLL4

rec.

human
284 DLL4 + n/d n/d n/d n/d n/d n/d n/d n/d
mouse
DLL4

n/d, not determined
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130B03 1.5 130F06 1.3 anti-DLL4 Fab 1.5 VHH ID 1C50 (nM 115A05 7.5
133A05 2.1 133A09 1.5 13305 2.0 134D10 1.3 136007 1.4 015 0.9 anti-DLL4
Fab 1.2 wabkba/B8701 C50 val ues (nM of purified affinitycrarariedcibiis

bl ocking the interaction of human Notchl/Fc to human or nouse DLL4
expressed on CHO cells (FMAT) hDLL4 nDLL4 VHH ID I C50 (nM 1050 (nM
101G08 (w) 69.3 140.5 129B05 7.4 14.4

Example 2

Cloning of the heavy-chain only antibody fragment repertoires and

preparation of phage

Following the final immunogen injection, immune tissues as the source of

5  B-cells that produce the heavy-chain antibodies are collected from the
immunized llamas. Typically, two 150-ml blood samples, collected 4 and
8 days after the last antigen injection, and one lymph node biopsy, collected
4 days after the last antigen injection are collected per animal. From the blood
samples, peripheral blood mononuclear cells (PBMCs) are prepared using

10 Ficoll-Hypaque according to the manufacturer’s instructions (Amersham
Biosciences, Piscataway, NJ, USA). From the PBMCs and the lymph node
biopsy, total RNA is extracted, which is used as starting material for RT-PCR
to amplify the VHH encoding DNA segments, as described in WO 05/044858.
For each immunized llama, a library is constructed by pooling the total RNA

15 isolated from all collected immune tissues of that animal. In short, the
PCR amplified VHH repertoire is cloned via specific restriction sites into a
vector designed to facilitate phage display of the VHH library. The vector is
derived from pUC119 and contains the LacZ promoter, a M13 phage glll
protein coding sequence, a resistance gene for ampicillin or carbenicillin, a

20  multiple cloning site and a hybrid glll-pelB leader sequence (pAX050). In frame
with the VHH coding sequence, the vector encodes a C-terminal c-myc tag
and a His6 tag. Phage are prepared according to standard protocols and
stored after filter sterilization at 4°C for further use.
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129D08 7.8 11.0 129E11 8.1 12.3 DLL4 Fab 5.5 3.0 hDLL4 nDLL4 VHH I D | C50
(nM 1050 (nM 115A05 (wt) 106.7 348.9 133A09 6.6 18.6 133@05 5.9 12.0
136C07 8.W02M11230d76 5.7 21.2 DLL4 Fab 3.4 1.6 Tabl e 19pcafEPRotiogs66D (nM
of purified affinity-matured VHHs on reconbi nant human DLL4 and nouse DLL4
rhDLL4 rnDLL4 VHH I D

10

15

20

25

Example 3
Selection of Dll4-specific VHHs via phage display

VHH repertoires obtained from all lamas and cloned as phage library are used
in different selection strategies, applying a multiplicity of selection conditions.
Variables include i) the DIl4 protein format (C-terminally His-tagged
recombinantly expressed extracellular domain of human DII4 (Met1-Pro524)
and mouse DIl4 (Met1-Pro525) (R&D Systems, Minneapolis, MN, USA), or full
length human DIl4 and mouse DIl4 present on Dll4-overexpressing CHO or
HEK293 cells, ii) the antigen presentation method (plates directly coated with
Dll4 or Neutravidin plates coated with DII4 via a biotin-tag; solution phase:
incubation in solution followed by capturing on Neutravidin-coated plates), iii)
the antigen concentration and iv) different elution methods (non-specific via
trypsin or specfic via cognate receptor Notch1/Fc chimera or anti-Dll4
IgG/Fab). All selections are done in Maxisorp 96-well plates (Nunc,

Wiesbaden, Germany).

Selections are performed as follows: DIl4 antigen preparations for solid and
solution phase selection formats are presented as described above at multiple
concentrations. After 2h incubation with the phage libraries followed by
extensive washing, bound phage are eluted with trypsin (1 mg/mL) for

30 minutes. In case trypsin is used for phage elution, the protease activity is
immediately neutralized applying 0.8 mM protease inhibitor ABSF. As control,
selections w/o antigen are performed in parallel. Phage outputs that show
enrichment over background (non-antigen control) are used to infect E. coli.
Infected E. coli cells are either used to prepare phage for the next selection

2%) for

round (phage rescue) or plated on agar plates (LB+amp+glucose
analysis of individual VHH clones. In order to screen a selection output for

specific binders, single colonies are picked from the agar plates and grown in
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ka (M1s-1) kd (S-1) Kip (nM ka (M1s-1) kd (s-1) 1((nOm) 101G08 (wt)

4. 8E+04 2.3E-03 48.0 9.4E+04 5.6E-03 60.0 129A03 2. 1E+05 1.2E-04 0.5
129B05 2.\88206/B99E- 05 0.3 2. 7E+05 3. 1E-04 1.1 129008 1PBEAP3016/04&995 0. 4
2. 7E+05 2.0E-04 0.8 129E11 1.9E+05 9.0E-05 0.5 2.5E+05 2.9E-04 1.2 129H07

1 mL 96-deep-well plates. LacZ-controlled VHH expression is induced by
adding IPTG (0.1-1mM final) in the absence of glucose. Periplasmic extracts

(in a volume of ~ 80 ulL) are prepared according to standard protocols
Example 4

5  Screening of periplasmic extracts in Dll4-Notch1 AlphaScreen and FMAT

competition assay

Periplasmic extracts are screened in a human DIl4/human Notch1
AlphaScreen assay to assess the blocking capacity of the expressed VHHSs.
Human DIl4 is biotinylated using biotin (Sigma, St Louis, MO, USA) and

10 biotinamidohexanoic acid 3-sulfo-N-hydroxysuccinimide ester sodium salt
(Sigma, St Louis, MO, USA). Notch1/Fc chimera (R&D Systems, Minneapolis,
MN, USA) is captured using an anti-Fc VHH which is coupled to acceptor
beads according to the manufacturer’s instructions (Perkin Elmer, Waltham,
MA, US). To evaluate the neutralizing capacity of the VHHSs, dilution series of

15 the periplasmic extracts are pre-incubated with biotinylated human Dll4. To this
mixture, the acceptor beads and the streptavidin donor beads are added and
further incubated for 1 hour at room temperature. Fluorescence is measured
by reading plates on the Envision Multilabel Plate reader (Perkin Elmer,
Waltham, MA, USA) using an excitation wavelength of 680 nm and an

20 emission wavelength of 520 nm. Decrease in fluorescence signal indicates that
the binding of biotinylated human DIl4 to the human Notch1/Fc receptor is

blocked by the VHH expressed in the periplasmic extract.

Alternatively, CHO-hDII4 and CHO-mDII4 cells are used in a human Notch1/Fc¢
FMAT (Fluorometric Microvolume Assay Technology) competition assay.

25 Recombinant human Notch1/Fc chimera (R&D Systems, Minneapolis, MN,
USA) is randomly labeled with Alexa-647 (Invitrogen, Carlsbad, CA, USA). In
brief, 5 uL periplasmic material is added to 100 pM or 175 pM labeled human
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1. 6E+05 7.3E-05 0.5 130B03 2. 2E+05 6. 8E-05 0. 3 130F06 2. OE+05 8. OE- 05
0.4  antiDLL4 Fab 2.3E+05 3.4E-04 1.5 rhDLL4 rnDLL4 VHH I D ka

(M 1s-1) womﬁm}sm p (nM ka (M1s-1) kd (s-1) 1((nOn) PELEAE06LYS 2. SE+05
4. 0E-03 16.0

Notch1/Fc together with 7,500 CHO-hDII4 or CHO-mDII4 overexpressing cells,
respectively, and readout is performed after 2 hours of incubation. To set the
no-competition baseline, at least 30 replicates of cells with human
Notch1/Fc~Alexa647 are included and the percentage of inhibition is

5 calculated from this baseline. All calculations are based on the FL1_total signal
which comprises the average of the fluorescence per well times the number of

counts per well.

From this screening, inhibiting VHHs are selected and sequenced. Sequence

analysis revealed 166 unique VHHs belonging to 40 different B-cell lineages.
10 The total number of variants found for each B-cell lineage is depicted in

Table 3. An overview of periplasmic screening data is given in Table 4. The

amino acid sequences of unique VHHSs selected for further characterization

are shown in the Sequence Listing (SEQ ID NOs: 4 - 20) and in Table 5 (CDRs

and framework regions are indicated).

15 Table 3: Selection parameters used for the identification of DLL4-specific VHH

B-cell lineages

E;Zfll;e VHHID iariants library ;sﬁfl::n Ell::;g(fn :‘f)llflclt(;(sm
1 DLLBIISA09 31 231 rhDLLA4 (3 nM) trypsin 1
2 DLLBII5SBI11 1 231 rhDLLA4 (3 nM) trypsin 1
RI: biot-rhDLL4 (3 nM)
3 DLLBII7B0S 21 231 RII: biot-rhDLL4 (0.03 trypsin 2
nM)
4 DLLBII6B11 13 231 biot-rhDLLA (3 M) trypsin 1
RI: biot-rhDLL4 (3 nM .
5 DLLBISCI1 |5 231 RH:bb‘i’o DLL 4( G HN}) trypsin | 2
6 DLLBIII9DI10 1 231 biot-rhDLLA (3 nM) trypsin 1
7 DLLBII33C05 2 231 CHO-hDLL4 (2E6/mL) | trypsin 1
8 DLLBII28B06 2 231 rmDLL4 (0.5 ug/mL) trypsin 1
9 DLLBII17G10 1 231 biot-rhDLLA (3 nM) trypsin 1
10 DLLBII17C01 8 231 biot-rhDLLA (3 nM) trypsin 1
11 DLLBII19F04 1 231 biot-rhDLLA (3 nM) trypsin 1
12 DLLBII17F10 1 231 biot-rhDLLA (3 nM) trypsin 1
13 DLLBII17B03 5 231 biot-rhDLLA (3 nM) trypsin 1
14 DLLBIII9F12 2 231 biot-rhDLLA (3 nM) trypsin 1
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1. 7E+05 9. 1E-03 53. 0 133A09 4.4E+05 9.0E-04 2.1 3.5E+05 2. 7E-03 7.8 133105
5.9E+05 4. 7E-04 0.8 4. 7E+05 1.6E-03 3.4 136007 6. 2E+05 3.9E-04 0.6 5. OE+05
1. 3E- 03 2w6 2011%34376E+05 4. 7E-04 1.0 3. 5E+05 1. 5E- 03 4. 3 pamturDiibAcdcah
2.3E+05 3.4E-04 1.5 Tabl e 20: EC50 (nM values of affinity-mtured VHHs
for binding on CHOhDLL4, CHO nDLL4 and CHO cDLL4 (FACS) hDLL4

RI: biot-rhDLL4 (3 nM) | rhNotchl

15 | DLLBIM2BO7 ) 1 21| RIE biot-hDLL4 (3 nM) | /Fe 2
RI: biot-rhDLL4 (3 nM) | rhNotchl

16 DLLBI47DO1 | 1 230 | Bl biorthDLLA (3 M) | Fe 2
RT: CHO-mDLL4
(2E6/mL) rhNotchl

17 DLLBIIS6A09 | 15 230 | e O DLLA e 2
(2E6/mL)
RT; CHO-mDLL4
(2E6/mL) .

18 DLLBII95FO02 5 230 RII: CHO-mDLLA trypsin 2
(2E6/mL)
RT; CHO-mDLL4
(2E6/mL) .

19 DLLBII96C03 | 20 20 | B CHOMMDLLA wypsin | 2
(2E6/mL)
gﬁg/gl%_mDLL‘t rhNotch1
) /Fe

20 DLLBIII04GO1 | 1 230 | RIF CHO-mDLL4 [RI-RI) |3
(2E6/mL) P
RIIL: biot-rhDLLA (Ryﬁ%n
(+rhDLLA)
gﬁgﬁ%ﬂml‘l“t rhNotch1
) /Fe

21 DLLBIII02FO8 | 3 230 | RIL CHO-mDLLA (RI-RIN) |3
(2E6/mL) P
RIIL: biot-thDLL4 (0.01 | 3P
M) (RII)
RT: CHO-mDLL4
(2E6/mL) .

22 DLLBII12A03 | 1 209 | i CHOMMDLLA wypsin | 2
(2E6/mL)
gﬁgﬁ%ﬂml‘l“t rhNotch1
) /F¢

23 DLLBIT102G04 | 2 230 g{é&lﬁlngLm (RI-RIT) | 3
RITE: biot-thDLL4 (0.01 | T3PS
nM) (RIIT)
gﬁgﬁ%ﬂnDLL‘t rhNotch1
) /F¢

24 DLLBIII01GOS | 1 230 | RIF CHO-mDLL4 (RI-RIN) |3
(2E6/mL) P
RIIL biot-rhDLL4 (0.1 | P
nM) (RIIT)
RT: CHO-mDLL4
(2E6/mL) .

25 DLLBII12A04 | 1 209 | i CHOMMDLLA wypsin | 2
(2E6/mL)

75



nDLL4 cDLL4 VHH I D EC50 (nM EC50 (nM EC50 (nM 101 Q08(wt) 17.5 11.2
129B05 9.7 3.9 3.9 129008 9.6 3.7 3.8 129E11 1.4 4.1 4.2 anti-DLL4 Fab 5.6
2.1 2.5 wohblilos93vDLL4 cDLL4 VHH I D EC50 (nM EC50 (nM PECER2¢10/M4695
115A05(wt) 11.3 13.8 133A09 7.2

RI: CHO-mDLL4
(2E6/mL) fgfowhl
26 | DLLBINIOIH09 | 1 230 | RILCHO-mDLLA (RIRID) | 3
(2E6/mL) i
RIII: biot-thDLL4 (0.1 (Rny)
nM)
RI: CHO-mDLL4 rhNotch1
(2E6/mL) /Fe
27 DLLBIIIO1HOS | 1 230 | RIL CHO-mDLL4 (RI-RI) |3
(2E6/mL) trypsin
RIIL: biot-rhDLL4 (1 nM)| (RIII)
RI: CHO-mDLL4
(2E6/mL) .
28 DLLBII12B07 | 1 209 | B CHOAMDLLA trypsin | 2
(2E6/mL)
RI: CHO-mDLL4 rhNotch1
(2E6/mL) /Fe
29 DLLBIIO1FO1 | 1 230 | RIL CHO-mDLL4 (RI-RI) |3
(2E6/mL) trypsin
RIIL biot-rhDLL4 (1 nM)| (RIII)
RI: CHO-mDLL4
(2E6/mL) fgfowhl
30 | DLLBII04AO3 | 1 230 | RILCHO-mDLLA (RIRI) | 3
(2E6/mL) i
RIIL: biot-thDLL4 (1 nM) (Rny)
+ thDLLA
RI: CHO-mDLL4
(2E6/mL) fgfowhl
31 DLLBII104C04 | 1 250 | Rl CHO-nDLLA (RIRID |3
(2E6/mL) i
RIIL: biot-thDLL4 (1 nM) (Rny)
+ thDLLA
RI: CHO-mDLL4
(2E6/mL) fgfowhl
32 | DLLBIN04BOS | 1 230 g{éﬁfngLu (RIRID) | 3
RIIL: biot-rhDLLA (1 nM) ?Ryﬁ%“
+ thDLLA
RI: CHO-mDLL4
(2E6/mL) rhNotchl
33 DLLBII07C03 | 1 208 BIL CHOmDLLA Fo 2
(2E6/mL)
RI: biot-rhDLL4 (3 nM) | rhNotchl
34 DLLBIISSAIl | 4 260 | RIL biotrmDLLA (3 M) | /Fe 2
RI: HBK293H-hDLL4
(2E6/mL) .
35 DLLBII61F05 1 260 RII: HEK293H-hDLLA trypsin 2
(2E6/mL)
RI: HBK293H-hDLL4
(2E6/mL) .
36 DLLBII61F07 1 260 RII: HEK293H-hDLL4 trypsin 2
(2E6/mL)
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1.7 2.3 133Q05 8.5 2.8 2.7 136007 10.9 8.3 3.5 015 14.8 7.0 5.1 anti-DLL4
Fab 5.6 2.1 2.5 Table 21: 1C50 (nM values of affinity-matured VHHs in
DLL4- nediwbediwvsprnt er assay VHH I D 1050 (nM 101G08 ( WL TAEP4@0028BO5 60
129D08 77 129E11 98 DLL4 Fab 16 VHH ID 1050 (nM 115A05 (w) 1340 133A09
87 133CQ05 104 133H05

RI: HEK293H-hDLL4
(2E6/mL) .
37 DLLBII62C11 | 1 260 RIL: HEK293HomDLL4 | TP | 2
(2E6/mL)
RI: CHO-mDLL4 rhNotch1
(2E6/mL) /Fe
RII: CHO-mDLL4 (RI-RII)
38 DLLBII115A05 | 1 230 (2E6/mL) trypsin | 4
RIIT: biot-rhDLL4 (1 nM)| (RIID)
RIV:CHO-mDLILA trypsin
(2E6/mL) (RIV)
RI: CHO-mDLL4
(2E6/mL) DLL4
39 DLLBII83GO1 | 4 284 RI: CHO.LDLLA 1¢G 2
(2E6/mL)
RI: CHO-hDLL4
(2E6/mL) DLL4
40 DLLBIISOEOS | 1 283 RI: CHO.LDLLA 1¢G 2
(2E6/mL)
Table 4:
Screening of periplasmic extracts containing expressed anti-DLL4 VHH
. # unique .
B-cell Representative Alpha Biacore
lincage | VHH ID :equence ELISA Screen FMAT | FMAT |
hDLL4 | hDLL4 | hDLL4 | mDLL4
% % % % ke (s
inh inh inh inh
(1 DEU3_
1 DLLBIISA09 31 96 - - - 0
2.45%
2 DLLBIISB11 1 98 - - - -
3 DLLBII7B05 21 84 - - - (2.45%)
(9 4E0
4 DLLBII6B11 13 98 - - - 3 '7E_04)
(7 3E-04_
5 DLLBIISC11 5 57 - - - 6.0°%
DLLBIII9D10 |1 98 85 - - 1.35%
9.2"™
7 DLLBII33C05 |2 86 75 - - (0.15%
7 5E—03
8 DLLBII28B06 | 2 23 54 - - ( ] 6504
9 DLLBIII7G10 | 1 93 82 - - 1.55%
567"
10 DLLBII17C01 8 82 84 - - (3.65"-
5 3E-04)
11 DLLBIT19F04 1 98 95 - - 1.15%
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25 133H07 35 134D10 18 136007 226 015 18 DLL4 Fab 16 Table 22:
Characteristics of affinity-matured VHHs derived from DLLB11101®&8 and
DLLBI 1115%02011/03847h SA FM AT hDL L4 2 i- an ii_< E _1 FARCTEPEAGO&GIPAC S ELI
SA ELI SA KD (nM) nD LL4 1050 (nM) 1050 (nM ) 1050 (nM EO50 (nM

1.1IF%
12 DLLBII1 7F10 1 98 88 - - 3 {F00)
1. E-03 /
13 DLLBII1 7B03 5 76 77 - - 5 JEM W
495
14 DLLBII19F12 2 98 98 - - (1.0°%)
15 DLLBI42B07 1 - - - - -
16 DLLBIK47D01 1 - - 87 - -
1 ] 1 E-03
17 DLLBIIS6A09 | 15 - - - - (9.55%.
].]E-OS)
18 DLLBII95F02 5 - - 81 71 6.75%
19 DLLBIIY6CO3 20 - - 75 83 -
1 .2E-U3
20 DLLBII104G01 | 1 - - 94 86 (1.45%-
9.4E-04)
21 DLLBITI02F08 | 3 - - 85 75 -
22 DLLBIII12A03 |1 - - 72 97 -
23 DLLBIT102G04 | 2 - - 86 82 -
24 DLLBII101G08 |1 - - 91 92 2,158
25 DLLBIII12A04 |1 - - 75 90 -
26 DLLBIIIOTHO9 |1 - - 87 75 -
27 DLLBIIIOTHO5 |1 - - 85 83 -
28 DLLBIII12E07 |1 - - 80 85 -
29 DLLBIIIOIFO1 |1 - - 85 78 2,050
30 DLLBITI04A03 | 1 - - 86 83 -
31 DLLBII04C04 | 1 - - 87 83 1.05%
32 DLLBIII04B05 | 1 - - 86 78 -
33 DLLBITI07C03 |1 - - 75 80 -
1650
34 DLLBII58A1l | 4 - - 95 73 (1.75°%-
7 6E-03)
35 DLLBII61F05 1 - - 74 76 -
36 DLLBII6 1 FO7 1 - - 79 77 -
37 DLLBII62C11 1 - - 74 71 -
38 DLLBII115A05 |1 - - 74 84 3,180
39 DLLBII83GO1 4 - - 87 93 418"
40 DLLBIISOEOS 1 - - 71 82 -

@if multiple unique variants within a B-cell lineage are identified, the range (max-min) in

off-rate or the off-rate of a lineage member is given between brackets in italics).

®heterogeneous fit: fast and slow off-rate determined.
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PCT/EP2010/064695

130B0 3 0.3 1.5

SSALADLODODH A UVYDXAAYYAH OMALA SAM | SHXAN SALADY 8T
OMSOSD | SMTOIWOTATL | YAXINS | ZTOMOAVOIAM YADSTITSOD40 11029
NMYNOISIIAY | DAdSIA ATOODSHNTOAL I1971d
SSALADLODOL XHIDY I¥DAXAYIAA OMASA SId | 9IVYXA darLdos LT
OYYIOd | dMISNWOTAAL | YAXIID | HAAMOIVOIAM YYOSTITSOD40 80H9
NMYNQISIIAT | 9SSSID ATODODSHATOAT | GII9T1d
SSALADILODOHM XHIDY I¥DAXAYIAA OMASA SI9 | DIVAA darLdos 91
OYYIOd | dMISNWOTAAL | YAXIIS | HAdAMOIVOIAM YIDSTITSO940 70299
NMYSAISIIAT | 9SSSID ATOODSHATOAL I1971d
SSALADLODOL XHIDY I¥DAXAYIAA OMASA SID | DIVAA daldos g1
OYYIDd | dMISNWOTAAL | YAXIID | AdMMOIVOIAM YYOSTITSOD40 60¥95
NMYNQISIIAT | 9SSSID ATOODSHATOAL I1971d
SSALADLODOL XHIDY I¥DAXAYIAA OMASA SI9 | 9IVXA darLdos P
OYYIOd | dMISNWOTAAL | YAXIID | HAAMOIVOIAM YYOSTITSOD40 Z214dss
NMYNQISIIAT | 9SSSID ATOODSHATOAL I1971d
SSAIADOLDOOM SoHA SADXAAVYAH OMAS YAT | YWYXAL SALSOS €1
OISJIHA | AMTISNWOTISAL | HYAHIS | TIOMOAVOIAM YYOSTITSOEAYO v0d6T
NMYAQISIIAY | 9TASID ATOODSHATOAL I1971d
SSALADLODDM X YYIAAAVIAH OMAAQ SAM | SWAXS 94LADS A
AXHAYD | AMTISNWOTXTL | YAXILSD | HdDNODISTIAM YYOSTITSOD40 GOYSTT
MXAO0Y | NMYNQISIIAE | D9OSNIS ATOODSHATOAL I1971d

YIIXIA
SSALADILODOHM XD I¥DAXAYIAA OMASA SAD | DIVXA darLdos 1T
AISIAM | AMTSNWOTAAL | YAXLSD | BIEMOIVOIAM YYISTITSOOV0 TODF0T
SSAOMY | NMYNASSILAY | dSSSID ATOODSHATOAL I1971d
SSAIADOLDOOM Xa NVOAXAVIAH 90ASA YAd | YIWYAS SALIDS 0T
XHAIOT | AMISNWOTAAL | YXAYID | IIAMOHIVOIAM YYISTITSOOV0 809T0T
YIAYYY | NMYNQISILAY | OSMIIVY ATOODSHATOAL I1971d

0.81.27.811.09.6 3.7 3.8 nbnb 129E1 1 0.5 1.2 1.3 8.1 12.3 10.4 4.1
WO 2011/039370

4.2 nb nb 129H0 7 0.5 1.0
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1, W-< O KD (nM) nD LL4 1050 (nM 1050 (nM) EC5 (nM) EC50 (nM
EC50 (nM hD LL1 hJ ag -1 115A05 16.0 53.0 7.5 106.7 348.9 11.3 NF 13.8 nb
nb 133A05wW0 28111039370 PCT/EP2010/064695

Example 5
Characterization of purified anti-DIl4 VHHs

Inhibitory anti-DIl4 VHHs selected from the screening described in Example 4
are further purified and characterized. Selected VHHs are expressed in E. coli
TG1 as c-myc, His6-tagged proteins. Expression is induced by addition of

1 mM IPTG and allowed to continue for 4 hours at 37°C. After spinning the cell
cultures, periplasmic extracts are prepared by freeze-thawing the pellets.
These extracts are used as starting material and VHHs are purified via IMAC
and size exclusion chromatography (SEC) resulting in 95% purity as assessed
via SDS-PAGE.

5.1. Evaluation of DIl4 blocking VHHSs in ELISA

The blocking capacity of the VHHs is evaluated in a human DIl4 — human
Notch1/Fc blocking ELISA. In brief, 1 pg/mL of human Notch1/Fc chimera
(R&D Systems, Minneapolis, MN, USA) is coated in a 96-well MaxiSorp plate
(Nunc, Wiesbaden, Germany). A fixed concentration of 15 nM biotinylated
human DIl4 is preincubated with a dilution series of the VHH for 1 hour, after
which the mixture is incubated on the coated Notch1 receptor for an additional
hour. Residual binding of biotinylated human DII4 is detected using
horseradish peroxidase (HRP) conjugated extravidin (Sigma, St. Louis, MO,
USA) (Figure 3). Human DII4 is biotinylated as described above. The ICs
values for VHHs blocking the human DIl4 — human Notch1/Fc interaction are
depicted in Table 6.
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133A09 2.1 7.8 1.5 6.6 18.6 7.2 1.7 2.3 nb nb 133Q&05 0.8 3.4 2.0 5.9 12.0
8.5 2.8 2.7 nb nb 134D10 1.3 136007 0.6 2.6 1.4 8.0
WO 2011/039370 PCT/EP2010/064695

Table 6: IC5 (nM) values for VHHs in hDLL4/hNotch1-Fc competition ELISA

VHH ID IC5 (NM)
6B11 15
55D12 12.3
56A09 49
56C04 33.9
56H08 6.9
57C11 17.3
62C11 72.0
96C03 38.4
101G08 95
104G01 1.1
115A05 9.1
antiDLL4 Fab 0.7

5.2. Evaluation of DIl4-blocking VHHs in AlphaScreen

In brief, 1 nM biotinylated human DII4 is captured on streptavidin-coated donor
beads (20 ug/mL), while 0.4 nM of the receptor human Notch1 (as a Fc¢ fusion
protein) is captured on anti-human Fc VHH-coated acceptor beads (20 pg/mL).
Both loaded beads are incubated together with a dilution range of the
competing VHH (Figure 4). The ICsy values for VHHs blocking the human Dll4
— human Notch1/Fc interaction are depicted in Table 7.

Table 7: ICs, (nM) values for VHHs in hDLL4/hNotch1 competition

AlphaScreen
VHH ID IC50 (NM)
5B11 0.7
6B11 0.3
7A02 0.4
7B05 1.1
8A09 0.4
8C11 07®
19F04 0.05@
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31.2 10.9 8.3 3.5 nbnb 015 1.0 4.3 0.9 5.7 21.2 14.8 7.0 5.1 nb nb DLL4
Fab 1.5 1.2 3.4 1.65.6 2.1 2.5 nb: no bi ndi ng Exanpl e 8 Sequence

opt i m zatworonfo3vddbl DLLBI | 129B05 and DLLBI |1 136C07 The amcmEpracio@désesuence
of DLLBII129B05 (Figure 17-A) and DLLBII136C07 (Figure 17-B) is aligned to
t he human gernline VH3/JH consensus sequence. Residues are nunbered
according to Kabat, CDRs are shown in grey according to AbM definition
(Oxford Mol ecular's AbM anti body nodel |l i ng software). Residues to be
nutated to their human counterpart are underlined. The alignnment shows that
DLLBI I 129B05 contains 4 framework nutations relative to the reference

germ i ne sequence. Non-hunman residues at positions 14, 64, 83 and 108 are
sel ected for substitution wth thei i

> 3 ne counterparts. A set of
2 DLLBII129B05 variants (DLLBI1(§6A“ﬁd B 'ZI1018) carrying different
conbi nati ons of human resi dues c56¢d¥se pJ;it.on“ is constructed and
produced (Exanple 6; AA sequence HisFed—+n—TJabl e 23). For
DLLBI 1 136C07, the VHH contains Eﬁ %%emnwignutations relative to the

1 n vrinefFAninc 1 1

108 are selected Tor SUbSttutl qeo L tFEkl-hamdn bern i ne. counterparts. A
set of 4 DLLBII136C07 variants (ﬂﬂp .ipif? DLLE!!CQO, DLLBI | 21, DLLBIICﬁZ)
is generated carrying different iifatj@as of Human residues at these
positions (Exanple 6; AA sequenceflaretHisted—inTable 24). In parallel, a

potential Asg deapiggtion site at position N52-S52a (CDR2 region, see
Figure 17-B bd&RBE PBO[Yues) is renoved by introducing a N52S nutation. In a
second cycle, tolerated nutations fromthe hunmani zation effort and the N52S
substitution are conbined, resulting in sequence-optim zed vari ant

DLLBI | 036. Pg@y-' L, 5 2 [Waa) i i I IS
constructedc?§% u ”%gpgﬁﬁggﬁﬁﬁﬁ?g?fgghyﬁhégg%¥ﬁ&ﬁ?2&u?@&éﬁ@ﬂﬁgﬁgrincrease

t he pot ency wbuBk DBHIekpaBedion tha€HDIcé/sredi at ed reporter assay (Table 21
Figure 16). Sequences of both sequence-optim zed variants of DLLBII136C07
are | isted | nd gRlcRingaphbhy bIRBS/MAS P8I THM ARSI RRUSS DR T ed
protein in the CHEhE%LEIﬂ&%CthFC an C}KgnDLL4?hhbtchl-Fc gonpetitive
FMAT assay (lewaapiNotehFc Taimpetihg FMAJuassaygligutend) @3 putlinedirat ed reporter

assay (exanple.5.4; bl e 27.. Fl gur h L4 HUVEC proliferation
nasay (exanpreBnie 13 Ssotiuey BVHET Rosk iy lp kb o binkbrs nat f on
(exanpl e 5. 7NofbablRe t3Humahdelt noasa Dy expresseelohi CigOteMperatepietddlin) of each
clone is detfraiggd in a thermal shift assay, which is based on the

i ncrease in t#U6Cescence signal upon incorporation of Sypro Orange
(I'nvitrogen) (Ericsson et al, Anal. Biochem 357 (2006), pp289-298). Al

vari ant s di spableed (Mean) K5, Valueg ghMe sf pirdfiedC\dHplamdatkirg thieentesaactionadf

OLLBIT 129803, e Notd 1/RE TS RLmER Br mousa bl SkorBEbe SR CHA 83 (AT

hDLL4 mDLL4
VHH ID ICs50 (NM) ICs (nM)
6B11 8.9 -

8A09 55 -

19F04 33.0 -

55D12 39.1 41.0
56A09 10.6 15.0
56C04 28.7 496
56H08 22.0 337
57C11 53.9 495
62C11 172.2 106.3
96C03 160.8 28.8
101G08 246 921
104G01 25 -
115A05 22.0 43.0
antiDLL4 Fab 5.4 2.3
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Tabl e 23: Sequence | Ds and AA sequences of nobnoval ent sequence-optim zed
anti-DLL4 VHHs of parental DLLBII129B05 (FR, framework; CDR, conpl enentary
det er m niwQ 20mgi3e37) VHH I D SEQ I D NO FR1 CDR1 FR2 CDR2 PRI/EBRRS/066d45 EVQLV
SYAM WRQ Al RW5 RFTI S RAPDTRLA WGQGT ESGGG A APGK GGTAY RDNAK PYEYDH
LVTVS DLLS | | LVQPG EREY YADSV NTVYL S 017 GSLRL VA QG QWSL 34

5.4. Evaluation of Dll4-blocking VHHSs in reporter assay

To evaluate the potency of the selected VHHS, a reporter assay is set up
which is based on the y-secretase mediated cleavage of Notch1 and release of
the intracellular domain of Notch1 (NICD) upon stimulation with DIl4. The
Notch1-GAL4/VP16 construct is cotransfected with the
pGL4.31[Luc2P/Gal4dUAS/Hygro] reporter plasmid in HEK cells resulting in a
transient expression of the fusion protein. These transiently transfected cells
are stimulated for 24 hours by co-culture with a HEK293-hDII4 stable cell line.
Forty-eight hours post-transfection, the readout is performed. The VHHs are
preincubated with the HEK293-hDIl4 cells 1 hour before the start of the co-
culture and are included during the co-culture (Figure 6). The ICsy values of the
VHHs for blocking the DIll4-mediated cleavage of Notch1 and subsequent
translocation of its NICD to the nucleus of the receptor cell are depicted in
Table 9.

Table 9: (Mean) ICs values (nM) of purified VHHs in a DLL4/Notch1 reporter

assay
VHH ID ICs
56A09 540
62C11 4663
96C03 5156
101G08 2760
104 GO1 964
115A05 1740
anti-DLL4 Fab 133

5.5. Epitope binning

In order to determine whether VHHs can bind simultaneously to DIl4 when e.g.
a benchmark antibody is bound, epitope binning experiments are carried out
(via Surface Plasmon Resonance (SPR) on a Biacore T100 instrument). Anti-

Dll4 Fab fragment is irreversibly immobilized on the reference and on the
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active flow cell of a CM5 sensor chip. For each sample (cycle), human DIl4 is
injected on the active and reference flow cell and reversibly captured by anti-
Dll4 Fab. Additional binding of VHHs is evaluated by injection over the
immobilized surface. All VHHs and anti-Dll4 Fab are injected at 100 nM with a
surface contact time of 120 seconds and a flow rate of 10 uL/minute. Surface
is regenerated using 10 mM glycine (pH1.5). Processed curves are evaluated
with Biacore T100 Evaluation software. Table 10-A represents the sequential
injection/regeneration path of analysed VHHs and controls. VHHs
DLLBII5S6A09 (SEQ ID NO:15), DLLBII96CO03 (SEQ ID NO:19), DLLBII101G08
(SEQ ID NO: 10) and DLLBII115A05 (SEQ ID NO: 112) are shown not to
additionally bind to human DII4 captured by DIl4 Fab. Injection of DIl4 Fab also
failed to additionally bind human DIl4 indicating that all epitopes are saturated.
Therefore, it can be concluded that these VHHSs recognize an epitope
overlapping with DIl4 Fab for binding human DIl4. Human-only VHHs
DLLBII6B11 (SEQ ID NO:5) and DLLBII104G01 (SEQ ID NO:11) show
additional binding on DIl4 Fab captured human DIl4, indicating that these
VHHs that are specific for human DIl4 recognize a different epitope than the

human/mouse cross-reactive VHHs.

Table 10-A: Epitope-binning of anti-DLL4 VHHs — simultaneous binding with

DLL4 Fab
Injection Binding/ [sample ] Binding level
step Regeneration (RU)
1 hDLL4 100 nM 1727
2 DLL4 Fab 100 nM no binding
3 59A9 100 nM no binding
4 6B11 100 nM 405
5 Glycine pH1.5 10 mM 90
6 hDLL4 100 nM 1349
7 104G1 100 nM 276
8 Glycine pH1.5 10 mM 87
9 hDLL4 100 nM 1336
10 Glycine pH1.5 10 mM 70
11 hDLL4 100 nM 1333
12 96C3 100 nM no binding
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EREY YADSV NTVYL S 018 GSLRL VA KG QWSL 35 SCAAS RPEDT GRTFS
AVYYC AN Tabl e 24: Sequence | Ds and AA sequences of nonoval ent
sequence-wpthmi@esfoant i - DLL4 VHHs of parental DLLBI | 136€@0T/Rpeyioloessd ( FR,
framewor k, CDR, conplenentary determning region) VHH ID SEQ I D NO FRL CDR1

13 101G8 100 nM no binding
14 115A05 100 nM no binding
15 Glycine pH1.5 10 mM 70

5.6. Epitope mapping using DIl4 deletion mutants

Binding of the VHHSs to these DIl4 mutants is assessed in Biacore. In brief,
VHHs DLLBII101G08 (SEQ ID NO:10) and DLLBII115A5 (SEQ ID NO:12) are
coated on a CM4 Sensorchip and 200 nM of each deletion mutant is injected
across the chip. Binding is qualitatively assessed. No binding of DLLBII56A09
(SEQ ID NO:15), DLLBII101G08 (SEQ ID NO: 10) and DLLBII115A05 (SEQ ID
NO: 12) is observed to human and mouse DIl4 mutants hDIl4.1 and mDII4.8,
respectively, lacking EGF-like 2 domain (Table 10-B). Indirect evidence using
a hDIl4/DIl4 1gG competitive ELISA already pointed to this observation. In brief,
1 pg/mL of DIi4 1gG is coated in a 96-well MaxiSorp plate (Nunc, Wiesbaden,
Germany). A fixed concentration of 6 nM biotinylated human DIl4 is
preincubated with a dilution series of the VHH for 1 hour, after which the
mixture is incubated on the coated IgG for an additional hour. Residual binding
of biotinylated human DIl4 is detected using horseradish peroxidase
conjugated extravidin (Sigma, St. Louis, MO, USA) (data not shown). Human
Dll4 is biotinylated as described above. It is known from patent literature that
the monoclonal anti-Dll4 19G (Genentech, US 2008/0014196A1) binds to an
epitope within the EGF-like 2 domain of DIl4.
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FR2 CDR2 FR3 CDR3 FR4 DLLS | | 019 36 EVQLV ESGGEG LVQPG GSLRL SCAAS G-FTFG
SY DM5 WRRS PGKGP EWS S | NSG GGSTY YADYV KG cr)EH U EH Z 14 Z 41 >, Z 0 4
P. 0 DRYI WhB 20GEH8YEA YEYDY WGQGTLY T VS S DLLS | | 020 3PCENMBRMoB&6e5 LVOPG
GSLRL SCAAS GFTFG SY DVB WRQS PGKGP EWS S | NSG GGSTY YADYV KG cr) EH U EH
Z 14 Z 41 > a a z a a 4 4 DRYI WAR QGEYWGA YEYDY WGQGTLV TVS S DLLS | | 021
38 EVQLV ESGEG LVQPG GSLRL SCAAS GFTFG SY DV W/RRA PGKGP EWS S | NSG GGSTY
YADYV KG cr)EHU EH Z 14 Z 41 >, a a z a a 4 P.0 DRYlI WAR QGEYWGA YEYDY

WGQGTLV TVS S

Table 10-B: Epitope mapping of anti-DLL4 VHHs — binding to DLL4 deletion

mutants
DLLBII56A9 DLLBII101G8 DLLBII115A5
sample ?R"Cj‘;""g kd (1/s) ?R"a‘;""g Kd (1/s) ?R"Cj‘;""g kd (1/s)
hDLL4 281 9.5E-04 | 373 2.0E-03 324 3.5E-03
mDLL4 389 1.9E-03 | 502 6.0E-03 344 6.5E-03
no e no
hDLL4.1 binding no binding binding
hDLL4.3 125 7.4E-04 | 198 4.65E-03 137 3.5E-03
hDLL4.5 143 1.2E-03 | 266 2.19E-03 162 4.2E-03
hDLL4.6 136 1.1E-03 | 229 2.20E-03 152 4.1E-03
no . no
mDLL4.8 binding no binding binding
mDLL4.10 | 141 1.1E-03 | 189 5.14E-03 121 3.8E-03
mDLL4.11 | 132 1.6E-03 | 210 6.16E-03 121 6.6E-03
mDLL4.12 | 161 1.3E-03 | 244 4.52E-03 152 3.1E-03

5.7. Determining the affinity of the hDIl4 — VHH interaction

Kinetic analysis to determine the affinity of the DIl4 — VHH interaction is
performed by Surface Plasmon Resonance (SPR) on a Biacore T100
instrument. Recombinant human DIl4 is immobilized onto a CM5 chip via
amine coupling using EDC and NHS) or biotinylated human DIl4 is captured on
a SA chip (streptavidin surface). Purified VHHs or Fab fragment are injected
for 2 minutes at different concentrations (between 10 and 300 nM) and allowed
to dissociate for 20 min at a flow rate of 45 pl/min. Between sample injections,
the surfaces are regenerated with 10 mM glycine pH1.5 and 100 mM HCI.
HBS-N (Hepes buffer pH7.4) is used as running buffer. If possible, data are
evaluated by fitting a 1:1 interaction model (Langmuir binding) onto the binding
curves. The affinity constant Kp is calculated from resulting association and
dissociation rate constants (ka) and (kq). The affinities of the anti-Dll4 VHHs are
depicted in Table 11.
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DLLBIl 022 39 EVQLV ESGGG LVQPG GSLRL SCAAS GFTFG SY DV W/RQA PGKGP EWS S
| NSG GGSTY YADYV KGcr)EHU EH Z 14 Z 41 > a a z a a 4 4 DRYI WAR QGEYWGA
YEYDY WCQEOLWiie®78 Tabl e 25: Sequence | Ds and AA sequenTEP20M006468% ent
sequence-optim zed anti-DLL4 VHHs of parental DLLBII136C07 (cycle 2) (FR
framewor k; CDR, conplenentary determning region) VHH ID SEQ I D NO FR1 CDR1
FR2 CDR2 FR3 CDR3 FR4 EVQLV SY DMS WRRA S | S SG DRYI WAR WBQG ESGGG
PGKGP GGSTY QGEYWGA TLVT DLLBI | LVQPG EWS

Table 11: Affinity Kp (nM) of purified VHHSs for recombinant human DLL4

rhDLL4

VHH ID ka (M".s™) ka(sT) Ko (nM)
56A09 1.7E+05 9.3E-04 5.6
56C04 11E+05 4.9E-03 45
56H08 1.2E+05 1.1E-03 94
62C11 1 2E+06 1.3E-01 120
96C03 1.6E+05 4 8E-02 310
101G08 4 3E+04 2 2E-03 52
104G01 @ 1 2E+05 - 1.5E+05 3E-03 — 6E-04 424
115A05 1.5E+05 3.9E-03 25
antiDLL4 Fab 2.3E+05 3.4E-04 15

@ heterogeneous binding curve resulting in no 1:1 fit

5.8. Binding to orthologues (mDIl4, cDIl4) and family members (hJagged-1,
hDLL1)

In order to determine cross-reactivity to mouse DIl4 a binding ELISA is
performed. In brief, recombinant mouse DIl4 (R&D Systems, Minneapolis, MS,
USA) is coated overnight at 4°C at 1 pg/mL in a 96-well MaxiSorp plate (Nunc,
Wiesbaden, Germany). Wells are blocked with a casein solution (1% in PBS).
VHHs are applied as dilution series and binding is detected using a mouse
anti-myc (Roche) and an anti-mouse-AP conjugate (Sigma, St Louis, MO,
USA) (Figure 7). As reference, binding to human DIl4 is measured. ECs

values are summarized in Table 12.

89



YADYV YEYDY VSS 036 GSLRL
EVQ.V SY DMS WRRA S |
a a 4 4 DReI2WaR39370

KG14 D Z E O
SSGUEHUP Z 14 Z 41 >,

40 SCAAS
r=-1 C

G-TFG

PCT/EP2010/064695

Table 12: EC5sy (nM) values for VHHs in a recombinant human DLL4- and
mouse DLL4- binding ELISA

rhDLL4 rmDLL4
VHH ID ECs, (nM) ECs (nM)
5B11 1.8 -
6B11 14 -
7A02 1.4 -
7B05 7.2 -
8A09 0.9 -
8C11 1.1 -
17F10 0.9 -
19F04 0.9 0.8
55D12 13.1 30.0
56A09 3.6 6.3
56C04 443 244 .0
56H08 41 8.7
57C11 7.9 83.4
62C11 137.0 13.1
96C03 86.5 8.7
101G08 8.9 53.9
104G01 8.4 -
115A05 5.0 33.4
antiDLL4 Fab 3.0 3.0

In order to determine the cynomologus cross-reactivity of the VHHs, a FACS

binding experiment is performed. Cynomolgus DIl4 expressing HEK293 cells

(transient or stable transfection) are used for a titration binding experiment of

the VHHSs. After a 30 minutes incubation on ice, all samples are washed and

detection is performed by applying anti-c-myc~Alexa647 (Santa Cruz

Biotechnology, Santa Cruz, CA, USA). Human and mouse DII4 overexpressing

HEKZ293 cells are taken as reference. The mean MCF value is determined on

the FACS Array and used for calculation of the ECs value (see Figure 9).

Absence of binding to homologous ligands human DLL1 and human Jagged-1

is assessed via solid phase binding assay (ELISA). In brief, human DLL1
(Alexis, San Diego, CA, USA) and human Jagged-1 (Alexis, San Diego, CA,

EHE 04 > 4 a a z
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USA) are coated overnight at 4°C at 1 ug/mL in a 96-well MaxiSorp plate
(Nunc, Wiesbaden, Germany). Wells are blocked with a casein solution (1% in
PBS). VHHs are applied as dilution series and binding is detected using a
mouse anti-myc (Roche) and an anti-mouse-AP conjugate (Sigma, St. Louis,
MO, USA). All anti-Dll4 VHHs are considered as being non-cross reactive to

these homologous ligands (Figure 8).

5.9. Evaluation of anti-DIl4 VHHs in blocking Dill4-mediated HUVEC

proliferation

The potency of the selected VHHSs is evaluated in a proliferation assay, as
described by Ridgway et al., Nature. 2006 Dec 21; 444(7122):1083-7), in
modified form. In brief, 96-well tissue culture plates are coated with purified
Dll4-His (RnD Systems; C-terminal His-tagged human DIl4, amino acid 27-524,
0.75ml/well, 10 ng/ml) in coating buffer (PBS, 0.1% BSA). Wells are washed in
PBS before 4000 HUVEC cells/well are seeded in quadruplicate. Cell
proliferation is measured by [3H]-Thymidine incorporation on day 4. The
results, shown in Figure 15, demonstrate that the DLL4 VHHs DLLBII101GO08,
DLLBII104G01, DLLBII115A05, DLLBII56A09 and the DLL4 Fab inhibit the
DLL4-dependent effect on HUVEC proliferation in a dose-dependent manner,
the ICsp values are summarized in Table 13. The tested VHHs achieve

complete inhibition of the DLL4-dependent effect at 10uM.

Table 13: ICsp values obtained in the DLL4 proliferation assay

VHH/ Fab Fab | 56A9 | 104G1 | 101G8 | 115A5

ICs0 (NM) (experiment 1) [ 4.9 | 11.0 | 103 401 10002

ICs0 (NM) (experiment 2) [ 5.6 | 6.8 32 112 N.D.

n 2 2 2 2 1
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Tabl e 26: 1C50 (nM val ues of sequence-optimzed VHHs CHO hDLL4 and

CH O nDLL4 conpetition FMAT hDLL4 nDLL4 VHH ID I C50 (nM

| C50 (nM 129B05

8.2 15.9 WOBolA3437m/ d 018 11.0 15.4 DLL4 Fab 5.8 4.3 nkdJ/nrottodetses ni ned
hDLL4 nDLL4 VHH ID 1 C50 (nM 1C50 (nM 136007 11.4 50.8 019 3.0 n/d 020

44.6 n/d 021 2.1 n/d 022 95.4 n/d

Example 6

Affinity maturation of selected anti-DIl4 VHHs

VHHs DLLBII101G08 and DLLBII115A05 are subjected to two cycles of affinity

maturation.

In a first cycle, amino acid substitutions are introduced randomly in both

framework (FW) and complementary determining regions (CDR) using the

error-prone PCR method. Mutagenesis is performed in a two-round PCR-

based approach (Genemorph Il Random Mutagenesis kit obtained from
Stratagene, La Jolla, CA, USA) using 1 ng of the DLLBII101G08 or
DLLBIIT115A05 cDNA template, followed by a second error-prone PCR using

0.1 ng of product of round 1. After a polish step, PCR products are inserted via

unique restriction sites into a vector designed to facilitate phage display of the

VHH library. Consecutive rounds of in-solution selections are performed using

decreasing concentrations of biotinylated recombinant human DLL4 (biot-

rhDLL4) and trypsin elutions. Affinity-driven selections in a third round using

cold rhDLL4 (at least 100x excess over biot-rhDLL4) are also performed. No

selections on murine DLL4 are included as (conservation of) cross-reactivity is

assessed at the screening level. Individual mutants are produced as

recombinant protein using an expression vector derived from pUC119, which

contains the LacZ promoter, a resistance gene for ampicillin, a multiple cloning

site and an ompA leader sequence (pAX50). E. coli TG1 cells are transformed

with the expression vector library and plated on agar plates (LB + Amp + 2%

glucose). Single colonies are picked from the agar plates and grown in 1 mL

96-deep-well plates. VHH expression is induced by adding IPTG (1mM).

Periplasmic extracts (in a volume of ~ 80 uL) are prepared according to

standard methods and screened for binding to recombinant human and mouse
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036 9.7 44.7 039 6.2 43.8 DLL4 Fab 5.4 4.3 n/d, not determ ned Table 27:

| C50 (nM val ues of sequence-optim zed VHHs in DLL4-nedi ated reporter assay
hDLL4 VHRvORo11@B&B70nM) 129B05 108 017 126 018 136 DLL4 Pa/e23010/0bdobt 4 VHH
ID1C50 (nM 136007 112 019 n/d 020 n/d 021 n/d 022 n/d 036 78 039

Dli4 in a ProteOn (BioRad, Hercules, CA, USA) off-rate assay. In brief, a GLC
ProteOn Sensor chip is coated with recombinant human DII4 on the “ligand
channels” L2 and L4 (with L1/L3 as reference channel), while “ligand channels”
L3 and LG is coated with mouse DII4. Periplasmic extract of affinity-matured
clones is diluted 1/10 and injected across the “analyte channels” A1-A6. An
average off-rate is calculated of the wild type clones present in the plate and

served as a reference to calculate off-rate improvements.

In a second cycle, a combinatorial library is created by simultaneously
randomising the susceptible positions identified in cycle one. For this, the full
length DLLBII101G8 or DLLBIIT115A05 cDNA is synthesized by overlap PCR
using oligonucleotides degenerated (NNS) at the randomisation positions and
a rescue PCR is performed. The randomised VHH genes are inserted into a
phage display vector (pAX50) using specific restriction sites as described
above (Example 2). Preparation of periplasmic extracts of individual VHH

clones is performed as described before.

Screening for binding to recombinant human DIl4 in a ProteOn off-rate assay
identifies clones with up to 38-fold (DLLBI1101G08) and 11-fold
(DLLBIIT115A05) improved off-rates (Table 15).

Table 15: Off-rate screening of DLLBII101G08 and DLLBII115A05 affinity-

matured clones.

hDLL4 mDLL4

(5] fold K (s7) fold

DLLBII101G08 2 2E-03 1 6.7E-03 1

DLLBII129D08 5.9E-05 38 1.9E-04 35
DLLBII129H04 6.8E-05 33 2.5E-04 27
DLLBII129G10 7.3E-05 31 2.6E-04 26
DLLBII129H07 7.4E-05 30 2.5E-04 27
DLLBII129B02 7.6E-05 30 2.6E-04 26
DLLBII129E11 8.0E-05 28 2.5E-04 26
DLLBII130F06 6.5E-05 27 2.6E-04 19
DLLBII130B03 6.7E-05 27 2.4E-04 20
DLLBII129D01 8.5E-05 26 2.6E-04 26
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16 DLL4 Fab 24 n/d, not determ ned Table 28: 1C50 (nM val ues of
sequence-optim zed VHHs in DLL4-nedi ated HUVEC proliferation assay VHH I D

| G50 (nMwOI2nfdnpepdrnt i on 129B05 3.7 100 018 5.3 100 DLL4PEaEP4016/04405s VHH | D
lca, (nM Inhibition (%9 136007 14.5 100 036 7.6 100 039 14.4 100 DLL4 Fab
4.7 100 Table 29: Affinity of sequence-optim zed VHHs (Biacore) (for
reference, DLL4 Fab has an affinity of 1.5 nM VHH ID ka (M 1ls-1) kd (s-1)
KD (nM 129B05 3. 4E+05

DLLBIIM30D06 6.9E-05 26 3.1E-04 16
DLLBII129G09 8.8E-05 26 3.4E-04 20
DLLBIIM29B05 9.3E-05 24 3.4E-04 20
DLLBIIM30EQ03 7.5E-05 24 2.7E-04 18
DLLBII129H05 9.4E-05 24 3.5E-04 19
DLLBIIM30A05 7.5E-05 24 3.0E-04 17
DLLBIIM30B02 7.8E-05 23 2.9E-04 17
DLLBIIM29H02 9.9E-05 23 3.4E-04 19
DLLBII130B04 8.3E-05 22 2.9E-04 17
DLLBIIM29E07 1.1E-04 21 2.8E-04 24
DLLBIIN29E03 1.1E-04 20 3.6E-04 18
DLLBII129A03 1.2E-04 19 3.8E-04 18

The best variants of DLLBII101G08 and DLLBII115A05 variants are cloned
into expression vector pAX100 in frame with a C-terminal c-myc tag and a
(His)6 tag. Off-rates on recombinant mouse DIlI4 are also improved. VHHs are
produced in E. coli as His6-tagged proteins and purified by IMAC and SEC.
Sequences of VHHs selected for further characterization are represented in
Tables 16 (DLLBII101G08) and 17 (DLLBII115A05), respectively.
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1.8 Tabl e30: Tmvalues (C) at pH7 of sequence-optimzed VHHs VHH ID Tm (C)
129B05 67.3 017 68.1 018 71.0 VHH ID Tm (C) 136007 68.1 019 69.0 020 69.0
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FR2

WVRRSPGKG | AIN

PEWVS

WVRRSPGKG [ AINS

PEWVS

WVRRSPGKG | AINSG
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WVRRSPGKG SINSGéééi
PEWVS

WVRRSPGKG | SINSGEGST
PEWVS

WVRRSPGKG | AINSGEEr
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CDR1

Table 17: Affinity-matured variants of 115

FR1

LVQPGGSLRL | SYDMS

EVQLVESGGG
SCAASGFTFG

EVQLVESGGG

LVQPGGSLRL | SYDMS

SCAASGFTFG

LVQPGGSLRL | SYDMS

EVQLVESGGG
SCAASGFTFG

LVQPGGSLRL | SYDMS

EVQLVESGGG
SCAASGFTIG

LVQPGGSLRL | SYDMS

EVQLVESGGG
SCAASGFTFG

LVQPGGSLRL | SYDMS

EVQLVESGGG
SCAASGFTIG

VHH
ID
SEQ
ID NO
DLLBI

T133A
05
28

DLLBT

I133A

09
29

DLLBI
I133G
05

30

DLLBT
I134D
10

31

I136C

DLLBT
07

32

DLLBT
I015
33
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Reconbi nant human VEGF165 Reconbi nant human VEGF109 Ll ama | nmunogen Tot al
lgG I1gGlL 1g& 1gG3
VEGF109 +worbd/mdzton/d ++ n/d n/d n/d 235 VEGF165- KLH PCYEBE10D64695

lgG1gG1l1gG2 1g G3 Total

Example 7

234 VEGF165- KLH +

Characterization of affinity-matured purified anti-DIl4 VHHs

Affinity-matured variants of VHHs DLLBII101G08 and DLLBII115A05 are
expressed and purified as described above (Example 5). VHHs are
characterized in the hDIl4 - hNotch1 competition ELISA (Example 5.1; Table
17; Figure10), the CHO-hDII4/hNotch1-Fc and CHO-mDII4/hNotch1-Fc
competition FMAT (Example 5.3; Table 18; Figure 11), the hDLL1 and hJAG1
binding ELISA and hDIll4/ mDll4/ cynoDIl4 FACS (Example 5.8; Table 19;
Figures 13 and 14, Table 20 ard-45), determination of binding affinity on
hDLL4 and mDLL4 in Biacore (Example 5.7; Table 19, Figure 12) and the
DLL4-mediated reporter assay (Example 5.4; Table 21; Figure 16).

Characterization data are summarized in Table 22. Overall, the affinity-

matured VHHs show clear improvements in affinity and potency, while their

binding to mDIl4 and cyno DIl4 is maintained and no binding to hDLL1 or

hJAG1 is observed.

Table 17: 1Cso (nM) values for affinity-matured VHHs in hDLL4/hNotch1-Fc

competition ELISA

VHH ID ICs0 (NM)
101G08 10.0
129A03 18
129B05 0.9
129D08 12
129E11 13
129H07 1.0
130803 15
130F06 13
anti-DLL4 Fab 15
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nfd nfd nfd ++ n/d n/d n/d 280 VEGF165- KLH + VEGF109 + n/d n/d n/d + n/d
n/d nfd 281 VEGF165- KLH + VEGF109 + n/d n/d n/d + n/d n/d n/d

264 VEGFIWO 2n11ah393F0 + PCT/EP2010/064695
VHH ID ICs0 (NM)
115A05 7.5
133A05 2.1
133A09 1.5
133G05 2.0
134D10 1.3
136C07 14
015 0.9
anti-DLL4 Fab 1.2

Table 18: IC5, values (nM) of purified affinity-matured VHHs blocking the
interaction of human Notch1/Fc¢ to human or mouse DLL4 expressed on CHO

cells (FMAT)
hDLL4 mDLL4
ICso ICs0o
VHH ID on |
101G08 69.3 | 1405
(wt)
129B05 7.4 14.4
129D08 7.8 11.0
129E11 8.1 12.3
DLL4 Fab 55 3.0
hDLL4 mDLL4
ICso ICs0o
VHH ID (nM) (M)
119405 |\ 1067 | 3489
(wt)
133A09 6.6 18.6
133G05 59 12.0
136C07 8.0 31.2
015 57 21.2
DLL4 Fab 3.4 1.6
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+ ++ ++ + + 265 VEGF109 n/d ++ + + + ++ + + 266 VEGF109 n/d ++ + +/- ++ ++
+ +1- 267 VEGF109 n/d +/- - - +/- +/- - - n/d, not determ ned Exanple 10
Sel ect i orwof20MEGP378peci fi ¢ VHHs via phage di spl ay The clpaminrgoiofocdche
heavy-chain only anti body fragment repertoires and preparation of phage is
performed as described in Exanple 2. VHH phage libraries are used in
different selection strategies applying a nultiplicity of selection
conditions. Variables include i) the VEG- protein format (rhVEG-165,
rhVEGF109 or rnVEGF164), ii) the antigen presentation nethod (solid phase:
directly coated or via a biotin-tag onto Neutravidin-coated pl ates;

sol ution phase: incubation in solution followed by capturing on

elution nmeth

Neutravidincggﬁ ?Eﬁ:

sel ections aP¥mel Re sorp 96-well plates (Nunc, W esbaden,
Ger many) . rhDLL4 rmDLL4

VHHID |ki(M's") |ka(s™) Ko (nM) | ka (M"'s™) | ka(s™) IEDM)
ZV%G% 4.8E+04 | 2.3E:03 | 480 | 9.4E+04 | 5.6E-03|60.0
129A03 | 2.1E+05 | 1.2E-04 |05

120B05 | 2.3E+05 | 7.9E-05 | 0.3 27E+05 | 3.AE-04 | 1.1
120D08 | 1.8E+05 | 6.4E-05 | 0.4 2.7E+05 | 2.0E-04 | 0.8
120E11 | 1.9E+05 | 9.0E-05 |05 2.5E+05 | 2.0E-04 | 1.2
129H07 | 1.6E+05 | 7.3E-05 | 05

130B03 | 2.2E+05 | 6.8E-05 | 0.3

130F06 | 2.0E+05 | 8.0E-05 | 0.4

anti-

DLL4 23E+05 |3.4E-04 |15

Fab

rhDLL4 rmDLL4

VHHID |kis(M's") |ka(s") Ko (nM) | ka (M"'s™) | ka(s™) IEDM)
ZVZSA% 2.5E+05 | 4.0E-03 | 160 | 1.7E+05 | 9.1E-03|53.0
133A00 | 4.4E+05 | 9.0E-04 | 2.1 3.5E+05 | 2.7E-03 | 7.8
133G05 | 5.0E+05 | 4.7E04 | 0.8 47E+05 | 1.6E-03 | 3.4
136C07 | 6.2E+05 | 3.9E-04 |06 5.0E+05 | 1.3E-03 | 2.6
015 45E+05 | 4.7E-04 | 1.0 3.5E+05 | 1.5E-03 | 4.3
anti-

DLL4 23E+05 |3.4E-04 |15

Fab

i

L PR GARIERA, B ecippirahe

Table 20: ECs5y (nM) values of affinity-matured VHHs for binding on CHO-

hDLL4, CHO-mDLL4 and CHO-cDLL4 (FACS)

hDLL4 mDLL4 cDLL4
VHH ID ECso (nM) ECs (nM) ECs (nM)
101G08(wt) 17.5 11.2
129B05 9.7 3.9 3.9
129D08 9.6 3.7 3.8
129E11 1.4 4.1 4.2
anti-DLL4 Fab 5.6 2.1 2.5
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Sel ections are perfornmed as follows: Phage libraries are incubated at RT
with variable concentrations of VEG- antigen, either in solution or
i rmobi | i 2&0 20n/89%0l i d support. After 2hrs of incubati orCamP2@xinessss ve
washi ng, bound phage are eluted. In case trypsin is used for phage el ution,
the protease activity is imrediately neutralized by addition of 0.8 mM
prot ease inhibitor AEBSF. Phage outputs that show enrichnment over
background are used to infect E. coll. Infected E. co/i cells are either
used to prepare phage for the next selection round (phage rescue) or plated
on agar plates (LB+anmp+gl ucose2% for analysis of individual VHH clones. In
order to screen a selection output for specific binders, single colonies
are picked fromthe agar plates and grown in 1 nL 96-deep-well plates. The
y o

| acZ- control | pe—¥vHH exXpresSsimiig S 'ndqﬁﬁﬂLE ddi.gDhﬁﬁG (61 ImM final).

Periplasm c exhifGhH S th—3 ée.% )fﬁ -ECJ(MW‘ afer BRehah g¢—actording to

standard neth ?hAQ xprphe ff?l entHicaet on—of—M éu..qing non-r ecept or

bl ocki ng) and TR0 eeking %“eceptor b1?cking) 4 Zg.eriplas” c extracts

are tested fo,1§G Hg—to ﬁfﬁ“n VEGFl@;&by EL-SA fz br+ef5—2{ pg/ nL of

r econbi nant h-1%{ ECF165 i,qénnnbiliéfg evernt-gh éﬁt 4C+n——a] 96- wel |

Maxi Sor p pl at e Nghes—W-eshbatden; Cérnmr'). WeH-s—a¥&—bloeckedith a casein
i L i v SV A NGNS 3 i

solution (1% —Af FrEgerHoR—et—typheaity—a—10-fplg—di-uti-on of the

peripl asm ¢ ehdtizidbld P b3 Rdi ng—is delected usi.% a—mpuse—ahti - myc

(Roche) and an anti-nouse-HRP conjugate (DAKO . C ones show ng ELI SA

signal s of >BaprRl 2:3BQVAMIAK BRI EmSRRS JeIHRdnas I MEGEaRiali ng VHHs. I n

addition, periplasmc extracts are scfeened in a hunman VEGF165/ human VEGFR2
Al phaScr een ®POHPr 8esa¥ssess the bl ocki ng capacity of the VHHs. Human
VEGF165 is biotinylated using SykfgstiS—H6=Brotin (Pierce, Rockford, IL,
USA). Human VEGFR2/ Fc chi nera (r:yrl‘jgi“%?C|;r,C50?v Mi apolis, MN, USA) is
captured using an anti-hunmanfFc VHH W ch i ®40ouplied to acceptor beads
according to the manufacturer's H@g%bgth%ﬂP (Perkin Elmer, Waltham MA
US). To evaluate the neutralizi ng= cityyyof—the VHHs, periplasmc
extracts are diluted 1/25 in PBS15§_H?r bqﬂi"iﬁirg 0.03 % Tween 20

6] T

(Si gma- Al drich) and preincubatedjﬁhjﬁ¥% 15 bt-oeti nyl at ed human VEGF165 for
15 minutes at roomtenperature (‘RH—Fo—thts—mxture the acceptor beads
(10pg/ mL) and 0.4 nM VEGFR2- huF @ﬁﬁlﬁdd wCar$w grt her incubated for 1 hour
at RT in the dark. Subsequently ”df"b begdS>X(16pg/ ml) are added fol | owed by
i ncubation of 1 hour at RT in thq, arﬁ. RltsdPescence i s neasured by readi ng
pl ates on the Envision Milti | abefzsRkate %gadef——Perkin El mer, Waltham MA
USA) using an excitation wavel e gﬂggggg Gg%92n1and an em ssi on wavel ength
bet ween 520 nm and 620nm Peri pla D5ext25ct eofitaining irrelevant VHH i s
used as negative control. PeripIQ%$ DZeXtﬁﬁcts e)nt ai ni ng anti - VEGF165 VHHs
whi ch are able to decrease the'H§ADH§SC”WBe stghnal with nore than 60 %
relative to the signal of the n Q"Bbbz ccz&;o! affe identified as a hit. A
hits identified in the Al phaScree ré—edifPrred]in a conpetition ELISA To
r (&

this end, 1 pg/nL of human VEGF gggghgn :ﬁR&D Systens, M nneapolis, M,
USA) is coated in a 96-wel | thiVJTV 5iate (Nure;! W esbaden, Gernmany).
Fivefold dilutions of the periplasmc extracts are incubated in the
presence of a fixed concentration (4nM of biotinylated human VEG-165 in
PBS buffer containing 0.1 % casein and 0.05 % Tween 20 (Sigma-Aldrich).

Bi ndi ng of these VHH bi o- VEGF165 conpl exes to the human VEGFR2 chi nera
coated plate is detected using horseradi sh peroxi dase (HRP) conjugated
extravidin (Sigma, St Louis, MO, USA). VHH sequence IDs and the
correspondi ng AA sequences of inhibitory (receptor-blocking) VHHs and
VEGF- bi ndi ng (non-receptor-bl ocking) VHHs sel ected for further
characterization are listed in Table 32 and Table 33, respectively. Table
32: Sequence | Ds and AA sequences of nonoval ent receptor-bl ocking anti-VEG-
VHHs sel ected for further characterization (FR, framework; CDR

conpl enentary determning region) VHHID SEQ ID NO FRL CDR 1 FR2 CDR2 FR3
CDR3 FR4 VEGFBI | 23A06 42 EVQLV ESGGG LVQPG DSLKL SCAFS GRTFS SYS MG 124

QO 41 4-1 44 <41 > O 0 124 > AI SSG GFI YD AVSLE G RFTI SRDN TKNT VYLQ TPSL
KPED TAVY YCAA SRAYG SSRLR LADTY DY WGQGT QVTVS S VEG-BI | 23B04 43 EVQLV
ESGGG LVQTG DSLRL SCEVS GRTFS SYS MG 124000 41 4-1 44 <41 > O 0 124 >




Al SKG GYKYD SVSLE G RFTI SKDN AKNT VYLQ I NSL KPED TAVY YCAS SRAYG SSRLR
LADTY EY WEQGT QVTVS S VEGFBI | 24C04 44 EVQLV ESGGG LVQPG DSLKL SCVAS
GRTSS SYSVOBOMRRIIAQ GKE REF VW Al SSG GYI YD SVSLQ G RFTIPCSRER) 10K/ YLQ
TPSL KPED TAVY YCAA SRAYG SSRLR LADTY DY WBQGT QVTVS S Tabl e 33: Sequence
| Ds and AA sequences of nonoval ent non-receptorbl ocki ng anti-VEG- VHHs

sel ected for further characterization (FR, framework; CDR, conplenentary
determning region) VHH ID SEQ ID NO FR1L CDR1 FR2 CDR2 FR3 CDR3 FR4
VEGFBI I 005 45 EVQLV ESGGG LVQPG GSLRL SCVAS G RFM SVA WRQA PGKHR ELVA
Rl SSGGT TAYVDSV KG RFTI SRD NSKNTVY LQWNSLK AEDTAVY YCNT FSSRP NP WGAGT
QVTVS S VEGFBI | 10E07 46 EVQLV ESGGG LVQAG GSLRL SCAAS GRTFS NYAM G WFRQA
PGKER VLVA DI SSSA@ NTYVADA VKG RFTI SRD NAKNTVY LQWNSLK PEDTAVY YCAA

Table 22: Characteristics of affinity-matured VHHs derived from
DLLBIIM01G08 and DLLBIIT115A05

FM | FM
ELI | AT | AT | FAC | FAC | FAC | ELI | ELI
SA | hDL | mD | S S S SA | SA
L4 | LL4
AE
M) (n)M zgliz zgﬁz |C50 EC50 EC50 ECSO EE hJa
ho | o | ) )| M) | (M) | (M) | (M) | g-1
Ll LLa
4
191601 48.0| 60.0 | 10.0 | 69.3 | [*0 | 175 | NF | 112 [ b | b
;29A0 0.5 1.8
17951 0.3 | 11 | 09 | 74 | 144 |97 |39 |39 |nb |nb
2% 04 | 08 | 12 | 7.8 | 110 |96 |37 |38 |nb |nb
25105 | 12 | 13 | 81 [ 123 [104 |41 |42 |nb |nb
;29H0 0.5 1.0
;3080 0.3 15
130F0 0.4 13
6
DLL4
DL | 15 15 | 55 [ 30 |56 |21 |25
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SAWANY SQVAR DNYRY WEQGT QVTVS S VEGFBI I 86H09 47 EVQLV ESGGG LVQAG GSLRL
SCTAS GSAFK SYRM G WFRRT PGKED EFVA SI SWIYG STFYADS VKG RFTMSRD KAKNAGY
LQWSLK REDBALNOZYCAA GAQSD RYNI R SYDY WEGQGT QVTVS S D pedmPatinosdepat es of
receptor-blocking VHHs are anal yzed on Biacore (Biacore 1100 instrunent, GE
Heal t hcare). HBS-EP+ buffer is used as running buffer and experinents are
performed at 25C. Reconbi nant human VEGF165 is irreversibly captured on a
CVb sensor chip via am ne coupling (using EDC and NHS) up to a target |evel
of +/- 1500RU. After immbilization, surfaces are deactivated with 10 mn
injection of 1M ethanol am ne pH3.5. A reference surface is activated and
deactivated with respectively EDC/NHS and et hanol am ne. Periplasm c
extracts of VHHs are injected at a 10-fold dllutlon in running buffer for 2
mn at 45p1/||| ArandratHoped—to—dissociate—for—10—or—15—mn—Between
di fferent sanplds, the SJrE‘Lacé:éV"%reF% enerated with regenerlagi on buffer.
Data are daubl e |ref ¢rencedsby stubtlr &t i|oif) off pAws ¢umess| &' tihe ref erence
channel and of g bl ank rungi n@DbhffE}LD n?%ction. The di ilahi on phase of

b g

2.0.

34:

kit { )

the processied cyrves is eval pated tti ng a twop phase deday nodel in the
Bi acore 1100 Evglwatii on softpare V Vallues for kd-tast,| kd{slow and %
fast are lilsted |i j Takle|34.| Tabl e O‘f-rate determ pati gn of

recept or - bl jocki rgvyHHaMM t t' Bi aco e1Q4H 1% k% ast) kd( sl ow)| R8s flast Bi ndi ng
%

| evel (RU) |VEGFB1%23B0 4 85080%- 4(rmmEz-oo§b @5‘@; 1 19400ag | 1. 30E- 02
3. 40E- 05 17 456 |VBGFBAD2 3%% OE- 92 %.” -6 13 ( Exanphe |12
LL | LL4
4
115A05|16.0| 53.0 | 7.5 | 106.7 | 348.9| 11.3 | NF 13.8 nb | nb
133A05 2.1

133A09/ 21| 7.8 |15 | 6.6 18.6 | 7.2 1.7 2.3 nb [ nb
133G05( 0.8 | 3.4 | 20 5.9 12.0 | 8.5 2.8 2.7 nb [ nb

134D10 1.3

136C07| 0.6 | 26 | 14 8.0 312 {109 | 83 3.5 nb nb
015 1.0 43 |09 5.7 212 1148 | 7.0 5.1 nb nb
DLL4

Fab 1.5 12 3.4 16 56 2.1 2.5

nb: no binding

Example 8

Sequence optimization of VHH DLLBII129B05 and DLLBII136C07

The amino acid sequence of DLLBII129B05 (Figure 17-A) and DLLBII136C07
(Figure 17-B) is aligned to the human germline VH3/JH consensus sequence.
Residues are numbered according to Kabat, CDRs are shown in grey
according to AbM definition (Oxford Molecular's AbM antibody modelling
software).

Residues to be mutated to their human counterpart are underlined.

The alignment shows that DLLBII129B05 contains 4 framework mutations

relative to the reference germline sequence. Non-human residues at positions
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Characterization of purified anti-VEGF VHHs Three inhibitory anti-VEG VHHs
are selected for further characterization as purified proteins:

VEGFBI 123B04011B@&7B1124C04 and VEGFBI 123A06. These VHHs para&pecipnessed i n E.
co/i TGL as c-nyc, Hi s6-tagged proteins. Expression is induced by addition
of 1 MM IPTG and allowed to continue for 4 hours at 37C. After spinning the
cell cultures, periplasmc extracts are prepared by freeze-thaw ng the

pell ets. These extracts are used as starting material for VHH purification
via | MAC and si ze exclusion chronmat ography (SEC). Final VHH preparations
show 95% purity as assessed via SDS-PAGE. 12.1 Eval uation of hunman

VEGF165/ VEGFR2 bl ocking VHHs in hunman VEGF165/ human VEGFR2- Fc bl ocki ng

VEGRL65/ hura R i et e ISRt ob BT W el P lloe .
chinera (R&Dx&ynépans. MsenemmLLBm%Bo&JSéq)an@ IDBBHB@H an@DR6BVEN8) Maxi Sor p
pl ate (Nunc, W esbaden, % ution series (concentration range 1 mM

© 64pM of t RN AFY p@ptmngln '°PB§fBHFT@é‘rreé'SlH?%PmtR%SQ)p‘i$>)B'Qf§S'§| n and 0.05%

Tween 20 (Si gimskrufed AREpRALEEY (Fxdmh d@ewm ePbed aMidb @i Thatey
VEGF165. Resi dual bi ndi ng of bio-VEG165 to VEGFR2 1's detected using

03 and Te SeOCLBE T The BB £ ES i ameYbikml R ety e
Rani bi zumab n(elfé@ﬂeé gefrhle 8kl eRaA Rt BewBes %lﬂ;aes.hbﬁmsg W @3 e shown

in Figure 20, the correspondi ng | C50 val ues and inhibition are
sumari zed i hOdam seleged quaﬁbl*’«@ IREoN MAHGhein pmaal Q@mllaﬂ@oyntﬁmﬁr‘mﬁ %ﬁttl on

i it on ver Ppo e (EBIRE QuiRPes L EBUSH T RPN o) oo

2.5 100 Rani perraratea dar@ir@@iff&@rmembhmhioms of ﬁl@t&anlésiﬁu&/aﬂ thaseon of human
VEGF165/ VEGFR2 . Iocggé?&] Fls An human VEGFl AE)GFRl F |OCkI ng
ELI SA VHHs aP@"§"% AP ST 4 AT CVE '85/ Fé bl ocki ng

ELI SA. In brpgkntia Md@arﬁﬁa%@afﬁoﬁbmﬁw&ﬁ&fwﬁﬁz R, Meeneapol i's,
M\, USA) is coated in a 96-well Maxi Sorp plate (Nunc, W esbaden, Ger man y).
Di | ution serfFgsrq toRckenaddesighes bisgemevadpy ig ingra N%_P@SHUHFGF'P@(!”WHS in
PBS buffer c % cubat ed
in the pr ese%écgeowg;ayg %@%@?ﬁ d}?ﬁ%%@ﬁ@l’%@g estl%ghal ?ﬁ%ﬁlﬁ%ﬁg?@

bi oVEGF165 twbﬁtﬂ’éﬁm ars cdafﬂomﬁobdesutmrrgglnfamqsnene@kbptimixeldooandatslangBmzm

conj ugat ed e a St ..Loui strate. As
controls Bev ﬂ?lﬁgﬁnaf?%qﬂq’l?n%r?gﬂ éds Ialn @ﬁ@)&ﬁgw@@&f d?\re t aken
al ong. Dose |h6f@1ldb19ta eagpmum@nam e WhitH isRHbwretolAcrebbe tiopoteppp i ng
| C50 val ues and_' ibition are summarized in Table 36. Table 36: |C50

(nM val ues QhHB”WQ%I”@?l%%ﬁ‘eﬁ@Fﬁﬂ/Eﬁp@ﬁﬁr%WQTﬁbM@ﬁWPh@G:Rl Fc

S/ Eg;gl[ |1t2|32\86 &%c\é‘éﬂéf bBtH §ERUehRMoptiriZHY PridrtdoMBEHSH 15688 i IRt&fin

Table 25

All these variants are characterized as purified protein in the CHO-
hDLL4/hNotch1-Fc and CHO-mDLL4/hNotch1-Fc competitive FMAT assay
(example 5.3; Table 26; Figure 18), the DLL4 mediated reporter assay
(example 5.4; Table 27; Figure 19), the DLL4 HUVEC proliferation assay
(example 5.9; Table 28) and in Biacore for affinity determination (example 5.7;
Table 29). Additionally, the melting temperature (T) of each clone is
determined in a thermal shift assay, which is based on the increase in
fluorescence signal upon incorporation of Sypro Orange (Invitrogen) (Ericsson
et al, Anal. Biochem. 357 (2006), pp289-298). All variants displayed similar T,
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VEGFB1124004 0.8 71 Ran ibizumab 1.2 91 Bevaci zumab 1.5 96 12.3 Eval uation
of the anti-VEG-165 VHHs in the human VEGF165/ human VEGFR2- Fc bl ocki ng

Al phaScr ewo 20hien3td7ocki ng capacity of the VHHs is al so evalrEeb@d/os4s9m hunman
VEGF165/ human VEGFR2- Fc bl ocki ng Al phaScreen. Briefly, serial dilutions of
purified VHHs (concentration range: 200 nM- 0.7 pM in PBS buffer
containing 0.03 (:)/0 Tween 20 (Sigm) are added to 4pM bi o- VEG-F165 and

i ncubated for 15 min. Subsequently VEGFR2-Fc (0.4 nM and anti-Fc VHHcoat ed
acceptor beads (20 pg/m ) are added and this m xture is incubated for 1
hour in the dark. Finally, streptavidin donor beads (20 pg/m) are added
and after 1 hour of incubation in the dark, fluorescence is neasured on the

22 the 1 oot JaraeBeh S e i el BRERER B AR B O hoe Gene o o

i nteraction AL eakies@pHZRbritheskadlbeess7. Table 37: 1C50 (pM val ues and
(:)/0 inhibition for VHHs in hVEGF165/ hVEGFR2- Fc conpetition Al phaScreen

1C50 (pM ) gkt V, | 23A06 250
100 VEGFBI | 2&%‘5@5?#&8%{%%&%%h%%g%??’g%éégﬁo%% %Eé'of t he

ant i - VEGF165opfthized mntifi_Li4uviE Hs \GE G4 IMDIreB1 | NRBER1(FR; frahwmwkarkigCBRphaScr een
The bl ocki ng capacity of tthe.\lHHs i.s also evaluated in a hunman

VEGF165/ hunaff @fﬁf}(’ﬁ\f dSIIBUNAG 89'BRhScr een. Briefly, serial dilutions of
purified VHHs (concentration range: 500 nM- 1.8 pM ) in PBS buffer

cont ai ni ng OV%B (D')/O Tween 20 (Sigma) are added to 0.4 nM bi o- VEGF165 and
i ncubated far m Sub uent|l vi R1- Fc M ang. ,antfi - Fc VHHcoat ed
accept or beacf%g?ifo %‘g‘?m é%(r]e %gdecf\ég% ?Fﬁ%:s mggﬁgure %4i ngubated for 1
hour in the [dark. Fienahl Vsyasl [ epbavidia [Gencr | beadsa( Zopg/|inl ) are added
and after 1 hﬁ%gﬁgﬁim Eggu pat i onAEiGg t%é%?e@%gifl B‘CﬂYéfScengéVﬁ?s measured on the
Envi sion mgr te der. Dopse-rle NS ryes are shown |[in the Figure
23. The | C50 O\gal ues S@;Qg :)/0 %ﬁhi bﬁé?i or%ﬁf@ﬁ /HHs bl ocki ng |t he hurman

VEGF165 - hunman VEGEERI=sFC i nteract|i on arlevsampari zed jn Tahle 38. Table
38: 1C50 (nM—values and| % inhibitlon faor MNyHHs |in hVEEF165/ HVEGFR1- Fc

conpet i tion Al phaSeeee VER'I DIES0ETM| Sl hCHLETOn| (0000

DLLBII LVQPG EREY YADSV NTVYL S
018 GSLRL VA KG QMNSL
35 SCAAS RPEDT
GRTFS AVYYC

AN
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VEGFBI 123B04 0.9 41 VEGFBI 123A06 0.4 46 VEGFB1124004 0.2 53 Rani bi zumab 3.3
79 12.5 Determnation of the affinity of the human VEGF165 - VHH

i nteract iwo 2Bim3p37g ki netics of VHH VEGFBI 123B4 wi t h hVEGFEF201086608| yzed
by SPR on a Biacore 1100 instrunent. Reconbi nant human VEGF165 is

i mmobi lized directly on a CVb chip via am ne coupling (using EDC and NHS).
VHHs are anal yzed at different concentrations between 10 and 360nM Sanpl es
are injected for 2 mn and allowed to dissociate up to 20 min at a flow
rate of 45 pl/mn. In between sanple injections, the chip surface is
regenerated with 100 nM HCl. HBS- EP+ (Hepes buffer pH7.4 + EDTA) is used as
running buffer. Binding curves are fitted using a Two State Reaction nodel
by Bi acore 1100 Eval uation Software v2.0.1. The calculated affinities of
the anti - VEGrapighis: e@juehsé s hAd Fabd&yudces Eﬁlblbﬂo%entaééqdéhbé(- KD (nM of
purified VHHs for reconbi nant human VEG-165 VEGF165 VHH ID ka (M1.S 1

kai (M 1.S- 19ptiaized pnti-08.LH) VIRHs (oS payertalj DY LBIMN36KE7/ (cyele)) |(<1ER(n|v9 VEGFBI 123B

04(a) 2. 1E+9§m%wél‘:k,%R, @dr’ﬁ;ﬁe%%n?ar&%eg)eﬂfmmmg region)

VHH ID
SEQ ID FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4
NO
EVQLV | SYDMS | WVRRS | SINSG | RETIS | DRYIWAR | WGQGTLV
ESGGG PGKGP | GGSTY | RDNAK | QGEYWGA | T
DLLBII LVQPG EWVS YADYV | NTLYL | YEYDY vsSs
019 GSLRL KG QMNSL
36 SCAAS RPEDT
GFTFG AVYYC
AR
EVQLV | SYDMS | WVRQS | SINSG | RETIS | DRYIWAR | WGQGTLV
ESGGG PGKGP | GGSTY | RDNAK | QGEYWGA | TVSS
DLLBII LVQPG EWVS YADYV | NTLYL | YEYDY
020 GSLRL KG QMNSL
37 SCAAS RPEDT
GFTFG AVYYC
AR
EVQLV | SYDMS | WVRRA | SINSG | RETIS | DRYIWAR | WGQGTLV
ESGGG PGKGP | GGSTY | RDNAK | QGEYWGA | TVSS
DLLBII LVQPG EWVS YADYV | NTLYL | YEYDY
021 GSLRL KG QMNSL
38 SCAAS RPEDT
GFTFG AVYYC
AR
EVQLV | SYDMS | WVRQA | SINSG | RETIS | DRYIWAR | WGQGTLV
ESGGG PGKGP | GGSTY | RDNAK | QGEYWGA | TVSS
DLLBII LVQPG EWVS YADYV | NTLYL | YEYDY
022 GSLRL KG QMNSL
39 SCAAS RPEDT
GFTFG AVYYC
AR
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0.7 VEG-BI 123A 06(a) - 4.2E+05 2.0E-02 - 5.7E-02 1.0E-04 0.7 VEGFBI 124C
0O4(a) - 3.2E+05 1.8E-02 - 2.6E-02 9.6E-05 0.4 (a) Heterogeneous binding
curve reswbtong3pstono 1:1 fit, curves are fitted using acTmr2@bataIReacti on
nodel by Biacore T100 Eval uation Software v2.0.1 12.6 Binding to nouse
VEGF164 Cross-reactivity to nouse VEGF164 is determ ned using a binding
ELISA. In brief, reconbi nant nouse VEGF164 (R&D Systens, M nneapolis, M5,
USA) is coated overnight at 4C at 1 pg/nL in a 96-well Maxi Sorp plate
(Nunc, Wesbaden, Germany). Wells are blocked with a casein solution (VA in
PBS). VHHs are applied as dilution series (concentration range: 500nM -
32pM in PBS buffer containing 0.1% casein and 0.05% Tween 20 (Sigma) and
binding is detected using a nouse anti-nyc (Roche) and an anti-nouse- HRP
conj ugat e (DMS%%‘Q‘S uéHQéﬂgé‘QH@ AR Es FRRBLARRAL sy UdMReRIptRfse of the
substrate TMB (3,3"',5,5 -tetranent {I benzi dine) (Pierce, Rockford, IL, USA)
(Figure 24).amn- -PbLi4 & Hitepfigarentah DLLBY 158G 0T <oyice PRI f@ﬁn@b@kt COR, cont rol .

As reference is al so nmeasured. EC50val ues are
summari zed i {O rﬂél%ﬁie%%&%eﬁ'&ﬁﬁm gggé?go (pM values for VHHs in a

reconbi nant |humamm VEGE165| and npuse 164 bindi ng ELI SA rhVEGF165 r nWEGF164
VHH | D EC 50 fgsl\}p" EQSH! ( pMPRVEGFBR 1238672 29 TRNB VEREEB1128%f04 | 453 NB

VEGFBI 123A06—531—NB ER)@L,.V ISJY[QSSII .leQgA 1%.IZSGD| |Eu_#I|gg tovE _%(%é Bi nding to
reconbi nant [human VBGsi&l|is assessed ocba arsoki dophase| fivadi ng ELI SA
Briefly, recoiniant| eifan VEGH12YS ( R&BOSy3UeHs, | Mmhneapvis s| MS, USA) is
coated overnight at % 1 pg/pL in |&°96- V\/%EESLMaxi Sorp| pl ate (Nunc,

W esbaden, Gernany). 5 are pl ocked vvithAaYY@a>ei n solution (1% in PBS).
VHHs are applied as |[dilution series (lconcentrati on range: 500nM - 32pM in
PBS buffer containi ndveLvl9seHs el FRBJ SGS%CORWMDFQ@W S ) and binding is
det ected usijng, a musécdnt i - nyc| [Roche dnd R%K 183% 2 FRP conj ugat e
(DAKO) and a sy sequejggmewzymat C reaq{rgl on |igngih prese"lce of the substrate
T™MB (3, 3", 5,541t et r greemtsy| benzi di ne) [(Pierc¢e PEDRo"kf ord, |IL, USA) (Figure
25). As posifti ve cont¥¥81¢ seri al| di | ut|i ons ()ff\MYTYﬁe VEGFR2|i s taken al ong.

1

EC50 val ues ‘are—stumrart+zet—n—Table—41

Table 26: ICsy (NM) values of sequence-optimized VHHs CHO-hDLL4 and
CHIO-mDLL4 competition FMAT

hDLL4 mDLL4
VHH ID |C50 (nM) |C50 (nM)
129B05 8.2 15.9
017 121 n/d
018 11.0 154
DLL4 Fab 5.8 4.3

n/d, not determined

hDLL4 mDLL4

VHH ID ICs0 (NM) | ICs (NM)
136C07 11.4 50.8
019 3.0 n/d
020 446 n/d
021 2.1 n/d
022 95.4 n/d
036 9.7 447
039 6.2 438
DLL4 Fab 5.4 43

n/d, not determined

106



Tabl e 41: EC50 (pM val ues for

nonoval ent VHHs in a reconbi nant human

VEGF121 binding ELISA VHH ID EC 50 (pM VEG-BI 123B04 510 VEGFB1124004 792
VEGFBI 123%0@002893702. 8 Bi nding to VEGF fam |y nenbers VEGEBP20{865695 VEGFD
and PIGF Binding to VEGFB, VEG-C, VEGFD and PIGF is assessed via a solid

phase bi ndi ng ELI SA.
M nneapol i s,
Maxi Sorp plate (Nunc,
solution (1%in PBS).
range:

In brief,

W esbaden,

Well s

and an anti-nouse- AP conjugate (Sigma, St Louis,

control s seri al

VEGFB, VEGFC, VEGFD and Pl G- (R&D Systens,
M5, USA) are coated overnight at 4Cat 1 pg/nL in a 96-well
Ger many) .
VHHs are applied as dilution series (concentration
500nM - 32pM and binding is detected using a nouse anti-nyc (Roche)

are bl ocked with a casein

MO, USA). As positive

dilutions of the appropriate receptors are taken al ong and

detected with horseradi sh peroxi dase (HRP)-conjugated goat anti-human |1gG

Fc specific
Grove, PA U

et s iRl Sahencrs

no Res

9YRAGS-gPiaise

earch. L

d

St
fife of the

VI R b e

substrate TMBporeBassayp' -tetramentyl benzidine) (Pierce, Rockford, IL, USA).

Dose-response curves of VHHs and
results show that there is no dei
VEG-B, VEGFC, VEGFD or PIGF. 12
bi nni ng experinents are perforne
a simlar or overlapping epitope
VEGFBI 123B04 is i nmmobilized on a

cont r ol

are sh

wn in Figure 26. The

ectabl e

tRlhdi ng

of the selected VHHs to

YHE t 0

IS solfnMni

ng Bi acore-based epitope

1129806 NV

egisi gat e

whi ch VEGF binders bind to

a8 VEGF

352 3B04|

To this end,

O sen

Pl chip}

For each sanple, human

VEGF165 i s passed over the chip

£
G2

I'TVET

2

sibly captured by

VEGFBI 123B4. Purified VHHs (100
are then injected with a surface
rate of 10 uL/m nute. Between di

H

c extracts (1/10 dil uted)

+
cuUTit At
faorant

T T

240 seconds and a fl ow
the surface is regenerated

with regeneration buffer (100

curves are evaluated with

Bi acore 1100 Eval uation software
group one whi ch gave additional
and a second group which is not
captured VEGF165 (the sel ected VI
group). The sane assay set-up is

R
1

C

bPHdi ng

| ©d VEGFB

di vided within two groups:
| 123B04 captured VEGF165

abte to

sn/dul t an

eously bind to VEG-BI 123B04

Hols1 24C0

An/id 23A06

and 23B04 are in this

gEed 1o

@gSeSS

whet her VEGFR1, VEGFR2,

Rani bi zunmab and Bevaci zumab are
si mul t aneously w th VEGFBI 123B04

Wi

TdTd to

Broco

wunman VEGF- 165

o A
PUear

ts the additional binding

responses to VEGFBI 123B04 capt ur

VEGFR2 is not able to bind

to VEGFBI 123B04 captured VEGF165

> AT ]
Fing t
b

e bl ocki ng capacity of

VEGFBI 123B04 for the VEGF VEGFR2

t hat the VEGFBI 123B04 epitope does no

FRbiecHF 1op Pl yiies &

Rani bi zumab
benchmark in

| nte

@

itope b

eCapEYrs°

in

el N addition, these data show
correspond to the Bevaci zumab and

o dedea s L Lo

BO4.. i ndi ng of

VEGF165

=

| nj ection stgpVBigidhterbeBsfly 1 Binding level (RU) 1 VEGF165 100 nM 1727

2 VEGFBI 123B04 100 nM - 3 Rani bi zumab 100 nM 763 4 Bevaci zunab 100 nM 1349
VHH ID ICso (NM) zr;/?)ibition
129B05 | 3.7 100
018 53 100
DLL4 Fab |47 100
VHH ID ICsp (NM) z';lﬁ)";ibition
136C07 | 14.5 100
036 7.6 100
039 14.4 100
DLL4 Fab | 4.7 100
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5 VEGFR1 100 nM 1011 6 VEGFR2 100 nM -

12. 10 Characterization of the

anti-VEGF VHHs in the HUVEC proliferation assay The potency of the sel ected

VHHs is ewelwaimse7on a proliferation assay.

(Technocl one) are suppl ement -starved over

are seeded in quadruplicate in 96-well

stimulated in the absence

or

In brief,

p PCITEPR0 1010WEES cel | s

ni ght and then 4000 cell s/ well

tissue culture plates.
presence of VHHs with 33ng/nL VEG-. The

Cells are

proliferation rates are nmeasured by [3H Thym di ne incorporation on day 4.
The results of the HUVEC proliferation assay shown in Table 43 denonstrate
t hat VEGFBI 123B04 and Bevaci zumab inhibit the VEG-induced HUVEC

proliferation by nore than 90%

and A i nhi bi
in the VEGF

with 1CG5CGs <1M Tabl e 43:

AR, AR S8R G A e T RAAR Py YT 24"

| G50 (nM val ues

0.78 78 12.11

K phosphoryl ati on

he HUVEC Er k

e serum starved over

VHHs with | Ong/ni

VEGFBI | 23BORalp h3é aBaffttyasfiizaiaky) 0.21 92 VHH ID 1 C50 (nA4) % inhibition
VEGFBI | 23A06 4.29 73 VEGFBLL 24004 3.8 79 Bevacizummb
Characterization of the antYHRABGE KuMiss ) ny kele) H{AE(OMSy |
assay The potency of the s|e128B8%®d| IHHPOI s AH=ss588 in f{
phosphoryl ati on assay. In [itizef, THERby |[HWOED cekl s ai
ni ght and then stinul ated jgist he phseiee |(@4g02sence of

VHHID |k, (M's™ [ka(s™) | Kp(nM)

136C07 | 5.5E+05 |52E-04 [ 1.0

019 5.7E+05 |7.4E-04 |13

020 3.4E+05 |9.3E-03 |27

021 5.6E+05 |5.7E-04 | 1.0

022 4.7E+05 | 2.2E-02 | 46

036 6.6E+05 | 5.5E-04 | 0.8

039 45E+05 |[8.1E-04 |1.8

Table30: T, values (°C) at pH7 of sequence-optimized VHHs

VHHID | Tm(°C)
129B05 | 67.3
017 68.1
018 71.0
VHHID | Tm(°C)
136C07 | 68.1
019 69.0
020 69.0
021 69.0
022 70.3
036 714
039 69.4
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VEGF for 5 mn. Cells are fixed with 4% Formal dehyde in PBS and ERK
phosphoryl ation | evels are neasured by ELI SA usi ng phosphoERK-specific

ant i bodi e’oantdz9szhosphoMAP Ki nase pERK1&2, MB159, Si gmeyTardoipobices onal
Rabbit Anti - Mouse- | nmunogl obul i n- HRP conj ugate (P0161, Dako). As shown in
Tabl e 44, VEGFBI 123B4 and Bevaci zunmab i nhibit the VEG- i nduced Erk
phosphoryaltion by at least 90% wth I C50s <1nM Table 44: 1C50 (nM

val ues and A inhibition of npnoval ent VEG-BI 123B04 i n VEGF HUVEC Erk
phosphoryl ati on assay VHH ID I C50 (nM % i nhibition VEGF811 23804 0.37 90
Bevaci zumab 0. 63 98 Exanple 13 Ceneration of nultival ent anti-VEGF

bl ocki ng VHHs VHH VEGFBI 123B04 is genetically fused to either VEG-BI 123B04
resulting in a honodinmeric VHH or different VEG--binding VHHs resulting in
het er odi neri gx4hiptébent) VHHs. To generate the bivalent VHHs, a panel of 10
uni que VEGFbi ndi ng VHHs are linked via a 9 or 40 dy- Ser erX| ble linker in
two different orientatio BO4. Ho di neric VEGEBI 123B04
(VEGEBI 1010) munRsomwH B et e GF IpUaats 0 OuReS Zumerlievadae | n &

co/i TGl as fd8ponsdiffand@oed proteins. Expression is induced by addition
of 1 MM IPTG and allowed to continue for 4 hours at 37C. After spinning the
cell cul tureé, I&%iﬁl atsm C extracts are prepared by freeze-thaw ng the

pell ets. The d 'O e used as starting material and VHHs are purified
via | MAC and desalting resulting in 90% purity as assessed via SDS- PAGE. AA
sequences t hafteomuidova of theahthica IGamrpidteli of dihe frcUWEGEFVbiamidiangMeBidsiear e shown

in SEQ ID 48- 53 _and Tabl e ble 45. Se D and AA
sequence of iR CRROLERG Mt (aes (FRDRUNPLAOESH BORIOAP) b A
sequence VEGhBhIZ3884ccFaRy 18 IBsHHAS phtcEdis l\ﬂthCB mtramuscular injections
EVQLVESGGEGEL \/(gT GDSLRLSCEVSGRTFSSYSM GWFRQAQGKERE

Al SKGGYKYDS @@Qﬁﬂ@( W@/!WRE&B&WVF@WMWH VEGF109. The

GSSRLRLADTYEW prete”Freund’s Adjuvant (Difco,
GSGGGGSGGGGSEVQ_ ESGGGLV SLRLSCEVSGRT FS YSI\/G\N

FRQAQGKEREF W aIraiK iy kKhB2SV/ShitesttreTs WisparniTivjecto nausiadermulated in Incomplete

VQL VE SO0 VORABRE A S AR R ol ORAF o, iz 49 YEETRITORS

Al SKGGYKYDSVdekigratd SKONZSNTEEL 280 bbb KBEDE RMMAGSEANA ccording to the

GSSRLRLADTYE! | VSS L VESGGGLVQP
GSLRLSCVASG f mﬁ @ Ww'gs Sékwwﬁm@ﬂ:wnlugated human

TI SRDNSKNTVYVQW%%&@MM FSSRRNR NINSE \F@@ﬁgb B04 - 40GS- 5B05 50
VEGFBI | (21 EVOLVESAOR VTGOS SOV SURT Sy oM i RORCCKERERVV

Al SKGGYKYsterEmmwngmnmwat@mmsmbm&fmm 100 g, followed

N R e Ry

MAWYRQAPGKHREL VARl SSGGTTAYVDSVKG RFTI SRDNSKNTVYLQM N
SLKAEDTAVYYCCRPHS SR SERMI/BS 08 GrBIu E3BeR0NSESER /120107 51 VEGFBI | O23
EVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSM GWFRQAQGKEREFWW

Al SKGGYKYDSVH Ridrfithl SEﬂwm&rbhﬁhgﬁEBﬁM%%ﬁ‘é set up in which

GSSRLRLADTYEYWEQGTQVTVSSGGEEGESCEEGESGEGEGES
GSGEEESCEEESSH eV e S@ﬁiﬂ?@&@ﬁ@&ﬁémﬁﬁﬁf e PROREERERVLVADI  SSSG

| NTYVADAVKGRE right GtNEVi L D AR TSRS O ol \RANEY B AR REOGREA RV TVSS

Wells are blocked with a casein solution (1%). After addition of serum dilutions,

bound total IgG is detected using horseradish peroxidase (HRP)-conjugated
goat anti-llama immunoglobulin (Bethyl Laboratories Inc., Montgomery, TX,

USA) and a subsequent enzymatic reaction in the presence of the substrate
TMB (3,3’,5,5'-tetramentylbenzidine) (Pierce, Rockford, IL, USA). For llamas
264, 265, 266 and 267 an additional ELISA is performed in which the isotype
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EVQLVESGGGL VQTGDSLRL SCEVSGRTFSSYSM GWFRQAQGKEREFW
Al SKGGYKYDSVSLEGRFTI SKDNAKNTVYLQ | NSLKPEDTAVYYCASSRAY VEGFBI 123804
GSSRL RL ADVSBEVERBTOVTVSSGECEGES GGEGSGEGGSGRGESGRG - 40GS- 8@EHEPHAGHBIshTR 4
GSGGEGEGSGEGGESCRGGSEVQL VESGGAEL VQAGGSL RLSCTASGSAFKS 52 YRVGWERRTPGKED
EFVAS| SWI'YGSTFYADSVKGRF TVSRDKAKNAGY

L QUNSLKPEDTAL YYCAAGAQSDRYNI RSYDYWGQGTQVTVSS

EVQLVESGGGL VQAGGSL RL SCAASGRTF SNYAMGWFRQAPGKERVL VA

DI SSSG NTYVADAVKGRFTI SRDNAKNTVYLQUNSLKP EDTAVYYCAASA VEGFBI 110E07

VWA SQVARDNY RYWEQGT QVTVSSGGGGSGEGGSGEGEGSGRGGSG - 40GS- 23804 VEGFBI | (25
GGGSGGEGSGEGESGRGGSEVQL VESGGGEL VQTGDSL RLSCEVSGRTF 53

specific responses against VEGF165 and VEGF109 are evaluated. Isotype
specific responses are detected using mouse mAbs specifically recognizing
conventional llama 1gG1 and the heavy-chain only llama 1gG2 and 1gG3 [Daley
et al. (2005). Clin. Diagn. Lab. Imm. 12:380-386] followed by a rabbit anti-
mouse-HRP conjugate (DAKO). ELISAs are developed using TMB as
chromogenic substrate and absorbance is measured at 450nm. The serum
titers for each llama are depicted in Table 31.

Table 31: Antibody-mediated specific serum response against VEGF165 and
VEGF109. ELISA (solid phase coated with recombinant protein)

Recombinant human Recombinant human
VEGF165 VEGF109
Llama Immunogen | Total | IgG | IgG | Ig Total
I9G 1 > | g3 IgG IgG1 | IgG2 | IgG3
VEGF165-
234 KLH + ++ nd | nd | nd ++ n/d n/d n/d
VEGF109
VEGF165-
235 KLH + ++ nd | nd | nd ++ n/d n/d n/d
VEGF109
VEGF165-
280 KLH + + nd | nd | nd + n/d n/d n/d
VEGF109
VEGF165-
281 KLH + + nd | nd | nd + n/d n/d n/d
VEGF109
264 VEGF109 n/d ++ + + ++ ++ + +
265 VEGF109 n/d ++ + + + ++ + +
266 VEGF109 n/d ++ + +/- ++ ++ + +/-
267 VEGF109 n/d +/- - - +/- +/- - -

n/d, not determined
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SSYSMOWFRQAQGKEREFVWAI SKGGYKYDSVSLEGRFTI SKDNAKNI VY

LQ NSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWSQGTQVTVSS The panel of 40 bival ent
VHHs is tweted/i3m7mhe VEGFR2 and VEGFRL bl ocki ng Al phaSecear2@s®eds9s as
described in Exanple 12.3 and 12.4, respectively. Based on potency and
maxi mum | evel of inhibition, the best five bivalent VHHs (VEGFBI I Q21,
VEGFBI | 22, VEGFBI 23, VEGFBI Q24 and VEGFBI I 25 - see Tabl e 45) are chosen
for further characterization. An overview of the screening results for the
selected five bivalent VHHs in the conpetitive VEGFR2 and VEGFR1

Al phaScreen is shown in Table 46. Table 46: Potency and efficacy of the
five selected bispecific bivalent VHHs in the VEG- VEGFRL and VEG-/ VEGFR2
conpetition Al phaScreen assay VHH ID VEGFR2 VEGFRL [1C50 (pM 1GC50 (PM %
i nhi bition VEGRWOE 9 16 100 VEGFBI I Q22 7 8 100 VEGFBI I C23 38 44 91
VEGFBI | Q24 12 46 100 VEGFBI 1 Q25 51 39 82 Exanple 14 Characterization of

formatted anfi- VEG-VI Hs VECGH 10, VEGEBLI Q21, VEGFBI | O22,

VEGEB! | 23 RIS IV ESh nedis VHbS WpPEGRISBIL de- by side i n t he
VEGFR2 and VEGFR1 bl ocking ELI SA (Figure 27 and 28, Table 47 and Table 48
respecti vel yJhankbniigndiadise heavy-aksaiayon{yFajinody I gareht Be€peratleseantld and 50) as

described i npr%)égm%ljoﬁsof%%aéé islgér%rmlezd g’s 8ggcri%%d£|1h E&g%%?ecﬂ.i \\/Igll-lyphage
libraries are used in different selection strategies applying a multiplicity of
selection conditions. Variables include i) the VEGF protein format
(rhVEGF165, rn"VEGF109 or rmVEGF164), ii) the antigen presentation method
(solid phase: directly coated or via a biotin-tag onto Neutravidin-coated plates;
solution phase: incubation in solution followed by capturing on Neutravidin-
coated plates), iii) the antigen concentration and iv) the elution method (trypsin
or competitive elution using VEGFR2). All selections are carried out in

Maxisorp 96-well plates (Nunc, Wiesbaden, Germany).

Selections are performed as follows: Phage libraries are incubated at RT with
variable concentrations of VEGF antigen, either in solution or immobilized on a
solid support. After 2hrs of incubation and extensive washing, bound phage
are eluted. In case trypsin is used for phage elution, the protease activity is
immediately neutralized by addition of 0.8 mM protease inhibitor AEBSF.
Phage outputs that show enrichment over background are used to infect
E. coli. Infected E. coli cells are either used to prepare phage for the next
selection round (phage rescue) or plated on agar plates (LB+amp+glucose?”)
for analysis of individual VHH clones. In order to screen a selection output for
specific binders, single colonies are picked from the agar plates and grown in
1 mL 96-deep-well plates. The lacZ-controlled VHH expression is induced by
adding IPTG (0.1-1mM final). Periplasmic extracts (in a volume of ~ 80 uL) are

prepared according to standard methods.
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Table 47: 1C50 (pM values and % inhibition for formatted VHHs in
hVEGF165/ hVEGFR2- Fc competition ELISA VHH ID I C 50 (PM % i nhibition
VEGFBI | 01W004901113037WEG-BI | 21 204 100 VEGFBI | Q22 164 100 PUEGPBI0OREIZ13 100
VEGFBI | 24 292 100 VEGFBI I Q25 577 100 Bevaci zumab 315 100 Rani bi zumab 349
100 Table 48: 1C50 (pM values and % inhibition of formatted VHHs in
VEGF165/ hVEGFR1- Fc conpetition ELISA VHH ID 1050 (PM % i nhibition

VEGFBI | OLO 73.5 67 VEGFBI | Q21 254 97 VEGFBI | Q22

Example 11

Identification of VEGF-binding (non-receptor blocking) and VEGF-
blocking (receptor-blocking) VHHs

Periplasmic extracts are tested for binding to human VEGF165 by ELISA. In
brief, 2 pg/mL of recombinant human VEGF 165 is immobilized overnight at
4°C in a 96-well MaxiSorp plate (Nunc, Wiesbaden, Germany). Wells are
blocked with a casein solution (1%). After addition of typically a 10-fold dilution
of the periplasmic extracts, VHH binding is detected using a mouse anti-myc
(Roche) and an anti-mouse-HRP conjugate (DAKO). Clones showing ELISA

signals of >3-fold above background are considered as VEGF binding VHHSs.

In addition, periplasmic extracts are screened in a human VEGF165/human
VEGFR2 AlphaScreen assay to assess the blocking capacity of the VHHS.
Human VEGF165 is biotinylated using Sulfo-NHS-LC-Biotin (Pierce, Rockford,
IL, USA). Human VEGFR2/Fc chimera (R&D Systems, Minneapolis, MN, USA)
is captured using an anti-humanFc VHH which is coupled to acceptor beads
according to the manufacturer’s instructions (Perkin EImer, Waltham, MA, US).
To evaluate the neutralizing capacity of the VHHs, periplasmic extracts are
diluted 1/25 in PBS buffer containing 0.03 % Tween 20 (Sigma-Aldrich) and
preincubated with 0.4 nM biotinylated human VEGF165 for 15 minutes at room
temperature (RT). To this mixture the acceptor beads (10ug/ml) and 0.4 nM
VEGFR2-huFc are added and further incubated for 1 hour at RT in the dark.
Subsequently donor beads (10ug/ml) are added followed by incubation of

1 hour at RT in the dark. Fluorescence is measured by reading plates on the
Envision Multi label Plate reader (Perkin Elmer, Waltham, MA, USA) using an
excitation wavelength of 680 nm and an emission wavelength between 520 nm
and 620nm. Periplasmic extract containing irrelevant VHH is used as negative

control. Periplasmic extracts containing anti-VEGF165 VHHs which are able to
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225 89 VEGFBI |1 Q23 279 91 VEGFBI I Q24 326 92 VEGFBI I 25 735 91 Bevaci zumab
484 91 Rani bi zumab 594 96 Table 49: 1C50 (pM values and % inhibition for
f or mat t edw@ldbisl/3m70 VEGF165/ hVEGFR2- Fc conpeti ti on Al pha8cra®roividsichD |1 C50
(pM % inhibition VEG-BI 1010 16 100 VEG-BI I Q21 7 100 VEGFBI I Q22 7 100
VEGFBI | O23 46 100 VEGFBI I 24 50 100 VEGFBI I Q25 51 100 Rani bi zumab 600

decrease the fluorescence signal with more than 60 % relative to the signal of
the negative control are identified as a hit. All hits identified in the AlphaScreen
are confirmed in a competition ELISA. To this end, 1 ug/mL of human VEGFR2
chimera (R&D Systems, Minneapolis, MN, USA) is coated in a 96-well
MaxiSorp plate (Nunc, Wiesbaden, Germany). Fivefold dilutions of the
periplasmic extracts are incubated in the presence of a fixed concentration
(4nM) of bictinylated human VEGF165 in PBS buffer containing 0.1 % casein
and 0.05 % Tween 20 (Sigma-Aldrich). Binding of these VHH/bio-VEGF165
complexes to the human VEGFR2 chimera coated plate is detected using
horseradish peroxidase (HRP) conjugated extravidin (Sigma, St Louis, MO,
USA). VHH sequence IDs and the corresponding AA sequences of inhibitory
(receptor-blocking) VHHs and VEGF-binding (non-receptor-blocking) VHHs
selected for further characterization are listed in Table 32 and Table 33,

respectively.

Table 32: Sequence IDs and AA sequences of monovalent receptor-blocking
anti-VEGF VHHs selected for further characterization (FR, framework; CDR,

complementary determining region)

VHH
ID/ CDR
SEQ ID FR1 1 FR2 | CDR2 FR3 CDR3 FR4
NO:
RFTI
EVQLV WER SRDN
VEGFBI ESGGG 0RO ATSSG | TKNT SRAYG WGOGT
I LVQPG SYS GKE GFIYD | VYLQ SSRLR OVTVS
23A006 DSLKL MG REF AVSLE | TPSL LADTY 3
42 SCAF'S Vv G KPED DY
GRTF'S TAVY
YCAA
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100 Table 50: 1C50 (pM values and % inhibition of formatted VHHs in
VEGF165/ hVEGFRL- Fc conpetition Al phaScreen VHH ID I C50 (pM % i nhi bition
VEGFBI 101W02211739376G-BI | Q21 12 100 VEGFBI 1 Q22 9 98 VEGFBCIr@»2014866%5

VEGFBI | 24 69 98 VEGFBI | 25 71 82 Rani bi zumab 1300 87 I n addition,
formatted VHHs are also tested for their capacity to bl ock the

nVEGF164/ nWEGFR2- huFc interaction. In brief, serial dilutions of purified
VHHs (concentration range: 411M- 14.5 pM in PBS buffer containing 0.03 %
Tween 20 (Sigma) are added to 0.1 nM biotinylated nVEGF164 and i ncubat ed

for 15 mn. Subsequently mouse VEGFR2-huFc (0.1 nM and anti-huFc VHHcoat ed
acceptor beads (20 pg/n1) are added and this nlxture is incubated for 1
hour . Fi nal Y5 St ’pua‘v.u A—donor—heads \%nTEg |||} at addeqg and after 1
hour of i ncubation Eh59§e>cence i s|neasurjed gn|the Enyision|mcroplate
reader. Dosp; or ryes arw@ersh L1 = 31. The 1 C50 val ues
for VHHs blo§(§%g t%ggggu;ngEGF¥B4%$E§%R£%§%F_Eggigra@@@%m are summari zed
in Table 51| ,Fahl e &%1RLOSQG(pN@K@agggﬁan%S%bi@Qb@% @firvfon formatted
anti-VEGF VHHs | n neGEi64/ nVEGPR2{ hFc canpebi tkon Al phaScre¢en VHH | D
| C50(nM) % | nhi bi t i|eTVEGFBI | 2%V 108 100 |V&GEBl | 024 -| - nVEGF164 0. 05
YCAS
RETI
EVQLV WER SRDN
VEGFBI | ESGGG AISSG | TKNT | SRAYG
I LVQPG | SYS gig GYIYD | VYLQ | SSRLR ggggg
24C04 DSLKL | MG | oo | SVSLQ | TPSL | LADTY |
44 SCVAS vy | G KPED | DY
GRTSS TAVY
YCAA

Table 33: Sequence IDs and AA sequences of monovalent non-receptor-
blocking anti-VEGF VHHSs selected for further characterization (FR, framework;

CDR, complementary determining region)

VHH ID/
SEQ ID |FR1 CDR1 (FR2 CDR2 FR3 CDR3 FR4
NO:
EZ%EZ RFTISRD
VEGFBII LVOPG WYRQA [RISSGGT | NSKNTVY FSSRP WGAGT
05B05 GSIRL SMA PGKHR | TAYVDSV | LOMNSLK NP QVTVS
45 ELVA |KG AEDTAVY S
SCVAS YONT
GIRFM
EZ%EZ RFTISRD
VEGFBII LVOAG | NYAM WERQA [ DISSSGI | NAKNTVY | SAWWY |WGQGT
10EQ07 GSIRL | PGKER |[NTYVADA | LOQMNSLK | SQMAR [QVTVS
46 SCAAS VLVA |VKG PEDTAVY [DNYRY |S
GRTFE'S YCAA
Ezgég REFTMSRD
VEGFBII LVOAG | SYRM WERRT [ SISWTYG | KAKNAGY | GAQSD |WGQGT
86H09 GSIRL | G PGKED | STFYADS | LOQMNSLK |RYNIR [QVTVS
47 EFVA |VKG PEDTALY [SYDY S
SCTAS YCAA
GSAFK
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100 Rani bi zumab - - The formatted VHHs are also tested in ELISA for their
ability to bind nvVEGF164 and r hVEGF165 (Exanple 12.6; Figure 32; Table 52),
VEGF121 (W®anplwsdrd. 7; Figure 34; Tabl e 53) and t he VEGPChareéig/osmpber s
VEGFB, VEGFC, VEGFD and Pl G- (Exanple 12.8; Figure 33). Binding kinetics
for human VEGF165 are anal yzed as described in Exanple 12.5. The KD val ues
are listed in Table 54. Table 52: EC50 (pM values for formatted VHHs in a
reconbi nant human VEG-F165 and nouse VEGF164 binding ELI SA rhVEGF165
rmVEGF164 VHH I D EC50 (pM EC50 (pM VEGFBI 1010 428 - VEGFBI I Q21 334 502
VEGFBI | 22 224 464 VEGFBI | 23 221 - VEGFBI | Q24 320 - VEGFBI I 25 668 -

Tabl e 53: EC50 (pM values for formatted VHHs in a reconbi nant human

L2 o nIbRYobhtio atbd YREckplor bty PR dE%halZE Bh HiA00 3B ialc B! ! 22

540 VEGFBI |
T100 instrument, GE Healthcare). HBS-EP+ buffer is used as running buffer

and experiments are performed at 25-C. Recombinant human VEGF165 is
irreversibly captured on a CM5 sensor chip via amine coupling (using EDC and
NHS) up to a target level of +/- 1500RU. After immobilization, surfaces are
deactivated with 10 min injection of 1M ethanolamine pH8.5. A reference
surface is activated and deactivated with respectively EDC/NHS and
ethanolamine. Periplasmic extracts of VHHs are injected at a 10-fold dilution in
running buffer for 2 min at 45pl/min and allowed to dissociate for 10 or 15 min.
Between different samples, the surfaces are regenerated with regeneration
buffer. Data are double referenced by subtraction of the curves on the
reference channel and of a blank running buffer injection. The dissociation
phase of the processed curves is evaluated by fitting a two phase decay model
in the Biacore T100 Evaluation software v2.0.1. Values for kq-fast, kq-slow and
% fast are listed in Table 34.

Table 34: Off-rate determination of receptor-blocking VHHs with Biacore

VHHID | kiffast) | ka(slow) | %fast | BIMR9 eve!
VEGFBIZ3B0 6 80E.03 | 4.00E-05 | 12 768
VEGFBI2ACO | 4 30e-02 | 3.40E:05 | 17 456
VEGFBI23A0 | 1 7002 | 370805 | 13 547
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325 VEGFBI I 25 475 Table 54: Affinity KD (nM of purified formatted VHHs
for reconbi nant human VEGF165 VHH ID Ica., (1/ M) kdi (1/s) ka2 (1/s) kd2
(1/s) KD wolp(1a3937&EG-Bl 1010 (b) 4.5E+05 1. 7E-02 2. 9E- 02 PLTAP2014/064636
VEGFBI I Q21 (b) 1.2E+06 1.1E-02 2.3E-02 1.9E-04 0.07 VEG-BI I Q22(b) 1.2E+06
9.1E-03 1.4E-02 2. 6E-04 0.14 VEG-BI | Q23(b) 3.0E+05 1.8E-02 2.4E-02 2. 7E-04
0.69 VEGFBI | Q24(b) 3.0E+05 1.3E-02 2.6E-02 2.8E-04 0.47 VEG-BI | Q25(b)

Example 12
Characterization of purified anti-VEGF VHHs

Three inhibitory anti-VEGF VHHs are selected for further characterization as
purified proteins: VEGFBII23B04, VEGFBII24C04 and VEGFBII23A06. These
VHHSs are expressed in E. coli TG1 as ¢c-myc, His6-tagged proteins.
Expression is induced by addition of 1 mM IPTG and allowed to continue for
4 hours at 37°C. After spinning the cell cultures, periplasmic extracts are
prepared by freeze-thawing the pellets. These extracts are used as starting
material for VHH purification via IMAC and size exclusion chromatography
(SEC). Final VHH preparations show 95% purity as assessed via SDS-PAGE.

12.1 Evaluation of human VEGF165/VEGFRZ2 blocking VHHSs in human
VEGF165/human VEGFRZ2-Fc blocking ELISA

The blocking capacity of the VHHs is evaluated in a human VEGF165/human
VEGFR2-Fc blocking ELISA. In brief, 1 pg/mL of VEGFR2-Fc chimera (R&D
Systems, Minneapolis, MN, USA) is coated in a 96-well MaxiSorp plate (Nunc,
Wiesbaden, Germany). Dilution series (concentration range 1 mM - 64pM) of
the purified VHHs in PBS buffer containing 0.1% casein and 0.05% Tween 20
(Sigma) are incubated in the presence of 4 nM biotinlyated VEGF165.
Residual binding of bio-VEGF165 to VEGFR2 is detected using horseradish
peroxidase (HRP) conjugated extravidin (Sigma, St Louis, MO, USA) and TMB
as substrate. As controls Bevacizumab (Avastin® and Ranibizumab (Lucentis®)
are taken along. Dose inhibition curves are shown in Figure 20, the

corresponding ICsp values and % inhibition are summarized in Table 35.
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3.3E+05 1.7E-02 1.8E-02 3.7E-04 1.1 (a) KD= kdi/kai*(1<d2/0<d2+ka2)) (b)
Curves are fitted using a Two State Reaction nodel by Biacore T100

Eval uat i omoSoftroses7e v2. 0.1 VHHs VEGFBI 1010, VEGFBI | O22, PUEGPRI10/0249RNd
VEGFBI | O25 are also tested in the VEG-F nedi ated HUVEC proliferation and Erk
phosphoryl ati on assay. The potency of the selected formatted VHHs is
evaluated in a proliferation assay. In brief, primary HUVEC cells

(Technocl one) are suppl enent-starved over night and then 4000 cell s/ well
are seeded in quadruplicate in 96-well tissue culture plates. Cells are
stinmulated in the absence or presence of VHHs with 33ng/nL VEGF. The
proliferation rates are neasured by [3H Thym dine incorporation on day 4.
The results shown in Table 55 denonstrate that the formatted VHHs and

Bevaci zurmab f‘% Ao W@gm G REOhbASIALAIHAY ior @ than 90%
h 1C50 | , v.al 0 b f f d
s e 585 R a oot BHIBRD | C50 (nM) 961 nii bi 1 on

VEGFBI 1010 0.22 95 VEGFBI I Q21 0.40 98 VEGFBI | Q22 0.34 100 VEGFBI I 23 0. 52
98 VEGFBI I 24 0. 38 96 VEGFBLLO25 0 41 104 Bevacizumah 0.21 92 The potency
of the selected formatted VHHs is al sof assessed in the HUVEC Erk

phosphoryl ati on assay. In br";fﬁ%m pri MYel q cefds are serumstarved over
ni ght and then stinulated ijn the absence o rleiskibiien of VHHs wi th | Ong/ nL
VEGF for 5 min. Cells are flixed with 4% Formal|dehyde iin PBS and ERK
phosphoryl ation | evel s are |maassnskoby| ELE.SA ysi ngo phosphoERKspeci fic

anti bodi es (anti-phosphoMAR Ki nase pERK1&2, M3159, Sigma) and pol ycl onal
Rabbit Anti-Muse-| nmunogl gbhwldgrsitdRBs clonj sigat § (RBA61, Dako). As shown in
Table 56, the formatted VHHs and Bevac| zumab i|nhibit the VEGF induced Erk
phosphoryal tion by nore thanv¥naws h) 1 C59s g1nMoo Tabl e 56: 1C50 (nM
values and (:)/0 inhibition of formattled VHHs [i n VEG-|HUVEC Er k

phosphoryl ati on assay VHH ||Rahis50mab NM 16 100

Bevacizumab 1.7 100

12.2 Evaluation of human VEGF165/VEGFRZ2 blocking VHHSs in human
VEGF165/human VEGFR1-Fc blocking ELISA

VHHSs are also evaluated in a human VEGF165/human VEGFR1-Fc blocking
ELISA. In brief, 2 uyg/mL of VEGFR1-Fc chimera (R&D Systems, Minneapolis,
MN, USA) is coated in a 96-well MaxiSorp plate (Nunc, Wiesbaden, Germany).
Dilution series (concentration range 1 mM - 64pM) of the purified VHHs in PBS
buffer containing 0.1% casein and 0.05% Tween 20 (Sigma) are incubated in
the presence of 0.5nM biotinlyated VEGF165. Residual binding of bio-
VEGF165 to VEGFR1 is detected using horseradish peroxidase (HRP)
conjugated extravidin (Sigma, St Louis, MO, USA) and TMB as substrate. As
controls Bevacizumab, Ranibizumab and an irrelevant VHH (2E6) are taken
along. Dose inhibition curves are shown in Figure 21, the corresponding ICso
values and % inhibition are summarized in Table 36.
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% i nhi bition VEG-BI 1010 0.19 92 VEGFBI | Q21 0.21 103 VEG-BI I Q22 0.18 94
VEGFBI | 23 0. 25 100 VEGFBI | Q24 0.23 94 VEG-BI I 25 0.23 99 Bevaci zunmab 0. 63
98 ExanpWe 20fb/Bexuence optim zati on 15.1 Sequence opti PCTAPR@I0/064695
VEGFB11231304 The ami no acid sequence of VEGFBI 123B04 is aligned to the
human germ i ne sequences VH3-23 (DP-47) and JH5, see Figure 35 SEQ I D NO
100. The alignnment shows that VEGFBI 123B04 contains 19 framework nutations
relative to the reference germine sequence. Non-human residues at
positions 14, 16, 23, 24, 41, 71, 82, 83 and 108 are sel ected for
substitution with their human germine counterparts. A set of 8

VEGFBI 123B04 variants is generated carrying different conbinations of human
resi dues on these positions (AA sequence are listed in Table 57). One

addi tional veabRY6: IG5 ARG VakREeHhd B iMRbRBNII ehdRvERht #HHsSAMEr i ation site
at position D59560 é region, see Figure 35 indicated as bold italic
resi dues) i shYe@biet/MEGIIRT-d¢eompsiition ELISBOA nut ati on. V113 WGEQGTLVTVS

WGEQGTLVTVS WGEQGTLVTVS
VHH ID ICs (nM) | % inhibition
VEGFBII23B04 0.5 64
VEGFBII23A06 0.9 55
VEGFBII24C04 038 71
Ranibizumab 1.2 91
Bevacizumab 1.5 96

12.3 Evaluation of the anti-VEGF165 VHHSs in the human VEGF165/human
VEGFRZ2-Fc blocking AlphaScreen

The blocking capacity of the VHHs is also evaluated in a human
VEGF165/human VEGFR2-Fc blocking AlphaScreen. Briefly, serial dilutions of
purified VHHs (concentration range: 200 nM — 0.7 pM) in PBS buffer
containing 0.03 % Tween 20 (Sigma) are added to 4pM bio-VEGF165 and
incubated for 15 min. Subsequently VEGFR2-Fc (0.4 nM) and anti-Fc VHH-
coated acceptor beads (20 pg/ml) are added and this mixture is incubated for
1 hour in the dark. Finally, streptavidin donor beads (20 ug/ml) are added and
after 1 hour of incubation in the dark, fluorescence is measured on the
Envision microplate reader. Dose-response curves are shown in the Figure 22.
The ICs values for VHHs blocking the human VEGF 165 — human VEGFR2-Fc

interaction are summarized in Table 37.
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LVIVS Elm u) u) 0 < 124 u) HL Pl 12 < 124 1-1 124 H41 H u) u) 0 <
124 u) HL PI 12 < 124 1-1 124 H41 H u) u) 0 < 124 u) HL PI 12 < 124 1-1
124 H 41 WO 20)1/039370 < PCT/EP2010/064695

Table 37: IC5, (pM) values and % inhibition for VHHs in hVEGF165/hVEGFR2-
Fc competition AlphaScreen

VHH ID ICs5 (pM) | % inhibition
VEGFBII23B04 160 100
VEGFBII23A06 250 100
VEGFBII24C04 250 100
Ranibizumab 860 100

12.4 Evaluation of the anti-VEGF165 VHHSs in the human VEGF165/human
VEGFR1-Fc blocking AlphaScreen

The blocking capacity of the VHHs is also evaluated in a human
VEGF165/human VEGFR1-Fc blocking AlphaScreen. Briefly, serial dilutions of
purified VHHs (concentration range: 500 nM — 1.8 pM) ) in PBS buffer
containing 0.03 % Tween 20 (Sigma) are added to 0.4 nM bio-VEGF165 and
incubated for 15 min. Subsequently VEGFR1-Fc (1 nM) and anti-Fc VHH-
coated acceptor beads (20 pg/ml) are added and this mixture is incubated for
1 hour in the dark. Finally, streptavidin donor beads (20 ug/ml) are added and
after 1 hour of incubation in the dark, fluorescence is measured on the
Envision microplate reader. Dose-response curves are shown in the Figure 23.
The ICso values and % inhibition for VHHs blocking the human VEGF165 —

human VEGFR1-Fc interaction are summarized in Table 38.
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124 u) HL PI 12 < 124 1-1 124 H 41 H

YLQ NSLRPEDTA YLQ NSLRPEDTA  num 0 u)

u) H < >wp20R/daodd0 41 i-1 U O

YLQ NSLRPEDTA

YLQWNSLRPEDTA

H< (U >12HHO 41 i-1 U

PCT/EP2010/064695

Table 38: IC5 (nM) values and % inhibiton for VHHs in hVEGF165/hVEGFR1-

Fc competition AlphaScreen

VHH ID ICs (nM) | % inhibition
VEGFBII23B04 0.9 41
VEGFBII23A06 04 46
VEGFBII24C04 0.2 53
Ranibizumab 3.3 79

12.5 Determination of the affinity of the human VEGF165 — VHH interaction

Binding kinetics of VHH VEGFBII23B4 with hVEGF165 is analyzed by SPR on

a Biacore T100 instrument. Recombinant human VEGF165 is immobilized

directly on a CMS5 chip via amine coupling (using EDC and NHS). VHHSs are

analyzed at different concentrations between 10 and 360nM. Samples are

injected for 2 min and allowed to dissociate up to 20 min at a flow rate of

45 pl/min. In between sample injections, the chip surface is regenerated with
100 mM HCI. HBS-EP+ (Hepes buffer pH7.4 + EDTA) is used as running
buffer. Binding curves are fitted using a Two State Reaction model by Biacore
T100 Evaluation Software v2.0.1. The calculated affinities of the anti-VEGF

VHHs are listed in Table 39.
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WO 2011/039370 PCT/EP2010/064695

Table 39: Affinity Kp (nM) of purified VHHs for recombinant human VEGF165

VEGF165

ka ka1 ka2 k kd kd KD

VHH ID wmishy | sty | ey | s | (s ) | (m
gﬁgFB”%B ; 21E+05 | 1.4E-02 - | 86E-03 | 2.4E-04 | 07
gggFB"23A ; 42E+05 | 2.0E-02 - | 57602 | 1.0E-04 | 07
gﬁgFB“MC ; 32E+05 | 1.8E-02 - | 26E-02 | 9.6E-05 | 0.4

(@) Heterogeneous binding curve resulting in no 1:1 fit, curves are fitted using a Two State
Reaction model by Biacore T100 Evaluation Software v2.0.1

12.6 Binding to mouse VEGF164

Cross-reactivity to mouse VEGF164 is determined using a binding ELISA. In
brief, recombinant mouse VEGF164 (R&D Systems, Minneapolis, MS, USA) is
coated overnight at 4°C at 1 ug/mL in a 96-well MaxiSorp plate (Nunc,
Wiesbaden, Germany). Wells are blocked with a casein solution (1% in PBS).
VHHs are applied as dilution series (concentration range: 500nM — 32pM) in
PBS buffer containing 0.1% casein and 0.05% Tween 20 (Sigma) and binding
is detected using a mouse anti-myc (Roche) and an anti-mouse-HRP
conjugate (DAKO) and a subsequent enzymatic reaction in the presence of the
substrate TMB (3,3’,5,5-tetramentylbenzidine) (Pierce, Rockford, IL, USA)
(Figure 24). A mouse VEGF164 reactive mAb is included as positive control.
As reference, binding to human VEGF165 is also measured. ECsp values are

summarized in Table 40.
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Table 40: ECs, (pM) values for VHHSs in a recombinant human VEGF165 and
mouse 164 binding ELISA

rhVEGF165 | rmVEGF164
VHH ID ECs (PM) | ECs, (pM)
VEGFBII23B04 297 NB
VEGFBII24C04 453 NB
VEGFBII23A06 531 NB

NB, no binding

12.7 Binding to VEGF121

Binding to recombinant human VEGF121 is assessed via a solid phase
binding ELISA. Briefly, recombinant human VEGF121 (R&D Systems,
Minneapolis, MS, USA) is coated overnight at 4°C at 1 yg/mL in a 96-well
MaxiSorp plate (Nunc, Wiesbaden, Germany). Wells are blocked with a casein
solution (1% in PBS). VHHs are applied as dilution series (concentration
range: 500nM — 32pM) in PBS buffer containing 0.1% casein and 0.05%
Tween 20 (Sigma) and binding is detected using a mouse anti-myc (Roche)
and an anti-mouse-HRP conjugate (DAKO) and a subsequent enzymatic
reaction in the presence of the substrate TMB (3,3’,5,5’-tetramentylbenzidine)
(Pierce, Rockford, IL, USA) (Figure 25). As positive control serial dilutions of

the VEGFR2 is taken along. ECs values are summarized in Table 41.
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Table 41: ECsy (pM) values for monovalent VHHs in a recombinant human
VEGF121 binding ELISA

VHH ID ECso (pM)
VEGFBII23B04 510
VEGFBII24C04 792
VEGFBII23A06 928

12.8 Binding to VEGF family members VEGFB, VEGFC, VEGFD and PIGF

Binding to VEGFB, VEGFC, VEGFD and PIGF is assessed via a solid phase
binding ELISA. In brief, VEGFB, VEGFC, VEGFD and PIGF (R&D Systems,
Minneapolis, MS, USA) are coated overnight at 4°C at 1 pg/mL in a 96-well
MaxiSorp plate (Nunc, Wiesbaden, Germany). Wells are blocked with a casein
solution (1% in PBS). VHHs are applied as dilution series (concentration
range: 500nM — 32pM) and binding is detected using a mouse anti-myc
(Roche) and an anti-mouse-AP conjugate (Sigma, St Louis, MO, USA). As
positive controls serial dilutions of the appropriate receptors are taken along
and detected with horseradish peroxidase (HRP)-conjugated goat anti-human
19G, Fc specific antibody (Jackson Immuno Research Laboratories Inc., West
Grove, PA, USA) and a subsequent enzymatic reaction in the presence of the
substrate TMB (3,3’,5,5'-tetramentylbenzidine) (Pierce, Rockford, IL, USA).
Dose-response curves of VHHs and controls are shown in Figure 26. The
results show that there is no detectable binding of the selected VHHs to
VEGFB, VEGFC, VEGFD or PIGF.

12.9 Epitope binning

Biacore-based epitope binning experiments are performed to investigate which
VEGF binders bind to a similar or overlapping epitope as VEGFBII23B04. To
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this end, VEGFBII23B04 is immobilized on a CM5 sensor chip. For each
sample, human VEGF165 is passed over the chip surface and reversibly
captured by VEGFBII23B4. Purified VHHs (100 nM) or periplasmic extracts
(1/10 diluted) are then injected with a surface contact time of 240 seconds and
a flow rate of 10 uL/minute. Between different samples, the surface is
regenerated with regeneration buffer (100 mM HCI). Processed curves are
evaluated with Biacore T100 Evaluation software. VHHs could be divided
within two groups: group one which gave additional binding to VEGFBII23B04
captured VEGF165 and a second group which is not able to simultaneously
bind to VEGFBII23B04 captured VEGF165 (the selected VHHs 24C04, 23A06
and 23B04 are in this group).

The same assay set-up is used to assess whether VEGFR1, VEGFR2,
Ranibizumab and Bevacizumab are able to bind to human VEGF-165
simultaneously with VEGFBII123B04. Table 42 presents the additional binding
responses to VEGFBII23B04 captured VEGF165. Only VEGFR2 is not able to
bind to VEGFBI123B04 captured VEGF 165, underscoring the blocking capacity
of VEGFBI123B04 for the VEGF-VEGFR?2 interaction. In addition, these data
show that the VEGFBII23B04 epitope does not correspond to the

Bevacizumab and Ranibizumab epitope.

Table 42: Epitope binding of VEGFBII23B04 — binding of benchmark inhibitors
or cognate receptors to VEGFBI123B04-captured VEGF 165

Injection I Binding
Binding [sample ] | level

step (RU)

1 VEGF165 100 nM 1727

2 VEGFBII23B04 | 100 nM -

3 Ranibizumab 100 nM 763

4 Bevacizumab 100 nM 1349

5 VEGFR1 100 nM 1011

6 VEGFR2 100 nM -
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12.10 Characterization of the anti-VEGF VHHs in the HUVEC proliferation

assay

The potency of the selected VHHSs is evaluated in a proliferation assay. In
brief, primary HUVEC cells (Technoclone) are supplement-starved over night
and then 4000 cells/well are seeded in quadruplicate in 96-well tissue culture
plates. Cells are stimulated in the absence or presence of VHHs with 33ng/mL
VEGF. The proliferation rates are measured by [*H] Thymidine incorporation
on day 4. The results of the HUVEC proliferation assay shown in Table 43
demonstrate that VEGFBII23B04 and Bevacizumab inhibit the VEGF-induced
HUVEC proliferation by more than 90%, with IC50s <1nM.

Table 43: IC5, (nM) values and % inhibition of monovalent VEGFBII23B04,
VEGFBII23A06 and VEGFBII24C04 in the VEGF HUVEC proliferation assay

%

VHH ID ICso (M) | inhibition
VEGFBII
yasos 0.36 91
Bevacizumab | 0.21 92

%
VHH ID ICso (M) | 1 hibition
VEGFBII
v 429 73
VEGFBII
24C04 38 79
Bevacizumab | 0.78 78

12.11 Characterization of the anti-VEGF VHHs in the HUVEC Erk

phosphorylation assay

The potency of the selected VHHSs is assessed in the HUVEC Erk
phosphorylation assay. In brief, primary HUVEC cells are serum-starved over

night and then stimulated in the absence or presence of VHHs with 10ng/mL
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VEGEF for 5 min. Cells are fixed with 4% Formaldehyde in PBS and ERK
phosphorylation levels are measured by ELISA using phosphoERK-specific
antibodies (anti-phosphoMAP Kinase pERK1&2, M8159, Sigma) and
polyclonal Rabbit Anti-Mouse-Immunoglobulin-HRP conjugate (PO161, Dako).
As shown in Table 44, VEGFBII23B4 and Bevacizumab inhibit the VEGF
induced Erk phosphoryaltion by at least 90%, with ICs¢s <1nM.

Table 44: IC5 (nM) values and % inhibition of monovalent VEGFBII23B04 in
VEGF HUVEC Erk phosphorylation assay

ICso %
VHH ID (nM) | inhibition
VEGFBII
s 0.37 |90
Bevacizumab | 0.63 98

Example 13
Generation of multivalent anti-VEGF blocking VHHs

VHH VEGFBII23B04 is genetically fused to either VEGFBII23B04 resulting in a
homodimeric VHH or different VEGF-binding VHHSs resulting in heterodimeric
(bivalent) VHHs. To generate the bivalent VHHSs, a panel of 10 unique VEGF-
binding VHHSs are linked via a 9 or 40 Gly-Ser flexible linker in two different
orientations to VEGFBII23B04. Homodimeric VEGFBII23B04 (VEGFBII010)
and the 40 heterodimeric bivalent VHHs are expressed in E. coli TG1 as c-
myc, His6-tagged proteins. Expression is induced by addition of 1 mM IPTG
and allowed to continue for 4 hours at 37°C. After spinning the cell cultures,
periplasmic extracts are prepared by freeze-thawing the pellets. These
extracts are used as starting material and VHHs are purified via IMAC and
desalting resulting in 90% purity as assessed via SDS-PAGE. AA sequences
the homodimeric and selected bivalent VEGF-binding VHHs are shown in SEQ
ID NO: 48- 53 and in Table 45.
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41PiC U >0 U114 1-1>1-1E-1 Gi-i124124 >01-10 VEG-B | | 113E03 58 VEGFB |
| 114009 59 VEGFB | | 114 D2 60 VEGFBI| 11 4D03 61 VEGFBII111 8E10 62 These
vari ant s woeotiaezot eri zed as purified proteins in the YEGEPOOHNEGIR2

Al phaScreen (Exanmple 12.3, Figure 36). The nelting tenperature (Tn) of each
clone is determined in a thermal shift assay, which is based on the
increase in fluorescence signal upon incorporation of Sypro 50range
(I'nvitrogen) (Ericsson et al, Anal. Biochem 357 (2006), pp289-298). All
vari ants di spl ayed conparabl e | C50 when conpared to VEG-BI 123B04 and Tm

val ues which are simlar or higher when conpared to the parental

VEGFBI 123B04. Tabl e 58 summarizes the 1 C 50 values, % inhibition and Tm
values at pH_7 for_ the 9 cl ted 0 Tabl e 58: val ues, %

i nhi bition IJFEP'RE‘{Q |§?@UF@%&S§?U '%)seePe%%‘ﬁﬂfe??é%Ct%ng\/pﬁ!\%@d vari ants
of VEGFBI 12380iVEZEAH VBHSC50 (PM %| nhibition T," @pH 7 (C VEG-B1123804
(w) 169 100 63 VEG-B11111D05 209 100 68 VEGFBlllllGOG 366 100 71

VEGFBI 1 112D11

VHH ID/
SEQ ID NO:

VHH ID AA sequence

EVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSMGWFRQAQGKEREFVV

AISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAY
VEGFBII23B04
GSSRLRLADTYEYWGQGTQVTVSSGGGGSGGGGSGGGGSGGGGSGGEG
-35GS-23B04 | VEGFBII0O10
GSGGGGSGGGGSEVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSMGW

FRQAQGKEREFVVAISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPE
DTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSS

48

EVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSMGWFRQAQGKEREFVV
VEGFBII23B04 AISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAY
-9GS-5B05 VEGFBII022 | GSSRLRLADTYEYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPG
49 GSLRLSCVASGIRFMSMAWYRQAPGKHRELVARISSGGTTAYVDSVKGRF
TISRDNSKNTVYLQMNSLKAEDTAVYYCNTFSSRPNPWGAGTQVTVSS

EVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSMGWFRQAQGKEREFVV

AISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAY
VEGFBII23B04
GSSRLRLADTYEYWGQGTQVTVSSGGGGSGGGGSGGGGSGGGGSGGEG
-40GS-5B05 VEGFBII021
GSGGGGSGGGGSGGGGSEVQLVESGGGLYQPGGSLRLSCVASGIRFMS
50
MAWYRQAPGKHRELVARISSGGTTAYVDSVKGRFTISRDNSKNTVYLQMN

SLKAEDTAVYYCNTFSSRPNPWGAGTQVTVSS

EVQLVESGGGLVQTGDSLRLSCEVSGRTFSSYSMGWFRQAQGKEREFVV

AISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAY
VEGFBII23B04
GSSRLRLADTYEYWGQGTQVTVSSGGGGSGGGGSGGGGSGGGGSGGEG
-40GS-10E07 | VEGFBII023
GSGGGGSGGGGSGGGGSEVQLVESGGGLYQAGGSLRLSCAASGRTFSN
51
YAMGWFRQAPGKERVLVADISSSGINTYVADAVKGRFTISRDNAKNTVYLQ

MNSLKPEDTAVYYCAASAWWYSQMARDNYRYWGQGTQVTVSS
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221 100 70 VEGFBI 1113A08 253 100 69 VEGFBI 1113E03 290 100 68
VEG-B11114009 215 100 71 VEGFB11114D02 199 100 74 VEG-B11114D03 227 100 64

VEG-BI 1118201118937000 62

In a second cycl e,
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humani zation effort 15(VEGFBI 1111G06) and nutations to avoid potenti al

posttransl| at

i onal

nodi fication at selected sites,
substitution and an El

(the D 6G the S60A
D mutation) are conbined resulting in a

sequence-opti m zed cl one derived from VEG-BI 123B04: VEG-BI 10037. One extra

sequence-opti m zed vari ant (VEG-BII038)

is anticipated which contains all

substitutions as VEGFBI 10037, with the exception of the I182M nutation, as
this mutation may be associated with a mnor drop in potency. The sequences

of both seq
VEGFBI 10038
(Exanpl e 13.
thermal shif

VEGF165 is de

characteri st

aneao—ant
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HILCU trones—are IIDLCU 1
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CTITIU T UpL
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LF&E@%4

erm ne

EE>-61%t

e 37),

beterizéd in the VEGE165/ VEGER2 bl ocki n asScreen
F%V%??LV%TﬁD%L@%EYS&FUF%YSNSWEF@(%%‘FF?&H in the
1S desci NYEGYIaBBPEE RATPKPIENB FQINALKREDTAYY YBPIRAY mg on

1 i n Bi acsrefdxavigsleTdldisScccAnc@sessiseas@icet he

&S yeness RRLLIHESH oMEkSsd SuBESRERE AL sARs

Tabl e 60.

Tabl e 59: AA

sgequences of se%ﬂ nce- ogtl m zed variants of
VEGFBI 123B04

VHH 10
S GSTFYADSVKGRFTMSRDKAKNAGY

VHH | D/ |SEQ I D EBR SRS

LQMNSLKPEDTALYYCAAGAQSDRYNIRSYDYWGQGTQVTVSS

EVQLVESGGGLVQAGGSLRLSCAASGRTFSNYAMGWFRQAPGKERVLVA

DISSSGINTYVADAVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAASA
VEGFBIIM0EO7
WWYSQMARDNYRYWGQGTQVTVSSGGGGSGGGGSGGGGSGGGGSG
-40GS-23B04 | VEGFBII025
GGGSGGGGSGGGGSGGGGSEVQLVESGGGLVQTGDSLRLSCEVSGRTF
53

SSYSMGWFRQAQGKEREFVVAISKGGYKYDSVSLEGRFTISKDNAKNTVY

LQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSS

The panel of 40 bivalent VHHSs is tested in the VEGFR2 and VEGFR1 blocking

AlphaScreen assay, as described in Example 12.3 and 12.4, respectively.

Based on potency and maximum level of inhibition, the best five bivalent VHHs
(VEGFBII021, VEGFBII022, VEGFBI023, VEGFBI024 and VEGFBII025 — see
Table 45) are chosen for further characterization. An overview of the screening
results for the selected five bivalent VHHs in the competitive VEGFR2 and
VEGFR1 AlphaScreen is shown in Table 46.

Table 46: Potency and efficacy of the five selected bispecific bivalent VHHs in
the VEGF/VEGFR1 and VEGF/VEGFR2 competition AlphaScreen assay

VHH ID VEGFR2 VEGFR1
ICs0 (pM) ICso (PM) | % inhibition
VEGFBII021 9 16 100
VEGFBII022 7 8 100
VEGFBII023 38 44 91
VEGFBII024 12 46 100
VEGFBII025 51 39 82
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CDR 2 FR3 CDR 3 FR 4 DVQLV SYS WFRQ Al SKGG RFTI SRD SRAYGSS WGQGT ESGGG

MG APGK YKYDAV NAKNTVY RLRLADT LVTVS VEGFBI | LVQPG EREF SLEG
LQWNSLR WES® 261100839370 PCT/EP2010/064695
Example 14

Characterization of formatted anti-VEGFVHHs

VHHs VEGFBII010, VEGFBII021, VEGFBII022, VEGFBI1023, VEGFBII024
and VEGFBII025 are compared side-by side in the VEGFR2 and VEGFR1
blocking ELISA (Figure 27 and 28, Table 47 and Table 48 respectively) and
AlphaScreen assay (Figure 29 and 30, Table 49 and 50) as described in
Examples 12.1, 12.2, 12.3 and 12.4, respectively.

Table 47: IC5, (pM) values and % inhibition for formatted VHHs in

hVEGF165/hVEGFR2-Fc competition ELISA
ICso

VHH ID (oM) % inhibition
VEGFBII010 49 100
VEGFBII021 204 100
VEGFBII022 164 100
VEGFBII023 213 100
VEGFBII024 292 100
VEGFBII025 577 100
Bevacizumab 315 100
Ranibizumab 349 100

Table 48: IC5, (pM) values and % inhibition of formatted VHHSs in
VEGF165/hVEGFR1-Fc competition ELISA

VHH ID ('&’;I") % inhibition
VEGFBII010 735 67
VEGFBII021 254 97
VEGFBII022 225 89
VEGFBII023 279 91
VEGFBII024 326 92
VEGFBII025 735 91
Bevacizumab 484 91
Ranibizumab 594 96
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WO 2011/039370 PCT/EP2010/064695

Table 49: IC5, (pM) values and % inhibition for formatted VHHs in
hVEGF165/hVEGFR2-Fc competition AlphaScreen

VHH ID ICs (pM) | % inhibition
VEGFBII010 16 100
VEGFBII021 7 100
VEGFBII022 7 100
VEGFBII023 46 100
VEGFBII024 50 100
VEGFBII025 51 100
Ranibizumab 600 100

Table 50: IC5, (pM) values and % inhibition of formatted VHHSs in
VEGF165/hVEGFR1-Fc competition AlphaScreen

VHH ID ICs (pM) | % inhibition
VEGFBII010 21 70
VEGFBII021 12 100
VEGFBII022 9 98
VEGFBII023 48 87
VEGFBII024 69 98
VEGFBII025 71 82
Ranibizumab 1300 87

In addition, formatted VHHs are also tested for their capacity to block the
mVEGF164/mVEGFR2-huFc interaction. In brief, serial dilutions of purified
VHHSs (concentration range: 4uM — 14.5 pM) in PBS buffer containing 0.03 %
Tween 20 (Sigma) are added to 0.1 nM biotinylated mVEGF164 and incubated
for 15 min. Subsequently mouse VEGFR2-huFc (0.1 nM) and anti-huF¢ VHH-
coated acceptor beads (20 pg/ml) are added and this mixture is incubated for 1
hour. Finally, streptavidin donor beads (20 pg/ml) are added and after 1 hour
of incubation fluorescence is measured on the Envision microplate reader.

Dose-response curves are shown in the Figure 31. The ICs values for VHHs
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blocking the mouse VEGF164/VEGFR2-huFC interaction are summarized in
Table 51.

Table 51: ICs, (pM) values and % inhibition for formatted anti-VEGF VHHs in
mVEGF164/mVEGFR2-hFc competition AlphaScreen

VHH ID ICs0(NM) | % inhibition
VEGFBII022 108 100
VEGFBII024 - -
mVEGF164 0.05 100
Ranibizumab - -

The formatted VHHs are also tested in ELISA for their ability to bind
mVEGF164 and rhVEGF165 (Example 12.6; Figure 32; Table 52), VEGF 121
(Example 12.7; Figure 34; Table 53) and the VEGF family members VEGFB,
VEGFC, VEGFD and PIGF (Example 12.8; Figure 33). Binding kinetics for
human VEGF165 are analyzed as described in Example 12.5. The Kp values
are listed in Table 54.

Table 52: ECs, (pM) values for formatted VHHs in a recombinant human
VEGF165 and mouse VEGF164 binding ELISA

rhVEGF165 | rmVEGF164

VHH ID ECs (PM) | ECs, (pM)
VEGFBII010 428 -
VEGFBII021 334 502
VEGFBII022 224 464
VEGFBII023 221 -
VEGFBII024 320 -
VEGFBII025 668 -
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YCAS GRTFS Table 60: 1C50 (pM values, % inhibition, nelting
tenperature (@H 7) and affinity (pM of sequence-optim zed cl ones

VEGFBI | 03v¥oand/sE3hBI | 038 VHH | D 1050 (pM % i nhi bi ti onPTI/EPE@D/0@6PH 7 KD
(pM VEG-B1123804 152 100 63 560 VEGFBI1 037 300 100 72 270 VEGFBI 1038 143
100 71 360 5 15.2 Sequence optim zation of VEGFB1151305 The am no acid
sequence of VEGFBII5B05 is aligned to the human gernline sequence

VH3- 23/ JH5; see Figure 38 and SEQ I D NO 100. The alignnment shows that
VEGFBI | 5B05 contains 15 framework nutations relative to the reference
gernl i ne sequence. Non-human residues at positions 23, 60, 83,

Table 53: ECs, (pM) values for formatted VHHs in a recombinant human
VEGF121 binding ELISA

rhVEGF121
VHH ID ECso (pM)
VEGFBII010 920
VEGFBII022 540
VEGFBII024 325
VEGFBII025 475

Table 54: Affinity Kp (nM) of purified formatted VHHs for recombinant human
VEGF165

VHH ID Ko (1/Ms) | kgt (1/8) | ka2 (1/8) | ka2 (1/8) | Kp (nM)®

VEGFBII010 ® | 4 5E+05 1.7E-02 | 2.9E-02 | 1.3E-04 0.16

VEGFBII021® 1.2E+06 1.1E-02 | 2.3E-02 | 1.9E-04 0.07

VEGFBII022® 12E+06 | 9.1E-03 | 1.4E-02 | 2.6E-04 0.14

VEGFBII023® 3.0E+05 1.8E-02 | 2.4E-02 | 2.7E-04 0.69

VEGFBII024® 3.0E+05 | 1.3E-02 | 2.6E-02 | 2.8E-04 0.47

VEGFBII025® 3.3E+05 | 1.7E-02 | 1.8E-02 | 3.7E-04 1.1

® Kp= kar/Kar*(Kao/(Kaz+Ke2))

®) Curves are fitted using a Two State Reaction model by Biacore T100 Evaluation Software
v2.0.1

VHHs VEGFBII010, VEGFBII022, VEGFBII024 and VEGFBIIO25 are also
tested in the VEGF mediated HUVEC proliferation and Erk phosphorylation

assay.
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1 0105, 108 are selected for substitution wth their human gernline
counterparts while the histidine at position 44 is selected for

subst i t utwonotyosgi7at am ne. One hunani zation variant i s ecm@remoesITarryi ng
the 6 described nmutations (AA sequence is listed in Table 61). Tabl e
61: AA sequence of sequence-optim zed variants of VHH VEG-BI I 5B05 15 (FR
framewor k; CDR, conplenentary determning region) VHH ID/ SEQ ID NO FRL
CDR 1 FR2 CDR2 FR3 CDR3 FR4 VEGFBI | 119Gl1 65 EVQLVESG GEVQPGG SLRLSCAAS
G RFM SVA WRQAP GKQRELV A RI SSGG TTAYAD SVKG RFTI SRDNSK NTVYLQWNS
LRAEDTAVYY CNT FSSRP NP WGQGTLV TVSS  VEGFBI | EVQLVESG GELVQPGG WYRQAP

Rl SSGG RFTI SRDNSK NTVYLQWNS FSSRP WGAGTQV 120E10 SMA GKHRELV TTAYVD
SLRLSCVAS The potency of the selected formatted VHHSs is evaluated in a proliferation
assay. In brief, primary HUVEC cells (Technoclone) are supplement-starved
over night and then 4000 cells/well are seeded in quadruplicate in 96-well
tissue culture plates. Cells are stimulated in the absence or presence of VHHs
with 33ng/mL VEGF. The proliferation rates are measured by [*H] Thymidine
incorporation on day 4. The results shown in Table 55 demonstrate that the
formatted VHHs and Bevacizumab inhibit the VEGF induced HUVEC

proliferation by more than 90%, with ICsps <1nM.

Table 55: ICsy (nM) values and % inhibition of formatted VHHs in VEGF
HUVEC proliferation assay

ICso

VHH ID (nM) % inhibition
VEGFBII010 0.22 95
VEGFBII021 0.40 98
VEGFBII022 0.34 100
VEGFBII023 0.52 98
VEGFBII024 0.38 96
VEGFBII025 0.41 104
Bevacizumab 0.21 92

The potency of the selected formatted VHHs is also assessed in the HUVEC
Erk phosphorylation assay. In brief, primary HUVEC cells are serum-starved
over night and then stimulated in the absence or presence of VHHs with
10ng/mL VEGEF for 5 min. Cells are fixed with 4% Formaldehyde in PBS and
ERK phosphorylation levels are measured by ELISA using phosphoERK-
specific antibodies (anti-phosphoMAP Kinase pERK1&2, M8159, Sigma) and
polyclonal Rabbit Anti-Mouse-Immunoglobulin-HRP conjugate (PO161, Dako).
As shown in Table 56, the formatted VHHs and Bevacizumab inhibit the VEGF
induced Erk phosphoryaltion by more than 90%, with ICsps <1nM.
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LKAEDTAVYY NP TVSS 66 A SVKG G RFI CNT One additional variant
is constructed in which the potential oxidation site at position M3O (CDRL
regi on, swe 2biigex038 i ndicated as bold italic residue) PCI/EPROMDWEEHIDY

i ntroduction of a MBO1 nutation. Both variants are tested for their 5
ability to bind hVEGF165 using the PrateOn. In brief, a GLC PrateOn Sensor
chip is coated with human VEGF165. Periplasmc extracts of the variants are
diluted 1/10 and injected across the chip coated with hunman VEG-165.
Of-rates are cal culated and conpared to the off-rates of the parental
VEGFBI | 5B05. O f-rates fromthe 2 variants are in the sane range as the
off- 10rates fromthe parental VEGFBII5B05 indicating that all nutations

I 6.6 | . : L% .
VEcrn | ios. VRRIEES: Somaniy VARGS St piar Atk B e GRER ARl BEER] oL D'
VEGFBI | 119GIHURRL Erk/ piodphoWiatiddl 4sk2@E10 257 4. 68E-02 151 n a second cycl e,
nmut ati ons fromthe humani zation effort and the M3Q1l substitution are

conmbi ned resulting in a sequesec| optim %n%m cll mmehisifioVIEG-BI | 5B05, desi gnat ed

VEGFBI | 032. The sequence i srtisted—+nrd e163—AfHnity of VEGFBII1032 is
determ ned by Bi acgre (see E\/<Ea(.’ "g1d12 E?Hgn thegﬂ d

VEGFBII021 0.21 103

VEGFBII022 0.18 94

VEGFBII023 0.25 100

VEGFBII024 0.23 94

VEGFBII025 0.23 99

Bevacizumab 0.63 98

Example 15
Sequence optimization
15.1 Sequence optimization of VEGFBII23B04

The amino acid sequence of VEGFBII23B04 is aligned to the human germline
sequences VH3-23 (DP-47) and JH5, see Figure 35 SEQ ID NO: 100. The
alignment shows that VEGFBII23B04 contains 19 framework mutations
relative to the reference germline sequence. Non-human residues at positions
14, 16, 23, 24, 41, 71, 82, 83 and 108 are selected for substitution with their
human germline counterparts. A set of 8 VEGFBII23B04 variants is generated
carrying different combinations of human residues on these positions (AA
sequence are listed in Table 57). One additional variant is constructed in which
the potential isomeriation site at position D59S60 (CDR2 region, see Figure 35
indicated as bold italic residues) is removed by introduction of a SG0A

mutation.
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melting tenperature is determned in the thermnal

above.

shift assay as descri bed

An overview of the characteristics of the sequence-optim zed VHH

VEGFBI | 03Roi2s1pexent ed i n Tabl e 64. Table 63: AA sequelrC®EPR010/064695

sequence-opti m zed cl one VEG-BI 1032 (FR

framewor k; CDR, conplenentary

determining region) 5 VHHID SEQID NO FR1L COR 1 FR2 CDR2 FR3 CDR3 FR4
SMA WRQA PCGKQRE LVA

RI SSGG TTAYAD SVKG RFTI SRDNS KNTVYLQM NSLRAEDT AVYYCNT FSSRP NP WGQGTLV
TVSS Table 64: Melting tenperature (@H 7) and affinity (nM of
sequence-optimzed clone VEGBI 1032 VHH ID Tm (C) @pH 7

VEGFBI |

VEGFBI | 5B05(

032 67 EVQLVESG GEALVQPG GSLRLSCA ASA RFI

KD (nM

69 32 VEGFBI 10032 71 44 10 The potency of the

sequence-optim:zed clones VEG-BI1037 and VEGFBI1038 is evaluated in a

proliferation @ssay
suppl enent - st aved
quadrupl i cate £n 96
t he absence ormpres

are neasured By [3H]

Tabl e 65 denoristr at
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proliferation&ssay
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VEGFBI 123B04 0. 68 92 VEGFBI 1037 1.54 78 VEGFBI 1038 0.60 92 Bevaci zumab 0. 29
94 5 Exanple 16 Construction and characterization of bispecific VH Hs

t ar get i ngw@BGH/@mfoDLL4 usi ng PEGyl ati on or anti-serum achmreorobs4sds ng as
hal f-1ife 10 extension In a first cycle, VEG-BI123B04 and DLLB11101(08 are
used as building blocks to generate bispecific VHHs VEG-DLLBI 1001- 006. Two
hal f-1ife extension nethodol ogies are applied: i) PEGylation or ii) genetic
fusion to a serum al bumi n bi nding VHH Building blocks are linked via a 9

Gy-Ser, 35

An overview of the format and sequence of all
in Table 66-A (linker sequences are underlined),

Fi gure 39.

DLL4 VHH I D/ SEQ I D NO AA sequence VEGFDLLB |

G y-Ser or

1535 dy-Ser (Cys at position 15) flexible Iinker.

68 -

6 bispecific VHHs is depicted
SEQ | D Nos:

Tabl e 66-A: Sequences of bispecific VHHs targeti ng VEG- and
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70 EVQLVESGGGLVQTGDSLRL SCEVSGRTFSS YSNI GWFRQAQGKEREFVWWAI SKGGYKYDSVSLEG RFT
| SKDNAKNTVYLQ | NSLKPEDTAVYYCAS SRAYGS SRLRLADT YEYWGQGT QVTVS SGGGGS
GGGC3SGEAES 2GGRGREVQLVE SGGGLVQAGGS LRL S CAAS GATE' S SPyAMRIFRQE69S
PGKEREFVAAI RWBGGTAYYADSVQGRFT | SRDNAKNTVYL QVNSLKPEDTAVYYCANRAADTRL
GPYEYDYWGQGTQVT \  GGSEVQLVESGGGLVQPGNSLRLSCAASGFTFSSFGNI SWR  QAPGKGLEW/S
S1 S GS C- DI LYADSVKGRFT | SRDNAKT TL YLQNI NSLRPEDTAVYYCT | GGSLS RS S
QGTLVTVS S VEGFDLLBI 1 004 71 EVQLVESGGGLVQTGDSLRL SCEVSGRTFSS

YSNI GWFRQAQGKEREFVWWAI SKGGYKYDSVSLEG RFT | SKDNAKNTVYLQ | NSLKPEDTAVYYCAS
SRAYGS SRLRLADT YEYWSQGT QVTVS SGGGGS GGGSEVQLVESGGGLVQPGNSLRL
SCAASGFTFSSFGNI SWRQAPGKGLEWSS | S GSGSDTL YA DSVKGRFT | SRDNAKT TL YL

() REVS LRPEDTAVYYC T | GGSL SRS SQGTLVTVSSGGGGSGGGSEV  QLVESGGGLVQAGGSLRL
SCAASGRTESS b AVRHRRSHEEERr YA FPEEh O (&S nlthe SRONAKNTVYL ONINS LK
PEDTAVYYCANRAADTRLGPYEYDYWGQGT QVTVS S VEGF LB 1 1005 72

EVQLVESGGGL VR GEIBR(Y ESGIARE EHIFSS raaN xarmaie HEEREF A AR BEEMERINADSVQ GRFT |

Groesaannsed T JE e Gy Yl S e e R once

KEREFVWWAI  SKi6#34€Yan) tHebiGEiedsé IrSfﬁEMﬁé‘éLi@md‘ﬂﬁblﬁn REdOFAO ENEAST SRAP6GS SRLR

QAPCKGL BV DFANBRTAAER ESa3QREF SHL TV GRPRSE A2, MPPRPHAGS s

QGTLVTVS S All variants ¥4 dlBrhpatane IC5, W&M&n§%—t¥@é@8|—lﬂ%@ &GS
GATE' S SYANAV\F%PGKE FVAAI RWSGGTAYYADSVQ

SRDNAKNI VYL Qb ﬁpmmmhwwgmmﬁ@oﬁ%psrm GG

R Ve R TSI SHIREG R R BT Y705

SRSSQGTLVTVSEREESSGIKEIRYOheVEBIGEEE WIIEIDSLRL  SCEVSGRTFS
SYSNI GWFRQAQGKEREFWAI  SKGGYKYDSVSLEGRFT |

SKDNAKNI VYL \{émg Yl %D;Wl{ | re the
ant i -VE(EI\:/Yb%g@:egg%p rti esﬁ@léngﬁﬁﬁlbgrl son wt %ﬁp}én%r?gﬁlea@ﬁﬁ&gufl di ng
bl ock VEGFBI 98B0 e-apitimizgdkvartdrss afr‘éE@ﬁBIIIQBBﬂm n the VEGF VEGFR2- Fc

(Exanple 12.3; Figure 41) and VEG-/ VEGFRL-Fc 5 (Exanple 12.4; Figure 42)
conpetition Al phaScreen. These 2 conpetition assays are al so perforned

after preincubati on—ef—the—-VHHswth—5—pi hu# sefrusal h:ﬁgn A summary of
I C50 val ues is shoerHHhIDI'abI e 66-HI:50 (AMpl|e ln(?Ebepn 353- ues ((nM and %
i nhibition in VEGHRA FBL” B YEG-RA—€6Hpeti-tton ,-\. praSereen (see
Figure 39 for a dest% Zﬁ g? 10 t Hé9 VHH f orffaat ) 63

VEGFBII111DO5 209 100 68

VEGFBII111G06 366 100 71

VEGFBII112D11 221 100 70

VEGFBII113A08 253 100 69

VEGFBIIM113E03 290 100 68

VEGFBII114C09 215 100 71

VEGFBII114D02 199 100 74

VEGFBII114D03 227 100 64

VEGFBIIM18E10 189 100 62

In a second cycle, tolerated mutations from the humanization effort

15 (VEGFBII111G06) and mutations to avoid potential posttranslational
modification at selected sites, (the D16G, the S60A substitution and an E1D
mutation) are combined resulting in a sequence-optimized clone derived from
VEGFBII123B04: VEGFBII0037. One extra sequence-optimized variant
(VEGFBII038) is anticipated which contains all substitutions as VEGFBII0037,
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VEGFR1 VEGFR2 Format -

1 C50 (nM

n/d 0.22 wOQoD/38370

10

%inh 1C50 (nM

HSA + HSA -
%inh 1C50 (nM

HSA + HSA VHH | D

| C50 (nM)

PCT/EP2010/064695

with the exception of the I82M mutation, as this mutation may be associated

with a minor drop in potency. The sequences of both sequence-optimized

clones are listed in Table 59. VEGFBII0037 and VEGFBIIO038 are

characterized in the VEGF165/VEGFR2 blocking AlphaScreen (Example 13.3,

Figure 37), the melting temperature is determined in the thermal shift assay as

described above and the affinity for binding on VEGF165 is determined in

Biacore (Example 13.5). An overview of the characteristics of the 2 sequence-

optimized VHHs is presented in Table 60.

Table 59: AA sequences of sequence-optimized variants of VHH
VEGFBII23B04

VHH ID/ CDR
SEQ ID FR 1 1 FR2 CDR 2 FR3 CDR 3 FR 4
NO:

DVQLV | SYS | WEFRQ | AISKGG | REFTISRD | SRAYGSS WGQGT

ESGGG | MG APGK | YKYDAV | NAKNTVY | RLRLADT LVTVS
VEGEFBLL LVQPG EREF | SLEG LOMNSLR | YEY S
037 GSLRL VvV PEDTAVY
63 SCAAS YCAS

GRTF'S

DVQLV | SYS | WEFRQ | AISKGG | REFTISRD | SRAYGSS WGQGT

ESGGG | MG APGK | YKYDAV | NAKNTVY | RLRLADT LVTVS
VEGFBLL LVQPG EREF | SLEG LOINSLR | YEY S
Ozi GSLRL VvV PEDTAVY

SCAAS YCAS

GRTF'S
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100 VEGFDLLBII1001 lik,Cl) 1.58 69 n/d n/d 0.64 100 0.64 100 VEGFDLLBI I 002
0114 0.36 64 n/d n/d 0.20 100 0.24 100 VEG-DLLBII003 OAr0 0.37 57 1.63 66
0.20 100 wO2¢11103037WEG-DLLBI | 004 00. 0.47 57 0.56 70 0. 20CT0P20108646390
VEGFDLLBI | 005

10

15

Table 60: ICs, (pM) values, % inhibition, melting temperature (@pH 7) and
affinity (pM) of sequence-optimized clones VEGFBIIO37 and VEGFBIIO38

ICs % T (°C)
VHH D (M) | inhibition | @pH7 | Ko (PM)
VEGFBII23B04 | 152 100 63 560
VEGFBII037 300 100 72 270
VEGFBII038 143 100 71 360

15.2 Sequence optimization of VEGFBII5B05

The amino acid sequence of VEGFBII5BO05 is aligned to the human germline
sequence VH3-23/JH5; see Figure 38 and SEQ ID NO: 100. The alignment
shows that VEGFBII5SB05 contains 15 framework mutations relative to the
reference germline sequence. Non-human residues at positions 23, 60, 83,
105, 108 are selected for substitution with their human germline counterparts
while the histidine at position 44 is selected for substitution by glutamine. One
humanization variant is constructed carrying the 6 described mutations (AA

sequence is listed in Table 61).

Table 61: AA sequence of sequence-optimized variants of VHH VEGFBII5SB05
(FR, framework; CDR, complementary determining region)

VHH ID/ CDR

FR1 FR2 CDR2 FR3 CDR3 FR4
SEQID NO: 1

EVQLVESG RFTISRDNSK
VEGFBII WYRQAP | RISSGG

GGLVQPGG NTVYLQMNS FSSRP WGQGTLYV
119G11 SMA | GKQRELV [ TTAYAD

SLRLSCAAS LRAEDTAVYY | NP TVSS
65 A SVKG

GIRFM CNT
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\00 1.44 62 1.82 75 0.84 100 1.42 100 VEG-DLLBII006 .00 2.07 67 2.41 75
1.16 100 2.22 100 Rani bizumab 5.88 70 n/d n/d 0.90 100 n/d n/d n/d, not
det er m newo 20m/8%bore the anti-DLL4 bl ocki ng properti e®CrmErPcanpassdkson Wit h
t he nmonoval ent buil ding bl ock DLLBI 1101&08, all six VHHs are tested in the
CHO hDLL4/ hNot chl- Fc conpetitive FMAT assay (Exanple 4; Figure 43). This
assay is also perforned after preincubation of the VHHs with 25 pM 5 hunman
serum al bum n. A summary of |1C50 values is shown in Table 67. Table 67:

| G50 values (nM in CHO hDLL4 conpetition FMAT. See Figure 39 for a
description of the VHH fornmat. CHO hDLL4 1050 (nM VHH I D Format - HSA

EVQLVESG RFTISRDNSK
VEGFBII WYRQAP | RISSGG

GGLVQPGG NTVYLQMNS FSSRP WGAGTQV
120E10 SMA [ GKHRELV | TTAYVD

SLRLSCVAS LKAEDTAVYY | NP TVSS
66 A SVKG

GIRFI CNT

One additional variant is constructed in which the potential oxidation site at
position M30 (CDR1 region, see Figure 38 indicated as bold italic residue) is
removed by introduction of a M30I mutation. Both variants are tested for their

5 ability to bind hVEGF165 using the ProteOn. In brief, a GLC ProteOn Sensor
chip is coated with human VEGF165. Periplasmic extracts of the variants are
diluted 1/10 and injected across the chip coated with human VEGF165. Off-
rates are calculated and compared to the off-rates of the parental
VEGFBII5B05. Off-rates from the 2 variants are in the same range as the off-

10  rates from the parental VEGFBII5BO05 indicating that all mutations are tolerated
(Table 62).

Table 62: Off-rates sequence-optimized variants VEGFBII5B05

binding
VHH ID level kg (1/s)
(RU)
VEGFBII5B05 242 6.15E-02

VEGFBII119G11 234 7.75E-02
VEGFBII120E10 257 4.68E-02

15 In a second cycle, mutations from the humanization effort and the M30I
substitution are combined resulting in a sequence-optimized clone of
VEGFBII5B05, designated VEGFBII032. The sequence is listed in Table 63.
Affinity of VEGFBIIO32 is determined by Biacore (see Example 12.5) and the
melting temperature is determined in the thermal shift assay as described

140



+ HSA DLLB11101&08 0 31.0 30.1 VEGFDLLBI 1001 Eirkf0O 128.5 121.6

VEGFDLLBI 1002 CM 105.9 119.9 VEG-DLLBI 1003 CYAI VO 61.8 45.1 VEGFDLLBI 1004
00. 43.0 wB.2011«B&DLLBI 1005 411r00 181.2 60. 7 VEG-DLLBI P00a&P2A10064688t. O 47. 6
DLL4 Fab 2.0 n/d n/d, not determined 10 In a second cycle, seven

bi specific VHHs targeting VEGF and DLL4 are constructed (VEG-DLLBI 1010,
VEGFDLLBI 1011, VEGFDLLBI 1012, VEGFDLLBI 1013, VEGFDLLBI 1014, VEG-DLLBI 1015,
VEGFDLLBI 1016). In these constructs, the DLLB11101G08 affinity-nmatured VHH
DLLBI 1 129B05 or 15 the DLLBI 1115A05 affinity-matured VHH DLLBI | 136C07 are

i ncluded. Additionally, in 2 constructs the bivalent anti-VEG- VHH
conprising VEGFBI 123B04 and VEGFBII15B05 is included. Two half-life

ext ensi on ne i)y PE ti j fu3|onto
= Ser um al AR b Vs B R B S 8 e e et 28 WM ey

A y-Ser or 20BBFBIN336s pfesgntart inpieig 64n 15) flexible Ii nker. An over vi ew
of the format and sequence of all seven bi specifi c VHHs is depicted in

Tabl e 68-A (Linker, seguences are underl i 4 80 and Figure
30, To oxpl oTaPIEHs: B PEdERRe R Seliveritasn DEures SonerEGRBUPF 2 on i th t he

monoval ent b{fAR, dtaﬁ@e\mrchDJ?E@pmpi%@mry @¢t|errg@mreg}q}rﬁ are characterized 5
in the VEGH VEGFR2-Fc (Exanple 12.3; Figure 44) and VEG-/ VEG-RL- Fc (Exanple

12.4; Figure 45) conpetition Al phaScreen. These 2 conpetition assays are
al so perforped aftler preipcubation af the|{VHHs with 5 pM human|serum
al bum n. A swwmmry of ICSJCE\)/RaI ues i g showp in Table 68-B.
SEQID FR1 FR2 CDR2 FR3 CDR3 FR4
1
NO:
EVQLVESG RFTISRDNS
VEGFBII WYRQA RISSGG
GGLVQPG KNTVYLQM FSSRP WGQGTLV
032 SMA PGKQRE | TTAYAD
GSLRLSCA NSLRAEDT NP TVSS
67 LVA SVKG
ASGIRFI AVYYCNT

Table 64: Melting temperature (@pH 7) and affinity (nM) of sequence-
optimized clone VEGFBII032

T (°C)
VHH ID GpH7 | Ko(nM)
VEGFBII5B05(wt) 69 32
VEGFBII0032 71 44

10

The potency of the sequence-optimized clones VEGFBII037 and VEGFBII038
is evaluated in a proliferation assay. In brief, primary HUVEC cells
(Technoclone) are supplement-starved over night and then 4000 cells/well are
seeded in quadruplicate in 96-well tissue culture plates. Cells are stimulated in

15 the absence or presence of VHHs with 33ng/mL VEGF. The proliferation rates
are measured by [°H] Thymidine incorporation on day 4. The results shown in
Table 65 demonstrate that the activity (potency and degree of inhibition) of the
parental VHH VEGFBII23B04 is conserved in the sequence-optimized clone
VEGFBII038.
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Tabl e 68-A: Sequences of bispecific VHHs targeting VEGF and DLL4 VHH | D/
SEQ I D NO AA sequence VEG-DLLBII010 74

EVQLVESGEO\IQIHEBS7RL SCEVSCRTFSSY SMOWFRQAQGKEREFVVAI SKCGPKYBBYHA64695
GRFTI SKDNAKNTVYLQ NSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWEQGTQVTVSSGGEG
GSGGGSEVQLVESGEEL VQPGNSL RLSCAASGFTFSSFGVBW/RQAP ' KGLEW/SSI SGSGSDT
LYADSVKGRFTI SRDNAKTTLYLQWSLRPEDTAVYYCTI GGS. ., . TLVTVSSGGGGSGG

GSEVQL VESGGGEL VQAGGSL RLSCAASCRTFSSYAVAWY RQAPGKEREYVAAI RWEGGTAYYAD
SVQGRFTI SRDNAKNTVYLQWNSLKPEDTAVYYCANRAPDTRLAPYEYDHWEQGTQVTVSS VEGFDLLBI |1 011
75 EVQLVESGGGELVQTGDSLRLSCEVSGRTFSSYSMOWFRQAQGKEREFVWVAI SKGGYKYDSVSLE
GRFTI SKDNAKNTVYLQ NSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWEQGTQVTVSSGGEG
GSGGGSEVQLVESGGELVQPGNSLRLSCAASGFTFSSFGVBWRQAI TS LEW/SSI SGSGSDT
LYADSVKGRFTI SRDNAKTTLYLQWSLRPEDTAVYYCTI GGS. ., . TLVTVSSGGGGSGG

GSEVQLVES E |

VVKGRFT! SRONERFIS (R B B ROV A R DRt e ST WL RGeS

VEGFDLLBI | 01ZET¥BII037 and VEGFBII038 in VEGF HUVEC proliferation assay

EVQLVE- - TLVQTGDSLRL. - - , EVSGRTFSSYSMAWEF, KEREFWAI SKGGYKYD: VSLE

GRETI SK] AKNTVYLQ NOKPEDTAVYYCAS. . 2AY .. . . . RLRLADTYEYWGQGTQVTV. .

GSG. 0CGGG ' SGEGGSEVQLVE: 0GGLVQPGGSLRLSCAASGETF- SY DVBW/RI . . . ; KUPEWY: .
.a.,_,,_, PYYADYVKGRFT| DNAKMNHIBL QVNSL KRER Y Y@, dRbBR6h WAF ) GEYWGAYEYDYW
. QGTQVT\ . ... VEGFDLLBI I 013E@|?|3||§‘3/@4VE. . 068 92
; LVOTGD: . LRI . -\)RTE. . . -, mtr{tk VA 54 | - YK‘ﬂ; N §

& ?5?’2@%2%&352“ SR = D R

KEREYV: . . TAYY. AVGRETI SERYRERIAN L OvNSLISEDTAVYYE* ANRAPDTRL APYEYDHK. |

.7,7TVSS ~ VEGFDLLBI| 014 78 EVQLVE SGGGLVQTGDS LRL S CEVS GRT FS S Y

SMOWFRQAGEKEREFWA | SKGGYKYDSVSLE GRFT | SKDNAKNTVYLQ | NSLKPEDTAVYYCAS

SRAYGS SRLRLADT YE YWBQGT QVTVS SGGG

GSGGGSEVQL VESGGGL VOPGGSLRLSCVASG REVBMAWYRQAPGKHRELVARI  SSGGTTAYV

Example 16

Construction and characterization of bispecific VHHs targeting VEGF and
DLL4 using PEGylation or anti-serum albumin binding as half-life

10  extension

In a first cycle, VEGFBII23B04 and DLLBII101G08 are used as building blocks
to generate bispecific VHHs VEGFDLLBII001-006. Two half-life extension
methodologies are applied: i) PEGylation or ii) genetic fusion to a serum
albumin binding VHH. Building blocks are linked via a 9 Gly-Ser, 35 Gly-Ser or

15 35 Gly-Ser (Cys at position 15) flexible linker. An overview of the format and
sequence of all 6 bispecific VHHs is depicted in Table 66-A (linker sequences
are underlined), SEQ ID Nos: 68 — 73 and in Figure 39.
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DSVKCGRFT | SRDNSKNI VYLQWNSLKAEDTAVYYCNTF S SRPNPWGAGTQVTVS S GEGEGSEEEG S
GGGEECEEEESEEEES GEEES GGEGSEVQLVES GGELVQAGGSLRL  SCAASCRTFSS YAMAWYR
QAPGKEREYVOAD RWBEE0 AYYADSVQGRFT | SRDNAKNTVYL QWSL KPEDT ACYNEANRAR! 625
TRLAPYEYDHWGQGTQVTVSS VEGFDL LB | | 015 79 EVQLVE SGGGELVQT GDOSLRL S CEVS
GATE' S S YSMOWFRQAQGKEREFWAI  SKGGYKYDSVSLE GRFT | SKDNAKNTVYL Q

| NSLKPEDTAVYYCAS SRAYGS SRLRLADTYEYWGQGT QVTVS S GGG
GSGEEEESEEEECEEEEECEEESEEEESGEEEEEVQL VESGCEEL VQPGESLRLSCVASGE RFMSM
AWYRQAPCKHRELVARI S SGGTTAYVDSVKGRFT | SRDNSKNTVYL QWNSLKAEDTAVYYCNT F S
SRPNPWGAGTQVTVS  SGEGEESGCEEESCEEESCEEESEEEEEEEEEEGEEEEEEVQLVESGEELY . QAGGSLRL
SCAASGRT FS SYAMAWYRQAPGKEREYVAAI RWEGGTAYYADSVQGRFT | SRDNAK
NTVYLOWSLKPEDTAVYYCANRAP DTRLAP YE YDHWGCQGTQVTVS S VEGFDLLBII 016 80

EVQL VESGGEL ViR S1e8d3h: Sehliendal1dt bispecifieMif RZEGAahd BREPYKYDSVSLE
GRFT | SKDNAKNI VYLQ NE ", KPEDTAVYYCAS SRAYGS SRLRLADTYEYWSQGT QVIVS S GGG

GSEEEESEEEEEEEE. S GGGG:EVQ_VE SCEELVQAGGSLRL S CAAS GATE' S S Y
AVAWYRQAPGKEREYVRAI RV, . TAYYADSV@-RFT | SRDNAKNTVYLQWNS LK PEDTAVYYC
ANRAPDTRLAPYSDIIMGRC T ﬁ%/o %‘ BGEGSGEESEVQLVE SGEGELVQP GNS LRL S CAAS GFT
FSSFGQVBWRQAPGKGE_EW . T . 7 DILYADSVKGRFT 1
SRONAKTTL YLQUNSL RPEDTA /!\5%&%&@%@&@@@%@%I@@GQAH;D%O val ues
(nM and % | nhibition in VEG-/ VEG-RL and VEG-/
AI phaSCr een \(ES@QLBHOQLUI‘ e %TIfSRDNAK TVYL SLE’tPIEDOT%]VY%C%NR?ZHDTRLV%D%W%?&}%/TVSSEiGGG%ﬁG f
sequences af g under| i neg}< CAECPO -GN EGFRE S VEGFRE SO [HSA +
HSA - HSA +| HSA For mat kg@&ﬁEREFVVAISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYG
SSRLRLADTYEYWGQGTQVTVSS
EVQLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWFRQAQGKEREFVVAISKGGYKYDSVSLEG
RFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSS§§§§§
VEGFDLLBITIOO02
GGGGSGGGGECEGEEESGGEEGESGEEESGEEESEVQLVESGGGLVQAGGSLRLSCAASGRTESSYAMA
® WEFRQAPGKEREFVAAIRWSGGTAYYADSVQOGRETI SRDNAKNTVYLOMNSLKPEDTAVY YCANRA
ADTRLGPYEYDYWGQGTQVTVSS
EVQLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWFRQAQGKEREFVVAISKGGYKYDSVSLEG
RETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGGGS
GGGGSGGGEGESGGEEESGGEEGSGEEESEVOLVESGGGLVOAGGSLRLSCAASGRTE SSYAMAWERQA
VEGFDLLBITIOO03
PGKEREFVAAIRWSGGTAYYADSVQGREFTISRDNAKNTVYLOMNSLKPEDTAVYYCANRAADTRL
70 GPYEYDYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGETESSEFGMSWVR
QAPGKGLEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLS
RSSQGTLVTVSS
EVQLVESGGGLVQTGDSLRLSCEVSGRTEFSSYSMGWFRQAQGKEREFVVAISKGGYKYDSVSLEG
RFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSS§§§§§
VEGFDLLBITIOO04 GGGSEVQLVESGGGLVQPGNSLRLSCAASGETESSFGMSWVRQAPGKGLEWVSSISGSGSDTLYA
71 DSVKGRETISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGGGSEV
QLVESGGGLVQAGGSLRLSCAASGRTFSSYAMAWFRQAPGKEREFVAATRWSGGTAYYADSVQGR
FTISRDNAKNTVYLOMNSLKPEDTAVYYCANRAADTRLGPYEYDYWGQGTQVTVSS
EVQLVESGGGLVQAGGSLRLSCAASGRTEFSSYAMAWFROQAPGKEREFVAATRWSGGTAYYADSVQ
GRETISRDNAKNTVYLOMNSLKPEDTAVYYCANRAADTRLGPYEYDYWGQGTQVIVSSGGGGSGG
GGSGGGGSGGEEGSGGEEGESGGEGSEVOLVE SGGGLVQTGDSLRLSCEVSGRTESSYSMGWERQAQG
VEGFDLLBITIOOb5
KEREFVVAISKGGYKYDSVSLEGRFTISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLR
72 LADTYEYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAASGETESSEFGMSWVR
QAPGKGLEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLS
RSSQGTLVTVSS
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(nM

10

% inh | C50 (nM

% inh | C50 (nM

% inh | C50 (nM

%inh VHH I D
VEGFBI 1 23B04 0 0.43 44 n/d n/d 0.19 100 0.20 100 VEGFBI I 22 O \Ei
n/d n/d OwO2611/039370

PCT/EP2010/064695

VEGFDLLBIIOOG6

73

EVQLVESGGGLVQAGGSLRLSCAASGRTES SYAMAWFROAPGKEREEFVAAIRWSGGTAYYADSVQ

GRETISRDNAKNTVYLOMNSLKPEDTAVYYCANRAADTRLGPYEYDYWGQGTQVIVSSGGGGSGG

GSEVQLVESGGGLVQPGNSLRLSCAASGE TFSSFCMSWVRQAPGKGLEWVSSISGSGSDTLYADS

VKGRETISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVIVSSGGGGSGGGSEVQL

VESGGGLVQTGDSLRLSCEVSGRTEFSSYSMGWEFROQAQGKEREFVVAISKGGYKYDSVSLEGRETT

SKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSS

To explore the anti-VEGF blocking properties in comparison with the
monovalent building block VEGFBII23B04, all six VHHs are analyzed in the
VEGFNEGFR2-Fc (Example 12.3; Figure 41) and VEGF/VEGFR1-Fc

(Example 12.4; Figure 42) competition AlphaScreen. These 2 competition

assays are also performed after preincubation of the VHHs with 5 yM human

serum albumin. A summary of ICs values is shown in Table 66-B

Table 66-B: ICxy values (nM) and % inhibition in VEGF/VEGFR1 and
VEGF/VEGFR2 competition AlphaScreen (see Figure 39 for a description of

the VHH format)

VEGFR1 VEGFR2
VHH ID Format -HSA + HSA -HSA + HSA

ICsop | % | ICso | % | ICs % ICsy | %

(nM) | inh | M) |inh | (nM) | inh | (M) [ inh
VEGFBII23B04 045 [ 48 | nd |nd | 022 [100 | 030 | 100
VEGFDLLBII0O01 158 [ 69 [ n/d |nd| 064 [100 | 0.64 | 100
VEGFDLLBII002 036 [ 64 | n/d | nd | 020 [100 | 0.24 | 100
VEGFDLLBIIO03 037 [ 57 [ 163 | 66 | 020 [100 | 0.77 | 100
VEGFDLLBII004 047 [ 57 [ 056 | 70 | 020 [100 | 0.37 | 100
VEGFDLLBII0O05 144 [ 62 [ 182 | 75| 0.84 [100 | 142 | 100
VEGFDLLBII006 207 | 67 [ 241 | 75| 1.16 [100 | 2.22 | 100
Ranibizumab 588 | 70 [ n/d [n/d | 090 [100| n/d | n/d

n/d, not determined
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100 n/d n/d VEG-DLLBI| 010 001 0.27 49 0.61 64 0.12 100 0.21 100
VEGFDLLBI 1 011 00OA 0.60 65 0.36 68 0.17 100 0.25 100 VEGFDLLBI 012 ortkA

0.27 60 rwo 2011¢ch303789 100 0.22 100 VEGFDLLBI 1013 aka 0. 2#2c@Apeéid/ondeds 0. 18
100 0. 17

To explore the anti-DLL4 blocking properties in comparison with the
monovalent building block DLLBII101G08, all six VHHs are tested in the
CHO-hDLL4/hNotch1-Fc competitive FMAT assay (Example 4; Figure 43).
This assay is also performed after preincubation of the VHHs with 25 yM

5 human serum albumin. A summary of ICs values is shown in Table 67.

Table 67: ICs5 values (nM) in CHO-hDLL4 competition FMAT. See Figure 39
for a description of the VHH format.

CHO-hDLL4
ICs0 (NM)
VHH ID Format -HSA + HSA
DLLBII101G08 31.0 30.1
VEGFDLLBII001 1285 1216
VEGFDLLBII002 105.9 119.9
VEGFDLLBII003 61.8 451
VEGFDLLBII004 43.0 23.1
VEGFDLLBII005 181.2 60.7
VEGFDLLBII006 : 54.9 47.6
DLL4 Fab 2.0 n/d

n/d, not determined
10

In a second cycle, seven bispecific VHHs targeting VEGF and DLL4 are
constructed (VEGFDLLBII010, VEGFDLLBII011, VEGFDLLBII012,
VEGFDLLBII013, VEGFDLLBII014, VEGFDLLBIIO15, VEGFDLLBII016). In
these constructs, the DLLBII101G08 affinity-matured VHH DLLBII129B05 or
15 the DLLBII115A05 affinity-matured VHH DLLBII136CO07 are included.
Additionally, in 2 constructs the bivalent anti-VEGF VHH comprising
VEGFBII123B04 and VEGFBII5B05 is included. Two half-life extension
methodologies are applied: i) PEGylation or ii) genetic fusion to a serum
albumin binding VHH. Building blocks are linked via a 9 Gly-Ser, 35 Gly-Ser or

20 35 Gly-Ser (Cys at position 15) flexible linker. An overview of the format and
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100 VEGFDLLBI 1014 Cr1EN. 0.080 94 n/d n/d 0.026 100 0.024 100 VEGFDLLBI | 015
OilkiDiM 0.040 96 n/d n/d 0.016 100 0.015 100 VEG-DLLBI 1016 O\,N. 0 0.32
59 0. 85 6503900 0.47 100 Rani bi zumab 0.43 n/d n/d mCa/EP2d8/084805 0. 20
100

sequence of all seven bispecific VHHSs is depicted in Table 68-A (linker
sequences are underlined), SEQ ID NOs: 74 — 80 and Figure 40.

To explore the anti-VEGF blocking properties in comparison with the
monovalent building block VEGFBII23B04, all seven VHHs are characterized
5 in the VEGF/VEGFR2-Fc (Example 12.3; Figure 44) and VEGF/VEGFR1-Fc
(Example 12.4; Figure 45) competition AlphaScreen. These 2 competition
assays are also performed after preincubation of the VHHs with 5 yM human

serum albumin. A summary of ICs values is shown in Table 68-B.

Table 68-A: Sequences of bispecific VHHs targeting VEGF and DLL4

VHH ID/

AA se ence
SEQ ID NO: e

EVOLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFRQAQGKEREFVVAI SKGGYKYDSVSLE

GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGG

VEGFDLLBIIOLO

74 GSGGGSEVQLVESGGGLVQPGNSLRLSCAASGEFTESSFGMSWVROQAPGKGLEWVSSISGSGSDT

LYADSVKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGG
GSEVQLVESGGGLVQAGGSLRLSCAASGRTFSSYAMAWYRQAPGKEREYVAATIRWSGGTAY YAD

SVQGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCANRAPDTRLAPYEYDHWGQGTQVTVSS

EVOLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFRQAQGKEREFVVAISKGGYKYDSVSLE
GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGG

VEGFDLLBITOL1 GSGGGSEVOLVESGGGLVOPGNSLRLSCAASGFTE SSFGMSWVROAPGKGLENVS ST SGSGSDT

75 LYADSVKGREFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGSGG

GSEVQLVESGGGLVQPGGSLRLSCAASGEF TFGSYDMSWVRRSPGKGPEWVSSINSGGGSTY YAD
YVKGRETISRDNAKNTLYLOMNSLKPEDTAVYYCAADRY IWARQGEYWGAYEYDYWGQGTQVTV

S5
EVQLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFROQAQGKEREFVVAISKGGYKYDSVSLE
GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGG
GSGGGEGSGEEGGECEEEESEEEESGEEGSGGEESEVQLVESGGGLVOPGGSIRLSCAASGETEGSY
DMSWVRRSPGKGPEWVSSINSGGGSTYYADYVKGRFTISRDNAKNTLYLOQMNSLKPEDTAVYYC
AADRYIWARQGEYWGAYEYDYWGQGTQVTIVSS
EVOLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFRQAQGKEREFVVAI SKGGYKYDSVSLE
GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVTVSSGGG
GSGGGEGSGEEGGECEEEESEEEESGEEGSGGEESEVOLVESGGGLVOQAGGSIRLSCAASGRTESSY
AMAWYRQAPGKEREYVAAIRWSGGTAYYADSVQGRFTISRDNAKNTVYLOMNSLKPEDTAVYYC
ANRAPDTRLAPYEYDHWGQGTQVTVSS

VEGFDLLBIIOLlZ2
76

VEGFDLLBIIOL3
717
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n/d, not determ ned To explore the anti-DLL4 bl ocking properties in
conpari son with the 10nonoval ent affinity-matured buil di ng bl ocks
DLLBI | 1298020amm39DhLBI | 136C07, all seven VHHs are eval uCE®EP201010b4595
CHO hDLL4/ hNot chl- Fc and CHO nDLL4/ hNot chl-Fc conpetitive FMAT assay
(Exanmpl e 4; Figure 46) and the DLL4-nedi ated reporter assay (Exanple 12.5;
Figure 47). These assays are al so perfornmed after preincubation of VHHs
with 25 pM (FMAT 15 assay) or 175 pM (reporter assay) human serum al bum n.
A summary of 1C50 values is shown in Table 69. Table 69: 1C50 val ues (nM
in CHO hDLL4/ CHO nDLL4 conpetition FMAT, and DLL4 nedi ated reporter assay
(see Figure 40 for a description of the VHH format). (*, no full dose
response cufve) EHOhbEHA—CHO-bEA4—Treporter—VHHIDForrmat HSA7+ HSA -
HSA + HSA + HSA 1 C50 n% %inh 1C50 (nM %inh 1C50 (nM % inh IC50 (nM
3

H E VESGGGLVOTGDSLRLSCEVSGRTEFSSYSMGWFROAQGKEREFVVAISKGGYKYDSVSLE
% inh DLLBJI129B05 D o AL

GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGG

VEGFDLLBIIOL4 GSGGGSEVQLVESGGGLVQPGGSLRLSCVASGIRFMSMAWYRQAPGKHRELVARISSGGTTAYV

78 DSVKGRETISRDNSKNTVYLOMNSLKAEDTAVYYCNTESSRPNPWGAGTQVIVSSGGGGSGGGG

SGGGGCGEEEGESGEEESGEEESGEEESEVOLVESGGGLVOAGGSLRLSCAASGRTESSYAMAWYR

QAPGKEREYVAAIRWSGGTAYYADSVQGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCANRAPD

TRLAPYEYDHWGQGTQVTVSS

EVOLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFRQAQGKEREFVVAI SKGGYKYDSVSLE
GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGQGTQVIVSSGGG

VEGFDLLEIIOLS GSGGGGSGEGECEGEESEEEGSGGEESGEEGSEVOLVE SGGGLVOPGGSLRLSCVASGIRFMSH
79

AWYRQAPGKHRELVARISSGGTTAYVDSVKGRETISRDNSKNTVYLOMNSLKAEDTAVYYCNTE

SSRPNPWGAGTQVTVSSGGGEGSGEEGESGEEESGEGEESEEEGESGEEGSGEEESEVQLVESGGGLY

OAGGSLRLSCAASGRTFSSYAMAWYRQAPGKEREYVAATRWSGGTAYYADSVOGREFTISRDNAK

NTVYLOMNSLKPEDTAVYYCANRAPDTRLAPYEYDHWGQGTQVTVSS

EVOLVESGGGLVQTGDSLRLSCEVSGRTESSYSMGWEFROQAQGKEREFVVAISKGGYKYDSVSLE
GRETISKDNAKNTVYLQINSLKPEDTAVYYCASSRAYGSSRLRLADTYEYWGOGTQVIVSSGGG

VEGFDLLBIIOLG GS5GCGE5GGEESCEGGSGEEGGEGES GEGESEVOLVESGOGLVOAGGSLRLSCAASGRTESSY
80

AMAWYRQAPGKEREYVAAIRWSGGTAYYADSVQGRFTISRDNAKNTVYLOMNSLKPEDTAVYYC
ANRAPDTRLAPYEYDHWGQGTQOVIVSSGGGGSGGGSEVQLVE SGGGLVQPGNSLRLSCAASGET

FSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLOMNSLRPEDTA

VYYCTIGGSLSRSSQGTLVTVSS

147



4.3 90 3.0 100 3.7 100 88.0 DLLBIl136C07 6.8 94 7.1 94 16.4 100 17.6 100
103. 0 VEGFDLLBI 1010 001 4.9 90 5.3 100 5.4 95 3.9 100 209.1 VEG-DLLBI| 011
00A 12. 6 88 2011/0393700 24.1 * 33.9 100 589.9 VEGFDLLBI | 012CatEP2010/064695

Table 68-B: ICx values (nM) and % inhibition in VEGF/VEGFR1 and
VEGF/VEGFR2 competition AlphaScreen (see Figure 40 for description of the
VHH format; linker sequences are underlined) SEQ ID NO: 74 - 80

VEGFRI VEGFR2
“HSA THSA “HSA THSA

VHHID Format (In(f\jlo) ﬁf‘ﬁ (In(f\jlo) iiﬁ’l (Irfjl\s/lo) ﬁf‘ﬁ (Irfjl\s/lo) ﬁf‘ﬁ
VEGFBII23B04 043 | 44 | wa |wd]| 019 [100] 020 |100
VEGFBII022 wd |od | wd [wd| o017 [100] nd |wd
VEGEDLLBIT010 027 | 49 | 061 | 64| 012 [100] 021 |100
VEGEDLLBIO11 060 | 65 | 036 | 68| 0.17 [100] 025 |100
VEGEDLLBII012 027 | 60 | wa |wd]| 019 [100] 022 |100
VEGEDLLBIT013 024 | 62 | wa |wda] 018 [100] 017 [100
VEGEDLLBI014 0080 | 94 | wd [nd]| 0026 [100] 0024 100
VEGEDLLBIIO015 0040 | 96 | wd |nd]| 0016 [100] 0015 | 100
VEGEDLLBIO16 | (€ 032 | 59 | 085 | 65] 016 [100] 047 [100
Ranibizumab 043 |0d | wd |od]| 019 [100] 020 |100

n/d, not determined

To explore the anti-DLL4 blocking properties in comparison with the

10 monovalent affinity-matured building blocks DLLBII129B05 and
DLLBII136C07, all seven VHHs are evaluated in the CHO-hDLL4/hNotch1-Fc¢
and CHO-mDLL4/hNotch1-Fc competitive FMAT assay (Example 4; Figure 40)
and the DLL4-mediated reporter assay (Example 12.5; Figure 47). These
assays are also performed after preincubation of VHHs with 25 pM (FMAT

15 assay) or 175 uM (reporter assay) human serum albumin. A summary of 1Cs
values is shown in Table 69.
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44.9 100 41.5 100 95.3 100 102.7 100 582.2 VEGFDLLBII013 el k. 12.2 100 12.4
100 19.3 100 23.8 100 98.5 VEG-DLLBI1014 C'ID A 9.9 100 12.3 100 15.4 100
15. 4 100 w@20H/088EGFDLLBI 1 015 alt, M 9.5 100 10.0 100 12r2TAEPR012MH6459400

134. 3

Table 69: IC5, values (nM) in CHO-hDLL4/CHO-mDLL4 competition FMAT,
and DLL4 mediated reporter assay (see Figure 40 for a description of the VHH

format). (*, no full dose response curve)

CHO-hDLL4 CHO-mDLILA4 reporter
VHH ID Format - HSA + HSA - HSA +HSA |+ HSA
ICso [ % | ICsy | % |ICs | % | ICse | %
(nM) |inh | (nM) |inh [(nM)[inh [ (nM) | inh
DLLBII129B05 32 190 | 43 |90 ] 3.0 ({100| 3.7 |100| 88.0
DLLBII136C07 68 194 71 |94]164(100| 17.6 |100( 103.0
VEGFDLLBIIO10 49 |90 | 53 (100 54 |95 3.9 [100| 209.1
VEGFDLLBIIO11 126 |83 | 114 |100{24.1| * |339|100| 5899
VEGFDLLBIIO12 449 1100| 41.5 [100]95.3 {100|102.7| 100 582.2
VEGFDLLBIIO13 12.2 1100 12.4 |100|19.3 {100| 23.8 | 100| 985
VEGFDLLBIIO14 99 |100| 123 (100|154 (100|154 [100( 1225
VEGFDLLBIIO15 9.5 |100( 10.0 (100|12.2(100| 11.2 100 1343
VEGFDLLBIIO16 52 190 | 58 [100| 45 (95| 49 |100| 257.7
DLLA4 Fab 24 |100( 2.1 (100| 1.0 |100| 1.1 [100| 164

Finally, in a third cycle, the bispecific VHHs A1, A2, A3 and HSA1-6 are
constructed. The following building blocks are used to generate these
constructs: VEGFBII038 (sequence-optimized variant of VEGFBII123B04),
VEGFBII032 (sequence-optimized variant of VEGFBII5B05), DLLBII018

10 (sequence-optimized variant of DLLBII129B05) and DLLBIIO39 (sequence-
optimized variant of DLLBII136C7). Three half-life extension methodologies
are applied: i) PEGylation, ii) genetic fusion to a serum albumin binding VHH
and iii) genetic fusion to human serum albumin. Building blocks are linked via a
9 Gly-Ser, 35 Gly-Ser or 35 Gly-Ser (Cys at position 15) flexible linker. An

15 overview of the format and sequence of all three bispecific VHHSs is depicted in
Table 70-A, SEQ ID Nos: 81 — 89 and in Figure 48.
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VEGFDLLBI 1 016 CYAWD 5.2 90 5.8 100 4.5 95 4.9 100 257.7 DLL4 Fab 2.4 100
2.1 100 1.0 100 1.1 100 16.4 5 Finally, in a third cycle, the bispecific
VHHs Al , wWd,20433937d HSA1l-6 are constructed. The fol | ow rgTHPRéIdi0BEID] OCKS
are used to generate these constructs: VEG-BII038 (sequence-optim zed

vari ant of VEGFBI 123B04), VEG-BII1032 (sequence-optim zed vari ant of

VEGFBI | 5B05), DLLBI 1018 10 (sequence-optim zed variant of DLLBI 1129B05) and
DLLBI 1 039 (sequence-optim zed variant of DLLBII136C7). Three half-life

ext ensi on net hodol ogi es are applied: i) PEGylation, ii) genetic fusion to a
serum al bum n binding VHH and iii) genetic fusion to human serum al bum n.
Bui | ding blocks are linked via a 9 Qy-Ser, 35 @Ay-Ser or 35 Ay-Ser (Cys

at position ) I vervi. f and sequence
of all thr ee% exé h% RPLYE b'8§ﬁ?%?&°§’ﬁ%§‘@%ﬁ%£§? V@Iﬁggﬂ%D Nos: 81 - 89
and in Fi gurmoﬁ8va|§nt @(ﬂleﬁbeobhmlz@ﬂtwaHE@%I@éIOVEGIRBII@Benﬂflbﬁﬂaﬁfétobm:

conparison with the nmpnoval ent se uence timzed buildjng block VEG-BII 038
or bi par at opPRAUSEE ORERNIZSS b widngdP Bﬁ‘fygﬁ\:&ltﬂ%cﬁ” %@@Byﬁlﬁfreall seven VHHs

are char act eéhe?rﬁ@'tehﬂed’l WﬁhgﬁﬁéVR@@RﬂFd Example113; 3&uFé 89y gndt9) and 5
VEGF/ VEGFRL- Fc (Exanpl e 12.4; Figure 50) corrpetltlon creen. These 2

conpetition ¥E E@FB%'F(S()EWWGHM Fagtur@ﬁoplc@m@tJMnA a@r:retam VHHs with

Table To-A - LA CB s o e tTERY aljq deileR A ol Mgl 1 O [
SEQ I D NO AN—IS—quHanﬂl\mﬂlm&ﬁn‘é@:NE aﬁnﬁ@@.ﬂ@uﬁ(ﬁa@ AfRC5,:3GALS iISISholva in
SYSMGWFRQAP %\4@ SKGGYKYDAVSLEGRFT | SRDNAKNTVYLQ I NS LRPEDTAVYYCAS

SRAY GS SRLR LVTVS S GGGGSGGEG SGREGECEEEGESGEEG SG
GGGSGGGGSEVQLVE  SGGGELVQPGGSLRLSCAASGRTFS  SYAVAWRQAP

GKEREYVAAI RVIBal3EMO¥ADS K GRRCES| of DisRRNACNINAS ttapiyBithg RPEMANd DLL4
AVYYCANRAPDFRLARYEYDHWEOSTLVIVS-S-A2/ 82 VOLVE S GOGLVO PGG-S-LRL SCAAS GRT
FS SYSI\/GV\FR%«PG(EREFWAI SKGGYKYDAVSLEGRFT | SRDNAKNTVYLQ | NS LRPEDTAVYYCAS
SRAY GS SRL %TW@P@GQBTMQS%S (GOGGSGGGSEVQLVE SGGGLVQPGNS LRL $CAASGFTFS
SFGVBWRQAPGKGEW/S S | SG DTL YAD SVKGR FT | SRDNAKTTLYLQWN\S
LRPEDTAVYYCT I GG S L S|RS SQGTLVTVS SGG GGSGGGSEVQLVESGGGELVQPGGS LRL
SCAASGRTFS SYAMAWY RQAPGK L EREYMAAPRWSEETAYYADSVKGRET 102 SRENAKNEYYL QUNS

LRPEDTAV YYCANRAPDT RL ARYEN W IGEEAMIY Sr SR AKN TV Y LO INS LRPEDTAVY YCASSRAY

A1/81 GSSRLRLADTYEYWGOGTLVTVSSGGGGSGGGGSGGGGCGGGGSGGGGSG
GGGSGGGGSEVQLVESGGGLVOPGGSLRLSCAASGRTEFSSYAMAWYRQAP
GKEREYVAATIRWSGGTAYYADSVKGREFTISRDNAKNTVYLOMNSLRPEDT

AVYYCANRAPDTRLAPYEYDHWGQGTLVTVSS

VOLVESGGGLVQPGGSLRLSCAASGRTFESSYSMGWFROAPGKEREEVVAT
SKGGYKYDAVSLEGRFTISRDNAKNTVYLOINSLRPEDTAVYYCASSRAY
GSSRLRLADTYEYWGOGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGNS
A2/82 LRLSCAASGEFTESSFGMSWVROAPGKGLEWVSSISGSGSDTLYADSVKGR
FTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGTLVIVSSGG
GGSGGGSEVQLVESGGGLVQPGGSLRLSCAASGRTESSYAMAWYRQAPGK
EREYVAATIRWSGGTAYYADSVKGREFTISRDNAKNTVYLOMNSLRPEDTAV
YYCANRAPDTRLAPYEYDHWGQGTLVTVSS
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VQLVES GGGLVQ PGGSLRL SCAAS GRT FS S Y SMBWFRQAPGKEREFWAI

SKGGYKYDAVS

LEGRFT |

SRDNAKNTVYLQ I NS LRPEDTAVYYCAS SRAY GS SRLRLADTYEYWGEQGT

LVTVS S GEOGBEEEEEGCEECEEEEEEEEESG GEESEEEESEVQLVE  SCEERYTRE3EBE4685 CAASG

RF |

SMAWYRQAPGK A3/ 83

QRELVARI SSGGTTAYADSVKGRFT |

SRDNSKNTVYLOQWSLRAEDTAVY  YCNTFSSRPNPWGQGTLVTVS
SGCGEEGEECEEEEEEEESEEEESEEEEEEEE T GSGEEESEVQL VESGEE VPGGESLRL
SCAASGRTFSSYAMAWYRQAPCGK  EREYVAAI RWEGGTAYYADSVKGRFT |

SRDNAKNTVYLQVNSLRPEDTAV

YYCANRAPDTRLAPYEYDHWGQGTLVTVSS DVQLVE

SGGGLVOPGGSLRLSCAASGRTFS SY SMOWFRQAPGKEREFWA | SKGGYKYDAVSLEGRFT |
SRDNAKNTVYLQ | NSLRPEDTAVYYCAS SRA  YGS SRLRLADTYEYWGQGTLVTVS
SGGEGEGSGEGEES CEEE5EREE5—GEEE56EEESEVa- VESSEEEVEPGSSERE
SCAASGRTFSSYAMAWRQA  PGKEREYVAAI RABGGTAYYADSVKGRET | SRDNAKNTVYL QVNSLRPED
TAVYYCANRAPDTRLAPYEY SN S S R SEVARREKEE CGEE" ™ NP KALTEF VAL
| AFAQYL QQCPFEDHVKL VNEV FERAK T CY/RDEC SAENCDREN THHLOINSLRPEDTAVY YCASSRAY
TLFGDKL CTVATLRETYGEMA RERNEQFICOHKDBMRNGS BRICVR:dd8AdcdsBdcesa
KL DL R G R KA T R By e T e
TWHrECCHGD_LECA%DL@%A%%%G&%YAPSWE?%%&%EWE@/ T AEVENDEMPADL P
SLAADFVESKDVCK  NYAEAKPBYETKSVE PNV Y ARRMPIN CSSAACEE RICARGAETTIERECSKAADPH
ECYAKVFDEFKPLVEEPQNL | [<QNCEEY EECE GREYKEQNALANRYTIGKYVPQY AMANYROAPGK
FEREYVAAIRWSGGTAYYADSVKGRETISRDNAKNTVYLOMNSLRPEDTAV
YYCANRAPDTRLAPYEYDHWGQGTLVTVSS
DVQLVESGGGLVQPGGSLRLSCAASGRTEFSSYSMGWFRQAPGKEREFVVA
ISKGGYKYDAVSLEGREFTISRDNAKNTVYLQINSLRPEDTAVYYCASSRA
YGSSRLRLADTYEYWGQOGTLVTVS SGGGGSGGGGSGGGGSGGGGSGGGGS
GGGGSGGGGSEVQLVESGGGLVOPGGSLRLSCAASGRTFSSYAMAWYRQA
PGKEREYVAAIRWSGGTAYYADSVKGRETISRDNAKNTVYLOMNSLRPED
TAVYYCANRAPDTRLAPYEYDHWGQGTLVTVSSDAHKSEVAHRFKDLGEE
INFKALVLIAFAQYLOQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLH
TLEGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVR
HSA1/84 PEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTE

CCOAADKAACLLPKLDELRDEGKASSAKQRLKCASLOKFGERAFKAWAVA
RLSORFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICEN
ODSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADEVESKDVCK
NYAEAKDVFLGMFLYEYARRHPDY SVVLLLRLAKTYETTLEKCCAAADPH
ECYAKVFDEFKPLVEEPONLIKONCELFEQLGEYKFONALLVRYTKKVPQ
VSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKT
PVSDRVTKCCTESLVNRRPCEFSALEVDETYVPKEFNAETFTFHADICTLS
EKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETC

FAEEGKKLVAASQAALGL
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VS T PTLVEVSRNLGKVGSKCCKHPEAKRVPCAEDYL SVVLNQLCVLHEKT
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CTL S EKERQ
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SGCGEGESCEESEVQLVESGCEELVQPGG SLRL SCAAS G RF
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S
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- HSA + HSA For mat
(nM % inh VHH I D

VEGFBI | O220CGn1yl0303707 87

I1C50 (nM %inh 1C50 (nM % inh 1C50 (NM % i nh

| C50

VEGFBI 1038 0 0.2 50 n/d n/d 0.2 100 0.1 100

PCT/EP2010/064695

HSA3/86

EVOLVESGGGLVOPGGSLRLSCAASGFTIGSYDMSWVRRAPGKGPEWVSS
ISSGGGSTYYADYVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAADR
Y IWARQGEYWGAYEYDYWGQGTLVTVS SGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSDVOLVESGGGLVQPGGS LRLSCAASGRTESSY SMGWE
ROAPGKEREFVVAISKGGYKYDAVSLEGRFTISRDNAKNTVYLQINSLRP
EDTAVYYCASSRAYGSSRLRLADTYEYWGQGTLVTIVSSGGGGSGGGSEVQ
LVESGGGLVOPGGSLRLSCAASGIRFISMAWYRQAPGKORELVARISSGG
TTAYADSVKGRETISRDNSKNTVYLOMNSLRAEDTAVYYCNTESSRPNPW
GOGTLVIVSSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQCPFEDHV
KLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADC
CAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLY
EIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGK
ASSAKORLKCASLOKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTK
VHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCI
AEVENDEMPADLPSLAADEVESKDVCKNYAEAKDVELGMEFLYEYARRHPD
YSVVLLLRLAKTYETTLEKCCAAADPHECYAKVEFDEFKPLVEEPQONLIKQ
NCELFEQLGEYKFONALLVRY TKKVPQVSTPTLVEVSRNLGKVGSKCCKH
PEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCESA
LEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKAT
KEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL
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n/d nfd 0.05 100 0.03 100 Al elk. 0.1 80 n/d n/d 0.07 100 n/d n/d A2 .01
0.3 71 0.3 63 0.2 100 0.2 100 A3 SKEN. 0.02 97 n/d n/d 0.01 100 n/d n/d
HSA1 CY\ M&D 2011/03680n/d n/d PCT/EP2010/064695

DVOLVESGGGLVQPGGSLRLSCAASGRTEFSSYSMGWEFROQAPGKEREFVVA
ISKGGYKYDAVSLEGRFTISRDNAKNTVYLQINSLRPEDTAVYYCASSRA
YGSSRLRLADTYEYWGOGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGES
GGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGRTESSYAMAWYROQA
PGKEREYVAAIRWSGGTAYYADSVKGRETISRDNAKNTVYLOMNSLRPED
TAVYYCANRAPDTRLAPYEYDHWGQOGTLVTVSSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSGGGGSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLO
OCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEE
HSA4/87 TFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAEFAEVS
KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP
LLEKSHCIAEVENDEMPADLPSLAADEVESKDVCKNYAEAKDVELGMELY
EYARRHPDY SVVLLLRLAKTYETTLEKCCAAADPHECYAKVEFDEFKPLVE
EPONLIKONCELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGK
VGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLV
INRRPCEFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVEL
VKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAA
LGL
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0.4 100 n/d n/d HSA2 O1IE\MC _.) 0.09 93 n/d n/d 0.01 100 n/d n/d HSA3
AlaEc__ D 0.1 93 n/d n/d 0.01 100 n/d n/d HSAA C\W:= 0.5 66 n/d n/d 0.3
100 n/d mwo 20m/a393700t det er mi ned Legend: Nanobody, | i nkecTmpP20i8864695
description DLLBI 1018 A

DVOLVESGGGLVQPGGSLRLSCAASGRTEFSSYSMGWEFROQAPGKEREFVVA
ISKGGYKYDAVSLEGRFTISRDNAKNTVYLQINSLRPEDTAVYYCASSRA
YGSSRLRLADTYEYWGOGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGG
SLRLSCAASGIRFISMAWYRQAPGKORELVARISSGGTTAYADSVKGRET
ISRDNSKNTVYLOMNSLRAEDTAVYYCNTEFSSRPNPWGQGTLVTVSSGGG
GSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSEVOLVESGGGLVOPGGSL
RLSCAASGRTESSYAMAWYROQAPGKEREYVAATRWSGGTAYYADSVKGRE
TISRDNAKNTVYLOMNSLRPEDTAVYYCANRAPDTRLAPYEYDHWGQGTL
VTVSSGGGGSGGGGSGGGGSGGGGSGGGEESGGGGESGGGGSDAHKSEVAHR
FKDLGEENFKALVLIAFAQYLOQCPFEDHVKLVNEVTEFAKTCVADESAE
HSAS/88 INCDKSLHTLEFGDKLCTVATLRETYGEMADCCAKQEPERNECEFLOHKDDNP
INLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKR
YKAAFTECCOQAADKAACLLPKLDELRDEGKASSAKQRLKCASLOKFGERA
FKAWAVARLSORFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADL
AKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADEV
ESKDVCKNYAEAKDVELGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKC
CAAADPHECYAKVEFDEFKPLVEEPONLIKONCELFEQLGEYKEFQNALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQL
CVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEENAETFTFH
ADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCK
IADDKETCFAEEGKKLVAASQAALGL
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DLLBI1039 0 VEGFBII1038 VEG-BII032 HSA CD 0 ALB8 n 9gs linker 7Ni
35gs linker rki PEGyl ated 35gs, cysl5 linker To explore the anti-DLL4

bl ocki ng woapard3pzes i n conpari son with the nonoval ent sequare@oOpichs zed
bui | di ng bl ocks DLLBI 1018 and DLLBI 1039, all seven VHHs are evaluated in

t he CHO hDLL4/ hNot chl- Fc and CHOnDLL4/ hNot chl-Fc conpetitive FMAT assay
(Exanple 4; Figure 51). These 5 assays are also performed after

prei ncubation of VHHs with 25 pM (FMAT assay) human serum al bum n. A
summary of 1C50 values is shown in Table 71. Table 71: 1C50 values (nM in
CHO hDLL4/ CHO- nDLL4 conpetition FMAT, and DLL4 nedi ated reporter assay (see
Tabl e 70-A, Figure 48 and SEQ ID Nos: 81 - 89 for a description of the

f t 10 LA LRl A ALy 1A LCA 1 LICA HSA—+—HSA—VHH- | D
or ma . CHO-NMDC4—CHO-1oE=4 HoA—+T1o/~ oA+ oA — Vi

EVOLVESGGGLVOPGGSLRLSCAASGFTIGSYDMSWVRRAPGKGPEWVSS
ISSGGGSTYYADYVKGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAADR
Y IWARQGEYWGAYEYDYWGQGTLVTVS SGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSDVOLVESGGGLVQPGGS LRLSCAASGRTESSY SMGWE
ROAPGKEREFVVAISKGGYKYDAVSLEGRFTISRDNAKNTVYLQINSLRP
EDTAVYYCASSRAYGSSRLRLADTYEYWGQGTLVTIVSSGGGGSGGGSEVQ
LVESGGGLVOPGGSLRLSCAASGIRFISMAWYRQAPGKORELVARISSGG
TTAYADSVKGRETISRDNSKNTVYLOMNSLRAEDTAVYYCNTESSRPNPW
GOGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSDAHKS
EVAHRFKDLGEENFKALVLIAFAQYLOQCPFEDHVKLVNEVTEFAKTCVA
DESAENCDKSLHTLEFGDKLCTVATLRETYGEMADCCAKQEPERNECEFLQH
KDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYETARRHPYFYAPELL
FEAKRYKAAFTECCOQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQOK
FGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECAD
DRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSL
AADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDY SVVLLLRLAKTYET
TLEKCCAAADPHECYAKVEFDEFKPLVEEPONLIKONCELFEQLGEYKEFQN
ALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCEFSALEVDETYVPKEENAE
TETFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDEFAAFYV
EKCCKADDKETCFAEEGKKLVAASQAALGL

HSAG/89
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Format 1C50 (nM % inh IC50 (nM %inh 1C50 (nM %inh 1C50 (nM % i nh
DLLBI 1018 5.5 87 7.1 100 2.4 99 2.8 100 DLLBII039 A 3.6 102 n/d n/d 6.7
100 n/d nwo 2M1/8b¥k0 6.7 102 n/d PCT/EP2010/064695

Table 70-B: ICx values (nM) and % inhibition in VEGF/VEGFR1 and
VEGF/VEGFR2 competition AlphaScreen (see Figure 48 for a description of
the VHH format). All molecules showed 100% inhibition in VEGF/VEGFR2
AlphaScreen assay.

VEGFRI VEGFR2

“HSA | +HSA | -HSA | +HSA

VHH ID Format (Irfjl\jlo) iiﬁ’l (In(f\sxlo) ﬁf‘ﬁ (In(f\sxlo) :r/fh (Irfjl\s/lo) :r/fh
VEGFBII038 02 |50 | nad |wal| 02 |100] 01 [100
VEGFBIN022 007 | 87 | wd |wd| 005 |100] 003 |100
Al 01 |80 | wd |wd|007 |100] wd |nd
A2 03 | 71| 03 |63 | 02 |100] 02 [100
A3 002 | 97 | nd |wd| o001 |100] nd |nd
HSAI 07 | 63| nd |wd| 04 |100] wd |nd
HSA2 009 | 93 | nd |wd| 001 |100] nd |nd
HSA3 01 |93 | nd |wdl o001 |100] wd |nd
HSA4 05 | 66| wd |wd| 03 |100] nd |nd

n/d, not determined

Legend:
Nanobody, linker or describtion
HSA P
. DLLBIIO18
A DLLBII039
VEGFBII038
VEGFBII032
HSA
ALB8
9gs linker
35gs linker
PEGylated
35gs,cys15 linker
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n/d 3.4 100 n/d n/fd A2 GOA 9.9 73 17.9 100 5.2 91 5.7 100 A3 O eC:N. 16.1
97 n/d n/d 7.9 95 n/d n/d HSAL CDE\MD 8.1 96 n/d n/d 4.8 100 n/d n/d HSA2
Cr B\ MC- s)wh208/893m/d n/d 7.4 PCT/EP2010/064695

To explore the anti-DLL4 blocking properties in comparison with the
monovalent sequence-optimized building blocks DLLBII018 and DLLBII039, all
seven VHHs are evaluated in the CHO-hDLL4/hNotch1-Fc and CHO-
mDLL4/hNotch1-Fc competitive FMAT assay (Example 4; Figure 51). These

5 assays are also performed after preincubation of VHHs with 25 yM (FMAT

assay) human serum albumin. A summary of ICsy values is shown in Table 71.

Table 71: IC5, values (nM) in CHO-hDLL4/CHO-mDLL4 competition FMAT,
and DLL4 mediated reporter assay (see Table 70-A, Figure 48 and SEQ ID
Nos: 81 - 89 for a description of the format).

10

CHO-hDLL4 CHO-mDLL4
“HSA + HSA "HSA + HSA
VHHID Format (Irfjl\jlo) iZL (Irfjl\jlo) iZ; (In(f\sxlo) iZ; (In(f\sxlo) i(r)f;l
DLLBIIO18 55 | 87| 71 [100] 24 [99] 28 | 100
DLLBII039 | A\ 36 [102] wd | nd | 67 |[100] nd | nd
Al 67 |102| wd | nd | 34 |100] nd | wd
A2 99 |73 | 179 | 100 | 52 91| 57 | 100
A3 161 |97 | wd |wd | 79 | 95| nd | nd
HSAL 81 |96 | wd | nd | 48 [100| nd | wd
HSA2 173 | 87 | wd | wd | 74 [100| nd | nd
HSA3 115 [100] nd | nd | 287 [100| nd | nd
HSA4 93 93| wd | wd | 53 [100] nd | wd
DLL4 Fab 77 |100| 75 [100| 19 [100] 2.4 | 100

n/d, not determined
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100 n/d n/
CY\W: :: =

d HSA3 11.5 100 n/d n/d 28.7 100 n/d n/d A\ouc D HSA4
9.3 93 n/d n/d 5.3 100 n/d n/d DLL4 Fab 7.7 100 7.5 100 1.9 100

2.4 WO 2011/039370 PCT/EP2010/064695

10

15

Legend:

Nanobody, linker or
HSA

description

DLLBIIO18

DLLBII039

VEGFBII038

VEGFBII032

HSA

ALB8

9gs linker

35gs linker

PEGylated
35gs,cys15 linker

The potency of the bispecific VHHSs is evaluated in the VEGF proliferation
assay. In brief, primary HUVEC cells (Technoclone) are supplement-starved
over night and then 4000 cells/well are seeded in quadruplicate in 96-well
tissue culture plates. Cells are stimulated in the absence or presence of VHHs
with 33ng/mL VEGF. This assay is performed after preincubation of the VHHs
with 520 nM human serum albumin, as indicated. The proliferation rates are
measured by [°H] Thymidine incorporation on

day 4. The results shown in Table 72 demonstrate that the bispecific VHHs
and Bevacizumab inhibit the VEGF induced HUVEC proliferation by more than
90%, with 1Css <1nM.
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100 n/d, not determ ned Legend: Nanobody, |inker or HSA description

DLLBI 1018 A DLLBI1039 0 VEG-BI 1038 VEG-BII032 41.10 HSA O ALB8 n 9gs

| i nker 7Nvo3bpwmsbimnker rev PEGyl at ed 35gs, cysl1l5 |inker PET/HPeopotsnEy oOf
the bispecific VHHs is evaluated in the VEGF proliferation assay. In brief,
pri mary HUVEC cells (Technocl one) are suppl enent-starved over night and
then 4000 cells/well are seeded in quadruplicate in 96-well tissue culture
plates. Cells are stinmulated in the absence or presence of VHHs 10 with
33ng/ mL VEGF. This assay is perforned after preincubation of the VHHs with
520 nM human serum al bum n, as indicated. The proliferation rates are
measured by [3H Thym di ne i ncorporation on day 4. The results shown in
Tabl e 72 denonstrate that the bispecific VHHs and Bevaci zunab i nhibit the
VEGF i nducedt&h{¥EQ: pegl (h %Me@.%r@%ﬁﬁ’r‘h&hbh%’ﬁbﬂs@%@% WMHdin @e8s <1IM  Tabl e
72: 1C50 (nl\/e1 val ues and )/ 0 inhibition of bispecific VHHs in VEGF HUVEC
proliferatio Ué/&prollferamquaasaysp\ VHH ID Format 1C50 (nM % i nhibition 1050

- HSA + HSA
ICso | % ICso | %

(nM) | inhibition | (nM) | inhibition
0.78 87 0.69 95
n/d n/d 0.60 94
0.73 92 n/d n/d
0.49 98 n/d n/d

Jo.49 109 n/d n/d

VHH ID Format

VEGFBII23B04

VEGFDLLBIIO10
VEGFDLLBIIO13
VEGFDLLBII014
VEGFDLLBIIO15

VEGFDLLBIIO16 n/d n/d 0.72 95

Bevacizumab 0.22 92 0.26 96
Legend:
5
Nanobody or linker | description
|| DLLBII129B05
VEGFBII23B04
% 5B05
) ALB8
a 9gs linker
av. 356gs linker
zYy PEGylated
35gs,cys15 linker

n/d, not determined

The potency of the bispecific VHHs is assessed in the VEGF HUVEC Erk

10 phosphorylation assay. In brief, primary HUVEC cells are serum-starved over
night and then stimulated in the absence or presence of VHHs with 10ng/mL
VEGF for 5 min. This assay is performed after preincubation of the VHHs with

250 nM human serum albumin, as indicated. Cells are fixed with 4%
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(nM

0.60 94 VEGFDLLBI 1013 QAR 0.73 92 n/d n/d VEGFDLLBI 1014 apit.
n/ d VEGFDNOBh1GiBS370Kkf | \ M 0. 49 109 n/d n/d VEGFDLLBI 1016 pCm/Eb2010@6459572 95

Bevaci zunab 0.22 92

% i nhi bition VEG-BI 123B04 0 0.78 87 0.69 95 VEGFDLLBI 1010 001 n/d n/d

0.49 98 n/d

Formaldehyde in PBS and ERK phosphorylation levels are measured by

ELISA using phosphoERK-specific antibodies (anti-phosphoMAP Kinase
pERK1&2, M8159, Sigma) and polyclonal Rabbit Anti-Mouse-Immunoglobulin-
HRP conjugate (PO161, Dako). As shown in Table 73, the bispecific VHHs

5 and Bevacizumab inhibit the VEGF induced Erk phosphoryaltion by more than
90%, with ICss <1nM.

Table 73: IC5, (nM) values and % inhibition of bispecific VHHs in VEGF
HUVEC Erk phosphorylation assay

10

-HSA + HSA
ICs0 | % ICs0 | %
VHH ID Format | .\ | inhibition | ("M) | inhibition
VEGFBII23B04 0.69 91 0.60 93
VEGFDLLBII010 n/d nd |0.74 94
VEGFDLLBII013 0.89 95 n/d n/d
VEGFDLLBII014 0.53| 101 n/d n/d
VEGFDLLBII015 i 040 | 106 n/d n/d
VEGFDLLBII016 n/d nd | 1.03 93
Bevacizumab 0.68 99 0.83 98
n/d, not determined
Legend:
E‘nigf body or description
B DLLBII129B05
VEGFBII23B04
5B05
) ALBS
N\ 9gs linker
av. 356gs linker
qy PEGylated

35gs,cys15 linker
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0.26 96 Legend: 5 Nanobody or |inker description DLLBII129B05 0

VEGFBI 123B04 5B05 O ALB8 n 9gs |inker f\} 35gs |linker 74v PEGyI| ated

35¢gs, cyssolonksp37on/ d, not determ ned The potency of tireTHPI@O®Os460E VHHS

i s assessed in the VEGF HUVEC Erk 10 phosphoryl ation assay. In brief,
primary HUVEC cells are serumstarved over night and then stinmulated in the
absence or presence of VHHs with IOng/nL VEGF for 5 mn. This assay is
performed after preincubation of the VHHs with 250 nM human serum al bum n,
as indicated. Cells are fixed with 4% Formal dehyde in PBS and ERK
phosphoryl ati on | evel s are neasured by ELI SA usi ng phosphoERK-specific

anti bodi es (anti-phosphoMAP Ki nase pERK1&2, MB159, Sigma) and pol ycl onal

Tanle 73, i Pasey b B RpRe T I R R MR B PYVEC e ndiced

Er k phosphor yalifaratiorbyssag| &s Hbsdribd%y Ridgvaly E36s, NéMreTZODJGGDécBZ’I 1 C50 (nM
val ues and % nh| bition_of bispecific VHHs i n VEG- HUV

phosphor yl at #4h(/al€Lay] 063/, ingRodifisd Aorgpyln Iblﬂef:o%sf'éﬂe”lt'@%e EH'Mre%latﬁﬁlaﬁFt i on
1050 (nM % EateRithPurHEPTRM 123 BRADOSystems; C-terminal His-tagged human

5 Dll4, amino acid 27-524, 0.75ml/well, 10 ng/ml) in coating buffer (PBS,
0.1% BSA). Wells are washed in PBS before 4000 HUVEC cells/well are
seeded in quadruplicate. This assay is performed after preincubation of the
VHHs with 50 uM human serum albumin, as indicated. Cell proliferation is
measured by [°H]-Thymidine incorporation on day 4. The ICso values of the

10 bispecific VHHs and the DLL4 Fab are summarized in Table 74.

Table 74: IC5, (nM) values and inhibition of bispecific VHHs in DIl4-mediated
HUVEC proliferation assay

- HSA + HSA
ICs0 | inhibition | ICso | inhibition
VHH ID Format (M) ("M)

VEGFBII129B05
VEGFDLLBIIO10
VEGFDLLBII013
VEGFDLLBII014

2.32 |complete |3.52 [complete
n/d complete | 3.39 [complete
2.06 [complete |n/d |complete
0.53 omplete | n/d |complete

VEGFDLLBII015 J028 [omplete g fcomplete

et et
VEGFDLLBII016 nid  [[OMPIEE | 55 55 [COMPIETE
DLL4 Fab 7.85 complete | 2.79 complete
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0.69 91 0.60 93 VEGFDLLBI 1010 001 n/d n/d 0.74 94 VEG-DLLBI 1013 al k. 0.89
95 n/d n/d VEGFDLLBI 1014 CrEl k. 0.53 101 n/d n/d VEGFDLLBI 1015 A k, EN. 0. 40
106 n/d nwo 2vE@M7LBlI 1016 n/d n/d 1.03 93 Bevaci zunab rOTAGR2&19/064688 98
n/ d, not determnm ned

Legend:

Nanobody or linker | description
|| DLLBII129B05
VEGFBII23B04
5B05

ALB8

9gs linker

356gs linker

PEGylated
35gs,cys15 linker

sl |O

Example 17:

Efficacy of selected binding molecules in a mouse model of human colon

5 cancer

The efficacy of the three selected VHHs VEGFDLLBIIO10, VEGFDLLBII013
and VEGFDLLBIIO15 is assessed in a mouse model of human colon cancer
(cell line SW620) in nude mice.

SW620 cells are obtained from ATCC (CCL-227). Cells are cultured in T175

10 tissue culture flasks at 37 °C and 0% CO,. The medium used is Leibovitz's
L-15 Medium (Gibco Cat. 11415) and 10% fetal calf serum (JRH Cat. 12103-
1000ml). Cultures are split at subconfluency with a split ratio of 1:10 or 1:20.
Mice are 7 week-old athymic female BomTac:NMRI-Foxn1™ , purchased from
Taconic, Denmark. To establish subcutaneous tumors, SW620 cells are

15 trypsinized, washed, resuspended in PBS + 5% FCS at 5 x 107/ml. 100 ul cell
suspension containing 5 x 10° cells are then injected subcutaneously into the
right flank of the mice (one site per mouse). When tumors are well established
and have reached volumes of 47 to 93 mm® (10 days after injecting the cells),
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10 Legend: Nanobody or |inker description DLLBII129B05 0 VEGFBI 123B04
5B05 0 ALB8 7 9gs linker 7N} 35gs |inker 74/ U PEGy| at ed 35gs, cysl5
i nker TWe 2potwmyy of the bispecific VHHs i s eval uat edpcm/EPh@oDbdeds HUVEC
proliferation assay, as described by Ridgway et al., Nature. 2006 Dec 21,
444 (7122):1083-7, in nodified form In brief, 96-well tissue culture

pl ates are coated with purified D114-H s (RnD Systens; C-term nal

Hi s-tagged human 5Dl 14, ami no acid 27-524, 0.75ml/well, 10 ng/m) in
coating buffer (PBS, 0.1%BSA). Wlls are washed in PBS before 4000 HUVEC
cells/well are seeded in quadruplicate. This assay is perfornmed after

prei ncubation of the VHHs with 50 jtM human serum al bum n, as indi cated.

Cell proliferati i S - L di.ne | r i ay 4.
The. 1 G50 var ¢ GB PRLSEE Y EhuBt el St b BERIRRLE LR Behar s 2o
in Table 74.grbabke 74: 1C50 (nM values and inhibition of bispecific VHHs

i n D114- medi ated HUVEC proliferation assay - HSA + HSA VHH I D Format | C50

(nM inhibi ti/Hﬁs'a‘Fé%i|&fé'¥9wi{H“Bb€i. tion VEGFBI| 129B05 2.32 conplete

The doses are calculated to the Avastin (bevacizumab) equivalent doses of

5 7.5 mg/kg, 2.5 mg/kg and 15 mg/kg, respectively (Table 75). All doses are
calculated according to the average body weight of all mice on day 0 (27.7 g)
and administered in a volume of 100 ul per mouse. VHHs are administered
daily or every second day intraperitoneally. Day 1 is the first, day 21 the last
day of treatment.

10 Tumor diameters are measured three times a week (Monday, Wednesday and
Friday) with a caliper. The volume of each tumor [in mm?] is calculated
according to the formula “tumor volume = length * diameter® * 7/6.” To monitor
side effects of treatment, mice are inspected daily for abnormalities and body
weight is determined three times a week (Monday, Wednesday and Friday).

15 Animals are sacrificed when the control tumors reach a size of approximately

1000 mm?® on average.

The statistical evaluation is performed for the parameters tumor volume and

body weight at the end of the experiment at day 21. For the tumor volume

absolute values, and for the body weight the percentage of change refers to
20 the initial weight of day 1 are used. Due to the observed variation,

nonparametric methods are applied.

For descriptive considerations the number of observations, the median, the

minimum and the maximum is calculated. For a quick overview of possible

treatment effects, the median of the tumor volume of each treatment group T is
25  referred to the median of the control C
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3.52 conpl ete VEGFDLLBI 1010 001 n/d conplete 3.39 conpl ete VEG-DLLBI 1013
At. 2.05 conmplete n/d conplete VEG-DLLBI 1014 apli. 0.53 conplete n/d
conpl et e WaGHDL3RI78015 akta. 0.28 conplete n/d conpl et e PUEGEPRDLLBEAOL6 n/ d
conplete 35.22 conplete DLL4 Fab 7.85 conplete 2.79 conplete Legend:
Nanobody or |inker description

e relative tumor volume (T/C)

T/CleO”‘i
C

d

e tumor growth inhibition (TGI) from day 1 until day d

C, _CI)_(Td _TI)

T7GI = 100*(
(c,-¢C)

5 where Cq, T4 = median tumor volumes in control and treatment
group
at start of the experiment at day 1,
Ca Tg= median tumor volumes in control and treatment
group
10 at end of the experiment at day d

A one-sided decreasing Wilcoxon test is applied to compare the dosage
groups of the three VHHs with the control, looking for a reduction in tumor

volume as effect and a reduction in the body weight gain as adverse event.

The p values for the tumor volume (efficacy parameter) are adjusted for

15 multiple comparisons according to Bonferroni-Holm, whereas the p values of
the body weight (tolerability parameter) remain unadjusted in order not to
overlook a possible adverse effect.

The level of significance is fixed at a=5%. An (adjusted) p-value of less than
0.05 is considered to show a difference between treatment groups; differences

20 are seen as indicative whenever 0.05 < p-value < 0.10.

The statistical evaluation is prepared using the software package SAS version
9.2 (SAS Institute Inc., Cary NC, USA) and Proc StatXact (Cytel Software
Corporation, Cambridge MA, USA).
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DLLBI 1 129B05 0 VEGFBI 123B04 5B05 0 ALB8 7 9gs linker /Ny 35gs |inker 741V
PEGy| at ed 35gs, cysl5 |inker Exanple 17: Ef fi cacy of selected binding
nol ecul eswonnoas/ismrse nodel of human col on 5 cancer The etCfTiEPa@iy/06f69% he
three selected VHHs VEG-DLLBI 1010, VEGFDLLBI 1013 and VEGFDLLBI 1015 is
assessed in a nouse nodel of human colon cancer (cell |ine SW20) in nude
m ce. SW520 cells are obtained fromATCC (CCL-227). Cells are cultured in
T175 10 tissue culture flasks at 37 C and 0% CO2. The nediumused is

Lei bovitz's L-15 Medium (G bco Cat. 11415) and 10%fetal calf serum (JRH
Cat. 12103- 1000nil). Cultures are split at subconfluency with a split ratio
of 1:10 or 1:20. Mce are 7 week-old athym c fenmal e Bomlac: NVRI - Foxn/ n",

pur chased fr I us tunors, SW520
el 5 are 1570 YRS Elou® RERRET e LB e se ol B st 5 x

107/ m . 100 PEGHDLLBI0 peinsi VEGEDLLBIIOT Highow sigHizapekifisaey i thee8wWen) ect ed
subcut aneoual@g into the right flank of the mce (one site per nouse). \Wen
tunors are Pnéé't‘%lrl“%%d’ngrﬁfeﬁ‘éﬁ”etokeé%{@ﬂed vol unmes of 47 to 93 mB (10
days after injecting the cells), mce are randomy distributed between the

treat nent anBigube52&Ishole tlh®BWER0 tynurgsowiHkisetiose SUVO2L mechombiclariR8S. The

doses are calculated to th vastin t doses of 5 7.5

mg/ kg, 2.5 nGi9EL &P Hﬁ&(@pepéé’ﬁ@%’%% ﬁyﬁ%m@ﬁﬂg?\&ﬁﬁ Hoses are

cal cul ated aVE@rliwarmot(vﬂmz)edra@ebgﬂszmQwHHfs FrlevBhesecdRddry 0 (27.7

g) and adm nistered in a vol une of g BIH nmouse. VHHS are adm ni stered
I(V

daily or evewyOS@é&yﬁcb%@letm\/E%&thBélﬁé Degr MEGEDLRBIDIO (YHHRYY 21 the
| ast d f K
Nonday vedEBaETERor vhmByHe dofERNnY DARPRHE WAl TEtE S

(Monday, Wednesday and call e vol une htunor [in
8] is cal clasad@dokibe@xgengentd TtHeetriérmgIes:ba thé topoof thelguaeh indicatgtte *

di anet er 2* Tt/6t. N '{8 noni tor side effects of treatnent, mce are inspected
daily for? abhEFRET fA¥S and body wei ght is determ ned three tines a week
(Monday, Wednesday and Friday). 15 Aninals are sacrificed when the control
tunors reachFiguss 228 eﬁowmhfn@ab:smweltymﬁiOIumfﬁ; arheeadajée Jthdy shatayst i cal
eval uation i r the paranmeters tumoy volu ody wei ght at
t he end of tibpi‘éyfégbr{ﬁ@ﬂf Bg?rlrpav|C§larréEBqat?q1galgyu{?‘9|en\;gﬂfmg§% ol ut e val ues,
and for the VEWDwmIIsttVHFpe)r VBT RRELRIT0 10hamMIe 25 f YESRDLLENONG i niti al

wei ght of daé are used. Due to the observed varlation, nonpar ametric

met hods are 3¢ Qr Sreyy se698d day i( @@s%wa@%wntwéqmtw%@ (VtH 1)
observat'Qnsor\txﬁgFm@BﬂﬁqowﬂHﬁnir{amagap%b%%té*ﬁfm lhrfes & aigf For a

qui ck overvi ew of possible treatnent ects ian o e tunor
vol une of eaplhtted daacresimbpl sepresents azandyfwat@mnmroThhﬁon‘emtaHmrs t he

control t I voI T/ C=100*-Td Cd tunor growh
i nhi biti on (Eﬁé(?asﬁg'?ﬁ %%@ %W’O@ye@ = 100*(Cd Cl) (Td T1) (Cd -Cl)
S5where C, Ti Cd, Td =

Figure 52C shows the change of body weight over time; SW620 tumor-bearing

mice are treated daily (open symbols) with VEGFDLLBII013 (VHH 1),

20 VEGFDLLBII010 (VHH 2) or VEGFDLLBIIO15 (VHH 3) or every second day
(closed symbols) with VEGFDLLBII013 (VHH 1) or VEGFDLLBIIO10 (VHH 2).
Day 1 is the first day, day 21 the last day of treatment. The triangles on the top
of the graph indicate the treatment days.
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(VHH 2) or VEGFDLLBI1015 (VHH 3) or every second day (closed synbols) with
VEG-DLLBI 1013 (VHH 1) or VEG-DLLBI 1010 (VHH 2). Day 1 is the first day, day

21 the 125t $¥16%7e. AR IBAH ullfd)RNahAR RSk RN AR, O Lhe ar aph

i ndi cate tnent vs. control

gqdx21 -

(results on day 21) Cbnpound Dose [ng/kg] Schedul e TA roi
veElrDLLBl LULs 7 gdXeld pose | Schedule | Weight
Compound [mg/kg] gain | pvalue
[%]
Vehicle - qdx21 8.85 -
7 qdx21 7.97 0.3177
VEGFDLLBIIO13 2.33 qdx21 8.63 0.3698
14 q2dx11 8.15 0.2681
4.05 qdx21 6.61 0.3004
VEGFDLLBIIO10 1.35 qdx21 9.05 0.4811
8.1 q2dx11 9.50 0.5937
8.43 qdx21 10.9 0.6655
VEGFDLLBIIO15 2.81 qdx21 6.56 0.6655
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92.2 0.0004 2.33 qdx21 87.6 0.0004 14 g2dx11 93.1 0.0004 VEG-DLLBI 1010
4.05 qdx21 97.1 0.0004 1.35 qdx21 93.4 0.0004 8.1 g2dx11 94.9 0.0004
VEGFDLLBIWODLB1183480qdx21 91.6 0.0004 2.81 qdx21 90.1 OrO@GA2015/0dmbs e 76:
Body weight: treatnent vs. control (results on day 21) Conpound Dose

[ Mo/ kg]

Example 18
Pharmacokinetics of formatted VHHSs in mice

In order to determine the pharmacokinetics of selected VHHs in mice, a single
dose of 33 nmol/kg in 0.1 mL is administered i.p. to six animals/group

5 BomTac:NMRI-Foxn1nu female mice (6-7 weeks old). At different time points
(3 mice per timepoint) approximately 50 pl blood is obtained by retroorbital
bleeding under isoflurane anaesthesia. The samples are centrifuged after
30 min and the obtained 20uL serum are stored at -20 °C until analysis.

VHH concentrations are measured by a sandwich ELISA.

10 Microtiter plates (Medisorp Nunc) are coated with 100 pl per well of human
VEGF (R&D Systems 293-VE/CF) diluted to 0.5 yg/ml in carbonate buffer
pH 9.6 over night at +4°C. After washing with 300 pl deionized water, residual
binding sites are blocked by addition of 200 ul blocking buffer (PBS/0.5%

bovine serum albumin/0.05 % Tween 20) for 0.5 hours.

15 After an additional washing step, 100 pl per well of dilutions of standards or
samples in serum dilution medium (SDM, blocking buffer + 2 % mouse serum
pool, PAA Labor GmbH) are added to the ELISA plates and incubated on a
plate shaker for 1 hour at room temperature. For standard curve generation,
VHHs are diluted to 100 (VEGFDLLBII013) or 10 (VEGFDLLBII0O10 and

20 VEGFDLLBIIO15) ng/ml in serum dilution medium and added to the ELISA
plates in 8 twofold dilutions in SDM in duplicates. Mouse serum samples are
diluted a minimum of 1:50 in blocking buffer and further dilutions are made in
SDM. Serum samples are added to the ELISA plates also in 8 twofold dilutions

and duplicates.

25  Plates are washed once more and for detection of bound VHHs 100 ul per well
of human DII4-HIS (R&D Systems 1506-D4/CF) diluted to 0.2 ug/ml in blocking
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Schedul e Weight gain [io] p value Vehicle qdx21 8.85 VEGFDLLBI 1013 7
qdx21 7.97 0.3177 2.33 qdx21 8.63 0.3698 14 q2dx11 8.15 0.2681
VEGFDLLBIWO201140308550qdx21 6. 61 0.3004 1.35 qdx21 9.05 OP¢3EP2018/0d4692dx11
9.50 0.5937 VEGFDLLBI 1015 8. 43

buffer are added and incubated on the shaker for 1 hour as before. After
washing the plates again 100 pl per well of anti-6XpolyHistidine-HRPO (R&D
Systems MABO050H) diluted 1:5000 in blocking buffer are added and plates
incubated for 1 hour as before. After a threefold final wash with 300 pl de-

5 ionized water each, bound VHHs are detected by addition of 100 pl per well of
TMB staining solution (Bender MedSystems BMS406.1000) and color
development stopped after about 10 minutes incubation at room temperature
on the shaker by addition of 100 ul per well of 1 M phosphoric acid. Optical
densities of the individual wells are quantified using a microtiter plate

10 spectrophotometer (ThermoMax, Molecular Devices) and the ELISA Software
SoftMax Pro (Molecular Devices). Sample results are derived from standard

curves fitted using a four parameter logistic curve fit.

Table 77:
VHH serum concentration (nM)

time (h) | VEGFDLLBII013 |VEGFDLLBII010 | VEGFDLLBII015
0,0833 |2,49 4,85 0,88
0,5 69,8 60,5 40,7

1 230 264 113

4 376 335 308
24 151 184 160
72 15,2 48,7 26,8
168 < 0,86 0,88 1,71
240 <0,78 <0,14 < 0,21

15 Serum half lives of VHHs are determined to be 15h (VEGFDLLBIIO13), 17h
(VEGFDLLBII010) and 24h (VEGFDLLBII015), respectively. (Half life
determination is done by fitting the last 3 data points from the mean plasma

concentration curves with WinNonLin V6 to an exponential slope.)
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gdx21 10.9 0.6655 2.81 qdx21 6.56 0.6655 Exanple 18 Pharmacoki netics of
formatted VHHs in mce In order to determ ne the pharnacoki netics of

sel ect ed woHMs11/0393Thce, a single dose of 33 nnol/kg i n OPCTMP2018/064695

adm nistered i.p. to six animals/group 5 BonTac: NVRI - Foxnlnu femal e m ce
(6-7 weeks old). At different tine points (3 mce per tinepoint)
approximately 50 pl blood is obtained by retroorbital bleeding under

i sof | urane anaest hesia. The sanples are centrifuged after 30 mn and the
obt ai ned 20pL serum are stored at -20 C until analysis. VHH concentrations
are neasured by a sandw ch ELISA. ioMcrotiter plates (Medisorp Nunc) are
coated with 100 pl per well of human VEGF (R&D Systens 293-VE/CF) dil uted
to 0.5 pg/m in carbonate buffer pH 9.6 over night at +4C. After washing
with 300 pl deionized water, residual binding sites are bl ocked by addition
of 200 pl bl ocking buffer (PBS/0.5)/0 bovine serumal bumin/0.05 (:)/0
Tween 20) for 0.5 hours. 15After an ad(fljja%gnal washi ng step, 100 pl per
wel | of dilutions of standards or sanples In serumdilution medi um (SDM

bl ocki ng buffer + 2 (:)/0 nouse serum pool, PAA Labor GrbH) are added to
the ELI SA plates and incubated on a plate shaker for 1 hour at room
tenperature. Fdr st Aruspeatifourindingendeatle aompvisidg abéd4-tiriding dompon€rtt
(VEGFDLLBI 1013) or 10 %\@EELQLBMMO and 20 VEG-DLLBI 1015) ng/m in serum
di I ution fredi um and®33GefFPE HPANECPEROBFAk es in 8 twofol d dilutions in SDM
i n duplicates. 2Vbusg wgsaoMcHINEIhg EEeuldids dlage 12 wieréimsadoDIAb@irign

bl ocking buffer and further dilutions are made in SDM Serum sanpl es are
added to the ELI SA pPaPeserilay said ¥ EGiobBIdiNueanpeind canprigast legst es. 25

Pl ates are washed o r - b O er well
of human D114-H S ( g Dggsbﬁré%&iég@n%g&%%h gl:ﬂp%{\ééé%;bo@gﬁ'é%ﬁrﬁoa@%a | ocki ng
buffer are added andn¢ Vha{abedinghimmencdialivdin giogle vahalle dsndef ore. After
washi ng the pl ates F%%i 0, 1(?0 pl per well of anti-6XpolyHi stidi ne-HRPO ( R&D
Syst ens NﬁABOSOH) di €4 15000 in bl ocki ng buffer are added and pl ates

i ncubat ed for B.houp mspduiomsiadindreliecae ioh er@h @, hekglalsaiash with 300 pl
de- 5 ionized water each, bound VHHs are detected by addition of 100 pl per
wel | of TMB stai ni nfNEENBGIPBHIN EHEAGRMRRERATEAE aBWéMﬁ? 1000) and col or

devel opnent st apped AafigSdciPAREING I ATEBUE 8% clafth YOG 3 Ahebin' fdNn/EeImer at ur e
on the shaker by addition of 100 pl per well of 1 M phosphoric acid.

Optical densities obindig ¢conapanenis logetedsN-4eraninglynt i fied using a microtiter
Bot tvar e "Sor ¢ vk pr 6 N AP Ml 8 e PEllfE 2 2 W Focd 1 rom
standard curves fittaid Digi-pigdiagfconipgpenaard eaid \EGEhindicg cempbhént Tabl e 77:
(ol T, VeSS um concent o0, VECERLLE 101 (O IECIDUBIAOIE
domain and at least one DIl4-binding immunoglobulin single variable
domain, respectively, wherein each of said immunoglobulin single
20 variable domains has four framework regions and three
complementarity determining regions CDR1, CDR2 and CDR3,
respectively, wherein
a) a CDRS of said at least one Dll4-binding immunoglobulin single
variable domain has an amino acid sequence selected from
25 i. Arg Ala Pro Asp Thr Arg Leu Xaa Pro Tyr Xaa Tyr Asp
Xaa as shown in SEQ ID NO: 1, wherein
Xaa at position 8 is Arg, Ala or Glu;
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40,7 1 230 264 113 4 376 335 308 24 151 184 160 72 15,2 48,7 26,8 168 <0, 86
0,88 1,71 240 <0,78 <0,14 <0,21 15 Serumhalf lives of VHHs are determ ned
to be 15wOVEGHDBLAZBI 1013), 17h (VEG-DLLBI 1010) and 24h PUEGPRALBELOLS) ,
respectively. (Half |ife determnation is done by fitting the last 3 data
points fromthe nean plasnma concentration curves with WnNonLin V6 to an
exponential slope.) dains 1. A bispecific binding nolecule conprising a
D114- bi ndi ng conponent 5and a VEGF- bi ndi ng conponent. 2. A bispecific

bi ndi ng nol ecul e of claim 1, wherein said D114-bi ndi ng conponent and said
VEGF- bi ndi ng conponent conprise at |east one D114-bi ndi ng i mmunogl obulin
single variable domain and at |east one VEGF-binding inmmunoglobulin single

vari abl e domai n, 10respect |>¥'eal Fytsffos?'qog ? GEHH@H%H%I ng nol ecul e of claim

2, wherein said i munogl obu s are VHHs. 4. A

bi speci fic binding nol ecul e(aa‘atodcmtmnm@g '|?yr owhig;eind sai d VEGFbi ndi ng
conponent is located N-terminally bi speci fic binding mol ecul e of any

one of claims 2 to 4, whér &SP %@iwr[ﬂflﬂpbt}‘lﬁ&rﬂ@legf%@rlﬂéﬁw RICYA'g

VEGF- bi ndi ng conponent compryrS@adhsg BAsds HvVREEQIDNOI2 | Whataeg! obulin
single variable domain and dat |east one D114-binding i munogl obul i n single

variabl e domain, respecti vefap iswhler flarorelahanst whaiedn i mmunogl obul i n si ngl e
2Ovar sbl e domm s By LPHG(EATPIPRS S OB Oh ARSI L
said at |east one Dll@rhgledangblemm@hebdim armnm@d:lé sequence Ser Arg Ala
hop Thr Arg Leu Xaa PrO Y STASOTVS RED Xk CHAIS RO SERRA BT 1.
wher ei n shown in SEQ ID NO: 3, wherein Xaa is Asp or Glu,
10 wherein said VEGF-binding immunoglobulin single variable
domain is capable of blocking the interaction of human
recombinant VEGF165 with the human recombinant VEGFR-2
with an inhibition rate of 260%.
0. A bispecific binding molecule of claim 5, wherein said
15 immunoglobulin single variable domain is a VHH that has been
obtained by sequence optimization, optionally after affinity
maturation, of a parent immunoglobulin single variable domain VHH.
7. A bispecific binding molecule of claim 6, wherein said DIl4-binding

VHH has been obtained from a parent VHH with an amino acid

20 sequence selected from sequences shown in SEQ ID NOs: 4 — 20
and in Table 5.
8. A bispecific binding molecule of claim 7, wherein said parent VHH

has an amino acid sequence shown in SEQ ID NO: 10.
9. A bispecific binding molecule of claim 8, wherein said DIlI4-binding
25 VHH has been obtained by sequence optimization of an affinity-
matured VHH derived from the VHH with the sequence shown in
SEQ ID NO: 10, wherein said affinity-matured VHH is selected from
VHHs having amino acid sequences shown in SEQ ID NOs: 21 — 27
and in Table 16.
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Xaa at position 8 is Arg, Ala or Qu; Xaa at position 11 is Leu or Qu; and
Xaa at position 14 is Tyr or His; and ii. Asp Arg Tyr Ile Trp Ala Arg G n
Ay Gu Two2arp3@dy Ala Tyr Xaa Asp Tyr as shown i n SEQPCDYERG»10B¢460her ei n
5Xaa is Gn, Ala or Tyr; and wherein b) a CDR3 of said at |east one

VEGF- bi ndi ng i mmunogl obul i n single variable domain has the am no acid
sequence Ser Arg Ala Tyr Gy Ser Ser Arg Leu Arg Leu Ala Asp Thr Tyr Xaa
Tyr, as shown in SEQ ID NO 3, wherein Xaa is Asp or Qu, 1Owherein said
VEGF- bi ndi ng i munogl obul i n single variable domain is capabl e of bl ocking
the interaction of human reconbi nant VEGF165 wi th the human reconbi nant
VEGFR-2 with an inhibition rate of60(:)/0. 6. A bispecific binding nolecule

of claimb5, wherein ' i : | i i_ngle i.abl Bin is a VHH
that has been aBt ai Addomy R RBE Bt bib Bt B B8R 9P, e Fim 1y
mat uration, of a panreitrednrRil d@kePudrimosdoidbequericeabbandoSE® IVIND:2Z. A

bi specific binding nolecule of claim®6, wherein said D 14-bi nding VHH has
been obt ai ned from an@ XersinvAald %ﬁq%naﬁ-oam%?%ﬁh' fﬁs@hﬁ@ﬁ&ag‘é! ected from
Z?ﬂgiezgefmlsggnTel gf %a%ﬁe%eﬁé? ferlgﬁl sal| o?h gggr-gﬁdt)ﬁr\]/ﬁHSEgsmaﬁbggnsﬁIc?fnggi d
sequence $hown in SEB®angimdabe023.9. A bi specific binding nol ecul e of claim

8, wherein said,D 14-bi ndi 25, ta| .

optim zation 0191an g\fkﬁ%ﬁr:e?c’[lfi/@blﬁ@}{gﬁne(gQ@fj‘g%gglraﬁﬁe?g%%g%ﬁ%ﬁgoe%%%ﬁpﬁ t he
sequence shown in SkEs bB aNiho BQid sdeeece shawd imSENID NORured VHH i s

sel ected from VHHs vi ng.am.ng acid sequences sho i.n S .21 - 27
2 i n Tabl o 102 Wb DR GaHROBEI ERIY P GET A0S WG ASBIIIEP AEIS! nd ng
mol ecul e of cl ai m 9yHMBASLBeS BbiRId hséyuemebWplhi2dddnhsanad¥idfil no acid
sequence shown in SEQ ID NO 22 and wherein said sequence-optim Zed VHH has
an am no'aci d sequefwdured|\ddh ggrivedfrogeifeeddd yvikhioarsennesrEEhavmMEEQ 34 and
535 and in Table 23 . ' ik Lndi I | ' erein
said parent VHH hasl%#j%rrﬁhg;h%g?ﬁ Séleoccq%fﬂhlgghsgﬂjor\%na ﬁ”%%ﬁ%@"ﬁ%% A

bi speci fic bindi ng haviagangnobcid sEquetdes steweimnsEd IDNA@s:HEihdB8@ndHH has
been obt ai ned by seﬂ'u.ﬁ?r}%:leﬁpti m zation of an affinity- 10matured VHH
derived fromthe VH fi'Yhe sequence shown SEQ ID NO 12, wherein said

af finity-maturad. VHA dispsccesih@fgihn S8t YWEIDS chai 129 whBtdin sarl sfisigquences
shown in in SEQ ID NGs: 28 - 33 and in Table 17. A bispecific bindin

nol ecul e df cl ai m 1Natyge iR hagiam aminerAad sepitance$howR IREEQIP MPn¥ aci d
sequence shown in S ek Sai = imyzed VHH has
an amno acid seque%@é@g@ﬁéﬁj %@%@gﬁﬁ’gﬁ‘é@\gﬁg‘%ﬁ%@%&f% : 40 and
41. A bispecific bi sdiuencecietenied from sdoiemces shwen @ SESRILINUEGHObi nding i s
a VHH that is derived,froma VHH having a sequence sel ected from sequences
shown in SEQ ID NCB?nQé 44 and Tabl e 32. A bispecific binding nolecul e of
claim 14, wheraun saitispacifdibingingndletlis as chaf s, WpleadinediddYESENIADS

optim zation of a VHH wth an am no acid sequence shown in SEQ ID r 43. A
bi speci fi2¢ bi ndi ng Fod ¥El] abis deriyeshom avidi dianinga gequansersete®d i ni zed
VHH has an am no acj SAHR gquenc i SEQ | D NGCs:
63 and 64 and Tabl e‘rrgg.§ A @Iﬁg?og@\ff?ﬂr?g!z%%%%w ea%?q)c lgijn%'B, wherein
t he VEGF- bi ndi A§. coApwseetifid kindinginpeleatle of clairhii4, wheraih satdéE@HHs f or mi ng

the buil ding bl ocks, of. sai i paratopi.c. VHH bi nd to non-overl appi
epi t opes. A bi speci Plng'rﬁ%@ﬁﬁba%ﬁbqe@c@?tgmgp bé’lseﬁqH]eT% ORﬂ'EFé’ﬁﬂ” gf)gl\&g@t one
VHH is capabl e of blitalnngminbeadidsequticeanobetingaQ IBNDtd3ant human VEGE

and the reconbi nant human VEGFR-2 wi th an_i phibition rate of 60% and
wherein & | eadf: oné REReGITES l?!ﬁ%'&ﬁlr%dﬁ?u'ﬁlof)eir@i”ﬂd55&’%8“?”&%@&??(““8%% th an

i nhibition rate of B0r¥,eA AISRREI N smbbidgedRIREWeRd fbR M 18, which
said VHHwith an inhibition rate of 60 %1s a sequence-optim zed variant of
a VHH wi th a sequengequgnogs shawsEOIHER NONCIs 63arnst &pand Tableithdi ng nol ecul e
of claim19, wherein said VHH has a sequences shown in SEQ ID Nos: 65 and
66 and in Table or a sequence shown in SEQ ID NO 67 (Table 63). A

bi specific binding nolecule of claim5 conprising a) as the D114-bi ndi ng
conponent a VHH with a sequence sel ected from sequences in SEQ ID NGO 35 or
41, and b) as the VEG-- binding conponent 20i. a VHH with a sequence shown

in SEQ ID NO 64 or
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ii. a biparatopic VHH conprising a VHH with a sequence shown in SEQ I D NO
64 and a VHH with a sequence shown in SEQ ID NO 67. 22. A bispecific

bi ndi ng mebeoulmszrh any one of clains 1 to 21, 25conpri PCMEPROI6/06469F0Dr €

| i nker nol ecul es and/or half-life-extending noieties. WO

2011/ 039370PCT/ EP2010/ 064695 23. A bispecific binding nolecule of claim22,
wherein said half-life extending noiety is covalently linked to or fused to
an i mmunogl obul in single variable donain and is selected froman Fc
portion, an al bum n, an al bum n bindi ng i munogl obulin single 5variable
domai n, or a pol yoxyal kyl ene nol ecul e. 24. A bispecific binding nol ecul e of
claim 21 and 22, which has an am no acid sequence shown in SEQ I D NO 81.

2ci d sequence. dtonn Ao B8 ByebB s R Wekfon I FRaraEBheEcul o of
claim21 and 22, Vmb@ﬂfnpbﬂéntaﬁlaampmtcfpm VH%EW@FI@@ tsd ¥WHS forbiQ th® NO - 83.
27. A blspeC|f|c bi ndi ng ol ecul e of clai ch has an am no acid

sequence shown in SEAldirg RIGckger saig. b'%rﬁfoﬂfe\fﬁﬁl@n%F%BP%QV%ﬁ%ﬁ@e of claim
21 and 22, which hagp@gpekoani no acid sequence shown in SEQ ID NO 85. 29. A
bi speci fic binding rml ecule of claim2l1 and 22, which has an am no acid
sequence shown 18n SEQisEEAND bisging3acleguln @t cleire 1dc Wherin at east ereditthg a

bi speci fi c bi nding g‘i&_a%%#os C%W%g{éﬁn%cra&o%'ﬂresc %Fﬁ?ego%nlghaﬁt NAP"

contai ni ng sane. 20 airnrng a nuclei ¢ acid nolecul e of
claim30. 32. A phaMEﬁRaamd tred recombirsnt homadeEGFRl-Zlgntatanl|ala|19tt|onrrate

VEGF- bi ndi ng nol ecul of cl ai 1 29 as the_actjve .
Ungr edi ent 33 Theobh 2 ¥acbi PSR nF ol T8 easatik SobPGKIg raid
treatment of a di seﬁlﬁ@rabr@{ witB aﬁSﬁmgh@hQQte%f&hﬁUEﬁ: medi ated effects on
25angi ogenesi s. 34. The pharmaceutical conposition of claim32 for the

t r eat ment’o of cdfcer Adnspeciitckinding fﬁl@'@@d@@é clags.18TWRIghaidERLIMIte &N
conposition of clai pddidPratd BP<H0eRlE UeqBbn &Y EptthS88SARant of a VHH

with a sequence shown in SEQ ID NO: 45.
20. A bispecific binding molecule of claim 19, wherein said VHH has a
sequences shown in SEQ ID Nos: 65 and 66 and in Table ora
15 sequence shown in SEQ ID NO: 67 (Table 63).
21. A bispecific binding molecule of claim 5 comprising
a) as the Dll4-binding component a VHH with a sequence selected
from sequences in SEQ ID NO: 35 or 41, and
b) as the VEGF-binding component
20 i. a VHH with a sequence shown in SEQ ID NO: 64 or
ii. a biparatopic VHH comprising a VHH with a sequence
shown in SEQ ID NO: 64 and a VHH with a sequence
shown in SEQ ID NO: 67.
22. A bispecific binding molecule of any one of claims 1 to 21,
25 comprising one or more linker molecules and/or half-life-extending

moieties.
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A bispecific binding molecule of claim 22, wherein said half-life
extending moiety is covalently linked to or fused to an
immunoglobulin single variable domain and is selected from an Fc
portion, an albumin, an albumin binding immunoglobulin single
variable domain, or a polyoxyalkylene molecule.

A bispecific binding molecule of claim 21 and 22, which has an
amino acid sequence shown in SEQ ID NO: 81.

A bispecific binding molecule of claim 21 and 22, which has an
amino acid sequence shown in SEQ ID NO: 82.

A bispecific binding molecule of claim 21 and 22, which has an
amino acid sequence shown in SEQ ID NO: 83.

A bispecific binding molecule of claim 21, which has an amino acid
sequence shown in SEQ ID NO: 84.

A bispecific binding molecule of claim 21 and 22, which has an
amino acid sequence shown in SEQ ID NO: 85.

A bispecific binding molecule of claim 21 and 22, which has an
amino acid sequence shown in SEQ ID NO: 86.

A nucleic acid molecule encoding a bispecific binding molecule of
any one of claims 1 to 29 or a vector containing same.

A host cell containing a nucleic acid molecule of claim 30.

A pharmaceutical composition containing at least one VEGF-binding
molecule of any one of claims 1 to 29 as the active ingredient.

The pharmaceutical composition of claim 32 for the treatment of a
disease that is associated with VEGF-mediated effects on
angiogenesis.

The pharmaceutical composition of claim 32 for the treatment of
cancer and cancerous diseases.

The pharmaceutical composition of claim 32 for the treatment of eye

diseases.
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