1 MUTEINS OF TEAR LIPOCALIN AND METHODS FOR OBTAINING

THE SAME This application claims the benefit of priority of US provisional
application No. 60/821,073 filed August 1, 2006, and US provisional
application No. 60/912,013 filed April 16, 2007, the contents of each being
hereby incorporated by reference in its entirety for all purposes. The
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interaction, play a crucial role as reagents in biotechnology, medicine,

bioanalytics as well as in the biological and life sciences in general.
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Proteins, which selectively bind to their corresponding targets by way of non-covalent
interaction, play a crucial role as reagents in biotechnology, medicine, bioanalytics as well as

in the biological and life sciences in general. Antibodies, i.e. immunoglobulins, are a



In a first aspect, the present invention provides a method for the

generation of a mutein of human tear lipocalin, wherein the mutein binds a

given non-natural ligand of human teag lipocalin with detectable binding

affinity, including: (a) subjecting a nucleic acid molecule encoding a

human tear lipocalin to mutagenesis at at least one codon of any of the
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The use of nucleotide building blocks with reduced base pair specificity,
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In one embodiment of the invention, the method for the generation of a

mutein of human tear lipocalin includes mutating at least 2, 3, 4, 5, 6, 8,

10, 12, 14, 15, 16, or 17 of the codons5of any of the amino acid sequence

positions 26-34, 56-58, 80, 83, 104-106, and 108 of the linear polypeptide

sequence of mature human tear lipocalin. In another embodiment all 18 of
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and 108 of the linear polypeptide sequence of mature human tear lipocalin
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or eukaryotic host organism by means of fecombinant DNA technology.
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10 employed for the selection of these clones, such as phage display
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ol B e G0 T e Hop e W G5y for example,
resi@s 034029468, W GoeSHIR 84680 Wl 05104192 S5 ctht0 RODBHREGRBE on since it
/01925 6 i is disclos
xR EIIAERG MY 2 FOA P LI ACEFRASE A A5 SO R Sporated

at gijoireividiing enee givaiH dydndhiscsamgetidssertastabrrerdane fgrouper amino acids
(th&PARISERNG £78 fhemicpbcampavndiib keRgscanikaatat Qumithat SxRiNSne can

features of an mmunolog&cal hapten, a peptide, a protein or another
alsqrpsdnsiarRIatng Wie R Bk isagsRichamtn s dlsresribis ole dgrs bRy Wang,
L., ef RN R¥ame oo em sutie Wi partisle SYhireid oreyemelrekilComm. 1,

ontacting the plyrality of myteins with said ligand in order to. allow .
1t G A Al TOAtA S LSRR BiatRgodons i
ordaffinity ifaiegaickhiganchuama (anironavidg, nfoteinahgven@mediyhd -tyrosine or p-
sub%tantfall binding affinity. In some embodiments of the invention, the
am}no gnr% a aBme. .

igand may be a protein or a fragment thereof In one of these
embodiments muteins binding the human T-cell coreceptor CD4 are

Th@’ﬁglsug?ﬂu@eBHﬁeemﬂ‘aﬂ{g]B%}c% %g&%ﬁlﬂ:@ﬁ %tclgg%mlv § é'cgﬁcm’? as for example

. selection in step (c) is carried out under competitive conditions. _
inogiagn petiti coAerfoaLaeUBRd KEreif(ATEarsythald ShotHtsH ¢niénshydro-8H-

pyrEGRIHPEsRSAhE2SRNE feR deWhiqh dbe) MutesnsmHd 188, 318€1%03), is another
non-natural ligand of human tear lipocalin (target) are brought in contact in

oPHAR {eberBE USH AL dBHA RIS AR A RASEB RTINS WS Biftling of the
muteins to the target. This additional ligand may be a physiological ligand
of the target, an excess of the target itself or any other non-physiological
A ﬁg#rml pbslsé)'th‘fyg@ tthat t!irrdélai_ Iafaﬂtamu_i‘agﬁhaﬁp_sﬁﬂng Epiumpé}ud thees mi)_;tures of
difﬁ%ﬁ@%éféﬁ‘ﬁg@ %@?e@f 108D, ‘858%? AVGRRY Qcquf%ﬂ'ﬂﬁ% tst¥ihto the

target binding of the muteins.Altematively, the additional ligand competes
codifigspitugnsg of mekhvtbibs bydaskfanring sahepepde(di¥iplbttiesen@ndloroney SE.

199nding fife.plthe Rudsiomipidiedargslpy Rliestericeffeats. dhMBsis of mixed
embaodiment of the Ehage display technigue (reviewed in Kaﬁ/ et al.

, ue (re "B.K.
oligqeieds ol 01 BRAAM M4 A8 PERS 7) Lelia brialns B3> OQf MdRowski,
L. (1999), supra) using temperent M13 phage is given as an example of a

Onéfﬂ%@ﬂ?[& mib?g@} mtiﬁ%ﬁﬁiﬂlg\ a{wﬁﬂ)ﬂla EB&MQ}%%&%GV@QIKH? SN@ib@Espective
embodiment of the phage display technology that can be used for . )
OIS BRRGISh BTSSR R AL Sy derived
ﬂoﬁﬁo@&gﬂiﬂiﬂ@e@i@d@iﬁg@h@he@@@@ﬁ@ﬁﬂo(ﬁ@aa)tﬁtéylpthmgm_thesizing these
ol RGN IR SRR IoHID PUREE AR ROt Ml

er temperent phage suc i¢ acid bnilding

lay.
B SRS g el
blonkayf@etpmmﬂmsia@ﬁvéibsgqnmmmmss se]édnimnnmmd,tmﬂae amino acid
pos‘?@&%%‘b%ﬁr?cﬁ%t@&%%ﬁ&dcWﬁ?eﬂ@%ﬁ%ﬁl%ﬁﬁﬁﬂ%ﬁ% IRISUAAIGy arise, which

lipocalin nucleic acid sequence as a fusion protein with a signal sequence

at etheendieriinhe, greseriioly the Otpporlgighartsdydiver: drer vrarmde, the first
oliEHRRIR RIQERIBRUPOh 8 e RRAYGIMR Ok fEagmoRNt A RRIRRICERARER Of B8 IG 0 ding

incorporated into the phage capsid at the C-terminus. The C-terminal ) )
strapdJdhe AT dsrarenshiecApuated st NS Rl M sitiRfs o thegpocalin
pol4pépatitha weibediyipey segdenir islipteiarabliduseddgp prashiapdhenusiding strand for

proteins. Especially preferred in one embodiment is a C-terminal fragment, .
e SR R CrE e i DD SO G B ohEbmikleorde

replaced by another amino acid. Accordingly, a further embodiment of the

methods of the invention involves operably fusing a nucleic acid coding for

the plurality of muteins of human tear lipocalin and resulting from

mutagenesis at the 3' end with a gene coding for the coat protein plll of a

filamentous bacteriophage of the M13-family or for a fragment of this coat
Nnrotein 1N order to celect at leact one Mmiitein for the bindina of 2 Aainven



For example, the phasmid vector pTLPC27, now also called pT1c27 that
is described here can be used for the preparation of a phagemid library
encoding human tear lipocalin muteins/ The inventive nucleic acid
molecules coding for the tear lipocalin muteins are inserted into the vector
using the two BstXI restriction sites. After ligation a suitable host strain

corfiplai b 10a td thedoiBuiarimty dnsterooedsyihdihg tealdbggnccieisr@aidFinally,

ixture ield.a large number of independent clones. A respective vector
the R S e BBt BF A5 SNRGEAI o1y, purh sequence
segdesited . pbhenessdtiviguibragtisnsulndeqpefitlynsd pettinfec tedpiectiguitirst and second
. re Wwith p iate M13- h r ph or hyper in r
S R g AR S e
oligyptsddietidutein on its surface as a fusion with the coat protein plll or a
fragment thereof, while the N-terminal signal sequence of the fusion
protein is normally cleaved off On the other hand, it also bears one or

TheapelEpREeLPIAGUSEOE RAPIE BrotelRasHPat SpS 59 HRinsdIBErBEaYye known
meH¥ddSiieIs Gapable Rl dnfesdindanpainianthn Qanenst Fdact@dalisliat the fourth

carrying an F- or F'-plasmid. In case qf hyperphage display, the .. .
SR SR AU B S PRENITROH A Qi Ll S kGeR To s
endgvlihtt_h@fimf@ptb@cmataprﬁieMaﬂb@bmmbﬁi&vﬁiaapsiﬁ\prm@rmmn:gaﬂn reaction
usiffRLIMectan with nelper phads Osro‘}%’epo‘%ﬁ%?‘élgc%@%{%‘% IO A ISJ}tQ&‘les, which

Tision pr irFhetween tehe“flpocaa}m mutein and the capsid protein plll can
corttatinube dsjormxampledntixisitiondehdrihy thotbseqoyolinec Sthenintiudtiorhoice of

the SRMABIANG A" FRORE RGP HRAL ﬁléuls%@efﬁ‘é@_' Hﬁﬁﬁ@%ﬁééﬁﬁcmg‘mdffm the

obtained displays at least one lipocalin' mutein on their Surface. In case o
mutpgsagsitadie aripraysiHHee i Mheswthme M ars Al papvRstas higfdisposal.

hyperphagemids carrying between three and five fusion proteins

consisting of the lipocalin. mutejn and the capsid Erotein,pill, Various

TheulstSid RAGTH I ARLBISE A Ke BRDGSARIEC ALEpiegiBithitls witrsing 5-
and®lyejoyirne dlyeakisolatiosriymiaally hestisngiteysupiiteuhadianteerietbafand can

-8 hours., The isplated phasmids ¢ tféen#es jected to selection by .
be A T S LR e S o BT it S e A iable for
ligdoom akbvlongngt( Bzasbteskpbretrylitli9Rshilization bdtlkasmplagenidsinhseluences

o g e S OE TR BA A e KMk g Se A AR Wy can bo

engarecied tali@&w@_qymﬁ@&éﬁh@ypﬁet&ﬁi@m&@mﬂ%&mﬁé\ﬁm@mmi’ée@_lipn of the
resPASEUT RIBHIR ARG BR AN VigaliSGA IRLRIRISIRAhA RN IR DGR Ioned

_surface, for example polystyrene. Microtiter plates suitable for ELISA
usipghRiERES BPRYNENRSQ RN ARANERES! can preferrably be used for such

an immobilization of the target. Alternatively, conjugates of the target with

other binding groups, such as biotin, can be used. The target can then be .
LR SIEBEF SRE ST R ESBAUBR BB TSI By 5196 e aHigegness can
alsonberotitgeqpédtes cmdanamagipehicsiasticl&acoated il stteptamiadh; by use of the

neutravidin.or avidin. If the tar%et is fu§ed to an,Fc ort{onbof n 13 .
pok mr%r&ﬁ%g?o julin, IMmo ‘%55 IRl gR QLTS et R oY Tiglshl mutagensis
or @am@miadi@upwmr@mpégmagn@@dm a_les_bwhﬁ_cld @efuah@:e@mmzation
oftHEQ?‘?g%&t‘i’fnPc‘g%‘?%&iﬂﬁ?‘%{f&ﬁﬂ?&%@lﬂ?Wﬁ%ﬂ%@%ﬁﬁ%%@é@ﬁﬁ@%utside

surfaces can be saturated’with blocking solutions as they are khown for

the psegnreitie ofrP T HBCHHAGEHITES ESIIER BffiBIRfIBHEAdghE ifD SBRBaBEOVE to be
adwi dBsutargRdampRilizerkon dne iButtaee i theBrRAeRIGRS &fficiency or folding
physiological buffer. Unbound phagemids are removed by multiple
sta ‘?rﬁég? TRecHRJEHfH particles remaining on the surface are then
eluted. For elution, several methods are possible. For example, the
phagemids can be eluted by addition of proteases or in the presence of
acids, bases, detergents or chaotropic salts or under moderately
denaturing conditions. A preferred method is the elution using buffers of
pH 2.2, wherein the eluate is subsequently neutralized. Alternatively, a
solution of the free target can be added in order to compete with the

immobilzed target for binding to the phagemids or target-specific

phagemids can be eluted by competition with immunoglobulins or natural
haoandina nroteine which enecificallvy bhind to the taraet of intereact



14 be deduced therefrom. The mutated region or the sequence of the

entire tear lipocalin mutein can be subcloned on another expression

vector and expressed in a suitable host organism. For example, the vector

pTLPC26 now also called pT1c26 can be used for expression in E. colt

strains such as E. colt TG1. The muteins of tear lipocalin thus produced
TheasirhehpuiifieddoYiyacioums Hocbe hveah rediads.tidheders lipeaalisar lipocalin with

eSS LR R0 e £ o can heretore

preferably be purified by streptavidin affinity chromatography. The

ThSHFEM SR AP E’%&&"‘@Sﬁ&% baycﬁl%rﬁgoé?ﬁf Qeh Hell ﬁ§§?§4§ﬁéf native mature

corresponding embodiments are know e person ski e art or

hurgpe Wesbinbed imuirderimretiole 2ivi rauvitioase d vbirratbrisfnd dnmdeecary chemical
corgﬁoﬁﬁﬁ'iﬁqre%% SXAMPIECIBRE S Re et Nt le@st %@Qﬁh%%}i&ﬂ:‘g?&? hapten, a

Isplay” can additionally be subjected to "colony screening”. This
horgrppedurh AhsterRidi0aRIGe thanmbigRRIXMabRES RemAltdbarpak for example, a
pro&aiaiedvitinraspeeh ta fprIedurtigneapRidipReainMEERIR Wi, an oligo- or
detectahle binding affinity for a ta ge‘gi In addition to the yse of E. colt as
POl AGRICh F R G RSP RE AR BPEEMEIGHY screening”

method, other bacterial strains, yeast or also insect cells or mammalian

In cfnee”g’m fubey SEt QIS lof SC ML IS REISEH00 Of & 1RRE of human tear

ipocalin mutein from a random Iibrary as described above, avolutive
lipendinddelinlsiuaing tiingite deastitagedeSisdeéin lAlsb2béapplidd, inrdrtief the codons of
anyP R 2GRS @e%@g BaCY ARSHESSeS ERRIRPIRYING2EHY NPT ABRf the linear

target with respect to affinity or specificity for the target after repeated

polxprpEiAmerayenss. O medth A BpRsRYtoln ghedhrtigepracheal) 18 of the
coliesteshitdaadditinnaly pessible 16 subireteugh,a muteitsta angther 58, 80, 83,
mutagenesis in order to subsequently select variants of even higher . i
1044ty BPAAIGLIE litheibisnRay RESSeRar A5 BRI HEAR Saniargalin are
mutapdoved serum stability, thermodynamic stability, improved solubility,
improved monomeric behavior, improved resistance against thermal
denaturation, chemical denaturation, proteolysis, or detergents etc. This
In duother mptay¢nepissauhichénttasmdiidaning ahbigfoe tiaffgutgraanmef a mutein of
hurd@R I ?rﬁigo@g’lfﬁ', \()Uﬁgre l{ﬂléyllgﬂ?etfflr?h?& ’acgig’éﬁen %hﬁ%\ﬂ?r%q}%%ﬁﬁ of human tear

~ specific mutationi based on rational design or a random mutation. Another
hPCpY@é@UYeﬂaépﬁwef@ﬂlﬁbMﬁﬁf@{%lgh@daﬁhity or improved properties is
tb«l? 'slﬁﬁj &R&Ig%ﬂ@&@ RiFdrbigh ré?r%‘é'&?n@ PR %%QHE E@-mutagenesis at
e

selected range of sequence positions of the lipocalin mutein. The

errofidfaHe PROARIKPhatRFE SIHINP AEkbiEREsINATIHAYIHbWR and 104 of the

protgaehsyeh,pepiind aRguaser beshiirdacaalm atal. 138O . teébBiobtaining a
255, 589-603. Other methods of random mutagenesis that are suitable 15
for QLR IOy 85 BE PiE RS SRS SRR3R RITATAT (RADNAER Bonesis as

dbeyesipaddiyeMiut akami; bhatah (20021 aicBioidcholebu2€ sy 6¥8dird in (a) in an

nongomologousSr%ndgpngrr%corgfin?tionn(iNRISI) as Iguel%ri@id QE{ Bittker, J.
Act afp(ff)% ?Wa{ Biotechrol 6111854? 029 % deS|re8, Hini y
rratenatibingdheaiso encaerieddntsa obtraiedits tére(prouddavinddstsibabdie binding
In W@ ﬁ)?foa8gWe§%l§JﬁldRﬁﬁ’l R ;%(Pb_f ﬁ%prpaqpt‘éaMfﬁlo&'l% _Ereans_ of selection
1105-1120, where muteins of the %llln-bmdlng protein having high affinity
to dﬁj@kiﬁé?ﬁ}?ﬁ@‘re obtained. In a further aspect, the present invention is
directed to a mutein of human tear lipocalin having detectable binding
affinity to a given non-npatural ligand of human tear lipocalin, which is
In onssmBMEHP o dbeatrser By tHRsd et haskanshtionatib ab!etste nderrfd: 10: 12,
14,lor a8 @ Rrivdoadions ol dhe ontikeamoi hasita deaidigasaliono B d @68 O8EINQS5-106,
andd S AR methadsdncludes the substitution of atleast one or of bath of
he cysteine re5i80aS BECUTMRG St ah 6t the sléquences osttons T afd
153 by another amino acid and the mutation of at least one amino acid
residue at any one of the sequence positions 26-34, 56-58, 80, 83, 104-
106, and 108 of the linear polypeptide sequence of mature human tear
lipocalin. The positions 24-36 are comprised in the AB loop, the positions

53-66 are comprised in the CD loop, the positions 69-77 are comprised in
the FE loon and the nocitinne 102-110 are comnriced in the GH loon in the



The non-natural ligand the mutein is binding to may be protein or a
fragment thereof with the proviso that in some embodiments the human
T-cell coreceptor CD4 may be excludel as non natural target. The
lipocalin muteins of the invention may comprise the wild type (natural)
amino acid sequence outside the mutated amino acid sequence positions.
On the other hand, the lipocalin muteins disclosed herein may also
|n a aC|d ations utS| e the uence posijtions.subj cted t
In R S LR o S B TR ERRIS TR BN Tuce e

n
mumtmtpﬁhdtmeﬁﬂd|WMemmdmg @stdmmatqtmnﬂsomrﬁﬂ)eand 153 in the linear

li
PSRBT L D P OB R oo 1
muM@ddaleImd@cm a@maesﬁrmlﬂaﬂm lbsﬂ@maatgylmmﬁge@@m spriragine, tyrosine,
me{ﬂﬁfm@ Né}ng) Cfﬁ%'ll?lll% alterat ﬂfclﬁléer@sn@ﬁ‘é) ﬂ?'gaﬁ?&Hﬁf}CQ AAG possibilities. In

insertions or deletions as well'as amino acid substitutions. Such
emBARERENOWESHRPHE ¥ hSS Fyatatsde 2B AT AR duieTi8G op plaRige can be
int\ithcadchigipigadly similar amino acid residue. Examples of conservative
substitutions are the replacements among the members of the following
groups: 1) alanine, serine, and threonine; 2) aspartic acid and glutamic
In mmeskmbparagm@md 'giuetamines araripethkecasid, iysined&)sisnteddigeymino acid
se l?e%cmebm?thls | %hﬁ Q)%’tﬁmﬂnel)arp IaI mse %Yrosemo%mgt%re human tear
rypto Ran. Ohe the 0 ﬁer and. Itis ars op ?o uce
lipovatircaresentatids attesadio fry wmmm@rgmmseqmm th ldoafilartryptophane at
Ogﬁﬁ}gqqépf replacing single amino acid residues, it is also possible to either
insert or delete one or more continuous amino acids of the primary
structure of tear lipocalin as long as these deletions or insertion result in a

AndtRbiefaidegfisnctionRl %Fﬁi&s(éﬁ%@{@éﬂmelﬁh&@é%ﬂfﬁé‘éﬁ@éﬁ%ﬁtm@ codon
in which muteins with truncated N- and C-terminus are generated). Such

encoipgilsste BedeaRing K oogglfdg}‘?ééRHEXB@@G%‘E‘&B&“&&RQ&&%&E%@“ tear
lipsdaglesaminorissidopositansdss ardestesimiliby sith-Tlasiagabbienmniaketnutated
ocall ene or, its parts by incor oratln cleav. e S|tes for

rean %’f’}mes a&ﬁ/ 8 ARRL s %a% %m%%m éa IPSPiSiher two
or aﬁﬁhuﬂweoﬁﬂimoystdhec@ﬂwnwwmmponaﬂlh ﬂﬁitemdfdﬁa givenplangdtby a codon of
}Q%mgre 5nutat|ons can be introduced in order to modulate certain
aracterlstlcs of the mutein such as to improve folding stability, serum

stablllty, protein resistance or water solubility or to reduce aggregation

tendency, if necessary. For example, naturally occurring cysteine residues
ActREd e hihetaarhe beHdPa RS LS T [ave MOHERAPRIaE BadERn @ nucleic acid

en&&ifﬁglﬂﬁﬂlaﬁ Mﬁﬂﬁbciﬂiﬁ sischpassiile teidelibaspiabd oukatedethelsamingroduced
acid se ﬂjlon to telne in order to. mtr@yuce new reactive

int%l’%LF 5 Shity Jish ehegiHep JBRBBLHaEQeR T DNA

tecmmyegyymhmlgiylgoa (REIGI; hxyldrhky:amylfstmrdhp@flﬂﬁl) chiotie cpefitidest asing any
or for,the rmatlon naturally: urri dIS

sui ARG O T RETBHOI AL BT B BN B IR amtibody-like

propgstieiel esitugintottae aavinaHoid sequande of g trmmarertatiipoeelés of such

COIHB%E‘LBAQP%Q&&GQ SHPSILLOERS h A nq}ﬂé’lﬁléf“r?a’%lc?ng%téfga BI?catlons WO
99/&,%?5%) sp 95-> Cys, and Glu 131-> Cys. The %%generated thiol moiety at the

Mﬁ&%ﬂﬁ@&ﬂ%%ﬂ?%u&%@ 0074 o Vo3 %@?@A@Mﬁ%\%&m%%
WOI96030 RESY/ate) onbirfYate thewitej0e o8 Rxailf eI 8E tdntent of each of

increase the serum half-life of a respective tear lipocalin mutein. The

thesk pRUFRISPBECRUCHS it WRRIH SR KIS IRE TS SritF st AR S AniFs P der expression of

thesequEncRidofons ésaba xampiajétie ao tﬁuedgaﬂvasexﬁmp@mfopu@tb host, the
muteins.of the inve tIO The pl‘ SO enco ass

RS 06 BN AR A L 1oL NRSBF el KR e s i
binrtbsigiues taf ghiecse huenbetofl MabutbeHibran tbaritipdcMall (hiswisstleigees can be
positions 1-4) and/or the last two C-terminal amino acid residues
(Ser-Asp; positions 157-158) of the sequence of mature human tear
lipocalin have been deleted (cf. also the Examples and the attached
Sequence Listings). The lipocalin muteins of the invention are able to bind

the desired target with detectable affinity, i.e. with a dissociation constant
nf at leact 200 M Precenthvy nrefarred in eome embodimente are linocalin

anot



under conditions that select for improved thermostability of the muteins

(compared to either wild type tear lipocalin or a mutein that already has

affinity towards a pre-selected target) Wtear lipocalin mutein of the

invention typically exists as monomeric protein. However, it is also

possible that an inventive lipocalin mutein is able to spontaneously
em§ie3e OrlgomeriseyAlthongn he yse of Iposalip mutelns A o 5 ¢ cral

able monomers may be preferréd Tor some applications, e.g. becausé o

(198tstenmiffulsiovnzard el 893 eupeneotr Riioh, thé ,ueel dMiboestin In(tévR) supra),

19RLPQARBRRNSIION R BIRPIR ROMQIUDS T 0 N BB RS uahput Screen. 5
cOo S %i% m 5 Qﬂie S%?(?ﬁ \ Z%W g% {)u creen. D,

advantageous in other instances, sin multimers can provide for a

503faHherberrassbeplafifiey isHebnaViaHyto B ghwbr 284 CrrirlermBieechnol. 12,
40RUGEMEIE RN AR e dPReBHR MNMHINMBRYIN Ve SIPWRIHISBP6IaUAN,. Acad. Sci.

rates o_g)rolon ed serum half-life. If dimerisation or multimerisation of

USthaBein&thar forft Samethnsiionrsiéiralbediuaibeds e dRQateleiipie'a 00175308,
w@objeyeahy Wising/02snELiveEcaligomEIzaiv0 J00sAINS SIS 20057039255, WO

ins or leucinzipper muteins of the invention or by the use of
200%@@&?15“&%@%5&5@5@). A tear lipocalin mutein of the invention may
be used for complex formation with a given target. The target may be a
In aeordatvcaktargerlitsndsurbsstargel (ligaad}onayibs anymiksnigabodiment of the
conr}p%m(g in free or conjugated form which exhibits features of an
abave nie Qds: .
immunological hapten, a hormone such as steroid hormones or any
Kidpolyprer ohifppgraenv thdremidfocengapid,salpreiimoon trowivudemsisfing of a
@ peplidg. AR oliABARRMK AL, RIEIG AFiR AN AIB%ibics features of
polysac 13{?& or conjugates thereof In §neg embocri?frpnent o?ﬁ%ellrﬁveer?til(l)rre]s or an

the targetieuaqipsicm htcthe prvide tharatksénureeiricalieomelgstde such as a
CD4 is gxglugdedalie ProteiR CRMRE AN S @EW@J&Q@@E Rﬁ%ﬁﬁi‘r@ﬁ@} or an entire

receptor protein, for example, a trans-membrane protein involved in cell
signalin\j‘,‘"‘ésé’@FHﬁE?rférn‘fIB(flﬁxéb%ﬁWHBl%fystems such as an MHC molecule
qiigell ssohengifigerpinniiiad s fagicsatve nh .59 Geicidiseraie (J MEomubeiRation of
may also be able to bind only fragments of a protein. For example, g
e ERR TG BT A A PGS 2N P O gpid lgand,
the receptbr anchored in the cell membrane as well as to the same

main insolion, (LN damein can e Rroduesd A3 a sofblg protein as
well. However the mvention |§by o means limited to muteins that only
bind such macromolecular targets. But it is also possible to obtain muteins

In IBUARRGAIR R MAAIR Al BHIAENE SR WAEBSIEWEREGIICHIBNNY thereof. In

affinity to ligands of low(er) molecular weight Such as biotin, fluorescein or
ongipfshige SIDOLINAGHEERIB Bifthng SiahemiehtisH fraargai tHaf iare excluded.

bound by the tear lipocalin mutein is a protein or fragment thereof selected

from the group of vascular endathelial growth factor (VEGF), vascular )
In %6#1@%%%%5@88&%&5 EBR R THIHEURPA tobeppied out

undaipbangiesitivig looh deb@pliof @ik ioe fagiiests dhaesedhiisa inelindebhaselection of

ligands are an extrgcellular region oy .a. domain of VEGE-R2 or IL-4 .

mutdlas ehed SS€ tqeas# ong ?%m hi2H ‘ﬂz‘e uteins and.the given npon-natural ligand
recep&)r éﬁBﬁa, Thesd |ganas re‘K/plca y of mammalian %rlgln. fioRe

of lemiodtard ittt se(figaeil srarer of humawwrdim thetttveynerayfatseddgional ligand,

whi@l?‘d?f%g’&EsR}E){t%‘?ncﬁH D RANRRI{E PSR RRUNS 0% AIRBRIIYE ANPIRay be a

to name only a few Illustrative examples. Human VEGF may be selected '
physste gieaisanddibesarge bRy Exc o Rt Rt NG e ayapiioy Femmiysiological
ligcbMAY R the BRI QAEId SRAHRNGESi RS LIRER NN ISRIDBRRIBRIR by th
b Bank Acce.?sgs(??on.Nos. P15692, P49765,ﬁ%4g7g?7{, gnd 043§1§5 IZEEQO%% Y

muigys 05 hoB)VEPUPHAHIRMGEIRIET BiHR ERt Bdingiahyhe agpdpy-Alternatively,
the @@ﬂ%ﬁ%ﬁ’iapﬁ gdﬁ&@ﬁﬁﬁé&ﬁﬁmﬂm&ﬁg/a@ﬁeﬁm&m a0 ctaﬁpwfrngradcémaﬁaé distinct
rath factor receptor 2 (VEGF-R2) ma ve the aming acid sequence of
g TR T A E AN HE L R, BB TBEE TSN 21, or o
fragments thereof lllustrative examples of such fragments include the
extracellular 1g-like C2-type domains 1 to 7 of VEGF-R2, comprising
amino acids 46 to 110, 141 to 207, 224 to 320, 328 to 414, 421 to 548,

551 to 660, and 667 to 753, respectively. Human interleukin-4 receptor

alpha chain may have the amino acid sequence of SWISS PROT Data
Rank Acceaccinn Nlo P24204 (S]FO ID NO: 20) ar of fraomente therenf An



In this context it is also noted that the complex formation between the
respective mutein and its ligand is influenced by many different factors
such as the concentrations of the resgdctive binding partners, the
presence of competitors, pH and the ionic strength of the buffer system
used, and the experimental method used for determination of the
dissociation constant KD (for example fluorescence titration, competition

ELISA. f , just t t
A RS RRRS RO Lo F R 51 SO AUHOR KP e s hdgg) supre:
Lowqtaa,ﬁlé}eq‘b%? jtsigpatsor Redr, 10. thaséiNedk peskon_thitd e Mama_usiag temperent
ML AN BLAIE SPBIEK IBMEMREMECAIRE (FRASAUN I e present
mute an h e

and its'lig given here may vary within a certain experimenta

inveatige, depdramgbodithentndthodhkass displairnshimlegyipatraniseused figselection
of HEIEHRUTRG theAHRINS ﬁi&@ﬁ&%ﬂ(?é [iResalin muisyy iRrRQIER 188 ders ot al.

This means, there may be a'slight deviation in the measured KD values or

(Brggéﬁrﬂ%; G@%Q{g’jsf dEyBRtRE SoFBREY DR ,aaﬁmﬁétﬁfrsﬂ?ﬁw vaIgEagaglisplay.”
MBI SRS By 3051296-PIRSIIRAKESATHRAGE QRh @5 by QyReIHIRH such as T7
eE ISA. 21 In a specj icp@rzbodim n?%?the,iﬁf\%ﬁ%% h a mutei e

Y 6 R R SRR Al SoBrRe b chasiepiegroduced
whiq:mﬁaﬁ]m %Ieaste@sian ti;&)rhk-?fqghﬁhtezté ﬁ@@iﬂlﬂg@%ﬁ&@?ﬁh@fﬂ@ﬁleggwn protein

.jfrom roup con I o1 Al -2, L. 0, u -> Arg; e - .
i S P R B R L A i e
capBul pra@iyn Sék oAthe plsggellyd 3asrrapimemtsghersaB8pabiint ergrinsonygrated into
the?ﬁﬁ éE e ati (ﬁrtgn}{iﬂ'usﬂ%e'%s-@e&r}{ﬁafrﬂﬁghfeﬂt fi @ﬁﬂ%éﬁe%ﬁﬁsid protein
ys 83 -> Arg; Glu 104 -> Leu; Leu 105 -> Cys; His 106 -> Pro; and Lys
compyasing@pingadideAailyo d6wathatarhtipsy Favese toprpaad ktusekiograduce the

fusfyf %}%t@ﬁig. %B@é@l@ﬁré%ﬁ@%ﬁﬁl ﬁﬁérbiﬂﬁoﬁ[ﬁiéﬁtqwﬁsw}ﬁqﬁfaméﬁeﬁ of plIll, in
Val: Thr 42 -> Met, Ala; Thr 43 -> lle, Pro, Ala; Glu 45 -> Lys, Gly; Asn 48

which g cysigingdesiie Yaosion 2R} IPRESIRE Xi tRjacsdibx Apaheramigo acid.
Leu; Met 55 -> Leu, Ala, lle, Val, Phe, Gly, Thr, Tyr; Glu 63 -> Lys, Gin,

Ala,.Gly, Arg; Val 64.-> Gly, Tyr, Met, Ser, Ala, Lys, Arg, Leu, Asn, Hi .
AR L oA e T R T P b g
nucrig, 810 ,cGdin gl fur TBe-plibdalitien8 Snutelte| DABPrO&-teakdinobidinGly] assalting from

-> His. In mbadimen t i ' tej
e B 8 R g UL LT A0 <y BRI i 61 lagpentous
bactsrgphagipp the>VNy frndyer S1eyBagne 8oty gon eraeins injerdee tp3glect at

leastoh¥mbBYPRr hEPndiR 24 ANEn ASRLA0 -> Ser, Lys 83 -> Arg, Glu 104
-> Leu, Leu 105 -> Cys, His 106 -> Pro, and Lys 108 -> GIn. In another

embodiment, the human tear lipocalin mutein binding IL-4 receptor alpha
TheampHsesenarRlthenfplioniagiseiniafonmpine asish sk bt mms:y (L Aihieh allows

-> Ser; Glu 27 -> Arg; Phe 28 -> Cys;. Glu .30 -> Arg; Met 31 -> Ala; Asn.
thegymmeRy I,Zeganssd.@gﬁ}??eﬁ?%/ﬂf.3@@&8&%@@% Qf%ogﬁ@m; Yejts parts.
Furbigerindhe, AspBodoiten by so8aed birgeGluhtQdqureieue fienskbodingyse lipocalin

His 106.-> Pro;.Lys 108 -> Gin; (2) Arg 26 -> Ser; Glu 27 -> Arq; Phe 28
or 1AM IS ERANR S SEhEH 305 R A S0l g 88 codon.
preferilily; srearBber>sG@iNcidos7 isaptepsEerBRlly Kemslisd 80o-aSamingsig@ during

trandsh G L9461 L& A00 > Cys; His 106 -> Pro; Lys 108 -> Gin;
(3) Arg 26 -> Ser; Glu 27 -> Arg; Phe 28 -> Cys, Glu 30 -> Arg; Met 31 ->

Ala; Asn 32 -> Tyr; Leu 33 -> Tyr; Leu 56 -> Gin; lle 57 -> Arg; Ser 58 ->

Arg; Asp 80 -> Ser; Lys 83 -> Arg; Glu 104 -> Leu, -> Cys; His
Forf@%@ p,r%’eﬂg}ga% _\Ze%(?ﬁ’;)'l;}gZ ,now also caﬁed Iﬁ’? H:%) t?‘lat 1s CYCSCI‘I ed here can
be used for the preparation of a phagemid library encoding human tear lipocalin muteins. The
inventive nucleic acid molecules coding for the tear lipocalin muteins are inserted into the

vector using the two Bs¢XI restriction sites. After ligation a suitable host strain such as E. coli



(4) Arg 26 -> Ser; Glu 27 -> Arg; Phe 28 -> Cys; Glu 30 -> Arg; Met 31 ->

Ala; Asn 32 -> Tyr; Leu 33 -> Tyr; Glu 34 -> Ser; Leu 56 -> GlIn; lle 57 ->

Arg; Asp 80 -> Ser; Lys 83 -> Arg; GIu204 -> Leu; Leu 105 -> Cys; His

106 -> Pro; Lys 108 -> GIn; (5) Arg 26 -> Ser; Glu 27 -> Arg; Phe 28 ->

Cys; Glu 30 -> Arg; Met 31 -> Ala; Asn 32 -> His; Leu 33 -> Tyr Glu 34 ->
Ser 58 -> Ala; s 80 -> Ser.

6 -> Gin; Il ->
XLi%lu@l E sfo In Ielﬁi?%geg%’l&yg IHICSlei(bgCld Elro ga/ St0161§1d> cfar él)umber of

1ndﬁpg@6n4> S@r;:GIlAZ?espeAuyePh@:@S caCyls; @hngoted Ang; Met Btparddan of a
hyﬁ%gﬁh%emd_%r 1§%eml'ar Glu 34 -> Asp; Leu 56 -> Gin; lle 57 -> Arg;
> Lys; Asp 80 -> Ser; Lys 83 -> Arg; Glu 104 -> Leu; Leu 105 ->
Cys; His 106 -> Pro; Lys 108 -> Gin; and (7) Arg 26 -> Ser;Glu 27 -> Arg;
ThERGE TGNy RIBR i rtectdth MR Rt With@H abbraphdte M 13-
Glu 34 >E3I }(_eu 56 gﬁGln%I%%? >eAr AfngO >Sfar Iiys 8?%31;%r pé ‘
helpg Wgge 91 Bypprahags s -oLsys: tPhE@%C%f%“E% phazewiisth Fprerecombinant

phdgémmte@aypmmwm@m Bigid sdrfesenie falnaiiRyhe@eMS6ein plll or a

consis COI’lSlSt one of the no.acid sequences
BRI RO S AT SR 11EBHh SH PG TPt BFSOF P = normally
clesvab odintanththehaubain accdsdibeato dhe mm&mmmwmemmmsmld protein

ssentially of,or n3|st of the m|no acid et forthin S
Hﬁf é] Aé Ehaefﬁ % ev‘?zlaltlrlant esre:a aﬁl;e erm aerrjclf;1 1§n d%enerala
badfiesigdresteam irwemm mnc&wn@ctuanprlnﬂnrmlde Amuteine afftHemwehngm display, the

hyﬂ&lﬁﬁﬁge'i%lﬁﬁo&%ﬂ '\f{h%qwb‘?:ﬁﬁrgﬁ{ﬁ‘{éﬂsf oy l-leRgth Eg%tﬂﬁg&yw&?eaﬁlfectlve

lipocalin that are N-terminally and/or C-terminally shortened, i.e. lacking at

coeRisiend Bt e wmma@m@mp@%%mg @ﬁﬁﬁ@raaﬁgtlswﬂthagmmhage or
hy%9PMADS &:BReSIRRl RhIs A1 PP RoRI BT BERRBL 2 he MPSE AMIRERINARA BE capsid

more consecutive aming acids of the primary sequence of mature human

profsiy R eanPairfuret domay R baddHigh fhinbydietetsgrysingrhe induction
corfitidan ieaciipeaalinh the esubswatianttas ssed i i peasanbBRRUATsplays at
relate rivatives of rote n or e that com odifications of
leagE g RS DS BT s T By S Rl dBUB b citons
resdlt (Ih]Ganpm]ahlmnﬂlftffa]hlmerﬁ’megemidky,csngzhlmbdmeaﬂahﬁeekambﬁl&eadﬂsmthprotems
corf JOFHERAIRY S5 AIRISIN. OLRERICE, Suah, Varian (ekide BIRERSire known for
in‘one cPr more amino acuﬁlg a e bee rep aceélsb %he Ir
1sol@g;gdtwe®gsmré@|smh@mmﬁmplmmmmmd@btﬁevmmeqiaiwwtwn typically
0cRFSHIING PR ADIRRAFI%H FIFR-8hfa example, omithine, hydroxyproline,
citrulline, homoserine, hydroxylysine, norvaline. However, such
substitutions may also be conservative, i.e. an amino acid residue is

ThéeRIAEEIpNIthAGhaMiFal Y SITHIRERIINCRLHEB B FXRMRIRE @E desned target,

conservatlve substitutions are the replacements among the members of
whereindhg g gsRpets LR A almEIng 1 AL drmRO o gyaARilizafion of those
phaeh@lsitaniit agidy mmémﬁagmelaﬂdsgﬁﬂmm@glh)ca{@w Iﬁtefaﬁdﬂ){:ﬁmnﬁ)m their

|soleu0|n leucine, me n|ne d valln and ?ﬂp eln%/ lani nine, ty os )
coaf; n%%p%op%ga“?ﬁ‘s efn 1P}i’é}pse e %’r e R w%@% 8 é“EgG can,
for nmtepieobh umr;mgt&eul hptbﬂadmnh)mdmgetn suiahas mﬁndhﬂnmlmhﬁfbwumund via this
carf’ &% % §1r {Tlﬂl';%l: n gglr%c%ntgf( 5 Cr)engrﬁl%ot lates suitable

the sual a mu eln acts as a onist an % an
for%lt@@mt@mmbse@wﬁu mﬁm&@mﬂ@'\mm aylrcfmmlﬂmdvﬁmsgel légssuch an
imrh 0 P IGE R AN, QiR GRS L0 AARLLESSROAUE Bk eroups,

or less. Such a mutein may comprise with respect to the amino acid

suchaigiiriee %Qﬁéﬂ&ﬁ%‘ihﬁh?éﬁgéh?%@éalh? Horaakilped ong sypfageghigh selectively

binBENAR asiguplIrstitetionp RelacdrsdiferpHies 0se Y eRRsiatnge PhAIEdbcvated with
Ser; Glu 27 -> lle; Glu 30 -> Ser; Met 31 -> Gly, 1%9%%3?2 -> Arg; Leu 33,->
|

strqplavigipg eutigidin o2 dips 15 then rafy d. A e ggrtion of an
Arg; Asp 80 -> Ser, Pro; Lys 83 -> Glu, Gly; Glu 104 -> Leu; Leu 105 ->
Ala; His 106 -> Val; and Lys 108 -> Thr and may further comprise at least
one amino acid substitution selected from the group consisting of Leu
41-> Phe; Glu 63 -> Lys; Val 64 -> Met; Asp 72 -> Gly; Lys 76 -> Arg, Glu;
lle 88 -> Val, Thr; lle 89 -> Thr; Arg 90 -> Lys; Asp 95 -> Gly; Phe 99 ->
Leu; and Gly 107 -> Arg, Lys, Glu. In one specific embodiment, such a
miitein comnricec the amino acid crithetitiitinone: Ara 2A -> <ar CGlhi1t 27 ->



A human tear lipocalin mutein of the invention that binds to an

extracellular region or a domain of VEGF-R2 with detectable affinity may

comprise one of the following sets of atino acid substitutions: 24 (1) Arg

26 -> Ser, Glu 27 -> lle, Glu 30 -> Ser, Met 31 -> Gly, Asn 32 -> Arg, Leu

33 -> lle, Glu 34 -> Tyr, Leu 56 -> Lys, lle 57 -> Phe, Ser 58 -> Arg, Asp
1m1Eun %%dh Sﬁ%(s %igcr;llgaé%lsélfbe lléslﬁjdjw%f’l sy ace§ forl\/f(e I%'I?I_YG microtiter
pla@mm;maBane&:g;amul@B whidh, 2Bl g Gded-With pret¢ib6A-or@lofdlie 67 ->

Phe, Ser 58 -> Arg, Asp 80 -> Ser, Lys 83 -> Glu, Glu 104 -> Leu, Leu 105

-> Ala, His 106 -> Val, Lys 108 -> Thr; (3) Arg 26 -> Ser, Glu 27 -> lle, Glu
NoggpscHisrpeerdd-bimlingadiegpresenirgn (e sggfasefisanhy susipdwithplocking
solfors Aande 24 kRWILEoP BT I8 AR ASAROpita 1&sy§f§§1eﬁ & brought

104 -> Leu, Leu 105 -> Ala, His 106 -> Val, Lys 108 -> Thr; and ( Arg 26
into-cepspciaNith #h tEges i mybyiswt omsresiriaesipn Ak prosenckgf palgaological
buffer!l@j{bbisd phab¥mide %&@@Md”ﬁyﬁﬁu&ﬁ@&wﬁﬂ[@% Th‘ér@hé’@hﬁ@ particles

-> Pro, %/s 83 -> Glu, Glu 104 -> ﬂi? 105 -> Ala, His JI?())G -> Val

rempdging off e, e G RR IR UF f8H f AL R SiATs os¥ie. For
exaviipleFtiR2pbapepiide sandresisiscd dse ndditionfod peoresistsafianieome sehtieenf acids,

acid sequ es set forth in SE 9..In a still furthe
o Al e i A A L et

metlpubalthemhdmg toivakelilas EpldtheliailGrowthedetor M@Equwsbaﬂwtrahzed
Alt§H{3J?19e utein ats R 6 i Clr-aniagonish Py NGt fin %“Qo%ﬁéﬁesﬁlth the

to the VEGF receptor and binds VEGF with a KD of 200 nM or less, 1
immppdzqd sarzeofombising tothephegcavids ar Fﬂ%@rﬂ@%@ﬁsnhhgﬁrméww be eluted by

corRpdatnapieiiay s meieds f hRIYSNHA MR RN WRIWI P EEFREAL BInd to the

the amino acid sequence of mature human tear lipocalin at least 6, 8, 10,
targes of ANteEFmino acid substitutions selected from the group consisting of
Arg 26 -> Ser, Pro, Val, Lett, lle; Glu 27 -> Gly; Phe 28 -> Ala; Pro 29 ->

Leu; O >Ar Met. s; Asnh 32 u; Leu 33 -> Ala; Glu
Aﬂe%“@ %’é’ & ér%%*leﬁ?u‘? 31)’@‘1\? Lqeél‘seg}aé‘é{eb ;| g, nucleic
ac@xsmzﬁﬂ bé Ike:ttaﬁseﬂ?afﬁaﬂiethéablﬁhd 1ﬁl4hgkrﬁiyls h‘hé 1ﬁ6d->f¢¥smecﬁmncAsmaly51s
s 108, -> Val and.may further,com rlse st ofe a aci
o R S AR TR B3P clones
obtajlzedViat 3bis> Wayy; TfmsllOphaAmlIQ@rOAshvnﬁphaA@pﬁdSIaam agalal; myéuced by
sup%%n?eﬁf@n wffh%ﬁ }{éﬁné}dﬁhggges o}/ ﬁ&/ \S,Fﬂhgée acP 5?d1h§st<§§he> rﬁg&oﬁlaescrlbed

6 -> Val; Val 67 -> lle; Glu 6 6 -> Arg, lle,
ab%@nwbe Pbammﬁsmpllﬁ@%péh@ Wan érsgngeﬁﬂalwb.@W%%awcﬂon on the
imrh®ilg Wrozt Gl {ﬂ)ﬁssﬁeV%naé%QAYawz)ﬂ%rﬁlfécegéaw @@rder to obtain the

embodiment, such a mutein of human tearﬁtjéocalln that binds VEGF

phagsiRisiicwEiHhc MM NScRY LRRHERILHS e Beieatky snighed form sl heppymber of
sel&Qloh &-}Qﬂesciélpl%@erébwghbéeﬁ Sichttays tAsBuBLeqhdne turlcBiundBaralfbas at least 0.1

> > > >
li'tl?’eél cl%nesy stu aPeg Oprod!lll%e Ll%ut%igns v&ll?h %e'%e%toal%le a%(r?it? nf((j)rL}ilse 1§1§en target.
Depending on the size, i.e. the complexity of the library employed, 2 to 8 cycles are typically

required to this end.

For the functional analysis of the selected muteins, an E. coli strain is infected with the
phagemids obtained from the selection cycles and the corresponding double stranded phasmid
DNA is isolated. Starting from this phasmid DNA, or also from the single-stranded DNA
extracted from the phagemids, the nucleic acid sequences of the selected muteins of the

invention can be determined by the methods known in the art and the amino acid sequence can



In another specific embodiment, the mutein of human tear lipocalin that

binds VEGF may comprise one of the following sets of amino acid

substitutions: (1) Arg 26 -> Ser; Glu 274> Gly; Phe 28 -> Ala; Pro 29 ->

Leu; Glu 30 -> Arg; Met 31 -> Cys; Asn 32 -> Leu; Leu 33 -> Ala; Glu 34

-> Gly; Leu 56 -> His; Ser 58 -> Lys; Asp 80 -> lle; Lys 83 -> lle; Glu 104

> Cys; His 106 -> Asn; 08 -> Val; (2) Arg 26 -> Pro: Glu 27 > Gly: .
be % B R R e e SRR G TG 4 ¥ muten
canllemgubeloB3]-on AtetBiLe 8dress Biyy ¢ater 56d-explisss8é nb8sutblig;hasipgHiasm. For
exa'ﬂlgm%}/ﬁ@%éadtgbfﬂﬁéfé‘ﬁ%{% tﬁﬁg@@ﬁz%%}xé &s%ﬁ 13 WRpreRidAn £. coli

26 -> Pro; Glu 27 -> Gly; Phe 28 -> Ala; Pro 29 -> Leu; Glu 30 -> Arg; Met
stragns-suchyas AsioBA Gl| Ehe meufedss-of ggar acahnshayyproducsd csnHig:pgaified by
varRfisbib¥ReHRRIGARIR: U B3 1?pH€élﬁ|H1&@ﬂ1§%r(8M§ééﬂ'Sfér(@\aﬁg%%HYETIC%,

108 -> Val; (4) Arg 26 -> Pro; Glu 27 -> Gly; Phe 28 -> Ala; Pro 29 -> Leu,
cargy| g tiniRy ;n%%dgfl&ﬁewg,g/i&rﬁ%é@dﬁéa;%@%@Lwa}%ﬁa@l@@fﬂ can
thekFbr® rofelBly IRPadi frrd-¥§:sheptBdin Hefikive domegiapu 04 -> Cys;

His 106 -> Ser; Lys 108 -> Val; (5) Arg 26 -> Pro; Glu 27 -> Gly; Phe 28 ->

Ala; Pro 29 -> Leu; Glu 30 -> Arg; Met 31 -> Cys; Asn 32 -> Leu; Leu 33
The>sAtatiGiucdd aksGlye loattibd ontHiy, Bearb8ot dtiisr Asph8as:>Meny yo18&ponding

-> lle:Glu 104.-> Cys: His 106 ->  Lys 108 -> Val; (6),Arg.26,-> Ser;..
emBAIBE BBl Uit S0 T e 4 A TR B erature
Moty @22 sdnebinieon38 meihiadsGhn 84 applityt. Feucs@mplelis|®es Sdectetlys;at least
enﬁ%ﬁQ@By>'ﬂ>'ﬁégeV§i\§/ﬁa§""SénGLLd&i%ﬁﬁ&V&é Hi8itA8 a3 8Lolofs 18eeing”. This

Val; (7) Arg 26 -> Val; Glu 27 -> Gly; Phe 28 ->"Ala; Pro 29 -> Leu; Glu 3
procedug hgrethg adwantgse fighisdividpal plorgs sm dinagalybispatsdaiithiregpect to the
prodfctiohl 5 %ﬁﬁ%&ﬁi@ o0 Btk Heicbd® B imallss Qﬁhﬂ@%‘?a%%'eﬂ IS

106 -> Ser; Lys 108 -> Val; (8) Arg 26 -> Leu; Glu 27 -> Gly; Phe 28 ->

Ala; Pro 29 -> Leu; Glu 30 -> Arg; Met 31 -> Cys; Asn 32 -> Leu; Leu 33
In addftian @dutRd use GIYEL evVHes Foktisr &8 oS i thySphege8fspidie; teyBrBue or the
ool lle; Glu 104, -> Cys; Hiﬁfl 6 -> Ser; Iays 108 e Val'; and 26 ( lArgq 26 y

colgmysSeEgenye el hinihss backlsIE Y YR G ﬁoﬁﬁs-@%r%,ﬁ\ﬂ’ {nmatian

cellscaiy beAisad3drthisgayrhese 3ButhAda) Glel stfeeti dalyf heenb@pochlis; iISeteiBfrom a
oGP R 5 2 2 5 R AR 100 S ot
be iR sompeisesorionsists wuseintihiiyabicad consissseofsame biralivigthetivity for the

tar%éﬂ({i;h%%é&% SRERTSGL PERARI S FR R NoSet 2RerR arcl QIRMNRS cycles.

Once a mutein with affinity to a given target has been selected, it is additionally possible to
subject such a mutein to another mutagenesis in order to subsequently select variants of even
higher affinity or variants with improved properties such as higher thermostability, improved
serum stability, thermodynamic stability, improved solubility, improved monomeric behavior,
improved resistance against thermal denaturation, chemical denaturation, proteolysis, or
detergents etc. This further mutagenesis, which in case of aiming at higher affinity can be
considered as in vitro “affinity maturation”, can be achieved by site specific mutation based on
rational design or a random mutation. Another possible approach for obtaining a higher
affinity or improved properties is the use of error-prone PCR, which results in point mutations
over a selected range of sequence positions of the lipocalin mutein. The error-prone PCR can
be carried out in accordance with any known protocol such as the one described by Zaccolo et

al. (1996) J. Mol. Biol. 255, 589-603. Other methods of random mutagenesis that are suitable



Also included in the scope of the present invention are the above muteins,
which have been altered with respect to their potential immunogenicity.
Cytotoxic T-cells recognize peptide aritigens on the cell surface of an
antigen-presenting cell in association with a class | major
histocompatibility complex (MHC) molecule. The ability of the peptides to
for bs'Qc tou'vI 'ggé:sm ﬁlqﬁﬁleesalr?ggﬂga lle s 18{{'/516'1‘5'90%0{{&}3}6511 zltt he;[lré(sa{g s.described by
immu olgjpenlcny.(in ordér t6 Tedlice immunogenicity of 4 given pro%eln, the
Muadititpito Hredlicalwhi2f0geptideBintechnoteil havid ik potentidlomdirgbts arandom
rec%ﬁ&MW&ﬁgﬁcﬁge &&f&@@g@%@eﬁp progey] eﬁzmﬁ;) %QF I%Yo‘rflechnol. 20,1024-
al th C [

computatio reading appro to identify potential T-cell epitopes
1029aVié Besredraffoutiyraesetibad eenprésdidialramieding slcacgiiaa pepirierocedure

desSRBERFANONIDIESSIRES ] Suplertins, (@lkvia ebabdll9oRid: Mas1. Biot. 3485-1120,
244-250). Such an approach may also be utilized to identify potentlaf

I
where e eHitpid8s R s bhitB S o tHEMMTRAIGH AHNiE ielg dgamming e ADtained.
its intended use a selection of a specific mutein on the basis of its
In @Fﬁ@hﬁ@p@&@ﬂﬁ@ﬁ@éﬁiﬁ%v’égﬂéﬂ i@@iﬁ(ﬁﬁ@@ "t@“é’fﬁu@&_ﬁﬁj?fﬁlﬁﬁhﬁlﬂéﬁ?ﬁbocalin having
peptide regions which have been predicted to contain T-cell epitopesto = .
detaﬁamsmgmﬁ;féﬁﬂ&igota RRVTL BB MM INES R‘%E@ﬁléﬁ‘"if Qcaliy which is
obttinbiaibjnoizebirainudringeieiatyvdldetsdlmbivaticddroptipathisepitopes from
genetically engineered antibodies has been described (Mateo et al.
(2000)Hybridoma 19(6):463-471) and may be adapted to the muteins of
In the prelsahnioveritiommithe miitsinsithigsobpeiredoh mbipipodsessrding to the above
melRUYMIFSEAD MYROERIAI WPféé»?t%%%'B%?b%M&%%ﬂ&ﬁQ?églﬂﬁ%'&cumng
and diagnostic applications, such as those described below. For some

at caphlpdahiensqancicessrosisiond ¢d endpley Meannibsingnanehecidvadtiba ugation of at
leattBRle IR ACRRLEIRAlY athS HVENTRR G RIS HESRIEAS OdIRACHIR 8. 80, 83, 104-

muteins which are conjugated to a label selected from the group

106,3ndiLHR g The Hagr e thmertids sroxence M paidreBRag fstidigocshin. The positions
24-flganiesasnpabelm ey oBagepiciapelstinireseent l@halsifdntens, CD loop, the
digoxi in, biotin, metal.co es, metals, and collqQidal.gald. The . )
Do T B RS 0 e b o BT Rt Orid D ot i the
GHmodgcinlehabindar heeein theedprabin defidie Pamoedatictmeledutar lipocalin. The
omprisj t Jeast two car ut rabl maore.than 7
aefTATCENERL IGRP MR SR Blom iy RUMERAM IO 1R800k 1996),
suppetnddhors, &hB- 208D Beldnspreferbbiplhsitveba TOCCHPIPOODaltsAst 2, 3, 4,
5, @Rd @pyenallyinclyding,png QL AveIMGiAbAAMmSs| B e aeiRl st {8 ARSI R ions 26-

to [abel the lipocalin mutein with an appropriate chemical substance or
34,8029 8 OviRicH diuypast W&ifééhgf)@wémb@%paéﬁemm@emuﬁa fgpman tear
lipSignal iR AsphamicahbB oy GR! tRPHAAG P EANBYIS ik SAGIP R AUBXAMRIAS Cys 61

for a physical reaction and at the same time optical reaction/marker is the
*émis%%snlaﬁﬂﬁ&%elb&éanu% WiskoReo B e AL GaN s iy Such
subggiting ¢n fadi pasivreusdiel té\kalivet pivokphaliiee ohors asadisihypeaxidasdiarphide
. 13-galactosidase are examples qf enz labels, (angd. at the,same time
o ey G XSS g e PR T e
products. In general, all labels commonly used for antibodies (except

In E’Eﬂ?%rﬁ?{ﬁléfsé\fﬁ%&ﬁ?&&i""Eﬂé*}ﬁlﬁe&a%{%{’gﬁ%wa@‘?eEs‘E %ﬂ'ét gﬁdi_tional amino acid

immunoglobulins) can also be used for conjugation to the muteins of the
substieR il AOTHAE Utdims Botaedihve A dmiay s weie ok fhig sasgntion may
furlfih dypsuiiahletResaReHSAIN ACIVE 808RsEqlentQ $P@dAYYSIRAure human tear

. delivery of such agents to a given cell, tissue or organ or for the selective
lipqgaljairpetuiars DY gnashen ML S thithBi StRSLEthe e rrBungrgPle. be the
mubeienal gelle] Exapples 9t 3ueh-therapeutically active agents include

radionuclides, toxins, small organic molecules, and therapeutic peptides
(such as peptides acting as agonists/antagonists of a cell surface receptor
or peptides competing for a protein binding site on a given cellular target).
The lipocalin muteins of the invention may, however, also be conjugated
with therapeutically active nucleic acids such as antisense nucleic acid
molecules, small interfering RNAs, micro RNAs or ribozymes. Such

conjugates can be produced by methods well known in the art. In one
ambodiment the miiteine nf the inventinn mMmav alen he ecoirinled to a



28 brain barrier. Expert Opin Drug Del/v. 2005 2(2): 299-309. Such

moieties are for example available under the trade name 2B-TransTm

(to-BBB technologies BV, Leiden, NL)léAs indicated above, a mutein of the

invention may in some embodiments be conjugated to a moiety that

extends the serum half-life of the mutein (in this regard see also PCT
Theublicaton WYD06/Sodid Wbkt stehts i gadirinsirategigiicatehercof with the

desc{ﬂb%ed with refe?re ces Eo Huﬁeins olt huH1an neutro%}?f b luded
Proy &AL LB 390 RRRRH BT W Bindlg SHRTEPISE CTT A% O fgeiuded as non
natmgliedygkttat extends the serum half-life may be a polyalkylene glycol

molecule, hydroxyethyl starch, fatty acid molecules, such as palmitic acid

(Vajo & Duckworth 2000, Pharmacol. Rev. 52, 1-9), an Fc part of an
Thenhipraadigl ot sact U8 doveatpofragyiermumisgl disulvild teped(agaralh anino acid
seqRBrERHHERR RN ARURIA L ASRERABE PRRIRGHs A0 AR AN e lipocalin

peptide, or an albumin binding protein, transferrin to name only a few. The
muigiisniisdnsathy riteManA)SBecaiaibinQIsGHABIAHRRS otds, die sequence

posHSIROA] @ncant ety Jeasirient iiel veltnesd amain MR HediEtsReWSth the binding

atent 6,696,245, for.example), or a lipocalin mutein with bindi ctivity .
s RSPLBIS Adddia Ao STHle 5H BHABRTS AR Tor AR e casily on

DN7altNit i pnbdiihad steidaod thetivde (Siontinglkde aliuos{Odblera/B Cloning:
et al. (2002) Pharmacaokineti d ph cogynamic studies man

A R L S SR A R HUTE E g oo,

NYPphRessddolalExptiditer! 80321540 548) soqumed buenimsbitidingprsieimfons well as

amﬁmguﬁs%%@ﬁ@bﬁ%ﬂgrﬁm%ﬂgrg n%i @oﬁéé?baﬁ§érﬁ§epzﬂ?agino acid residue is
streptococcal protein G (Konig, T. and Skerra, A. (1998) Use of an

repiaprehibi ey TR aiiGH giBise R vesifindBiBEeT PO EPBEBHAbIYRbstitutions
arcGARHHIS RBHROEY fragipentsidhisbis omiatasid W uralpMatheesidd Sserine, and

73-83). Other examples of albumin binding peptides that can be used as .
thrmm@&ﬁ m&a&@lﬁ@{%ﬂm{%88{%&%%@&}5%”‘1 glutamine; 4) arginine and
lysfayssXagileXaag; XardXaaddGysieaQnsrnsulsnseque e whekaimiXaadjitosine, and

Asp, Asn, Ser, Thr, qr Trp; Xaa2 is Asn, Gin, His, lle, Leu, or Lys: Xaa3is . .
A PP RS T e LA S B A ationsin
thedesonbed sedySnpaténadpphoaticire2008/606833510g10 emmi® etidlrdidrmsiss is also

; . M. e ) irc I )
P B N o T e e R st
of {paprérenglithapleagrachrisedidstsmsrotdirsrtipmisbdhent 3taple folded/functional

muRRRERSRP4ZInPIOHR KERAHME NS ARURWhiEEH Qe ADINIRAICALSRIMR- and C-
fragment of albumin can be used as conjugation partner of a lipocalin
terggtsiATe RENEHGEtion. The term "albumin” comprises all mammal
albumins such as human serum albumin or bovine serum albumin or rat
lbumine The albymin or fragment thereof can be recombinantly.produced .
Su BB CO L HHERD 5018 TEA S a8 st SPHEMEABURA IS amino
aciEpoRiahk 4b braed th Rid@EY, 9i-cRetanbittenhhtiedriptdeatitirgene or its parts by
. (RecombuminO)Novozymes Delta Ltd. (Nottingham, UK).can )
e T e T e LA St A R msgons can
alseHee g teirorifted g afbahsiniipiing theotEimily af ahtibodnfragiesiebitagayen target.
FufefARainantRodk Romaindetbrdies (HARSURIRCOFIRRARAIAGIQNs of the
precise control over biophysical properties and in vivo half-life to create
MUt GG as dafenPEs dicisy ﬁ?@aﬁm ik SFEWTR. SHHAYR PiRtRIB iR stRcfopT Water
sol€¥amRle earmes ciat availaRigdepey, Pomantis R mbpdgga I BNst curring
MA, USA). Using transferrin as a moiety to extend the serum half-life of )
CYSIRRRTGRATHES SRR DR IHIhIAE PhATRIAG 24 SR Ry YR K Rl g gh fogmation.
Ho®kGete ingis o gidesitlc ab niaiitgliaosy latesiéransiesitindl asig epeyiaiasition to
ransferrin has a alé-life of 14-17.da%t§1(5 and a transfe{rirf] futﬁion rotein Wit|| h
CYSGiRiARy U oaR E R B iR S PR RN S earHSF AlsS Provgan to other
high bioavailability, biodistribution and circulating stability. This technology
is commercially available from BioRexis (BioRexis Pharmaceutical
Corporation, PA, USA). Recombinant human transferrin (DeltaFerrinTM)
for use as a protein stabilizer/half-life extension partner is also

commercially available from Novozymes Delta Ltd. (Nottingham, UK). If an
Ee- nart of an immiinaalobiilin ie ricead for the niirnnce to nrolona the ceariim



30 interferon, or as described for other proteins such as PEG-modified
asparaginase, PEG-adenosine deaminase (PEG-ADA) or
PEG-superoxide dismutase (see for ekample, Fuertges et al. (1990) The
Clinical Efficacy of Poly(Ethylene Glycol)-Modified Proteins J. Control.
Release 11, 139-148). The molecular weight of such a polymer,

corﬁpefﬁfd@tﬂ&cﬂablﬁémdﬂ@@egh@l@bdﬂ@E@O@ﬁif@%ﬂ@OﬁhﬁﬂQﬂE&D(bititm peptides or

0.000 D Ito ipcludin exam ethylene l
ol Ol BT AB T L OrOb O B A 507 B0 BB E A pemplary
posaﬂﬁhhdﬁb@@@:ﬁ)aﬁuﬂaﬁdnﬁeon&nchseaagydewnt@enﬂm 1U® fgatemtiso acid sequence of

ah&?%q e Jg‘{ﬁg ﬁﬁ%ﬁ é‘g&*}%‘é%@s@ﬁ%né‘@ aevmers é‘i‘uﬁ"ﬂff S ARrg 90—

rox s arc can be conjugated to a mutein of

CY$n@émﬂ§n-deIheap@| fplisB3bf-séryim il ififsrased tieiohmnifiohebihthe dhefeny of the
am{HQi&élQSFb%ﬁRﬂM@te@ todheumas tear Hﬁ?%'%&'t@'!?@é%ﬁé%eﬁmlate the

on to an amino acid side chain can’be advantageous. Suitabl

conj
MUl RETIERR. cRaffiderniay BeEaP e sy Th - HisiRb aaaapgéaﬁeﬁ%aé bpocalin
mubdinaméaaniipes2i¥s o ayine wHRducegRndiagenarisd it 6ASeRse sequence

suitable [ is introduced via mutagenesis, one possihility js the
o B SR BT ARG S SR AL BUSTIOHED) BT g ton.

residue. In one embodiment, such mutation includes at least one of Thr
The4 0 e>sg: %ﬁ\%%g a>lsg: Islcc')A agsoeg CYS teinsseg g fin ((i O\;eellu 11%%h tlg:eyis rst four N-
stitution e newly create elne residue at any of these posmons
termata] mmhed@nm\ne@dm@miﬂ‘ﬁmmqwmgﬁmameermmn teandagietplin (His-His-Leu-
Led® rﬁlﬁﬂﬁiﬂg chF) S8a5n fiplclife Qb o puiain, SYeR asik '?e@icﬂie@?%‘ft)(%e%osmons

derivative thereof In another embodiment, in order to provide suitable

15 it ofciliessaausRame fraraseis hyatriy et o nbiave hssiedeleieifel. also the

Exdnpringnaf theltiartianqitificial amipg acids may be introduced by
mutagenesis. Generally, such artificial amino acids are designed to be

more reactive and thus to facilitate the conjugation to the desired moiety.

Th@h@@%ﬁm@@@@h@@éﬁﬁ@h% nilaciel Bhad Iﬁha)dbﬁr‘kﬁtrmﬂg@.eﬁhﬂﬁadafbctable
|f|c1al tRNA is para: cetyl lalan ne; F IhSeY tlon

el i R
embtbcﬂusmnspmthpwalmsmmﬂrsmﬁnd]mmmmlesmvé titrget huth anlisaciation constant

lip [ f S N:fg" r.it ) e
o S R P flin o the
destzes! Harggh apmieandesitag ficationy indeuedimethods |ﬁvéhﬁs)rﬂma§s@félce titration,
corfipREAdA RIMUSIOBNAIAEE MALRIHSALSR dTNIYQ sRJum half-life of the

mutein (see again PCT publication WO 2006/56464 where suitable fusion

partner are described with references to muteins of human neutrophile 31
It i9elaingserpasaciaterliganalineiibminging afisifdan &bn iseSinttat h many
f the co ates described gb%ve th fusion Fﬁ#ﬁarm rma be an Fc rto
ACLRSI 8g‘i8Bfﬁera§1&‘H dBRBIRERRRY ’[?né% ﬁn%? @ﬁﬁ Hifyrs, ionic
stradfgan éfhthiel badietboliealkumBe] edviatbaumdi mhmﬂmgqugammlaznpeﬂfmnmm under
con%‘{t‘l%'“ Ote'” ﬁé‘i‘eﬁlon'é Al hoain the ﬁé@?@r}nbé%d'g%%%ﬁﬂhe desired

may r|a albumin ng protein or a lipocdlin mu
targfihdidgmaxugnfmraltbumfamcasiraﬂwsHQabl@fu&n@W@ﬁémmed@lutlon steps can
be Qﬁ?&ij&ﬁ%h‘&e'ﬂ%%% i AnlRacg!in 5@}&@1&%&%}%}5@&%&3@H@ﬁm@l&c%mg;@mms

Osborn, B.L. et al 02) Ssupra J. Pharmacol. Exp. Ther. 303
is P@F?Sahl%%m’ﬁlh Bm@mrwﬂaéhﬁ sehpctienrppid e praetaIed et emditingingvhich favor

corﬁa@amnﬁaﬁa@?m@ta%%mﬁrﬁmm{ peteinsfouiaRibidi ANGork8i darget, or
(1998) supra J Immunol, Methods 218, 73-83). The albumln binding
in ﬁ@a.&&gda@samé@fﬁratsnalgeéflarvgbw%@?)%ﬂ S B Hteép‘ﬂh%%fti‘&ﬂ?dltlons

Wh@%&%@%§§%&ﬁﬂﬂ8@0@ﬂ§e>&§ﬂ1ﬁ@%mﬁ theafateys SAERNEWSet, or in other
sequence, wherein Xaai is Asp, Asn, Ser, Thr, or T%%?Xaaz Is Asn, Gln

WO’E‘iFsa|’lé$llleun6?tﬁy§5>@a§§tlfsewgu§&%wHétemﬁt%’ra SGFREAR 438 Psperformed
Gly, Leu, Phe, Ser, or Thr can also be used as fusion partner. It is also
possible to use albumin itself or a biological active fragment of albumin as
fusion partner of a lipocalin mutein of the invention. The term "albumin”
comprises all mammal albumins such as human serum albumin or bovine

serum albumin or rat serum albumin. The recombinant production of
albiimin or fraomente therenf ic weall known in the art and for evyamnle




32 Affinity tags such as the Strep-tag0 or Strep-tagO Il (Schmidt, T.G.M. et
al. (1996)J. Mol. Biol. 255, 753-766), the myc-tag, the FLAG-tag, the
Hiss-tag or the HA-tag or proteins sucl8as glutathione-S-transferase also
allow easy detection and/or purification of recombinant proteins are further
examples of preferred fusion partners. Finally, proteins with chromogenic
und¥i Bupiescanthareprigsrstghi@dnBaarasmatiuatescerthieiain (GmpBed to either
..the yellow fluorescent protein (YFP) are suitahle fusion partners for a
il SRR RSO She UL Ry P AL AP DR bty
herein also comprises lipocalin muteins according to the invention
A SRR IRl PAAUG0CE RIMRL SR UG RRER 1‘1;59"9 B9 it |
%oly é%%%é §|Jr%3:t ?hi%%é%eé%eﬁ%ca s%%em%e ge%ﬁéggrrgl\érﬁ as)trérflient,%evér’l s
alse@ypasiphdetHbadetiplusient v € lawicdinhawadoplashiatie reigtiineposly dimerise or
oliEHHANEIA B oA IRIOGRURDRI LA SIONAlSEAURACSSR KA MLIRERI Aay be

preferred signal sequence for secretion a polypeptide into the periplasm of

preferishffs sRIAPIACAg SEoRrSIEES ThB e SHRSIEHbPEERISIPaYSREGration,

the i€ &g gsdalm ala eI N RaFBINA) fAMREB]D 8 dHEEAIES YUUEREES may be
coding for muteins as descriped herein. Since the dege eracy of th )
Y/%ﬁ%ff 2 er) increased

advanfRghoN e IS L B S RS L Gt TREHEYhEY

affspgcihdng dhelganoe gmenaagid, Foetiomantinolignatlinitechdo faledgeitialin mutein

malUEIRIC apid Qr*o{i?scs%'ela%%o%?& a nutein of tHes‘eQ‘d%”t'%ﬁ‘fR}Fei”ﬁ“ EBlation or
fudcleic acid molecules comprising nlicleotide seguences encoding a

muftingticnabmateintFine rdtdrérthephds eminvensioh desocihdludesma feaeleioiple be

ach?&gdsﬁg'fﬁﬁﬁ %%588‘1@9 81&3&&%}{12%%%9&%%%&9%@'}HH—'To“sO&BH{éﬂﬁgoﬁleucin-

_ mutation at at'least one codon of any of the amino acid Sequence
zippessito A Eens of 982 gy @tiog pr yAhrosanl TR etling IineatipoRiaptde
sequence of native mature human tear lipocalin, wherein the codons
encoding at least one of the cysteine residues at sequence positions 61 .
A tgplipgsalingnaficia 4 By PRishHE s BRY R HS6H Ry ﬁ?&‘?@i@"hﬁ%ﬂl@a?mh a grven
tar10THL fah@tena@®o Midiaiecio et g ofihe taiuneigaid ealbeadnéhemical
inven(;;on s disclosed igeJ?in als%.irl{:Iu eRs;tnL,[Lcl?ic acid molecules . | haot
COTBRESHING teartipOCAlH MUtEINS WhHicH tompris8 Additiofal Mutafiors ' "apten
horoutsidsutiheamnstivaid chesgorecer pogithonsoby erperifrenteinmibtagef deisexample, a
- ' fie ated to : :
P Ty o oL LN MR AR RR - o
polstabiigtidsermenrytsalivy Betrpdnnindiagadimmyrsrahhmitepmti@sthe target is a
proftify |@'ﬁ}ﬁﬁ@ﬁﬁ&l§8%ﬁm H_tRis &)99(!'&%59@151@4 BeIaRerably protein can be

linked" to a regulatory sequence (or regulatory sequences) to allow .
anyeglsiudarote BRI #TRlkiR R AcfacRIR RN nd I ST mls rAdfaBsEesfiRngsprotein

invBINAY iis delfeiiedias coanriienob L REsingea yiaitic@didaaRIME ecule or
apable "to allow expression.of a nucleotide sequence" if it comprises
cel QYT e SRATHL TARSHCEUNEAR! BHHAE Gh Fetfar MG dlhsrg able to
bindndigftignsiatiatal pegeiatior, canchsitch mague naebiaded aperalbiy difked! surface
reciD e pHGIsEHds sequence encoding ihs polypepiide. An.onerable NKage. sume
|§)a]iir‘ﬂ£age n \Bﬁlc the reg atory sequence e ement%l and the sequence
donwing resqrassedf Hres donnettad e arndyctdatserrabidicgenteioxsrastidiowever the

invdRORTE 5 GRS RhIES RAMAMARK 1RAIORS PREASRANMIFIRSECular targets. But it

expression may vary among species, but in general these regions
is adepripnisible seorhibtey WHiEHSiRTpIGKdetalinontars bettnHEgresnistamhich show
speRATSintith AN RlEN B BLS ¢l eaing dharbitiatianed RN IREMo &8, WEYBSein or

. DNA elements which, when transcribed into RNA, will signal the initiation

digg¥igghlation. Such promoter regions normally include 5' non-coding

sequences involved in initiation of transcription and translation, such as

the -35/-10 boxes and the Shine-Dalgarno element in prokaryotes or the

TATA box, CAAT sequences, and 5'-capping elements in eukaryotes.

These regions can also include enhancer or repressor elements as well as

translated signal and leader sequences for targeting the native

polypeptide to a specific compartment of a host cell.



In addition, the 3' non-coding sequences may contain regulatory elements
involved in transcriptional termination, polyadenylation or the like. If,
however, these termination sequences$dare not satisfactory functional in a
particular host cell, then they may be substituted with signals functional in
that cell. Therefore, a nucleic acid molecule of the invention can include a
In ¢8¢ Bfﬁb@ﬂdlﬁ@ﬁl&@ﬂlﬁédﬂﬁ@fﬁ'@bﬁh@h@ﬂh@ﬁiﬂf iséqueacs. the &’é@ﬂﬁ%cahn mutein is a
?referr?d embg[)%men a nutc |{: aci olecule fthe nven |otﬂ G ggnseﬁ fact
PO Bt ShdtE " SEtueRce atd” nrscrlp 8:%?‘%&81 nation asfeed’ QhieIasHitaKla factor
(Vlﬁﬂﬂ@avysd:lﬂ:lmmdotbehdtgrpf&alﬁﬁxainm‘@eﬂteﬂé(ﬁﬁ@fe@) tived lactdNBkin 4 receptor

al R£ fi e FJ%PJP gﬁg@/ zi%x r%%{zoﬁtgftﬁé é‘&?t‘?{ﬁéﬁﬁéﬂlé@& %ﬁﬂgﬁﬁﬁi@r‘am an

Pi eu ary t|c cells ret ter ort e CMV promoter. ‘
extméléiéaaéngm|@ta|é19mﬁm@ﬁw&ﬁm%a@r disdt béesateroal@lwcfche&ﬁr tagnds are

typRUIEY mﬁﬁﬁm?grggmleomﬁﬂﬁlﬁmﬁy& ReRRAGRBUAhE&RRASEIR but they

baculovirus, a cosmid or an artificial chromosome.” 34 In one
may R BEHIONE FlcRIECHISERIISeGRETace STHRFiSEBOMIAC S £sRAmOAgus origin, to
narRP3aNIg ectandenpiesampator encoding the intergenic region of a

temperent phage, such as M13 or fl, or a functional part thereof fused to

the cDNA of interest. After superinfection of the bacterial host cells with
Husueh\aiGqihagerbédsviected anthaheagpigpeiate duelper p’rmglé-,ée YHGEBOVEGF-C,
and \%MJPQ' A I?114210 Int te%pna} S artls%leseaﬁlcr:%spsre%dﬁ Wﬁgﬁg@fnﬁgta Bank

coup nd’ 0its

physica the éncoded heter ogous C corresponding
Acgosiyipe plile i 2y 4 V1o IhBANageand (GO [P ERD), May.; 22 RaypBoKiragments

the{-“eto?' dﬁé”?@éhp &%%Qf?ﬂﬁ%&éf BHdER %Pgnﬁh%t%‘és ﬁ&?@&?@%F A Human

Manual, 1st Ed., Academic Press, New York NY; Lowman, H.B

VaSA‘HﬁUeIF@éﬂl@ﬁiyﬂwﬂl BRIMEICTURIE @@Q@M)zmaﬁm@dih@mmaﬁeld sequence of
SWYIkoWekT, batlBAN KLEEsPRINS PR EO, 1BYN3) 2PHsh o @aiibents thereof.

vehicles can include, aside from the regulato %/ seguences described
IH“&%‘&%%?&&‘HH%%?&%&‘EF&%&E@%@@ BAEHASS R RIoL AT Rt gy Rgglomains I to
7 oﬂwsmma.zrebhqaﬂﬁﬁgamﬂm@atﬁahaequenoemﬁe\mi foomnta 3PEGeS to 414, 421 to

t| W|th h cell tha .is for express swe
4 R L L e e A T S s tghg chain may
havteahsfeuted m%ehaegeemfrﬁﬁé&ﬂ&@ﬁﬂﬁa:&mkg%edamﬁﬁe KMEASA4RSEQ ID

Nd%gg%n Rig ns O%O@%X ﬁll\{%llﬁl?k% él;ﬂl tF‘ 'g‘f @f?% %ﬁt%?ﬁﬁg{&gmteﬂeukm 4

lipoca invention, and in particular a c ning vector
recepiataiting eh@@mhglmm@mfsszﬁzw é%@é&hrﬁrrﬁﬂ@tpta}pb@

transformed into a host cell capable of expressing the gene.

Transformatlon can be performed using standard techniques (Sambrook
In gengral, (ADEIM sHRAENCThudstHethheiRio N ihaletparideraiisia Haatdsent the tear
hpﬁ%l\ﬁ@-'ﬂiﬁi@:lﬁsnﬂﬁ:ﬁ?ﬂ@ Asighieedlacs 6l |Rl@ﬁ§dl§ﬂ¢i%ﬁd75?@ﬁ@ﬂ?ﬁ%ﬁﬂ@@hortened

ost cells a ecut er conditions syitable for ression of t

A T S L K e VA L S
andiosbeeils lepn Mtprmlaacyalmgsmctheamm}wnchla coli (E. coli) or Bacillus

subtilis, or eukaryotic, such as Saccharomyces cerevisiae, Pichia pastoris,

SF9 or High5 insect cells, immortalized mammalian cell lines (e.g. HeLa
Therefisror @eibecelipror prithanyrepenhmatinnoselks ditestied/ éntiometizo ldresan tear
lipd@aRMEHRBIRS BAUNPURD ol fBu Gl I0RIRNGRHOR: HISEYWore of the

mutein, a fragment of the mutein or a fusion protein of the mutein and

SCqHRBAREPHEFEHAE. BipP6elitad-sudthog frofriitberinsrieclimrisiagansnce of the
matle MHIRIR BYrMEsnsiRf 4RNSIHAS to IL-4 receptor alpha, VEGF-R2 or VEGF.

Human tear lipocalin muteins binding IL-4 receptor alpha may act as IL-4 antagonists and/or

IL-13 antagonists. In one embodiment, the human tear lipocalin muteins act as antagonists of



35 engineering methods. The method can be carried out in vivo, the

mutein can for example be produced in a bacterial or eucaryotic host

organism and then isolated from this ROst organism or its culture. It is also

possible to produce a protein in vitro, for example by use of an in vitro

translation system. When producing the mutein in vivo a nucleic acid
hurﬁqumgaaadrmtemm te imﬁr&fmﬂsdﬂtﬁ@auce@kimiatalﬁuiiabtgsbwat&rw Qlith the

eukar gou? hos |sm s oh[ei:g) ant DNA technolo I(lt ¢ of
RN ady Voouttied 8ve"}S hflsn gﬁrpose RS S80St Ef?ansf(%1 aéams °
cynmﬂto@@dhﬂg&mttmra@hpnsmg a nucleic acid molecule encoding a

mutein of the invention using established standard methods (Sambrook, J.

et al. (1989), supra). The host cell is then cultured under conditions, which
A Talraon ésgrbpeteHomirelhefcths sgounsi ONbabbiddR U5 thecespithed o e comprise
WltﬁQEE%%Q%QH%M' g@q@ﬂé@@ﬁlﬂgﬂmf hRRAR ﬁBHQ&ﬁﬂ?‘a‘@@%‘t’%@mmO acid

either from the cell or from the cultivation medium. In some tear lipocalin

subgiiitdipessr iR ARt R sridusa iy setisiinE tdinfiatapy A RastiiRs 2 6-34, S56-
58 @assgl 1®2d10y5:483 08 e MAMRMAN AGEOHING!Y (a4 G JPAMIRI TetRrARY QlBIeE mutein

ar lipocalin mutein, that do S not prise an intramolecu IS
bing S K BB Sh e I o P Rt Al o less,
100miNeur fesseampler ikdhecytoplasraecof ESsantne fasiirethapiesiaolar casge. Thus,
the i lvgoﬁa“%lrs%mglc%an tggels ear tlon clomrglrll e%?sl u gﬁiu!ia redIS AilgvethaKD 0of 900
bon S, | may e pr forre direct thehascen po’lypeptldre(‘icpac i
pMo@ﬁqsarﬁﬂ@mMaviﬁ@saioamMmgese,oRﬁO NTe L0Ggi) @ﬂ@gpﬁ@phéw kigmeait 40 pM
or RESUGREHISHENBAELALRA FRULIIEN BDLRRSHAVRH BiBRx are known 1o

periplasm of Gram-negative bactena such as E. col I, inthe extracellular

thopginkilled arHia-yband enshite flaessonre mmé%f%@@mwﬁﬁ%e calorimetric
melBgUIymIPhe ykanetiacatingnd usvalhefaversheduatian CﬁlﬁﬁHGHJf@ionance

disulfide bonds. It js, however, also possible to produce a mutein of the
ExamRiRti&oF ﬁ\lfhé“&]ﬂ&%%? dofralacl OBt &t&rabIg EEXUNPIRS hid chisel G- 24, and
27)polypeptide can either be directly obtained in a soluble and folded state or
recovered in form of inclusion bodies, followed by renaturation in vitro. A
further option is the use of specific host strains having an oxidizing
In ulnisraoalhxlait midilso noteid tha alyetbers s dothe fomitetioncofthitsuljoe tbendstein and

its | %ﬁﬁ £ érfcvirbtg%%@?ﬁ%{&%?fﬁw}%e 59&’1%%&}1 Qtll%}/%hgr%qﬁgﬁl&q)ectwe

unctl onal anti ragments in an oxidizing bacterial cytop
blndlmaBI@)fSStils mese)lcs@&@mmlmsmﬁé@ééhq lph%rpm%éﬁth%buffer system

uscdly PG RISRP AR A M EAHIRGIIRH 25 AR HANSIRIIPOK td QO E%BBH B nstant Ky (for

possible that promising mutations are identified using molecular modeling
exampla{BIPIE sMp Az E AhecRREE Q8 dREu LN BEpRIBSTRARFESgARNCE: just to
naﬂfévasﬂgzaieothevlamdmgra@ﬂwﬁyaiwaa glyentaRoehiMeogedordhewligiion of the
ase an /or solution phase synthesis of proteins are well known in the
X gﬁlﬂ' 8#: e.g., in Lloyd-Williams, P. et al. (1997) Chemical
Approaches to the Synthesis of Peptides and Proteins. CRC Press, Boca
on, Fiel B.,.an k S.P 7 Sol se Pept
T 8 R S R R s L R S PR G gayrant o e
comn]cvc fovauadh baiwmﬁhglreSp@mw@mmmmtﬂeﬁs éxgﬂ@mﬂlgn@n hmé ey ofithin a
certi I ﬁﬁ%&%ﬁ&% R{%‘Eﬁ‘ﬁ%h@ﬁ ‘Y M&ﬂm'&ﬁ%}{%ﬂﬁ{ﬂ@ﬁp that is used for
well-estabiished

employin ods known to those skilled in the art. The

detgsguntigr i b raiates ad A tadrl RasatiBanBEANIOE RIS e HEsinbh i Teends, there

maPMR INEBHYAIAIRIA Af mma@a@%dlmcayméy @rfws&erm@éeﬂalge depending, for
rmaceutically acceptable excipient. The

conjugate thereof and a

arfBBd?aﬂH [})‘Pﬁ WAHEIRTB G P L SR B RIASRIstEreongeafgiacore) or
by a(alfqmﬂﬁathLrlsmcparenteral (enteral) route that is therapeutically effective

for proteinaceous drugs. Parenteral application methods comprise, for

example, intracutaneous, subcutaneous, intramuscular, intratracheal,

intranasal, intravitreal or intravenous injection and infusion techniques,

e.g. in the form of injection solutions, infusion solutions or tinctures, as

well as aerosol installation and inhalation, e.g. in the form of aerosol

mixtures, sprays or powders. An overview about pulmonary drug delivery,

i.e. either via inhalation of aerosols (which can also be used in intranasal
adminictration) or intracheal inctiallatinn ic Aainven hvy 1 K Patton et al The



37 intravenous injection and infusion techniques, e.g. in the form of
injection solutions, infusion solutions or tinctures as well as aerosol
installation and inhalation, e.g. in the fokm of aerosol mixtures, sprays or
powders. A combination of intravenous and subcutaneous infusion and /or
injection might be most convenient in case of compounds with a relatively
In SspEiserebbdiinkia. of fig: phasniaeautinal marepasitigiiseawhia @-8pateals amino
.solution, an Pil-i water emulsioq.or alwat?rl-in-?i%e?ullgio IrMhis E%gard i
aclgt REHGHAT (RATPANSHAYAR et Ry aCRMDIoERs e . iontophordis amine act
subsohopimsresistod fnicnaghe gdiepaninansted defive B asSkesBribédur? Meidarg; Phe 28

— YA 3o Michnigh BR 2094 Ay et 1A, S 316, ca0 2o bRISEAL Gy,

r transdermal delivery of the muteins descr érein. Non-parentera

Sergdligetpmbivsiare ot ivgahee Sorat (@i lia Hetotgobyilis, tabletsdla, Arg, Val,
ThCHSHIESs SPIHLIPRT AISUSRGNSIONS seF. FEGiat RAMStrgliPnee-9, ethe cu 105 —

form of Suppositories. The muteins of the invention can be administered
CygHigdieam Peisptdin iformiitions containing a variety of

conventional non-toxic pharmaceutically acceptable excipients or carriers,

dditives, and vehicles. The dosage of the mutein applied may vary within
A e ARG SrE G Rt TR oL L TP S ot on seected
fronegponsapltomsistorginstdaca9 depeanidin 40e-affirityAdh iTactinpdiydfoy Ala; Glu

chgsen ligand asyell as on the half:life, of C lex between t )
45 S OSRIGHRIGS |%$?d%pv?§é?’l(—§§?fhlfel}f’?h%lo ptim?%d?é&@ﬁilﬁ&p@#d o Thr 54
— thie.Hiedidtritt dfiorr dfetheAautin\eil itdhiu iy, glotelyoGis ednjubaise Glne Ala, Gly,

ArdN9def adminisyation, We seyefityohtiie diseasr/HROTAGT REINAIEAETle, Leu,

as well as the’ medical condition’of the patient. For' examplée, when used in

Vahd binMeéntterofdpickbappicativhdd ahigFecbieerimtdh of the Adayrle 89 — Val;
Asppscalin gauiein eap Radreed; tipwenes, if wanted, the mutein may also be
given in a sustained release formulation, for example liposomal
dispersions or hydrogel-based polymer microspheres, like PolyActiveTM
In eHeQRABRIIXINY (6f Bosastiedr, IpssiasmbBiafibgdrizamatecbp?iQdpAa@bmprises
Other sustained.release formulations ayailapble are far example PL _
the AL R L B B AP AL entGahe B P BT Ry S 30 — Are
MefMedinéeil) lad3BEA BrsdadpofymeEnMediVas) AdgcAsgifgly, ther,hyteids— Arg,
e ph t] tion formul int siti using
th éllzlrmac]?e(!?;lj?firtifzglil[l?y\/1 gécep@%rf)eﬁﬁsgﬁef?;ienatfts?(g’s%v&éﬁ%rsq@gabﬁgﬁiéd methods
of preparation (Gennaro, A.L. and Gennaro, A.R. (2000)Remington: The
In %ﬁ%eéi‘ﬁpoﬁ)ﬁﬁ@ﬁﬁetﬁé %ﬂﬁ{ﬁﬂa&}érzﬁmcgﬁn Hﬂﬂéﬂ?qyfn\ﬁ{ﬁ%am&&receptor alpha
Wilkins, Philadelphia, PA). To prepare the pharmaceutical 38
corpBHiisdeRpAESHRNAN L el IR B sidanisHrbIYRMic excipients can
belysae: 760 propareir.a7pilsA ROWHERS gelatinaapsulesael; Met 31 — Ala; Asn

suppqsitories, for example, lactose, talc, stearic acid and its salts, fats,
o) SN TES POy, HOILIAL 2 e B 12 o e e: Se 58 —
Suitalile axpifieniStor itye §¥edutitinbf Bidutiohsy; duspedsionSys; His 106 — Pro;

emulsions aerosgl mixtures or powders for reconstitution into solutions or

aerosol mixtures prior to use include water, alcohols, glycerol, polyols, and
s(alegiixturSsthetedias well fhvd§etalysofsluTiephiwrgnddeiticab Ala; Asn

C‘_:’mpﬁllp?%m%’eﬁ@@ @WD@Q@HVQS{L%’;%&%J %%mé%’f'”—eﬁ@rg; Ser 58 —
binders, wetfing agents, glidants, stabilizers, preservatives, emulsifiers,

and f@r%ﬁ'eﬁﬁ@r%)sm\ﬁ?ﬁi ¥ 83ludiftFerS bt dtntskskaesiiel\iiga depddis 106 —
effectphhe Jatierish@hfusion proteins may be incorporated into slow or
sustained release or targeted de"é%?/ systems, such as liposomes and

ritrocapelies SThE TBrmumatsas st be sterisdt £ nuMardle teand a: Asn 32
including fitirbtio 3 throligh Bdaaeteriaslietadg-filterg; eby sncomgratipos0 — Ser;
sterilizing.ggents in the farm of sterjle solid compositions which can b _
dissoﬁ/\ésgggr is}?orgn’s%1 iL%é:]e_r)ileev%a &t oﬁggth_)er@ s{gse?rillhtelsr%ééls/ﬁ)rr?}r&af%ﬁgro ?o_) Gln;
use.



Another aspect of the present invention relates to a method of treating a
disease or disorder, comprising administering a pharmaceutical

composition comprising a mutein as d&fined above to a subject in need

thereof The subject in need of such a treatment may be a mammal, such

as a human, a dog, a mouse, a rat, a pig, an ape such as cymologous to
nemeraplya-feRel] (shiative-exagnples2J he gigcistursatuse/abthadiseasesla; Asn

and djsorders that to he treated according tq the method of the,
inver(lj%%n_’ deg énc%l?ﬂ'rr? the |Iyda§§ut§atﬁ eﬂtil‘i]zgélgg ﬁe@nﬁqgﬁﬁtﬁ%’f‘%’ Asp 80 —
bind. $xcbndiBgly, thegnGteih8lof-tHeepr ésentlfvertipsn thn ¥ usePto;tigat 108 —

any d{'ﬁ%ase as long as a target molecule that is known to be involved in
the development of the disease or disorder can be displayed to the

efPredsgotp prodattofiaiucieicgadibicdibbary ©F therédent geMg3 br— Ala; Asn

displayed,tppthenvise gbiginedmuteing gf fear fposatii; Thesahaverg; Ser 58 —
described muteins binding IL-4 receptor alpha with high affi

it
pharrdEed RGO FBshBNS Lon Al A mial b LEMALE i eCae iz 06 —

of treptind gdisRase@meisorder associated with an increase of the Th2

immune response. Such, disease gr disorder, may, for 39 example, be an .
et ﬁ%@@ﬁ%f# ioh @ﬁe@rfé&arﬁr&mﬁtﬁﬁ la; Asn
turn, AxaywbEyaskecizied Witk allargdc-astamd, alnotis; CGanjulciivitis Arg; Ser 58 —
dermatitis (cf.,JHage.et al., stal Structure gf the Interleukin-4 Receptpr
e A S oot IS oMo Sy, T 106 —
271-280, Apyil 08 ,-2999;amWueller et al, Structure, binding and

aﬁ?gg jstg in §k‘?~&h“%’yblifg;cﬁ%%%sé%m(ﬁl?%%“)&&;%@%%ﬁ%%%; Asn 32

Acta (2002), 237-250). In this Context it is noted that a variéty of tumor

cells exprgsd-augtdatet vufbed b highy it 4 tecBpidfsthargndpmd) — Ser;

cells. [S4als cellg Jpcluge salid, hwman-tusrsuchsasime@nom@obeast0gs — Gin.

cancer, ovarian carcinoma, mesothelioma, glioblastoma, astrocytoma,

renal cell carcinoma, head and neck carcinoma, AIDS associated Kaposi's
Thearemaa el Rfokdhinhatimanebiiepedent addpde papaehpyossaiprise, consists

carcinoma cells, and primary cultures from prostate tumogs, far _

e SN SHARY BLa Do I ST ASHBSEI gy S A al NOs: 28
or Nivagimdol-Aug2@t5hetant] R\WhKembodim&it, eham@imcalcCaimegto the invention
r , - . ' ' |- Nat
co RS SRR OB LEAR AN B Lal o o
NORésuren 2563631 687ians theseaf996, 10. Debinski W, Puri R, et al, or
Husain SR, Behari N, et al. Cancer Research. 58: 3649-3653, 15 Aug

1998, Kawakami K, Leland P, et al. Cancer Research. 60: 2981-2987, 1
ThetmD OB B8t rGihESSE AR BIESAt K SO feRneH it b esappems of the

invgﬁﬁoa%@lat&no?&@?eif@roep@mg@s epRreti ﬁ@%ﬁmml%ﬁglg@ﬁiﬁwiﬁhTan tear lipocalin
ocuments, overexpression of IL-4 receptors .incjude, but are not limited to, .
ha g T LT TG T TR o 5 NP et 1 T thE N-erminal

and/loN Caferhibkl4ahihe adidnd etk frapoiratnac(SpascKAUSTERDYY, ravsealtl; more
reFOAGRI 4G ANG, le%ga%n eﬁlOSCCE)Zg) SRR 1:200) hike gﬂhaendrirr}lea(:kse uence of
Precandercel mep(r,& 5y 4ﬂ%ﬁp a ehain plays a major role DAty seq
matuird finteanatizaliprcaiocoding lysushe ddigseb lorisenjugatetbtssatoximathes human
teaﬁﬂio@&ﬂﬁ.a”” muteins binding to IL-4 Receptor alpha chain can therefore
also be used for the treatment of tumors (cancer). Examples of suitable
toxins include Pseudomonas exotoxin, pertussis-toxin, diphtheria toxin,

ThéIERmSaRTi PICULeMNaR §elexiNnCaiabR3eNEN &8 AGRHVRLYSS a protein or
thereof, a taxaoid, a mgﬂytansinoid a tubulysin and a dolastatin analogue.

PenEgs el BPHSFB H A R R IdBS ABRRRA B S SHRRE N P 1P I i stititution,

delEtignonesmeshyiackstasl moaifitatadin Préferably audbtiabdiREE ofroddmet reduce the
treatment Qf cancer,.it is also. possible to .conjugate, muteins binding to IL-4

fun o P & B e B AR B 6 more
agents include Cisplatin, Carboplatin, Oxaliplatin, 5-Fluorouracil, Taxotere
(Docetaxel), Paclitaxel, Anthracycline



40 (Doxorubicin), Methotrexate, Vinblastin, Vincristine, Vindesine,
Vinorelbine, Dacarbazine, Cyclophosphamide, Etoposide, Adriamycine,
Camptotecine, Combretatastin A-4 reed compounds, sulfonamides,
oxadiazolines, benzo[b]thiophenessynthetic spiroketal pyrans,
monotetrahydrofuran compounds, curacin and curacin derivatives,
amMedulyrstbioh deplvatives tiah kaipeot 08iM-Hetbissoaureotien dntralaids other
nafied ounhat fusions,or confugates of earipocalin muteins of tesoxyprotin
ihvertion with toxXing'er y&los atic ggselhcth e 'Of ESUIMEE 1 Tmitdy fgeroxyprotne,
citmiliteinsonvitsaffinityytdrok dyRiecepior dlphattheave R ativbrs@s inumediatealy also be
corRUIUERLLOT the barson %‘é&'&eﬂeéﬁ‘d eié‘?‘eﬁé‘ééée\%ﬁtﬂpﬁ%ﬁ'é&g‘&i?'E‘Hl.h‘lﬂ bindRo acid
to a receptor expressed on a surface of cancer cells can be used In form
resigiug. fixforphIDedieropavEsRighet it aredhaeaplasfeszante AT Hishhegmbers of

the RATNPACVIBUPYE| RS RIRLIREYE GRaRa AInE S Wi higR @iy Qtamic acid; 3)

pharmaceutical compositions containing them maéale utilized in a method
aSPRERGHE ARG tHBIRIYNG s 85EBIBE dRdIyenEoAh&ttky i anlsHE R sBgthionine, and

valMRSGH@BY BHERyMIGHIAS 6ADGRG, RRAVAgHIHawet age-related macular
degeneration (AMD), diabetic retinopathy or macular edema, retinopathy
of prematurity or retinal vein occlusion. Such a cancer may be selected
In frdontblee gujonan cha$isttegtdhcandinoivadi et the astiainizstialitact, tear lipocalin
bindFERATARI0N: PEOSIANR. Oy Rtl8R, RARCIRR BIGRSL Dlodaer KANeY . eutracellutar
endometrium, and Tung, leukaemia, and melanoma, to hame only a few
regibmstratidenesartisiesf Adsisallyidenh fronuttie atiove digtiosiaetagamgteinddfinds an
extAEALEITRLION SPHRR LA HSIURRLRED B 2 1€0BHABENNBIERL AR orless, 20

employed in many applications. In general, such a mutein can be used in
n pislidaticaimotiatMs lpse @r exergttbse iith specifically rely on

the glycosylation of the Fc part. Therefore, in another aspect of the

invention, the invented muteins of human tear lipocalin are used for the
SudeAdBHE P OB HEh AR FSPREEIOI RS HUQATE IS HEREAT SR Rgman tear
lipsoaynCamerise tise steas of catactiugitleasivteibniitiasasopRlasuspactd group

of contajning the given li under suitable conditions, thereby alloywing,
Co R DA B e e e Ml AR HE e Tt Ares Leu
33 deléstinly fire-echypléxed mutdipsb(ia stltabletsignal, 44 BusfSee58 — Arg; Asp 80

nce, the value of-whieh is changed.uring binding of hindi :

T iy AT s and Lys
108rtve Thossidsney Hurthan eceamipscillnadisuio sanitteaeif substisisobecleséasl fipm the

arollifcefRRIRIAT pERAivepRowRatdral ligand of smandearsipecalig SUehs 76 —

use may comprise the steps of contacting the mutein with a sample
Arg (Sededto coNdin 8&idli§and dhger t8pie loehdiEiBAs, terdkyPhe 99 — Leu;
and@dioyving formatian,ef @gomplex between the mutein and the given ligand,

and separating the mutein/ligand complex from the sample. In both the

use of the mutein for the detection of a given non-natural ligand as well as
In dhe spepdiatimbafimgivendiganditthecormpeiscarid/antine faid ety tdens: Arg26 —
seipoplizedion g, sujable sofd phase Ihe Ryman teay ppealin muging,, 5, _,

of the invention may also bé used to targg’[ a compounogto a preselecte
Tysitke Forshibh, 2purpose’tte hystéin-is Gbntabtelddith tivs.dommpO0nd dfla, His 106
N i@g&rgﬁ‘,& mrp@; tq gljgw complex formation. Then the complex comprising

the mutein and the compound of interest are delivered to the preselected

site. This use is in particular suitable, but not restricted to, for delivering a

A klivgdselpaiysdilitorrurspsslediethsiftbAhA BANST sk @fcaRiee®dn or a
body part, tissue or organ which is supposed to be treated with the dru

dorpaigigb ¥ kSthiltow Br SFtssHApie T HBHYER®Y FRmH S AR T BhsiaHa e seR ofamino
acithgebestutiodgnutein can also be reacted with the given compound to yield

a conjugate of mutein and compound. Similar to the above complex, such

a conjugate may be suitable to deliver the compound to the preselected

target site. Such a conjugate of mutein and compound may also include a

linker that covalently links mutein and compound to each other. Optionally,

such a linker is stable in the bloodstream but is cleavable in a cellular

environment The muteins disclosed herein and its derivatives can thus be

used in many fields similar to antibodies or fragments thereof In addition
tn their 11ice for bindina to a <irinnort allowina the taraet of 3 Aivven Miitein



42 or by microscopy or immunosensorics. Here, the detection signal can
either be generated directly by use of a suitable mutein conjugate or
fusion protein or indirectly by immunoghemical detection of the bound
mutein via an antibody. Numerous possible applications for the inventive
muteins also exist in medicine In addition to their use in diagnostics and

diyoade ey SeiGlany polipsEtiosocftkerimiension, Giyc A &irsdsfotrg, Leu 33 —
example,,tissue- ar tumor-specific cellular surface, malecules can b
e o BT e L Bt T S o b i Ser Lys
fornBdrasAufuSion MoteihefmrE&w_ﬁﬁﬁ 'rmag]mg!{isrloﬁeetl}’dhﬂ@mm — Thr;

2N IN&;RIesent jventian alsg.Nplyss essedh ﬂ“&?\géfteuss -

bl ;
tear lipocalin muteins of the invention for complex formation with a givén

nonltatutaldtyand YAdathép retdtdd, dled prefdthedSesé bfa Matehsp 80 — Ser, Lys
desgribeddyareinis darast validationsi.e, ke apRlysis Whethara 108 — Thr;

polypeptide assumed to be involved in the development or pré)zress of a

A8 B st SHiCihae 88 Sohéhow audsivd of (R digeddebfire, Leu33 —
diionége(;lﬁbi& usw;]{@rr]malE@ﬁﬂnm,m@w_map%m@rmaaq&gg;qag)lﬁgogia;gegtys 83
takes agvantage of the abiljity of & mutejn of the present inventionto_
onay P ZE e Do o B B e Py 108 — Thrs and
adinfarmzdion See. Gduldiid-tdla, (AL epibepaViin ihisreRpeatnits-to Ags, Leu 33 —
noted that this ability has been orted.onlyJor a limited number o
recgﬁr%b@éln?zgﬁtﬁ)ﬂggiéh“se.ul—gogw?vféelra’tfgg %fe_g gﬁ’ %?/rgyn%i\% /rynr e% 1?o§r0 — Pro, Lys
validgtion @fua dhud Qargetiminbeliredtd\incttietEdtion ¥hproyeihetas> Thr.

targets, but also includes the detection of protein domains, peptides,
nucleic acid molecules, organic molecules or metal comglexes. The

In gigettbedERIdthR SRt By e MEIRIN PG HBA It ERArppariapy consists

esstgAlAGhaE AW GS Y WIGT Fdauim d aBRWSRRER QittRtBRPRISSIAN Nos.: 34-
vector pTLPC10 (SEQ ID NO:1). Figure 2shows the polypeptide sequence

‘of S148.3 J14, a mutein of human tear lipocalin possessing binding affinity
for the IL-4 receptor alpha. 43 Figure 4shows the polypeptide sequences

Ina gttlﬁeﬁ?] ﬂte?”i Qgp\é\g%,h tﬁ%%pége%??}lggll 1i§r\{ Ig) Eiirected to a mutein of human tear lipocalin
binding to Vascular Endothelial Growth Factor (VEGF). Usually, such a mutein acts a a
VEGF antagonist by inhibiting the binding of VEGF to the VEGF receptor and binds VEGF

with a Kp of 200 nM or less, 100 nM or less, 20 nM, 5 nM or less or even 1 nM or less.

Such a mutein obtainable by the methods of the invention may comprise with respect to the
amino acid sequence of mature human tear lipocalin at least 6, 8, 10, 12, 14, 16 amino acid
substitutions selected from the group consisting of Arg 26 — Ser, Pro, Val, Leu, Ile; Glu27 —
Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31 — Cys; Asn 32 — Leu; Leu 33 —
Ala; Glu 34 — Gly; Leu 56 — His, Arg, Tyr, Gln; Ile 57 — Val, Thr, Leu; Ser 58 — Lys; Asp
80 — Ile; Lys 83 — Ile, Val; Glu 104 — Cys; His 106 — Asn, Ser, Asp; and Lys 108 — Ala,
Val and may further comprise at least one amino acid substitution selected from the group
consisting of Val 36 — Met; Thr 37 — Ala; Met 39 — Thr; Thr 40 — Ala, Ser; Asn 48 —
Asp; Ala51 — Val; Lys 52 — Arg; Thr 54 — Val; Met 55 — Val; Ser 61 — Pro; Lys 65 —
Arg; Ala66 — Val; Val 67 — lle; Glu 69 — Gly, Ser, Thr; Lys 76 — Arg, lle, Ala, Met, Pro;
Tyr 87 — Arg, His, Lys, Gln; Ile 89 — Thr, Val, Gly, His, Met, Lys; Arg 90 — Gly; lle 98 —
Val; and Gly 107 — Glu.



IL-4 receptor alpha (SEQ ID Nos.: 3-8). Figure 5shows BlAcore
measurements of the binding of a human tear lipocalin mutein of the
invention (S148.3 J14; SEQ ID NO:2)26 IL-4 receptor alpha. Figure
6shows BIAcore measurements of the binding of a human tear lipocalin
mutein of the invention (S191.5 K12; SEQ ID NO:3) to IL-4 receptor alpha.
Figure 7shows BIAcore measurements of the binding of a human tear

li ocal mutei he invention (S148.3 J 4AM C2:'S ) to
In 9pe,h %%tm?“ ﬁ‘guﬁ*"e ]éls? smé’ilAS%rrelPr?&aé%rﬂéﬁ%E’qﬂé ’\t%% fisehmgises the
amdwah@mmmmdmﬁwmu%diﬁ}omzavenﬂm P19 4 B24, GEQUD-> Arg, Met

31 %ﬁ%ﬁéh‘é‘:{ec‘ﬁ?r@e{?@% F'%reéﬁPQX"i S %asufé’*@% }9_, Ile, Glu

a human tear lipocalin mutein of thé invention
10451, R@:Eytol 18- 4rdédptor alpha. Figure 1OSh0WS BlAcore
measurements of the binding of a human tear lipocalin mutein of the

invention (S191.5 H16; SEQ ID NO:7) to IL-4 receptor alpha.
In another specific embodiment, the mutein” of human tear lipocalin that binds VEGF may

comprise one of the following sets of amino acid substitutions:

(1) Arg26 — Ser; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Asn; Lys 108 — Val;

(2) Arg26 — Pro; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Glu;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Ser; Lys 108 — Val;

(3) Arg26 — Pro; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Asn; Lys 108 — Val;

(4) Arg26 — Pro; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — Arg; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Ser; Lys 108 — Val;

(5) Arg26 — Pro; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile;Glu 104 — Cys; His 106 — Ser; Lys 108 — Val;

(6) Arg 26 — Ser; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Ser; Lys 108 — Val;

(7) Arg26 — Val; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Ser; Lys 108 — Val;

(8) Arg26 — Leu; Glu 27 — Gly; Phe 28 — Ala; Pro 29 — Leu; Glu 30 — Arg; Met 31
— Cys; Asn 32 — Leu; Leu 33 — Ala; Glu 34 — Gly; Leu 56 — His; Ser 58 — Lys;
Asp 80 — Ile; Lys 83 — Ile; Glu 104 — Cys; His 106 — Ser; Lys 108 — Val; and



Figure 11shows BlAcore measurements of the binding of a human tear

lipocalin mutein of the invention (S197.8 D22; SEQ ID NO:8) to IL-4

receptor alpha. Figure 12shows compition ELISA measurements of the
binding of a human tear lipocalin mutein of the invention (S148.3 J14;

SEQ ID NO:2) to IL-4 receptor alpha. Figure 13shows competition ELISA
meastirementBoiGhednindiagyoPadenandeariipocalin nuieiuadhe Arg; Met 31

invention (S191.5 K12; SEQ 1D, NO:3) to,|L-4 receptor alpha. 44. show, _
OB LA AR NMTEHES A1t g S HOs ol gt > Ly
mut@ispdfthe lhadnyioB(SLU8; S04 40M2C2ysSHEQ IDOINOG :83rtd_fs-408 — Val.
receptor alpha. shows competition ELISA measurements of the binding of

a human tear lipocalin mutein of the invention (S191.4 B24; SEQ ID NO:5)
In gngl empociiprit AlpHbe shuensieontpetiioELISAIngE s UYEAEneowDReS, consists

essBifd Wg&%@&ﬂgﬂag SeatyipRcalimaueR Sfith&vaBRLOR (RIRLAIFIPID Nos.: 26-
D NO:6) to IL-4 receptor alpha. shows competition ELISA

i
SE%
33 % rddfts 8t thé binding of a human tear lipocalin mutein of the
invention (S191.5 H16; SEQ ID NO:7) to IL-4 receptor alpha.

Also included in the scope of the present invention are the above muteins, which have been

altered with respect to their potential immunogenicity.

Cytotoxic T-cells recognize peptide antigens on the cell surface of an antigen-presenting cell
in association with a class I major histocompatibility complex (MHC) molecule. The ability of
the peptides to bind to MHC molecules is allele specific and correlates with their
immunogenicity. In order to reduce immunogenicity of a given protein, the ability to predict
which peptides in a protein have the potential to bind to a given MHC molecule is of great
value. Approaches that employ a computational threading approach to identify potential T-cell
epitopes have been previously described to predict the binding of a given peptide sequence to
MHC class I molecules (Altuvia et al. (1995) J. Mol. Biol. 249: 244-250).

Such an approach may also be utilized to identify potential T-cell epitopes in the muteins of
the invention and to make depending on its intended use a selection of a specific mutein on the
basis of its predicted immunogenicity. It may be furthermore possible to subject peptide
regions which have been predicted to contain T-cell epitopes to additional mutagenesis to
reduce or eliminate these T-cell epitopes and thus minimize immunogenicity. The removal of
amphipathic epitopes from genetically engineered antibodies has been described (Mateo et al.

(2000) Hybridoma 19(6):463-471) and may be adapted to the muteins of the present invention.

The muteins thus obtained may possess a minimized immunogenicity, which is desirable for

their use in therapeutic and diagnostic applications, such as those described below.

For some applications, it is also useful to employ the muteins of the invention in a labeled
form. Accordingly, the invention is also directed to lipocalin muteins which are conjugated to

a label selected from the group consisting of enzyme labels, radioactive labels, colored labels,



shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S197.8 D22; SEQ ID NO:8) to IL-4
receptor alpha shows a TF-1 cell proli?ération assay in presence of IL-4 or
IL-13 and human tear lipocalin muteins of the invention (S191.5 K12,
S148.3 J14AM2C2, S191.4 B24, S191.4 K19, S191.5 H16, and S197.8

flud@2¢rd BQe1E) MMesindgBhicHitre Risinevesa i ddhers xPiessieniMesiein, metal
TLPC27 (SEQ ID NO:9), Figur shows.a proliferation assay with .
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tear lipocalin mutein of the invention (5148.3 J14; SEQ ID NO:2) to IL-4

receptor alpha. Figure 23shows BlAcore measurements of the binding of

In @A GRS HDOERI IR BBLIRIN; § EHBH AMRBHOR I (S23Pap pheianE@dRical substance
NO:44) to immabilized VEGE8 109. Figure 24shows BlAcore ) .
O FRéx reMBﬁH;ddfetﬂ BIhdTST N BRI, fRiesER q0appuRd or signal in a

chemical, physical, optical, or enzymatic reaction. An example for a physical reaction and at
the same time optical reaction/marker is the emission of fluorescence upon irradiation or the
emission of X-rays when using a radioactive label. Alkaline phosphatase, horseradish
peroxidase or B-galactosidase are examples of enzyme labels (and at the same time optical
labels) which catalyze the formation of chromogenic reaction products. In general, all labels
commonly used for antibodies (except those exclusively used with the sugar moiety in the Fc
part of immunoglobulins) can also be used for conjugation to the muteins of the present
invention. The muteins of the invention may also be conjugated with any suitable
therapeutically active agent, e.g., for the targeted delivery of such agents to a given cell, tissue
or organ or for the selective targeting of cells, e.g., of tumor cells without affecting the
surrounding normal cells. Examples of such therapeutically active agents include
radionuclides, toxins, small organic molecules, and therapeutic peptides (such as peptides
acting as agonists/antagonists of a cell surface receptor or peptides competing for a protein
binding site on a given cellular target). The lipocalin muteins of the invention may, however,
also be conjugated with therapeutically active nucleic acids such as antisense nucleic acid
molecules, small interfering RNAs, micro RNAs or ribozymes. Such conjugates can be

produced by methods well known in the art.

In one embodiment, the muteins of the invention may also be coupled to a targeting moiety
that targets a specific body region in order to deliver the inventive muteins to a desired region
or area within the body. One example wherein such modification may be desirable is the
crossing of the blood-brain-barrier. In order to cross the blood-brain barrier, the muteins of the
invention may be coupled to moieties that facilitate the active transport across this barrier (see
Gaillard PJ, e al,. Diphtheria-toxin receptor-targeted brain drug delivery. International
Congress Series. 2005 1277:185-198 or Gaillard PJ,e al. Targeted delivery across the blood-



form hVEGF1655 and the respective mouse ortholog mVEGF164 to the
human tear lipocalin mutein 5236.1-A22 (SEQ ID NO:44). Figure 25shows
the results of stability test of the tear Ifcalin mutein S236.1-A22 (SEQ ID
NO:44) in human plasma and vitreous liquid (Fig. 25A) and results of
stability tests of a fusion protein of the mutein S236.1-A22 with an
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52 lipogatin.Fédpart of an immunoglobulin, a CH3 domain of an immunoglobulin, a CH4
domain of an immunoglobulin, albumin or a fragment thereof, an albumin binding peptide, or
an albumin binding protein, transferrin to name only a few. The albumin binding protein may
be a bacterial albumin binding protein, an antibody, an antibody fragment including domain
antibodies (see US patent 6,696,245, for example), or a lipocalin mutein with binding activity
for albumin. Accordingly, suitable conjugation partners for extending the half-life of a
lipocalin mutein of the invention include albumin (Osborn, B.L. et al. (2002) Pharmacokinetic
and pharmacodynamic studies of a human serum albumin-interferon-alpha fusion protein in
cynomolgus monkeys J. Pharmacol. Exp. Ther. 303, 540-548), or an albumin binding protein,
for example, a bacterial albumin binding domain, such as the one of streptococcal protein G
(Konig, T. and Skerra, A. (1998) Use of an albumin-binding domain for the selective
immobilisation of recombinant capture antibody fragments on ELISA plates. J. Immunol.
Methods 218, 73-83). Other examples of albumin binding peptides that can be used as
conjugation partner are, for instance, those having a Cys-Xaa;-Xaa,-Xaas-Xaas-Cys
consensus sequence, wherein Xaa; is Asp, Asn, Ser, Thr, or Trp; Xaa, is Asn, Gln, His, Ile,
Leu, or Lys; Xaas is Ala, Asp, Phe, Trp, or Tyr; and Xaa4 is Asp, Gly, Leu, Phe, Ser, or Thr as
described in US patent application 2003/0069395 or Dennis et al. (Dennis, M. S., Zhang, M.,
Meng, Y. G., Kadkhodayan, M., Kirchhofer, D., Combs, D. & Damico, L. A. (2002).
,»Albumin binding as a general strategy for improving the pharmacokinetics of proteins.” J
Biol Chem 277, 35035-35043).

In other embodiments, albumin itself or a biological active fragment of albumin can be used as
conjugation partner of a lipocalin mutein of the invention. The term “albumin” comprises all
mammal albumins such as human serum albumin or bovine serum albumin or rat albumine.

The albumin or fragment thereof can be recombinantly produced as described in US patent



Figure 30shows the inhibition of VEGF mediated MAP kinase activation in
HUVEC by the lipocalin mutein 5236.1-A22 (SEQ ID NO:44) compared to
the inhibition achieved by Avastin0. Ffure 31shows the results of a
vascular permeability assay with local administration of the tear lipocalin
mutein S209.2 010 (SEQ ID NO:33) compared to AvastinO and wildtype
5,738 3ipocdinofigheaashppisctiiie SUMs gha CAMRBERY(COMPEINRHOmbinant
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lipocalin mutein 5236.1-A22 (SEQ ID NO:44) and a fusion protein of

mutein 5236.1-A22 with ABD (SEQ ID NO:51). Figure 34shows the results
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foripkeaRsdienaalcaeministalioneateniusipnaptrield qUaabHags Al MLEIA, USA).
S236.1-A22 with ABD (SEQ ID NO: 51) compared to wildtype tear
lipocalin, PBS buffer and AvastinO. Figure 36shows the results of an
Usihgtaxinfarsearetiooiassayewithdtbd Sceatichatibifted€ che muteins of the invention, the

muteins can be genetically fused to the N or C terminus, or both, of non-glycosylated
transferrin. Non-glycosylated transferrin has a half-life of 14-17 days, and a transferrin fusion
protein will similarly have an extended half-life. The transferrin carrier also provides high
bioavailability, biodistribution and circulating stability. This technology is commercially
available from BioRexis (BioRexis Pharmaceutical Corporation, PA, USA). Recombinant
human transferrin (DeltaFerrin™) for use as a protein stabilizer/half-life extension partner is

also commercially available from Novozymes Delta Ltd. (Nottingham, UK).

If an Fc part of an immunoglobulin is used for the purpose to prolong the serum half-life of the
muteins of the invention, the SynFusion™technology, commercially available from Syntonix
Pharmaceuticals, Inc (MA, USA), may be used. The use of this Fc-fusion technology allows
the creation of longer-acting biopharmaceuticals and may for example consist of two copies of
the mutein linked to the Fc region of an antibody to improve pharmacokinetics, solubility, and

production efficiency.

Yet another alternative to prolong the half-life of a mutein of the invention is to fuse to the N-
or C-terminus of a mutein of the invention long, unstructured, flexible glycine-rich sequences
(for example poly-glycine with about 20 to 80 consecutive glycine residues). This approach
disclosed in WO2007/038619, for example, has also been term “rPEG” (recombinant PEG).

If polyalkylene glycol is used as conjugation partner, the polyalkylene glycol can be
substituted, unsubstituted, linear or branched. It can also be an activated polyalkylene
derivative. Examples of suitable compounds are polyethylene glycol (PEG) molecules as
described in WO 99/64016, in US Patent 6,177,074 or in US Patent 6,403,564 in relation to



with IL-4 or IL-13 in the absence and presence of increasing
concentrations of the IL-4 receptor alpha binding mutein S191.4 B24
(SEQ ID NO:4). Figure 37shows the IB#4/IL-13 induced CD23 expression
on stimulated peripheral blood mononuclear cells (PBMCSs) in the absence
and presence of increasing concentrations of the IL-4 receptor alpha

. binding mutein S191.4 B24 (SEQ ID NO:4), 47 Eigure 3 ws the .
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shows an in vitro potency assessment of the mutein S2 6.1-A22
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carbohydrate oligo- and polymers such as starch or hydroxyethyl starch (HES) can be

conjugated to a mutein of the invention for the purpose of serum half-life extension.

If one of the above moieties is conjugated to the human tear lipocalin mutein of the invention,
conjugation to an amino acid side chain can be advantageous. Suitable amino acid side chains
may occur naturally in the amino acid sequence of human tear lipocalin or may be introduced
by mutagenesis. In case a suitable binding site is introduced via mutagenesis, one possibility is
the replacement of an amino acid at the appropriate position by a cysteine residue. In one
embodiment, such mutation includes at least one of Thr 40— Cys, Glu 73— Cys, Arg 90—
Cys, Asp 95— Cys or Glu 131— Cys substitution. The newly created cysteine residue at any
of these positions can in the following be utilized to conjugate the mutein to moiety

prolonging the serum half-life of the mutein, such as PEG or an activated derivative thereof.

In another embodiment, in order to provide suitable amino acid side chains for conjugating
one of the above moieties to the muteins of the invention artificial amino acids may be
introduced by mutagenesis. Generally, such artificial amino acids are designed to be more
reactive and thus to facilitate the conjugation to the desired moiety. One example of such an

artifical amino acid that may be introduced via an artificial tRNA is para-acetyl-phenylalanine.

For several applications of the muteins disclosed herein it may be advantageous to use them in
the form of fusion proteins. In some embodiments, the inventive human tear lipocalin mutein
is fused at its N-terminus or its C-terminus to a protein, a protein domain or a peptide such as a

signal sequence and/or an affinity tag.

For pharmaceutical applications a mutein of the invention may be fused to a fusion partner that
extends the in vivo serum half-life of the mutein (see again PCT publication WO 2006/56464

where suitable fusion partner are described with references to muteins of human neutrophile



Fig. 1 shows the expression vector pTLPC10 which encodes a fusion

protein comprising the OmpA signal sequence (OmpA), the T7 affinity tag

and a mutated human tear lipocalin (T3t) followed by the Strep-tag Il. Both

the BstXI-restriction sites used for the cloning of the mutated gene

cassette and the restriction sites flanking the structural gene are labeled.

ene express JS un ert trol of th t K ter/o erator

gelf? I%E’SB sgﬁlsacrl i8R |slttérm|na e% ffft ;:?r\épr ﬁﬁtg%w)océﬁi qar © econjugates
desterbeih abow(:tlbpfuﬂihe pater fuatbhb;r mmﬁwfsesfam amgmrmiglebuhatlm £H3 domain
of 4R M IMSIRE {‘?'C r%?i ﬁ}ﬁiﬁ S o%ﬂﬁ%%ﬁ' 1S ﬁhSIBaJIMQHH%mdmg

resistance gene (a e tetracycline ressor gene tet

pepigfevannsdpienboiiig priRiis didsequbricewf HErPCOISyewbiRERg protein

%WSQ%@%I%@%Q%@&@B%?&W&%HBG@&&MHE&E%QPE&H g@cﬁ%lty for
SEQ ID NO: 1. The ?@gment begins with the Xbal restriction site an

albupyR RS AFENg i el e sretnerdorssisndnsHes ial blifeigka dpgcalin mutein

of tIRUINE A Qﬂ?ﬁé:lﬂﬁ@dmthﬂﬁﬁ@@%&%m\ﬁ KefQl. tt’ﬂ&)@,@m@fiﬁtﬁmmt@%@@l Exp. Ther.
e Oor wnic In.the erman atent ication DE 44 17

308 o) o B RS Attt SATALER SR BEL b e Finding

domﬁm@mhmmmdﬁ&m&ﬁe@mﬂam prhidi Gk ditg, affuntysmerth MréceprRosupra J.
flrs S underlined) gonstitu al enc

I o, e e e S e ARG SR et . supra

(20(!23)I|o) AHdl patem- Wﬂ@trﬁiﬁé@%?ﬁ@&iﬁavmgaat 6V$Fﬁaalné€a@ﬁéﬁ%d>(aa4 Cys

co&éﬂ%%@s&f@e&@'%é&%é@%4 ’ékt%gﬁ'r@élﬁ'ﬂ‘? ?ﬁ'ﬂpr%@égu?sspiﬂll d?'l% His, Ile,

A4) as well as the two last C- 48 terminal amino acid reS|dues

Lelarm biss &aasdsalateesim this me&ﬁw,mméﬁ@@ﬂ@h‘ésm\@méﬁuﬁéles Ser or Thr

carf 1O (R4S FIRMAHRIYSATRAMNDYEXRIE MRS IMANAGIIARL: a biological active
anti- StrepTag antibody (Qiagen) was coated onto the ELISA plate in order

fraggent afral i 5SS RHERE of RUMRAAAEAMTHSELIN S Bivfdtig ol he term
“auumﬂlﬁec@mﬁ«phg@m E?&&&Daﬁyﬁ{ﬁh Hé%u%}ﬂéﬁﬂ mma&dz&mmmm capWa’ serum
muteins was det ea.u an no sera IS eroxi ate
A B AU B ed D L SO A K gl hereor s
weftuotyrimpthyac alﬂhﬁs geipphdrssigal Si(1ef) phtedt\iaR 8ats dbontpdiepatent

app’i__'lca lonql:zi;% §$61 AIS %tg%t .-Fc (3 nM) was incubgted with the
expressed muteins. Bin ing 0 receptor alpha-Fc having an
unoccupied IL-4 binding site was detected using a HRP-conjugated

Thepﬁly'tdo ekt bwzycagﬁnsem ehmdonries o6 ihalineceptorl alpérifkoutein such as

GORISHG QMR IRRECY NGp 8{}{&'%‘?&%{%‘33@(&}9@& o*%esﬁl%%?ésfusmn
orrespondln | to the m e|n of e invention S148.3 J14 (SEQ
Prof@maiit aﬂmmhamqné@@ﬁ@dss}rd?ﬁrmﬁﬂﬁ%agamglafetransferase the

albagRicEAYdiRRaNAS fFigodiahow 1‘5'1%19%(?@9@!9@@‘3%%%%Ofo'lli’ﬁyﬁ%nzanon

muteins of human tear lipocalin wit the hl&hest binding_a |n|ty for IL-4

dorpaispthipapia (1SS K poms il praniNen eswse YAt eh rpsults in the

forﬁ&ﬂo§&9%b&ﬁn§n@§$&ﬂ&w SEQd QWQ@ A-qhomtpiDaddayiaffigipineered
uration of SEQ ID N

S148.3 J 4 firs resi
iU ORERS YAk LA ARRF TRy LILOHE L a1 i) . 382,
13FedddENoe, which is cleaved upon perlplasmlc expression. The C-terminal
StrepTag-Il (bold) is part of the characterized protein. Also Fig. 4 shows
that, for example, the first 4 N-terminal amino acid residues (HHLA) as
In paeticadathée ey astrOstebhitafesn braciliresidises ¢Sy darebeodetatbd ipeparate
&R@%ﬂ&ﬁ@ﬁ‘t‘ﬁﬁl 96&@%?9{561%@&“’8@%&@{{&&}15%@? Rl?egff:@gether acton

unctlon of the protein. Fig. 5-11 show Biacore measurements of the

a gmé‘%@@%ﬂ&ﬁ%&%%%&@m datnaarRfithbipncalipdBrisigrR4RAgs to the disease-

cauHABB L A SHIL T &2y SAGom A MESTR SHOBi A B2 Biklidh Kt he target.
S191.5 H16, and S197.8 D22 [SEQ ID Nos: 2-8]). -400 RU of IL-4

receptor alpha-Fc was captured on a CM-5 chip, which had previously

been coated with an anti human-Fc monoclonal antibody. Subsequently,

mutein in different concentrations (Fig. 5: 20 nM; 40 nM; 80 nM; 160 nM;

320 nM) or in a single concentration of 25 nM (Fig. 6-11) was passed over

the flowcell and changes in resonance units recorded. Reference signals
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Fig. 19 shows the results of TF-1 cell proliferation assays. TF-1 cells were
incubated for 1 hour at 37 C with the indicated muteins, an IL-4 receptor
alpha-specific monoclonal antibody oBa IgG2a antibody isotype control in
a dilution series before addition of 0.8 ng/ml IL-4 (a, b) or 12 ng/ml I1L-13
(c, d) for 72 h. Proliferation was measured by 3H-thymidine incorporation.
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© pgocey(lérl_gjjenbz1 prodgl %%%p?%%é%o 2ra%; cogrlr%)rc& J\IC aISeL% n\[l\{g%g g %Huences
enoggiggagpaetfrnporigielonal antibody Avastin(r) (Roche; as control) was
added at the indicated concentration in triplicate wells. After 30 min, either
human VEGF165 or human FGF-2, as a control for proliferation not

Therrfardhsy nesent emiavityovindudss aaptithacibismpetaracadiae a mutein
accmﬁ@aee@eed@&ﬁﬁbﬁ &ﬁﬁ§ﬂ¥[ﬁg@@ﬂﬁl§@bﬁ@m UeRUSHR réed‘chr@mgemm amino

oSBT BT DN 2) ook o TR s ARy gpertide

sequemceeﬁ“ammearlnﬂtarehﬁﬁlﬁUeaf lipélcaenepmmaipltiaeléodmasmpmrgchdraaat one of
chi hrch had reV|ousI coated, w &a anti h
therr?(’)srtreolg orneg [ant boaequg 8lsjlen %rrinultlgrrf% dﬁ erglln €oh rl?trg%l(c%rgequence of
the (@@ reNIp8TRIN MW@&MMW@@%Q@U@MQI@QW@@M aﬂndrman@etmd residue.
resonance units were recorded. Reference signals from a flow cell that

was equally treated apart from not having any IL-4 receptor alpha-Fc was
Th%ubﬁ%ﬁ@cﬁaﬁmh@% et Batadides fitelsiorsid malesig e grerbipgtear lipocalin

mubt§iRg hacR | Asvlurtiouaiivamu it DeRANSIRXeaRatI BidgeRe positions of

measurements of the binding of human tear lipocalin mutein 5236.1-A22
eXI@‘é‘%ﬁl}tﬁlM@‘%&?‘E&Sﬂﬁrn?b‘ﬁh.i@lﬁtv‘éétéf%@ef\/‘é@rﬁéedmé s cven prove fo be
advinarageilize dop negaivls cmtpd;smetaﬁdafd amingehemisiididdpefRighcy, serum

S23 h f 3001
s TR SRR i RO R g rame was

performed with BIA T100 software to determine koo, koff and KD of the
mutein. Fig. 24 shows affinity measurements of the mutein 5236.1-A22
(SEQ ID NO:44) that was immobilized on a sensor chip with different
forms of VEGF Affinity measurements were performed essentially as
described in Example 9 of WO 2006/56464 with the modifications that the

mutein was immobilized and 700 of sample containing the different VEGF
variante wace iniected at a concentratinn of 260 NnM The Aarnialitative



OmpA signal sequence (OmpA), a mutated human tear lipocalin (Tic),
fused to an albumin- binding domain (abd), followed by a Strep-tag Il.
Both the BstXI-restriction sites used f@3the 52 cloning of the mutated
gene cassette and the restriction sites flanking the structural gene are
labeled. Gene expression is under the control of the tetracycline
A niwdenoietdaperadol (iROsclranbty ippdiRds de N dte b pdritey IDas@ted s regulatory
transc;i tion tle{minator (1t1i . Qe vl?ctor further co {%rises czn origi of )
SCaEBication”&on], e terdenic Puidn of hetifdhentots Pnagé J(iﬁﬂél)?ct‘h%
ampicillin resistance gene (amp) and the tetracycline repressor gene
A e e. j id se e of [ S
A B P L h e e aci
molsilEeectigrhlg 4e Sg eRprSEand hntduwbeoride ssyensat Haghesopitbestiequence
elemPrdl rQFIIRIQR Rl antsRRivt D& AL restrictionisiigr The/¥edkQhslational
elements outside this region are identical with the vector pASK75, the )
regubiiphefdhiRqB ShaRCBEt MR CERSFAIRAIS Give thinndcoddrssaysagsfncoding the
polppElicadiotnRbeAdb le/inRB:A ks hiinkdzs o whish ity PR Hem@niscefiBfents and
ABD-fusion, of tear lipocalin mutein $236.1-A22 (A22-ABD) §SEQ ID NQ: .
thes394SRTS MY EREFIS FAEDFBIFSHAEB S 165 NaNE KSR EERErAE b he precise
nattesofitiraedBiacore)gibffinity snaagtive prantpiesei perhasmen, assetiplyics, but in
iR fassibed RExample 9 OLWO. 2000(RCAGH N the modieatian® d1atomorer
£ approxmaetgllynf%) of recombinan dﬂ‘—%_ g Was |rec]ffy couple
perteethie SehBbebimpnisidgestargitheliniaiochérisagrit®pl of wedl rrulA elements
whitBS et e AR eRnRRIEN ST AR M A AR Rl PR G moter
unaltered and measured to be 260 pM. Fig. 28 shows a test of the o
regigpeheRaAtY drehidsiporanreadingirr Ak M AR fadHHabPS 2E¢rangepipyion and
tratBIiA8 RIGRANGAIRS NUaN eI RIKERIRY- BIESTINY LSRRI (R IRBDHtes or the
VEGF induced HUVEC proliferation. HUVEC (Promocell) were .
TAS R Pegatety bhsgareses Mt HRNES S tls N Sallistfasgpons can also
inchidd Eihaoketiayrdprbdfd? crliisenws s sealaotpasel g el platsdguences for
complete medium. On day 2, cells were washed and 100p1 of basal
arg BRI SONR R B B PR g @ o edl
gentamycin/amphotericin was added. Proliferation was stimulated with
- F - ic e mj it lj ' .
I A3 e R e RS e in
trangctet igs]s topiaibiiig v azotiedamylintdronid e 6l iisd thehesemer edpessdenination
seqRenhiiie s HBRBR SERM AAP Hﬂg&d%&%kﬂﬁ%@qm%?ﬁ?e substituted
_Indicated. At 5pM HSA, >99.8% of A22-ABD is associated with HSA at
with siegate fensiongldn seatreNvs the inhibition of VEGF induced HUVEC
proliferation by muteins of the invention. HUVEC (Promocell) were
ropagated on.gelatine-coated dishes.and used between passages P2
TheTeib i OIS FIAORRLENS TS U S ST AL o EBlaerh seauence.
preGantpleior&d otediginercn eyndthee hsefeeredwativedihamd 1 @0gitiofabaisablecule of
medium containinecg 0.5% FC%S %ydrocortisgnaetand

A SRR WS 0K et s St ARl scauence

Suigrigrokar FEGF P63 ert¢Orginior cemploithctarprenmiga dhwitty théSlipouaiier or the
T7 B E 280 @'%QﬂBt'élQh%‘e‘?uf n6HRAIEA S 3ANR A0 R SR sv4o

wells. Viability was determined on day 6 and the results expressed as %
projrRisityrihe CMV promoter.

The nucleic acid molecules of the invention can also be part of a vector or any other kind of
cloning vehicle, such as a plasmid, a phagemid, a phage, a baculovirus, a cosmid or an

artificial chromosome.



Fig. 30 shows the Inhibition of VEGF-mediated MAP Kinase activation in
HUVEC by muteins of the present invention. HUVEC were seeded in
96-well plates at 1,400 cells per well idstandard medium (Promocell,
Heidelberg). On the following day, FCS was reduced to 0.5% and
cultivation was continued for 16h. Cells were then starved in 0.5% BSA in
basal medium for 5h. HUVEC were stimulated with VEGF165 (Reliatech,

I Braun%c Weigg ft r 10min in %’l(/anprleselnce of increa(t{sin% C ncergré‘;[io S of.d ¢
N QR RS S RSB K Rl A e AT B & RIKRIRISHEb RR&§THd Vector
denoitden teabtaincadins 6:easpogss crayion Bhe sphpeytatiphage thecMasM 13 or f1, or a

funlémcﬁrc'aig)gﬁﬁjre%@gu@%% AR %?fllgtgrgﬂ Qe 53'6%&1@@%%5%@%%8&%&1& host

manufacturer's manual (Active Motif, Rixensart, Belgium value

cellyagth stshnainppgsbed 4 & onpfskamappiomsiatARo fapin o (RO XU P KA, MCS-M13
or RUDESTiAMREINAE igarBit 1S0ANS RORREH B BRIy Cah b8 SR MINAGAtng of the

administration of tear lipocalin mutein. Duncan-Hartley guinéa pi

‘ S
encRdsdirigrabesty YA pdvsareisRARURS dER R %h@ﬁé@a.gth.erh%ge surface
(re@BinRalSIeceiygdagn BIKAEROUS D6 TN Yiaie R MePeplidesnholl Weoteins - A
van's Blue dye. Thirty minytes later 20ng VEGF165 (Calbioc )
L AR o o A SO ST S ad Bt o B L) L) Anc
Reineeigid sniBagleoin dix.on 263404-gdd, dhRtydimiDutearat®falanisialsiwere99) Curr.
0 eutgarl‘;iz d l?y 9(%% hyxiation. One hour after the VEGF injections, the
)pin.. Biotechinol’ 1 —93). .
skin containing the grid pattern was removed and cleaned of connective
tissue. The area of dye extravasation was quantified by use of an image

sudlaliask UMaas kiR ﬁﬂfﬁd]e-%sMgﬁj&rﬁ){Q%%&lﬁ?é)y Eégflé’i?céé‘&’é’é’&%%‘é%ve anda

chorioalfantoic membrane (CAM) assay. Collagen onplants containin
nuqieyragidsgaysgyrearendipeso liprali radepotHiminvgiargsifggpaand control
seqhVARUNIEN A8 ingicatad wrese PRGRAHOMIOHAE LeAMAfid AsdaYdrhickRRsion as

embryos (4/animal, 10 animals/group). At 24h the tear lipocalin mutein or
weld g5 shlpehian MRk PR R aRABRE P IR YRE gar%@%g@e&f@r%ﬁfected
celBnplaptsivetesalitaizabind dmiages suskeacapisnes id iR pareadtagecomercially

0 'itive grids containing at least one vessel was determined by a blinded

avag‘ggeerver. The median 54 angiogenic index is reported for the VEGF

antagonists 5209.2-010 (SEQ ID N0:33) and Avastin(r) as well as wild

ear i lin control. fracti Sit] rids, Fi -

T e S LSRG U, TP o

Ve 2R Sileec g RIS RATtCS IR K R plesriiarsI@ialfainebplagnsformed into a

host QAN QH%@&Q%Y&EEBE%@%@E@Vﬁféﬂ%ﬁll@nﬁ}iﬂﬁiE‘a§%é’_§>ért%%%é§Es(ﬁlgDstandard
NO:44) (4mg/kg) after i.v. and the fusmnmtem of muteiin S236.1 A22
I

techptAuEREIBROD Nekst) (S SthdmgolldWimdEvnsentipsingleondigsted to a host

celpeininisthationusere detatvpisaddasNi¥RbvicReRIasMa was prepared from

terminal blood samples taken at pre-determined timepoints and the

concentrations of the lipocalin mutein were determines by ELISA. Results
Thevemadoatyzkb dassingl MVinblenlimsdftivake (dhdiswgit GorphleMotipigiression of the

iew, USA). T1/4 A22.i.v.. 0.42h; T1/4.A22-ABD i.v.:.18.32h; T:1/

ool R BRI SRR S g st can be
profveyfoisionystosik AZ2+ARBD wals @2.896) PigBadikhowd alisaseutakaryotic, such as
SaRBIRSARILY A533%WEh BYsieMic.adminisiration ofi1ear RRERI MUtsiinortalized

Twelvehours prior to the expefiment, fest substances or controls were
majpaetisg feldissdagytisler s eliivnaisiie cefloLpy Rsioap mppvalianiesdts

Group 2: Avastin, 10mg/kg; Group 3: mutein S236.1 A22-ABD, 6.1mg/kg;

Group 4: TLPC51: 6.1 mg/kg. At time=0 Evan's Blue was injected. Thirty i
Theiysitomibio wilsde sFVECE S hopsgustienaL) %‘éﬁfé‘}rﬂt‘@&@wnﬁon’ wherein
theifiiigdey madyniritiplitatitmoria oy dgod pfhbiy afthuiastafiemihenvth&ipolypeptide
s {pislions the;animals were sqcrliced and dyeexiavasalion MBS cons of genetic
'S Roghtified y {iSe 61N imaéle ana"ilyzer am ePro PIUS'E'3, RXqula genetl

Cybernetics). Fig. 35 shows the effect of the muteins of the invention in a

tumor xenograft model. Irradiated (2.5 Gy, Co60) Swiss nude mice were

inoculated subcutaneously with 1x107 A673 rhabdomyosarcoma cells

(ATTC) in matrigel into the right flank (n=12 per group). Treatments were

administered intraperitoneally and were initiated on the same day and
contintied for 21 dave Groiin 1 PR< vehicle dailvi: Groiin 2 Avactin



Fig. 37 shows the IL-4/IL-13 induced CD23 expression on stimulated

peripheral blood mononuclear cells (PBMCs) after 48 h in the absence

and presence of increasing concentradidns of the I1L-4 receptor alpha

binding mutein S191.4 B24 (SEQ ID NO:4). Total human PBMCs were

isolated from buffy coat. Increasing concentrations of the IL-4 receptor
engidRbA Y bR IRUEHD SIDbd B Hovaikei atlded and cals wafenstmw&tedample be

ith IL-4 or IL-13 at final concentrations.of 1. tiv
PO B LG AT O S HRLITG EDES PSR SE [arehon Srganism
or itpuantifreditay dlowpogtobhetoypbilp EBaghowsitievrgsufts: et anfpihitig @wealysisin vitro
traﬁ)fléﬁg Ils @tg eptor alpha binding mutein S191.4 B24 (SEQ ID NO:4). IL-4
ose ndent proliferation of TF-1 cells was assessed in the absence
or presence of several fixed concentrations of the IL-4 receptor alpha
WMW&@H@'&@&R&&EQZ@{ d% 36Ac Q&cﬁ&m%ﬁ@y s@fdhg %qm%tlon 1S
results (Fig. 38vé?§glelded a Kd of 192 pM (linear regression) and 116 pM
introdicathE4p e grdableMagtegiabotshsnEy sl IPEsREs Bkt sseeb Asepmbinant

DN the thodoigcepionatain binding nabiRie) SESL thiB 2 {56 HBGNQ)&) derl is first

human primary B cells. PBMCs were isolated from lood
e WA S UPEREOR NUBTRS b e S LB ERREP e g otein of
the iwvaaticieasilipesaliii shedeard i ilnde hadsq S taebveaibd: ty e Aute89 jeadpra). The host
celi R qﬁ%lllr(]:lﬁl;lllﬁl:e)g 21% rC c%llsd}/;t%{%th nl? ned Wlt%s%{gl CPtﬁ heterClo us DIJA and
monoclGnar antibodies an |ot|ny poca n antiserum,
thubytlstreptakidin- DEtfResmtssmmheg/vpdlymetlrﬁmcauhsam@bmky,l Lthe realw@ﬂde is
recBlRRAUAFING UROGRIO MUteinS 4L hB2Aigre.RhayR in Fig. 39 A and B,
respectively. The determined percentage of PE-positive B cells was fitted
against the concentration of the lipocalins (Fig. 39C) and the EC50

In W&Eﬂ%ﬁ@iﬁﬁ%&%@i@ﬁﬂ@hﬁ%&ﬁ%@%ﬁ%ﬁilsh@cﬂuﬂﬁg@%ﬂ%dé&hﬁi between
blndaﬁg mutein S191.4 B24 (SEQ ID NO:4) was calculated as 105 pM. 56
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thaﬁlphésbmd|Iagmrpniednﬁlmrﬁxﬁﬂébalﬁerdmﬁ&vwmsmmqsw&med in a cell
intr trach aI admlnlsggtlon S ra ey rats r celv y{ ﬁie dosef
COrBPHE R 8 g1 T IR G vua & .ng.%lg &d'foll 8sc R ARG Oram-
negatint nhstriztian Imasaprerﬁohtpt&ﬂlmtmatmmufsmayrdestngldmnqmses intramolecular
uE e ' [
o AL R e S S RIS S e
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enVBRARAVALQNR WRIE aly4ed Wlﬁ%&%@ﬂ%%%%%@%ﬁkﬁch as E. coli, in

Bioavailability was 100% after subcutaneous administration and 13.8%

thefsn&ﬂﬁﬁﬁqwﬁaﬂl&eﬁe%ﬁ GERERPSHIYe LPLRBNS aMiAhGithReticihe endoplasmatic

retidGReaT@KeJdhe dﬂﬂiﬁhﬁﬂﬁﬁﬁﬁllﬂggﬁﬁﬁ@o@lﬂﬁn@sﬁﬁbﬂfral disulfide bonds. It
nPEG e%;[ed or PE{? ated with PEG20, &EGBO or PEG40 com

is, ROWFRYS ?‘hB%sc?é‘i’ fEA VAR QR S SRLIRm AR PSSR é? 8% %QPO“ cell,

prefembgsﬁemelﬂnﬂmamst@ahélpol@@bptmutem anl&ﬁbE@iEesﬂynHaatedd-thEﬂhble and
r&)hfe[atlon assa 81 eter |n| the lfer | n mB tBltlon {‘n(PIes .

fol sta ?IEI recovere oraq nl% we reratyration in vitro. A
nless otherwise |nd|cate esta ed me reco blnan gene

mﬂh@f%i@g}ﬁﬂ@resggéslpmﬁ“emwtealasldemlbedmd@ambmi@ctcéulat milieu, which

ma{HALIH S A RIE T BRIPALAR AT BollBER M XIS IFERRARAEE. Hunte C.

muteins A random library of tear lipocalin (Tic) with high compiexng/ was
1

(208Pephtieh lsy danedreipnritAyshiosr antisedysh ablBegacathin@eiddizing bacterial

cytbPalians /2627523, $%, 303 $1, 32, 33, 34, 56, 57, 58, 80, 83, 104, 105,
106, and 108 of the mature wild type human tear lipocalin. To this end, a

gene cassette wherein the corresponding codons were randomized in a
Hotasgetechiaaiost Wasnsaeoibhed, vie potysieridgbohaier seaiaiqn dRICE) only by use

with de enerate r oli deo nucleotldes e ordin
o Lo Ale ST A ISUbS AT A Sriness

engineered-ligand-binding proteins with antibody-like properties. J.
Biotechnol. 74, 257-275). In this library design the first 4 N-terminal amino
acid residues (HHLA) as well as the two last C-terminal amino acid
residues (SD) of the wild type sequence of tear lipocalin were deleted (for

this reason, all tear lipocalin muteins shown in the attached Sequence
I ictina have Alal of the wild twvne cedarience ac N-terminal recidiie and



In the first step of the generation of the random library, a PCR fragment

with randomized codons for the first and second exposed loop of Tic was

prepared using primers TL46 (SEQ IBB&O:10) and TL47 (SEQ ID NO: 11)

while another PCR fragment with randomized codons for the third and

fourth exposed loop of Tic was prepared in parallel, using primers TL48
sucSEQNRMNE: P sand phiR (b EbNO shathiRithersegond siep taasedy@on and

f: nts Wer combhi with a cannectin oI| odeox é eotide lecul
a8 P B O R BR R R g molecular
mo&kﬂll@e}nd’ 0 meyﬁﬁmiah@mﬂ)séﬁﬂbi kbddbpo eI D@ bentbiyvektigate the

bin £ tw&%ga R%%@uzg%g 31 SIH 6%’%43 a E/Jdeg%ﬁQBQE éﬂ%%@gnthems

St St p were eac per ormed In a volume o usl

of pryisTISPCRL & Plakneid DN Ahgigt il)ef()?‘é%heréaeﬂdnl@‘gité\'hblm@ themér(l997 )
Ch%é%ﬁ%b@ﬁ%t@é‘ﬁﬁiz@&% BRI ADAITEALL AL TEAB PR lfha Raton,

respectively), which were synthesized according to the conventiona

FiellioSiRomiit ario isth e I SdaitBhidthbdedierid e comandsaisdress. San

Did2bLOpBTakieartion RUFE(1009 T il LmbtQnd08 mIKCL, 15
mM MgC12, 1% v/v Triton X-100) and 2 pl dNTP-Mix (10 mM dATP,
dCTP, dGTP, dTTP). After bringing to volume with water, 5 u Tag DNA

In pﬁt}tmraﬁﬂ)(ﬁimm Fiiemegajnyesé gadéd amdoaO0rayglds ofrbdntwdtiebat in vitro

nut t58Cad15m ut r rledotlna

o S RS R SR R S TS B siagp e

incubation for 5 minutes at 60C for completlon The amplification products

ThMiRREAGTIER SeE t%%%’i&%?a@&%éﬁ%&ﬁp@ﬁ?&?@é{&% WGt ?&l?ﬁSﬂeﬁ){ventwe

preparative agarose gel electrophoresis using GT arose (Roth)
MUipiE QfibumpDIRE BROGAEANT RifUPB RIS qr@pm@ag%“dgﬁwf@w §@pﬂanaceutlcally
accePRBIBlIxia was prepared, wherein approximately 500 fmol of both
fragments from PCR reactions la and Ib were used as templates in the
presence of 500 pmol of each of the flanking primers TL50 bio (SEQ ID
Thé“@d&lliﬁﬁdu_fé-lﬁi idébf&ﬁ@tﬂ)ﬂﬂ@lvbﬁ)laﬂdalpoﬁmlﬁﬁﬁéﬂ&ddﬁdﬁygparenteral or
rlmertA!%a1 ré D Noth14) Bgth flanki prl ? carried a |ot|n d
no gparen *TANASO S gﬁowmg Eﬁ%egepar%tl S tite E’rcﬁm Fo%aceous TUes:
Paraﬁ&rﬂsmphteamagmﬁlrhmimmmpiﬂelyfdrgesmmﬁ,odmlmhmneous subcutaneous,
[ ram; n@ [
T e A R R g nusion
techi@gques.oorg- Py, the fornagiDNecpensabiases (Bifiiplorsolwde eirfthattes. e well as
aerBEBISL iR 06 NR] IR RTLOAR Mk fR&: 6%‘5&‘6@0‘1‘6%4%‘83%{; e Rbers. An

aliguots and PCR was performed with 20 cycles of 1 minut
oveRyiRiteRA PelmoBaRdiHe el Ve - S8 itbRbYia iy atitRA ifriasRk G Risheran also

be ML IABEE] I&lﬂlﬁﬁ&mgw@ﬁmm{m@m&ﬂgﬂhe &b\ I S. Patton et al.

cle-Pure Kit P For subs ent cloni en
T g T EPEA A THE TRy B e hieReMEd, heRsis Sof 2004 Vol.
1 phges33as d4stauixaitip it eNestpatoinc e dghnee B3R oo égahaseardirgly, ¢.g. in
tne RIS dRBIHOYNS o the manlagturer and (en purfied BY AIEPARUShe form of
agarose ge bﬁ&)ress as descrbe a%)ove reéuﬁln na
Sup@gstbclm@rahdmm&fagmemcmmmab@s@qbamsmm@ymmcablg@mtnwcally in
for&%‘iﬁdﬂé’%ﬁ@éﬁ‘iﬁ% g@%ﬁ%%?rﬁo@%?ﬁ%ﬁ%ﬁ&%ﬁtéaﬁ?ﬁ@ @gﬁefb&’é@&plems or
streptavidin-coated paramagnetic beads (Merck). To this end, 150 p1 of
carfigase afeiviesiang 3¢ &%é%@@é@ﬁismn of the streptavidin-coated
paramagnetic particles (at a concentration of 10 mg/me was washed three
times with 100 p1l TE buffer (10 mM Tris/HC1 pH 8.0, 1 mM EDTA). The
In ong:erRadiRrat AR E R SR HRD e p b mang ‘&Hé‘tl SYmRSETRppsaterally to
a nmmﬁlaoj dhe digesied HNAnfragme momdgﬁ&lﬂiln'gr kdauiffettarohmieinodesnatude, but
ﬂ\&)er ure. Th aram: %netlc Iets were then collected. a,[tt
are no I cﬁl Lot ppoernéor?}\)/es}sne with i@ Sid ot A Pﬁlgglﬁsétlgﬁmﬁécguaﬁélrl}la
contalnlng the purified, fully digested DNA fragment was recovered for use
in the following ligation reaction. The vector pTLPC27 (Fig. 20) was cut
with the restriction enzyme BstXI (Promega) according to the instructions
of the manufacturer and the obtained large vector fragment was purified

by preparative agarose gel electrophoresis as described above, resulting
iNn 2 doiihle-ctranded DN A-fracoment of R772 hace naire in <i7ze

gra(fheal or



Electroporation was performed with a Micro Pulser system (BioRad) in
conjunction with cuvettes from the same vendor (electrode distance 2
mm) at 4C. Aliquots of 10 pl of the ligadted DNA solution (containing 1 jig
DNA) was mixed with 100 pl of the cell suspension, first incubated for 1
minute on ice, and then transferred to the pre-chilled cuvette.
intizleebopRiaonwas PEItsMRIHISHIgS araiteter Sodint M) entbl 2ehuk¥itMnfusion
1fiteld stretnlgt and the l?uspensici_n wa ipmed?tell%/ afterwards HUth in % )
SOTIAERSCOIA"SEE Thédiut (20 YL BALS TR/ PESnE, 8 G Bagtd Y dast ™ O a°Tose
miExteactpd@ rohpdats. 2Asoniika@ibn piftitthy entos kdeaboefareous infusion and /or

.. electr ' / C 04.wi 9
RS AT S T UM S g rom
lifergrhe pliesmgreutinel eompes e wibitedamagueous spiutned e i{1e wAtcBemtdsion or
2 whivkiang 49.8éoBacto Yeast Extract, 5 g/L NaC1, pH 7.5) containing 100

jig/ml chloramphenicol (2 YT/Cam), resulting in an 0D550 of 0.26. The

culture was incubated at 37C until the OD550 had risen again by 0.6 units.

 employing a total of 107.6 jig ligated DNA in 54 electroporation runs, .

in 355 BT 20 2o Dot AR L e DR i chghRL horess,
sonwphierfyithermsecnfardtbetrepadt ohivef y aglescidsedadive fdart heMibadMichniak

o Ic ins | roteins. Far prepara of the pha i
B R T B S RRgE Whivery of the
mueEs dasaibedperphadeiSnetageral ey agitaioncal@7i0slonas enih the. in the
forlRHOAION NP AR WaSHRWR R §8s%@1%i&1‘°§95131%&é*ﬁa8ﬁ{ﬁﬂ§9§{1%‘i&!@. g. in the

equilibration 25'jig/1 anhydrotetracycline was added in order to induce

forgep eRpRSYSTNS forhp afsian pFdhsinsniea FMeTIadmindsscanty stanically or
topRRAYE £ PRIPIRIMs RBAGRING QVQQ(%'{?D@f wasvaliawied fRmlidbxROghahdReutically
n

After removal of the bacteria by centrifugation the phagemids were
accspLRhiGEXSIIFEI: ?ﬁ&%ﬂﬁﬁré@#&%ﬁaﬁ‘& tElEewith 20% (wiv)
polyethylene glycol 8000 (Fluka), 15% (w/v) NaC1 and finally dissolved in

PBS (4 m H2P0O4, 16 mM, Na2HPO4, 115 mM C1). Example 2: .
The e A R T AL o LRI ST o R R e desired
prerecaptocifdphar Phegentid digplaycaiiorsBldotianstyasepdefmmiec dmplbyiny of the

corg%% g %é’e%tﬁigaeg%E(Qwﬁiiﬁ%'ﬁﬁﬁelh%‘fégl g 83 AGRARIMAN Re mutein

464 Examp with't owing modifications: The target protein

and thed igrsbiov atpriaireprirechyimakdomgioyél deperbnodherbitshisaitzawn of the
mubt¥h BRGWESi PRERB IR i B Y. 28 PRl BedIRRIEIR NI the severity of the

~ subsequent capture of the phage-target complex using streptavidin beads
disgpsg/dipordpiehste/ BRAtedetarst Pritemedicaerapibiyen akthe mpfdisah For example,

wheralein {hlad saraRIGr RIRBRIES PR BYSE BN @ reAERAGALNIRS ®8Plipocalin
nM and subsequent captrt#e of the ;ﬁhage-target complex_ using protein G

mufln G20 B 1805 aHE BV ot edidRC o BE R EIBL RO R S SR A gebrelease
foreaitiom sotbodhiftdoksemiihdikpeos Ras ealigi)geitedddpolnastiaksospheres, like

unc) agcordin & Jnstruction the manufacturer. Three.o Ir
PO o CEl oI e e Honstar BRI S bR R 1088 1-6). Other
susteipeptorelalphatspeulfitanuteinsaldingieigieithroarghlsuPEGIS Abgsedepapmers (PR
nSIESIINGIS] 19 muipine slestad AgIdnalabaanPing ws PRI Rl
P aes_saengag%gé Igi“sctlt{)ed in Example 3%0%30 2606/5[2464 w\;ﬁtﬁﬁt‘he ﬁ YImers
(Meditesing modifications: Expression vector was pTLPC10 (Fig. 1). Target
protein used was IL-4 receptor alpha-Fc (R&D Systems) and IL-4 receptor

Ac8Pa B?@{@ﬁ?&%}lﬁ%ﬂﬁé &Qﬁlﬁ? nvSEEERING BO3SLIORES ﬁ%e&;ﬁff)@sﬁtions using

described in Example 2, lead to the identification of 2294 primary hits

phapafestiHgbatesaeRBbiFuINgmaaE otmitdings frstathehRB rarstheis takepreparation

(GRS, WINEHD S ARRFOLIRINS VO NReRIAG o IHHe (SoFf HAMNPI 2L MRS f Pharmacy,
idegtifie,d. The seqlrlence of S;II4,8.3 J]H E ?I}sl,o depicted in Figure 2. )
20th Ed., Lippincott Williams & Wilkins, Philadelphia, PA). To prepare the pharmaceutical




Example 4: Affinity maturation of the mutein 5148.3 J14 using error-prone

PCR Generation of a library of variants based on the mutein S148.3 J14

(SEQ ID NO:2) was performed essendally as described in Example 5 of

WO 2006/56464 using the 61 oligonucleotides TL50 bio (SEQ ID NO:15)

and TL51 bio (SEQ ID NO:16) resulting in a library with 3 substitutions per
corbporitivind, et Migan fhagesaid seleeiianovasipriiiedadeased. To prepare

degﬁlcribed {n Example 2 butlem |Oﬁin IiEnited rfar et coqcelntration[éz nlt\/l, i acid
& P NP ARG DN OF (T2 Pt P TR B OteSATRY, ExiRifaddC: Stearic act
andmas ki, tifie s wageth eo hvithralqantagdpadsicrmond clod dh adtibat pigeansbe used.

a@ﬁ?ﬂt?i‘%?ﬁé)é’\gféﬁ}&é@o&%@oﬂ%&@&sﬁ%%n‘é’%%mﬁ‘&&ﬁ@]%&890? ixtures

Sui:% NS
ours washing time) or short incubation times seconds, 1 mihute an

or Pofritientdey. reppastiditfonirtuslytiinscs ceerr ol nixpardd nried (Exsmiptlude water,
alc&mm}gmm,aﬂemgtaﬁd@ufﬁm%%&&&%ﬁ&mmiﬁag'c%%t#&b[@@ﬂe.m
approach A library of variants based on the mutein S148.3 J14 (SEQ ID
NO:2) was designed by randomization of the positions 34, 53, 55, 58, 61,
Th&praneh LB 10 Al RONIPO AL SH RBYIN8WES AR thRSEVROSHIGNSs T he tREARYle, fillers,
. Was constructed ess%q jally as fjg)escribed in Example 1 Wifh he
binderdintetiss deitie é%&‘é&%m‘é BHERS TSI NS5 sr12pd | @ Rfgrmore
soliend©r dB)lsihideTd i Sk X dDabHEv19) akneousecinFteadted Td that kbR, proteins
and AN-14, respectively. Phagemid sgelection was catri ut as described
R S SR A D R A SRR e
lipeewmpsomdlpheroPapndtsch) combined with extended washing times
together with a competitive monoclonal antibody against IL-4 receptor

ailpha%ABZBO, R&D Systems; 1 hour washing) or short incubation times
The formihiiiesy, craspretiardredrin aare I As it sh6fusbnadiigitipabrough a bacteria-

retRRHGrMEY; &W@@MH@%&Q@@@ Agerfs!hr thtaeerior alRhadnd@npositions
muteins using high-throughput ELISA screening Screening was performed

whigh qa bRk B AP BRE OISR tHE Ho W ER b AR STES HRE BN BYIgT to use.
nM IL-4 receptor alpha-Fc (R&D Systems) was used and the additions

that i) a monogclonal anti-Strep. tag antibod lagen).was coated onto the.
A R s 5 13 EAPATAOI BU R RGN Ao R e L sorder,
compcspig ndipihasted { R&ph Bystams;dd coh@rsd i0n/ & mit) soghencépturedefined above
to E{QHE’?)%Q(figf tg@’%g&)ecoa}lin was detected using a HRP (horseradish

peroxidase)-conjugated polyclonal antibody against the Fc domain of IL-4
receptor alpha-Fc. Additionally in an alternative screening setup ii) IL-4
Th\@bceaieH-eaer Rl isARAE APt hiRrRRIuAIRRE RER& R dog, a mouse, a

Systems, 3 nM) was incubated with the expressed muteins and
rat, a pig, an ape such as cymologous to name only a few illustrative examples.

The precise nature of the diseases and disorders that are to be treated according to the method
of the invention depends on the ligand that the utilized mutein is intended to bind.
Accordingly, the muteins of the present invention can be use to treat any disease as long as a
target molecule that is known to be involved in the development of the disease or disorder can
be displayed to the expression product of a nucleic acid library of the present invention or

displayed to otherwise obtained muteins of tear lipocalin.

The above described muteins binding IL-4 receptor alpha with high affinity or pharmaceutical
compositions containing them may be utilized in a method of treating a disease or disorder

associated with an increase of the Th2 immune response. Such disease or disorder may, for



62 binding of IL-4 receptor alpha-Fc with an unoccupied IL-4 binding site

was detected using a HRP-conjugated polyclonal antibody against the Fc

domain of IL-4 receptor alpha-Fc. A r&sult from such a screen is depicted

in Figure 3. A large number of muteins selected as described in Example

4 and 5 were identified having improved affinity for IL-4 receptor alpha as
exa@@pip e antaltbr v uéedni &l 68 ah K rERIANQtdhwhiehaHieryRdi@Batheation, in
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an&éeaﬁ@rlaﬁ)hhthﬁr@rfbjlhdfemgem? prefoarabiecheodetbBiophysica Acta (2002),
237epgptor alpha-specific muteins, E. colt K12 strain JM83 harbouring the
respective mutein encoded on the expression vector pTLPC10 (Fig. 1)
was grown in a 2 L shake flask culture in LB-Ampicillin medium according
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105-1120). When age nts n were needed, the E. colt
LSBT et B A SCLA BB e Jebprgpelanoma.
bretise pmq@iascmaﬂarpmmluﬁmwmmﬂmltmategmeﬂmtcﬁuwv&ummu @hal cell
10 1 ve seI the rotoc ribed in S eck W., and Skery
can R AR Sk SRR RS RS S AR B0 S A s k.
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rocedure describe Skerra, A. & Schmidt, T. G. M. (2000) (Use of
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Pug RK fHRY Pt alout M Retiaraex07 88 Ro(oyAd Ol 424 thPskipski W, Puri
R, vowmﬁ AmelisIsR BhainBciat Biotesh)dn ReecpresesgesiPBssBuffer Aug 1998,

omeric protein, fr ctlon were po u y
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Kawkfizaityl Eﬁeasmlréiihemalhﬁagcaldtﬂmrdkffl&ltgl&héaéuﬂemmﬁg vi@rexample. Specific
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tumlcab(eancer). Examples of suitable toxins include Pseudomonas exotoxin, pertussis-toxin,
diphtheria toxin, ricin, saporin, pseudomonas exotoxin, calicheamicin or a derivative thereof, a
taxoid, a maytansinoid, a tubulysin and a dolastatin analogue. Examples of dolastatin
analogues include, but are not limited to, auristatin E, monomethylauristatin E, auristatin PYE

and auristatin PHE.

For the treatment of cancer, it is also possible to conjugate muteins binding to IL-4 Receptor
alpha chain to a cystostatic agent. Examples of such cystostatic agents include Cisplatin,

Carboplatin, Oxaliplatin, 5-Fluorouracil, Taxotere (Docetaxel), Paclitaxel, Anthracycline



Clone Affinity Biacore (pM) k.. (1/Ms x 105) kat (Vs x 10-5) 5148.3 J14
37500 1.4 517 5191.5 K12 13.5 (2.9) 58 (27) 7.7 (3.3) 5148.3 AM2C2
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(Doxorubicin), Methotrexate, Vinblastin, Vincristine, Vindesine, Vinorelbine, Dacarbazine,
Cyclophosphamide, Etoposide, Adriamycine, Camptotecine, Combretatastin A-4 related
compounds, sulfonamides, oxadiazolines, benzo[b]thiophenessynthetic spiroketal pyrans,
monotetrahydrofuran compounds, curacin and curacin derivatives, methoxyestradiol

derivatives and Leucovorin.

In this connection it is also pointed out that fusions or conjugates of tear lipocalin muteins of
the invention with toxins or cystostatic agent are of course not limited to muteins with affinity
to IL-4 Receptor alpha chain. Rather, as immediately evident for the person skilled in the art,
any tear lipocalin mutein that binds to a receptor expressed on a surface of cancer cells can be

used in form of a fusion protein or a conjugate for the treatment of cancer.

The human tear lipocalin muteins binding VEGF-R2 or VEGF with high affinity or
pharmaceutical compositions containing them may be utilized in a method for the treatment of
a disease or disorder connected to an increased vascularization such as cancer, neovascular wet
age-related macular degeneration (AMD), diabetic retinopathy or macular edema, retinopathy
of prematurity or retinal vein occlusion. Such a cancer may be selected from the group
consisting of carcinomas of the gastrointestinal tract, rectum, colon, prostate, ovaries,
pancreas, breast, bladder, kidney, endometrium, and lung, leukaemia, and melanoma, to name

only a few illustrative examples.

As is evident from the above disclosure, a mutein of the present invention or a fusion protein
or a conjugate thereof can be employed in many applications. In general, such a mutein can be
used in all applications antibodies are used, except those with specifically rely on the

glycosylation of the Fc part.

Therefore, in another aspect of the invention, the invented muteins of human tear lipocalin are
used for the detection of a given non-natural ligand of human tear lipocalin. Such use may
comprise the steps of contacting the mutein with a sample suspected of containing the given
ligand under suitable conditions, thereby allowing formation of a complex between the mutein

and the given ligand, and detecting the complexed mutein by a suitable signal.

The detectable signal can be caused by a label, as explained above, or by a change of physical

properties due to the binding, i.e. the complex formation, itself. One example is plasmon



17.9 (2.7) 23 (1.7) 4.2 (0.7) 5191.4 B24 19.3 (3.3) 26(6.7) 4.9 (1.0) 5191.4
K19 20.1 (14) 17(2.7) 3.6 (2.8) 5191.5 H16 24.3 (12)
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surface resonance, the value of which is changed during binding of binding partners from

which one is immobilized on a surface such as a gold foil.

The muteins of human tear lipocalin disclosed herein may also be used for the separation of a
given non-natural ligand of human tear lipocalin. Such use may comprise the steps of
contacting the mutein with a sample supposed to contain said ligand under suitable conditions,
thereby allowing formation of a complex between the mutein and the given ligand, and

separating the mutein/ligand complex from the sample.

In both the use of the mutein for the detection of a given non-natural ligand as well as the
separation of a given ligand, the mutein and/or the target may be immobilized on a suitable

solid phase.

The human tear lipocalin muteins of the invention may also be used to target a compound to a
preselected site. For such a purpose the mutein is contacted with the compound of interest in
order to allow complex formation. Then the complex comprising the mutein and the
compound of interest are delivered to the preselected site. This use is in particular suitable, but
not restricted to, for delivering a drug (selectively) to a preselected site in an organism, such as
an infected body part, tissue or organ which is supposed to be treated with the drug. Besides
formation of a complex between mutein and compound of interest, the mutein can also be
reacted with the given compound to yield a conjugate of mutein and compound. Similar to the
above complex, such a conjugate may be suitable to deliver the compound to the preselected
target site. Such a conjugate of mutein and compound may also include a linker that covalently
links mutein and compound to each other. Optionally, such a linker is stable in the

bloodstream but is cleavable in a cellular environment.

The muteins disclosed herein and its derivatives can thus be used in many fields similar to
antibodies or fragments thereof. In addition to their use for binding to a support, allowing the
target of a given mutein or a conjugate or a fusion protein of this target to be immobilized or
separated, the muteins can be used for labeling with an enzyme, an antibody, a radioactive
substance or any other group having biochemical activity or defined binding characteristics.
By doing so, their respective targets or conjugates or fusion proteins thereof can be detected or
brought in contact with them. For example, muteins of the invention can serve to detect

chemical structures by means of established analytical methods (e.g. ELISA or Western Blot)



17(1.8) 4.1 (1.6) 5197.8 D22 55.8 (4.2) 11(1.3) 6.3 (1.0) Table | Affinities
of selected muteins of the invention for IL-4 receptor alpha as determined
by Biacore. Averages (standard deviadidn) of five experiments are shown.
Example 9: Identification of antagonists of IL-4 using an inhibition ELISA
Inhibition of the interaction between IL-4 and IL-4 receptor alpha by the
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imiBystehesiivd slateuzated tvithauokl uticteisenige srodtebodipocalin mutein and

the amount of IL-4 receptor alpha with an unoccupied IL-4 binding site

was quantified in an ELISA where the plate had been coated with IL-4 or
Nugmsransaponislicapticatiansdies phe iy phiay aion sens nitoaaxid e yed surd In addition to

theQiEf&M%ﬁ%%n'és-t‘%cﬁ%mﬁfgad 1 WAS &%E%ﬁi%l&?é@%é%?ﬂ?@%@ﬁf@& which binds,

Extravidin (Sigma) and compared to a standard curve of defined amounts
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mutBi Meieifs ef 28, Boldthp184d & Kddu2ted fBrdh 81 hdot IeRiObS tumor
H16, S197.8 D22 and S148.3 J14AM2C2 are depicted in Figures 12-18
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Thus, the present invention also involves the use of the human tear lipocalin muteins of the

invention for complex formation with a given non-natural ligand.

Another related and preferred use of a mutein described herein is target validation, i.e. the
analysis whether a polypeptide assumed to be involved in the development or progress of a
disease or disorder is indeed somehow causative of that disease or disorder. This use for
validating a protein as a pharmacological drug target takes advantage of the ability of a mutein
of the present invention to specifically recognize a surface area of a protein in its native
conformation, i.e. to bind to a native epitope. In this respect, it is to be noted that this ability
has been reported only for a limited number of recombinant antibodies. However, the use of an
inventive mutein for validation of a drug target is not limited to the detection of proteins as
targets, but also includes the detection of protein domains, peptides, nucleic acid molecules,

organic molecules or metal complexes.

The invention is further illustrated by the following non-limiting Examples and the attached

drawings in which:
Figure 1 shows a map of the expression vector pTLPC10 (SEQ ID NO:1).

Figure 2 shows the polypeptide sequence of S148.3 J14, a mutein of human tear
lipocalin possessing binding affinity for the IL-4 receptor alpha.

Figure 3 shows the method of affinity screening via ELISA and the results obtained for

muteins with affinity for IL-4 receptor alpha.



Affinity Competition ELISA (pM) 5148.3 J14 17300 5191.5 K12 25.3 (9.9)
5148.3 AM2C2 40.7 (14.8) 5191.4 B24 49.2 (14) 5191.4 K19

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13
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shows the polypeptide sequences of the muteins with the highest affinity for
IL-4 receptor alpha (SEQ ID Nos.: 3-8).

shows BIAcore measurements of the binding of a human tear lipocalin mutein

of the invention (S148.3 J14; SEQ ID NO:2) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein
of the invention (S191.5 K12; SEQ ID NO:3) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein
of the invention (S148.3 J14AM2C2; SEQ ID NO:4) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein
of the invention (S191.4 B24; SEQ ID NO:5) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein

of the invention (S191.4 K19; SEQ ID NO:6) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein

of the invention (S191.5 H16; SEQ ID NO:7) to IL-4 receptor alpha.

shows BIAcore measurements of the binding of a human tear lipocalin mutein

of the invention (S197.8 D22; SEQ ID NO:8) to IL-4 receptor alpha.

shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S148.3 J14; SEQ ID NO:2) to IL-4 receptor
alpha.

shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S191.5 K12; SEQ ID NO:3) to IL-4 receptor
alpha.
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Antagonistic ability and affinities for IL-4 receptor alpha of selected tear

lipocalin muteins of the invention as détermined by competition ELISA.

Averages (standard deviation) of three experiments are shown. Example

10: Identification of antagonists of IL-4 and IL-13 signalling using a TF-1
Figui@lifaratioghassay dhmseafionl EESﬁiEﬁEE&t&éﬂ&ﬁl o€ty difermgoorassaysan tear

\gg(r_:‘eb [:I);rfo med @?sentlall 8 il&%')? rjtg%é}ﬁ%s %8&%@% to TL-4

results fromeaeiﬁtéﬂap]hmferatlon assay is deplcted in Figure 19 and shows

that the high affinity variants 5191.5 K12, 5191.4 B24, 5191.4 K19, 5191.5

H16, S197.8 D22 and S148.3 J14AM2C2 are potent antagonists of IL-4 as
Figwes! By |- sBangueaapsighenidd-Bn pretferemonts Diathplbinding mf-p hpman tear

receptor alpgaaingal umanieaidireedindmibishe fIROSMEdiatedceptor

athwa
P Y alpha.

Figure 16 shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S191.4 K19; SEQ ID NO:6) to IL-4 receptor
alpha.

Figure 17 shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S191.5 H16; SEQ ID NO:7) to IL-4 receptor

alpha.

Figure 18 shows competition ELISA measurements of the binding of a human tear
lipocalin mutein of the invention (S197.8 D22; SEQ ID NO:8) to IL-4 receptor
alpha

Figure 19 shows a TF-1 cell proliferation assay in presence of IL-4 or IL-13 and human

tear lipocalin muteins of the invention (S191.5 K12, S148.3 J14AM2C2,
S191.4 B24, S191.4 K19, S191.5 H16, and S197.8 D22 [SEQ ID Nos: 3-8])

Figure 20 shows a map of the expression vector pTLPC27 (SEQ ID NO:9).

Figure 21 shows a proliferation assay with endothelial cells cultured from human
umbilical vein (HUVEC) in presence of human VEGF165 and human tear
lipocalin muteins of the invention (S209.2 C23, S209.2 D16, S209.2 NO,
S209.6 H7, S209.6 H10, S209.2 M17, S209.2 O10 [SEQ ID NOs:27-33]),
wildtype tear lipocalin (gene product of pTLPC10; control) or Avastin®
(Roche; control).



TF-1 cells were cultured in RPMI 1640 containing 10% heat-inactivated

fetal calf serum, 2 mM L-glutamine, 100 Units/ml penicillin, 100 jig/ml

streptomycin and supplemented with 2g/ml recombinant human

granulocyte-macrophage colony-stimulating factor. The cells were seeded

at 5 x 104 cells/ml in a total volume of 20 ml medium in 100 mm diameter
FigiiSUE cultusierdisBz\ @plit @bshliesaeas oditthiHialieg ifatiE eveié @ kaban tear

days and cultured at 37.C in a humidifie 0 r % CO2. TE-1

coll wore HERSGUELEES RSSO R gD TSRt e trecepto

twice by ceapiifugation at 1200 rpm for 5 min in RPMI 1640 containing 1%

heat-inactivated fetal calf serum, 2 mM L-glutamine, 100 Units/ml penicillin

and 100 jig/ml streptomycin (RPMI- 65 1%FCS). Cells were resuspended
Figarx2B06 cehoms FiAem pispsrosepiéthobimalingipid byl gsiateo eadh mutein

cultured ovgrpight it Sohewingday b KeYsers iR LNERTF o,

with 20 jig/ml of IL-4 receptor alpha-specific muteins or with negative

control muteins. Further aliquots of cells were cultured with medium alone
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Subsequently, recombinant IL-4 or IL-13 wa e ina
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Cells were fixed for 10 min at room temperature (RT) by the addition of 42

pl of 37% formaldehyde (1.5% final concentration) and transferred to 5 ml
FigwendPbottohmeds patyspléne ek tiBStrdldenyadalizsloravieasied ith22 (SEQ

2ml PBS WWJHW) %1?%%191%@%%%%& Q%l!e%tt?sdlﬁfﬁﬁ?éﬁ _ugglg(?rbg& results of

1200 rpm for 5 min and the supernatant was discarded. elgs were

permeabilisEP YRS A @diti b om0 tein@f-dsiinkiem 2A8 v hitdE vt aihglbumin-
vigorously.fighd AdnimincubBeaERY 465 Khe: sejlerwersiyyashed twice by
centrifugation at 1200 rpm for 5 min with 2 ml of PBS-FCS. The cells were
resuspended in 100 pl of PBS-FCS and stained with 20 pl of
Figaitti-phospbsyates: SkprleBiphycegoytpyTLHCB)-Ialidtideaotibady (alei@ protein

Y641; BD Biosciences) for 30 min at RT protected from, light. Finally, the
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Figure 29 shows the inhibition of VEGF induced proliferation of endothelial cells

cultured from human umbilical vein (HUVEC) by the lipocalin mutein S236.1-
A22 (SEQ ID NO:44) compared to the inhibition achieved by Avastin® and

wildtype tear lipocalin.
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shows the inhibition of VEGF mediated MAP kinase activation in HUVEC by
the lipocalin mutein S236.1-A22 (SEQ ID NO:44) compared to the inhibition
achieved by Avastin®.

shows the results of a vascular permeability assay with local administration of
the tear lipocalin mutein S209.2_ 010 (SEQ ID NO:33) compared to Avastin®

and wildtype tear lipocalin.

shows the results of a CAM assay comparing the median angionic index for the
tear lipocalin mutein S209.2 010 (SEQ ID NO:33) and Avastin® and wild

type tear lipocalin.

shows the concentration of lipocalin mutein in plasma in NMRI mice for the
tear lipocalin mutein S236.1-A22 (SEQ ID NO:44) and a fusion protein of
mutein S236.1-A22 with ABD (SEQ ID NO:51).

shows the results of a vascular permeability assay after systemic administration
of a fusion protein of tear lipocalin mutein S236.1-A22 with ABD (SEQ ID
NO:51) compared to wildtype tear lipocalin, PBS buffer and Avastin®.

shows the results of a tumor xenograft model (Swiss nude mice) for
intraperitoneal administration of a fusion protein of tear lipocalin mutein
S236.1-A22 with ABD (SEQ ID NO:51) compared to wildtype tear lipocalin,
PBS buffer and Avastin®.

shows the results of an Eotaxin-3 secretion assay with A549 cells stimulated
with IL-4 or IL-13 in the absence and presence of increasing concentrations of
the IL-4 receptor alpha binding mutein S191.4 B24 (SEQ ID NO:4).

shows the IL-4/1L-13 induced CD23 expression on stimulated peripheral blood
mononuclear cells (PBMCs) in the absence and presence of increasing
concentrations of the IL-4 receptor alpha binding mutein S191.4 B24 (SEQ ID
NO:4).



16.4 pTLPC10 + IL-4 (neg control) 72 13.1 pTLPC10 + IL-13 (neg control)
84 18.6 5191.4 K19 + IL-4 6 4.9 S191.4 K19 +IL-138 5.0
47

Figure 38 shows the results of a Schild analysis of the IL-4 receptor alpha binding mutein
S191.4 B24 (SEQ ID NO:4).

Figure 39 shows the result of an affinity assessment of the IL-4 receptor alpha binding
mutein S191.4 B24 (SEQ ID NO:4) for human primary B cells.

Figure 40 shows the results of a bioavailability test of the the IL-4 receptor alpha binding
mutein S191.4 B24 after intravenous, subcutaneous or intratracheal

administration.

Figure 41 shows an in vitro potency assessment of the mutein S236.1-A22 (SEQ ID
NO:44) with and without PEGylation with PEG20, PEG30 or PEG40 in a
VEGF-stimulated HUVEC proliferation assay.

Fig. 1 shows the expression vector pTLPC10 which encodes a fusion protein comprising the
OmpA signal sequence (OmpA), the T7 affinity tag and a mutated human tear lipocalin (TIc)
followed by the Strep-tag II. Both the BstXI-restriction sites used for the cloning of the
mutated gene cassette and the restriction sites flanking the structural gene are labeled. Gene
expression is under the control of the tetracycline promoter/operator (tet”°). Transcription is
terminated at the lipoprotein transcription terminator (t,p). The vector further comprises an
origin of replication (ori), the intergenic region of the filamentous phage f1 (f1-IG), the
ampicillin resistance gene (amp) and the tetracycline repressor gene (tetR). A relevant segment
of the nucleic acid sequence of pTLPC10 is reproduced together with the encoded amino acid
sequence in the sequence listing as SEQ ID NO:1. The segment begins with the Xbal
restriction site and ends with the HindlIII restriction site. The vector elements outside this
region are identical with the vector pASK75, the complete nucleotide sequence of which is

given in the German patent publication DE 44 17 598 Al.

Fig. 2 shows the primary structure of a human tear lipocalin mutein of the invention (S148.3
J14) that exhibits binding affinity for IL-4 receptor alpha. The first 21 residues (underlined)
constitute the signal sequence, which is cleaved upon periplasmic expression. The N-terminal
T7-tag (italic) and the C-terminal Streptag-II (bold) are part of the characterized protein. Fig. 2

also shows that 4 N-terminal amino acid residues (H1 H2 L3 A4) as well as the two last C-
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lower signals (right). The signals corresponding to the mutein of the invention S148.3 J14
(SEQ ID NO: 2) are marked with arrows and the signals from individual clones are depicted

by diamonds.

Fig. 4 shows the polypeptide sequences of the six muteins of human tear lipocalin with the
highest binding affinity for IL-4 receptor alpha (S191.5 K12, S148.3 J14AM2C2,S191.4 B24,
S191.4K19,S191.5 H16,and S197.8 D22 [SEQ ID Nos: 3-8]) obtained by affinity maturation
of SEQ ID NO:2 (S148.3 J14). The first 21 residues (underlined) of the represented primary
structure constitute the signal sequence, which is cleaved upon periplasmic expression. The C-
terminal StrepTag-II (bold) is part of the characterized protein. Also Fig. 4 shows that, for
example, the first 4 N-terminal amino acid residues (HHLA) as well as the two last C-terminal
amino acid residues (SD) can be deleted in a tear lipocalin mutein of the invention without

affecting the biological function of the protein.

Fig. 5-11 show Biacore measurements of the muteins of human tear lipocalin with affinity for
IL-4 receptor alpha (S148.3 J14, S191.5 K12, S148.3 J14AM2C2, S191.4 B24,S191.4 K19,
S191.5 H16, and S197.8 D22 [SEQ ID Nos: 2-8]). ~400 RU of IL-4 receptor alpha-Fc was
captured on a CM-5 chip, which had previously been coated with an anti human-Fc
monoclonal antibody. Subsequently, mutein in different concentrations (Fig. 5: 20 nM; 40 nM;
80 nM; 160 nM; 320 nM) or in a single concentration of 25 nM (Fig. 6-11) was passed over
the flowcell and changes in resonance units recorded. Reference signals from a flow cell that

was equally treated apart from not having any IL-4 receptor alpha-Fc was subtracted and the
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Fig. 20 shows the phasmid vector pTLPC27 which encodes a fusion protein comprising the
OmpA signal sequence (OmpA), Tlc followed by the Strep-tag I, and a truncated form of the
M13 coat protein plIl, comprising amino acids 217 to 406 (pIIl). An amber stop codon, which
is partially translated to Gln in SupE amber suppressor host strain, is located between the Tlc
coding region, including the Strep-tagll, and the coding region for the truncated phage coat
protein plII to allow soluble expression of the Tlc mutein without the M 13 coat protein pIII
when employing a non-suppressor E. coli strain. Both the Bs¢XI-restriction sites used for the
cloning of the mutated gene cassette and the restriction sites flanking the structural gene are
labeled. Gene expression is under the control of the tetracycline promoter/operator (tetP/0).
Transcription is terminated at the lipoprotein transcription terminator (tj,;,). The vector further
comprises an origin of replication (ori), the intergenic region of the filamentous phage f1 (f1-
IG), the chloramphenicol resistance gene (cat) coding for chloramphenicol acetyl transferase
and the tetracycline repressor gene (tetR). A relevant segment of the nucleic acid sequence of
pTLPC27 is reproduced together with the encoded amino acid sequence in the sequence listing

as SEQ ID NO:9.

Fig. 21 shows the results of a proliferation assay employing the human tear lipocalin muteins
with binding affinity for human VEGF, wildtype tear lipocalin (TLPC10) or VEGF-specific
therapeutic antibody Avastin®. Approximately 1.400 HUVEC cells were seeded in complete
medium and after overnight incubation at 37°C, cells were washed and basal medium
containing 0.5% FCS, hydrocortisone and gentamycin/amphotericin was added. VEGF-
specific mutein S209.2-C23, S209.2-D16, S209.2-N9, S209.6-H7, S209.6-H10, S209.2-M17,
S209.2-010 (SEQ ID NOs:27-33), wildtype tear lipocalin (gene product of pTLPC10; as
control) or therapeutic VEGF-specific monoclonal antibody Avastin® (Roche; as control) was
added at the indicated concentration in triplicate wells. After 30 min, either human VEGF165
or human FGF-2, as a control for proliferation not induced by VEGF (not shown), was added
and the viability of the cells was assessed after 6 days with CellTiter 96 Aqueous One

chromogenic assay (Promega).

Fig. 22 shows Biacore measurements of the PEGylated mutein S148.3 J14 (SEQ ID NO:2) of
human tear lipocalin with affinity for IL-4 receptor alpha. ~400 RU of IL-4 receptor alpha-Fc
was captured on a CM-5 chip, which had previously been coated with an anti human-Fc

monoclonal antibody. Subsequently, mutein in different concentrations (200 nM; 67 nM; 22
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nM was passed over the flowcell and changes in resonance units were recorded. Reference
signals from a flow cell that was equally treated apart from not having any IL-4 receptor
alpha-Fc was subtracted and the resulting data were fitted to a 1:1 Langmuir model using the

BIAevaluation software.

Fig. 23 shows exemplary Biacore measurements of the binding of human tear lipocalin mutein
S236.1-A22 (SEQ ID NO:44) to immobilized VEGFg_1¢o9 . VEGFj3.109 was immobilized on a
CMS5 chip using standard amine chemistry. Lipocalin mutein S236.1-A22 was applied with a
flow rate of 30ul/min at six concentrations from 500nM to 16nM. Evaluation of sensorgrams

was performed with BIA T100 software to determine kon, kosr and Kp of the mutein.

Fig. 24 shows affinity measurements of the mutein S236.1-A22 (SEQ ID NO:44) that was
immobilized on a sensor chip with different forms of VEGF. Affinity measurements were
performed essentially as described in Example 9 of WO 2006/56464 with the modifications
that the mutein was immobilized and 70ul of sample containing the different VEGF variants
was injected at a concentration of 250 nM. The qualitative comparison of the results illustrate
that the truncated form hVEGF;s. 09 and hVEGF|,; show basically identical sensorgrams
indicating similar affinity to the tear lipocalin mutein S236.1-A22 (SEQ ID NO:44). The
splice form hVEGF¢s also shows strong binding to the lipocalin mutein, while the respective

mouse ortholog mVEGF ¢4 has slightly reduced affinity.

Fig. 25 shows a stability test of VEGF-binding mutein S236.1-A22 at 37°C in PBS and human
serum that was performed essentially as described in Example 15 of the International patent
application WO2006/056464 except that the concentration utilized was 1 mg/ml. No alteration
of the mutein could be detected during the seven day incubation period in PBS as judged by
HPLC-SEC (data not shown). Incubation of the lipocalin mutein in human serum resulted in a
drop of affinity after 7 days to approx. 70% compared to the reference (Figure 25a). The
stability of the ABD-fusion of S236.1-A22 (SEQ ID NO: 51) in human serum was also tested
as described above. No loss of activity could be detected during the seven day incubation
period (Figure 25b)

Fig. 26 shows the expression vector pTLPC51 which encodes a fusion protein comprising the
OmpA signal sequence (OmpA), a mutated human tear lipocalin (TIc), fused to an albumin-

binding domain (abd), followed by a Strep-tag II. Both the BstXI-restriction sites used for the
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cloning of the mutated gene cassette and the restriction sites flanking the structural gene are
labeled. Gene expression is under the control of the tetracycline promoter/operator (tet”).
Transcription is terminated at the lipoprotein transcription terminator (ti,,). The vector further
comprises an origin of replication (ori), the intergenic region of the filamentous phage f1 (f1-
IG), the ampicillin resistance gene (amp) and the tetracycline repressor gene (tetR). A relevant
segment of the nucleic acid sequence of pTLPC51 is reproduced together with the encoded
amino acid sequence in the sequence listing as SEQ ID NOs:48 and 49. The segment begins
with the Xbal restriction site and ends with the HindlIll restriction site. The vector elements
outside this region are identical with the vector pASK75, the complete nucleotide sequence of

which is given in the German patent publication DE 44 17 598 Al.

Fig. 27 shows affinity measurements of the ABD-fusion of tear lipocalin mutein S236.1-A22
(A22-ABD) (SEQ ID NO: 51) (200 pM) towards recombinant VEGFg 99 using surface
plasmon resonance (Biacore). Affinity measurements were performed essentially as described
in Example 9 of WO 2006/56464 with the modifications that approximately 250 RU of
recombinant VEGFg 109 was directly coupled to the sensor chip using standard amine
chemistry. 40 pl of the mutein was injected at a concentration of 400 nM. The affinity was

found basically unaltered and measured to be 260 pM.

Fig. 28 shows a test of the functionality of the lipocalin mutein A22-ABD (ABD-fusion of
S236.1-A22) in the presence of human serum albumin by asessing its ability to inhibit VEGF
induced HUVEC proliferation. HUVEC (Promocell) were propagated on gelatine-coated
dishes and used between passages P2 and P8. On day 1, 1400 cells were seeded per well in a
96 well plate in complete medium. On day 2, cells were washed and 100ul of basal medium
containing 0.5% FCS, hydrocortisone and gentamycin/amphotericin was added. Proliferation
was stimulated with 20ng/ml VEGF 45 or 10ng/ml FGF-2 which were mixed with the lipocalin
mutein S236.1-A22-ABD (SEQ ID NO:51), incubated for 30min and added to the wells.
Viability was determined on day 6 and the results expressed as % inhibition. Human serum
albumin (HSA, 5uM) was added where indicated. At SuM HSA, >99.8% of A22-ABD is

associated with HSA at any given time.

Fig. 29 shows the inhibition of VEGF induced HUVEC proliferation by muteins of the
invention. HUVEC (Promocell) were propagated on gelatine-coated dishes and used between

passages P2 and P8. On day 1, 1400 cells were seeded per well in a 96 well plate in complete
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medium. On day 2, cells were washed and 100ul of basal medium containing 0.5% FCS,
hydrocortisone and gentamycin/amphotericin was added. Proliferation was stimulated with
20ng/ml VEGF165 or 10ng/ml FGF-2 which were mixed with the lipocalin mutein S236.1-
A22 (SEQ ID NO:44), incubated for 30min and added to the wells. Viability was determined

on day 6 and the results expressed as % inhibition.

Fig. 30 shows the Inhibition of VEGF-mediated MAP Kinase activation in HUVEC by
muteins of the present invention. HUVEC were seeded in 96-well plates at 1,400 cells per well
in standard medium (Promocell, Heidelberg). On the following day, FCS was reduced to 0.5%
and cultivation was continued for 16h. Cells were then starved in 0.5% BSA in basal medium
for Sh. HUVEC were stimulated with VEGF 45 (Reliatech, Braunschweig) for 10min in the
presence of increasing concentrations of tear lipocalin mutein A22 or Avastin (bevacizumab,
Genentech/Roche) in order to obtain a dose-response curve. Phosphorylation of the MAP
kinases ERK1 and ERK2 was quantified using an ELISA according to the manufacturer’s
manual (Active Motif, Rixensart, Belgium). The IC 50 value was determined to be 4.5 nM for
the mutein A22 (SEQ ID NO:44) and 13 nM for Avastin®.

Fig. 31 shows a vascular permeability assay with local administration of tear lipocalin mutein.
Duncan-Hartley guinea pigs weighing 350+50g were shaved on the shoulder and on the
dorsum. The animals received an intravenous injection via the ear vein of 1 ml of 1% Evan’s
Blue dye. Thirty minutes later 20ng VEGF 65 (Calbiochem) was mixed with test substance or
control article at a tenfold molar excess and injected intradermally on a 3 x 4 grid. Thirty
minutes later, animals were euthanized by CO, asphyxiation. One hour after the VEGF
injections, the skin containing the grid pattern was removed and cleaned of connective tissue.
The area of dye extravasation was quantified by use of an image analyzer (Image Pro Plus 1.3,

Media Cybernetics).

Fig. 32 shows a chick chorioallantoic membrane (CAM) assay. Collagen onplants containing
FGF-2 (500 ng), VEGF (150 ng) and tear lipocalin mutein (1.35 pg) or Avastin (10 pg) as
indicated were placed onto the CAM of 10 day chicken embryos (4/animal, 10 animals/group).
At 24h the tear lipocalin mutein or Avastin were reapplied topically to the onplant at the same
dose. After 72h onplants were collected and images were captured. The percentage of positive

grids containing at least one vessel was determined by a blinded observer. The median



Example 13: Phagemid presentation and selection of Tic muteins with
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phagemids obtained from Example 1 s performed essentially as
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(SEQ ID NO: 15) and TLS 1 bio (SEQ ID NO:16) resulting in a library with
5 substitutions per structural gene on average. Phagemid selection was
carried out as described in Example 13 using limited target concentration
(20 nM, 1 nM and 0.2 nM VEGF8_109), or short incubation times (1 and 5
minutes) with and without limiting target concentrations (10 nM, 100 nM).

Four rounds of selection were performed. Example 16: Affinity screening
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71 S209.2-C23, S209.2-D16, S209.2-N9, S209.6-H7, S209.6-H10,
S209.2-M17, 5209.2-010 (SEQ ID NOs:27-33) were identified. Example
17: Production of VEGF binding mutefits Production was performed
essentially as described in Example 7. Example 18: Affinity determination
of VEGF-specific muteins employing Biacore Affinity measurements were
volperokmeeseasentiatiyoagie serihedonroxampig® withdié)morificatierctbairificed
lg)ﬁ{oxmate 250 RU of r n@:blnargt VEGF was directly coupled to the
g&ndor c%?p ges?é‘ﬁ‘ae e crHemlstry 40 pl of the Tlc muteins
obtained from Example 15 was injected at a concentration of 400 nM.
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inc}‘&l@ciﬁg iRt ekkBdidAMSE 1HOrh 3/ %ceptor alpha binding mutein S191.4 B24 (SEQ ID

NO:4). Eotaxin-3 secretion was assessed after 72 hours by measuring Eotaxin 3 concentrations

in the cell culture supernatent using a commercially available kit.

Fig. 37 shows the IL-4/IL-13 induced CD23 expression on stimulated peripheral blood
mononuclear cells (PBMCs) after 48 h in the absence and presence of increasing
concentrations of the IL-4 receptor alpha binding mutein S191.4 B24 (SEQ ID NO:4). Total
human PBMCs were isolated from buffy coat. Increasing concentrations of the IL.-4 receptor
alpha binding mutein S191.4 B24 were added and cells were stimulated with IL-4 or IL-13 at
final concentrations of 1.0 nM or 2.5 nM, respectively. After 48 hours, activated, CD23

expressing CD14" monocytes were quantified by flow cytometry.

Fig 38 shows the results of a Schild analysis of the IL.-4 receptor alpha binding mutein S191.4
B24 (SEQ ID NO:4). IL-4 dose dependent proliferation of TF-1 cells was assessed in the
absence or presence of several fixed concentrations of the IL-4 receptor alpha binding mutein
S191.4 B24 (Fig. 38A). The Schild analysis of the obtained results (Fig. 38B) yielded a K4 of

192 pM (linear regression) and 116 pM (non-linear regression).

Fig. 39 shows the result of an affinity assessment of the IL-4 receptor alpha binding mutein
S191.4 B24 (SEQ ID NO:4) for human primary B cells. PBMCs were isolated from human
blood and incubated with different concentrations of the IL-4 receptor alpha binding human
tear lipocalin mutein S191.4 B24 or the wild-type human tear lipocalin (TLPC26). Cells were
then stained with anti-CD20-FITC monoclonar antibodies and a biotinylated anti-lipocalin
antiserum, followed by streptavidin-PE. Results for the wild-type lipocalin and the 1L-4
receptor alpha binding lipocalin mutein S191.4 B24 are shown in Fig. 39 A and B,
respectively. The determined percentage of PE-positive B cells was fitted against the
concentration of the lipocalins (Fig. 39C) and the ECs calculated from the obtained curve.
The ECsy of the IL-4 receptor alpha binding mutein S191.4 B24 (SEQ ID NO:4) was
calculated as 105 pM.
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Fig. 40 shows the results of a bioavailability test of the the IL-4 receptor alpha binding mutein
S191.4 B24 after intravenous, subcutaneous or intratracheal administration. Sprague-Dawley
rats received a single dose of the mutein S191.4 B24 at 4 mg/kg via the indicated routes.
Intratracheal administration was performed with a microspray dosing device (PennCentury,
USA). Plasma samples were obtained at predetermined time points and subjected to a
sandwich ELISA analysis in order to determine the remaining concentrations of the
functionally active mutein. Concentrations were analyzed by non-compartmental PK analysis.
Bioavailability was 100% after subcutaneous administration and 13.8% following intratracheal

delivery.

Fig. 41 shows an in vitro potency assessment of the mutein S236.1-A22 (SEQ ID NO:44)
either unPEGylated or PEGylated with PEG20, PEG30 or PEG40 compared to human tear
lipocalin wt. The 1Cs, values were determined via titration of the respective human tear
lipocalin mutein in a VEGF-stimulated HUVEC proliferation assay and determining the

proliferation inhibition.

Examples
Unless otherwise indicated, established methods of recombinant gene technology were used,

for example, as described in Sambrook et al. (supra).

Example 1: Generation of a library with 2x10° independent Tlc muteins

A random library of tear lipocalin (Tlc) with high complexity was prepared by concerted
mutagenesis of the 18 selected amino acid positions 26, 27, 28, 29, 30, 31, 32, 33, 34, 56, 57,
58, 80, 83, 104, 105, 106, and 108 of the mature wild type human tear lipocalin. To this end, a
gene cassette wherein the corresponding codons were randomized in a targeted fashion was
assembled via polymerase chain reaction (PCR) with degenerate primer oligodeoxynucleotides
in two steps according to a strategy described before (Skerra, A. (2001) "Anticalins": a new
class of engineered-ligand-binding proteins with antibody-like properties. J. Biotechnol. 74,
257-275). In this library design the first 4 N-terminal amino acid residues (HHLA) as well as
the two last C-terminal amino acid residues (SD) of the wild type sequence of tear lipocalin
were deleted (for this reason, all tear lipocalin muteins shown in the attached Sequence Listing
have Ala5 of the wild type sequence as N-terminal residue and Gly156 as C-terminal residue

(the latter optionally fused to an affinity tag, for example)).
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In the first step of the generation of the random library, a PCR fragment with randomized
codons for the first and second exposed loop of Tlc was prepared using primers TL46 (SEQ
ID NO:10) and TL47 (SEQ ID NO:11) while another PCR fragment with randomized codons
for the third and fourth exposed loop of Tlc was prepared in parallel, using primers TL48
(SEQ ID NO:12) and TL49 (SEQ ID NO:13). In the second step these two PCR fragments
were combined with a connecting oligodeoxynucleotide and used as templates in a PCR
reaction with primers AN-14 (SEQ ID NO:14), TL50 bio (SEQ ID NO:15) and TL51 bio
(SEQ ID NO:16) to yield the assembled randomized gene cassette.

The two PCR reactions (1a and 1b) for the first step were each performed in a volume of 100
ul using 10 ng pTLPC10 plasmid DNA (Fig. 1) for each reaction as template, together with 50
pmol of each pair of primers (TL46 and TL47, or TL48 and TL49, respectively), which were
synthesized according to the conventional phosphoramidite method. In addition, the reaction
mixture contained 10 pl 10 x Taq reaction buffer (100 mM Tris/HCI pH 9.0, 500 mM KCl, 15
mM MgCl,, 1% v/v Triton X-100) and 2 ul AINTP-Mix (10 mM dATP, dCTP, dGTP, dTTP).
After bringing to volume with water, 5 u Taq DNA polymerase (5 u/pl, Promega) were added
and 20 cycles of 1 minute at 94°C, 1 minute at 58°C and 1.5 minutes at 72°C were carried out
in a programmable thermocycler with a heated lid (Eppendorf), followed by an incubation for
5 minutes at 60°C for completion. The amplification products with the desired size of 135 bp
and 133 bp, respectively, were isolated by preparative agarose gel electrophoresis using GTQ

Agarose (Roth) and the Wizard DNA extraction kit (Promega).

For the second PCR step a 1000 pl mixture was prepared, wherein approximately 500 fmol of
both fragments from PCR reactions 1a and 1b were used as templates in the presence of 500
pmol of each of the flanking primers TL50 bio (SEQ ID NO:15) and TL51 bio (SEQ ID
NO:16) and 10 pmol of the mediating primer AN-14 (SEQ ID NO:14). Both flanking primers
carried a biotin group at their 5'-ends, thus allowing the separation of the PCR product after
BstX1 cleavage from incompletely digested product via streptavidin-coated paramagnetic
beads. In addition, the reaction mix contained 100 pl 10 x Taq buffer, 20 ul ANTP-Mix (10
mM dATP, dCTP, dGTP, dTTP), 50 u Tag DNA polymerase (5 u/ul, Promega) and water to
bring it to the final volume of 1000 ul. The mixture was divided into 100 pl aliquots and PCR

was performed with 20 cycles of 1 minute at 94°C, 1 minute at 57°C, 1.5 minutes at 72°C,



3.20.67 0.21 Table V Affinities of selected muteins of the invention for
VEGF as determined by Biacore measurements at 25C. Example 19:
Identification of antagonists of VEGF @8ing an inhibition ELISA Inhibition
of the interaction between VEGF and VEGF Receptor 2 (VEGF-R2) was
evaluated in an inhibition ELISA. To this end, a constant concentration of
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antibody interfering with the VEGFNEGF-R2 interaction (MAB293, R&D
Systems) had been coated. Bound VEGF was detected using
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muteins 5209.2-C23, 5209.2-D16, 5209.2-N9, 5209.6-H7, 5209.6-H10,

accgi S RHENE RN of HeorBrEs By IR b hersyusHHied i RisRR R s agarose gel
eledtediiBovdsiclRnR Rfia6@npetition EklSdouble-stranded DNA-fragment of 301 base

pairs in size.

DNA fragments not or incompletely digested were removed via their 5'-biotin tags using
streptavidin-coated paramagnetic beads (Merck). To this end, 150 pl of the commercially
available suspension of the streptavidin-coated paramagnetic particles (at a concentration of 10
mg/ml) was washed three times with 100 pl TE buffer (10 mM Tris/HCI pH 8.0, I mM
EDTA). The particles were then drained with the help of a magnet and mixed with 70 pmol of
the digested DNA fragment in 100 pul TE buffer for 15 minutes at room temperature. The
paramagnetic particles were then collected at the wall of the Eppendorf vessel with the aid of a
magnet and the supernatant containing the purified, fully digested DNA fragment was

recovered for use in the following ligation reaction.

The vector pTLPC27 (Fig. 20) was cut with the restriction enzyme Bs¢XI (Promega) according
to the instructions of the manufacturer and the obtained large vector fragment was purified by
preparative agarose gel electrophoresis as described above, resulting in a double-stranded

DNA-fragment of 3772 base pairs in size representing the vector backbone.

For the ligation reaction, 40 pmol of the PCR fragment and 40 pmol of the vector fragment
(pTLPC27) were incubated in the presence of 1074 Weiss Units of T4 DNA ligase (Promega)
in a total volume of 10.76 ml (50 mM Tris/HCI pH 7.8, 10 mM MgCl,, 10 mM DTT, | mM
ATP, 50 pg/ml BSA) for 48 h at 16°C. The DNA in the ligation mixture was then precipitated
1.5 h by adding 267 pl yeast tRNA (10 mg/ml solution in H,O (Roche)), 10.76 ml 5 M
ammonium acetate, and 42.7 ml ethanol. After precipitation, the DNA pellet was washed with
70% EtOH and then dried. At the end the DNA was dissolved to a final concentration of 200

pug/ml in a total volume of 538 pl of water.
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The preparation of electrocompetent bacterial cells of E. coli strainXL1-Blue (Bullock et al.,
supra) was carried out according to the methods described by Tung and Chow (7rends Genet.
11 (1995), 128-129) and by Hengen (Trends Biochem. Sci. 21 (1996), 75-76). 1 1 LB medium
(10 g/L Bacto Tryptone, 5 g/L. Bacto Yeast Extract, 5 g/LL NaCl, pH 7.5) was adjusted to an
optical density at 600 nm of ODgyp = 0.08 by addition of an overnight culture of XL1-Blue and
was incubated at 140 rpm and 26°C in a 2 | Erlenmeyer flask. After reaching an ODgyy = 0.6,
the culture was cooled for 30 minutes on ice and subsequently centrifuged for 15 minutes at
4000 g and 4°C. The cells were washed twice with 500 ml ice-cold 10% w/v glycerol and
finally re-suspended in 2 ml of ice-cold GY T-medium (10% w/v glycerol, 0.125% w/v yeast
extract, 0.25% w/v tryptone). The cells were then aliquoted (200 pl), shock-frozen in liquid

nitrogen and stored at -80°C.

Electroporation was performed with a Micro Pulser system (BioRad) in conjunction with
cuvettes from the same vendor (electrode distance 2 mm) at 4°C. Aliquots of 10 ul of the
ligated DNA solution (containing 1 ug DNA) was mixed with 100 ul of the cell suspension,
first incubated for 1 minute on ice, and then transferred to the pre-chilled cuvette.
Electroporation was performed using parameters of 5 ms and 12.5 kV/cm field strength and
the suspension was immediately afterwards diluted in 2 ml ice-cold SOC medium (20 g/L
Bacto Tryptone, 5 g/L. Bacto Yeast Extract, 10 mM NaCl, 2.5 mM KCI, pH 7.5, autoclaved,
before electroporation 10 ml/L 1 M MgCl, and 1 M MgSO, with 20 ml/L 20% Glucose were
added), followed by incubation for 60 min at 37°C and 140 rpm. After that, the culture was
diluted in 2 L 2 x YT medium (16 g/L Bacto Tryptone, 10 g/L Bacto Yeast Extract, 5 g/L
NaCl, pH 7.5) containing 100 pg/ml chloramphenicol (2 YT/Cam), resulting in an ODssg of
0.26. The culture was incubated at 37°C until the ODssy had risen again by 0.6 units.

By employing a total of 107.6 ng ligated DNA in 54 electroporation runs, a total of about 2.0 x
10° transformants were obtained. The transformants were further used for the preparation of

phagemids coding for the library of the Tlc muteins as fusion proteins.

For preparation of the phagemid library, 4 1 of the culture from above were infected with 1.3 x
10" pfu VCS-M13 helper phage (Stratagene). After agitation at 37°C for 45 min the
incubation temperature was lowered to 26°C. After 10 min of temperature equilibration 25
ng/l anhydrotetracycline was added in order to induce gene expression for the fusion protein

between the Tlc muteins and the phage coat protein. Phagemid production was allowed for 11



5209.2-010 0.83 Table VI. Antagonistic ability and affinities for VEGF of
selected tear lipocalin muteins of the invention as determined by
competition ELISA. Example 20: Identfication of VEGF antagonists using
a HUVEC proliferation assay Inhibition of VEGF and FGF-2 stimulated
HUVEC cell proliferation was assessed essentially as previously
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Example 4: Affinity maturation of the mutein S148.3 J14 using error-prone PCR
Generation of a library of variants based on the mutein S148.3 J14 (SEQ ID NO:2) was
performed essentially as described in Example 5 of WO 2006/56464 using the




Example 23: Affinity maturation of VEGF-R2-specific mutein 5175.4 H11
using error-prone PCR Generation of a library of variants based on the
mutein S175.4 H11 was performed essentially as described in Example 4
using the oligodeoxynucleotides TL50 bio (SEQ ID N0:15) and TL51 bio
(SEQ ID NO0:16) resulting in a library with 2 substitutions per structural
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was detected using a HRP-conjugated antibody against the Fc domain of
VEGF-R2-Fc. A large number of clones were identified having improved
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Example 26: Affinity determination of VEGF-R2-specific muteins using
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concentration (0.5 nM and 0.1 nM of IL-4 receptor alpha, Peprotech) combined with extended

washing times together with a competitive monoclonal antibody against IL-4 receptor alpha
(MAB230, R&D Systems; 1 hour washing) or short incubation times (10 minutes),

respectively. Three or four rounds of selection were performed.

Example 6: Affinity screening of 1L.-4 receptor alpha-binding muteins using high-

throughput ELISA screening

Screening was performed as described in Example 3 with the modification that a concentration
of 3 nM IL-4 receptor alpha-Fc (R&D Systems) was used and the additions that i) a
monoclonal anti-Strep tag antibody (Qiagen) was coated onto the ELISA plate in order to
capture the produced muteins and binding of IL-4 receptor alpha-Fc (R&D Systems, 3 nM and
0.75 nM) to the captured muteins of tear lipocalin was detected using a HRP (horseradish
peroxidase)-conjugated polyclonal antibody against the Fc domain of IL-4 receptor alpha-Fc.
Additionally in an alternative screening setup ii) IL-4 was coated onto the ELISA plate and IL-
4 receptor alpha-Fc (R&D Systems, 3 nM) was incubated with the expressed muteins and
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binding of IL-4 receptor alpha-Fc with an unoccupied IL-4 binding site was detected using a

HRP-conjugated polyclonal antibody against the Fc domain of IL-4 receptor alpha-Fc.

A result from such a screen is depicted in Figure 3. A large number of muteins selected as
described in Example 4 and 5 were identified having improved affinity for IL-4 receptor alpha
as compared to the mutein S148.3 J14 (SEQ ID NO:2) which served as the basis for affinity
maturation. Using this approach the muteins S191.5 K12, S191.4 B24, S191.4 K19, S191.5
H16,S197.8 D22 and S148.3 J14AM2C2 (SEQ ID NOs.:3-8) were identified. The sequences
of S191.5 K12, S191.4 B24, S191.4 K19, S191.5 H16, S197.8 D22 and S148.3 J14AM2C2

are also depicted in Figure 4.

Example 7: Production of I11.-4 receptor alpha-binding muteins

For preparative production of IL-4 receptor alpha-specific muteins, E. coli K12 strain JM83
harbouring the respective mutein encoded on the expression vector pTLPC10 (Fig. 1) was
grown in a 2 L shake flask culture in LB-Ampicillin medium according to the protocol
described in Schlehuber, S. et al. (J. Mol. Biol. (2000), 297, 1105-1120). When larger amounts
of protein were needed, the E. coli strain W3110 harbouring the respective expression vector
was used for the periplasmatic production via bench top fermenter cultivationina 11or 101
vessel based on the protocol described in Schiweck, W., and Skerra, A. Proteins (1995) 23,
561-565).

The muteins were purified from the periplasmic fraction in a single step via streptavidin
affinity chromatography using a column of appropriate bed volume according to the procedure
described by Skerra, A. & Schmidt, T. G. M. (2000) (Use of the Strep-tag and streptavidin for
detection and purification of recombinant proteins. Methods Enzymol. 326A, 271-304). To
achieve higher purity and to remove any aggregated recombinant protein, a gel filtration the
muteins was finally carried out on a Superdex 75 HR 10/30 column (24-ml bed volume,
Amersham Pharmacia Biotech) in the presence of PBS buffer. The monomeric protein
fractions were pooled, checked for purity by SDS-PAGE, and used for further biochemical

characterization.

Example 8: Affinity measurement using Biacore

Affinity measurements were performed essentially as described in Example 9 of WO

2006/56464 with the modifications that approximately 400 RU of IL-4 receptor alpha-Fc
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(R&D Systems) was immobilized (instead of 2000 RU of human CTLA-4 or murine CTLA-4-
Fc used as target in WO 2006/56464) and 100 ul of mutein was injected at a concentration of
25 nM (instead of 40 pl sample purified lipocalin muteins at concentrations of 5 — 0.3 uM as
used in WO 2006/56464).

Results from the affinity measurements employing S148.3 J14, S191.5 K12, S191.4 B24,
S191.4 K19, S191.5 H16, S197.8 D22 and S148.3 J14AM2C2 are depicted in Figures 5-11

and are summarized in Table 1.

Clone Affinity Biacore (pM) | ko, (1/Ms x 105) Kogr (1/8 X 10'5)
S148.3J14 37500 1.4 517
S191.5 K12 13.5(2.9) 58 (27) 7.7 (3.3)
S148.3 AM2C2 17.9 (2.7) 23 (1.7) 4.2 (0.7)
S191.4 B24 19.3 (3.3) 26 (6.7) 4.9 (1.0)
S191.4 K19 20.1 (14) 17 (2.7) 3.6 (2.8)
S191.5 H16 24.3 (12) 17 (1.8) 4.1 (1.6)
S197.8 D22 55.8(4.2) 11(1.3) 6.3 (1.0)

Table 1. Affinities of selected muteins of the invention for IL-4 receptor alpha as determined

by Biacore. Averages (standard deviation) of five experiments are shown.

Example 9: Identification of antagonists of I1.-4 using an inhibition ELISA

Inhibition of the interaction between IL-4 and IL-4 receptor alpha by the selected muteins was
evaluated in an inhibition ELISA. Therefore, a constant concentration of IL-4 receptor alpha
(0.5 nM biotinylated IL-4 receptor alpha, Peprotech, or 15 nM IL-4 receptor alpha-Fc, R&D
Systems) was incubated with a dilution series of tear lipocalin mutein and the amount of IL-4
receptor alpha with an unoccupied IL-4 binding site was quantified in an ELISA where the
plate had been coated with IL-4 or an antagonistic anti IL-4 receptor alpha monoclonal
antibody. Bound biotinylated IL-4 receptor alpha was detected using HRP-conjugated
Extravidin (Sigma) and compared to a standard curve of defined amounts of biotinylated IL-4
receptor alpha. Results from measurements employing the muteins of S148.3 J14, S191.5 K12,
S191.4 B24, S191.4 K19, S191.5 H16, S197.8 D22 and S148.3 J14AM2C2 are depicted in

Figures 12-18 and are summarized in Table II.



136 S197.2-N24 2.4 6.4 2.7 Table VIl Affinities of selected muteins of the
invention for VEGF-R2 as determined by Biacore measurements.
Example 27: Identification of antagoniéds of VEGF using an inhibition
ELISA Inhibition of the interaction between VEGF and VEGF-R2 by the
VEGF-R2-specific muteins was evaluated in an inhibition ELISA.
Therefore, a const@nbgencentratifniaf Ehtpeti@or M SA (pviR2-Fc,
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Bound VEGH-R2 \Alac detected using-HRPconiugated-anti hllman Fc

antibody (Dig n%t % M%% ar;a tg :;1 sta%;g‘ZrQF{& ue%% defined amounts

of VEGF-R2{Fc.Resu4ltBXdom measuremems of(84)75.4-H11, 8197.7-N1,

107 2. 1292 E10 107 2 _N24 (SEOD

S197.2- 118, “4-5/191- 4—@ S519+-7-B6-and ‘g%q]g;%),fT* (S B

NOs:35-39) are summarlzed in Table VIII. nity competition
ELISA S191.5 H16 61.7(11.4)

S197.8 D22 140 (37)

Table I1. Antagonistic ability and affinities for IL-4 receptor alpha of selected tear lipocalin
muteins of the invention as determined by competition ELISA. Averages (standard deviation)

of three experiments are shown.

Example 10: Identification of antagonists of 11.-4 and I1.-13 signalling using a TF-1

proliferation assay

IL-4 and IL-13-stimulated TF-1 cell proliferation assays were performed essentially as
described in Lefort et al. (Lefort S., Vita N., Reeb R., Caput D., Ferrara P. (1995) FEBS Lett.
366(2-3), 122-126). The results from a TF-1 proliferation assay is depicted in Figure 19 and
shows that the high affinity variants S191.5 K12, S191.4 B24, S191.4 K19, S191.5 H16,
S197.8 D22 and S148.3 J14AM2C?2 are potent antagonists of IL-4 as well as IL-13 induced

signalling and proliferation.

Example 11: Anti-IL-4 receptor alpha muteins of human tear lipocalin inhibit the
STAT6 mediated pathway
TF-1 cells were cultured in RPMI 1640 containing 10% heat-inactivated fetal calf serum,

2 mM L-glutamine, 100 Units/ml penicillin, 100 pg/ml streptomycin and supplemented with 2
ng/ml recombinant human granulocyte-macrophage colony-stimulating factor. The cells were
seeded at 5 x 10* cells/ml in a total volume of 20 ml medium in 100 mm diameter tissue
culture dishes, split and reseeded at this concentration every 2 to 3 days and cultured at 37 °C

in a humidified atmosphere of 5% COx.

TF-1 cells were harvested by centrifugation at 1200 rpm for 5 min and washed twice by
centrifugation at 1200 rpm for 5 min in RPMI 1640 containing 1% heat-inactivated fetal calf
serum, 2 mM L-glutamine, 100 Units/ml penicillin and 100 pg/ml streptomycin (RPMI-
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1%FCS). Cells were resuspended at 1 x 10° cells/ml in RPMI-1% FCS, plated out at 1ml in 24
well plates and cultured overnight. On the following day, TF-1 cells were cultured for 1 hr
with 20 pg/ml of IL-4 receptor alpha-specific muteins or with negative control muteins.
Further aliquots of cells were cultured with medium alone for 1 hr at 37 °C in a humidified
atmosphere of 5% CO, in air. Subsequently, human recombinant IL-4 or IL-13 was added ata
final concentration of 0.8 ng/ml or 12 ng/ml respectively and the cultures were incubated for

10 min at 37 °C in a humidified atmosphere of 5% CO, in air.

Cells were fixed for 10 min at room temperature (RT) by the addition of 42 pl of 37%
formaldehyde (1.5% final concentration) and transferred to 5 ml round bottomed polystyrene
tubes (BD Falcon). Cells were washed with 2ml PBS containing 1% FCS (PBS-FCS), pelleted
by centrifugation at 1200 rpm for 5 min and the supernatant was discarded. Cells were
permeabilized by the addition of 500 ul ice-cold methanol whilst vortexing vigorously. After
10 min incubation at 4 °C the cells were washed twice by centrifugation at 1200 rpm for 5 min
with 2 ml of PBS-FCS. The cells were resuspended in 100 ul of PBS-FCS and stained with 20
ul of anti-phosphorylated STAT-6 phycoerythrin (PE)-labelled antibody (clone Y641; BD
Biosciences) for 30 min at RT protected from light. Finally, the cells were washed twice with
2 ml of PBS-FCS by centrifugation at 1200 rpm for 5 min and resuspended in 500 ul of PBS-
FCS. The cells were analyzed by flow cytometry using a FACScalibur cytometer (BD

Biosciences). Data were collected from at least 10000 gated cells.

The ability of the IL-4 receptor alpha-specific muteins S191.4 B24 (SEQ ID NO: 5) and
S191.4 K19 (SEQ ID NO: 6) to inhibit IL-4 and IL-13 mediated STAT-6 phosphorylation in
TF-1 cells was measured by flow cytometry. A gate was set on intact cells to exclude 99% of
the control unstained population on the basis of FL2 values (channel 2 fluorescence; PE
intensity) using control TF-1 cells (unstimulated and unstained) on the basis of cell size
(forward scatter; FSC) and cell granularity (side scatter; SSC). A further aliquot of
unstimulated cells was stained with anti-phosphorylated STAT-6 PE-labelled antibody.

Results of the STAT-6 phosphorylation assay clearly show that the IL-4 receptor alpha-
specific muteins S191.4 B24 and S191.4 K19 markedly inhibit IL-4 and IL-13 induced STAT-
6 phosphorylation in TF-1 cells (data summarized in Table III).



76 Example 28: Site-specific modification of IL-4 receptor alpha-specific
muteins with polyethylene glycol (PEG) An unpaired cysteine residue
was introduced instead of the amino aaid Glu at position 131 of the IL-4
receptor alpha-specific mutein S148.3 J14 (SEQ ID NO:2) by point
mutation in order to provide a reactive group for coupling with activated
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fluorescence intensity (MFI) of all gated cells are depicted.

Example 12: Anti-human IL-4 receptor alpha muteins are cross-reactive against

cynomolgus peripheral blood lymphocytes

Whole blood from healthy human volunteers was collected by the clinical pharmacology unit
(CPU) at Astra Zeneca (Macclesfield, UK) in 9 ml lithium-heparin tubes. Samples of
heparinized whole blood from cynomolgus (pooled from a minimum of two animals) were

obtained from Harlan Sera-Lab (Bicester, UK) or B and K Universal Ltd (Hull, UK).

Human and cynomolgus whole blood was diluted 1:5 with erythrocyte lysis buffer (0.15 M
NH4CI, 1.0 mM KHCO3, 0.1 mM EDTA, pH 7.2-7.4) and following inversion incubated at
room temperature for 10 min. Cells were centrifuged at 1200 rpm for 5 min and supernatant
removed. Cells were resuspended in lysis buffer and the procedure repeated until the
supernatant no longer contained hemoglobin. Cells were re-suspended in the same volume of
freezing medium (1:10, dimethyl sulfoxide : fetal calf serum) as the original volume of blood
and transferred to cryogenic vials. Each vial contained the cells from 1ml of blood. Cells were

frozen overnight at -80 °C and transferred to liquid nitrogen for storage.



[10-3 1/s] [nIVII 5148.3 J14-PEG 1.64 4.93 30 Table IX. Affinity of the
PEGylated mutein of the invention S148.3 J14 for IL-4 receptor alpha as
determined by Biacore. 77 A library a§Variants based on the mutein
5209.6-H10 (SEQ ID NO:30) was designed by randomization of the
residue positions 26, 69, 76, 87, 89 and 106 to allow for all 20 amino acids
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Example 1 with the modification that the deoxynucleotides TL107
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F8 109) or combined with a competitive monoclonal antibody against

antippH (A &30hDY. Fder losntp o feetkedtioi ossrenperidrptrenattidEdreceptor
PR e s s SE  RB R SRR G ver
wafBdd@ri€2 bahd adldition of 100pul FACS buffer and centrifugation at 1200 rpm for 5 min
at 0 30, Ssernatant wad iScatded and ThE Colls Were 1enispended By vorteing at low
speed. This was repeated twice more using 200 pl of FACS buffer to wash cells. After the
final centrifugation the cell pellet was re-suspended in 100 ul of the appropriate secondary
antibody at 5 pg/ml (biotinylated anti-human lipocalin-1 antibody (R&D Systems) or
biotinylated rat anti-mouse IgG (Insight Biotechnology Ltd)) and cells were incubated on ice
for 30 min. Cells were washed once in 100 ul of FACS buffer by centrifugation at 1200 rpm
for 5 min at 4 °C, the supernatant discarded and cells resuspended by vortexing at low speed.
Two further washes were performed using 200 ul of FACS buffer and centrifugation at 1200
rpm for 5 min at 4 °C. After the final centrifugation the cell pellet was re-suspended in 100 ul
of the detection reagent (phycoerthyrin [PE]-labelled streptavidin (eBioscience); 1.25 pg/ml)
and incubated for 30 min on ice in the dark. After three further wash steps as before, the cells
were taken up in 200 pul FACS buffer, transferred into 40 x 6 mm test tubes and analyzed by
flow cytometry using a FACScalibur cytometer. Control cells were unstained. Using the
unstained control cells, an intact lymphocyte cell gate was set on cell size (forward scatter;
FSC) and cell granularity (side scatter; SSC) (Chrest, F.J. et al. (1993). Identification and
quantification of apoptotic cells following anti-CD3 activation of murine GO T cells.
Cytometry 14: 883-90). This region was unaltered between samples analyzed on the same day.
A marker was drawn to discriminate between IL-4 receptor alpha” and IL-4 receptor alpha”
populations, based on FL2 (channel 2 fluorescence; PE intensity) values in the control
unstained population; marker 1 (M1) IL-4Ra." cells was set on the basis of exclusion of 99%

of the unstained population. For each sample, data from at least 1 x 10* cells were acquired.

Muteins S191.5 K12, S.148.3 J14-AM2C2, S.191.4 B24,S.191.4 K19, and S.197.8 D22 (SEQ
ID NOs: 3-6 and 8) displayed high levels of binding to cynomolgus lymphocytes, 1L-4

receptor alpha” cells varied between 61% and 80% and MFI values varied between 6.0 and 9.2



TL110 (SEQ ID NO: 42)

CACCCCTGGGACCGGGACCCCSNNCAAGCAGCCCTCAGAG TL 111

(SEQ ID NO: 43) 68

CCCCCGATGGCCGTGTASNNCCCCGGCTCATCAGTTTTSNNCAGGA

CGGCCCTCAC CTC Example 31: Affinity screening of VEGF-binding
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a second human donor (data not shown).

Human peripheral blood | Cynomolgus peripheral

cells blood cells
Treatment % Positive | MFI % Positive | MFI
Unstained 1 24 1 1.7
pTLPC10 (neg control) | 9 3.2 5 1.9
S.191.4 K19 72 8.9 65 6.6
S.191.5 K12 74 9.7 78 9.0
S.191.4 B24 74 9.3 80 9.2
S.148.3 J14-AM2C2 76 9.6 68 6.8
S.191.5 H16 72 9.0 42 4.1
S.197.8 D22 72 9.3 70 7.1

Table IV. Ability of IL-4 receptor alpha-specific muteins to bind human and cynomolgus
peripheral blood lymphocytes, analyzed by flow cytometry. The percentage of gated cells
staining positive for IL-4 receptor alpha and the median fluorescence intensity (MFI) of all

gated cells are shown.



S236.1-A22, S236.1420, S236.1-M11 and S236.1-L03 (SEQ ID
NOs:44-47) were identified. In this context it is noted that due to the
deletion of the first 4 amino acids of tegr lipocalin in the muteins of the
invention, the amino acid sequence is depicted starting from sequence
position 5 (alanine) of the deposited wild type tear lipocalin sequence of
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binding muteins Production was performed essentially as described in
Th&tagapheorsiBxean pls B dAffinity aktangithatiorslefoiE@Fcsdagforameingcids 8 to

10936'1}9{93{{{5%?8ES%%&W@@MH%?%FE&HG@E%W%?WE%'PR@)?%&Q‘l?ﬂ}k Rkcession

escribed in Example 18. (See also Figure 23 in which Biacore

Nonfelfraniederdhst eRpripiging teiupah isaNipeesin: mbesmasesBarppand Ndel

restriEen BQHAD Lo dsamebilizesk E GG HOS arrl ipsteateN ABsEfh human VEGF
VEGF8-1 09 was immobilized on a CMS chfiﬁ(ausin standard amine

fra @mERSEP LI MR hEtEsh Wl R e RitHa YEW T A6 56 BoRtin at six

concentrations from 500nM to 16n1V1. Evaluation of sensorgrams was
R E e R
production of VEGFs_j¢9 was achieved after induction of an expression culture in ampicillin-
containing LB medium with IPTG for 3 h at 37°C. After centrifugation at 5000 g for 20 min
the cell pellet was resuspended in 200 ml PBS for each 2 I of culture broth and again
centrifuged at 5000 g for 10 min prior to incubation at -20°C over night. Each cell pellet
obtained from 500 ml culture broth was resuspended in 20 ml 20 mM Tris-HCI (pH 7.5), 5
mM EDTA and sonificated on ice, four times for 10 seconds. After centrifugation for 10 min
with 10000 g at 4°C, inclusion bodies were solubilized with 15 ml pre-chilled IB buffer (2 M
urea, 20 mM Tris-HCI (pH 7.5), 0.5 M NaCl), sonificated and centrifuged as above.
Afterwards, the cell pellets were solubilized with 20 ml IB buffer and again centrifuged like
above prior to solubilization in 25 ml solubilization buffer (7.5 M urea, 20 mM Tris-HCI (pH
7.5),4mM DTT). The cell suspension was stirred for 2 h at ambient temperature, centrifuged
at 40000 g for 15 min at 4°C and the supernatant containing the recombinant VEGF was
filtrated (0.45 um). Refolding was achieved by dialysis (3.5 kDa molecular weight cut-oft) at
ambient temperature over night against 5 1 buffer 1 (20 mM Tris-HCI (pH 8.4), 400 mM NaCl,
1 mM Cystein) followed by dialysis against 5 1 buffer 2 (20 mM Tris-HCI (pH 8.4), 1 mM
Cystein) and 2 subsequent dialysis steps with 5 1 buffer 3 (20 mM Tris-HCI (pH 8.4)). After
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centrifugation (40000 g, 20 min, 4°C) and concentration the recombinant VEGF fragment was
purified according to standard methodologies by subsequent ion exchange chromatograpy (Q-

Sepharose) and size exclusion chromatography (Superdex 75).

Example 14: Identification of VEGF-binding muteins using a high-throughput ELISA

screen
Screening of the Tlc muteins obtained in Example 13 was performed essentially as described
in Example 3 with the modification that the recombinant target protein VEGFg_ ;9 obtained
from Example 11 was employed at 5 ng/ml and was directly coated to the microtitre plate.
Screening of altogether 2124 clones lead to the identification of 972 primary hits indicating
that successful isolation of muteins from the library had taken place. Using this approach the
Tlc mutein S168.4-L01 (SEQ ID NO:26) was identified.

Example 15: Affinity maturation of Tlc mutein S168.4-1.01 using error-prone PCR

Generation of a library of variants based on mutein S168.4-L01 was performed essentially as
described in Example 4 using the oligonucleotides TL50 bio (SEQ ID NO:15) and TL51 bio
(SEQ ID NO:16) resulting in a library with 5 substitutions per structural gene on average.

Phagemid selection was carried out as described in Example 13 using limited target
concentration (10 nM, 1 nM and 0.2 nM VEGFs_j¢9), or short incubation times (1 and 5
minutes) with and without limiting target concentrations (10 nM, 100 nM). Four rounds of

selection were performed.

Example 16: Affinity screening of VEGF-binding muteins using a high-throughput
ELISA screen

Screening of the muteins selected in Example 15 was performed as described in Example 14
with the modification that a monoclonal anti-T7 tag antibody (Novagen) was coated onto the
ELISA plate in order to capture the produced muteins and binding of biotinylated VEGFg_j09
(500 nM and 50 nM) to the captured Tlc muteins was detected using HRP-conjugated

Extravidin.

A large number of clones were identified having improved affinity as compared to the mutein

S168.4-L01, which served as the basis for affinity maturation. Using this approach clones



5236.1-M11 7,3 2,3 0,31 Table X Affinities of selected muteins of the

invention for VEGF as determined by Biacore measurements at 25C.

Example 34: Identification of antagonists of VEGF using an inhibition

ELISA Inhibition of the interaction between VEGF and VEGF Receptor 2

(VEGF-R2) was evaluated in an inhibition ELISA essentially as described
S209. ExanBpk209.2vith dhg 109 dificationohat i ve §2090aEDID IS 9L INNDLr3Res.2-010
(Ség ﬁ%to 0,minutes. nh t| n constants are summarized in the

low Sl’2 & MUtSiA ﬁ& i ‘Competition ELISA Ki [nM]

Example 17: Production of VEGF binding muteins

Production was performed essentially as described in Example 7.

Example 18: Affinity determination of VEGF-specific muteins employving Biacore

Affinity measurements were performed essentially as described in Example 8 with the
modification that approximately 250 RU of recombinant VEGF was directly coupled to the
sensor chip using standard amine chemistry. 40 pl of the Tlc muteins obtained from Example

15 was injected at a concentration of 400 nM.

Results from the affinity determinations of the muteins S209.2-C23, S209.2-D16, S209.2-N9,
S209.6-H7,S209.6H10, S209.2-M17 and S209.2-010 (SEQ ID NOs:27-33) are summarized
in Table V.

Clone Kon Kofr Affinity
[10° 1/Ms] | [10° 1/s] | [nM]
$209.2-C23 3.6 1.3 0.37
$209.2-D16 3.8 3 0.79
$209.2-N9 5.9 7.1 1.2
$209.6-H7 6.4 4.4 0.68
$209.6-H10 4.6 4.4 0.97
$209.2-M17 2.8 2.0 0.72
$209.2-010 3.2 0.67 0.21

Table V. Affinities of selected muteins of the invention for VEGF as determined by Biacore

measurements at 25°C.

Example 19: Identification of antagonists of VEGF using an inhibition ELISA
Inhibition of the interaction between VEGF and VEGF Receptor 2 (VEGF-R2) was evaluated
in an inhibition ELISA. To this end, a constant concentration of biotinylated VEGFg_j¢9 (1 nM)

was incubated with a dilution series of the respective Tlc mutein and the amount of VEGF

with an unoccupied VEGF-R2 binding site was quantified in an ELISA where an anti-VEGF



S236.1-A22 5,8 S236.1420 6,3 S236.1-L03 9,4 5236.1-M11 6,4 Table XI.

Antagonistic ability and affinities for VEGF of selected tear lipocalin

muteins of the invention as determine@by competition ELISA. Example

35: Determination of cross-reactivity of VEGF-specific muteins

S236.1-A22 using Biacore Affinity measurements were performed
antisBiliaieAs deatrbel BGEARTIeRIB meth dien madiBoas OK&IEasy@tﬂiﬁB’) had been

bilized
coRf A ST RER S & A CEN L BH Ao 0 Sia i Compared

to a standard curve of defined amounts of VEGF. Results from measurements employing
muteins S209.2-C23, S209.2-D16, S209.2-N9, S209.6-H7, S209.6-H10, S209.2-M17 and
S209.2-010 (SEQ ID NOs:27-33) are summarized in Table VI.

Affinity Competition

Clone ELISA

Ki [nM]
S209.2-C23 2.3
S209.2-D16 3.9
S209.2-N9 2.8
S209.6-H7 2.4
S209.6-H10 1.3
S209.2-M17 2.0

S209.2-010 0.83

Table VI. Antagonistic ability and affinities for VEGF of selected tear lipocalin muteins of the

invention as determined by competition ELISA.

Example 20: Identification of VEGF antagonists using a HUVEC proliferation assay
Inhibition of VEGF and FGF-2 stimulated HUVEC cell proliferation was assessed essentially

as previously described (Korherr C., Gille H, Schafer R., Koenig-Hoffmann K., Dixelius J.,
Egland K.A., Pastan I. & Brinkmann U. (2006) Proc. Natl. Acad. Sci (USA) 103(11) 4240-
4245) with the following modifications: HUVEC cells (Promocell) were grown according to
the manufacturer’s recommendations and used between passage 2 and 6. On day one, 1.400
cells were seeded in complete medium (Promocell). On the following day, cells were washed
and basal medium containing 0.5% FCS, hydrocortisone and gentamycin/amphotericin but no
other supplements (Promocell) was added. VEGF-specific mutein S209.2-C23, S209.2-D16,
S209.2-N9, S209.6-H7, S209.6-H10, S209.2-M17, S209.2-010 (SEQ ID NOs:27-33),
wildtype tear lipocalin (gene product of pTLPC10; as control) or VEGF-specific therapeutic
monoclonal antibody Avastin® (Roche; as control) was added in a dilution series at the
indicated concentration in triplicate wells and after 30 min either human VEGF165 (R&D
Systems) or human FGF-2 (Reliatech) was added. Viability of the cells was assessed after 6

days with CellTiter 96 Aqueous One (Promega) according to the manufacturer’s instructions.



80 The qualitative comparison of the results as shown in Fig. 24 illustrate
that the truncated form hVEGF8-109 and hVEGF121 show basically
identical sensorgrams indicating simild@B affinity to the tear lipocalin mutein
S236.1-A22 (SEQ ID NO:44). The splice form hVEGF165 also shows
strong binding to the lipocalin mutein, while the respective mouse ortholog
MVEGF164 has slightly reduced affinity. Isoforms VEGF-B, VEGF-C and

R AW B e B S RS oS S S TGy 52096
H7MRGFaHithn§ 10U eine Pyndss2 (st B0 EpEdifR 009 itaiianishvoisin Figure 21.
AlMGAMETERLS ﬁ%&%ﬁcﬁ{f%@fﬁ%ﬁﬁ\%ﬁ%@g%%ﬁ 4' e ? %ﬁ@éﬂp#?o}f%e%on of

the International patent app e modification

HUMEGisel wavbiehithomestales @oebaner thia the Hirigstampedacedahibisiogavhereas

willREHIIRACHIR MDA AMRAVUBER IRNQI44) [RbBIAIRIE IEB-2-induced cell
determined to be 75C. Example 37: Stability test of S236.1-A22 Stability

progfeypiisp IpinRhAL SR 8o36 RIS I vreri s HUR S SFyastin®” (not
sho@g. tested essentially as described in Example 15 of the International
patent application W02006/056464 except that the concentration utilized
was 1 mg/ml. No alteration of the mutein could be detected during the
Exsansge 2ik\Phsghaid pieecoc iio e Bd aslipdipedold Tk Phdi efifs G daimiet NEGF-R2
shown)..Incubatign gf the lipacalin.mutein in human serum resulted in a
P s o S M S TR TR e 1 v
per{Baecd|sesEigaly 25alsEntbedple Baurpisidrmoftatie-WHGFingutendsigithoas: Target

pro%HPWGPL@-%QR@E@ﬁ%ng %%1%%%@5&%&%}%?& 200 nM and was

anti-VEGF muteins were”C-terminally fused with an albumin-binding
preggesinq AIBDIbPRE HeRetfeiondrelctiusathfonksegressietP iy fhéie phage-target
coRpleR (2o PER6iA B\BEalS BN AR NEES A L36 Br EIHMIE &8I I SRR BRAIRMErer. Four

production of VEGF-specific mutein-ABD fusions or Tlc-ABD (as control)
rouRds ol SIS RLRIY IS RHEIRMSE described in Example 7. Affinity

measurements using surface plasmon resonance (Biacore) were

Exgerf;)lrr’agg ﬁgseriﬁallé as dﬁi@ﬁ: B .. o |t oI R-the
ELSSA(86©amM) towards recombinant VEGF was found basically unaltered
3cr%§\%{eﬂ% §r% og %@Qnﬂ'z)dgﬁ%ed%&%%%ﬁéx%%@g%'R!ﬂ(gl?!% ;gb%fﬁk%%ﬁ’that the
of the’ABD-domain was tested by the same method, as described in
targex arapie & Kith-Te fra dBifidafopten) apsrosdehaitelgosseneion [l Ahame/ml.
serum albumin was directly coupled to the sensor chip using standard
amine chemistr}ﬁ. 60 p1 of mutein-ABD fusions (A22-ABD (SEQ ID NO:

Scrsqnipg wAl gty S rcAmbRBEOIoNES Pogyorurs serestbedatsd e Rlstiohlead to
the Q&R 6o R 15 FH it A D BRISEHE Rt th DIEs dRIRKeRuIZEbMon of muteins from the

library of the invention had taken place. Using this approach the mutein S175.4 H11 (SEQ ID
NO:34) was identified.

Example 23: Affinity maturation of VEGF-R2-specific mutein S175.4 H11 using error-
prone PCR

Generation of a library of variants based on the mutein S175.4 H11 was performed essentially
as described in Example 4 using the oligodeoxynucleotides TL50 bio (SEQ ID NO:15) and
TL51 bio (SEQ ID NO:16) resulting in a library with 2 substitutions per structural gene on

average.



The stability of the ABD-fusion of S236.1-A22 (SEQ ID NO: 51) in human

serum was tested essentially as described in Example 37. No loss of

activity could be detected during the sgven day incubation period. (See

Figure 25b) The functionality of the lipocalin mutein A22-ABD (ABD-fusion

of S236.1-A22) in the presence of human serum albumin was tested by its
Phaleitityl teciRbilih ks Feinglugest Wﬁ&@fﬁéﬂefﬁtiEﬁaﬁﬁbE aﬂsalél\ﬁ@slimited target
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SelerIEUI. weE prafesaedple 39: Inhibition of VEGF induced HUVEC

proliferation HUVEC (Promocell) were propagated on gelatine-coated
dlshes and used between pafssa es P2 and P8. On day 1, 1400 ceIIs

Equl&ss\eﬁr@,washed and 100 pl of basal medlum contalnlng O 5% FCS

hydrocortlson and am hoterjci dded, Proliferation
ST TR W SR PG XA 1 1 M P G fgnoclonal
antnﬂﬁetigvﬁimﬂh&iyr@halu'gmmtﬁm B236dLeARPtHS EHDIENAND:#4) kmldbadiedapture the

prod)uceﬁ ql 0 &0 e%%da% L a;h?l%,\rl] qr%l lé‘]{?ﬂ%b&g\/z g‘ﬂ%&m nr%d gn cflto IEM) to the

results are expresse ibition ues Gre determine
captigr¢d|lowisifsewan dotFitpd @520y, SHBE Lonpai@sd a0t b dyvh garasstimkCBO domain of
VEQ}ﬁq{QI\,f;gGF -2 mediated stimulation was unaffected by VEGF

antagonists (data not shown). Example 40: Inhibition of VEGF-mediated

MAP Kinase activation in HUVEC HUVEC were seeded in 96-well plates
A 18t AR SE! srRemMell treSi@ndiare madiunmHiBroveg ceflntieideipared- e muteins

the following day, FCS was reduced to 0.5% and cultjvation was

SI T thued FHH edrsthisdres thist SfHRAITAMBradgBER TS Busarprasiuhe clones

S1 §OI’75N1 HUVEC wers1 82 stimrlsted witho MBS (Religsioh,ID NOs:35-39) were
; de schweig) for 10min in the presence of increasing concentrations of

{lear ipocalin mutein A22 or Avastin (bevacizumab, Genentech/Roche) in
order to obtain a dose-response curve. Phosphorylatlon of the MAP

; l ELISA according to the

X Belgium). The IC 50 value
Pr%@ét@ﬁﬁm@ﬁ)@%%Ssrﬁmllrbﬂm@ml@émm@za(lsel@m NO:44) and 13
nM for AvastinO (see Figure 30).

Example 26: Affinity determination of VEGF-R2-specific muteins using Biacore

Affinity measurements were performed essentially as described in Example 8 with the
modifications that approximately 500 RU of VEGF-R2-Fc (R&D Systems) was captured and

80 ul of mutein was injected at a concentration of 1.5 pM.

Results from the measurements employing S175.4-H11,S197.7-N1, S197.2-118, S197.2-1.22,
S197.7-B6 and S197.2-N24 (SEQ ID NOs:35-39) are summarized in Table VII.

Clone Kon Koff Affinity
[10* 1/Ms] | [10° 1/s] | [nM]
S175.4-H11 0.9 36 35

S197.7-N1 2.1 11 5.5




Example 41: Vascular permeability assay with local administration of tear
lipocalin mutein Duncan-Hartley guinea pigs weighing 35050g were
shaved on the shoulder and on the dorSum. The animals received an
intravenous injection via the ear vein of 1 ml of 1% Evan's Blue dye. Thirty
minutes later 20ng VEGF165 (Calbiochem) was mixed with test
substance or cpn rticle at|a tenfald molar excess ang injedted
intradermally on aggéji;ﬁd Fhirty-mrutes !atgex.';, arjma%jwepa

euthanized by CQ2%sphydation. Qe hour affed the VEGB injections, the

skin containing thglgf%pﬁlgem wag kemo ed alrgd cleane% of connective

tissue. The areaof dye extravasation-wasquantifiediby useofjan image

analyzer (Image PH8PIN243] MedistCybernefiek) (see Ridure|31).

Example 42: CAM (chick chorioallantoic membrane) assay Collagen
TaRRPAISIRIANRY £REr21 GR%ND oV ERE F{LRARARANEIERIIIPACH e rmined by

~mutein (1.35 lug) or Avastin (10 jig) as indicated were placed onto the

BiaetRmpgaspreRy Ehicken embryos (4/animal, 10 animals/group). At 24h the
tear lipocalin mutein or Avastin were reapplied topically to the onplant at
the 2h onPIants were EI ted and images.wer
InhvétsodetLrimimeedayi antiindeenoB e end ieGheRl sy ahg B emiRiRdpacisic muteins
()éolll:l ihe Y‘%%E)ﬁ?dg@%?qlﬁeﬁ%&%%cg%gﬁ% %%%%’}#9@3% F-R2 (4nM

re olrtegl
was.cva
ltl as wellas'w ear lipocalin con S raction o

Avas |an
VESESH&Q@QNB&@&S@’WQ&H)&V%)&E}(&MGN@: a)étet'milrmimg @fftllle respective mutein
and;%%fﬁ?ﬁ&&%%‘?t%aﬁ))@a{ﬂm%%@cﬁﬁécﬁv@éﬁ%ﬁﬁ% 'ﬂtgn{f;fs quantified in an

armacokinetic (PK) parameters (half-life plasma concentration,

ELEidavelirsityy Fétitear [k Aramfinni sBesntd A(ERS mandsiegfed using HRP-

corﬁﬁgﬁéﬁg‘:}nﬁﬂﬁirﬁ}{n %@ﬁﬁ%éﬂﬂﬁlﬂiﬂ{%ﬁﬁﬁ VAN 238 dMAZWHER-ABE defined
SEQ ID NO:51) (5.4mg/kg) following i.v. or i.p. single bolus administration
amips Qe ilEd 1A NRARYI SO PIASHY AR 8B§3e7é ftdid terthilal Bldod ¥ 7-2-
11888 1samples t8ken. ARy ardeseonmaed lirsHQImNaDhe Poresuinatiaigdin Table
VHtpe lipocalin mutein were determines by ELISA. Results were analyzed

using WinNonlin software (Pharsight Corp., Mountain View, USA). T1/4

A22i.v.: 0.42h; T1/4 A22-ABD i.v.: 18.32h; T1/4 A22-ABD i.p.: 20.82h.

The bioavailability fettowing+p—administration-of-the-fusion protein
A22-ABD was 82.5% (sq_g_ﬁ;gur_e 33)“@@3;@ 't{{ﬁgc_uar permeability
assay with systemig administration of tear I]ﬁ?f? in mutein
Ki [nM]

S175.4-H11 12.9

S197.7-N1 12

S197.2-118 5.5

S197.2-1.22 3.5

S197.7-B6 3.8

S197.2-N24 2.3

Table VIII. Antagonistic ability and affinities for VEGF-R2 of selected tear lipocalin muteins

of the invention as determined by competition ELISA.



Twelve hours prior to the experiment, test substances or controls were
injected intravenously into 3 animals per group. Group 1: PBS vehicle;
Group 2: Avastin, 10mg/kg; Group 3: fitutein S236.1 A22-ABD, 6.1mg/kg;
Group 4: TLPC51: 6.1 mg/kg. At time=0 Evan's Blue was injected. Thirty
minutes later, 4 doses of VEGF (5, 10,20 or 40ng) were injected

Exiiiiider8iaditdns péplicatm odificd tioh 9FAIhiitycepriiespiitespbefuEfmbrteins with
liné' ctions the ani were sacrificed and dye extravasation was

%ﬁi%iﬁ%%&m’ £ e Figure 34). Example 45: Tumor xenograft model

Anlurgdiatdd Y2S16 ye b0y Bwissdumid mstedvelr hinooulatadd Glu at position 131 of

theslﬂbf Pet ﬂ)‘%&u %“M’l\%gﬁtga QQ%Z% @‘ﬁt‘%dﬁ’f'? X?gﬁfg(fﬁ'ﬁléeifb\,%r[q}ﬂﬂtanon in order

matrigel into t 12 per group). Treatment

to ragvdsis tepst VaapaTitorraalpiag s Weretivited 8 on khereeondinayt apein carrying

theGRRLIBYEfon 2 1dRYSIRNAdy FBRuVERid®. d8ibaARERZIAY 25U hple 7.
(bevacizumab, Genentech/Roche), 5mg/kg every 3 days; Group 3: mutein
A22-ABD (SEQ ID NO:51), daily, 3.1 mg/kg; Group 4: TLPC51, daily, 3.1

mﬂigin'@h@fdﬁ?@%@féﬁﬁslmm AL2ABEGN3S GRESRIQIRABIRVEJBS] maleimide

constant presence olar nu ber of V inding sites of the
(ORGSR ST TS 3 BN B Rt L Of the
probatf ePB8Samttbstities! |f0ﬂ3dﬁatTajnWmlmnpaamea§mexéatmoe weeklyppédh by the
tl%%l fﬁ%(e aré%;[%e?é %&éﬁl\%’fgg ai t;’%%f 8?1“&11 reﬁ{joa %rﬁd ily v%ume %rlr}pslijs%gamst 10
ml\éi&r@eﬂ@di @Jo0ch e (miﬁilgumt@@)wwbh@l 16 BFemrih§ bSeipocedarolumn

(ANUEIRG YR AARS AT WaBVQPé@?&&e%@VFEQW}éPeH)hﬁ%B"&st\éfh‘ted and

e.g. activated PEG, an unpaired cysteine residue was introduced
sepafieedi f&wwasé@r@w I YeesHB R st karasisrghg il f@elé)@;y%\/l NaCl.
residue was subsequently produced in E. colt as described in Example 7,
the expression yield determined and the affinity measured by ELISA
essentially as described in Example 14. 84 Exemplary, results from the

Ex&iip18 QLA i v} e A irfo imepestfih (RIEEIVISE A6 o2 SPED @N@iﬁé)Biacore

ththbIC troduced instead of th

AR O 7 A A 00 S L 15 SO e T © it the
modligciorie tiidepp@RiDOEG fHOWRT: of IL-4 receptor alpha-Fc (R&D Systems) was
imgA &9&?&%5g@eﬁ%v%%ﬁ%P@@JQ%I&HI\EA%I%9&%@0@&%@%&% 0200

NO: 56), A22
nMc 6T ONGAE TRAMA G ATGFAGTE GBADTFERDST GCEATET an($EDreD22 and

suir2 b iR ARD14PE faWAthity of the mutein S148.3 J14 in its PEGi ated form (ca. 30

GGGTCGGTGATACCCACGTGCCTCACGACCCTGGAAGGG(SEQ ID
nMps a%smhp&g@ as\ropagared to the non-PEGylated mutein (ca. 3 , cf. Example
8). CCCTTCCAGGGTCGTGAGGCACGTGGGTATCACCGACCC, (SEQID
NO: 59), A22 E73C forward:
CCGTCCTGAGCAAAACTGATTGCCCGGGGATCTACACGG(SEQ ID

NG: 60), Clone Kon ket | Affinity
[10° 1/Ms] | [10° 1/s] | [nM]
S148.3 J14-PEG 1.64 4.93 30

Table IX. Affinity of the PEGylated mutein of the invention S148.3 J14 for IL-4 receptor

alpha as determined by Biacore.

Example 30: Affinity maturation of the mutein S209.6-H10 using a site-directed random
approach




A22 E73C reverse:
CCGTGTAGATCCCCGGGCAATCAGTTTTGCTCAGGACGG (SEQ ID
NO: 61), A22 E131C forward: 77
GCCTTGGAGGACTTTTGTAAAGCCGCAGGAG (SEQ ID NO: 62), A22
E131C reverse: CTCCTGCGGCTTTACAAAAGTCCTCCAAGGC (SEQ ID

A INRirp ), At diROBEsdarvarie mutein S209.6-H10 (SEQ ID NO:30) was designed by
ran. ac%"IzGa%o%Aé\) %’%\%? \?G é%Gg-l%-l onscjg’%AC}%T&A@) %c'la\ ?0% $SE1%W for all 20 amino
aci@6ET GEFETACETHFCIRS ABGABTCEASTIOTNET SSOACIS {SEQcHb&IOn 63xample 1
witfr 'O SIS R ISR Rt 2t 989 1%0adsl #odfid 96), TL109
(covering positions 87 and 89), TL110 (covering position 106) and TL111 (covering positions
69 and 76) were used instead of TL46, TL47, TL48 and TL49, respectively. Phagemid
selection was carried out essentially as described in Example 13 using either limited target
concentration (10 pM and 2 pM and 0.5 pM of VEGFs._¢9) or combined with a competitive

monoclonal antibody against VEGF (Avastin®). Four rounds of selection were performed.

TL107 (SEQ ID NO: 40)
GAAGGCCATGACGGTGGACNNSGGCGCGCTGAGGTGCCTC

TL109 (SEQ ID NO: 41)
GGCCATCGGGGGCATCCACGTGGCANNSATCNNSAGGTCGCACGTGAAGGAC
TL110 (SEQ ID NO: 42)
CACCCCTGGGACCGGGACCCCSNNCAAGCAGCCCTCAGAG

TL 111 (SEQ ID NO: 43)
CCCCCGATGGCCGTGTASNNCCCCGGCTCATCAGTTTTSNNCAGGACGGCCCTCAC
CTC

Example 31: Affinity screening of VEGF-binding muteins using high-throughput ELISA

screening
Screening was performed as described in Example 14 with the modification that a

concentration of 1 pg/ml VEGF was used and the additions that

1) amonoclonal anti-T7 tag antibody (Novagen) was coated onto the ELISA plate in
order to capture the produced muteins and binding of biotinylated VEGF (3 nM
and 1 nM) to the captured muteins of tear lipocalin was detected using a HRP
(horseradish peroxidase)-conjugated extravidin. Additionally, in alternative
screening setups

1) instead of human VEGFjs_;99 mouse VEGF 44 (R&D Systems) was directly coated
to the microtiter plate (1pug/ml).

1i1) the extract containing the VEGF-binding muteins was heated to 60 °C for 1 hour.

1v) mAB293 (R&D Systems, 5 ug/ml) was coated onto the ELISA plate and

biotinylated VEGF;.199 was preincubated with the expressed muteins. Binding of
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VEGFg 100 to mAB293 was detected using HRP (horseradish peroxidase)-

conjugated extravidin.

A large number of clones were identified having improved affinity as compared to the mutein
S209.6-H10, which served as the basis for affinity maturation. Using this approach clones
S236.1-A22,S236.1-J20, S236.1-M11 and S236.1-L03 (SEQ ID NOs:44-47) were identified.

In this context it is noted that due to the deletion of the first 4 amino acids of tear lipocalin in
the muteins of the invention, the amino acid sequence is depicted starting from sequence
position 5 (alanine) of the deposited wild type tear lipocalin sequence of tear lipocalin, so that
Ala5 is depicted as N-terminal amino acid. In addition, the C-terminal amino acid Asp158 of
the wild type tear lipocalin is replaced by an alanine residue (residue 154 in SEQ ID NO: 44-
47, see also the other muteins of the invention such as SEQ ID NO: 26-40). Furthermore, the
amino acid sequence of muteins S236.1-A22, S236.1-J20, S236.1-M11 and S236.1-L03
together with the STREP-TAG® 11 that is fused to the C-terminus of tear lipocalin for the
construction of the naive library of Example 1 is shown in SEQ ID NO:52 (S236.1-A22-strep),
SEQ ID NO: 53 (S236.1-J20-strep) , SEQ ID NO: 54 (S236.1-M11-strep) and SEQ ID NO: 55
(S236.1-L03-step). Also this illustrates the variability of the sequence of tear lipocalin muteins
of the invention apart from the indicated mutated positions/mutations that are necessary to
provide the respective mutein with the ability to specifically bind the given target such as
VEGF, or VEGF-R2 or interleukin 4 receptor alpha chain (IL-4 receptor alpha).

Example 32: Production of VEGF binding muteins

Production was performed essentially as described in Example 7.

Example 33: Affinity determination of VEGF-specific muteins employving Biacore

Affinity measurements were performed essentially as described in Example 18. (See also
Figure 23 in which Biacore measurements of the binding of human tear lipocalin mutein
S236.1-A22 (SEQ ID NO:44) to immobilized VEGFs_j¢9 are illustrated). Briefly, VEGFs_1o9
was immobilized on a CMS5 chip using standard amine chemistry. Lipocalin mutein was
applied with a flow rate of 30ul/min at six concentrations from 500nM to 16nM. Evaluation of
sensorgrams was performed with BIA T100 software to determine Kon, Koff and KD of the

respective muteins.



>100 Table XllI. Affinity of the muteins 5236.1-A22 and its Thr 40-> Cys
(SEQ ID NO: 66), Glu 73-> Cys (SEQ ID NO: 67), Asp 95-> Cys (SEQ ID
NO: 68), Arg 90-> Cys (SEQ ID NO: 68), and Glu 131-> Cys (SEQ ID NO:
70) mutants for VEGF as determined by ELISA. 85 Example 47:
Eotaxin-3 secretion assay An Eotaxin-3 secretion assay was performed
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Table X. Affinities of selected muteins of the invention for VEGF as determined by Biacore

measurements at 25°C.

Example 34: Identification of antagonists of VEGF using an inhibition ELISA
Inhibition of the interaction between VEGF and VEGF Receptor 2 (VEGF-R2) was evaluated

in an inhibition ELISA essentially as described in Example 19 with the modification that the

incubation time of 1 hour was reduced to 10 minutes. Inhibition constants are summarized in

the following Table:
Mutein Affinity Competition
ELISA
Ki [nM]

S236.1-A22 5,8

S236.1-J20 6,3

S236.1-L03 9,4

S236.1-M11 6,4

Table XI. Antagonistic ability and affinities for VEGF of selected tear lipocalin muteins of the

invention as determined by competition ELISA.

Example 35: Determination of cross-reactivity of VEGF-specific muteins S236.1-A22

using Biacore
Affinity measurements were performed essentially as described in Example 18 with the

modification that mutein S236.1-A22 (SEQ ID NO:44) was immobilized on the sensor chip.

70ul of sample was injected at a concentration of 250 nM.




Table XIlII. IC50 values of S191.4 B24 for IL-4 and IL-13 mediated
eotaxin-3 secretion in A549 cells. Example 48: IL-4/IL-13 mediated CD23
induction on peripheral blood mononwiear cells Total human PBMCs
were isolated from buffy coat. PBMCs were treated with increasing
concentrations of the IL-4 receptor alpha binding mutein S191.4 B24 and
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calculated (Table XIV). ICso (nM) IL-4 905 IL 1372 86

Example 36: Determination of thermal denaturation for VEGF-binding muteins by use

of CD spectroscopy

Circular dichroism measurements were performed essentially as described in Example 14 of
the International patent application W02006/056464, with the modification that the
wavelength used was 228 nM. The melting temperature Ty, of the tear lipocalin mutein
S236.1-A22 (SEQ ID NO:44) for example was determined to be 75°C.

Example 37: Stability test of S236.1-A22
Stability of VEGF-binding mutein S236.1-A22 at 37°C in PBS and human serum was tested
essentially as described in Example 15 of the International patent application W0O2006/056464

except that the concentration utilized was 1 mg/ml. No alteration of the mutein could be
detected during the seven day incubation period in PBS as judged by HPLC-SEC (data not
shown). Incubation of the lipocalin mutein in human serum resulted in a drop of affinity after

7 days to approx. 70% compared to the reference (See also Figure 25a).

Example 38: Fusion of anti-VEGF muteins with an albumin-binding domain

For serum half-life extension purposes anti-VEGF muteins were C-terminally fused with an
albumin-binding domain (ABD). The genetic construct used for expression is termed
pTLPC51 S236.1-A22 (SEQ ID NO:50). (See Figure 26)

The preparative production of VEGF-specific mutein-ABD fusions or Tlc-ABD (as control)

was performed essentially as described in Example 7.

Affinity measurements using surface plasmon resonance (Biacore) were performed essentially
as described in Example 18. The affinity of the ABD-fusion of tear lipocalin mutein S236.1-
A22 (A22-ABD) (SEQ ID NO: 51) (200 pM) towards recombinant VEGF was found basically
unaltered and measured to be 260 pM (see Figure 27).



Table XIV. IC50 values of 5191.4 B24 for IL-4 and IL-13 mediated CD23
expression in PBMCs. Example 49: Schild analysis of the affinity of the
IL-4 receptor alpha binding mutein S831.4 B24 A Schild analysis was
carried out to confirm the hypothezised competitive binding mode of the
muteins and to determine the Kd on cells. TF-1 cells were treated with a
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ID NO:44), 1ncubated for 30min and added to the wells. Viability was determined on day 6,

the results are expressed as % inhibition. IC50 values were determined to be as follows (see

also Figure 29).
S236.1-A22 IC50: 0.51 nM
Avastin IC50: 0.56 nM

FGF-2 mediated stimulation was unaffected by VEGF antagonists (data not shown).

Example 40: Inhibition of VEGF-mediated MAP Kinase activation in HUVEC

HUVEC were seeded in 96-well plates at 1,400 cells per well in standard medium (Promocell,
Heidelberg). On the following day, FCS was reduced to 0.5% and cultivation was continued
for 16h. Cells were then starved in 0.5% BSA in basal medium for 5Sh. HUVEC were



Lt. t172 [h] 0.78 1.6 2.36 bioavailability (AUCtast) n/a 97.2% 10%
bioavailability (AUCIinf) n/a 119% 13.8%
82

stimulated with VEGF 45 (Reliatech, Braunschweig) for 10min in the presence of increasing
concentrations of tear lipocalin mutein A22 or Avastin (bevacizumab, Genentech/Roche) in
order to obtain a dose-response curve. Phosphorylation of the MAP kinases ERK1 and ERK2
was quantified using an ELISA according to the manufacturer’s manual (Active Motif,
Rixensart, Belgium). The IC 50 value was determined to be 4.5 nM for the mutein A22 (SEQ
ID NO:44) and 13 nM for Avastin® (see Figure 30).

Example 41: Vascular permeability assay with local administration of tear lipocalin

mutein

Duncan-Hartley guinea pigs weighing 350+50g were shaved on the shoulder and on the
dorsum. The animals received an intravenous injection via the ear vein of 1 ml of 1% Evan’s
Blue dye. Thirty minutes later 20ng VEGF 65 (Calbiochem) was mixed with test substance or
control article at a tenfold molar excess and injected intradermally on a 3 x 4 grid. Thirty
minutes later, animals were euthanized by CO, asphyxiation. One hour after the VEGF
injections, the skin containing the grid pattern was removed and cleaned of connective tissue.
The area of dye extravasation was quantified by use of an image analyzer (Image Pro Plus 1.3,

Media Cybernetics) (see Figure 31).

Example 42: CAM (chick chorioallantoic membrane) assay
Collagen onplants containing FGF-2 (500 ng), VEGF (150 ng) and tear lipocalin mutein (1.35

ug) or Avastin (10 pg) as indicated were placed onto the CAM of 10 day chicken embryos
(4/animal, 10 animals/group). At 24h the tear lipocalin mutein or Avastin were reapplied
topically to the onplant at the same dose. After 72h onplants were collected and images were
captured. The percentage of positive grids containing at least one vessel was determined by a
blinded observer. The median angiogenic index is reported for the VEGF antagonists S209.2-
010 (SEQ ID NO:33) and Avastin® as well as wild type tear lipocalin control as the fraction
of positive grids (see Figure 32).

Example 43: Determination of pharmacokinetic (PK) parameters for A22 and A22-ABD

in_mice

Pharmacokinetic (PK) parameters (half-life plasma concentration, bioavailibity) for tear
lipocalin mutein S236.1 A22 (SEQ ID NO:44) (4mg/kg) after i.v. and the fusion protein of
muteiin S236.1 A22 with ABD (SEQ ID NO:51) (5.4mg/kg) following i.v. or i.p. single bolus

administration were determined in NMRI mice. Plasma was prepared from terminal blood



Table XV. Half-life and bioavailability of S191.4 B24 after intravenous

(i.v.), subcutaneous (s.c.) and intratracheal (i.t.) administration. Example

52: In vitro potency of PEGylated VE®B antagonists using a HUVEC

proliferation assay Inhibition of VEGF stimulated HUVEC cell proliferation

was assessed essentially as described in Example 20 with the following
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injected. Thirty minutes later, 4 doses of VEGF (5, 10, 20 or 40ng) were injected intradermally

in triplicate on a 3 x 4 grid. Thirty minutes after the VEGF injections the animals were

sacrificed and dye extravasation was quantified as above (see Figure 34).

Example 45: Tumor xenograft model

Irradiated (2.5 Gy, Co®®) Swiss nude mice were inoculated subcutaneously with 1x10” A673
rhabdomyosarcoma cells (ATTC) in matrigel into the right flank (n=12 per group). Treatments
were administered intraperitoneally and were initiated on the same day and continued for 21
days. Group 1: PBS vehicle, daily; Group 2: Avastin (bevacizumab, Genentech/Roche),
Smg/kg every 3 days; Group 3: mutein A22-ABD (SEQ ID NO:51), daily, 3.1 mg/kg; Group
4: TLPCS1, daily, 3.1 mg/kg. The dose of the lipocalin A22-ABD was chosen to achieve the
constant presence of an equimolar number of VEGF binding sites of the mutein and Avastin
based on the A22-ABD PK data and estimated serum half life of antibodies in mice. Tumor
size was measured twice weekly with a calliper and the tumor volume was estimated
according to the formula (length x width?)/2. Mice were sacrificed when the tumor volume

exceeded 2,000mm” (see Figure 35).

Example 46: Screening of Lipocalin Mutein-Cys variants

In order to provide a reactive group for coupling with e.g. activated PEG, an unpaired cysteine
residue was introduced by site-directed mutagenesis. The recombinant mutein carrying the free
Cys residue was subsequently produced in E. coli as described in Example 7, the expression

yield determined and the affinity measured by ELISA essentially as described in Example 14.



88 S236.1-A22-PEG403.27 Table XVI. IC50 values of S236.1-A22 (SEQ
ID NO:44) and its derivatives PEGylated with PEG 20, PEG 30 or PEG 40
for HUVEC cell proliferation inhibition8%he inventions illustratively
described herein may suitably be practiced in the absence of any element
or elements, limitation or limitations, not specifically disclosed herein.
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65)of native mature human tear lipocalin, wherein at least one of the codons
encoding cysteine residues at sequence positions 61 and 153 of the linear
polypeptide sequence of the mature human tear lipocalin has been
mutated to encode any otlgg@mino acid Hesiﬁmdthe ralppaeyaining a
plurality of nucleic acids encoding mutein$ of human|tear lipocalin, (b)
expressing thelene-or-more-mutein-nucleic- a8 Hole cd&@-ehtained in
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S236.1-A22 D95C 750 10
S236.1-A22 R90C 470 10
S236.1-A22 E131C 150 > 100

Table XII. Affinity of the muteins S236.1-A22 and its Thr 40— Cys (SEQ ID NO: 66), Glu
73— Cys (SEQ ID NO: 67), Asp 95— Cys (SEQ ID NO: 68), Arg 90— Cys (SEQ ID NO:
69), and Glu 131— Cys (SEQ ID NO: 70) mutants for VEGF as determined by ELISA.



2.The method according to claim 1, wherein all 18 of the codons of amino

acid sequence positions 26, 27, 28, 29, 30, 31, 32, 33, 34, 56, 57, 58, 80,

83, 104, 105, 106, and 108 of the line&s polypeptide sequence of mature

human tear lipocalin are mutated. 3.The method according to claim 1 or 2,
wherein at least one of the codons encoding amino acid sequence

positions 61 and 153 of the linear polypeptide sequence of mature human

tear lipgealin is mygated tQ encode at position 61 an alanine,
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according to any one of claims 1 to 6, wherein step (c) further

ICs¢ (nM)
1L-4 32
IL-13 5.1

Table XIII. ICsg values of S191.4 B24 for IL-4 and IL-13 mediated eotaxin-3 secretion in
A549 cells.

Example 48: 11.-4/11.-13 mediated CD23 induction on peripheral blood mononuclear cells

Total human PBMCs were isolated from buffy coat. PBMCs were treated with increasing
concentrations of the IL-4 receptor alpha binding mutein S191.4 B24 and IL-4 or IL-13 were
added to a final concentration of 1.0 nM and 2.5 nM, respectively. PBMCs were cultured for
48 hours in RPMI medium containing 10% FCS. Cells were stained with anti-CD14-FITC and
anti-CD23-PE antibodies and analyzed by flow cytometry. For each point, the percentage of
double-positive cells out of all CD14 positive monocytes was determined and plotted as a

function of mutein concentration.

From the obtained results, the ICs, values of the mutein S191.4 B24 for inhibiting IL-4 and
IL-13 mediated CD23 expression on monocytes was calculated (Table XIV).

I1Cs59 (nM)
1L-4 905
IL-13 72




comprises. (a) providing as a given ligand a compound selected from the
group consisting of a chemical compound in free or conjugated form that
exhibits features of an immunological $@apten, a peptide, a protein or
another macromolecule, (b) contacting the plurality of muteins with said
ligand in order to allow formation of complexes between said ligand and
TabwENS. havinghiedistosatfinityBos saidlignasd and fcpreesdngmetelisession in
Wing no or no substantial binding affinity. 8. The method according to
PBMCs . . . . .
any one of claims 1-7, wherein the ligand is a protein or a fragment
thereof 9.The method according to any of claims 1 to 8, wherein the
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Example 50: Picomolar binding of the mutein S191.4 B24 to primary B cells

PBMCs were isolated from human blood and incubated with different concentrations of the
IL-4 receptor alpha binding human tear lipocalin mutein S191.4 B24 or the wild-type human
tear lipocalin (TLPC26). Cells were then stained with anti-CD20-FITC monoclonar antibodies
and a biotinylated anti-lipocalin antiserum followed by streptavidin-PE. Results for the wild-
type lipocalin and the IL-4 receptor alpha binding lipocalin mutein S191.4 B24 are shown in
Fig. 39 A and B, respectively. The determined percentage of PE-positive B cells was fitted
against the concentration of the lipocalin muteins (Fig. 39C) and the ECs calculated from the
obtained curve. The ECsg of the IL-4 receptor alpha binding mutein S191.4 B24 (SEQ ID
NO:4) for binding to primary B cells was calculated as 105 pM.

Example 51: Bioavailability of the muteins after subcutaneous and intratracheal

administration

The bioavailability of the the IL-4 receptor alpha binding mutein S191.4 B24 was determined
after intravenous, subcutaneous or intratracheal administration, by monitoring the plasma
concentrations of the mutein S191.4 B24 for 4 hours after a 4 mg/kg bolus injection in rats.
Intratracheal administration was carried out using a commercially available intratrachial
dosing device (MicroSprayer®, Penn-Century Inc, Philiadelphia, PA, USA) that generates an
aerosol from the tip of a long, thin tube attached to a syringe. The aerosol size was about 20

um. The results of the non-compartmental pharmacokinetic (PK) analysis demonstrate 100%



12. The mutein according to claim 10 or 11, wherein the mutein comprises
mutated amino acid residues at all 18 of the sequence positions 26, 27,
28, 29, 30, 31, 32, 33, 34, 56, 57, 58, 80, 83, 104, 105, 106, and 108. 13.
The mutein according to any one of claims 10-12, wherein the mutein
comprises at least one of the amino acid substitutions Cys 61 -> Ala, Phe,
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thg mature human tear Iipoca]in. 16; yhe mutein aggording to any gne of
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The mutein according to any one of claims 10-20, wherein sal
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group of vascular endothelial growth factor receptor 2 (VEGF-R2) and

(Prippsgalasid deedpibicAnma RRBFe it IAsHRILIORY alpha).

Results from measurements employing the above-mentioned muteins are shown in Figure 41.
S236.1-A22 (SEQ ID NO:44) and its PEGylated derivatives show marked inhibition of
VEGF-induced proliferation of HUVEC cells decreasing with the molecular weight of the
attached PEG moiety, whereas wildtype tear lipocalin does not inhibit VEGF-induced cell
proliferation (Table XVI).

ICs¢ (nM)
S236.1-A22 04
S236.1-A22-PEG20 0.53

S236.1-A22-PEG30 2.13




23. The mutein according to claim 22, wherein the protein is IL-4 receptor
alpha. 24. The mutein according to claim 23, wherein the protein is human
IL-4 receptor alpha. 25. The mutein aé8ording to claim 23 or 23, wherein
the protein is an extracellular region or domain of IL-4 receptor alpha. 26.
The mutein according to any one of claims 23 to 25, wherein the mutein
acts as an IL-4 antagonist, 27 In agcording.jo claim 26, wherein
the mutein acts as agn éﬁgg&oég{%&ga“ H-4 %9’,_}8 The mutein
according to any one of claims 23-28, wherein the mutein acts as an IL-13
TabltX00hiKL s 2altitweofiam laadar (BhgtoOchkaiini2 D anvhies disrithei vesi idiGatied with
PEASANANATPDIS SGMMAN B30 TS MUISID Aqsarsling to any of
claims 23-29, wherein the mutein is cross-reactive with cynomolgus IL-4
receptor alpha. 31. The mutein according to any one of claims 23-30,

Thé"{ﬁ%‘ﬁ'{ﬁbﬁg‘?l[Héﬁ%ﬁ\z&%%iﬁ‘?o%&‘h@@i%tﬁﬂ? @RQ%%@%@UH@%HQHP‘I%%?% of any

native amino acid by Cysteine residues at any of positions 26-34, 56-58,
cleggnigr eangws; HAdtao@\eitH iralpdettonpiesamsifis AbidisstfseAdieisin. Thus, for
exaMplereBHRAN R PHRARBINISJud e MUk REOTURISIAABY RRE Rbansively and

. claims 23-31, wherein the mutein binds an extracellular region or a
Withawh SRS M EE B RIpHS RS AT B PO RMITBP R REFHILDRYS lgen used as
terrh@ Ok i peing, anvitha diaitdfonlVhad 1SS, iohwitheation iaftHe bk of J@Ssterms and

33. The mutein according to.any gne of claims 21 tp 41, whergin the .
N DR ALCU S0, T4'0F 25 Wi SRR o potons
therespéat o theeargmocddithsequencmodifetuoashamnpostéale lipokalithevshigle of the
. r he gr isti -> el >
RSB LA U RN MO TR PSS Gl s een
spegdioslipydigslased by @ipfawd ambakments apgoplinpalfgatuess.seodifBiption and
varlRigd of MEGnvELtRRs 2Bl ANGeM el AR TodeSmAY bt SboMES tHIR those

.80 -> Ser; Lys 83 -> Arg; Glu 104 -> Leu; Leu 105 -> Cys; His 106 -> Pro;
skllé%lg);gel% agct;ﬁhat such modifications and variations are considered to be within the

scope of this invention. The invention has been described broadly and generically herein. Each
of the narrower species and subgeneric groupings falling within the generic disclosure also
form part of the invention. This includes the generic description of the invention with a
proviso or negative limitation removing any subject matter from the genus, regardless of
whether or not the excised material is specifically recited herein.In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or
subgroup of members of the Markush group. Further embodiments of the invention will

become apparent from the following claims.



34. The mutein according to claim 33, further comprising at least one
amino acid substitution selected from the group consisting of Met 39 ->
Val; Thr 42 -> Met, Ala; Thr 43 -> lle, B90o, Ala; Glu 45 -> Lys, Gly; Asn 48
-> Asp, His, Ser, Thr; Val 53 -> Leu, Phe, lle, Ala, Gly, Ser; Thr 54 -> Ala,
Leu; Met 55 -> Leu, Ala, lle, Val, Phe, Gly, Thr, Tyr; Glu 63 -> Lys, Gin,
Whalds GbinfthisVal 64 -> Gly, Tyr, Met, Ser, Ala, Lys, Arg, Leu, Asn, His,
Thr, lle; Ala 66 -> lle, Leu, Val, Thr, Met; Glu 69 -> Lys, 94 Gly; Lys 70 ->
Arg, Gin, Giu; Thr 78 -> Ala; lle 89 -> Val; Asp 95 -> Asn, Ala, Gly; and
Tyr 100 -mé¢tfimd3frThe geuteatiaccdrding toiclafnhB8anr t84;, Whaerdin,tiéherein the

T S AT O

Gin;bileds 2 3Ny Aopn@OsinGSer; Lys 83 -> Arg; Giu 104 -> Leu; Leu 105
-> Cysadsli%&ﬂs thBre: ﬁmewsaégf%ﬁﬁ)@émé@n;f&aﬁagtﬁ%afaaneéﬁnﬁwcann to

claims 33 to 35, wherein the mutein comprises one of the following sets of
amifPEgenssisstirideny: 1) LArgukd-of disrcesions pLank @f thpamigoagid sequence
Giu gésitrof§@oMat 358, AasASIVBA 05 dnd ;1 b8 3BeRnb)F pSiivh3ftide Shfuence of

Leu 56.-> Gin; lle 57 -> Arg; Ser 58 -> lle; Asp 80 -> Ser; Lys 83 -> Arg; )
Giu &%ihV?>f’EaéH¥‘i_EH‘“1%’5tf‘~grc§%‘3ﬁﬁ?§1w 9@%‘?8? [S7sta o -9t h: (@% encoding
26 -eySein&itsiddesatdgiehec 28 siti oS5 1Gid 363 » fAhg | eir Pblypdpliade sequence
Asn 32.-> Tyr: Leu 33 -> Tvyr: Giy.34 ->.Lys; Leu 56 -> Gin;,lle 57 -> Arqg;. )
Sor oS Ml b oo P SRR o Bpino acia
CysrddidutOdiereProbtaysingd8 plu@iny (8)naelsRGicxd Sarg@in2muteinsgf Piiean tear
28 -ﬁp%¥§1’i1(1§iu 30 -> Arg; Met 31 -> Ala; Asn 32 -> Tyr; Leu 33 -> Tyr; Leu

56 ->'Gin; lle 57 -> Arg; Ser 58 -> Arg; Asp 80 -> Ser; Lys 83 -> Arg; Giu .
104 ->(beuexsgstns theeps orgoregusepysuthoic Agal matspuledy)mijapeedsin (a) in
Ser &k gréssioNGysehe A reb (il S8ne MdoMehddinsMadgAsn 32

-> Tyr; Leu 33 -> Tyr; Giu 34 -> Ser; Leu, 56 -> Gin; lle 57 -> Argl;l Asp 80

-> Serf(?_)ysegé“’-@%éi?‘?}‘i’ﬂ}elﬁﬂ@W_ee‘&uﬁeéﬁ(ﬁ)o‘?)b@”ﬁ‘;sﬂ—ﬁ@ and"having detectable

binding affinity for a given non-natural ligand of human tear lipocalin by means of

selection and/or isolation.

2. The method according to claim 1, wherein all 18 of the codons of amino acid
sequence positions 26, 27, 28, 29, 30, 31, 32, 33, 34, 56, 57, 58, 80, 83, 104, 105, 106,
and 108 of the linear polypeptide sequence of mature human tear lipocalin are

mutated.

3. The method according to claim 1 or 2, wherein at least one of the codons encoding
amino acid sequence positions 61 and 153 of the linear polypeptide sequence of
mature human tear lipocalin is mutated to encode at position 61 an alanine,
phenylalanine, lysine, arginine, threonin, asparagine, tyrosine, methionine, serine,

proline or tryptophane and/or at position 153 a serine or alanine.

4. The method according to any one of claims 1-3, wherein the codons encoding
amino acid sequence positions 111 and 114 of the linear polypeptide sequence of
mature human tear lipocalin are mutated to encode at position 111 an arginine and at

position 114 a tryptophan.



106 -> Pro; Lys 108 -> Gin; (5) Arg 26 -> Ser; Giu 27 -> Arg; Phe 28 ->
Cys; Giu 30 -> Arg; Met 31 -> Ala; Asn 32 -> His; Leu 33 -> Tyr; Giu 34 ->
Ser; Leu 56 -> Gin; lle 57 -> Arg; Ser 98 -> Ala; Asp 80 -> Ser; Lys 83 ->
Arg; Giu 104 -> Leu; Leu 105 -> Cys; His 106 -> Pro; Lys 108 -> Gin; (6)
Arg 26 -> Ser; Giu 27 -> Arg; Phe 28 -> Cys; Giu 30 -> Arg; Met 31 -> Ala;
Asn 32 -> Tyr; Leu 33 -> Tyr; Giu 34 -> Asp; Leu 56 -> Gin; lle 57 -> Arg;

er 58 -> Lys; Asp 80 -> Ser; Lys 83 -> : Giu 104 -> Leu: Leu 105 -> .
35s: S GO PUE Y R Ard B g, a3 gncoding the
Arg;cRstei28 atpOysioB | IB0oStha dinehat 31l ypepide AsguBce ofymdbers BBman tear
->TM'%JIH3 >gﬂlt 5 >%’ t'lh 57 -> - J/Asp 80 -> Ser; Lys 83
-> Arg;0 unl1 Lrln > Lxedu;SLléenuC%:L%eSa-én 8y§r Ia-llllglrio gJi(>1A Pro; Lys 108 -> Gin.
37. The mutein according to any one of claims 23 to 36, wherein the

rputeinRSANIRINIRQ&ithSa0URES 8SWRLIGHNHD BONLANGQSREQHP cysteine at

Nos.: 2-8 or of a fragment or variant thereof 38. The mutein accordingto
claifosBiaphEtbipftHe Ilgas OVRWB IR Seatene RO hbtdHcReBaARigtolipocalin is

claimm3@tahergitotealigand is an extracellular region or a domain of
VEGF-R2. 40. The mutein according to claim 38 or 39, wherein said

mutein acts as a VEGF antagonist. 41. The mutein of any one of claims
38 to 4Dhevheraial thecordie toinads VEEG BFRBinith B 606 o220V @ipl€ss, further

withc% KDrigé‘ 100 nM or less, with a KD of 20 nM or less, or with a KD of 1
nM 6 1688° 42. The mutein according to any one of claims 38 to 41,

Wher(-?-in(_tiﬁe mm&idiogm@@smﬁ@gétammFDun(lﬁmhﬁmLthe group consisting
substitutions with fesRest B e G NGAc S SOHHEARE ?(Sl’iﬂ%#ﬁ%m%@%atures of

tear lipocalin, which are selected from the group consisting of Arg 26 ->
Ser; Glu 27 -3nEn@pnaogicatbapigat Bpepiidya AKHep esanpiiqrdpagpusolecule,

lle; Glu g -> ortab@ibShe el i b ARutMEL Wad Lard Rlaendeh Rdet to allow
Arg; Asp 80 -> Ser, Pro; Lys 83 -> Glu, Gly; Glu 104 -> Leu; Leu 105 ->

Ala; His 106 SoRatiohaf Srmlgxes betvers spyh hiaahdiandbrntiaing b inghinding
42, further confiphigsin®aédepBpanE ardino acid substitution selected from

the group.consisting of Leu.41-> Phe; Glu 63 -> Lys,.V. I.%. -> t;gAsp
72 5 G Ly AR ORI Ry e
Lys; Asp 95 -> Gly; Phe 99 -> Leu; and Gly 107 -> Arg, Lys, Glu.

8. The method according to any one of claims 1-7, wherein the ligand is a protein or a

fragment thereof.

9. The method according to any of claims 1 to 8, wherein the selection in step (c) is

carried out under competitive conditions.

10.  The method according to any one of claims 1 to 9, wherein a nucleic acid coding for
the plurality of muteins of human tear lipocalin, which nucleic acid results from
mutagenesis, is operably fused at the 3’ end with a gene coding for the coat protein
pllI of a filamentous bacteriophage of the M13-family or for a fragment of this coat

protein, in order to select at least one mutein for the binding of a given ligand.

11. A mutein of human tear lipocalin having detectable binding affinity to a given non-
natural ligand of human tear lipocalin, obtainable by the method of any one of claims 1

to 10, wherein the cysteine residues occurring at sequence positions 61 and 153 of



96 44. The mutein according to claim 41 or 42, wherein the mutein

comprises the amino acid substitutions: Arg 26 -> Ser; Glu 27 -> lle; Glu

30 -> Ser; Met 31 -> Gly; Asn 32 -> Afg; Leu 33 -> lle; Glu 34 -> Tyr; lle

57 -> Phe; Ser 58 -> Arg; Lys 83 -> Glu; Glu 104 -> Leu; Leu 105 -> Ala;

His 106 -> Val; and Lys 108 -> Thr. 45. The mutein of any one of claims

41 to/Ad-tyherainihr alidtgiarephifydsesohe oiine iol pviingveedeeof @i 12, 14,
acid sybstitytions: (1) Arg 26 -> Ser; Glu 27 -> lle; Glu.30 -> Ser; Met 31
R e e g e e g s 2634
Phe5 &8 58); 8 Ard)4AH 8the>1 8@ nfltlrs IBBar (6]yp HludEB4qureh@un ieatd@Guman
-> N : I'll}lﬁ %Qﬁ -> Val; Lys 108 -> Thr; (2) Arg 26 -> Ser; Glu 27 -> lle; Glu

30 -> Ser: Met 31 -> Gly: Asn 32 -> Arg; Leu 33 -> lle: Glu 34 -> Tyr; Leu

56 -> Glu; lle 57 -> Phe; Ser 58 -> Arg; Asp 80 -> Ser; Lys 83 -> Glu; Glu

14 '>%?éir;9&6?dﬁ4§%$—|§am610>quli,Wﬁe]‘g‘% e MG @d’ﬁi}%@séﬁ mutated
Ser; Glu 27 -> lle; Glu 30 -> Ser; Met 31 -> Gly; Asn 32 -> Arg; Leu 33 ->

lle; @Rityacidmgpidues el A of the seauenspgositipEg26, Afglhdd.g9-31, 32, 33,
Ser;34ys 837> 9318048, U4 -rolseupéaind 968> Ala; His 106 -> Val; Lys

108 -> Thr; and (4) Arg 26 -> Ser; Glu 27 -> lle; Glu 30 -> Ser; Met 31 ->

Gly; Asn 32 -> Arg; Leu 33 -> lle; Glu 34 -> Tyr; Leu 56 -> Glu; lle 57 ->

RBAe; SEh&ButelrgicAsiinddo amrond yBc83ms B 2Githd&@sh thdiauteietohifises at
-> Ala; His 106 -> Val: Lys 108 -> Thr. 46, The mutein qf any of claims 3

o A e T o S A AT Ty T
ID N¥st; 8dr.304%. xmunleicyaditB molRoude 8&mprising a nucleotide

sequence encoding a mutein of any of claims 11 to 46. 48. The nucleic

acid molecule of claim 47 comprised in a vector. 49. A host cell containing
dhucldibditeHeeondiog Branyeacstidgelainre 19-48, wherein the mutein comprises

at least one additional amino acid substitution selected from Arg 111 — Pro and Lys

114 — Trp.

15.  The mutein according to any one of the claims 10-14, wherein the mutein further
comprises an amino acid substitution of the cysteine residue at position 101 of the

sequence of the mature human tear lipocalin.

16.  The mutein according to any one of claims 10 to 16, wherein the mutein is at its N-
terminus or its C-terminus operably fused to an enzyme, a protein or a protein domain,

a peptide, a signal sequence and/or an affinity tag.

17.  The mutein according to any one of claims 10 to 16, wherein the mutein is fused to

a moiety that extends the serum half-life of the mutein.

18.  The mutein according to claim 17, wherein the moiety that extends the serum half-
life is selected from the group consisting of an Fc part of an immunoglobulin, a CH3
domain of an immunoglobulin, a CH4 domain of an immunoglobulin, albumin or an
albumin fragment, an albumin binding peptide, an albumin binding protein and

transferrin.



97 50. A pharmaceutical composition comprising a mutein of human tear
lipocalin as defined in any one of claims 11 to 22 or as defined in any one
of claims 23 to 37 or as defined in any®ne of claims 38 to 46 and a
pharmaceutically acceptable excipient. 51. A method for producing a
mutein of human tear lipocalin as defined in any of claims 11 to 46,

vvbereimnnmmeﬁeaad&af@gimﬁ@@taﬁbmglaﬁqm the sucleikmaitkenaetingctigugated
muteln s of net![% neerln%metho s in a.bact rlal or

euka?yoq oset nlrsorrr11l A EEON ST AN i S HR0RIOIA RIS Py me labels,
Cu|tlllad1(512tl'v"¢1h1b}ﬂe, Baresuteirlabsldafimenhiganylandsofckiims281ubST, haptens,

f f
or na%& Hfﬁhrtgo%n? %ﬁgpﬁ&ﬁg%eﬁgﬁﬁ?@“g&lﬁaé gﬂ{] ARG gﬁgtﬁ)at extends

disor e use of claim e dlseas sor eris

assdtaterdvinalah ipofdhsenytele Th2 immune response or wherein the
disease is cancer. 54. The use of claim 52 or 53, wherein the disease or
dlsorder is an allergic reaction or an allergic inflammation. 55. The use of

m S PERAacerdiRg SRciafhnatisieia thsdpeistethaligxisndaghe serum half-
aSthlnfél, 1&%%@thgsg%&iﬂéﬁﬁ§@ﬁn§60ﬂ- Iaeplﬂ?aﬂf}adﬂwtgl?col molecule,

ccordjng to one of clai ms 38- 6fo facturing a pharmaceutical
oL HASE L B 8 O A 55, A LS e fopar of an
clalnnﬁﬁ;mghrﬁmmheloﬁﬂéaseommmden isnsekecigtbbidin, the @rudomain of an

con5|st|n ofds ases, or olllsogders Lhatar causeg or oumcalt1 na/m tide, an
mcrease vgscﬁllanfsatlo gé’ 'Iaﬁe use accor%m ng ocalm . W ereﬁ‘n%}e

diseaberomdisodder psotelcted tfiansietangroup consisting of cancer,
neovascular wet age-related macular degeneration (AMD), diabetic

retinopathy, macular edema, retinopathy of prematurity and retinal vein
&dclusibie nygein according to any one of claims 10-20, wherein said non-natural ligand

is a protein or a fragment thereof.

22.  The mutein of claim 21, wherein the protein or fragment thereof'is selected from the
group of vascular endothelial growth factor receptor 2 (VEGF-R2) and interleukin 4
receptor alpha chain (IL-4 receptor alpha).

23.  The mutein according to claim 22, wherein the protein is IL-4 receptor alpha.

24.  The mutein according to claim 23, wherein the protein is human IL-4 receptor

alpha.

25.  The mutein according to claim 23 or 23, wherein the protein is an extracellular

region or domain of IL-4 receptor alpha.

26.  The mutein according to any one of claims 23 to 25, wherein the mutein acts as an

IL-4 antagonist.

27.  The mutein according to claim 26, wherein the mutein acts as an antagonist of
human IL-4.



59. The use according to claim 58, wherein said cancer is selected from

the group consisting of carcinomas of the gastrointestinal tract, rectum,

colon, prostate, ovaries, pancreas, bréast, bladder, kidney, endometrium,

and lung, leukaemia, and melanoma. 60. Use of a mutein of human tear

lipocalin according to any one of claims 11-75 for the detection of a given

3N-nalteahligandRbiiman egioliretalifinboIBIssingdensiens @kin actahs an IL-

con tln the. muteln with a sample suspected of containing the given

ligan Rd&Pdikanle conditions, thereby allowing formation of a complex

between the mutein and the given ligand, and (b) detecting the
pI | Qi]j i

Ilpocaﬁ:mhacrg%%ﬁ#lga?gog% ?ﬁg %?ﬂ?alms 1- 75 or tﬁle{ns%ﬂga%g(?t%o%yg}% gl

noninaaralliddnd of human tear lipocalin, comprising the steps of  (a)

contacting the mutein with a sample supposed to contain said ligand

under suitable conditions, thereby allowing formation of a complex

we e SHBURRGTF AFHng o graeAlifai Zndd: WBPEap AbsimHiaies cross-reactive
mutwnﬂlgmgmlmﬁ%ee@}gﬁ@mﬁ[e 62. Use of a mutein of human
tear lipocalin according to any one of claims 11-75 for the targeting of a
compound to a preselected site in an organism or tissue, comprising the
stéps df{@noosijugaidnditiiecnuieinaviflelaaid Q@Fﬁﬁp\uhd,ea’(‘ﬂhcﬂn)tdeilﬂlﬁfiﬁgrises at
the my e%n/co qund Coﬂ‘s?le>t(1(t,% the Ipreselected SI'[ am utei

N0 ac d Su N AATING aeid esll% o{ 3 ER any of
of human tear ipocalin according to any one o clalms or

corrmemmﬂﬂféﬁ,Wﬁkﬁ&g&@eﬂhokﬂﬁdt@ﬁalahgamﬁomhmpetetatohﬂmcamino acid

sequence of mature human tear lipocalin.

gomst of
Vi

32.  The mutein according to any one of claims 23-31, wherein the mutein binds an
extracellular region or a domain of IL-4 receptor alpha with a Kp of 200 nM or less,

with a Kp of 100 nM or less, with a Kp of 20 nM or less, or with a Kp of 1 nM or less.

33.  The mutein according to any one of claims 21 to 41, wherein the mutein comprises
at least 12, 14 or 16 amino acid substitutions with respect to the amino acid sequence
of mature human tear lipocalin, which are selected from the group consisting of Arg 26
— Ser, Pro; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 — Ala; Asn 32 —
Tyr, His; Leu 33 — Tyr; Glu 34 — Gly, Ser, Ala, Asp, Lys, Asn, Thr, Arg; Leu 56 —
Gln; lle 57 — Arg; Ser 58 — lle, Ala, Arg, Val, Thr, Asn, Lys, Tyr, Leu, Met; Asp 80
— Ser; Lys 83 — Arg; Glu 104 — Leu; Leu 105 — Cys; His 106 — Pro; and Lys 108
— Gln.

34. The mutein according to claim 33, further comprising at least one amino acid
substitution selected from the group consisting of Met 39 — Val; Thr 42 — Met, Ala;
Thr 43 — Ile, Pro, Ala; Glu 45 — Lys, Gly; Asn 48 — Asp, His, Ser, Thr; Val 53 —
Leu, Phe, Ile, Ala, Gly, Ser; Thr 54 — Ala, Leu; Met 55 — Leu, Ala, Ile, Val, Phe,
Gly, Thr, Tyr; Glu 63 — Lys, Gln, Ala, Gly, Arg; Val 64 — Gly, Tyr, Met, Ser, Ala,
Lys, Arg, Leu, Asn, His, Thr, Ile; Ala 66 — Ile, Leu, Val, Thr, Met; Glu 69 — Lys,
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Gly; Lys 70 — Arg, Gln, Glu; Thr 78 — Ala; Ile 89 — Val; Asp 95 — Asn, Ala, Gly;
and Tyr 100 — His.

35.  The mutein according to claim 33 or 34, wherein the mutein comprises the amino
acid substitutions: Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met
31 — Ala; Leu 33 — Tyr; Leu 56 — Gln; Ile 57 — Arg; Asp 80 — Ser; Lys 83 —
Arg; Glu 104 — Leu; Leu 105 — Cys; His 106 — Pro; and Lys 108 — Gln.

36.  The mutein of any one of claims 33 to 35, wherein the mutein comprises one of the

following sets of amino acid substitutions:

(1)

2)

3)

(4)

()

(6)

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Glu 34 — Gly; Leu 56 — Gln; Ile 57
— Arg; Ser 58 — Ile; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu
105 — Cys; His 106 — Pro; Lys 108 — Gln;

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Glu 34 — Lys; Leu 56 — Gln; Ile 57
— Arg; Ser 58 — Asn; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu
105 — Cys; His 106 — Pro; Lys 108 — Gln;

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys, Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Leu 56 — Gln; Ile 57 — Arg; Ser 58 —
Arg; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu 105 — Cys; His
106 — Pro; Lys 108 — Gln;

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Glu 34 — Ser; Leu 56 — Gln; lle 57 —
Arg; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu 105 — Cys; His
106 — Pro; Lys 108 — Gin;

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — His; Leu 33 — Tyr; Glu 34 — Ser; Leu 56 — Gln; lle 57 —
Arg; Ser 58 — Ala; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu
105 — Cys; His 106 — Pro; Lys 108 — Gln;

Arg 26 — Ser; Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Glu 34 — Asp; Leu 56 — Gin; Ile 57
— Arg; Ser 58 — Lys; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu
105 — Cys; His 106 — Pro; Lys 108 — GlIn; and



37.

38.

39.

40.

41.

42.

43.

95

(7) Arg26 — Ser;Glu 27 — Arg; Phe 28 — Cys; Glu 30 — Arg; Met 31 —
Ala; Asn 32 — Tyr; Leu 33 — Tyr; Glu 34 — Gly; Leu 56 — Gln; Ile 57
— Arg; Asp 80 — Ser; Lys 83 — Arg; Glu 104 — Leu; Leu 105 — Cys;
His 106 — Pro; Lys 108 — Gin.

The mutein according to any one of claims 23 to 36, wherein the mutein has an
amino acid sequence as set forth in any one of SEQ ID Nos.: 2-8 or of a fragment or

variant thereof.

The mutein according to claim 22, wherein the ligand is VEGF-R2.

The mutein according to claim 38, wherein the ligand is an extracellular region or a
domain of VEGF-R2.

The mutein according to claim 38 or 39, wherein said mutein acts as a VEGF

antagonist.

The mutein of any one of claims 38 to 40, wherein the mutein binds VEGF-R2 with
a Kp of 200 nM or less, with a Kp of 100 nM or less, with a Kp of 20 nM or less, or
with a Kp of 1 nM or less.

The mutein according to any one of claims 38 to 41, wherein the mutein comprises
at least 12, 14 or 16 amino acid substitutions with respect to the amino acid sequence
of mature human tear lipocalin, which are selected from the group consisting of Arg 26
— Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32 — Arg; Leu 33 — lle;
Glu 34 — Tyr; Leu 56 — Lys, Glu, Ala, Met; Ile 57 — Phe; Ser 58 — Arg; Asp 80 —
Ser, Pro; Lys 83 — Glu, Gly; Glu 104 — Leu; Leu 105 — Ala; His 106 — Val; and
Lys 108 — Thr.

The mutein according to claim 42, further comprising at least one amino acid
substitution selected from the group consisting of Leu 41— Phe; Glu 63 — Lys, Val
64 — Met; Asp 72 — Gly; Lys 76 — Arg, Glu; Ile 88 — Val, Thr; Ile 89 — Thr; Arg
90 — Lys; Asp 95 — Gly; Phe 99 — Leu; and Gly 107 — Arg, Lys, Glu.
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44.  The mutein according to claim 41 or 42, wherein the mutein comprises the amino
acid substitutions: Arg 26 — Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32
— Arg; Leu 33 — lle; Glu 34 — Tyr; Ile 57 — Phe; Ser 58 — Arg; Lys 83 — Glu;
Glu 104 — Leu; Leu 105 — Ala; His 106 — Val; and Lys 108 — Thr.

45.  The mutein of any one of claims 41 to 44, wherein the mutein comprises one of the

following sets of amino acid substitutions:

(1)

2)

3)

(4)

Arg 26 — Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32 —
Arg; Leu 33 — lle; Glu 34 — Tyr; Leu 56 — Lys; Ile 57 — Phe; Ser 58 —
Arg; Asp 80 — Ser; Lys 83 — Glu; Glu 104 — Leu; Leu 105 — Ala; His
106 — Val; Lys 108 — Thr;

Arg 26 — Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32 —
Arg; Leu 33 — lle; Glu 34 — Tyr; Leu 56 — Glu; Ile 57 — Phe; Ser 58 —
Arg; Asp 80 — Ser; Lys 83 — Glu; Glu 104 — Leu; Leu 105 — Ala; His
106 — Val; Lys 108 — Thr;

Arg 26 — Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32 —
Arg; Leu 33 — Ile; Glu 34 — Tyr; Leu 56 — Ala; Ile 57 — Phe; Ser 58 —
Arg; Asp 80 — Ser; Lys 83 — Glu; Glu 104 — Leu; Leu 105 — Ala; His
106 — Val; Lys 108 — Thr; and

Arg 26 — Ser; Glu 27 — Ile; Glu 30 — Ser; Met 31 — Gly; Asn 32 —
Arg; Leu 33 — Ile; Glu 34 — Tyr; Leu 56 — Glu; Ile 57 — Phe; Ser 58 —
Arg; Asp 80 — Pro; Lys 83 — Glu; Glu 104 — Leu; Leu 105 — Ala; His
106 — Val; Lys 108 — Thr.

46. The mutein of any of claims 38 to 45, wherein the mutein has an amino acid

sequence as set forth in SEQ ID Nos.: 34-39.

47. A nucleic acid molecule comprising a nucleotide sequence encoding a mutein of

any of claims 11 to 46.

48.  The nucleic acid molecule of claim 47 comprised in a vector.

49. A host cell containing a nucleic acid molecule of any one of claims 47 to 48.



50.

51.

52.

53.

54.

55.

56.

57.

58.

97

A pharmaceutical composition comprising a mutein of human tear lipocalin as
defined in any one of claims 11 to 22 or as defined in any one of claims 23 to 37 or as

defined in any one of claims 38 to 46 and a pharmaceutically acceptable excipient.

A method for producing a mutein of human tear lipocalin as defined in any of
claims 11 to 46, wherein the mutein is produced starting from the nucleic acid
encoding the mutein by means of genetic engineering methods in a bacterial or

eukaryotic host organism and is isolated from this host organism or its culture.

The use of a mutein as defined in any one of claims 23 to 37 for manufacturing a

pharmaceutical composition for treating a disease or disorder.

The use of claim 52, wherein the disease or disorder is associated with an increase

of the Th2 immune response or wherein the disease is cancer.

The use of claim 52 or 53, wherein the disease or disorder is an allergic reaction or

an allergic inflammation.

The use of claim 54, wherein the allergic inflammation is associated with allergic

asthma, rhinitis, conjunctivitis or dermatitis.

The use of a mutein according to any one of claims 38-46 for manufacturing a

pharmaceutical composition for treating a disease or disorder

The use according to claim 56, wherein the disease or disorder is selected from the
group consisting of diseases or disorders that are caused or promoted by increased

vascularisation.

The use according to claim 57, wherein the disease or disorder is selected from the
group consisting of cancer, neovascular wet age-related macular degeneration (AMD),
diabetic retinopathy, macular edema, retinopathy of prematurity and retinal vein

occlusion.



59.

60.

61.

62.

63.
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The use according to claim 58, wherein said cancer is selected from the group
consisting of carcinomas of the gastrointestinal tract, rectum, colon, prostate, ovaries,

pancreas, breast, bladder, kidney, endometrium, and lung, leukaemia, and melanoma.

Use of a mutein of human tear lipocalin according to any one of claims 11-75 for
the detection of a given non-natural ligand of human tear lipocalin, comprising the
steps of

(a) contacting the mutein with a sample suspected of containing the given
ligand under suitable conditions, thereby allowing formation of a complex between the
mutein and the given ligand, and

(b) detecting the complexed mutein by a suitable signal.

Use of a mutein of human tear lipocalin according to any one of claims 11-75 for
the separation of a given non-natural ligand of human tear lipocalin, comprising the
steps of

(a) contacting the mutein with a sample supposed to contain said ligand under
suitable conditions, thereby allowing formation of a complex between the mutein and
the given ligand, and

(b) separating the mutein/ligand complex from the sample.

Use of a mutein of human tear lipocalin according to any one of claims 11-75 for
the targeting of a compound to a preselected site in an organism or tissue, comprising
the steps of

(a) conjugating the mutein with said compound, and

(b) delivering the mutein/compound complex to the preselected site.

Use of a mutein of human tear lipocalin according to any one of claims 11-75 for

the complex formation with a given non-natural ligand of human tear lipocalin.



