WO 2011/ 135067PCT/ EP2011/ 056824 Modi fi ed binding proteins inhibiting the
VEG-- A receptor interaction Field of the invention 5The present invention
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KDR) and 25VEGFR-3 (al so known as FLT4). The VEGF |igands have distinctive
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VEGF- A

The mammalian VEGF family consists of five glycoproteins referred to as VEGF-A, VEGF-

20 B, VEGF-C, VEGF-D (also known as FIGF) and placenta growth factor (PIGF, also known
as PGF). VEGF-A has been shown to be an effective target for anti-angiogenic therapy
(Ellis, L. M. and Hicklin, D. J., Nature Rev. Cancer 8, 579-591, 2008). The VEGF-A
ligands bind to and activate three structurally similar type Il receptor tyrosine kinases,
designated VEGFR-1 (also known as FLT1), VEGFR-2 (also known as KDR) and

25 VEGFR-3 (also known as FLT4). The VEGF ligands have distinctive binding specificities
for each of these tyrosine kinase receptors, which contribute to their diversity of function.
In response to ligand binding, the VEGFR tyrosine kinases activate a network of distinct
downstream signaling pathways. VEGFR-1 and VEGFR-2 are primarily found on the
vascular endothelium whereas VEGFR-3 is mostly found on the lymphatic endothelium.

30  These receptors all have an extracellular domain, a single transmembrane region and a
consensus tyrosine kinase sequence interrupted by a kinase-insert domain. More recently
neuropilin (NRP-1), originally identified as a receptor for the semaphorin / collapsin family
of neuronal guidance mediators, was shown to act as an isoform specific receptor for
VEGF-A.
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There are several approaches to inhibiting VEGF-A signaling, including neutralization of
the ligand or receptor by antibodies, and blocking VEGF-A receptor activation and

25 signaling with tyrosine kinase inhibitors. VEGF-A targeted therapy has been shown to be
efficacious as a single agent in AMD, DME, renal cell carcinoma and hepatocellular
carcinoma, whereas it is only of benefit when combined with chemotherapy for patients
with metastatic colorectal, non-small-cell lung and metastatic breast cancer (Narayanan,
R. et al., Nat Rev. Drug Discov. 5, 815-816, 2005; Ellis and Hicklin, loc. cit).

30
Beside antibodies other binding domains can be used to neutralize a ligand or a receptor
(Skerra, A., J. Mol. Recog. 713, 167-187, 2000; Binz, H. K., Amstutz, P. and Plickthun, A.,
Nat. Biotechnol. 23, 1257-1268, 2005). One such novel class of binding domains are
based on designed repeat domains (WO 02/20565; Binz, H. K., Amstutz, P., Kohl, A.,

35 Stumpp, M. T., Briand, C., Forrer, P., Gritter, M. G., and Pliickthun, A., Nat. Biotechnol.
22,575-582, 2004). WO 02/20565 describes how large libraries of repeat proteins can be
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neovascular AMD there is ample evidence that vision outcomes with Lucentis® are

superior to those with Macugen®, and there is no definitive evidence to suggest a

difference in safety between the drugs. As a result, Macugen® is not a commonly used

therapy for this disease.

25
Overall, a need exists for improved anti-angiogenic agents for treating cancer and other

pathological conditions.

The technical problem underlying the present invention is to identify novel anti-angiogenic
30 agents, such as repeat domains with binding specificity to VEGF-Axxx, for an improved

treatment of cancer and other pathological conditions, e.g. eye diseases such as AMD or

DME. The solution to this technical problem is achieved by providing the embodiments

characterized in the claims.
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30agents, such as repeat domains with binding specificity to VEG- Axxx, for
an i nproved treatnent of cancer and ot her pathol ogical conditions, e.g. eye
di seases wWocht1ass0skD or DVE. The solution to this techniPCRIEPROI0IOFESRE | S

achi eved by providing the enbodi nents chgracterized in the clains. WO
2011/ 135067PCT/ EP2011/ 056824 4 Summary of the invention The present

i nvention rel ates a reconbi nant binding protein conprising an ankyrin
r epeat don&%ﬁﬂgﬁﬁﬁiﬁﬁéﬂ#%ﬁQQIene gl ycol noiety of at |least 5 kDa nol ecul ar
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and inhibits VEGF- 5 Axxx hinding to VEGER- In ef erred enmhodi nent,
The pol yet FRREREOTAPIN TRTIAPRE SRR ArY o o e gRDo e g or 1 he
bi ndi ng dommiersin %Qiab@kyﬂw&fhﬁéiﬂbinﬁgwﬁw-ﬁXM\gitrﬁé Ktjcbea;mp’fm"rcli\m%@@ghibﬁgk/lzeﬁ_
conposi tion coppr,jsin r nore of the above nentione i ndi ng proteins
or nucl icqﬁ¥¥ ”Hﬁﬂéﬁ%ﬁggﬁLg' The invention further relates to a nethod of
treatment of cancer and ot her pathol ogical conditions, e.g. eye di seases
such as AMD or ,,using the bindin roteins of the 15invention, Brief
Pty o o SPrTREe BhP SR, 11 BNl s Vel Masy SrEGHDIRY & SBIGR G of
sel ect ed desdi@nesf thdbiting doaR@at proteins. 20The interaction of selected
clones with dog VEG- Al64 (VEGF) and a negative control protein (MBP,
Escherichia coli maltose binding protein) is shown by crude extract ELI SA.
The bi abi nyhatig@ndeofuh&rreftésttoanshadMBBcawricel dompabitibh Z26@p@sieg oNeoit héve ¢ti n.
The nunbers refer to sin he DARPi n. cl one .seh@ct d in ribosone display
agai nst dod"/ERRIBENBPOY REIBG SRS RN MR GRA MR 165, 25A =
Absorbance. Wite bars indicate binding to dog VEG- A164, bl ack bars show
o SPeCt (s RSO PR Dl A% L ELAMnPofkan B b B
conditions, e.g. eye diseases such as AMD or DME, using the binding proteins of the

15 invention.

Brief Description of the Figures

Figure 1. Specific dog VEGF-A164 binding of selected designed ankyrin repeat proteins.

20  The interaction of selected clones with dog VEGF-A164 (VEGF) and a negative control
protein (MBP, Escherichia coli maltose binding protein) is shown by crude extract ELISA.
The biotinylated dog VEGF-A164 and MBP were immobilized over NeutrAvidin. The
numbers refer to single DARPIn clones selected in ribosome display against dog VEGF-
A164 or the corresponding human VEGF-A165.

25 A = Absorbance. White bars indicate binding to dog VEGF-A164, black bars show non-
specific background binding to MBP.

Figure 2. Spheroid outgrowth inhibition by a selected DARPIn.

The length of sprouts in a spheroid outgrowth inhibition assay are shown in presence of
30  various concentrations of (a) DARPin #30 (amino acids 1 to 126 of SEQ ID NO:4), a

DARPIn with specificity to VEGF-Axxx, or (b) DARPin NC, a negative control DARPin with

no specificity for VEGF-Axxx.

Figure 3. Specific recognition of VEGF-A isoforms.

35  Surface Plasmon Resonance (SPR) analysis of binding proteins on VEGF-A isoforms.



The |l ength of sprouts in a spheroid outgrowmh inhibition assay are shown in
presence of 30various concentrations of (a) DARPin #30 (amno acids 1 to
126 of SBQOI2D1INGseby, a DARPin with specificity to VEG- RCX#EP2@1/0§43p4 DARPI n
NC, a negative control DARPin with no specificity for VEG- Axxx. Figure 3.
Specific recognition of VEG- A isoforns. 35Surface Plasnon Resonance (SPR)

anal ysi s of bi ndj oteins on VEG-A isoforns.,. WO , :
3011 15806 FRSTREBD ST Stisoiveai e, 20 o ARBR AR5 apalis o4 IR polwilh 250
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(a) or dog VEG-- Als?ft)b &)ﬁ for 100 seconds, followed by washing with buffer
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i mmobi | Lze VECE- A164 (c), .or .dog VYEG-- Ai 64h ( f 00 _seconds,

ol Lowed” by HABRINE ienapnieras o Pokel ki inmebiasiles URpFe o ol
Efficient iVHGHBALE48(d9TornO0RBCH IS oRdWSI bwhsieng alRbiff@yew. 10Vascul ar

| eakage rata%ﬂt_ del tﬂJshow the efficacy of a DARPin in inhibiting human
VEGF- A165 int TSy e WSnpari son to Lucentis(r). At day 1 either PBS,
DARPi n #30 or Lucentis(r) is applied by an intravitreal injection into one

eye of each.rabhit _(treated eye). At 4 or. da ,both eyes of each
Thobit ver iaad EnbealRlBlat b aby B4 o R aPOE8F ng ot huran
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are shown % an error 8? 4-PB? = rah'.g 4 g%yﬁ aft%ry.i n%'yection f PES
(control); 498y 4 of 4ay 30 kot Ryes gf eaqh %" WETESTTBFNISARY Dfraydteal BIRCHPLOL 4t o
30 days af 590 nigrijf @ainkbe VEGF-RASEIAN o304 38e dvdluated 48 héurd aftaythe MHGH-ANGH ect i on
of Luc?gti Si.0; . 3%—L = ratig1 3%0 days after, i ry'}ec.%i on of L%Jcenrti S r%.
injection by measuring the fluorescein content in the vitreous and retina of all eyes one
hour after intravenous injection of sodium fluorescein.
R = ratio of fluorescein measurements treated eye / untreated eye. Standard deviations
are shown by an error bar. 4-PBS = ratio 4 days after injection of PBS (control); 4-D =
ratio 4 days after injection of DARPin #30; 30-D = ratio 30 days after injection of DARPIn
20  #30; 4-L = ratio 4 days after injection of Lucentis®; 30-L = ratio 30 days after injection of

Lucentis®.

Detailed description of the invention

25 Mammalian VEGF-A exists as two families of alternative spliced isoforms: (i) the pro-
angiogenic “VEGF-Axxx” isoforms generated by proximal splicing of exon 8 and (ii) the
anti-angiogenic “VEGF-Axxxb” isoforms generated by distal splicing of exon 8. Preferably,
the binding domain according to the invention is specific for the pro-angiogenic VEGF-
Axxx of dog, rabbit, monkey or human origin. More preferably, the binding domain

30 according to the invention is specific for the pro-angiogenic VEGF-Axxx of human origin.
Most preferred, the binding domain according to the invention is specific for human VEGF-
A165.

The term "protein” refers to a polypeptide, wherein at least part of the polypeptide has, or
35 is able to acquire a defined three-dimensional arrangement by forming secondary, tertiary,

or quaternary structures within and/or between its polypeptide chain(s). If a protein
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polypeptide linkers. These polypeptide tags are all well known in the art and are fully

available to the person skilled in the art. Examples of polypeptide tags are small

polypeptide sequences, for example, His, myc, FLAG, or Strep-tags or moieties such as

25 enzymes (for example enzymes like alkaline phosphatase), which allow the detection of
said polypeptide/protein, or moieties which can be used for targeting (such as

immunoglobulins or fragments thereof) and/or as effector molecules.

The term "polypeptide linker" refers to an amino acid sequence, which is able to link, for
30 example, two protein domains, a polypeptide tag and a protein domain, a protein domain
and a non-polypeptide moiety such as polyethylene glycol or two sequence tags. Such
additional domains, tags, non-polypeptide moieties and linkers are known to the person
skilled in the relevant art. A list of example is provided in the description of the patent
application WO 02/20565. Particular examples of such linkers are glycine-serine-linkers

35  and proline-threonine-linkers of variable lengths; preferably, said linkers have a length
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mol ecul ar \EHQ FreferabBEE d dppfardrt mvldduei welvin ot $38d pro®difia2blus polymer moieties
determined by SEC is 1.5x, 2x or 2.5x higher than their effective molecular weight
20  calculated from their amino acid sequence. Also preferably, the apparent molecular
weights of said non-proteinaceous polymer moieties determined by SEC is 2x, 4x or 8x
higher than their effective molecular weight calculated from their molecular composition.
Preferably, more than 50%, 70% or even 90% of the amino acids of said proteinaceous
polymer moiety do not form stable secondary structures at a concentration of about 0.1
25 mMin PBS at RT as determined by Circular Dichroism (CD) measurements. Most
preferably, said proteinaceous polymer shows a typical near UV CD-spectra of a random
coil conformation. Such CD analyses are well known to the person skilled in the art. Also
preferable are proteinaceous polymer moieties that consist of more than 50, 100, 200,
300, 400, 500, 600, 700 or 800 amino acids. Examples of proteinaceous polymer moieties
30 are XTEN® (a registered trademark of Amunix; WO 07/103515) polypeptides, or
polypeptides comprising proline, alanine and serine residues as described in WO
08/155134. Such proteinaceous polymer moieties can be covalently attached to, for
example, a binding domain of the invention by the generation of genetic fusion
polypeptides using standard DNA cloning technologies, followed by their standard
35  expression and purification. Examples of binding proteins comprising a repeat domain

binding VEGF-Axxx and such a proteinaceous polymer moiety are shown in SEQ ID NO:1
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pol ymer nnkﬁ%gu§h shown in SEQID NO1 WD 2011/135067PCT/ EP2011/ 056824 8
and SEQ | D™NC 4. am no acid positions from1 to 159 of SEQ ID NO 1
correspond to the repeat domain and the am no acid position 161 to 1025 of

SEQ I D,NO 1 correspond tq the protei naceous pol r iety. T m no acid
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15Exanpl es of non-protei naceous pol ynmer noieties are hydroxyethyl starch

(HES), polyethylene glycol (PEG, polypropylene glycol, or polyoxyal kyl ene.
The term " RE@gbatifdémbsdiment, BFEG MBS B0ardtgthérhobaratematéousaidynedrednt o, for

exanpl e, a pol ypeptide of the inpvention. EX | es of repeat proteins
cont ai nf ng S0.g SeRd 8@ Ve te MSLYiR@dR RIS BEERY TN diER P EneqBIes nal
Cys resi du&idus péptldeflinkertib fitH RGoreCHfhinus of a binding domain as described herein (e.g.

25 SEQID NO:3).

The term "binding protein” refers to a protein comprising one or more binding domains
and one or more polymer moieties as further explained below. Preferably, said binding
protein comprises up to four binding domains. More preferably, said binding protein

30  comprises up to two binding domains. Most preferably, said binding protein comprises
only one binding domain. Furthermore, any such binding protein may comprise additional
protein domains that are not binding domains, multimerization moieties, polypeptide tags,
polypeptide linkers and/or a single Cys residue. Examples of multimerization moieties are
immunoglobulin heavy chain constant regions which pair to provide functional

35 immunoglobulin Fc domains, and leucine zippers or polypeptides comprising a free thiol

which forms an intermolecular disulfide bond between two such polypeptides. The single
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several methods in accordance with the screening and/or selection system being used,
and may comprise the use of methods well known to the person skilled in the art, such as
phage display or ribosome display.
25
The term "protein scaffold” means a protein with exposed surface areas in which amino
acid insertions, substitutions or deletions are highly tolerable. Examples of protein
scaffolds that can be used to generate binding domains of the present invention are
antibodies or fragments thereof such as single-chain Fv or Fab fragments, protein A from
30  Staphylococcus aureus, the bilin binding protein from Pieris brassicae or other lipocalins,
ankyrin repeat proteins or other repeat proteins, and human fibronectin. Protein scaffolds
are known to the person skilled in the art (Binz et al., 2005, loc. cit.; Binz et al., 2004, loc.
cit.).

35 The term "predetermined property" refers to a property such as binding to a target,

blocking of a target, activation of a target-mediated reaction, enzymatic activity, and



predeterm ned property. The diverse collection of protein domains nmay be
provi ded by several nethods in accordance with the screening and/ or
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or other | ippgsalyiiibindiagky&itdrgétepeat proteins or other repeat proteins, and
human fibronectin. Protein scaffolds are known to the person skilled in the
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13- shedPs. 3 |f?r?&ﬁ?8§ %Bﬁ&brpyf/%@%é&g(@%wé Z%%wn to the person skilled in the
art. For exanple, such binding domai ns conprising an i nmmunogl obulin fold 15
are descri 8039 WO 08/097497, Furthe referably, the
Bt e ot e by S 183 CaBEL GiiRe Bishiion sides o] sRmSEBoul | e 1| ke
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in WO 00/075319. 20 A pre bi ndi ng domain is a binding domain having
anti - angi o@é‘?ﬂ]{%scé'\%?qelf‘t\& éﬂ?@%ﬂ? angi ogeni c effect of a binding domain

can be2det erm ned by assays wel |l know to the person skilled in the art,
such as t heA Srplterr%%lbrl] | oarXam iS elq_lll:)Jl\r{ %gsd%rr%%rmorlmegv?ngdaen i- angllooeg%nlcne ctasrTPrl]eeanzti- 25
angiogenic effect of a binding domain can be determined by assays well know to the
person skilled in the art, such as the sprouting assay of HUVEC spheroids described in
Example 2.
25
Further preferred is a binding domain comprising between 70 and 300 amino acids, in

particular between 100 and 200 amino acids.

Further preferred is a binding domain devoid of a free Cys residue. A free Cys residue is
30 notinvolved in the formation of a disulfide bond. Even more preferred is a binding domain

free of any Cys residue.

A preferred binding domain of the invention is a repeat domain or a designed repeat
domain, preferably as described in WO 02/20565.
35



Further preferred is a binding domain conprising between 70 and 300 am no
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(Binz, H K. et al (3004 |l oc, cit % ref ably as described in WO
02/ 20565. R rgeegrdonalis e shamr it HES%B‘Q - domai ns are shown in the

Exanpl es. 5The defr nitions hereinafter for repeat proteins are based on
those ip pate Ircatro WD 02/ 20565. Patent app|icati on WO 02/20565
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repeat proteins conprises up to two repeat domains. Mst preferably, each

of the rep r o} ei rj ses onl ne repeat domain. Furthernore, said
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The term"d sr e pro in"
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respecti velaypd/opbbigpétidedinkdrbe result of the inventi ve procedure expl ai ned
in pat egt application WD 02/ 20565. Desi gned repeat proteins and desi gned
repeat 'donmi ns are synthetic and not fromnature. They are man-nmade

pr ot ei ns oIThdasmi nepeazabﬁnameeéférsebxa préteinad onesin bymemrm &Mére consecutive
correspondi Fge% @9 Fucler aci ds. referg{) El thle etx ression i s done
in eukaryot¥ P”'gsr 1odilRs) pe stEugtyral nifgowhergingiaig sifclralugytp Saveyfhesamesi ng a
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a locally % grop glbggcr)rte of a polypeptide, forned by three-
20
The term "designed repeat protein” and “designed repeat domain” refer to a repeat protein
or repeat domain, respectively, obtained as the result of the inventive procedure explained
in patent application WO 02/20565. Designed repeat proteins and designed repeat
domains are synthetic and not from nature. They are man-made proteins or domains,
25  respectively, obtained by expression of correspondingly designed nucleic acids.
Preferably, the expression is done in eukaryotic or prokaryotic cells, such as bacterial

cells, or by using a cell-free in vitro expression system.

The term "structural unit" refers to a locally ordered part of a polypeptide, formed by three-

30 dimensional interactions between two or more segments of secondary structure that are
near one another along the polypeptide chain. Such a structural unit exhibits a structural
motif. The term "structural motif" refers to a three-dimensional arrangement of secondary
structure elements present in at least one structural unit. Structural motifs are well known
to the person skilled in the art. Structural units alone are not able to acquire a defined

35 three-dimensional arrangement; however, their consecutive arrangement, for example as
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Exanpl e 1 ands. havr ng the sanme target-specificity. 20The term repeat
sequengg notif" refers to an am no acid sequence, which is deduced from one
or repeat units. Preferably, said repeat units are frontrepeat domai ns

havi ng bi ndiragrm@emdﬂepéétwnttemémbr srRedusti@edf a répeattsequance ohetif @@3 t opol ogy"

refers to he ertiar ucture said repeat units. The fol t opol ogy
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| i near pol ypepti des/| oops. The term "consecutive" refers to an arrangenent,
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topology will be determined by stretches of amino acids forming at least parts of a-helices

25  or B-sheets, or amino acid stretches forming linear polypeptides or loops, or any

combination of a-helices, B-sheets and/or linear polypeptides/loops.

The term "consecutive" refers to an arrangement, wherein the repeat units or repeat
modules are arranged in tandem. In designed repeat proteins, there are at least 2, usually

30 about 2 to 6, in particular at least about 6, frequently 20 or more repeat units. In most
cases, repeat units will exhibit a high degree of sequence identity (same amino acid
residues at corresponding positions) or sequence similarity (amino acid residues being
different, but having similar physicochemical properties), and some of the amino acid
residues might be key residues being strongly conserved in the different repeat units

35 found in naturally occurring proteins. However, a high degree of sequence variability by

amino acid insertions and/or deletions, and/or substitutions between the different repeat
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may be, or nay be derived from a capping unit or other domain found in a
naturally ('JRépkEa‘tinﬂgiure%pﬁ'@y chmptisd ﬁo@t@ﬁn@@ﬁﬂhtarﬁiﬂo facufjgmiesltméstent iﬁ&ml do%e@ _
cappl ng unit" ref 0 ol ypepti de, erein
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tertiary interactions with said repeat unit thereby providing a cap that
shi el ds the hydrophobic core of said repeat unit at
The term “capping module” refers to a polypeptide fused to the N- or C-terminal repeat

module of a repeat domain, wherein said capping module forms tight tertiary interactions
with said repeat module thereby providing a cap that shields the hydrophobic core of said
25 repeat module at the side not in contact with the consecutive repeat module from the
solvent. Said N- and/or C-terminal capping module may be, or may be derived from, a
capping unit or other domain found in a naturally occurring repeat protein adjacent to a
repeat unit. The term “capping unit” refers to a naturally occurring folded polypeptide,
wherein said polypeptide defines a particular structural unit which is N- or C-terminally
30 fused to a repeat unit, wherein said polypeptide forms tight tertiary interactions with said
repeat unit thereby providing a cap that shields the hydrophobic core of said repeat unit at
one side from the solvent. Such capping units may have sequence similarities to said
repeat sequence motif. Capping modules and capping repeats are described in WO
02/020565. For example, the N-terminal capping module of SEQ ID NO:2 is encoded by
35 the amino acids from position 1 to 32. Also preferred is such an N-terminal capping

module having a glycine or aspartate residue at position 5.
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Consensus sequences and methods to determine them are well known to the person
skilled in the art.

25  A“consensus amino acid residue” is the amino acid found at a certain position in a
consensus sequence. If two or more, e.g. three, four or five, amino acid residues are
found with a similar probability in said two or more repeat units, the consensus amino acid
may be one of the most frequently found amino acids or a combination of said two or
more amino acid residues.

30

Further preferred are non-naturally occurring binding proteins or binding domains.

The term “non-naturally occurring” means synthetic or not from nature, more specifically,
the term means made from the hand of man. The term “non-naturally occurring binding
35  protein" or "non-naturally occurring binding domain” means that said binding protein or

said binding domain is synthetic (i.e. produced by chemical synthesis from amino acids) or



35protein” or "non-naturally occurring binding domain" nmeans that said

bi ndi ng protein or said binding domain is synthetic (i.e. produced by
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as defined fABrei n sai d bi ndi ng protein inhibits sprouting of HUVEC
spheropds with an 1 C50 35val ue bel ow 100 nM

A preferred binding domain binds VEGF-Axxx. Even more preferred is a binding domain
that binds human VEGF-A165.

The term “PBS” means a phosphate buffered water solution containing 137 mM NaCl,
25 10 mM phosphate and 2.7 mM KCI and having a pH of 7.4.

Preferred is a binding protein and/or binding domain that does not lose its native three-
dimensional structure upon incubation in PBS containing 100 mM dithiothreitol (DTT) for 1
or 10 hours at 37°C.
30
In one particular embodiment the invention relates to a binding protein comprising a
binding domain inhibiting VEGF-Axxx binding to VEGFR-2 and having the indicated or
preferred midpoint denaturation temperature and non-aggregating properties as defined
above, wherein said binding protein inhibits sprouting of HUVEC spheroids with an |Cs
35  value below 100 nM.
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C-term nal oﬁeaﬂmlilgnat)/@ua@rﬂt&@lé%lﬁé@@ﬂ/t%ﬁéﬁéﬂd &Z8hehtech), bevacizumab
(Avastin®, a registered trademark of Genentech), aflibercept (VEGF Trap®, a registered

20  trademark of Regeneron), or pegaptanib (Macugen®, a registered trademark of Pfizer).

The K for the interaction of a preferred binding domain to VEGF-B, VEGF-C, VEGF-D,
PIGF or PDGF is above 1 nM, preferably above 10 nM, more preferably above 102 nM,

25  even more preferably above 10° nM, and most preferably above10* nM.

Preferably, VEGF-Axxx is either dog VEGF-A164 or simian VEGF-A165 or human
VEGF-A165, and VEGF-Axxxb is either dog VEGF-A164b or simian VEGF-A165b or
human VEGF-A165b.
30
Another preferred embodiment is a recombinant binding protein comprising a binding
domain, wherein said binding domain inhibits VEGF-Axxx binding to VEGFR-2 and
wherein said binding domain is a repeat domain or a designed repeat domain. Such a
repeat domain may comprise one, two, three or more internal repeat modules that will
35 participate in binding to VEGF-Axxx. Preferably, such a repeat domain comprises an

N-terminal capping module, two to four internal repeat modules, and a C-terminal capping
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Another preferred embodiment is a recombinant binding protein as defined above
comprising at least one repeat domain with binding specificity for VEGF-Axxx, wherein
25  said repeat domain competes for binding to VEGF-Axxx with a repeat domain selected
from the group of the repeat domains of SEQ ID NO:1 to 7. Preferably, said repeat
domain competes for binding to VEGF-Axxx with the repeat domain of SEQ ID NO:1 or 3.
More preferably, said repeat domain competes for binding to VEGF-Axxx with the repeat
domain of SEQ ID NO:3.
30
The term “compete for binding” means the inability of two different binding domains of the
invention to bind simultaneously to the same target, while both are able to bind the same
target individually. Thus, such two binding domains compete for binding to said target.
Methods, such as competition ELISA or competition SPR measurements (e.g. by using
35 the Proteon instrument from BioRad), to determine if two binding domains compete for

binding to a target are well known to the practitioner in the art.
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25 about 1 to about 50 kDa, preferably about 10 to about 40 kDa, even more preferably
about 15 to about 30 kDa, and most preferably about 20 kDa.

In a further embodiment, the invention relates to nucleic acid molecules encoding the
particular recombinant binding proteins. Further, a vector comprising said nucleic acid

30 molecule is considered.

Further, a pharmaceutical composition comprising one or more of the above mentioned
binding proteins, in particular recombinant binding proteins comprising repeat domains, or
nucleic acid molecules encoding the particular recombinant binding proteins, and

35 optionally a pharmaceutical acceptable carrier and/or diluent is considered.

Pharmaceutical acceptable carriers and/or diluents are known to the person skilled in the
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The term “pathological angiogenesis” refers to the formation and growth of blood vessels
during the maintenance and the progression of several disease states. Particular
examples of pathological angiogenesis are found in blood vessels (atherosclerosis,
hemangioma, hemangioendothelioma), bone and joints (rheumatoid arthritis, synovitis,
30 bone and cartilage destruction, osteomyelitis, pannus growth, osteophyte formation,
neoplasms and metastasis), skin (warts, pyogenic granulomas, hair growth, Kaposi's
sarcoma, scar keloids, allergic edema, neoplasms), liver, kidney, lung, ear and other
epithelia (inflammatory and infectious processes including hepatitis, glomerulonephritis,
pneumonia; and asthma, nasal polyps, otitis, transplantation disorders, liver regeneration
35 disorders, neoplasms and metastasis), uterus, ovary and placenta (dysfunctional uterine

bleeding due to intra-uterine contraceptive devices, follicular cyst formation, ovarian
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Beside these retinopathies, vascular diseases of the eye also include ocular
neovascularization diseases, such as macular degeneration and diabetic macular edema
25 (DME). Macular degeneration results from the neovascular growth of the choroid vessel
underneath the macula. There are two types of macular degeneration: dry and wet. While
wet macular degeneration only comprises 15% of all macular degeneration, nearly all wet
macular degeneration leads to blindness. In addition, wet macular degeneration nearly
always results from dry macular degeneration. Once one eye is affected by wet macular
30  degeneration, the condition almost always affects the other eye. Wet macular
degeneration is often called age-related wet macular degeneration of wet-AMD as it is

mostly found in elderly persons.

Diabetic retinopathy (DR) and DME are leading causes of blindness in the working-age
35  population of most developed countries. The increasing number of individuals with

diabetes worldwide suggests that DR and DME will continue to be major contributors to
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25 exudates or edema. Any noxious process that damages living tissue, e.g. infection with

bacteria, excessive heat, cold, mechanical injury such as crushing, acids, alkalis,
irradiation, or infection with viruses can cause inflammation irrespective of the organ or
tissue involved. It should be clear that diseases classified as “inflammatory diseases” and
tissue reactions ranging from burns to pneumonia, leprosy, tuberculosis, and rheumatoid

30 arthritis are all “inflammations”.

The binding proteins according to the invention can be used to treat tumor formation. The

term “tumor” means a mass of abnormal tissue that arises without obvious cause from

pre-existing body cells, has no purposeful function, and is characterized by a tendency to
35 autonomous and unrestrained growth. Tumors are quite different from inflammatory or

other swellings because the cells in tumors are abnormal in their appearance and other
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the composition such as proteins, polysaccharides, polylactic acids, polyglycolic acids,

25  polymeric amino acids and amino acid copolymers. A pharmaceutical composition may
also be a combination formulation, comprising an additional active agent, such as an anti-
cancer agent or an anti-angiogenic agent (for example human VEGF-Axxxb; preferably,
human VEGF-A165D).

30 A preferred pharmaceutical composition for the treatment of eye diseases comprises
binding proteins as described above and a detergent such as nonionic detergent,
including but not limited to polysorbate 20 (e.g. about 0.04%), a buffer such as histidine,
phosphate or lactic acid and a sugar such as sucrose or trehalose. Preferably, such a
composition comprises binding proteins as described above and PBS. Said or any other

35 pharmaceutical compositions described herein may be administered locally, either

topically to a portion of the eye or be injected into the eye for instance into the
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| ayer such as .t he corneal itheliumis nodul ated, by a penetratiqn enhancer
LYol o T g e RraiRusaiton 44 Ch efet PatTBIco i s e s cesiae ¢ B
exanpl e desgeibhed imthoiteoud fedise. Mbo bReerlbipHanDphidr@keétutBaldonigdsitiph &sent
invention a af@ﬁtte e dj seases can al so be jn conbination m%$h an 15other
t her apy°kn Igq ot oAb ML eV YPRaicey F’Bﬁlﬁ‘.yt’ﬁ?é’ ied 1St i ons to

be used fofcoir@aV(tiegr EhMhe tdradel (Ftha i) teelRsaRWINY tAE ntdidiuldsao péméaté S
1 on nes.

readi ly acconplished by filtration throu terile filtr nmbr

bt i ncdth Sheste For B ealmaiioP P alsonss SesHg e sasierighal bhBua TBAY BBr t he
i nventi 0”]: nﬁﬁ;t H_Qéifa@%cthbtatheisbmir@mroléﬁfbd?@fréﬁgd%é Sdlergfiien gﬂmjéélle@ beddritngli ng
prOteln (0] the |1 phventi on. ul t ex 1 es o ust al ned-r el eas

Or epar at | ofNUREIVEES 26 32k Hob headmhiseang Pt Be bt RIPISENERY B8 pol yrer s
c]9nt ﬁi nbgg p@rfp@Tedoﬁt@Iriactﬁelmﬁinérly%témemdmmgm Sifaxeiof theeseasd enprové he form
of shaped artic g

es, . films, o i crocapsul es. Exanpl es of
Qust o med. PeneSRIEn s Hietholebuor R REbY /ST B TovR, MRS Be CPBFexanpl e,
pol yl( 2- hydre@]{fwaimh?/ib migfulasy z_y% abenetradidbn @ahﬁcé[ fbyélli@ll\?eh@ts&ﬁiciemnw raﬁitjiddgls :
copolyners O - utam C acl an a - e - ut a e, non-aegr.adanl e
cohyl one. vieRypraBati T FalBgiEyan s SRAPE R Coatiiat gL The Use it Heuiot odvar <
sugzg als t hfb_rdtélﬁ&%\th@@?@l%t irnvérhtrug%{gra&i@t @3{6{&”%&%9 laer as;ocb@mg@@radin@ﬁori RIEH &gy
acl d-g col 1l C Cl copoly. r an euprol 1 de acetate), an
pol y- [ﬂ% ) -@%%&&H&Wr'%%ﬁ S pd ﬁk}?é?'gmhﬁﬁéycal conposition may be
adm ni stered by any suitable method within the know edge of the skilled
man. The preferred route of admnistragion is parenterally. |n ent al
S ni ot v AT iR b IOLR g amiRgkaarBRUSeBoRRY I B
uni t dosageeadily @ct@hplBhé®byTikdtdn heoughstdrild filotiorsmePBrmieon or enul sion, in
association with the 35pharnmaceutically acceptabl e excipients as defined

above. The dosage and node of adm nistration will depend on the individual
to be poeatkdtaned-relas®prdpardiibas nmdly Heasepared\ih 304 ¢Mmb3diteAPEthERRGANIN20824

intraocular implant can be used for providing the binding protein of the invention. Suitable
examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a polypeptide of the invention, which matrices are in the
form of shaped articles, e.g. films, or microcapsules. Examples of sustained-release

25 matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate),
or poly(vinylalcohol)), polylactides, copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT® (injectable microspheres composed of lactic
acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

30
The pharmaceutical composition may be administered by any suitable method within the
knowledge of the skilled man. The preferred route of administration is parenterally. In
parental administration, the medicament of this invention will be formulated in a unit
dosage injectable form such as a solution, suspension or emulsion, in association with the

35 pharmaceutically acceptable excipients as defined above. The dosage and mode of

administration will depend on the individual to be treated and the particular disease.



24 Generally, the pharnmaceutical conposition is admnistered so that the

bi nding protein of the present invention is given at a dose between 1 ig/kg
and 20 ngwkgoimsses7pr ef erably between 10 i g/ kg and 5 ngPkg/EPawigiosgeef er abl y
between 0.1 and 2 ng/kg. Preferably, it bg given as a bol us dose.

Conti nuous infusion may al so be used and i ncludes continuous 5subcut aneous

delivery via an ospotic mnipunp. If so, the pharnaceutical. conposition may
be. | nf used GRTeE o8 Pher iR Te BapomieT P ROFINAIER SoiAtd P BAgs BTG50 ween
7 and 15 igﬁ&g./egéampﬁ@n_tiérnisrgwetniaitaloaarse belvseR iR IR St Q@ﬁg/k@@%br‘e@‘&ﬂbl%s

adm ni stered by |nrdect|ons Into the eye so that the binding protein of the

i nvention ibstvienetd kamanibs e meshroieralty beaimgen §- hepdpemalty: Beaferahly. iisr e
pref er abl ?’Tghféh%%r‘o&us'gd@é%dcgntﬁ%ﬁggfnfﬁérﬂﬂnﬁ?talseri!)e dEBéraP@irg;Tlﬁl%QBB%{tir%%ﬁé"een 1

mg and 4 ger injection. Furt , the pharnmaceutica osition s

admi ni sber edb@angpys delyesy vig anmsmelie mijpmatIf g0, shephasmaceyicak campasitioni on
cont ai ni ng ! i i,ngdi { i i en
70 and" 120 "y LS 3t 3 88odberhdth DAY 0L EMELR, Blors BRrerMFBELRRN TAHEET
bet ween 40 1&ndy/iOmimgtenin patiaql thedbhbonadeatiegt eompbsition iarmohiresteediydi nent  of

the invention.a bindin rotei.n iphibiting t activity aof VEGFAXXX, as
descr i bed 492" KRR irting BRRRa R dheite ok Renrc B or "sral
nol ecul e i mietvizeni MY nighendadd inyg ipey infefctiét, Grore \prdfbirablyebebeern 0.8linbictr@peld evel s
of Pl G-,as.described ab \ég? ft())r VEGE-- AxxXx. . Thi s enbodi rrlgn&] iéaﬁlz_ased on the
fact tR3t PIEEONsMPRMECTOPCEYCER ML T MEPLMELOUHN DURE- Axxx | evel s
ar e i ncr eapbdrmdasntide compodiiiondis agminisieedmyiaybidboodsi tadghd dye scthatva siviglefdrop
VEG-- Axxx, as described above, can . be ed.in conbination with a. bindjng
brot et n o ASPRTRLFERA RO A mrsF TG ch ekt T BhE ubhlh Bped
growt h f actand 1QPDEAN|, MESErafeablydiehesenrandrer H00oh gt emdE @Erefb aatiiyl yetwéen 40
proteins, tu necrosis.factor al pha (TNFal pha), delta-ligand like 4
(DI14), i ntaggré@dn%M'sépP,"f_qag))tﬁe %‘?‘ieuropi lin or angiopoietin 2 (Ang2). The

i nventndén further provides nethods of treatnent. In one aspect, a method of
treatingaretin%pa hod, conpr.i.sSi m.ni

thy.is prqvided. . the. ngt a terkLng, to

2 pati en 1 EhABE e e Eeh AT ST BRI Ro 2R AT S PP YER G ng
prot ei n of Axke dsrdesotibeaimgbove, qaaridel sed dn ceamBiodtiandiittga pindingipnoteinatr shahii bi t s
the interaction between human. VEG--AXX nd_ human. VEGER- nat the
nteracti ol STie ERIRERT e A Hin Rl DRt el HRE ! n ng
pr ot ei n i nhieberibed\ABGHRIG2 VIEBSH-A%ed This gintgd imesit & based Dhehe factthbt BIGH ig féunelr
rel ates,to fhods for _using,a bindi rotein as described to.inhibit 35a
VeGE: A28 of OB 889 oaet of Tl e VERF SR ity BReS R GG R v ¢y
nmedi at ed byrdf&GHRkibiting fhleectatyl of MEYGAxsd, bis desulibed abowen can bexsed o, and may
be, for ex%g%lblerfatign \(I:Vﬁ}l] Ia bcl)rydir% pl)rlo}/elinngr small molecule inhibiting the activity of platelet-

derived growth factor (PDGF), VEGF-C or other members of the VEGF family of proteins,

tumor necrosis factor alpha (TNFalpha), delta-ligand like 4 (DlI4), interleukin 6 (IL-6),

25  neuropilin or angiopoietin 2 (Ang2).

The invention further provides methods of treatment. In one aspect, a method of treating a
retinopathy is provided, the method comprising administering, to a patient in need thereof,
a therapeutically effective amount of a binding protein of the invention, in particular a

30 binding protein that inhibits the interaction between human VEGF-Axxx and human
VEGFR-2, but not the interaction between human VEGF-Axxxb and human VEGFR-2,
and the binding protein inhibits VEGFR-2 mediated angiogenesis.

The invention further relates to methods for using a binding protein as described to inhibit
35 a VEGF-A biological activity in a cell or to inhibit a biological activity mediated by VEGFR-

2. The cell may be situated in vivo or ex vivo, and may be, for example, a cell of a living



WO 2011/ 135067PCT/ EP2011/ 056824 25 organism a cultured cell or a cell in a
ti ssue sanple. The nmethod nay conprise contacting said cell with any of the
VEG-- A/ VBEBRoDI/i3ME6@r act i on i nhi biting binding proteins a@csarosiedsdsesein, in
an anount and for a tinme sufficient to ighibit such biological activity. 5
The invention provides a nmethod for treating a subject having a condition
whi ch responds.to th? i nhi lﬂiti on of VEGE- AXxX g_g V\Erg% Such . a net hod
conpri ses QAT HEY S OaP FL (7 Brsue samMpte: dOF M BHECTIPIRE bi ndi ng

protei n desehiabi &s@deéln@/itrﬁer%wdh% VEQFWEl@a,rg@mmtérbaﬁoni iﬁhigihﬁg Fi_@l]'gﬁh@i zed by
| nappropri ate angl ogenesi s, condi tion e a hyper- . ro erative
coni L1 on. PEaRRReRsed Rerin i Ghanpwr M0 de are fuBPeLB I usich bk

i ncl ude autgetiityune disorders, inflammtory disorders, retinopathies

(parti cgl arly proliferative retinopathies), and cancers, in particular one
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CNS net ast Fse@rrat dotidlichiegeodisartiéisph@tamecbon@atmpeh Dt ditR-lin@ AttdstatiRaBn S T8I |

cell lung cancer (N%CLC , .col orect al .fcancer _and (f)?ncreati c .Cancg_iﬁ ?gdvanced
ap L 9 R4

ovari an caffeEMNYRES- g tamedn YoM ANHVAREGAIQ FRICPG ALY any s and
non- Hodgki me§ativermessieanci0, lduuva@t EERR pa8itivd brdsNgnpeQ bejutar@eealsaidigell 0 t he

i nvention may be obtal ned and/ o, further_evolved b everal netho such as
il ent oy on Tiacgss ARLSEBrgng el Mot ales Mo 6ok s G RB0AREIE o
biact er gal ( %F&gzg?égm/@a{elé&ét%)breaiét ResamHirstding HER2-00¥R1\REH&I8OAAY bredbispl ay on
pl asni ds

8278) or by using coval ent RNA-repeat ot ei .fR/bri d
onst r uct s NS 0BPSRE TS asile PYaPa canval G aRnUae D Amah e Qigh Bif |
35scr eeni N@afifod, ABrdhediefrbetory rosileadm@béhew dagmayed YMObRBtcaELAEBormEHCh
nmet hods are l}ﬂOV\{L‘I to the person skllled in.the art. , :

metastatic head and rleck cancer, relapsed platinum-sensitive ovarian cancer, second-line
metastatic breast cancer, extensive small cell lung cancer, non-squamous, non-small cell
25 lung cancer with previously treated CNS metastases and relapsed multiple myeloma,
prostate cancer, non-small cell lung cancer (NSCLC), colorectal cancer and pancreatic
cancer, advanced ovarian cancer (AOC), AOC patients with symptomatic malignant

ascites and non-Hodgkin's lymphoma.

30  The recombinant binding protein according to the invention may be obtained and/or
further evolved by several methods such as display on the surface of bacteriophages
(WO 90/02809, WO 07/006665) or bacterial cells (WO 93/10214), ribosomal display
(WO 98/48008), display on plasmids (WO 93/08278) or by using covalent RNA-repeat
protein hybrid constructs (WO 00/32823), or intracellular expression and selection /

35  screening such as by protein complementation assay (WO 98/341120). Such methods are

known to the person skilled in the art.



WO 2011/ 135067PCT/ EP2011/ 056824 26 A library of ankyrin repeat proteins
used for the selection/screening of a reconbi nant bindi ng protein according
to the irwenbiloisesay be obtai ned according to protocol sPkm@EmOIIO568RE per son
skilled in the art (WO 02/020565, Binz, K et al., JVB, 332, 489-503,
2003, 5and Binz et al., 2004, loc. cit). The use of such a library for the
sel ecti on VEGF- Axxx specific DARPins is given in Exanple 1. In anal ogy, the
ankyrin repeat sequence notifs as presented above can used to build
libraries @flltﬁzﬁﬂwa bAkyriAPegdat Pratiag U@dmathemwcb@/y@e@wﬁ@bfé RoR®ireat i on or

screeni ng VEGF- AXXX S ifi.c DARPLNS. epeat domai ns of the
S eeent " BTl A2 itslol e yCALBaHEY BrOb S GRS To B GO Khowd
10accor di ngo tH@qOSecc?trrf@medummgrﬁnz(Mée o%axgga@mm iHalt eeteapwlgsamd&sb-ess (zgoklzr er,
P. , , e US| a rec nt

ethrol Byl 280 @Y E AT oot ol auohp IBisplss 11 wiedin U ECROR ny. et
al ., 20P4 sbﬁgﬂ% IARPms %glven-ﬂ‘@(dnﬁbl@ﬂltlln%alo‘gyf’tﬁéah?gtcnxrrepéeﬂ@elq@eﬁchenotifsb
partlcu alr e odi ment s escri S. rces e
e L T N e e A et
All of thef@t{tﬁé%elégldﬂifﬁr%bte@hﬁ]g&)ﬁUEGFa/gﬂ&ts\bedﬁ@DIARP@% beﬂtw«m@ree ré‘;ﬁtﬁé\t\ﬂ to
those skilled in t e 20art, and are val Idgl%e comre

prepar ed uSPAGNRAT ! %W@Wfrﬂﬁ"@’@ﬂﬂ?’h@% © r'é{laés?fﬂ té“?f{;’ l&Shased
12 rS o mt Fh ulke a(c;c,iwutﬂglemé aurebnt tur@ehm?ﬁmbe@br@gﬁltgmbﬁmb rnﬁb“duMsQFOﬁre’TPh ett al.,

wi t zer | and). ess, .S er W s o} s, restriction
Sy rros. Dol BSERPS LIPS HP R MR ARG B BYAILOA BRRTOBCEE Sront as
(Li t huani aywO 28020665\ BIgz @iyl., ROGB, &0 cirzdd Bl &ral. RO, oanais). E. col i XL1- bl ue
(Stratagene, USA). VEG- variants were from R& Systens (M nneapolis, USA)
or were produced in Chinese Hanster Ovary Cells or in Pichia pastoris and
purified adwerisliengort B rivt ARGRIS IR patibSar dfadimentE deSeribet w&iheExEprﬂmsean J.

Cancer 44, 83-94, 200 PIChI ex res systemfrom |l nvifro
51 ot 1 nJPat SPSTEeR P TR Er EP R e R RD L 99 DB P be belate
biotin noiety to primary am nes of the purified VEGF variants using

st andard bi gti nél ation reagents and nethods (Pierce, USA). WO
2011/ 13506 2011/ 056824 27 Mol ecul ar Bi ol ogy

All of the starting materials and reagents disclosed below are known to those skilled in the

20  art, and are available commercially or can be prepared using well-known techniques.

Materials
Chemicals were purchased from Fluka (Switzerland). Oligonucleotides were from
Microsynth (Switzerland). Unless stated otherwise, DNA polymerases, restriction enzymes
25 and buffers were from New England Biolabs (USA) or Fermentas (Lithuania). The cloning
and protein production strain was E. coli XL1-blue (Stratagene, USA). VEGF variants
were from R&D Systems (Minneapolis, USA) or were produced in Chinese Hamster Ovary
Cells or in Pichia pastoris and purified according to standard protocols (Rennel, E. S. et
al., European J. Cancer 44, 1883-94, 2008; Pichia expression system from Invitrogen).
30 Biotinylated VEGF variants were obtained chemically via coupling of the biotin moiety to
primary amines of the purified VEGF variants using standard biotinylation reagents and
methods (Pierce, USA).



Unl ess stated otherw se, nethods are performed according to described
protocols (Sanbrook J., Fritsch E. F. and Maniatis T., Ml ecular Coning: A
Labor at oryoNBnwiasq67Col d Spring Harbor Laboratory 1989, REWEPR#1H)N56834

Desi gned ankyrin repeat protein Iibrarie%&;he N2C and N3C desi gned ankyrin
repeat protein libraries are described ( 02/ 20565; Binz et al. 2003, |oc.
cit.; Bi nzlj@% al . Z%004 loc. cit.). The digit in N2C and N3C descri bes the
nurber AO9%peat modul es present between the N-terninal and

C-term nal UHs3RRated offledube snetibes mrmﬁsrnaédﬁ@om@totdésdﬂfddrmotbb@s posi tions

W th the mbSFPPERL ol AL BoRbME Bl f DR ER R Lotk i 1

are shiftedtdnyspie BaibBOLasOratoBORIsdI RBw YoRk). exarrpl e, position 1 of a repeat
nodul e of Binz et al. 2004 (loc. cit.) corresponds to position 2 of a

r epeat dul e of the current disclosure and consequently position 33 of a
r epeat m)dlﬂe%ig:héatemBy'rrrerepéat@Jlrote;ZO,@Aanelgoc cit. corresponds to position 1 of

a foll owi ng repeat | e of e current disclosure. ces
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el eCll on I ndl n rot el ns CO ri eat Wt | ng.
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(A.D,AREM@) 94:3?|ﬁ9%ﬁ10@al,es IB®nom@itatde udes I\t/%gdrziﬁé(wsnrbrfs&m@é th@ﬁ@%@it DBits -
I NS W | ECI I Cl X sel ec rom e

O GG DARPH s S Basha ing etdine0ls, - i i ind Giodipstst thek horgere o6

?:vggi n% of ré;ﬁ‘@t ﬁﬁidalé%%gd¢%M&nrt%fsﬁg‘t§@©9loﬁe(én{rﬁﬂﬁd PEston. &gdewm@m fic
, . coli se bi ndi { el { S assesse

CXCyact ELPERIDRAcharets: Modgie b ap el ZBDRTD o anastidnth BOROATS ul 1 y

sel ect ed ( Fégbat Ijodulths tHeeq@Rint dieciBsure anfl caﬂ%thtly PSitibnt33 of aGQﬂS‘@dt imadur

ommi n 16 7 IR g 20856 Pl erepsarenoRian o6 IBNPa rapeat yerec e

sel ect ed bicodentdigomsaad.ed speci fic ankyrin repeat sequence nDtrfs i nher ent
to certain selected famlies of binders. WD 2011/135067PCT/ EP2011/ 056824

28 The sel ection of VEGF Axxx specific ankyrin repeat proteins was
performed By thé DOPOSEUEh G vRdte @bﬁne@dew@eﬁhmkighuﬁu tHeQgalcutitéd holésulag dog

VEGF- A164 or n, YEGE- A165, as tar et. proteins rary of designed
ankyr 1 -1 egleidh! B ot rabeb RIS Wi TV VEFOBY D965 8R°CEME Vet al |, 2008, I oc.
cit. apnd Binz et al., 2004, loc. cit) and establi shed

Example 1: Selection of binding proteins comprising a repeat domain with binding

specificity for VEGF-Axxx

Using ribosome display (Hanes, J. and Pliickthun, A., PNAS 94, 4937-42, 1997) many

25 designed ankyrin repeat proteins (DARPIns) with binding specificity for VEGF-Axxx were
selected from the N2C or N3C DARPIn libraries described by Binz et al. 2004 (loc. cit.).
The binding of the selected clones toward specific (VEGF-Axxx) and unspecific (MBP, E.
coli maltose binding protein) targets was assessed by crude extract ELISA indicating that
VEGF-Axxx binding proteins were successfully selected (Fig. 1). The repeat domains of

30 SEQ ID NO:1 to 7 constitute amino acid sequences of selected binding proteins
comprising a repeat domain with binding specificity for VEGF-Axxx. Sequence analysis of
selected binders revealed specific ankyrin repeat sequence motifs inherent to certain

selected families of binders.

35  Selection of VEGF-Axxx specific ankyrin repeat proteins by ribosome display



5protocol s (Zahnd, C., Amstutz, P. and Pl Gckthun, A., Nat. Methods 4,
69-79, 2007). Ri bosone-display selection rounds were perfornmed on dog or
human VEGFOwartiasied (i ncl udi ng biotinyl ated vari ants i mrobiEPR@e@se€r
neutravidin or streptavidin) with both t§§ N2C and N3C DARPin libraries
usi ng established protocols (Binz et al. 2004, loc. cit.). The nunber of

reverse transcrjption -PCR cycl] es after each sel ection round was
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in a fresh 96-deep-well plate. After incubatiqn for 2 h
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wer e added harinoddGF.debris were renoved by centrifugation. 100 pl of each
| ysed clone were applied to a well of a NeutrAvidin coated Maxi Sorp pl ate
containing either a VEGF- Axxx variant or the unrelated MBP i mmobilized via
t hei r bi ot iSelettécetiynestind SsachivbBOioVEGA-ARBEs SHownXyt @lde¥kiets EusAvashi ng
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282{7&828'6 i%%gg%i;g@%@@ijr%g@bs adr}/da(r: pr)]tlolflo%%}s.egel\gctteg c]fjlolnlégl|V\;err]ee cIor\l/g?j into the
pQE30 (Qiagen) expression vector, transformed into E. coli XL1-Blue (Stratagene) and
then grown overnight at 37°C in a 96-deep-well plate (each clone in a single well)
containing 1 ml growth medium (2YT containing 1% glucose and 100 ug/ml ampicillin).
25 1 mloffresh 2YT containing 50 pg/ml ampicillin was inoculated with 100 pl of the
overnight culture in a fresh 96-deep-well plate. After incubation for 2 h at 37°C, expression
was induced with IPTG (1 mM final concentration) and continued for 3 h. Cells were
harvested, resuspended in 100 yl B-PERII (Pierce) and incubated for 15 min at room
temperature with shaking. Then, 900 ul PBS-TB (PBS supplemented with 0.2% BSA,
30  0.1% Tween 20, pH 7.4) were added and cell debris were removed by centrifugation.
100 pl of each lysed clone were applied to a well of a NeutrAvidin coated MaxiSorp plate
containing either a VEGF-Axxx variant or the unrelated MBP immobilized via their biotin
moiety and incubated for 1 h at RT. After extensive washing with PBS-T (PBS
supplemented with 0.1% Tween 20, pH 7.4) the plate was developed using standard
35  ELISA procedures using the monoclonal anti-RGS(His), antibody (34650, Qiagen) as

primary antibody and a polyclonal goat anti-mouse antibody conjugated with alkaline



phosphat ase (A3562, Sigma) as secondary reagent. Binding was then detected
by using di sodi um 4-nitrophenyl phosphate (4NPP, Fluka) as a substrate for
al kal i ne whasphias@3e. The col or devel opment was neasur e#CRUEPAQ5/056824 The
results froman exanple crude extract ELL$A used to identify DARPins
bi nding to VEGF- AxxXx is shomn in Fig. 1. 5 Screening of several hundred

ELI SA reve led mor e t han
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notifs, here the repeat sequence notifs were deduced fromthe repeat units

of sel ected repeat donmains with binding specificity for VEG- Axxx. Thereby

fam | i es ofDexetipg resbat egRRNcE pIBIESEP BPletRUNGocut COMEIIE Wil RRlind SipeHioTe
notif were det é ned 20 High l'evel and sol uble expression of DARPins For
further anzﬁ‘?y K% sel ected cl ones showi ng specific VEGF- Axxx binding in

the crude cmelanﬂmt ea@tsedﬁlenSée 3Ssdlksed ichesh W@WBanMQrsﬁédmylfdﬂ\EGBO“
XL1-blue cells and P{EI‘I fl? bj% g their %% usi ng st andar d prot qQcol s.
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AT 015, eluckll & kot adk 165 q@%‘ﬁﬂﬁh“@ﬁ?ﬂ%@%ﬁr TP B S er e
resus peng(E(ﬂ)_IZ_VOZO?@S %el@fnaﬁﬁ&ﬁﬂ&cﬁﬁﬁgﬁ%&ﬁln&ﬂﬁﬁhere%@d Ifd\ﬁédggb re;}iﬁdt 8%qmde
soni cat ead. [ S e was.recentri cer o (V/V I Na
Concont + i TS ki e s P o6t math e kRt e bt
the resul tirggeas upmémat\r&tﬁtbmdﬂfg)épﬁdcm@tw\bf VEWA)f)dXB‘dh(QUBJ fa&ulMs-of selected
nitrilotriacetic acid col umm m vol urre accordi n t he
manuf act ur &5 FRGEINGEOMBHENg SXCAGITP EEPHRRgYSn BT SSG00Stamaredi gni y
sol ubl @0DARPIi ns wi t h bi ndl ng specificity to VEGF- Axxx could be purified

fromone litre, of culture wi urity >95% as estinmated from
S8 180 PAGST iAo s DARE S oq 1 or furt hor

35char act eIFloZﬂtﬂh@ﬂénalyé@tf?&édé&é’&&@ﬁéﬁﬂoﬁlﬂ?@é&{cﬁﬁm Bx-Eiading & the crude
Det er m nat i o sel ect ed DARPI n iecifi CI t to
VEGH A 1901 SEsh EF DY Bt o Bale RARFETBTIn G SO AkE el i e
spher oi ds @mhﬁaﬂ@@hg hel ¢lid-RGARINGRStandaes plokdss. £ nhopstatichady swreight mugures
Addi ti BE O } g ulcglse;[ er00 mgll\éﬁamplcnf(n 3\%&; Wgrleoucsléd ?c? {n%gﬁlatfeqlr I%‘itur%rs] '(same
medlum). At A(600) = 0.7, the cultures were induced with 0.5 mM IPTG and incubated at
37°C for 4 h. The cultures were centrifuged and the resulting pellets were resuspended in
40 ml of TBS500 (50 mM Tris—HCI, 500 mM NaCl, pH 8) and sonicated. The lysate was
recentrifuged, and glycerol (10% (v/v) final concentration) and imidazole (20 mM final
30  concentration) were added to the resulting supernatant. Proteins were purified over a Ni-
nitrilotriacetic acid column (2.5 ml column volume) according to the manufacturer’s
instructions (QIAgen, Germany). Up to 200 mg of highly soluble DARPins with binding
specificity to VEGF-Axxx could be purified from one litre of E. coli culture with a purity
> 95% as estimated from SDS-15% PAGE. Such purified DARPiIns are used for further

35 characterizations.



whi ch can be quantified statistically by the nunbers and | engt hs of
sprouts. By adding different concentration of inhibitor and a constant
anount ofwOB@H/13866¢ 1050 can be determ ned. 10 I nhi biti @ecTaP26plesssed d
sprouting by VEGF Axxx specific DARPi ns her oi d outgrowt h assays were done

according to standard protocols (Korff et al., loc. cit.). DARPins with
specificit d purified to > 96% purjty, as
descri bed i2ES (LIGMINGURROT (el 2 SEGGHES ! Spegi uency
i N nonol ay eMEGRHAKKN iR.a dherlid blitgRsthaggdyi on, the cell suspension was pl aced
in a hanging drop 15to form spheroids, i.e. approxi mtely 500 organi zed

aggregat ed HUVECs. Spheroids were enbedded in a collagen matri x and

sti mul at ed Additidn VECE SALSXxt® HUVHG aitRrsigd mbediddan evidyen FitAddsi|&gts to
i nhibitors were added. agg!g(}ii,on heir effects on sprouting
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sproutin ssays are shown jn Flg. 2a n ndi.ng speci fi ci
o VGRS AR s ey ataoh Bt anie, RO AR 78 o KEFo I SIARER R t h o
bi ndi ng spe&etdrinfiedy for VEG-- Axxx; e.g. DARPin E3_5 (Binz et al., 2005,

loc. cit.). The best performng DARPins in this assay showed | C50 values in
the range of 2510 to 50 pM while Ayastin(r), Lucentis(r) and Macugen(r)
showed 10 C5Qnnvitioresr spherad gbroedingeyPeE G Revxis spatificdBARRRge of 150 and 500 pM

Exanpl e 3: termnation of the target specificit f DARPI 7 in
compar | son PICRIRHBIM] aBpYSFradetcsohiTe RebtarterolrayRpa g, 6
VEGF- A164 eit.) IDgRNRGwitALpabificigITer VIRBBRIxkk detk sdleded honp@rfiel tandebhgurity
interaction of DARPi.n_#27 I%t he repeat .dowi.n O'[? SEQ ID NO 1, ﬂcorrespondi ng
to anino adSd§sqited in 5ygmyl &-E&‘r‘ﬁ?ﬂ“i“ﬁ‘(@'}ca § CEIRVG BN PR EICY &t s wer e
anal yzed. n%o@é&édlﬁ&@thm@gaﬁblibh%é&alﬁsﬁbeﬁﬂ% wWass plias i & tanigihgdrop
Prote i nstrunen Bj oRad) . The .runnin uffer was, 20 EPES, pH 7.4,
750 i RaGIO KA SBhaibKb, nachroste R oD SamiF RIS WL AT ePsro fere
VEGF- A164Db eniyeddédmidtdliaged matrixaardldtinuititgd (vfh YREF)A1681 initkitespiut ons wer e
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sprouting inhibition. Sprout numbers per spheroid and sprout lengths were quantified
using a graphical software.
20
The results from two example spheroid sprouting assays are shown in Fig. 2a (DARPIn
#30 with binding specificity for VEGF-Axxx) and Fig. 2b (DARPin NC, a negative control
DARPin with no binding specificity for VEGF-Axxx; e.g. DARPin E3_5 (Binz et al., 2005,
loc. cit.). The best performing DARPIns in this assay showed ICs, values in the range of
25 10 to 50 pM, while Avastin®, Lucentis® and Macugen® showed |Cs, values in parallel

experiments in the range of 150 and 500 pM.

Example 3: Determination of the tarqget specificity of DARPIn #27 in comparison to

Avastin® by Surface Plasmon Resonance analysis

30
Dog VEGF-A164 or Dog VEGF-A164b were immobilized in a flow cell and the interaction
of DARPiIn #27 (the repeat domain of SEQ ID NO:1, corresponding to amino acids 1 to

159) and Avastin® with the immobilized targets were analyzed.

35  Surface Plasmon Resonance (SPR) analysis



5 Avastin(r) or DARPin #27 at a concentration of 250 nM and an off-rate
nmeasurenment of a few mnutes with buffer flow. The signal of an uncoated
ref erencewoebil/mam7subt racted fromthe nmeasurenents. TheCraEPadiidsesee shown
in Fig. 3a (Avastin interaction with dog;¥YEG--A164), Fig. 3b 10(Avastin
interaction with dog VEGF Al64b), Fig. 30 (DARPI n #27 interaction with dog

VEG-- A164) i nteracti W { VE 164b
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rabbits At day 1 either PBS, PEGyl ated DARPin #30 (125 pg) or the equinol ar
amount of 2% MEaSHPIEPS- (162 pg) is applied by an intravitreal injection
into one eye of each rabbit (treated eye). At day 4 or day 30 the treated

eye of each rabbit was chall enged by intravitreal &ectl on of 500 ng of
human VEG:T,BI%SSU”B@WSW@S'”CWQ aI(A&ff‘ﬁt'ﬁﬂ'l‘@r%?réW@'\‘/QP% E&o- 'ﬁ‘Bﬁ“ﬁopugs?’bafter the

VEGF- A165 I(me%(ﬁhnrqgraeyorfmm% VEGFD@GMbnga%é?DRRPW’ﬁﬂhteké’btl@h bwtﬁ)d@%
after intravenous inject sodi um fl uor escei n lgrgtﬁ an| mal bod
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of fluoresqgasth ¢|@aﬂyhmerd&@wmbaﬂ%mbm@@deéeeyﬁﬁor\w mecammhaize%hmg every
aninmal. A ratio of one corresRon s to absence of additional fluorescence

| eakage i nOPhdNErachpRYIRYECFRAIG a1l grleRG-AlBth one indicates nore
fluorescence | eakage in the treated eye than in the untreated control eye.

35 Pr e;1)ar ation of PEGyl ated DARPI n . o )
5 Example 4: In vivo efficacy of DARPIn #30 in inhibiting VEGF-A165 in a vascular leakage

rabbit model.

Pegylated DARPin #30 (the repeat domain of SEQ ID NO:4 corresponding to the amino
acids 1 to 126) or Lucentis® is applied by intravitreal injection into an eye of a rabbit to

20  test their efficacy to inhibit vascular leakage induced by a subsequent intravitreous
injection of human VEGF-A165.

Vascular leakage inhibition measurements in rabbits
At day 1 either PBS, PEGylated DARPIn #30 (125 ug) or the equimolar amount of

25  Lucentis® (162 ug) is applied by an intravitreal injection into one eye of each rabbit
(treated eye). At day 4 or day 30 the treated eye of each rabbit was challenged by
intravitreal injection of 500 ng of human VEGF-A165. Both eyes of all animals were
evaluated 48 hours after the VEGF-A165 injection by measuring the fluorescein content in
all eyes 1 h after intravenous injection of sodium fluorescein (50 mg/kg animal body

30  weight, 10%(w/v) in 0.9% (w/v)saline solution). The ratios of the amounts of fluorescence
in the treated and untreated eyes were calculated for every animal. A ratio of one
corresponds to absence of additional fluorescence leakage in the treated eye, a ratio
greater than one indicates more fluorescence leakage in the treated eye than in the
untreated control eye.

35
Preparation of PEGylated DARPIn



WO 2011/ 135067PCT/ EP2011/ 056824 32 The PEGyl ation of protein by making use
of a single Cys residue and nal ei mde chemstry is well known to the person
skil | ed iwotha/@si67and can be perforned accordi ng to estrabiEPtieaseot ocol s
(e.g. fromPierce). DARPin #30 conprising,an additional C-term nal |inker
(GEGSGEESC, SEQ ID NO 8) was purified to near honobgeneity using standard

5chr onmat ographij t hods. The protein is conpletely reduced using DTT and
o D D B TP Pisioin By PRARS ALl oI o (451 R TR T BT oy
PBls. _ P_Egr med Ngtilﬁkrﬁtﬁvr(tgﬁhé@jér%ﬁ@@ki}ééogﬁagwé @m@_n@byf@é B@mﬁ%ém_bam@qwr OPylh )
mal el m de, . .No. unpr i t - SS Ve 1 N, 1S.MmXe W t t he
DARPI n in ﬁB@bhiheéE%%tPC‘li% g (AP P@E@gﬁ%’*gk’ n GRETREsITO §8 ﬁd&ft'OQ@'z{g‘F‘?‘dﬁ‘F@' at
room t enP_eniake[;XSSGE@GEE@/B&Qeld) @B&M@Egariﬂ@t?masgmb@e;@dy Ufiﬁ@gtangard _
non-rea 1V I N an on-reactl ve letl e usl anaar. ni on
exchangs cKPEFRADYPRIRgeIS. Farpiolen iscomblRicht rediopt 45ing D doand edisd BY ed
\E;ég:Pi 2 1§§0_g@3mtrb,ﬂ(ijtﬁﬁ6trérﬁ|617é th‘léﬂlﬂ'lel' ahl l?i e{jx@h@fg@}tﬁ@buﬁé}%yrmiFIEC?g%Iefiﬂhfm_@ o

- I N ce va ul ar eaKkage ays after they . were | Yy
oy ol L1 e AoThaRg ot b B e R ey BT e AP HAREIERSD! i
not L:Jcenlt il\ﬂI{Qb)OMWﬁais&N%‘j ih®HEY i@}nﬂﬁéd Mgetrfeaindut Pingy PBErRAbMHE5% Hokr i ndﬁced
vascul ar eakKkage to aays er the Intravitrea | Ctli o .ot her
L ot Extas B Peltalde Yo h i 500 [ A, The PR RARBIT S| g
prot ei ng ofthetédpardtey Romindn-ragdtive MPERRIK aAd abh-Ssactivd PEG rhbigdds hyjiskeg | ons
into rabbit eyes, DARPin #30 conprising an additional Ctermnal |1 nker
(GGGS@GSC,St%éaqﬁ'W@aQ%%CWBHF[?@é% “to a 20 kDa and a 40 kDa

non- pr ot ei naceous PEG noi ety using the respective nal eimi de PEGs from NOF
(see Exanpl.e 5). The termnal half-Iives re determned to be 3.5 days
(575 05 apeyesus presiin o 2 BolmaRiale EadH gl a0 LugessRagies abBIS: he
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observed in correspongdi experi nents were binding proteins conprising the
repeat dom&Pri® 8@ dggﬁﬁ%qﬁﬁnirg('gﬁgﬁ@eg@”ds 1 to 159) or SEQ I D 30NO 3 (am no
acids 1 to 126) instead of the repeat domain of SEQ ID NGO 4 were used.
Exanpl e 5: Reconbi nant bi ndi r ot eins . Ex I of recomnbi nant
b nding pr &t BnRE SRR B 4 BsaLEraanRa-kenl B RS TG
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to a 20 kDa and a 40 kDa non-proteinaceous PEG moiety using the respective maleimide

PEGs from NOF (see Example 5). The terminal half-lives were determined to be 3.5 days

(+/- 0.3 days), 6.1 days (+/- 1.0 days) and 5.4 days (+/-0.8 days) for the DARPin #30, the

25 DARPin #30 conjugated to the 20 kDa PEG moiety and the DARPin #30 conjugated to the

40 kDA PEG moiety. Surprisingly, increasing the molecular weight of the non-

proteinaceous PEG moiety from 20 kDa to 40 kDa did not result in an increased terminal

half-live. The same trend was observed in corresponding experiments were binding

proteins comprising the repeat domain of SEQ ID NO:1 (amino acids 1 to 159) or SEQ ID

30  NO:3 (amino acids 1 to 126) instead of the repeat domain of SEQ ID NO:4 were used.

Example 5: Recombinant binding proteins

Examples of recombinant binding proteins comprising a repeat domain binding VEGF-
35  Axxx and a proteinaceous polymer moiety are SEQ ID NO:1 and 4. The repeat domain of

SEQ ID NO:1 corresponds to amino acids 1 to 159 and the proteinaceous polymer moiety



WO 2011/ 135067PCT/ EP2011/ 056824 33 of SEQ ID NO 1 corresponds to am no
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aci ds 1 twol2af/m\mb7t he protei naceous pol yner noiety of BEQHPR)INGSE824
corresponds to am no acids 127 to 536. ng bi nding proteins of SEQ 1D NO 1
and 4 were expressed in the cytoplasm of 5Escherichia coli using standard

t echni ques to . the person skilled. in the art ee, for exa he
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additionally encoded by the expression vector was efficiently cl eaved off

in the cytoplasmof E. co/ifromthe expressed pol ypeptide since the start
Met is fol IExeepide)of fecoinantbiidingpiréteias ComPrisihden@repaat @srhaln dindp@svEdcen 1

of SEQ,ID NGO 2, 3, 5, 6, and 7). 25The cells were lysed (.e.g. by using a
P encivBr e O 2RGoTS BoBPI HRFbis DRV G oiew ke o peiretshiadh insRBLB RIaT,
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outlinea i e r 1 ndi,n I Ot nti
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a43- (3-mal ei m do-1- 0X0pr op m no 0 - W met hoxy.- pol yoxye en rom
N br ouEEr 0 KUE B Bt (s SGtsApDler e EpBRbOBE LT SINIE TE: 5 and
? ig I(<3E3a 3|5rm_@mﬁ%1rr@§imd1mmmsu>r&@o@ea bE/Yne(&lrﬁess&)nZ%Cde&/aﬁi%H%idﬂiilylﬁfelﬁ‘E@ off f
a43- (3-mal ejm do- 1- oxopro nol pro - W axy- pol yoxyet hyl ene rom
Mo br ot R YRBlRT o oo b RS s B Ao B Tet o folohet
by a small Gly residue (i.e. the amino acid at position 1 of SEQ ID NO:2, 3, 5, 6, and 7).
25 The cells were lysed (.e.g. by using a French press) and the binding proteins were purified
to near homogeneity from the crude cell extract by using standard chromatographic

techniques known to the person skilled in the art.

The purified repeat proteins comprising a single Cys residue were then conjugated to a
30  non-proteinaceous polymer moiety using standard maleimide chemistry as outlined in

Example 4. Thereby, a binding protein of the invention comprising the repeat protein of

SEQ ID NO:2 and a 40 kDa non-proteinaceous PEG moiety (e.g. a 40 kDa maleimide-

PEG (a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene) from

NOF, product no. Sunbright ME-400MA), the repeat protein of SEQ ID NO:3 and a 20 kDa
35 non-proteinaceous PEG moiety (e.g. a 20 kDa maleimide-PEG (o-[3-(3-maleimido-1-

oxopropyl)amino]propyl-w-methoxy-polyoxyethylene) from NOF, product no. Sunbright



34 ME-200MA), the repeat protein of SEQID NO5 and a 12 kDa

non- pr ot ei naceous PEG noiety (e.g. a 12 kDa nal ei m de- PEG

(a43- ( 3- mbenniidsescI- oxopr opyl ) am no] propyl -w met hoxy- peCympg@tilogésene) from
NOF, product no. Sunbright ME-120MA), thg,repeat protein of SEQ ID NO 6 and
a 5 kDa non-protei naceous PEG noiety (e.g. a 5 kDa 5nual ei m de- PEG

(a43-(3-mal el m.do- 1- oxopr opyl ) am | - W et - pol yoxyet hyl ) from
N br odudiE ABOVA] 18 PR e Bnenan HoBotand & Je R A B R GRS E S o 7
?ngBa(g kD;m(ﬂélyé@.g.Oé ep Rgem@il mitfe& Ejei(ﬁi{y(:f-maﬂaimiaﬁa-&B@rd@b@ﬂnmoﬁﬁlo@f@)- f
a43- (3-mal ei 0- 1- oxopr.0 a ro - W=net hoxy- t ene rom
Mo B, pr oadethar Pl YRR NSO N preBrch o R e e N e reBeity £ pent
pr gt ei ns Wgﬂghgﬁ H=0) lelelﬂ@lEénﬁjS@Q&?@tr@d-p{q@t@iﬁ?mhrs_mhﬁ)}i(é!ﬁl(d’.@.@@klﬁﬁr ot ei ns
and excess chro ogr aphi c techni ques kngwn to the person
K1 T odS: n AT P GO R TG S P M - REREon] Lgat od o1
E h23t ?i30| l(bf)_lyb_h}?tlﬁyl&é)%m N@F, ;@M_&@(ﬂinﬂesllrﬁtir®hﬂlﬁlE&jh5mﬂ'\ﬂ@ a?&@mlz repeat prﬁtein of )
a43-(3-m - 1- oxopr am no] pr opyl - w nmet hoxy- yoxyet e).
The 7 011 owiShit It Rk S b waBh e b B tirr Moely B o,a 2RBe it mide/ PER
(a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene) from NOF,
product no. Sunbright ME-020MA) were produced. The PEGylated repeat proteins were
10 then further separated from non-PEGylated repeat proteins and excess PEG by standard

chromatographic techniques known to the person skilled in the art.
Thus, SEQ ID NO:2, 3, 5, 6, and 7 were conjugated at the thiol of their C-terminal cysteine

to a maleimide PEG (a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-

15  polyoxyethylene). The following structure was thereby produced:

g—X
O
\OWOWHWY?
o o

wherein X is SEQ ID NO: 2, 3, 5, 6, or 7; and n is a positive integer.
20



wherein Xis SEQIDNO 2, 3, 5, 6, or 7; and nis a positive integer. 20
WO 2011/ 135067PCT/ EP2011/ 056824 35 C ai ns 1. A reconbi nant bi ndi ng
protei n cwWORPiLI3AE7an ankyrin repeat domain and a pol yePhyiEra@1856820]

noi ety of at |east 5 kDa nol ecul ar wei ghgs wherein said ankyrin domain
binds 5 VEGF- Axxx with a Kd bel ow 10-9M and i nhi bits VEG-- Axxx binding to
VEGFR- 2. .The binding protein of claim1, which has an apparent

nmol ecul ar B8t of at |east 100 kDa when anal yzed at a concentration of
0.1 mMin PBS at room tenperature by size exclusion chromatography using

gl obul ar prootei ns as | ecul ar, wei ght . standards. 10 . The hindin rotein
of claim1,! E?WW”?%'W%‘FW%‘F&MBMQ@ YL Eergt @%ﬂ‘%l” éﬂaﬁ‘rﬁowe &t
domai n conpyiceEBoidty AiPleasss kibig mdleddRS Weight) wherein said afkyril@orbaif @indg pr ot ei n

of claim1 rein sai nkyri n, repeat . donpi onpet r inding to
VEGH A WEH AR sy RO bei M BB RSO R P REr EVEGT RS,  The
binding protein of claim1, wherein said ankyrin repeat domain is selected
A e R R L R
ankylri n rep(?atvrmkrmaryzb%aﬂ@gw@atr@mbrfdf 0.1 mwntFéﬁsrhﬂ&ﬁmwb@paraﬁﬁptby@QFboPd to
a po eptide |linker and a C-ternina s, residue, erei e thiol o
el d ot or RHPOR Som Bt e el 23 Tl R sangeres

pol yet hyl ene gl ycol. 257. The binding protein of claim®6, wherein said
mal ei m de- coupl ed pol yet hyl ene glycol is

a43- ( 3- mal &l Theloinding>Xededf lc)airni1naheretpyib NaterinBcappPal ricdyebiydicatkyrin - 8.
The bi ndi n?%é)r?t ein of claiml1, wherein sai P b%ndi ng protein is an ankyrin
repeat prot 5 I8MALRIHIFEHAT AP FHWNG LEREIN Png of the ankyrin repeat
proteins of SEQID NO 2, 3, 5 6 30or 7. WD 2011/135067PCT/ EP2011/ 056824
36 4. The binding protein of claim 1, wherein said ankyrin repeat domain competes for

15  binding to VEGF-Axxx with the ankyrin repeat domains of SEQ ID NO:1 or 3.

5. The binding protein of claim 1, wherein said ankyrin repeat domain is selected from the

group consisting of the ankyrin repeat domains of SEQ ID NO:1 to 7.

20 6. The binding protein of any one of claims 1 to 5, wherein said ankyrin repeat domain is
conjugated at its C-terminus via a peptide bond to a polypeptide linker and a C-terminal
Cys residue, wherein the thiol of said C-terminal Cys is further conjugated to a maleimide-

coupled polyethylene glycol.

25 7. The binding protein of claim 6, wherein said maleimide-coupled polyethylene glycol is

a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene.

8. The binding protein of claim 1, wherein said binding protein is an ankyrin repeat protein
selected from the group consisting of the ankyrin repeat proteins of SEQ ID NO:2, 3, 5, 6
30 or7.

9. The binding protein of any one of claims 6 to 8, wherein said polyethylene glycol moiety

has a molecular weight of around 20 kDa.



10. The binding protein of claim 1l conprising the ankyrin repeat protein of
SEQ ID NO 3 wherein the thiol of the Ctermnal Cys of said ankyrin repeat
protei n iwoRoryigrs7conj ugated to a nal ei m de-coupl ed polpg@tErgdiaiosssgd ycol .
511. The binding protein of claim 10 wheggin said nal ei m de-coupl ed
polyethylene gl ycol is

ahor ci n' & hd OB BOAGP RIS B EBIM aPBR) G B AR Fed Py e TRQ:Sast

10 kDa. wherédi® theﬂtht@haﬁtﬁa@et@tmmall cm@m dnkgiin EPERT proteirgis filrthdpicotlugded

protein of aay o (%1; |dms|1 t 9} ?nd optionally a pharnaceuti cal
accept abl e %ar”f‘gi‘ Fé'im AR AN e”e Ol A pharmaceutical conposition
according to claim12 for use in the treatment of an eye di sease. 1514. A

phar mac ut| osi ti.on accor din to claimi2 e r eat pent
o ohe. diasne BRBPS PtetPR o EREAITD Mietsh Foifl maleimidsCoubRgnalhifene el g
pgt hol ogi C®L[3€(th31@ﬁﬂﬁﬁll~‘é‘)xd);5‘ro§yl)”mmiﬁﬂbrobwclblmbtlﬁlg(yfmﬂyox%lmaéméIal’r\g wherein the
adm ni sterin

t of
conpound 2@8@8&%%@%@ 'aﬂlg %@“O'EPQ%'}GIB&GIQ Q{ai%ast V&, amount of a

12. A pharmaceutical composition comprising the binding protein of any one of claims 1 to

10 11 and optionally a pharmaceutical acceptable carrier and/or diluent.

13. A pharmaceutical composition according to claim 12 for use in the treatment of an eye

disease.

15  14. A pharmaceutical composition according to claim 12 for use in the treatment of an eye

disease by intravitreal injection.

15. A method of treating pathological angiogenesis in a mammal including man,
comprising administering to a patient in need thereof an effective amount of a compound

20  according to any one of claims 1 to 11.



