WO 2011/ 039368PCT/ EP2010/ 064693 DLL4- BI NDI NG MOLECULES 5 FI ELD OF THE

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

parti cul awvocanasp3e8her apy and agents and conpositions u®eTmP2010/06468h

t herapy. 10 BACKGROUND OF THE | NVENTI ON As sunmarized in US 2008/ 0014196,
angi ogenesis is inplicated in the pathogenesis of a nunber of disorders,
including solid tunors and netastasis. In 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 15netastasis of
the tunor. Folkman et al., Nature 339-58 (1989), which allows the tunor
cells to acquire a grow h advDitb4BINEMNG MOLECUhESNor mal cel | s.

Therefore, anti-angi ogenesis therapi es have becone an inportant treatnent
option for several types of tunors. These therapies have focused on

bl ocki ng the VEGF pathway (Ferrara et al., Nat Rev Drug D scov. 2004 My;
3(5):391-400. 20 The Notch signaling pathway is inportant for cell-cell
comuni éat iFdnl-DVBF diHE INGENd4Olene regul ati on mechani sns t hat control
multiple cell differentiation processes during enbryonic developnent and in
adult organisns. Notch signaling is dysregulated in many cancers, | n
T-cel | acutid ivrph ryates td kR df Mehatbiner®), iidl phritRIss dahber ﬂﬁ@r 6y

2007, Cell Cycle 6(8): 927-30; Shih et al., Cancer Res. 2007 Mar 7(5)
1879-82). BA/Agests padcamuogiionsgisefid|in such erBPyand 4) is a rrerrber of the
Delta famly of Notch ligands. The extracellular domain of D14 is conposed
of an N-term nal domain, a 30Deltal/Serrate/lLag-2 (DSL) domain, and a tandem
of eight eBACKGROYND/OR THEINVENTEEN | i ke repeats. CGenerally, the EGF
domai ns are recogni zed as co risin WO 2011/ 039368PCT/ EP2010/ 064693 am no
G014 rest dRsSImBEREed (LS. J004BHA 106 FNCRSEISSS IBREPIHCA it 2) 284 327
EGF 3; do i mal n

Sy, wiih CRE st imoRERl dRoRRIR, Mottt bk s A Tiasiod

N- t er m nal Imldnmcaseaof mlnmrtgrawtmcar@mgianess ahparg o bé Zrodialsfoh Did tﬁar@%n

2008/ 07637 t ha n reported that D114 exhi bits el ective

expr esei on M5y DRERTasS ThabSHER P ANC fof RBY KR ok e BF 1% SENESeREl | um
(Shuttgs eﬁné‘bsta@@@ﬂhe%@ﬁ FQﬁNr%ﬁFét al4Nail§ré%3©3%%) 195@?‘9\%0@5%@%@ n

m ce have shown that D114 is induced G- and is a negati ve feedback
regul at or twapr ceks ioatequingaa groveh wmagen@rmparm tbrthﬁdﬂlormgl celisnsi st ent
wth this role,.the Qeletlon or. Lhhibition of D114 resul s i.n excessive
Angi ogenesi e okt fogEh&i et 3s Hecg e go fRkg tamd AR ERT 1 <

unrestrai n%?)h@ﬁ@d)@é@fé#éll t§pERbRAPIoreaiTh¥s el Brrapies hal/e TOEu OO bldéumgttaet he
formati on of_non-productive vascul ature, even in tunors resistant

to
anti - VEGF MR pedavayrtiersarareta., Mat RendRrugddiscancio4 Mep:3(ak30 17689 327- 31;
WO 152%7/ 070671; Noguera-Troise et al., Nature. 2006 Dec 21; 444(7122)).
Furt hernore, the conbined inhibition of VEGF and D114 is shown to provide
superi or aﬁ’theltlutrchrs@rcallnglpiathwamtzalhxﬁﬁbrt@té@t(tell\«@]!:ccﬁhmmenoaltIoneWh@haf t
nodel s of r_rultié%Ie tunor typ espgha&gera Troi se et al Nat ure. 2006 Dec 21;

444(7122) : 10O 9%%@%&96@”@ mgrthat eome! fadtiple.cell Aifrarepiiatiens 3. 7) |
20Due to t
cancer the a%(;e,srsgg era blhc%)I%{%ﬁggﬁbﬁﬁ%ﬁ%@%ﬁﬁigd%%%@gﬁéﬁ n

(pre-)cli n||s:dysrégulaalte1]bnrerrm1anp|a:\aece&sea glés dr¢dleatutRE@NpRatlagtic ISAREMEZANR;

R S A is: W20 7 9 Ho t
Al el ﬁ%%ﬁ%@hﬁ*%b%“ﬂ@é#%@ﬁ% 6L ol ShCRER. et ©
anti bodi es;Red\bp3F M‘.g,(ﬁgvg?t 819 a humani zed D114 anti body (R dgway et
al ., Nature. 2006 Dec 21;444(7122):1083-7); Dl14-Fc (Regeneron,

Sanofi - Aventis), a reconbinant fusion protein conposed of the extracellular

ature. 2008 sk Betiad e 5ab 3 lgd RN s R B OB hRbehona

anti bodi es liGHRES ) TrRNEXtF 4t 0rr BbATM GSDM\@carﬁp@gefd oS&® NLepir2g domairy,isew of
their therapeutic application: To prevent their
30 elta/Serrate/Lag-2 (DSL) domain, and a tandem of eight epidermal growth factor

(EGF)-like repeats. Generally, the EGF domains are recognized as comprising



WO 2011/ 039368PCT/ EP2010/ 064693 degradati on, they nust be stored at near
freezing tenperatures. Also, since they are quickly digested in the gut,

t hey are wotzoswi3psd for oral adm nistration. Anot her majPCI/EPREIO064593 on of
MAbs for cancer therapy is poor transport, which results in | ow
concentrations and a |l ack of targeting of all cells in a tunor. 5 In view
of the above, it has been an object of the invention to provide inproved
D114- bi ndi ng nol ecul es for human t herapy. Such D114- bindi ng nol ecul es, or

D114 antagoni sts, are useful as pharmacol ogically 10active agents in
conposi ti o@Mine acid nesédues Ld8;2%1 ¢atheit domaievi))alivan2dAdE&GT - dgmagins of

di seases c ogi at ed D ted effect

angi ogenes : JBXiA LT an: Ohbir i e sedsoe ERH 2o Forfeinchh A agz 00

i ncl udi ng RESF & @bﬁdalNB{?Wvﬁfh Heg &8I @b'n%n(ﬁl\@o&nﬂnm@b@td eedfatiesoyy-hy
(DR). It has been a further object of the invention to provi de nethods for

t he preventm(?nand?she@é‘ttﬁ@’ﬁtna' aregina@ @houhamino @iciresidyesf2&UdR @i seases,
di sorders @y Vi ng the use and/or adm nistration of such
agent s and%cl:%)l%)@wc? P@@?/O 6rﬁ::¥|7?)‘é3rt| cular, it is has been an object of the

i nvention tiohas beferdeemmim uhbaDna@&hmmscraghly seldctive expmssion pwstsildr ons
and/ or nethods that provide 2Q certajn advant a?es conpared to the agents,

conposi ti ofSdgEligM. i PABIESIaF iR rERTiR)endQibelimaiBhulierovia/i (#00R: Ganes These
advant ages Dé]fe' 18 4. 7B% §ved SE'Wét?éPﬁ‘éttucﬁeéﬂpﬁﬂfe RAR ?@@9!‘1 AU GH4 RTIBEE

and/ or ot her ant ageous properties ) or manu turing purposes,
especial ly b@{s\/EGEmdaid a negativedeedback r@mﬂatem]a:u r@ettaimmdamlaarssnrboﬁmg

d bed ab f . 25 Vb t t h b
SescT: 55 S oo ORER e Ul RSB oP bl B
pol ypept i d%&cé@éﬂxé‘bﬂgf(b@eh@?i@](si;‘@ﬁ’netsé%%?' BlaGd. 2007 DLkdt:bigagh gy 8- SG)“ es

that bind to mammal 1 an-and, especially, human DI14, wherei n ‘30such
mol ecul es Jmlq)unm@é'ptrie@e@gaogem;als parasiokally Hecnteha@ea;twtaor grawit diieatgribst i ¢

Vo cher objatiatsh ST RehEns v BSREe e ibars i B altbvE sy Sore
domai ns t haterapRe (Therdtbi biandNEPREY LhndBR F073M .§F7 BHENOVENTI ON 5

According to a first aspect, there are provi ded D114- bi ndi ng _nol ecul es,
pr ef er dbl y 200707196 d; N@gumﬁfygas%gom rN@iUf@,l?é)QﬁaDe%rl e%,zaﬁag li ke VHHs
and VHs. h’érrﬂ P ffﬁ 8 mfh'fb?tuér% Pﬂ B&NH‘E ?6\ﬁd<90i ds
encodi ng foﬁ g %8 Fr]%ecu es as Pa con Ry ng sane.

The invent |supef|urrariftetumeri a¢tez$tytoorrqoame@¢bleht|ME©Eraimm ini xasmogeant ariodelggofor
conprising at |east one D114-bi nding nol ecul e of the invention and

optional l'y e RIS UG dyRas dNRguUeEn Ty ﬁ%rﬁ@/-oNag{EEthQﬁ]P@ﬁ?t bPons. 15 The
I nvention fHﬁ&%‘fz’zgﬁ‘ﬁ@tﬁﬁ?lﬁg\glggtéf%?jslglfaH{]rePQG(E@PeE%OM%?ﬁ‘Qé)a’i08&975.“

D114- bi ndi n ul es, 'nuc aci d ost cells, products” an
conposivi or@eﬂasthesbeelsditsr Bill4 .is Beinigecansidaned arprbmisihg tangel &dresancer

licati d f D114-bi ndi ng_mol ecul | i ds, host
ol 1 5. pr oMRAEY oI SeiRyBLPEIcHE soubra-BEs e eie DL aet I (e Miealnods

for the pr%‘é@@bp@rﬁbrﬂ%@%één&?éé@%édeEGN aﬁﬁie%m%ﬂ@’%eﬁeﬁoc' at ed
with with DI14-nedi ated effects on angi ogenesi's. 25 These and ot her

aspects, efsodiindvandis; MVAYE37M and PPMeatMdB{OptoMed) (Moevn et ah Ggll |

becone cle r t furthbe eSGr Lt | rei nhel Tl Unl ess
i ndi cat ed ﬁt %ﬁ]e(?gle%ﬁ(?t Lééla é@qe%% J/-be ﬁ@"@g}éﬁ ﬂ%/ BW%QFEE%@% %gﬁ ng in
the artys \NgG@hemelch)@h@ﬂn@ﬁfzeﬁ@ltﬁﬁ@nt&iﬁd (EUddpesp enal. Rehtere€ D6 Beé or
exanple ma 11/ 039368PCT/ EP2010/ 064693
21,444(7122):1083-7); Dll4-Fc (Regeneron, Sanofi-Aventis), a recombinant fusion
protein composed of the extracellular region of DIlI4 and the Fc region of human

IgG1 (Noguera-Troise et al., Nature. 2006 Dec 21;444(7122)).

30 However, the state-of-the art monoclonal antibodies (MAbs) and fusion proteins

have several shortcomings in view of their therapeutic application: To prevent their
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t he standard handbooks, such as Sanbrook et al, "Ml ecular Cdoning: A
Laboratory Manual" (2nd Ed.), Vols. 1-3, Cold Spring Harbor Laboratory
Press (1980)2p11Bni6n, "Genes |IV', Oxford University Pres®CTNPM1¥O64693 (1990),
and Roitt et al., "Imunol ogy"” (2nd Ed.), Gower Medical Publishing, London,
New York (1989), 5as well as to the general background art cited herein;
Furt hernore, unless indicated otherwi se, all nethods, steps, techni ques and
mani pul ati ons that are not specifically described in detail can be
performed and have been perfornmed in a manner known per se, as will be

cl ear to t leegsadationd theyrmosat beRet‘Oée@ateea@freezin@k@mpe@tla@ai Alseadimcedheye
standard handboo to t ener back und _art 10referr.e and
Co the fur ererameERels L Gu eRlArn kel br ot o B Shrlh T8 Feme
terns "i mnget iswidtion of MABS Wcéﬁﬁ:@@'tmﬁéﬁ%ﬂs dSor tedripokO whidhers)Its fiov
anti body or to a conventional 4-chain anti - are used as general terns
t o i ncl ude copeentraionsANd gilack efrfarassing, OftaH@Q”ﬁdﬁ QitdWer- chai ns 15t hereof, as
wel |l as_.all parts, domains or fragments thereof. Unless indicated

ot herw Se, the term "D114-bi ndi ng nol ecul " includes anti-D114 anti bodi es,
anti-D114 anvidwdfthier sgvenithas csen albdbiécaot iheddyentideetormrbeideliedrovstd
conjugates with any of these. Antibodies include, but are not limted to,
nmonocl onal BY- @HQ'”@HT‘H@W?@JOHBH@@PGHQWGF%{HH bodi es. The term "anti body"
enconpasses conpl ete i mmunogl obulins, |ike nonocl onal antibodi es produced
by reconbi nant expression in host cells, as well as D114-bindi ng anti body
fragnent s &uchabii4- l:biruhyinginkcezleamibspoﬂ B4 antagohists, rege sisefll @sqirairmaaatoginadly e s
and |inear antibodigs, so-ca Ps" ("Sma] | Mbduyl _—

T munophar ARCEs OERISI LM R IR PN, Be Ui oA yinios, andier - 114
anti body- | gk iB¥iC61i8EasdiCo s ditBRE R@oR Ik Withi MIY-MedpitbdlfcRUmI NS, as
defined herein. O her exanples for antibody-1ike nolecules are

i mmunogl ob@nNgiogsamesis. Eaamp;e%ttarsbohhdwa@egsréy caneerGiR gyeflisedses instuding .

Theterm u ereln r | e L0t er .1 K

" munool oftHd Te Gt ARARE? DEGSldatbl (HBTRNG Hiarale RetbbRety Fu
sequence” Qlas 't £TUttHEe GHRsEE ©f the BEHlich & E;B@fvitlé Meﬂ%mﬁttﬁi oedehfon,ncl ude
both the rel evant am no WO 2011/ 039368PCT/ EP2010/ 064693 aci d sequence as
wel | adSnudregtroentiadeviatior apeorsliagnasieet surn @'émé’iﬁoéﬂ%r@cﬁrrf@nﬂﬁ@%arre

unl ess the; ence
identity' be vveeﬁtthé Eg%fifgfqor?a#gmhgttjrarg ecug‘éb@é%@{?ﬁ%@? 08' (g@éjt he
S5percentage of am no acids that are identical between the sequences It may
be cal cul ated or det erm ned as described in gara graph f) on pages 49 and 50

of WD 08/ 030@Agticy! %eﬂd%rﬂ‘@@ REAM 124 PRAPC Ohdne 4R WaNHoR Lo BrewiieaRecht ami no

ds that | d
Subst it ut i oRe Rl R 8 e S oS e Rl Rl A bR e
her ei n 2nef eestdin aa vieoltagels pom;mredstlortht@t algentshmornpbms;tlohe aantai/ OF methodset ain
its terti t t dent.| t t e ly,
domai o ar CUrRLBHRLFET @neds” BROSRdnang stk TBRSE GNGLrerEd IR rBVEPNEd and
I'n many Ca%ﬁérd’@hthﬁaﬁéﬁﬁ%hdr@rﬁ%&égwaltprr@ﬁélftﬁisr 8AdId? fhBRdRNEAtSHESUS

wi t hout | oss of function of the renmti nder of the protein 15and/or” of the
domai n. Th@roperies, vgnée) wlanufactuoimg pUrcesess €spreiadiynas @Dm@rted t@

donvent ongreehara aff Bl FsEeRes SRdfisBhsictiodh Bl 8 rRomenss

pol ypepti dehéfgdf. essential ly consists of such a 20 gl obul ar region.

| mmunogl obul i n domai ns are characterized in that they retain the

i mmunogl obulin fold characteristic of antibody nol ecul es, which consists of

a 2- layer n two

bt a- sheat SOBURiHe” S fodah BRIE! oFtnedfu L LR

term"i lrrrn;rb;ugjun%mtol@cmxtes aatloe pmbdmml phdeasoumdn?ﬂ}iannam?mc&maﬂy, Dll4-

i mmunogl obul. i omai n essentia consi sting of four ra regi ons"

which are :é’éffdl'ﬂ ?Q}J'?%thq{é"ﬁ ¥g@ﬁm"ﬂ€ﬂ%1 ﬁ'g%l %ﬁﬂe&@”yf*ﬁ‘éfﬂ?@ﬁﬁfb ?%'H 1" or
"FR1"; @S qﬁﬁg [ Nt r FR3"

and as 3@f r gtrtgﬁ ?@8?% p%ﬂ/pc%;lptlﬁﬁéfgswgagoﬁeegrlt@%ﬁ@?ﬁa\ﬁﬁpcﬁbﬁa dfa rR{SItJCr eqgi ons

are 30interrupted by three "conplenentarity determ ning" regions or "CDRs",

which are referred to in the art and herei nbel ow as " Conpl enentarity

Det ermi ni ng WO 2011/ 039368PCT/ EP2010/ 064693 Regi on 1"or "CDR1"; as

"Conpl enentarity Determ ning Region 2" of3-"CDR2"; and as "Conpl enentarity

Determ ning Region 3" or "CDR3", respectively. Thus, the general structure

or sequence of an i mmunogl obulin variable domain can be indicated as

follows: FRL - CDRlL - FR2 - CDR2 - FR3 - CDR3 - FR4. 5It is the

|nnunoglobulln varlable donaln(s) that confer speC|f|C|ty to an ant i body

- = - = e —— M



10 epitope of the antigen without pairing with an additional variable

i mmunogl obul i n domai n. Exanpl es of i munogl obulin single variable domains
in the newsoizog/msp3cBhe present invention are the i nmunoglPobPR10864593 €

vari abl e domains VH and VL and (VH domai ns and VL domai ns) and " VHH

domai ns" (or sinply "VHHs") from canelides, as defined hereinafter. 15 In
vi ew of the above definition, the antigen-binding domain of a conventional
4- chain antibody (such as an 1gG IgM I1gA 1gD or IgE nolecule; known in
the art) or of a Fab fragnment, a F(ab')2 fragnment, an Fv fragnent such as a
di sul phi de purptsas #s/descrivesldrrein: ddrasnrgerva furthiradigest of ahe inveotion ta t he
art) derived fronlsuch nventi onal hai.n ntlbod | d, n |1y not
be. 1 egar ded QIS T THROSEEB oI SPfighE alfe Be e Bt ira 2Bt RIORE <& the
respective epitope of an antlgen woul d norrmal |y not occur by one (single)

i mrunogl obul i n domai n but by a pair of (associating) immunoglobulin donains
such as |i ARIEENUNBAGRYcREI THEANVENTdObbmai ns, i.e. by a VH VL pair of
|nnunoglobulln donalns whi ch jOInt|y 25bind to an epitope of the
respectlve antigen. "VHH donmai ns", also known as VHHs, VHH domains, VHH
anti body f rAugording to aﬁmst\éﬁﬂe@ntthMreq)rohﬂed Dil4 girdihg yndleeulesigsreferbbly as

t he antlgen bi ndi ng i mmunogl obul in (varjable) domain of heavy chaln

ant i bodi es'Dlgr b'Qd'r@f'mfﬁlﬁﬁQQ%%W@ss'Qg'ed@F@p@ gempingritkecidsand VH
Hanmer s- Casterrman C, Atarhouch T, Myl dermans S, Robinson G Haners C, Songa
EB, Bendahman N, Hanmers R : "Naturally WO 2011/ 039368PCT/ EP2010/ 064693
occurring amahbtttﬁrmpdet\/ﬂ'nejirwemid)rgrEIateIsatmeIbleiNacidsermﬁﬁlngémm BirRligl993) ) .
The term "VHH domai n" ﬂ H e osen .in order to distinguish these

vari abl'8 dm?ﬁ‘élefsra@ﬁ’f’? gs 83%}9 ISEANRIDIG SANe donmi ns that are pr esent in
conventional 4- chain antibodies (which are referred to herein as "VH

domai ns") and fromthe |ight 5chain variable domains that are present in
convent i ondlhedneertion tnthieb oelates towhprolduat er earhpesition contaétieg er aempyising

d ins"). t ) VL h II bind t
an opi t ope e B g9 Bneigdnolenlsr AR M HeR G ol domordBlet cal 'y
bind to anf@@hémmmmybmgﬂybfg@cmdawbbgm@hsant|gen bi ndi ng donaln VHH

dormains are small, robust and efficient antigen recognition units 10forned
by a silagl e |nnunoglobulln domain. In the context of the present invention,

the terns nt., ant i body,
as wel | \ﬁjﬁa %méﬁbfu agéré{ﬁg gﬁé®OQOM| &%b%ﬁﬁg b%ﬁgfm@gltﬂ%{ﬁ;ﬁradenﬁrk
of the con@m@ng\hﬁdewléls\hudémenws Hz6&e¢egllsup®oomrc€s aise dompbeitiohanigeatibed and
are representatives of imunoglobulin single variable domains (having the
general stM&®lre: FR1- CDRL- FR2- CDR2- FR3- CDR3- FR4 and specifical |y binding
to an epitope without requiring the presence of a second i munogl obulin
vari abl e domain), and which are distinguished fromthe VHs by the so-called
"hal | mank rlési iduestiogn fustheéefélates torappligatiG a0 28e96flibedIBL-birdingl. " VH
domai ns" and "VL donai ns" rosipply "VHs" or respectivel whi ch
e dor i vol WPCHIER. BHAFE A 106 BelS. pIPdheS Ped eBm oSl AR Grsh Grd Pt os
are "singl %s%@lﬁb@t@ﬁ*étm fb?the Bffe'i/énl‘iaﬁ‘él"r\dﬁfr tr%hﬂf@’&ﬁééﬁ%@b%d’ "Dab"s,
"Dormai n 25 Anti bodi es” ét e terns "Domain Antibodi es" and
"dAbs" bei siisaigers e&w@e@mﬁhmntmw ﬁeedm@dogfﬁqtmmaﬁ@l@empmf conpani es)
have been described in e.g. Ward, E.S., et al.: "Binding activities of a
repertoire of single innunoglobulin variabl e donai ns secreted from
Escher ixshi ahegkiand dipaeraspsttd; erﬁlééduﬁ«%té JRRBhtadde! dnd spplicatibn@bf the' Domai n
anti bodi es: proteins for thera_y TRENDS i n 30Bi ot echnol ogy 21(11):
484- 490 ( 200®ntioardl hecomsszieaison. thediniterdessopieraerembelon, 064693 Si ngl e
dormai n anti bodi es correspond to the variable donmains of either the heavy or
| i ght chains of non-canelid mammalian, in particular human antibodies. In
order to biDEFIAHTEMNSope as a single antigen binding domain, i.e. wthout
being paired with a VL or VH donmain, respectively, specific selection for
such antigen binding Sproperties is required, e.g. by using libraries of
human ngl Qoey i ke
Ui, a2 mol S s iched BPBLMEFORERIES, pItEMUSRIRaR: Me AR Fecie
derived fr de adl ivpidhuwitirbeselgaetoctbe, skilledmersor dhéleeeridghis ranézamplerméade te. g.
t herapeutic use in hunmans. As in the case of VHH domains, they are well
expressed al so in prokaryotic expression systens, providing a significant
reduction in overall manufacturing costs-4-The amino acid residues of an
i munogl obul i n single vari abl e heavy domain are 15nunbered according to the
general nunbering for VH donai ns given by Kabat et al. ("Sequence of
proteins of imunological interest”, US Public Health Services, N H
Bethesda ND Publlcatlon No. 91) as applled to VHH donalns fron1canellds

o ~ Y AR A 2 1



CDR1 conprises the am no acid residues at positions 31-35, FR2 conprises
the am no acids at positions 36-49, CDR2 conprises the amno acid residues
at positiwo08@®m38H8 FR3 conprises the am no acid resi dr€I/ERR01PO646D3 ONS
66-94, 25- CDR3 conprises the amno acid residues at positions 95-102, and
FR4 conprises the am no acid residues at positions 103-113. As described in
detail in e.g. WO 2006/ 040153 and WD 2006/ 122786, VHH donmai ns can
specifically be classified in three groups, depending on certain

30conbi nations of amno acids within the framework regions, i.e. (a) the
"GLEW gr olipe stasidesd haodienksg stch B9VSdnkieroos e @b dadecylan Claming: KERE- gr oup”

| WO 2011/ 039368PCT/ ER2010/064 i,ngl udi t he, K : d

The 103 pLoROTR00 Hapuat &t E4n: Vet Has: SRl SNt HEMRS abhaRcRrdte:
"Hal | mark reggglueswin, AGenakivnidyorRUHNeEsifylR4EsBi ReivitgorkD| B00) eand ReitbeE Or
nore alterations in one or_ 5more CDRs which result in an I nproved affinity

for D114, &%, doipuneagdy ol hbdneSeuerMedigalrRyhlishings Leneen ryewofask (1 289),
Affinity- - bl ndi LNV j y repared by
et hods” knamieher e getier 3P Ao S ttal Mero B AU SRRGTRL ulBs) =P 5o,
Bi ot echnol agyicdted btReriBSe, alr mBeiodss stepls, Bchnigli@s4ndRhanipuldtionsAkatdareSwt,
USA 91: 3809-3813.: Shier et al., 1995, Gene 10169: 147-155; Yelton et al.,
1995, | muSBECiTically dassibed o getajbean Ba Perfogned angdwve pearperienmed in a
154(7): 331059, j e ' iggfg i 896; KS
Johnson an%%gﬁa%i\@‘y?ér{%,%Fﬁll&e%%%ﬁgﬁﬁgg%@%dé%r%nd ieséez?sclenlgﬁhage

di spl ay", @xbomie Bgavenade yo Breestantio@bharididemkst toethergesenal backgraurahart an
"am no acid fseguenceq% of S ED N@p. X" incl ud.?s i f not otherw se stated,
with réfpeltlefiEdiREnoye tag fudhrrgeferegees £itRd therdinogl obul i n singl e
vari abl e domai n sequence or a CDR sequence, a) an am no acid sequence that

is 100%identical with the sequence 20shown in the respective SEQ ID NO x;
b) ami no adinleskipdates otheaviskaiiee termisesmugogiobniinGo - adiadhérdesad hgreid toh t he

sequence sh inthe r ective SEQ | D NO x- apino i d sequences that
ave 5. 2, TG 10 B erty Rl B iRy R dee vttt et rve TH
respect i ve aSkfaridpalNEms to #eludtebdtartne fulkpizkepriboapdheandivideni éhains

determ nant”, which can be used mterchangeablgé,etbrefer to the part of a

macr onob ecdinereos @snvels ag a playisegomadns emisagmenisdeedfzed by anti gen- bi ndi ng
nmol ecul es, such as conventional antibodies or inmunoglobulin single

vari abl e donmai ns of the invention, and nore particularly by 30the

ant i gen- bi néhless sidicated othairdisen trecignes DI Eghihdipgsndetuled irdedes amtivditd bi ndi ng
site for an imunogl obulin, and thus convey specificity to an ,

i mrunog| obu’ﬂ”i“l%?d'W%ﬂ'ﬂ@ﬁ@@gpﬁﬁﬂmoﬁ%ﬁ@@ﬁF}*Pé’db’éWﬁ]m%'ieﬁbl'reét apic
D114- bi ndi l8H ¢ o Bh&id g [ W VAL

domai s COLRRRT afth 2B o e PR Dics THHNGe Bt e R P gl o FEheEofa
first i2zomurangl adbukerined mogioeloredt Batibedids.nbientesind, aatibedynehdommpeassgsobul i n

singl e 5variabl e domain as herej.n defined, wherej.n the nolecul es are
capabl e of BRI TIELI g RH P Mon P EoL &N O i PRELFBH RS 5B Dt

bi par at opi GxpRASSRAPH KRS cBl§ Ul ab DIMSInHMGeIHHBRY HaRnteHT® 88 eshtBody- |

i mrunogl obul i n single variabl e domai ns whi ch“have différent specificities.

The part ofikamelaculgenimdluding inghe-sbaineartinediesagndiineartaniivagies; sa-called

Par at ope.  ASBUPSpCstRIdTbadER rhitthebRERERE FEaly T oS0 Hietindir an ™"
i mmunogk obwON0Z056% £0. VAiti-Bhk @ndBo@y-Nke® dldsulés rRNidedimraaunéglBBLNPSPYiede
containing the sanme, or generall éean ant i gen-bi ndi ng nol ecul e or a Tragnent

thereof) t hafiaklgrtomaing, 8% detned BergipPihet gxaMPRsET eatibodyrlike MARCHes i nity
for® and/ ory & AdhunddfoMf SubkFtniy ShtibdiGENGEF) or CDR-grafted molecules.

The term "sequence" as used herein (for example in terms like "immunoglobulin

30  sequence", "(single) variable domain sequence”, "VHH sequence" or "protein

sequence"), should generally be understood to include both the relevant amino
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epitope, antigen or protein (or for at |east one part, fragnent or epitope
thereof) is said to be "against"” or "directed against" said epitope,

anti gen owoppatmspissor is a "binding" nol ecul e with resp@Ci/HPR019M064698 i t Ope,
antigen or protein. 20Cenerally, the term"specificity' refers to the
nunber of different types of antigens or epitopes to which a particular

anti gen-bi ndi ng nol ecul e or antigen-binding protein (such as an

i mrunogl obulin single variable donain of the invention) nol ecul e can bind.
The specificity of an antigen-binding nol ecul e can be determ ned based on
its affini agicsenuancawdsiively as Tiueledd acidiseguenegs ot sucledtids seqeer®®squi | i bri um
constant far tae 3hssociati n 3% an ﬁ$@i en with anlan{i eP-bi? L ng protein
(KD), is aSMEge{ige"PeAM SN fig©g ﬁ%gwre&emﬁﬁ '0H egﬁn ORE Y™ an
antigen-binding site on the antigen-binding protein: the |esser the value

of the KD, the strogﬂep t he binding _strength between an epitope and the

ant i gen- bi ndeadenes Bealie” batweemiwe PHPinding nglecueispagances KWigpdese i) essed
as the affipi - - ' ' ' I t,0 the
ki 11 ed pererentFeE 3t AR dbiE it eleaf b loe helicdusiBer Eftfay e 'y
affinity caalduatdeloridetaeratinéd ag desonissd inVifaraQis 0B 9B365HYet 497204 B0@F4693
known per se endi ng on the specific antigen of interest. Avidity is the

de CI 11 ¢ ar -
measur e of Wpeo%/B?Q%ﬁ- "RAYRNGEI T BEYWEKICAHRS IR PESNERAGERIRMING 2498 e
ch as ag,i I ' j ' ' yani abl e
ommi n-or - SN aiHRE i) Gt AN e eseht s p RIS Bl sl QUo7 y
is related to both the 5affinity between an epitope and its antigen binding

it th ti - bi ngi I [ . dth nb f ti t bi ndj
21 tos BPesdtE i HRTAIT (GA FEAYRERHGe RERERIETY Ponmesh ereltree B e iR e
| ndi cat ed apsRiTLAGLR MRNHANBRDINPLS Porb teforiry SeriutEliRddRincRAtipO

acid code, 'as generally known and agreed upon in thé art. Wen conparing
two ami no &fithe msoétieegroteineGeserallyagdmainscare résporsieleder disefates t o

i nsertions, letions or s titutions of the indicated n er_of am no
acid r st aedciohal BBDeM e P qe #0F by ot Rl o R Tentls8 D oecond
sequence. kmangfsredPio GHBA brdteins WitHOLL IGHECIT FSNERIN ditthe @8fM3Indlr lof tiy gfckeiabl y
be 15conservative am no acid substitution(s), which nmeans that an am no

aci d rds8i deediay afdne deeiby anot her amino acid residue of sinilar chenical
structure and which has little or essentially no influence on the function,
activity or other biological properties of the polypeptide. Such

conser vat i Vitneatgrmdiragiugioglabsitin doimaamsasiuseavhkteik nefers iona glubudartregionrof an
exanpl e from WD 98/49185, wherein conservative am no 20aci d substitutions
pr ef er abl y 28{iB0dY;682iNt(SHFHAS &% ARNRIA 0 RCUWCAHORR i AIChR D ANEPOHY Of 8 fowi ng
groups (i) py i ' W [ thah] ' i idhi n the
same group:he(’a W)CQ?TE]I ?Q)ngl%ltd g%grﬁg,abdn% p tg)‘rae tg?[p%%grﬁ%"gCgﬁﬁgfr%ﬁeégchl?es: Al a,
Ser, Tho, BlabwardreGion. Ifimynggdadin doegains weé gheteateredrieshahibsy astdirt el r
(uncharged) am des: As n, uand Gn: (il | ar, . posi tiyvel ar ged
Fesi duee: - IretngaisouiaToutasagielist o dutiadimakeBsnbhist st eliads” Vet
Leu, Ile, YaleraRAdiich ofasbutY) atipaiBidl Set£8irdN@S arrBR§ed T fwdBetal$kets,
Particularly preferred conservative am no acid substitutions are as

fol | ows: Alogtipnally giepiliged ibytaocsgerved disuhthide hend30Asn into G n or into
H's; Asp into Gu; WD 2011/039368PCT/ EP2010/ 064693 Cys into Ser; Gn into
Asn; GQu into Asp; Ay into Ala or into Pro; 5His into Asn or into Gn; Ile

into Ley oIThentetmVahinunoglobulin variable domain" as used herein means an
immunoglobulin domain essentially consisting of four "framework regions" which
are referred to in the art and hereinbelow as "framework region 1" or "FR1"; as
"framework region 2" or"FR2"; as "framework region 3" or "FR3"; and as
"framework region 4" or "FR4", respectively; which framework regions are
30 interrupted by three "complementarity determining" regions or "CDRs", which are
referred to in the art and hereinbelow as "Complementarity Determining
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Leu into Ile or into Val; Lys into Arg, into Gn or into Gu; Mt into Leu,
into Tyr or into Ile; 10Phe into Met, into Leu or into Tyr; Ser into Thr;
Thr into werpiisgesnto Tyr; Tyr into Trp or into Phe; 1BCValEP20m0i0646P3 € oOr
into Leu. A nucleic acid or polypeptide nolecule is considered to be "(in)
essentially isolated (form" - for exanple, when conpared with its native
bi ol ogi cal source and/or the reaction nmediumor cultivation nmediumfrom
which it has been obtained - when it 20has been separated from at | east one
ot her conponent with which it is usually associated in said source or

medi um sudtegen dfeit" IR huaseCompenentarity Peterpriningi Region Qﬁ@pt‘C@BZ"aam her

bi ol ogi cal ca one nt ot no ecul ne_ cont.am i npurity
or i vor A bRESMER Y R RN et o SCERS SRR beRY: TSN Eeu) e

i s consi defferfsHeBiUralor $ehsehed 8fan Ytﬁﬁimnbbldb@lﬁn ReaableWdrhaifdtaddsd | east
2-fold, in particular at |least 10-fold, nore in _particul ar_at |east

100- f ol d, ticaigdias fedowstioRd - -&DRbrFRA- QRR%rE i @DBS poR¢pept i de

nol ecul ¢ t Al IS f e aI |y
ol eoul ¢ 1 4 b BSRERI Aehkols U i o BRI A RRBR oL )
chr onmat ogr aphineadntigeaibyi mwungu@am@@pbmam@@mﬂ de gel el ectrophoresis. 30
WO 2011/ 039368PCT/ EP2010/ 064693 The terns "cancer" and "cancerous" refer to
or describe the physiological condition in manmals that is typically
characteri W e cancer
to be treate wyrph%ﬁ%%%?gb%?’#@ﬁlqu%?é%@é %éléhéeépﬁg(gnte Fégﬁ%)élaﬁ%%e but
are not i rnnnmmhogdnmﬂmmanabm d¢mamhah1nh i®lcapaemf sheaificaliypbineimg tbem<em a.

D114 bt o @Ribe Sf e R Easia BRI Wi et e iebld mehfaegiobulr

smal | -cel | dopiiin Cék&ﬁbtesrb?%ﬁﬂﬁtdgl&@hh ding18 vaRBBR! dorAERB S B 2Rt Pf t he
| ung, squanous carcinoma of the [Fung, cancer of the peritoneum

hepat ocel | dh@present érvengasereire pemunaglobelit singlewarateedomaies verand VL

dancer - nopaedVE! S Rl ARERE aoMatR LRl aPAR raqnsy BB s TROR
endorret ri alcafielidesr A9 8efiddE ha@imftesal i vary gl and carci noma, ki dney cancer,

| i ver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic
carci ndhim, gastric cancer, nelanomn, and various types of head and neck

cancer . Dyt o) B 18l ARSIARENSRL 306th bighd SoBqh gRAgHprl&, 150an

be treated by co |on ese I sorders
i ncl ude botcharmantnmmtyl (sath es@mdgmacbgﬂ/latgA dglwndgElrmsteculhlebrp)d)\mstn Ehe ann)cd>rude
but are not |imted those described above. Non-neopl astic dj sor

i ncl ude, b@f adra@d H8@Menkia B@)8 fraﬁ“%@fg@@@é‘&ﬁgrﬁ?mt$L@£‘t@%ﬁtd'%'@md®i@hed
t t

ATURLLi s, T haeior Ragmiehtiolia aBRBy \Eln FRAAD adikeaidrARlEn .

sar coi dz05| $pnaettntmrta$él-@“rmaatibedy)evmsdhermalllpnpﬂ tw[mrdekd abemni ¢ and ot her

[if t t t h t t h t {,
Petr ol ent siMiIUCOEEN e gIE ypag bl ddiaina s S d o e RsbRa i ebiltge of an
degener at | Gfvigth aRRAd AoffRaly A6t SiterBy R @RR e NRMM 8617 ddrhai b dyeel

graft neovascul arization, corneal gr aft rej éction, retinal/choroidal
neovascul arpazratfu(as@oqn@tu@smmlmgicﬂmll@rdoasmalrassueh aﬁgllgét gndiheesy shainocul ar

RN e AN e T L e
(i ncl udisng Kiridiears efitopadeine reepoetdle aftigept her tissue transpl antation,
chronic inflammation, lung inflammtion, acute lung injury/ ARDS, sepsis,
primary pul nonary hypertenS| on, mal i gnant pul nonary effusions, cerebral
J0cdea, (exgri BERATIA! Ao thblnAY ALRL (Ko b AS0HfiPAtddd Hadmid @I ™)
synovial in nat 1-on,’ pannus orna ! IS ossrficans,
hypert r opi @novidH aMbBGilek/ 659668§ﬁ'ﬁtltﬁ5%@ﬂt(ﬂe@6mﬁéwaéd:hterahtlglen bibglirgpar t hritis
(&), refractor ites ol stic gyarian dlsea OrTEtI’"IOSIS 3rd
spaci ng of 'mmﬂ%’gi?s@’é'as%%”%) Xég@ém @f eal%ﬁ'ﬁﬁ'ﬂ% Zr%rﬁ; apiiparies povel
di seas y. H?Prﬁ gsuch as
| BD (C?’%)hn S B!d;(gfa{ghl%ﬁélﬂél C@@gﬁ/{gﬁgﬁ@?ﬁg &BF%&JI og?‘ ?@?ectl on,
5i nf | ammat dtobihswe, Hiaswars &, Swga bBi Beegtahmerré\] Hardess RedNaturalher r ant
ti ssue mass growth (non-cancer), henophilic joints, hypertrophic scars,
i nhibition of hair
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growt h, Osier-Wber syndrone, pyogenic granul oma retrolental fibroplasias,
scl eroderma, trachoma, vascul ar adhesions, synovitis, dermatitis,

pr eecl anpsDapliaseicBes, pericardi al effusion (such as thaCtTaEPs@oioateesl with
pericarditis), and pleural 10effusion. DETAILED DESCRI PTI ON OF THE

I NVENTI ON 15In a first aspect, the present invention relates to a
D114- bi ndi ng nol ecul e conprising at | east a variable domain with four
framework regions and three conplenentarity determ ning regions CDRL, CDR2
and CDR3, respectively, wherein said CDR3 has an am no aci d sequence

sel ected f osouaingrantibodiesseéryeit otlighstanams” nNalp 368446 4KMEH1993))oThe6 and

458, b) SE ID.. 333. or c SE D 375.t0 395, .An am no acid
sequente arebel BBt S ARGPS BRePdiogPay oo e oL ReSE JeuaBiena as i s
cont ai ned @%rﬂ%’ﬂmé from BRMSNSAcHah @aﬁé’cﬁlé‘i‘f@lﬁﬁé’!% freht e PPestHt th 26nasionars-
sel ected froma second group of sequences shown in Table 5 and in SEQ ID

NO 167 tocBain amibosiss (Wiicharetefarpd te bgrines "y doseaias @ndrframthe fightst

or espondig i bie S5 Fahers el BLATHsAIaRR A A 3E i PRER LBich
second grouwpe @éfeﬂequemmeunsiwm domdiag!)eAd Gpposéd ta WHSHQY/ L BoM@sns, Icit 0
374. An am no acid sequence c) selected froma first 8rou of SEQ | D NGs:

375 to 395w@nean@|bx REdIEd ' ahtapioPs g AEE1S sntigeschip #g. Yéllience
sel ect edf ﬁgéﬁ%ﬁ@@uﬂ@él@lg 8fto%ﬁ°ét% JW 8 rgT@&{a‘?raréﬁ% H&Iirﬂ aﬁEQ

| D NGs: 39 a se aspect’, di ng
i sol at ed | miwnmg] eru-lhdnrma'imsgam srraall abbesmmdaeﬁlccemtanpgdarypemigmtmmmﬂtsai ni ng

one or id i obul i n si e _variabl e donmai ns, wherein said
|mmnodpob ‘Pmr‘\e(is}’@lsérq&g gTEH r&g@?\'@r sts of four framework regions
and three conplenentarity 10 det erm ning regi ons CDRlL, CDR2 and CDR3,

respectively, and wherein said CDR3 has an am no acid sequence sel ected

f rom ani no ladieicerigukoiche prasent inverdionste llemsl@é!-lHldotrmimﬁﬁHérhd/HJrB@mB)n SEQ

sai 1 A EEPROLfRGne Ny g W AN RLp B s " EPRBSRTE ot no
acid Sequefdfé@néiﬁ'| g%ﬂdbéd@'@@n%lartﬁédéiﬁerRR)fQﬁe @%n@%&y@@ﬂ%n%w hown in
SEQ I D NGs: 66 and a CDR1 and a with an amno acid

sequence t fE@dg'Uﬁ‘)c%ﬂtuéﬁﬁé@er%nQ@ﬁhUlQﬂﬂ@r@ eRresgntatives Cﬁimﬁéﬂqg@bl%@quence

in a seque shown i n
SEQ ID ﬁ@%ﬁ@g%ﬁg@g% %H%,g%g\ﬁ'\ﬁere é,ﬁ’éﬁ%g&%@@%ﬁt{@ﬁ | rst group,
for SEQ | DARBCDR3-FR4 amd spsgificully Bindibg® bb d¥dopg \mfhdm.lrehumn@mb group in

that y = x +166. 25 In a further asg&ct sai d i mmunogl obul in single variable

domai n contPAE$RNCE) Of 2 sesendimrpuneolahylibvariakie deqiaihe andavhich 8tf a said first
group of aRidiRgRhEdSRIHERE SRSEHPIME ddicaildd THAING K résidud®, 393efined in e.g.

20 WO 2009/109635, Fig.1.

“VYH domains” and “VL domains” (or simply “VHs” or VLs"), respectively, which are
derived from 4-chain antibodies, in particular from human antibodies are "single
domain antibodies", also known as "domain antibodies", "Dab"s, "Domain

25 Antibodies", and "dAbs" (the terms "Domain Antibodies" and "dAbs" being used as
trademarks by the GlaxoSmithKline group of companies) have been described in
e.g. Ward, E.S., et al.: "Binding activities of a repertoire of single immunoglobulin
variable domains secreted from Escherichia coli"; Nature 341: 544-546 (1989);
Holt, L.J. et al.: "Domain antibodies: proteins for therapy"; TRENDS in

30  Biotechnology 21(11): 484-490 (2003); and WO 2003/002609.



WO 2011/ 039368PCT/ EP2010/ 064693 b) a CDR1 and a CDR2 with an am no acid
sequence that is contained, as indicated in Table 16-A, as a parti al
sequence W0 2a1198368nce sel ected from a second group of PeHEPACIONHSIDWN | N
SEQ I D NGs: 354 to 374, wherein a SEQ ID NO x of said first group
corresponds to SEQID NO y of said 5second group in that y = x +21. In a
further aspect said i munoglobulin single variable donmain has a) a CDR3
with an am no acid sequence selected a said first group of am no acid
sequences shown in SEQ ID NGs: 375 to 395; 10b) a CDRL and a CDR2 with an
am no aci d Siegjesioreain ratibbdies @orrgspend taithd vatiakie damiainsTabeitherah@heavy a

partial sequen in a sequence selected froma.secopnd group. of.sequences
Shown | n_ SEATPE SkainS SBEORGaFRYE Mammglpp, B nariedaRIERRAMPOGISS Y T s
group corr gspfHidsn WplibpSESal Shdiantigeh b$r&>diﬁ? HoRRAn k. Witiont bBingsdired = X
+21. In a preferred enbodi nent, thei mruno%Li obulin single variable domain
is a VHH Wwith a Mk er Yiddomeain aeseectivalhespeaficrigiediondar fecthantiperthindinge

I f j j,d : ' I ' NGs:
el ort e D AATE® Al R RERETARNC ! TR SR bPVBRRARA ™,
of therapegkegoeaggd.i cation, e.g. enhanced affinity or decreased

i nmunogeni city, may be obtained fromindividual D114-bi ndi ng nol ecul es of
the invention by techniques such as affinity nmaturation (for exanple,

starting fr wi HAA I el Ly i,,;g;g i in
sequences) ,Sq@% gra blaﬁab{)ﬁlt%rgmq{rﬁ@l lrllﬁgb?w:llo ianr{‘ﬁfgﬁp Eaggrre @f?gP ?@g@%?ér' %m

di ff erent icantBdglcabtib kbasayl dinbers/edR@Rn dsibendringn sequgnosse Moapgiiraguipe | mer s,
and simlar techniques for enginegring.i nogl pbul | n seque | 1. known
Lo t he 10ki INVERTHER RSO §/9- PG DRHTGHPS N BHEPAS: Ao B S5F & VR RE48 8301 ng.
Reference iigey BRI welf BRPIBsedBIRD hDrdk BE xPRIIIRPOK LS hldi 30to the
further desg:?sll. pti on a%. E)%grrpl es. Cer\D gérg%l{ 0§g368PCT/ EP%Ol’O?@Mgga

Pr ef er abl y signifimiend rédualiongn @veestiungnofacturing eosésit i on with i ncreased
affinity is obtained by affinity-maturation of another D114-bi nding

nol ecule, the latter representing, with respect to the affinity-matured

nol ecul e, tihe dRRIceAdid rédiddedonah ﬂﬁrrfmﬂb?@lﬂuﬁn st Sariatle felav@tRhReh are
preferred enbodi nent, a D114-binding nolecule of the invention is an

| MUnogP obMUDEIPA GCEoRENG ibine GRsIAiAIM YTAReTINGrBAcRODBINg Gleen By k@Bt Al t y
munogh ob o9 Eblne GRAREEI T . . by
" yer anochids SaREIER of FRAIAELOPURRGRA| o BSL DOsT QRN P RbRREe 0V

i mmunogl obiNIHNBétbestag) Dy Rubhitdtionolo ad hedsapptiéd ta MHH detmairad from of a VHH.
Sui t abl e parent D114-bi nding nolecules for affini tg mat urati on are,

of exanp! & CATEIR0gs SNBEch Dol O0FE2 i EGUTAY 265 MOMRIGTRSS Jo KBIHIDh SEQ
nvent; on 1A PaS 253725 58 1 000] MtBlaiRG o RS pRRETIBCEY SR e lnie,

invention relates to an 1 single var mal n t has
been ohkwai nedRiycamprises thenamintaadid nesiflues gHpbsitions 4+:80am no aci d sequence
shown in SEQ NOQ_ 197. In yet another. embodi nent i g1 mmunogl obulin
singl e var i'aé@qa&%%'s?ﬁétﬂe %E‘”&%F‘F@J&S &t Wﬁﬁ%?ﬂ'?@e ani no acid

sequence showrj gompfsedEamtd/adids 88bEsitiSs 86, i mmunogl obul i n singl e
vari abl e domains with am no acid sequences 20 shown in SEQ ID NGs: 354 to

374. 1n a pr éidR2 somprisedithe amine Beid nesigveglasipositionsiS@gb® vari abl e domai n

is a VHH wit 1N i d_sequ 0 In.S r  358. In an even
more preferr gﬁeﬁ@@ﬂ'ﬁ%ﬁﬁie ?rﬁg]%l %E%%QB%\%?} ﬁO%'F%Qb% 56' ari abl e domai n has
been obbtai neCHR3 eurrisesithe andho acidHidsibiues A podions 9Bc1 02, 2magsequence shown
in SEQ ID NO_358. In another preferred enbodi nent, the i munogl obulin

si ngl e var i-ahift e@marises theaiQ agid resisuesrheogiiers $@3lddce shown in SEQ I D
NO. 356.

As described in detail in e.g. WO 2006/040153 and WO 2006/122786, VHH
domains can specifically be classified in three groups, depending on certain

30  combinations of amino acids within the framework regions, i.e. (a) the "GLEW-
group”, also including "GLEW-like" sequences; (b) the "KERE-group", also

9.



In an even nore preferred enbodi ment, the invention relates to an

i munogl obul i n single vari abl e domain that has been obtai ned by

humani zatworzoofo3g®sa VHH with an ami no acid sequence sh®em/EPR0O1BAGIHD NO.
356. WD 2011/ 039368PCT/ EP2010/ 064693 I n yet another preferred enbodi nent,
the invention relates to an i munogl obulin single variable domain that has
been obtained by affinity maturation of a VHH with an am no acid sequence
shown in SEQ ID NO 224. In yet another enbodi nent, said inmunogl obulin
single variable domain derived 5 froma VHH with the am no acid sequence
shown i n SHEluONgidhe KRE segobres;eand (cpthé MsnidgRoBedronp’siangl ean/turthabbe
domains with amno acid seguences. shown.jn SEQ ID NOs: 396 to 416. In

anot her pr&%@ﬁ%ﬁr'z&‘fg%?ﬂ%ﬂﬁ? qtﬁ‘ﬂ@n?%ﬁ?ﬁ ©Sbul i n si ngl e variable domain is
a VHH with an am no acid sequence shown in SEQ ID NO 402. 10In an even
nore preferred enbodi nent, the i munogl obulin single variable domain has
been obt ai ried"afnibumakiredidrbipdingHeoNEHENNER anNeordRPifHaligptioR: HueMR 8r shown
in SEQ LD N, - : i i l.ahul i n

Si ngl o var MEe AR AR et nfiroto SAY Dl A Sk BB IR S0 1o
NO 416. 1oéspeive\pznemiDiet-pingirey metkcind odtfimitptmatuned Dibiogihgmbleoulesngl e
vari abl e donai n, has been obt ai ned bﬁahumani zation of the immunogl obulin

singl e var iCAHIRINYERHHEM Max be PFRPaART Ry MARINAdS kgawAde thealinTarex8ERI¢.BNO. 416

I ‘h . ) . . ) h q :
5 a Vh woRCoed B AR e B 00, ot T R B 5 e even
nor e pref eri9®d, PrdiodNateAcad tda, UBAudtdi8i9uB8 13.sShigh ef ahy 1288, d5elemai n has

wi 1 CRA artds 2t SOSLHEhEEAls SR FMGEe) [ HONGS02804 JRRsb0I € 1908 ngl e

vari abl e domhARINoE - 1%4( M3 ANd: MdtFawiGeLECA M 902, Uhﬁloﬁ@bﬁ&%((ﬁd%g

enbodi nents of the invention, have a nunber of unique structural
char act er i $96¢KSadahnsonaricoRElHpwiiper tAfisitywmiatiuration o antieodies gaing phage

advant ageouys_ f or. i her tional antigen-binding nolecules. In
particul ar oslsﬂ%y w@ﬁ% m@ggﬁglyﬁrﬁ% gg@ hereto, VHH domai ns (which have been
"designed" by nature to functionally bind to an antigen w thout pairing

with a light chain variable 30domain) can function as_si ng'lle, relativel
smal |, 1pundtor dhrPresent fuenbpRgemErBinowrRGid pafuenitassof Sk ID NO: x™ includes, |

2011/ 039368R 0, ' ' r rti i mmunogl obul i n
single var ﬁggﬁa}%ﬁr@% %ggﬁgg\ﬁtg?félgﬂég thgﬁé?enlgo%'ﬂ%:eq@ﬁﬂlgg’o%bmu”(or VLs) -

ei t her al onearmunoggopdintsindle aaliablgedornainyyeepichde or @ @DRasdyjugacat opi c

nol ecul e - offer a nunber of significant 5advantages: only a single domain
is required to bind an antigen with high affinity and with high

sel ectiVily,) SO thab(dene dcty 88gRe het RNk WBertRBPhAh QBRI G PT esent

nor to assure that t two donmins are present 1n the rig paci al
conformati on and coshogoriatherespectve SEH@UYINQ@:he use of especially

10desi d lLink , i th Fv's); . | | obul j i ngle variable .
dormi ne. ca)be. expr EEEA PRGTHANEOR oAt TP e oo hramioepe A TRy e
require any post-transtaqidital sHiwH i thatribepedivieksEQlIpaQSY kat i on;

i mmunogl obul in single variable domains can easily be engineered into
15mul tival &t and mahing peisi seatiencesthal have 3,4, ohdrandinocrsid diferenegsniyith

i mmunogl obul i n si ngl.e i abl e dommai i ifhcity and affinity
for their target, | HW ¥%(§1%$£CﬁtSr}%ﬁ@%ﬁq%ﬁe%gg%%aj@nﬁg §tered via
al ternaki ve routes than infusion or injection; i mrunogl obul in single

variable domains are highly stable to heat, pH, 20proteases and ot her
denat ur i ng TAgdRtres oppitantliandoeatigaac datersningely, \weich can be used

interchangeably, refer to the part of a macromolecule, such as a polypeptide, that

is recognized by antigen-binding molecules, such as conventional antibodies or

immunoglobulin single variable domains of the invention, and more particularly by
30  the antigen-binding site of said molecules. Epitopes define the minimum binding

site for an immunoglobulin, and thus convey specificity to an immunoglobulin.
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prepared, stored or transported w thout the use of refrigeration

equi pnents; i mmunogl obulin single variable domains are easy and relatively
i nexpensiwe 2bo/gedpare, both on small scal e and on a naraTaEPRAwioEIFcal e.
For exanpl e, immunogl obulin single variable domains and pol ypepti des

contai ning the 25sane can be produced using mcrobial fernentation (e.g. as
further described below) and do not require the use of mamral i an expression
systens, as with for exanple conventional antibodies; inmunoglobulin
single variable domains are relatively small (approximately 15 kDa, or 10
times smaller than a conventional 1gG conpared to 30conventional 4-chain

Pt an(er) ARGt PanT B A6t P L GEE ] RIS P P arain HraaceBoolipringle
2011/ 03936485 ERAGHAID84 880 rreabinbrioiThen i PbRGIngIRRR.Id SopRbingad can

be adm ni stered i n higher doses than such conventional 4-chain antibodi es
and anti gefﬁwsﬁillﬁtﬂnU’f@QQ mmgletmlabtﬁdomvm@dwa\s@cg@@wmuaogt@b@ém|se"tgle

caV|ty bin It I| r | oop,
compar o3 1 SOURPERSARAE 4 erel] BhfHied wribrbiiinbdoidey®S dhe ERBADFSH VTt
access tar getwo aliftbrept ¢pifppesuitthaltiessitigea. The biparetoipiopolypdptideai n
anti bodi es and antigen-binding fragnents thereof; VHHs have the particular

advant age ﬁ@&?@%ﬁp fednyenfianarestQippeseshef 'VHF“}”%U@*P%JH] gngl§vali@biot have a
descr bed BT e Whch, AR refer 35 R EhR VAR ol Sent SR AORRLRS

singl e var |(alhxtrea$ianmn’mbodf/ ot hepdlypeptidet the erveotioh) tat ezcognizesltbeeptope t o
a specific. bi ohs i cal source fromwhich they have been obtained or to a
speci fi'€ mit Ad 08? PGFEBRFati on. For exanple, obtaining VHHs may incl ude the
foll ow ng steps: (1) isolating the VHH domain of a naturally occurring
heavy chain anti body; or screening a library conprising heavy chain

ant i bodi es Aopolypitidensuich @saan h@fnvapglozotimeareammquy ea)imemmf@é@bui@ single

| ei id.ml | '. VHH wi t,h
(3 *hamani 21ge qetfgane uidfarel AbkesloeBiitaing 'y Rs. QrherRil e
mat ur at i on,anvdritiyed- tﬁiﬁﬁmg&hbhécglfé%ﬁé fragn@ﬁﬂﬂﬁéﬂé@f)(ﬂﬁat@élﬁr%ﬁﬂﬂoa nucl ei ¢
aci d encodi ng such 25 humani zed VI @a(fy(f@) ‘caneli zi ng" (as described bel ow)
0

a | mnuiog| SBORaPal NG I anaiBhes & el lprithainihasrsaearialy forogceriimg
ant i body | ciha8 AN o BBEIETor ol PRESLGHE BornagREheR ShISRIRI o icn 2

froma hum essi'ng a nuclerc l'ecu

canel i zed @elmiome S st" oavmkeczed\ggamswlé,aldaepmw essigeg od p mteerOrCISQ:CI d
mol ecul e encoding such a canelized VH W) 2011/ 039368PCT/ EP2010/ 064693
(6) using téwﬁmgqmewe %F%Wﬁﬁbtwﬁhmltom APLigRN QBR8N het i cal | y
proteins, polypeptides or other am no acid sequences; (7) preparing a
nucl ei ¢ acid nol ecul e encodi ng a VHH domai n using techni ques for nucleic
aci d synt h&sergrafiyplthevert tspeeifq’m’t,@b@fms tofthe hemhmloéidh‘faemtdypewsf 8otigenisned;

8 bj t h t b t ff t
o) agonner o BOMG58Y Yo Wh iR BAtichER FetigRh qiding migeuls BB Bing o o o

any other tgg m(w@h%)s érﬁ‘ln‘?rhgﬁbgl‘i)ﬁullrﬁ"é,fn@?@@aﬁié}ﬂe@BfﬂeﬁhbYth%nﬂ(/QﬁtlérﬂeC'f'Clty
of the VHH and/or 10(9) conbi nations of selections of f oregoi'ng steps.

Sui t abl e mded@lem hied hThqa@ecm@ty Peart @mm@ergbmﬁmgamo{@umasm bBed steps
A I e ) LR
25 equilibrium constant for the dissociation of an antigen with an antigen-binding

protein (KD), is a measure for the binding strength between an epitope and an
antigen-binding site on the antigen-binding protein: the lesser the value of the KD,
the stronger the binding strength between an epitope and the antigen-binding
molecule (alternatively, the affinity can also be expressed as the affinity constant
30  (KA), which is 1/KD). As will be clear to the skilled person (for example on the
basis of the further disclosure herein), affinity can be determined in a manner

-11-



of the invention or present in the polypeptides of the invention are VHH
domains with an am no acid sequence that essentially corresponds to the
am no aciwoegqusm»e of a naturally occurring VHH domai npChmP2eioastichihs been
"“humani zed" (optionally after affinity-maturation), i.e. by replacing one
or nore amno acid 20residues in the am no acid sequence of said naturally
occurring VHH sequence by one or nore of the am no acid residues that occur
at the corresponding position(s) in a variable heavy domain of a
conventional 4-chain antibody froma human being. This can be perforned
usi ng met hdaowWkneemse, depa@diagton thﬁiscpledf?@rarttigenmitimtamsy Awdiy tsytheneeakirel ed
person. 25 A _hu HH do tal e or nmore fully human
Franevor k_ebyro T Sedii GG et 4n SB00RM RiPla BlnfRIE lfteds bt ey
contai n hummmfricameduwinkan %@h@@d?Wﬂ%@ﬁo?@buwglnbr@mﬂdﬂﬁe humm aearﬂ i ne
Vh3 sequences DP-29, DP-47, DP-51, or s thereof, or be hi

honol ogous Pohdestige C‘Pﬁtﬁénlnﬁ l@@nﬁdhﬁmeﬁtﬁtq%ﬁmb@@‘ﬂ o‘t\,\dﬂltwelﬂiﬁ@?q) beth the

repl acepent ) work 1,
2 hna 3o et REn s Ptddel R 6% Rdes Dbl SRLAT BB MRS BRERCos
gernline Vihgeoge asdcthearnilierdof,pdofhetft bimdingBitéd preddenien taé @neiger-birding
conbi nation. Suitable framework regions (FR) of the immunoglobulin single
vari abl e déRIPR4€of the invention can be sel ected fromthose as set out
e.g. in WD 2006/ 004678 and specifically, include the so-called "KERE" and
"GLEW cl asses. 5Particularly preferred are i munogl obulin single variable
domai ns havimigotdued aen'idmesawillcbesMMaaddeg\nbahea;MnﬁarddﬂsﬂeeHeﬁer drdone> 47,

dth t d t f d,  but I t
Pumani 3fng ISIBETRACH CPoF. <9 8P SHHLY KROBBIFBRGIREo4 5PPG % A 8aNBER. S. gr oup
and/ or the GhiBMBGawe drihotsdid @ééu@rﬁlé%wihé &riO&Rihe abRPliffeMtdae dsietoto

humani zi ng 1 munogl obul i n singl e variabl e donains are known in the art.
Accor di ng tirseitions aelatighsdirmeinstitutings oirtheningiceted numbien gf ermm aeidl e domai n

i 15VH d i f h in. | t th

| Sprceont i PBUEs a3 Sl SH iF FelondesaRlenBR ot RARINAY T 0% \ar i abi e
domai ns of sbhaehéb/qﬁtdaéé oﬂifsuﬁétﬂ@ﬁéﬁ(sp %u‘bh%ulb@hwﬂ@ﬁg)d\ﬁlfﬁ pféfeﬁ bavention
have am no acid sequences t hat correspond to the 20 am no acid sequence of
a naturlal | 3?06§@WﬁF|V$|Q”WPD asigesubstiiiontRls Whidnmegasiiiat asgamino, cid 1593|due
replacing ong, Lp%céH’BﬁaﬁHi ﬂﬁhga"cl’osﬂe‘é}b% 6f”su‘nﬁ§réHBrH% L??tél%qéﬁ(ﬂ%l&f a
natural |y occurring CRAIT F T oM & COMV C Il ONA

ant i body b)haermtleaor essentially no nafduelhceem theefsinttion, aaticity oabtwehbloioglcalsponm ng
position(s) VHH domai n of a heavy chain antibody, This can

25per f or rrecH’r‘PFPierHe%ﬁ’ﬁH@r p‘R'MB‘?\th'CiferS%@ QRseEatiKeamipe Q?Fcbﬁlﬂbstt@tt% & %W‘P'bd
per son, %bﬁfn%%'égrﬂ ﬁarae%kmm@%hh WAODSRSRS, %h\é%lﬁ"do%é%.vémﬂo
canel i zation nay prefefentiall'y occur at amno’acid positions which are
pr esent2oat aciesis$titdliianstprefenaklyand sabstithdoss ircahichdnéaamincdaed Mathlinrek

id f WD, 94/ Q4678 A detaill i f
eh " hams oG GrOG S Gy sUiaded BYAatnd A adif e sas wiftin e ©
franmenor k_raeiomapairsnen SeRaie Ripold ot enbidy saer réé%ues Alg, Ser, Thr,

2011/ 039368PCT/ 064693 addi'tional |y be taken frome.g. pp. 46 and pp.
98 of WO 2(50@/&5@0@56(Iamlafpnegatrveby chaygeooesiopes @md thais (D1gherpedoamiges:

and or ol yi5BpOeaeEIE AN i hotePeREeNLetded e Sod P Ats and ALt oy

conpri 98 onw) Mrga@w|§hamﬂmgbwbuésuau§s naée Lear ileblsl atimymer@p@?laf@mahéy
bi nding to one or nore epitopes within the D114 nol ecul e. Specific bi ndi ng

of an D114-r§$|ﬁb|¢$}d°hﬁ)l"'é’(flﬂné - iRaytigwarlyerefenred C@é]ﬁe'b’@tlﬁétamlﬁﬁ)ﬁ@@ 10i n any
sui tabl e ”%ﬂggﬁtu 89% PEL SiRwe: i.ncl udi ng, for exanple, the assays descri bed
herein, Sca anal ySi s and/or conpetitive binding assays, such as

r adi oi mrunmaas;rayselylarm)to Serzyme i mmunoassays (EI'A and ELI SA) and sandw ch
conpetiti OLL\ assays, and the different variants thereof known per se in the
art. 15Wt rgé@@rld’sto the antigen D114, a D114-bindi ng nol ecul e of the

i nvent i.gn bulin single variable domain, is not limted

W th régar (ﬁngn,%cﬁgms%&gs Ié)Thus t he i munogl obul i n si ngI e variable

domai ns of Adpenion@Géuiti on or pol ypepti des containing thempreferably bind to
human D114, if intended for therapeutic purposes in humans. However,

i mmunogl obul i n single variable domains that bind
-12-




20to D114 from anot her manmal i an species, or pol ypeptides containing them
are also within the scope of the invention. An imunogl obulin single

vari abl e wormaiwm3edest he i nventi on bi nding to one speci es PComPR@0/ 063 nmay
cross-react with D114 fromone or nore other species. For exanple,

i mmunogl obul i n single variable domains of the invention binding to human
D114 may exhibit cross reactivity with D114 from 25 one or nore ot her
species of primates and/or with D114 from one or nore species of animals
that are used in animal nodels for diseases, for exanple nonkey (in
particul ar Gygnioteobgus or Rhesus), nouse, rat, rabbit, pig, dog or) and in
particul ar (iéln atgf'gal nodel s for di seases and di sorders associated with
D114- nedi ateH "8 &t's on angi ogenesi s (such as the species and ani nal

nodel s mentglgnew Ags.ei n) . 301 munogl obul in single variable domains of the

i nvention that show such cross- reactivity are advantageous in a research
and/ or dru@lientelMprasitto Biohce it WO 2011/ 039368PCT/ EP2010/ 064693 al | ows
the i nogi: i AL,Si e ri able domains of the invention to be tested in
acknovn\lrgdgg*dgﬁ?{éé&a@eéﬂrg{c?eﬁgrﬁsuch as nonkeys, in particular Cynonol gus or
Rhesus, or |eia® laswWor mits VabAl so, the D114-bi ndi ng nol ecul es of the
invention are not limted to or defined by a specific domain or an

anti geni ¢ d@UdRiA MAAE NG VBL14 agai nst which they are directed. Preferably,
in view of - eacti 1 ne or nore D114 nol ecul es from speci es

ot her than L&Emérﬁétﬁﬁ?glgﬁ%tﬁ?&%ed for use as an ani mal nodel during
devel opnmentMeffin® tdrerimtocyriar imblke; ant agoni st, a D114- bi ndi ng nol ecul e
10recogni zes an epitope in a region of the D114 of interest that has a high
degr eeq8f iﬁ‘%@an e&\n'ﬁﬁ’ IL%HTQFI'% 4" By way of exanple, in view of using a
nouse nodelgeraftol THRINOGI obul i n singl e variable domain of the invention
recogni zes an epitope which is, totally or in part, |ocated wthin the
EGF- 2 domailtyr inthiSEr; shows a high identity between human and nouse. 15

Ther ef or e, TE crﬂédling to a preferred enbodi nent, the invention relates to a
D114- bi ndi é' '&Cul e, in particul ar an i mmunogl obulin single variable
domai n or FypMtyPeploritto®Hy;ai ni ng same, wherein said i nmunogl obulin single
variabl e domain is selected fromthe group that binds to an epitope that is
total | ySor {#drintaalle ¢r 760 E6Ht ai ned within the EGF-2 domain that corresponds
to am no acid residues 252- 282 of SEQ ID NGO 417. If a polypeptide of the
invention is a biparatopic nolecule as defined herein, which contains nore
t han one i rmudgicawid onpslypgptide atdledlle idcoreideret! to e 'i(iny essenmia/ly aso/dfebeast
one of the i munogl obulin single variable domain conponents binds to the
epi t ope wi Rt hior EERMPIQIMRFhCORBRaTRS WHB dS A158Ye Dighegical gy rge agg/or the

i nmunogl obukbi -5 i ; (el i QY L i ; _% ith
an affini ti'/jé?(g@ @%Q%%ggbﬁl&bg’%ﬁ@% ;ro}ni?@ﬂﬁﬁ%%%eﬁﬂb@%tﬁg pref eprfmabl y
| ess t han Dh@sriddensserarared feys at least 506 g esnpletentiwitiedhioh iSsrdsaaly Pl asnon

30R | IS, d i bed,.i Ex | 5.7). ) )
3011 0305 Aeehr RIS SR 30T S T ey R, SUoh s A G ACe. @RUIEE var i abl e
donmi ns of ptra@iri/aa@ﬁéﬂ%%,%bmégﬁp@gg%br{@&npaﬁemwé%m@|e=m@téatgiton

ELI SA assay as descCribed in Exanpl .1. in the range of 106 to 10b
mol es/ | i t r ®@nercanéarminamb,rienQuiriéf e Ay dompanent.dngraratuland nuclgiolseid or

Srot e/ | 1 PONRePERE SRORedE g AR oS B il Folg B I Ek Bes bR AvdiiRHont
of t he ssnventdawt 2-Bl4n panidurg dt reasiaolioll indresh pakicuadtabast 100 id)ainaf

the invention or o:ﬁlé)epti des containing thembind to D114 w th an
di ssoci ati & t@dr%i%af pkmPrefA nuglegs agd prpotypeplide mplesyleitbalis ('t or | ess,

and prefer Y/ i ARE e rably 1
08 {o 1 0 rainiydso Biet oty FPLRSisbh EsedtiaRl nofBBeRRo S U RERFERL) Y o
at | east 1Q38ing d suppaisiteeaiiguatsuceass a $0Batie thromatogpaptiesdlabehnigtie | ast 109
M 1, such as at least 1012 M1 and in particular wwth a KD | ess than 500
nM pr ef er &5IRPlYaL¥aHge 98beeRIPPRIES!Spr ef erabl y | ess than 10 nM such as
| ess thgn 500 pM The KD 15and KA val ues of the inmunoglobulin single

vari abl e domain of the invention against D114 can be determned. In a
further enbodinent, the invention relates to D114-bi ndi ng nol ecul es
conprising two or nore i munogl obulin single variable domains that bind to
the 20antigen D114 at different non-overl appi ng epitopes. Mre
specifically, such -13-



pol ypeptide of the invention essentially consists of or conprises (i) a
first immunogl obulin single variable domain specifically binding to a first
epi t ope ovoRalivb3gssd (ii) a second i munogl obul i n si ngl e PeampPadbacBoRBI N
specifically binding to a second epitope of D114, wherein the first epitope
of D114 and the second epitope of 25 D114 are not identical epitopes. In
ot her words, such pol ypeptide of the invention conprises or essentially
consi st of two or nore i munogl obulin single variable donains that are
directed against at least two different epitopes present in D114, wherein
sai d i munddledietni ricanaeg! end aeandsireusigetariie oadestiilpek g physiciogicet her in
such a way th @ they are ia abl e of ﬁi nﬁltaneousdl%/ bi ndi gllﬁl. In this
sense, the C?Bﬁ 'P?d%%?‘?’ﬁ@a% & WRIFETY CBA AR 2Ry HareBHiEPd&E! as a

" bi val ent " geowthiproliferadieitExdnipTes o8 bamesr td beoRedted Glith @'Eﬂl4ﬂ§ﬁ@iﬁg&hbl)écal_% a
"mul tival ent imunogl obulin single WO 2011/ 039368PCT/ EP2010/ 064693 vari abl e
domai n con®f theetnvention tingltde peit peg pldpniterttaericiionsa,dympbasia, blestamnadi ng
sites for - bi ndi ' i [ t
eact)  tvo SROTEHY BEASTRTERCRLER Rabics S RN TRRCOR, SRS 1)
two i mmunodbotipedhtmernt wigl Bll4 aniagbhists e S0 08760 1t 1986 iretLidgedusrhoas Eéler ent
epitopes within the D114 nol ecul e. Thus, these two i nmunogl obulin single
vari abl e d&RRPP’s SHAallrcelBg £apret permalhelhbRIGREERT iadenpcarinama PeHE e

di fferent B mad I i des

i nventi on v%’%ﬁlgrgel n Zﬁasfgﬂge naﬁgg ﬁﬁ’prbgr”%tgggf.t@%ﬁ%ﬁﬁ%‘?ﬁaﬁg‘ﬁ?&%%ar

"bi par at opicansémglastrdmtestimahoanderdganaeatic aancer, giidblastenancenacdl @aonken

singl e variabl.e domai ns consi st qr ssenti al | onsi Bt%%L si ngl e domai n
ant | bodf es PYAHRN CBNEely YSHFancorPladiRi GaceL A O R DTGARIROF BOPPR si ngl o
variabl e deBRtes corpet! c&fce‘??ér‘?dﬁrhéﬂri'a}’oﬁQﬂé?ihétca?éinyﬂﬁlé,s)sali\fa‘?? Befid vely, as

the two i mmunoglobulin single variable domains wll include two different
par at opes. Cafcipemer Midngy caneaers peeii ¢ancegniyodiate sanedr, vhlwai canaer toyroid n case

t hat the paql i .0f the invention includ re an.two, anti-D11
o) ob P HEE heRpHE batdiiorm e GatHe Rah s, HeEhdiBh i Rdi uhek ot biad
ant! -D114 !dﬁ@h&ﬁ' dﬁﬁmbi.mﬁré@thléti&@bi‘ an i@gdﬁ@@l?s 8N 184d tcﬁﬁféhytdd\ébr@érstt!h@t
anti-D114 i mmunogl obul i n singl e variabl e donmai ns are 20directed agai nst

di f fer dat &gnthsplesatediy ¢oropesitiansang metheds ofheriaventian, Thepe giigorders

i mmunogl obul i ' ak ' - bindi . he:

i T or ant P88 b forf Bebgis BT HegpRtc doBbls Mkefshe b Buldtbut arp..
Accor di ng thot tilmited tvesd descridictiecadove. dlonrmeaplastioudisgridebs! Inchudd, bat erevaeti abl e
25 dommi ns can be, independently of each other, or Hs. and/or any

. VHs or . VH
ot her sort liBtitediRuA®§HaBesEA fQh et Wity agiagenists kR 2008(50 168 ns,

defi ned . ) L | . - . _
Gomai ns. v Eerg0 of aB¥irAth P Rop ARSI ARG JumhBIER BEORRIC |
enbodi rent psohetid plasiueanshrebidosisc atitrosoienos, athdroscl8msicnd gquesy diatistie

d i tiall i.st of either.V VHH )
SOL1/ 03050ePe sy A ooRae s e e G N B R B ARy, TRl
par t i cul ar i @ad! hash TR gBom el i b FMbUI A S RAHGATBARScoDUI |

singl e variabl'e domai ns essentially consist of VHH sequences. According to
certai n enteaiul@nedend, edreeainveovasoularizaiomtcoreeal gratwesyasauartgadbnl i n

can be coninieah i FoaeRi SEa Rtk el A e EaS o) o
via a Linkane aRQe (uindes)] ScilBeheoviculat diserise vasaibdesebsis,| | be

selected so as to allow binding of the at |east two different
i mmunogl ob@rierio¥eneuemMadprmatiensidhdvihsnedingipama, dienangiema; angig§brana

di fferent i 114, eit-her~ W thi - 4 nol ecul e,
or within ?@%rbgﬂ?fpeér?élﬁgpa#éqne%c?lﬂg_Gré'{e/%ggﬁ%ﬁ%&,}?ﬂﬁ%%@%@%ﬁgﬁl nter alia
depend on tlamsplantatjpes chrohic #leairhatien, llyng tiflenthstiam eceubeluwganjuniARDPSt opes
on D114 to which the i munogl obulin si,ngl e vari able donmains bind, and wll

be clear t&CPRIE BEMAN:AUINROESH NYRSEENTAT Malighan| peany %, CefRArshal |y
after me Jdq.m d i ' ' i Ity poi nt
For Such oroer e At sk LEhBLAR SRR LRl Heb i (Y S/ 2040

bet ween t hénfidrmationusaranus folreatidn er RAN oy/osttistdssificans) inypertsgpictadnen si ngl e
vari abl e domai ns present in such a pol ypeptide of the invention wll
preferably at |east 50 Angstrons, and nore preferably in the region of
55-200 20Angstrons, and in particul ar inl4he region of 65-150 Angstrons,
with the upper Iimt being less critical, and being chosen for reasons of
conveni ence, e.g. with a view to expression/production of the protein.



Al so, when the two or nore inmunogl obulin single variable domains that bind
to 25D114 are VHs or VHHs, they nay be linked to each other via a third VH
or VHH, rwepettd3y®By (in such D114-bi ndi ng nol ecul es, tRETIER010/064503

i mmunogl obul i n single variable domains may be linked directly to said third
i mmunogl obul i n single variable domain or via suitable Iinkers). Such a
third VH or VHH may for exanple be a VH or VHH that provides for an
increased half-life. For exanple, the latter VH WO

2011/ 039368PCT/ EP2010/ 064693 or VHH may be a VH or VHH that is capabl e of

bi ndi ng t o farngatione @ptecarthnitip (Ot nefragtany ascitésu peh)cystic avardrbdiseaser ( human)
transferrin.dAlt tnatirgléa.the ﬁmo(ﬂr nor e innungglobulintsingle vari abl e
domai ns t h&TIBMAA9HS 5 PHAHRY Oh AU, iR SSH PERPTEELTR T WGP ERMAIOTE: vi a
a sui t abl e gurik &yowerditsdae) therise btois, Yrkmaiie ¢abdrarh neyinfanineatidmsiceas ed
hal f-1ife) may be connected directly or via a |inker to one of these two or
nor e aforer%dé%@@hn'ﬁ\ﬁjweoﬁﬂﬂ vigeraiygaptitis), ramaballogrfierajecivgr s may - for
exampl & <and il ey ol Bldedle- nSHTBAL S§n @Bl PCarLY o SRURAREYSI Ch
preferably has a length or "niné of nore~am no dacl ds, nore prefrerably nore
than 17 anmassgiohgh (eorg-canbethetBophiti®jcimis nloygartrdphiescaus $nhibitior\ofhairt he
upper Ilimt is naot critical but is chosen for reasons of conveni ence
regar di ng OrgVthhiQsigraieRes sYndrame Ryggenicaiapplonafetidgnipeirealssias s The

| i nker seq I Lo n ; - ally
occur i ng SERiedEe, HchollE Mty AR b S e SR, PR

pr ef er abl y asoites, panicagbali effusion (seich s that assoomied withheenargitisptandeplediral he
invention is adm ni stered. One useful group of |inker sequences are |inkers
deri ved®f r &M“BIPE- hi nge region of heavy chain antibodies as described in WD
96/ 34103 and WD 94/ 04678. O her exanpl es are poly-al anine |inker sequences
such as Ala- Ala- Ala. If the polypeptide of the invention is nodified by
the attachnent of a polyner, for exanple of a pol yethylene glycol PEG

(pol yet hyl I j [ ce preferably includes an
am no acid |%%%?btﬁgﬂ§§§¥9htggfgﬂﬁgﬁgﬁigﬁﬁﬁgine, al | owi ng such

nodi fication, e.g. PEGylation, in the |linker region. WO

2011/ 039368PCT/ EP2010/ 064693 Furthernore, the |inker may also be a

pol y( etlhyl dn@ fijplasnect.be drgsentdnvaniian relates tp a Whdchindiggopelecule anot her
enbodi nent : : 1 ndi ' |LLO: S vari abl e
dormai ns of % E’er%/%)@%? %tﬁ@%&l%%?ﬁ@gw %o@%%@gééglgﬁ%%g %Bfér?er Vi a
anot her noicemplé¢mphiapitabibermiring negions CBR1,i CRR2s9nd SOHB, asspauivbigt

pol ypeptide which, in a greferred_but_non-liniting enbodi ment, nay be a
further i miHEgINCTRIY GPRP Agh @nalPingAEd §8festrese!aelee T demBwcid sych

noi ety may (gyl,86 tially inactive or may have a bi ol ogi cal effect
such as inﬁ%gggn%¥$ﬁgﬁ®gggsired properties of the pol ypeptide or nay confer

one or ,gore agl)digégrpglNggsﬁrtgd]ggrémpgrgées to the polypeptide. For exanple,
and without limitation, the noiety nmay i nprove the half-life of the protein
or pol ypeptide, and/or may reduce its imrunogenicity or inprove any other
desired propeP} YPEQRRANGFHBRG t0 $58, BF ef erred enbodi ment of the invention, a
D114- bi ndi ng nol ecul e of the invention includes, in viewof its use as a
therapeuti c age®EQIDMDOSt B78hoBsext ends the half-1ife of the pol ypeptide
of the invention in serumor other body fluids of a patient. The term
"half-life" is defined as the tine it takes for the serum concentration of
t he (nodi fifedampa s@dpeigdent® aj,esdleated frobO&firstrgrouy of SEQ I[2MNDqlletoaB8ue t o
degradati on of the gol Esptide ang/or cl earance and/ or sequestration by

nat ur al ne&'?grﬁ%. ARES R PATRLPEGUENSEIR aeATeINoNEING@BHY #dd moi ety can

be covalenidoy bhik 8dietfed M5t é?}%ﬂ %ogg!df%%ahéﬁgéa%mm ?ﬁble‘@ %H@Hﬁ
limtation, an Fc portion, an al bum iety, a fragnment of an albumn

moi ety, an SHQUBIMObLIGdtng32windt4p9.such as an 25anti - al bum n i munogl obul i n
single variable domain, a transferrin binding noiety, such as an

anti-transferrin i munogl obulin single variable domain aﬂgokﬁfﬁﬁﬁlkylene
nol ecul e, fMEAMEY ﬁc'ﬁéleﬂé?'ﬂ%’ @hé%@ e@ frofb diksfigsour Rf §El§h NGs: 343

D011/ 030860RCT BT DF DEndBs T v kST ReI Bel EFpRiFmaSiguence selegied rom

pol ypeptide of the invention conprises a noiety which binds to an antigen

found in blood, such as serum al bunm n, serum
-15-



i mmunogl obul i ns, thyroxine-binding protein, fibrinogen or transferrin,
thereby conferring an increased half-life in vivo to the resulting

pol ypept iwo 20f/w3bas8 5 i nvention. According to a specifi earipr2@poabesps ed
enbodi nent, such noiety is an al bum n-bindi ng i munogl obul i n and,
especially preferred, an al bum n-bindi ng i munogl obulin single variable
domai n such as an al bum n-binding VHH domain. If intended for use in
humans, such al bum n-bi ndi ng i munogl obul i n single 10variable domain wll
preferably bind to human serum al bumin and will preferably be a humani zed
al bumi n- bi rd$eapndgHodp whisaquensasivebin Tableilvgh @ndaniSHR éDdvnai 3& i ndi ng
to human s;,r m al bum n are known in the art and are described in further
detail in 73 WO 2006/ 122786. 15Specifically, useful al bum n binding VHHs
are ALB 1 and its humani zed counterpart, ALB 8 (WD 2009/095489). O her

al bum n bi di agindHitidseguascerenséleated from tahiersbrue qfa&@@tle\i@Bi 345 imB9hmay,
however, be used.a cordln to a further enbodlnen

i nventi on, ?ﬁ%”?fﬂﬂ?r%bi’%’%‘éﬁ?%q%‘?r}’?& B BPRRACH0IE %‘%ﬂ%”ﬁeﬁ&fog%d %rE?EbG to a

serum alsbur@ee ABGRSUHY 6F s&difdhcas sABRAIih embie16-B hRd WSEQ A2 RDAB96 to 416.
W03/ 59934. As e.g. described in WO01/79271, the fusion protein may be

obt ai ned by, GoBBAHI2PaLL, rs%onmmmg BdeQlIew an “f’so‘%‘ﬂéd%hﬁﬁi&gﬁ;&ﬂiﬂ' ng for
serumal bumin, or a fragnent thereof, Is joined to the DNA coding for the
D114- bi ndi rsgwg‘@lveaable darhain sisteapolgpeRtisieseaniainingsone oemosel of said a 25pl asmi d

suitbale for i.on.in the cted host ce e.g. a st cell like
P chia pastORTLRGOR gl MFaRE S ERs  PRErdi sprc EiriundodiaR sh8les  ect e
with the fuygegbRUIIARSN dhsiRsIBERLe fr@'ﬁ@bmmW@gWﬂé%rndsthré@bd)rﬁPWtbh@/nS
According to another enbodinent, a half-life extending nodification of a

30pol ypépt idgéerarininggegipnezPBA, ColRhang GOR despactiiels andduaerei said

i nmmunogeni f the t it

phar macol ogézgﬁﬁf Sa&I(?;caer;rﬁlfH %?@8%8%'1@?5@35%@@ éﬁ@@‘%&&%@erﬁé&sﬂn@w such

as straight os) tsmcnbembshaito 100l st b§| ene gl ycol) (PEG or derivatives

t hereof (such as rreth %é et hyl ene glycol) or nPEG . Cenerally, any

sui tabl e forn?beEF@@I 59 8. 85ed, such as the PEGyl ation used in the
art for antib 'Sq_SQ"HBE!\l@QI |3l? [E:,gagments (including but not limted to

si ngl e 5domai i anti bodi es an reference is made, for exanple, to:

Chapmanjs Nat. Bi otechnol . ) 54, 531 545 (2002); Veronese and Harris, Adv.

D don 5 1B aauithSaasraRb T GOVERBIoRNTN SUIS SarahlE Sorein e | on . of

pol ypepti des gye ah SHRYWBI&H ahin a¥ididedbbBee fs@lrec@@l%}hea fufs@g} gibar
Ther apeutics, USA, or NOF Corporation, 10 Japan, such as the SunbrightO0 EA

Series, SH Series,aminosesitl sequenceSeshaye iMBEQUD NS dsto EBcand45&unbr | ght 0
VE- 100MVA, Sun igh : rightO - 400NVA. Prefe .

S teodi rect ecDPEG? SSh a0 ASBR Wil Bl aribiaa s et et i Patipg as
15( see sfor exarrpl einfRateEih Pable SPaeRIrgIERgLBEES IMg séGuerdblsdlétted2fiiB ) -

For exanple, for this purpose, PEG nmay be attached to a cysteine residue
that naturally occ%ﬁ@nidrgréuﬁ@lffrlﬁé@@ia@@ gauenees soewniio SEQ IBNYpelff e of
t he i nvention may :?)?2 éi ged so as to suitably introduce one or nore
cysteine residues for attachment of PEG or an am no acid sequence

conpri si ng on@hereimarSEQ)Bt ONg oZ@ardsftH‘stigleﬁpr for SEQdDhdent - 066 PEG may be
fused to the N and/or C-ternmnus of a pol ypeptide of the invention, all
usi ng t echni qtREeHONGSd0 R RV Hek Pf BRIAGFSRAC SEPUR B 1t i ieX #1PPI ed per son.
Preferably, for the polypeptides of the invention, a PEGis used with a
nol ecul ar 25 weight of nore than 5 kDa, such as nore than 10 kDa and | ess
t han 200 kD a surttheraaspleet sait s ur@gy | ddadin Slmgleeoaalableedomammomamge of 20 kDa
to 80 kDa. Wth re ation, its shoul e no eneral ly,
the 1 nvent i on &I s6 GRS SRRy 261 Se SR Iadad B9 AL LabP BEhT o t had
has been PEGy| at egindfio @BRY %%dghrc@s%ﬁb% |ﬁCSEjQFPI9$1®503§3td33§3 erabl y in such
a way that said PEGyl ation 30either (1) increases the hal f-Tife in vivo;
(2) reduces imunogenicity; (3) provides one or nore further beneficial
properties known per se for PEGylation; (4) does WO

2011/ 039368PCT/ EP2010/ 064693
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not essentially affect the affinity of the polypeptide for D114 (e.g. does
not reduce said affinity by nore than 50 % and nore preferably not by nore
t han 10%weasodéi3eseri ned by a suitable assay described i rCTP2@0054698nd/ or
(4) does not affect any of the other desired properties of the D114-bindi ng
nol ecul es of the invention. 5 Suitable PEG groups and net hods for
attaching them either specifically or nonspecifically, will be clear to
the skilled person. Suitable kits and reagents for such pegylation can for
exanpl e be obtained from Nektar (CA, USA). In another aspect, the invention
rel ates to nud)ei @ GORA angd a&DRZ withaan eminelgciDiseguenoditatiis gontaineculass of

the invention. Such,.nuclei i lecules Will alsao be referred to herein
as " nuclei o aci ds Ticated T ToBfR fe espadip! Seeustisd Tn A wrlienge seicted
genetic construct froas adetbAeGro\@s 8 SequintesistowndsiSEQfIDINGsi 35£t 3P nay
be genom c DNA, cDNA or synthetic DNA (such as DNA with a codon usage that
has been spéEreincaSER H MR edof eaid dixgligsedp sarrespents ionvkRdBdNRoyofseid or

host 150Qr gani reing _t e enbodi nent of the invention, the nucleic
acid of gt h%@kﬁr&&éﬁ{(ﬁgﬁﬁ tgblpg _e)gggﬂti ally isolated form as defined

her eabove. 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 exanple a

pl asni d, cd3@ifHriber aerect saithieueeYPbwiySiag|sevdriablg de@aihhakpr essi on
vector, i.e. vect ; j i o gﬁ”‘ﬁ- i ndi ng
nol ecul e in viaél ro%aeilg g:\ﬁlftr}]E\F/};é\pgﬁ?;é{cgfs%ﬁfear@éﬁeﬁgﬁeg%hécgg?tfl(};% , 85t

or gani sm and/ or exprieg sicahsexyusnery shwohn SR BN O0s: Y&z twd9Teneral |y
conprises at | east nuc| ei id,of the invention th | S oper.ably

[ nked 100 one By R BRI AT BIEDREHIARBrA BPARMPEI IR NaL R RNEH 25

25 enhancer (s), tqadicARIHAR(THble 269, 1H88a bhkR sSHiGh@ IANPSESuSHIS ddMsited
selection in view of expression of a specific sequence in a specific host
are common know edigen afsechiad gkoup etisgrranses sBputi iNiSEQ@tRMNDes3Y ta il at ory
el ements and ot her el enents useful or necessary for expressing D114-binding
nol ecul es of the invention, such as pronoters, enhancers, term nators,

I nt egr at i ofHer€iN04 SEG D @ID:1 08f 8 KitstGrod® tereSHoriRANRN SER I NOT | 6f sgignes,
and the like, are disclosed e.g. on pp. 131 to 133 of WD 2006/ 040153. WO
2011/ 03936 SPCINEBLPIDINIBAEYSF X1 nucl ei ¢ aci ds of the invention nay be
prepared or obtained in a manner known per se (e.g. by autonmated DNA

synt hesi s and/ or reconbi nant DNA technol ogy), based on the information on
the am no aeiadoretmehembolioneriththebiprhymegidbulessinglet Vagiabley domiadmist VEIH.
herein, and/or can be isolated froma suitable natural source. In another
aspect, the invention relates to host cells that express or that are
capabl e of J g f = bLndi Livent i on;
andior 10" AAPRRE! BN s e A bR SRRy R SHleR el rbar S
parti cubar lagipseduanced shiwbodnneite SsanddntBis® IDANOs: 86'2tdh332 endadSScel | s;

ot her useful cells are yeast cells, fungal cells or manmalian cells.

Sui t abl e bdiMebindingoeblesulasolitilanprelved propantigs dmvieaget theepgeadit epphcatid, ai ns

such as 15 strains of cherichia coli, Proteus, and Pseudaonpbnas, and

G am post 198 BRENERH AT GrETe 10 AMUPRIRTHE o MaALRR O GRNCRTPRDL onyces,

St aphyl 000@%§idu§ﬂ§ll&-®ﬁ$&ﬁgﬁ%&@cul§é’b# ﬁﬁ%‘ iﬁvérﬁ’tﬂﬁﬂf);{ fhhidues! WEe é‘seéﬁfiﬁit)‘; rom
Neur ospora, an gl I'1us

speci es of Trichoderng, Asper . Suitable yeast cells
i ncl ude celmatufatom @ereeXamplef stBaoghtwmmyndet(cl candorawp hetuBaly betwringes

i si .. Schi h far. | e_Schi h
cer o S8 SR B LS o L SR PRSI TRERS o
Hansenul a. dakiveahopn BREMEht irnER) Iébwllﬂpéégféntéé, RPERsenBiusrlg s, BHK

cells, HeLa cells, COS cells, and the |ike. However, anphibian cells,
i nsect cel loyerlppRIRg peigars, anrchainiBatgchoiduas foepnginggdag immuneg@bulif or t he

expression L ) . | .. The i nv i
Further provrHBc AL RER0ER e Red PR . Sy 351 co el 8 4 B
i nventi on, tiselfdregeingoRefarenes &, for ex@mmsle smagdettd etatideps hahdbddRs, as well as
2011/ 039368PCT/ EP2010/ 064693 culturing host cells conprising a nucleic
aci d capablte th fusthes deagirtionand Bx#@PIe§- nol ecul e under conditions t hat

al | ow expression of the D114-binding nolecule of the invention; and
recovering or isolating the polypeptide expressed by the host cells from

t he
-17-



S5culture; and optionally further purifying and/or nodifying and/or
formul ati ng the D114-bi ndi ng nol ecul e of the invention. For production on
an i ndustwpabiigseies, preferred host organi sns i nclude sPCRIAPI010/064698 E
coli, Pichia pastoris, and S. cerevisiae that are suitable for large scale
expression, production and fernentation, and in particular for |arge scale
phar maceuti cal expression, production and fernentation. The choice of the
speci fic expression system depends in part on the requirenment 15for certain
post-transl ational nodifications, nore specifically glycosylation. The

pr oduct i on Ryefesalpy1a hidreindiggrrooleculesofdhe imeentionevith ioerdasedvatfinity is

gl ycosyl ation .is desifted or. reqguired ul cessitate the use, of manmal i an
xbr esai on ORES BTt PF g Res DYRTEGTDh R BeHE  LERLS e

protein. | nepiisenti®s Pt redpecid thelffisibyematiredthelesliel Rd‘meesomiyhat t he

gl ycosyl ation pattern obtained (i.e. the kind, nunber 20and position of

resi dues atir@din@d)olegyle. depend on the cell or cell line that is used for

t he expression. . - biongi - t Lnvent in a cel
s set out g SR B EbRE s, ? DTG REARIS e 1 2
cytosol, i nvdrtiopes apliasmenayiobulini siedlesiasiabRodwdasthathas bben obshed gg from
the host cells and optionally further purified, or they can be produced

ext r acel | ulddfinity matugationot & pargrimmyneARiwin single ygsableiqraain detagt ur ed)
and then izﬂk@ged fromthe culture nediumand optionally further purified.
Met hods and reagents used for the reconbi nant production of pol ypeptides,
such 30as dpgeti dnathsuptedbired expraebrment) thve atvention relatesf toraraimmonoglobulin

transfection t hods, | ection kers, t hod f induction of protein
expr essfon SNF VAR EARR TG R A B0 963 8 PcMTER2010/ 064693 and ¢ he
like, are Iqipupld ﬁar*eh?DﬂﬂIbincﬁhg}nﬁélébMes RoCATBAIR, eRlrdtibRArénsl wHY ki cati on

techni ques useful in a nmethod of manufacture of a pol ypeptide of the

i nventi on ®xemé,thkabanetdescrieed MHHsWithansion.ackl sequenpesisdowasipeitQ Ibhe

i nvention r t 0. ti.de with an am no acid sequence sel ected from

ani o ot o N BB BBIE B 50 1o e 1 to 166 and 458, SEQ ID NGs: 333

to 353, or |SHa AhbNEE preidbed @ndABdimens RIeS inveptivn ré@BtbstoditinghanégloBulin

nol ecul e encodi ng sane. 10 These peptides correspond to CDR35 derived from

the VHHS ofSingle vargligdasmaintheyhas begmebiatiadby afeity materatioacdfa WbiHewithes

encodi ng { BEM e, U3 8biflied A <ok §f 3E RINC] Rfder to replace a OOR3 in an

i munogl obul'in chain, ~or T PheerfioRint o 4 non-i mmunogl obul i n scaf fol d,

e.g. a protilegseancthebehmbodirbbiy; baiidimmauogidiailim, singleochiabedd®ém that is

hel i x-bundl e protein, a disulfide-bridged peptide, a ligocalin or _15an

anti cal i n, S6RIET EOR BAHHAVILIGATBO AR GophoRRs SHown IbSERLID N, The

met hod of : i i WA ' d,
@B%cﬂé@frbhﬂﬂumgg%@le)gul‘&?ﬂmﬁf@l]é vart %Fnaﬂfi&jwﬁﬁ%nﬂﬁégcw ég’é‘c{%en%%%%

e.g. for humani zi ng anti usual Ty conprises graftin
from a 20 odshowantiSE@YDdWDe: 3ketd-874.r amewor ks of a human anti body). 20In

order to ohtain an i ogl obyl i n .or _a ngn-i nmmunogl obul scatfold

Cont ai ni ng T3 AGBRFTEA SHECHIRE: iMoo diRpU I RBaRET B SRR B VR be
obt ai ned ag@@r sh Behih® agideiiet cERhBRASN WEQUDGR! 858 bi ol ogy, e.g. Dby gene
synt hesi s, by oligonucl eotide annealing or by nmeans of overl appi ng PCR

fragment s, la@nevgn rekcpicierded gnibwdihent yheetmmunoglobolin siNgls earialiei ds

nto s non SCMAIRSEs Hehdrtabsp il Rau s Ofd ve wi°g b Aet e, T
2004, Bsot@bqu§ﬁ¢@§§gwnL$SEIBﬁzthkﬁQﬂ. The invention further relates to a

product or conposition containing or cqnprisin%)at | east one D114- bi ndi ng
nol ecul e ofln @Rethenpeelered erbodptansraeIipnymeaRbuliprenge verabledorsaiRpdifent s

of such coqﬂﬂqi-'o - ; L. i . i nt ended use of

t he conpositioﬁ%”V@f5é@%ygg@%%%@@?f%ﬁ@B%@ﬁ@%%%nggg?'%ﬁgrnaceutical use, a
D114- bi ndi g aneveauhereprefdreed sudoidirmento thexingehtigre pdlads toant ai ni ng sane nmay
be formul ated as har maceuti.cal preparation or copposi{jon conprising at

| east one mwmgﬁmp% Srﬁﬂ'@é’@r'éb'&réjqrﬂg'_”it gehas BrenR a_mecishéﬁym%w@t{ono
phar macgut 00}y SRRITRbRPEEQRncdlrdiffiin SEQRKFND): 886, and/or adj uvant,
and optionally one or nore ftfurther pharmaceutically active pol ypeptides
and/ or conpounds. By neans of non-limting exanples, such a formnul ati on may
be in a formsuitable for oral adm nistration, for parentera

adm ni stration (such as by intravenous, intranuscular or subcutaneous
injection or intravenous infusion), for -18-



10t opi cal adm nistration, for adm nistration by inhalation, by a skin
patch, by an inplant, by a suppository, etc. Such suitable adm nistration
forms - wNOchiwvmy3ebe solid, semi-solid or liquid, depen@CmEPosioobsoiranner
of adm nistration - as well as nmethods and carriers for use in the
preparation thereof, will be clear to the skilled person, and are further
descri bed herein. 15Thus, in a further aspect, the invention relates to a
pharmaceutical conposition that contains at | east one D114-bi ndi ng

nol ecul e, in particular one i mmunogl obulin single variable domain of the
i nventi on dn yet padtppeptafewed embadinggt, skennventiontelbtessto amiensunoglbbelin

carrier, diluent or excipient (i.e. suitable for_pharmaceytic . .and
opt | onal | y UG yeR BT The e e bhBti R LI R Clon g PR with

ol ecul es @i dMmd avi@RELGENEBFhEen IPSEA MY RD:gd, admi ni stered in any

sui tabl e manner known per se: Reference, in particular for the .

i mrunogl obdn iyat aneigeeenhodinert, gaiddnMmyunogobyin siralepiasiabteidomain/gerived

04/ 041862, J 4/ 04 - as
wel | 200t o TR SRy A melaBis o SBaus Vi St HEBEC IS X 224 50k

Sci ences, H@inhirhunogfidaitii skihigd vatiaisle dopmaiag WithUBAN0 1R seqiretdesgitmwn inhe
Sci ence and Practice of Pharpmacy, 21th Edition, Lippincott WIIlianms and

W 1 kins (2605 IDHNOsndGhdiook of Therapeutic Antibodies (S. Dubel, Ed.),
Wley, Wi I -ﬁﬁgﬁg - g%ﬁﬁr : l.e, an
innunoglobgﬁ?hggrﬁgf%kﬁgﬁﬁgﬁﬁéglondihggﬁ t he |nvgﬁ?ﬁgﬁe#ggaggggﬁﬁ?®gﬁﬁlated
and adm ni st edth an amnoraoidesedkieosa shewnse SEQ DMV e4d2.onal anti bodi es and

tibody f t i ncl udi ScFv' d di abodi 1d ot :
2011/ 035360peT esq eI RERGBRR L3 /e B SRSt Leriakie
formul at i orgn@dA HERIRASLSeB PRI BRIZEG 8AIR WHH wite tfd 8Rind Scitine

skill ed person, and for exanpl e’i ncl ude preparations suitable for
par ent er al saduentes shawn dm SEHQID &% i ntravenous, intraperitoneal,

subcut aneoys, intr ular. intralumnal , intra-arterial .or. intratheca
Sadni ni ot r 4 PBR]eG P o1 ep anaadieht dedPonulegi gt taghel dirhah 8%
adm ni st r atvipR .wifty @Paniho 6l Jejuehaé SAbeNhah SEMIIDINGOI 2160n may for exanpl e
be sterile solutions, suspensions, dispersions or enulsions that are

sui t abllé f &R anrfviesi reareprefered emhedingant g Enaneglepslinpingle vaiadef or such
preparatio l.e.dnel 1L hout: Lt ari L L and
Phar mceut o011 MBS e os Rl b ol 8D Bhl o8R! GBI
physi ol ogi camagihediphhiterinbfaicdegwdriogesshdwmpeBERQ DN i4dBs, dextrose
solution, and Hank's solution; water oils; glycerol; ethanol; “%CQLS such
as propyl eneagPytssiPreferied emapediment theimmuia ,bta'ﬁi%gleaf!ar@bl&ncgo 088 @bl e
oils, Tor SR 4F3Rito Skt sefiAEanBvhinBEGIDINGRgs tabl e mxtures

t hereof . Usually, aqueous sol utions or suspensions wll be preferred.
Thus, the D as-ehiendnae preferced emidodirhent, thveeimbinanogtapulie syt eariatae | y

adm nistered, e.qg., orally,.in combination wth a pharmaceuti.cally .

2ccept abi o cpura fes e ofainrdiarime FaGa SbnerRUAeIPPAR) §ai Yarieole
carrier. FQ!onQJiﬁ'wi%"'tﬁéaé?nﬁiHb'é‘ci@Q@&lﬁérﬁféé}’fdvﬂ{‘m $be PLb:aindi ng nol ecul e of

the invention nmay be conmbined with one or nore 20excipients and used in the
formof ingestible tablets, buccal tablets, troches, capsules, elixirs,

or epar at | o R0k vaPaPe inginioe o VPR AR, A TRO 008 o of

t he i nwent ippgferrBiedmbeGinfEmtd a0 e iRvéitor: PRPpe hurabsr 8NehigLieBalalurgINs nay,
of course, be varied and may conveniently be between about 2 to about 60%

of the vel GRETastenSiesGAEHNCHANal doanejtes Wih MAKe M@l BHKaTIEgA0UE ndi ng
Lhe vel gheraserBiesgndc : Al 9808
Such 1 hat 43 &% SRR AR AMERARAING ot odE! s ERARAITTE 1 <

capsul es, avithouheelnigdgnitey thereto, WeiH domalrisn@dtich haxe bperritissigaedi iyt egr at i ng
agents, lubricants and s tening or flavouring agents, faor exanple 30
those nent i"GHEE terﬁu'b%{@é@ﬁg’g‘- t@@grb?n\mwﬁb@ rl g/\H’étﬁ 3 bght ehen Ye: form

is a capsul i i,k qg% i : i ve type, a
|iquid%Bmod?8¥?ﬁb@%ﬁ%@@@?ﬁ@%ﬁ%%@?o 4tbgﬂggrgpg?be@tcI%nggﬁgﬁbet ble oil or
a pol yet hylstwetugbyeots. Vari ous other materials nmay be present as coatings
or to otherwi se nodify the physical formof the solid unit dosage form For
i nstance, tablets, pills, or capsules nay be coated with gelatin, wax,
shell ac or sugar and the like. A syrup of9elixir may contain the D114-

5bi ndi ng nol ecul es of the invention, sucrose or fructose as a sweetening
agent, nethyl and propyl parabens as preservatives, a dye and flavoring such
as cherry or orange flavor. O course, any material used in preparing any
unit dosage form shoul d be pharnmaceutically acceptable and substantially

o o o - ~A A A . o



10i ncorporated into sustained-rel ease preparations and devi ces.
Preparations and formulations for oral adm nistration nay al so be provi ded
with an ewbenil3eswati ng that will allow the constructs @CTiEHPRO0OGEHI I ON t O
resist the gastric environnment and pass into the intestines. Mre
general ly, preparations and fornulations for oral adm nistration may be
suitably fornulated for delivery into any 15desired part of the
gastrointestinal tract. In addition, suitable suppositories nay be used for
delivery into the gastrointestinal tract. The D114-bi nding nol ecul es of the
invention may al so be adm nistered intravenously or intraperitoneally by

infusion orLinjection, as further.described on. es .144 and .145 of WO

08/ 020079, DA el G meaieries, IR ERaBPU R RIS VoG REBPertl es of

t he invent igefined thevéih! |ilasevam|drwlbg(é#e\%Lé)atéim_etrglmm§E§ﬂoﬂthmgte@ t he
skin as conpositions or fornulations, in conbination with a

der mat ol ogiPeAineptidecegt atliraratanic aoleqe ctofieiy pemiesef signideaat | i qui d, as
further de}%glgh%%egn page 145 of WD 08/ 020079. Generally, the concentration
of the DL1ABFNG| ng nol ecul es of the invention in a 25liquid conposition,

such as a | oté onlyd lsinghe dbimein Rbedlired 1o Bmain dntigsreivth iy affineinaabout
0.5-10 wt-% The concentration in a sem-solid or solid conposition such as

a gel or a powde¥ithipigh seteciivdyitscothat fiese i9mo peedde ABVG twpGeParets dPNMRAIRE - 9%
The anmount of t 4- bi ndj ] L r. [ for use
in treatnment wl ?e%'ﬁy”%o@déo%%@mﬂ"’%ﬁt@a‘ﬁé’%msﬁg%}{ﬁ%'ﬁ%@ﬁ% ecul e
sel ected, but 3QGpksial votformbtion ant €onfigaditioni(isé.rtatough, thehsensftaspeciallyt he
condition being treat qu%nd t he ,g%;e ﬁn%_condi tion of the patient and will
be ultifately atdesigned Sees:.iasnvigi SEmeS) wo 2011/ 039368PCT/ EP2010/ 064693
attendant phygi Gi iRl G , - - bi.pdi ng

nol ecul es of t hgrhﬁ{nhvr@rﬁtkfggrqﬂvsghrﬁggaﬁé%%nd ﬁgmg%ﬁtﬁﬁ% ?;aprrgg%ﬁﬁﬁ], gtbu Iér],

ti ssue, graft, owclmigacid mMblecdiesanddo dosrequine agnpestitearsiational proesfeatiod i n
a single dose oras divided doses adm ni stered at appropriate intervals,
for exanple, as (KRIVERFHRIOY our or 5 nmore sub-doses per day. The sub-dose
itsel f may be, f yhthioafboUli ABriahl ; i : ely
spaced adm ni st ;@tl or?g?gbsullj@%%a ls%r@@%&@%@%%ﬁg{/ﬁ oerﬁrb@lﬁé?ﬁéﬁ@?l ator or
by appliscati on ohulavgent ahd multidpedificdermatsq astiertlegrediseussadrianes);r at i on

regi nen may include long-term daily treatnent. By ."long-ternl 10is. meant
2t ] cast tuo MedREUASIGRUNGaPy eridRlp A RE deye T BRSCTG gahAngy Tor
durati on. Necesﬁli‘iiﬁe[@?!ﬁflé\ﬁﬂ%rié?@ﬁt tbszicstp'a%pct%waaﬁarnﬂ&e@aw%ea@a&wa ned by

one of ordinary the art using only routine experinmentation given
t he teachi ngs heoeles.th8zefReonmgtgactsorPhar maceuti cal Sci ences (Martin,

E.W, ed. 4), Mack Publishin ., .Easton, PA. The dosage can al so be
2 Ust ed by ¢ he TPRRHMARREIIN Shats ¥PERaR JatheiRe 266 Bl op EiR CLRRA) Plat | on.
Aecor ding 10 2 HoihEs SRR Inarkiity bAYREIBERGRS B s et of

D114- bi ndi ng nol'ecul es of the invention, e.g. immunoglobulin sin

vari abl e donai nprepangd| stoegd pdtransported withguitthemsefafiretrigeratjpruequwppentoses,
such as 20- for .the preyention treaéme t and/or allevi,at La(tm of. a di sorder,
di sease or cohdiBHIOSRRMIR;SING!G vaHa 'erdh%'”ﬁér%&,asi’ RAE TPRtXElY JRSXREENG t h

D114-medi at ed efid @pdiSar@NbGNBrPSRBRSEEIeUnd bl rAdRufastuPngYRalE Forlex@rihe or
all eviated by nodul ating the Notch signaling pathway w th a D114-bi ndi ng

mol ecul e, in aimsiuneglafulinrsizglewariable dorpainsand palypriglesfcostainingtibe apy,
such nethod 25conpri sing _adm,ni stering.. to.a.subject in need.thereof, a
Shar maeSuti cal | ol suhoe abontcest Fnd Pigiebid] (&M iation feBres MMEa e’ of t ne
i nvention, e.g. qeBcribsarpeiew)eid dainsi rRelfe\ts iLallof nefiliaNan @xpression

phar maceuti cal conposition containing same; for the preparation of a
medi cament for tShsiemrevsitofor axaalenspnventional aptikediess of 30di sorders,

angi ogenesi s. - OB PHIBARRE abbit i g Ce el El Sk (@Bbroximately
15 kDa, or 10 times smaller than a conventional IgG) compared to

30 conventional 4-chain antibodies and antigen-binding fragments thereof, and
therefore show high(er) penetration into tissues (including but not limited to

220-



- as an active ingredient in a pharmaceutical conposition or nedi canent
used for the above purposes. According to a specific aspect, said

di sor der wp=oridsp36s8di sease or condition is a 5cancer or PCamperionsicds sease,
as defined herein. According to another aspect, the disease is an eye

di sease associated wth associated with D114-nedi ated effects on

angi ogenesis or which can be treated or alleviated by nodul ati ng the Notch
signaling pathway with a D114-bi ndi ng nol ecul e. 10 Dependi ng on the
cancerous disease to be treated, a D114-bindi ng nol ecul e of the invention
may be used on ispHd dwmotsr andhotherisienseitisaues tancocan be agprieisteded in bighler
therapeutic agents, in particular selected fr chenot her apeuti c.agents
ke DA dammg) R oaadirESien EoinlerEarry ABBE Bt ORFEbks o bi
angi ogenesi s, 13gigemaits tigresgluct i on pat hways or mitotic checkpoints in
cancer cells. The additional therapeutic agent nmay be adm ni stered

si mul t aneousl ¢ WHIs hape ispaaifit posesallad ceayibneindingforonertisaéinist alissitedoi cal

pr eparati on, or far r dm ni strati e - binding

ol eeut &, 1h cerbalr fxERBaRRE LT RAR AT tohePs T GLR0ENS vy be.
wi t hout 20l im t@n'tib@die?;@n@rcaﬁ%@relfmlébsd atCessetafgdte dntirgpitobBs ngt oup of

i nhibitors of EGFR, VEGFR, HER2-neu, Her3, AuroraA, AuroraB, PLK and PI3

ki nase, FGFR, PBCFessiRigito qegpentgnel 4-¢hai antiepdips gnd|artigearRifdingexanpl es of
addi ti onal ther i are inhibitors of CDK, Akt, src/bcr abl,
cKit, cMet/HGF, q@%mécrﬁsﬁﬁgbﬁ%wo hedgehog antagoni sts, inhibitors 25 of

JAK/ STAT, Meke nNHis bl apppBrticulze gevahegeanet thiyare anghiyBokibtedan®emnt
signaling or an inhibitor of the ubiquitination pathway or another

i nhi bi tl8r of t hStape @RdLaynelihavg HianiRaeY teraaadade fas Wil e Bauskrdsrivess
i th e oo S I ,
630 U667 ShREaRaingRoq des Rt Nard b 3 Rat e Sr BagBIE L |

GSK-461364. WD(2939))039368PCT/ EP2010/ 064693 Exanpl es 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

| i biLor) Tianthatinadidoulin sinERATER IR Sgialfiof Al IRIdon 26 hok ARrBASth
ARRY- 520, AZD- 4877, -1122697, 5 GSK 246053A, GSK-923295, MK-0731, and
SB- 743931. réspaniites Specifie kiologmatsourchdronahicmifielyi havesbaaneoklaiedi oritb,a

AZD- 0530, b i ni L. 228 : | G- 1R inhi bi i_lotinib I
POOFR and GREETPABPAGY Prendraliom: i exrps: CRPG s ey e 1 57 °
An exanpl ef@‘)mjwiﬁ?lggﬁs;i nhibitor is BX-517. 10An exanple for a Rho inhibitor

is BA-210. Ex_anP es for PI3 kinase inhibitors are PX-866, BEZ-235 (also an
nTor i nhi bi(i bisplatirg tae & HAdemaim onR thaituraily Peekrying eavy Thaihantodyesr (al so

an niror inhi pit = I L phi bj Net r. - al so
an { i bi ¢ SR e T RefiTorsTho hESur A 2 BboSE s Bt Bidhsing U

i nhi bi bor aofherdkoh), MECD- 15265 (al so an inhibitor of VEGFR, Ron, Tie2),
SU- 11274, PHA-665752, AMG 102, and AV-299. An exanple for a c-I\/K,c i nhi bitor
i s OX- 3543.(2E4RBFEIRY foRUGRIE ACIh R QUL §nepding@ YHUl with & Baturallyi bit or of
cKit and P ; .lestaurtinib (also an inhibitor of VEGFR, PDG-R
PKO), TG 1%@5’”@0@%‘&#@%‘3@ i nhi bitor of JAK2), XL-999 (also an inhi bitor
of cKit, F@ERhurEFRnghhsWiEItRbedenein) ai\bHKabptoraailyiafter laiffiroty robtuPEdaR,
VEGFR and CK.{'ht%, gjnd tandutinib (al so an inhibi torl\]ﬁgf. PDGFR, acrd cKit).
Exanpl es f JAtHEPIBIARAPEFUERG SEARCRCHBSBIRAFEFIAY &l %'Bi%ﬁ?ﬂ?o IRY SEHA” and
CNF 2024. 2o EyHpr JAK/ STAT inhibitors are CYT-997 (also interacting
with tubulin), TG 101348 (al so an inhibitor of F1t3), and XL-019. Exanples
for Mek i nl#biceoralizing (ARREsAAFRBIBEIORDa3IEANIQQIAADINSIBYle bl heang. WO

2011/ 039368PCT/.ER2010/ 064693 . . . L :
omain from a naturally occurring antibody from an animal species, in particular a

species of mammal, such as from a human being, or expressing a nucleic acid
molecule encoding such camelized domain;
30 (5) "camelizing" a VH, or expressing a nucleic acid molecule encoding such a

camelized VH;

21-



Exanpl es for mlor inhibitors are tensirolinus, AP-23573 (which also acts as
a VEGF inhibitor), everolinus (a VEGF inhibitor in addition). XL-765 (also
a Pl 3 ki mieeoimizpisst or), and BEZ- 235 (al so a Pl 3 ki nasePCmhiPRé10064693

Exanpl es for Akt inhibitors are perifosine, GSK-690693, RX-0201, and
triciribine. 5Exanples for cKit inhibitors are AB-1010, OSI-930 (al so acts
as a VEGFR inhibitor), AC 220 (also an inhibitor of F1t3 and PDGFR),
tandutinib (also an inhibitor of F1t3 and PDGFR), axitinib (also an

i nhi bitor of VEGFR and PDGFR), XL-999 (also an inhibitor of F1t3, PDGFR
VEGFR, FGFR§) usingite¢hriigugsalos preperingrsyithelicady oF ses)i-shoBeRcalE@RRins.and

XL- 820 (aI sQ,act a g}EGFR-. and. 10PDGER inhibitor), imatinib (also a

bcr - abl rpoﬂ%p[egf?es SillX qrrﬂnﬁ'n?aﬂcé S%qu}?ﬁﬁbl tor of bcr-abl and PDGFR).
Exanpl es f qv) pepashg® @idieig it il ddife bﬁbocﬁﬁ% aa\lﬂIGlH(aéﬁnﬁlh‘Us‘?n tednajRises for
COK inhibitors are seliciclib, AT-7519, P-27 ZK- CDK aI50|nh|b|t|ng
VEGFR2 andf@mlc aeidl s@itbedis, Rilewed bynexnuessiompht ©IC agitiths AG 024322,
Exanpl eg Qﬂrbté%g&easone i nhibitors are bortezom b, carfilzom b, and

NPI - 005 SO an’ i nhi bitor of NFkappaB). An exanple for an NFkappaB

pat hway | nMSpsthECtirﬁg A0S N aAtibediaspl & HH taaaffinly ensturatioh| o pat hway
inhibitor is HBX-41108. 20l n preferred enbodi nents, the additional

t her apeut i (N'#geRpESis (@8- EAdona AYHBgRMS'S QpeitR- d'réﬁtﬁﬁﬁﬁé?gﬁﬁﬁsﬁh?ﬂd/&ﬁ@msgem c
agents are f t

| i gands (edéﬁ%‘é%’gﬁtﬁﬁﬁle%){%?@%ﬁe%cpgg%%ﬁaeﬁ%nhﬂfgﬁﬁ/o?% {a?{ﬁc %n\w@bdy
bevaci zumaland/and t hal i dom des, such agents bei ng sel ected 25f rom w thout
limtation, beva mab, notesani b 791, SU- 14813, telatinib, KRN 951,
7. ok 1pal $37 SPGB BF SHECEoRS Of W TOMEIMERBPB00514,  RAR- 265, | N KDR

| MC-18F1, I M Ds (immunonodul atory drugs), thalidom de derivative 00-4047,

| enal i dom de, ENVD 0995, | MC-D11, Ki 23057, brivanib, cediranib, XL-999

(al so an i fhlitabteomegfodsiand eedniues)for pa3ormirg desBbeyeORELHEs] stRps 580 WO

an i nhi bi £ SO0 0Te oA TIE R BRI s nni o) or o cki 1)

lestaurtinib (also an inhibitor of F1t3 and PKC), vatal anib, tandutinib
(al so an inhibitor of F1t3 and cKit), ﬂazopanl b, GW 786034, PF-337210,
| MC- 1121B, ARPRIrdingto aspecdizasnoaimgsb, theinrourseotdinagirgle arighlp daraaipsl so

o0 ! i, oFEF | B PR S ee hr, VADAB

BAY- 57- 9352N|(haér$arramo eouhhéaoﬂnnceﬁhﬂ%s)senﬁé‘lh&d&r%dé&bme aminabcidi t or of
Raf), XL 880 (also an inhibitor of clet) é‘ al so an inhibitor of EGR
and EphB4) S€RHERSROY am@BJraHy Pﬁ@HrHPQMH'didogi@"ﬂ)bUté at hag Beemimnani<edan

| nhi bi tor_@bodfii i B hudEHeL A% Fdoiahg bRETRRASEImRGRIq My al so

be sel ecte rom |tors It may ‘be a s nmol ecul e I nhi bitor
or an anti JrEsEEeghtiHeomminoEamdrpeQBerﬁmomm nﬁ(H?RII;aolebudgéé-JHweqheMe by
l[imtation, are cetux

ol eeal o EaER STt SuremBarad R s ok e E g Bor ser B agpRsfioR S at or
is the EGFif H%‘a?l%bté)%éé\/f/ dorhapng 4 E@’}\Fegfgnélmchﬁrnzaﬁt%bl 'flto% a Hlﬁﬁér‘i‘l for

conmbi nation with the D1I4-binding nolecule of the invention are |apatinib,
gefitini b, beingtlihig ban betpecionmied using Metedsknawnris ihewarbbyhighaican dyumab,

vandet ani b l sQ. an_| f pertuzumab, XL-647, HKI-272,
BVS- 599626 " %ﬁ#e?%‘s'i%% t%?/tsg'i%g pr‘?}(%%oe BVS- 690514, JNJ- 26483327, AEE- 788
(al so a8 inhibitor of VEGFR), ARRY- 20 333786, | MC- 11F8, Zemab Qher

agents that may be advantageously conbined in a therapy with t
D114- bi ndi fghwdeezede/ldH dareainfyenepiaineee Pmer@M%fﬂiJraﬁﬂ fr&ﬁTﬂGPWQﬁ'ﬁj’ﬁﬁl@n

tiuxetan ( §B2% Ipﬁlg%

anti - CD52 t(:?ntl %thé%) aﬂ? WO%Srerg%ﬁhz g)e?@'tgc as Cﬁ@)ep er e oﬁu %@t or

| i gand i nhiftintewdrk reglonxdetpiences 21§r|@6ﬂoaﬂtmqwmam p,ermfnae MmmueacéDZO

i nhi bit : [ cH4 .

| nhi bitor) D&-%B?IZ)IP%%PS%, or parts thereof, or be highly homologous thereto. Thus, a
30  humanization protocol may comprise the replacement of any of the VHH residues

with the corresponding framework 1, 2 and 3 (FRI, FR2 and FR3) residues of

22-



antagoni st), SGWO (a CD40 ligand receptor nodulator), rituximb (a CD20

i nhibitor) or mapatunmunmab (a TRAIL-1 receptor agonist). O her

chenot herwipeatysomsugs t hat may be used i n conbi nati on RCTHEPRES/064693
D114- bi ndi ng nol ecul es of the present invention are selected from but not
limted to 30hornones, hornonal anal ogues and anti hornonals (e.g.

tanoxi fen, toremfene, WD 2011/039368PCT/ EP2010/ 064693 r al oxi f ene,

ful vestrant, negestrol acetate, flutam de, nilutam de, bical utan de,
cyproterone acetate, finasteride, buserelin acetate, fludrocortisone,

f1 uoxynest gesméne yigengpsotess Efbhé, DBAG and Difeo 1 peitetialeneeor ipasi r eot i de,
vapreotide), aromatase.inhibitors (e.g. a trqzol.e. letrozole, |iarozole,
Senensst anforRBART SiaBE P8Rt fedtnii kR SmubeldtidGines (o
goserel i n agebBleedorhginBI thélfvenbon ebhhbe sEédted #ldnx thatesdPsat dut e iistwel i n,
triptorelin antinetabolites (e.g. antifolates |ike nethotrexate,

penet rexed,Z)OQWQQﬁESJiSr@da%QH' ¥, Inclkigeshe isggradledaKERE @b GBI feasses.
deci t abi.ne, i j i - i i gues
such as” et elge Gy Pl trd B nBldREnGHid e faRibla U, gyAGhe

cyt ar abi ne anfiho dricdeqedncea®ili-Envaat sout positions 44eo @7, ant ieic yedpetige | | ke
doxor ubi ci n, daunorubicin, epirubicin and idarubicin, mtomycin-C,

bl eonyci n d&EIANHERE EPWItCAartamyci n, ni t oxantrone, pi xantrone,
streptozocin); platinumderivatives (e.g. cisplatin, oxaliplatin,
carboplatin, |obaplatin, satraplatin); alkylating agents (e.qg.

est r anust i epreiémed, mrtetomaimitiag huetgrhiahgsubstitutioahdrniéiHH, ddrmsink fhetonging
dacar bazin c spham de, ifgosfanmde, hydroxyurea,, tenpzo 1 de,

e osohr oda 153 SRS REORIA Sralor e BLEIEGS (a8 deiiipeicinis QS -
agents (€. g0gy! MethGddRr tuftarlizik§ iM hitPoRRILUNR singI8Y88AHIB. dOrMAIAS Bk kASWN
vi nfl uni ne and vincristine; and Taxanes |i ke paclitaxel, docetaxel and
thei r forminéhe aris, | arotaxel; sinotaxel, and epothilones 20like

i xabepi | one, patupilone, ZK-EPO); topoi sonerase inhibitors (e.qg.

epi podophyl | ot oxi ns |i ke etoposi de and et opophos, teniposide, ansacrine,

t opot ecan, AdcoRrfihgtaBhomied efftshbar) e fm@NesBloBaliRBRIg ¢arisdIe RioA%ain is a
am fostine, anagrelide, interferone al pha, procarbazine, mtotane, and
porfingf, DBExapBadhes @efingsemein.25 The efficacy of D114-bi ndi ng nol ecul es
of the invention or polypeptides containing them and of conpositions
conprising the sane, can be tested using any suitable in vitro assay, cell-
based assayn yehanother eshayiraanlt, the rpreséntatvts ofkthowlagsesf Blel-bindirany

conbi nation thereof, dependi on the specific disease or disorder of

n
30i nt er est IMEHNOgRLIIRSRg)e Vﬁ%ﬁ“&rﬁ%@'”ﬁ@cﬁ@%'%m'%é’r eresgnt fivthene skil | ed
person, an : - A i says
RN e A S e R R
assay. 20he ai@ita acht séqueshcerofteneatergpiyrocoemirg ¥H ddmeainthenibhambeeonf i rm t hat

D114-bindimg SnPIe uleaﬁp&ﬁ%?e i nventi on have properties that are suRfrior
to those of “BIEACD; hthi N AL PRE BMURSPICA! F%S;'d‘éﬁs,s EdR® EMYNOFE'G aken
from t he Elsbghefed 8f 9hakiray 8cditring V@b rdiaky Mdin ftbkya EBhYERfbNGHES bl ock
hDLL4/ hNot chl-Fc interaction in a Conplete manner, as well as the 1050 (nM
val ues f or chifn antibpdydruereiovmase iamindic nesistuss thacoeanm@éthe i on ELI SA; and

humen DLL4 BRGSRBNEho e onti b a VEHEarhEdf AR o Eour el B8:
t he i nwent ipgifoRmed i arhaningr Kiiowh get & Wisichawiebt kesrne e skikéd beawyn, and
di seases and disorders associated with D114-nedi ated effects on

angi ogenesirefergneenisadditionady beimade ¢@ VO /040 Hh siusbrcasng Fatiag mayf t he

| nvention, ptrQ@Fé%qa?ly%rc%‘g} gte%{n??n%éi@gﬂsf?ifong'v@rﬂ@r?ﬁfé‘?ret%ﬁq't SEARS/IX/ 2)
contacting a sanple’wth a -bi'nding nolecule o e rnvention as

def iand albdwterfaa@dndla)t)thbwwaileq OEinﬂ@Iidg@ géllmm&kdemdllbe@ifmxm;mldlmht 0
sai d sanp a 0 c) conpari t he bipding detected in ste ) Wth a
st andar d, M@r@‘ﬂ%é% f“f‘i@tgﬁ% J]e%CBPtI'Rﬂ ﬂgsq(@g@mpé‘@%'oé‘aiaﬂ‘ds ggm(eggggont'

di agnosy,i ¢ i } i A : i ects
on” angr bger2e BatksS e Brder Y TR oA g T clohd RS iR Rer
nodi fy a D114-bi ndi ng nol ecul e 250f the invention, such as by introduction
of a functional group that is one part of a specific binding pair, such as
the biotin-(strept)avidin binding pair. Such a functional group may be used
to |link the D114-bindi ng nol ecul e of the23nvention to another protein,

pol ypepti de or chem cal conpound that is bound to the other half of the
binding pair, i.e. through formation of the binding pair. For exanple, a
D114- 30bi ndi ng nol ecul e of the invention may be conjugated to biotin, and
| i nked to anot her protein, polypeptide, conpound or carrier conjugated to

VAN M NA A D AN ANINVT | A D NS AN e o o o o



5Brief description of the Figures: Figure 1: Am no acid sequence alignnent
of human, rhesus and cynonol gus DLL4. Figure 2: Human and nouse DLL4
del eti on wotantesoisam no aci d domai n 10boundari es i n sup@cCT®mP2@EO646B3 gure 3:
Purified VHHs bl ocki ng hDLL4/ hNotchl-Fc interaction (ELISA). Figure 4:
Purified VHHs bl ocki ng hDLL4/ hNotchl-Fc interaction (Al phaScreen). Figure
5: Purified VHHs bl ocki ng CHO hDLL4/ hNot chl-Fc and CHO nDLL4/ hNot chl- Fc
interaction (FMAT). 15Figure 6: Purified VHHs bl ocking DLL4 nedi ated Notchl
cl eavage (reporter). Figure 7: Binding of purified VHHs to reconbi nant
human and radd'st@naube(tamrsﬁxpm &iggDpe4@ angippd 98 f MW Op006/04Q1 52Hekd pp. 107

reconbi nan human Jagged-1 (ELI SA). 20 Figure 9: Binding of
purified Vﬂ@vm use/ cynonol gus DLL4 (FAGS). Figure 10: Affinity
mat ured VHHs bl ocki ng hDLL4/ hNot chl-Fc interaction (ELISA). Figure 11:

Purified affinity matured VHHs bl ocki ng CHO hDLL4/ hNot chl-Fc and
CHO- nDLL4/ HiXist Rli:-binglinghnelegidemaf wﬁmwntl%ﬁigguménq@g'@%lﬂi&N@Q'@f\/aﬂabief i ed

h f
mat ur ed VY B9 S PONRERtTa, soBAAIRG HEin e SEE R0 AL Bl g 2
14: Bi ndi ngonfprigerarfd @tmyhéninanbgisbolimelnged carabieldotsaind- bbedifiddBy)binding

Figure 15: Eval uation of VHH effects_on D114-nedi ated i nhibition of HUVEC
30pr ol i f er 40 PHR.OTVRPrEARIIOPSS Y6 KT eEPIH 110/684693 Materi al s and net hods

a) Generati on CHO and HEK293 cell |ines overexpressing human, nouse and
cynonol gus Di 14 The cDNAs encodi ng human (SEQ I D NO 417; NM 019074.2) and
nouse DI | 4 Spechid ifiadin§4fan QR4 bandig Motetule tontsaktigemDAdwan Heodetemifiesisue

Heart cDNA.lib ) Bi oCh rd, .CA, Heart T
ooua. | 111 =y 20 SUladIBa e R KRG S AN, I BETTHIITDS Bsehrydescribed
ol i gonucl e%r&ﬁssegt%hgftﬁgnélpsé%d%r (ﬁiﬁ%&ltlv%(ﬂﬁ?%gga%)rsru%ﬁ%nd' ng

sequence (see Tabl e to 42 icons are cloned into the
manmmal i an esaq’bloéemuonamistlbmmsm(m)murl@amy(s I(B1A anddjé:hSAtand sbadwiaba,
USA). Tabl e Ieoti S nces.. f ar | [ fi f DLL4
gone” fulT CRmpabH BRSRs e PR Pl Bt 8ot AR oib B € et
>Fwd_hDLL4 GCGAACAGAGCCAGATTG AGG >Fwd_nDLL4 GAG CGACATCCCTAACAA GC
>Fwd_cDLL4 GOGAACAGAGCCAGATTC AGG >Rev_hDLL4 GGATGTCCAGGTAGGCTC CTG

>Rev_ b L4 VotT cegerst & drerenttgercDit s&e4drngding onplepdacitreimygaien Gr.g. an

immunoglobulin single variable domain, is not limited with regard to the species.
Thus, the immunoglobulin single variable domains of the invention or polypeptides
containing them preferably bind to human DIl4, if intended for therapeutic
purposes in humans. However, immunoglobulin single variable domains that bind

20 to Dll4 from another mammalian species, or polypeptides containing them, are
also within the scope of the invention. An immunoglobulin single variable domain
of the invention binding to one species form of DIl4 may cross-react with DIl4 from
one or more other species. For example, immunoglobulin single variable domains
of the invention binding to human DII4 may exhibit cross reactivity with DIl4 from

25  one or more other species of primates and/or with DIl4 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 particular
in animal models for diseases and disorders associated with DIl4-mediated effects
on angiogenesis (such as the species and animal models mentioned herein).

30 Immunoglobulin single variable domains of the invention that show such cross-

reactivity are advantageous in a research and/or drug development, since it
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15 Cynonolgus D14 cDNA is anplified froma Cynonol gus Normal Tissue Heart
cDNA |ibrary (BioChain, Hayward, CA, USA), using prinmers designed on the 5
and 3' UNRoabi1ttd3e3seBl | 4 encodi ng sequence of the cl osel yPCcelrRt@d/ospeti es
rhesus (Macaca nulatta DiI4, SEQ ID NO 418; XM 001099250.1) (see Table 1).
The final 20 anplicon is cloned in the manmal i an expressi on vector

PpCDNA3. 1(+)-neo (lnvitrogen, Carlsbad, CA, USA). The am no acid sequence of
cynonol gus DI14 was shown to be 100% identical to rhesus, and 99% i denti cal
to human (see Figure 1; differences fromthe human sequence are indicated
as bol d- unddeowisriee)mmupog@bLIi0 398HE PATABIPZDNMHIDS 06 B Myertorats be testyd itese

Hanster Ovar el.l s averexpressing hupan D114 . npu D114 or

cynonol gus AoK2aegedisgest Gl URG &-mPtRE Y JoPatisal R opomolaté or

PCDNA3. 1( +)RHshBlddce 86dPMA8. 1(+) -neo-nDI I 4 or pcDNA3. 1(+)-neo-cD114,
respectively. Human Enbyoni c Ki dney (HEK293) cells overexpressi ng human
D114 5and nouse D114 are generated by lipid-nediated transfection with
Fugene (Ro C 1 (* -hDl.l 4. I 1 { xely, in
ho. rEro03 e Jlp Db idreEs Hithé ileniBh sfe Mof i o bEREE 17

sel ect ed bypeadificriwniainwt ah aeigehicdatelrhimant oODBN ag&imst wbith, thehardlSA) . 10

b) Generation of nonoclonal anti-D//4 1gG and Fab fragnment In US

2008/ 0014186 e&@é’ﬁé’_ﬁﬁ@é?@'ydnmﬁmﬁ REPSe e@PB\QQ’-W%@f‘E\% nereAOMpBoIeCURS cr i bed
that was useph BYeEbd QiR tﬁénﬁhma@?ﬂ%ﬁ&,lér‘é i@fé%weac%sﬂéé/ss Bfaffﬁrh%hﬁ{od}éﬁgz MAD
and D114 on tunor growh i'n a nunober of xenograft nodels. I'S
anti - D114 mibing raevietopnoertrod sptbedh peyitiEdd [4daardaganist, iaeldl|4-biresg swl e dude

ti f 15t hi tibody (fr. t) L. gchem cal /cel | d
Renoor 4 - ARRRATIZ6an PHRORR Lp FoBBH Al i ALY @l I TRF M Goech B kes Phe
publ i shed Y@érﬂtﬁf\/ﬁthhﬁﬁﬁdn and. By Wiy &ﬁ@éa’i‘n;ﬁéﬂi%@&ﬁ%f%@lalﬁ]dﬁé rAb&e/chANed

into a hlg&aK Tramework, tranSiently expressed in HEKZ93 cells and
purified frmuegoniinsingle variaglegtarnainrofhe invemtion geeqgnjzestam epltepe D114

mAb shows bi ndin h n D114 and 20.nmmus 114 in. ELI nd FA usi ng
GO D12 HUCERROB Bl oo RR xRUTBIEF B2 e in SHPNS ¢ Bt
factor orthedmmyestieerBhadaneandimeus®r r espondi ng D114 Fab fragment is
constructed via gene assenbly based on back-translati on and codon

optim Zation for expression in E. co/i using Leto's Gene Optim zation

ft : I i i - f nbl
sof vare (i 8B1E ARG Sk U RNUAERNLAR BT i Grydbegamspersl v
chai n (CO dindicgnsdlacule diorgdrticdlanén immunegloputinaingl¢ Chitablealatesingnad and an

assenbly PCR is performed. The cDNA segnents encoding VL+CL and VH+CH are
cl oned i nt ®OYRSOEIE SORERNIGE Fa vIereiiniaidl rPBRNQOIPUIRSINGR Yapiallfwiaspaing

resi stance; r } il ; | | d
glll-pel B Ilggglgff o@@ﬁ@%@%gﬁ%ﬁe@@ﬁﬁ'm. Og?!gsitt?)teagl'}%%rﬁ)/ﬁgﬁy Ascl and
t he resbri containad dbingbel EGRe2 dibmaijn thas pecespaids. tolaminoaaed veéditueh25Fab
codi ng seq ce, r ion WO 2011/ 039368PCT/ EP2010/ 064693 vect or
encodes a %%geq%ﬁéu(gﬁDﬁﬁB %3 H s6-tag. The Fab fragnent is expressed in E
co/i as Hi s6-tagged protein and subsequently purified fromthe culture
medi um by i mobilized nmetal affinity chromat ography (I MAC) and size

excl usi on dha oakypegticee bj theSETentigReisey Biparatapisonaleicdlesas deliitassherein, ivéhich

vari able h , iraple l'iaght chain e i.cted . D . nd
S20 1D No. OMEE Fer A 78 kel Bishele Es ok et haTng B Eliod s
of the z_@orrwdsa?éte>nb&ﬁ\tueaﬁdwulnbgtubmh@iin"gl@wriéusq@mrh@n%@ddﬁdﬁ@binﬂé&oauf@l 420,
respectively. C Generation of D14 nmutants for epitope mapping 10To
identify tEPitepgivathin the heFe dpmeadn. an defineshaliavye( ECD) of D114 t hat

conpri ses the epitope recognized by the anti-D114 VHHs, progressive

del et i on mitraferablyf an irembneglobain singleyediiatie damaihef gnieention Rikgs & Bilén

vect or pSec] I itr \ U I SJ

pr onot or uﬁgﬁf@%@&%ﬁﬁhﬁf’?’@e%ﬁ@%@?‘ﬁ&%%?@@@%%b@% %Q&\a/:/i on
fragments oésd ihenDOIAMESTHCH Bs esselah 0D v (ssidetdratned By SrirfaicatFidsmshng
standard reconbi nant DNA technol ogy (see Figure 2; am no acid domain
boundarPes Reposi@pee s0alYstS) .aﬁ.deﬁﬁég%d FEEXAHPIaRt ) prot ei ns are expressed in
transiently transfected HEK293 cells using the Freestyle 293 Expression
System (I nvitrogen, Carlsbad, CA USA) from which conditioned nediumis
collected and purified via | MAC. Only D114 nutants | acking the EG-2- 20

| i ke domai n showed i npaired binding to t-A& humani zed human/ nouse
cross-reactive anti-D114 mAb descri bed above (immobilized via a capturing
anti - human 1gG coat ed Bi acore sensor chip). This 1gGis known to have a
specific binding epitope in this D114 domai n (patent application Genentech,
US 2008/ 0014196A1). 25d) Generation of Dl 14 reporter assay plasmds A
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consists of a DNA binding fragnent of yeast GAL4 fused to a Herpes sinplex
viral WO 2011/ 039368PCT/ EP2010/ 064693 transcriptional activator domain
VP16, is wozertisaBesar boxy-term nal to the transmenbrane Pdome2e100646bbt ch 1.
Cl eavage of this construct by y-secretase results in the release of the
Gal4/ VP16 NI CD fusion protein which will translocate to the nucl eus where
it wll bind to and transcriptionally activate a co-transfected 5l uciferase
reporter plasmd, containing a strong GAL4- UAS pronoter sequence (Struhl,

G and Adachi, A, Cell, vol. 93, 649-660, 1998). The human Not chl-

Gal4/ VP16 Brpfeéablyoﬂnedmmogiob@irt$iog@d/ariabiﬁ;dmmairm(ef)thaém/e(ritinmhaved@m

Carl sbad, CA, USA The 4 31 AS/ I 0

Vadi son. - WPaSSARS et eBO T aitheiaitae St ey Srikesi ot in EER e

| mruni zat i oty tdmg@lc% d9em oﬂiofrﬁ@|re@n1treS@ﬂQS§sn¢ﬁéqM@@a@|Tyhhmﬁ)é fnd errmums
response in |lgga 1. 1. |munizations 15After approval t he Etghl cal.,

Commi ttee & 10he rTfQi%ﬂllfW optesgaanst e YRt mom@r@‘eraéle LDn‘ih@e”laQQ@)Pf tRerte, 10

Bel gi u ghated No. 208, 209, 230, 231) are inmuni zed with 6
|ntrarrun§cul aélggﬁﬁéé’?%%s (100 or 50 pg/dose at weekly intervals) of

recombi nant human D114 (R&D Systens, M nneapolis, M\, US) The D114 anti gen
is formulated in Stinmune (Cedi Di agnostics BV LeI yst ad,

20Net her | afifeprding fea rlét!ibh'mlt'BEQUtIpr%fﬁ‘é@d(%%?‘ijﬁ‘&@éefN& 'nYQthEP” 284 b'Q@':[‘P are
nmuni zed r ections of

Ial ter 'n;u ngﬁ]ﬁmﬂﬁr}%%ﬁ s‘?ﬁ%@‘r@%ﬁg%@[@{ﬁ I@%?ﬁ&%&gggﬁﬁRBCh%%ePﬁdéé\%l chI arz

est abl i shedoatainiagdhémerinad w4 vie ars dessecnadaesm:epsiradméd(m)mfﬂ(]ﬁas ‘E(h@ kept on

Furt h d
o, 2od0 2eR0loRb AN B ISR B a0 Rt o eo Babiad BB SR aT R 4
| ntranusculpgferap ng@bfs%sld@%I@é/h@ (RY/ Q’it%r ﬁfﬁthtén"‘@ﬁéc}étioﬂtcﬂn‘éﬁdrﬁ)(K&’)f of

alternati ng reconbina human D114 and nouse D114 (R&D Systens
M nneapol i €t least 105M meferablgtatieﬁséd& O’ @nor@a@reterabWratHﬂaﬁiﬁ 0BM 4 sush

fornul at ed 12 d s van wh| |l e
the Subseq@eERart : Mvs St brliudErailn A8 4T A00 b e A e

| nconpl et e tigeR0d N Aﬁb#é@r@l‘eré@lyﬂé@s tHaRt 1@hM, sMeh dd38¢s tHan250EsRI. Cl'ﬁblK)@ of
i nduced i nmune responses in |Ilana WO 2011/ 039368PCT/ EP2010/ 064693 To

eval uatlé t Redi fvalipsef e 'éfﬂfnvrr\‘?ﬁllﬁbu'#ré§lﬁélﬁs‘éﬁlflahl\e faemaimphilesnyeliaist human
Di 14 by ELL fromllamas 208, 209, 230 and 231 at day
0 (pre- i S n,S%gjz'lalg (%fe%ér:lgé T2 ‘(time of peripheral blood |ynphocyte

[ PBL] coll ectl on), fromllamas 127b, 260 and 261 at day 0 and day 51, and
fromllamas 5 282, 283 and 284 at day 0, day 28 and day 50. In short, 2

pg/ nL of r é&@ﬁﬁrth%@mﬁeﬁwrﬁ» fhe 'BVeWiﬁfb'@'@?Mo Pﬂé@'@?'@géﬂgecmeﬁneapol is,
| ,
MN,  USA) ard dfn%fwc@@dm%\‘@ﬂﬂh%:ﬁggs%gﬂﬁﬁ Ié‘vgﬁ’aﬁf@ do e ﬁ%t%r?d@@se( Nunc

W esbaden, s are a caseln ut| on
After addi tand:genﬂ)lIdeetwrﬁeiehunomrwerlap;mogfepuiape& Monmsbemﬁmﬂiygﬂ;mnirul ins are

rminog! obdOPEREERIA) 14 MERUSEPRa TR Ot Girarpes Ul o
subsequent |@W@‘Idtﬁmh%‘?§léQ/ﬁrleIetdtﬁ‘né’lh%ﬁifé'&ﬁféaW bmﬂ'}gfibb%gi@te‘bltab@of Dll4

(3,3 ,5,5 -tetranentyl benzidine) (Pierce, Rockford , U , show ng t hat
a si gm fi cand (dhaiseooyd délpwnaemb)unmngée w@@@day@rraagausngclﬂcmllyzlbmélngrtaua;ed

TSonty ant 160" ERioee b RIFaRhERi™ bt sRae &l QREBgdie PRy oPRBier
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or 1g&3 antqomﬁfls@§ q paBeetiailygonsish o4 fwo pr giaie Immlmg&pukmtwgir@lygéabﬁem an
ant | body I GRRRIE 1R ABUTLERI NG AR RN BN i BIRL | Pody

expr essing -ce S "Specl agai n nmouse | ona serum
titers of edidreinnsaidciraedinaglomalis saTgiae vanéblermnlndnys Ewrae’calw@am @thehutman

and nouse DIl 4 overexpressi ng HEK293 cel | s B Th |4 serum
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protein soli ase coate Reco onbi nant nouse DLL4
|mmunoglobulln construct and especially as a "multivalent immunoglobulin single
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hurman DLL4 + + +/-
WO 2011/039368 PCT/EP2010/064693

variable domain construct”, in that the polypeptide contains at least two binding
sites for DIl4.

Such DlIl4-binding molecule of the invention includes (at least) two anti-Dll4
immunoglobulin single variable domains, wherein (the) two immunoglobulin single
variable domains are directed against different epitopes within the DIl4 molecule.
Thus, these two immunoglobulin single variable domains will have a different
antigen specificity and therefore different CDR sequences. For this reason, such
polypeptides of the invention will herein also be named "biparatopic polypeptides”,
or "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 VHHS), respectively, as the two immunoglobulin

single variable domains will include two different paratopes.

According to a specific embodiment of the invention, in case that the polypeptide
of the invention includes more than two anti-DIl4 immunoglobulin single variable
domains, i.e. three, four or even more anti-DIl4 immunoglobulin single variable
domains, at least two of the anti-DIl4 immunoglobulin single variable domains are
directed against different epitopes within the DII4 molecule, wherein any further
immunoglobulin single variable domain may bind to any of these two different

epitopes and/or a further epitope present in the DIl4 molecule.

According to the invention, the two or more immunoglobulin single variable
domains can be, independently of each other, VHs or VHHs, and/or any other sort
of immunoglobulin single variable domains, such as VL domains, as defined
herein, provided that these immunoglobulin single variable domains will bind the
antigen, i.e. DIl4.

According to a preferred embodiment, the first and the second immunoglobulin
single variable domains essentially consist of either VH sequences or VHH

D7



-F/- ND ND ND ND 209 rec. human DLL4 + + -F/- +/- ND ND ND ND 230 rec.
hunman DLL4 ++ ++ -F/- -F/- ND ND ND ND 231 rec. human DLL4 ++ ++ ++ ++ ND
ND ND ND WO 2011/039368 PCT/EP2010/064693

sequences, as defined herein. According to a particularly preferred embodiment,
the first and the second immunoglobulin single variable domains essentially
consist of VHH sequences.

According to certain embodiments of the invention, the at least two

5 immunoglobulin single variable domains present in a DIl4-binding molecule of the
invention can be connected with each other directly (i.e. without use of a linker) or
via a linker. The linker is preferably a linker peptide and will be selected so as to
allow binding of the at least two different immunoglobulin single variable domains
to each of their at least two different epitopes of Dll4, either within one and the

10  same DIl4 molecule, or within two different molecules.

Selection of linkers will inter alia depend on the epitopes and, specifically, the
distance between the epitopes on Dll4 to which the immunoglobulin single variable
domains bind, and will be clear to the skilled person based on the disclosure

15 herein, optionally after some limited degree of routine experimentation. As a
starting point for such experimentation, it can generally be assumed that the
distance between the N-terminus and the C-terminus of the two immunoglobulin
single variable domains present in such a polypeptide of the invention will
preferably at least 50 Angstroms, and more preferably in the region of 55-200

20 Angstroms, and in particular in the region of 65-150 Angstroms, with the upper
limit being less critical, and being chosen for reasons of convenience, e.g. with a
view to expression/production of the protein.

Also, when the two or more immunoglobulin single variable domains that bind to
25  DIl4 are VHs or VHHs, they may be linked to each other via a third VH or VHH,
respectively (in such Dll4-binding molecules, the two or more immunoglobulin
single variable domains may be linked directly to said third immunoglobulin single
variable domain or via suitable linkers). Such a third VH or VHH may for example
be a VH or VHH that provides for an increased half-life. For example, the latter VH

8-
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or VHH may be a VH or VHH 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
DIl4 may be linked in series (either directly or via a suitable linker) and the third VH
or VHH (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 may - for example and without limitation - comprise an amino acid
sequence, which preferably has a length of nine or more amino acids, more
preferably more than 17 amino acids, e.g. about 20 - 40 amino acid residues.
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 therapeutical purposes, the linker is preferably
non-immunogenic in the subject to which the polypeptide 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.
If the polypeptide of the invention 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.

220



-+ + + - 4+ - 282 rec. human DLL4 + nouse DLL4 ++ ++ ++ ++ ++
++ + + 283 rec. human DLL4 + nouse DLL4 ++ ++ ++ ++ ++ ++ ++ ++
WO 2011/039368 PCT/EP2010/064693

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

In another embodiment, the at least two Dll4-binding immunoglobulin single

5  variable domains of the polypeptide of the invention are linked to each other via
another moiety (optionally via one or two linkers), such as another polypeptide
which, in a preferred but non-limiting embodiment, may be a further
immunoglobulin single variable domain as described above. Such moiety may
either be essentially inactive or may have a biological effect such as improving the

10  desired properties of the polypeptide or may confer one or more additional desired
properties to the polypeptide. For example, and 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.

15 According to a preferred embodiment of the invention, a DIl4-binding molecule of
the invention includes, in view of its use as a therapeutic 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

20  due to degradation of the polypeptide and/or clearance and/or sequestration by

natural mechanisms.

More specifically, such half-life extending moiety can be covalently linked or fused
to said polypeptide and may be, without limitation, an Fc portion, an albumin
moiety, a fragment of an albumin moiety, an albumin binding moiety, such as an

25 anti-albumin immunoglobulin single variable domain, a transferrin binding moiety,
such as an anti-transferrin immunoglobulin single variable domain, a
polyoxyalkylene molecule, such as a polyethylene glycol molecule, an albumin
binding peptide or a hydroxyethyl starch (HES) derivative.

-30-



284 rec. human DLL4 + nouse DLL4 + + + + + ++ + ++ SND: not
determ ned B) FACS (natively expressed protein on HEK293 cells) human
DLL4 rmouswoDRbhl3picama | rmunogen Total 1gG 1 gGl | g& | gGBCTaEPad101064693

In another preferred embodiment, the polypeptide 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 polypeptide of the

5 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 will preferably bind to human serum albumin and will preferably
be 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.
15 Specifically, useful albumin binding VHHs are ALB 1 and its humanized
counterpart, ALB 8 (WO 2009/095489). Other albumin binding VHH domains
mentioned in the above patent publication may, however, be used as well.

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

20  variable domain may be fused to a serum albumin molecule, such as described
e.g. in WO01/79271 and WOO03/59934. 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 DIl4-binding molecule, the obtained construct is inserted into a

25  plasmid suitbale 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 under suitable conditions.

According to another embodiment, a half-life extending modification of a
30  polypeptide of the invention (such modification also reducing immunogenicity of
the polypeptide) comprises attachment of a suitable pharmacologically acceptable
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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 single

5 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 WO
04/060965. Various reagents for PEGylation of polypeptides are also commercially
available, for example from Nektar Therapeutics, USA, or NOF Corporation,

10 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

15 (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

20  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.

Preferably, for the polypeptides of the invention, a PEG is used with a molecular
25 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.

With regard to PEGylation, its should be noted that generally, the invention also

encompasses any biparatopic DIl4-binding molecule that has been PEGylated at

one or more amino acid positions, preferably in such a way that said PEGylation
30 either (1) increases the half-life in vivo; (2) reduces immunogenicity; (3) provides

one or more further beneficial properties known per se for PEGylation; (4) does
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not essentially affect the affinity of the polypeptide for DIl4 (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 DIl4-binding molecules of the invention.
Suitable PEG-groups and methods for attaching them, either specifically or non-
specifically, will be clear to the skilled person. Suitable kits and reagents for such
pegylation can for example be obtained from Nektar (CA, USA).

In another aspect, the invention relates to nucleic acid molecules that encode DIl4-
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 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 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 Dll4-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 DIl4-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.
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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 a DIl4-binding molecule 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.

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 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 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 DIl4-binding molecule

of the invention, such methods generally comprising the steps of:
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- culturing host cells comprising a nucleic acid capable of encoding a DIl4-binding
molecule under conditions that allow expression of the DIl4-binding molecule of
the invention; and
- recovering or isolating the polypeptide expressed by the host cells from the

5  culture; and
- optionally further purifying and/or modifying and/or formulating the Dll4-binding

molecule of the invention.

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

pharmaceutical expression, production and fermentation.

The choice of the specific expression system depends in part on the requirement

15  for certain post-translational modifications, more specifically glycosylation. The
production of a DIl4-binding molecule of the invention for which glycosylation is
desired or required would necessitate the use of 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

20  and position of residues attached) will depend on the cell or cell line that is used
for the expression.

Dll4-binding molecules of the invention produced in a cell as set out above can be
produced either intracellullarly (e.g. in the cytosol, in the periplasma or in inclusion
25  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.

Methods and reagents used for the recombinant production of polypeptides, such
30  as specific suitable expression vectors, transformation or transfection methods,

selection markers, methods of induction of protein expression, culture conditions,
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15 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).

20  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 —

25  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 DIl4-binding molecule of the invention and optionally one or more

30  further components of such compositions known per se, i.e. depending on the
intended use of the composition.
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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 intrathecal

5 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

10 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,

15 aqueous solutions or suspensions will be preferred.
Thus, the DIll4-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 DIl4-binding molecule of the invention may be combined with one or more

20  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 DIl4-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

25 agiven unit dosage form. The amount of the DIl4-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

30 those mentioned on pages 143-144 of WO 08/020079. When the unit dosage form

is a capsule, it may contain, in addition to materials of the above type, a liquid
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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 DII4-
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 Dll4-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 DII4-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 Dll4-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.
Generally, the concentration of the DIll4-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 DIl4-binding molecules of the invention required for use in
treatment will vary not only with the particular DIl4-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

-390.



1 9 DLLBIT117G10 1 231 biot-rhDLL4 (3 nM trypsin 1 10 DLLBI117Cl1 8 231
biot-rhDLL4 (3 nM trypsin 1 11 DLLBII19F4 1 231 biot-rhDLL4 (3 nM trypsin
1 12 DLLBNO2FH1B9368231 biot-rhDLL4 (3 nM trypsin 1 13 PCTHPRAI#MBE4683 231

bi ot-rhDLL4 (3 nM trypsin

attendant physician or clinician. Also, the dosage of the DIl4-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

5 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”
10 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
15 physician in the event of any complication.

According to a further embodiment, the invention relates to the use of DIl4-binding
molecules of the invention, e.g. immunoglobulin single variable domains or
polypeptides containing them, for therapeutic purposes, such as
20 - for the prevention, treatment and/or alleviation of a disorder, disease or
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
25 comprising administering, to a subject in need thereof, a pharmaceutically
active amount of at least one Dll4-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
30 disorders, diseases or conditions associated with Dll4-mediated effects on
angiogenesis;
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- 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

5 cancer or cancerous disease, as defined herein.

According to another aspect, the disease is an eye disease associated with
associated with DIl4-mediated effects on angiogenesis or which can be treated or
alleviated by modulating the Notch signaling pathway with a Dll4-binding molecule.
10
Depending on the cancerous disease to be treated, a DIl4-binding molecule of the
invention may be used on its own or in combination with one or more additional
therapeutic agents, in particular selected from chemotherapeutic agents like DNA
damaging agents or therapeutically active compounds that inhibit angiogenesis,
15 signal transduction pathways or mitotic checkpoints in cancer cells.

The additional therapeutic agent may be administered simultaneously with,
optionally as a component of the same pharmaceutical preparation, or before or
after administration of the Dll4-binding molecule.

In certain embodiments, the additional therapeutic agent may be, without

20 limitation, one or more inhibitors selected from the group of inhibitors of EGFR,
VEGFR, HER2-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

25  of JAK/STAT, Mek, mTor, NFkappaB, the proteasome, Rho, an 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.

30  An example for a PLK inhibitor is GSK-461364.
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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,
5 GSK 246053A, GSK-923295, MK-0731, and SB-743921.

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.
10  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 VEGFR,
cKit, FIt3), PF-2341066, MK-2461, XL-880 (also an inhibitor of VEGFR), MGCD-

15 265 (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),
KW 2449, lestaurtinib (also an inhibitor of VEGFR, PDGFR, PKC), TG-101348

20  (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 HSP90 inhibitors are tanespimycin, alvespimycin, IP1-504 and
CNF 2024.

25  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.

42-



Rill: biot-rhDLL4 (0.01 nM rhNotchl/ Fc (RI-RIl) trypsin (RIIl) 3 22
DLLBI 1 112A3 1 209 RI: CHO nDLL4 (2E6/nmL) RIl: CHO nDLL4 (2E6/nlL) trypsin 2
Rl : CHO mBbld1wdspssschl/ (2E6/ L) Fc PCT/EP2010/064693

Examples for mTor inhibitors are temsirolimus, AP-23573 (which also acts as a
VEGEF inhibitor), everolimus (a VEGF inhibitor in addition). XL-765 (also a PI3
kinase inhibitor), and BEZ-235 (also a PI3 kinase inhibitor).

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

5 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 (also an
inhibitor of FIt3, PDGFR, VEGFR), and XL-820 (also acts as a VEGFR- and

10  PDGFR inhibitor), imatinib (also a bcr-abl inhibitor), nilotinib (also an inhibitor of
bcr-abl and PDGFR).

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

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

Examples for proteasome inhibitors are bortezomib, carfilzomib, and NP1-0052

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

20 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 anti-
VEGF antibody bevacizumab), and thalidomides, such agents being selected

25  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, Ki 23057, brivanib, cediranib,
XL-999 (also an inhibitor of cKit and FIt3), 1B3, CP 868596, IMC 3G3, R-1530
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(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, 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 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. Another
example for an EGFR modulator is the EGF fusion toxin.

Among the EGFR and Her2 inhibitors useful for combination with the DIl4-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, 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 DII4-
binding molecule of the invention are tositumumab and ibritumomab 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 Dll4-
binding molecules of the present invention are selected from, but not limited to

hormones, hormonal analogues and antihormonals (e.g. tamoxifen, toremifene,
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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,

5 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

10  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,

15 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

20  like ixabepilone, patupilone, ZK-EPO); topoisomerase inhibitors (e.g.
epipodophyllotoxins like etoposide and etopophos, teniposide, amsacrine,
topotecan, irinotecan) and miscellaneous chemotherapeutics such as amifostine,
anagrelide, interferone alpha, procarbazine, mitotane, and porfimer, bexarotene,
celecoxib.

25
The efficacy of Dll4-binding molecules of the invention or polypeptides containing
them, and of compositions comprising the same, can be tested using any suitable
in vitro assay, cell- based assay, in vivo assay and/or animal model known per se,
or any combination thereof, depending on the specific disease or disorder of

30 interest. Suitable assays and animal models will be clear to the skilled person, and
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for example include the assays described herein and used in the Examples below,

e.g. a proliferation assay.

The data obtained in the experiments of the invention confirm that DIl4-binding
molecules of the invention have properties that are superior to those of Dll4-
binding molecules of the prior art, as can e.g. be taken from the ELISA data of
Figure 10, showing that affinity-matured VHHs block hDLL4/hNotch1-Fc
interaction in a complete manner, as well as the 1Cso (NM) values for affinity
matured VHHs in hDLL4/hNotch1-Fc competition ELISA; and the affinity Kp (nM)
of purified affinity matured VHHs on recombinant human DLL4 and mouse DLL4.
This indicates that Dll4-binding molecules of the invention are promising
candidates to have therapeutic efficacy in diseases and disorders associated with
Dll4-mediated effects on angiogenesis, such as cancer.

According to another embodiment of the invention, there is provided a method of
diagnosing a disease by

a) contacting a sample with a Dll4-binding molecule of the invention as defined
above, and

b) detecting binding of said DIl4-binding molecule to said sample, and

c) comparing the binding detected in step (b) with a standard, wherein a difference
in binding relative to said sample is diagnostic of a disease or disorder associated

with Dll4-mediated effects on angiogenesis.

For this and other uses, it may be useful to further modify a Dll4-binding molecule
of the invention, such as by introduction of a functional group that is one part of a
specific binding pair, such as the biotin-(strept)avidin binding pair. Such a
functional group may be used to link the Dll4-binding molecule of the invention to
another protein, polypeptide or chemical compound that is bound to the other half
of the binding pair, i.e. through formation of the binding pair. For example, a Dll4-
binding molecule of the invention may be conjugated to biotin, and linked to
another protein, polypeptide, compound or carrier conjugated to avidin or
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streptavidin. For example, such a conjugated DIl4-binding molecule of the

invention may be used as a reporter, for example in a diagnostic system where a

detectable signal-producing agent is conjugated to avidin or streptavidin.

Brief description of the Figures:

Figure 1:
Figure 2:
Figure 3:
Figure 4:

Figure 5:

Figure 6:
Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:
Figure 13:

Figure 14:
Figure 15:

Amino acid sequence alignment of human, rhesus and cynomolgus
DLL4.

Human and mouse DLL4 deletion mutants (amino acid domain
boundaries in superscript).

Purified VHHSs blocking hDLL4/hNotch1-Fc interaction (ELISA).
Purified VHHSs blocking hDLL4/hNotch1-Fc interaction (AlphaScreen).
Purified VHHs blocking CHO-hDLL4/hNotch1-Fc and
CHO-mDLL4/hNotch1-Fc interaction (FMAT).

Purified VHHs blocking DLL4 mediated Notch1 cleavage (reporter).
Binding of purified VHHs to recombinant human and mouse DLL4
(ELISA).

Binding of purified VHHs to recombinant human DLL1 and human
Jagged-1 (ELISA).

Binding of purified VHHs to human/mouse/cynomolgus DLL4 (FACS).
Affinity matured VHHSs blocking hDLL4/hNotch1-Fc interaction
(ELISA).

Purified affinity matured VHHs blocking CHO-hDLL4/hNotch1-Fc and
CHO-mDLL4/hNotch1-Fc interaction (FMAT).

Binding of purified VHHs to human/mouse DLL4 (ELISA).

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

Binding of purified VHHs to human/mouse/cynomolgus DLL4 (FACS).
Evaluation of VHH effects on DIl4-mediated inhibition of HUVEC

proliferation.
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Materials and methods

a) Generation CHO and HEK293 cell lines overexpressing human, mouse
and cynomolgus DlI4

The cDNAs encoding human (SEQ ID NO: 417; NM_019074.2) and mouse DIl4

(NM_019454 .3) are amplified from a Human Adult Normal Tissue Heart cDNA

library (BioChain, Hayward, CA, USA) and a Mouse Heart Tissue cDNA library

(isolated from C57/BI6 strain), respectively, using oligonucleotides designed in the

5" and 3’ UTR of the corresponding sequence (see Table 1; SEQ ID NO:421 to

426). Amplicons are cloned into the mammalian expression vector pCDNA3.1(+)-

neo (Invitrogen, Carlsbad, CA, USA).

Table 1: Oligonucleotide sequences used for amplification of DLL4 gene full

length orthologues.

Human DLL4 Mouse DLL4 Cynomolgus DLL4

>Fwd_hDLL4 >Fwd_mDLL4 >Fwd_cDLL4
GCGAACAGAGCCAGATTG | GAGCGACATCCCTAACAA | GCGAACAGAGCCAGATTC
AGG GC AGG

>Rev_hDLLA >Rev_mDLL4 >Rev_cDLL4
GGATGTCCAGGTAGGCTC | CCTCAACTCTGTTCCCTTG | CCAGACAGACACCCAAAG
CTG G GT

Cynomolgus Dll4 cDNA is amplified from a Cynomolgus Normal Tissue Heart
cDNA library (BioChain, Hayward, CA, USA), using primers designed on the 5’
and 3’ UTR of the DIl4 encoding sequence of the closely related species rhesus
(Macaca mulatta Dll4, SEQ ID NO:418; XM_001099250.1) (see Table 1). The final
amplicon is cloned in the mammalian expression vector pCDNA3.1(+)-neo
(Invitrogen, Carlsbad, CA, USA). The amino acid sequence of cynomolgus Dll4
was 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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To establish Chinese Hamster Ovary (CHO) cells overexpressing human DIl4,
mouse DIl4 or cynomolgus DIl4, parental CHO cells are electroporated with
pPCDNA3.1(+)-neo-hDIl4, pcDNA3.1(+)-neo-mDIlI4 or pcDNA3.1(+)-neo-cDll4,
respectively. Human Embyonic Kidney (HEK293) cells overexpressing human DIl4
and mouse DIl4 are generated by lipid-mediated transfection with Fugene (Roche)
of pCDNAG3.1(+)-neo-hDll4 or mDIl4 plasmids, respectively, in the HEK293
parental cell line. For all conditions, transfectants are selected by adding 1 mg/mL
geneticin (Invitrogen, Carlsbad, CA, USA).

b) Generation of monoclonal anti-DIl4 19G and Fab fragment

In US 2008/0014196 (Genentech) a human/mouse cross-reactive DIl4 mAb is
described that was 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-DIl4 mAb and its corresponding Fab are purified to assess the properties of
this antibody (fragment) in biochemical/cellular assays and 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 DII4 in ELISA and FACS (using CHO-mDII4 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 primers for the
assembly of the variable light chain (VL), variable heavy chain (V4), constant light
chain (Cr) and constant domain 1 of the heavy chain (Cy1) are designed and an
assembly PCR is performed. The cDNA segments encoding V +C_ and Vy+Chy
are cloned into a pUC119-derived vector, which 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
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vector encodes a C-terminal HA and His6-tag. The Fab fragment is expressed in
E. coli as Hisb-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

5  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 Dll4 mutants for epitope mapping

10  To identify the region in the extracellular domain (ECD) of Dll4 that comprises the
epitope recognized by the anti-DIl4 VHHs, progressive deletion mutants of the Dll4
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 DIl4 ECD

15 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-

20 like domain showed impaired binding to the humanized human/mouse cross-
reactive anti-DIl4 mAb described above (immobilized via a capturing anti-human
IgG coated Biacore sensor chip). This IgG is known to have a specific binding
epitope in this DIl4 domain (patent application Genentech, US 2008/0014196A1).

25 d) Generation of Dll4 reporter assay plasmids
A reporter assay is developed based on the y-secretase mediated cleavage of
Notch1 and nuclear translocation of the intracellular domain of Notch1 (NICD)
upon stimulation with Dll4, essentially as described (Struhl and Adachi, Cell. 1998
May 15;93(4):649-60). Gal4/VP16 coding sequences are inserted into the NICD-
30  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
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transcriptional activator domain VP16, is inserted carboxy-terminal to the
transmembrane domain of Notch1. Cleavage of this 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 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.

Example 1

Immunization with DII4 from different species induces a humoral immune
response in llama

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). The DIl4
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 DIll4 and mouse DIl4 overexpressing CHO cells which are
established as described above. Cells are re-suspended in D-PBS and kept on 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 ug/dose at biweekly intervals) of alternating recombinant
human DIl4 and mouse DII4 (R&D Systems, Minneapolis, MN, US). The first
injection at day 0 with human DIl4 is formulated in Complete Freund’s Adjuvant
(Difco, Detroit, Ml, USA), while the subsequent injections with human and mouse
Dll4 are formulated in Incomplete Freund’s Adjuvant (Difco, Detroit, MI, USA).

1.2. Evaluation of induced immune responses in llama
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To evaluate the induction of an immune responses in the animals against human
Dll4 by ELISA, sera are collected from llamas 208, 209, 230 and 231 at day O (pre-
immune), day 21 and day 43 (time of peripheral blood lymphocyte [PBL]
collection), from llamas 127b, 260 and 261 at day 0 and day 51, and from llamas
282, 283 and 284 at day 0, day 28 and day 50. In short, 2 ug/mL of recombinant
human DIl4 or mouse DIl4 (R&D Systems, Minneapolis, MN, USA) are 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 serum dilutions,
specifically bound immunoglobulins are detected using a 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),
showing that a significant 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 IgG1 antibodies or the heavy chain only llama 1gG2 or IgG3
antibodies (Table 2-A). In all lamas injected with mouse DlI4, an antibody
response is mounted by conventional and heavy chain only antibody expressing
B-cells specifically against mouse Dll4. Additionally, serum titers of cell immunized
animals are confirmed by FACS analysis on human and mouse Dll4
overexpressing HEK293 cells (Table 2-B). The DIl4 serum titer responses for each
llama are depicted in Table 2.
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Table 2: Antibody mediated specific serum response against DLL4.

A) ELISA (recombinant protein solid phase coated)

Recombinant human DLL4 Recombinant mouse DLL4
Total Total
Llama Immunogen 1gG1 1gG2 18G3 1gG1 1gG2 18G3
1:{¢] IgG
rec. human
208 + + +/- +/- ND ND ND ND
DLL4
rec. human
209 + + +/- +/- ND ND ND ND
DLL4
rec. human
230 ++ ++ +/- +/- ND ND ND ND
DLL4
rec. human
231 ++ ++ ++ ++ ND ND ND ND
DLL4
CHO-hDLL4 +
127b ++ ++ +/- +/- + ++ +/- +/-
CHO-mDLL4
CHO-hDLL4 +
260 ++ ++ + + ++ ++ + ++
CHO-mDLL4
CHO-hDLL4 +
261 ++ ++ +/- +/- + + +/- +/-
CHO-mDLL4
rec. human
282 DLL4 + mouse | ++ ++ ++ ++ ++ ++ + +
DLL4
rec. human
283 DLL4 + mouse | ++ ++ ++ ++ ++ ++ ++ ++
DLL4
rec. human
284 DLL4 + mouse | + + + + + ++ + ++
DLL4

ND: not determined
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B) FACS (natively expressed protein on HEK293 cells)

human DLL4 mouse DLL4
Total Total
Llama Immunogen 1gG1 1gG2 18G3 1gG1 1gG2 18G3
IgG IgG
rec. human
208 ND ND ND ND ND ND ND ND
DLL4
rec. human
209 ND ND ND ND ND ND ND ND
DLL4
rec. human
230 ND ND ND ND ND ND ND ND
DLL4
rec. human
231 ND ND ND ND ND ND ND ND
DLL4
CHO-hDLL4 +
127b + ND ND ND + ND ND ND
CHO-mDLL4
CHO-hDLL4 +
260 ++ ND ND ND ++ ND ND ND
CHO-mDLL4
CHO-hDLL4 +
261 + ND ND ND + ND ND ND
CHO-mDLL4
rec. human
282 DLL4 + mouse | ND ND ND ND ND ND ND ND
DLL4
rec. human
283 DLL4 + mouse | ND ND ND ND ND ND ND ND
DLL4
rec. human
284 DLL4 + mouse | ND ND ND ND ND ND ND ND
DLL4

ND: not determined

-54-



Fc
trypsin

10

15

20

25

30

CHO nDLL4 30 DLLBI1104A3 1 230 (RI-RIl) 3 (2E6/ nL)
RII1: biot-rhDLL4

WO 2011/039368 PCT/EP2010/064693

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 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 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 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 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.

Example 3

Selection of DII4 specific VHHs via phage display

VHH repertoires obtained from all llamas and cloned as phage library are used in
different selection strategies, applying a multiplicity of selection conditions.
Variables include i) the DII4 protein format (C-terminally His-tagged recombinantly
expressed extracellular domain of human Dll4 (Met1-Pro524) and mouse DIl4
(Met1-Pro525) (R&D Systems, Minneapolis, MN, USA), or full length human DIl4
and mouse DII4 present on Dll4-overexpressing CHO or HEK293 cells, ii) the
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antigen presentation method (plates directly coated with DIl4 or Neutravidin plates
coated with DIl4 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 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. 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 uL) are prepared according to standard

protocols

Example 4

Screening of periplasmic extracts in DIl4-Notch1 AlphaScreen and FMAT
competition assay

Periplasmic extracts are screened in a human Dll4/human Notch1 AlphaScreen
assay to assess the blocking capacity of the expressed VHHs. Human DIl4 is
biotinylated using biotin (Sigma, St Louis, MO, USA) and 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
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instructions (Perkin Elmer, Waltham, MA, US). To evaluate the neutralizing
capacity of the VHHs, dilution series of the periplasmic extracts are pre-incubated
with biotinylated human DIl4. 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 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.
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 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 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 167 unique VHHs belonging to 40 different B-cell lineages. 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 all obtained unique VHHs are shown in the Sequence Listing (SEQ
ID NO:167 — 332 and 459) and in Table 5 (CDRs and framework regions are
indicated).
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Table 3: Selection parameters used for the identification of DLL4 specific VHH B-

cell lineages.
B-cell # selection phage selection
VHH ID library
lineage variants format elution rounds
1 DLLBIISAOS | 31 231 rhDLL4 (3 nM) trypsin 1
2 DLLBII5B11 1 231 rhDLL4 (3 nM) trypsin 1
RI: biot-rhDLL4
(3 nM)
3 DLLBII7B5 21 231 trypsin 2
RIl: biot-rhDLL4
(0.03 nM)
4 DLLBII6B11 13 231 biot-rhDLL4 (3 M) | trypsin 1
RI: biot-rhDLL4
(3 nM)
5 DLLBII8C11 5 231 trypsin 2
RIl: biot-rhDLL4
(3 nM)
6 DLLBII19D10 |1 231 biot-rhDLL4 (3 nM)| trypsin 1
CHO-hDLL4
7 DLLBII33C5 2 231 trypsin 1
(2E6/mL)
rmDLL4
8 DLLBII28B6 2 231 trypsin 1
(0.5 ug/mL)
9 DLLBII17G10 |1 231 biot-rhDLL4 (3 nM)| trypsin 1
10 DLLBII17C1 |8 231 biot-rhDLL4 (3 nM)| trypsin 1
11 DLLBII19F4 1 231 biot-rhDLL4 (3 nM)| trypsin 1
12 DLLBII17F10 1 231 biot-rhDLL4 (3 nM)| trypsin 1
13 DLLBII17B3 |5 231 biot-rhDLL4 (3 nM)| trypsin 1
14 DLLBII19F12 2 231 biot-rhDLL4 (3 nM)| trypsin 1
RI: biot-rhDLL4
(3 nM) rhNotch1/
15 DLLBII42B7 1 231 2
RIl: biot-rhDLL4 Fc
(3 nM)
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(RI-RI'1) 3 (2E6/ ML) trypsin RI1l: biot-rhDLL4 (RITT)
(1 nM + rhDLL4 RI: CHO nDLL4 (2E6/nl)
WO 2011/039368 PCT/EP2010/064693
RI: biot-rhDLL4
(3 nM) rhNotch1/
16 DLLBII47D1 1 230
RIl: biot-rhDLL4 Fc
(3 nM)
RI: CHO-mDLL4
(2E6/mL) rhNotch1/
17 DLLBII5S6A09 15 230
RII: CHO-mDLL4 Fc
(2E6/mL)
RI: CHO-mDLL4
(2E6/mL)
18 DLLBII95F2 5 230 trypsin
RII: CHO-mDLL4
(2E6/mL)
RI: CHO-mDLL4
(2E6/mL)
19 DLLBII96C3 20 230 trypsin
RII: CHO-mDLL4
(2E6/mL)
RI: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
20 DLLBII104G1 1 230 (RI-RIN)
(2E6/mL)
trypsin
RII: biot-rhDLL4
(RIN)
(+rhDLL4)
RI: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
21 DLLBII102F8 3 230 (RI-RIN)
(2E6/mL)
trypsin
RII: biot-rhDLL4
(RIN)
(0.01 nM)
RI: CHO-mDLL4
(2E6/mL)
22 DLLBII112A3 1 209 trypsin
RII: CHO-mDLL4
(2E6/mL)
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rhNot chl/ 33 DLLBI1107C3 1 208 2 R I: CHO nDLL4 Fc (2E6/ n.)
RI: biot-rhDLL4 (3 nM rhNotchl/ 34 DLLBI158A11 4 260
WO 2011/039368 PCT/EP2010/064693
Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
23 DLLBII102G4 | 2 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(0.01 nMm)
Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
24 DLLBII101G8 |1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(0.1 nM)
Rl: CHO-mDLL4
(2E6/mL)
25 DLLBII112A4 | 1 209 trypsin 2
RIl: CHO-mDLL4
(2E6/mL)
Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
26 DLLBII101H9 |1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(0.1 nM)
Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
27 DLLBII101HS |1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(1 nM)
Rl: CHO-mDLL4
(2E6/mL)
28 DLLBII112E7 1 209 trypsin 2
RIl: CHO-mDLL4
(2E6/mL)
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2 RII: biot-rnDLL4 (3 nM Fc 35 DLLBI I 61F5 1 260 RI: HEK293HhDLL4
(2E6/nL) RIl: HEK293HhDLL4 (2E6/nml) trypsin 2 36 DLLBII61F7 1 260 RI:
HEK293HhDD40(12B8%681) Rl |: HEK293HhDLL4 (2E6/nl) trypsi RCZ/EPZ0IDIO6BIA62CL1 1
260 RI: HEK293HhDLL4 (2E6/nmi) RIl: HEK293HNDLL4 (2E6/ml) trypsin 2 38

DLLBI | 115A5 1

Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
29 DLLBII101F1 1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(1 nM)
RIl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
30 DLLBII104A3 | 1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(1 nM) + rhDLL4
RIl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
31 DLLBII104C4 |1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(1 nM) + rhDLL4
RIl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
32 DLLBII104B5 | 1 230 (RI-RII) 3
(2E6/mL)
trypsin
RIIl: biot-rhDLL4
(RI11)
(1 nM) + rhDLL4
RIl: CHO-mDLL4
(2E6/mL) rhNotch1/
33 DLLBII107C3 | 1 208 2
RIl: CHO-mDLL4 Fc
(2E6/mL)
RI: biot-rhDLL4
(3 nM) rhNotch1/
34 DLLBIIS8A11 | 4 260 2
RIl: biot-rmDLL4 (3| Fc
nM)
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230 RI: CHO nDLL4 (2E6/nmL) Ril: CHO nDLL4 (2E6/m) RII1l: biot-rhDLL4 (M)
Rl V: CHO nDLL4 (2E6/ m.) rhNotchl/ Fc (RI-RII) trypsin (Rl Il) trypsin (RIV)
4 39 DLLBVO&8G103436884 RI: CHO nDLL4 (2E6/ nmL) RI: CHO hDeC#/RpP2EG/0d6Y3 DLLA
lgG 2 40 DLLBI180E8 1 283 RI: CHO hDLL4 (2E6/nmL) RI: CHO hDLL4 (2E6/nl)
DLL4 1gG 2 WO 2011/ 039368PCT/ EP2010/ 064693 Tabl e 4: Screeni ng of
periplasm c extracts containing expressed anti-DLL4 VHH B-cell |ine age
Represen-tative VHH I D # uni que sequence s ELI SA Al pha Screen FNMAT

RI: HEK293H-
hDLL4 (2E6/mL)
35 DLLBIIGIFS |1 260 trypsin 2
RIl: HEK293H-

hDLL4 (2E6/mL)

RI: HEK293H-
hDLL4 (2E6/mL)
36 DLLBII6IF7 |1 260 trypsin 2
RIl: HEK293H-

hDLL4 (2E6/mL)

RI: HEK293H-
hDLL4 (2E6/mL)
37 DLLBII62C11 |1 260 trypsin 2
RIl: HEK293H-

mDLL4 (2E6/mL)

Rl: CHO-mDLL4
rhNotch1/
(2E6/mL)
Fc
RIl: CHO-mDLL4
(RI-RII)
(2E6/mL)
38 DLLBII115A5 |1 230 trypsin 4
RIll: biot-rhDLL4
(RHI)
(1 nM)
trypsin
RIV:CHO-mDLL4
(RIV)
(2E6/mL)
Rl: CHO-mDLL4
(2E6/mL)
39 DLLBII83G1 4 284 DLL4 I1gG 2
RIl: CHO-hDLL4
(2E6/mL)
RI: CHO-hDLL4
(2E6/mL)
40 DLLBIISOES 1 283 DLL4 I1gG 2
RIl: CHO-hDLL4
(2E6/mL)
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FMAT Bi acore (a) hDLL4 % i nhibi tion hDLL4 % i nhibi tion hDLL4 % i nhibit
tion nDLL4 % inhibit tion - kd (s1) 1 DLLBII8A0O9 31 96 - - - (1. 2E-"-
2.4E4) 2 WwobBiwveB®BbkE 1 98 - - - 3 DLLBII7B05 21 84 PCT/EP2010/064693

Table 4: Screening of periplasmic extracts containing expressed anti-DLL4 VHH

B-cell . # unique .
. Represen-tative Alpha Biacore
line VHH ID sequence | ELISA Screen FMAT FMAT (@)
age s
hDLL4 | hDLL4 hola | o,
% % % % inhibit | ky (s)
inhibi inhibi inhibit ) d
. . . tion
tion tion tion
(1 FF05_
1 DLLBIISAQ9 31 96 - - - 2.'45_04)
2 DLLBII5B11 1 98 - - - -
3 DLLBII7B05 21 84 - - - (2.45%)
(9 4E-04_
4 DLLBII6B11 13 98 - - - .
3.7EE";")1
7.3"
5 DLLBIISC11 5 57 - - - (6. 0F)
DLLBII19D10 1 98 85 - - 1.37%
925m
7 DLLBII33C05 2 86 75 - - ‘o
(Zle)
7 5E-03
8 DLLBII28B06 2 23 54 - - g
(1.6E04)
9 DLLBII17G10 1 93 82 - - 1.5°%
5.6E-04
10 DLLBII17C01 8 82 84 - - (5.67%-
5.35-04)
11 DLLBII19F04 1 98 95 - - 1.1°%
115m /
12 DLLBII17F10 1 98 88 - - 3 1604
1.2E-03 /
13 DLLBII17B03 5 76 77 - - 2'25_04 0)
495m
14 DLLBII19F12 2 98 98 - - .
(1.0503)
15 DLLBII42B07 1 - - - - -
16 DLLBII47D01 1 - - 87 - -
1 1E-03
17 DLLBII56A09 15 - - - - (9.55%-
1.1503)
18 DLLBII95F02 5 - - 81 71 6.7
19 DLLBII96C03 20 - - 75 83 -
1.2E-03
20 DLLBII104G01 1 - - 94 86 (1.4°%-
9.45-04)
21 DLLBII102F08 3 - - 85 75 -
22 DLLBII112A03 1 - - 72 97 -
23 DLLBII102G04 2 - - 86 82 -
24 DLLBII101GO08 1 - - 91 92 2.1°%
25 DLLBII112A04 1 - - 75 90 -
26 DLLBII101H09 1 - - 87 75 -
27 DLLBII101HO5 1 - - 85 83 -
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- - - (2.4E 4) 4 DLLBII6B11 13 98 - - - (9. 4E-04 3.7E-04) 5 DLLBII8C11 5

57 - - - (7.3E-04_ 6.0E-04) 6 DLLBII19D10 1 98 85 - - 1.3E-03 7 DLLB1133CM®
2 86 75 -WO 2011/039368 PCT/EP2010/064693
28 DLLBII112E07 1 - - 80 85 -
29 DLLBII101F01 1 - - 85 78 2.0°%
30 DLLBII104A03 1 - - 86 83 -
31 DLLBII104C04 1 - - 87 83 1.0°%
32 DLLBII104B05 1 - - 86 78 -
33 DLLBII107C03 1 - - 75 80 -
1.6E-03
34 DLLBII58A11 4 - - 95 73 (1.75%-
1.6503)
35 DLLBII61FO5 1 - - 74 76 -
36 DLLBII61FO7 1 - - 79 77 -
37 DLLBII62C11 1 - - 74 71 -
38 DLLBII115A05 1 - - 74 84 3.1°%
39 DLLBII83GO1 4 - - 87 93 4.15”
40 DLLBIISOEOS 1 - - 71 82 -

@ if multiple unique variants within a B-cell lincage are identified, the range (max-min)

in off-rate or the off-rate of a lincage member is given between brackets in italics).

5 ®heterogeneous fit: fast and slow off-rate determined.

10

-64-



—
O
m)
~ <
— O
[—
—
oM K
— .3
m56

=
94_w

o &
)_P
< W =
[@ NN
]
W o A«
O —
— <
(0
o LW
o o
| O
L
0
N
<

o0}
_2
< 00
Lo

o0}
(92]
AN
~ 3

N~
O O
O —
m_ W
oo Mm -
w__wf
[T '
N e)
ml_

™
80%

_|__L9
oo &
c .=
o -
L LS|
- D
N
~ (@]

[V |
<t 00 —
o —
0 M
W o
AN
S

SSALADIDOOM AQAA Ad DYAS YA | DWYAS SALSDS VLT
HAQLAAXASDS | DXAAVLIAHIMTISNWO | NAANLI | THIOMOAVOIAM YYISTITSOOVO 11490
TAALNMYNAASITAT | DONSIA ATOOHASHATOAH | II1dTT1d

SSALADIDOOM AQADN YY DAASA SA | DINAA dTLdDs ELT
ADDTASAHVAL | DXXAVIAAIMTSNAO LAXLSD | MEIEMOIVOTAM YYISTITSDDd0 G0¥90
TAALNMYNAASILAL [ NSSLID ATOODSHATOAH | II1dTT1d

SSALADILDOOM | AAXAVHASAXX Y DXASA SA| DIVAA dTLdDs CLT
SSHSADONHIAA | JXXAVIAHAMTSNWO | AZXALSD | DHIANODIVOTAM YYISTITSOOVO c0¥90
TAALNMYNAASILAT [ DISSID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AQADN Y DXASA SA| DINAA dTLdDs TLT
ADDTASAHIA | DXXAVIAAIMTSNRAO LADLSD | MEIAMDAVOTAM YYISTITSDDd0 11dS0
TAALNMYNAASILAT [ NSOUEID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AQAd Y DXASA SA| DIAHT dTLdDs OLT
NOIDDAMSAMA | DXAAVYIAAIMTSNWO | VAXLSD | MEIAMDAVOITM I¥OSTITSHHA0 11450
TAALNMYNAASILAL [ dSSSID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AQREN Y DXASA SA| DINAA dTLdDs 69T
ADDTSSXASAd | DAXAVIAAAMTSNWO | VAVYILSD | MEIANODAVOTAM YYISTITSDDd0 604950
TAALNMYNAASILAL [ dSSSID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AQADN Y DXASA SA| DINAA dTLdDs 89T
ADDTHSXASAd | DXXIVIAAIMTSNRWO LAXLSD | MEIAMDAVOIAM YYISTITSDDd0 80dS0
TAALNMYNAASILAE [ ASSNID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AQADN Y DXASA SA | DINAL dTLdDs LOT
ADDTASXAVAd | DAXAVIAAAMTINNWO | VANLSD | MEIANODAVOTAM YYISTITSDDd0 904ds0
TAALNMYNAASILAL [ dSSSID ATOODSHATOAH | II1dTT1d

ON
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- 4.9E-04 (1.0E-3) 15

1. 1E-03/ 3. 1E-04 (b) 13 DLLBI117B03 5 76 77 -

16

SSAIADIODOOM XAX5N Y OMASA SA | DINXX dTLA9S 78T
ADDTASAHYAd | DAXAVIAHANISNWO | IXAAISD | MEIAMNDIVOIIM YVYOSTIISO9d0 | 90HS8O0
TAAINMYNQISILAY | XSSIID ATDOOSHATOAH | II49T11A

SSAIADIODOOM AQVY1 Y OMASA SA | DIVAA CRENME)S €81
JAANADODATAA | DAXAVIAHINISNWO | VAAIIYE | 9FIANDIVOTIM YVYOSTITISOOVO | TTO80
TAAINMYNASSILAY | dHSSID ATDOOSHATOAH | II49T11A

SSAIADIDOOM | XAAAVHASYX Y OMASA SA | DAVXZX dTvaos 28T
ANODSAONHIAA | DAAAVIAAIMISNWO | AXXILSO | OFIANDIAVOTAM YVYOSTITISOOVO | G0d80
TAAINMUYNQISLIAY | DYSSID ATDOOSHATOAH | II49T11A

SSAIADIODOOM XAX5N Y OMASA SA | DINXX dTLA9S I8T
ADDINSZXAVYAd | DAXAVIAHAMTISNWO | VAAILSD | MHIIANDIVOIIM YYOSTIISO9d0 | 60¥80
TAAINMYNQISILAY | dSSNID ATDOOSHATOAH | II49T11A

SSAIADIDOOM | XHAAVHASYX Y OMASA SA | DAVXZX dTvaos 08T
YSODIIONOTAH | JAAAVIAHIMISNWO | YAALSD | 9FIIIOAYOIAM YYOSTITISOOV0 G0dL0
TAAINMUYNNGSLIAY | DYSSID ATDOOSHATOAH | II49T11A

SSAIADIODOOM AQXA Ad OMAS YA | OWVYAS NALSOS 6LT
AANALAXXASOS | DXAAVIAHAMTISNWO | AVANLS | MEMOMDIVOIAM YYOSTITISOOVO | Z0VYLO
TAAINMYNCQISIIAY | 9DISAY ATDOOSHATOAH | II49T11A

SSAIADIODOOM XAAX5N A4 OMASA SA | DINXZX dTLA9S SLT
ADDTASXAHAAd | DAXAVIAAIMTISNWO | YAALSD | MAYANOAVOTAM YVYOSTITISO9d0 | 60990
TAAINMYNOISALIAY | dSSNID ATDOOSHATOAH | II49T11A

SSAIADIODOOM AAIVYN A4 OMASA SA | DINHZX dTLA9S LLT
ADDTASAHSAd | DAXAVIAAIMTISNWO | YAVISD | MAIIANOAVOTAM YYOSTITISOOd0 | Z2TH90
TAAINMUYNQISILIAY | 9SSSID ATDOOSHATOAH | II49T11A

SSAIADIDOOM | XHAAVHJISAX A4 OMASA SI | 9IVXX dTLA9S OLT
AUDSXAONHIAA | DAAAVIAHAAMISNWO | AXAILSD | DHIAMOAVOIIM YYOSTITISOOVO | 70490
TAAINMUYNQISILIAY | DYSSID ATDOOSHATOAH | II49T11A

SSAIADIODOOM XAAX5N A4 OMASA SA | DINXZX dTLA9S GLT
ADDTASXAHAAd | DAXAVIAAIMTISNWO | YAALSD | MAYANOAVOTAM YVYOSTITISOOd0 | 20490
TAAINMYNQISILAY | dSSNID ATDOOSHATOAH | II49T11A

1. 2E-C6/ 22E-04(b) 14 DLLBII19F12 2 98 98 -

12 DLLBI117F10 1 98 88 -
DLLBI 142B8® 2011/039368
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75 83 20

PCT/EP2010/064693

1. 1E- 03 (9. 5E-03

81 71 6. 7E-04 19 DLLB1196CO3 20

17 DLLBI 156A09 15 -

87 -

SSALADIDOOM ADX LY DAASA SA | SWAAN DALADS veT
dHADLAOMDEd | DAXAVIAHAAMISNWO | VXALLA | MEADIDIVOIAM YYOSTITSOD9d0 | 20DT0T
TATLNMYNAASITAT | DOSNIY ATOODSHATOAH | II1dTT1d

SSALADILDOOM | AHIDAOVVY IO LY DAASA ST | DIVAA ddLdDs €6T
DXAXAYIAAIMTSNWNO | VAXLIS | DHdEMDAVOTAM YIDSTATSO9d0 | 0TATOT

TAALNAVSAISLLAL [ DSSSID ATOODSHATOAH | II1dTT1d

SSALADIDOOM AdA YY DAASA YA | DIWIAN SALSDS 26T
AIFYLIAMOYTIS | JDLAAYSAHAIMTSNWO LAXINO | A89EMOdD0TAM YYOSTITSADLO | 804TOT
TANNNAYNTILALAT | DNEDIVY ATOODSHATOAH | II1dTT1d
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I s captured on anti-human Fc

1 nMbiotinylated human D14 is

capt ur ed wo 28twmspicavi di n- coat ed donor beads (20 pg/ nl), PamiEPe010/0d460M of t he
human Notchl (as a Fc fusion protein)

9.5 104301 1.1 115A05 9.1 antiDLL4 Fab 0.7 5 5.2. Evaluation of Dil4
bl ocking VHHs in Al pha Screen In brief,
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0.3 Fab

1.2 56004 5.4 56H08 1.6 57011 2.2 62011 24.1 115A05 5.0 anti DLL4

I nhibition by anti-D114 VHHs of human
nouse DI 14 expressed on tRETEHD10Mb4693 The

5 5.3.
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a reporter

is cotransfected

GAL4/ VP16 construct

Not chl and rel ease of the intracellular domain of Notchl (N CD) upon
Not ch1-

reporter assay To eval uate the potency of the sel ected VHHs,
assay i s wonoup3mesch i s based on the y-secretase nedi aPet/FPh@aweses of

22.0 43.0 antiDLL4 Fab 5.4 2.3 5 5.4. Evaluation of D14 blocking VHHs in

stimulationwith D114. The
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epi t ope

is irreversibly

of a CMh sensor

a benchmark anti body is bound,
n the active fl ow cel

Anti-D114 Fab fragnent

e reference and

bi nni ng expepiwspics are carried out (via 10 Surface Pl agpcoErPRasonsnte ( SPR)
on t

on a Biacore T100 instrunent).

5.5. Epitope binning In order to determ ne whether VHHs can bind
i mmobi i ze

sinmul taneously to DI I4 when e.g.
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SSALAOILDOOL | AHIDAOVVY IO LY DXASA SI | DIVAQ ddsdons LTE
DAXAYIAAAMTISNNO | VAALID | DHIAMOIVOTAM AYISTITSOOVO 0Td06

TAALNMYNAASILAL [ DSSSID ATOODSHATOAH | II1dTT1d

SSALAOILDOOL | AHIDAOVVY IO LY DXASA SI | DIVAQ ddLADS 91¢
DAXAYIAAAMTISNNO | VAALID | HHdAMOIVOTAM YYISTITSDDd0 r0des

TAALNMYNAASILAL [ DSSSID ATOODSHATOAH | II1dTT1d

SSALAOILDOOL | AHIDAOVVY IO LY DXASA SI | DIVAQ ddLADS STE
DAXAYIAAAMTISNNO | VAALID | DHIAMOIVOTAM YYISTITSOOVO 904dL8

TAALNMYNAASILAL [ DSSSID ATOODSHATOAH | II1dTT1d

5 dycine pHL.5 10 M 90 6 hDLL4 100 nM 1349 7 104Gl 100 nM 276 8 d ycine
pHL.5 10 nM 87 9 hDLL4 100 nM 1336 10 G ycine pHL.5 10 nM 70 11 hDLL4 100

nM 1333 M02060H3¢%8 nM no bi nding 13 101G 100 nM
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no binding 14 115A05 100 nM no binding 15 dycine pHL.5 10 MM 70 WO
2011/ 039368PCT/ EP2010/ 064693 5. 6. Epitope mappi ng using DI 14 deletion
mut ant s Bvodbnig3edest he VHHs to these D114 nutants i s as®esgpdoioncdspucor e.

In brief, VHHs DLLB11101G08 (SEQ ID NGO 197) and DLLBII 115A5 (SEQ I D NO
224) are cqoated on a Sensorchip and 200 nM of each deletion nmutant is
i njected ag¢ross the 5ghip. Blndlngls qualitdtively assessed. No bi ndi ng of
DLLBI 156A09 (SEQ I D NO 300), DLLB11101(08 gﬁEQ I DING %97) and
DLLBI 1115A05 (s‘{EQloiﬁ\D 224) i shpbserved t & |humait|and dpuse D114 nutants
hDI 14. 1 ang nDIR®. 8, Frlespegt|i vels| | ackj ng BGF-1iKe 2 dopain (Table 10-B).
I ndi rect eyi denge us%‘ggag[)llm@ 14 IgG competi tkye ELYBA al ready pointed
to this observat) on. @ n breef, 12pg/ m_a of DEl4 | g&|10i s#coated in a 96-wel |
Maxi Sorp plate &dNunc oW esbaden, o Jermmy) fi xeg|concgntrati on of 6 nM
bi oti nyl at ed huan DEI4 i sZprei nngat@ witRla diButiongseries of the VHH
for 1 hour —after—whtegh—themxture+stncubgted—otrtHhe—toated 1gG for an
addi ti onal | hdgr. R@l duaﬁ bilndEng| of = bi jot iEhyl|at 8d hurdn P114 is detected
usi ng horser i sh pergxi fase c@nj uggked exgrgvi 8 n|(Skhgmp, St. Louis, MO,
USA) 15(data ot | sigown) . EHurene'D114 &'s pi gtinyl ated as described above. It
is known fromppal ent lliterajure thatothe mbndcl onall amtif D114 19G
(Genent ech 20087 Q014F06A1) Shi.hdss t.0| arf efi t Gpe |Wi Bhih the EGF-1ike 2
domai n of D11%4.3[Taldf & (10485, | Epitdpe pi Agsgf Enki|- OELE| VHHs - binding to
DLL4 del et ror—rufants—20—bEBH56A9—DHEBHE1G1SE3—DBEEBH-HI5A5 sanpl e Bi ndi ng
(RU) kd (1/s)oBipding [(RY) kd 1/ ) Bi ndirg (|RUL kda(d/s) hDLLA
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281 9.5E-04 373 2. 0E-03 324 3.5E-03 nDLL4 389 1.9E-03 502 6.0E-03 344
6. 5E-03 hDLL4.1 no binding no binding no binding hDLL4.3 125 7.4E-04 198
4. 65E- 03 wB20B/BB683 hDLL4. 5 143 1.2E-03 266 2. 19E- 03 1@2TAP2HIOB16HDLLA. 6

Example 5

Characterization of purified VHHs

Inhibitory anti-DIl4 VHHs selected from the screening described in Example 4 are
5  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
10 chromatography (SEC) resulting in 95% purity as assessed via SDS-PAGE.

5.1. Evaluation of Dll4 blocking VHHSs in ELISA
The blocking capacity of the VHHs is evaluated in a human DIl4 — human
Notch1/Fc blocking ELISA. In brief, 1 ug/mL of human Notch1/Fc chimera (R&D

15  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)

20  conjugated extravidin (Sigma, St. Louis, MO, USA) (Figure 3). Human DIl4 is
biotinylated as described above. The ICsq values for VHHs blocking the human

Dll4 — human Notch1/Fc interaction are depicted in Table 6.
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136 1.1E-03 229 2.20E-03 152 4.1E-03 nDLL4.8 no binding no binding no
bi nding nDLL4.10 141 1.1E-03 189 5.14E-03 121 3.8E-03 nDLL4. 11 132 1.6E-03
210 6. 16BWO020M2ABIBS6E- 03 nDLL4. 12 161 1. 3E- 03 244 4. 52EPOI/EPBRA08646B3 03

Table 6: ICso (nM) values for VHHs in hDLL4/hNotch1-Fc competition ELISA

VHH ID IC50 (NM)
6B11 15
55D12 12.3
56A09 4.9
56C04 33.9
56H08 6.9
57C11 17.3
62C11 72.0
96C03 38.4
101G08 9.5
104G01 11
115A05 9.1
antiDLL4 Fab 0.7

5.2. Evaluation of DIl4 blocking VHHs in AlphaScreen

In brief, 1 nM biotinylated human DIl4 is captured on streptavidin-coated donor

beads (20 pg/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 pyg/mL).
10  Both loaded beads are incubated together with a dilution range of the competing

VHH (Figure 4). The I1Cs values for VHHs blocking the human Dll4 — human

Notch1/Fc interaction are depicted in Table 7.
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5. 7.

Determining the affinity of the hD 4

- VHH interaction Kinetic analysis to determne the affinity of the D14 -
VHH i nt erwot2oown3pzssper f ormed by Surface Pl asnon Resonan®€T/(EBRR)/ 061693

Bi acore T100 i nstrunent.

5Reconbi nant hunman DIl4 is imobilized onto a CVb

chip via am ne coupling using EDC and NHS) or biotinylated human D14 is

captured on a SA chip (streptavidin surface).

Puri

fied VHHs or Fab fragnment

are injected for 2 mnutes at different concentrations (between 10 and 300

nM and allowed to dissociate for 20 mn at a flowrate of 45 pl/mn.
Bet ween sarfgble T:nPednMpriaues foe ViitistiimbRsL4hNolchh epmpelitiod Alghagictaen10 mvi

glycine pHL.5 and 100 mM HCl .
buffer. If possible, data are ev
(Langmui r bi nding) onto the bind
calculated fromresulting associ
and (kd). The affinities of the
15Tabl e 11: Affinity KD (nM of
rhDLL4 VHH ID ka (IVI-1.s-1) kd

56004 1.1E+05 4.9E-03 45 56H08 1|

120 96003 1. 6E+05 4. 8E-02 310

@ partial inhibitor

HBS- N (Hepes buffer

pH7.4) is used as running
a 1:1 interaction nodel

finity constant KD is
ition rate constants (1Q
depicted in Table 11.
reconbi nant hunman DLL4
9 1. 7E+05 9.3E-04 5.6

L 62011 1.2E+06 1. 3E-01

aluated by fitting
i ng curves. The af
aYHUADand 1Qi{aMii 5
adB 11+ D114 OVHHs ar 4
T e | Nl o £~
p T CU 1 | ) I Ul
(BN ko|%M s6AC
245205 1.0 03 9. 4
7B05 1.1

8A09 0.4

8C11 07@
19F04 0.05@
55D12 2.3

56A09 1.2

56C04 54

56H08 1.6

57C11 2.2

62C11 24 1
115A05 5.0
antiDLL4

0.3
Fab

5.3. Inhibition by anti-Dll4 VHHs of human Notch1/Fc binding to human or mouse
DIl4 expressed on the CHO cells
The blocking capacity of the VHHs is evaluated in a human and mouse DIl4 —

10

human Notch1/Fc competitive FMAT assay (Figure 5) as outlined in Example 4.

The ICsp values for VHHs blocking the interaction of human Notch1/Fc to human

or mouse Dll4 expressed on CHO cells are depicted in Table 8.
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101G08 4. 3E+04 2. 2E-03 52 10401 (a) 1.2E+05 - 1.5E+05 3E-03 - 6E-04 4-24
115A05 1.5E+05 3.9E-03 25 anti DLL4 Fab 2.3E+05 3.4E-04 1.5 (a)

het er ogerwoust1ii3gBng curve resulting in no 1:1 fit WO PCT/EP2010/064693

2011/ 039368PCT/ EP2010/ 064693 5.8. Binding to orthol ogues (nDl 14, cD1l4) and
famly nmenbers (hJagged-1, hDLL1) In order to determ ne cross-reactivity to
nmouse DI 14 a binding ELISA is perforned. In brief, reconbinant nouse DI |4
(R&D Systenms, M nneapolis, M5, USA) is coated overnight at 4C at 1 pg/nL in
a 96-well Maxi Sorp plate (Nunc, Wesbaden, 5CGernmany). Wells are bl ocked
with a casé"lahles&)l(ﬁlﬂao)d%ol%)u&§ (M) mrlfiewwwl@@mheweragtl@ ofuiman seri es

Conj ugate (sl g G Lo o URAE B o TR Y BE MY Lo To

hunman DI 14 is neasured. EC50 val ues are summari zed in TabI e 12. W

2011/ 039368PCT/ EP2010/ p64693—Tabte12—EOS50 (M1 vatues forjVHHS in a
reconbi nant human DLL4|and nobuse DLLZ}IDQ_iqui ng ELIrgﬁLLthLL4 rmDLL4 VHH I D
EC50 (nM EC50 (nM 5BHt—31-8—

VHH ID IC50 (NM) IC50 (NM)

6B11 8.9 -

8A09 5.5 -

19F04 33.0 -

55D12 39.1 41.0

56A09 10.6 15.0

56C04 28.7 49.6

56H08 22.0 33.7

57C11 53.9 49.5

62C11 172.2 106.3

96C03 160.8 28.8

101G08 246 921

104G01 2.5 -

115A05 22.0 43.0

antiDLL4 Fab 54 2.3

5 5.4. Evaluation of DIl4 blocking VHHSs in reporter assay
To evaluate the potency of the selected VHHSs, 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/Gal4UAS/Hygro]

10  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-hDIl4 stable cell line. Forty-eight hours post-transfection,
the readout is performed. The VHHSs are preincubated with the HEK293-hDIl4 cells
1 hour before the start of the co-culture and are included during the co-culture

15 (Figure 6). The ICso values of the VHHSs for blocking the Dll4-mediated cleavage of
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6B11 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 56A09 3.6 6.3 56004 44.3 244.0 56H08 4.1 8.7
WO 2011/039368 PCT/EP2010/064693

Notch1 and subsequent translocation of its NICD to the nucleus of the receptor

cell are depicted in Table 9.

Table 9: (Mean) IC5, values (nM) of purified VHHs in a DLL4/Notch1 reporter assay

VHH ID ICso
56A09 540
62C11 4663
96C03 5156
101G08 2760
104G01 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

10  Surface Plasmon Resonance (SPR) on a Biacore T100 instrument). Anti-Dll4 Fab
fragment is irreversibly immobilized on the reference and on the active flow cell of
a CMS5 sensor chip. For each sample (cycle), human DIl4 is injected on the active
and reference flow cell and reversibly captured by anti-DIl4 Fab. Additional binding
of VHHs is evaluated by injection over the immobilized surface. All VHHs and anti-

15 DIl4 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 DLLBII56A09 (SEQ ID NO: 300), DLLBII96CO03 (SEQ ID NO: 326),

20  DLLBIIM01G08 (SEQ ID NO: 197) and DLLBII115A05 (SEQ ID NO: 224) are
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57011 7.9 83.4 62011 137.0 13.1 96003 86.5 8.7 101308 8.9 53.9 10401 8.4
-115A05 5.0 33.4 antiDLL4 Fab 3.0 3.0 5In order to determ ne the

cynonol ogu® 20riass368eacti vity of the VHHs, a FAGS bi ndi ngCempesiomessh3 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 10 Cruz, CA, USA). Human and nouse DI |4 overexpressi ng HEK293 cells
are taken shWowpOlL/tQadgd®paty E’mﬂmmwﬁam@ﬂ%@ptweérbeyrﬁlédc FabenjestionafBlidal ue

i s det he, JFAGS d d EC50 val

(see i gur & Ao tdBade Tty B bSRen bR G rpitaesars and -
human Jaggedtukatedl. Thepsors ivdam I§@bb|dcl96@§ﬂwé?tltﬁé‘skélm-ﬁd%s@)(:ogﬁizb%‘?ﬂ) epitopedr i ef
human DLL1 (Alexis, 5 San Die USA) and human Jagge Al exi s, San

Di ego, CA, OUSARPRING vitubid F@{@g‘ﬁthl@ldtngafﬁUmaJ1 alll41 Fbkgmarnonlfy \iHids THBIIGRKI Sor p

pl ate (Bun |19k tion
(1570 P ayY AOREE ) SRS G0 G 1By 2 b Aot B gl o
using a nmweDlamt:ab mptdrwmha)aralbm Andieating thatseePVEINTY thatbre é@@ﬁitaf,orSt
Louis, MO, USA) anti-D114 VHHs 10are consi dered as bei ng non-cross
reactive té‘uffl'?é‘s@ %6@&9%@@% dl'ff%’ﬁﬂb%p'meg@?@ tag human/mpyae GEASSoIeasHVe&/HHs i n
bl ocki ng DhAfiqg medi ated HUVEC proliferation

10  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
13 101G8 100 nM no binding
14 115A05 100 nM no binding
15 Glycine pH1.5 10 mM 70
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15The potency of the selected VHHs is evaluated in a proliferation assay,
as described by Ridgway et al., Nature. 2006 Dec 21;444(7122):1083-7), in
nodi fi ed worzmuv/d3gmsebri ef, 96-wel |l tissue culture pl ates RCE/EPOEVAGH69S t h
purified D114-H s (RnD Systens; C-term nal His-tagged human D114, am no
acid 27-524, 0.75nml/well, 10 ng/m) in coating buffer (PBS, 0.1% BSA).

Wl ls are washed in PBS before 4000 20HUVE cell s/wel| are seeded in
guadruplicate. Cell proliferation is nmeasured by [3H]-Thym di ne

i ncorporation on day 4. The results, shown in Figure 15, denonstrate that

the DLL4 VH 1Bl 1101308, DLLBI 1104301, DLLBI 1115A05, DLLBI 156A09 and the
DLL4 Fab i r?nl_g-b'%’t%?emﬁeﬁ’li’gdésﬂ%gg%[‘Pezqt’foé’dpuwtﬁ-lUVEC proliferation in a

dose- depen@ﬁminggfvﬁ iy Vl-ﬂﬁeﬁo' tfrefe mh%étaﬁfseis%&%eg%ﬁgpi ofe AE Pkt \h3qs The

tested VHHs ac conplete rnhibition of the ependent effect at
10pM WO N1 BIDDYEEBACEEMRNO/1854 @98 Ol 6 1EASL QBRI NOs 224} anencxhtédh t he

LU prol) S SEARDsSE StV bh P08 b BRdReLBiFt AT AR Re e B o,
112 N.Ds ncRi2 Binding is quéitafiiidif a8sessed. No binding of DLLBII56A09 (SEQ ID NO:
300), DLLBII101G08 (SEQ ID NO: 197) and DLLBII115A05 (SEQ ID NO: 224) is
observed to human and mouse Dll4 mutants hDIl4.1 and mDIl4.8, respectively,
lacking EGF-like 2 domain (Table 10-B). Indirect evidence using a hDII4/DIl4 1gG
competitive ELISA already pointed to this observation. In brief, 1 yg/mL of Dll4 IgG
10 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)
15  (data not shown). Human DIl4 is biotinylated as described above. It is known from
patent literature that the monoclonal anti-Dll4 IgG (Genentech,
US 2008/0014196A1) binds to an epitope within the EGF-like 2 domain of Dll4.

Table 10-B: Epitope mapping of anti-DLL4 VHHs — binding to DLL4 deletion mutants
20

DLLBII5S6A9 DLLBII101G8 DLLBII115A5
Binding Binding Binding
sample (RU) kd (1/s) (RU) kd (1/s) (RU) 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 o 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 o 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
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Affinity maturation of selected VHHs VHHs DLLB11101@&08 and DLLBI 1115A05 are
subjected to two cycles of affinity maturation. In a first cycle, amno

aci d subswoptotivsessar e i nt roduced randomy in both 10 frawmrerik/o646¥y and
conpl ementary determ ning regions (CDR) using the error-prone PCR net hod.
Mut agenesis is perfornmed in a two-round PCR-based approach (Genenorph 11
Random Mut agenesi s kit obtained from Stratagene, La Jolla, CA USA) using 1
ng of the DLLB11101@&08 or DLLBI 1115A05 cDNA tenplate, followed by a second
error-prone PCR using 0.1 ng of product of round 151. After a polish step,
PCR products are inserted via unique restriction sites into a vector

desi gned t &.7.aDélermity Hegfindy splrRyhpi4 theHNideladdioar y. Consecutive rounds
of in-solution selections are perforned using decrea5|ng concentrations of

bi oti nyl at é‘dnfr?téb@hfﬁl/ﬁ&rﬁ@ deterainethesaffipity ot mmr \dwid integasdion ispgtfPened
Aff|n|tyd v | B\ (at | east
100x excess o§\Q/u2_rfa'S Olglféétn%rﬁ %%%Oﬁar{glrée( s)oéH;)gr %éd#gﬁ%nwﬁnhﬁ ons on nurine
DLL4 are i Réoodasinast Humars &14ds immo@flazedrabﬁ@ar@astohvp Ui arinesRpling using he
screening | evel. Individual mutants are_ produced as reconbi nant Fﬁr ofein

usi ng an eﬁ@%@é‘ﬂdﬁ"%@f Biotigylatertumag R CEPIUNGHIHE SEheRiP Astrentavidit 7

t d
Ot @ 1o SUBBEP AR RN EP EaBTRIdhédlde ifiethfpPhimPLRR Aitiftbfefir and an
2011/ 03936&9@&'@&%&&&/(@6%@@ 40 andrmml‘dp aed aHoWbdttbeﬂmopraéeéorcﬁO T aba

lib | LB + 29 S |
are S{ﬁkggqlpﬁvorﬁﬁ RL98 I, B BeRh e ig. e R oS Th s rcfase%%aﬁﬁer'eﬁ peaiee "\
expressjpon vm 1@%%&% E}FW'H‘QndJ H’iﬁ@rﬁmrﬁ@n HESIN @4 B pis(idbd

vol une of - uL) ar'e prepared according to standard rret ho and screened
for bindi n@Strdnﬂ@gdmﬁeﬁalfﬁDOﬁﬂh’@n datedaneoenaiu@eddyi fitting Briot @@ﬁra(oﬁaooma@ﬁel

Her cul es, USA [a n _brief M Sens

coat ed i ¢ FLyedBib g RfaTRE B oS Td gy teRR L o5 ey e 1
L1/ L3 as r efoph esuiftirghagsiiationdnd issbtigao ratbaonstamts 1Q) and (kf. Tise | ocoat ed
wi th nouse D114. Periplasmc extract of affinity matured clones is diluted
1/ 10 and i @ffévtiesiobibeci-Plkk Viiiaaia deripieaielTableall A6. An average off-rate
is calculated of the wild type clones present in the plate and served as a
reference t Leycle a

conbi nggoriTgPFﬁa‘!ﬁerarfmiﬁl (nggt&c{lﬂgg SI rru {1{5}28@5@ @gﬁan om sing the
susceptible positions identified in cycle one. For this, the full length
DLLBI 1101G3—er—bBEEBHE5ARS Emw-\ HSs—synthestzed—by overt ap—PER—uSi ng

ol i gonucl epti des degener ,-th NNS) at the random sation positiong and a
rescue PCR iVHI-pIBrfor med.| kA(MT' st') of the prjkgwss) used for gl&.sleml)tl ng the
conbi nat or Li-brary A—he—found—i+n—TFable-14—and—SEQ 427 to 457.

The random 5%0920 VHH 524 7sI:-\'J'aQPe |nsertéd %?’66& phage di S?Jpay' vedt or
(PAX50) usiBgcepeci Tic fesfa+ostion sites jpsodaemcri bed abpys (Exanple 2).

Preparati of nc extracts of individual VHH clppnes s gerforned
as described®Bedore. Tapl'EAS Qi gonucl ept1BdS af fi ni ty %t uratilon

l'i braries [G3EWP conbi natioig«@lg 11 brary ol | ggplu@l eoti des [{mpA5 conbi nat ori al
li br ary ol Laonucl eotidesg >101G08CI fwdl -hj s _
gaggt gcaat { §6€83agt ct gggd-EEPEETCTGETTCAGHF8EP2>101G08CL| 3 2 | >115A05CL

fwd 1 __ gaggiggaat t o0t JOHEG000GGTGG TUTSE [fgAGCCAGGT Pdal5A5CL [revl -bis _
SUBSTI TUTE|LS [ (RULE 26)

104G01® 1.2E+05 - 1.5E+05 3E-03 - 6E-04 4-24
115A05 1.5E+05 3.9E-03 25
antiDLL4 Fab 2.3E+05 3.4E-04 1.5

@ heterogeneous binding curve resulting in no 1:1 fit

20
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TCCTGCGCAGCTTCTGGTCGTACCT TCTCCAGCTACGCGATGECT >101(08CL fwd 3
CCAGGCAAAGAACCCCGAGTWCGTAG CCGCAATCCGTTGGAGCGGT >101G08CL fwd 4
CTGATWQCGEHTG#68GT CGT TTCAC CATCTCTCGTIGACAACGCG >101GP8TIEPRWWI/ 064693
CTGCAGATGAACTCTCTGAAACCGG AAGATACGGCAGICTACTAC >101@08CL fwd 6-4
GACACTCGTICTCGegt CCGTACct gT ACGACYATTGGGGTCAGGGTA >101@08CL fwd 6-3
GACACTCGTCTGOVACCGTACct gT ACGACYATTGGGGTCAGGGTA >101(08CL fwd 6-2
GACACTCGTCTCGecgt CCGTACGAGT ACGACYATTGGGGTCAGGGTA >101@08CL fwd 6-1
GACACTCGTICTGGVACCGTACGAGT ACGACYATTGGGGTCAGGGTA >101(08CL rev 2-2
CAGACGAE &iad g COOMbREIOLE SGCAUMSTABY AerCTanldcmenbareq8drgged- 7L L 1)

O AT T R A A s R HCA T B SFEPELE LA Baerormeslosc,

fwd 2 In brief, remmbﬁﬁ@?ﬁ@g@@mﬁﬂwm@ 6@4\%1'@35 T$6ated
>115A05CL1 rev 2 GTATTCA m

CAAATGTAGCONETTERtE S1atsiapg/ol s 98-well MaxiSorp plate _(Nunc Wlesbaden

ek e T T e R

~ AAACCT GRTECACOATITICESRECATAbI GHEMAEORATRT 2 AGMIEGh1eC (Roche)
TGAAACGACCT TTTWCOMNGTCGGYGTAG WAGGTGCTACCACCAC >115A05CL fwd

_ CEAGANGATINRIUSEYA FRAIFEG S (RIBIPOAGRISEMO Y PHAOEIELre &) '°§

~- Ot Mg BTt AORGir i

Table 12.
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_ TACTGGGGTGCGTACcag TACGACTACTG SUBSTI TUTE SHEET (RULE 26) WD

2011/ 039368PCT/ EP2010/ 064693 Screening for binding to reconbi nant human
D14 in awBrot1ieldmesff-rate assay 5identifies clones w tirCIEPR@0B8+PDI d
(DLLBI 1101308) and 11-fold (DLLBI1115A05) inproved off-rates (Table 15).
SUBSTI TUTE SHEET (RULE 26) WO 2011/ 039368PCT/ EP2010/ 064693 Tabl e 15:
Of-rate screening of DLLB11101G08 and DLLBI 1115A05 affinity-matured
clones. hDLL4 kd (s-1) fold nDLL4 kd (s-1) fold DLLB11101®&08 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 Table 12: EC5, (nM) values for VHHs in a recombinant human DLL4 and mouse DLL4

binding ELISA
rhDLL4 rmDLL4

VHH ID ECso (nM) ECso (NM)

5B11 1.8 -

6B11 14 -

7A02 14 -

7B05 7.2 -

8A09 0.9 -

8C11 11 -

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

5 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

10 Cruz, CA, USA). Human and mouse DII4 overexpressing HEK293 cells are taken
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DLLBI 1 129G10 7. 3E-05 31 2. 6E-04 26 DLLBII129H07 7.4E-05 30 2. 5E-04 27
DLLBI'| 129B02 7. 6E-05 30 2. 6E-04 26 DLLBII129E11 8. OE-05 28 2. 5E-04 26
DLLBI | 130W0c00/B883685 27 2. 6E-04 19 DLLBI | 130B03 6. 7E- 05 PRT/EP261BA64920
DLLBI 1 129D01 8. 5E-05 26 2. 6E-04 26

10

15

20

25

as reference. The mean MCF value is determined on the FACS Array and used for
calculation of the ECsp 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, 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-DIll4 VHHs
are considered as being non-cross reactive to these homologous ligands

(Figure 8).

5.9. Evaluation of VHHSs in blocking Dll4- 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
HUVE 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 DLLBII1101G08, DLLBI1104G01, DLLBII115A05,
DLLBII5S6A09 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 a complete inhibition of the DLL4-dependent
effect at 10uM.
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DLLBI I 130D06 6.9E-05 26 3. 1E-04 16 DLLBI1129Q09 8.8E-05 26 3.4E-04 20
DLLBI | 129B05 9. 3E-05 24 3. 4E-04 20 DLLBI I 130E03 7.5E-05 24 2. 7E-04 18
DLLBI | 129M02001/0383685 24 3. SE- 04 19 DLLBI | 130A05 7. SE- 05 P24/ER2QBAO60493 7
DLLBI 1 130B02 7.8E-05 23 2. 9E-04 17

10

15

20

Table 13 ICso 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

Example 6
Affinity maturation of selected 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 DLLBII101GO08 or DLLBII115A05 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
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DLLBI | 129H02 9. 9E-05 23 3. 4E-04 19 DLLBII130B04 8.3E-05 22 2.9E-04 17

DLLBI | 129E07 1. 1E-04 21 2.8E-04 24 DLLBII129E03 1.1E-04 20 3.6E-04 18

DLLBI | 129%0201/@83684 19 3. 8E-04 18 5The best top DLLBlPTOEBI@owetcdmENt S and
DLLBI 1115A05 variants are cloned into expression vector pAX100 in frane
with a Gtermnal c-nyc tag and a (His)6 tag. Of-rates on reconbi nant
nouse DI 14 are also inproved. VHHs are produced in E. coli as Hi s6-tagged
proteins and purified by | MAC and SEC. Sequences are represented in Tabl es
16- A (LLBI 1101Q08) and 16-B (DLLBI 111A05), respectively. 99

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).

5  Periplasmic extracts (in a volume of ~ 80 ulL) are prepared according to standard
methods and screened for binding to recombinant human and mouse DIl4 in a
ProteOn (BioRad, Hercules, CA, USA) off-rate assay. In brief, a GLC ProteOn
Sensor chip is coated with recombinant human Dll4 on the “ligand channels” L2
and L4 (with L1/L3 as reference channel), while “ligand channels” L3 and L6 is

10 coated with mouse DI4. 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

15 randomising the susceptible positions identified in cycle one. For this, the full
length DLLBII101G8 or DLLBII115A05 cDNA is synthesized by overlap PCR using
oligonucleotides degenerated (NNS) at the randomisation positions and a rescue
PCR is performed. A list of the primers used for generating the combinatorial
library can be found in Table 14 and SEQ ID NOs: 427 to 457. The randomised

20 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.

Table 14: Oligonucleotides affinity maturation libraries

101G08 combinatorial library 115A5 combinatorial library
oligonucleotides oligonucleotides
>101G08CL_fwdl-bis >115A05CL_fwd 1

gaggtgcaattggtggagtctgggG | gaggtgcaattggtggagtctgggGGTGG
GTGGTCTGGTTCAGGCTGGT TCTGGTTCAGCCAGGT

>101GO08CL_fwd 2 >115A5CL revl-bis

SUBSTITUTE SHEET (RULE 26)
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101 WD 2011/ 039368PCT/ EP2010/ 064693 Exanpl e 7 Characterization of affinity
matured purified VHHs Affinity-matured variants of VHHs DLLBII 101&8 and
DLLBI | 115%020arms9zspr essed 5 and purified as descri bed aboxEr2@iBvesspd e 6) .
VHHs are characterized in the rhDLL1/

- rhNot chl

conpetition rhNotchl -

mat ur ed VHHs show cl ear

rhJAGL bi nding ELI SA and hD114/
nD114/ cynoDl114 FACS (Exanple 5.8; Table 20; Figure 12 and 13),
conpetition ELI SA (Exanple 5.1; Table 17; Figure 10),
CHO hD114 FMAT (Exanple 5.3; Table 18; Figure 11).
10 Characterization data are summari zed in Table 21. Overall
| nprovenents in affinity and potency,

the rhD114
t he

the affinity
while their

bi nding to
hJAGL i s ol
hDLL4/ hNot d
1.8 129805
anti-DLL4 H

MIICIPE GOTA G TP G RA G 1

0. 1 RS fhu A29F11 1.3 ]

fab 1.5
CCAGGCAAAGAACGCGAGTWCGTAG

CCGCAATCCGTTGGAGCGGT
>101G08CL_fwd_4
CTGATTCCGTTCAGGGTCGTTTCAC
CATCTCTCGTGACAACGCG
>101G08CL_fwd_5
CTGCAGATGAACTCTCTGAAACCGG
AAGATACGGCAGTCTACTAC
>101G08CL_fwd_6-4
GACACTCGTCTGCcgtCCGTACCEGT
ACGACYATTGGGGTCAGGGTA
>101G08CL_fwd_6-3
GACACTCGTCTGGVACCGTACCtGT
ACGACYATTGGGGTCAGGGTA
>101G08CL_fwd_6-2
GACACTCGTCTGCgtCCGTACGAGT
ACGACYATTGGGGTCAGGGTA
>101G08CL_fwd 6-1
GACACTCGTCTGGVACCGTACGAGT
ACGACYATTGGGGTCAGGGTA
>101G08CL_rev_2-2
CAGACGAGTGTCcggCGCACGGTTT
GCACAGTAGTAGACTGCCGT
>101G08CL_rev_2-1
CAGACGAGTGTCTRCCGCACGGTTT
GCACAGTAGTAGACTGCCGT
>101G08CL_rev 3
AGAGTTCATCTGCAGATAGACGGTG

GTGCAGCTTCCGGCTTTACGWTCGGCTCC
TACGACATGTCTTGGG

>115A05CL1 rev_2
ACGCACCCCAGTATTCACCCTGACGCGCC
CAAATGTAGCGATCTGCAGC
>115A05CL_ fwd 3
AGGTCCGGAATGGGTGTCCKCTATCAACT
CTGGTGGTGGTAGCAC

>115A05CL _rev_3
TCTTCCGGTTTCAGGCTGTTCATCTGCAG
GTACAGCGTGTTTTTG
>115A05CL_fwd 4
AAAGGTCGTTTCACCATCTCTCGTGACAA
CGCCAAAAACACGCTG
>115A05CL_rev_4
TGAAACGACCTTTTWCGWAGTCGGYGTAG
WAGGTGCTACCACCAC
>115A05CL_fwd 5
TGAAACCGGAAGATACCGCGGTATACTAC
TGCGCTGCAGATCGCT
>115A05CL_rev_5
CCATTCCGGACCTTTACCCGGAGAACGAC
GAACCCAAGACATGTC
>115A05CL _fwd 6-1
TACTGGGGTGCGTACGHATACGACTACTG
GGGTCAGGGTAC
>115A05CL_fwd_6-2
TACTGGGGTGCGTACcagTACGACTACTG

t AR GRUE IS AT AR aACEIMRACL
served 15Tab . A.C50 (nN) lues for affinity matured MHHs in
ﬁ%Tqu&%%qe%]{%%éTEu SA I$¥9 D | G50 (nM 101GD8 10.0 129403

29H0Ads @, 18R808 1.5 130F06 1.3

or

SUBSTITUTE SHEET (RULE 26)
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VHH ID I C50 (nM 115A05 7.5 133A05 2.1 133A09 1.5 133@05 2.0 134D10 1.3
136C07 1.4 015 0.9 anti-DLL4 Fab 1.2 Table 18: 1C50 values (nM of

puri fi ed wbf2onia3y3esat ured VHHs bl ocki ng t he i nteracti onPpofi/Hracmedios chl / Fc
to human or nouse DLL4 expressed on CHO cells (FMAT) hDLL4 nDLL4 VHH I D

I C50 (nM 1C50 (nM 101Q08 69.3 140.5 129805 7.4 14.4 129D08

TTTTTCGCGTTGTCACGAGA GGGTCAGGGTAC

>101GO08CL_rev_4 >115A05CL_rev 6
CTGAACGGAATCAGSGTAATACGCA | CCGGAAGCTGCACAGCTCAGACGCAGAGA
GTTYCACCGCTCCAACGGAT ACCACCTGGCTGAACC
>101G08CL_rev_5 >115A05CL2_rev_2-2
GCGTTCTTTGCCTGGAGCCTGACGA | ACGCACCCCAGTAGTAACCCTGACGCGCC
WACCAAGCCATCGCGTAGCT CRAATGTAGCGATCTGCAGC
>101GO8CL_rev_6 >115A05CL2 _rev_2-1
AGAAGCTGCGCAGGACAGACGGAGA | ACGCACCCCAGTAKTCACCCTGACGCGCC
GAGCCACCAGCCTGAACCAG CRAATGTAGCGATCTGCAGC
>101G08CL_revl-bis
TGAGGAGACGGTGACCTGGGTCCCC
TGACCCCAAT

Screening for binding to recombinant human DIl4 in a ProteOn off-rate assay
5 identifies clones with up to 38-fold (DLLBII101G08) and 11-fold (DLLBII115A05)
improved off-rates (Table 15).

SUBSTITUTE SHEET (RULE 26)
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7.8 11.0 129E11 8.1 12.3 anti-DLL4 Fab 5.5 3.
(nM 1C50 (nM 115A05 106.7 348.9 133A09 6.6
8.0 31.2 W0R0H/039%8. 2 anti- DLL4 Fab 3.4 1.6

0 hDLL4 nDLL4 VHH I D I Cso
18.6 133105 5.9 12.0 136C07
PCT/EP2010/064693

Table 15: Off-rate screening of DLLBII101G08 and DLLBII115A05

affinity-matured clones.

hDLL4 mDLL4
(s fold (s fold

DLLBII101G08 2.2E-03 7 6.7E-03 7
DLLBI129D08 5.9E-05 38 1.9E-04 35
DLLBII129H04 6.8E-05 33 2.5E-04 27
DLLBI129G10 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
DLLBI129D01 8.5E-05 26 2.6E-04 26
DLLBII130D06 6.9E-05 26 3.1E-04 16
DLLBI129G09 8.8E-05 26 3.4E-04 20
DLLBII129B05 9.3E-05 24 3.4E-04 20
DLLBII130E03 7.5E-05 24 2.7E-04 18
DLLBII129H05 9.4E-05 24 3.5E-04 19
DLLBII130A05 7.5E-05 24 3.0E-04 17
DLLBII130B02 7.8E-05 23 2.9E-04 17
DLLBII129H02 9.9E-05 23 3.4E-04 19
DLLBII130B04 8.3E-05 22 2.9E-04 17
DLLBII129E07 1.1E-04 21 2.8E-04 24
DLLBII129E03 1.1E-04 20 3.6E-04 18
DLLBII129A03 1.2E-04 19 3.8E-04 18

5  The best top DLLBII101G08 variants 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 DII4 are also improved. VHHs are produced in
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Table 19: Affinity KD (nM of purified affinity matured VHHs on reconbi nant
human DLL4 and nouse DLL4 rhDLL4 rnDLL4 VHH ID ka (Ms') kd (s-1) KD (n M

ka (M s' )Whao(1238368KD (n M 101G08 (wt) 4.8E+04 2. 3E- 03 PCS/EP20L04GH03!
5.6E-03 60.0 129A03 2. 1E+05 1.2E-04 0.5 129B05 2. 3E+05 7. 9E-05 0. 3
2. 7E+05 3. 1E-04 1.1 129D08 1.8E+05 6.4E- 05

E. coli as His6-tagged proteins and purified by IMAC and SEC. Sequences are
represented in Tables 16-A (LLBI1101G08) and 16-B (DLLBII11AQ05), respectively.
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130F06 2. OE+05

PCT/EP2010/064693

130B03 2. 2E+05 6.8E-05 0.3

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. 6E+05 7.3E-05 0.5
8. OE- 05 OW@ 2011/893%8i - DLL4 Fab 2. 3E+05 3. 4E- 04

SSALADIODOM HdA NYDXA SOASAY YA YWYAS SALEDSYYISTIIS €9¢
HAdIATIIAdYY | AAVIAAANTISNWOT | RAAVIOOSMAIV | AHIEADIVOIAM OOVYOATODDSHATOAL 01D
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM HAA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS 2ot
TAIATIALAAVE | AAVLAIANTSNWOT | XAVIEADSMYIV | XAHIANDIVOIAM OOVYOATODDSHATOAL 60D
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM AdA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 19¢€
TAJITILAAVY | AAVIAEANTISNHNOT | RAVIODOSMAIVY | AHIEADIAVOIAM OOVYOATODDSHATOAL IT4d
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM HAA NYDA 20ASAdd YA YWYAS SALIDSTYSOSTIIS 09¢
HXAAVTIIAdVY | AAVIAAANTISNWOT | RAAVIOOSMAIV | AHIEADIAVOIAM OOVYOATODDSHATOAL L0d
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM AdA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS 69¢€
TAAVTILAAVE | AAVILAIAANTSNWOT | XAVIODOSMYIV | XAHIANDIVOLIM OOVYOATODDSHATOAL €0H
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM AdA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 8G¢E
TAJHITILAAVY | AAVIAEANTISNROT | RAVIODOSMAIVY | AHIEADIVOIAM OOVYOATODDSHATOAL 80d
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM HAA NYDA SOASAY YA YWYAS SALEDSYYISTIIS LGE
TAJHETILAAVY | AAYVIAEANTISNHNOT | RAVIODOSMAIVY | AHIENDIVOIIM OOVYOATODDSHATOAL T0d
ANALNAYNAALT LAT 6CTIIdTId
SSALADIODOM HdA NYDXA 90ASAY YA YWYAS SALEDSYYISTIIS 9G¢E
HXAAVTIIAdVY | AAVIAAANTISNWOT | RAAVIOOSMAIV | AHIEADIAVOIAM OOVYOATODDSHATOAL q0d
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALIDSVYYISTSIS qGE
HAdIATIIAdYY | AAVIAAANTISNWOT | RAAVIOOSMAIV | AHIEADIVOIAM OOVYOATODDSHATOAL c0d
ANALNMUYNTIS T LA 6CTIIdTId
SSALADIODOM AdA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 41
TAJITILAAVY | AAVIAEIAITSNHNOT | RAVIODOSMIIVY | AHIENDIVOIIM OOVYOATODDSHATOAL €0Y
ANALNMUYNTIS T LA 6CTIIdTId
Fad €49do €ad 2aan [4. K T4do0 Tdd | ON dI 0ds
dl HHA

V-9l 9d|qeL
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SSALADIODOM AdA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS FLE
HAAYVTILAdYS | AAVIAEANTISNWOT | XAVIODOSMATY | XHIAIDAVOIAM OOVYOATODDSHATOAL 904

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS ELE
HAdIATIIAdYY | AAVIAAANTISNWOT | RAAVIOOSMAIV | AHIEADIVOIAM OOVYOATODDSHATOAL €0H

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALIDSTYSOSTIIS ZLE
TAJHETILIAAVY | AAVIAEANTSNHNOT | RAVIHADOSMIIVY | AHIEADIAVOIAM OOVYOATODDSHATOAL 90d

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM HAA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS TLE
TAIITILAAVE | AAVILAIANTSNWOT | XAVIODOSMIIV | XAHYANDIVOLIM OOVYOATODDSHATOAL rod

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM AdA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS oLE
TAIVTILAAVY | AAVIAEANTISNHNOT | RAVIODOSMIIVY | AHIEADIVOIAM OOVYOATODDSHATOAL €0d

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 69¢€
TAIVTELAAVY | AAVIAHEANTSANOT | RAVIDOSMAIVY | AHIENDIAVOIIM OOVYOATODDSHATOAL c0d

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 89¢
TAJDTILAAVY | AAVIAHEANTISNWNOT | RAVIODOSMIIVY | AHIEADIVOIAM OOVYOATODDSHATOAL S0Y

ANALNMUYNTIS T LA 0ETIIETIA

SSALADIODOM AdA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS LOE
HAdATILAdYS | AAVIAEANTISNWOT | XAYIODOSMATY | XHIAIDAVOIAM OOVYOATODDSHATOAL LOH

ANALNMUYNTIS T LA 6CTIIdTId

SSALADIODOM AdA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS 99¢
TAIDTILAAVY | AAVIAHEANTISNHNOT | RAVIODOSMIIVY | AHIEADIVTIAM OOVYOATODDSHATOAL GO0H

ANALNMUYNTIS T LA 6CTIIdTId

SSALADIODOM HAA NYDA 90ASAY YA YWYAS SALEDSYYISTIIS q9¢
TAJHETILAAVY | AAYVIAEANTISNHNOT | RAVIODOSMAIVY | AHIENDIVOIIM OOVOATODISHATOAL FOH

ANALNMUYNTIS T LA 6CTIIdTId

SSALADIODOM AdA NYDA 90ASAY YA YWY AS SALEDSYYISTIIS FotE
HAAITILAdYS | AAVIAEANTISNWOT | XAVIOOSMATY | XHIAIDAVOIAM OOVYOATODDSHATOAL Z0H

ANALNMUYNTIS T LA 6CTIIdTId

rhDLL4 rnDLL4 VHH ID ka (Ms') kd (s-1) KD (n M ka (Ms') kd
(s-1) KD (n M 115A05 (wt) 2.5E+05 4.0E-03 16.0 1.7E+05 9. 1E-03 53.0 133A09
4. 4E+05 9wOBeD32368 3. 5E+05 2. 7E-03 7.8 133Q05 5. 9E+05 2CTHEPOe1006493. 7E+05

1.5
1. 6E-03
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Tabl e 20: EC50

hDLL4 nDLL4 cDLL4 VHH I D EC50 (nM EC50 (nM EC50

(nM val vee 20f1/mdIe8ni ty mat ured VHHs for bindi ng on CHOphDIEP491005693DLL4

and CHO cDLL4 (FACS)

3.4 136C07 6.2E+05 3.9E-04 0.6 5. 0E+05 1.3E-03 2.6 015 4.5E+05 4. 7E-04 1.0
(nM 101G08(wt) 17.5

3.5E+05 1.5E-03 4.3 a nti-DLL4 Fab 2.3E+05 3.4E-04 1.5
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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

115A05( wtwO2d113938. 8 133A09 7.2 1.7 2.3 133Q05

5.6 2.1 2.5
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8.5 2.8 2.7 136C07 10.9 8.3 3.5 015 14.8 7.0 5.1 anti-DLL4 Fab 5.6 2.1 2.5
Tabl e 21: Characteristics of affinity-matured VHHs derived from

DLLBI | 101M3020am39368 L BI | 115A05 ELI SA FMAT hDLL4 FNVATPeDIHP26¢10BAES FACS
FACS ELI SA ELISA KD (nM hDLL

Example 7
Characterization of affinity matured purified VHHSs
Affinity-matured variants of VHHs DLLBII101G08 and DLLBII115A05 are expressed
5  and purified as described above (Example 6). VHHS are characterized in the thDLL1/

rhJAGI binding ELISA and hDI1l4/ mDI14/ cynoD1l4 FACS (Example 5.8; Table 20;
Figure 12 and 13), the rhDIl4 - rhNotch1 competition ELISA (Example 5.1; Table 17,
Figure 10), the competition rhNotchl - CHO-hDI114 FMAT (Example 5.3; Table 18;
Figure 11).

10
Characterization data are summarized in Table 21. Overall, the affinity matured VHHs
show clear improvements in affinity and potency, while their binding to mDI14 and cyno

DIl4 is maintained and no binding to hDLL1 or hJAG1 is observed

15 Table 17: 1Cs, (nM) values for affinity matured VHHs in hDLLA4/hNotch1-Fc competition
ELISA

VHH ID IC50 (NM)
101G08 10.0
129A03 1.8
129B05 0.9
129D08 1.2
129E11 1.3
129H07 1.0
130B03 1.5
130F06 1.3
anti-DLL4 Fab 1.5
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4 KD (nM nDL L4 1050 (nM lcso (nM ICso (nM EC50 (nM EC50 (nM ECS50
(nM hDLL 1 hJagl 101G08 48.0 60.0 10.0 69.3 140.5 17.5 NF 11.2 nb nb

129A03 0.WO0 2011839368 129B05 PCT/EP2010/064693
VHH ID ICso (nM)
115A05 7.5
133A05 2.1
133A09 1.5
133G05 2.0
134D10 1.3
136C07 1.4
015 0.9
anti-DLL4 Fab 1.2

Table 18: 1Cs, values (nM) of purified affinity matured VHHs blocking the interaction of
human Notch1/Fc to human or mouse DLL4 expressed on CHO cells (FMAT)

hDLLA mDLL4

VHH ID ICso (NM) ICso (NM)
101G08 69.3 140.5
129B05 7.4 14.4
129D08 7.8 11.0
129E11 8.1 12.3
anti-DLL4 Fab 5.5 3.0

hDLL4 | mDLL4

1Csp 1Csp
VHH ID (nM) (nM)
115405 106.7 348.9
133A09 6.6 18.6
133G05 5.9 12.0
136C07 8.0 31.2
015 5.7 21.2
anti-
DLL4 Fab | 3.4 1.6
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0.31.10.97.414.49.7 3.9 3.9 nb nb 129008 0.4 0.8 1.2 7.8 11.0 9.6 3.7
3.8 nb nb 129E11 0.5 1.2 1.3 8.1 12.3 10.4 4.1 4.2 nb nb 129H07 0.5
WO 2011/039368 PCT/EP2010/064693

Table 19: Affinity Kp (nM) of purified affinity matured VHHs on recombinant human
DLL4 and mouse DLL4

rhDLL4 rmDLL4
VHH ID ky (M™s™) kq (s™) Ko(nM) | ks (M™s™) kq (s™) Ko (nM)
101G08

4.8E+04 2.36-03 | 48.0 9.4E+04 5.6£-03 60.0
(wt)
129A03 2.1E+05 1.2E-04 | 0.5
129B05 2.3E+05 7.9E-05 | 0.3 2.7E+05 3.1E-04 1.1
129D08 1.8E+05 6.4E-05 | 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 1.6E+05 7.3E-05 | 0.5
130B03 2.2E+05 6.8E-05 | 0.3
130F06 2.0E+05 8.0E-05 | 0.4
anti-DLL4

2.3E+05 3.4E-04 |15
Fab

rhDLL4 rmDLL4
VHH ID ky (M™s™) kq (s™) Ko(nM) | ks (M™s™) kq (s™) Ko (nM)
115A05

2.5E+05 4.06-03 | 16.0 1.7E+05 9.1£-03 53.0
(wt)
133A09 4.4E+05 9.0E-04 | 2.1 3.5E+05 2.7E-03 7.8
133G05 5.9E+05 4.7E-04 | 0.8 4.7E+05 1.6E-03 3.4
136C07 6.2E+05 3.9E-04 | 0.6 5.0E+05 1.3E-03 2.6
015 4.5E+05 4.7E-04 | 1.0 3.5E+05 1.5E-03 4.3
anti-DLL4

2.3E+05 3.4E-04 |15
Fab
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aF

130B03 0.3 1.5 130F06 0.4 1.3 DLL4 Fab 1.5 1.5

WO 2011/039368 PCT/EP2010/064693

Table 20: ECsy (nM) values of affinity matured VHHSs for binding on CHO-hDLLA4,
CHO-mDLL4 and CHO-cDLL4 (FACS)

hDLL4 mDLLA cDLLA
VHH ID ECso (NM) ECso (NM) ECso (NM)
101G08(wt) 17.5 11.2
129B05 9.7 3.9 3.9
129D08 2.6 3.7 3.8
129E11 1.4 4.1 4.2
anti-DLL4 Fab 5.6 2.1 2.5

hDLL4 mDLLA cDLLA
VHH ID ECso (NM) ECso (NM) ECso (NM)
115A05(wt) 11.3 13.8
133A09 7.2 1.7 2.3
133G05 8.5 2.8 2.7
136C07 10.9 8.3 35
015 14.8 7.0 5.1
anti-DLL4 Fab 5.6 2.1 2.5
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3.05.6 2.1 2.5 WD 2011/ 039368PCT/ EP2010/ 064693 ELI SA FVMAT hDLL4 FNAT
mDLL4 FACS FACS FACS ELI SA ELISA KD (nM hDLL4 KD (nM nDLL 4 1Cso (nM
| Cso (NMwWODQ@B101/039368 PCT/EP2010/064693

Table 21: Characteristics of affinity-matured VHHs derived from DLLBII101G08 and

DLLBII115A05
5
FMAT
ELI FMAT ELI
mDLL FACS | FACS | FACS ELISA
SA hDLL4 SA
4
Kp Kp
(nM) | (nM) ICso ICso ICso ECso ECso ECso hDLL | hlag-
hDLL mDL | (nM) (nM) (nM) (nM) | (nM) | (nM) | 1 1
4 L4

101G08 48.0 60.0 10.0 69.3 140.5 | 17.5 NF 11.2 nb nb

129A03 0.5 1.8

129B05 0.3 1.1 0.9 7.4 14.4 9.7 3.9 3.9 nb nb

129D08 0.4 0.8 1.2 7.8 11.0 9.6 3.7 3.8 nb nb

129E11 0.5 1.2 1.3 8.1 12.3 10.4 4.1 4.2 nb nb

129H07 0.5 1.0
130B03 0.3 1.5
130F06 0.4 1.3
DLL4 Fab| 1.5 1.5 55 3.0 5.6 2.1 2.5
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(nM ECso (nM ECso (nM ECso (nM hDLL 1 hJagl 115A05 16.0 53.0 7.5 106.7

348.9 11.3 NF 13.8 nb nb 133A05 2.1 133A09 2.1 7.8 1.5 6.6 18.6
7.2 WO 2011/039368 PCT/EP2010/064693
FMAT FMAT ELI
ELISA FACS | FACS | FACS ELISA
hDLL4 | mDLL4 SA
K o
I\D/I (nM) ICso ICso ICso ECso ECso ECso hDLL | hlag-
(M) mDLL (nM) (nM) (nM) (nM) | (nM) | (nM) | 1 1
hDLL4
4

115A05 | 16.0 53.0 7.5 106.7 3489 | 11.3 NF 13.8 nb nb

133A05 2.1
133A09 2.1 7.8 15 6.6 18.6 7.2 1.7 2.3 nb nb
133G05 0.8 34 2.0 5.9 12.0 8.5 2.8 2.7 nb nb
134D10 13
136C07 0.6 2.6 14 8.0 31.2 10.9 83 3.5 nb nb
015 1.0 4.3 0.9 5.7 21.2 14.8 7.0 51 nb nb
DLL4

15 1.2 3.4 1.6 5.6 2.1 2.5
Fab

5 nb: no binding
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1.7 2.3 nb nb 13305 0.8 3.4 2.0 5.9 1
136C07 0.6 2.6 1.4 8.0 31.2 10.9 8.3 3.5
WO 2011/039368 PCT/EP2010/064693

10

15

20

25

30

2.0 8.5 2.8 2.7 nb nb 134D10 1.3

Claims

A Dll4-binding molecule comprising at least a variable domain with four
framework regions and three complementarity determining regions
CDR1, CDR2 and CDRG3, respectively, wherein said CDR3 has an

amino acid sequence selected from amino acid sequences shown in

a. SEQ IDs NOs: 1 to 166 and 458,
b. SEQ ID NOs: 333 to 353, or
c. SEQ ID NOs: 375 to 395.

A Dll4-binding molecule of claim 1, which is an isolated immunoglobulin
single variable domain or a polypeptide containing one or more of said
immunoglobulin single variable domains, wherein said immunoglobulin
single variable domain consists of four framework regions and three
complementarity determining regions CDR1, CDR2 and CDR3,
respectively, and wherein said CDR3 has an amino acid sequence
selected from amino acid sequences shown in

a. SEQ ID NOs: 1 to 166 and 458,

b. SEQ ID NOs: 333 to 353, or

c. SEQ ID NOs: 375 to 395.

A Dll4-binding molecule of claim 2, wherein said one or more
immunoglobulin single variable domain contain

a. a CDR3 with an amino acid sequence selected from a first group of
amino acid sequences shown in SEQ ID NOs: 1 to 166;

b. a CDR1 and a CDR2 with an amino acid sequences that is
contained, as indicated in Table 5, as partial sequence in a
sequence selected from a second group of amino acid sequences
shown SEQ ID NOs: 167 to 332 and 459;

wherein a SEQ ID NO: x of said first group, for SEQ ID NOs: 1 — 166
corresponds to SEQ ID NO: y of said second group in that y = x +166.
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nb nb 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 1.6
5.6 2.1 2.5 5nb: no binding WO 2011/ 039368PCT/ EP2010/ 064693 Cl ai ns 1A
D114- bi nawogoni3essal e conprising at | east a variabl e domairrEPaslocfeorr 5
framewor k regions and three conplenentarity determ ning regions CDRlL, CDR2
and CDR3, respectively, wherein said CDR3 has an am no acid sequence

sel ected fromam no acid sequences shown in a. SEQIDs NGs: 1 to 166 and
458, b. SEQ ID NGOs: 333 to 353, or 10c. SEQ ID NGs: 375 to
395. 2. A D114-binding nolecule of claim1, which is an isol ated

I rmunogl obul i n

4. A Dll4-binding molecule of claim 2, wherein said one or more
immunoglobulin single variable domains contain
a. a CDR3 with an amino acid sequence selected a said first group of
5 amino acid sequences shown in SEQ ID NOs: 333 to 353;
b. a CDR1 and a CDR2 with an amino acid sequence that is
contained, as indicated in Table 16-A , as a partial sequence in a
sequence selected from a second group of sequences shown SEQ
ID NO: 354 to 374;
10 wherein a SEQ ID NO: x of said first group corresponds with SEQ 1D
NO: y of said second group in thaty = x +21.

5. A Dll4-binding molecule of claim 2, wherein said one or more
immunoglobulin single variable domains contain
15 a. a CDR3 with an amino acid sequence selected a said first group of
amino acid sequences shown in SEQ ID NOs:375 to 395;

b. a CDR1 and a CDR2 with an amino acid sequence that is contained,
as indicated in Table 16-B, as a partial sequence in a sequence
selected from a second group of sequences shown in SEQ ID NOs:

20 396 to 416;
wherein a SEQ ID NO: x of said first group corresponds to SEQ ID
NO: y of said second group in thaty = x +21.

6. A Dll4-binding molecule of any one of claims 2 to 5, wherein said one or
25 more immunoglobulin single variable domains are VHHSs.
7. A DIl4-binding molecule of claim 6, wherein said one or more VHHs

have an amino acid sequence selected from amino acid sequences
shown in SEQ ID NOs: 167 to 332 and 459.

30
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single variable domain or a pol ypeptide containing one or nore of said

i mmunogl obul i n single vari abl e domai ns, wherein said i munogl obul in

15si ngl e warbabi3esédonmai n consi sts of four framework regiPOmgEPaNA/0645pEE
conplenmentarity determ ning regions CDRl, CDR2 and CDR3, respectively, and
wherein said CDR3 has an ami no acid sequence selected fromamno acid
sequences shown in a. SEQ ID NGs: 1 to 166 and 458, 20b. SEQ ID NGs: 333 to
353, or ¢c. SEQID NGs: 375 to 395. 3. A D114-binding nolecule of claim 2,
wherein said one or nore inmunogl obulin single variable domain contain 25a.
a CDR3 with ad. am Adldehiddimgquelecslesef dained, saidona drimere gHblsghaye ami no

aci d sequences shown.in Sgg ID NOs: 1 tt% 166; b. a ﬁ)Rl and asgDRZ wth an
am no acid sequenc%@'r}%%ﬁ' iqu%rrlﬁ:ea?%lgﬁ, 450’7‘@6'?'88@& PravelseE SHOW. Inparti al
sequence in a sequeRCEIlsRbreBsd th 3gm a second group of am no acid sequences
30shown SEQ ID NOs: 167 to 332 and 459; wherein a SEQID NO x of said
first group, for SEQID NGs: 1 - 166 corresponds to SEQID NO vy of said
second group §n t "2 4. Binfing RbteculddAlAH 83RRERREIAG ARG MOAOYRIA A -
D114- bi hdi ng ol ecul™e of cl&dimZ, erein Salrd one~or more inmunoglobulin
singl e vari abl e domaiensn aanih@aoid sequence selectedifrom & a¢itisegneasesno aci d
sequence selected a said first group of 5am no acid sequences shown in SEQ
D NOs: 333 to 353§hqwnﬁ‘%ﬁﬁl|[hﬁ@%§)ww-th an am no aci d sequence t hat
is contained, as indicated in Table 16-A, as a partial sequence in a
sequence sel ected froma second group of sequences shown SEQ ID NO 354 to
374; 10wherei t0.a SEQIMDUNOglobutih staglel varialkle dpnoaip vddch bap eds olitaiheSBEY | D
NO y of said seco roup in that y = x +21. 5. A D114-bindi ng nol ecul e of
i aim 30 wher i n LB MAyAABAE e P oagTs EobE S Riormi ns
contain 15a. a CDRgfiMddin@migm no acid sequence selected a said first group
of am no acid sequences shown in SEQ ID NGs: 375 to 395; b. a CDR1L and a
CDR2 with an am no acid sequence that is contained, as indicated in Table

sequences shon | if* 3 R sichds BBSRNFYNE BY iSRG P % °of Sai o
first group corresgsimds ih@laF ! D NO y of said second group in that y = X

+21. 6. A D114-bi nding nol ecule of any one of clains 2 to 5, wherein said
one or 125nore i mmunogl obulin single variable donmains are VHHs. 7. A

D114- bi ndi ng ywl eCNI\ﬁ-IIQfWi@L%ﬂ E?rn o%ﬁrs‘@qﬂeﬁg@ gg%&geoofroﬁoz%cg%é'é'ﬁﬁe YE an

am no aci d sequence sel ec om am no acl nces 's | D NGs:
167 to 332 and 45%ha¥h in SEQ ID NOs: 356 and 358.

13.  An immunoglobulin single variable domain which has been obtained by
20 humanization of a VHH defined in claim 12.

14. A VHH with an amino acid sequence selected from sequences shown in
SEQ ID NOs: 402, 407 and 416.

25 15.  An immunoglobulin single variable domain which has been obtained by

humanization of a VHH defined in claim 14.
16.  An immunoglobulin single variable domain which has been obtained by

humanization of an immunoglobulin single variable domain as defined in

30 claim 3.
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WO 2011/ 039368PCT/ EP2010/ 064693 8. A D114- bi ndi ng nol ecul e of claim®6, said
one or nore VHHs have an am no acid sequence selected fromamno acid
sequenceswolRown3PIBSSEQ | D NOs: 354 to 374. 59. A D114- bi mdirmgp2emloewsas e of
claim6, wherein said one or nore VHHs have an ami no acid sequence sel ected
fromam no acid sequences shown in SEQ ID NGs: 396 to 416. 10. An

i mmunogl obul i n single vari abl e domai n whi ch has been obtained by 10affinity
mat urati on of an i mmunogl obulin single variable domain as defined in claim
3. 11. A VHH which has been obtained by affinity maturation of a VHH as
defined in cl&l.m 7An iBMuboglebubk singlé variakigidemaibivhisle Has heenasitaived dyf r om

aci d sequences shown NOs: 356 and 358. 13. m"runo I ul in

S gl o var | abi e doMATANGATRA oha] TEEMHCGISEA Raalg VaURERARAL e e 0r
defined in claimlgdaird40. A VHH with an am no acid sequence sel ect ed from
sequences shown in SEQ I D NGs: 402, 407 and 416. 2515. An i nmunogl obulin
single variable domai n which has been obtai ned by humani zati on of a VHH

definedsin cl gm T40ik%inGing PYRRHICH Lidith ¥ BAIR oifdd ﬁ)béﬁegf?(ﬂ?én Bt Wﬂh filbthas

been obf y mani zat i on an 1 nmrunogl 6 sin

vari abl e domai n asisdefallped partiah) doataiméd mMﬁier%lEGB%G&iﬂ@’H tlﬁlﬂaéﬂéw
17. An i mmunogl obul i n singl e variable donmmin which has been obtained by

humani zat i on of aﬁolqm@ﬁo%ﬂ'%&ﬁ'¢W%?%2§2\FﬁﬁEé%l|@ NGl fr as defined in
claim10. 518. A D114-bi nding nol ecule of claim1, which binds to an epitope

of D114 that is totally or partially contained within the EGF-2 domain that
corresponds tt9.am Tiee &di# ebinaing doualsc@dDf 2&Imot3, SHch I3 lennm%glomllinthlgle

D114- bi ndi ng nol ecul e ?f claim 18, gn E{ ! mmnog@obul in single

10vari dBl e domain Y?r” SHEPTIRELET BROVHIFP gﬁlcﬂﬂtaé'%{ﬂgs A nucl eic acid

nol ecul e encodi ng a D114-bi nding nol ecul e of any one of clains 1 to 19 or a
vector containing sane. 1521. A host cell containing a nucleic acid nol ecule
of claim20. 22. A pihaclese acidirsaleculerpusidinga Lildriadingrolecullecisnyame of

D114- bi ndi ng nol ecyle_ o one of cl ai.ns 0 19 as the active
Cngr edi ent 2023, HETn LGRS (RioCeMIBET Sner CTai m 22 for the
treatnment of a disease that is associated with D114-nedi ated effects on

angi ogenesis. 24. The Bhar maceut i cal conposition of claim22 for the
treat neft of &hnceh heatcelhe@abiRg ainseteieacidzgolecule of claim 20.

22. A pharmaceutical composition containing at least one Dll4-binding

molecule of any one of claims 1 to 19 as the active ingredient.

20 23. The pharmaceutical composition of claim 22 for the treatment of a
disease that is associated with DIl4-mediated effects on angiogenesis.

24.  The pharmaceutical composition of claim 22 for the treatment of cancer
and cancerous diseases.
25
25. The pharmaceutical composition of claim 22 for the treatment of eye
diseases.
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25. The pharmaceutical conposition of claim22 for the treatnent of eye
di seases. WO 2011/ 039368PCT/ EP2010/ 064693 26. A peptide conprising a
sequence WOR11A13988/1 N0 aci d sequence sel ected from am ne@Cad@PAIDBGERCES
shown in a. SEQID NGs: 1 to 166 and 458, b. SEQ ID NGs: 333 to 353, or c.

SEQ I D NGs: 375 to 395. 27.A nucleic acid nol ecul e encodi ng a peptide of
cl aim 26.

26. A peptide comprising a sequence with an amino acid sequence selected
from amino acid sequences shown in
a. SEQ ID NOs: 1to 166 and 458,
5 b. SEQ ID NOs: 333 to 353, or
c. SEQID NOs: 375 to 395.

27. A nucleic acid molecule encoding a peptide of claim 26.
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