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invention relates to peptides as binding nol ecul es for
the erythro- poietin receptor, nmethods for the
preparation thereof, nedicanents containing these
peptides, and their use in selected indications,
preferably for treatnment of various forns of anem a
and stroke. The hornone erythropoietin (EPO is a

gl ycoprotein constituted by 165 amno 15 acids and
havi ng four gl ycosyl ati Apla3dre&mbHie four conpl ex
carbohydrate side chaLns_coonprise 40 percent of the

entire nol ecul ar weight of about 35 kD. EPOis forned

in the ki dndyoich§ommaifeldeRing?, freA99Baesweitdie spl een

of erythrocytes In chronic kidney diseases, reduced
EPO production results in erythropenic anenta Wth

reconbi nant EPO, 20 prepared b eneti c engi neer.ing,
aneni as canw&%—w ' iromott—:pHem Qlesig”
di al ysis patients' quality of life. Not only renal

anem a, but also anem a in premature newborns,
iThel preseni veation relates ts peptidessasavindingsmolecules for the erythro-

pBItIAY REePtdrN nictRedd i foR ke ETEbaBYioRtRBRedt mMddidarfeftsJEontaining

grﬁezs%g é:t%itaﬂartﬁgx us%a[?}? ?@Hf Eﬁf&ﬂ%ﬁ? y&eﬁg@bly for treatment of

Vﬁfb‘?‘dﬁ/ apemizapd 8FPK®f cancer patients if
adm nistered within the scope of radiation therapy. In

‘rﬂ‘é hé !?tmoﬁaﬁ e%ﬁo‘]E@Ogr %g%&%t&elﬁ b&hstn'ﬂftédtﬂ}ﬁms amino
a6 hg? ink Fou eahueRSVERtoB it athes dRUraBTPIes: FalRehydrate side
phaina somptiseptbpeicent of thecentire steoleq:tdaawe@tt wf gbouk3F kD. EPO is
fd”rrﬁéaielnhﬁdmdﬁ}%f@ﬁd)fr@m tHege neigedted Mo thé spRePNENd'BBAe marrow,

‘i‘teétr\‘. té@ltﬁ& r83 &idRSo %Pﬁﬁ,%% el get éh\fSJn ﬁQ y
éﬁ ;‘P'?Erﬁ’d Bt '%Lga '-E!gl B; ?‘ e gérsggnm%na:f Eieé

iBreryihropasi apoimia; Wi
pteﬂaredtlyy ageheticu enginekednd.c Ainemihs - ¢carf ebe itreated effectively. EPO

ﬁ@%\/é’é”ﬁ'@lﬁ& pEIRN QB 6L 698t &W/r&%%ynﬂgzﬂﬁf’also dnemia in

BRARAGFe '@%z,mem i ﬁi:agtoatt% Lo ed TEALREE can be

HaRreVes Wi rﬁseen da ,hlg{bdosage chemotherapy
tar berpenformedingorei s.ucdessfuldy intemioa patiemtat SingitaolybE R&nimproves the

Fevesy Man%@ff?éﬁﬁrﬁé ¥ dadfifisteradl withirfihdaepe by ra'iilgtm therapy.

Once antl body formation is induced, it can lead t

d tﬁt%'nt OC %g@{)BIgn'? %xfsﬁelnatft%a{ ﬁ‘let Pe qgt r{afj dosage regimens
are %g guent

are r continuous in ravenous or su cutaneous applications
because the protem is decomposed relatively quickly in the body. Therefore, the
evolution of recombinant EPO-derived molecules goes towards selectively
modifying the glycoprotein, for example, by additional glycosylation or pegylation,
in order to increase stability and thus biological half-life time.
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i ncreases the dosage of reconbi nant EPO needed for

“treatnent. Especially if such antibodies conpromn se
wotee7/ea698vi ty of endogenous EPO this effect ®AT/HR2007/002068

interpreted as a treatnment-induced autoi nmune di sease.

It is especially undesired 10 e.g. in case of dialysis

patients undergoi ng renal trargsplantation after nonths

or years of EPO-treatnment. The anti bodi es then can

conprom se the activity of endogenous EPO produced by

the transpl ant and thus conpronise erythropoietic

ABbINGE InipSrtarithesuer S53oRlated @4th dg BBatnire st degomibinars EPO is the

£ (o) d : . .

Ao d ot eiEh)s Wﬁfﬁﬁ%ﬁ Rk £ Ullihg uatfont. This

Vsl 101 e faet hakEecambinagidr RO 0b CoMpiRtElddeRtical to endogenous

EPGDh! ©mce Gantibraalyl Jormationois dndieedx pjtatand leashtto antibodies, which

gdfh?lfb?hﬂtéé {H#j'efdtiviﬂi :&n%n_aagerharsg rythidgoiétir§ east iwall. wit | frequently
av | . o

BEACRAS o ks R SRtk Sl R gt T

anibeslief: icpanpramiseh 198 ABHVIYL aF LrdogaRaLe éég)ol Eyeéf{ec can be

iiterpodted als a trbaimentdhdyced altoenyuhe disezBepliigespecially undesired

g%% i I%‘ dfhir?éélyg?%aiiti@iﬁgs uH@ér@bﬁfgellfér%P traRSplaAtHIBA Cafte?Tmonths or

s Possiearneit e WindaRE ek o Mmpromise, the activiy of

endrgenousPQ:nreducrchby dhe Hanerlaphand tiscompiomnie’ epghropoietic

betivity usfctheettaraplarited lorgan. Peesently, itds aneppenl ewesdiarh whether the

Sﬁggrﬁsl @ﬁoﬁﬂ%%i@ggeﬁg%@ﬁ%irpo@%m ﬁ\?ﬁed’%dﬁiélb?fé@l half-life
SRS 7 50T [ b GG 00 fosctn
edtensivaomadifinationsi 88d dpnger halifentimec wilk aggiayate this problematic

propletyabl y containing two prolines at the position
comonly referred to as position 10 and 17, one of

)g’ﬂié] rhativeO 'tgﬁié%jtﬁé’ phéhAEEANbf 8Ynthdit peplidd3Adm amino acids
g e B el &l S i o
peigtin.dié wassshown et peptides . yrwelated to-thepseauanse of (RO awhich are
Significanty smallevithah ecythtapoietinatan actsts agunists ¢Wrighton et al., 1996).
E’é% g%%]rﬁé‘ﬁau&ﬁée’rjrs' g@&gﬁé’@?gﬂ? iiﬁ%@flt?nprﬁgc@rgimdd t(t) ostiII active
el pelidaconth lSoher i g fede "

erythropoietin-m metic peptide EMP1 (internatjonal ) .
Puithetip @eptiges eniameiding é’ﬁ(géha@w't@tar@ subjegiopf, theoirpAtional laid
eperaWw09880740d |t18138)pse SETMRTIdAETAECHPUBE 45 amino acids of a
é@ﬁgﬁ&l&?@%ﬁsﬁ%?e@%{ %&ﬁ@g w@o’fi‘fﬁféspétoiﬂéqﬁfési?bﬁ commonly
i oy 56 Aedtiofh 1 BB 17, oRg ol iy REEONEIATEY, 8 bl Sential. wo

88342 iaclases dhaldhese praliaeamighike cpmhinedavith aaRiphyalanine.

while the proline at position 10 was thought to be
Thos $c alaye,fall stmiaé peptidedrasetichghnisis aff theEROI recapter have had a

%ﬁ urdl WRICH ddHiRS atleatt onéP6linel Béh- twbhsrofieé Féiduds in defined
8%' @’5‘%@5@\?%%‘%{% agrpgpsﬁ@ﬁgw ;g‘ﬁgsitfr@%?&%@dcﬁl their position in
he very active erythropoietin-mimetic peptide EMP1 (intemational laid open

WO96/40749; Wrighton et al., 1996, Johnson et al, 1997 and 1998):

GGTYSCHFGPLTWVCKPQGG
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necessary precondition of biological activity.
Cenerally, proline is a structure- formng amno acid

WO 1698 often involved - as in this case - PCTER2007/002068

formation of hairpin structures and beta turns. Due

to this property, inter alia, it is a frequent point

of attack for post-proline-spegi-fic endopepti dases

whi ch destroy proline 1o containing peptides/proteins.
Aheseiprolings amedeysidared pegispersabte totheseff¢ctivgnessnbthespeptides.
|Fto@'ﬁlﬁ’e plrdun_etﬁtqscsnﬁwgz thiyh&Obe&e sUBstaRfifted By Peradfons with the
erc. ) are. . I i -

Syl L Bl B Eafh o be recossa for e
¥POEF toldigahithe H@P'@P@ (ﬁﬁ’@réﬁocwﬁ'gbtqrb@sali 4996,1997). The correct
$eidinge seppdried by the specifiy stereddhesticalrgrpenies afgralirte, veusually a
Plaey Precsidifios NG bioksiédl I&&tivitgn d&e‘i’él%t}ﬁ?ﬂne is a structure-

h call.y and, do.not ed. reconbi nant .. | tion, .
RS i A BPiST e ot B AC, A Tt P {1 tegormaton of
hebaincsteuctites anfkbeteetirgaaPretodhis Postty: intercaliniitig a frequent
poird ucft bttacloffopm't-d&ﬂifnefsp@umb snddpeptidases avhiclal destioy proline-

ot : r ORf C e :
SERRRAAG | Bplibd g & AU °br ERIGoMse KBl homones
I tr‘:ﬁri I ring e c.) are inactivated

fon, allo e
PSS et Deplts At _ in
P¥ pucht singlechit’ zpgstereline ceavagal Haldifeitia pbplingttoptaining EPO-
paimetiaviseides owrthpetshetentd by iy aatatybbDtegiecrbquent and active
iéf\%%mlegfe- However, so far there has been no approval
of any

"therapy with existing EPO mnetic peptides.

Eurthernpre,.there i.s a need.tQ enhapce thg EPO .

sichy SHOTE PRPIdeH C8p i, Bradiueed BtFalY, and 14 80 eag dggombinant
pEogiiciondavhiclt fis dneeh rpereedifficull] tox gpatok andt teeyighly products with
Eb&nﬁ@aﬁ%mhddd%ﬁw.immespmbbeﬁzg of qaérﬂidgts@f guch siriadl size can
aldo 6&1ko étiﬁﬂé“i fEn?S of {)h‘-‘ch t) WO oVEN BHEmMical production
recogni,zy. t i ndin Ite of, the erythropojetin .

PHIGEST grfinely, mafuchi 3%1!5 elesHia SaretRnSwAlsH: g8 dlvcosylation,
aegylatien gresy ot definedanedificatipnse whiahd¢amhavsrai kmowa gotency to
Joneast biolaesl athlf-life 0 Hd®evet,0sd) furothiere hag ebddie nGRipproval of any

1 tad e S - duction. Thus,
8 e g o ot 1 pept e

nd, hence the EPO receptor bindi NS i.n e
ERHRERSE, isrelrs a et o EnREL iR, PR ietie icacy of the EPO
simetia eeptidss inarder togpravide sufficierd potentmgleculgs frn therapy.
wi th one single binding domain showed the sane
dhel EP@t mimetiapeptidesotlesaittedvint thevdtatecot the aft ddmebe regarded as

mg%girriﬁffidjﬁisfgii ()(/Jo?rgélFr\r% ;@8§%ﬁlﬁipgsﬂfté}’v\t/>ﬁ1td;ﬂ§3'%jltboﬁ\fegrgé(;:%hropoietin
et HoeveR S s doTRed oub by Ahatton s ol (WRgHbO{P67). two of
theseobinding- demainsyargi genaraly neadedin erdeinte hemedimerize the EPO
revepter ard e idudessigaal enstuctiont Thus,nd coathimatidinsobotwo of these

Eb‘@Fﬂiﬁféiil'f; fb@gti&’@é’%ﬁ@ﬁén%@ﬁﬁ Eﬁitd‘ﬂarcb rkﬂiri‘ikgh goﬁpagﬁé [Mone single

o Aibk8 s eapeb by o abser T R e resut ha
peplidesqwith aneesikglewhindingddemeainz shewed Alae sagres qualitative pattern of
hbthatyewisilectwo be thedbimelirigz@dmairg. jolry tegathbesiiowatd arichEower ED50
txétt 'IDd¥EB0% a hdltie bF adtivi)). HPpSRhEF Bf Monomeric EPO mimetic
peptides can be improved up to 1000-fold by dimerisation. Even some inactive
monomeric peptides can be converted into agonists by dimerization. Peptides

harboring two binding domains are specified as being bivalent or dimeric peptides.
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creating a coval ent bond between the pol ypeptide units
of the present invention. The polypeptide units can

woeozmneisned via a linker in such a way, that POTEEP2007/002068

binding 5 to the EPO receptor is inproved (Johnson et

al . 1997; Wighton et al. 1997). It is furthernore

referred to the nultinerizatiop.of nonomeric

bi oti nyl at ed peptides by non-covalent interaction

\Beveral fechhigues caner keownoloe dimerizee the inertbrbgrs\Wivighdroars can be

Rfimatized Wd. WY e8valdlPattacHrhehtStodh qugpsﬁ'hﬁkér [sCa Liéiﬁlrﬁ‘l molecule

hi ot.l n/ st t

EIFRinG %&ﬁ%nfhg hd RS thﬂ&ogvpgaﬁé%d%&%@fqﬁ%ﬂa%?m'qnv?mm
tlhe pAypeptidertnitg:can e pombined yia @ ltkes i awehiaway, that the binding
Ab ties ERQ Yedeptor is inpréveivUchaisan it @l e1 99F; Werghtehietal.b1997). It is

AR MRbré rgfe}freetd%' Hﬂ’i%r 6|t??ﬁer?ztai|8ﬁg)grn?on%4?é iR Igt(?d peptides by

kno cqva?e@i\;ggragr ion with 5) p@ﬁln Irglcul?hcge%g & gy Wrighton et al
ightarur 8997 dhds alsbl peseiblRi t;ham A biatindgtreptavidios pystem i.e.
fﬁrﬁtrriyramm Peiet iCdenfafliseby the 288ptiHes Aadd Rersubbéqudiat inggbating the

‘B‘?é’t %té’t |d%§pW|t‘flle s?r’e v‘fdu# rhdt Ofs %E Sto achieve
il g UG S L

&’éTPF%%tio\'}‘e \ é%"'ﬂ'@%c‘i %J@ '@%@Zg‘t?r §"¥6‘?tufen known to the
Iskitlied penssireisidescribéd nrhdetedietg wi Caveliereat @l. r(m Papndes The wave of

e Fture MshabPiebidnd RehbREA. Holghtefli (BBS); AnféitandPeptide Society,

(268*1‘25%@%& g‘;ﬁ"{‘é&% yl\({}g)%gﬁﬁsp ﬂae %ﬁﬁgfsggréﬂﬁ?foh? 5Hor artis to

IuﬁﬁlpéfP”E Acthat ?&H Iﬁaf@?%% Aed erp(ap\éesd@ Eﬁ/%it'ze precursors of the
datewrd«ee nsoietied, witichiraact with N-terotinal resthing rgronp s dieérehy forming the

FinhP&MBricIpEBtRIeOfJoPAsSi et &l 91 9;9%) Mbdonfdta RiaPsSalBb sl Bnerized by
%8}/5\@% Qﬁéch%ﬁ%l ellﬁHQrelt:’Vefer-gggl hemﬂ?(%r g@%%seg §PH ﬁ IQH wherein

SI he Tesl
R sl alaser afileng suReiteH wikea SUnRS0BRLITOUB GHCR 3% Q?g'b@% group or
aatibo>group that esatdes bipding tal dnptiserosiolacutes dnoietly. dhe latker might
EBARIMEOREBINY fddiduel BRRJdirt anide. OABOSP'EG ﬁfﬁayaﬁe af¥ef€a linker. The

S B AR 9°°i‘ﬁgsﬁ"% (Bl Boids ¥ HBASAATY substiuted

8t Pp8 R rMoms @t@ﬁ‘saWﬂ il WF'Q%Q |Q5ﬁulbfsuﬁ|é;§§|%§m}m Rapable of being
bookd g oneicrtrgoriesPBGsmotgoutes. iAndetalizd dederifibBad . possible steps for

Bligeheazation shdrBimhedtdtien &tﬁéﬁti@% &itH 8"inkiRg MbIB8Y iCalso given in

ﬁ‘i@?&’%‘iﬁ I oBp AR i erdtoh HEp for R R oue Reptives are

araeaciad®dare not only interesting for human
t her apeuti c purposes. Beyond 30 human applications
Fodhemharea itgaheatd be edtdéd thatBPQ windt POt regnétic péptides (monomeric

GF"dTHenBPQJré hhtabRly "Ht&REting Tof Hutndre IRE@peltic Ifurposes. Beyond

i ﬁ%#or%%%maﬁ% iPgimal heath

pareom ket dnp éﬁ§pe%{bl§s'§ desifablg do pypuiger EPY mimetic peptides
shawvingraydisgrimarsdtingactivity pattersdn henees arfd akmfn‘% endgrder to prevent

%BU@'Th@@Q\dﬁ&%‘?té’bﬁaﬂ&&a tH3USSincé He sé&dbn%@g ofl@@ferent animal

o_the ece

%5’% ik Frdechany i, T, Hib i He B8l 48 € human EPO
m@aahgmngtthe rEeP@. receptent of gislereny snecias itipgcomes clear
tm;lt)tha cﬁféaneairrsmcle&‘ differ iffondy arfelv amiresaeidbi Fhis implicates a high

§féir]é{gl;étm‘gﬂ4gw6]§5?| F'Gr)(herﬁ%réh%hwoé esrrréésﬁlf‘ brcantdl bf these amino acid

S AT (P YATLRY AT 40 Fe‘S‘P.’H@%e“Grﬂ?%“ o B pagravates the
dmgelopment of an EPO mimetic peptide depicting different evels of activity on the
human and the animal EPO receptors.
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devel opment of an EPO m netic peptide depicting
different levels of activity on the 40 human and the

WO TIRI69BPO recept ors. WO 2007/ 101698 PCT/ EP2 @T/KX220882068

-5 1t is an object of the present invention to provide
alternative synthetic peptides which exhibit at | east
essential parts of the biologigal activity of the

native EPO and thus provide alternative nmeans for

dif isi an eobjedt hafr theeprteisent inventign de . provide saltenhativieh synthetic peptides

Qﬂi.@%xmbn bbRaRE sgﬁhltnm ﬁé(rS@bf e Buslogrcava@lmtﬁlaﬂr;au?ﬁvgepo and
Db B einaRedBee T IRt SR N 0 E3Rbutr Hurtofer o of

EPO njnetic _peptides by alternative dinerisatjon

dip & @gﬁhssobmt ehitienpiesent ipvertiogtogypuide B hinetic peptides with
pndspnbvadefécagyon to provi de EPO minetic peptides

whi ch depict a diverging activity pattern in humans

#Ed AFUABSSobjeet dhthes %Pl'ége'nﬂﬁﬁvérﬁohhésﬁoohbe&h%rWdﬂEm@ mimetic

gtoafirst
@%ﬁ%‘%ﬁg\{]?ﬂ% & ?%drﬁ né?'%?éﬁé%tl de is provided
cially one being capable of b 't he EPO
FLRBRIBPTE, dhrte e Phict 18 thegPraseih g eaen o, Bravite, ERQ mimetic
peptdéeswhichi d@uctmdumwma@mmpamemamm ahignad$.n
each amno acid is selected fromnatural or unnatural

Phiensd | @ioristoRdse Xﬁiéc&ss il Berontinadiinl detdihbelowi dechai n
functionality capable of formng a 20 coval ent bond

%rccérc%ﬁg afé)"’“H Hesty ,_9%[?5@ rbf: tRE! fhverftfon.S I:{’p idk: isVprovided,
{

ASPPLAI i &f%fqp@b@ i éebin”@igf%gg%e r%?&p?ﬁ%ggmapﬂsmg the

@llowing congensys seAvemce I&V@'n@)ﬁﬂﬂﬁ’lge of proline; 25

or X9 and X10 are substituted by a single am no acid;

X1l is selected froma & X1y S an
unchar ged pol ar ami no Z% ?@ o\ 11&1%( “THal, 2-nal,
Aor F, X14 is D, E, I, L or V: 30X15|sanamno

:suhezneiw qachaansingeatidinsélented foeral natyrat apaphatusal roinei agids and
coval ent bond or A Also conprised by this

errbodg{g‘?é‘lg;ﬁgﬁ BGaQ:ﬁd Wﬂﬁ ?'d%%?ﬂ fpﬁ%{ﬂriah{; & He of forming a

consi eqw

I ona
deri v&PY%® '&‘%éﬁ%ﬁﬂ@ fOtYRY© Lﬁﬂ&ﬁ/% eptl de
consesisRs EgleMéeY on&i ng EPO minetic activity and

havi nXg3§ M, 2005hd 88 BXRIAtR8O8 hEHEIeEine;
Xg is G or a conservative exchange of G;
X140 is @ non conservative exchange of proline;
or Xg and X, are substituted by a single amino acid;
X44 is selected from any amino acid;
X4z is an uncharged polar amino acid or A;
X13W, 1-nal, 2-nal, A or F;
X14is D, E, I, LorV;
X5 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A.

Ion

Also comprised by this embodiment are peptides selected from the group
consisting of functionally equivalent fragments, derivatives and variants of the
above peptide consensus sequence, having EPO mimetic activity and having an
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-6 amno acid in position Xlo that constitutes a
non- conservati ve exchange of proline or wherein X9

woexod7/d1s8ar e substituted by a single am no aciPdT/FH2€07/002068

descri bed pepti de consensus sequences can be perceived
as nmononeric binding domains for the EPO receptor. As
EPO m netic peptides they are.g5 capable of binding to
the EPO receptor. The length of the peptide is

rarnﬁh@raabyiébpbwen b(]?dﬂ th@tdtcnéﬁf(uws bit hbu—toﬁhsemvttiyca exchange of
am no acC S.. r erre 0Ql nts,. e e |
P edlihdiin X and X erE e bRiG A Bl bings 2rER'AdE. L,

or 25 am no acids. OF course the consensus can be
ditiecdesatibeds peptides ebpsérsusosguuesmeshsan bagegrceived as monomeric
%ﬁ%ﬁ?cﬁna?ﬁs' f19ftle 'E’?-'.‘@tlléc‘é?fbr.t ALIEPOD irﬁ%ﬁ@&%ﬁ@és they are
I'mervysing two nmononeric peptide units of the ve
canablesefdinding todhe PO recepder-very surprising that the
pepti des according to the invention do exhibit EPO
MHeelehgthast thel pemriedb Idrelessblo MRtWEen t@F e foHyndr fifty 808Kty amino
enb dllment - even Both pgo |nef of the knogn EE%? lenath of at
RS i’&%%%l"ied’egmé’e BPaRtsg s PRPIYR CORSaRtHS ARGt a1igngth of a
deastr €] 45ed 8&)y2@tdre25naminalacids. nOh-cuatrse dhe acomsensus can be
j ln f : ept | '
EihiidefresBEbivdly LBRRIGed B fetidsrbdunba A longer length can
aisa e copatede by kAiBIRTISH® | tWee No@MRMAERE nRerisler iunéts. of the above

lHB1BY§dus (skeibeld\s.eworthy that the am no acids
substituting proline residues do not represent a

TEREKY LYBSHTAEP R MoleS S 9 BRRRIELD o o
SIedie\aetivifies altpauely epe DPGFQFEE‘EF%S%B@@PFUW'?‘GBFS - even both
pegjineis \af | the ddnangeldP@nimiroetie pdptidémagasdingdo Weighton and Johnson
Brefreprabby by oitFHé‘ii hatvedl YorCReh-aafiramaRfh @lciiss Us TadS the peptides
SeshvaliBetaligh e Tl i A0k B8 Yher ot of e
kppwn prolingysentaining Reptides. hiawevshsikis arteverthritha) thgijamino acids
sabstitiiing praliné iresidues dofnot heprpsenti aneonserpatisiet éxahahge but instead

%arho%Léiﬁ\s@?va%ivéoﬁx&ﬁéﬁgé NFIPRbinelabulitableOexdmples of such non-

3t e orhEngEa 3T plbunBaite kB sR-El e Btk &l liplgabmino acivs
fneB@tan V@ anal ogues of the nentioned ani no acids.
Non- pr ot ei nogeni ¢ positively charged am no acids

F’?ﬁéﬁearéblgoébgﬁg\e‘fﬁg@%gaﬁﬁghgd?gihéia‘aéf@% @éljegﬂmgﬁgﬁ? tabfélls such as e.g.

E aireoeBat AN aioRt a5 A1 b SRt 5pacialy K' & Be used for

sehgivliomiThe noscensnvafivecanoine asihasehiaisubatiubienef e proline in

pasitior sl Gacap @b be e yonprotgagaenicnnatacal drian npogiaturahamino acid

kﬁd‘%%&r@?erélﬂ?tc?]rfégw&ﬁté‘giﬂsitﬁrmweh e sidé HhaiMeAlso comprised are
Y

ccaor |ng tP f nbo |Qr}ent dt he. prol.i ner}lllo |§ . . itivel

[SRRECTY, Apalogyes of SRS ienfionsd altingerFidiy NG -Rigtginogenic positively
sbagedaaminooagsid s dayingup sidsnehaini wiyichfis eonaatadcamgaractto lysine
proved ®chéeseoiallyl aztide.pAsduitable gxamplegefisuch an elongated amino
QEB' Ps’%ﬁh&,‘?gﬁme@ Oﬁ@@ér‘d[}r@ t8"InE08mBBLIMEN B8RS ddpfiBkY carries a
C ar.ged m no_,acl ds sug as &. 9. . .

positively charged amino acid in position 10 except for the natural amino acid
arginine. According to this embodiment the proline 10 is substituted by a
positively charged amino acid selected from the group consisting of
proteinogenic amino acids K or H and positively charged non-proteinogenic
natural and non-natural positively charged amino acids such as e.g.

homoarginine.
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honoar gi ni ne. WO 2007/ 101698 PCT/ EP2007/ 002068 -7
According to the consensus sequence of the first

woehuitessnt . X6 and X15 depict am no aci ds WPCOT/EP2007/002068

sidechain functionality capable of form ng a coval ent
bond. These amino acids are thus capable of formng a
bridge unit. According to one.%_enbodi mrent, the am no
acids in position X6 and X15 are chosen such that they
are capable of formng an intranol ecular bridge within

tﬁl?:%oﬁﬁﬁfﬁ_itéi%@Eoﬁéﬁr@d&%éﬁue%é%f T iRDRINRSIINRRR X625 X,5 depict
ot her . .@rm.ng of.da |inirar{ol ecul ar ke)rl do?g maﬁ | ead lent bond
A5BY AGILS With2 sPdgqhzin Jyigtiegaliyy, capsble of Jormaig, 3 GPyalent bond.
Hheggeamimo: acids are flaus gapablei efcfopningge biidget wnit. According to one
@nsisddimienie, thei dlgino atids ablpositioankd and oy s alre rshosehdsuchothat they
%f%g:%@ﬁfi%ngﬁ%ﬁed gﬁQrgf‘rgwén&lér%anfgidg‘)\g/fﬂéilntnfg%spé&i&d@& forming a
FoveleR! bpad bepyrerdenghet dror@ing of it fuEgrplscHiareridge may
deach to tdyiclisatiomef thaepeptidentBxamples fodissidablei budge iunits are the
diguifiebregs and thel esselriecbfi@ge.r 8aitalesexyapledast amino acids
%@)Sg:rﬁhags%hod’rﬁf eafo?%ﬁ{egeﬁfﬁ%tigéélﬂgg'in Tlli‘éi?‘ sife &%?r% S%lgeg cysteine
br ev s r_é;stab n reducl ng .envi ronnents. e

266 BYsiENSoReHVativRS sushi @8 PRMPRYAteINs of  sRigRQiustaipenbut also
dimdlysingi. flihecformation of @i disslenidevenidge eigt bebvean tlemiselenocysteine
réstued %oeﬁrﬁa@,caown@?éy Svérld tpdtbel brides itHi®As 4Ps@lefide bridge
>|%1 ore%?a%l%tiﬁ F@dt?cir?d? fivi &ﬁ’g@pg tl'ﬂeacofnm%t%'?\aéf't% CPéptide is thus
al |'ow né; e Tormgtyon of arfferent  covalent  bonds

PiRseryed gvgn updeppifieuiberntitiiSreen an ani no aci d

having a 20 positively charged side chain (e.g. the
ﬂd%ﬁé}éﬁpﬁélie‘?irc]j%m !ﬂ‘i’ataélé@'?arﬂﬁnoi"écitﬁaafe sQi'teiEBIé lhh %siti%?(e and Xis,
?leae%%ﬁéhgi%d%eq .i Bﬁg?;ér gf%ﬁ':é& e i%'@’?‘ﬁ%ﬁ‘%a%&@%‘%r,gf diﬁgrent
cpvalent PRBHS Sughpae & -Girdn amide bogkhbelyyesn ABrarpincggeld. having a
positieplyi dearged| d_si'degchainle(e.g.htémecpm«a‘negenisea;pmmacm K, H, R or
ghﬂg{ihéé,ngﬁBPCbﬁBWanef asﬁ *ﬁ?inﬁré‘ééﬂia\.‘_i@’ t%ﬂhé@é‘ti\ﬁil)‘? charged side
ch3eag o abs o AnBP e 5 B b B filcexamptes are amide
godithiogtherdiridgest he priority- dates of the present
application. In sone countries this disclosure in the

PehtiE€s fAHAG/ UHHEP the BdHEENSQOSLIBh& BF itRE Rt embodiment of the

to.th t t ent .30 _Onl -
BiaRY | cvanibe°, %?%p?@S'gE?EF calile anicalle g ghle; ogpplication
P4 ERPZOPPAN2O7TEHMV OciXHna0R5Ye winighe wag dubiished alles e priority-
Hated afghk pressntrappliestion.tIncoms coentriee ghisrdisdosure in the PCT/EP

f26b§)d1'29385rﬁ|’81ﬁt e@ﬁaﬁu@%}ﬁﬁwéccfdga@g%%éiré%aﬁe ddient law.

PCT EP 1 20 75. This cou ply to

foll ow ng consensus sequences or p(igti de 35 .

Ol ém eeyntriesgwhers: thie is @ppleakie 1apdoaeuldcqurptioappafestability, the
ebndenulisngetibendeP@eseribpd osibove for legal reasons may not comprise
sequences fulfilling the above consensus that are disclosed in PCT EP 2005 01
20 75. This could apply to the following consensus sequences or peptide

sequences:

- a peptide, especially one being capable of binding the EPO receptor
comprising the following sequence of amino acids:

XeX7XaXoX10X11X12X13X14X15



conprising the foll ow ng sequence of am no acids: 40
X6X7Y X9X10X11 X12X13X14X15 WO 2007/101698

WORGOT7//H#P@807/ 002068 -8 wherei n each am no aci @dT&EP2007/002068
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selected fromnatural or unnatural am no acids and X6
is C, A E, a-amno-y-bronobutyric acid or

honocysteine (hoc); 5 X7 is Rg.H L, W Yor S X8is

M F, |, honoserinenethyl ether or norisol euci ne; Xg

I's G avhereirogsctt aatiny acidxs Belegtedfrofd natlitalios umnatural amino
conserytdd &g exchange of proline; or X9 and X10 are
substltute y a single amno acid; 10 X11 is

selected fromany amno acid; X12 is T or A, X13 W

1- nal ,Xeds GalA, Bs wanfno-yaremabutyriceacig orlhogrooysteing (hec);

C A Xg.sa}aml_nwyylmtsmbutyri c acid or honocysteine

(hoc) ]Ié Irlf"’i' HSFhotsQﬂﬁeﬁl' péﬁo?ﬁpfgoﬁehé ng: OF hoc;

char act OW Ng Sequence
of an dS s bee: CO”XGWSR@XE ge f B3x 13X 14X15 20
wher eiXo ésaa Imoardonseaetivei exchadge af pooling; st andar d

|etteroraQtHrft}/X%tér@beﬂi%ﬂtuté@bysa §ng|>é7amﬁwof??mh+ L OL W
0, conservatil ve excnange
of G )&ﬂ#\@elgct%d om ﬁ 50@‘

non conservati ve 'exchange of proline;
X11 i e RdE®EMtlent |y sel ected from any ani no aci d;
X12 i 4IW,3Bnall 2-nal, WorE,4 is D, E, |, L or V; Xi5is
C or Xq@ggl E Kq gng: X10 are substituted by a single

(TS A AL TS SR oo

X12 X1 Praviga ate|therX60r 15 Is C or hoc;

- a peptide, characterised by the following sequence of amino acids:
XeX7XgXoX10X11X12X13X14X15
wherein each amino acid is indicated by standard letter abbreviation and

Xe is C;
X7isR, H, L orW;
XgisM, Forl;
" Xg is G or a conservative exchange of G;
X10 is @ non conservative exchange of proline;
X11 is independently selected from any amino acid;
Xi2is T;
Xizis W;
XisisD,E, |, LorV;
Xis is C;

or wherein Xg and X, are substituted by a single amino acid
- a peptide is characterised by the following amino acid sequence:

XeX7XgXgX10X11X12X13X14X15
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WO 2007/ 101698 PCT/ EP2007/ 002068 -9 wherein each
amno acid is indicated by standard !otter

woaobT/enemt i on acid X6 is C 5 X7 is R H L ®CTWP2X8/002068

is MF, I, or hsm(honoserine nethylether); Xgis G
or a conservative exchange of G X10 is a non
conservative exchange of prolige; X11 is independently
sel ect ed from any amno acid; 10 X12 is T; X13 is W
X14 is D, E I, Lor V, 1- naI (1-napht hyl al ani ne) or

2-nal (2-naphtyl al ani ne); is C 15 - the peptides .
di scMBeé%'nl CI&S@'T' g P e‘# Eb’ﬁ*??qq{’g{ ety %%@é‘“”“' and
consensus of the first enbodi nent (see Fig. 21). Were

t he gr.l ~er post published discl osure of

PCT/ /012075 does not result in a patentability

pr obXeis Rt hig Ladrde | i sted consensus and peptide 20

the b d
cons Qde BBy B (hBtSefing dthitethelf O 1 TR o o8
conpedef BFa cRaseyalive g¥ehange ebb@sensus.

Furt e l§°éﬁon%ﬁ§8n@'ﬁ%'e%ﬁaﬁé@@ﬂbt‘ohhae accurat eness
of tE‘g EPOmrreu: us in eneral (ﬁsthey
t

demonst (SindepaRlentlysalecied da aby ARpg Asidy 1 o 4

secov(qiz srfb,odl ment of the present invention, a peptide
g;o ed, which also depicts good EPO m netic
pro ! This peptide conprises at |east 10 am no
aci d¥u4 ISsDcElpbbJ @ \bf 1-pahdi-nephtoylalasinePor e (2-0aphiytadanine);
con‘p§<| SRscan agoni st and thus EPO minetic activity.
Sai d peptl de conprises the follow ng core sequence of
am no acids: 30 X9X10X11l X12X13 wherei n each am no
aci d i stheelpeptides f disalosad uinalPGF/ERAAOSR 175 fuifiliog the above

aci ds, comsénsdeotihe:firsbeniodnéntqsea Firasigr vat i ve
exchange of G X10 is a non conservative exchange of

oI|n or and X titut
gaipy P ualsied AoRRsHIS. o B P2deldt g5 does not
mﬂ/m)l@gmtp(ﬂabﬂmogmbdmnoabe above listed consensus and peptide
sequences need not to be disclaimed from the broad consensus of the first

embodiment and are thus comprised by the above defined consensus.
Furthermore, these peptides support the accurateness of the EPO mimetic
consensus in general as they demonstrate the effectiveness.

According to a second embodiment of the present invention, a peptide is
provided, which also depicts good EPO mimetic properties. This peptide
comprises at least 10 amino acids, is capable of binding to the EPO receptor
and comprises an agonist and thus EPO mimetic activity. Said peptide
comprises the following core sequence of amino acids:

XoX10X11X12X13

wherein each amino acid is selected from natural or non-natural amino acids,
and wherein:

Xg is G or a conservative exchange of G;

Xj0 is @ non conservative exchange of proline or Xg and X1o are substituted by a
single amino acid;

X11 is selected from any amino acid;
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-10 X12 is an uncharged polar amno acid or A, X13 is
napht hyl al ani ne. Al so conprised by this enbodi nent are

wWOoRepTiodess sel ected fromthe group 5 consisti METEHP2007/002068

functional ly equival ent fragnents, derivatives and
variants of the above peptide consensus sequence,
that have EPO mi netic activitygnd having an am no
acid in X10 that constitutes a non-conservative

o4 ¢ nag encharged! polar aminorbeideirA; X9 and X10 are

single am no acid and which depict a
napﬁhwtﬁglﬁﬁ]heﬁ?n position X13. to The peptides of

this second enbodi nrent share with the first enbodi nent
tAhsn comprised dat thie einbodiiént are peptidesnselectdd feom the group

L T
calbawecne@mdetdwseosus shquem®, thaehave EBQ mimetigastivity agd having

%ﬁ ARS8 ﬁenﬂ X Rs I(’&T@ht&’tfest ﬁoﬁfc%ﬁgﬁhatlbg‘@(@réﬁge 0% proline or

e napht I"ani ne (e. _
WhEreioRe #9d Ao aneosesilitedt DA Yngleapming paidaaic wvhigh depict a

mghthmaﬂﬁeaﬁ(ﬂ)oghignmg conservative amno acid
exchange of proline in position X10 | eads to EPO

gﬂgﬁ&&mw g5 sdéggha é%beﬁéﬂqtbé@w.émﬁe%gf Efbodfiment the

EPBYE A TG PalK 1 nBe BN omSer NS HEBARBF S iP5 ORtgat X and
o g6 isupstitutes! by adsingle aminmgeid. quvejmﬁ,omfurther characteristic for

({1 EFHDtmmﬁétlcbﬁéMﬁﬁe htsorgivgt fodthensaswmgl ?mbﬂihlrﬁent of the present
ReEoh T e, AAPARGERrNG (o8, SRAL PN Br 2o Fupasifipn 1.
conformati on of the peptide dinmer. In conbination with
dineandmbingtion ohinaphthylaignineninc positional 3vand ¢hermsn-eenservative
AMIFEQ0M BREhENGE be PrbltheMr Positioh 0¥g de&fOto IEP®trhitnetic peptides

B\f@@g{g{)‘fg Pﬁ}dﬁ{egea}oﬁémé@ybe due to a favourable

no acids involved in receptor
blndlng Sequences depi cting naphthyl al anine in
G0 rhioreticpeptidesdiind inlfayol of adlimer tathen O cecapter. We assume

aadt! tRy | bfetionoBf RGAI P pdiiXidrd) 120 78add o sstinger hydrophobic
%ﬂ&&% % d'tl'?ef eﬂ’%ﬂ Wm&&n%ﬁlgub%e%bw é}‘mances the

accor es

tr
ﬁ'ﬂ?ﬁl %’6‘2!“8”&u@§?§'qr;?1 ‘%}i“e“nt%ﬂﬂ | RQSP! '?( h%tab"'ses the
con&mmﬂensﬁqbemm)t@fe dimerf in somdlinatiomawithearofmihe acid which is

ﬁ@ﬁ%sémﬁenﬁiﬂprélﬁfe I §63EP035n|hﬁaQ§0ﬁ1?oI@@Men\Qtth improved EPO

B GBS bl B O B et e o o
@ﬁun%p|d&/wv@vefém§@?§9§or BeBHce and peptide

sequences selected fromthe follow ng group that are

tkRees d |ct|?§wn'58hﬂﬂ@aﬁéﬁih%07r53po\§@o%0qy Weké98iso disclosed in
f,EaPn:’t‘QOZ’ lication PCT/EP 2005/012075. In some countries this
dlsclosure might constitute prior art according to the patent law.

In countries where this is applicable and could question patentability, the
consensus sequence of the first alternative of the second embodiment for legal
reasons may not comprise sequences fulfilling the consensus that are disclosed
in PCT/EP 2005/012075. This could apply to the following consensus sequence
and peptide sequences selected from the following group that are disclosed in
PCT/EP 2005/012075:



-11 - a peptide, especially one being capabl e of

bi ndi ng the EPO receptor conprising the foll ow ng
woswouenes of am no acids: X6X7X8X9X10X11l X12XPEXIRPZE/002068

5 wherein each amno acid is selected fromnatural or

unnatural amno acids and X6 is C, A E,

a- am no-y-bronobutyric acid qrqshonocysteine (hoc); 10

X7 is R H L, Wor Yor R H L, W YorsS X8is M

F, |, -ropeptidenespédigligidner beingncapabit exfdhinding 8¢ EPCSreceptor

or a on

conse%@gﬁ? \r/sg &hﬁgﬂé@h@%ﬁqcﬂ@&f&éﬁn%&%ﬁ X10 are
substituted by a single amino acid; 15 X11 is

sel ected from any am nXeXeKeloX(dXR11XKs2Xi3¥14X8s X13

isl-nal, 2-nal; Xl4 is D, E, I, Lor V, X15is C A

K, a-amno-vs:hho | i i.n :
20 pr SRR 4015 Bl LD AL B BRnHAGH amino
pept | @1d5faRthe fol | owi ng group GGTYSCHFGKI TUVCKKQGG
GGTYSCHFCGKLT- | nal - VCKKQRG 25 ~

86&2? E@@—K,'m&i-affﬁ%{%w&w% teihs oc);
- - - - na -

Ac- C- Gl %&W%%&% KORG ECHFGKLT-I nal - VCKKQ
RG AmXsAg A@B@F\’S@F@ﬁﬁmﬁfﬁ‘ﬂhw&ﬁkﬁ@@%ﬁ‘o'eucme;
GGTYSQGQHE_dF A rahsdidki@RExsbange of G;

A %E?F{L%’QFWW@%*”FE‘@”*% D VOKRORG
o B e B et e s S B ek ade:

GGL YS$HF ssaraatedrans agy amineStihaKL TXVCQKQGG
GGTYSEHE KL BXYCKKQRG  GGTYTCHFGKL TUVCKKQGG

GGTYSGHEHALIAIVEIIGH:CC
XuisD,E,|,LorV;
Xi5is C, A, K, a-amino-y-bromobutyric acid or homocysteine (hoc)
provided that either Xg or X5 is C or hoc;

- a peptide of the following group

GGTYSCHFGKITUVCKKQGG

GGTYSCHFGKLT-1nal - VCKKQRG

GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal - VCKKQRG

C-GGTYSCHFGKLT-1nal -VCKKQRG-GGTYSCHFGKLT - 1nal -VCKKQRG

Ac-C-GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal - VCKKQRG-Am

Ac-GGTYSCHFGKLT-1nal-VCKKQRG-Am

GGTYSCHFGKLT-1nal-VCKKQRG

GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT - 1nal -VCKKQRG

CGGTYSCHFGKLT-1nal - VCKKQRG-GGTYSCHFGKLT - 1nal -VCKKQRG
. GGTYSCHMGKLTXVCKKQGG

GGTYTCHFGKLTXVCKKLGG

GGLYSCHFGKITXVCKKQGG

GGLYSCHFGKLTXVCQKQGG

GGTYSCHFGKLTXVCKKQRG

GGTYTCHFGKLTUVCKKQGG

GGTYSCHFGKLTUVCKKLGG

GGTYSCHFGKITXVCKKQGG

GGLYSCHFGKLTUVCKKLGG

GGLYACHFGKLTUVCKKQGG

GGTYTCHFGKITUVCKKQGG

GGLYSCHFGKLTXVCKKQGG

GGLYACHFGKLTULCKKQGG

GGTYTCHFGKITXVCKKQGG

GGLYSCHFGKLTXVCKKQRG



10

15

GGTYSCHFGKI TXVCKKQGG 40 GGLYSCHFGKLTUVCKKLGG
GGLYACHFGKLTUVCKKQGG  GGTYTCHFGKI TUVCKKQGG
WOQBLYBTHBGKL TXVCKKQGG  GGLYACHFGKL TULCKKQGG 4% CT/EP2007/002068
GGTYTCHFGKI TXVCKKQGG  GGL YSCHFGKL TXVCKKQRG WO
2007/ 101698 PCT/ EP2007/ 002068 - 12-
GGTYTCHFGKL TXVCKKQGG GGLYSCHEGY TUVCKKQGG
GGLYSCHFGKLTXVCRKOGG  GGTYACHFGKLTXVCKKLGG 5
GGL YACHFERT I EHBRKDTEY CRKSIGGACHFGKL TXVCKKQGG
GGL YACHFERE ISCAEIRKOTIEY CRXRCESCHF GKL TUVCKKQRG
GGL Y TCHVERE YSCHEIRKOTEY §RKQESTY TCHVGKL TXVCKKQGG
GGL Y SCHRERT YAEAEIRKEREY CISTSEr CHFGKL TXVCKKQGG
GGT YT CHFER: YAHAAEIGKBRESY CRIEQISEr CHF GKL TXVCKKQRG 15
GGT YACHFERT YA NAEIKOER CRSA\CHF GKL TUVCRKQGG
GGL YACHFERE TSQ/MKOESY CREQSESCHFGKI TXECKKQGG
GGL YACHFEKE TS QAEIKOEEY SKQRSTY SCHF GKL TXVCQKQGG
GGL Y SCHVERE YSGHISKEEEY CIQYES CHFGKL TXVCKKL GG
GGL YSCHFERTY VRS CHFGKL TUVCRKQRG 25

GGTYTCHRER AR EEXV e RGEHMEKL TUVCKK QGG
GGTYSCHFGKLTXVCKKQGG

GGTYTCHFGKLTXVCKKQRG
GGTYTCHFGKLTXVCKKQRG
GGTYACHFGKLTUVCKKQGG
GGLYACHFGKLTUVCRKQGG
GGLYACHFGKLTXICKKQGG
GGLYSCHFGKITXECKKQGG
GGLYACHFGKLTXVCKKQGG
GGTYSCHFGKLTXVCQKQGG
GGLYSCHMGKLTXDCKKQGG
GGLYSCHFGKLTXVCKKLGG
GGLYSCHFGKLTUVCQKQGG
GGLYSCHFGKLTUVCRKQRG
GGTYTCHFGKLTUVCKKLGG
GGTYSCHMGKLTUVCKKQGG
GGLYACHMGKITXVCQKLRG
GGTYSCHFGKLTXVCKKQRG
GGLYSCHFGKLTUVCRKQGG
GGTYSCHFGKLTXVCKKLGG
GGLYSCHFGKITUICKKQGG
GGTYTCHFGKLTXVCQKQGG
GGLYACHMGKITXVCQKLGG
GGTYSCHFGKLTUVCKKQRG
GGLYSCHFGKLTUVCRKLGG
GGLYSCHFGKLTXVCRKLGG
GGLYSCHFGKITUVCRKQGG
GGLYSCHMGKLTUECKKQGG
GGTYSCHFGKLTUVCKKQGG
GGLYSCHFGKLTUVCKKQGG
GGLYSCHFGKITXVCRKQGG
GGTYTCHFGKLTUVCQKQGG
GGTYSCHFGKLTUVCQKQGG
GGTYTCHFGKLTUVCKKQRG

wherein X is 1-naphthylalanine and U is 2-naphthylalanine.

Where the postpublished disclosure of PCT/EP2005/012075 does not result in a
patentability problem, the above listed consensus and peptide sequences need
not to be disclaimed from the broad consensus of the first alternative of the
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GELYACHMEKI TXVCQKLRG  GGTYTCHFGKLTXVCKKQRG
GALYSCHFGKLTUVCRKQGEG 30 GGTYSCHFGKLTXVCKKLGG

WOQBLNYIGHBGKI TUI CKKQGG  GGTIYTCHFGKLTXVCQKQGS  PCT/EP2007/002068

GELYACHMEKI TXVCKLGG  GGTYSCHFGKLTUVCKKQRG 35
GELYSCHFGKLTUVCRKLGG  GELYSCHFGKLTXVCRKLGG
GGLYSCHFGKLTUVCRKQGG  GAL YSCHMEKI TUECKKQGG
GGTYSCHFGKLTUVCKKQGEG 40 GAYSCHFGKL TUVCKKQGG

SeLINCHERKbAIWERKERED afeCENRSHESHpIsSLCP e above defined broad
g@ﬁg FRKLTUWVOKQGG  GGTYTCHFGKLTUVCKKQRG 45 wher ei n

I'S napht hyl al ani ne and U i s 2-napht hyl al ani ne.
Where t he postpublished discl osure of
POTthEPXEDESioBE @BPediscef tha firdsand seaond grabedimenit |aftthe present
Rivehitiom atdeprabiled lin Sthed d@@@ﬁ@@ﬁtu%laﬁlﬁh@ peRptthdefirst and second

BHbbdinEnt Bfﬂﬁ% |r§%rﬂ|8b §rﬁr dé’l’\t?c“all ?é:{fﬁfei]sf Fe%r& G the Q#sence of

consensus rnat]

Soper-SonseNativer PEehagg 66 BIRINe InROSIRRAG Anbcliakerand Xio are
anbstituted byia singlpransiad awjd, tthey ibfact adefightédliikeddd each other.
consensus. Further beneficial aspects of the first and

%?‘i%??ggﬁ%%'"ﬁgg : egﬁ’ﬁhgﬁf YR8 st At Y e Brtigiment, wherein
3lg aeinR AGidntarer detined i fay pasitighss gyFreundiag: theyabove core
fseqﬂem(ees asgdefined) in hiee depsadert chims andnarecalse rdescribed below.

PreAsA6teOthaP i hﬂﬁ\b'eﬁnBQ%etd' |ﬂﬁhé%r@§ehtr‘a[§ﬁl@bt|6§9 (RPEX... etc) is

PAB: ikt B brdeh € gty hAPPRAEEh Bihibar, Hpeblces of e
@&mglu@r@@qm@@ %?Otrnmﬁlq Beptides kavynin the state of the art (for
evhidirimgnbased encthe EMR1 peptidanjleasecefds eag.eJateisomedt al, 1997

bRb o)L %V%Hftrh%JHQH%nhped@é@HSt Fé?é:eto %?&H@@l%ﬂslength of the
are&fln n s rj endenI IEE nI F}% c that all
&R 6% 2 05t 8‘&'%& 3t fleShg %\ﬁ ﬁ' gy
pasitines @re oeauPigPpltiie £ 9.0t (Nepessary. that @p§¢|0n§<1 is occupied. E.g.
a peptide starting with Xg is also EPO mimetically active as long as the minimal
length of 10 amino acids is provided. Consequently, the numbering of the amino
acid positions used in this application shall only alleviate the characterisation
and comparison of the peptides with the prior art.

The consensus sequence of the first and second embodiment of the present
invention may also comprise the following additional amino acid positions:

X14X15X16X17X18X19
wherein each amino acid is selected from natural or unnatural amino acids and

Xi4is selected from the group consisting of D, E, I, L or V;

X5 is an amino acid with a sidechain functionality capable of forming a covalent
bond or A;

Xje is independently selected from any amino acid, preferably G, K, L, Q, R, S,
Haror T;

X47 is selected from any amino acid, preferably A, G, P, Y or a positively or
negatively charged natural, non-natural or derivatized amino acid, in case of a
positively charged amino acid preferably K, R, H, ornithine or homoarginine;

Xig is independently selected from any amino acid, preferably L or Q;
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only provided in order to alleviate the conparison
bet ween the peptides of the 15 present invention and

wOtd0e7/ P8 neti ¢ peptides known in the state @ECTIRRR206002068

(for nunbering based on the EMP1 pepti de pl ease refer
e.g. Johnson et al, 1997 and 1998). However, this
nunbering does not refer to thg overall length of the
pepti de and hence shall also not inply that it is

A yay Sntesersdantly $dletted fronpanaytamine acid, prefepitsig.a Ipositively or

| . +:h L4 . i i idea K
T S T B a0
Rt oRihing Srchemeataining 4y a\smal| dexitl AgTino Agifsyehyes glycine or
betarmiaminesci ds i s provi ded. Consequently, the

nunmbering of the amino acid positions used in this

' ion_s 0 l.eyi.a t ar I sat] .
2 bR & o5 fither ﬂé?‘yoo;’j{'f%*é;%et R BgEha e doffprises the
Wipg agddienat 8 aeidHOSIHNS i r st and second
enbodi nent of the present invention may al so conprise
the follow ng additional am ygagi d positions:
X14X15X16X17X18X19 30 wherein each amno acid is
sel ected fromnatural or unnatural am no acids and . )
whereis eagheaming a6idis ﬁﬁ'@cbidofﬁﬁmdtﬁ*'é,ﬁ'aipf ﬁgnmatgal @mino acids and
Wwhareid;, X15 is an amno acid with a sidechain
functionality capable of form ng a covalent bond or

Bl S oSl P S0 o covotors
Send@rfyor pAmiaRyY-BrAMebulyra ack eferably A, G P, Y or
X7oRi, H, LeW oolY om@gat i vel y charged natural,

tpuna r j j ' j blcipase of a
RIS, R dRelahereh dobaroftiibobighere |
orni thine or honoarginine; 40 X18 is independently

dererding to rofirthey impraweaentof fie:fiest andysecand embadiment of the
R@ntidA L 8 pBplide-a2picts G0ekdiged-dminslacidsin position Xig, X47 and/or
'X‘?Qﬁpflﬂé@?g rlnYnoS%Efri]‘ig gtgiitiéﬁg@rgh“%rsé‘ggﬁ%mﬂﬁéo‘ﬁgé)ﬁgéf(iﬁﬁﬁghds on the
Terlgih of e ptatde oo fﬁtﬂa?-?f&e AMMAGBR i1 RO§TIoR XiogXinand/or Xg
ereniaithien epasitivielyrear aegativelb chargadhlandr aesx iselestegyifram the group
a;?sisﬂné@ hofamatyirsic iaﬁﬁnora‘c%:;g/e,t a:oa_Lrg;%um. aminkc aeidd rgdt derivatized
ArrliMG bifls, PIERYSRVOTE that deliaRigRY ahfinS YRS é?eg&% %Sa special
t . 0 ng _additional am.no.ac)d positi 3 .
fﬂﬁ!ﬂQE’FSPﬁ%QgH‘ i) atEing pos dn doe é%n?%nq%wag%ﬂ ion. The
term nanwnaiiirab gmiooe aciddis inrfact thieegenatic term. Derivatised amino-acids
are presently separately mentioned, since they constitute a special embodiment

of the present invention as will be described in detail below.

In case the amino acids in Xi9, X47 and/or X9 are negatively charged amino
acids, said negatively charged amino acids are preferably selected from the
group consisting of
- natural negatively charged amino acids, especially D or E;
- non-natural negatively charged amino acids,
- originally positively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a negatively
charged group.



10

15

20

30

35

40

X6 is an amino acid wwth a sidechain functionality,
capable of formng a covalent 15 bond or A or

woaoarimes8y - br omobutyric acid; X7 is R H, L, WAvBR20@3/002068

X8 is M F, I, Y, H honoserinenethylether or

nori sol euci ne. According to a further inprovenent of

the first and second enbodi nents of the 20 invention,

the peptide depicts a charged amno acid in position

Xhe, ndd-hatural eegatiidlyi dhdried ssidenichairnenal, depict ispnelodgated side

RhSRE xérﬂglbgefoi’é%"hdﬁnﬁﬁ@ RRERAS af) aﬁ%-ahﬁﬁ}g%@iﬁé 150&? (Aad), 2-

RRAnGliEpBResieg (2 aminRIaR o SG  IR AR MASUBRIE AP (Asu)

charged and are selected fromthe group consisting of
CHe Fetdsofhidhit deitHat theoslongatedanegatively cargléd aRtficial amino acids
%%g\ég%b%eg) g2t ATbBfePebtdct WiRidssuififly chdRled amino acids of the
rivatized dam no acids are perceived as a speci al
AeFRAIET herenimRioying th&rﬁ%ma&a@écs% t he context
of this application. The termnon-natural amino acid
IlShadbé&s FolitetHaR Mespéctiver fBptides WiREh b éé{?rrlﬁ&r%-‘drﬂﬁylalanine in
e, : . since they
BoRBprGr nt P R B R BORER Tho pr esent
invention as will be described in detail below. 30 In
dasmentienedy ih e alsbdmsjsible(lcﬁ),prcmide mdémti\mlyeglaanged amino acid by
QSE?éHtM@'é/pﬁélﬁ\r/%?@héF@ri@an%r § Qéidliﬁl@'%néﬁtﬁl%iél%’ ?h#rged amino acid.
TRRLARE ANds oalpfopgisitier 18 FARERE he Tle" Glib RBrAY potentialy
gphascingsthecbinding preperties. éscord?ﬂg]méh@r BPVve|cRfEategyl fysine (or
tbenajegbusTsartercandimo acids iiké D, Patosi dinitbine) dé degeatized with a
it edsddit PBVRIhEhegathIB \Warg & grd@id. 28 Guitdbldhagent is e.g. a
ui t abl e chem cal rousmordger r.ovi d emW th L
i3l S0t @506 oc Aot R ks Gb ditih S dkss. GGt dcld, adipic
RO ESpETc 080idegpimelis il @nel sabarial agidgataw diey mentioned as
eRampées. si de chain may depict an el ongated side
chain. Exanples for such am no acids are al pha-am no

ALBEn 50 B e b BEEIAT SEAGHIR 1 g ryenton cares o
pasitiyelysclmprgetde agune nagittinbpositial Xte X7 odRHPEdX19. The positively
BRgjdvArhinocded gsedelectédfﬁr@mahe@mmpan?iQMg af e capabl e

to g_e p | 0 r . T

01 i) Bk Bl Ao B 6] Y g A or
bi ndi RP WM city. It has been found that respective

- pept i-0en-natiieh pasituely:aheyged AR AYINSI anine 1n 1o C o T o

posi t beginkBy depatively hargabdninadeidg wiioherd, ifswevs, derivatized

ment i gaede WalP ' ' "
T Gl AR GGoP 45148 RN ool
ani no @199 9PYPa negativel y charged amino aci d.

It turned out that very potent EPO mimetic peptides can be created when in

position X4o and/or X7 of the peptide an amino acid is present which depicts an
elongated side chain compared to lysine. This amino acid may be non-
proteinogenic. According to one embodiment the elongation of the positively
charged amino acid is provided by incorporating elongation units in the side
chain of the amino acid to be elongated which does not necessarily need to be
lysine. Also shorter amino acid may be used as starting materials which are then
elongated by appropriate routine chemical reactions. Usually, the elongation
units are either aliphatic (e.g. CH, units) or aromatic (e.g. phenyl or naphthyl
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Thereby it is also possible to elongate the side chain
t hereby potentially 15 enhanci ng the binding

wopoopnédses. According to this novel strategy,PATYEH2008/002068

(or honol ogous shorter am no acids |ike Dap, Dab or

ornithine) is derivatized wwth a suitable agent

provi di ng negatively charged gfgoups. A suitabl e agent

is e.g. a diacid such as e.g. dicarboxylic acids or

dinits) pyroips. aExataples Wfampprapriate ekingated agintho abcids are eg.
. i . 8 : Yy e

o SmipB By e e A S A Fl L

aspect, the peptide according to the invention carries

Accpudingitoa Jurtherr ebodiment efcthis first gnst seeondkeobodiment of the
PRESENt inlshtibne Xpes htD-walivio aehRpgsreraty ophshaladine.

sel ected fromthe group consisting of 25 - natural

ositively charged j ng, aci ds, e.g. lysine, arginine, .
I s the Gansepins of the Tirshand ﬁspegge%egqi'm%aﬁso comiprises an
@ming extichim pasitian Xs, Xs mayibg selectedfeyatanyeminoranididtbwever, it is

péferati¢iAdH Wilchmas eT drowever, derivatized wth
suitable chemical groups in order to provide themwth

a positively 30 charged group. It turned out that . .
R16psgokeift PRSI IREhE P |5’lei tegay he pelegtedhfram gAy@mMino acid,
ihowegves,i it isqrefctablyrfc/ Yo or Aidervativéof feptY ,dehemneimthienderivative of F

¥ ¢ io‘érrﬁl{@%”ﬂeid!ii 6&?@!&&@@@@:@%@%@&@%&% chdé Nelectron-
SRR g StstRUd s fteferBBh eiBEEE A5 @8 Rllo°Consisting of the
énYnY atdrewp.of thenenifiesi aPye| yand: hhalgeansni kxamaples jare 4-amino-
phenyidéthity, Bramoinpeyeadsimyg 2liadwhtrosinei3-nisrortgradiree, s8 dedibromo-

HBbihe0B -BRitAsTyI8siAG] 9,5-Giidt-BhodIgat ed whi ch does not
necessarily need to be Ilysine.” Also shorter am no

acid may be used as starting materials which are then
&N cAgadisHRresspt BphencenseyinusnKsdh dadergndantly selaeted from any
dmind lagid, pPrefeedmin@ytl,dn NI, unot V. are ei ther aliphatic

CH2 units) or aromatic (e.g. phenyl or naphthyl

(e.q.

Efy) 007/101698 PCI/ EP2007/ 002068 -16 uni.{sszg.,qroupa. .
HPRBeTS  SShasal, IhicE o %ﬁgma?ra?ﬁ'ﬁou st (RGP Bopaine) are

fomieg @ dimer, itisi prefeiesd thatdhe ramingdacids in the N-terminal region of

dne moagiehy |(elg@npositioAcKpraid gz card fthet Beterminal region of the

PR Xy L) B AT ITOY St o
efaling o rHer tq Rroyide. fiexiole, FARREMANGR. | he 1 r ot

and second enbodi ment "al so conprises an ‘amno acid in

pesoiding toka, thiXd embyodimene b tiee grdsepmirpantiaon andiffeeerstly structured

?8 dé'is brtoviAO%d Wrﬁ&‘?ré\%)/deapiﬁt@ Kod LEPM n%me-lficogrdperties. This

.n_case X4 I.s presenf_ in the é%ptl e it may be,.

peplide @Eoquﬂpgﬁﬁpgtnlpﬁgt }J‘Q ggiino acids, is capable ot binding to the EPO

receptor and comprises an agonist activity. The characteristics of this EPO

mimetic peptide are described by at least one of the following core consensus

sequences of amino acids:

XoX10X11X12X13;
XoX10X11X12X13X14X15X16X17
or
XoX10X11X12X13X14X15X16X17X18X19

Each amino acid of these consensus sequences is selected from natural or non-
natural amino acids. According to the essential feature of the second aspect of
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however, it is preferably F, Y or a derivative of F or
Y, wherein the derivative of F or Y carries at |east

woee7/ghesst r on- wi t hdrawi ng substituent. The el @CIIVER2007/002068

wi t hdrawi ng substituent is preferably selected from
the group consisting of the 15 am no group, the nitro
group and hal ogens. Exanpl es _are 4-am no-
phenyl al ani ne, 3-am no-tyrosi ne, 3-iodo-tyrosine,
hatigresertyinentien, 3t feddt ryTef they rpesitiohs Xio, Xi7 or Xig depicts a
%eaémélgtcrh%'r%é(d FhiRG actt. SAEb! pr‘ié@oogfé‘gegii&b{'%‘él%c& from the
i s”present, | e %_ons nsus, LS 1N ent. g .
ggpl&pgla&ﬁmgnog ctiopally,equivg na,fragmgngg, I'pla&j,\/ Eang,vanants of
the 8boWe peptide Fansdnausmsesueaspeltadng =R numstictantivity and having
P TR rl 6nd!BF te PHitEHH X, F10TROPX), anegalivélyichérged amino acid.
dinmer, it is preferred that the am no acids in the
N-term nal region of the nononers ée.l%. position X1 .
dnwasgoveny nryrpHeing. that megativelythaosd arRnooscigsipniiiese positions
depipt sMtB excelle@OlPOepiimetia psoperties.| Eke futhemamincacid positions
?i@%%ﬁtﬁ#@é&ﬂnsu@ﬁér%‘@éfﬁ@d@s fdlo@isder to provide a

| exi bl e conformation. According to a third enbodi nent
of the present invention a differently structured
plept (Gier @ sopseiyptive) exphangerk: depi cts good EPO
b4, vist sedeqtedfromh iaey .aniinbsaci®0 peptide al so conprises at
hGasE &R éﬁ&ﬁ@rgé@?ﬂébar' SmiPalie &f A BFBfEBatiluﬁ ethhé’orﬁﬁ’é? serine,

receptor and I ses an agoni st activity.

aRiptadis SCOMEMRE: 1S "EPG i netic pepti de are

destsrWoddnay2al1A85F; one of the foll owing core

oQpisedsEs|, Ls@dvwiences of am no acids: 35 X9X10X11

Xgéla?h aﬁ%égiémit%éwmgﬁémx@agég?&ﬁéﬁning a covalent
13 o acl d of

? 14X15X16X1 7 18X1§ t40 Each am t hese
8H. é’rﬁ Qr S ABRME8rqo %V@%?g'&’f.rom natural or non-
Xag i imdegandentic selectedcromdanyy amine reicpreferakly G, K, L, Q, R, S,
featonTe of the second aspect of WD 2007/101698
5 j ' t ast
RPN Rlected i OBy BTG AR BRbepbly Tor &
negatively charged am no acid. Also conprised are .
deptneptides @cee ta the third ergbedipent o tha pregest invention carrying
bunsgdtioah ¢b/argfédiarﬂup;§lr§r@cid ma_ggmgt,onéeoﬁ that postiors Xy, X47 and/or
[ {ift tr%g%h . &réCsi  friidtEs GBPSEPePiidS HRPFAMS: discriminatin
?/kln. . ?’nrretl.c activity and |E @ tleasgln . 9
E%’Q Imeiic prRerich i e huen apgi‘ﬁg Spiffal) sys{pEmy AS pointed out

~ ahaveg,dbeprdiein seqdences oltbeRPQ regeptor of diferent species have only

aclR idffdrenedafand SHEos 86| shecias, tdms thuxpshdé IEPO receptors are

UL PSSl A SBie aey ref. Howeer
wasseHBLISNal: shon hal ERSBImei PopKAes with a negatively charged
amino acid in at least one of the described positions may be able to discriminate
between the peptide-binding sites of human and animal EPO-receptor. Peptides
having a higher binding capacity to the animal receptor are preferably used for

veterinary uses.

The peptide carrying a negatively charged amino acid in at least one of the
positions X1g, X17 and/or X19 may comprise the following additional amino acids
in the consensus:

XeX7Xs
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Xg is Gor a conservative exchange of G X111 is
sel ected fromany amno acid; X12 is an uncharged

WORoDHI016881 Nno acid or A, preferably threoni ne, PCGYER2€(7/002068

asparagi ne or glutamne; 15 X13 is W 1-nal, 2-nal, A

or F;, X14 is D, E, I, L or V;, X15is an anmno acid

with a sidechain functionalitygapable of formng a

coval ent bond or A or a-am no-y-bronobutyric acid,

Xierein eactepeinteatidyis seleetddtlohr gatuealor HivnAtatardl @mino acids and
RMdeibly G K L, Q RS, 20 Har or T; X18 is

i ndependently selected fromany am no acid, preferably

L or Q The peptides according to the third enbodi ment

ofs istan pmineacid witka sidecbainrfuhaiipnalityh egpable«ifyforming a covalent
HontastA arbrmm-gbromabulyeidsicidne of the positions

X4.0q RX%_I 12 /o‘PrYorzé' X19 (if present), are suitable

ﬁéndl 'es r a peptide depicting discrimnating EPO
e, ,erp%phpe§$ﬁnﬁﬂ@tmﬁﬁﬁ\¢r9 fofiReledfinfal syst em

As pointed out above, the protein sequences of the

ERRHeeRBR, OtheOénldiddde CBRAseRChRY ARY¥ebe MeXcried Y the following
(ynﬁiﬁgra%%?s from species to species, and thus the EPO

receptors are ranked as "highly conserved with
negligi bl e species differences". However, it 30 was

surprisingly showX@haX 1 BPEXaKnedisXs@eis¥es with a
negatively charged amno acid in at |east one of the

descri be Pt . i, scrim nat . .
SRR LRl AR 5 Bae g o BleRyfeh R St i acias and
mereiBcept or. Peptides - having a hi gher binding
capacity to the animal receptor are preferably used
P GO o el E BN B e ) gt ond of the
e el A4 H55a0RY SheiEed sl a1l RiaiS g, o Gonservative
eErhangegf Belingi rinon gPRserative exchangr ot pisdianrske and Xio are
X6Bstatedby 8GirMdle Batifio RCid; EP2007/ 002068 - 18 wherein
QLI BARIFHIH dn§ athinBHEG@ from natural or |

n-natural am nqQ acj ds_and wherein X6 i %n atglno. -
Xt dS P nnciarged, Belery aling i 91 A apraspetly icoping serine,
asparpgingor gistayving; or A or a- ani no-y- bronobutyric
XGi B, WXT-nadl, Rna, AbrFWor Yor S; X8is M F, |, Y, H,
BQIMRSSr ENETES Y] et her or norisol euci ne.

Xi5 is is an amino acid with a sidechain functionality capable of forming a

- covalent bond or A or a=amino-y=bromobutyric acid; - - - e o

Xy is independently selected from any amino acid, preferably G, K, L, Q, R, S,
HarorT; ‘

in case Xy7 is not a negatively charged amino acid, Xy7 is selected from any
amino acid, preferably A, G, P, Y or a positively charged natural, non-natural or
derivatized amino acid, preferably K, R, H, ornithine or homoarginine;

X4 is independently selected from any amino acid, preferably L or Q;

in case Xy is not a negatively charged amino acid, Xyg is independently selected
from any amino acid, preferably a positively charged amino acid such as K, R, H,
ornithine or homoarginine or a small flexible amino acid such as glycine or beta-
alanine;

provided that at least one of Xyo, X17 Or Xqgis a negatively charged amino acid.

Of course, this embodiment of the invention also comprises peptides selected
from the group consisting of functionally equivalent fragments, derivatives and
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Furthernore, the enlarged consensus may al so be
described by the followng |o amno acids: X9X10X11

WOXDZHKMBIBAX15X16X17X18X19 wherei n each am no &@CTEEHR2807/002068

sel ected fromnatural or non-natural am no acids and

15 wherein Xg is G or a conservative exchange of G in

case X10 is not a negatively _gfgarged ami no acid, X10

is proline, a conservative exchange of proline or a
Vafiapsfethgaibove peptidengmsehsps skqoency, héirnEPXILMimetic activity
%stﬁ%ﬁ G &by .ﬁ_ééf@e?p@é'ﬂi% 9%') de, g';rlx'gsa PELEHEY charged
rom any. am no aci d; X12 1S an unc airgé po] ar am no
AMPOACd: preferably threonine, serine, asparagine

or glutamne; X13 is W 1-nal, 2-nal, Aor F, 25 Xl14
IsisDoreferréd thatOtheVamitid akRisi if BobifidAd X A X\ hBvidg a sidechain
?ﬁﬁ&fblﬁ%li@ 5If6§ﬁﬁ%?ﬁ]§lfdrh¥at%%p8{% ﬁo%_lgﬁpﬁghé]%naﬁence.t e creation of
coval ent “bond -9r A-"or no-y=or b [ -

a linking byigge ivﬂthi'h&'é%@ﬁaéaé %{rnescgnp)éeﬂ Sch thay %f aifi alje to form a
aovdlenprimirer alithy e@chKptHer (pledge Sefarato dhe Tdesiptian of the first
;éﬂ%cfffi%ng f IRé pre88MRINVEALIoN Cdmaydsfamme @Rirfd adidg are hence
o Aol A SR s 8 YENRASHONES 5. Gsteine and
Gysteing dodvatiyep r%'cﬁcﬁsd?om%ﬁé?'ﬂﬁp or foiolgsing thgrehyi anly, grentioning
ar fdw renitablencaredidXEs. iAdso rsedgredel dmidge  foemétd erniho canids such as

ga)frggy%i@ia% JufitabRy. abWelePraQdebBrilsdf abd¥8, iaksd8ther amino

I h d,. d ' I
2ol BogBiig i STyl o5 Sbie, bord, G B SR’ Bond or a
Hrieether rgnd: rage geuitaiie nbleasedasseipctian iof prefeqred amino acids in
positiohi ¢ oandoXear gomprisesr G2 $all, fd-ariimd-g-Eoimobutyric  acid,
%%hfbecg/égé?nﬁgcgif)yﬁﬂi@%y?(trey#@aé‘r;(\/légﬂviég'ég&heé)s; ?éi,’lsgl&%stté]ﬁé, thiolysine.
I §elies 1P eropadimené of tne gieset PREHhbodi ment of
the invention al so conprises peptides selected from
Negjativelypclearged saming atidsupreisentin ltye exgpipitidel &sdording to the third

. : / k
PRy POEEGRE e DSt e SHIKA from th ropp consisting

nsensus sequence, havi ng EPO minetic activity _and

havi ng naturpkregativelyoeharged iaming @sids, @spesially DarEor

X1lq a-negaidtuell negativelgdhamysdamiaw deids, 1t is

pr ef eL Ledidd]# pokifeR i g8g difinb hichreRowBfer derivatized |
o AR e SOt e Gt ey

charged group: -

The non-natural negatively charged side chain may depict an elongated side
chain. The elongated side chains are probably able to contact more efficiently
the positively charged amino acids of the EPO receptor and thereby enhance the
binding capacity. Examples for such amino acids are alpha-amino adipic acid
(Aad), 2-aminoheptanediacid (2-aminopimelic acid) or alpha-aminosuberic acid
(Asu).

As outlined, it is also possible to provide a negatively charged amino acid by
converting a positively charged amino acid into a negatively charged amino acid.
Thereby it is also possible to elongate the side chain. This may improve the
binding properties to the EPO receptor. According to this novel strategy, a
positively charged amino acid such as e.g. lysine (or homologous shorter amino
acids like Dap, Dab or ornithine) is derivatized with a suitable agent providing
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a linking bridge wthin the peptide are chosen such
that they are able to forma covalent bond with each

WORhET01698l ease refer to the description of the@dVEPR007/002068

enbodi nent of the present invention above). Suitable

am no acids are hence 1o am no acids carrying

SH-groups for form ng disul fidgbonds (e.g. cysteine

and cysteine derivatives such as honocysteine) or

triggattiyslynehaiyede gyoupd. yAnsoitatiei agentaist evg.sai ditice such as e.g.

%&ﬂ’bg%lﬁsa ids  ASlIBROAR AYiddaBItArCThER, AAEIC afd, SRiccinic acid,

such.as .sajrbcgnogé/rste e arseswtane I—oneve[saf as

PLDENT BEIY A ouoeTls agddPA% PeAReRPNEd A EXAMRIFS: ng t he

formati on of a coval ent bond e.g. an am de bond or a

¥6 suhapiet éemplene agysige,i é@bnb_éte_dtﬁ?( g@aﬁiei?géhargeofwith glutaric
r ; cids in position an

(Ffl,{gﬁépﬁ é@g'd%,@]%o‘g; a- am no-y-bronmobutyric acid,

honocyst ei ne (hoc), and cysteine derivatives such as

sel enocyst ei ne, thC8¥sine. Thi Lapplies al |
enbodi nent s of thwem- on. _20 atively
charged ami no HgNds ese i NN'he “pépt Nde ad@dr di ng
to the third eibodinent of thé present invention may
be selected fromthe group consisting of - natural

v od : . . Al _ . _
ARt SheneitRs 4 ARl erRPg o ARARTLE doMihation of ysine witn
AiRjE @&id'y positively charged ami no acids which are,

however, derivatized wth suitable chem cal groups in

order to provide Clghhwith a ne@atively charged

group: The non-nafjural negativelly charged side ﬁhai n
may depict a [-on j N T ™ 3 gat ed
side chains ar® probably abl eHt o contact nor
efficiently the positively charged am no a€@ds of the

?E\%a%l } i Flasal eé\;‘?@ﬁaﬁ lﬂ%&Q?‘Sﬁg&ﬁ‘%ggghggbf‘ﬂnproving the binding
DI oReltis 9fdadr BLG mimeye Rewiipes o fie REseRt dnention may also be
Bednfaropnpraving dbedyharactgrstias aof rdifenest i molesutes. It is thus a
completeBpbindepeHténtiedhnological #le TSRS ialEatrhodified iaMino acid is
rmgé&,' %/ﬂle}’%ﬁ r?(rgggﬂivgﬁ} Eﬁar%‘g'ddam/no ey i Héﬁ?at?zed with suitable
Sitivel'y charged amno aci°d. i nto . nlegtlvey , A
CheMicdl ARHRS '9cerder Py the PQS'EY%M %@é@?%l%ﬂm acid with a
elegatively chhrgesd grouphdherebihihe ariginallyppasitively ehatgeddamigo acid is
RbAPEMEd fto OnédHtiveRL i srgeataMhino ARG THiS & ESpédially advantageous
%Xn %rﬁaél ﬁg 3R Bp tl?ecéige chain which
S _ % | 0ND] 0gQUS orT et am no D
QgtPHS"T‘PPPé/ %H{e cipd &PH?P'IﬁY-n%}"t?Eed@fQ%‘&Qi 9B dMpdification are
desaiibexbbboegent provi di ng WO 2007/ 101698
PCT/ EP2007/ 002068 -20 negatively charged groups. A

iléi 63tﬂh8d aa%%r\]/te, iitsiseor‘ﬁy r?ec%isggll}paéébcrginﬁstoeﬂ% second aspect of the

present invention that one of the amino acid positions X9, X47 and/or Xg is
occupied by a negatively charged amino acid, even though also two or all’
positions may depict a respective amino acid. However, in case one or more of
these positions are not occupied by a negatively charged amino acid, it is
preferred that a positively charged amino acid is present in the other positions
X1o, X17 and/or X19.

This positively charged amino acid is preferably selected from the group
consisting of
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di carboxylic acids or disul phonic acids. Qutaric
acid, adipic acid, succinic acid, pineiic acid and

wOo0bEroesaci d may be nentioned as exanpl es. 5 PAT/EP2007/002068

sui tabl e exanple of a |lysine, elongated and negatively
charged with glutaric acid is provided below CO2H O

O H2ZN H OH 1o Another alterngtjve for an el ongating

nodi fication is a conbination of lysine with adipic

aci d: -GeatbrD gddiivieyOidhatyedr lainsine | avidisit .90 Igdin@t aeyinine, histidine
whi ch i g /Efntnfdvant ageous for inproving the binding

15 proper lﬂg’i‘ﬂo ’tgﬁ EIPOm'msic.Eeptl es oLthe -
pr esenit "PRVEHAL RORHYEY drged afuRg ackts. SYSh AR &g hREoarginine
char actarrdiaminabutyricia¢iier ent nol ecules. It is thus a

conpl etg@lgindiydemsqsdrely t esdvgetodirtito i s@as Whish at&0 however,
a modi qu?ﬂ/aﬂgé@%tgcétﬁta'b?e cﬁé@}’da‘ijﬁg:ulp\@}ﬂro%gr b  proyide them with a
posi tively charge mno acid 1s¥derrvattzeéd wth

sui tabIRQS'tW'%%{Qe ‘BAPR: i n order to provide the

positively charged anmino acid with a 20 negatively

heuraed diit aHBt véREpetantt BROOHiigkena! deptidesi éary BleYcreated when in

RE
BB I Ao b PR B o B Sblekeht wnicn depics
en elaegRtedrsidaIchaitrempared o fysine. rAcqardiag; te ene embodiment the
elanygdivhoof tie tplositivetie chhgged ahind acid tie rprowigiedvby inberporating

RIGHYBONGAIRCI the sHE LM oR SR MIHP A IO hichcdddPRoBh8cessarily
de I‘tl btcl_;:d ahove |ine

25 As.ou bove, it | nl . .
X ?I%\Sér&%r%|S§%S'f%n?rhém§r_é°c%ﬁ'g’ ey U5t A sterting materials
whicleate theneelongatedry approrsate rRutingiGhemniealregstions. dsavally, the
Eldhgatidr waitd/ are (fiteri aliphatic U(pige CCHy uaitspgatrorabtic (e.g. phenyl or
CHBNISY M ol IR Shemile iy scis are oo
R o =mbpeneiviabilics e 406G  PoMGIRptgEaNTe.  Non-
otatgogenisy aminegacidsepie diafaseas uvendo albieir, oreatps variety. This
phifodiimendt tombiredonithta webaticdlaraadgedrantdnaciol irs at least one of
f%ﬁ@é sd|n?i|n§e i@@B@{tioggSX&),' X%Sarg%pjxﬁ%}g?gﬁ’tgglbt@ﬁ%Po mimetic
SEPERFT AN HUlHIE Ganddele il giRguBAR Setlity patier in the
hooamandcesinEt 007/ 002068 -21 - natural
positively charged anmno acids, e.g. lysine, arginine,
Fof EF MRiméid paptidd fdleveterinary uses, it is preferred that a negatively
charged amino acid is located in position 19. It was experimentally shown that
peptides having the respective characteristic often depict-a better binding -
capacity to animal EPO receptors.

For veterinary uses, it is especially preferred, that the negatively charged amino
acid in position 19 is selected from E, D or Aad. It is beneficial to combine this
feature with a naphthylalanine (preferably Nal-1) in position 13. Furthermore, it is
preferred that a positively charged amino acid is in position 17, preferably K or
Har. It is also preferred that a positively charged amino acid is present in position
10, preferably lysine. Especially preferred examples of EPO mimetic peptides of
this embodiment are shown in Fig 7 c. In particular, an EPO mimetic peptide
sequences for veterinary uses comprises an amino acid sequence which is
selected from the group consisting of:

Ac-GGTYSCHFGKLT-Nal-VCK-Har-QDG-Am
Ac-GGTYSCHFGKLT-Nal-VCK-Har-Q-Aad-G-Am
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- non-natural positively charged am no acids, such as
e.g. honoargi nine or diam nobutyric acid; 5 -

woopyimedsl y negativel y charged am no aci ds whiPET/ER26(07/002068

however, derivatized wth suitable chem cal groups in
order to provide themw th a positively charged
group. It turned out that verypotent EPO m netic
pepti des can be created when in to position X10
TS ONFG KL P08 1T W BO -ateed g@dammi no acid is present
whi ch depicts an el ongated side chain conpared to

i i erBemeRLo U Errorgt daieRtPe o ARG Epmbinad wih the

ifertorewherdings ieladdganinoradichi prefarably pbemelalammer of
an am no acid which does not necessarily need to be

lﬁkﬁs bﬁ%r &y %@n%ﬁ%ﬁse%%&%ﬁ%@g I}@S%n ptész o"?rzpr%s)es the following

2FPHIOPA 8INQ 8eidshe chenical reacti ons. Usual ly, the
el ongation units are either aliphatic (e.g. CH2 units)

X, rﬁé?ﬂ%tF CY (07 OdeRVE of F or Y2 WHdMih tHBIdevvali@ P F or Y carries

Eﬁﬂgg §Hﬁgf%g&g§§ ﬁva}bﬁt f\g gﬁbﬁgu%ﬁd%s afrefldy described above in

&ﬁﬂ%ﬁ PRVt thesacead emaho imestetheRjesiren-withderwipgaubstituent is
arefepatdy setestedifront thet greup amsittiag of diné amino Gnowp,2Be nitro group

%ﬁﬁ%l O58%s. (’S’uﬁtéﬂ‘@‘ex%d?eﬁ anE WRH MR- MhWélQﬁﬁwearg Bfhino-tyrosine,

. i S ot e A el I35 Epigyodine, 2.5

'|t)ér03'r§@pt| des whi ch are suitable candl dates for a
dlfferent| ating activity pattern in the human and

n'm b%cte@%oﬁ?%ng%rﬁb%rd hRpdidrdess pRiferably A, H, K, L, M,

gr: | nary uses It preferred that a negatively

d amno acid is located in position 19. It was
experinmentally shown that peptides having the
st Xg aiebe Ipde setit eindsinly bedindeped@entiit selecteldeftérarany amino acid,

Péf@i%tﬂ)gD E35P_p<'r\|3|§y|-5pvan| mal EPO receptors. 3o For

vet erinary uses, I's especially preferred, that the

negati vely char ged amno acid in position 19 is

Surtbetradre, respegiallp iorcasadthe manprirsicetinis aretformingbardimer it is
bi’eferreﬂethévﬂhe arhinb atids phtheytbedinming of thmf aforiontdrg (e.g. position X;

Qﬂ éHd Hﬂé'ér}ooﬁf }Re rﬁghéu‘i‘%"r W@;gg)é A arrcF XBf eéﬁfcf &thall flexible

ﬁmn% SI Siohe 09 ycrq%r or | etesalgnrgg Elr gf%erp g% Qrﬂgrpe a flexible
p@eiormaéop char ged am'no acid'is present in position
35 10, preferably lysine. Especially preferred

are ?Ba%&q scﬁEQd'ﬂ}fE%hﬁ,_f}]d? 8HtWIﬂ?ﬁré3§ecdrm ﬂ'ﬁér‘?@é‘ftthe present

SRRNRNIAIRHS R RIPYIE 9 RN YglRRIRe daalsh, or nal-2) in
amsrtronaéw sldvgu dneerparaticn ief Ml #rtpesitioron 3 hieagisodp stronger

AYBRIpHObIY irftérackOn A beBRYBAHEGEbFidemOTmeRT aSl¥estiibed above
@ %&ﬁ% hc%%'éa& n%ﬁ%ﬂo?&%%%éﬁ@%@%ﬁde chains

and possi ilising the conformation of the peptide dimer thereby improving
the EPO mimetic activity. A combination of both embodiments (second and third)
is very favourable. ’

Examples of suitable peptide sequences comprising naphthylalanine are
provided in Fig. 7a.
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-22 GGEGTYSCHFGKLT- Nal - VCKKQ Aad- G- Am  This third
enbodi nent of the present invention may al so be

wocontimned with the feature wherein X8 i s a DPEITVER2007/002068

acid, preferably D phenylal anine. 5 An enl arged

consensus sequence of this enbodi ment conprises the

follow ng additional am no agixds: X4 may be F, Y or a
derivative of F or Y, wherein the derivative of F or Y
@rcording td @ furtheambodimeertt! sfcthepresenthiclvemiioty a peptide of at least

S 80shinoUsids maf%lq@{m%a&%v@%g%éngﬁaf%?wﬁdlh to the EPO receptor and

SPBITRUEL O eivaniasiav v MR ing M olighiie Fags gequence of amino

@eldsct ed from the group consisting of the amino group,
the nitro group and hal ogens. Suitable exanples are
4- am no- phenyl al ani ne,

3-iodo-tyrosine, 3-ni t)ﬁao%g X]doxﬁxw%&“

3, 5-di bronp-tyrosine, 3,5- dlnltro tyrosine, 3,5- 15
sheoeio-eachoanime. acid israglebtedsfedrmatatdral oonoamataral amino acids and
dHefeinhowever, it is preferably A, H K L, M

S, Torl. 20 Also X3 may be present and ny be

i ndependently sel ected fromany am no acid,

pr ef eraid$ @ angnoacidy s T or V. Furthernore,
especiXalis 5 ona cassemmativerenchangeoli@its are fornming a

ggg}%[] éqg% éé %olgkgfa%%%r?gﬁ{eebg&%ggﬁ 259'@% ¢Qa trfgﬁm conservative
Fel d o

X2) a he nmononer (e.g. X19 and X20)
depi cOr e@dnd Xjoapiubstitutetbby @ %@glgmmasa%yc. ne or
bet a- A, ais sedecteddramany@aminovadid a f 1 exi bl e

conf oraid QH u%a%é@%}’ardé?ﬁﬁfd hed drnACgFéfé'Fé‘b‘iy ﬂ'ﬂeh‘)’nfrﬁ serine,
t he S\%ﬁ §996’ et of the present I nvention, it

is ad 1 W de a naphthylal anine (nal-1 or
nal - 214 % 5s| tLianVX13 The incorporation of Nal in
posi t D(Qals]a’m bevls atid with argidgchdiry flirmtibnblity capable of forming a

i nter %69%!8!‘1%8:% WE Ao A8 nRRGL IS B §cjgs descri bed

above ereby potentially enhancing T1he dinerisation

of the nmononeric peptide chains and possibly

Alsshrempriagd tafe nftnwi@smletaﬁddfomHberg,fpupor@rm%g of functionally
tabalvalantl fragments) derivativéds¥@md nedriantsicof vihey peptide consensus

g@ér?b'ﬁ g@éb ngtthe%Pﬂﬁ'é?ﬁBédﬁ Cﬁé\ﬁn%@’é hrhibtbtic Adtivity and

es of suitable peptide

@}ﬁ 8t a@g}?p?(f' "?18 '3 ﬂtahyl al anine are provided in .
Fig. 7a. 40 WD '2007/101698 PCT/ EP2007/ 002068 -23
The prominent feature of the fourth embodiment of the present invention is the

presence of a D-amino acid in position Xg. D-phenylalanine is preferred. This
embodiment appears to be a good candidate for differentiating between the
animal and human EPO-Receptor. The inversion of the alpha-C-atom in position
8 leads to a different geometrical position of the phenyl group, which could better
fit with the animal receptor, especially the canine EPOR.

This fourth aspect of the present invention may also be combined with the
further advantageous embodiments as is described subsequently.

The peptide according to the fourth embodiment of the invention may also be
described by the following enlarged amino acid core sequence

XeX7XgXaX10X11X12X13X14X15
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According to a fourth enbodi nent of the present
invention a peptide of at least 10 amno acids in

wao wo7thedss provi ded, capabl e of binding to thedEAD2007/002068

receptor and conprising an agoni st activity,
conprising the follow ng core sequence of am no

aci ds: 5 X8X9X10X11 X12X13X14Xlh. wherei n each am no
acid is selected fromnatural or non-natural am no
acids and wherein 10 X8 is a D-amno acid; X9 is G or

WHSHBFEENSH ér‘ﬁﬁ'\cﬁﬁ&m@ ge e%fteds{ro%ll@athﬁal I ‘?llohr}‘?atu@al amino acids and

cqnservative exchange o proline or a non conservative
Fye of proline; 15 or Xg and X10 are substituted
by a single amno acid; X11 is selected from any

alti NX,a€ bl an¥ihd dcid AthUNsHBEBSH foRttRINaty CupaNé Bf Bimig a

a1 it Saraett bR BEAT o:BRfihOG-LrofSRAATE BBALT 1 o

aC| d '?% LR O Bunct i onal i ty capable of formng
a cd(eallentD—lMJndD{ﬁ Abr B-¥m Dy -Brromobsarineimethylether or D-
Al so r@gggréugmé are peptides selected fromthe group

consiys lLent fragnents,
deri vﬁt'#@%gpéﬁgHggwagge &épa&ﬁé‘ebggml de consensus 25
sequetieds eliali hFonsevabive CHRNGR LS RTRERS OFh%\ﬂorﬁ'gconservat'VG
EPO mixokamge atproliney and having a D-anino acid in
e e b e ot esence
s
of a% gn#‘ﬂgdgg}gorﬁr??ﬁ é;rhnio %C 8. D phenyl alanine is
pr ef &ne 4% anTHNeharggd hRlat iBmne %@eﬁr@» pisfeyably fysanine, serine,

candiadpamdine odghtame®;i ati ng bet ween the ani mal and
huna|3(1§g(bRecp;[t@,rv The inversion of the al pha-C-atom

t | eads, t d t
sl it 81 FRUNEAER, bRy a O HTEBEETE ERbebi, i forming a
wi t h comaleahband of éc@rp@@mln@yp@r&mbqﬁyrﬂmemsam ne EPOR.
35 This fourth aspect of the present invention nay

@l HP ehfslimesit Bﬂeﬁsbcﬁlﬁth éMbBEEﬁ%rgﬁ%falﬂéi‘ﬂ g e|r|5ve|n ion may be
9@58’?@%&53’?%6 f%'&“?%%?{‘lﬁ %ﬁﬁ@iﬁ CBt the i nvention

may al so be described by the follow ng enl arged am no

acid core sequeXgr,XEXqoXaXax85IXP0 I I XXD2XK 3Kk g X15

wherein Xg — X15 have the above meaning as described in conjunctlon with the
fourth embodiment of the invention and wherein - - e

X16 is independently selected from any amino acid, preferably G, K, L, Q,
R, S, HarorT;

Xi7 is independently selected from any amino acid, e.g. A, G, P, Y or a
charged natural, non-natural or derivatized amino acid, preferably K, R, H,
ornithine or homoarginine in case of a positively charged amino acid;

Xig is independently selected from any amino acid, preferably L or Q;

X1 is independently selected from any amino acid.

Also in conjunction with the fourth embodiment of the present invention, it is-
preferred that a charged amino acid is present in position Xi9, X417 and/or Xjg.
Experiments showed that very good EPO mimetic activity rates are achieved
with charged amino acids. However, in general also uncharged but polar amino
acids (such as e.g. serine, threonine, asparagine or glutamine) in these positions
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WO 2007/ 101698 PCT/ EP2007/ 002068 -24 wherei n each
amno acid is selected fromnatural or non-natural

WO Tiw1688i ds and wherein 5 X6 i s an anm no aciPETWR2M74002068

sidechain functionality capable of formng a coval ent
bond or A or a-am no-y-bromobutyric acid; X7 is R H,
L, Wor Yor S X8is DM D.RhgDI, DY, DH
D- honoseri nenmet hyl et her or D- norisoleucine; 10 X9 is
Provide gous eesalts,ve essbangk with e Xdght aninol acids in the other
33 Ei%h‘éat've exchange of proline or a non conservative

ange of proline; or Xg and X10 are substituted by
a single amno acid; X111 is selected fromany am no °
dhiedchargept1amino anidmtnas'ty'ed Xl a7 andior Xas i either positively or
Fh@géﬁV@lP'dh ¢ andne, sééétbﬂefromatﬁéagr%@lbn@r@ sting of natural amino

%cﬁjsa%ﬂ%@ech/llahﬁ (Pac onaﬁ‘&%%atééé rﬁm@%c?d% no acid

a si PR TPURS bl e of mng a
coval ent bond or A or a-am no-y- brom)butyrl c acid. 20
Actardihg to enbatipeshtXqef Xisnand/ouXidisearhedatinaly cbargedeamino acid.

A adgdtveRNchargetYarkifio deRICid hrefdpibilhSelbetddoWons the group
%ghg%ﬁégﬁgsequence X6X7X8X9X10X11 X12X13X14X15X

25 wherein X6 - X15 have the abagve
neani n§agya @%@tﬁvﬁéﬁclﬁfQ%rﬂrﬁ'ﬁé‘tqféﬂﬁ wisPRCigH¥ D eni t n
enbodi mentnaitiral negativednp chargeghamidteacids, X16 i s

epedigly el @iwér@ema%ﬁmoadad@wﬁrahchrephs\fv@oé«b@énvat.zed
sel ect ev&at Qfldl}ﬁl );hg ﬁ%fag({gpas u%ogjler'&ospé'b\r}lgg%grg}wg % negatively

charge@h@&@%ﬁ 8lOUMon- natural or derivatized am no
acid, preferably K, R H ornithine or honparginine

Cﬁéﬁ’-nﬁfurﬁl fﬁ@géﬁvd ¢loharGed G5dk AL nhy) Qe Pé%f’an! élongated side

ﬁp?da‘?@é'g {87 b S A e e B A o).
amln@h%&taaedmp@o (Zrara@ﬁptm@ltq cﬂﬂc\w‘ ©h am@afammﬁubenc acid (see

abboeeg).ment of the present invention, it is. preferred
that a charged amno acid is present in positi on X10,

é%gg&?dlggit)%%g nggglgllerdrfcgtpz%ﬁ %%%ega{a vely I%\rggé) %rr%ﬁg) acid by
converting a posmvely charged amino acid into a negatively charged amino acid.
Thereby it is also possible to elongate the side chain thereby enhancing the
binding properties. According to this novel strategy (see above for details), lysine
(or homologous shorter amino acids like Dap, Dab or ornithine) is derivatized

with a suitable agent providing negatively charged groups—A suitable agent is- =

e.g. a diacid such as e.g. dicarboxylic acids or disulphonic acids. Glutaric acid,
adipic acid, succinic acid, pimelic acid and suberic acid may be mentioned as
examples.

According to a further aspect, the peptide carries a positively charged amino
acid in position X9, X417 and/or X49.The positively charged amino acid is selected
from the group consisting of
- natural positively charged amino acids, e.g. lysine, arginine, histidine or
~ornithine;
- non-natural positively charged amino acids,
~ - originally negatively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a positively
charged group.
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WD 2007/ 101698 PCT/ EP2007/ 002068 -25 provi de good

results, if conbined with the right amno acids in the

other positions. The charged ggu no acid in position

X10, X17 and/or X19 is either positively or 5

Megahed @lut thhtwvged patehti EPeheimietid peptitesheargbeugreated when in

ga%glbﬁt)w%ne}"orr)@%‘grﬁém% Héid |§“§>'r<9§ent Wcﬁ‘@be&é aABIcWhated side

I ds an tlze am id Ac
Shai poMRate 10 D ARBRBGT 8 EBRUEIGH the ifpation of the
msmwetyoctrmrged;anunfn @gid is\pfpyldelddwgeaomrawwgaeloagabon units in the
RIS ehaihlof sehemieacid @whichhdodl AoPnetassarinsheéd g beflysine. Also

@ﬁbg&?gnﬂ?@%i'd\é%ug Bgaﬁéb%da§ gﬂﬁizﬂér IESAHER &rd Yhdh elongated

2 PR %g'v o5 T 18,3, 45 clongat
| BRRTAPTIGHEpEYtine F (ﬁﬁe Q&) wHEERI, iBe elongation
ioite \are, eitheri almthatlede i €H> mnms;)kﬂrearonmcc@ ggpbepd omnaphthyl
AUnstsy g‘i’@upﬂsf O k& Ié&@f%ﬁﬁo@n@t@gatﬁw@'a/C|d§5ar§hérg36t¢bmoargm|ne

%&rﬂH@% ?r&?algﬂﬂm n%wa agﬁg@ﬁth Eé’nlﬁgaggﬁ%;e lno acids

246 moeTeEedug 1 HTepHéeaéﬁT Merialy; pncaligsat is ghe Jérlvatlsatlon
@manmhepa(adsdfvlﬁc|pds(t|2ebmclmar|g|edegnompacwtjbchonot onIy allow a charge

%W@mﬁ%é‘%ﬁ@ﬁfﬂ@ chardgk)(1s@ealsd pretigsedn e4sy Yy fdﬁﬁ-ﬂongatlon of

’ﬁﬁ %'-ﬁ% possible to provide a negatively charged
5 C converting a positively charged am no

acid into a negativel y charged am no acid. Thereby it
iAzcatding pwasutther develbpmgat ef thie esibbelimbat thet peptileyis defined by
FRRMWIY ERRrged Bhiisb BBid?BeuBRce:According to this

novel strategy (see above for detail s) lysine (or

honol ogous shorter am no acids like Dab or

orni t hine) i sMKﬁX&)&Pﬁe&)&hon)%hxaxs‘t%w tﬂxe7>étg§m

providing negatively charged groups-.A suitable agent
Wher noXe f mg%wé ﬁiécé‘bé\% Fheni §§rd%>élfbé§ iREbAfirRfion with the

onic.acid Lt arl.c acl pi ¢ acid,
Syt Reee o B Bisnert IVRDHEN 206 eI € acid mmy be
mentioned as 30 exanples. According to a further
aspedy = ishg Yopaidisivative bEE ar Yyoashareirethe ddrivagied oaff oroY carries
aci dgf aepahéle@éhtggqgm.tm geb?t?fé@nfrhe posi tivel y

S selecte

oo KeEi ae[%ﬂt%cﬁ*m%%?m'n%agﬁdt LRIt AVECHE LMy S Tor 1

“dcids,” e.g. l'ysi'ne, “ar gi'ni ne, hIStIdIne or ornithine;

T hGOB}emtibnrwﬂthdeirig vatlbstituemt gied peeferablyacselected from the group
consisting of the amino group, the nitro group and halogens. X4 may also be
selected from the group consisting of 4-amino-phenylalanine, 3-amino-tyrosine,
3-iodo-tyrosine, 3-nitro-tyrosine, 3,5-dibromo-tyrosine, 3,5-dinitro-tyrosine, 3,5-
diiodo-tyrosine.

Also X3 may be present and may be independently selected from any amino
acid, preferably D, E,L, N, S, Tor V.

Furthermore, in case the monomeric units are forming a dimer it is preferred that
the amino acid positions in the beginning of the monomers (e.g. position X; and
X2) and the end of the monomer (e.g. Xj9 and Xzo) depict a small flexible amino
acid such as glycine or beta-alanine in order to provide conformational flexibility.
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- originally negatively charged am no aci ds which are,
however, derivatized wth suitable chem cal groups in

WOR00B101698 provide themwith a positively 40 @carEp007/002068

group. WO 2007/101698 PCT/ EP2007/ 002068 -26 It turned

out that very potent EPO m netic peptides can be

created when in position X1Qgnd/or X17 an am no acid

is present which depicts an elongated side chain

mmaﬂy tesdriteidnie. cakjunctitinngith the secend edibioeithehhef the present

@H ‘i’tnlsoéd\;é?ﬁa SR td ¥ \)fdétéafﬁﬁﬁthg@IéWné% dodsﬁlon X42. The
prOV|

L t {
R OUbIE R of Rag 8 hutdtt 19 (ALl i oblBe, | ingeractions
hebyeen b | peptide mosemessopsedesgiibrd agboe nthereley potentially

ehbEnaings tee tdin@rigatien i & shevhinehometict pepticd aitgmiecand possibly
%a@ﬁ?ﬁ&%ﬁ%ﬁf&ﬁﬂé i of R @t.d&éﬁﬁ Pﬂ’?’er@ﬁ?%ﬁa@%ﬁb the EPO

ongation uni are el her a
”bet'c @B Vi¥i ts) or aromatic (e.g. phenyl or napht hyl
units) groups. Exanples of appropriate am no acids are

AcgordirgRe D fifth Eenbddiniit P RhE fyeseranhvént®d a peptide is provided
@vrﬂlaﬁ) fka I'%rylggéarﬁ i %@ rforpérqtl':qi(f](?ﬂ%t% Sé?Anf& é‘ébuﬂﬁng a species

are erre reater varie

é’l'stcémﬁﬁﬁ'% dyitys k %%Ri‘i?atcpﬁﬁ)ﬂs@ﬁ a%f'e%ﬁﬁ A9 amige acids, is
waphbleosfi bmvladgytocﬂmr BP0 pcapber amd chmpoisesrdrny agbhistvaativity. This

‘EF‘ID%méti%%%p‘iid@%drﬁ@nébsﬂ‘h%lfblldﬂﬁm@%ré%)aqbé'ﬁcélbﬁﬁmmo acids:
provi de an easy way for elongation of the nolecule.

15 According to a further devel gpnent of this
enbodi nent the pep?(ﬁﬁi?(q&xd%$x1n§dl)<b§>(13?(h@(1ﬁ ol I owi ng
enl arged am no acid core sequence: X4X5X6X7X8X9X 10X11

Wre¥eihBgdchdmifePadid X 8&it3teflomedtaldl okBohthatdfl B?Nﬁo acuds and
M,W?ﬁove meani ng as described in conjunction wth

aspect of the present invention and wherein X4
=is F, Yor aderivative of F or Y, wherein the
der i Yat=+ ieeFpbr B derivativarafi ether F5oal, wdeseinothe derivative of F or Y

fe'r g%é%s%ttnegétadnéweleaygfﬁte%ma&wnd@bst.t@erﬁeI ect ed
"G arRTEhIRM ARY BunG Setbers Bl At K & Mgy for

seI e&s d8l an @minAcagd oith & sfftachaim funtionalityagapaple of forming a
gr oupovdlért ord or frarwpaarinb-yrogmbsaityri¢dacidy al so be 30

sel e féij[_p@ Br ¥ QUP. consisting of

3 | 0 gg; ﬁnhﬂﬁﬂsgﬂﬁmmgg?yﬁ%ther of Rorisoleucine;
aypagewatlveescmngqeb@tyros. ne, 3,5 T =

di i odkQg isy nosicoeseiatioe XEkchapge of pretirenbr dcand X pare substituted
i ndep Hbi arﬁﬂo%n&d fromany amno 35 acid,
pr ef Szj g N S.Tor, V.
11 |s Iedte from any amino acid;
X12 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;
XwisisD,E, I, LorV;
X45 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid.

Also comprised are peptides selected from the group consisting of functionally
equivalent fragments, derivatives and variants of the above peptide consensus
sequence, having EPO mimetic activity and having an amino acid in position X4
which is selected from F, or a derivative of either F or Y, wherein the derivative
of F or Y carries at least one electron-withdrawing substituent.
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Furthernore, in case the nononeric units are formng a
dinmer it is preferred that the amno acid positions

WO 200/t0e698egi nni ng of the nononers (e.g. posit iPET/EPROGENE2068

X2) and the end of the nonomer (e.g. X19 and X20)
depict a small flexible am no 40 acid such as glycine
or beta-alanine in order to prgyide conformational
flexibility. WO 2007/101698 PCT/ EP2007/ 002068 -27 As
al ready described in conjunction with the second

elg*éoglef?Bﬁ-vﬂfho‘fQ\ﬁl §L§&ﬂﬁue W’ES b'e lebtbdiffom the group consisting

antageous to anie 1 n 03|t

14 R0 g, dBe T groP Gri b Pleferably sefested from
dhe ogoeup hgomsiptingi of | maéma@tphﬂﬁwlal@r@naee&anmeoﬁwmsirwe 3-iodo-
ﬁ%@ﬁ% S3-AftralBA6sinBe B, sliibrenid B edise PO Bairiwdtyrobine, 3,5-diiodo-

a[ii ng the dinerisation of the nononeric peptide

c¥1a| ns and possibly stabilising the conformation of

the peptide dinmer thereby inproving the EPO mnetic

dotriherr agvamtageods combbnatidrist efithisnfifthdembodiroéntt dfdhe invention with

BlRSENEMbBYRAEMS Naread €§dtbedein thePaepértRsht dlginyd)i Fdt diétalls about

Sl RSl i BT 4 i v
RAUrefein eopnstianswith t gd§§pqq;|vgrﬁrﬁgoglmq;gs in detail. Combinations

mmmxe mujtatmm danddhé ®-phengdianirer st atioreand espewidllyesuitable.

an agoni st activity. This EPO mnetic peptide

R R s i U g o e fgvﬁ”@%@ S5 atternative
Reptides age pgeYidad febRraviding Ampgevash kPG mimetic penpiigdes. According
do itlis sintd emibediriemt 20 thd inventioR,a peptidalef at/ kast d0cdmino acids in

‘Féﬁdlﬁrls':p%vﬁed WANHIGH Nst B&palse! ¥RWINENGT tdF tRé BPO receptor and
carries at eas%tqcﬁ el ectron-w t hdrawi ng substi tuent;

KEMPriSEs 8 49y any am no acid, preferably A H
KN L, M'S Tor I. X6 is an amno acid with a
Alteedtpvien(d) wichisosiath esnbodirabhtecarhpfisesrandeast arevel #rt following
%BF@sQéue%dérscﬁa?thOad(dé"OrmbUtyr' c acid; 25 X7 is R
L, Wor Yor S; X81s M F, |, Y, H
hom)serl nenet hyl et her or norisoleucine; X9 is Gor a
conservative exchange of XaXupd0Xa=xXmmon- conservative
exchange of proline MeXxX;20dX%Q 66X Ubstituted by

a single amno acid; 30 Xl11 isg,selected fromany amno
acid; X12 is an u or A
preferabl y threonmao)g‘é%l‘ﬁ@ 21@%%1163@5{;@?8

dlutamne; X14 is D, E, I, L or V; X15 is an am no

tietlein édicH amine clvid lis fselketed frain natwapablronehatuedidamiho acids,
4nd wherein:

Xg is G or a conservative exchange of G;

X11 is selected from any amino acid;

X412 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;

X413 is W, naphthylalanine, A or F;

Xi4isD,E, I, LorV,

X415 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;

wherein at least one of the positions X19, X16, X17 Or X49 depicts a positively
charged non-proteinogenic amino acid having a side chain which is
elongated compared to lysine.
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35 coval ent bond or A or a-am no-y-bronobutyric acid.
Al so conprised are peptides selected fromthe group

wocongigedssng of functionally equival ent fragnmPargEP2007/002068

derivatives and variants of the above peptide
consensus sequence, having EPO mnetic activity and
having an am no acid in posi t_i2y1_ X4 40 which is
selected fromF, or a derivative of either F or Y,
wherein the derivative of F or Y carries at |east one

%ﬂ%é& 6%8%%@&%§Jgﬂébel :@ém MQ &l%gé/ é&i‘s@&ﬁic of functionally
ST JTASTHEY S DU e YA MBI oL Iba i Belie gonsensus
SequercahaviogdzBOpimetc activity ambbpviagdarhamiyeasid ik4at least one

of Meefpystidng seheckgd XI,00r Mg dSpt8 @orsusitivend ¢Harged non-
?r&@%@gﬂﬂggm r% 4 dqﬂavi?ﬁgaysg(?%tcﬁéﬂs HFch i él8ﬂ§at€’ad compared to

nitro- yros
ysfﬂ%h nitro-tyrosine, 3,5-diiodo- tyrosi ne Furt her
advant ageous conbi nations of this fifth enbodi nent of

tTihfs siue ebsddireht of e Th\RIntiBRRASYCABBS Sarf BRe %06 | tdffegy which

F&QDQFS‘%%\/@‘ grgtﬁ‘cm go Sb%‘i@g@z dgﬁ%ﬁ@%%@ﬁ&ﬁ%&pﬁ%g HMan and animal

seeantPhtYoslonaRlieg Bepitivelyi Aharaed skl ghains ip the EPO mimetic
peplidestinomt wWielbt tdree rafs pleet postiemd oioneXiss X4 detdfrl Xq9. This

@?rﬁf%]ﬁéﬁ%‘légl?;bz?\rqgéstgﬁte?ﬁ% %ﬁd&@gi@g 4 hcﬁscl:Jrlerg\atmg peptide since
Reig e ﬁ@W%nsgﬁveﬁ Stef S okERE Saits g hing and canine EPO
mﬁﬁmi@r ¢hd &@@@mckm ephds iaje hesdereraachableawith shorter positively
prdwcld@dsf(erg pysive i Trs, e dvetpé&aaioni afepositivetpichdrged residues

dj rt
g EE;:\ l a‘e §id égﬁfz?shé‘é ?mﬂr%?g%‘ff%@?'ﬁ% ﬁrgﬁgé EtHé'erﬁnﬂy of the

CEERY bl e of bi ndi ng to the EPO
receptor and corrprl ses an agoni st activity. 20
Seheeneés \A¢nd[rﬁhiep|"bt bfhcﬁnsangﬁMneﬁbedsmentX@@meS)eﬁ Waére already

L e el o e s L el
B?teR Qh SO S4B 5@ X‘iea&‘i Lepart
amno acid is selected fromnatural or non-natural

gvhere akisdss applitabher and: cSMdXGuiestién opatentability of the above
EORSSHRL | e HPEBAYEs Ofe encéljof' esqf‘rgf:ta%énfmé% ad?%the sixth

%%&Hﬁ%hdo{ %%dnywﬂlorggqr %‘@%‘f rg§° s ?&rr]lg; comprlse sequences
disgiasedndn PCT/EP 2005/012075. ThIS could apply to the consensus

sequences selected from the following group:

- a peptide, especially one being capable of binding the EPO receptor
-~ comprising the following sequence of amino acids:

XeX7XgXgX10X11X12X13X14X15

wherein each amino acid is selected from natural or unnatural amino acids
and .

Xs is C, A, E, a-amino-y-bromobutyric acid or homocysteine (hoc);
X7isR,H,L,WorYorS;

Xs is M, F, I, homoserinemethylether or norisoleucine;

X is G or a conservative exchange of G;
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35 X13 is W naphthylalanine, Aor F;, Xl4 is D, E I,
L or Vi X15 is an anino acid with a sidechain

wofueztoiesal ity capable of form ng a coval ent PEGvEP2007/002068

or a-am no-y-bronobutyric acid; wherein at | east one
of the positions Xlo, X16, X17 or X19 depicts a
positively 40 charged non-prajeei nogeni c am no acid
having a side chain which is elongated conpared to
| ysi iXgg isM@a2007/ 101698 PCT/ EP2007/ 002068 -29 Al so
conpid,sRckibeAFRirh 4y sHfibBAdd from the group

t al'ly

consg% I of, tunctio equi val ent fragnents,

deri %chgrﬁhd vari ants of the above peptide
conseasissV, degtpledroal,faor fig EPO nmimetic activity and
havi g, & Dapl Ne @cvd in at |east one 5 of the

posi td 0 O X16.. X17 [ ARYAY

Char Cat g Ky g;air'%él\éH"%@é‘ﬂ&xﬂg%ﬁ%%@%@ﬁé*%%\%é%)
chai RW\‘#%‘M% ShfaCEf e g d¥WCt 0 | ysine. This

si xth enbodi nent of the invention describes an

al tegpative strategy which 1o also opens the option
to potentially discrimnate between the human and
animal receptor by elongating positively charged side
chai ns ia]ppﬁgd%ﬁ@rﬂpmﬂg 316 &él%wmgm'mp geid saquiengge of
the positions Xlo, X16, X17 and/or X19. This

embodi ment pr oehdREX XIXGREX X6 AIIKEN 215 KA Ao

di scri m nating peptide since here are fewer

negati vely charged docking points in the murine and
cani WhergD Xedo s Bavethe agaw meaningaRd yheseint s are,
har d&s is eaigpebdently sblestert from aog amine lagid, preferatiipil <€, L, N, S,
(e. g7 dMgi ne). Thus, the incorporation of positively
char J ‘esidues with a longer sidechain has a high
pot e f%_’to increase the affinity of the peptides to
t he Kpds insependestly selestad Eameanyamine aeidi efefgrably A, H, K, L, M,
honmo&r, Jiarilne in position X10 and/or X17 were al ready
di sc e . , . " -

2005§§i§8l9 B b loB P PP Bnp i prEfraby 6. K. L. @
county ¥ this disclosure night constitute prior art.
VWher &1t isiomearggpineicabl e and coul d questi on

pat ey pigiihdéperderitiyesetdsied frond angaseins @eid.t he
consensus sequence of the first alternative of the
sixth enbodi ment of the invention for |egal reasons
may fAbt conprise sequences disclosed in PCT/EP

© 2005/7012075." This coul d apply to 'the consensus

sequUeBPESCSFaKLETIWVMCKHARQES | owi ng group: 30 - a
pept seery H?@-ﬁ\‘alrlT‘ngP@ﬁﬁﬁfo(?@abl e of binding the
e fo

EPO receptor conprising t ow ng sequence of
am no aci ds: X6X7X8X9X10X11l X12X13X14X15
These sequences were already described in applicant’s earlier PCT application

PCT EP_2005-01 20 75.

In countries where the postpublished disclosure of PCT/EP2005/012075 does
not constitute a patentability problem, the above listed consensus and peptide
sequences need not to be disclaimed from the broad consensus of the first
alternative of the sixth embodiment.

According to a further development of the sixth embodiment of the present
invention, the peptide comprises the following enlarged core sequence of amino
acids:
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35 wherein each amino acid is selected fromnatural or
unnatural amno acids and X6 is C, A E,

woeoarimesy - br onobutyri c acid or honocystei ne (POOdP2007X62068

is R HL WrYorS, 40 X8is M F, I,

honoseri nenmet hyl et her or norisoleucine; Xgis Gor a
conservative exchange of G \¥342007/101698

PCT/ EP2007/ 002068 -30- X10 is Har X11 is sel ected
fromany amno acid; X112 is T or A X113 is W 1-nal,

o RIS bR 1,5

K aamnoybro terne (hoc)
provi ded that either X6 or X15 is C or hoc or 10 a
pdsreitegactoapiriosacig is Belectad ommataral vo naoinatyeal@srioe acids and
WhEFSB6 X7 X8XIX10X11 X12X13X14X15X16X17X18 15 wherein
X6 to X15 have the above neani ng and vvherei n X3 is
i nde endent lré sel ect ed from any _am no r ef ablr¥

no ga

" EXais aRya wiih aideshain fyactionafit affopm
sel ecomient InmnchoyAammarrano«v brpnm‘b&lt)erm gcid, H, K, L,
,SSRTp{ I, v9<136y1 &r §nhdependent |y sel ected from any
o o R 1 kBB ool an
am nefede &or aggnggrvawgg - Har -
CGTYS8CERS: Mag isLriohaCposikivelQeBardgsl ﬁh&geoteemgenmamm acid having
al r egdyidée eARInD MhidH .@rmbh aal’ éor%rakéoerto R¢dine, X0 is proline, a
appl 'cgﬁger%twe exc%angg gf rolere or a non conservative exchange of
proline or Xg and Xo are substituted by a single amino acid;
X414 is selected from any amino acid;
X412 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;
Xi3is W, 1-nal, 2-nal, A or F;
XisisD,E, |, LorVv;
Xi5 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
in case Xig is not a positively charged non-proteinogenic amino acid having
a side chain which is elongated compared to lysine, X5 is independently
selected from any amino acid, preferably G, K, L, Q, R, SorT;
in case X7 is not a positively charged non-proteinogenic amino acid having

a side chain which is-elongated compared to lysine, Xy7 is selected from--=--- -~ -

any amino acid, preferably A, G, P, Y or a positively charged natural, non-
natural or derivatized amino acid, preferably K, R, H or ornithine;
Xy is independently selected from any amino acid, preferably L or Q;
in case Xig is not a positively charged non-proteinogenic amino acid having
a side chain which is elongated compared to lysine, X9 is independently
selected from any amino acid, preferably a charged amino acid such as
positively charged amino acid such as K, R, H or ornithine or negatively
charged amino acid such as D, E or Aad;
provided that at least one of Xj9, X4, Xq7 Or Xyg is a positively charged non-
proteinogenic amino aC|d having a side chain which is elongated compared to
lysine.
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In countries where the postpublished disclosure of
PCT/ EP2005/ 012075 does 35 not constitute a

WOopRabBEmuedsi | ity problem the above Iisted cons@®eIuEP2007)02068

pepti de sequences need not to be disclainmed fromthe

broad consensus of the first alternative of the sixth

enmbodi ment. According to a furdsher devel opnent of the

si xth enbodi nent of the present 40 invention, the

papbrdiag Ctonarﬂusthertdmbcﬁd]hiemtvi ap lerst am;e@f Q0 XSEaMeNoe Xg is a

O am |e
%’a@ﬁ&@f g }@9 0 Foeagt ﬁﬁ%ﬁ% DAl elr58d qrtho acid i
a’r’}?r%a%hfl 4 EPELELPHBARSISIPAITor non-natural o
am no- amatdsalams'tl\&lw\m@a@eﬂ aming @mdane go lysine, argining, histidine
si dechainy bﬂnmmepnal ity capable of formng a covalent

bond or 0@ l%tu% %%H&gx, a{ﬂ‘b@@@é}‘%b%‘ﬁﬁ d, X7 is R H

honosér‘?rfﬂé’ﬂ%'% 'P%@ﬂé’re%r chRfigedo| AiOn eacidsg Whichs gFe.a however,
conser wb&nvaelzedmth’r@etabﬂe Gheinicat geaupslio ardentst provide them with a

posi t i vigdaitiveNERSE Iqu)ot ei nogenl c am no acid having
B8 SR 3y 0442 P LRSS RTERIER DT g ron

&"h"@fﬂ%ﬁ‘é‘é?%’ﬂ‘? \?@'%J@@M'&‘Hg% sife C'l‘é'”pWBMhn'é %’P”&@ eghgompared to
¥inear e substituted by a single amino acid; Xl1 is
sel ected from any amno acid; X12 is an uncharged

Ql
19 BB R ngBh S b A S oy e
provug ;by4elpgg@jlorEun|ts of shajn; wherein the &lenrgation units are
wither allplnai&x:balamrham:tgrmum |Tbe elgraglatien afarf be ra.ggba provided by
Wgahﬁﬁ% RABRIATthE ﬁumBeﬁ'Bf@H% d?ﬂt@”BbHFéfér‘a%I)aQie@Neérﬁ‘ 1 and 6.
TR BB St 1 850 DA EL BHAROHBLES sun as
CaFvpHesyl @bnag@hmbunWG i s independently 25 selected
fromany amno acid, preferably G K, L, Q R Sor T,

noﬁ{ﬁ%‘%lt%@? 'c°r1éi‘ danBﬁa?iréﬂeW%déan“aérﬁ% aC|d WhICh is elongated
re Y

é?o ’a\searect,%rﬁﬁ’g/r gwqrbna@aln%ml%amd Noh-natural amino
asidscotier mam cm‘;e%lrthw@bacal&swaim theaipogsinilitto indya perfectly
fitting ¢loagaiedeaminohacideExamiplesafor suitablenvadninatural elongated amino

SRS I Bl gy peree

am no acid, preferably L or Q

- An- elongated positively charged side chain in position X7 seems to interact - -

better with the murine/canine EPO receptor. Especially homoarginine, which is
an artificial elongated homologous arginine, proved to be suitable. This amino
acid is outreaching lysine and is able to interact with more distant negatively
charged amino acids in the murine/canine EPO receptors (Glue0 and Glu62 in
the animal EPO receptors).

An elongated positively charged side chain in position X19 has a similar effect as
the mutation in position X47 described above. Also in this case, more distant
negatively charged amino acids might be reached through the elongation (Glu34
in the murine/canine EPO receptor).

It is desirable to combine the mutations/features in positions X9 and X47.The
geometry of a peptide carrying an elongated positively charged amino acid (e.g.
homoarginine) in both positions indicates a strong interaction with the EPO
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in case X19 is not a positively charged

non- pr ot ei nogeni ¢ am no acid having a side chain
wo 11698 el ongat ed conpared to |ysine, X19 i $CT/EP2007/002068

i ndependently selected fromany am no acid,

preferably a charged am no acid such as positively

charged am no acid such as K_43_H or ornithine or

negatively 35 charged am no acid such as D, E or Aad;

pecaptdedAs hedésaribedeant amincofacilds préferabfi nen-piit8inogenic. The

3ur@natr 'o‘fe{% %*Fﬁ&i&é&' BRBroBAECInaRo s Mbid, jﬁ{é?nsiﬁed by the

havi.ng .a side alL n Ich I's el ongated coppared to

FOible MysEpgern bpags 5881 pesh BRBFIDEES s

According to a further enbodi nent, at |east one

Hccsiding X3 Ghe Xixth @mBddinicht df the vidntiohyatabastosse dFXIQ Xie, X17

ity 08 A o R BrARHddeK R HohRBIAESAMANY cAldbd Smino acid

e ega I'y'"sel'ected 170 e 0 consi sting of ==~ ]

%@&t er pesitiens &f Ko kregdar 8 gimRY alsogenictsa gharged amino
acil, nvinieh ki aithiedi positivelaod negativelyneharged@andhis selected from the
RRSUP bYRSI¥tING 8f BSEIrAMBMMoAELidS, non-A&IUBAIEhING acids and derivatised
%Z@%?t\éﬁzsédc arged am no aci ds which are, however,

Y

with suitable chemical groups in order to
provide themw th a positively charged group; to
grcoordiegl to loate altednatise abrieastl on€ ©f X4d,6X72Xdrd/or X4d 3s iasnegatively
3nBRiEd Avlo/agifar ged non- protei nogenic am no acid
having a side chain which is elongated conpared to
| ysine. As_described above, the el ongation of the )
o SREE VEby XehaRdea Xaaiih@ Regalively chargedsamping, acidd spig negatively
eharggat aminauacit 3s pfefetably selectdbfrom thbegreum cohsisting of

el ongatyi i 1.5 liohat i ' "
or o pshh%gpgﬁﬁéﬁlﬁfch&gbﬁedmlﬁb I, idspBEiafty ©'8H E

ngat’].o n _be e.qg. be provided by CH2
ani t 8- NRRATALNTA! fRdativily SPhamged o aidS] o ot erably
bet wee@rigingly positivalyt eharaed aenipo adids whishqRiei Bewewer, derivatized
al so bewitic buieatsld chieticalrgroaps in orderte procideahemewith a negatively

phenyl & tdyg units. 20 The positively charged

non- pr ot gir%%jg)gnc%]%J am no acid which is el ongated

compared to lysine, is preferably a non-natural am no '
dbednomipaturat neaptively eharged ¢idefchain maye denist @sselongated side

thainelBxamhplesi fat isught Smimpssidsi hid wlgha-ainib adipic acid (Aad), 2-

che sifo $ bid it
BN rnetiabid GrarRpARCRC afie) 8 e pEaminATPLRE Ak,

honoar gi ni ne, am nophenyl al ani ne and

T Asrodiiaght ihys Alsmipessiblevte drovidataaegptivelyicharged amino-acid by—

30

35

40

ebavartidg sa grsitivelyn chargees ahiing 2€ids #1613 riegatinélyr ettdrged amino
Bl Theldtyit Fé“@g&?o's&&ﬁ&ﬁ{‘élBﬁgE%Qh%eﬁéé’Eﬂéin theR&sy &Hahcing the
onpar gl ni nﬁ, A h s . .
inding properties. According to. this novel strategy, lysine (or homologous
shorter amino acids like Dap, Dab or ornithine) is derivatized with a suitable
agent providing negatively charged groups. A suitable agent is e.g. a diacid such
as e.g. dicarboxylic acids or disulphonic acids. Glutaric acid, adipic acid, succinic
acid, pimelic acid and suberic acid may be mentioned as examples. Please also

refer to our above detailed discussion of this embodiment.

Under the provision that at least one of the positions X0, X1s, X417 and/or Xig
depicts an elongated positively charged non-proteinogenic amino acid the
peptide may also carry a “normal” positively charged amino acid in position Xjq,
X6, X147 and/or Xig. The positively charged amino acid is selected from the group
consisting of :
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~AdseDonmay dee pregentcand ma

an artificial elongated honol ogous arginine, proved to
be suitable. This amno 30 acid is outreaching |ysine

WOoeR007/i86%bl e to interact with nore di stant ne@atIVER2D07/002068

charged amino acids in the nurine/canine EPO receptors
(A ue0 and Qu62 in the animal EPO receptors). An
el ongat ed positively charged _sigde chain in position
X10 has a simlar effect as 35 the nutation in
posi tirurdl poditively bieargetdoarainoAbsidsj B.d. Hysine aargininer kistidine or
di st aRfnithlggat i vely charged ami no acids m ght be
reached through the elgngation . (A u34 in the
nur | ﬁé‘P@é‘?ﬁtH@q@@@WEE/e&%Q?q aMming 8ClSs; r apl e to
conbi giginadly megativelysshfasaed aadng @cistsswhicbrare xnowewer, derivatized
X17. Theth 4GitasienaHenyical groupepini cielet as irbvileathem with a positively
el ong%hggﬁ&p?ouﬁvel y charged am no acid (e.g.
ney i

honoargl "both positions indicates a strong
interaction with the EPO WD 2007/ 101698
ACUrHe? devebpptad of {88 sixtit epthmdimAst dither priesednt inkention provides

HMXQ @ BErdinbsadid gireferlbly D@heRyRIAiiR@genic. The

strength of the provided electrostatic interaction is

even intensified by the nultiple hydrogen bonds from i
Egcardiogotsr @ funler dgvglapmentagt dhei ﬁ@‘ﬂ! £hedigisity the peptide
eohydtises the édllawirg ienlerged amiad acebetresemuehc&l10, X16,

X17 and/or X19 depicts a non-proteinogeni c el ongat ed

positively ch ] ac/ T t per. sitions of
Xlo, X186, x17§%%ggﬁ?§%%§xw&%lz)§bﬁg‘8§i5cis)%i?’gﬁgﬁt’gged
amno acid, which is either positively or negatively
arergiadXandX i hageltiee bbdvé nueanihg and whagretonsi sti ng of
natural am no aci ds, non-natural am no acids and

ot ekt Bye P pARVAURE obF o WhereEis aare of Fror ¥ carres
nega@t leasy one ipleGean-withdewiag substuept.case Xlo, X17

and/ 0% =48 $elexted regabny amine baidy peeferabip Aadd, &, Lsa,dS, T or I
negatively charged amno acid is preferably sel ected

fromt h rqup consi sting of, - natura egativel
Asedencibefatifte: MR Rt Pindra\iig) saesGER s e splgeted from
theyagroup| goosisting dofarthe oaainaisgrouporthgi Alrg ygroup and halogens.
Exaniplesbye atmhg@lpmﬁymanjedSi-avhir@qtymssﬂme,h@mtyrosine, 3-nitro-
) t 2 g: v . | 13 1 _ i o er
BbSIE: BEEbibrdoMicdink! 3 Sl GBS, S gl bioShHES
non- nat ural negatively chayrE%ed side chain may depi ct

agiddpréfematly PHE, NG, qdopve acid (Aad), 2- 25

am nohept anedi aci d (2-am nopi nelic acid) or

%I F‘E‘a_ am nosuber i ﬁ acid. As-outli ne3 -it- i a . .
BIMRss 47 5Ase the gronemens RS AP J&inying 2 Aijaer via a continuous

aeptide Hoker, itos -prefeseavibat theyamipe ecidsvieithe dirderguiaal region of the

A rtIn&ei (@sg.i pasitich Xgaaid Xs) ¥né hBe T eerdThaloregion of the monomer

(e.g. X190 and Xz) depict a small flexible amino acid such as glycine or beta-

alanine in order to provide a flexible conformational.

The application describes besides EPO mimetic peptides in general different
means and strategies in order to improve the EPO mimetic activity and/or in
order to allow a discrimination between human and animal EPO-R. As
described, the different strategies and aspects of the invention can be combined
with each other in order to achieve a “tailored” EPO mimetic peptide depicting
the desired properties. It is thus important to understand that the described

gniprjggemdﬁnt%gﬁlegtﬁm om any-amino- -
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acid. Thereby it is also possible to elongate the side
chai n thereby enhancing the 30 binding properties.

wWoAneTTidéysg to this novel strategy, |ysine (or PCI/EP2007/002068

honol ogous shorter am no acids |ike Dap, Dab or

ornithine) is derivatized wth a suitable agent

provi ding negatively charged .gggpups. A suitable agent

is e.g. a diacid such as e.g. dicarboxylic acids or
dtratdgiboniah del dadefStoddiras desigh, u&dépi\nmlmioén be independently

%ﬁ%ﬁé& iffCbSeh B'tﬁ@?l inG r@%\‘%%ﬁé%@%@' IfimBRY geBtide having

one teer fo o

Ll oned o QA o &h ofhaelTistics T Ui 59988, embodiment
{hephthylalarins in asitien Kedsmagreorabinedeviodhe ichasactedstics of the
Xdied erbbdanghpithat’dl lesitinet 6f e, Xl oot Xesaoseddtivelyycharged.

char ged non-proteinogenic amno acid the peptide may

aﬂr%f’ltelﬁ tH %f ghe bg‘% Eg@:‘o‘i lo%& Yh grﬂ)‘]”cﬂm@mosgﬁné@%%li Bescribed

gyﬁé%p Fﬂpl)é QIHSIX o acidsIn preferred
eonadimients, dhe\mmaemgas& nemcr_apaderwg 02‘0138east31|0 15, 18, 20
Rt 26 ajmua@saéudyebt €ha68 e thatidieribsd onsengus |s)é‘é1lu@ﬂces may be

%rn% rQ%;aédtQEQ ba' com |s%8' B§ Ionp@P%e{?ﬁeHE . The described

03| veI

rP@@ ?\FQP CR%LT %{]ﬁe'%ocagb %l?ev\SFﬁ'\é‘Fp gﬁgo"ﬂ%ﬁ/é%ﬁ"”g domains for
dlee EPLD reeeptos Ag descrinedaathevec Ardribeldw, gt suglso ipessitdieto combine

t9e PAGHUAETid F@mldﬂé URit8 (BiPdlidd d&nyinsg e Heptde dter-evBn multimers.
lercIJ%%ra \fgrg%oﬂﬁl%r R é&? fot )gr?&tﬁ?%é doih Br %ul‘ Rer also longer

pr esent

W@F'@?%bﬂ"&? @%ﬁ‘f@ﬁyﬂﬂ?a?ﬁ rf@mei'éa%%o?’a‘i’/ﬁg 'P&'tﬁ"?ﬂﬁ%“ﬁ’é‘r As EPO
deiretiopeptides theéyharescapdble wb bidimegtqg thehiePPepceptor.
conprises the foll ovvi ng enl arged am no acid core

TRRUBPCE miméhisSpépt efléhebs ﬁ@@n&élt@(ir@(k%h?éﬁ&iﬁf? have N-

er ej ngééz‘)?(% fe?r’g?ﬂa@ A&Yﬁatéﬁ’“ v ‘é‘?’nﬂ%@dﬂ:s”%&?ﬁ'ﬂ amino acids. may
Rinorkg gh Qiﬂé‘o&)@?ﬁe@atlve of For Ycarries at |east one

el ectron-w t hdrawi ng substituent; 20 X5 = is selected
fThenpentideardaacording & the drvention yna\y cempkise |besidesd.-amine acids or
the él%rétﬂﬁﬂhéﬂ@@ RGNS acldse uph&eitdluicohvéritionsl &gino acids, such as
ha{TBbéuBémﬁ eGhRR ééu&’é“N% ghﬁﬁﬁga&%%ﬁééﬂ&%cld e.g.
&

Mf@@"i‘ apige;. 2raRp! @ﬁ@ﬁbfﬂ%faﬁ?‘ﬁ@%egn fiets; fealanine, 3-

pyiidylalanineo st-hydrogyprioting,- O2phesphoseriee, N-methylglycine (sarcosme)

" BomodrdinipeD-t WN-a8étyiseride 5- dNPAddtPghinesSi NN-formylmethionine, ~ 3-

éw g@‘eﬁengt 1 r&gnyﬁiesgwo)ﬁ sﬁ@%—aﬁ‘ﬁnol@(ﬁlﬁﬁ@%c@ngr dR¥novaleric
acnd epuse 0 X'lethylglycme (Me (g) and N acety[é?ycme (AcG) is especially
preferred, in particular in a terminal position. Also within the scope of the present
invention are peptides which are retro, inverso and retro/inverso peptides of the
defined peptides and those peptides consisting entirely of D-amino acids.

The present invention also relates to the derivatives of the peptides, e.g. oxidation
products of methionine, or deamidated glutamine, arginine and C-terminus amide.

According to one development of the embodiments of the invention the peptides
do have a single amino acid substituting the amino acid residues Xg and X;o. In this
embodiment also both residues may be substituted by one non-natural amino acid,
e.g. 5-aminolevulinic acid or aminovaleric acid.
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acid, preferably D, E, L, N S, T or V. 30
Furthernore, in case the nononeric units are formng a

WO0NET01848a a conti nuous peptide |inker, it i PCI/EP2007/002068

preferred that the amino acids in the N-termnal

region of the nononmers (e.g. position X1 and X2) and

the C-termnal region of the_mguonmer (e.g. X19 and

X20) depict a small flexible amno acid such as

FHacording @6 D @litheradeveloement, dhelgreptideprdescrbed in the first to sixth
: i T Wer-\ g [ i

gg)&%npfr{%?m Rggénd/§5)3(1sh§s %Hpérpﬁ\% %@Q.fvﬁﬁ?%ﬁ iffe forming

fdnfdditng
hesi.des . L C ti,des i ener a er gn
AT © b Skt DeR i A HIEBIE X FBeEBK, or hoc, and/or
n7nas iR Rari YiaryS eantl/or Xsras GrereM aodiriXswaa G or A, preferably G
@ndifdr Xonad Koy H_QF wRgforixTes end, aMIng, AEPIOoRnoAﬁ(f)Ieucine and/or
SGLI S S
?Pﬁe%%tfgﬂdé‘f{?%é‘-‘isc@ﬁéf g PG Broflt RERRDTorY didfor X,y as
o AcH &/er & bagic| pakyal EP@OHTW?éFFaE RO geidgdhisthiqpever, also
phefedresli ag depciilpad tabeye that Xs7 tshi{soli apwrt-aaturaloamino acid with a

&6@&?\/& rg8d@kidehéndlgsuth ek YhaPBArgiNiked8
CT/ EP2007/ 002068 -35 strategies can be understood as

ﬁ?ﬁr‘%‘%nkﬁ;i H?ﬁvé{wegha n\}éﬁahp i'ategy €0l l?rﬁneq]etg the present
W €ach otfher In grder, 10 CONE, anEFf)m iC . .
Jamntige rRiginngubstaptialbsithe S3Pe phiptagical Engtiop r activity as the
Pleatides accerding tothe lirdigsidoahembobidéntsrdescribed herein. In order to
Gﬁ@ﬂhﬁihmeaith@m PRopeHyPRSi theNstéie3bf TRY aRaRBi fRgfmanht derivatives or
[ - . .
Vel BT fe e Sodtactm sbahhis B 30F ESFotyg Blbdtiments:
The I ength of the peptides according to the . "
embodi moiOErYRg GrBbadiment J MaydAveriBAINING 35dinpasiiipn Xio that
bet ween ¢@stitutes @ ngn-wonserfvaliveexshange afrpralingcordeherain Xq and
pref errex,, setRMistiRAeS bytdSingRpimi® sa@sensus depi cts:
a length of at |least 10, 15, 18, 20 or 25 am no

i ds. ' iti
may b %ggg%ggmﬁég@g%ggg g 20 TN Mposition Xo that
e5sRPMEonseRvERYe gXChangs A RETgRIeHREEIn Xo and

sequence¥ln _ _ : 9 an
can be pércaieveudbstifutedr hy rigsivigleliamjnd aeid medf arnaphitieylalanine in
EPO r ecepdsition Rs;;descri bed above and below, it is also

possi ble to conbine the nononeric peptide units

(bi ndi ”%e%%@h&%}n%&iﬁ%% hdgt I‘é'fa's%né\é:?ﬂaé%éiﬁgﬁé K10, X10 or Xqg is
case a peptide linker 1s used 1.qr creating the di- or
mul ti mer? BPERUYEY GBArIRY HTRA %‘ég are created due to

di meri sation-and/or nultinerisation. As EPO m netic,

pept i desregReding eankediment 4othel Gadiyng D-aminragiddn position Xg;
receptor. The EPO m netic peptide sequences accordi ng

t o t he inegardingrentzodiment SNthdéyehaverah amitboacid in position Xqo that

gmt S;m rk%nsﬁg.lﬁéé’ |aafgd')r9-ﬁérs1§ﬂgraﬁ\|?@ ?Q&M% ofSBFB?iné{BrrWherein Xg and
accor di s BseERBY Bt Mo 4cte R PoRition X4 F, or
L- anmi no adptvatie of eithertfepe i wheeeindhe desivative of F or Y carries at
aci ds, . Usast eneaklegtronswidwirawirgy subystibwerstci ds, such as

regarding embodiment 6, at least one of the positions X1, X16, X47 OF
Xig depicts a positively charged non-proteinogenic amino acid having
a side chain which is elongated compared to lysine.

“A fragment” is less than a full length peptide (or polypeptide, the term peptide
as used herein does not comprise any size restrictions), which retains
substantially similar functional activity.
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e.g. al pha, al pha-disubstituted am no acids, N alkyl
am no acids or lactic acid, e.g. 1-naphthyl al ani ne,

wWOQ0oHN6edI8y | al ani ne, honopseri ne- net hyl et her, | PCAVEMDOT&02068

3- pyridylal ani ne, 4-hydroxyproline, O phosphoserine,

N-net hyl gl yci ne (sarcosine), 25 honoargi nine,

N-acetyl serine, N-acetylglycing, . Nfornyl methionine,

3- net hyl hi stidine, 5-hydroxylysine, nor-Ilysine,

SparvatplesV llﬂloltmde: paptidethathavevbéen chemisllg. mdbified e provide an

abialiomel Brb GV hRGor MaRtioand N-acetyl glycine (AcQ is

especi a’ y pre?erred In particular in a term nal
resen

Al h
Rialies G Wplﬁpbﬁ@%fﬂvi W bl Brodstes gndy chemical
madiicationetesbnisuiesi doth of whieh ape vrlf k@i pegbe @t Madifications

chascheRhiWRsreCiANS polyipepties! intkidingfhelpeptidecbaskibdee, the amino
Epﬁjtﬂasmgng %\ae%é%?mﬂb%?cfa AP erhfin the derivatives

oxi dati1o pro ucts of

h d d t ed
Siber ?ﬁ%ﬁbﬁw r%&@?*s?mﬁgl“% ¥4 nacabidiclsnean ion, amidation,
envalgnhwitachatent hef diffesent shemical pupidtiess cr@sﬁ lirkieg a cyclization,
gisulfice Bohdor atihet isridigd | forrmations, ydroxyiatiars i ietrstitidne dxidation,

i&%@%gt,gche@,gbl}mﬂss embodi ment ‘al so both residues

substit y one non- natural am no aC| d,

Ei nol uI i ni c am nov erl WO .
Suata’ o SastiPrRsorT B 0che DiBehE 'H% “p§iugpolypeptides
havmlecvnei@vanofsr@nmo @ﬁd q%ysnenﬁwmaga@% iespret to the amino
bicidst définetd it the eoheehsmNtORooprises the Mab aksadtortail amino acids

%ﬁ]ér{hgﬂhgﬁ]rgpém"yg thgan bridge formng functionality

cystel ne derivative such as sel enocystel ne, E K
hoc, and/or X7 as. R _H or_Y,or [ or. E or s
B o7 RO cagSerElive arbirBl aqla SUpSubliths ban Bedfarfiegout within
the gmncaﬁg;doqaeql@pcgg)f\yhe Lpolypequeg acgordingto this invention in order
twardh@ atifunctioaatvarantX1st the diffaretht @mbddBmemtsN\bbthe invention as

B@Q@ﬁﬂ% §bé\%nﬁ1é‘§%§ﬂtuﬁ%ﬂoé§ur@ é’% Mtﬁlﬂdérﬁfno?grg d&havihg unpolar

Fide] a6 ptUy 8p hohatiial untheried G poL aiipg,acids with polar
sidgt Cb@lfﬂsl éme)laC!ﬂanﬂ refomadic sige rahairs, dhgi Rafugal or non-natural
posntlt/el\]ed:hargbdrIQEdril demirivaaoidspthe aatwap or non-natural negatively

gbn gg_ gﬂrﬁnc'): QT?QE?N Ip§§'v\\/§‘gﬂr\];é‘?ﬁ/ ﬁr\?\%d’éﬁd@%f similar size
Mﬁﬂ R e RS oS a el e, iings amino acid
sbeuldinat d@/latﬁemof% andapprxtoaiginy t%%mithﬂdmie@uar weight of
todgimanamite acid &edl the biriding lapatitieto the receptor of the hormone

Qhﬁﬁlgdlpméiﬂ flltﬁ %pgf"fééf i rrﬁérh{éqﬁe(?tlﬁrte?el%folﬁ o Ridre than 1, 2

lants .

Bhat ATPBP, Seis i SUPEUUIRE | RedEAch BBt WRRIPia ADs Proline s
mroducegatdhe]goelhbo@nﬁand 17 areprefarredan anmino acid in
position X10 that constitutes a non-conservative
The hpergrieosequiaridesedescribieer Rereirkgannbe uSed as euitable monomeric

Eﬁ@ﬁddé hHR? é’h %oﬁﬁaviéa bFHEnEg’ d@Fdaﬁns for’ tﬁ%aéﬁbnﬂec?aod They can

e no
receptor. As

5o o, i FERORIG 5, Farph S st bR A
gescribes hereithdhey areprefarably used as dlmers since it was shown that the

capacity to induce dimerisation of the EPO receptor and thus biological activity is
enhanced by dimerisation of the monomeric binding units.

Thus it is clear that many different peptides are within the scope: of the present
invention. It has been found however, that the sequence Ac-
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20 X10 are substituted by a single amno acid and a
napht hyl al anine in position X13; regardi ng enbodi nent

WOR00Ht01698ast one of the positions X10, X17 or PXIZER2807/082068

negatively charged am no acid; regardi ng enbodi nent 4,

they carry a Damno acid in position X8; 25 -

regardi ng enmbodi nent 5, they _hygve an amino acid in

position X10 that constitutes a non-conservative

ML@IIL%IF!@RMGFREWWEGMRAA(@WKLNHMQSmécrjtaPhﬁlaisa(jeantages and is thus
- an ave in

PSS oot G Bralivghigh and, have 10

ein the derjyati.ve,of F or arr.i t, |east,one . .

R0, Bediiog N detiah s e FRHNST of ahe dEko8d Sndividual

peptide sequemgesatup toafive @minofacidse maysbe iremovixd @ndiaresadded. It is

Xaif-e9idenkKtRadeRieCis rivt Pofs rdlevance eBalogigdas the peptide function is

HEREL AT M, P it ol e et i
Pe 480 shar ta entile Theif,apkiyeas maBofers Hsvg/lydhpeiRn as agonists upon
dimenigationi dBuchapeptides haneeitihus qerefenatly cosest iio ethairy dimeric form.
HespebtRA frisddted Bhd héleRgatetdaémBodiAfentd/BRd &l alkbomprised by

ﬁ@%ﬂg@éﬁeff&@?%}fg@@h ?gt7i V:I)Eaill vg\f)i \7;287/ }giﬁage pepti des

hat have been chemj cal nodi fied to provjde gn ,
e, PRGNt DYPOIATL B ShbeREanSIB! Bie oflatss Cod s capital letters
bee thasief dfcthebstandandepolyipentide npmenelatise, extenged ynthezaddition of

meA.ddteal Ahd 8688 ques, both of which are well known
inthe art. Mdifications -5 can occur anywhere in a

@&I pepti de, Arﬂﬂougdi@g the peptide backbone, the a_rri no
Aaﬁgé—g,—de—ehﬁmg—aﬁd—(—k@—aﬁww m ni .

& her cheni cd-a@BH& i cations include e.g.
dcetyl ati ons,L-ealifeati on, am dation, coval ent
gttachnment of| @iytier ent chem cal noieties,

ross- I inking,. ization, disulfide bond or other
gri dge for rratq'i"g(égeﬂc droxyl ati on, nethyl ati on,
i dation, 1o DRI on, sel enoyl ation. "Variants"
bf pepti des decpbemylalgnine t he present invention include
Rol ypepti des | faydiR@ one or nore am no acid sequence

Wchanges Wthtr%ﬁ%gﬁ% to the amno acids defined in
: S
7k .

e consensu o e, the may al so contain am no
ids ot her LRigHdiRgt ural amino acids. 15 E.g., one or

-®or e conser vadfsenneam no aci d substituti ons can be
T garried out W fHigshindhe amho acid sequence of the

gol ypepti des accgr.di ng to this invention in order to
rrive at fuﬁ'&ﬂs %'QF. variants of the different

Bhbodi ment s draspAsagin@ent i on as descri bed above. The
Qubsti t uti on Leglatarsine. 9. Wi thin am no aci ds havi ng

pnpol ar L-aspartic acid

E L-glutamic acid

K L-lysine

R L-arginine

P L-proline

G glycine

Ava, 5-Ava 5-aminovaleric acid
Als, 5-Als 5-aminolevulinic acid
MeG N-methylglycine

AcG N-acetylglycine
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15

si de chains, the natural or non-natural uncharged D
or L amno acids with polar 20 side chains, am no

WO 1688t h aromati ¢ si de chai ns, the natural PGIT/EP2007/002068

non-natural positively charged D- or L- am no acids,
the natural or non-natural negatively charged D- or L
amno acids as well as withingny amno acids of

size and nole n the

rAdmecul ar vveug&mogénﬁdwmemw@heal am no acid should
rp_g{ devi at e ”i% m.r pproxi mately +/- 25%of the

ecul ar - L 0 5 the original am no acid and
tlﬁ‘@' bi nding ¢ 8@% 3P@e receptor of the hornone

@nat hr opoi et i Zrnaphthyledaningti c ef fect i s maint ai ned.

Raherably, ngetaRfignihhan 1, 2 or 3 amno acids are
t ut ed. arlants wherein no proline is

$]nt%ﬁ'{océfuced at&?rﬂggnsqgll t%I ons 10 and 17 are preferred.
pepti de S%Qﬁi)é‘ﬁ descri bed herein can be used as
Amt abl e nonoameidated 30 peptide units which constitute

gyl ng domai figmiky fdb%,ﬁgg)c,@eceptor They can be
dintheir since they bind to the
receptor. d'%'nogggtlé(ﬁﬁg@mher ein, they are

Pask er abl y usdlBhasrainRadipisiagit it was shown that the

degiaci ty to ialgha@minosuberdt acid of the EPO receptor
aRf thus bi olé&b@aémgctlw ty is enhanced by

(%%Iperl sation arhe ngnomsrl ¢ binding units. 35 Thus
is clear t914 WMHerent peptides are within
886 scope of selengnays invention. It has been found

however, that the sequence Ac WO 2007/101698
PCT/ EP2007/ 002068 - 38 VLPLYRCRMGRETVEECVRAAGVTK- NH2

@S desertd aBbie.dur ([Ressntamlehtfori o iMhidéY Phédifi@dions of the

%%ﬁi’ééj#ngﬁgﬁ"ef‘gﬁﬁ @é?ﬁ%’?é?da%gﬂ%ﬁ" By cohpbRRuEE pfiyibes of single

BANG | aids- ¥hanggse alters the stiustyrey and nfunstion i ¢fsa binding
megle e rbeutrmqusltg’rrmyon radstetdasebt In a cobseplative\exdhange, one amino

tanéF is $eB18céd b @hofer ra?rhﬁd %Bﬂ%&’rﬁn |a‘§?8u§§nﬂ1*§mﬂ§r%r‘oﬁ8mes

function 1s preserve Furt her nore, p ease note

bl <R RR §§§néﬂihe?]sgﬂiuaf’|eyt?Sni?."éﬁ
or ot or 251190 328 58 N SR N ALY

truncated and or elongated enbodi nents are thus al so

conpr i $eaharged|aming@cilsi havingpolansideeheinsi &nT, GanG YeN, Q ~ — ~— -~

present invention, the abbreviations for the

one-| etfnio aoide havingagrotradticlsidd ehains: &, ¢/, ose of the
standard pol ypepti de nonencl ature, extended by the

addit i BBSMT/er%ﬁErdé@té’rhﬁ‘l'o ALK, ¥FiYls. Code Am no acid
A L-al ani ne L-val i ne

- negatively charged amino acids: D, E

- amino acids of similar size or molecular weight, wherein the molecular
weight of the replacing amino acids deviates by a maximum of +/- 25% (or
+/- 20%, +/- 15%, +/- 10%) from the molecular weight of the original amino
acid.

It is self evident, that the groups also include non-proteinogenic natural or non-
natural amino acids with the respective side chain profile such as e.g.
homoarginine in case of the group depicting positively charged side chains. In case
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L L-leucine | L-isoleucine ML-nethionine F
L- phenyl al anine Y L-tyrosine WHL-tryptophan H

woLobi/sewdi ne S L-serine T L-threonine C L- ®CIVEH2065/002068

N L-asparagine Q L-glutamne D L-aspartic acid E
L-glutamc acid K L-lysine R L-arginine P L-proline

G glycine Ava, 5-Ava 5-amnqugjeric acid Al's, 5-A's
5-aminolevulinic acid MG N nethylglycine AcG

13 pmﬁlhg hQlsybstiteatingnblOaulé GLOR s/ &ERaMmaturaramtho add cannot be

§°5§§§ﬁ¢&$o "BiHe1 8 the bovBRardBEO A BbREed byfHeir side-chain

I ne

PEOBTE St POHISE PRIV DR Bpes 3 Acholbepyseavalive spstitution of
Prioling: aecording telthisinwenpen.dt ertategarizing ﬂb@ﬁedinuﬁuaicammo acids, the

Ridseificatioe aidl acddeding kb theamolszure iwdightanigit béselpful.
al pha- am nosuberic acid

More specifically, Wrighton et al. (US-Patent 5,773,569, and associated patents)
examined in detail, using phage display techniques, which amino acids can be
replaced, while maintaining the activity. They also investigated and published data
on possible truncation, i.e. minimal length of a given EPO mimetic peptide. How-
ever, a proline near the central Gly-residue seemed to be the only possibility to
obtain active peptides.

Preferably the described peptides are modified as to AcG at the N-terminus and
MeG at the C-terminus.

As mentioned above, it is preferred that the peptides comprise two EPO mimetic
consensus sequences and thus monomeric binding units thereby forming a dimer
(or continuous bivalent peptide in case an amino acid linker is used for
dimerisation). The monomeric EPO mimetic peptide units can be chosen from all of
the embodiments described above in order to form the dimer. A monomeric
binding unit according to the present invention may also be combined with a
monomeric binding unit of EPO mimetic peptides known in the state of the art.

An EPO mimetic peptide monomer or dimer according to the present invention
may further comprise at least one spacer moiety. Preferably such spacer connects
the linker of a monomer or dimer to a water soluble polymer moiety or a protecting

- -group, which may-be-e.g. PEG. The PEG has a preferred -molecular-weight of-at -

least 3 kD, preferably between 20 and 60 kD. The spacer may be a C1-12 moiety
terminated with —NH-linkages or COOH-groups and optionally substituted at one or
more available carbon atoms with a lower alkyl substituent. A particularly preferred
spacer is disclosed in WO 2004/100997. All documents - WO 2004/100997 and
WO 2004/101606 — are incorporated herein by reference. The PEG modification of
peptides is disclosed in WO 2004/101600, which is also incorporated herein by
reference.

There are several possible options to design a covalent linker between two
peptide chains in order to arrive at di- or multimers. The peptides can be linked
via amino acid side chains or via backbone extensions. Four different main
dimerisation strategies to connect two EPO mimetic peptide moieties covalently
are outlined subsequently as examples for suitable strategies.



Adi adipic acid, Gr glutaric acid Sec sel enocysteine
As descri bed above, the present invention also
woi20¢t/1dess nodi fications of the peptides and PEfIVER007/002068
pepti de consensuses by conservative exchanges of
single amno acids. Such exchanges alter the
structure and function of a higyding 5 nol ecul e but
only slightly in nost cases. In a conservative
exchange, one amino acid is replaced by another am no
aci 4| WerhliNaPuitheliZatibh froth e téfm R6 QPRI €5, Exampl es
of corresponding dgrou . - amno aci ds having
non- pol ar si de G, vV, L, I, P, F, W M-
uncharged am aci ds havikng pol ar side chains: S, T,
G C Y, N 10 - am no §cids having aromatic side
chains F, Y, W- positivelly charged am no acids: K
ne fvely c gedganino acids: D, E - am no
aC|ds Iﬂ Si ar sizgﬁgr ng?ecular wei ght, wherein the
nol ecul jar i ght of the replacing am no acids
devi at es by maxi mum of +/|- 25% (or 15 +/- 20% +/-
15% +/|- 1099 fromthe nol ecul ar wei ght of the
ori gi na It is| self evident, that the
groups jal so incl ude npn- pr ot ei nogeni c natural or non-
nat ur al
profile as e.qg. rginine in case of the
group depicting positively charged side chains. In
case WD 2007/ 101698 PCT/ EP2007/ 002068 -40 a proline
5  Dimerratian can kg arhievaq by siransaef @ diketepipgiazing: strugture at the C-
tarmiousiof dacfapepﬂdé)dmkeioeerémeabmiegaedntbe obtainzid byractivating C-
9 i , . ey
SIPAGUBRUS, St AU, O, I oo s show e
§A, servatlve substltutlon of proline according to
this invention. For categorizing these unusual am no
EXpEWle @he 5 classification aid according to the
nol ecul ar wei ght m ght be hel pful. Mre specifically,

Wighton et al. EUS—Patent 5,773,569, and agseetateeh
pat ail, using phagHWGCﬂBbeﬂNVCKKQGGG
tec%ﬁ%%%ﬂys I'c q@kﬂﬁgg cids can be replaced, while

mai ntai ning the activity. They al so investigated and 41: :T?

publ i shed dawa on possible t+uneation, i.e. mninal

| ength of a given EPO minetic peptide. How io ever,

prollne near the central G y-residue seened to be the
T 'OT”? 5{& WWHW%Q%?Q mTactive peptGCﬂ‘Q%CHFGKLTWVCKKQGGG N
1o Preferab scri bed peptides are nodifiled _as tol
AcG at the N-termnus and MG at the C-term nus.

Example b:

— 1
GGTYSCHFGKLTWVCKKQGG-G GGTYSCHFGKL CKKQGG

N_ O
L= Ly
>

GGTYSCHFGKLTWVCKKQGG-G GGTYSCHFGKLTWVCKKQGG
L— I



As nmentioned above, it is preferred that the peptides
conprise two EPO mnetic 1is consensus sequences and
WO deos10veasoner i ¢ bi ndi ng units thereby form ng PATHRIENT/002068
(or continuous bivalent peptide in case an anm no acid
linker is used for dinerisation). The nononeric EPO
m metic peptide units can be .¢f3osen fromall of the
enbodi nents descri bed above in order to formthe
dExafiple’c:mononeric  binding unit according to the
present invention nay also be combined with a 20

nmononeric binding unit of EPO m netic pepti

in the sfate—of—the art. An EPO mineti g % clKKQG BNa
NMONGBEY SCHFGKLTWVEKIQB-BAlgE t 0 t he pr ese nven |on

may further conprise at | east one spacer noiety.

Preferably sq_ch spacer connects ,the linker of a J/: T
nmononer or dinmer to a water sol uble polyner noiety or

a protecting -group, which may-be-e. g - PEG The PEG ©

hasGaTPs CHRGKLIIVVEKHGG-8ARFG Wwei ght  of -
kD, pref brably bdtween 20 and 60 kD. The 1?% bggiwv KKQG- BA'a
a Cl-12 noiety termnated with -NH-Ilnkages or

MmPlpd: and optionally substituted at one or nore
avai | abl e carbon atonms with a [ower alkyl substituent.

A particul arl referred spacer is disclos

2004/ %g? %l‘ J nts_- WO 2004/ 1G@398CHRGKLTWIVCKKQ- BAIaG
200‘& bGKL &%ﬁ’c@ﬁ&ﬁt ed herein by reference.

The PEG nodification of 30 peptides is disclosed in WO N o
2004/ 101600, i ch is al so i reerporated herein by J/i /v[/

reference. There are several possible options to
n a covalent |inker tween two peptide chains
| n 8&6%? CHEGKLTWCKKG-Bp-G g mul ti mer s GGTYSCREPKLTPECKKQ-RAIa-G
can be I"I’TR'ed_V'IJa am no acid side chains obvia
backbone ext ensi ons. Four different mai n 35
%rlsatl on strate %Z to nnect t

EPO
legge nBpie iteal "6 esern %ﬂﬂ%@@&u%fnsh‘%/ present
as |exam1mresthfam wauldalblee astmenrégylelanmm in0Positiomsdd instead of

thpt8PRANE 008 abodeé skquéAtss Nale BriRer uged | fon Hesdhibing the

SCL&HQ EQB& fnmén’\e/?o%%ptam@cﬂeﬁg\?ggerg %Iég‘{rﬂrgnfs for other peptides
thedG@Cr @Fjrﬁ‘ lgp[ﬁse@g@ﬁp tqnde Di ket oper azi ne

| i nkers can be obtained by activating C terninal

am 210 Te¢hfifal dined Bz frdny N-féa td INetdrgn | owi ng
" fi'gures show fitting exanpl es: Exanple a:
GGTYSCHFGKLTW/CKKQGEG G GGTYSCHFGKLTW/CKKQGEG ~NTO  +

ON
N C N C
The following examples represent dimeric peptides wherein the N-terminus of
one of said monomeric peptides is covalently bound to the N-terminus of the

other peptide, whereby the spacer unit is preferably containing a dicarboxylic
acid building block.



---- ---- - CGTYSCHFGKLTW/CKKQGEEG G - -
GGTYSCHFGKLTW/CKKQGEG 10 Exanple b: --,

WOQROTYBTHBCKL TWCKKQGG  GGTYSCHFGKL TW/CKKQGG- GPICT/EX2007/002068
"."CNTO + O N GGTYSCHFGKLTW/CKKQGEG G
GGTYSCHFGKLTWCKKQGG | ~ WD 2007/ 101698
PCT/ EP2007/ 002068 -42- Examlgy c:

GGTYSCHFGKLTW/CKKQG- BAI a- G GGTYSCHFGKLTW/CKKQG- f 3Al |
CNTExarple a:GGT YSCHFGKL TW/CKKQG- f 3Al a- G
GGTYSCHFCKLTW/CKKQG-f3Ala | | Exanple d:

GGTYSCHFGKL TW/CKKQ BAI a- G G GGTYSCHFCGKL TW/CKKQ- 11Al a- G
N d=xampjenpf adimescaptginingidcdieansedioyl €@ ynitias linker/spacer:
GGTYSCHFGKLTWCKKQ-f3Ala-G | | 5 Please note that
acceégil.ggckﬁ(;kﬂtfwg,@ﬁgaec;enbodi ment of the present

i nvention there wou be a napht hyl al anine in position
13 instead of tryptophane. The above sequences are

onl §oug@H:)se1Codescri bing the dinerisation
princi pl e/ copcept which, however, also works for other

pepti des 10G88§9%EH§GF?'2WESF§&ESem application. 2.

Term nal dimerrzati on FrmtoN-term

The linking bridge in this dimeric structure is custom-made by molecular
modelling to avoid distortions of the bioactive conformation.

Example b:

Example of a tailored dimer containing an octanedioyl (C8) unit as
linker/spacer:

GGGTYSCHFGKLTWVCKKQGG

CO- (CHz)¢-CO

GGGTYSCHFGKLTWVCKKQGG

3. Dimerization via sidechains , e .

Furthermore, dimerisation can occur via a covalent bond formed between the
sidechains of the monomeric peptides which are supposed to form the dimer.

Several options exist:
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N CNC 15 The foll owi ng exanpl es represent dineric
pepti des wherein the N-term nus of one of said

WwWOomoome69sc pepti des i s coval ently bound to the@CT/EP2007/002068

N-term nus of the other peptide, whereby the spacer

unit is preferably containing a dicarboxylic acid

bui I di ng bl ock. WO 2007/10169%4°CT/ EP2007/ 002068 - 43-

Exanpl e a: Exanple of a diner containing a hexanedi oyl
(Aceprding tto ahel émbodinsgrete the sideERRITCHIF (- AMWa<KRIAGN position Xig

E?-%%W?%ﬁ@e@%\%?ﬁﬁﬁﬁﬁ%@%@mﬁe b peptide-EPOR
rgmitex. o hese Sl siden ghelps oAl Be grelasreiipha cvalgns bridge. The
o lsdng Vernawas showt éxamples afpeptide dimargplinkedsvia side chains of the

tamhihe e/l i paitisipngai ni ng an octanedi oyl (C8) unit as
i nker/spacer: GGGTYSCHFGKLTWCKKQGG 15 CO (CH2)

6-CO0 @ W/CKKQGG 20 3. Di meri zation yia
&éiﬁé@?%ﬁ%ﬁ%ﬁg en the ' sidechains of the
h

nmononeri c pepti des _whi are supposed-to formthe
dimer. N CN C 25° et options exist: WO

2007/ 101698 PCT/ EP2007/ 002068 -44 According to one
enbodi nent, the sid8V¥epajns of the anino acid in
position X18 (e.qg. &)ﬂz re adj acent to each other in
the EPO minetic pep'fll de- EPOR conpl ex. These d nl8
side chains can bey Iagefd by a coval ent bridge. The
follow ng formul as shoy eanpl es of peptide diners

e LN

I 1
GGTYSCHFGKLTWVCKKXGG

|
g~ (CHo)n
[

\YCHZ)n

GGTYSCHFGKLTWVCKKXGG
- L |

The right distance and geometry has to be considered in the design of adequate
linkers.

When the geometry of the peptide with the following formula is optimized, the
structure is contracted and deformated in comparison to the native peptide
dimer:
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O\ /(CHA H-N' /(CH2)m HN OL~1' CH2),
GGTYSCHFGKL TW/CKKXGG ~ GGTYSCHFGKLTW/CKKXGG S , (CH 2) M

WORCHA1698GT YSCHFCKLTW/CKKI | XGG 10 The ri ght ®CIVEMGE/002068

and geonetry has to be considered in the design of
adequate linkers. 15 Wen the geonetry of the peptide
with the following fornula is gptimzed, the
structure is contracted and deformated in conpari son
to the nartve peptidel dinmer: WO 2007/ 101698
PUEELSUHITRETIYERRRAE FOL TWIAINGE S
(CH2)3 S CH2)3 GGTYSCHRGKLTW/CKKXGG | | In
contrast to the previ ous tc%y ture, a dinerization via
thiolysine in position 3;8’( 38s not distort the dimer
substantially. 5 GGTYSCHFGKLTWCKKXGG S~, (CH2)4 1 S
CH2) 4 GGTYSCHFGKLTW/CKI L} | According to a
different strategy, the cqgval?®nt bridge |inking the

PRET SCHFGKLTWVCKKXGG
| ]

In contrast to the previous structure, a dimerization via thiolysine in position 18
does not distort the dimer substantially.

I 1
GGTYSCHFGKLTWVCKKXGG

S/(CH2)4
I

\1CH2)4

GGTYSCHFGKLTWVCKKXGG
l |

According to a different strategy, the covalent bridge linking the peptide
monomers to each other thereby forming the dimer is formed between the
sidechains of the C-terminal amino acid of the first monomeric peptide unit and
the N-terminal amino acid of the second peptide monomer. Hence, it is preferred
according to this dimerisation strategy that the EPO mimetic peptides to be
dimerized carry an amino acid with a bridge forming functionality at either the N-
or C-terminus thereby allowing the formation of a covalent bond between the last
amino acid of the first peptide and the first amino acid of the second peptide.
The bond creating the dimer is preferably covalent. Suitable examples of
respective bridges are e.g. the disulfide bridge and the diselenide bridge.
However, also e.g. amide bonds between positively and negatively charged
amino acids or other covalent linking bonds such as thioether bonds are suitable
as linking moieties (see above regarding embodiment 1).

Preferred amino acids suitable for forming respective connecting bridges were
outlined in conjunction with the first embodiment of the present invention. They
are e.g. cysteine, cysteine derivatives such as homocysteine or selenocysteine
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nmononers to each other thereby formng the dinmer is
forned between the 1o sidechains of the C-term nal

wo00Tiw1es8i d of the first nonomeric peptide uniPCTARI0A7I062068

N-term nal am no acid of the second peptide nonomer.
Hence, it is preferred according to this dinerisation
strategy that the EPO m netic geptides to be

di meri zed carry an amno acid with a bridge form ng

fonntHiolgsiakl tThey fermheithehedidllfide bridgesn owisint iasebwyf selenium

2bh 'igg Jrnﬁofé?ﬁd‘@tdiglteﬁiﬁeﬁr@\éé! ent bond between the

| ast amno acid o e t peptide and the first
am no acid of the second peptide. The bond creating
Suitabienexamplesrfer easpigiciively cagated dibers atg giver dgldws of
respective bridges are e.g. the disulfide bridge and
the diselenide bridge. However, also e.g. am de bonds
het y@escaKiLE L val-yorgk-aegat i vel y charged amino acids
or other coval ent |inking bonds such as thioether
bonds are suitable 20 as |linking noieties (see above
regardi ng enbodinent 1).|Preferred am no acids
suitable for form ng respecti ve connecting bridges
were outlined in conjunttion with the first

enbodi nent of the presefys{GTYEFHFCERT -NpReYCRRQR@-Am (.
cysteine, cysteine derivativesLSUCh—as—hUthysteine or
sel enocyst ei ne WD 2007/ 101698 PCT/ EP2007/ 002068 - 46
or thiolysine. They formeither disulfide bridges or,

ixn : l.eni ntaining am no acids,
3?5%@%?%%?7%@2&%%%%%%8exarrpl es for respectively
created diners are given belgow. 5

Ac- GGTYSCHFGKLT- Nal - VCKKQR-¢ys S 10 1 S

Cys- GTYSCHFGKLT- Nal - VCKKQRGsAm 15

Ac- GGTYSCSFGKLT- Nal - VCR-Har4{QGCys S 20 1 S

Cys- GTYSCSFGKLT- Nal - VCR- Harey &X&3vADS FEXD.T-Nal-VCK-Har -QGG-Am
Ac- GGTYSCHFGKLT- Nal - VCKKQR- Sec ( Sée——selenetyst ei ne)
Se 30 1

[ 1

Ac-GGTYSCHFGKLT-Nal-VCKRQR-Sec (Sec = selenocysteine)

Se

Se

Sec-GTYSCHFGKLT-Nal-VCKKQRG-Am
L J

I 1
ACc-GGTYSCSFGKLT-Nal-VCK-Har-QG-Sec

Se

Se

Sec-GTYSCSFGKLT-Nal-VCK-Har -QGG-Am
L |




Se Sec- GTYSCHFGKLT- Nal - VCKKQRG- Am 35

Ac- GGTYSCSFGKLT- Nal - VCR-Har-QG-Sec Se 40 1 Se
WOR07/BIdBCSFCKLT- Nal - VCR- Har - QGGG Am 45 WO 20PUTIPR6E&302068

PCT/ EP2007/ 002068 -47 Ac- GGTYSCHFGKLT- Nal - VCKKQR- Hcy

(Hcy = honocysteine) S5 1 S

Hcy- GTYSCHFGKLT- Nal - VCKKQRG- Am7 10

Ac- GGTYSCSFGKLT- Nal -VCK-Har-QGHcy S 151 S

Hcy- GTYSESFGKET=Nah - VCR- Har - QGG Am 20

A - EFTHFIFSIEOR  Na INYFERABREFAT - QG- Cy's- AnfHCg = Jigmgeygteine)

Ac- Cys- GTYSCSFGKLT- Nal - VER- Har - QGG- Am 30 Accor di ng to

a further devel opnment ei zher at the N-or the

C-terminus of the peptide diner (and hence of the

respective nononeric peptide units either being

| ocated at the beginni ngco_rGTgQgHF%Qp Q1L P& AR OBL)

conprise an extra -am no e d A Tow ng, the coupling

of a carrier such as HES. Consequently, the introduced

amno acid carries a respective coupling functionality

such as egan SH.group. 35 One conmmon exanple for

4 CEETBCEFEKND - Q- Shok a6 Y S¢ Gice. However, al so ot her

amino acids with a functiondl group allow ng the

formation of a covalent bond (e.g. all negatively and

positively charged anmi no acilds) are suitable.
s

Hcy-GTYSCSFGKLT-Nal-VCK-Har-QGG-Am
L J

I 1
Ac-GGTYSCSFGKLT-Nal-VCK~-Har-QG-Cys-Am

S

S

- Ac-Cys-GTYSCSFGKLT-Nal-VCK-Har-QGG-Am
1 J

According to a further development either at the N-or the C-terminus of the
peptide dimer (and hence of the respective monomeric peptide units either being
located at the beginning or the end of the dimer) comprise an extra .amino acid, .
allowing the coupling of a carrier such as HES. Consequently, the introduced
amino acid carries a respective coupling functionality such as e.g. an SH-group.
One common example for such an amino acid is cysteine. However, also other
amino acids with a functional group allowing the formation of a covalent bond
(e.g. all negatively and positively charged amino acids) are suitable.

Ac-C(tBu) -GGTYSCSFGKLT-Nal-VCK-Har-QG-Cys-Am

S

s

|
Ac-Cys-GTYSCSFGKLT-Nal-VCK-Har - QGG-Am
-
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4 0 Ac-C(tBu)- GGTYSCSFGKLT- Nal - VCR- Har- QG- Cys-Am S S
45 1 Ac- Cys- GTYSCSFGKLT- Nal - VCR- Har - QGG- Am WO

WO200710198698 PCT/ EP2007/ 002068 -48 The bars ®CaVER20&/002068

pepti de nononers represent coval ent intranol ecul ar
bridges; in this case disulfide bridges. According to
a further devel opnent the am._ryg acid at the C and/or
the N 5 termnus involved in form ng the coval ent
Wihedigarsf over the peptide gnohemersiespresent coviatenttiotramdlevatar bridges;
"i\’ﬁgﬁigtc%séd‘?é‘lﬂ’ﬁ&_egri@ééyp such as e.g. the COO or the

"~ group. This feature |leads to a favourable

stabilisation of the structure of the internolecular
#dcegding 110 a further development the amino acid at the C and/or the N

AermkintuSunvdBEd HCTEraihd -thie| covaRnitiridge- foy soafecting théSmonomeric

foy

ﬁitggo(é’)di#ﬂ%’r\*q@ﬁaﬁa\@% gfaw R,Y ¥ é?h%%Ol ot%he NH;*

) n%hnupu brval ent tl eﬁ% "z§' e gore ¢ £ th
SEPRpf Nist Teatyre eads, loge favpprable stabjlisalinn REdhestgcture of the
timtermolesotaribsidgpept i des units in separate reactions
prior to dinmerization or nultinerization, but to 25
synthesi ze the final bi- or nultivalent peptide in one
step as a single continuous peptide; e.g. in one
singl e sol i dphase—reacti on. Thus a separate
AF rR P afGTEPCSEFELT AL t YAz FomCa ép i s
obsol ete.. This aspect providesla big advantage, i.e.
the conplete and independent Tontrol on each sequence
position in the final peptide-unit. The method all ows

to easily harbor at |eastat'wo fifferent -
receptor-specific 30 bindi j ' e in
peptide unit due to i ndé%eg%ég’fsqg%’% ?‘Jgﬁ“%ﬁ"‘l‘g‘g’{g’ﬁar‘%ﬁ”
sequence position. According to this enbodi nent the
sequence of the final peptide between the bind- ing
dondi [Gontintieus bivaleat peptides regi on") is conposed of
ami no acids only, thus |eading to one single,

conti nuous bi mul tival ent EPO m netic peptide. In

a

N C N C

The core concept of this strategy refrains from synthesizing the monomeric
peptides units in separate reactions prior to dimerization or multimerization, but to
synthesize the final bi- or multivalent peptide in one step as a single continuous
peptide; e.g. in one single solid phase reaction. Thus a separate dimerization or
multimerization step is obsolete. This aspect provides a big advantage, i.e. the
complete and independent control on each sequence position in the final peptide
unit. The method allows to easily harbor at least two different receptor-specific
binding domains in one continuous peptide unit due to independent control on
each sequence position.

According to this embodiment the sequence of the final peptide between the bind-
ing domains (which is the “linker region”) is composed of amino acids only, thus
leading to one single, continuous bi- or multivalent EPO mimetic peptide. In a
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WO 2007/ 101698 PCT/ EP2007/ 002068 -49 preferred
enbodi nent of the invention said peptide linker is

woconpueess of natural or unnatural am no aci dPCER2D07/002068

allow for a high conformational flexibility. In this

regard it can be advantageous to use glycine residues

as linking am no acids, whichygure known for their

high flexibility in terms of torsion. However, also

préferred embbatiment dfsthedmadntian salidipeétiziedinkeefsecarhpasedeof natural or

‘ann@tdi%lx Hﬁﬁ‘ot Whl&?‘%ll@\% f(')?eéj H‘| coﬁJ&ﬂdt@HaF RExibility. In this

SR b sponte mvapﬁg693§§ecw§evgfv§tn@r feSiGuRS; 88 lipking amino acids,
e\rmcjvarmknowrl fontheinhight flexbilityl inviemas of dorsiaomHawener, also other

@aﬁn@ ickfs, 8ushiias aliriné onbeta- @Mnﬁﬁ@' 6€ 8 ImMiktur® dsdrebBcarmbe used for
éjeﬁfnlgttﬂ? %\éﬁh&gﬁh?éroﬁé Alfnbe?’a nHrE‘,?]o?eocﬁistﬁeammo acnd(? depend on

k
| Ee EQIRECTivE 1S)e ”°1 eﬁ@? ,%Eboqe Iment of, fe iyenton @faystthe custom-
Inmadeededign wéa rsuttableﬂmket by malecidaranodelingrin rundernterauoud distortions

@ntﬁesmoaét.ael&rffoméndw walrfk8F cém Payéd b3k Blanfifg laciSs especially
either a distinct part of the peptide or can

g)?&gog‘sosed - fully or in parts - of am no aci ds whi ch

re part of h onmeric, functjo |ns
3 5 Blevwaitty Tef 487 DBeh HemOST 1S TahCtond! Sarii {of mpnomeric
whits)hef the finatieivaienbaemultivatent peptidésocan be eithdr X2)jstiantipart of the
plptidhe of BEn Ve EdHMpoSRPLifdRy BPHOPEEs (f BmiRe HcidsPWhicKkldte part of

WE‘?&% fcefuplfzﬁér?él ro?‘finélﬂs Oﬁgreéxérﬁplé%rnq'%lpﬂ?)%lg ernS acids at the

BEGTBINGL0l o AP TBANOET (6 GueORIIS Y oRBd e bad gt the end of the
peptideranamorbet ée.gl positions %y carek Xodixaneppreferned |rg|oréer to form a

YiekiBleSftker BhdtiR chde o'fréléoﬁthﬁ.lohgfma1éht"6%ﬁ1’tlde' Préfekéd amino acids
rﬂr{besre ﬁc%lﬁ&?sda; Bg;t rﬁ‘?}é@ﬁé %rtﬂ%@-a%?n r?ef F%n all.'—%géémples are given

orm par I AKET "UN]
M‘éthvug;?‘ﬂ B tofl4 WBUSﬁB?I RN | ke b@ﬁht‘% ratgpﬁ@@fnecégunctuonally than

stractucallydsiabe\am atuinonacid meighl/foningsarsofothetlimker unit as well as of the

BoRIngerd saHunityal ent  peptide each sequence position
within the final peptide is under control and thus

%?rﬂ:[ebg 8 “?‘ﬁér‘?t%n)égdg&?\; ”Sﬂnﬁ ? ﬁw%s& &f ttﬁ’e "E)lr\rc‘atlé?mmultlvalent
Ing

i1 or nmake t g E ngi or

engaf;rp,@pgggnce, Resitian vy Gﬂeptnﬁﬁllg Y ebpontrol and thus
sple befprecisebhdatermjped iitris @os:snb@l toaustanreoratadoizake tiud peptides or
dpedific tregionef of hdbrﬁzia|ﬂ§CfHe‘v‘é’ofCCllfitleﬁlﬁli’@t tHen ImRér t Risf isn@F specific

gﬁ}/ﬂtggé sﬁ%%t I{ %ﬁov%‘ ﬂ\igv&pgﬁﬁlé’{) %E)rﬁcm b eSééstWe con rmation

eract1 ons. LoNsS can

5 herfina) g@,lﬁr}ﬁ@gpg %gu%pé@[ﬁv&ra%m;{q ecqiﬁr gwteractlons The risk
of juiistortibhy Gaop be eassessed eprivesiogsyrdhesisieby muleculare megeting. This

E8SedBIRCARHIES t6 HEdEsign 3PthENfkePBEtwEEPthe monomeric domains.
bi val ent/ nul ti val ent peptides having a peptide |inker

Eﬁ%r ec%'nﬂﬁ%bl?sat bQ/QIeﬁD%ItWé?Jhth'p%@ﬁ&e?%{a%lhéy ﬁé‘pt d&e ||nker for
PR%1AH0N o ANRWo ALY STigh @Etiidher wsptqoar%p?mg m?nomeﬂc

paphtc@smd)thmsfcﬁonf anythe obses@tivatkedwnvirarh diheradliereric peptides that

BRMdrE8se 8NEMPAcy is E%go@awdl WP BRaleny ?l;@tﬂié &BHdepyal ent

pepti des can be nodified by e.g. acetylation or

The continuous bivalent/multivalent peptides can be modified by e.g. acetylation or
amidation or be elongated at C-terminal or N-terminal positions. The prior art
modifications for the monomeric peptides (monomers) mentioned above including
the attachments of soluble moieties such as PEG, starch or dextrans are also
applicable for the multi- or bivalent peptides according to the invention.
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N-term nal positions. The prior art nodifications for

WOL20e7/1006s8mer i ¢ pepti des (nononers) nentioned @CAVEP2007/002068

including the attachnents of sol uble noieties such as

PEG starch or dextrans are also applicable for the

mul ti- or bivalent peptides aogprding to the

i nvention. WO 2007/ 101698 PCT/ EP2007/ 002068 -50 All

Ilmlspc'béﬁitﬂe medificativinsciiso apply fepphadifying thediirfker.nig pdreicular it might

r

gﬁ”é@ﬁﬁﬂﬁ?‘%ﬁ%‘ﬁoo“éﬁ%r“n%tf'%ﬁé"@éysm?ﬁ R EAR Ik quoh a5 o0

é‘flﬁ?,sﬁ_ﬁ%m &'@RSor dextrans. The synthesis of the

final nulti- or bivalent peptide according to the

i Tihee ayntbesis soff theofiadl multianorabielenh gleptide t agsosding dquidet invention

mﬂ)rhblgmruiwtndgerw Sulssequeni and fridépentdomdsrmaations of disulfide

SR o U S B S . vy
Pepldasesan %'ﬁ%@tqyp@e ccording to the invention are

favorably formed on the basis of the peptide nononers

rideobivalenh streictures @ctouling de tthe dnyentioncatg favosably Hermed on the

bepisi gfdise pBptidemopontere répotddigereine €. 9. for further

nodi fications. The dineric peptides furthernore

optionally comprise intranplecular bridges between

tThe reactive side chadmafl hedentidesimay satverariadinkingrtiene.g. for further

asadifitationsg Tt | diimefrier npegtidesie fathermbrenctaptioaklly y comprise

(rtParRBRclibr) bty %%w@e -théhﬁ'sP%ﬂdebﬁﬁénd LndlI&€ third and fourth

pﬁ?tldes ﬁan begnl |fe .béeeq. é'a.ICﬁtx allth?x&rgq X4s) such

209 ACkhnAYINg 4, PHdoR fIRYa8 siPe ghalpfunetiqngli ang Xis) such as

-g.dhericyaleingssi ti ons. Extension with one or nore am no

acids at one of the two termini (Nor C, e.g. for

' f h t _Si.te.: . -
REBNRRHES B s DaBlrkB BV €8, aferkpus by AmuBfio S gt b€ Blongated
@htheresterpimal paftesring pasiiens @apsianwith PBe OF fqroreamino acids
atveedf thedwbiteenianiMor £2) dg. dorepiepavationnoft ére attaetiraenf site for a
DO oftdh, R 10 8 KAURmAEILiIRrR bRl A, can best be
Wé)%a‘gﬂwds%é)%fz?ﬂ@uoé‘&qu@geto the N or C term nus.

However, the couplin direction can nake a )
SENsral dpagiive @I’F‘fﬁ%?@%c?@rﬁrhﬂ‘%'ﬂl heistale ‘Bfeth@aﬁ’éfmpf%ﬁr to couple

choiees tboprodeiohame peiplides TA prefarmed dmipliagoasincabed oncysteine
WhicH @ahsbé&feithee cotpldPtd AN X TR MinkS eHodevel,Nthe coupling

HRbCON Mt ol TRt Bnsice N8 0GR IEhck 2nd dnduiattis’bd carefully
rReestedoT eaohr arptide. NAYS \shallkbralepepstsateduap the basis of the

following example:

Used are the following two dimers:

AGEM400C6C4
1 2 3 44
1 0 0 0 01

Ac-GGTYSCHFGKLT -1 -Nal-VCKKORGGGTYSCHFGKLT-1-Nal-VCKKQRG-Cys (tBu) -NH,
L ] L J

AGEMA40C6C4

1 2 3 4 4
1 0 0 0 01
Ac-Cys (tBu) -GGTYSCHFGKLT-1-Nal- VCKKORGGGTYSCHFGRLT- 1 -Nal- VCKKORG- NH,
L ] L |

1-Nal: 1-Naphthylalanine
Cys(tBu): S-tert.-butyl protected L-cysteine
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| | AGEMIOCBCA 12344 10 _0_001 Ac Cys(tBu)
GGTYSCHFGKLT 1 Nal VCKKQRGGGTYSCHFGKLT 1 Nal

WOMBKIKORASNH2 | | | | 1-Nal: 1-Naphthyl al ani ne PCT/EP2007/002068

Cys(tBu): S-cert.-butyl protected L-cysteine WO

2007/ 101698 PCT/ EP2007/ 002068 -51 The 41 ners
AGEMA0006C4 and AGEMAOCGECA pPQSSES the same core
sequence. The am no acids 1-40 of AGEMAOC6CA4 equal the
amno acids 2-41 of AGEM400604 The only difference

;r?lne:]t(;@l 5&8 tA@EI\/FH E\%\WG’CéCﬁy bgg - the" Same  core
ShauPace the Bring @c'%eegﬁeoneﬁ OE6CY el the amino acids 2-41
lof nRGEM40G6E4: dhe pally rdifférencer isi ghe i position fafntile tBu-protected

GO BicirAt Fhis lamitia sati@fis NEMNAIINGL th fHéeréd%lpt@* inestaction but is

Eéém%%g&ﬁr@%ﬁcgﬁ%g%glm&% gﬁghﬁh@ Eﬁ)l@ﬁ& arrier in the final
CORMSEte -y caser of AGRMERE0EdtheitRy- FHPF%%% Cy§iging, is attached to
dhe G teoma it caengleA GEVIATEDA 8 (106 @itackhed tAGEMICERTAThd@lwennecting

fUaP§F (fﬁ@gé‘rﬁttc%&?elhé bridgegynt hetic accessibility.
006C4 can be isolated in higher overall y| el ds

than ACGEMAOC6CA. I n case of the S}/nt hesis of th

ITheeaare o 3dvariages of ARENHO epuar AGEMA0CECA.
(Cl Z- RGGGTYSCHFGKLT- 1- Nal  VCKKQRG- NH2, CI Z:

2]'hghflir@f 9@\%}&& @Wﬁ@%pﬁméucgic%lé@%ubln RKGEMIBBOBT £ican be isolated
\}@/ B}g?lpg\%tgg Iﬁggﬁ '/ﬁﬁ :OQ%SCE értw P:S %'oﬁ%‘?er synthesiS ot the linear
SRABARED PfafHy aj Clexmsrt §Ck-BGpGdYSCHFGKLT-1-Nal-
MO KHKARGHNHY | CIZ b@h@hlowber&syldﬂyeafbdwargmumunssmbsefved as a

Wd ?ﬁﬁ% | tﬁlf:gtg %f'fﬁ@‘ﬁﬁe s¢ I%ﬁcfé\c/{g/ﬁgl r‘évb%e@ephase high
BresEe fiaud chfomatadiaphy ?ﬁﬁ’o*éﬁ &Y rentiaity 8 supiar gomatographic
@ﬁaawgyUsasC&n@dm@myeﬁum of TAEEME0RECAd andt thgeefore makes it
AiHﬁbMO&Db%épwateﬂ(fWOmé‘ddlhgets a ftodshin ewerafiryield of the desired

E@‘ﬁﬁm@éﬁégﬁcﬁ pepti g&h%@i\/ﬂ qg)%a d?'ﬁé/%ﬁﬁ”ics%ﬁﬁ&

carrier. One stratetgéfor the anal ysis of a peptide

Jbejsesend adyantagese GtEMéO@@@%dwr&GBWDE@ 4 lies in the easier
mapienwttatmy of lakaareaglgsivi dfitherfihed rcehjsz@ae@ of theleleplotetted peptide

ﬂf?ﬁér‘?@cbﬁlerrebﬁésﬁgatgp %Hﬁ% Irdfca gébﬁdéaﬁonjugate is
ur| n ng:}grgénfig%rﬂ#] %ﬁee&o W@a gageb ?h endoproteases.
ki Iuathge aviwlg tpepdidet i ielcaged ﬂronaethe @olmmp wiarfieruduring the -

ehzihatiethgaidipsis. Thése peptide fragments can be identified and quantified
by standard analytical techniques like i.e. HPLC with UV or MS detection, etc.

In case of AGEM400C6C4 the cleavage can be affected with trypsine — an
endoprotease that is known to cleave highly selectively peptide bonds that lie C
terminal of the charged amino acids arginine and lysine (F. Lottspeich, H. Zorbas
(Hrsg.), “Bioanalytik”, Spectrum Akademischer Verlag, Heidelberg, Berlin, 1998).
Applied to conjugates of AGEM400C6C4 this will set free fragments that cover
38 of 41 amino acids of the original peptide bound to the carrier molecule. In
case of AGEM40C6C4 fragments of only 21 of 41 amino acids are released by
the tryptic digest:
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Wth trypsine - an endoprotease that is known to

wocdoeswaedsi ghly sel ectively peptide bonds that PGTEERZ007/002068

term nal of the charged am no acids arginine and

| ysine (F. Lottspeich, H Zorbas (Hrsg.),

"Bi oanal yti k", Spectrum Akademscher Verl ag,

Hei del berg, Berlin, 1998). 35 Applied to conjugates of
AGEMA0006CA this will set free fragnents that cover
38 of 41 am no acids of the ori ginal peptide bound to
t%rﬁﬁb@t@ﬁu{:@@\ﬂ@ 4case of AGEM400604 fragments
of onIy 24 0 -Gl 8 o3

tryptic digéest i\
conj ugate of AG 1 nMA00C6C4

~cofj g6 CAGEMMAC MCUKORGEGT YSCHFGKLT- 1- Nal - VCKKQR

Gpb)ae PORYIT9E - corydentexhr- 100N} wgRbEcOTvs SBEIME0 CORA-VCRKORG -NH)

pol ymer- (Ac)

QFsa@ﬁEMS(}FEGKtéI'sét ¢ aniKisQREEINBCHEBY followNap avieKIiKeRr are
Gnh&{kédmgje,nts that are set free and can be detected

by foll owup anal yses are nmarked g y. As the anal yS| S

of an Active Pharmaceutjcal Ingredient js a key issu

A theganalysis pf\at dptiva PhacERGediRaCANgredient is @a'fey fssus during its
advelvpayentAEEMACBKIETZE Rds ascl§druadvantages ever AGEM4AEE$4.
charged amno acid is |ocat ed in the respective

t te t
ks G mend b3yl %ﬂe WAEyeL ne)a"cad ”%qge%re? it respective
POSHIGEE. it iHdughlyl Bre @rrg@nt@r mC@raor #erthe linjipg camino acid (here
ysteirds) dtrthen€rterminusebecatseait pyssibie ¢o igendrateta ready complete
%ﬁﬂgé gl:a g:i‘%rﬁt%hé% NcraVagé sitths dUOQﬁRi'ﬁiu nedgfg(ﬁ)?th iRYsdkition Xqg of
e Blanern et S Ot SRRV IREe "Used for the
preparation of human and/or veterinarian

ﬂ'll‘ﬂﬁr fRpegyndsg of ébﬁﬁ&gﬁenfoﬁwenﬂwwaar@dea@e@aﬁly 21§ used for the
fpoeparation of hurmem amdloneeterinavdan phamhaceybical eampesitions. They are

AR ELiEsIE REY usé’Whﬁhéﬂ“ﬁn@@ét&ﬁiér%ntthér & TRs EPQO mimetics they

ggglq i baéw%ﬁ t?‘étsén"% ShFLaEs a?h\‘é*v“é%@%é% SryRilotetin. They
ase L&&%"tﬁf@ hesuitable 4 ° 9@{"6%6? di¢atipnissassenyiiirpapiedn.
the cytokine super famly. Besides the stinulating
Erytboamietirs i a member phthd oytokimecsupsn familywBesidkes dhe stimulating
effae@ deatrited tiRr Oiigfrbduct®inl, Ml \@a€Salsd efoupgl kisat ERRhropoietin

) uTQt §Crﬂ18 ehihludd § é”b%dsHélleﬂ'P fe Erﬂfs suitable for
STRRUER SIS ThE PRI i duct des

cause aSSOoC] ate

@flﬂre@f:@tlonﬁo%qs% by ﬁ@%ﬁﬁw@ﬁggc'ate@ effets JNeQdmiting examples are
thel pozvemntioat anedior teatineetaskdisaases iasseciated with tbermarve system.

Exahfles 28reEERbRYIcH Cin\iids)| adlea8bs | B UdisBfders, such as e.g.
g"a?l% St sr%r R'zﬁ%rrgglr 'S dlgé'g& a?—lu%tlﬁgton s chorea, multlple sclerosis,
amyotrophic lateral sclerosis, Gaucher’s disease, Tay-Sachs disease, a
neuropathy, peripheral nerve injury, a brain tumor, a brain injury, a spinal cord
injury or a stroke injury. The EPO mimetic peptides according to the invention
are also usable for the preventive and/or curative treatment of patients suffering
from, or at risk of suffering from cardiac failure. Examples are cardiac infarction,
coronary artery disease, myocarditis, chemotherapy treatment, alcoholism,
cardiomyopathy, hypertension, valvar heart diseases including mitral
insufficiency or aortic stenosis, and disorders of the thyroid gland, chronic and/or
acute coronary syndrome.
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ﬂgpﬂgé&ﬁtﬂ:%ﬁ ﬁomgo%
%%_ur onar %/ é(r)]t

Par ki nsoni sm Al zhei ner's di sease, Huntington's
chorea, nmultiple sclerosis, anyotrophic |ateral

WOsMDEI00698s, Gaucher's di sease, Tay- Sachs di se®@€3/EP2007/002068

neur opat hy, peripheral nerve injury, a brain tunor, a

brain injury, a spinal cord injury or a stroke

injury. The EPO m netic pepti.dgs. according to the

invention 25 are al so usable for the preventive and/or
Furihermerd, ithetEROtmivhetict cambe usedf fer istiulatiormdf the pltysiological

I 'liﬁtioﬁ‘ﬂ?r@ﬁfb%iofnr ARy CAfrdietiatioh | 3t EndShelR! FeclfSr cells, for
cardrLac I nfarctiqgn coronar alr_réer%n di.seas

SPBRRtRN o VESRARISRESISy T daF nERRtMENt. Ghofiseases related to a
dysfiinetigo paf hyendefirlial e geeursovaicels laadr tfofi dbasgwoduction of
iphatrdtadiodl t campdsitioHs§ | forenky afreat®ieht Coft €061 tiseases and

id. . chrani / :
Hacel &?n&%ﬂ%&%ﬁ@@@%@ éhoa&ﬂepége.r:ﬁ% suitable
P"Eﬁﬂ%é"?ﬂo@zéé _e;?;g PIRGUEOMERES. EXRMples @f sueh diseases are
bypetpbolesterolaamist | mdialbétin omellites phy endbtigil-ceeédiated  chronic
iRTRirhin&Bbh ON.digdldsl er astn:d@fheaiagisdi fihel@ing at i‘é’tﬂ:fu‘lﬁ-endotheliosis,
. P . r . . . .

SHEbPabldtia PETHER” heBR, (Beere mEbe ik BBl proins pectors
PSesfe|ac‘J?§fQﬁ‘f@th@ﬁCHlﬁreﬁk§8?ﬁ%$=i Bayﬁﬁéguﬂ%ﬁsﬁelﬂ@g'&@f@y induced
hygpettbeiap rahdorici on aciuté nehal haiberat iheart tailyoes waumds healing and
58koh tfiscdgamnt of such di seases and pharnmaceuti cal

conposi tions conprising said peptides and ot her agents

W%%E&eaftﬂfeeééﬂgmgssﬁ%k&ghdg{eqag@eqﬂ% prz\llérmono%?& Wi8ble carriers for
B@"h&)ﬁ%&?"é@ﬂ@ﬁﬁ”&? blpogsksain, bagjer angd; can be used for respective
enomses| andior ahedproduction ofi rédpectiee itbarapiestiaseanjugation agents

@aﬂ%@%fi@%hmgi thelbisbdBraiftiafté0- endot hel i osis, 1o
atherosclerosi's, coronary heart disease, myocardic

RENRIStifes RBSLIR b 42 esp@BRiIY SLRAIRE 1GAhE tRGEREH! K disorders
B T, v o
bmoducell papulatiomenidi espenially fodbadegaiment ohsey. type of anemia or
Ettbke) ETHEpEptidedcarB o daitatis ¢ ifltreasing dritort MaRIBAIhPIY hematocrit
S SHhbiARlIC SRH oS mbRbutda B6nbYERbRS. ARG LBIBRARS Somprise

€ bl ood-Dbrain [rier and can be used for ‘respectli’ve
BU?BB%‘%%U%@HP&FGPW@'%F@H&@ 'é‘noﬁerr'@saGEP‘i the composition for the
iritendext administraiioy procedusg.eStitable delivéry roethvaissangell las carriers
Bhaodaddifiies baréi eor TdyarRsiBt | descritReicT ibedvoez@i47181611  and

efdoq‘llw/g%l,ytable for the treatnent of disorders
we Qo,

tare characteri zed by a deficiency of

Fd
ce
Hg

rythropoietin or a.low or, defective red bl oo
ouiohE EBb Ve Ol acs e astorkenis Preldenie dmers or even
antimerse ustialhynenpraves ther bRE. mimetip qganisisactividy alosapared to the
fapedle mBhomeficepeptitesandbrevar iftigi désigabie Bt RFtHer enhance
égtti\ﬁtm?aéxgn%&he%}?ﬁwgﬁ&@ﬂ?!m g&oééﬁfgd%sa@%ss potent than
ptLdnal T y“conpri se. _arn;aceu i cal acteéptabl e
e EPe} waarion dae 2cHvakispe! PRCAUIAS RIGHANSTS: ¢ he

i ntended adm ni stration procedure. Suitable delivery
Beveral aparoagkiels veareonadedn ¢he prior art in order to increase the activity of

the peptides, for example by variation of the amino acid sequence in order to
identify more potent candidates. However, so far it is still desirable to further
enhance the activity of peptides, especially of EPO mimetic peptides in order to
improve the biological activity.
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25 and additives are for exanple described in WO
2004/ 101611 and WD 2004/ 100997. As outlined above,

WO0NET1¢%8t i on of the nononeric peptides to di METERIN07/002068

even nmultimers usually inproves the EPO m netic

agoni st activity conpared to the respective nononeric

pepti des. However, it is desirgpl e to further enhance

30 activity. For exanple, even dinmeric EPO m netic

Peftithles eaitodiment puft g grosent ivenkB® peyided rag sbhgion to that

g%ﬁléffﬁt HeRr&h 4 BEMpRUhH!i&HrdRE8a tha Bind SN g?‘lmolecules and com-

ﬁgroac es were made 1n the prior art I1n o

PHEFRase the activity of the peptides, for exanple by
variation of the am no acid sequence in order to

i)denat faastriwe peptidaunitsrvherginesachHoretide Unﬂdiqf%@"ﬁ@(s atfleast two

sti | Hoaeshg #ithea bindfng ¢dreacitydo emditarget;t he activity of
pepti des, especially of EPO m netic peptides in order

e BEBiSRY PobaBMIn OSSRy P ' Yoo ment of the

RERF B el e °”a'?%§ﬁép§§ﬁa@@8%¢doéﬁ‘?{e}géﬁf e i

target nol ecul es and com r ses )b

at | east two )
§é’|5@”~°d’ég|Mn!ttEa§/\R6?€|fHU@Qé His cabinationceinig Se4mage bi-or mul-
tiealent peptidés domeardisg vtptMealmenﬂom@mapmlynprcosmwxmn is greatly
irir@8ding i thh ffichepr t‘h%ebi%| \fé@ar FﬁLﬂl"véI'é‘rhtl) peptides to their

ﬁh %Fe%%t? R@ﬁé@? eyy adlﬁ Cﬁliﬁu\%dy GWL{EE% s&nergnsnc
65%ﬁ'ﬁa1q38ﬁ’ - two or nore bi-or mJI- tlval ent

pepti des according to the invention on a polyneric
] hpperm “bivalpné’aas ysed forithe pespdseyot the presentioyentiort isedefined as

aﬁtﬁﬁi cédPbrisngntwd! domahe With BeshdiRgscapadityeior a target, here in
ng C}Fmgc@ﬁf)ofed%ﬁioror\] 1 L?% Ht%r%h%ng?#ﬁlx%ﬁﬂ? the term “dimeric”.

€ ynerals
§@MV@QJY ?hé“%"@\/%'ienbl &l ’é‘Hﬂ imegrc’ EBY mymeticePpplign d@s several
cdspefttive bisting domeens farithe £RI@freceptoadt isasgiBpviddet that the terms

CRUPIdeS Ml tYEptiRIRMBAITS d¥i fidt iAcBipbiategaRpRastrickoh® régardlng size

éﬁé%{?@%&%ghéga%ﬁ@ B&Moeﬁtihéé ?g'&k‘fﬁnEagsOR{gﬁ,&get or- 1115

Accordin a "multival ent” “multinmeric”
mqt@d%é{ﬁmrarés'ﬂ%weavéw bir B tthmerpa'ﬁﬁymts attached to a

polyaietic ¢apriet heit BRONameshisopravalentsinstblef cantéxteafithisterbodiment.

trhesé esufravalRfPt merR cufdyd grésth i difet!fidm the Rivneric or multimeric

é’&ﬁgé bgmfi\n% lrheesétra b ?Hé ar ed'sfa}:\ge \S/\délztﬁe A0 Lombines merely

COI‘ pora

prososieric E di’a @nagpﬁﬁ%pn grq%r {%rqﬁten%,rﬁmsr Inyeontrast the
supraivakeiné mholpeplesdareugenarated hyheshnesting aldadyefatdeast) bivalent

Eépﬁd@umw kd aPSyMBRB Eardelimy He?8by crentingea spifalertfmolecule

E? %&n&%n dl":&eﬁg fﬁ@rﬁﬁyﬁh&&v&ghe&wm? M %Hc\écy of the

peptides is greatly enhanced thus decreasing the EC50 dose.

So far the reasons for the great potency of the supravalent molecules compared
to the molecules known in the state of the art are not fully understood. It might
be due to the fact that the dimeric molecules known in the state of the art provide
merely one target respectively receptor binding unit per dimer. Thus only one
receptor complex is generated upon binding of the dimeric compound thereby
inducing only one signal transduction process. E.g. two monomeric EPO mimetic
peptides are connected via PEG to form a peptide dimer thereby facilitating
dimerisation of the receptor monomers necessary for signal transduction
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nol ecul es known in the state of the art. The state of
the art conbines nerely nononeric EPO m netic

wopeptiodess i n order to create a diner. |In cont PEITER2HE/002068

25 supraval ent nol ecul es are generated by connecting

already (at |east) bivalent peptide units to a

polymeric carrier unit therehysreating a supraval ent

nol ecul e (exanples are given in figs.). Thereby the

¢yehirsddn etcil.vi1997)ail cohfrastathe shiprakalenpepivipdends saccording to the

HRALY SIMGHSE deVdrat atesaFas! %hh?n%ﬁg%éﬁ)%%ﬁve POcdBtbr binding

the reasons or, t great ot enc 0 upr aval ent

HB¥is GBIt Pkl Of SPusTal EcaibROTRIas on the cell
sugaee giert ¢ampeynd neolgetlef inergbyuingkicingd sevenal signghttransductions
edanerdby pdtentingtthttivithef therpéeptiderahies blesadditivelyi Binding of

e sﬁ%@v@!ﬁ‘?{t cpgrg)gg{ngrs%@wt Péasulﬁﬁrateélﬁsfé'?ﬁptcﬁ:rg@%%% complexes on

respectiv rnding unit per dfne
& gelbsrfac@cept or conpl ex is generated upon binding
of the dineric conpound thereby inducing only one

JihgnBPOr mimetiei peptide pnis sised iE this emboditentsandessither homo- or
Metgrbgenisprizepinglgrit ithecidenacalast differing-ceptidd anie are used. The
i%g{ér g@%’ é@rtrrrm%tlghﬁr ér](z}@gkfs;@é%ergﬁﬁ ngﬁé@é L8Yebribed above)
2heqBEPYSH, WIS BRI, GAED A1 He-PaTR 6 Jigroganic. The bi- or
fadtivalent peptide unitsbound to the catrieasinit hind thesameareseptor target.
HWERd Shé\e @aind b &dupsé NAtill diffeenhi BieirC aritho Sacig ey&julnce. The
%6@#@% bindi Héiqu? bf f‘r}]er 8§%§%hﬁi9alreﬁ?$)@_éﬁae Wnﬂg'c%% be either
nits. I'S m%{ - al l'ow egqenFranno evgra )
IBBRLPLFYAENDI LS Mpleeyle capiie Tar gxpmple gerated Rydhs Jormation of
intfaroaleculah eystieine biidges(seeaatmval). si gnal transducti ons
5 and thereby potencing the activity of the peptide ,
Mhiet Solpivieric addrién st Fompriges 20 |@dst drizenatupdiasrady@iiietic branched,
@Q@fgg%n%ﬂ@i%%ﬁﬁafﬁgg p@l@ééﬁ&ﬁég)r@%o%itrigﬁﬁgé}ébly soluble in
WEHET aad broy iuids ant s preterahly suPRaRRacaHicaly afceriable polymer.
Wéater sotublénpplymeyempistiessneludg, bhbarechohlimited émt ¢.gapolyalkylene
olycai fdrey id@ﬁv@ﬁ\f)és' digereiof t ﬁwo_ihﬁcﬁn?lSBEG,TP_EG inonseplymers, mPEG,
| i ns [ -
BEBprR et OB, ! coRRER, L IS heol wit
BEORMERE JBEOheNHerBiesAIE. STIRPAYML: andgppVEIaIR R Unsubstituted
pesubgtituted e daietdt e.g hwith sary aeylgroup; polyglycérinasaoe polysialic
b_@%emc@[lulbéég_@nd OIS . deheativesD fHclediHg s enéthiyldellulose: and
u .
Sl enitalodt” $Rioie GEGREARY SHRTHAS) cspocily
VBT BLATER H HES)and ideaklinggy @yl fpevatiesybpreot; dextran and
wekian| edervativesf orinaudingl e dextransufdby tchessliokedt i dextrin, and
@fadexS}frifegW|o;%?(tﬂirf}fcrﬁi)izﬁ§é§'(§¢ip?ér ssrytgaé@rﬁaeio@y%@)arinm fragments
. : e TP
B WP e i, altBhO! S oyt et RS R byrolidon:
alrhakatarnalyl2-bydioxyethyhrPLiaspgramidenand solyasyethyiated polyols.
Watecexampleboflya thrrietsurihds ias hprebifuabligna polymer, of for example
PBREIMAEHE byabl (biRREAaHINE DiBLaYbBly, bAla¥iicetcsp! ubl e
pol'ymeér noréties include, but are not limted to, e.g.
&Rleyp%lymﬁlaﬁ@%arrier unit which is coupled to at least two dimeric EPO mimetic
peptides comprising monomeric consensus sequences according to the present’
invention can have a wide range of molecular weight due to the different nature
of the different polymers that are suitable in conjunction with the present
invention. There are thus no size restrictions. However, it is preferred that the
molecular weight is at least 3 kD, preferably at least 10kD and approximately
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gl ycol and derivatives thereof, including PEG PEG
homopol ynmers, nPEG  pol ypropyl enegl ycol honopol yners,

wocopuiotessr s of et hyl ene glycol with propyl en@CGIVER20017/002068

wher ei n sai d honopol yners and copol yners are

unsubstituted or substituted at one end e.g. with an

acyl group; polyglycerines or g ysialic 25 acid;

cellul ose and cel | ul ose derivatives, including

redinyd 261 toud s kDaavd nesare preferabliyydroaehd WB0otee1 56 baraed@sd 60 or 80

(%3] Wh@%&%ofiﬁ’ﬁ‘lekzéérr% ' déﬁ%ﬁ 0B RELHYsEN polymer and can thus
hydr oxyet starch (. an {i;gcxﬁrl nes ang1 h
JBY-VE9T FaEMPlR geReC SIS U A LYA YRl udstarch are
iuseduthengotesxiaraveight enightdreoeensiderablydeighen. 1 heaanerage molecular
Wi@l@txmﬂfgthmerd%t hirahgédi droapd 1GO Ito "800 kD or even be higher.
Wﬁv@/\%\rcli | R feﬁsgafya? ¢ Q%Brﬁ%%e@ﬂ\;vﬁig%qhdgttsﬂéepﬁg Mmolecule lies
%&p%nﬁ %ﬁg i o0 Poa éﬁlg’g%nd pre}leragfy around 200kD. The size of
hlee acqoriéry LOR-iBypheferablyh ghy s sach athaheagh; pepliie unit is optimally
Refarererabhiindirfthef neep&ctiveieeeptormblecgiesa carrier

unit is a honobi functional polyner, of for exanple

B WSO i B U P e o comer
D OmPHENG & Hranghing Wit AvepiindHis i aRpegimaay. the Bolymers, as
fepexdeple BRG] sre@ttashedetoi 8 kransbingusniédhueresslting in a large
@frdhocuRe alfvingaRe Micorpbiadivhi sfhupaérolid\tReplidel iits. Examples
ﬁfg%r&l@tﬂl%g dendritic

fr PLprRE ChHRhINE (s AHE §i0cdF ¢ |
Rl e oo, vr
ircosporated 2y rafetanicet iAles .theélddeSecarrier may freetised 6d a branched
hvah. THIS e.dTof i€ RUbtaINeR] B hié;fh ropbRrRHt fremkdinylopectin.
preferably at |east 10kD and approxi mately WD

F0er 1) 6 AReP thE U UAQ65e © PN Lohibinifg e Kdnomeric
st ol Tes e e i A
polyseeriqoaryiee uniiglicermedtad o theapgptideounitsc driys polymeric carrier unit

RS EGEttey/cobpiRdIb aARE Peptids tnits Vid i €o0Aleat by bSior-Edvalent (e.g. a

e R
éﬁtgﬁh@éﬂt £ABLRPUL DIt 1y BotRachiys WngeﬂC'E@%K%E?Pt'fe units e.g.
Hsine, ecysieine,s histisfire,r aafgining, taspartisl eacil argluksingit agid, serine,
theohire, fabsime! 6 theel-teahmian dnfifo igPoR® AnliRhe TT-tdPfinhPcarboxylic
%g%k% a88e ?ﬁ@%gbﬁ% %9035 ﬁ%?%aﬁg%%sgggﬁvfh n<9fac'Hf, R€ich an amino
rrier unit s preferably ‘chdosen suc at_each’

geick F3R bgnintrodgceg integ MG ﬁﬁ'&e%eqttﬁncﬁi- (Iﬂen@oqmggrshould be
chegart sugle thaicthet hindingl tociiectargetas Inot @rddrieast as little as possible
Pﬁ?éﬁ%t?.@épéﬁﬂiﬁg dhntﬁeiecgﬂ?ﬁéiﬂnﬁﬁmn of thrbhﬁaimfd%s@rﬁblf, the r?active amino
arieEe s AR PediftinbChe, B br BRI R S NehleRGes

for exanple PEG ,k are attached to a branching unit thus )
fesasei g PRlyAarier gaIMeE 4 dpeRuiicRpEsess| 6&& #Rprepdate coupling
grauy, seveatdl @oupfing substanseplinkérdecambve sisetimopderdo dppropriately
ﬁi&ﬁ@ﬁhbadr&)(rhéﬁﬂﬁbfd& tH?t: ft Tafl reast Wﬁﬁ[]e_ﬂ'le%t one reactive group on
O R T

that can be used to modify the polymer are e.g. as follows:

Acylating groups which react with the amino groups of the protein, for example
acid anhydride groups, N-acylimidazole groups, azide groups, N-carboxy
anhydride groups, diketene groups, dialkyl pyrocarbonate groups, imidoester
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i ncorporated by reference. Also the HES carrier may be
used in a branched form This e.g. if it is obtained

WO0H1M69gh proportion from anyl opectin. Pref errgdlIVEP2007/002068

after the peptide units are created by conbining the
nmononeric binding units to peptide units (either head

to head, head to tail, or tailgzto tail) the 20

polymeric carrier unit is connected to the peptide

gno s, ahdecgrbbgiimidecactivated t:armet/l ODUPSNAHGIf ¢iaé abopé glloups are

gom%p@e&t hUé}th% % d&?pb t@fﬁ"s/dé’ tide849 fﬁﬁﬁado%rent bonds,
e.g.. a Ccoor at wever e use of
‘(Pg('%%ac F@ ed The attachrrent can occur

. via a reactlve amno acid of the peptide units
@Ilqlatlngygrw@s whishereaet withssultydey! (enegeantap, thiespethyl, dmidazo or
apido gfoubsn@m thei peptiizy UNR, sdbhtdy ¢@lv- bgrbot%r @RdUs, OMhaleimide

INGrd; nififeCyr | halide groups, 2-
oX m‘gmyg a{%‘g?tﬁg ?‘ g(guoagén &ty IPuP
?é‘gf%‘é’y Bt RS TS, STOHRS A Vo 2IBEREF Gifeiide ‘and ketone
grounsd tegathenmitht neduging cagsrits, aptiogcwith Tihe aoimd igigup of the
peptidet be chosen such that the binding to the target

I's not or at |east as little as possi bIe hi nder ed.

BeRNhE %Ry ?@rgﬁlﬂ g@?ﬁats' yal el d@ar‘b‘&'xkl’ g8 of the

PRBTdeSYsh aF (RZPCAREONIAIE: TR UBS AR &erbq indge archamine groups

tegetheri c carrier unit does not possess an appropriate
coupling group, several coupling substances/linkers

diulfide ferating rgr@wbewmcm apactopith ahe lsylfhyag @yodidseon the protein,
EG.J:B(”Sé 5 8 8&!%8& '@tht'réb gﬁé}aﬁ}od}séh ﬂﬁo-p?ﬁﬁ?l Hiulfides and
t|ve rou
eligrhekeet ShamiLUNcaTRobEn dhe AUy IR) Gl 86 the protein in
theaprasence of oxisizing ageots suahhas jsslinger are e.g. as
foll ows: Acylating groups which react with the am no
grcautm@nwfgrbhpsprsotlelais dyalohexanpioee gaiupsaranddotite 1,2-diketone

R e R ol A % BERR 1
BB Uf BEuy Bhétse 5@#“902”0%’1016%98

car bodi i m de- actlvat ed car boxyl - gr oups. of

asiive roups fere reastian Qlocyasiagensi b midle ﬁ’&'“@ﬂ'&%p&dl{ﬁ?cc“a”de
phidteieast pétptandiee groupsomtbeeptide. bonds, i nvol vi ng

acyl or simlar |inkages; alkylating groups which

TRastn \yuh’ﬁnérbﬂ ﬁﬁw@bmp&ﬂﬁfm@l}\g tbtheBVdntion iy dse thade by —

or?al M_NRy 91'& ttﬂ? ﬁﬁ&h‘\e‘% léghlier THe Fu@ﬁ o produce a
We’&:%}é {"ﬁalaér'ﬁ%‘ﬁ r?é‘eg‘Fr!ﬁm@ r%rr%’lp thsrq%wg dpsapable of

madtmgr\mﬁyaﬁ aManlableb@hmybdbcedncber’rmailgmeup andhe peptide unit, and
fHdrRaictifig 3 §EAEAthe D GphBhAIRE- NYdFIEPPSI9 ﬂ\%fr%‘ﬁﬁ tWetdzeptude unit to
it &gea%%ﬁgtggggag%g,@ngégﬁé@% i %ggge GhOMRATr I of the — i
W?Wﬁ%ﬁ’%af‘mfﬁ BPYOrof the peptide, such as

di azocar boxyl ate groups, and carbodiim de and am ne
br oags coupling occurs via a free SH-group of the peptide (e.g. of a cysteine

group), the use of a maleimide group in the polymer is preferred.

In order to generate a defined molecule it is preferred to use a targeted
approach for attaching the peptide units to the polymeric carrier unit. In case no
appropriate amino acids are present at the desired attachment site, appropriate
amino acids can be incorporated in the dimeric EPO mimetic peptide unit. For
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together; disulfide formng groups which react with
the sul fhydryl groups on the protein, such as

WO0R087/10d698hi obi s (2- ni trobenzoate) groups, ort PETEMRIAY002068

di sul fides and 15 al kyl mercaptan groups (which react

with the sul fhydryl groups of the protein in the

presence of oxidizing agents s§gch as iodine);

di carbonyl groups, such as cycl ohexandi one groups, and
eitbagpetific- pkbl&ﬁ'te(mfttao@hmrﬂsa Whicgle rezetive Wrbbip teg. a specific amino

N 't ewa' &t 't tuB@%rﬁF%t P errdl "J}ﬁ r@éPg&%onéP 'uﬁBontmned
react en e, pe react

5PuBlng %ﬂf%a@W 'eepﬁm 2, foler G a0us mixture
pomm@mgharpuooelatlonmfcsevewchffenenhp@mme@lcgnolapgIe@n t he
peptide. Thus in summary, the conmpound according to

e ¢dumngldmh6®bpbaermﬁis tb\the pohtner@atarier uhitl 8lg. PEG or HES,

@Bbﬁphﬂgdt iy ‘Péé(&ﬁfré eﬁﬁ&{;&g ﬁ&ﬁﬂ‘téi%le c%érgo ﬁkﬂféﬁem the art.

G {hel gre BHHS siasameBLaTathis, Avallable to those

skiletl ab| theoart i(aee ddu ea;ampﬂfe W Oa2 00 PP DH givireg Baphherdeeferences,
WUHertsaé’tChl bep; Usas 063! 18 &R heyost 3, EFDIQ]EI:BQH@?? YEP 1 398 328;
| [y orma
Wl 2dddo fﬁ%ﬁ%"ﬁé?gm EoRERAe gy Rdrehge). O
hem caI roup neces nmodi fied . L

affl B inderstal |thﬁ5{f@c%qn0§p§9é¥léprﬁv@sn%d seibed herein is
dfffetraet fp@ptthadmpwrgcoraﬁepé of P&@ylation goHESYatlon. imtheustate of the
att & 'T'F'Eﬁﬂsﬂhﬁ@! & 6HY used hﬁoﬂﬁr&tﬁﬁfrodﬁc@%ﬂﬁ@f peptidé dimers or in

8%15! t ﬂngr%%rﬁ%n?a&)g{ﬁoégc ?r%lrn?é;(# s b ta i e(ffo?kr&dmore PEG

UAits 30 APaRNESn HOWRMET A% GHHINES apave, thera 3H'two or more at

gt divalentepeptideounits ts eqy. PpGeydrESaas ahgoldmeric edirrier unit also

ardRRNSMHENcRistTficAdP(tROS detroasiy the BCEOsddwR!). Pie concept of this

E‘é&Wé@&ﬁﬂi‘%%é@*é‘@%%%éﬁ%a%@@%g@%e@é“a“‘?etm and rot only

SPelhAMacRIiNelG RAremSteRSn@Saltulf diie FRR W HRoRECylation or
HEﬁylaﬂcs’p@;onbeptsahmmwn iacthee statehef thed aof. Howeperptofdeourse the

iHtlokpdraitioh &fF §6F 82ampleoPEe om@/@scbedn;tvmggé lrcggr’geﬁﬁmltt %Isg has the
[ [ |
kAP RhdahEREs rﬁ@?fr 36 B Poput ac fon of
veral dj ffer meric.nmol ecules.. 5 The ¢ .
BEGSlomistyshaly reriakoniie IMBraMene bieBhaTEIcaiRel Properties of
they pep&@@rThEsmosi selprafioaliertions mf theaptateins molecule following
PEG Cthalbatidn e isizet el bﬁféhtSlﬁrbieW smfédee a’ﬁd .glycosylation

ﬁjrﬁ:ﬁlohr}ﬂésklﬂé Bﬁg@eﬁ}o@ﬁcp gh%é]ﬁ EE I;ﬁélsﬂe ar grtlcular size

£8 r%"%&ﬁﬁi sloys deway kigheyul H? 'itrﬁéjof‘ Lﬁq%@romefee% @scumulation
Ribepesnedblal tissuzd0dy H8: 4paivel ¥hhaBeelpaeBestis 4t Tretention

ﬁ%%h%ﬁ%:%tEFPrbtéﬂS shidldingl oredicéS 0 pr&réd kil QhJj MARRING  system
t#%%fn@f’ognaﬁ%ﬁﬁyaf URpSAEE roubs T bRIeAR, Ti spela effect of

aligns on protein physicochemical and blologlcal propertles is strictly
determmed by protein and polymer properties as well as by the adopted
PEGylation strategy.

However, the use of PEG or other non-biodegradable polymers might lead to
new problems.

During in vivo applications, dosage intervals in a clinical setting are triggered by
loss of effect of the drug. Routine dosages and dosage intervals are adapted such
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different fromthe known concept of PEGyl ation or
HESyl ation. In the state of the art e.g. PEGylation

WO ®oprigsused in order to produce either peptiPda/ER2007©2068

or in order to inprove pharmacoki netic paraneters by
attaching one or nore PEG 15 units to a peptide.

However, as outlined above, thg attachnment of two or
nore at | east bivalent peptide units to e.g. PEG or

Ittt the eﬁmluymu@stc@rmgedoyagé irtbsAals. gm@@uté thefaeneas peptides

%Fttfabﬁ@tﬂo G RS- bﬁ)%% aslfgget E&ﬁﬂw‘fi e J g PESAkty) can be

e ﬁ’-&%@n gmoéqwlq]g?gtgrg ellrgwa{]ed by the body, a risk
mﬁa:cnumlatnetcpfdhpazaawm gnit cag drisei Suchea dsls of wccmulation always

RBetiisadd effedtthaliiféitimd oft therdrag s SRérfertRaMliindtion half life time of
?ﬁ@td‘?%@ |ts{e|?eora<5r§e Pkkﬁ\éeé/ ?ﬁérgg@gtgt? I Thus accumulatlon of the

pol yie
carrargmolgeiie shaydrke aval edkﬂ%ﬁ?'@ib(v'é]nl"ﬁ'@&"ﬂe‘é%ﬁ‘tmeﬁ‘ﬁs because
peptides: ake nstalls PERGytedtwitn vesy |asgel REGumaieties ke20-40kD) which

RS QV&Ntar‘ﬁoW'r@ﬁélaéllmﬁﬁﬁBﬁ leHe @ﬁhbi%?y Rdelf &r'itﬁergoes enzymatic

EBtdEn bt R tgs?mpﬁ[ﬁv"f 0 Padii e geotoe.

nl argenent, protein -surface and gl ycosylation
R br'ﬁoanLdm%éO'U@HHr@etm%qutPB%h B%l? @pf tgypRodiment of the
pheserdiimeention tpaclue&“thenuse sf agolymenre garriEmtunit thak isdeomposed of

lat Gt ot SWdrlits! TheQpbIFMEriBIRUBINRS dré&ommeetBd @bl BiBdegradable

8@%%8&? [R5 ?%'?éhﬁﬁs A 8 S EScRal A%, molscyparyveiont o

kR lr1ee ?ﬁfé'?é(ﬂ’ grulefer example s'f'% 939“?34@‘6 tS?Yﬁfa mall or
wmtenhedlate sizpdrsubuohits (fot esambleaéao:h saburihhavihg a molecular weight

%P@'té'fom anht @re dOFACCRId Qﬁh Hod¥gth8hble linkers, The moIecuIar

bi ql
PSR il L, %992@3"?%%85{/. Gengli e aesrd
solgqul ﬁhéN%lG ﬁopéd ep@tweatm @lrCuler di@@@vermmev@pdegw@able linker
strachiredE&nobe dtrbleen ipninbthed bgdpdiadrieby prelgasing the gntaller carrier
%ﬁﬁgnﬁé’ (eﬁgrggwsﬁpgbgegﬁlen%}Hdllngg{rférvéé{&#rﬂféﬂspﬁw Iz0Bgtter renal
gparsised, Mah 4 palypiey; mRlAdUe Tiavi, 14" Bt HASETRE Weiont (e.0.

é} kRyeAn Hlustrating expa@plgiisdiven §UE|§J \‘»@ 2007/ 101698

PCT/ EP2007/ 002068 -59 that the effect is not |ost
dbeilinged eactarasnarer selécted Roeotding e khawh delgaadatiopt prdperties and

firleacbsdst of @e@ﬁé@féﬂbﬁdﬁgb%?bﬂltﬁds' ThE ChRakypRr sHGd:thres can, for

&%%ﬁgﬁ .?5&%;& eC%a ﬁfe” g? lm%egw%{jeg %@%/Iﬁcr %g@ E%r?vatwes as

aﬂgqte/p@pﬂ% ORS00 sﬁte& whigh cGan ber clgaved dun hydiclysis (see e.g.
Robkrts, 206khereirsincomoirated dy referance)5PEG suctirimidyl esters can also

BEf mithdiirdd Wltf'mevérlo”% &tef hﬁkéﬂéégln' ﬁ1e5|5E"G ®ackbsHe to control the

gllmntlon

{ I'f.

pbidaRon BuRCAl prhvsTolodR, B GiRoe: 187, HerdinClncgfSorated by
raferensa).rPther seakalile syHelures like dirifides @fstpmzy!aurqthames can be
tleaged emnahet neiklt relotingbendremenents; pductiess dr endsssrhhlycompartments

%eﬂt(zghﬂﬂk&hm%yaﬁ@%g@ tHERIEB ththbe. Otkér &K for selection of
approprlate linkers are the selection for fast (frequently enzymatic) degradation or
slow (frequently non-enzymatic decomposition) degradation. Combination of these
two mechanisms in body fluids is also feasible. It is clear that this highly
advantageous concept is not limited to the specific peptide units described or
referred to herein but also applies to other pharmaceutical molecules that are
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peptide. In order to find a solution to this potenti al

probl em one enbodi nent of the present invention

teaches the use of a polyneriggarrier unit that is

conposed of at |east two subunits. The polynmeric

stfached stoatarge opolpcice dunitsa sbcle deg REG b lectdvsvdtgrein the same

%?&@Fq§5fré&{uﬁﬁﬁ§t,?,ﬁ%@géﬂl ng to this enbodi nent the

ecul ar wel ght e large carrier nolecule (for

Kk
AroRiiserta ooeusmBaSbiit FhelARYRIn e welietins s used as
m@fl@C@fﬂBéG’mtaHE@eh%ﬁeV@ﬁ' Bpastandiadyantaggs. Biret of all, HES is

m@écﬁbldl &uhhédﬁ@rreaﬂ@bledégnﬂdebmty JieESwapched eontrolled via the

e:bgsh ot&éﬁh ! 5%@({4 fhl?sd@euﬁ]fllhgf'??&?yA molar degree of
SEPriEond (L4 o U bl Avprage, d0ra0h, Bhdhg 1 itse, upity Gontain a
Syduxyethys grup) aee medimﬁabs fonthenpurpode of the piggent invention. Due
ft@t@@%lddﬂgtfétfabﬂmw Acdunfaatioreprobiishsl Bk tdescAb&d abol® in conjunctlon

G gﬁt@fylno‘f% CELEFURHBHABES HERORL20RER L8Ed K long time in

mcﬁe%tma ST 0.8, i OOk /2T SXPRYGE 46 EOGSHspesS s thus
iappoivedn i n F| g. 16. The |inker structures are
sel ected according to known degradati on properties and

%%rﬁwfabprc‘ec aégé‘r?\/at‘?éege&rliﬂo%yg@ er)dk?Jggsy of lHﬁgst{rerbqectable by gas

brea

&h&%ﬂ?ﬁ?ﬂg@ 36 3 rﬁ’%'%?%%%ﬁeé %&W @ed'é}‘cff? ededndgyr conditions
amdde ihight thie pbplidis uoits ese etill shathle hThsnallwevs theageantification and

YsHiRIMg Sof SR € dég rad%lféﬁ”%rod%@&? BAHEI Alows evaluations and

3%919{5?@83{@& §yﬁqt ﬁgecgl{vgrebge%m{a EG succi ni midyl esters

vari ous ester |inkages
in the PEG backbone to control the 30 degradation rate
#ccphdisg dd mgfwtetier;ﬂﬁmbdcﬂlmnt BOfrat typer of polymeeniqoaiiee dinit is used

l@)‘xd Ié&ﬁ&i W‘Iﬁ tlgenﬁ{ltstﬁ%kﬁ@{ Sarpief kehrei&bly &8sily biodegradable

%%f‘r%? o oUEIE el E@@ﬁﬁn@ﬁ?geg © °f§h§ Bl g e occupied

idenurits bat anlye-g. aneandpdd e%@"w enithe size of the
allsed mllymablsevefalﬁmndred trxerpltldefwntsscajlﬁdtgermeraify be coupled to the

%?ﬁ[g?ﬁhb@bﬁlé IHH;/%\ferausua |e§§lp%ghue[urﬁ@ra@qﬁed such as 2 to 50
bf SRL2t: 121638 B 1, £ Sgéa%@ﬁiﬁ b nsbtoR e pupfegped for EPO
camﬂﬁaﬁp@ﬁeéf Thegadt (or @ least samedmf tha resyning @ttashment spots
af she ffieststhtrier dre oscupieduwitthat differenthcarhiey, e.g. small PEG units

ﬁQVﬁ@té‘Wm%Wwéghf‘mar{ tH® firke c&ﬁlérh?h%p&ﬁbf)di?nent has the

%SQ nt lfﬁ a rav, Eern(? el el”e atﬁg CJ;J&J carrier which
antagsthata sUpiEve ﬁﬁg}ﬂ?&&t@u"t PELF t'ﬁ%&

i Boweven ey cliseblerdye Hpbe 7prese0es of -the %ﬂqoaéih@@rrm which is

kenstituted priesarablyi by PEG inits oPB®o rﬁJd)lewk[esHmiweven mhé hole entity

g@g n)géfpkale Fddble a%lill:!glf étflr&ncéﬁlbﬁgﬁégﬁﬁf % ptide units
A hiodgs %@?ﬁgf*?e%eaﬁ cairp o Mg el anough To be easily
clepoed fram yages. First of all, HES is

The monomers constituting the binding domains of the peptide units recognize the
homodimeric erythropoietin receptor. The latter property of being a homodimeric
receptor differentiates the EPO-receptor from many other cytokine receptors. The
peptide units comprising at least two EPO mimetic monomeric binding domains as
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5 bi odegradabl e. Furthernore, the biodegradability of
HES can be controlled via the ratio of hydroxyet hyl

wogooupse®nd can thus be influenced. A nolar degmaEP20§7/002068

substitution of 0.4 - 0.8 (in average 40 -80 % of the
gl ucose units contain a hydroxyethyl group) are well
suitable for the purpose of thg present invention. Due
to the biodegradability, accurul ati on probl ens as

drescribdrb dbaabitdi the PP uBcéptonand preferabREGrelablestoalil sespectively
'Pﬁ’t‘iltlrﬂ%ﬁgé thgwtfaf?feﬁ 'E?{O%r EE%llﬁéslt %@?rdr@g tﬁ@feb@ &r‘é@ﬂno a signal

t reat nent
@?ﬂéﬂﬁgpn'P ¥cing 6 ness |s t hus approved
Furthernore, derivatives of hydrolysis products of HES
dihe presect laueetlmya§9§on1;5rlsﬂﬁ Eesaeciiveprinpomms ppegidtiss methods,

whdreigaties p@@ﬂdémrmsdéré woefeotedeto domdespditive BAGRIT units. The

;fﬁ*ﬂé&{ht”}ﬁ( R earc%nﬁ;rHels ?&?ﬁ’%(ﬁweﬂ?:'o?nacgﬂn%v‘fproductuon

cat| on an
m%taaéﬁsvvb RE1R theReflide WA BFf cARSCter ddediasheLtive, Polymeric
carmidreunits. i e pepiodeds fothacpresénh inveptianfeant hdvantageously be

eRBAGOAENY pReparafidn Of HenaH aRaloy Vetdrihatiah rpharmmehm:a composi-
lt‘iéﬁg T 5&?cgrq%%eéjsrp‘@bfeﬂy%%%?@q{gpmgtt?ea rﬁo dfs%'fders that are char-

E@”Z v@(/@r e{'fa%n% pf gyt n 9 &t Prtq?ée‘f’t!vresfeog blood cell
papulation and eapemanllgtﬂor thettreatrapot dfieamyntype o @aneonid ynd .sfroke. They

arouado 20shBleS 3P dﬁeméétﬁﬂ\soﬁe‘sbﬁoé’d Z&bdVe. t B8ch Uﬁﬁgrmaceutlcal

4§§Hcﬁ'3§ftlon§ei‘r%yaﬁgn§@£’le§r r| ﬁh&%ééelﬁ@%il %cggﬂﬁrb% carriers in

Rt HehtGameresition QF ethgs éfended radrainistradiony procedure.
Guntabteodéﬁverg inethdds 2st well(gs 2atrer8 amdl a@iditive8 are for example
B@B&ﬂlb"&f ﬁrwcp‘?@bﬂﬁr()@@Qf?Oén@WO POOEY D $6 PEPhERT inddiPorated by

gg at | east some) of the renmining attachnent
§%§ of the first carrier are occupied with a
different carrier, e.g. small PEG units having a
| ower nol ecul ar meight than the first carrier. This
enbodi nent has the 30 advantage that a supraval ent
conposition is created due to the first carrier which
i s however, very durable due to the presence of the
second carrier, which is constituted preferably by
PEG units of 3 to 5 or 1 OkD. However, the whol e
entity is very well degradable, since the first
carrier (e.g. HES) and the peptide units are

bi odegr adabl e and the second carrier, e.g. PEGis

smal | enough to be easily 35 cleared fromthe body.
The nononers constituting the binding domai ns of the
peptide units recogni ze the honodineric
erythropoietin receptor. The latter property of being
a honodineric receptor differentiates the

EPO receptor from many ot her cytokine receptors. The
40 peptide units conprising at |east two EPO minetic
nmononeri c binding domai ns as WO 2007/ 101698

PCT/ EP2007/ 002068 -61 described above bind the EPO
receptor and preferably are able to di- respectively
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mul tinmerise their target and/or stabilize it
accordingly thereby creating a signal transduction

WOi 2004168 conpl ex. The present invention al soPEOYEMIEE92068

respecti ve conpound production nethods, 5 wherein the
peptide units are connected to the respective carrier
units. The present inventiongrthernore conprises
respective conpound production rmethods, wherein the
peptide units are connect eEXAMPIEST especti ve
polyneric «carrier units. The conpounds of the present

'T?‘.‘éem‘i"ébtcéf‘ ﬁﬁ ﬂiaﬁrégﬁg%'rﬁol@@ule&s&%llf% ERBlained by means of

pre eri.nari an

élu 19 Ca‘fh%%ﬁggxam & pﬁﬂ §|mﬁlﬁes>yp5%\{e|%g molecule according to
é@pweatlw Tupteastioupus bivalentrpeptidestarefcomneeieddNderminally by a

bifehctivnal FEG- maidtercargihdgymaletheiiecgeiupy. Tysteine was chosen as
‘?éé{étpé%?t%hﬁﬁfe t Site %r'tﬁ%ﬁ‘?’@g egrfn%ﬁhh‘fe red bl ood cell

popu atlon ana especl a or the treatnent of any

H/ anem The are a
s SchrpuRent Eloe s cang p@&moggﬁmiwetmﬁnwus bi- or
cuiaienti peptidesynitsp Fig radivescamsxarple that iabased @q a carrier unit
Wmeat@itﬁl afydarel anit raslbrancitty unit ke cotnpeising three continuous
ﬁérgfalefsorAgi/e{W dﬂ‘eﬁﬁ@qpaé" Q! R kA PIMENtOFEG UBEshows an
U|tale roers an

S3AT Pl ising, HES, fasc RaliRledic” Geiter sty HES Wis doadiied yien that it
satiepOnEieimide 1@oups heasting i Wit rtber 8He g@renps 0éftheepeptide units.
V‘@c&@ﬁﬁd 0the sk dnipie ERR aftdcHnenttlites-dré bolAlRS pSptidé enits (here 4).

o SRRIPEG SR8, BabeH )Sc &‘Io at least some of the
%ig eé(j?) neans g;ﬁ Z ?rrpl €es.

S|nple supr aval ent nDIecuIe accordlng to
the |nvent|on Two conti nuous bival ent peptides are

dereratained Rbore ntheasupravsieat somgent sani alsbe & nard:fo polyvalent
déhdmtidl@)lmb% Whereil aadarRirtiOastirpolyasr edriecunitis connected to a

Eﬁ 'ﬁﬁﬁ‘n@ért %‘Fhﬁﬁr‘iﬁnuﬂuge bﬁ\}?ﬁrler{thg fdeLaEDt eéxéﬁ%le the dendritic

prav |
Bl pRtGaa b based an pobakeeil (TEAR Reri t%agpﬁﬁoo herein

mogmmstedrbselse&emheel hat is based on a carrier unit

with a central glycerol unit as branching unit and

pengxarapledfor [ eapravalentuasiecule brsedl enta perier dedt. with a dendritic

m&lr@n&pﬂflﬁ&ﬁa %gntflrﬂfcilfétﬁl@ﬁgﬁt%gptldgé% sﬁbﬁﬁ‘iﬁ"ﬁg 4.

€ usi ng as po ynerlc carrier unit
fled uchth r| Ie|
e SRS o pragtint holtRles: G HE IS % starches or
Adextsans, ieh afe, exi yging 9. eﬁrm&]ﬁ@ﬁttomregr arlarge number of
hldehgdé dunctiphs din arsecond Istee Many biialent @eptidés ares atththed to the
E’%ﬁ ’Unﬁtsar(d? t&;et ert R)rﬂfptH%D? n&IOMbfE RS Lmbéaé’é nb%‘%ﬁatsé\mh several

ned above

érgﬁa (e 30 AL, corBterstly 450 38 b, dteh BERItARY 25 to 700)
a@mm units pan Pawosipladeiodha cardermaplecule, highols 81 bilRs: However,
aRbIfackss Peptidée units rest iesl bband to the HES molecule as it is shown in the

Figs., especially if EPO mimetic peptides are coupled. The average number of
peptide units to be coupled may be chosen from around 2 to 1000, 2 to 500, 2 to
100, 2 to 50, preferably 2 to 20 and most preferably 2 to 10, depending on the
peptide and the receptor(s) to be bound.

Fig. 5 demonstrates the concept of a simple biodegradable supravalent molecule.
Two continuous bivalent peptides are connected N-terminally by two bifunctional
PEG moieties that are connected via a biodegradable linker having an interme_diate
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| ar ger nunber of continuous bival ent peptides. For
exanple, the dendritic branching unit can be based on

wopobyghysser ol (pl ease refer to Haag 2000, her éAGT/EF2007/002068

i ncorporated by reference). An exanple for a

supraval ent nol ecul e based on a carrier unit with a
dendritic branching unit contgjning six continuous

bi val ent peptides is shown in Fig. 4. OQher exanples

eleavape paEiton. Thd dokéresallbontié eealaupi 6ff thenldrge VME® unit in the

_ " | aupi o thinlirge WEG
DRty PR M oRE oer “of 25 denyde

f ti . bi t tid -

THe A Etiaadf ednscaeide he Ruprrvelonte iEe wBi Vebfurmesing and
unexpeetedethifialy iPvesdeaned: thatiiag cenjpigatien & aimaergmpleeule might
redgce Bfficaoy. DR, expettaticrovas dedooB @k agBumed disadvantages in
%ﬁﬁiﬁ%ar%lté( d tho Jo‘@ed Bmfsi st HithaTahEr ThYRLERSs. Another
to ecul e 1 C

carrier [ ) 1S €e. . wever, .
S¥RBCIBHPN WAS, b o 1Sy eTALPHUIEARIP PauRfdoEgarier not al
wsiwd hee able to Lird dbothe feceplar potentighy duesisestericay préblems of
BrRUAMERIUSC birthbd d6s bcauseUHee thuniihér @y efedeptaryMiiich can be

' ' . ounl fr. .
‘?%agjﬁn g&?@e %8 i @‘E}g\e 3 Tgf?hg@fag‘? c%ﬂ{?%felgdl’rﬁlfga and possply
Eae v thg, ppmber Of Reptidg Abls: & apdnerpaseqf ppiency of the peptide
ddpdAdtivey Pbarmbeeutisapingredimnt) ashis sesrepitiothie supravakence concept
%Pﬂ@pre‘@eﬁt irﬁeﬂﬁﬁﬁ@@sﬁ@ét%&debféd?oncept of a si ”D! €
bi odegr adabl e supraval ent nol ecule. 35 Two conti nuous
bi val ent: peptides are connected N-termnally by two
51 Ui i hsl siBeG ABEet? e haigndicant oRhamragPKinglicy changes a
Ion axctenodetalid recdrriak isr alblevto nigtraduden ttiee iredivatpotéizy could have been

ABrdVERLHSS t&Hé Eﬁfﬁ;ﬂé’p #@6@me-&F3he! WRYIBIRe PRIE/Chafier complex.
?

TAR phEAGBnan, 2L S, i HekP vt 4 Rfordeincer gkl s ittt to

t
tieteraiNaninayve. ntRdt d8 @ Pharmacegyaamice midituf whigh has to be
determined separatelyi g vilmodassaysxgrecthed.ndtranly aufficiant, batsmight be
b RN ush@tway8f SIBBHY AR dHtraBing th&\SUPFER ARt BNt
5 reduce efficacy. This expectation was based on the
assunmed di sadvantages in binding rate due to reduced
Eﬂhefwrav\alea@%§ff@p?ﬁ8|deﬂsgebe¢r¢m g‘&@l'@%@”"mﬁ‘o@%ﬁ)e demonstrated by
espparisbn oof \maslar tdrabuhtsoof t fepticiey &Rl (qoayjpagated Afél a carrier vs.
ggga,qﬁuggtea)_carri er not all would be able to bind to
the reCeptor potentially due to sterical problens of

" siTrul taneous bi ndinhg or "because the_nunber "of

Ascexresingentvag restormed inoa séandasd By 1t erll agsanasgasommended
bl thé Eurepeamblhacmiagopoe forn e detetrhimatiod clEPQdikei dutiyity in vitro

LYk bl BEBSbWI B QESI'MGFPN? 'c%jlsgt'% gr@ﬁ‘fe?éiﬂr?@fiﬁg?fependent
ot ency of the pg b ﬁ Pl t'\é’@it lve P raacefﬁt‘el ca )
Ryt é'&‘ér(e?{ﬁe%%e oL ERYHIKG PRIV 46 paltied JPe oREEsNCE varnous
@onw@irqjme@ﬁEIPQ/@mEPQTmAmtIﬁcﬁubésriqjmseahelrssaiﬂngmll numbers
atdiejuastified ulireg tooldrirmetricoMTT-assdy pindr pRotokndtet i measurements.
EB@BSgén 8(het gdeﬁ%,o'it_ersmpaé?iﬁfér kb edetiagniﬁgl RotrRalized dose-response

I ntroduce, . Vi Vv of ency cou ave been
reﬂa{lons ﬁ)r each given subsqaﬁce. y

In this assay EPO and the peptide AGEM40 (see below), the latter being a
continuous bivalent peptide with EPO-mimetic activity was used.

AGEM40 was used as unconjugated peptide and as peptide conjugated to
macromolecular carrier (in this case hydroxyethyistarch of the mean molecular
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i nproved due to the longer half life time of the whole
Peptide/ Carrier conplex. This phenonenon al so has the

woehEmied8hat a supraval ence effect is diffi culPCTIEP2007/002068

determine in vivo, since it is a pharmacodynam c

entity, which has to be 20 determ ned separately. In

vitro assays are thus not onlygufficient, but m ght

be the only useful way of clearly denonstrating the

wugiglaty t8akx)e TekfBuilding Béockupize st thisceorgfidatetis asughly 40kD, which

‘i‘ﬁé&r‘ié *?ﬁ& tHé ta%fadr@%'rﬁ&eﬁ & B&rr?%”ﬁgé{:{ E@dpﬁa)ferablv 2 to 4

arl SO u ept
PEPhdE PPieURS, Alsc 5sAE: AhIGES rBaY beafised,AREh AR igaion of the
ISOkbr HES anpr@xgnaheaaﬂopelpttdesoeene ecnjHgated. Woemaehb&dhaving a
lyoleb@laFwWeiistasr 206 KR ARBOSSd Ithish@meah® 18 8phioxN 50peptide units

EBQJ @y&)cépﬁvqtg invitro (please also see bel ow).

cells (their proliferation being
dependent 30 fromthe presence of EPO|ike activity)
dihe caimpariedni shawre ipr keigerft és \asedusn notarenomparison of peptide
ebnEERIrtiorERvhEIHERt b ndt ihkapeptde T@Q:drﬁ@g’étbdngn C&dritrast to the

ré%gggt%g%)n%efot%%é Hc?éja%ﬁé QIQC%EHQ Hg@?éé%lrg%% &ﬂé%@ée response
CHNSoiss sityated Jefiefremnihiee URePRiHgAted dPgRtde)r @gmseemonstratmg a
ipeshive onghdmnacaynagiio erinfudrteanof. digoivalenti scamgegation to  a
Iﬁﬁ’&r@ﬁ%@d’ﬂﬂew}héﬂe ACEMAO (see below), the latter

being a continuous bivalent peptide with EPO- minetic
activity was used. AGEMAO was used as unconj ugated
ﬂ'éy(s, Uéngﬁ@ﬁrygerﬁef&mdg\ecgﬁpg@tggeg argacpkinetic improvements — the
nanjuganbacmlnaept:acmorqu fonthehinwentier clearly increases potency of the

é?lxé’c%/@gih?atrﬁfa%auﬁéalt cdRafi. ol ecular WO

2007/101698 PCIT/ EP2007/ 002068 - 64 wei ght 130kD). The
Bui | ding Bl ock Size of this conjugate is roughly 40kD,
vihicis a mexheechanisnmewhichrcaie cetainhpbe used f@apleptl@es addressing
H UtEROSeceptet.er bt y potémtially palsbi déornootrieresmedlrana  bound

gfr%rag@élggéal‘r?é/rg@?s cﬂﬁétcﬂﬁefné iokirfe2 Fd Uptés étﬁb% as those for

Mo & g IVEriuot Lty e “of 200 kD was

used, this anmounts to approx. 5 peptide units
conjugated to the HES. The conpari son shown in Fig. 6
i s based on nolar conparison of peptide
concentration, whether or not the peptide is
conjugated. In contrast to the 1o expectations,
potency is increasing (EC50 is decreasing and the dose
response curve is situated |eft fromthe unconjugated
pepti de) thereby denonstrating a positive

phar macodynam ¢ i nfluence of oligoval ent conjugation
to a macronol ecular carrier. 15 Thus - independent
fromthe expected pharmacokinetic i nprovenents - the
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conj ugation concept according to the invention clearly
i ncreases potency of the overall active

woer/tmaes8ut i cal ingredient. This is a new neclPARTVERP07/002068

whi ch can certainly be used for peptides addressing

20 the EPO receptor, but potentially also for other
menbrane bound pharmacol ogi cgs targets, especially

ot her cytokine receptors such as those for
1.'Paptidypoynthesis 6f RfSnometsr | euki ns, and ot hers. WD
2007/ 101698 PCT/ EP2007/ 002068 -65- 1. Peptide

R ResLsthekistonomer s Manual synthesis ~ The synthesis
I's carrfed out by the use of a Discover nicrowave

st em,( CE ' PL- Ri,nk- Am de- Resin _(substituti

TR SesRls siflsCalt ol LoRel 5 Btalef FiEWAAE 4 8m (cEM)
&sing. PErRINk-Amias;Resir (substituiiosurate O.4ammel{@donpreloaded Wang-
Rﬂ;ﬁi{i'rtsi ig;{ézﬁalamﬁo.mpwli Egnm{/jv@lvﬁf S:cima)grguﬂ i$ ap;iéiv_ed ibyraddition of
%0 eﬁl‘ ih&/DME (4S5 and QB4 ialign ith ABPVP f8€ 3 §Oé%..Coupling of
achi eve addl. ti on,of f.g of am acl in, .

BNG [REIS 8 ST YRERY 20 B0 67, SO o BOTaARnG dcid in DMF
PyBRRHOBHDIPEA 538/ eouplingx 3uidittvesBange difadiation with 50W  for
bkBaseAtBatweenclleBrddiaticrotydleothe Solitiohad dvaredimanually with the

Weldlof 8% idePb iR AfRE RProteetidbAd f%%bﬁrﬁ%edtggrr\%kﬁi@é)gér}{\ed 6 times

an upl , Lhe resip 1S e ] .

S0y oV RBIPAIPN HlatealaSt AMRG aEHSUBfePeptides are
peptylaled hy eincabatign awdt B\26G8maluleht Cappingt Rolutioss(d.73ml acetic
anppdride aad 8L 73l DIEA #iri0eet DMSOR fdnsimitlgtes NBefbrd 3ldlvage, the

i is dnehOastBE 8 tries il B8hTOMEE oo AR A, 3omi DCM.
ISR0R 1 of e GRNE 1RSRICES, e aIaRE Pl depbPENbewith Smi
TEALEIG/EREHEY (DAKAZ HEXD) for h2GmiinutesTEAdaN BeFDaImPEphere. This
68KutidA s filtered)info40rhRBoKI é’tbléle.srhwﬁ@’cidit@@% fs @i8BIveAeH acetonitrile
79’33?%‘{""?2?%“? e, Pebli 15 Ay By REHELC RS 1Pcrs 10um,
AEX4-REPLpt i de is purified by RP-HPLC (Kromasil 100
C18 10pm 250x4.6mm). 20 Automated synthesis The
Aytarmatedssyinthesig ri ed out by the use of an Qdyssey
m crowave system (CEM using PL-Ri nk- Am de- Resi ns
ThelsyhtHasis iBncareée ot Hyrthe/uge afrarpOdlysselemidtdngve lsystem (CEM)

Resins pascale 5 D ammpb fiemexa! QuDS [§,20ftie

AT é’%'.“%Agéﬁﬁ‘“‘i“‘&ngﬁ%g?ﬁ?'ﬁ@?#%%d Wang- |

ek antiso cicidyrisnackievdd iy BYEitioRYGHEIoIOBXEESPBA ansino acid in DMF |
2:? P/H@J%ﬁ/ﬁ'ﬂﬂs)&e%ﬁa%d ih d'aﬁhlt%swlahtl HWAMibREn with 50W for!
Eg seg. e@\zp\’\e%ﬁ%gar ié ic?n catc‘eosn tﬁg Cso‘"alt‘j’titgrﬁ1 elssgocﬂteldog bubbling.
e | {'Rf Yy Y g
nitrogen through the reaction mixture. After deprotection and coupling, the resi
is washed 6 times with 10ml DMF. After deprotection of the last amino acid,
some peptides are acetylated by incubation with 0.793mi of capping-solutio;’ﬁ
(4.73ml acetic anhydride and 8.73ml DIEA in 100ml DMSQ) for 5 minutes.
Before cleavage the resin is then washed 6 times with 10ml DMF and 6 time}s
with 10ml DCM. Cleavage of the crude peptides is achieved by treatment with
5ml TFA/TIS/EDT/H20 (94/1/2.5/2.5) for 120 minutes under an inert atmosphere.
This solution is filtered into 40ml cold ether, the precipitate dissolved 'in
acetonitrile / water (1/1) and the peptide is purified by RP-HPLC (Kromasil 100
C18 10um, 250x4.6mm). ‘

H

addition '
of 18m! pineristing/DMF (3 @ndiradiaiprawitht 10V der 90s1@sec. Coupling ;)
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ni trogen through the reaction m xture. After
deprotection and coupling, the resir} is washed 6

WOLR200Em16ust h 10m DMF. After deprotection of tPETVER2007/002068

am no acid 30 sone peptides are acetyl ated by

i ncubation with 0.793m of capping-solutiop (4.73m
acetic anhydride and 8.73nml DiggA in 100m DMSO) for 5
m nute. Before cleavage the resin is then washed 6
Rurisatien h 10mM DVF and 6 tinmes wth 10m DCM

Cl eavage of the crude peptides is achieved by

%Eeéﬁ?‘i’é@a Wer8 LﬁmeoTﬁéan 8 ﬁQEOHZL%M%‘lé%%tgﬁﬁ é@ll@n)f Ahe crude

oAl Lo il HSEMgdt OSSN Zivalth 311 and he poptice
prEtedibyRE-PedKremasil 190 GE818HM. r250x4/6maneThe flow rate was
20¢hitrhie drepthedeCMS plitiraticed/1Q0O0RP- HPLC (Kromasi | 100

C18 10pm 250x4.6mm). WD 2007/ 101698 PCT/ EP2007/ 002068

1I6gorﬂéﬁiév58ﬁfdt%6iéc SPHgéiﬂﬁﬂwrm rified using a

ula-L system (G | son e cru mat eri al of
olved in acetonltrlle / wat er
?ypk?aetg}mw?ﬁg\@gsﬁl\% purified by RP-HPLC (Krorrasi I
100 C18 10pm 250x4.6mm) . The flow rate was

Solytiann gt ok tr&@l\@@ﬁiei are Aisspived doo0.1% TFA/acetonutrlle and
Edutedt witm waften antil enocdreanteatiodi af 0. Simgémbisi régebed. Solid ammonium

%rbéﬁétb%aﬂ’déﬂt&%éd‘?ﬁ%o% itg onl: 10ny of the

peptide are dissolved in 0.1% IFA/ acetonitrile and

@old{ o%d%\'\fntgg‘@?l)ﬁa vf’é]tfdmlao Q%nei'%wé@égbﬂlﬂllgfarg dﬁln'%dﬂmth 10mi of

lidr-pmmon *8' fls’f‘t“?éﬁ]aé ed pniil gkl Rf &imreached and 1
mmp ot)a D%IVII‘leamtcoer;t[(rﬁd@\la]saﬂdedt ed with 10m of
wat er. Solid amoni um bi carbonate is added until a pH

Solftidns 1 rRrc hesteaddicld dﬁb;ﬂ/ﬁséfov%rfb pefibd df 8 hearsLfo a mixture of
ggé&)%ﬂm&érsﬁﬂjgrﬂ‘ﬂ §2f éé(?'ﬂlxilur@r]g |Rc1ﬂsﬁ?3d§%]pm fgmperature

88@'?"&9“ t?’rrlqg1 re(cﬂnfe”Hﬁ el e p‘i’ﬂfée X 1 s

i ncubat ed at roomtercmarature overni ght and the
Ryrlizationowitle SMEAR-EIX anteshuri fi ed by LCVS. Cycli zation

with CLEAR-OXTMresin To 100m of acetonitril e/ water

o/ 100rfl dPadétdhitriletater ¢MTD 0. 196 DFARrsatidadramoniuradsiearbonate is

HH%Jjuﬂlp P-f0188 issrera%ﬁéaeﬁhls-@?ilﬁﬂo%%lﬂfé gsééb EHlf’l‘)?ﬁ‘-‘lﬁé’Argon for
T R PR 29 miputes, 10mg

-~ phtheppeplidreis gddﬁ;ﬂgg asolid. Aftereh of m@pbg’«pr@,fthe solution-is-filtered,

toncdritiated andtgweified|byt LOMS.s- filtered, concentrated
and purified by LCMS. Purification of cycl i c peptides:

£ I fied using a Nebul a- LCM5-system
PlTEgey Shpereptgieet

All peptides were purified using a Nebula-LCMS-system (Gilson). The crude
material of all peptides was dissolved in acetonitrile/water (1/1) or DMSO and
the peptide was purified by RP-HPLC (Kromasil 100 C18 or C8 10um,
250x4.6mm). The flow rate was 20ml/min and the LCMS split ratio 1/1000.

Other very suitable technologies for forming intramolecular disulfide bridges are
disclosed in PCT/EP2006/012526, herein incorporated by reference.

lll. In-vitro assays with monomers

Proliferation assay with TF-1 cells by BrdU incorporation
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25 material of all peptides was dissolved in
acetonitrile/water (1/1) or DVMSO and the peptide was

wopeni/foless by RP- HPLC (Kromasil 100 C18 or C8 P@IRP2007/002068

250x4. 6mm . The flow rate was 20m /mn and the LCVS

split ratio 1/1000. O her very suitable technol ogies

for formng intranol ecul ar di.gyl fide bridges are

di scl osed i n PCT/ EP2006/ 012526, herein incorporated by

g@fereeue in3fbgakithmlon-growtro B8y -~k 10° MoNoXEre® cells/ml; RPMI
5o

|n,?1§:)(¥)dr:%§r2% %qgf'étﬂfzgf/ q J{ﬁbéggﬂrs@%%%%géﬁg%%c%n sg?otomvcm L
Fi 9-9ng/mbyueriewsin S Arewas 00 rpm and

resuspendsimmRPMiPtompledei without db@fatt 200,080 fcedlsfmalinand precultured

mmbe@raﬁt@ﬂtm aRs&e e 24l hrwitisdut eRtRNXE ks nlext day the cells are

?r I|ﬁez4- %ﬁgglv%lhb%(%lu%ﬁ%h u%) E?I r@@o%&ﬁtrauons and 4

| e C Watﬁt'qmgoatal@ge 0 aé%l Vs (ﬁ)ﬁ Q?&"e per agent to be
pested! EachdeXparmhenteincturtes od&ntmie mptysm@rreedmbmant EPO as a

gofshﬁétcdr#ro?a éht bhe s wiRyutt 8¢difieh lo$ c?fcﬁ(mesﬁﬁqifé@ahve control

gn??é"&% r@n?ﬁﬁ-c@ﬂﬁisé Cr%ﬁ lgt%g rg}a?ﬁeﬁum to the desired

COREaNtRtANssand added to thereds ?’@FK‘MQ f %@PV%QSHPdtQS Gdays under
tseartdzad Ealulree)cpadm[mst (3716, u8es caobon oli®xienpni Siengas phase,

BHB85Hh é}%m'saﬁlp Qe@S\Aﬁ‘th RRté 'V@oﬁé’éﬁtl‘éﬂon@gﬁmay%n?eﬁé@'tbsthe final

kit baddnilh tééd‘?%”!)ﬁﬁ?@? e 4y 2&&%%%9% At the end of

i ehfiure PW&OQjeEﬁWe@ agdadelot Pa 'n@n§°'a¢ﬁj‘ ealigadot $ngfral culture
oetdism andithe oglturecedritimued fer 6dwurs. BhelgyBrdith(tromodeoxyuridine)

Shanted ?Z-E%Wtfy%d célré I0Red s their ﬁ?(élctﬁ‘fr*b%ﬂtrgtlé’r’fé eforigiml BrdU;

é&ﬂ@ﬁﬁﬁpﬁwa}s&% cgpﬁgg; her eF,ls{e:\ltd r%é%@d V\@tcull)ure continued for

additienal ahiogrs-of agent in the well during this 3-day
culture period. At the end of 15 this culture period,
RAd Whe :relddE this oneubiationl acd udote aeriod, thfe 8elly ate washed once in

?Hb‘s Iﬁeﬁe BURFErEa st Ae tdoAit&iHINGUY %6 BEA %H@C?efsgépéwck‘wfrﬁa minimal

o&% 5% %géﬁqﬁ%eg%yp%bggdﬁ%@ %E?F &gﬂ aqropW|se into 70% ethanol

abne@ifer Sremnberer @il are mither ingkated faCOminngn ice and then
aoalysat direictiyor can bel stared atetfiC pjlorainobr[alyslsr e
continued for additional 2 hours. 20 At the end of

Phiop tbN&ndApsis 0eeRd hre UbdliEted Iy cetriflidttiore|theé &igernatant is dis-

- YERDEaRE G Egé’e%g%ldb%fé%ﬂﬂnn@a ﬁ“@ﬁoﬁﬁﬁﬁ%g'% fluid. The

F?WE%F@%WPG@”%@CP atgdofos d9etin dp Spdid M hitel/ 0.5% triton
X390@t Tizery| thentare JiElletddt againeard resudpended inid dnimal amount of

réYREPME AulR rwHiBR1 8- diRied Qﬂttﬁ@%rﬁh@f‘o ﬁ@q{wﬁ@ pH 8.5 prior to

i r%?it%t% rgﬂgﬁ@&gﬁgf ﬁ{eohglgs Zglgéll%/ gHe cieél af%;)% Mg'ﬁgndeg% 40ul of
eeﬁswhatagavff%r@d salies (p %R aBam) a@,d dlivded ainte dwanseadiion tubes
cehﬂammgesmmeoelldadsuspeasmnneaalh 2o wit anfi-BrdUet IMONGDAKO, clone
B'UQOQ) aFCc,hsdd d éné\ft@oé Eﬁa @véquﬁlwﬂHmwéﬁﬁg) Ardfadded to
ilhe s8cond Qube ar% ng% lncuba o%r;')enod of 30min. at room temperature.
Then, 0.4ml of phosphate buffered saline and 10ug/ml Propidium lodide (final
concentration) are added. Analysis in the flow cytometer refers to the fraction of
4C cells or cells with higher ploidy and to the fraction of BrdU-positive cells, thus

determining the fraction of cells in the relevant stages of the cell cycle.

Proliferation assay with TF-1 cells by MTT
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X-100. Then, they are pelleted again and resuspended
ina mnimal anmount of remaining fluid, which is

wodiobutoaebswi t h 0. 5m of QA N Na2B407 , pH 8.5 @ATEP20@/002068

30 immedi ate repelleting of the cells. Finally, the
cells are resuspended in 40pl1 of phosphate buffered
saline (1.5% BSA) and divided dgto two reaction tubes
cont ai ni ng 20pl cell suspension each. 2pl of

arp-i - @enﬁhﬂd@@ﬁrﬁﬁl@mﬁnr@a@e@x 197 & addaf tellshme RPMI me-
ti%\g’rﬂé"J‘Z‘tﬂ’/c;zlféltalc%QW§’éru’ﬁ‘: g%ﬁﬁbm &t ANRA péﬁc%ﬂpegtré&omvcm L-

econd artl I’I I NnCu

{pIHiaming; O, B?‘fﬁ@?‘d'f ?@nﬁuﬁt{yggf min. 1500 rpm and
pﬁwﬂ&ﬂd@dbufRBW@omlewewdnrwtllbﬁ@ﬁ rﬂoomﬂfbcelliaﬁmlx antl geecultured
Hefove! staflOBE @i aabapidr 24eh agigsht 1AM Xs ttse inext liayf thevicells are
@égeggﬁt.ﬁf 2424208 48 el \ACHIPNcq of fedef'd RoRbefitatichs and 4
ryells- B8 .cpnegme%lvqrb contaifing (e least Ai0E0Q 1eellsingdh P agent to be
desktled iachhexperinerininchidegesontrols ronoprliding yretembinant EPO as a

osltiveedatittd gant and Weélls WithdutCddiom st Mitbkife as negative control

P i PR R B e s

anpefﬂ%at'%%ﬁﬁ‘ @G‘ﬂ@ﬂé@éhe&ﬁ §. slarting ascdﬁbtb'rféﬁéﬁpécpfva days under
RBéandard| calturet cepditionsi (37°C, &utcarboe; didxkeg/inl the gas phase,

E%%rsbﬁ%ﬁ?s %aﬁ)rg?dle%&%el( C%ﬁdefn‘t'r%tﬁoﬁa%@ag@5%?ef RB the final
20HcenBAtar stagen B Weu &gl 4unlehiyievertic. of
the assay for 24 h wthout |IL- At the next day t

3.
Adiday 4 rior $e stastiof thexanalysis. oz dilution pereeef ggggwnynumber of TF-
dsicells as pepared inoacanmberi o svedsd(012508508046€000/20000/50000

%@ﬂQWé‘IlrlﬁtﬂO@r]JI(iﬁ’éﬂlﬁhﬂ' THesd wehdste ealincBk! sEieWay as the test

3 SR el tPyidic Gt FEOE Uil o fjmoers can b

getarminedgdaying et \H@I thesgi refrrgncaaalisi M aneyPMS fram the MTT
psolifegibnuet (Rromegla, Ozlldgensg6 ARmebudemmlraxdiloactlve cell proliferation

BEChPLAre tAhwed iR aoﬂiﬁ‘@ Wétt atA dﬁ?ﬁdﬂ%ﬁlto‘? F‘I\WS SHftidrPare added to

t the cells
?{ﬁ'tﬁ“@*ﬁe?@aﬁ% ot s, fritaife &, e @) paglf ol of the assay
elaias angnincubated abB ey Hon atth @8 afn! Q%hesagtidmpdiedecy! sulfate in
atatersarecsdd exbtous adhedte iMptibr teatneasurebioerntdbd 9Ain amELISA Reader.
always refer to the final concentration of agent in

Z\t"esymhbs@éf BﬂaléHtSElﬂOdﬁun&t% pepide@mid- 15 At day

prior to Start ‘of the analysis, a dilution series

%easemr%s 1R ?%gf‘/s%&o%%%a/ 5@88‘88@5‘3%‘85"3 system (CEM)

t8iNds "'!'q? SEQ’REIOI 8) #i @ s5ale Pf @-25mmol.
Rendval s afre Fneoc- gs)uplse lseachleueldl dyandoulde etrgatmentiewith  10ml

pldrielirRl/ DMF @vBy%nﬂrlﬂﬁdvgﬂoﬁMﬁl@@OWlf6|b¢0§1G’s’éﬂ: [Boupling of amino

%ﬁ%ﬁ %é&?%v%?ﬁk’%@%&é%ﬁg?ﬁfgv %%ﬁe@ﬁ@ Heshgfaiino acid in
BAMIr RYBYPEHORA (f& ,ﬁ;;nc%@mga@ Nixes @nd |rrad|at|on with 50W for
5x3ﬂ)$écerBetvmen aailsayadlatlmtctmj the solGiieh wat eoolbdt by bubbling

ARGER Oﬂﬁlro% %e%@tl%'rﬁ&t@éeAﬂgﬂﬁgpF&ect?dﬁ aﬁ(ﬁ cMlipling, the resin
20| F%Ige%g t gs W|th { @mf‘DWlI!tKﬁer fhe dou%clie coupllng c;bcle aIII unreacted
amlno groups are blocked by treatment with a 10fold excess of N-(2-
Chlorobenzyloxycarbonyloxy) succinimide (0.2M solution in DMF) and irridation
with 50W for 3x30sec. After deprotection of the last amino acid, the peptide is
acetylated by incubation with 0.793ml of capping-solution (4.73ml acetic
anhydride and 8.73ml| DIEA in 100ml DMSO) for 5 minutes. Before cleavage the
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pl ates and incubated at 37C for 3-4h. 25pl of 10%
sodi um dodecyl sulfate in water are added to each

womeh1/1opedsor t o nmeasurenent E492 in an ELI SA ReadatP20@502068

I'V. Synthesis of bivalent EPO mnetic peptide units

The synthesis is carried out by the use of a Liberty

m crowave system (CEM using g nk- Am de- Resin

(substitution rate 0.19mml/g) in a scale of 0.25mmol.
Resinvigl thein Waehedr(ﬁ)upﬁeés switte MiopveDMFY athaduBl #mbes eittrerGmi DCM.

g‘%ﬁgﬂl re% g&ﬁaeg)sf 3% ARhLIdAIbA HRhD with 5mi
1A/ SREOTFed 42 B2l der 198 miguiss dRde by ieds asposphere.
é'ﬂﬁimcsczi@tiw iia filtved PyBOPAGKDBTEaN PEhess theuptaaipjtate dissolved in
Jddtdnityl %S/ Wé‘ﬂeﬂ (f1r/1i)3|bﬁ@ itRé@ paiptide 59 \Buriied ByxRPsEPLC ﬁKromasu 100
%eltgé\qa@fr!}r t| on cycles the solution is cool ed

i ng n| ogen through the reaction mxture.
gyp’er de rot ct| on and coupling, the resin is washed

Qnom DVF. After the double coupling

cycle aII unreacted 35 anmi no groups are bl ocked b
B0eg ptthe linear peplide age shigsedeecdin ROR-solution A. This solution und

60h INSIE e sidaed poyWizeth 6oMEsHlutiblA (t6ta? Mhsofdstdduition: 3h).
' '?t PMt@h sbl aéllﬁo Femdldd’ b;OéNJ raﬁ?’%@ctheptfew?émmg residue
38 A |§t R/r tgg 1 ?q]t)‘n Qj’nggg iC apld arPJ 19mg lodine (solved
dfaﬂgMa@ éwat.an @ anarit%ﬂﬂdadand:theasmwi@m die mixed $or78Giminutes at
\%?fg@tb? i%,% Dgﬁ%w%rgs :.50 %ﬁblc g!gid{jg;? ngguaé}ﬁi[étl’f@ solvents
rati re.is sol in'a / water (2 /

§ ogfea gy i3 hBUEE%éa%E R s@ﬁemaéu??gg C18 10um,

Qﬁé&ﬂﬁmm)vm th 5m  TFA/TI'S/ EDT/ H20 (94/1/2.5/2.5) for
120 m nutes under an inert atnosphere. This solution

S®ldtiont Ar AdetdﬁiitﬁleﬂrDWeté}O(hd/ €} b@rﬁtalrﬁﬂigg i)/p‘rl‘i)ecl' Fﬂgt ?ﬂé pH is adjusted
an e
g%g’fdl) %%ﬂ%ség%'rﬁ? gﬂﬁhéﬁbhfﬁ{céwr onasi| 100 C18

Cy at.l on tion
TR dpfiaation seh a@“%ms 2 PUbEAaR of S0 poBtifey Kpmasi! g €18 10um,
2604 6mmag@dlmmonmﬁ§®tcaaé%a@|@@anmlg;6%15% TF\)é0H0 minutes.
solution A (total tine for addition: 3h). 1o After
¥3In viteo pooliferationras sayntovdetebmine HRO activityand t he
remai ni ng residue solved in 30mL. DVMSO / water (1 / 1).

IeAlcaagahils éﬁthﬁu@ dfovithp hé&d 91©§01 ¥&310% el Y fown in RPMI

ihcrol ol %a'?r%%ﬁ?‘??}%?‘%w B Rotth Trphdsy AL o e

ayEbenof calls pegded i@ @EHOHR AN ATSAY Ve eantrif migy; 1500 rpm)
andpesa&tpmﬁedTheREl\Mdmtth% UGS ivathealt Wied atn300 000 cells/ml. Cells

?ﬂééultdr@d / mWﬁFse(stélfvgﬁgéf ni'édus'i‘rﬂdwttﬁ@utpﬁ_loﬁ ifde 48Shours. Before
{8600 Bl 525 DE U5 WerS RRLDISH 90%1Te / wacer (1 / 1)

cont aining 0.1 % TFA. The pH is adjusted )
Shortly before starting the assay stock solutions of peptides and EPO were

prepared. Peptides were weighed and dissolved in RPMI with 5% FCS up to a
concentration of 1 mM, 467 uM or 200 pM. EPO stock solutions were 10 nM or
20 nM. 292 pl of these stock solutions were pipetted into one well of a 96 well
culture plate — one plate was taken for each substance to be tested. Two
hundred pl of RPMI with 5% FCS were pipetted into seventeen other wells in
each plate. Ninety-two pl of stock solution were pipetted into a well containing
200 pl medium. The contents were mixed, and 92 ul from this well was
transferred to the next, and so forth. This way a dilution series (18 dilutions) of
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to 8.0 by the addition of ammoni um bi carbonate. The
purification schene: Purification of cyclic peptide,

WOR00TEg698 100 C18 10pm 20 250x4. 6mm gr adi e™CTIER2007802068

to 35% acetonitrile (0.1 % TFA) in 50 mnutes. V. In

vitro proliferation assay to determ ne EPO activity

TF1 cells in logarithm c growsp phase (2 x 105 - 1 x

106 cells/m grown in RPM wth 20% fetal calf serum

€ach) sabdtance mgds priebatdd weuieh cthant ind, eaohd ddrsecutive well the

'&BHPSHt é’tfo /g%% U?G%?Qhé %oﬁﬁiﬁt%tmnaﬂ FreSRll %f e that. From each

&{é\f}lé %ggn\ﬁ‘qr {rfe egiptgwlléoipns \fviag pﬁph concentration
@élsu;bstamee wasesgasured innquadrplicatar Wate oiiat rtbei uppermost and
VowermbstllineDfwaslisAst daenr slateBRa9Ieft vaiiar ti ng the assay
the cells were counted agai n. Shortly before starting

tl'—‘?@-t?e%?éd (SRR %é'llé”wéi@st:e‘?ftnfﬂ in2A8p& R resuspended
i RN BV
@usaanBlNM(cm@mm@d@ Q@0 gellpnwasmddedatongacit wetl. Niote that due to
A9 apdition oherecsiotHe fiphlutdorishtiatibas mfﬂﬁétsﬁﬁbstdﬁdésqr’lethe wells

\fWérE r‘fgl%ﬂwa?%f"iﬁtal orlg{iHélt Hﬁtflo‘ﬁl Alfge: F%‘féﬁ eg‘/%%ag@(m 72 h at

stance este
R l\ﬁ;' % FCS were pipetted | nto sevent een ot her
wells in _each plate. N nety-two pl of stock solution
Referepstpdingethe avaluatior| a digtienirangs) o8knovn #Noxats et F-1 cells
e alisevias \Apﬁe@are?d(ewzmwlseeopbomm?ﬁmmom | ceMgfwell were
is way a
gfpfk‘?@fde(:ﬁ i@?ﬁfgs' ; ??' i utc‘%@)ﬂg)%opﬂ%k%ow 101698
/ EP2007/ 02068 ach S bst ance was

SRS | Moo U Rt QL0 SEIeenet Tied. TRalkaRiis T reagent
(\B@mega,oC@flTlte;re 96oAauaevsitPon $olutior Gell IPrpbfesation Assay) was
thewed i @B 2AC vatae bhths RerS@el) 2&@5 df M3 freagedt Was added, and
§%8§ vIFBtiNcYSdthd at@%é |Way% ?PQﬁ@tﬂbF 3Ly N Tvﬂafnt -five pl of a

S neasur cat e
wg SHE solifion"855 aigtiesb e |P e peis Teasifed fhie, EL I roader
eniosf iTeganyl. Da*@ewer%ﬂ@@ﬁ%@daww)eadéhegts\/\(&@el) and plotted in
Graphpadiged (5 min. 1500 rpm and resuspended in RPM
vvith 5% FCS at a concentration of 200 000 cells per

hidée d@ggg suspensi on (containing 10 000
IInge Wag%ae ed 10 ehch wel|. Note that due to the

gﬂdl téﬁ‘@g@%’ﬂgﬁ?&e %Fg] éé\gﬁesﬁgﬁéﬁc{% ?v‘e&? rf%ﬁt%d fo¥&heir EPO
BHmgltiaACtMtY-ut i on range. Plates were incubated for 72

h at 37Cin 5% C02. Before starting the evaluation, a
dheyiapbides avere syinthemsized aamaptidesfarﬂ‘ icfed ocm LPSiMfario synthesizer

ltlbﬁn Vﬁﬁe rﬁlﬁ’é‘sEl@Q:ap s b0 fr%@é)ﬁlates the scale
§sa oL pEE PepuBel TSy ek, A'ﬁbv § 5, jahiard mbE-protocol
geingyd BT awagkjuater wagent T heggepling steps were performed as 4 times
coupling. Each coupling step took 25 min and the excess of amino acid per step

was 2.8. The cleavage and deprotection of the peptides was done with a
cleavage solution containing 90% TFA, 5% TIPS, 2.5% H,0 and 2.5% DDT. The
synthesis plate containing the finished peptide attached to the resin was stored
on top of a 96 deep well plate. 50 ul of the cleavage solution was added to each
well and the cleavage was performed for 10 min, this procedure was repeated
three times. The cleaved peptide was eluted with 200 ul cleavage solution by
gravity flow into the deep well plate. The deprotection of the side chain function
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(Pronega, Cell Titer 96 Aqueous One Sol ution Cell
Proliferation Assay) was thawed in a 37C water bath.

WOR907/108698, 20 pl of MIT reagent was added, and®CTEHP20EH02068

were incubated at 37C in 5% CO2 for another 1-2 h.
Twenty-five pl of a 10% SDS sol uti on was added, and

pl ates were neasured in an ELI?§A reader 20 (Geni os,

Tecan). Data were processed in spreadsheets (Excel)

v pedbiraddifor dBadipdypa@ds Hviwithinxtteeddskp eyl giatas dditgswards the

:p%g?@%egl‘g@na lﬁfaﬁg% wﬁﬁvfdealcoﬁfpéthgﬁhé%% é’éﬂtt‘i"fuged. The

tic activit .

BBl eis: SOLH, ITbroAltAl nattieniiy olutlin 3B dhe pyclization was
inqebated deersyighhelsd z6r Themdes Wese dyophilizeds was

performed in special MIP-synthesis PI at es, the scale

‘P@ é P5h ReNibRove Son¥ 3' (%éig&f%nﬁht%sted peptides

n noc- prot ocol ~ usi ng
ﬂ@%{b’éﬂ?rs The coupling steps were perforned as 4 times
coupl i ng. Each coupling step took 25 mn and the

a5eptides atératesteldiop teif EPID AHimedie adtifity ién H ¢idvadsliferation

%?S%Eage RS %n"%e#ﬁﬁ.e%?% 55 R AEH Dl e ggsay day, 40
FRIESOLIRT plates WeSe Prepared r%egwlqg i vitre Getiibhph38 et peptides,
flineferbade pepmiplis asick BE QeI paraﬂeieEP@sstmckasohmonsdvererQO nM.
top of a 96 deep well plate. 50 pi of the cleavage

Y. Siynfhe sigSofgpeistidé PIESIeBnjigdtesand the cl eavage was
perforrred for 10 min, this procedure was repeat ed 35

eEritdipieSreabit ¥es 0 idded YRsFig! & H’v@%@rategles for
R N T N e
harmnulrmormaZ@@berfme@c@CT/ EP2007/ 002068 -71 was
performed for another 2.5 h wthin the deep well

ate the peptide was precipjtated wth

83 o Ui eprash ethat s dfe ragBdonBLa Yehaliypor a starch,
mc@dmg teethis example HES oubich ssedestivelyoreagtriwithghiol groups under
i, i gtficoRB MRRtioh NEoHIiRTs. OMeis SHl@dtivittis4feachedwith maleimide
g rddes were |yophilized. 5 Figure 7 gives an
vervi ew over sone of the synthesised and tested
pepti des nononers. The peptides were tested for their
BES is fundtionatised first with aminn groups gndbconeertad aftengards to the
AsspRtivd NPafksimfde \tRFivREVS. orrﬁedre?a?cndﬁswmhed WBEeIfrééd from low

V.Hbl&ﬁﬁgr ar%%@%’an??ywad'%ltrén ﬁfe%l%rta'ﬁ%]s 'gﬁe?s WUt prﬂe afnet‘grmedlate.

rreasurl pe|dt|
QAicls ap vl e%@aWﬁl ucgﬁar%p\({)pp 8Pa1Stel . EPO stoc ks
soI ut| ons were 20 nM VI 1. Synt hesi s of peptide
Bye B g AINEDP| e reaction schene is

ﬁ@ﬂ?cﬁ&%ﬂn}l&aﬁir\g (|é RESE IO ol HESIDE6/0'S was attained via
diafiltration and subsequent freeze-drying. The average molar weight was
approximately 130 kD with a molar degree of substitution of 0.4, respectively 200
kD, MS=0.5.

The synthesis was performed according to the synthesis described for amino
dextran in the dissertation of Jacob Piehler, ,Modifizierung von Oberflachen fir
die thermodynamische und kinetische Charakterisierung biomolekularer
Erkennung mit optischen Transducern®, 1997, herein incorporated by reference.
HES was activated by partial, selective oxidation of the diolic hydroxyl groups to
aldehyde groups with sodium periodate as described in Floor et. al (1989). The
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40

15 coupling dineric peptides to the carrier are
di scl osed in WD 2006/ 136450, herein incorporated by

wor2ebhzroeésse. The ai m of the descri bed net hod i PATVEP2007/002068

production of a derivative of a starch, according to

this exanple HES, which selectively reacts with thiol

groups under 20 mld, aqueousyaeaction conditions.

This selectivity is reached with mal ei m de groups.

Hihyslef ungrioupsal iveerd fidosivertetih anano rgdwative angmination  with

BHf(ﬁﬁéﬁﬂoﬁg dﬁ‘ard éth‘ H3 SRPRE! hiekelB f‘%ﬁ#?noma to amino
é A, %

erlvatlve es were freed from | ow
greups (Yal %n'é’?ﬂﬂ éfoo g )ant s -via. -ultra

menbr anes. The : product the.. internmediate_
Pepiddatsopsningl | as the educts are al | pol y- di sper se.

%}1 r}ggéi ﬁéat%@@l@%gl% )ln"ﬁﬁgr ﬂ%ﬁ%%j%&u@ﬁ ‘Periodate in

aler aldehyde grewrs alm kwadkiceds é& t mpglar concentration of
dhve paiglizing bgentvieghumtbyvas of 3wailghbe anchm gfloyps 3k thie Amount of

%ggf derdrdgdbhethel camiest tdrnitbeoBoRfrolfledt. THesRARizEVe/ protocol the
i

R wiF rhomorhBcw dhaRsdelf: #"35'@ ?Fi%ﬁf%i%r e adduct
@Pbs\e{tth qeliydes. Jhedeagirhiime canprireducesh down §@§-18h. The used
@peorit aof hpeaicidate reppresehtsr 2@ 34 rdrithe chunerdofkgloet se bludding blocks

I?i'ﬁéea" bRicB8EY %&ll@l'n@rmb&kma%%%f 139 &t 8ngo W)t The working-up

Wi, PEHGfincd A W ﬁ'e"@ i%rad Jfpcgerav i B Bupffggon of exch

oRlymelio Preduetwag gerferme r'@)(ylll trgfilyagiant techpioyesy ysing a PES
onemprsana ¢fhdifferbni meleculad atedglatscut exffsr folieded royHyophilisation. From
ﬂ#e Qﬂp%ﬁﬁied Hies WerrRtvéd GHAP 8hEMbIBPFRAIS P48 Fargef han 100kD
aI el"% g groups were converted via reductive am nation

§8ui uncyanobor hydride (Na[B(CN)H3]) in the
presence of ammmonia to amino groups (Yaipani and
Bidehgde aRilysis5 Peri odate opening By a mild oxidation

@5uatnba€t.vé/§erﬁ| akénﬂ.tat.w@m@rdwdcqsn %Yth?é’%éilﬁb‘i’@éldé@'\%@ groups.
wat er al yde groups are I ntroduced. By using

d| fferent nolar concentration of the oxidizing agent

Regustive animatiafy with am@ogium chlogidéups and so the

anthenfolloiingostepitte introducsd dldehyde graupsowerebeonverted into amines
W%‘é rr@lﬂh@ﬁb ?nlﬁ M“lﬁea@%?ur%féa BRIt hhSL%%rﬁéhﬂ?ﬁ I Pibride at a

forms a

[ma%ltgl Vm(')‘r‘?l‘(f' '&PP{%E& gg%f‘mgﬁﬁééer eaction time

Tocan” be reduced down"to 8-18h. The used amount of

rer bptimize tieprmettos tRe Afdehyddegroupbedsf tHe gtartingematerial were

nmass .

SepsRe "%ng 3t thi, ognation o 1Be e jriggnediate is in an

pquilibrigax afiar ¢ stegting period and the added reducmg agent prefers the
imins over the aldehyde. So could be found that the optimal reaction is
performed by several addition of the reducing agent with a total reaction time of
24h.

- 'FBﬁokAFHJ‘ ébig@\g élap a§e§ & %Engd“érﬂin%@ \Whﬁ‘*NBS These

Working-up via precipitation of the product and dia-or ultrafiitration.

Amine Analysis

Qualitative: Ninhydrin reaction (Kaiser-test)

Semi-quantitative: with  2,4,6-trinitrobenzole sulphonic acid (TNBS) in
comparison with an amino dextrane.
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15 polyneric product was perfornmed by ultrafiltration
techni ques using a PES nenbrane of different

wombemab®r wei ght cut offs foll owed by | yophi IFCIatR2007/002068

From the optim zed HES derivatives only the nol ar
mass range | arger than 100kD were used. 20 Al dehyde
Anal ysis Qualitative/ Sem -quantg tative: Purpald

reacti on of the avail abl e al dehyde groups. Reductive
animation with anmonium chloride In the follow ng step

e édﬂlé ﬁggstﬁ‘u Pa‘?iegw%%?ow 9. S%”Tﬁfstt%@ulté"iﬁ’a molar mass

t
SE 0 ettt Hlads FetnGIAnG Sgrond o ARRFeT ﬁ@gﬁne' oH

val ue with sodi um cyanoborohydride. To optimze th

Systhesis : pE analeimidogrepienybamine- l@y@wquhyilﬁquhal (“MalPA-
WMES”) fol l owed by the Purpald reagent and the fornmed

amnes with TNBS. These 30 experinents have shown

fnlpl |ﬁtﬁr§‘ddc‘%ﬁ96ﬂ ARirfy ?F{?@s' HeShdHdk erﬁé'gﬁhl@begrgﬁpé aréfintroduced

P g e R ERY (PR Rk dit nimiSesthny ge.

So could be found that the optinmal reaction is
Besisd by several addition of the reducing agent
VP'hbh‘ufél‘ir?th?Huc"tlSﬁQif'tﬁé‘ rﬁél@ﬁ’m@% grgf}Bs inte tNO'HE S Gs PBriviAed with 3-

preci pitation of uct an a- or

RiaipafipRiorng, aci RUTRisurHmBeNiel (MalA-OSu). When using
RNeXEEss {5 rtealG-fold) inkaisightly asidic baifer theaganvessippds quantitavely
(%0 Imi, ghdsphateibuffehepid of,e2G % DMR] ovac hight) T&Sltrafiltrated and
%_Pfﬂ%a@rﬁeﬁct%tstbréa AN g dextrane. WO 2007/101698

EP2007/ 002068 - 73 The achi eved substitution grade

Kaﬂ I %und 2.8% This results in a nolar mass of one

LRk g bl ock carrying one am no group of approx.
gheOpaction @ythiehasiirso @roup was verified with ninhydrin and TNBS. The

PR @Pplh%bgeé!dl A RTdY dgRUMRL hy ! §él%bﬁ§trétewh|t§3y°\ regctlon of

ety s AR aﬂegha@wﬁ S 1B OGRS win Elmans
sgagant €6 ngtrloy?’ Sctihirdbearzeicyacid d PIiNE)d@rd ¥ias700 MHz-"H-NMR-

Syetthesiopy The final introduction of the mal ei mde
groups into the HES is perforned with 3- |o

el AR LRI B8 o p 500 oo
PEr gmlwml% building bleck (18Re0/awh gbicose buildinguklnek mags, H1S= 0.
(50 mM phosphate buffer, pH 7, 20 % DM, over night).

- ERE dhhowsid 1HaAIGR %@ctra (D,O, 700MHz) of a maleimide modified HES.

Ratio of the maleimide proton (6.8ppm) to the anomeric C-H (4.8-5.6ppm) gives
a building block size of approx. 6,900g/mol (in comparison: the GSH/DTNB test
gave 7,300g/mol).

"The number of maleimide groups and so the building block size can be

measured by saturation with GSH and reaction with DTNB. The formed yellow
colour is significant and can be quantified easily. These values give reliable
building block sizes in between 5,000 and 100, 000g/mol depending on the used
starting material, respectively the amount of periodate in the oxidation step. This
method has been validated by 'H-NMR spectroscopy of the product. In the NMR
the content of maleimide groups can be quantified from the ratio of all anomeric
C-H signals and the maleimide ring protons.



10

15

20

25

30

| yophi li zed product is stored at -18C. Analysis 15
The reaction of the amno group was verified with

wonoptdedsn and TNBS. The nunber of i ntroduced®CT/EP2007/002068

mal ei m de groups i s denonstrated by reaction of

gl utat hione (GSH) and the detection of excessive thiol
groups with Ell mans reagent _

6,6 -dinitro-3,3" -dithiodi benzoi ¢ aci d (DTNB) and via

Thie fytBwing-riNGes spe prefesredpy 20 The achi eved
substitution grade was around 2 % and-corresponds to

W—gem—wﬁn—f—m—ng—w K—(186—gf-mot————
gfneunt ,of | BeAQIte k1 ass, MS= 0.4). Fig. 9 shows a

1sldWF¢eqbect ra (D20, 700MBujldirig block sizesdpateiniide ¢g/mol)
129 @tl o of the nal egr§5d@o@roton (6.8ppm to the

a H (4.8-5. 6pprr) |ves ui | bl ock si ze

Bﬁpp&é 6, 900g/ nol (|n ?Fg)&ﬁl Pﬂ H DTNB

t 84 —Qdve 7, 3009/ nol ). TA@DFQXn‘dérOQQ‘ 20 de groups

apd s0.3 he bUI | di ng bl ockAppasx. 620000 7,G8D neasur ed by
Saturation wth GSH and reaction wth DTNB The formsd

ell ow _co r gni fi cant an nt|f|

455iqJ: Examaies baruBe TGrcbatiani et SuBing bids SA%et

si zes i théhanokangroupdo the dHESD dackigoy walthdeqmndatfg on

t he use@xigatishti Nng material, respectively the anount

of periodate in the oxi dation step. This method has

been val i dated by ' H NVR spectroscopy of the product.

Islm groups can be

(2% AL e (T CRAAEED] -H signal s

and t he rral eimde ri ng prot ons. WO 2007/ 101698

SYNtEesis07/ 002068 -74- The foll owi ng ranges are

Eingd ﬁ%ﬂgﬁi;) tl@@rv{/é’éj@l E8d (iibh P kit frse (Pep-1A) or a
E@tlnﬁt?gg@%%og BS gj ngxf 13n\a)E V}'ﬁ éwﬁiqggfnber&ed over night

Mppxesss (Eprooo 6 egsl\wmtsomnh MaiPAﬁpESXm shaxphate-puffep 50 mM,
E&bds B/BMFEB®RID] werking uplscufredhaith altra filtrattdn Bnd fidlege-drying.
| ock size of 5 the anchor group in the HES backbone
|$§J§ peri odate oxidation.
e- hydr oxyet hyl st ar ch- conj ugat e ( Pep- AHES)
§§nﬁt H¥saksorption was determined "at 280 nm and the remaining content of

maleimide groups was determined with GSH/DTNB.

The peptide yield was almost quantitative. Nearly no free maleimide groups were
detectable.

For the conjugation of the peptide drug a peptide domain

Ac-GGTYSCHFGKLT-Na1-VCKKQRG-Am (BB68)
is used for creating a peptide unit by introducing a free thiol group (e.g. by
introducing a cysteine residue at the N-terminus) as in

Ac-C(tBu)-GGTYSCHFGKLT-Na1-VCKKQRG-GGTYSCHFGKLT-Na1-
VCKKQRG-Am (AGEM40)

an 10-50% excess of the deprotected peptide is conjugated in a slightly acidic
buffer for 1-2h. The conditions have been optimized to assure on the one hand
that the HES backbone, the maleimide groups and the disulfide bridges are
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1o A cysteine containing peptide was used which had
either a free (Pep-1A) or a biotinytated (Pep-IB)

WONOOETNG9SA 4: 1 m xture of Pep-1A/ B was conver tP€d/EP2e17/002068

night in excess (approx. 6 equivalents w th Ml PA-HES

i n phosphate-buffer, 50 MM pH 6.5/ DMF 80: 20; wor ki ng

up occurred with ultra filtratjgon and freeze-drying.

Anal ysis 15 The UV-absorption was determ ned at 280 nm

atablé hend enethiel othet didrehto @bsenad ai qualstitgtiveigsnversion. By using

SR meﬂlﬁﬁbﬁﬁ%mﬁﬁfe&rp@@%}ﬁ n‘&sehanBeF"lo‘Foﬁlpravalent

t.Ltatliv Y no %dq 'ﬁg V\ﬁ%w vitro
EE it PRPYERS e o SYAIEREh WTGlh Ghate, Saawiy, [ vitro 2
supepralent aﬂb@mSpme\@x@anm:ammwm lowCKKQRG- Am

(BB68) is used for creating a peptide unit by
introducing a free thiol group (e.g. by 25

:2” dgm n&ﬁt_ cy nGr<(E_s|_| ﬂgf at the N—atestrig]enus) 32ptide
- VCHMipRreticGPeptideGan| Baildingalicksizesn ¢a@@m0) 3ocantent

10 WESGXCGSS Of the QARG hfidé ‘?ﬁoﬁﬁ@t' dgheoretigsl Ugékﬁé‘rlmental
%f ar for 1- }1 cond|t| o

have

aZZ et et “ei el g hand ! di T ent i el Foe
funAJPEWQ E'Egjﬂés con%{)g&%s a nunber o supraval eﬂb
EPO- M netic Peptides were synthesi sed, which have
shown in vitro a supravalent effect. Sonme exanples

"TraBIéJ? Vg I%%%‘Ht £ lerdéllrc]:gFB%ﬁ)t?;(ﬁ%orF 8 Lied&of E@@EM&% with different

Metic e on Si'zes cont ent
cont ent groups theoretical experinenta
(g/ mol) AEENMO HES A2 7,300 39 37 AGEMAO- HES A3

b, €898y eRedital AGEM%% UE&d\éuﬁFhv@%t EP@QnFﬂQicﬁpéptlde conjugates
Wﬁ%ﬁ%&ﬂ@d&ﬁ er’t‘}{?Q ﬁ@tdog\?%rﬁodﬂ ;y%ro%swaé cﬁﬁﬁ by HPLC
EEY %"fbfhyldﬁ@y?ﬁpggv BehESRIGKORBE! EnfostreRd the fmount of

polysageharide was measured by a colorimetric test with phenol after a complete
hydrolysis by sulphuric acid.

Fig. 10 shows a HPLC chromatogram .(Shimadzu HPLC) of the TFA/water

“~hydrolysis of the Supravalent' EPO-Mimetic Peptide conjugates AGEM40-AHES -

A2. After a certain time the UV absorbance of all peptide containing species is
constant at a maximal value and by comparison with the free peptide a peptide
content of 37% can be calculated (theoretical value: 39%).

VIIl. Further in vitro experiments

Many of the experiments described below were already described above.
However, the following details give a summarising overview over the described
tests and results. Predominantly the human cell culture and bone marrow assays
are discussed.

On one hand, rapid cell-line based assays were used to check for potency of
optimised peptide sequences throughout the early stages of optimisation. These
cell culture assays are still valid as rapid tests of efficacy of a new peptide or a
new batch. The two endpoints, which were used for the cell line TF-1 (human
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was realized in two steps. First the content of
peptide was quantified by HPLC after a soft

wopdrmhysi s of the HES backbone and second thecarEramiz/002068

of 15 pol ysacchari de was neasured by a colorinetric

test wth phenol after a conplete hydrolysis by

sul phuric acid. Fig. 10 shows g HPLC chr omat ogr am

. (Shi madzu HPLC) of the TFA/water -, hydrolysis of the

Sejis paed rbliferRtionV(inerel askelpt ideteraimedigat @amber of living cells at

% g#ﬁ% 0'{&2 e]%dlﬁ‘fef’ tiafioh stk fkeld Keerhd OHM production in TF-

ance o pept| e containing specie
Bant at a nmaximal val ue and by conpari son MAth t he
free pepti de a peptide content of 37% can be

Qﬁlawhtﬁﬂreq)rﬁéwafembl(haharabum 8w svéml cellsy idrerused for CFU-

| f.t e
§e§5?| beﬁ% ?ﬁ%"v c?g’ﬁév%‘ h8'jn esg’r% agﬂtgﬂeﬁ{h%y give answers to
mmete%éC%'\ﬂm B\Ancﬁae PI 4¥sq iof/ s’EHFPrﬁtr"? Qeﬁ jdes as peptide
QNS i avvnuolarrnmnee/nde\s@hk@éashlmresl-ﬂwav&r threeyuanesto be handled more
RopARtaRAtaNd heed Moreninée ber 88ddythanafé ceRaItRY 4834ys.

er
assays are discussed. 30 Eh one "hand, rapid cell-line
sA5SiA%h A 9% dig check for potency of
v s throughout the early
dtfads avhuoian efytkroleukentiaesadl lingethat qurblifierates sy dn aesponse to
%brtbln epokmhegssuicthad IL8sérSEPD. ahf addiion, OTFal BeN$ can differentiate

éh% ar‘? r&ﬁvﬁlf@\to‘fyrbﬁjﬂ ) é 38%%% 13‘11693% WEfCobtained

D?}Q'B?G We'gz@%'é“ﬁ‘ o shest i ?\Glabireplthe DSMZ
wa.bal gite disrez.deneliFds isutiher celf linevi negoowheérdaed for EPO-activity
debesfflent BPtHOE GiopkadPhathidcpest i ati on as mar ked
haenogl obi n production in TF- cells. 5 In addition,

primary cells (human bone marrow stemcells) were used
1QHr '@ﬁﬁaléé&taﬁprqxﬂm!ﬁow@'%mn%# 64lIreS the in vivo
Mediam:on. RRMIFRISyAnpioirlsGlu. +20%E6S5ahelel i c

activigty '05995rﬁl RPMihes wsiep/sf + EH’QNME%BC peptides as
peptide’ unbho IRANTICBLREBHLAY ¥l G L aRAL on

Howevér, théy are cat ed
and need m)re t itneD pdFGRsspmpigie Mﬁg'%ﬂ mante & <€)
assay$8. 1lo-ASsalycorpleteMediem FE2.5 Wéi-ILs3 [Fwieeks4°L)
Ui’ Y MAhRiKk 8Bhdeseldoo a0Te ahhat, OGO@O’Of §élﬁ§/ﬁﬁ=d}nﬂ3 Mays 2 x
1§ @ﬁsponse to certain cytokines such as IL3 or
dition, TF-1 cells can qlfferentlate tovvards an

“erythroi'd phehofPpe daysrdxpéhdel to EPO. TF-1 cells -~ - =

wer e obt ai neds fFoorh 285 kRIGAmIschwei g, Ger many). A
product sheet is available at the DSMZ 15 web site
dsnez.de. TF-1 is the cell line recommended for

e P A1 AR PREH o8¥a T or at nt enance cul fur e

In a TF-1 proliferation assay, TF-1 cells are seeded and cultured for several
days in varying concentrations of EPO or EPO mimetic peptides in a multi-well
plate.

For optimal results TF-1 cells should be cultured for two days in the absence of
any cytokine (starved) before starting the assay. Three days after starting the
assay, cell proliferation is measured indirectly by assaying the number of viable
cells.



10

15

20

.25

30

35

40

Medi um RPM +P/ S+AnphoB+L- 3 ut . +20%-CS+h-1L-3 20 1. -
500 M RPM + 5 mM P/S+ 5 mM AmhoB 2. - 200 Ml RPM

woRoPBlAegshoB+ 2.5 M L-d utam ne + 50 m FCS PCIEMDE1002068

Medium (1 nmonth 4 C) 3. - 45 m conplete Medium +
22.5 ul h-1L-3 (1 week 4C) Culture: Maintain between
200, 000 and 1, 000,000 cells/nifr 3 days 2 x 25
105/m -- ~. -For 2 days 3-x 105/m ~ For 1 days 5 X

N0%étrdzolides i reagent, acalledl MIS) i edabd owhishs &y réfudeéd do coloured
-fd:rh"]aﬂng l'l"Pfselre%HiQH dlgiéggs ohNADFEALG Nﬁrﬁﬁ?ﬁdﬁﬂ?@%ms depends

cul ture or, .sever . In_varylng oncentrati qQns

BN EPFAGHORBERh ASVILY-pepDPde@Maint rof t fORRATAN pligs emeasured

spediophgtomediticallys Uising afFange of ksowh el chumebers! foucalibration, it is

PeEsibd tel Aeserhiiné ke alisonae Mimbémnyf GiabRkicBRs t(o?é?;ntaﬂ)der each
& S ..0Q: arti ng

£RhARiGn=1AE bhfipsl S ABRTY alsB B T Bl M et Py

by assayi ng the nunber of viable cells. WO

2007/ 101698 PCT/ EP2007/ 002068 -77 A tetrazolium

meeaRiiity 6fhlRttaMl SgentSinanidedbseliis Betetmifsispd to

col oured” formazan. This reaction depends on” NADH and
NADPH, in other words depends on mitochondri al

activityl- aReessiRg Mhedhertbisagent Gaysesauineease in the number of
spect r opviablensdlisiata tertaibicongertratiorgandf known cel |

b Sl S eRolin NS EHEne ek A LR et
condi ti o@&‘-‘fﬁ*@“gﬁ‘?%ﬁ?ﬁ E@Sé ‘gn is also illustrated in
Figure 11. The activity of a certain agent in this

assay is determned by: 10 1. assessing whether this
ResuitscafiEES proliferatersassays he nunber of viable

l'ls j N centration. t i o
A58 cadterd) GEa, i B F0" el mHtionBll sy A R¥BM Bt peptides
(RMFdr andhdhe mpditied peptidedesqubestahpye) Behaye in their monomeric
forol inf thissbssay as @ytallaganisienie. alher maminkal respbase tsowbaker than
fRNidspofde iseah viitH ERCO-N@VEHHle e he 88Say C&VBE @edl fohdetermine
ﬁgq%lfgé?%go SRH %e%o%gﬁﬁééj epqotgbé)ﬁfc? )thag qgvgeljepm}rnee'tﬁe outcome of
optimisations. This especially, as it is known that the agonist activity
considerably increases upon dimerisation. )

The first graph depicts this effect in absolute response without normalisation. All

- other graphs show-normalized plots, which allow determination of EC50 values - - -

from the curves.

Two reference substances were used in the assays:
1) EMP1, a published peptide sequence with known EPO-mimetic
properties (Johnson et al, 1997).
2) Recombinant Human Erythropoietin (EPO), was bought in the
pharmacy as the Ortho Biotech product Epoetin alfa (Tradename in
Germany: Erypo®)
The plots of these substances are given as black lines, continuous for EPO and
dotted for EMP1

The proline-modified EPO mimetic peptides are shown in the next Figs. as
coloured continuous lines. These modified peptides depict the following
sequence:
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formin this assay as partial agonists, i.e. the
maxi mal response is weaker than 20 the response seen

WOno0bH10E8. Nevert hel ess, the assay can be used®OIgEP2007/002068

determine the right/left shift in normalized plots
and thus to determ ne the outcone of optimsations.
This especially, as it is knqowg1hat the agoni st
activity considerably increases upon dinerisation.
.25 The 1) iBB49r aph depicts this effect in absol ute
response w t hout [ “ﬁé @' aphs
show normalized %?o??l Hﬁ ﬁ}graﬁ nat Ioon of
EC50 val ues - fromthe curves. Tvvo reference

subst ancghowgap afficatyi and peteasy iy the same raegeas EMP1
publ i shed peptide sequence with known EPO mi netic
properti%sé gnson et al, 1997). 2) Reconbi nant Human

Er yt hr opol (EP in nmacy as
the Ortho Bi oté‘t?f‘i 8%&6?";)%%5‘}?13\/&5%&%0@%% in
Gernmany: ErypoR) 3s The plots of these substances are

gi ven asishdv@pkmbieeffecththaRFEVMP1faHd BB4band dotted
for EMP1 The proline-nodified EPO m netic peptides are

shown in_the next Figs. as coloured continuous |ines.
These mod) AGEMAGt i des depict the foll owing 40
sequence: WD 2007/ 101698 PCT/ EP2007/ 002068 -78- 1)

BRAS 18- @TV%HF@@LWW%&@Q@Q@@@@T%C#&E%%1@V<§|KKQRG Am

potency in the sane range as EMP1

Ac- GGTYSCHFGKLT- Na 1- VCKKQRG-Am i S even rmr

ef f ect i VWhicChdf aERhivalent gopisagousppeptidesmipioh was designgd Gased on
GTYSCHFGie seqaiehce WEBBED RepiQingg Mproved F&atkikds. N a

1- VCKKQRG Am 15 which is a bival ent continuous

tid based th
Be6e dSpﬁ“’HéﬁW?ér@ﬁﬁﬁ &, AR EC o THREEREfy e potent
i s an advaReslide h(AREMAD)f értli$>dateé!neaq§@fcbng tqethei gepravalence

(AGEMA0) Hipfintipleedf thecmredenpinventidre supr aval ence 20
principle of the present invention.

These sequences were used as examples inter alia in order to illustrate the
benefits of the supravalence principle.

Fig. 12 describes the results of monomeric EPO mimetic peptides in comparison
with EPO. Fig. 12 includes a plot of actual absorbance data documenting the

- absolute difference between peptidesin general and EPO in this assay:—- ~ - —=- -

Fig. 13 gives the EC50 values calculated from the fitted normalized plots.

Fig. 14 shows the improved effect of BB68 compared to BB49. Using the
optimized BB68 as building block for creating a peptide unit according to the
present invention, the effect was improved by two additional orders of
magnitude. This is documented in Figure 14 and the corresponding Table shown
in Fig. 15.

The dimeric peptide units were then coupled to the macromolecular carrier HES
at an optimized density. The resulting APl is at least equipotent to EPO on molar
comparison and very close to EPO on mass comparison (see Figure 16 and
Figure 17 below).
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These sequences were used as exanples inter alia in
order to illustrate the benefits of the supraval ence

woRodHii@ise. 25 Fig. 12 describes the results @®CI/EP2007/002068

nmonomeri ¢ EPO m netic peptides in conparison wth

EPO. Fig. 12 includes a plot of actual absorbance data
docurmenting the = absolute difderence between

peptides- in general and EPO in this assa Fig. 13

gﬂugme ﬂﬁearﬁﬁﬁﬁevlabu&is eabcThbles dbéforendidwlyl deheshstrate the great

% r§valeﬁge é;bﬂceééﬁé‘b‘ﬁ’q MBE (F(Préex\/ &4 mind, dwhnch can
%@%%% b Eolrer Brsah b AREISYEREATT i3t Rpst Sauipotent to
&RQridi virot dt ishthuspsuperior toamyt krewn t ghiregtic peptide API not
iefmsIeyiag thy supfavatside eordeper ders of  magnitude. This

is docunented in Figure 14 and the correspondi ng Tabl e
Maprow Add 15. The dinmeric peptide units were
e macronol ecul ar carrier HES at an
Genenmaewvdeantains hematepsietic istgm/eellsi withta petential so self-renew
efdi odevdlop IntoPaN BfpaEPbRbIoCUOSSIRY. i18 Gitidititth, e flaP@Rv contains

EoT R O B BB Hood o
lingage ufé“%g SEnPIRIGUIUS el 1%%1‘%3 ¥glgpe into  erythrocytes .
afemyﬂlrbyi progen#orsat e the great potency of the

supraval ence concept. Keeping the accuracy in mnd,

{%{J ev X F§ 88.'1“ Feasﬂsérhstlaatgﬁl byckilattlHEe 8%?1§a¥na|tr8\?/ cells in

I”ﬂe thylce 98%@@@?3@6%8@@%5% EP@!% RFEBERCE &Yt AReappropriate
Alokinet cocktailnpragenityr tckls poplifersié endedifferendipte tByietd a colony of

YBINS eMvaAsTaNS iIReaGe. M éI@YM B itdfs HEevEbp MftoSdramufdcytic colonles
RGO gl (Rl T, HO0 o e

one

sﬁam&%sewanﬁgwcco?ﬁml@éd( frayedi tof UeM)s rghipid progenitors
developpintay ai mlonmné evythsaoydes (redl oelts)cBepeadinbi ore dlye size of the

BRRARDIA RBRMyP tIRE PRddetitof RlellS ars YaRed BRY-EP(YidlHgG colonies of 200

?s?f% 3r St cor R MR, SBRIEChe less fg%mé \elg): Brogenitor
calls iR tafy eadier gtage %a@@ﬂ"&@i‘ﬁms%ﬂ G’er\(ﬁlﬂ’lpamt(i’ mixgd granulocytlc-
pngbeid-enariocyticapegakaryedydic diomigs oOkhese eadk peodenitors are called

prgeEmer cells proliferate and differentiate to
yield a colony of cells of a certain |ineage. I\/yel oi d

E&g?em tors develop into granul ocytic col onie

istiswlates the d@ﬁelqgf“enfmfc%ythreldcwlenlﬁésffqmrQFnHJeE or CFU-E;-if
Cetthid) different mekngesararleopyesmmraaowgm WittddnEECD no erythroid
G;Bibﬂi@sac%lzli’é@ﬂ) éhl@rB{A?ﬁ f QFC;FPH E@I‘bﬁms@?drﬁ'é’ﬁohﬁ @nBus batch
gf’ bgrq%fnqrﬁ%w)éers Pnc%e?ﬁc’ eIF Yyt

Ulose, t e’fore Psa mea%ure for O activity.
Since the abovementioned processes are very similar if not identical to the
processes which occur in the bone marrow in vivo, they are an excellent
predictor of EPO-like activity.

Design of Bone Marrow Assays

Human bone marrow cells (commercially available from Cryosystems,
serologically checked) are thawed from cryovials, and plated in methylcellulose
media with a given background of cytokines (but without EPO) at a fixed cell
density. EPO or EPO-mimetic peptide is added at varying concentrations.



10

15

20

25

- 30

35

40

20 erythroid colony, the progenitor cells are called
BFU-E (yielding colonies of 200 cells or nore) of

wOoBWH 814981 el di ng col oni es of | ess than 200 celPCI)EP2007/002068

Progenitor <cells in an earlier stage of conm tnent
can develop into m xed granul ocyti c-

eryt hroi d- nonocyti c- negakaryqQaygic col oni es. These
early progenitors are called U GEM 25 EPO

ﬂuitmé@bwlﬁchbafbb\/@rqrzm‘da% aEBYChThen, el rumesrsfdfanyeloid and

prrgge 0%%%215"% %\W ho %@Eggjﬂﬂgf rgér%?ﬁ']r ol gebf(':%l?gn?reg

can devel op. Qutgrowh of erythroid colonies froma
Hndbigeintsisf Bane Marodw ifwmsaysar row cel l's in

net hy Ipgehisdeds Eultubes ®ftrbEt EPO shdiRddHRNeyiélarmiERid (white) but not
act i vi G’%h[mg Qrg%)ncﬁ:ffoﬁ gg @Bﬂ"f&e\% 9396 smo(mc? Sﬁe%; E&hcentratlon-

very s]
occur derepdentihceedng Fqu §e m&pm%e@nch.aecwentratlon -dependent
excel lirareasegirethiecsines of theR®d| etlecadaniesi t y. Desi gn of

Bone Marg, dé3§ﬁ?é§/s3ﬁl:‘d9uﬂﬁﬁwekﬁ@n§cfmfy ewitt@alSes a concentration-

éé??@sﬁsﬁ%ﬂ%ﬁ BBl 1 O 5l R g

pl at ednGraaseimihe sizesl fstbe eedstall GplpRies. er, a peptide should
backgmnotinderdérecwitio kheraamblens ofumyketnid cBléBjesadbtairfadced
cell density. EPO or EPO-mnetic peptide is added at

\RﬁédlfégoFBBﬁaﬂ%ﬁ*vaﬁ%saVQ 2007/ 101698
PCT/ EP2007/ 002068_ - Cultures are inc

b
- heproypg Snadif '§¢@P%Wef'ﬁé’%ﬁ§§r‘%938f'u i quvg @ ot stimulate

¢he t formiation obbingeloid ecadoniesy dimdsbmvedcslgﬂdm:pnt activity on the
HOFRARIN @f- e@n@o%?ilég S CrialiRARe| %ﬂhi@%w inSthe Fig. 18 in a

%@F@%S’?m% Mg%tplﬁg WGYEE frg;o? gagapl é’s1 %rﬁ%&mented in Fig.

Ftures with EPO shoul d yield a concentrati on-
dependent increase in red cell colonies, and a
mn@ﬁﬁgbapc?asgmwasg rease in the sizes of the

ed cell colonies. 2. A peptl de shows EPO-minetic
act ivity if it causes a concentration- 10 dependent
Ascd ednnrtbg iptipdustionoaf gys appication, patients sometimes develop
@otibedies agamst deyePOe This leadsdesheisevehe conserpientes ldescribed in
ksiné®blictigy. oni es. However, a peptide should not
interfere wth the numbers of nyel oi d col oni es
obt ai ned. Results of Bone Marrow Assays The proline

‘barderde furthoraxpiare dhedpenerties abther m@é@eatas:@@rdjngitmme invention - --

fttwasdrsdlpsedlwhéther the petides infactyedss-@acowitmiaati-ERM antibodies.
showed significant activity on the forrrati on of red

?%lbgqland h m‘r’lalnI tnga ‘é%'n%’anmﬁé‘ éc’ntl-éPéh W{]bocP les were gsed1 ?or testing.
These sera were pre-treated either with EPO or the following EPO mimetic

peptides:

Ac-C-GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal-VCKKQRG-Am(test peptide 1)
Ac-GGTYSCHFGKLT-1nal-VCKKQRG-Am (test peptide 2)

Ac = acetylated N-terminus

Am = amidated C-terminus

1nal = 1-naphthylalanine

Different concentrations of erythropoietin and EPO mimetic peptides were used in
the analysis. After pre-treatment of the sera with the test substances in order to
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phot ograph of a culture plate, while counting of
colonies is docunented in Fig. 19. 20 I X

WOR01/1aehs- cr oss reactivity assay As descri bed POT/EH2€07/002068

i ntroduction of this application, patients sonetines

devel op antibodi es agai nst rhuEPO This |leads to the

severe consequences described gq. the introduction. 25

- In order to further explore -the-properties- of the

Repbitdtee aatt&RQiargibbdieshsrelsanteint thenserial tM@%ﬁ%w&i/e’réeldeSted with
.Q:.k:ac r. 2= i s _513 fter the

e G R b i T B e

RrePESRPLICN iR alfs hound Py e £ 5?‘_’%&?*’?‘ agip Jmpaynoprecipated.

gihe- prefaceld used hor this HestPds odescribed oinl dwicey €@l 2003, herein

MasepdratedBPrefeRpceAC- C- GOTYSCHFGKLT- 1 _

nal - VCKK: GGTYSCHFGKLT- 1 nal - VCKKQRG An(t est pepti de

Ac- GGTYSCHFCGKLT- 1 | - VCKKORG t est tid
%eﬁt@ge'tsaefe | RRFEUMec r@%mqﬁ%pﬁ%w@wmééﬁ 53@-@3’6 alntigogg containing
Getae usingusithelnalPO—od B mimetizl peptidesDiddoedisgtto the invention are

dMedNiaFi@pe. of erythropoietin and EPO m netic
pepti des were used in 40 the analysis. After
gﬂr/e-treat nment of the sera with the test substances in
e the seP2wETe WTedmated Wil Xo?) ouipetie pedidesgdlergpra were
afterveartls - HeSteaht ipbsiives whesentontactetie with a, rativacteelg labelled

‘éfﬁﬁﬁ{pbﬁﬂ?ﬁi??% b_ﬁi_g-gpiﬁitaﬁﬂﬁécgjié§ Weré @iﬁﬁijclrt]&ﬂiin the sera gcr)twithstanding
i brt-f gk o e el b Qg et Ners RoFabie to bind
9 \therabERD antibedias Aunind RierisAteeHatlr the aprence of a binding
pCtvity the astEROrarttibodiesewere notdeliminateztifrom frecsgractogether with
fhe EF@)Qﬁpeﬁkﬁ g@bﬁhes%hd“ﬁ%ﬁ@ﬁ%‘iﬁéﬁ Pthe 8BS afHeantlEPO antibodies

resul t { erfor re-adsor nwtht?w.
WEFs rpPedts b PetiaecAra e T e kR P g Mhe fsbidee, o

EPO minetic peptides according to the invention are
Resompireahtihunfarg EPO (rlAOEWR)wab eisedras arveoatrglr gVhere teedera were
pré- Heged MARARARIAE ety MuaPhg %g@sg'eét?%ﬁ,@é@?‘abﬁe in the
BUBRAIUSAT 5P hinGREOEHe Terioactialy IebRYedh eryibrbietin since the
aetikodies ewerrl alreadye baung randy eliminatedi My thee pre-treatment with
phehiioperdtinent . This neans that the EPO mnetic

pepti des were not able to bind 15 to the anti-EPO

PRt L e gt R G Eak Bt ahEc apiriop e Total counts

- upediiim thestP fA gerymes ansgssed @s Hasitivet when the %cpm-value-is >09. -~ -

100% cpm represents the amount of the overall used counts (the radioactive
tracer), presently the radioactively labelled EPO.

The assay demonstrates that the EPO mimetic peptides according to the invention
depict advantageously no cross-reactivity to anti-EPO antibodies. The EPO
mimetic peptides described herein should thus depict a therapeutic effect even in
patients who developed antibodies against huEPO. Furthermore, it is expected,
that antibodies against EPO mimetic peptides should not bind erythropoietin. The
EPO mimetic peptides according to this invention are thus preferably also
characterised in that they show no significant cross-reactivity with anti-EPO
antibodies.



the EPO m netic peptides and thus remained in the
sera. The anti-EPO anti bodies were not able to

wormeognéwe and thus bind to the EPO minetic p@aIVER807/002068
20 Reconbi nant human EPO (r huEPO was used as a
control. Wien the sera were pre-treated with
erythropoietin, pretty nmich ngoanti bodies were
detectable in the subsequent assay incorporating
Xa@iffieady irepsimaésl | ed eryt hropoietin since the
Fhe! Qﬁgéc?sof"ﬁéeép?rrﬁﬁﬁ&icﬁ U RSk igbfllﬁttﬁg p¥seritnvention was
pg&ﬂearmm.wﬁtgggt qgnflm nmmncmf iculari
0RO VEdpncerial lyeigs: weerrln, é‘&@ﬁ‘t”""FHE°'§&?g¥ﬁw(Hfa°?ﬁae ascicularis)
wereabisesidontestings dbie itest peptislel vas AGEW 406 HIES éssecabone) whijch was used
BES4 tyopRilivEE holaer, - SanRar MaRURer iSolltioR. Boses between100%Ymg/kg and
pﬁgfkg R)&deq'g qg%téd "gnﬁ?\?e%w%dmnisttaﬁorﬁv %? :g?l'nrﬁgf %Qpé}%?ﬁss Fhowed that

adi 0actr v¢ racer), presenrly. ﬁ ra |oact%ye 3

HEEPP demeloPeRlde fispicia 9o ERB TBIM i eTieac CYaEaia doses and
adet loogfesiingdffech s, dingjgns of toxidityweareiobservedpi ct
advant ageously no cross-reactivity to anti-EPO
anti bodies. The EPO mnetic peptides described herein
shoul d thus depict a therapeutic effect even in
patients who devel oped anti bodi es agai nst r huEPO
Furthernore, it is expected, 35 that anti bodies
agai nst EPO m netic peptides should not bind
erythropoietin. The EPO minetic peptides according to
this invention are thus preferably also characterised
in that they show no significant cross-reactivity with
anti-EPO antibodies. WO 2007/ 101698 PCT/ EP2007/ 002068
-82- X. Efficacy in primates The efficacy of the EPO
m nmetic peptides according to the present invention
was also proved in animal studies, wherein 7
non- nai ve nonkeys (macaca fascicularis) were used for
testing. The test peptide was AGEM 400 HES (see above)
whi ch was used 5 as a | yophilised powder, solved in
Ri nger Sol ution. Doses between 0,01 ng/kg and 50nyg/ kg
were tested (intravenous adm nistration). The ani nmal
experinments showed that the EPO mnetic peptide
depicts a good EPO minetic efficacy even at | ow doses
and had a long-lasting effect. Al so, no signs of
toxicity were observed. WD 2007/101698
PCT/ EP2007/ 002068 -83- References: Wi ghton NC,

" Bal'asubr amani an” P, " Barbone 'FP,” Kashyap AK, Farrell FX
Jolliffe L, Barrett RW Dower W (1997) Increased
pot ency of an erythropoietin peptide
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m metic through coval ent dinerization. Nature
Bi ot echnol ogy 15:1261-1265 5 Wighton NC, Farrell FX,

wOoCoariy1688 Kashyap AK, Barbone FP, Mil cahy LS, PCIatm8ay02068

DL, Barrett RW Jolliffe LK, Dower W (1996) Snal |
Peptides as Potent Mnetics of the Protein Hornone
Erythropoietin. Science 273: 4%} 463 Johnson, D. L., F.
X. Farrell, et al. (1997). "Am no-term nal
Refereroelsi on of an erythropoietin mnetic pept| de

Wﬁ%ﬁtbﬁ NCE Bﬂﬁ&ﬁﬁ%ﬁﬂan“i‘éﬂphBQP&r@Flﬁ RESH tAL{)K Farr@| FX, Jolliffe L,

Fariaye Ry, Beiyer ! ??%93 3 e palBhdy o erb enniopoietin peptide
mnme@cﬁtcroughre@paheab erman@ndﬂatarq/Bmt@cﬁmo&gm%ma61 -1265
Description of Amno Acids Critical for the Mnetic

Aetightoh YNGf FvFAll 'FX, BChamg R sWaghygah AG9Barbcahel P, Helalcahy LS,

r%tttulﬁt?\f3 Jbﬁlffe]LKAﬁb\AféP €§n°1 9@e as Potent
%%ﬂwgpf wﬁﬂeﬁmrapnsﬁvﬁmwﬁgﬂ %ﬁ%@ﬁ& 7*3 igtial

Advanced Dru Del i very Revi ew 548 %: 459- 476. Rl chard
Yabeson. AR hork & Eastell, skl ol %M el Amincalerainiag dimenization of an
Arythrdfiobetin ngimetidvbpeptieie Debalts Nnc inerefsedh dewythiropeietic  activity.”

I &g-doegsh on of anti- erythropoietin
g’ﬁﬁ"@%ﬁ'@é‘kﬁ%ﬁ@an serum and plasma - Part |.

i dati@n,of t ot,0
$ahn & ns reCPﬁ R P 1199 Posaiisation g ae13 Amino Aci
f’@@gde @neg@gq 1EDyfhropoictia arngeﬁgwthg ofcAmine Ag,lds Critical for the
Wiretic Adtivithof BMP Hh BibcHamistry 87, 36399957 10New '
detachabl e poly (et hyl ene gl ycol) conjugat es:

NSuRdERN 28Hnbé DPPY! ARE Cheht BUIE (200N 12220954
phosphol [ p| d, di acyl phosphat i dyI et hanol am ne,

and protein
ers

chem stry and bi ol o |cal pllcatlons Harris JM
Ri¢hard khaceg, ARthony GEsvay), ai5melt, i Ravid Rowerrdrne Kromminga,
sHaIgad Cuied, Slicole GashdegalpanBMatigl Kelfy8 'Fl'Ve?deWB,tlon of anti-

D L o O by ot e

QE?eéorf |"’orﬁafjf9ém Wreﬁ'eﬁ@i' Ervierfi 'm’BHE?l d¥ethods. 2003
DeaiR8 X1 12):31e29.0l | owi ng consensus sequence of am no

Zaiigksky S X087e8>O ANt IIKIR XN KL Quifin WIE(§D99)eMNew detachable

g dl dgétgﬁgie %c%?)l 881'518 {erso qﬂ%h’é %L(\ea%bllé W )?H\er%n}éb%neratmg

paweal; hell lg,ag;%y@ p{nay ago amine conjug. Chem. 10: 703-
707.

Zhao, X. et al (1997), “Novel Degradable Poly(ethylene glycol) esters for drug
delivery.” In “Poly(ethylene glycol) chemistry and biological applications; Harris
JM, Zalipsky, S. Eds.; ACS Symposium Series 680; American Chemical Society:
Washington DC, 1997; 458-472.
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coval ent bond or A or a-am no-y-bromobutyric acid; X7
isR H L W YorsS 15 X8is M F, I,

wonoreedsnenet hyl et her or norisol euci ne; X9 IPCTER2007802068

conservative exchange of G X10 is a non conservative
exchange of proline; or Xg and X10 are substituted by
a single amno acid; XI11 is._grjected fromany am no
acid; 20 X12 is an uncharged pol ar ami no acid or A
X113 is W 1-nal, 2-nal, AgLKIM& is D E I, L or
V; X15 is an arri no acid wi Th a sidechain functionality
capable of formng a covalent bond or A or

a- am no-y-bronmobutyric acid and 25 - functionally

SQW pEHtRIY béingWapable ofisintingt the EEPOMEcyBtor astlected fidie the group
Qﬁg%fs fdefl ned by the above consensus sequence,

| °Ct an EPO minetic acti vi ty and have an am no
acid in position X10 that constitutes a
A@eptides eomprising thexfoliawigg anspnslis aeqmncmefrwhmo)@;ids:
and X10 are substituted by a single am no acid. 30 2.

The peptide according t he anm no
acids in position X6 a%@xc&%%&d%”%% u%h t hat

they are capable of forming an intranol ecul ar bridge
wiwtHeireintdeehpeapinodacitys selectatgfreamamataiat ot uboatlrdleimimeracids and
their side chai ns 35 3. The peptide according to

o el S ENGTR A6 9o a8 Ao RuBh Bl i o

-85 4covalenpbpp G’é"‘a@fc@)‘tadn'ﬁ@ YrlromsPWWeC a€idi he cl ai ns
1 to X7is\RetkiLnWh¥e omi8;no0 acid in X6 and or X15 are

sel ect>@ds M, ¢ H@m%eHﬁer?@fWétﬁéf‘Sr ﬁdﬁécﬂémne cyst ei ne

deriv sel enocy’st ei ne,

C |1 ne
t hi ol g;soka C8PS%N3§V%G¥?}H% f@de according to
accor mgﬂooa@n@ﬁ@/aéwe@xghﬁ%quf pradinepherein X13 is
napht loy Xalamali Xg.aré.substittpéd e acdingle dmimstacid) anm no

aC| dsx p,g &Jg&gdf ﬁearﬁmo*%dﬁi' ng to the EPO 10

ecep an_a onlgt %ct ivity, selected

from PRI PBG\P ar amino act

X13is W, 1-nal, naI AorF;
XwuisD,E, I, LorV;
Xi5 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid and

- functionally equivalént fragments, derivatives and variants of the peptides
defined by the above consensus sequence, that depict an EPO mimetic activity
and have an amino acid in position Xjo that constitutes a non-conservative
exchange of proline or wherein Xg and Xy are substituted by a single amino
acid.

2. The peptide according to claim 1, wherein the amino acids in position Xg and
X415 are chosen such that they are capable of forming an intramolecular
bridge within the peptide by forming a covalent bond between their side
chains.

3. The peptide according to claim 2, wherein the bridge is either a disulfide or a
diselenide bridge.
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alternatives (a) a peptide conprising the foll ow ng
core sequence of am no acids: 15 X9X10X11 X12X13

wovdeeT/siléeseach am no acid is sel ected from nat RCAVER2007/002068

non-natural am no acids, and wherein: 20 X9 is Gor a
conservative exchange of G X10 is a non conservative
exchange of proline or X9 and g§l0 are substituted by

a single amno acid; Xl1 is selected fromany am no

4ci The XEptide autoudingangsanly pakasf thei clainasi1dtoo8, Wherélh the amino

Xlgaélé |ﬂa htm& %rag: ngnre (@I &e@%r‘ndﬁwe 6’@19 (.Q:Jrhﬂrl@ﬁ@ cysteine,

bei & e @enocys ine! %hlglysme K

PR Hecatives, 0 aef%%n?%t%ere
X6X70@X9X10X11 X12X13X14X15 wher ei n each amno acid is
sel ect ed from natural or unnatural am no acids and 35

6 r

}h§ '|' ig' de E%&d?m Wco%laﬁqglé%& dr&/&cél%n%r o4, whereln X13
gylalgning. v F, |, honoseri nenet hyl et her or

nor| sol eucine; Xg is Gor a conservative exchange of

%ﬁ ptie Df AP NeLRNVEAMHI HEAENE RMYHE, GfpadlObf thdlrf’é)to the EPO

o 2o 0 prBHECAS S Bty G581 188 Boving e

pCTaltasDaivesn02068 -86- X12 is T or A X13 is 1-nal,
2- nal X114 is D, E, I, Lor V, X15is C, A K

a- am (gy Y- Brpupsaetaom Srisked %@follbﬁ/ﬁ‘@cé’&beéé&e%@@ an¥ino acids:
is or hoc (c

" provided that either X6 or

functional |l y equival ent fr@grrent s, derivatives and
variants of the pepti desX fﬁ(ﬂ&ﬂz)by t he above
consensus sequences that depict an EPO minetic

act V\/Jfﬁéréﬁﬂdeé@i’ @ntfo HEId' ¢ 36lcdtdd FRRF iatGHal KFanhﬁétural amino

10 constltut non- conservative exchange of proline
or V\,h@Féjl 8”)(10 are substituted by a single
amno acid and a naphthylalanine in position X13

Xg is G or a conservative exchange of G;

X10 is a non conservative exchange of proline or Xg and Xio are
substituted by a single amino acid;

X141 is selected from any amino acid;

X12 is an uncharged polar amino acid or A;

X13 is naphthylalanine.

(b) a peptide, especially one being capable of binding the EPO
receptor comprising the following sequence of amino acids:

XeX7XeXoX10X11X12X13X14X15

wherein each amino acid is selected from natural or unnatural amino
acids and

Xs is C, A, E, a-amino-y-bromobutyric acid or homocysteine (hoc);
X7isR,H,L,LWorYorR,H, L, W, YorS;

Xs is M, F, I, homoserinemethylether or norisoleucine;

Xg is G or a conservative exchange of G;

X10 is @ non conservative exchange of proline;

or Xg and X, are substituted by a single amino acid;

X44 is selected from any amino acid;
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7. A peptide according to claim®6, conprising the
follow ng core sequence of 15 am no aci ds:

WOXBX7MB6EBX10X11 X12X 13X 14X15 wherei n each amOTEPR2007)02068

is selected fromnatural or non-natural amno 20
acids, and wherein: X6 is an amno acid with a
sidechain functionality capahlgg of formng a coval ent
bond or A or a-am no-y-bronmobutyric acid; X7 is R

H L WX YwBor2g X8is M F I, Y, H

hormsg( &Wﬁ%h&' I%lher or nori soleucine; X9 is Gor a
conser\)% ha G - -- X10 is-a non

conseNaf é g’h e of proI ine or X9 and X10-are
subst Xisiise@, Abgi a- @nm@ﬂebmmabuwap@cn&quhomogwtemed@oc:)

f rom Ryviaed fsatagindr X3&r¥,2id € dithagnchar ged pol ar
amno acid or A, preferably threonine, serine,

|
D 1@ | Tictgpaly Sata e freGmeAD. ST AiVER 50 vaants of the
si dechai n peptidéwdefined by dpmbbevetohsensusgenuesses that depict an
coval ent  beFD GhinfetlR adivith &1t Yabe AP BHING iagidafH Bosiion Xqo that

e e BEf%ily r%rfea%sggsa@ Ghaiduelqf Brdfine or wherein X,
in p03|t|oﬁ”9(10(104@r9 wbs ‘?‘éle ccdr 8l t 8MHRY @m_d and a

of the cl anaphmytatarﬁnealmppsitlsn@gmi he follow ng
addi tional am no acid positions: WO 2007/101698

SRR A A O o

5 an@"¥A® ackls; ndependent |y sel ected from any ani no
acid, preferably G K, L, Q R S, Har or T, X17 is

[ ndependent ly sel ecty R &, 2¢Ld, preferably
A G P, R 10 K \(‘Q(M3 y@?@%ﬁdé‘%@ndently

selected fromany amno acid, preferably L or @ X119
i s i whepindearh pnyee e%ct"édsﬁ%ﬂﬁ:tﬁﬁyfr% Ratuszli ar npp-natural amino
pept acidspandntiengint o cl ai m 9, characterised in that
X17 is a charged am no 15 acid.
Xe is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
X7isR,H,L,L WorYorS;
Xsis M, F, |, Y, H, homoserinemethylether or norisoleucine;
Xg is G or a conservative exchange of G;

-~ X140 is"a non conservative exchange of proline or Xg and Xqp-are substituted- - -~— - -

by a single amino acid;

X4 is selected from any amino acid;

X412 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;

X13 is naphthylalanine;

XiusisD,E, I,LorV,

Xis is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid.

8. A peptide according to any one of claims 1 to 7, characterised in that it
depicts a charged amino acid in position X4o.

9. A peptide according to any one of the claims 1 to 8, comprising the
following additional amino acid positions:
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11. A peptide according to claim9 or 10,
characterised in that X19 is a charged amno acid. 20

wOo1R07/W1e8pt | de accordi ng to one of the clai ms PERTIEP200I7/002068

wherein the charged amno acid in position X10, X17
and/or X19 is either positively or negatively charged
and is selected fromthe grougxonsisting of natural
am no acids, non-natural am no acids and derivati sed
amno acids. 25 13. A peptide according to any one of
the preceding clainms, charggc ' in that X10, X17

and/or X19 is a negati vel yﬁ?ﬁ%eﬁ%am no acid. 14. A

peptide according to claim13, characterised in that )
sai dwhegeinieashyamineaacié is seleateddeorn nadurakpeyneaturalgmino acids
the gh@up consisting of 30 - natural negatively

charged am no acids, especially D or E - non-natural

negatj vel y charged, am po. agcids, which preferabl

dop; e g IndaPERYSIIG SelRET Frarh aBy AR agid, preferably G, K, L, Q
2- aniRéhdparaorelli aci d, Asu; - originally positively

char ggd i MdependeAty Whictfed from BAYRNRINO &8d| yRfférzel A, G, P, R,

vvitthq) l e chemical groups in order to provide them

with_a regativel 35 charged group., 15. A peptide .
acco $Wg%aep%m%‘%/ﬂﬂylﬁﬁ'e@ﬁggm@r“NsaéH'”Pr?qq’véﬁqu{@b'Q{rlo%Q’
used Xhois indeperdentlygsglestedifiarh anyremigedacidri no aci ds

into negatively charged amno acids is selected from

haci,d C , l.capb i ' 4 :
2 pRanti etiPol R0 RpRE 35980 13 gparoed amino
-88 86id-A peptide according to claim12, characterised
in that the positively charged anmino acid is selected

fHOMA! BEptitePHECHTaIMY 1Bt dIaitn Ofor 10N &har#bteRSEd I WMt Ko is a charged
char %ﬁﬂ ?%'c acids, e.g. lysine, arginine, histi C]I ne -
or Y A €; 5 - non-natural positively charged

am no acids, which depict in position Xlo and/or X17
Akef & pbpidaracebmingttedorse dé thkaclainssi&htad 1i, iwlhergin the charged

homapgheidefd i pBsitishNYL,! X N8 ¥ekL Ys "eh_ﬁéﬂ%s;ﬁi%lgcbr negatively
aci ds, whi ¢ch areS hlomf%gfb derivatized .#Ith ﬁw{a II e . id
chentRdides ahes pricsiatt rom s ShussConsivling ef,Ratfal amino acids,
posi NP0 Urai@”'&'ﬂ@ﬁ@@é %@%E'Valfﬁed/@fﬂ'@ﬁta%-accor di ng

to one of the claine 1 to 16, wherein X8 is a D-am no

38i dp pEsiRS éEl:cyrdPigoﬁﬁ%}’\WériH‘bf‘%e bredfiind' cRaRis! ¢Raracterised in

accoBTmt t _one/orfxt e cl al eil ct:hoarlz,d SAMBrIS{ ng t he

fol | Blatde Rl doce S aaliely charg |

14. A peptide according to claim 13, characterised in that said negatively
charged amino acid is selected from the group consisting of
- natural negatively charged amino acids, especially D or E;
- non-natural negatively charged amino acids, which preferably depict an
elongated side chain such as Aad, 2-aminoheptanediacid, Asu;
- originally positively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a negatively
charged group.

15. A peptide according to claim 14, characterised in that the group used for
converting positively charged amino acids into negatively charged amino
acids is selected from diacids, such as e.g. dicarboxylic acids or
disulphonic acids.
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XAXE5X6X7TX8XIX10X11 X12X13X14X15X16X17X18X19 20 wherein
X6 to X19 have the above neaning and wherein X4 =1is

WOR00NY100698a derivative of F or Y, wherein the @®ETVEP20070682068

of For Ycarries at |east one el ectron-w thdraw ng
substituent wherein the electron- w thdraw ng

substituent is preferably sel.eggged fromthe group

consi sting of 25 the am no group, the nitro group and

H#&. ogernseptidd abeoring X4 chimr dRercharyctesiséd cinethdtr the  positively
the ghatfedamtiehtings sblebaioRt BGRLAICBASRRNg of

3-am no- %rosn ne 3ﬁ| odg-_%ﬁqr osine. " 3-Ni t r.o-tgr 0si e . iidi

3, 5- di" AU POFIYEILENArgEes R pEIIS; §ihdysige. arginine, histidine or
3, 5- @midioet yrosine; X5 = is selected fromany amino

aci d, rgrehatupdll positivetly ckarded Wmiso atid¥, which 3epl&.infposition Xio
pept !aﬂgld)rf R 'pﬁr@?&rg@% ol n@lo%&'af’e% | BigkeNHdin SRRAPIR in eq.
of blnlo}g"tat' e receptor and conpri sing an
agonOMoAPiNAG;y  sel ected fromthe group consisting

of 35 origpailyi bgativelyprhasged amind egids whichairet hewever, derivatized
fol | Quihnguigasle SRAbicar gfous fTofder RF pAVide X With a positively
X12X}f§' % %11 X12XI3X14X15X16X17 40 or X9X1 0OX11
X12XT3RX1BREEX17X18X19 WO 2007/ 101698

PCT/ EP2007/ 002068 -89 wherein each amno acid is

4¢1 e peptideaccatdingaio one whhheataimal 1 tonfl Gowheedid Xgiscd D-amino

V\’ner_%bl%i,iprr‘eféi'atkl?@f)héﬁsﬁa%hiﬁé]e positions X10, X17 or
X19 is a negatively charged am no acid and wherein 5

Xg is Gor a conservative exchange of G _ X11 is, i
48t e\ REPYIALEATEINEHIhBNa af dhe eidmssT &gy 1dn eRAMYISING the following
pol amniino acichseqluanceA; preferably threoni ne, serine,

asparagi ne or glutamne; 10 X13 is W 1-nal, 2-nal, A

W th a o decnd i ROGERBSE v Rakut R R e P g o

coval ent bond or A or a-am no-y-bromobutyric acid; X16

I s | mhepeindeytol X, halve the dbbve meanyngand evisereinh,

preferably G K L, Q 15 R S, Har or T,
X4 = is F, Y or a derivative of F or Y, wherein the derivative of F or Y carries
at least one electron-withdrawing substituent wherein the electron-
withdrawing substituent is preferably selected from the group consisting of
the amino group, the nitro group and halogens and wherein X, is preferably
selected from the group consisting of 4-amino-phenylalanine, 3-amino-
tyrosine, 3-iodo-tyrosine, 3-nitro-tyrosine, 3,5-dibromo-tyrosine;, 3,5-dinitro-
tyrosine, 3,5-diiodo-tyrosine; '
X5 = is selected from any amino acid, preferably A, H, K, L, M, S, T or I.

19. A peptide of at least 10 amino acids in length, capable of binding to the
EPO receptor and comprising an agonist activity, selected from the group
consisting of

- peptides comprising at least one of the following core sequences of amino
acids:

XoX10X11X12X13;
XoX10X11X12X13X14X15X16X17
or
XoX10X11X12X13X14X15X16X17X18X19
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X18 is independently selected fromany am no acid,
preferably L or @ - functionally equival ent

woroaymeess, derivatives and variants of the p@GVER807/002068

defined by the above consensus sequences, that depict
an EPO mnmetic 20 activity and wherein in at |east
one of the positions X10, Xl7 gg_X19 is a negatively
charged am no acid. 20. A peptide according to claim
19, conprising the follow ng enlarged consensus

Sequahefeifedtn B dod L Sdigctel o hatbraP 8t biidtlral amino

o ARESy 37 AAGTEIN 4% 2lsle2ah ORGP LR SOoMS e Xatn i O Xoo 15 2

aci dnegatively shdegedoamirfouacidiandawhengicapabl e of form ng
a covalent bond or A or a-am no-y-bronobutyric acid;

i S e T 15

hono rlnerrs y r-norisoleucine; 35 Xg is Gor
a corfuelSSRIPGEISIM ANyamno@Cidn case X10 is not a

negatiy é$ yancbiachgrdednpolar aciide a¢id arsApprferably ghreonine, serine,
consekpatdgife BXghanamedf proline or a non conservative

exch obi r and X10 are substituted by

a si ‘2(”?@3 gm%%'a%?’g"i @(ﬂﬁ?s sel ected from any ami no

aci dX14® Rak. .4 @mVunchar ged pol ar anino acid or A

pr ef Kﬁ@iﬁ wnt amiron iace] wathr a nsdectzaip fuadiiorality capable of forming a
e g

xi5 e I aapRpORury Sefrec, oy abi aminp it Brslfrably 6 K. L @,
capalf.&.dafrking a coval ent bond or A or

a- andigisyindependeritiy selected drorb axyGminoi auid prefézably\L or Q;
selected fromany am no acid, preferably G K L, Q

R S, Har.or ,T. in ca X17 i,s not. g. negatjvel .
char Rl sabyalept Fraaments . dPavAtMES HNd vanials of the peptides
aci ddefined dyatheyabovescomsensuss sequangesi thatydemetr gedEPO mimetic
nat uastivitynand whéngiralin cat [dast uaéiofettheapositorms My, X417 or Xqg is a
pref i | thyne or 10 honoargi ni ne; X18

IS i ﬁggg{éﬁedgﬁpﬁpége?@fﬂae%ayi om any am no aci d,

preferably L or Q
20. A peptide according to claim 19, comprising the following enlarged

consensus sequence

XeX7XgXaX10X11X12X13X14X15X16X17X18X19
wherein each amino acid is selected from natural or non-natural amino
acids and wherein

Xg is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
X7isR,H,L,WorYorS;

Xgis M, F, |I,'Y, H, homoserinemethylether or norisoleucine;

Xg is G or a conservative exchange of G;

in case Xy is not a negatively charged amino acid, Xi, is proline, a
conservative exchange of proline or a non conservative exchange of
proline or Xg and Xy are substituted by a single amino acid;

X14 is selected from any amino acid;

X2 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;



10

15

20

25

30

35

40

in case X19 is not a negatively charged am no acid,
X19 is independently selected fromany am no acid,

wooet/enedsl y a positively charged am no acid PGIFER2807KQ02068

R, H, ornithine or honoarginine; 15 provided that at
| east one of X10, X17 or X19 is a negatively charged
amno acid, preferably X19. .3ph- A peptide according
to claim19 or 20, characterised in that said

negad,y il W, 1ehalr Baval aiviond; acid is sel ected fromthe

gr oulx, RS Bt M9rof: 20 - natural negatrvel y charged
am nQ. aci ds, especj a

na
et ShATaE dethni " Nigenan g Reftiatty sapgble of forming
depl @pvalﬁnt o §aAelr @waﬂ@nQWabr@mmﬁyrxsawdd
2- amxyp e pidepeddently selstted front apy rmhihg guis, piefelaply G, K, L, Q,

char%% i} BeCi ds which are, however, derivatized
x : Eégé@ﬁe.\?g’hﬁ@ %q}ﬂ/gﬁ)u&&ar‘ Eeor |%r92'§c?%%1é §§algcpecmrom any

accordiing acidopeeferabind, cGalF?rsYlQT aopqatlvejhammged inagdral, non-

i Nt haturb-orc ARfivatipas | i) Yadidarngeferabiyn&, a® dH, Sornithine or

presggwi% i e]east one of the positions X10, 17

and/ seletedfromthen% %(gons%trnq_
XaiSupdep \ReieCter drage AN Amig Pretergoly L or Q;

I ysr ite case glpiisanot A segdtivaly ahdrged @mind ra:,qrd X19 is independently

non- Bafedtedl froff ahl \drhinoCAGH Jprférabip aasddivelytheRged amino acid

depi %Q?'j‘ %S t | o5'rn>ﬂ191e Wrﬂf)aéﬁngr ef erably an

el on charn suc honoar I ne;

- or qu\rr%w }hﬂe@}d?fﬂ%we @lﬁiageﬁﬂa% 9 198 H%Q%Yebhcﬁ?@ed amino
howeweid, pdeferabdy Xae¢d with suitable chemical groups in

order to provide themw th a positively charged

g\ p%;gig‘e%gq%ﬁgfngetgacﬁ%ﬁ g%’bﬁ géoo Eg@?arﬁ?%%éeg ing h%it gﬁidlr?egatively
sequehe@edwmmoaql meeecrﬁeﬁrepzbe@r@we@emsﬂmof
X4X5XBAKENSgAAXE]Y otisyea XidiKe BB padiAly DioreEri n X6

to Xl?\o'ﬂlafYﬁuH]%éb%Q‘(lé %g AFhoVBEIHS] Whith*refetably depict an
a3

F or *Prigied Bbe e sl *”?eéﬁr@ne&f%'%ﬁé&r% 5

subst iorignally psitivejys canoge: aminor aifamh hewever, derivatized
pr ef wrtabsklytaﬂle ldhekical, gidup$, inTorder ito pﬁévrde thept wdih a negatively
accopfhfdigogpai m 23, wherein the

el ectro WI hdrawi ng 10 substituent is selected from

t he group consisting of the am no grou&)ethe nitro )
320u3 ReRiideanerprdingaliedons ef e chaims s' P &y elparacterised in that in- -
sel echsal o positively charged amino acid is present in at least one of the

positions X19, X17 and/or Xg it is selected from the group consisting of

- natural positively charged amino acids, e.g. lysine, arginine, histidine and
ornithine;

- non-natural positively charged amino acids, which depict in position X0
and/or X,7 preferably an elongated side chain such as in e.qg.
homoarginine;

- originally negatively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a positively
charged group.

23. A peptide according to one of the claims 19 to 22, comprising the following
amino acid sequence:



10

15

20

group consisting of 4-am no-phenyl al ani ne,
3-am no-tyrosine, 3-iodo- tyrosine, 3-nitro-tyrosine,

wWORB#titnsono- t yr osi ne, 3, 5-dinitro-tyrosi ne, PCIFEP2007/002068

di i odo-tyrosine. 15 25. A peptide according to at

| east one of the clains 19 to 24, characterised in
that X13 is naphthylal ani ne. _26.. A peptide according
to at |least one of the clains 19 to 25, which is

sel ected 20 N XEXEXEXaX6XH8K1 20X 34 IRGX QX 17X18X19
Ac- GGTYSCHFGKLT- Nal - VCKKQDG- Am  Ac- GGTYSCHFGKLT- Nal

c- PRGNt %R VE IVRREKES AN I SORMLRIRG DL T- Nat

- VCKKQRG Am  Ac- GGTYSCHFCGKLT- I\IaI VCKEQ?G- Am Ac-G
GTYS&H He KM oNatd erivatila BEFAsn YAowkére i SHdrdédvhtide of F or Y carries

1- VCIié Cé;}é %H_klt%ﬁéw CHFCGKLT- Nal

- VCK-
_VCK A6 TR Ao FaUMEERIOT PREiPTAtICA. Har. ot T or |

Ac- GGTYSCHFGKLT- Nal - VCK- Har - @ Aad- G Am WO 2007/ 101698
E@T /P i'd@zO?é&%rdlnEZ t$CEThRCIAB Whehéin 11H&K5@E£Eoﬁrw|thdrawmg

Ieas é;%nlbs'\gélp in | eng ﬁFdAd?aﬁab?'érngth a%n?ogroup, the

t he nﬁﬁbgf%ﬁf‘gr %lﬁae%@aﬂ. ‘é’hﬁ@"& al§o elgrapiy ?‘*«'gf’ﬁﬁd from the
sel egtaup f camsistirg gobup-amivnaghenylalarone, 53-anpe@dyrdsime, 3-iodo-

char Qﬁb@ihbs eslnitvo-tyr6sine! | ®6LdIBroras-Byrosmesns B-dihitdMykdsine, 3,5-
aC| d%“%d%(gf §%ﬂ‘ X1T X12X13X14X15 10 wherei n each am no

acid d fromnatural or non-natural am no
acids and wherein X8 is a DDamno acid; Xgis Gor a
@6ns & peptidecaccartimgote atfle@st otid of thepelaimyd9 ta 24, characterised in

consg{é{%w@ng,ymh@@%,ﬁé proline or a non.conservative
15 exchange of proline;

26. A peptide according to at least one of the claims 19 to 25, which is selected
from the group consisting of

Ac-GGTYSCHFGKLT-Na1-VCKKQDG-Am
Ac-GGTYSCHFGKLT -Na1 -VCKKQEG-Am

Ac- GGTYSCHFGKLT-Na1 -VCKKQ-Aad-G-Am
Ac-GGTYSCHFGELT Na1 VCKKQRG Am
Ac-GGTYSCHFGDLT-Na1-VCKKQRG-Am
Ac-GGTYSCHFGKLT-Na1-VCKEQRG-Am
Ac-GGTYSCHFGKLT-Na1-VCKDQRG-Am

Ac-GGTYSCHFGKLT-Na1-VCK-K(GIr)-QRG-Am

Ac-GGTYSCHFGKLT-Na1-VCK-K(Adi)-QRG-Am
Ac-GATYSCHFGKLT-Na1-VCKKQ-Aad-G-Am
Ac-GGTYSCHFGKLT-Na1-VCK-Har-QDG-Am

Ac-GGTYSCHFGKLT-Na1-VCK-Har-Q-Aad-G-Am
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or X9 and X10 are substituted by a single am no acid;
X1l is selected fromany am no acid; X12 is an

wowoehenessd pol ar ami no acid or A, preferably tPAOTaEmD0T®02068

serine, asparagine or glutamne; 20 X14 is D, E, I, L
or V; X15 is an amino acid with a sidechain
functionality capable of formgyg a covalent bond or A
or a-am no-y-bronobutyric acid and - functionally

equi val ent fragnments, derivatives and variants of the
peptides ddbGRIY HYHFGKlabOAd - OKKENEGsARequence,

that depict an EPO mnetic 25 activity and have a

D- ami no aci (iGGHGTSCHFGKLIBNaa8VCKK i add@-Amcor di ng
to claim 27, conprising the followi ng am no acid core

quence 30 XBX7X8X X11 X12X13X14X15 wherein ch ..
278 Gntite oF 2 {As oD Ardnerands At o ReRG e binding to the
anmi nEPQu¢ecrptanandoneprising ansagenighaeitvitycisglegtachfram the group
si deebmgisting/oeti onal ity capable of formng a 35

coval ent bond or A or a-am no-y-bromobutyric acid; X7

is R H, é_ Wor YorS; WO 007( 101698 PCT/ EP2007{ 002068 .

- 93 xBepti @marg:pnsgjpy e\fg quylgg core sequence of amino acids:
D- honoseri nenet hyl ether or D- norisoleucine; X9 is G

or a conservative exchapg®,d G X¥%M X proline, a
conservative exchange of proline or a non conservative

5 exchange of proline; qr X9 and )%10 are supstituted .
by aWeeHINLaGh ApNiRe deid ixiselected iray BaturaloRy ap-natural amino
am necidsiathd Whereirs an uncharged polar amino acid or A

pr ef Rp abh D-bRHiIG®BLIE, serine, asparagi ne or

gl ut ; [,S4i .V, X15 is an am no

aci dﬁw{ﬁ Oarj?gf;%%s%rglgtﬁ\% 8’5%'%4”&?;% y capabl e of form ng )

a cSwalSeROBEn@ EPNseryAtive SXCRANGE Bf (irBlNR r i NgRi gonservative

29. exgiepigedsf protime;di ng to claim 27 or 28,

chatr égk&éhé@@lo!af’e %UBétitl?ffé_d &?siri'é%ghﬁﬁwa%‘oﬁ}tm ne. 30; A

pep e ol . . 1.0 , Characterised in

t hat kﬂ‘t'?%&ﬁ‘?‘;&?@?’% %Rgﬁgﬁﬁb o, acid in position X10. _
X412 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;
XusisD,E, I, LorV,
Xisis an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid and

- functionally equivalent fragments, derivatives and variants of the peptides

defined by the above consensus sequence, that depict an EPO mimetic

activity and have a D-amino acid in position Xg.

28. A peptide according to claim 27, comprising the following amino acid core
sequence

XeX7XgXgX10X11X12X13X14X15

wherein each amino acid is selected from natural or non-natural amino
acids and wherein

Xe is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
X7isR,H,L,WorYorS;
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20 31. A peptide according to claim?27 to 30,
conprising the followng amno acid sequence: X6X7Y

WOXDXI X498 X12X13X14X15X16X17X18X19 25 wher ei n PXG/EP2¥17H02068

have t he above neaning and wherein X16 is

i ndependently selected fromany am no acid, preferably

G--K L Q R S Har or T, g%L7 is independently

selected fromany am no acid, preferably A, G P, Y or

30 aXgodst DM,y DHfar @l nHYr aD-H,hdD-Honteserinedtethylether or D-
der| Y]ghlsgggcﬁ\,@ no aC| d preferably K, R H, ornithine

S |nde endently selected from
any. XAIRG aks GONSFRPLYE BGNENGE O X1 | <
i ndepfend® mroines & @one@lrvatlmenempaagémi rrolide a@5a Iwn gonservative

pept bd@hé%;g%;ﬂbﬂtbﬁnéo claim 31, characterised in that

lo cLLG Ay ES%BEara&fb? shblerarfRgl oo s

to cl

L o sHietled Trdm 2y SENSASH101 n00

PCT/ Er2 09 Bho0rdeBged Pblad aminpesid de Aicprefeliably ttueoniee, serine,
of tagpg}a@"ﬁgosgmé}nﬁ-@ wherein the charged am no

acid St 0, X17 and/or X19 is either

posi ve y’ or” ne a ’ivel¥‘ charged and is selected fro

the draild a@oﬁm'@ﬂ acl ¥ithnatsidethainifuactionalily capable of form'“g a
non- cavaleat bamd no Az alanmiano-ydenomakiutyradacidi no aci ds. 5

35 A peptide according to one of the precedi ng

negaPeé*"ﬁ%a%%%§‘%ﬁ§dtgm@wiﬂa%?dgf1%§ EREgRe MOtat X is -

accoPB?’Nda HING-ai m 35, characterised in that said
negatively 10 charged amno acid is selected fromthe

800UR pepHde lcBErdm é910 rlﬂélH{ 37 L9861 cMEIaCIERRIORA R iDYepicts a
i

aC|d especi al | on natural negatively
charégargf@l mgc%% n%?'gﬂn '®f erabl y depict an

el ongat ed side chain such as in Aad,

31amAnpértidecacatirdinigdo daim 27 torﬁcgimai;jr‘;simg)md follelwing amino acid
char ggquéiadio aci ds which are, however, derivatized

15 vvlth sul tabl e chem cal groups in order to provide

themw th a negati vel char ged rou 37. A peptide
according to cl)éﬁmgy XoaraeX ncﬁ(w)ﬁa&(m he group

used for converting positively char ged amino acids

| nt oyRepdhiXel X, CRADRR %B\Saocarﬂo rﬁ’c?vs}h%r Rl ected

from di aci ds such as iC aC| s or

X6 is independently selected from any amino acid, preferably G, K, L, Q- - - -

R, S, HarorT;

X47 is independently selected from any amino acid, préferably A G, P, Yor
a positively charged natural, non-natural or derivatized amino acid,
preferably K, R, H, ornithine or homoarginine;

Xsg is independently selected from any amino acid, preferably L or Q;

X1g is independently selected from any amino acid.

32. A peptide according to claim 31, characterised in that X;7 is a charged
amino acid.

33. A peptide according to claim 31 or 32, characterised in that Xig is a
charged amino acid.
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di sul phoni c acids. 38. A peptide according to claim
34, characterised in that the positively charged

woaTiwiessi d i s sel ected fromthe group consi StAOTERIHOTAS2068

- natural positively charged am no acids, e.g. |ysine,
arginine, histidine and ornithine; - - _ non-natural
positively- charged am no aci.dg,. which- depict in

position X10 and/or X17 preferably an el ongated side

Gaai A puptid@aaccording to dreohitiee claies 30 te 33, iwgherain yhe charged

negabied ackd'#f Qm@ﬂ")@% &S ﬁd)@ﬂ')@ D igefhef B@Y@ély or, neqatlvelv
g R h

or ov FRrSRean ReBCiRsl o, 1S, Sraiipap i ﬂ dlygal ghino acids,

pept nhav-ratg@ amino mldsmﬁcbdewailzcdam@ozmds; 38,
conprising the followng 35 am no acid sequence:

FEOR0 é&@%ﬁ%%q}%@%%%ﬂ%%5&3e%§é?§%§éﬂﬁs hEiehsed in that

bove nea ereln
200710 THoBNELEr 587198556l CHAKP@TING 2. v or a

derivative of F or Y, wherein the derivative of F or Y
ggggﬁe%epﬂ{ielﬁéﬁirdmgetcﬁ'c%hf \r/hlﬁdﬁéiétéﬂlséw in that sald negatively
o eGP sy SEEar 0l SNSRI,

accor aaﬂg'at ’é)eQﬁtlaYleH @gargﬁﬁ@rr@nﬁ agls, especially D

el ect mom-matuhal rreagatiyelys ciarigeduaminoi acide) ediardpfeferabiyeepict an
gr oUB|drijated SideLHin S06n aglimAad! QLQinnbh@ptaWeHTé?;lcﬂrA%Lp

Sher 2?55'8%%“ poshivey §§3%49§n?@ﬁ"%°é$é98vﬁ%%e% [Reysy, derivatized
of 4Withi sitable eheaieal oroups. ianpTHis! {9 myevide, them with 34 negatively

3: |odba@xﬂqybua, 3- nitro-tyrosine,
3,5-dibronD-tyrosine 3,5-dinitro-tyrosine,

5-qi . odo: rosine. 4 e t. 1
i i R S e e Sy e o
EPO ﬁ@@é?ft'ﬁ@ ROfdi th%g?@iﬂ%tnt@dﬁgﬁt'w'y charged amino
sel eatigd fig oselebtedgrfmm d«rmd;s stsuoly ab: e:g.pejdardesylic acids or
char glufiHotidabigst he fol I owing core sequence of amino
aci ds 20 X4X5X6X7X8X9X1OX11 X12X13X14X15 wherein
each am no acid is selected fromnatural or »
R8n- Aatreptifie aaserydingcitesclaina dhecbpractgrised -inj that ther positively
a dethamjedvamivio agid heselbcted fromvheigeoup torsigiing ght i ve
of F_Qbtufal positively charged amino acids, e.g. lysine, arginine, histidine and

ornithine;

- - =non-natural positively charged amino acids, which depict in position Xjo - -

and/or X47 preferably an elongated side chain such as in e.g.
homoarginine;
- originally negatively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a positively
charged group.

39. A peptide according to one of the claims 27 to 38, comprising the following
amino acid sequence:

XaX5XeX7XgXaX10X11X12X13X14X15X16X17X18X19

wherein Xgto X1g have the above meaning and wherein
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carries at | east one el ectron-w thdrawi ng substituent;
X5 =-is- selected fromany am no acid-, preferably A

WOH00K101698 M S, -T-or |: - - X6 is an an no a®Cd/EW2067/082068

sidechain functionality capable of formng a coval ent

bond or A or a-amino-y-brombutyric acid; 30 X7 is R

H L, Wor Yor S X8is M Egg. Y, H

honoseri nemet hyl et her or norisoleucine; Xgis Gor a
consefy\ais W eY exalderyatioé ofF oflY, wherdmtheodedvativei ofd or Y carries
eXCh%'ﬂ@é‘as@fonEré?éétthm Wit %i%v?ﬂﬁ sﬁ%@ iffeft.Substituted by

et 0 Sis Y ﬁefha%@ama&a&ds a&?ﬁseﬂx LR A or 1.

preferably threonine, serine, asparagine or
glout A peptidél dadcordingEto | cldimor3gy; whkbeihs the alcton-withdrawing

aC| d Wb%hu?n? é&l‘% tdy frﬂﬂﬁﬁé)ﬁ?’ddﬁ Xoﬁé’igﬁﬁgghg)f %efa‘?ﬁlﬂbn@roup, the

cova a~am no-
2o d’WS’ SERP aed B3I99IBLH EP2007/ 002068 - 96 -
functional ly equival ent fragnents, derivatives and

var i anpephde tdtRoRARG | tedlaird €39, nekereih Dieisadslegted from the group
Cons%ﬁﬁ%tuﬁ@ oq.qfe‘p %ﬁumB ;bf?ttengf%ﬁ’érﬁﬁe ag. aliﬁ Ro{ﬁ/%% ri& S9dg-tyrosine, 3-

act

cons it f‘%}fﬂgs'ﬂenon %@Wé%‘?‘?éﬂ%%xcr?aﬁzj’é“'HP‘tMPQﬂ"'i"?\e ot.5-diiodo-
wher ¢ymsik@. and X10 are substituted by 5 a single am no

acid and have in position X4 F, or a derivative of

91 bt hg‘r gg%tfch 8?(& W%%teﬁgiﬂﬁg ae%i%/m é/r\%tﬁf cgpgtgle of binding to the
subsﬁ 1Q spgeptarnang C;S’é'fbl?" iTiRg é’é‘cé@‘éﬂ'ﬁba@@”% gelacked from the group

wher eomsistirg ef:ectron-wi t hdrawi ng 10 substituent is
selected fromthe group consisting of the am no group,

o cr Behides EBe B e Py e toia r P SR RRCSPERRMS doias

consi sting of 4-am no-phenyl al ani ne, 3-am no-tyrosine,

3-i odo-tyrosine, 3XAXeXXKeXgXyXpXins¥n3X14X15
3, 5-di brono- t yr osi ne, 3 5-dinitro- tyrosine

3, 5-di,i odo- r osi.ne. epLi d acco to at .

e as e pach SPNG: add is s deRka Fade BelEe! 8 cirihatural amino
t hat artdsds)sl wheredn char ged anino acid in position X10.

20 46. A peptide according to claim42, conprising the

fol l eui-ng ANHPG Astivative TSNP F or Y, wherein the derivative of F or Y

carries at least one electron-withdrawing substituent;

-~ Xs ="is'selected from-any amino acid, preferably A, H, K, L; M; S, Tort~ - -— -

Xe is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
XzisR,H,L,WorYorS;

Xsgis M, F, |, Y, H, homoserinemethylether or norisoleucine;

Xg is G or a conservative exchange of G;

X10 is non-conservative exchange of proline or Xg and X4 are substituted
by a single amino acid;

X44 is selected from any amino acid;

X412 is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;

X4isD,E, I, LorV,

Xi5 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid



X6X7TX8XIX10X11 X1 2X13X14X15X 16X17X 18X19 25 wherein
X6 to X15 have the above neani ng and wherein X16 is

WO 200zpeerdent |y sel ected fromany am no acid, pCaiEmedsiop2068
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G K L Q R S, Har or T; 30 X17 is independently

sel ected fromany amno acid, preferably AA G P or Y;

X18 is independently sel ected ggom any amni no acid,

preferably L or @ X19 is independently selected from

any afimstionallyd eqéivaléntfeggreatsadenvativeg drd ¢ardants 43 the peptides

char gy Hed abB% cbhéehsus BRREAES t{f FRCARESO mimetic
48. epti ccording.to cl.ai.m .or , .
char ACPGR 8B Ve el akis; &oid incRosition %ai that songlitulgs a non-

49. popegvatiee gxchange gf polneconwherain Mozant X4barte sulgstituted by

wher gi dinglacarfiimar &sid andnhae g;ﬁ@'siiidih PQFH, torand&ddativélaf either F or

200711800830 A9 BLE e Ealled RO RRE Y ftron withdraving

rged an
sel eSUB3HHERM t he group consisting of natural amino
acids, non-natural am no acids and derivati sed am no

g, dg tide PRRidrdifgads Oc’img 40 Wheréh the BlRESALWEhdrawing

cl ai 9 hse [ : :

andr o3yt 1 seBORLL TR YR Gror, lptiiiha & dhe Shring group, the
pept INHEC Qe anchhalogedsai m 50, characterised in that

said negatively <charged amino acid is selected from

tgﬁfn@r %@Jﬁtiéé’%g&diﬁg tlef clainﬁ‘?izl_r\ﬁfrllerréﬂﬂ%i Pé%é‘le?t'é@r §6f/ the group
o ngelsiela RS pheRyiarine, damRARIN Y iodo-tyrosine, 3-
depi OItreiiyrosingngas&dibreraodieasing ucmB.aglinitfodypsine,  3,5-diiodo-
2- amtyrobkimet anedi aci d, Asu; - originally positively

charged am no aci ds which are, however, derivatized

izt h ssuitable chem cal_groups in_qrder.to provide . them . .
dher n APRRR Foitoine; e CRaeE g, b HecClahe 42344 pabecterised in
accothatigdepicls arhamged aRmoaaciein pesition Xihat t he group

used for converting positively charged am no acids

4B o UL Cado g RGOS A 2, ArBising “ioP RiRRvinG Cino. acid
di suISBﬂUﬁ'?%e'aci ds. 20 53. A peptide according to claim

49, characterised in that the positively charged

am no acid is SERAXIXIPQNXIXe: XXX ,1£0nXigdb Ng Of

wherein Xsto X415 have the above meaning and wherein
X6 is independently selected from any amino acid, preferably G, K, L, Q,
R, S, HarorT,;
X47 is independently selected from any amino acid, preferably A, G, P or Y;
Xis is independently selected from any amino acid, preferably L or Q;
X1g is independently selected from any amino acid.

47. A peptide according to claim 43, characterised in that X47 is a charged
amino acid.

48. A peptide according to claim 46 or 47, characterised in that X is a
charged amino acid. '

49. A peptide according to one of the claims 45 to 48, wherein the charged
amino acid in position X1, X417 and/or Xig is either positively or negatively
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- natural positively charged am no acids, e.g. |ysine,
arginine histidine and ornithine; 25 - non-natural

wOomo81/t018%8l y charged am no aci ds, whi ch depi ct BAT/EP2007/002068

position Xlo and/or X17 preferably an el ongated side
chain such as in e.g. honoarginine; - originally
negatively charged am no aci dgmhi ch are, however,
derivatized wth suitable chem cal groups in order to

pr ovicHargeteanavig Bercpsh frohv tey grod cohvagistty of aaturalbdmino acids,
A pe@?)hq'%ééfa? Qﬁqfeé‘%cb% md&fwétf&%d%rﬁ?n@ac‘ﬁs to 53,

wher is a Damno acid, preferab
D- phenyl al ani ne. 35 55. A peptide of at I east 10 am no _
561 dA pepticmqgccmrdmpt@btbrm of thsi prgicedingoclaimes 46R®49, characterised

r ecefy fat X8 XQmEpiG Xg 98 rgtively aheirged bynins akret ed
fromthe follow ng group of peptides: (a) a peptl de,

conpr.i sing .the fol|l ow ng core sequence of am i
B3 O PeRIESS0eERINGI BT So G ARRAEERSB O B gREd egatively

- 98 Ebhapedldmixbradis ¥ 4xiestétbixdm the gro@X chosisting of
ﬁfﬁf&ﬁ%ﬂﬁé@éﬁ%moad%ﬁﬁh@rﬁdh @a8pBciaNy MopEi d s
e 51O R Y s B el i

i s selawated sidsh Sﬂﬁ*i‘ A8 infed 1@5“')%9 ep lacl
unchaloglgmaﬂylmzrsnaneimohalcged amm@z agidsfvdrialvlaye t howevemderivatized

seri @ Stﬂﬁaf!ﬂé Qﬁ'eﬂﬁcélr%@u%qm order Xé%rbﬁld\g/them with a_negatively
napht nér % nrl n(ﬁ Aor F, X4 V; X15

is af ad 90988 d wth a si dechal n functionality

capable of formng a 15 covalent bond or A or

82amAnpeptide accdnding te cleimnd51,asharatterisedfinrthat theagroup used for

equi E@h@éﬁm? mﬁchgﬁ‘déd’éfﬂﬁ@%c?d@lﬁf@rﬁ ﬁe cﬁ ed amino

peptldes de t he abov CQNsensus se u

depi 8F'9%n '%P%?e%e AR %ﬁ?ﬁ 0P8 £ %t O PX)AH:e ‘acids or
of t HisUYWING Beigsx10, X16, x17 or X19 depi cts a

positively 20 charged non-proteinogenic am no acid

B3Vi RJ pRpilECaltiitiingMib CRald 49, characterised in that the positively
charged amino acid is selected from the group consisting of
- natural positively charged amino acids, e.g. lysine, arginine histidine and
ornithine;
- non-natural positively charged amino acids, which depict in position X1
and/or X7 preferably an elongated S|de chain such as in e.g.
homoarginine; s
- originally negatively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a positively
charged group.

54. A peptide according to one of the claims 42 to 53, wherein Xg is a D-amino
acid, preferably D-phenylalanine.

55. A peptide of at least 10 amino acids in length, capable of binding to the
EPO receptor and comprising an agonist activity, selected from the
following group of peptides:

(a) a peptide, comprising the following core sequence of amino acids:

XoX10X11X12X13;
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el ongated conpared to lysine; (b) a peptide,
especi ally one being capabl e of binding the EPO

WOreEpuens conprising the foll ow ng sequence ofPCAVER2007/002068

aci ds: 25 X6X7X8X9X10X11l X12X13X14X15 wherei n each
amno acid is selected fromnatural or unnatural am no
acids and 30 X6 is C, A E, _ggm no-y-bronobutyric
acid or honocysteine (hoc); X7 is R H L, Wor Y or

S; X8is M F, |, hoKeXeXeaXidheisXedXqor

nori sol eucine; Xg is Gor a ggnhservative exchange of
G 35 X10 is Har fgo am no aci d;

X12 is T or A x1§%q]"s1°%\y§qz>§é§“4 KaRIEXe F X1 | s
Db E, I, Lor V; 40 X15is C, A K

a- anivhe réinbéétfﬁ)_@vlrﬁihbi%écibdidigct!éﬂmg@bfﬁhﬁimél %Cr@w-natural amino
pr ov her or is C or hoc;
2007??@%6%@35@%'[%&007/ 002068 -99 (c) a peptide,

conprising the follow ng am no acid sequence

X3 X4 X X6 67 08X e moetvativa 2XeBatgxeb&16X17X18 5 wherein

X6 t x, Kikdsdlaated fifm g \éﬁniﬁéaédld‘rg of variant (b) and

wher I

ACi d% Hgﬁ&gwﬁb‘@%gﬁjﬁ%} Krp.ﬁ@a%?cir of Ar 8@1&%I)€mr§§nyg serine,
is i ﬁé@ﬁ@%?[ U@FE& ed fromany am no aci d,

pref éxalsl W, Aaphthylalarhme[\/A orS;;Torl. X16 is

| ndem{jgeﬂjt EYl. $ebegt ed fromany amno acid, preferably

. nde&éﬁ&seﬁn iing gt w%%a@%ﬁﬁ?ﬁé&@aﬂ}@ ghBat{b%of forming 2

pept cavalgptberd ﬁgAth GRRIRPysbromntyis agidt he
f ol | aguwedl amfmctneqal@nequwélermﬁnagmexus dderivatives and variants of the

peptides defined by the above consensus sequence, that depict an EPO
mimetic activity,

wherein at least one of the positions X49, X16, X17 Or X4g depicts a positively
charged non-proteinogenic amino acid having a side chain which is
elongated compared to lysine;

(b) a peptide, especially one being capable of binding the EPO
receptor comprising the following sequence of amino acids:

XeX7XgXgX10X11X12X13X14X15

wherein each amino acid is selected from natural or unnatural amino acids
and '

Xg is C, A, E, a-amino-y-bromobutyric acid or homocysteine (hoc);
X7isR,H,L,WorYorS;

Xs is M, F, |, homoserinemethylether or norisoleucine;

Xg is G or a conservative exchange of G;

Xio is Har

X141 is selected from any amino acid;

Xqy2is TorA;

X13is W, 1-nal, 2-nal, A or F;

X14is D, E, I, LorV,;

Xisis C, A, K, a-amino-y-bromobutyric acid or homocysteine (hoc)
provided that either Xs or X5 is C or hoc;
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20 XBX7X8X9X10X11 X12X13X14X15X16X17X18X19 wherein
each amno acid is selected fromnatural or

WOnoNH1aés8r al ani no aci ds and wherein 25 X6 i PCAVEP2MI7002068

acid wwth a sidechain functionality capable of formng
a covalent bond or A or a-am no-y-bronobutyric acid;
X7 isRHL WrYorS;, X8is M .lggl, Y, H
honoseri nermet hyl et her or norisoleucine; Xgis Gor a
conservative exchange of G 30 in case X10 is not a
posi gdywvely d g
g chaﬁﬁﬁ%?’fﬁ%&?o T R TQRARNG B salee”
X10 is proline, conservative exchan of proline or

a non conser v&(a&&sée@éﬁhxgémé(fnﬁp?(w)‘h ane>§(9Xﬂ;nd X10

are substituted by a single amno acid; Xl1 is

;g: ZWh%?HIW)@a%%% hg(}il;e ab 9e Pfez%,;'i’é}gl{ﬂ BAG Y¢Lrein
hoparag? méﬂoqwen&remw tedirgm’ @nwwnqaap' PIafrab By E, L. N, S,
F; XlerVs D, E, I, L or V; X15is an anino acid with

a si ggehgi n functlonallty capable of formng a 40

883%6%5%'5%8?%&@&8%%%%@1 An BRI Sk pFeBify ATE) K. L. w

a po si thi ty charged non-protei nogenic am no acid
havi Xgs |sa|m:ie@endhaily1 seleictdd fronmeboygemiad acidppreferably G, K, L, Q,
lysi pe.s ¢$: i s independently selected from any am no

acid K L Q R Sor T, in case X17 is
not g(%%gﬁ % n'%’n

rot ei_ nogeni c charged am no acid
havi gs 'Sﬂnﬂeﬁﬁ ’BWaﬁerﬂe%ijé'f‘Pm §”¥I3<5‘F1'§8t3§d}1 -conpared to
lysine, X17 is selected from any am no acid,

Beef Rrp%HtMeAacc@fdlﬁg td MinP5H08drhpN&hy tﬁ@%l%ﬂn@%b% §équence of
non rﬁﬁo g§d§or derivatized am no acid, preferably K,
0

hine; X18 is independently selected from
any amno acid, preferably L or Q@ in case X19 is not

a positively chz{smmxmmzxymmmw%mmi d
having 10 a side chain which is elongated conpared to
| ysi %19 | |nde§end ntl%vesele ted froman

Whi %' n i | %r_n%o I amino
aci d, ﬁF%Pe?% NG aGid ;15 35/e R i gAiuia" QEingn-1aqlire

as Kacis andowhefeif t hi ne; provided that at |east one of

Xlo, X16, X17 or X19 is a positively charged non-

prot &i r]g IfmiRB! AQd "’\ﬁithl é“%}ﬂé&aﬁﬂ RuritRioRBRtyNcHPUKE bfSforming a
el ong éelenf:bgnpda&@g\ or a amlno ){(St')romobutyrlc acid;
X7isR,H,L,WorYorS;
Xgis M, F, |,Y, H, homoserinemethylether or norisoleucine;
Xg is G or a conservative exchange of G;
in case Xy is not a positively charged non-proteinogenic amino acid having
a side chain which is elongated compared to lysine, Xio is proline, a
conservative exchange of proline or a non conservative exchange of
proline or Xg and X1 are substituted by a single amino acid;
X1 is selected from any amino acid;
X4z is an uncharged polar amino acid or A; preferably threonine, serine,
asparagine or glutamine;
Xi3is W, 1-nal, 2-nal, A or F;
- X4isD,E, I, LorVv;
Xi5 is an amino acid with a sidechain functionality capable of forming a
covalent bond or A or a-amino-y-bromobutyric acid;
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57. A peptide according to claimb56, wherein at | east
one of Xlo, X16, X17 or X19 1is a positively charged

woahTimiessi d and wherein the positively char ge®CTaH2007/002068

acid is preferably selected fromthe group consisting

of: 20 - natural positively charged am no acids, e.g.

l'ysine, arginine, histidine aggg-ornithine; -

non- nat ural positively charged am no aci ds, which

pr ef & adsey Xde ki mdt sapositivelp g:ataegchndue»pccbteinﬁogmimamcb &6id having

l yS' %esme ug'ml:ll\ Ys 'é%dté‘@lcg éSQQ I@é.ﬂﬁaoxggﬁéj%deoendpnﬂv

owever

e Beficte BRBCARY, a1 A PTG oty TR 07 T
posi in ¢asy Xmisavf@ea:lpgwbv@y qandvp@muogerac chargashaminmacid having

of X&0sid&léhairKWhie |§<1-:«‘Pon téd Rm‘frhﬂarééhb 195iaegXY,; PBelected from

t d
Pr ot &gl Cagge@%@%bﬁ/ opld s%éa .y kg hatural, non-
acco?‘éﬁh‘f@ | prdeuivg %Pg‘ﬁm'\ﬂﬁ rPrta a%lydﬁ it i &rﬁ%’ﬁ'th'ﬂ%

posi Ny is independerdty setecteddwind any gmiooi abidi greferably L or Q;

el ongRELSN Xydist fot & péélﬁvéy‘éﬁafd@i Ron-prteirRige nid“@mlno acid having

! onAeSE Al Vs fed s 61uRECY s mpencenty
wher 8electart frem ag¥ansinG; acigy ew @ @Qsm@lm clhﬁrg%d amino acid
wher suoh asd,Rnder oohitldh2; units is preferably between

1 a”%r&nde@%at%tﬂ’@é’ét'd?\% SRR X, 0K L Br Ko is%‘ébs@@@ly@harged non-

B e e e

conpd® BEN% Iysine, is a non-natural amino acid. WO
2007/ 101698 PCT/ EP2007/ 002068 -101 61. A peptide

87C ORI HicleCaclordiity 48 <l AMEEE! Mnerir! ol RSP BRE'GHXBTXROXy7 or Xio
acid. i’s G the copprl sing

hormgr 6' R?ﬂbve gnﬁ;dtp] % cg wherein”the positively charged
ani namaﬁ% lalpéﬁ?fﬁﬁ@ly 5etsegtedAfrp@bth|ecwou@@@n§|Siﬂggt06

cl ai mnaturatpasiticélgrahaeged antihaackds0 eqy. Iysife] arginine, histidine and
char Bﬁﬁitrﬁﬁ% .no acid. 63. A pepti de accordi ng to claim

56, C aractterlsed #t'n thz1 I S geg. am'ego bly depict
aci d7 "EE-BAUr Y&} G @6%? ﬁ%’”? @ WhighRrelprgbly; depict an
55 t@los@atadwélﬂéuqhauméomar@cbw lysimeno aC| d in position

X10, - LAginahyghegatildly ichaegddamim® atcidswethigh aire Neowévere dgrivatized

char ged 4pGpis cﬁ%hﬁ&éleﬁrofu'bgnht Bgﬂeggtﬁuﬁo iels ?ilz az»grltﬂfa positively

natural a no aci ds, on- nat ur
der i 24708 WPno aci ds.

prowded that at least one of X490, X1, X47 Or Xqgis a positively charged non- -

proteinogenic amino acid having a side chain which is elongated compared
to lysine.

58. A peptide according to cIaim 57, wherein the elongation of the positively
charged amino acid is provided by elongation units of the side chain,
wherein the elongation units are either aliphatic or aromatic groups.

59. A peptide according to claim 58, wherein the elongation is provided by at
CH; units, wherein the number of CH, units is preferably between 1 and 6.

60. A peptide according to at least one of the claims 55 to 59, wherein the
positively charged non-proteinogenic amino acid which is elongated
compared to lysine, is a non-natural amino acid.
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15 65. A peptide according to claim64, characterised
in that X10, X17 and/or X19 is a negatively charged

woatiwiessi d. 66. A peptide accordi ng to cl ai mPE€I/EP2007/002068

characterised in that said negatively 20 charged

amno acid is selected fromthe group consisting of -

natural negatively charged amjpgp-acids, especially D

or E; - non-natural negatively charged am no aci ds,

Wi cA peptide abtyrdilgpiteticlaim 66| ovihgatiadsad deorehatunalsaniino acid is

as ) . : i . : q
post e T LRl he g HingRr b ABlherviaarine and
deri 9t'% 35! -sui t abl e cheni cal groups in order

to provide themw th a negatively charged group. 67.

Bﬁpem ipeptiae cacadirgingt to @lahmseﬁ,cr@r@c_rtaﬂ.sal iiﬁema't g(ﬂblmt X7 is a
t he Si“é’rﬂ .4 converting positively charge

am n%hgtq% S i ﬂ}({)gé{g'gat ively charged anmino 30 acids is
selected fromdiacids, such as e.g. dicarboxylic acids

68. & pepiide dccortingdo @8im A6 eghdrdeterisedrini thgt das dhea charged
of thamisbacs 55 to 67, wherein X8 is a DDamno acid,
preferably D phenyl al anine. 35 69. A peptide according

to, qgne of . the clains 55 to_68, conprising._the )

B | Bwprelde, FeROTR do sk a8 CTB IR Mstein the charged

X12X88i0d XCEXin pasinn Dex1 817 a0diehebeiis eXbet poxtigelyanrenegatively

tP 2% éhatf%dnﬁmlwge@%tbd/\h@hﬁtﬁe Y3 upOET I HRPSS natutral amino acids,
_ =.| 8. . .derivative

of Fﬁgra' %,z(“%f?éﬁgiﬁ% ag [bg.zadﬁg%%\@@gdgfn 'E{)oa?:'cgs?carri es

at | east one electron-wthdrawing substituent; X5 =1is

66| eét peptidecaccorgingrtorslaiat 64, clparatterisbtyin AhattXqoKXqLand/or Xqg is

M Sa nedaitively cHardéd afhiReBkigde according to claim 69,

wherein the électron-withdrawi ng substituent is

sel ected fromthe group consisting of the am no group, .

fhe AnPepHderanfording toackien 5. |aharacterised dnj that said negatively

accochamgdtamitiosacid T selebtddromtie igso e censisting obm t he

gr oup nafiRBFhEdtNeIEnSgadiansinB RS, 8spetiafy D or E;
3-am no-tvr,osi,n

e, 31 -tyrosine, 3-..01Lro-tyr )
3, 5 arrBory regavel s Sidngey o J6ig; hbtn' Bleielalfy depict an
3, 5- glangated sidegdiaiiesuch as Aad, 2-aminoheptanediacid, Asu;
- originally positively charged amino acids which are, however, derivatized
with suitable chemical groups in order to provide them with a negatively

charged group.

67. A peptide according to claim 66, characterised in that the group used for
converting positively charged amino acids into negatively charged amino
acids is selected from diacids, such as e.g. dicarboxylic acids or
disulphonic acids.

68. A peptide according to one of the claims 55 to 67, wherein Xg is a D-amino
acid, preferably D-phenylalanine.

69. A peptide according to one of the claims 55 to 68, comprising the following
amino acid sequence:

XaXsXeX7XeXoX10X11X12X13X14X15X16X17X18X19

wherein Xgto Xi9 have the above meaning and wherein
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15 72. An EPO m netic peptide, conprising at |east two
mononeric EPO m netic peptide consensus sequences,

wovdoer/sitépsat | east one of the nononeric pepti ET/EP2007/002068

consensus sequence is a peptide according to at | east
one of the <clains 1 to 71. 20 73. The peptide
according to claim72, which_kgpa dinmer and conprises
at | east one nononeric peptide consensus sequence
according to at |east one of the clains 1 to 71. 74.

A corpaufd by BANGE a8 09 o P \GReHeRS the @ dt%'lg F20r Y carries

(i) at'.least two erei n each pept

(i ¢ B st P SlphL i arapo SYRSTHENR: th n by nll ng
capadistyistselected figen any ianinatacids psefesatdly fol;itrli,dW, S, T or I.
carri er unit; wherein said peptide units are attached

7. S&N Hé?eécltc%lr&lﬂ@r &' cfé%t Gﬁndwh\@péﬁe'tﬂe alelelcfrﬁa-wnhdrawmg

gne dopR ept1 de uni ?

30 a@é‘B?’dﬁPﬁ@t tsosﬁlﬁcteéjagf)"bﬂ& groumeorsigfing of t %37‘1"‘0 group, the
75. Titeo gmygpoamdi hatogendi ng to cl ai m 74, wherein at

| east one peptide unit conprises a peptide diner

S A8 Al Jo S 7 ORI, RGO e o

con‘prcp§§'§t"ag qf drgmigeroheayiaianiner 3-aminadyrosing atridieytyrosine, 3-
dendmitto-tyrosinej nedr5-dibsomoHyrasinend 3,5-dimigbeyrusine,  3,5-diiodo-
sel egjgdinkr om t he group consisting of polyglycerins,

WO 2007/ 101698 PCT/ EP2007/ 002068 - 103 polysialic

aci d, dextrans, starches or polyethylene glycol or

fli2o At RBO metl@@e@aﬁeyccprﬁ@wﬁma@téeaadweunengmeylﬁe%léo mimetic
77. peetidegunsensas cseqlienges 0 wiieréieaat least ofie tdfethe monomeric

pr eC%@Fﬂ@e Q;'oﬁ%@ﬁsm?#ségugrﬁab e s Pe %‘tlHeSéL“cgrd?ﬁJ_]]XHPe[}_ Hgast one of the

carri unllﬁ) nprise ranc | ng unit

corrp8 ording to claim77, wherein said branching

unit conprises glycerol or polyglycerol. 79. The

F3p Thiechepticler aboogding tatcldira®2, whiehd$ atdimnepranciecbmprises at least

cl ai %eﬁﬁoﬁSm@ﬁc pé’iﬁﬁ% dhstis s%%'hhbﬁ&e 'Rlcsgcﬁrbf ft@%? I€ast one of

nol e r V\BI% east prefera rom 2
to 2 d k7[3andfrom20to 80 kD in case srraller
10 carrlers such as pol yet hyl ene gl ycol are used. 80.

ae ooy 6@1@69\@!‘@ f%gtatrgeﬁhole%@lﬁ!s eBmpPisirighe

preceding cl ai ns wherein said carrier unit

is c 0 f at st two neric su

wher OV naLas! uf \arelRe Wit hPeiehpac sRRBlE el samagises at least
| east otwsome:!mg;wnﬂalalmndmg‘cabamtytblaniaegetstructure. 15 - -
81. The conpound according to at | east one of the

Precefi BPieabPbAB polG GG Hinig unit;

wherein said peptide units are attached to said polymeric carrier unit and
wherein at least one domain of at least one peptide unit is a peptide
according to at least one of the claims 1 to 71.

75. The compound according to claim 74, wherein at least one peptide unit
comprises a peptide dimer according to claim 73.

76. The compound according to claim 74 or 75, wherein said carrier unit is or
comprises at least one natural or synthetic branched, dendritic or linear
polymer and is preferably selected from the group consisting of polyglycerins,
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a first biodegradable carrier unit wherein peptide
units and second polyneric carrier units are attached

WOt 00BHBI6hSf i r st pol ymeric carrier unit. 82. TheCa®mm070d2068

according to claim8l, wherein said second carrier
unit has a [|ower nolecular weight than said first
carrier unit and wherein appreggmately 20 20 to 50%
of the attachnent sites of said first carrier unit

Whi ChyolysighcehéitaRlektrdRS, &isrcRES Ut %Eéiﬁ;}ner@igiyc%ﬁcmdrom other
carrier unllls which are glr f?rably PEG of a nol ecul ar

3 h e
wei gifolR@ERY Igett yatergDIg POIVFRRIS: onpound accor ding to
at | east one of the above clains, wherein a nodified
@@l yTaei compourideaceording ® atskedst dhe &4 .thd Iprecatimy eiaims 74 to 76,

5t aeen SR RA TR calieg L SR e S Shraiub it ©
carrier unit and attachnent occurs via a reactive
a8 ndhasompaund a¢ooeding e claimi 1o vieseip s@idibeanching unit comprises

C-t egcBR) or pBKER%Y¥IIC acid of said peptide units,
wher&i'n said réactive amno acid is preferably

Ist Thecomraindiaedrd & lantoe 3 e Prdciding claims 74 to 78,
gl ut aumeceincsald caarienenolebuleohasaa analetwylao weaightaofl aldeast 5 kD,

200769&%{%@3 o 56 @Q%O&ZWOKD L4 OS50 b B0 K5 case smaller

sai d"po rirc carri ér uni €S Nnot possess an

appr odiriess sucheag polyethytans glyepl@reuped.a coupl i ng unit

is used for nodifying the polymeric carrier unit,

WOET ThE @RhSburUBEEMEingMo! atl RaBl SAE ORI prEdRINE AIdiheM4 to 79,

t he %1\%%) consisting 5 of aclatl&ggrousgs which ,

r eactNRITR $AI CaRieToURR deromitosed; of Bk Rasidwinpelymeric subunits,

?l kyvherelg sgidopatygmetic lshbur_ﬁim}aiare\fdohheetebf\ﬂ‘a' dt lelast one biodegradable
nmer - , imdazo or ami no groups on

sai dgﬁ%gﬁtd@kgt%&%m preferably nal eimde groups,

ester and am de form ng groups which react with a .

S4r bdhelcogineund agicordiag 5o et lsast oae ofithe peeceding elgims, comprising

gr OURSiryii6dedraasbledrhed (vat Mnbfdiy ?éwidégn% QH@%eRBnd polymeric
said ge,ptl de unit " - di thiobis

[ uch as. 5,5 . . .
(2-nf rﬂsben%a&eeé)ﬂa@\eeda§,a'dofirf=‘wa<ﬂwrer'e§ﬁrrtﬁr§aftf i des
and al kyl mer captan groups, dicarbonyl groups, such as
%pl Ghe:xcantgiound apcording tackiimt8ie whireindiaie secendycartps unit has a
iC : [ . . .
B S5bipHRP LA A G By G e pproxmately

pept | reac

gr oue t@ 508 plithepltachenentesitesiof saigt Bisp safries wnitsvhich is preferably - - - -

I eaCHEY @l o CUPRROFMS sBICSB DR WaierSHitd VAL ERé preferably PEG of
carrier unit, V\:hIhCh react h am no groups on said
pept f MPIGFIAr weight gheu b(\mﬁj according to claim 84,

wherein said reactive amno acid is cysteine and
B8Ber The compburauptcording tupat ilsastedre of diee ffoveAclaims, wherein a

nucl igggﬁggpwgﬁ(gh%?ﬁuﬂﬁ%&&%.accordi ng to any one

of t

84. The compound according to claim 83, wherein said peptide unit is attached
via a covalent bond to said polymeric carrier unit and attachment occurs via
a reactive amino acid, the N-terminal amino group and/or the C-terminal
carboxylic acid of said peptide units, wherein said reactive amino acid is
preferably selected from the group consisting of lysine, cysteine, histidine,
arginine, aspartic acid, glutamic acid, serine, threonine and tyrosine and
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20 87. A peptide, characterized in that it is an
inverso and/or retro/inverso peptide of the peptides

woamenrodéssg to at | east one of the clains 1 toPC3/EM06/002068

respective peptide consisting entirely of D-am no

acids. 88. A nmethod for dinerising nononeric peptide
units to forman EPO m nmetic.qpgptide dinmer, wherein
the diner is created by form ng a coval ent bond 25

bet weHerine if0 eS8 Pséldo%ﬁlyrﬂénénbémer\’\hﬂte'dbe%a'r%t bpBgsess an
is fornmed tfj?ztvveen the C-termnal am no. acid

1 r s@PRERRSIALE iEaGiNG FAUPHT rotiRy & ReuRling Uit 4598 fop groditying
aci dtieé pblyenerizceardermanioneri ¢ peptide unit. 89. The
nmet hod according to claim88, wherein nononeric

EE?LGIV&]%F%IW s[éd %@%{)H@é Ei_‘filt i§ ﬁré?é'r%%’qél@dfé@?roﬂ?yge ?Loup consisting
f uncof @ﬁmllatlng groRr® MhieT reaﬂt iwithgthe @ming efpupsgfcaid peptide unit,
wher %'mg, \@gbeag WPM | aber Wi Qsm%ﬁw t(H\%réé;%) thiomethyl,

chain termnal amno acid

onOBIIAZO RIS GFAUPSAD S ePhdS il Tett Rraterably maleimide

N-t eighd U, estérnandiantide §drming g6 olmmnmmwtrp@mhrmyl group
EP2007/ 0020

t 2007/.101 6
lrJnrcj\lt h86|v€8c8r PSRy ‘f%‘ﬁ%ﬁ’%, RITEIY, ProlPs wﬁ‘ggtélrﬁa&glt?\ thd' Sulthydryl
covalgesupshard daidk peptide hanit,wsuaip nase bj5¢-ditbiobisi € 2emitrobenzoate) -

. . e . . _
92 a?ﬂéd%t gﬁla@-ggk II r%éiﬂ?(g’ésoﬂaer@of‘aq‘qﬁme‘#faaptgﬁ' gﬂfupss dicarbonyl
90, @FRURS, rﬁqcﬁea%rﬁ)’ﬁ@ ea@n@@neogr@uﬁg gnd other 1,2-diketone groups

i nt ewm&re%@rwmpmé §eanE R ﬁﬁﬁatie%f@h’i@'ﬁérp'tnﬂe'im diazo groups,
m netic nits are selecte

ot h iBasicitt rendio g ins ot s andes Jeatle groups from
hono eyadtionnef eyatogehs hooyideewith, said1 polypsarivtecarkier anit Bwhich react

10 9%@%@?&%[&?%‘%&8@%@&%h ned corrpri sing an EPO

m et Sequenc in any one of the
clains 1 to 73. 93. An EPO mi netic peptlde di mer
BPodlibecomypaunsl Aesardindatocelatm i skl faid resclige @gnino acid is

91 aB@st@Fn@faﬁ{cﬁ\Whéréiﬁ%Erd écbdkﬂm@ g?@@bh&ﬁ@@nﬁﬂ@@ce as
defined in any one | ai s

86. A nucleic acid encoding a peptide according to any one of the claims 1 to 73.

87. A peptide, characterized in that it is an inverso and/or retro/inverso peptide of
the peptides according to at least one of the clalms 1to 73 ora respectlve
“peptide consisting entirely of D-amino acids. '

88. A method for dimerising monomeric peptide units to form an EPO mimetic
peptide dimer, wherein the dimer is created by forming a covalent bond
between the monomeric peptide units, wherein said bond is formed between
the C-terminal amino acid of the first monomeric peptide unit and the N-
terminal amino acid of the second monomeric peptide unit.

89. The method according to claim 88, wherein monomeric peptide units are
used, carrying an amino acid at either the C- or the N-terminus with a side
chain functionality capable of forming a covalent bond, wherein a covalent
bond is formed between the side chain of the C-terminal amino acid of the
first monomeric peptide unit and the side chain of the N-terminal amino acid
of the second monomeric peptide unit.



WO 2007/101698 PCT/EP2007/002068

- 105 -

90. The method according to claim 88 or 89, wherein the covalent bond linking
the two monomeric peptide units to a dimer is a disulfide or a diselenide
bridge.

5 91. The method according to one of the claims 88 to 90, wherein the amino
acids forming the intermolecular bond between the two monomeric EPO
mimetic peptide units are selected from the group comprising cysteine,
cysteine derivatives such as homocysteine and selenocysteine, thiolysine, K
orE.

10 '
92.An EPO mimetic peptide dimer, comprising an EPO mimetic peptide
sequence as defined in any one of the claims 1 to 73.

93. An EPO mimetic peptide dimer produced by the method according to claims
15 88 to 91 and preferably comprising a peptide sequence as defined in any one
of the claims 1 to 73.



