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Apl aGen GrbH Anpl d- Sormerfel d-Ring 2, 52499 Baeswei |l er
"Mol ecul es Whi ch Pronote Hemat opoi esi s" The present

wOonuensisn rel ates to peptides as bindi ng nol eegditE®26061012075

the erythro poietin receptor, nethods for the
preparation thereof, nedicanments containing these
peptides, and their use in selected indications,
preferably for treatnent of various fornms of anemn a
and stroke. The hornone erythropoietin (EPO is a

gl ycoprotein constituted by 165 am no acids and havi ng
four glycosylation sites. The four conpl ex

car bohydrate side chains conprise 40 percent of the
entire nol ecul ar wei ght of about 35 kD. EPO is forned
in the kidneys and fromthere mgrates into the spleen
and bone marrow, where it stinmulates the production of
erythrocytes. In chronic kidney di seases, reduced EPO
production results in erythropenic anema. Wth
reconbi nant EPO, prepared by genetic engineering,

anem as can be treated faf@é‘,i by@ég. EPO i nproves
di al ysis patients' quaf\?ty of litfe. Not only renal
anenmi a, but al so anenta~rn prenatur e newborns,

i nf | anmat i OprrdIELSotAmErfaRs M@@mw&@m be
I nproved W th=+ecornant— =By-—peans=0t=EPO, a hi gh

dosage chenot herapy can be perforned nore successfully
in tunor patients. Simlarly, EPO inproves the
recovery of cancer patients if adm nistered within the

scope of radi atNislecllbs W émigh PrombtecHémetdpoissis”wi t h EPG,
a problemexists in that the required dosage regi nens
are based on frequent or continuous intravenous or

diﬁ% .L,J%%g%g%ﬁv Fe%teg C@(ﬁﬁﬂ% eesﬁ] Bfﬁgﬁ'@ Hﬁi'xﬂ:dle% for the erythro-

t peietiv okegepton ﬂi\emcébofﬁﬁl W@nprﬂﬂa@t@@r thﬁé@pfrrdn%@gaf@gnts containing
Iffese! i6€§ %ﬁ‘tﬁ %If‘ vigk Mﬁteé‘léfdéd‘ thdicRionky pRIMEIBbE for treatment of

for e %/ t4 gl ycosyl ati on or
p‘é@jﬁ?'vk&fpﬁﬁs of & Qﬁ‘@e’ﬁm rease stability and thus
bi ol ogi cal half-life ti rre. Anot her inportant issue

a$ﬁ© chatrethevnetythropeietin EP@nis ai glcopecteirbiconstitutEBy s165 amino

g% gg_ba%}ﬁl: Wlh&%‘bgﬁ% ﬁc%@ylﬁtlgﬁ Vs%? PTREHAPLbRDHIEL carbohydrate side

reat
chains comprise 40 percent of the entire molecular weight of about 35 kD. EPO is

formed in the kidneys and from there migrates into the spleen and bone marrow,
where it stimulates the production of erythrocytes. In chronic kidney diseases,
reduced EPO production results in erythropenic anemia. With recombinant EPO,
prepared by genetic engineering, anemias can be treated effectively. EPO
improves dialysis patients' quality of life. Not only renal anemia, but also anemia in
premature newbomns, inflammation -and tumor-associated anemias can be
improved with recombinant EPO. By means of EPO, a high dosage chemotherapy n
can be performed more successfully in tumor patients. Similarly, EPO improves the -
recovery of cancer patients. if administered within the scope of radiation therapy.

In the treatment with EPO, a problem exists in that the required dosage regimens
are based on frequent or continuous intravenous or subcutaneous applications
because the protein is decomposed relatively quickly in the body. Therefore, the
evolution of recombinant EPO-derived molecules goes towards selectively
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This is due to the fact, that reconbi nant EPO i s not
conpletely identical to endogenous EPO Once anti body

woaomesisn i s i nduced, it can |l ead to anti bodi eeT/ERIIOSH12075

conprom se the activity of endogenous erythropoietin
as well. It frequently increases the dosage of

reconbi nant EPO needed for treatnment. Especially if
such anti bodi es conpronise the2activity of endogenous
EPO, this effect can beinterpreted as a
treat nment -i nduced aut oi mune di sease. It is especially
undesired e.g. in case of dialysis patients undergoing
renal transplantation after nonths or years of
EPC>treatnent The anti bodi es then can conprom se the

TRodiiiel RS PORPELR Py BieRlst S aRukie) BfigbsPARHL BF beaytation,
tm ardgyltaimceease gfabilityrarektbos Ibiologicalihalfdife tilpﬂ@n questi on,
whet her the nodifications introduced in reconbi nant

Efrﬁthé‘r it P%%nf Rsi@ SE%eQ W?ﬂhocﬁé ‘t’l%'atrﬂéhtf wﬁH Fe%oFﬂH'Fﬁant EPQ is the

nprove
\wanger, b%aépgagmtémmp @ﬁt"é?@?fa 2o rfﬁa@%b@é‘m gﬁ’ig é’?ﬂk&'ng treatment.
IHigas M fo | thEefdct, MhatiretordBiay EROt B Sotpcotpitelyi identical to

o5k AR ELORRG ST AERAN oL b 0GP G818k 88 antbodies,
S/ﬂh?icle coapremise thenmdtividy oblendogemnuﬁr elythrepaietioashivgll. It frequently

%é%ﬁgé%y%{cgo g%éf'ergcoeﬂr\]%lg&ﬁfE @%‘f@b\%ﬁ%r RSW&ESEspeC|aIIy if such
snjihbdiesanempramisel e @evityeoft ﬁlﬂdﬁgﬂr@tJSnEE’S}a thés effect can be
Giﬁfév\e%%é%éé/\é' t%ﬁt%nﬁhdﬁb@d atfemunbh@issaie Iﬁgte'é.géélally undesired

at _su es can be truncated, t
#9i PeCagenphiia ‘fsﬁégpgt@ﬁs Mﬂ@ﬁrg%%mﬂagC‘fﬁiﬁ%‘i‘?%”a%ﬁrsmonfhs or
Suardesfi EPpepéatdemt.nThe cantipdieROtiseracanvcompameise the activity of

S“@eﬁ%&gﬁé FrRE PR EEATH B8 arsDlty SRGnIRAEREARe dthropoieti
aadtivity iofi the transplastesl pigane Pagsantiyoiitiaian egen wyestion, whether the
ALk l%@dnﬁ@ﬁl@%%%ﬂnlﬁﬁﬁpﬂb@ ih & @418 Shdr€a@Sbiological half-life

03| I on is consi dered bé
e il ADOTaVALR Of gnprave  thig| proglegn. |G§%?ﬁaﬁ>dé ng@fjbe expected that

AHAEhSVS MbditidRioRE Qe kfeprhdiaife thae vall Higgraate ehis problematic

whi ch contains at | east one proline, often two proline
rRI8PEYEs in defi nedpositions, usually nunbered as

position 10 and 17, referenced to their position in

An alternative strategy is the preparation of synthetic peptides from amino acids

which do not share sequence homology or structural relationship with erythro-
poietin. It was shown that peptides, unrelated to the sequence of EPO, which are
significantly smaller than erythropoietin can act as agonists (Wrighton et al., 1996).
The same authors showed that such peptides can be truncated to still active
minimal peptides with length of 10 amino acids.

Synthetic peptides mimicking EPO’s activity are subject of the international laid
open WO96/40749. It discloses mimetic peptides of 10 to 40 amino acids of a
distinct consensus preferably containing two prolines at the position commonly
referred to as position 10 and 17, one of which is considered to be essential.

Thus to date, all small peptide-based agonists of the EPO receptor have had a
structure which contains at least one proline, often two proline residues in-defined



10

15

20

25

30

the very active erythropoietin-mnetic peptide EMP1
(international |aid open WX6/40749; Wighton et al.,

wa20B/0586hnson et al, 1997): GGTYSCHFGPLTWCKPEGBEP2005/012075

These prolines are considered indispensable to the

ef fectiveness of the peptides. For the proline at
position 17, this has been substantiated by
interactions with the receptor3-while the proline at
position 10 was thought to be necessary for the
correct folding of the nolecule (see also Wighton et
al . 1996, 1997). The correct folding, supported by the
speci fic stereochem cal properties of proline, is
usually a necessary precondi ti on of bi ol ogica

AEL A0 s GBRC L A LrePLOLORRON § 0 i 1 CPAEBRBETH fher position in

| thet eryf mlﬂmmbpMaim-mimeﬁmrmntkﬂﬁeﬁl\/a?m (deenationalslaid open
#@4@%? Wii ﬁte¥ al., ‘[’.55 Eh&n étlal) fQSﬂ’)f requent

pol n pfo

‘t'ac po’s I ne- spem
endopept i dases mhlch destro roI| nlng
pepti des/ proteins. RGTOmfel Qé peptide
hor nrones (angi ot ensi ns | and II ur ot ensi ns,

tmué@) idiaEs Are @bhgde&edhﬁdispsnsaﬁl@ 19 thee effectvehbsmbithe peptides.

hi.t" - Li .
OBt 3B 47T R S SRUAee b s i e
stezepmewhily thieprating st tposidiont h@seas thapghbtto del necessasy for the
e%Yé@%old%C&et@g%Pﬁgﬁle QBe gﬁsoow EPIV’{?Q?TL I(i: Q(Q'ﬁo%e correct
dfoﬂdm@;mqpppdeddwtth@|sp&ﬁtﬂCtséerW@h\%mgaba@@ﬁ&I% qfproline, is usually a
dﬁééé%%ﬂrﬁlﬁéddrwltﬁi’r‘\d of C!ﬁélbgtdl a@'\ﬁ@ﬂ @éndramdugroling iefa structure-

P Bl A, BGYBIRN b Ster RS, 512 Bribfi Gaie - I 18 fofination of

phaigsin tstracturbs envel (okthitoes. iDuter todiinis poopenty, indeeelid, dt is a frequent
| at

\é él'gf‘ OEI O&f%cikﬁ%%@éet?dgé@%é#éﬁ% %nﬁB@%%q%‘ébQ r\NHiEh a('.ﬂé/s’troy proline-

poorgaining opepticlestpsetelsisol Aginsembearalof - rendegewsemptldeo hormones

ega’ngﬁéﬁﬁn??%nﬁqghr%ﬁiﬁ@r&Wollﬁérlﬁn&hbh%&% vtd. hare inactivated

I n m. nmetic u
O e Singie e pot S BeB eSS a6 M4 ! b o fepline-containing EPO-
ahfiraetidtipepidsy 8 ieid ehortened by the activity of these frequent and active

enzymes.

Such peptides can be produced chemically and do not need recombinant pro-
duction, which is much more difficult to control and to yield products with defined
quality and identity. Chemical production of peptides of such small size can also be
competitive in terms of production costs. Moreover, chemical production allows
defined introduction of molecular variations such as glycosylation, pegylation or
any other defined modifications, which can have a known potency to increase
biological half-life. However, so far there has been no approval of any therapy with
existing EPO mimetic peptides.

Thus it is the objective of the present invention to provide alternative synthetic
peptides which exhibit at least essential parts of the biological activity of the native
EPO and thus provide alternative means for efficient therapeutic strategies, in
particular for the treatment of anemia or stroke. ’
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pepti des which exhibit at |east essential parts of the
bi ol ogi cal activity of the native EPO and thus provide

wal@rosedsbve nmeans for efficient therapeutic PCI/EP2005/012075

strategies, in particular for the treatnment of anem a
or stroke.According to one aspect of the invention
there is provided a peptide of at |east 10 am no acids
in length, capable of binding-f#c the EPO receptor and
conpri sing an agoni st activity. The peptide thus
depicts EPO m netic properties. EPO m netic peptides
according to this invention do not conprise proline in
the position conmmonly referred to as position 10 of
EPO minetic peptides, but a positively charged am no

ALY LU B BRIt e ol BATSEBefl o at e

S40 @npinoldcitss iatlengtbi cawable of binding: i e ErO-Rcapion and comprising
511 daqp:f’hétf a}’if‘vfé)" 5 ?%gﬁé&ttﬁbbsééﬁcﬂcsoEP@ GRIMaEA Ipropertles EPO
f0

struct beta-turn nptif
- BVt doqziﬁi.%oﬁccor@m) to’ & dnleRtion dionnek rcemn(l “proline in the

;Eg%ﬁﬁgﬂ ﬁﬁfmm@ﬁ@pi&%ﬁgﬂ ;’d@“d&ﬂpoé’ tien EROoMBRD i minpetiat pptides, but a
I V I
B TireY tnarygd Bt BG) ok adHBe i Biast IR, b dohnson et al

pd89T idestybind dngadcestiatsequente &kl € are K, R H or
respective non-natural am no acids such as e.g.

h@ﬁ%“&bﬁhe?mt qusftl?)‘?\r ﬁ‘@r %s BchR! '|Heah5aﬁﬁ|%/ | ad Wtﬁ hwhich is

conpri'ses sequence am no aci ds

xsheprctegistic fxr zmer@mmm &H&tblr% WWY&H@&?@*&W@ m@’ﬂf (please
Spdref te dohhooh n@@swr)asam b@fwatmrsﬂuowrerf@rmslwiﬁ)rame&&)r binding.

hi’hﬁ@lépemﬁr@e Iﬁé)a()&)dg\% chorg ¥o tﬁW%Yer\pogrthgs dgy ot comprise a

- Mordfinelin therhmwmnmmabhﬁ/atepdsmhor( H8mMutar positivalplchacgeteamino acid.

“Ribigd, KRB A GIEoRIR SRl Al s such s e

ahemeabginineut ed by a single am no acid;

Furthermore, a peptide is provided which comprises the following sequence of
amino acids:

KeX7XgXoX10X11X12X13X14X15
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;

Xg is M, F, I, homoserinmethylether (hsm) or norisoleucine;

Xg is G or a conservative exchange of G;

X410 is @ non-conservative exchange of proline;

or Xg and Xy are substituted by a single amino acid;

X411 is independently selected from any amino acid;

Xi2is TorA;

X43is W, 1-nal, 2-nal, Aor F;

Xm}SD,EJ,LOFV;
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X11 is independently selected fromany am no acid; X12
is Tor A, X13is W 1-nal, 2-nal, Aor F, X14 Js D,

wa20d6/050950r V; Xi5 is C, A K a-am no- g-bronoBarEPRms/012075

acid or honocysteine (hoc) provided that either X6 or
X15 is Cor hoc. The length of the described peptide
consensus is preferably betweed-ten to forty or fifty
or sixty am no acids. Peptides of above sixty am no
acids in length, even though technically suitable, are
not necessarily preferred since with increasing | ength
of the peptide synthesis is usually getting nore
conplicated and thus costly. In preferred enbodi nments,

I R SR A b RSl atind ) 20
prowvidtktbthat eithec K we s iseC b M®ci sed by | onger

sequences. The descri bed pepti de sequences can be
Eercelved as bi nding domai ns for the, EPO re

tor. As
heolengtitaf dnp dlesctasd PREYOR Cansapsi i RIETeRY PgWesn ten to forty
bheiFBPshag apiab. adids. Reptidesyofsatiave sikygamimaacidsein length, even

R o) S el A 5P B §nBE i ncroasing
mﬁgﬂd|dfeme3pepteder$ybthelslqonsnlusne&y rmj:tm@ mels soapliogted and thus
gégw olﬁzﬁ didltedb hj‘g Ghe irisens éékﬁ&tsté‘?ength of at

aCCOTdI ng I nv ave an activit

y
asbail Abl18, t 3t ﬁatZQ;falvm |a}?¢%npiu RPHEPSppEY gean be embedded
(/el ' tbe' ScaRpAYE t By Idh‘@iert b@qaéhdiés aditéds described peptide

su stltu rol i ne resi

SBRSRAGRR £ Ex@ﬂ&ﬁbf&dtﬂﬁg‘f‘ﬁg}%‘g% B R Eh g tegepior. As EPO
enintetiogeptiBes fteewnble capatpe oif bindihg tcmthaa G&O sedapsonci d

such as basic am no acids such as K, R and H and

RIS\ é/uanélﬁgPﬁ%q tﬁé’@eﬁt‘ﬂ@é ééé&rﬂ toTthﬁ lnventlon do exhibit EPO

nonconse€erva

used u bsti éﬁnb g %
aMigetip @chviies aHRPUgR 0NgR o 5EPY '%EP SQMS; @Mbpdpmentg neeven both
prdlides Ay ibel r\eﬁaCe@hw pttér Jiaterat bandn-rtel @ﬂlﬁnolaiﬁﬂ? In fact the

ReE B G, BBRoB RS BRI BB 6 il of protne-
contairing miepdded\c Hondivar it s onteveortiydthad rthet ansinee peiddesubstituting
proline residues do not represent a conservative exchange but instead a non-
conservative exchange. Preferably, a positively charged amino acid such as basic
amino acids such as K, R and H and especially K is used for substitution. The non-
conservative amino acid used for substitution can also be a non-natural amino acid
and is preferably one with a positively charged side chain. Also comprised are
respective analogues of the mentioned amino acids. A suitable example of a non-
natural amino acid is homoarginine. According to one embodiment the peptide
carries a positively charged amino acid in position 10 except for the natural
amino acid arginine. According to this embodiment the proline 10 is thus
substitutéd by an amino acid selected from K, H or a non-natural positively
charged amino acid such as e.g. homoarginine. It is preferred that the peptides
depict a lysine or homoarginine in position 10. As described above, also the
proline in position 17 might be replaced by a non-conservative amino acid. In
this respect it is also preferred, that said non-conservative amino acid is one with
a positively charged side chain such as K, R, H or a respective non-natural

RECTIFIED SHEET (RULE 91) ISA/EP
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carries a positively charged amno acid in position 10
except for the natural am no acid arginine. According

woaodshisesenbodi ment the praline 10 is thus subsCirErR@d012075

by an am no acid selected fromK, H or a non-natural
positively charged am no acid such as e.g.

homoarginine. It is preferred that the peptides depi ct

a |ysine or honmparginine in poition 10. As descri bed
above, also the proline in position 17 m ght be

repl aced by a non-conservative amno acid. In this
respect it is also preferred, that said
non-conservative amno acid is one with a positively
charged side chain such as K R Hor a respective

e a%ﬁl& %lgdﬂa ilﬁ%ﬁgﬁﬁéﬁf\eeﬁ@?ﬂ% PRy @ déUtPSmboﬁlment of this
pe@bodwn@armee@emldso@miee@ positively cinazgeth @miae @dit in position 17
PeRddH 4B t Jcli\C f af‘rﬁﬁoteﬂﬁd RAGHIrR A@’!Bo?dln@otbdthus embodlment the

ar gl tot is enbodi nent the p
i @rqllﬁgsWSLﬂ)ﬂiq& §¥‘ ityedaby AR ﬁ’@i"%?@'ds%@@glegdﬁ?%ﬁ or a non-

I‘hé’trurz'éﬂ WWWbﬁérg@GSamln‘ﬁeéMd @m@h%dh@ﬁbarglmnedltw@heferred that
e S e I

l\/breover t he sequences can have N-term nal and/or

%géd%g;ﬂm%%héh@é%@gﬁ h%(}g l\?‘f@rgﬁﬁ @@nﬂﬁélnébetylatlons and

ccor |ng
i avidations. $¢refa@m|@o &c rpabalsae_b@ W%@bpwéﬁée@hat b| nds
to the erythropoietin receptor and conprises a

SAELSARR Bfthé hﬁ/eﬁﬁ’éﬂl Mre & a8d @eomecﬂé pee{mgmxwﬁds to the

0X11Xi ZX13X14X15
gL BRIEH R & ST ROSE D EaIoRe 1 feRolidRp Boias:
H L orW X8is M For |I; Xgis Gor a conservative

exchange of G X10 |§(8§aﬁ%?%(9@1é$gy€tx1\ﬁ exchange of

proline; X11 is indepéen Fom any am no
acid; X12 is T;

wherein each amino acid is indicated by standard letter abbreviation and

Xe is C;

X7is R, H, LorW,

Xgis M, Forl;

Xg is G or a conservative exchange of G;

X40 is a non-conservative exchange of proline;

X11 is independently selected from any amino acid;
X2is T;

X{g is W;

Xusis D, E, I, LorV;

Xi5 is C. '

Furthermore, X; can be serine, Xs can be hsm or norisoleucine and X3 can also
be 1-nal, 2-nal, A or F. The length of the peptide consensus is preferably between
ten to forty or fifty or sixty amino acids. In preferred embodiments, the peptide
consensus comprises at least 10, 15, 18 or 20 amino acids.



10

15

20

25

30

X114 Js D1 E1 | L O V; Furthernore, X7 can be seri ne,
X8 can be hsm or nori sol euci ne and X13 can al so be

wao-20mlos039nal , A or F. The length of the pepti @8T/EP2005/012075

consensus is preferably between ten to forty or fifty
or sixty amno acids. In preferred enbodi nents, the
peptlde consensus conprises at |east 10, 15, 18 or 20
am no aci ds. The pepti des accorﬂrng to the invention
may conpri se besides. L-am no acids or the

stereoi soneric D- am no acids,

unnat ur al /unconventi onal am no acids, such as e.qg.

al pha, al pha-di substituted am no acids, N-alkyl am no
acids or | actic acid, e.g. 1- naphthylalanine

2 RSB b8 AORE IR0 TR PLL I ey anffo accs or
Nhﬁmtdmb@bmarlnéi)—(ammowldﬁe)Jnnawwr@pnvqarglonal amlno aC|ds such as
chlﬂéésﬁph?% dsdﬂ'sﬁtﬁgécKérgﬁdbcé §s, Nfafllg)l EPHIW@EGUQ%W%UC acid, e.g.

y roxy si ne, "nor-|

51-aﬁphfbb'|@1ﬂﬂln&u @-Bepithyalaainemo ”&ﬁe@nﬁ'&'ﬁ"%? }I?ﬂ’@r’us% -ggnine,  3-
"byFEiS/léYérghé/ Ckl dfd&@@ohﬁéd %ﬁ@@éhd%hhél mﬁrr(eﬂnq@lymn‘e (sarcosine),

especi al I n at
@@rgml oNﬁcpﬁl #”Pﬁe s @Lﬁ%&é{% %ch@ pr é\i gq{{ny?methlonlne 3-
i memythlstmlrw e&-hphbkyesinahnahlysine, betmioplevulirde sacudaurdammovaleric

SACTHTIGESD SR ey RSS9 o ol
Threfqprast dmpartioulantn @ntesmml p@ﬁlﬂ@@s/\lﬁ@ within e eeRg Okthe present
Oif'lV%] P&kt bé’ﬁﬁi sewﬁlch Oa?bq%frb hverRAHARY Sre%/lnverso peptides of the

i oni ne, am dat e t am ne, [ e an
aleernApdanPed th%@daﬁpaﬁﬁ% PESoNe enfiel ke geigs.
i nvention the peptides do have a single amno acid
STHes pidseht Myehtion alsbrrelates t thesdativatvedofathd péptides, leng. oxidation

thi g@g@gﬂk%@h@r 8P%gﬁ%l?jagcaleosélﬂfé‘?ﬁmgaé(rgﬁﬁn§?@€q {eHhfilis amide.

i nic
aC| d or am novaleric acid. In furt her enbodi nent,

tAecqsdipgitd esegramndimagt efdhe jrvanioa e paptidassia kave #gingle amino |
Vﬁ(ﬁ? %DE%UWWI%@M@QM and )(Jr(?(llﬂﬁi@éﬂr&%ﬂﬁnent also both

Xesigiie i g %(a;t/ be substl’cu?ede b§/ t(1)%eanboonvrefa‘turaefne{n%;io aC|d e d. 5 Saminolevulinic ‘

acid or aminovalerlc acid.

In a further embodiment, the peptides according to the invention comprise the
consensus sequence '

X4 X5XgX7XgXoX10X11X12X13X14X15

wherein Xgto X15 have the above meaning and wherein

X4isY; :

Xs is independently selected from any amino acid and is preferably A, H, K, L, My
S, Torl. '

The peptides according to the invention may be extended and may comprise the
consensus sequence '

X3XaXsXeX7XaXeX10X11X12X13X14X15X16X17X18
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X5 is independently selected fromany am no acid and
is preferably A, H K L, M/ S, T or |I. The peptides

weaeeewodogsg to the invention may be extended an®#CwEP2005/012075

conpri se the consensus sequence X3X4X5X6X7X8X9X10X1 1X
i 2X1 3X14X1 5X1 6 17X18wherein X to X i 5 have the
above neani ng and wherein X3 is independently sel ected
fromany anmino acid, preferabt§-D, E, L, N, S, T or
V; X-16 is independently selected fromany am no acid,
preferably G K L, Q R Sor T, nore preferred K
R Sor T; Xi 7 is independently selected from any
amno acid, preferably A, G P, R K Yor a
non-natural amno acid with a positively charged side
chain, nore preferred K or Har; X-18 is independently
sel ected fromany amno acid. In a further enbodi nent
ofvhétedn XpteXid lavetthe ghepeinteanicg apdivdeerE® as C, E Ao

B H OB o S0 ot e Rl . Tor
XVoasKorHarand/oanasV ,I,MEAlT
lé‘ﬂ{dein@n%ﬁtl\y‘gel%ﬁfgdoﬁorﬁé&a’#ﬁm"é i/ sreferab @SKVM Q,R,Sor

a_E | gi%%)% and/or Xi 5as Cor

e’f‘@FedBTerd‘,e 17 as P, YoerrabaS|c

n|m7us dependentlystlectld fmmrmwyaamMO adid,i mefdrabeverG, P, R, K, Y or
al so

L RS0 Bl et e o P fren

hamidar,gi ni ne. Fig. 19 discl oses further novel and

Sy t: HeNG ag.g,pé' ' PO m nmetic
act’i Igm&pgﬁg%bﬂﬁﬁggptl d@? p.r@{h"’{%’é&f ol | owi ng
sequences: GGTYSCHFGALTWCKKQGG GGTYSCHFGKL TWCKKQGG

GaTY AR N ERISREE! el heehtida<tnEVéptiddsGomprise Xs as C, E, A or -
hoc, preferably C and/or X7 as R, Hor Y or S and/or Xg as F or M and/or Xo as G
or A, preferably G and/or Xio as K or Har and/or X1 as V, L, |, M, E, A, T or
norisoleucine and/or X2 as T and/or X413 as W and/or X414 as D or V and/or X45 as
C or hoc, preferably C and/or X47 as P, Y or A or a basic natural or non-natural
amino acid, It is, however, also preferred that X7 is K or a non-natural amino
acid with a positively charged side chain such as e.g. homoarginine.

Fig. 19 discloses further novel and suitable peptide sequences depicting EPO
mimetic activity. Further peptides depict the following sequences:

GGTYSCHFGALTWVCKKQGG
GGTYSCHFGKLTWVCKKQGG
GGTYSCHFGPLTWVCKKQGG
GGTYSCHFGKLTWVCKPQGG
GGTYSCHF-(ALS)-LTWVCKPQGG

GGTYSCHF-(ALS)-LTWVCKKQGG

With 5-aminolevulinic acid (5-Als): M 2
0]
5-Als
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GGTYSCHF- ( ALS) - LTWCKPQGG GGTYSCHF- ( ALS) - LTWCKKQGG
Wth 5-amnolevulinic acid (5-Als): I-LI "" COOH o

wo-2006080959 di scl osed are peptides having a bi nBCTEP2005/012075

capacity to the receptor of the hornone erythropoietin

and depicting an agoni st activity which are

characterised in that the peptides do not depict a

proline. As described above, tfese peptides preferably

do not conprise a proline in the positions comonly

referred to as 10 and 17 but a different natural am no

acid or 5-amnolevulinic acid. They preferably depict

a lysine in position 17. Also disclosed are nucleic

acids coding for respective peptides. One or nore
conservative am no acid substitutions can be carried

out within the am no acid sequence of the pol ypeptides
according to this invention, wherein the substitution

oAlsor gisvlosbd rmrenpetices Havingva minding atapacty de theatessptor of the
t n&rﬁm&%ﬁkhﬂpo%ﬂﬂ djﬁ:‘ él‘(%@l‘,tlr’yéﬁ %]bgﬁgt Qctl\ﬂfy \}vhlﬁﬁ‘a'?é’ characterised

aci d
aindhat the @emie@r@@ net depist aaraking. A d%fﬁlt}?é’t @bca{e these peptides

PRdraBRl o ﬁBﬁé&ﬂﬁana a%rohﬁéﬂmmea&béiﬁonsi EEmARINY ﬂfe@éd to as 10

non- n | ve C

wand " e al BT g ehettagooroll o BEmRoRvhfife “Scid. They

ﬁpﬂ@@@b@’rd@rﬂcwvygmm positidmd 7 mlsecdibelosee iagh huokeid Aeids coding
d shoul d not deviate nore than

f%? a%%?gpggﬁgé%% of the nol ecul ar wei ght of the

original amno acid and the binding capacity to th

r ©neiranost canservaliveoaing gein sepsiietions wro Heaersried tOiUé within the

eérfn‘?ribt acid slﬁgljéﬁéé BEthe Eél?é@dtﬁfé‘s%ccﬁ?dlﬁ@'t@tﬁ@ﬁﬂ/eilatloﬂ Wherein the

WEISRHOToP G568 WIBTT 8TIBR AEda e CRPRiah selecdais. fpe natural or
aneh-haturakeumcieirged @ orTbaninptdolts with Lmilmesdd_t.mesbmhmo acids
G PR i SRS e TRRFUE ‘BN EaiPha - or L
Tamjnccauds the natural or non-natural negatively charged D- or L amino acids
as well as within any amino acids of similar size and molecular weight, wherein
the molecular weight of the original amino acid should not deviate more than
approximately +/- 25% of the molecular weight of the original amino acid and the
binding capacity to the receptor of the hormone erythropoietin with agonisfic ‘
effect .is maintained. Preferably, no more than 1, 2 or 3 amino acids are
substituted. Sequence variants wherein no proline is introduced at the positions

10 and 17 are preferred.

The peptide sequences described herein can be used as suitable monomeric
peptide units which constitute binding domains for the EPO receptor. They can
be used in there monomeric form since they bind to the EPO réceptor. As
described herein, they are preferably used as dimers 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. [t has been found however, that the sequence Ac-



be used in there nmononeric formsince they bind to the
EPO receptor. As described herein, they are preferably
woew/Ea®sdi ners since it was shown that the capatiEP05012075
i nduce dinerisation of the EPO receptor and thus
bi ol ogi cal activity is enhanced by dinerisation of the
mononeric binding units. Thus it is clear that many
di fferent peptides are withinihe scope of the present
invention. It has been found however, that the
sequence ACVLPLYRCRMGRETWECMRAAGVTK-NH 2 has certain
di sadvantages and is thus not preferred according to
the present invention. At the beginning (N term nal)
and end (C terninal) of the described individua

pgpLi g i m_no aci ds b .

N CA M BR T ilchiRARal T kPt nas daal sRathvlliages and is thus
nest peéferret ecenciihgrd thepgeseht itventiemt i de function is
preserved. Furthernore, please note that individual

p)ﬁtogdedggélﬁ g”(ﬁ\g%eﬁm& r@%nge(q ?é}pﬁr% tthtl‘?eed?—:fsﬁhgled individual

S rmno rs usual unc
agamldstsaqwsonesiuuneto §ue iaonino Sinids mqyt b@lé@mgr/@d amgdér added. It is

5 Pl @\ﬂd”éﬂéyth%eﬂzé is LR bf ‘F'él@ﬁ‘érﬁd’e £8r ing Rg§p[ﬁ§t bé‘}ﬁ’tlde function is

Eéfgggq%tgngwsthqrﬁ{grg,pp e ?é ES e? ﬂ‘g? nt %ﬂtﬁhs%agences that might
pﬂieﬁﬁ)@ll &tr{drﬂmefﬁfd)laﬁhefr hetnﬂtylkuﬁmbhm uémllytfbﬂctlon as agonists upon
e-letter e as.capita 0
ST oS Ao ERR AR G FERralT kR T el Bimeric form.
adespdctive triunoated rartduoaEloagated anbdélme@tsjerMUsoala@ icomprised by
10 Lth@'s?wtg?t Wé/rﬂLhne L L-leucine | L-isoleucine M

enyl al anine Y L-tyrosine

In the present invention, the abbreviations for the one-letter code as capital letters
are those of the standard polypeptide nomenclature, extended by the addition of
non-natural amino acids.

Code Amino acid
A L-alanine

\ L-valine

L L-leucine

I L-isoleucine
M L-methionine
F L-phenylalanine
Y L-tyrosine

W L-tryptophan
H L-histidine

S L-serine

T L-threonine
C L-cysteine

N L-asparagine
Q L-glutamine



W L-tryptophan H L-histidine S L-serine T L-threonine
C L-cysteine N L-asparagi ne Q L-glutam neD L-aspartic
waebw/0s0959 gl ut ami ¢ acid K L-1ysine R L-argi ni neCP/EP2005/012075
L-proline G glycine Ava, 5-Ava 5-am novaleric acid
Al's, 5-Al's 5-am nolevulinic acid MeG N-net hyl gl yci ne
AcG N-acetyl gl yci ne Hsm honoseri ne net hyl et her Har
honoar gi ni ne 1nal 1-napht hyl at 4hi-ne 2na
2- napht hyl al ani ne bAl a bet a-al anin hoc honocystei ne As
descri bed above, the present invention also includes
nodi fi cati ons of the peptides and defined peptide
consensuses by conservative exchanges of single am no
aci ds. Such exchanges alter the structure and function

ofp @ bindiNg MOLgHEPHT onl'y sTTghtTy Th nost cases.
In a conservative excﬁange one am no
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
Hsm homoserine methylether
Har homoarginine
1nal 1-naphthylalanine
- 2nal 2-naphthylalanine
RAla beta-alanin
hoc homocysteine

As described above, the present invention also includes modifications of the
peptides and defined peptide consensuses by conservative exchanges of single
amino acids. Such exchanges alter the structure and function of a binding

5 molecule but only slightly in most cases. In a conservative exchange, one amino
acid is replaced by another amino acid within a group with similar properties.

Examples of corresponding groups are:
- amino acids having non-polar side chains: A, G, V, L, I, P, F, W, M
- uncharged amino acids having polar side chains: S, T, G, C, Y, N, Q

10 - amino acids having aromatic side chains: F, Y, W
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acid is replaced by another amno acid wthin a group
Wth simlar properties. Exanples of correspondi ng

wgnroewspsospe: anmi no aci ds havi ng non-pol ar si depcinaiPa®s/012075

A G V, L I, P, FFW Muncharged am no aci ds having
polar side chains: S, T, G C Y, N Q- amno acids
havi ng aromatic side chains: F, Y,Wositively charged
am no acids: K, Rl1H negativelyiZharged am no acids: D,
E amino acids of simlar size or nol ecul ar weight,
wherei n the nol ecul ar wei ght of the replacing am no
acids deviates by a maxi mnum of +/- 25% (or +/- 20%
+/- 15% +/- 10% fromthe nol ecul ar wei ght of the

‘original amno acid. It is self evident, that the

roups al so i ncl ude non-nat mno aC|ds with the
?espgctP%t'vﬁlﬁgh%ﬁﬁgﬁn}i?%??'aéa}éufg as e.qg.

honoar gi ni ne in case of the group depicting positively
char gednegalieetyhabianged amirmeasdss (hrol i ne 10 substituting
nol ecul e such as e.g. a non-natural am no acid cannot

Eﬁ afgg?éellpl}ﬁz Zgélgg fodsm'fﬂap '%E?rgoér Miffe @bV e @h‘l’ u@ﬁereln the molecular

chal n proper
shoul d weight pfythge'ep@p@gu afaigo asids gRyinted Ry @rmaxlmmm of +/~25% (or

subst i t yt o, of- Psal kne 3gRIrH ithe n{dPeddIbrﬁNéIQM%\‘tth@@ngmal amino
For cat e%(grl zing these unusual am no acids,

cl assi f#c%ti on aid accordi ng to the nol ecul ar W€I ght
m ght be hel pful. Mre specifically, Wighton et al.
(1WSs Retfesmidént,/ HEat 366, granps aMoh:ichidedncpmhatwal) aminmnacidg with the

| Fésggﬁt@}a%n s@%s bﬂ&p pl@l%g% WH(?I’FI(?%VWHI Qé’r‘gﬁll 1A acc{és@n%inﬁ\e group
Tdepictingspositiedy t:h@rsﬁ@ $idenehainm|In §ﬁ§@i adyekneh0 ﬁ@b%ﬂt%ﬂlf@ molecule

té&{i‘?\céé' L, g InoR-ndturdl 'ﬁr‘unb e Baﬁ’ﬁotaoeg bté%ﬂy %%Qgﬁleﬂecb' éhe of the
tide. w ever e cen

ne n
DbV grone. omeiercel i ey ey hBBCBImENicY, it should usually be
opérecivedcs & aopephseeativesaisstitiition dfroiree acturdingeotthisfinvention.

S, ARS8 85 S P Bt ggrng o o

bEiOlnnuIeEymgihtahigyt be helpful.

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.

According to one embodiment of the invention there are provided peptides
selected from the group consisting of SEQ ID NOS 2, 4-9 given below. Especially
preferred is a peptide with a K in pbsition 10 and a K in position 17 as is the case in
SEQ ID NO 2.

SEQ ID NO 2: GGTYSCHFGKLTWVCKKQGG
SEQ ID NO 4: GGTYSCHFGKLTWVCKPQGG
SEQ ID NO 5: GGTYSCHFGRLTWVCKPQGG
SEQID NO 6: GGTYSCHFGRLTWVCKKQGG
Incorporation of 5-aminolevulinic acid (Als): N COOH
\ /\g/\/
5-Als
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preferred is a peptide with a Kin position 10 and a K
in position 17 as is the case in SEQID NO 2. SEQ ID

WOl 5705685 YSCHFGKL TWCKKQGG SEQ | D NO 4: PCT/EP2005/012075

GGTYSCHFGKLTW/CKPQGG SEQ | D NO 5: GGTYSCHFGRL TWCKPQGG
SEQ I D NO 6: GGTYSCHFGRLTWCKKQGG | ncor por ati on of

5-am nol evulinic acid (Als): 5-AIsSEQ I D NO 7:
GGTYSCHF- (Al S) - LTWCKPQGG SEQ 19-NO 8 :

GGTYSCHF- (Al S) - LTWCKKQGG SEQ I D NO 9 :

GGTYSCHFCGKLT- 1nal - VCKKQRG Accordi ng to one enbodi nment
peptide diners or nmultiners are fornmed on the basis of
the nononers according to SEQID NO 2 and 4 to 9 as

gi ven above or nodifications thereof. The peptides
descri bed herein can e.g. also be nodified by a
conservative exchange of single am no acids, wherein
preferably, not nore than 1, 2 or 3 am no acids are

to SERRIORD 77" of csdtvs chPSAIRRRTIVRSKPLRBEDYI fied as

at_ the N-fermnus _and he C.term nus. As

SEQ IR B Qe GRIVALHF AieETMNGKROFG! ro

i SEQND ND 98N beGGIYBCHAGKLTMAARVCKKAQRGI ng donei ns
recogni zing the binding site of the erythropoietin

receptor. However, as was pointed out by Wighton et
al. (Wighton 1997), two of these binding domains are
gAneordingyto memedsrdbodiment peptide diorers bneLiltineerstase ferowet @ the basis

agd P nﬁcﬂﬁﬁ‘?@rssé |n r@ng §HORO Eh'alﬁd 4% V@%sn iven above or
h of 1

very surpr|S|n ation
bmedlifisg 'Qﬂﬁrﬁleﬁ%oﬂ ﬁh@rﬂiﬁpﬁdﬁ’@ﬂ@smeé’chbﬁ’rémefﬁﬁfhﬁ@eélso be modified by

aﬁtdoﬁlséwaﬁ@‘ék(ﬂﬁr@@ dﬁsnﬁgﬁé@hﬂﬁo aeidshwhERSH btreftefa@ly, not more than
gne sin ndi ng donai n showed th

b
e of g arTnaArlE B eRarn e act Lvi (y whi 6 two of the

bi ndi ng domai ns joint together show a nuch | ower ED50
( BfdfeablyDihese iktidas rmasmd;ﬁeeﬁ as to AcG at the N-terminus and MeG at

the C-terminus.

As outlined above, the described peptides of the invention can be regarded as
monomeric binding domains recognizing the binding site of the erythropoietin
receptor. However, as was pointed out by Wrighton et al. (Wrighton 1997), two of
these binding domains are generally needed in order to homodimerize the receptor
and to induce signal transduction. Thus, it was not very surprising that a
combination of two of these binding domains in one single molecule enhanced
activity considerably, leading to the result that peptides with one single binding

- domain showed the same qualitative pattern of activity while two of the binding

domains joint together show a much lower ED50 (Effect Dose 50%, a measure of
activity). Peptides harboring two binding domains are specified as being bivalent or
dimeric peptides within the context of this description and are particularly preferred.

One well-known technical solution for combining two monomeric binding domains
is dimerization. All solutions following this approach are so far characterized by

a) the fact, that the binding domains are first synthesized separately as
monovalent or monomeric peptides, which can be modified e.g. by
attachment of reactive groups in preparation for step b



10

15

20

25

30

activity). Peptides harboring two binding domai ns are
specified as being bivalent or dineric peptides within

woOheropsosext of this description and are parti eaiarkops/012075

preferred. One well-known technical solution for

conbi ni ng two nononeric binding domains is

di merization. Al solutions follow ng this approach

are so far characterized by a)l4he fact, that the

bi ndi ng domains are first synthesized separately as

nonoval ent or nononeric peptides, which can be

nodi fied e.g. by attachnent of reactive groups in

preparation for step bb) in a second reaction step,

two - in nost cases identical - binding domains are
ether in separate di.nerization.

i oi ned . _ | |
Wi O 6 989906 TeREIRIISIEP; R Mo feses TRy Bladipp domains
i:l'nt er p@%qdinb&tcvmlmertih?eb_amtel dimeerizatidn deaxtions whishatan also include
9 o e RGBS S YR LIRSS PR OH tb aimerced

nononmedamaiosual | y, they show enhanced bi ol ogi cal
activity in case of EPO m netic peptides. Several

tﬁﬁﬂ’ﬂ HAHES ABSokiNBs 0P tiiferReScilifles dnkl Sehibin essntially the same
to dinerize or oligonerize the nﬂm{SWCnalg%. .
bRlolog|SEl SaNciioRs R AP BPIGMeTSe Hisvaky s hey S sbepfed biological
izﬂbti&'nﬁirpmsel\&mrrﬁinMB geptidéster i zed e. g. by coval ent
attachnment to a linker. Alinker is a joining nolecule

CHO BrRoBS A0 rB S P AR BRI i o o
coatherizalthe aoaomienk ahichcaru alsoabavappliachaccardivgdp ibe digachings of
88T AR, o SR 008, ) bt ot
tadinkar. A linker Ja@ @inibe me crealingt @ rﬁﬂva[ega bond Between the
PESTY pettRIeINit8 A e rewint invieatiae! Tien palypdptilepurtitseéan be combined
o4 AneAT 545 £ 525] SRS B hE 'SR rooptor is mprovec
b{Johnsors tet eqdt 4987 N Véggittem at. al. 10970 Hyisafurthgrmore referred to the
ﬁ'ﬁgﬁt@rﬁ%ﬁéﬁioﬂf ?ft ﬁﬁm%%ri S%tiﬁ?l%té’i‘i ?Bgﬁ%&“g?tndrﬂ&b\%ﬁtnﬂteraction.
yl ated peptides wih strepatvidin. . _
Anitle enrofei (ogrrieirmeleculgslascribed i \Wightenrat -l Arighiphy1997). 1t is
f 551pREsiBliok@deOR bRstinPctidiRavdin Bpsterel.e. HothylaingaHe C-terminus of
ktrr]\gmpetp%dctash ear?c‘i( | .lal %ﬂbgee({use%? %nscuggtslrg:gr ! tl%%d b'ior{inylated peptides with
strepatvidin. Alternatively, it is known to achieve dimerization by forming a
diketopiperazine structure. This method known to the skilled person is described in
detail e.g. in Cavelier et al. (in: Peptides: Thelwave.of the Future; Michal Lebl and
Richard A. Houghten (eds); American Peptide Society, 2001). The disclosure of
these documents regarding the dimerization and a non-covalent multimerisation is
incorporated herein by reference. Another alternative way to obtain peptide dimers
known from prior art is to use bifunctional activated dicarboxylic acid derivatives as
reactive precursors of the later linker moieties, which react with N-terminal amino
groups, thereby forming the final dimeric peptide (Johnson et al, 1997). Monomers
can also be dimerized by covalent attachment to a linker. Preferably the linker
comprises NH-R-NH wherein R is a lower alkylene substituted with a functional
group such as carboxyl group or amino group that enables binding to another
molecule moiety. The linker might contain a lysine residue or lysine amide. Also

PEG may be used a linker. The linker can be a molecule containing two carboxylic
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detail e.g. in Cavelier et al. (in: Peptides: The wave
of the Future; Mchal Lebl and Richard A Houghten

woeom)os09%arer i can Peptide Society, 2001). The dPeT/E®3006812075

of these docunents regarding the dinerization and a
non-coval ent nultinerisation is incorporated herein by
reference. Another alternative way to obtain peptide
di mers known fromprior art i-sl&o use bifunctional
activated dicarboxylic acid derivatives as reactive
precursors of the later |inker noieties, which react
wth N-term nal am no groups, thereby form ng the
final dinmeric peptide (Johnson et al, 1997). Mononers
can al so be di mari zed by covalent attachnment to a

{,\jlch g%ﬁd Erpf %ﬁq hpugqi%n(gr(}a?reocon‘g? @f%rﬁ%wmaté\l ngtlonal group such
f amahiamiake capabie sfibbingsouadbioxyie gr mgre REG@molecgesup detailed

t H@%{cgﬁﬁ&k? bﬁ?o%éétﬂg s'f%)sthr 8 izt h%‘ﬁH'o‘?mgﬂkﬁFdﬁ of;aé?‘gqes with a

ge of TysSine a
Allrﬂmg:meims #eo given I@W%ﬂ@@ﬂmﬂﬁeﬁl i nker can be a

nol ecul e contai ning two carboxylicacids and optionally

SHRS diddi e ¥ tRESe @bcmﬁfﬂéﬁtsaﬁe@ﬁﬁdlﬁ%gﬁe ajngéﬂgééio?nﬁummerisation is
ing bound to one

as .an anj ne capabl e of
oﬁ”cﬂ'E’PéaL{QE@eFﬁiFQé’lfﬁ encg- det ail ed description of
possi bl e steps for oligonerization and di meri zati on of
pApteptide mbhbmer lorrdimeg nmapi &trtheir comprisegaty masi angwdpacer moiety.

29%%%8#39?@ EgSC&J 5(‘% fh ll?&é}e&e adﬂBHﬂﬁ{é? ®r dimer to a water

regar merlza I meri sation
i mjublp ragr mgne,tvmrwpm@m@@@umwb@btmaé beomenBEGsThe PEG

g!rwéé'é{?é ﬂF%?é;f‘égir Fé‘ﬁ%cugége%&gﬁﬁ%fgit lbﬁﬁ:’é klgn‘bréf@%w b&®e®hy20 and 60
u |

naoRhe Sphcs ey Heos & \dg droish %%41 WPE q\%?e%@e& or COOH-

agreupt exid optidtadly substiiutdal a’ﬂy)née)reﬂgre BEslabkheaPBf dtams with a

plrog‘ﬁegf %’Eﬂ/@ Sb'g?‘{%géﬁtl 2%) ﬁglﬁ%g%lﬂ&[)p?éfﬁ rggs%% it ek Os dbsclosed in WO

C200471 @RS yAH elomiirenst - WVCh 200K1008RAGe WO 20041101606 — are
52 ag%{@cgl r%'i‘%n(b?/tﬂe%iéhéé’ 'FHébISEGtMb&ﬂcﬁor%‘lepéﬁﬁld@'isedlsclosed in

[ ower al k ubsti t uent

A\/\&@%/dpa@w W'@?é%@'é@'@ﬁ%ﬁtquhﬁiﬁ yor eNEF-Wo
2004/ 100997. Al docunents - WO 2004/100997 and WO
20RdughOBEIng funeétiomaily soffipientibad ties asableaccefngeioctbe teachings of

TE]% pl):l)*'czeserqtD %'véﬁt?oant "RL p%r Bﬁpédpqgac'cﬂe% 8'!’ aﬁ#ﬂ‘?és?ﬂné Yimeric molecules

might have some disadvantages.

One potential drawback could be perceived in that the monomers to be connected
have first to be synthesized separately. Because of the stochastic pairing of mono-
meric peptides during the dimerization respecitively multimerisation reaction, it is in
particular difficult to (selectively and intentionally) obtain heterodimeric
bivalent/multivalent peptides with this approach. At least this would lead to great
losses in yield of a special, intended heterodimer. Bi- or multivalent peptides
harboring two or more slightly different monomeric binding domains are very
desirable, since due to their heterodimeric haturé, special interactions between the
two domains, which are able to stabilize their interaction in the final bivalent
peptide, can be introduced. However, due to the high losses in yield associated
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WD 2004/ 1 0 1600, which is also incorporated herein by
reference. Though being functionally sufficient and

wohoows/0deah| e according to the teachi ngs of thePpTER2WE/012075

invention, the prior art approaches of synthesizing
di meric nol ecul es m ght have sonme di sadvant ages, One
potential drawback coul d be perceived in that the
nononers to be connected have fG+¥st to be synthesized
separately. Because of the stochastic pairing of
nmononeri c peptides during the dinerization
respecitively nmultinerisation reaction, it is in
particular difficult to (selectively and
intentionally) obtain heterodineric

bi val ent / nu ,| al en tides with th,| roa

P b B st o eelie Bree iratan fastiohd, Mg BB pogfiomically not
saeatt@lctivé apsioded. het erodi mer. Bi - or rrul tival ent.

pepti des harboring two or nore slightly different

é&?‘ﬂb' :pPiQF NGt gag)'ﬁ?éd}.%egr Vcﬁﬁ%rlggﬁdr{ able‘;v‘/en SinBGEh technically

eter r'neric na ure,
i ml@.biﬁmlmvg thus \@oste EReNAMS @@@@améagaﬁhfoas prayidingghese peptides

t\%ltﬁt ﬁ&b*dg%ﬁebb@' Bind ge H@fv‘nta'|ri24}1 dsn dbb&ibednat hé)' M@érﬂk’oh however,

e i nt roduced

\seé%ade}wf}@ 80 fpaghes 2 BUGh mpr? T e C;'ﬁ’]? é?raiﬁqv t5oothifl ighly active

munph@ﬁtblmlmtﬁpépﬁ@és owhichaevémnsight tdurains hetewegdnpus binding
eﬁ%onow cally not an attractive approach. Applying the
NSy ¢ approaches for dimerization - even though
technl cally suitable - have thus sonme econonic
dibadauat eqeept oof fhio\stuitegy trefeaies pepni gwdhesizing the monomeric

hﬁéﬁfd%@%ﬁﬁl PADEF sk AR &Sbﬁéleﬁﬁﬁéétid@ﬁr séﬁﬁate reactions prior

rr@?'%'ﬁt?q?rtp@ﬁw tipariaatg). b4 0 SyANRSRP JhF Jhath GEmaiveRnt peptide
gfnt brey @’c@ﬁés I@Eﬁhg@eﬁep’fm; ; &g € e%_?_@hdrs@bte solitt phase reaction. Thus a
r ndi n
CErra AR At R AieT Her Y e SBRAEhbefted. "this aspect
pprm/!deesafb)g rachvgnzoe, ek thhe:qmmlgier and ibilepegrelent control on each
p@ﬁue%e'dssﬁﬁmmgs ffnﬁﬁﬁéeﬁéﬁurﬁ%f e ﬁbfﬁ'ﬁl’ na@vgs% BEsily harbor at

t
mepst vngqg &ﬁersabtrsa@tpﬁsm@f Cs,tbir%i'"g demging|ig %eﬁﬁﬂt'éé unit due to

eindepéidit CoRirdItreesdH sshuehas pokiant i on. Thus a
separate dinerization or nmultinerization step i's no

! RC rdlngetg(%ﬁg er;ml) imane Fne 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
preferred embodiment of the invention the linker is composed of natural or
unnatural amino acids which allow for a high conformational flexibility. In this
regard it can be advantageous to use'glycine residues as linking amino acids,
which are known for their high flexibility in terms of torsions. However, also other
amino acids, such as alanine or beta-élanine, or a mixture thereof can be used.
The number and choice of used amino acids depend on the respective steric facts.
This embodiment of the invention allows the custom-made design of a suitable
linker by molecular modeling in order to avoid distortions of the bioactive

conformation. A linker composed of 3 to 5 amino acids is especially preferred.
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provi des a big advantage, i.e. the conplete and
i ndependent control on each sequence position in the

woizomlosmspt i de unit. The nethod all ows to easi PgTHERR®ON012075

at least two different receptor-specific binding
domains in a peptide unit due to independent contro
on each sequence position. According to this
enbodi ment the sequence of thd7f4i nal peptide between
the bind ing domains (which is the "linker region") is
conposed of am no acids only, thus |leading to one
single, continuous bi- or nultivalent EPO m netic
peptide. In a preferred enbodi ment of the invention
the linker is conposed of natural or unnatural am no
acids whic w for conf or.mat,i on , .
1F ascrgtawary” st e ik Bedies” dhs RIacteRas fomains, o monomeric
kllﬁﬁtsy biglerfial Bivaléme sr atultivaidst pgptdescarabe @bﬂherwm distinetrgart of the
no or _the tar r
FERE, O cahdf? bomePSadoinbl it ¥erlicicf B ad ¥ e part of
the ancraméntefunciiorsl dortaine Fonexawplecths giwlmeswldueﬁen amino acid

VBRI 9n§ @éﬁ@ 1?fart6699| C%W fBﬁnng'Fd Sf t‘ﬁ%ﬂﬁ?{@r ExdniSles are given

respect ive St |

witlo Senod dp | g Nusdhe 8T ko SdbyP gAther dﬁ%'@,%ﬁ’ finqtignally than

| dtRfcBiral®y sﬁﬂlﬂeeéw bfindragial higat formopalesf the ke dnit as well as of the
distorti ons of, the bioactive conformation. A |inker

CBRPYBEHC §HPWItSy 5 anino acids is especially

preferred.lt is noteworthy that the |inker between the
f$nnce i-omal mentienets apove rvodorieg i the syinthgsisoof tihe Hivakent/multivalent

| n:}%acﬂr ({Hﬂe?\b%?o%ﬁfongﬁl ih 468 flﬁéf‘%%ﬁld%' i5N§HdeR control and thus

e_or can ose

fftﬂﬁ ye arewaelspdeﬁegﬂmeéﬂt @rﬁ%'bé%todﬁ,u%mc Ar Eﬁ"@r miake thg peptides or
cm?:n?ég?éhéé Jruaéﬁiaﬂ{émthélﬁﬁﬁldmludﬁiy tigxafikee This |s of specuflc

g cl ne resi m no. aci oS {t.ons

O st Ao T VSRS o ARU8R 3y ey Forformaton

abfRe final bivaenat péﬂtlde:)dﬂlé fo ‘Chfaa/ordttde urﬁramdlbulakarrtérac’sons The risk

f t : :

| RBIHAS, o5 A AsLHE PABPI b R5%by URHERE. odsing. This

agspeeidlly appligs torbe r@bﬁ@mfltbe QWM%GGVHHWODO@@”C domams

menti oned above - during the synthesis of the

bTN !:@rmr(ﬁ%‘}jmé?érﬂfﬂﬁulﬁ%éhtd&maéé a@@mmqa tﬁ@ﬁ’i\khﬁ(ﬁh show much

under control S can
Haaherertisgy e el spreabonding Hidaie pepi R plihtist Snfirm the
t shdepvativak endvae frentotbes dimeric peptides that an increase of efficacy is

associated with bivalent peptide concepts.

As for the monomers and dimeric peptides, the continuous bivalent/multivalent
peptides cén be modified by e.g. acetylation or amidation or be elongated at C-
terminal or N-terminal positiohs. 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.

All possible modifications also apply for modifying the linker. In particular it might
be advantageous to attach soluble polymer moieties to the linker such as e.g.
PEG, starch or dextrans.



specific regions or domains thereof, including the
linker. This is of specific advantage since it allows

wohacasmisglance of distortion of the bioactive PCI/EP2005/012075
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conformati on of the final bivalent peptide due to

unf avorabl e i ntranol cul ar interactions. The risk of

di stortions can be assessed prior to synthesis by

mol ecul ar nodel ing. This especil8Fly applies to the
design of the |inker between the nononeric donains.
The continuous bival ent/nultival ent peptides according
to the invention show nmuch higher activity then the
correspondi ng nononeri c peptides and thus confirmthe
observation known from other dineric peptides that an

( e ; : . o . |
o s Sathdis & b8 b B 38 SR P et o the invention
péporalely can ldsccionitida dwasubsequent anchindepeadent fopeptiontesf disulfide
C{%Bn&@ oggﬂ'ﬂg{r'i@jarmﬂeﬁu%r bBRES WitRi 8%#961‘ & 151a8ihg W_Fflﬁrgai??@ Thereby

$
el ongat e ermnal or N-term nal positions:
ptheopertides 3@ alsbe cyed or t he monomeric pepti des

‘(nononers) mentioned above including the attachnent

s
offhgovivalest giHeilress agersHingstopthsg inveatieh ase fakrablniormed on the
ak.e.al : | t.lsi,Or bival ent

pé’%?'?gzg‘ea;@ Ji“gﬁﬂéﬁ?@gf%@usﬁ\%ﬁﬁ%% Al l possible

nodi fications also apply for nodifying the linker. In
particular it mght be advantageous to attach sol uble

pSeYife EXaBPIesi daRpsoRiae Inepkide Usiis foradimerigingrihe, EPO receptor are
S%@lﬁﬁht&htl?ﬂ%ﬁé@ﬂﬁwemﬁrs%%mw Bindfngt B6mBINRasyrAbbIiZe- optional but
orvglvaleq qgtlde.aﬁfargLaaﬁgo the invention

fR ?%ﬁ@ﬁ"%ﬁﬁb plar AN ErEdRS subsequent and

[ t formatio 0 I.sul fi de bonds or other

i %%R@E&P&Pamg%{ﬁﬁ *h of the binding

domai ns. Thereby the peptides can also be cylized. The

bi val ent structures according to the invention are

favorabl ¥ formed on the basis of the pebtide nononefs

r GG‘E%SGI—EFGI&L‘I%V@IKKQ@GMGG'SEF HEGKHERVIKKQGG
units for dinmerising the EPO receptor are subsequently
listed. The bars over the binding domai ns synboli ze

ogE®@MINDPY preferred intranol ecul ar disulfide
bri dges:

I 1 I 1
ac~GGTYSCHFGKLTWVCKKQGG == GGTYSCHFGKLTWVCKKQGG - conm,

The linker in these bivalent structures is custom-made by molecular modelling to

avoid distortions of the bioactive conformation (fig. 1).
SEQID NO 12

The linker sequence can be shortened by one glycine residue. This sequence is
also an example for a linker composed by glycine residue forming at the same
time part of the binding domain (see SEQ ID NO 2).
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SEQ I D NO 10 (based on SEQ ID NO 2):
GGTYSCHFGKLTW/CKKQGG - GGTYSCHFCGKLTW/CKKQGG SEQ | D No
W 2006A60955T YSCHFGKL TWCKKQGG -  GGTYSCHFGKL TWCKEQES2005/012075
-CONH2 The |inker in these bivalent structures is
custom made by nol ecul ar nodelling to avoid
di stortions of the bioactive conformation (fig. 1) .
SEQ I D NO 12 The linker sequerl®- can be shortened by
one glycine residue. This sequence is also an exanple

f
t

or a |inker conposed by glycine residue form ng at
he sams ti ms part of the binding domain (see SEQ ID

NO 2) GGTYSCHFGKL TWCKKQG -
GGTYSCHFGKLTV\X/CKKQGG The bi ndi ng donmai ns can al so be

used as ence (SEQ I D NO 13)
R R Fr ko BRI tcocc

conti nuous bival ent peptide accordlng to the invention
harboring two slightly different (heterogeneous)

bi ndi ng donmi ns. Such bival ent peptides woul d not be

athe binding deswibwicanl also et ysed Be iomanomey saguensei(§FQ ID NO
approach (see above). Al so these binding domai ns can

be "applied as a nononer as SEQ I D NO 15:

SEQ | D NO 15a:
5 W&%Afurther exanple is

SEQ ID NO 14:

r 1 I 1
GGTYSCHFGKLTWVCKKKGG == GGTYSCHFGKLTWVCKKDGG

This sequence presents a continuous bivalent peptide according to the invention
harboring two slightly different (heterogeneous) binding -domains. Such bivalent
peptides would not be accessible economically with a prior art dimerization
approach (see above). Also these binding domains can be applied as a monomer
as

SEQ ID NO 15:

GGTYSCHFGKLTWVCKKKKGG.

SEQ ID NO 15a:

GGTYSCHFGKLTWVCKKKDGG.

A further example is
GGTYSCHFGKLT-1hal-VCKKQRG-GGTYSCHFGKLT-1nal-VCKKQRG

According to a further embodiment the peptide optionally carries an additional amino
acid, preferably one with a reactive ‘side chain such as cysteine at the N-terminus
such as e.g. in the following sequences
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GGTYSCHFGKLT- 1 nal - VCKKQRG GGTYSCHFGKLT- 1 nal - VCKKQRG
According to a further enbodi nent the peptide

wopbtiemsedsby carries an additional am no acid, PCT/EP2005/012075

preferably one with a reactive side chain such as
cysteine at the N-term nus such as e.g. in the

foll ow ng

sequencesC- GGTYSCHFGKL TVWCKKG@E GGTYSCHFGKL TVWCKKQGG
C- GGTYSCHFGKLT- 1 nal - VCKKQRG GGTYSCHFGKLT- 1

nal - VCKKQRG Furt her peptide exanpl es depict the
follow ng am no acid sequence:

GGTYSCSFCKLTW/CK- Har - QGG GGTYSCHFG- Har - LTW/CK- Har - QGG
The first sequence depicts a serine in positi on X7. It

mﬁf%{igﬁmﬁéﬁﬁxm%?ﬁé @géw %@gﬁ%xyl gr ou p V\AG’1

this sequence is incorporated in a diner use of a
61663 YHOTIGKLT ol Bty GO GG VS CHRGHE Biba) ¥OHKQRG

for dimers since the bioactive conformation is

SEGhdr s8flide BX@NFHES BdpRE HEERNEWRTIPARINONELid REquence:
non-natural amno acid honoarginine is especially

sg@%@sﬁgkngvblp(“ﬁap_hﬁg@aceutl cal conposition for

veterinary purposes. It was generally found that
pEAMYRCHEGuEnctI VEUCKyHagQ&G ami no acid with a | ong
positively charged side chain such as for exanple

honedirgfi aéaeenae deplicts enserie dndyasition7 Xde i wesafosindoigt a new

bhﬂﬁbggn %ﬁegéué %réé{eg':f@rdﬁ%eﬂ%%ﬁoéﬁ’&fbnaéf t‘ﬁe%ydrbf?)g group when

sui t abl

cept or are eCI
{B¥S BRRLGNee, B '@PPW?teﬁy k@d@@e@er ﬁ%@%? 0 t%éﬁwn%é% Ppsition X; is

npius! bBp&@slly avetabld hor r gismdrs veinse dthec bativeayonformation is
%rg a(? alinking tie e.g. for further nodifications.

THE @5 ides furthernore optionally conprise

i ntranol ecul ar disulfide bridges between the first and

sEh@r&ﬁecand/mqudmceddemldtlm@ljh@ aryeatgraleamino jagid homoarginine is

c‘iélffﬂl gﬂ’%ﬂ@t E%eu Bafn té‘gﬁﬁ?ﬁ\%@éﬁﬂufal pé‘&hb@?ﬁoﬁsfor veterinary
y S H%% 15a
ap@rppa%rlbmaxﬁ Q;QS}%?%@L{”S thakPeRY WC&?\Pﬁr@mg an amino acid
P&vh 'adl%ﬁlgw \ﬂélyl @:hbﬁgé&gldem isQbh adofor \exampid $omoarginine in
posntrlo rth a % 7 d%pmglarrg{rong tbmdl ing capacity to EPO receptors such
as e.g. the mouse/dog receptor. They are thus especially suitable for use in
veterinary products, however, their use is not limited thereto.

The reactive side chains may serve as a linking tie e.g. for further modifications.
The peptides furthermore optionally comprise intramolecular disulfide bridges
between the first and second and/or third and fourth cysteine.

It is important to notice that the monomeric peptides as exemplified by SEQ ID 2,
4-9 and 12, 13 and 15, 15a are favorably combined to the continuous bivalent
peptides according to the invention. However, also prior art methods for dimeri-
zation of these monomers can be applied. Examples‘ for these prior art approaches
being applied to the monomer peptides falling under the scope of this invention
include (but are not limited to):

1. The dimerization via connection from C-terminus to C-terminus wherein the C-

terminus of one of said monomeric peptide is covalently bound to the C-
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of these nononmers can be applied. Exanples for these
prior art approaches being applied to the nononer

woepiddesof al | i ng under the scope of this inveRCITaR2005/012075

include (but are not Iimted to): 1. The dinerization

via connection fromGC-termnus to C-term nus wherein

the Cterm nus of one of said nononeric peptide is

coval ently bound to the Ctermi2ius of the other

pepti de. The |inker/spacer between the nononmers can

contain a diketopiperazine unit. A preferred Qy-Gy

di ket opi perazi ne scaffold can be achi eved by

activating the CGtermnal glycine nononer. This

principle can al so be use for formng a Cterm nal

di MBEh#RS! @Ethe TGRef 2 n})ﬁm@ Mhd %Réﬂ/si‘%céf‘%eﬁﬁéé?ph%s monomers can
represent four cust zed exanpl es which were

optocmtalaob loljketapiperakine tmmble«hmgferr(ed) Giy-Oiyr drkatqpmrazme scaffold

Ibﬁs(#qsrb 9)3 E&?gﬁ_@@@ conf or matl on is % gﬁs orinciple

CCToE( Atk EHeRRFY C- raa‘av&%@ébawwqeesl !
(b)CdI rre(g%n t he basi s o?tg[rEQlD NO 2 with a linker

shortened by one gly cine; the conformation is shown

in 'fheg foI%WIWEMEQ%H_W&a@ %@Eﬁ%&?ﬁ%@%w examples

(c)whﬁchMere@ptlmeldaw molsicUBEQdRING 2 with a gl ycine
substituted by betaal anine (fig. 4). The nononer (SEQ
ID NO 16) is also applicable as EPO

(a) dimer on the basis of SEQ ID NO 2 (the dimer conformation is showed in
fig.2): ’

1
1
GGTYSCHFGKLTWVCKKQGGG-G GGTYSCHFGKLTWVCKKQGG?

" N
. LY
>
GGTYSCHFGKLTWVCKKQGGG-G GGTYSCHFGKLTWVCKKQGGG
L— |

0

(b) dimer on the basis of SEQ ID NO 2 with a linker shortened by one gly-
cine; the conformation is shown in fig. 3.

1

1
GGTYSCHFGKLTWVCKKQGG-G GGTYSCHFG KLTWVCKKQG?

N 0O
+ — 1y
-0 T

GGTYSCHFGKLTWVCKKQGG-G GGTYSCHFGKLTWVCKKQGG

I——

(c) dimer on the basis of SEQ ID NO 2 with a glycine substituted by beta-
alanine (fig. 4). The monomer (SEQ ID NO 16) is also applicable as EPO
mimetic peptide.



mmetic peptide.l | | 1 GGTYSCHFGKLTWCKK

GGTYSCHFGKLTW/CKKQG-  bAl a- G GGTYSCHFCGKL TWCKKQG
WOA@/0&959 1 GGTYSCHFCKLTW/CKKQG-RAla | | (d) dJdPOEBMEPR0VS/012075

the basis of SEQID NO 2 with an alternative glycine

substituted by beta-alanine (fig. 5). The nonomer (SEQ

ID NO 17) can al so be applied as a EPO m netic

peptide. | | GGTYSCHFGKLTWCKRAGGTYSCHFGKL TW/CKKQ-

bAl a- G G GGTYSCHFGKLTWCKKQ bAla-G G I |

GGTYSCHFGKLTWCKKQ bAla-G | | 2. The dinerization via

connection fromNtermnus to N-term nus wherein the

Nt er mi nus of one of said nmononeric peptides is

covalently bound to the Nterm nus of the other

peptlde wher eby the spacer unit is pref

| d bui | dGETYSEHRAKLTHACKKOQG-RAI

0 i.c aci ui a
oﬁg¥m§wcwggr@ﬁﬁ| ng diners on the basis of

SEQ ID NO 2 el ongated at the N-Term nus by one glycine
residue (SEQ I D NO 18) contai+ hexanedi oyl unit as /j\ f

I i nker/ spacer (fig 6):(b) In an alternative
enbodi ment the di meri zatl on can be achi eved by using a

OQ?EH%‘EZF%LT“WQK, KEG-$MfRer / spacer (f 66TYSOHFGKITWVCKKQG- lSAla
di meri a the side chains wherein lan_am nafacid

side chain of one of said nononeric peptides is
covalently bound to an am no acid side chain of the

ot her peptide with inclusion of a suitable spacer
ol (é¢ Wlimer onrtbethasis 0hSEQWD NEPRivdth am atiewadive Ticine aubstituted

I nCl U4); peta-alanine (fig. 5). The monomer (SEQ ID NO 17) can also be
applied as a EPO mimetic peptide.

1
I 1 TWV - -
GGTYSCHFGKLTWVCKKQ-RAla-G-G GGTYSCHFGKL CKKQ-BAIa-G

' N. _O
+ — LY
0~ N
GGTYSCHFGKLTWVCKKQ-RAla-G-G GGTYSCHEGKLTWVCKKQ-BAIa-G
e | I—

2. The dimerization via connection from N-terminus to N-terminus wherein the N-
terminus of one of said monomeric peptides is covaléntly bound to the N-
terminus of the other peptide, whereby the spacer unit is preferably containing a
dicarboxylic acid building block.

(a) In one embodiment the resulting dimers on the basis of SEQ ID NO 2
elongated at the N-Terminus by one glycine residue (SEQ ID NO 18)
contain hexanedioyl unit as linker/spacer (fig. 6):



(a) the connection via an am de bond.
GGTYSCHFGKLTW/CKKXGG GGTYSCHFGKLTW/CKKXGG | | (b) or

woheospsomsect i on via a disulfide bridge: PCT/EP2005/012075
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GGTYSCHFCKLTW/CKKXGG GGTYSCHFGKLTW/CKKXGG ||
GGTYSCHFGKLTW/CKKXGG GGTYSCHFGKLTW/CKKXGG i 1
GGTYSCHFCKLTW/CKKXGG GGTYSCHFCKLTW/CKKXGG | 1The X
synbol i zes the backbone core 023the respective am no
acid participating in the formation of the respective
I'i nki ng bond. Respective assenbly nethods as descri bed
above can al so be used for the preparation of
multinmers. It is pointed out that all of the binding
domai ns respectively peptides described herein either
al one @EEBYSCHFERDwrdRrQGent / nul tival ent peptide
can al $o be used in a nononeric form and/or can be
conbi ned - CH, ppeCoOr nore other either identical or

di fferent peptide| domains in order to formrespective
honmo- or het er oge®@GTVUSCHFAHLITWECERQ@Ept i des. The
peptides can be nodified by e.g. acetylation or

am dation or be elongated at the Cterninal or

Nt : . . " amin .
ek B0 ROAA S O S o1 (SRS, woing
of an attbaetiopininisas inkeospacerdfiy.i®r often |l eads to a
het er odi meri c bi val ent peptide unit which can best be
manuf actured as a conti nuous pepti de.

GGGTYSCHFGKLTWVCKKQGG
CO- (CH,) ¢-CO

GGGTYSCHFGRKLTWVCKKQGG

3.

The dimerization via the side chains wherein an amino acid side chain of one of
said monomeric peptides is covalently bound to an amino acid side chain of the
other peptide with inclusion of a suitable spacer molecule connecting the two

peptide monomers. This can include:

(a) the connection via an amide bond.

I 1
GGTYSCHFGKLTWVCKKXGG

|

OY(CHZ)k

HN\
/(CHZ)m

HN
O TCHZ)n
GGTYSCHFGKLTWVCKKXGG
] ]




The conpounds of the present invention can
advant ageously be used for the preparation of human
wanwemsosset er i nari an pharmaceuti cal conposi ti ORET/ER2005/012075
EPO minetics they depict the basically the sane
qualitative activity pattern as erythropoietin. They
are thus generally suitable for the sane indications
as erythropoietin. Erythropoi- 24y is a nenber of the
cyt oki ne superfam|ly. Besides the stinulating effects
described in the introduction, it was al so found that
erythropoietin stinmulates stemcells. The EPO m netics
descri bed herein are thus suitable for all indications
caused by stemcell associated effects. Non-limting
exaimy! Gha'cBnhdGiopnRY BRfis PRiARg: treat nent of
di seases assoclated wth the nerve system Exanples
are neurological injuries, diseases or disorders, such

as e.g. ParkinﬁnannL_A;;:E;ger's di sease,
Huntington's chorea, _multiple sclerosis, anyotrophic
| ater a&GmgﬁgﬁFm ' KK&&G&? Tay- Sachs

di sease, a neuropathy, peripheral} nerve injury, a
brain tunor, a brain injury, a %Qtﬁgzécord injury or a
stroke injury. The EPO m neticspeptides according to
the invention are also usable for the preventive
and/or curative treatnment of p%kiﬁgﬁi suf feringfrom

or at risk of suffering from car failure. Exanples
are cardiac infarction, coronary lartery di sease,

nyocar GGTEY SOHFGKLTWVERRKHXEGG al cohol i sm

car di onyopat hyy hypertensi ony, val var heart diseases
including mtral 1 nsufticiency or aortic stenosis, and
di sorders of the thyroid gland, chronic and/or acute
coronary syndrone. Furthernore, the EPO m netics can
be used for stinulation of the physiologica

nobi | | GG S CHFGRETWVAKKIKXGE@r enti ati on of
endot helial precursor cells, for stinulation of

vascul ogenesi s, for the treatnent! gf di seases rel ated
to a dysfunction of endotheliaézp alssor cells and
for the production of pharnaceytical conpositions for
the treatment of such di seasesSand pharmaceutica
conpositions conprising said pept$ﬁ¢§3and ot her agents

sui tabl e

GGTYSCHFGKLTWVCKKXGG
l |

I 1
GGTYSCHFGKLTWVCKKXGG

S/(CH2)4
l

\7CH2)"'

GETYSCHFGKLTWVCKKXGGE
1 |
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for stinmulation of endothelial precursor cells.
Exanpl es of such di seases are hyperchol esterol aem a,

wdizads@siswso nel | i t us, endot hel - nedi at ed chroni ¢ PCT/EP2005/012075

i nfl ammati on di seases, endotheliosis including
reticul o-endot heliosis, atherosclerosis, coronary
heart di sease, nyocardic ischem a, angi na pectoris,
age-rel ated cardi ovascul ar dis¢ases, Raynaud di sease,
pregnancy i nduced hypertonia, chronic or acute rena
failure, heart failure, wound healing and secondary
di seases. Furthernore, the peptides according to the
invention are suitable carriers for delivering agents
across the bl ood-brain barrier and can be used for

- BB by BoRHERAR EaeRRMeCork e RO RAHPE <Bipageid ryriipating In
ptesormatidreotithe sespgactive liéing bend. The pepti des
descri bed herein are especially suitable for the

gRE@;Bé@i% 8§§&t§1g{rﬂ@fﬁd5h§é RSErilSdRRBUE EALBIY b8 used for the |

efirclrency of e ropoietin or a | ow or defective red
bPreparation of ;oWtimats-on and especially for the treat nent
of any type of anemi a or stroke. The peptides are al so
Slyii¢ Pirted lQifutiSthatL alaﬁ)if nige dihveliiny domaitsirespegtiveyaieptides described
in a.n . Su ar | ,
o RN Aok el BRAER S i Blufi OB nftEe TBY g e used n
i a noriemetiofosichoand/ohearc bensogibineshwith onetas menecottiedieither identical
admiop : 1 y _
S Sl BORRER, Sroch b St i o s b
deserltyalent Reriige£004/ 10161 1 and WO 2004/ 100997. As
outl i ned above, dinerization of the nonomeric peptides
t PhélipaBfide® tas \vermouified 5T &.guacetylayion op aiveatidrher BP@longated at

T e
f ome b_feﬂweémaarmin_ia@tg.\fd)lt gr.epé’[atioexﬂmpl attacbment sitarfor iagpolymer often
E@Qd%&'ﬁ;He?%rBBPﬁérﬁ:eavé\éﬁt pl:ﬁﬁitﬁiﬁﬁﬂﬁﬁfwlﬁcﬁ k&R r?%c &fridnufactured as a

regardi € activation o e cellular ani sms.
SUBiINKPUE PEPBdR:hes were made in the prior art in order

to increase the activity of the peptides, for exanple
bYhe& ajon@bd urtisobf tHee pasBeno imeintiodechie adeantdgesdsly Bedused for the

preparation of human and/or veterinarian pharmaceutical compositions. As EPO
mimetics they depict the basically the same qualitative activity pattern as
erythropoietin. They are thus generally suitable for the same indications as
erythropoietin.

Erythropoietin is a member of the cytokine superfamily. Besides the stimulating
effects described in the introduction, it was also found that erythropoietin
stimulates stem cells. The EPO mimetics described herein are thus suitable for
all indications caused by stem cell associated effects. Non-limiting examples are
the prevention and/or treatment of diseases associated with the nerve system.
Examples are neurological injuries, diseases or disorders, such as e.g.
Parkinsonism, Alzheimer's disease, Huntington’s chorea, multiple 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
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identify nore potent candi dates. However, so far it is
still desirable to further enhance the activity of

woepiddesy especially of EPO mnetic peptides POT@PA®S/012075

to inprove the biological activity. A further

enbodi nent of the present invention provides a
solution to that problem Therein a conpound is

provi ded that binds target mol8cul es and com prises i)
at least two peptide units wherein each peptide unit
conprises at least two donmains with a binding capacity
to the target; ii) at |least one polyneric carrier

unit; wherein said peptide units are bound to said
polyneric carrier unit. Surprisingly, it has been

(Ql;ﬁ;j gt hta 'ﬂ%lbf’ﬁ ag@nb' n@%@?c%agr tf?ﬁ%rgl nvehﬁ)ll%na% cdlac infarction,

mzdrmmyl artenppdiseases, gm;emarthls n@hem‘th@apmetreahn@aicyalcohohsm
nt I p

BRI B, LARGLE Whptiro  ia

dvstufflgleapy py @pttic stﬁggSlg, @%g\sgr I”{S@ f the thyroidgland, chronic and/or

O%b?ﬁ%\ésfbna § h@ome bi val ent” as used for the purpose
t he presen Invention is defined as a peptide

Earmoney DS ORIt Fah Re Used Petgtifion of e bhysiological
uselilizaticr, chvalitpeatidry andt mfferemtlaaom ofdemdothelial precursor cells, for
CERRIAIORS BscbbhAGLE 8 SAMAATHI CiskREs s © o
fdysflum'éIOEP@fr eeegntbelial| tpregurser f c@% dénd 194t %h‘he production ~ of
t&?dfﬁla‘&%ﬂfléé]\e ‘cMfosifieR | f#f URET ‘tredpmint bﬂCQU@I@rat@ases and

%r{;&%@éh& :cgé@pons orofgt @éﬁd¢orggﬁ%$§§g{éﬂgépq0@g§]pmorﬁit er aggnots suitable
CloRtitRiiatbr \@3 wdmlal lprecursomokls. vﬁkmplqsept sdeh dlseases are
un| ts att to a :
Binsrofp 8RS e, "BoiEE ° siclike’ osphiRHAMERE , ohronic
smfjammaatmmt ndisesstes @nslwthaliogis f emcfudm t héetmul@en@othehos's

g}sgts'c!é'f%l%c Emr?a‘?%” %H%@Esénﬁy@%aﬁilé‘ﬁ&k@mlhg%néﬁa pectoris,

I nes ner el nmononeri c PO
nag%feleteﬁleﬁardj@gaw ¥ diseasesc hanals gisgaise, (hregnancy induced

CyHer®ia,t BSronic or acute renal failure, heart failure, wound healing and
secondary diseases.

Furthermore, the peptides according to the invention are suitable carriers for
delivering agents across the blood-brain barrier and can be used for respective
purposes and/or the production of respective therapeutic conjugation agents
capable of passing the blood-brain barrier.

The peptides described herein are especially suitable for the treatment of disorders
that are characterized by a deficiency of erythropoietin or a low or defective red
blood cell population and especially for the treatment of any type of anemia or
stroke. The peptides are also suitable for increasing and/or maintaining hematocrit
in a mammal. Such pharmaceutical compositions may optionally comprise
pharmaceutical acceptable carriers in order to adopt the composition for the
intended administration procedure. Suitable delivery methods as well as carriers
and additives are for example described in WO 2004/101611 and WO
2004/100997.
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supraval ent nol ecul es are generated by connecting
al ready (at | east) bivalent peptide units to a

weaboerosedse carrier unit thereby creating a supravalPens/012075

nol ecul e (exanples are given in figs. 13 to 15).
Thereby the overall activity and efficacy of the
peptides is greatly enhanced thus decreasing the EC50
dose. So far the reasons for -#e great potency of the
supraval ent nol ecul es conpared to the nol ecul es known
in the state of the art are not fully understood. It
m ght be due to the fact that the dineric nolecules
known in the state of the art provide nerely one
target respectively receptor binding unit per diner.

T | tor, Lex | . |

oo auiel e, GnBHeRtcto AT TR PERRIAP RS dimprs or even

omeltisiegs alsuatlp isgomesothep EPER s¥metic caganias aasiviyrsompared to the
gua . iy

TPl b S8R PRORELECH o B (bt finy enhanco

rafiyjiy.oromexaneles evebetivgri ERY roinaetia peptaf%m@ less potent than

(M50 Re§hrdir] the ddRAlion bitHosBILRFtmediEmisHBr aval ent

conmpounds™according to the invention conprise several
al.r ead

di- or multinerjc respective recentor pbindi o

PYesal aproaRhaivels MERG AdG Ber B o1 bdyelaRe theactviy of
ripeepéptidespigyl @xeaplenby variatidn of thdé acEnpecid sepoence in order to
TERGHLiohd Bl SAMHEIRY. REUELRE S 8ok 1 IIGERT furthor
venhancevibe-aativity ot eeptides, msipagialy of FEQ upmalis kaptides in order to
C; q ; #,in a clustering of receptor
C@r@?\‘ggﬁa @E%%Jl?gwlﬁyéurf ace. The EPO minmetic peptide
upits, used in. this emhodi ment can be either hono- pr.
het én‘?f@boﬂlﬁéﬁﬂin Pgh%tprgﬁ?ﬂteﬂm{e@ﬁﬂf‘i pEVidgs” @ softltion to that
dprobirh NBheret hdempuoursl Brrouvised .thathisindatergep pidlesules and com-
t he bi ndi ng domai ns (nononeric peptides as descri bed
a%rbs(?es) of the peptide units which can al so be hono- or

heterogenic. The bi- or nultival ent peptide units
bipundattleasttwocpentide units wheraly eeRR Pspde rL@d?éiﬂrW”SGS at least two

t ar gedorhainefith a%ﬂﬂﬁn@@ﬁpﬁ’éi’gﬁt@qhé@a@biﬂ | differ in
e

their amno acid sequence. nmononeri ¢ bi ndi ng

d_o)rmi rﬁ of the qi - or rrul.tiva,[léent peptide units can be
et hedt Ipagiete BYVRREL @M W% i ¢ ol ecul e can be for
exanpl e created by the formati on of .

wherein said peptide units are bound to said polymeric carrier unit.

Surprisingly, it has been found that the combination of two or more bi-or mul-
tivalent peptides according to the invention on a polymeric support is greatly
increasing the efficacy of the bivalent (or even multivalent) peptides to their
binding receptor not only additively, but even over-additively. Thus a synergistic
effect is obsérved.

The term “bivalent” as used for the purpose of the present invention is defined as
a peptide comprising two domains with a binding capacity to a target, here in
particular the EPO receptor. It is used interchangeably with the term “dimeric”.
Accordingly, a “multivalent” or “multimeric’ EPO mimetic peptide has several
respective binding domains for the EPO receptor. It is self-evident that the terms
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i ntranol ecul ar cysteine bridges (see above). The
pol yneric carrier unit conprises at |east one natural

wonRomysedset i ¢ branched, linear or dendritic pobPgmEP2005/012075

The polyneric carrier unit is preferably soluble in
wat er and body fluids and is preferably a

phar maceutical |l y acceptabl e polynmer. Water sol uble

pol ynmer noieties include, but28re not linmted to, e.g.
pol yal kyl ene gl ycol and derivatives thereof, including
PEG, PEG honopol yners, nPEG pol ypropyl enegl yco
honmopol ynmers, copol yners of ethylene glycol wth
propyl ene glycol, wherein said honopol yners and
copoloyners are unsubstituted or substituted at one

end Wi th ;. .pol yal

SDenEic et Sk P Rl BRMHEABSHA B Bbann repecing size
i el m@mr;b@rét@tdngbcghcﬂ pblypeptides asmethasmoiihsel | ul ose;
starches (e.g. hydroxyal kyl starch (HAS), especi aIIy

GRSt R T oL, SR e uns atached to o
inotyreliin ganliex LNk @se nBaed ‘SupEaMaleniet taémn’tem 03#318 ‘embodiment.
ﬁ'leef{egrglxﬁﬂﬁm/ﬂevr?ﬁ id uleéﬂeq?ééﬂl)n cﬁﬂé’r fifore MRt RlirAkric or multimeric
rmqnlyow@| Wrbpr] {hﬁ)ﬁtate o? the art pﬂ\é’ tatd Iofechhylrt com%més merely
ahaélSndS}ﬁbM% g@d)mhirﬁémlﬁtp@?bhde@mfmdeﬂ & areate; a alder. In contrast the
S VoS 31 Bl S0 0 USRS, ot Ja) vl
/pefp'tld'pl unitsttuta pelyarericetarder pnietherebyl cesatingl @ suprayalent molecule
3%%@@ ésaérg gﬁ\‘?‘ér{ |ne|r| éJW'3tto' f&))aTﬁQFQB?'tﬁé‘ r(‘)%fé?lnﬁétlwty and efficacy of

(the wentifies s areaty eghaawgtaus dnciessing e 50, dosge

polynmeric carrier unit can have a w de range of
o f}é‘rbthérre&@drﬂﬂor(ﬂh@ gtf@attdmwbyf Hfethersupnavalert mblechiss compared

g ng{rﬁgleﬁﬁ "th{ﬂeﬁlei gt[q?e ?ﬁmeaggraerer}hoﬁcfﬂ% Uﬁ&él%'ibod It might
restiué ¢d thmﬁact tHatthedimeric nslgpuigsekmayen e sta*@ of the art provide
TRREe 0 onbBo 8o SRS S iy, Teasoniy ono
meeeptoamoynmmm@es@rat@d mnobmér%ﬁathﬁ)dmers@ cREBPOFAG thereby
&cif otn of& 5 fgn@l trﬁﬁéduéﬂi@ﬁ%ﬂd@e@ B, @&Wm@ﬂbnmlb)&m mimetic
Sﬁq;}t@ﬁgsar@uuggx sacted Vla ﬁ:xgn% fornt % %glpwfel cllé YaiaF thereby facilitating
dimerisation of the receptor monomers necessary for signal transduction
(Johnson et. al., 1997). In contrast, the supravalent compounds according to the
invention comprise several already di- or multimeric respective receptor binding
units. This might allow the generation of several receptor complexes on the cell
‘'surface per compound molecule thereby inducing several signal transductions
and thereby potencing the activity of the peptide units over-additively. Binding of
the supravalent compounds might result in a clustering of receptor complexes on
the cell-surface.

The EPO mimetic peptide units used in this embodiment can be either homo- or
heterogenic, meaning that either identical or differing peptide units are used. The
same applies to the binding domains (monomeric peptides as described above)
of the peptide units which can also be homo- or heterogenic. The bi- or
multivalent peptide units bound to the carrier unit bind the same receptor target.
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hydr oxyet hyl starch are used, the nol ecul ar wei ght
m ght be consi derably higher. The average nol ecul ar

WOoRIEIS093D ght t hen be arranged around 100 to 4r00@PRIDS/012075

or even be higher. The size of the carrier unit is
preferably chosen such thateach peptide unit is
optimally arranged for binding their respective
receptor nolecules. In order-t29 facilitate this, one
enbodi ment of the present invention uses a carrier
unit conprising a branching unit. According to this
enbodi nent, the polyners, as for exanple PEG are
attached to a branching unit thus resulting in a |arge
carrier nolecule allow ng the incorporation of

mer ous peptide ynits. l.es fo =1

GEHmg TN 50 & gl et go ety BEPE | RhF sgauence. The
daodsineric Hinding longaingiof shes it dremultivaleat peptide waitpican be either
t,aught nein fen ;
AREREbL Y IE BoEHe MolBEUE g B RIRAERIAE cRIGELSi6E Sstmation of
dotraincienyllarheysteine hidges taeh@iovedad t o head, head to
tail, or tail to tail) the polyneric carrier unit is

Cﬂ@%ﬁfgﬁﬁ’eﬂd’cérﬁ@r RAR oA et leddteriROh ¥Rl F sy@athdtierbranched,
uni t 1 onnected to t

dear 150 Ace ARV Terg. g AU Pt o nbdach Srpagyesoluble in

t\h@teblﬁeldofﬁody floidal st ishsreféralsly phamaceutithbly acceptgble polymer.
nt, C €. 0. a .

YRSl B g KR BB hAFIARA RSB ecins

aglgiali aed derpeatives theranf, dnelvaingcPE&, dPESeMareopolymers, mPEG,

:@?@?Pgrerrﬁe%{c%' Hgg%pl)o%?er@f CEFHHFMA P Qa"tlﬁ’)rl@n@n@lycol with

car [1"c acid. 1Tn case the pol yneric
c@'ppv@ﬂeungb’C@'@eéNrr‘ﬁf?”]olo%@slsﬂﬁﬁ‘O&’B rng?ﬁsi a?'é‘?cd{?@o[OIrY@erS are

AiribstiffYE oRlsubSttDiddgt sneharcgswithankylgyedp; polyglycerines or

order. to appropri atel di th r. r e
ek R SER Iolod SoBATE g pepyotons
tdred payhioxgmetinitellufse; atarehehenichydrgxyalisy stargh ( )'bgspeC|aIIy
A3 (B o, g St ot on
tdextiarot alefivatives, exiepidingcidexiiansaidlde (‘g’P%%l%@‘,e dextrin, and
N ng)'/rgbfh’f}i QbR Meparin dHdIRagmerRSof hegaimqolyvinyl alcohol and
gg%l%@éilbﬁﬁgéﬁugémgg S e NS iR ERiach: ' §¥lpoly(2-hydroxyethyl)-DL-
aspartatamide; and polyoxyethylated polyols. Of course also other biologically
inert water-soluble polymers can be used. A simple, but nevertheless preferred
example of an appropriate carrier unit is a homobifunctional polymer, of for

example polyethylene glycol (bis-maleimide, bis-carboxy, bis-amino etc.).

The polymeric carrier unit 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 around 20 to 500 kD and more preferably around 30 to 150 or
around 60 or 80 kD. The size of the carrier unit depends on the chosen polymer
and can thus vary. For example, especially when starches such as
hydroxyethylstarch are used, the molecular weight might be considerably higher.
The average molecular weight might then be arranged around 100 to 4.000 kD
or even be higher. The size of the carrier unit is preferably chosen such that
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groups, and carbodiim de-activated carboxyl - groups.
Al l of the above groups are known to react with am no

wgnresEsosn pr ot ei ns/ peptides to form coval ent POD@®2005/012075

i nvolving acyl or simlar |inkages; alkylating groups
whi ch react with sul fhydryl (nmercapto), thionethyl,

i mdazo or am no groups on the peptide unit, such as
hal o- car boxyl groups, mal ei m-d&® groups, activated

vi nyl groups, ethylenimne groups, aryl halide groups,
2- hydroxy 5-nitro-benzyl brom de groups; and aliphatic
al dehyde and ket one groups together with reducing
agents, reacting with the am no group of the peptide;
ester and am' de form ng groups which react with a

T I N e ——
gnnolqmlasogletdwder talifacilitbiedthis,cond eglapdimest ehitk pr%&mt invention
V\ﬁi& % ﬁé‘rj fu’iﬁ’émﬁ)r strQﬁ‘cng?& UMitO @ cBrd éﬁg“f@ t8 embodiment,

enzoate grou S an
aﬂh?ypwﬁlﬁm a8 Hroxamplen PES 1 ke Btk adt 19e as Braneping unit thus

OFelURRgOMn bh%r@é %eﬁh@r 'nﬁblédilﬂe pélﬁﬁrﬂﬁgeth@f m@&l’rﬁbrétldﬂ@ of numerous

t
SR e aEeeRplstfor sPTBERAE PiaRdng: BHES Al yoerol or
o lgdiycerat t Alsb tdertdhitic diranching einitsi caini leers] usﬁdtdmfafor example taught
oRb 15 2908 HBLoo LRy [BIngl " PO T et on

of cyanogens bromi de with the pol ysaccharide, which
rB@cf,eramt, rafter Hie gestige Wiitst Bee sepated eby gamebining the monomers

i maltrj Yéleath% ggfa‘,ﬂ)oH@Qd 3(60@ﬂd?ﬂt@a|hg%lttf5i® tHéV?BIyln%thBé(mer unit is
S i

cme@EﬁOF b 10 Bephle s, Thirsaiy b i bOE48 kBbed to the

beptidealunits ouia ahed)mmntv\/orcm nen- cwm@ﬂmte(@g raeasttordigative) bond.

V% P fr @8t & oBlalehl B REETEE e HAU4RnER datfoccur o

owala)maad:twe amiiid facidi qbdhe rmpt@ﬁdumltag e plysithe, Wysteing histidine,
Cﬁgmncal %?éﬁlﬁt |a¥§|db°g5]9f%\‘?n|§°£@89>§ehhér Qﬁfeoﬁfdé 'gh%iné h& the N-

nec
p@rry amlno group and the C-terminal car ¥<y lic aci

In case the polymeric carrier unit does not possess an appropriate coupling
group, several coupling substances can be used in order to appropriately modify
the polymer in order that it can react with at least one reactive group on the
peptide unit. Suitable chemical groups 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
groups, and carbodiimide-activated carboxyl-groups. All of the above groups are
known to react with amino groups on proteins/peptides to form covalent bonds,
involving acyl or similar linkages;

alkylating groups which react with sulfhydryl (mercapto), thiomethyl, imidazo or
amino groups on the peptide unit, such as halo-carboxyl- groups, maleimide
groups, activated vinyl groups, ethylenimine groups, aryl halide groups, 2-
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In case coupling occurs via a free SH group of the
peptide (e.g. of a cysteine group), the use of a

woabwioside group in the polyner is preferred. PATEPA®SE/012075

to generate a defined nolecule it is preferred to use
a targeted approach for attaching the peptide units to
the polyneric carrier unit. In case no appropriate

ami no acids are present at th&lidesired attachnment

site, appropriate am no acids can be incorporated in
the dineric EPO m netic peptide unit. For site
specific polynmer attachnent a uni que reactive group
e.g. a specific amnoacid at the end of the peptide
unit is preferred in order to avoid uncontrolled

coupl i ng_reactions thraoyghout the pt.ide.l eading, taq

Y Py cnaBEbRT R adepioupsy R AURNgNS GAOHRRE 2l ketone
sgroebsl todieterrwith edlyieghadents, géactivg withethel emind’fggoup of the
Cﬁu;{ﬂldeng of the peptide units to the polyneric carrier

uhtRY @.g. PEG or HES, is performed using reactions
principally known to the person skilled in the art. i
Eesfer ahe eenide forming @rowds Whichgrachrith atqagbexd group of the protein,

ISR igsriné g ftoavor

Rober. t t al., 2002; US 4,064 8; 98 322; .

1019543 Bim e 4rose8 Whish ePbi S sHEhYINd Grofigs bnihe protein,

| Sy &8, Fdithyobief (el-aitmb)anzd)?teb sgrbnpelraadnaﬂ(ylmer_captan groups
; t r ! e

1A R R B B g 5866008 cntzng

PEggntatsioh asrio®iESy| ation. In the state of the art e.g.

PEGyl ation is only used in order to produce either

PERhHHRY GBS, O§udH a8 BRilohékadntidrRY rodilsy, naeP Iothét HR2-diketone
par anet ér.s. vve\(?!r as ou({}.l i ned abovfe thet.at_tachmsnt
o9rouRs VHchEract yith thg quaniding Mietiks ¢ the AFRHLE (o e. g.

PEG as a polyneric carrier unit also greatly enhances

edibizo geyutd, fvdschl exaot adthnehenodic G8Mps oo teg peftide; concept

of this invention thus has strong effects on

PRAHBE 3u5§‘!??o?n hahadB ef %géﬁ&‘gé}?é bSMMeCHith the polysaccharide,
pharmacokl neti ¢ paraneters as It is the case with the
Priichdepehwitlh ABURe Sraumsen the PeRlid at e of the art.

However, of course the incorporation of for exanple
PERUS BOMYHERY] theCédmpeund Bictomisptdase inventicrowmay be made by —

aggt?onga %%rsrtenqgcﬁi%}irq&tl?ehsgl%%? léhgre}]tlééiﬁ/:to produce a polymer having at
least one chemical group thereon which is capable of reacting with an available
or introduced chemical group on the peptide unit, and then reacting together the
— optionally - modified polymer and the peptide unit to form a covalently bonded
complex thereof utilising the chemical group of the — if necessary - modified
polymer.

In case 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
site specific polymer attachment a unique reactive group e.g. a specific amino
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PEGyl ation is usually undertaken to inprove the
bi ophar maceuti cal properties of the peptides. The nost

woeb@waosoal t er ati ons of the protei ne nol ecul ePCT/EP2005/012075

foll owi ng PEG conjugation are size enl argenent,
protein surface and gl ycosyl ati on functi on maski ng,
charge nodification and epitope shielding. In
particul ar, size enlargenent sPons down ki dney
ultrafiltration and pronotes the accumnul ation into
perneabl e ti ssues by the passive enhance perneation
and retention nechanism Protein shielding reduces
proteol ysis and i mune systemrecognition, which are
inportant rout es of elinination The specific effect

SIFE%QW‘% bRY ocfnth d'sé @tﬁﬁé @?&I@ﬁ@lﬂclﬂl m%‘é?’ t% avoid uncontrolled

prop er
pﬁ@wrdln@ mtlpm yhmugbpubmﬁ pegtl% lerding e aoiﬁetqﬂageneous mixture

o ﬁ@%ﬁglnﬁEﬁéﬁﬁlé% of §é\;é?gb/dlﬁ@f@ﬁ‘f Bblyettigeris glyedl mMblecales.

odegradable po ymers as support unit for a

sypr aval | ecul e, can to new rob L ens.

" Whe ool of e periiie Gt Gane RaurparE oS it A HIEG or HES,
s@t péﬂ@rngécﬁ usingggaicidnd yrinopailpfknefviretot thaf pefsendskilted in the art.
Raut i a i r
AL e S0 A0 BE ) 57 BB S A ohgit AABLE Dyl o hose
Delllec in Hoe fart-{sachfar prarnpleed GROGHOAISS giving further references,

Egbgh%? 'ia§@@i s L6881 @9' Epﬁlfswsbz(épm 398 327; EP 1 398 328;

dégr ade er an e support
Y @ZP04/ 45@6 aléh@rmmm@%ra Phée Sfﬁﬂpe a risk of
accunul ation of the carrier unit can arise. Such a
itﬁéi wﬁbo@@rﬁllimuindbm:andﬂtwmybe concept disupfdvatdndyaddsclibéd herein is

r%l?t f{'cﬁﬁ t@? anwﬁ c@%é@f& o&%@gp?ob@rq%$ﬂgtlml IE thé fs?ate of the

certpmgeﬁ‘&ﬂymmmsl wmlgsxseiﬂhn@rdabtﬂmmdameo@ithﬁf pepdide dimers or in
CBFddrab i r&&é@?@t@% r‘éh%?grsb‘i’—ﬁﬁ/@%r,pﬁéﬂobﬁﬁéd above, the

are USU& | ar ge G noletjes

( attachrory Ohtivenox m%res%waét éqlmlﬁweﬁﬁpt'@ iURtaalo 9: PEC as a
Thelypeid @&mapum’t ¥ldot grekfly @hdéh@é&éﬁ@ﬁéy (talb Cdecreasmg the EC50-

QSR vEes SoREERse T TyeR P R oy o AR Bt B macody-

t hamip pakdreatecs)and mobd dnlyeon pbérmammmﬁﬂemranmxer& asii is the case
gﬁér’tﬂgfé‘éy%ﬁ% Q:fon@erél MG fn B Eia®E oF'Biid afthBlowever, of course
the incorporation of for example PEG as polymerlc carrier unit also has the
known advantages regarding pharmacokinetics:

PEGylation is usually undertaken to improve the biopharmaceutical properties of
the peptides. The most relevant alterations of the proteine molecule following
PEG cbnjugation are size enlargement, protein surface and- glycosylation
function masking, charge modification and epitope shielding. In particular, size
enlargement slows down kidney ultrafiltration and promotes the accumulation
into permeable tissues by the passive enhance permeation and retention
mechanism. Protein shielding reduces proteolysis and immune system
recognition, which are important routes of elimination. The specific effect of
PEGylation on protein physicochemical and biological properties is strictly
determined by protein and polymer properties as well as by the adopted
PEGylation strategy.
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two subunits. The polyneric subunits are connected via
bi odegr adabl e coval ent |inker structures. According to

wohie/sedsedi nrent the nol ecul ar wei ght of the | aCcga&P2005/012075

carrier nolecule (for exanple 40 kD) is created by
several small or internediate sized subunits (for
exanpl e each subunit having a nol ecul ar weight of 5 to
1&kD), that are connected vi a3Bi-odegradabl e |inkers.
The nol ecul ar wei ghts of the nodul ar subunits add up
t hereby generating the desired nol ecul ar wei ght of the
carrier nolecule. However, the biodegradable |inker
structures can be broken up in the body thereby
reIeasing the smaller carrier subunits (e g 5 to

rier, subunits sh renal

10kD) [
R iere 8% HaR of HiP At ab RO e R Bors: & Fupport unit

ot & GubsdvaleitghbdletelegandCliddto néw m'mbrqume |s given in
Fig. 16. The |linker structures are sel ected accordi ng

SPRRLE SRR, PERRE ViASeRt b ot ey ol iagered by
dass of eﬁfecitmrmde;g Rontine dosagas,and dogaqm@iervalﬁere adapted such
Ctﬁétbf??éy \Aﬁéctai%' ﬁbthEﬂ N@hig/ aése?§e m@elsoqmei € tRO RS tR4t peptides

esters can

% dr ol
ligcheBdp i3 noam@qgé@@ebi‘e,. RS B%@ ifeeﬁé% -gipiety) can be
Ricgradisd fasten thth th’@bepﬁortlml@mmtweltnmaa’mlobwmfbody, a risk

Vq?“ BumHRIaR o hELRRng: Ul baf ase, %Q?’%f S hEasihifgton aways
rmrcermas effechuﬂlhﬁfe dllmua/ofr ibalreg e phor@bean iefiminetionéalf life time of
St"]é Ucfrbgrlun If 3)11‘8n§i éﬁq fbc?rﬁ ﬁ’ént?/ﬁﬁ&é(ﬂ)olﬁé@tmﬁesac%@ﬁu@ﬁon of the -

cl eave envi ronnents, suc
esadidRiomaleceihphryld et %VQtf#eog beeayse(pantides iaje Ufgélgﬁ PEfylated with

e?y Idrys P@G—{Pﬂcﬁéﬂléﬂm% 40@:?) Whl(ﬂ’f tHusrthavJ @Elo&ﬂifeﬂeielmnatlon The
ria ers or, fa

(rorB Bl Lol AL o5 e Siebrunans Broiieli Rt M Bl pariisl ploavage
rmlghéeuﬁinam dedetivatgpibei geptidg. degr adati on. Conbi nati on
of these two nmechanisns in body fluids is also

ﬂagrtakélreto |f|hd' 3 §Al&¢6n tt{ﬂ%l%@'l’éblghg In% éﬁ%@@hﬂ&‘ﬁo% the present

specific | de unit
deg@ntiqm@a@hes éhe vpe@f edeneri C@Uteral%fothabtﬂ Gaugpassd of at least

%eéutﬁhﬂt%n%é%dl‘é{‘rﬂlanﬁﬁhﬁﬁmksﬁéré Bétinguted atd B@H@grdd@ble covalent
e ner uni ul es, wherel n

Sg‘lfgr sPrucl){Jres Accor&mg Lfo is embo%lmen fhe FoletliEr welgﬁt 5t the large
carrier molecule (for example 40 kD) is created by several small or intermediate
sized subunits (for example each subunit having a molecular weight of 5 to
10kD), that are connected via biodegradable linkers. The molecular weights of
the modular subunits add up thereby generating the desired molecular weight of
the carrier molecule. However, the biodegradable linker structures can be
broken up in the body thereby releasing the smaller carrier subunits (e.g. 5 to
10kD). The small carrier subunits show a better renal clearance than a polymer
molecule having the overall molecular welght (e.g. 40kD). An example is given in
Fig. 16.

The linker structures are selected according to known degradation properties and
time scales of degradation in body fluids. The breakable structures can, for
instance, contain cleavable groups like carboxylic acid derivatives as
amide/peptide bonds or esters which can be cleaved by hydrolysis (see e.g.
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probl ens of accunul ation arises. According to one
enbodi nent hydroxyal kyl starch and preferably HES is

woage/oaespol yneric carrier unit. HES has sever aCT/EP2005/012075

I mportant advantages. First of all, HES is

bi odegr adabl e. Furthernore, the biodegradability of
HES can be controlled via the ratio of ethyl groups
and can thus be influenced. 3@34t-0 50 % et hyl groups
are well suitable for the purpose of the present
invention. Due to the biodegradability, accunul ation
probl ens as descri bed above in conjunction with PEG do
usual |y not occur. Furthernore, HES has been used for
along tine in nedical treatnment e.g. in formof a

LSS, SEPANSEls B AL PG A Bpscon o
awe?_sylmhtegité@lvﬁtrbya@@ﬂs elbteoﬂlak@yéasaphme RES mﬂpkﬁ)ag’e to control the
conj u es n e I | on
e
t leerenca)t mh\era!nrieehafalaostru@turg@dik@@li@ﬁfi@eofdl@qyzafdufetmﬂes can be
p@g%gt Gnddtnitd lréﬁ’l’i:ﬁ%hﬁ%dnﬁ’cﬂﬁs,%fﬁé@ﬂg%h%s?r?rhéloéb?npartments
0 e active pepildes. Accord| ng t,ok\a#urther_ ) _
@%Q@lh@ﬁ“pakmi1@%9)Wﬁearéfth%‘bﬁ&$ﬁ§q”@bl?arqth@? ciifgria fersselection of
Péﬁﬁcr)@*fiﬁge |liﬁiﬁé¥%<iaré/!tlhé sefittibA @oréf@h} GreqliBhtly %ht)‘aﬁla_"@E@rdémdation or
ra easl | odegr adanl e S | S . g. N .

SR Ee il horr Shauie e rion) fepiadiafio pbBtian of these
glﬂ\&') amuhshismsmiim H:_)qimptfl'uidb Lsnlaiao fedsidal Yt és g:le:larr dhatdthis highly
200 AR 0 198 SRS BAPE HB esre or
creferrest torbeesjo| it athe anplies e ather Rhamearrliicak pialecules that are
theadhebSio G| Sélylﬁfe? QGEUBLEH M PER MbldceledWherein the same

carrjer, e.qg. small PEG units having a | ower nol ecul ar
\A%‘Pébﬂmi ﬂg@gwqgt‘?%?r'é%ﬁ-ri er. This enbodi ment has the
advant age that a supraval ent conposition is created

déiecarding e dner ebodinmierd rhydtoxyblkiylstdromendr preferalgly HES is used as

\ h . i e .
CHABREFe U PSS SRS (hRAESROERGREE Pt of o, HES i
obiodeg{axjabbm@u@th,ermn@,\Ah@b@d@gltadgaéilitysof\,lélp‘@ Gy e controlled via the
d2gh 27 @BV gritipacnd Ban thdsShe AMUEBhEE. (30 & 5GBRLtANEJUPE are well

peptide_uni'ts are biodegradabl e and the _secon . -

Csiiiebley foreing. pEEsP<Ol il Prassah vargoBe CLiss i g fisgeggedabilty,
f scvimiungtionashsblems as described above in conjunction with PEG do usually not
occur. Furthermore, HES has been used for a long time in medical treatment e.g.

“in form of a plasma expander. Its innocuousness is thus approved.

Furthermore, derivatives of hydrolysis products of HES are detectable by gas
chromatography. HES-peptide conjugates can be hydroiised under conditions

" under which the peptide units are still stable. This allows the quantification and

monitoring of the degradation products and . allows evaluations and
standardisations of the active peptides.

According to a further embodiment a first type of polymeric carrier unit is used
and loaded with peptide units. This first carrier is preferably easily biodegradable
as is e.g. HES. However, not all attachment spots of the first carrier are occupied
with peptide units but only e.g. around 20 to 50%. Depending on the size of the
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The nononers constituting the binding domains of the
peptide units recogni ze the honodi neric erythropoietin

woeswpsesy The |atter property of being a hono@CmEPR®S/012075

receptor differentiates the EPO receptbr from many

ot her cytokine receptors. The peptide units conprising
at least two EPO m netic nononeric bindi ng domai ns as
descri bed above bind the EPO-r3teptor and preferably
are able to di- respectively nmultinerise their target
and/ or stabilize it accordingly thereby creating a
signal transduction inducing conplex. The present

i nvention al so conprises respective conpound
production met hods, wherein the peptide units are

O B4 SNBSS hils 2 e TApBEcRP e carer
pmthwle dimeneshotithe attemheiant tspetpeithe disstuasirder arleeoccupled with a
Tﬁ ﬂ‘@?é?ﬁ ec%rﬁﬁéhgf srrﬁac‘lp% Ylﬁlt@q’u'alégiﬁré fovfét’ r’nb?écu%' Wéight than the

resent 1 nvention ca

aﬂmhﬁ@@i@éo'ﬂ@ﬁﬁn&odj@@@t has the@dyprRizae Ahdtoh suprayalagh composition
a@dér‘é'ététﬁﬁ%' t@afHeaﬂrsl@fL@a"rﬂ@lCWHﬁctw% h@%p@ﬁlvérymabféheue to the

t.abl e .f t
Pissptes o imsccand catipbamich Byt 4eTarstaf py HEG units of 3
etoys :Urommtl-ﬂdswewerathe)wmte defitycisiveey madl degradalle| kince the first
at i g
PERHEKEED AP S BhF obub e o A Recghis ™ the seconc
atarriendi.gdPEGHs stallcenaygh t@ttza/easm&wrsﬁéfqmé@bpéw

conposi tions may optlonally conpri se pharnaceutica
acceptable carriers in o mposi.tion

r to ado e c
R AT A e E—
dﬁd)ﬂnhﬂéfn’!erl@éﬂ?ﬂﬁ@ (ﬁétlrv\@éd:em@r CRHe lattes propdrigdeli béing s bomodimeric

;%@p%%e@ml%%§ ih egFJr@ 6%%8?02{%45%883'%7 offif cwakme receptors. The
r péptidenaratsEOM s éhleasm@eﬁPOomlmm rope@est dinding domains as
naéfc(ff%gﬁsﬁqb%k}éldln&)ﬁeeép Egtomén BRer&ly %Yé‘g'ﬁieeté di- respectively

e sup rava

rrmuémn@@eaﬂ'@dfr toreef @'@d/f)hétﬁ‘tﬂ“,@nttli‘ﬁ?ordmy ctbﬁﬁ%ﬁ(u%r@@tmg a signal
birdd Rt Mfdudinggddngplegpt | des are connect ed

Nterm nally by a bifunctional PEG noiety carrying
mH'ng Iprrrézsdeent(%lr; n%on aRko E:gm?)ﬁses fespective compound production methods,
wherein the peptide units are connected to the respective carrier units. The
present invention furthermore comprises respective compound production
methods, wherein the peptide units are connected to the respective polymeric
carrier units. The compounds of the present invention can advantageously be
used for the preparation of human and/or veterinarian pharmaceutical composi-
tions. They can be especially suitable for the treatment of disorders that are char-
acterized by a deficiency of erythropoietin or a low or defective red blood cell
population and especially for the treatment of any type of anemia and stroke. They
are also usable for all indications described above. Such pharmaceutical
compositions may optionally comprise pharmaceutical acceptable carriers in
order to adopt the composition for the intended administration procedure.
Suitable delivery methods as well as carriers and additives are for example
described in WO 2004/100997 and WO 2004/101611, herein incorporated by

reference.



chosen as reactive attachnent site for the PEG carrier
unit. However, supraval ent nol ecul es can conprise nore
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Fig. 14 gives an exanple that is based on a carrier
unit with a central glycerol unit as branching unit
and conprising three continuous bival ent peptides.
Agai n cysteine was used for atd3@ehnment. Fig. 20 shows
an exanple using HES as polyneric carrier unit. HES
was nodified such that it carries nmal ei mde groups
reacting wwth the SH groups of the peptide units.
According to the exanple, all attachment sites are
bound to peptide units. However, also small PEG units
(e.g. 3 to 10 kD) could oc east some of the
attachnment sites. As expla%#@gﬂggg$e, t he supraval ent
concept can al so be extended to pol yval ent dendritic
pahgnmrmemhe:fethe sudeavaldnt i olestlesr shall yoeeexplaingdeby means of

u @ké CP@” ?355‘?1@%%@ ekérrnﬁg of ¥ @Jﬁﬁdle %Ugl%ﬁiéﬁérﬁ ¥8l&cule according

b
b'to\é#alf@rmv@t@m TWe6orBUBYS Bialsnt BB gImEls BpPigasagesonnected N-

r ﬁsfrﬁf natll9 Hy‘aéiglf@@&%nahE’E@ thlé’t? @hﬂ?rngtrﬂdlebﬁldbeér@tls@@steme was
ray, ased on a
BB ot uA S Tor B PR RewET Dl

cont ai ni ng si x continuous bival ent peptides is shown
i Homieger, Isbipradiatent reglmcplesscart cempriss amenat thao| tacuteinuous bi- or

t , S
\?Vﬂ'lmwagé‘rﬁ(te ?)%Qﬁ%é‘ Ungé“ Iflpn‘f‘htgh/e% %L r@?&‘rﬁpl‘gt{g\gﬁéf Bé’él{g on a carrier unit
awitarg eentigbetycerol alrureﬁ%terammm iunsand WO@@%HWGG 'continuous

Sbﬁ@l»enﬁ%bﬂ@éé/a)\géih @ﬁgélhésﬁaﬁftt%eatﬁ)ﬁcdﬂ%@hh@n‘t hEig. 20 shows an
er orm e

arrier unit
Bl oSlen it 4B S295ISEa! GGy S LG oo such that i
10adies pnnefea‘m&lel ygrdﬂﬁﬁ treadD@, withr thepiSi egrabpy @5thet peptide units.

PABoBFE' G SndrbiamGR) AP ABHRNEH (el "SeCBOLA 1o peptide units.

enonstrates t

,cblnweper @IsoasrsalhBEéi bn@j@g@ afﬁl‘éCleQe kB ppuidacsHpy at least some of the

Mo SHMENt Sk¥® conti nuous bival ent EPO minmetic peptides
are connect ed N-terminally by two bifunctional PEG

|et| at a connect vi a a biode dable | i nker
B explEine Abedns LB FRoBE R0 BeexEniRd 1S polyvalent
atiémitichplymeskvigrenf a deadiitio gred/GEdlymer carrier unit is connected to a
larger number of continuous bivalent peptides. For example, the dendritic
branching unit can be based on polyglycerol (please refer to Haag 2000, herein

incorporated by reference).

An example for a supravalent molecule based on a carrier unit with a dendritic
branching unit containing six continuous bivalent peptides is shown in Fig. 15.

Other examples of supravalent molecules comprise carrier units with starches or
dextrans, which are oxidized using e.g. periodic acid to harbor a large number of
aldehyde functions. In a second step, many bivalent peptides are attached to the
carrier unit and together form the final molecule. Please note that éven several
hundred (e.g. 50 to 1000, preferably 150 to 800, more preferably 250 to 700)
peptide units can be coupled to the carrier molecule, which is e.g. HES.
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unit in the subunits thereby facilitating renal
cl earance. |. Peptide synthesis of Mpnonmers Mnual

weynicdvseiss The synthesis is carried out by therpas@Paiosa1207s

Di scover m crowave system (CEM using

PL- R nk- Am de-Resin (subtitution rate 0.4mmol/g) or
prel oaded Wang- Resins in a scale of 0.4mol. Renoval
of Frnoc-group is achi eved by -a¥idi ti on of 30m
piperidine/ DMV ( 1 :3) and irradiation with 100Wfor
3x30sec. Coupling of amno acids is achieved by

addi tion of 5fold excess of amno acid in DW

PyBOP/ HOBT/ DI PEA as coupl ing additives and irradiation
with 50Wfor 5x30sec. Between all irradiation cycles

t€i§ iglld%tmoz%{r'gfesgtg%:cgﬁg%ql %%8"& %lag%&ﬁgggllehsgf)} \%'Erpt molecule.
i Swoashtdudud binelsninEPD mtucm@pudesme oaepecteéd‘d-termlmﬁlly by two

t&ﬁr{gﬂ?ﬁalﬁ@%&%ﬁ%ﬁ%‘@r{EBﬁhétﬁéd Qira be% ﬁrlag?% er having an

ion capplng so utio

aistarmedigiaylravage amnsitony Jie linkers Ao dbedbrensep Cffotheéarge PEG

MiRtiaRe sﬁﬁﬁﬁlf@th@?&i’}v@@lﬁt»atlh@?erﬁeﬂ%leréréﬁcet hen washed 6
times wth 6 tines with 30 DCM

avage he cr eptldes S achleved by
ﬁr?&Pﬁ"g’ﬁt {‘ﬁs'&ﬂf WEE EDT/ H 20 (94/1/2.5/2.5) for
120 mi nutes under inert atnosphere. This solution is

f Menheaksyrithésis40m col d ether. The precipitate is
di ssolved in acetonitrile / water (1/1 ) and the

pglgé 4?9§ ﬁl&?%réérh@&j b?qhﬁ'ﬁﬂs@ 6ﬂ%mvbr HErowkeldyem (CEM)
CHAing oLk AYTORGNeRle (SHORT ey MERIRAE Egﬁ;@@w Wang-
(P?E@fhsuﬁ lanéba?éoﬂ) AknrAB]. Renievl % Fasadegiouptis @ithicakd by addition of

s TR gL P25 S PRl A {0 B 450%e. Coupting o
_aammo acids isl @chiepegeby diddeiobVef (5fdld: 8xcassdof amino acid in DMF
BT Ikt 0 e o o
abx¥Pses. Beatwoeoall iptiebpPCies thewsalition isdenale 3 aangiglly with the

| REpdirar R Hth NAREMMESbtection and coupling, the resin is washed 6 times
with 30ml DMF. After deprotection of the last amino acid some peptides are
acetylated by incubation with 1.268ml of capping solution (4.73ml acetic
anhydride and 8.73ml DIEA in 100ml DMSO) for 5 minutes. Before cleavage, the
resin is then washed 6 times with 30ml DMF and 6 times with 30ml DCM:
Cleavage of the crude peptides is achieved by treatment with 5ml
TFA/TIS/EDT/H,O (94/1/2.5/2.5) for 120 minutes under inert atmosphere. This
solution is filtered into 40ml cold ether. The precipitate is dissolved in acetonitrile
/ water (1/1) and the peptide is purified by RP-HPLC (Kromas;l 100 C18 10um,
250x4. 6mm).

Automated synthesis

The synthesis is carried out by the use of an Odyssey microwave system (CEM)
using PL-Rink-Amide-Resins (subtitution rate 0.4mmol/g) or preloaded Wang-
Resins in a scale of 0.25mmol. Removal of Fmoc-groups is achieved by addition
of 10ml piperidine/DMF (1:3) and irradiation with 100W for 10x10sec. Coupling
of amino acids is achieved by addition of 5fold excess of amino acid in DMF
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5x30sec. Between all irradiation cycles the solution
is cool ed by bubbling nitrogen through the reaction

wondeseso Af t er deprotection and coupling, therPCESEPE0ES12075

washed 6 tinmes with 10m DMF. After deprotection of
the last am no acid, sonme peptides are acetyl ated by

i ncubation with 0.793m of capping-solution (4.73n
aceti c anhydride and 8.73nl BBBA in 100m DMBO for 5
m nutes. Before cleavage the resin is then washed 6
times wwth 10m DWMF and 6 tinmes wwth 10m DCM

Cl eavage of the crude peptides is achieved by
treatnment with 5m TFA/ TI S/ EDT/H 20 (94/1/2.5/2.5) for
120 mi nutes under an inert atnosphere. This solution

PSP HIBTPRER o8 « poiing"ablvep 1 A Siafefidh Switn oW for
?gqgozd% B@t\péélh_fl?[!édrrbgia%ﬁ HRicey Khensslutior. (8 Gidled Opyn bubbling
X4, [ 1.00. i .
e, MRl 1t ity Pitine AREE SPBRpEich B cbliifho, the resin
ratveashed Gftiraes witipt!Ood DMESs Adtes sdgpretectian fethenlest pmino acid,
[0t Heptidbd)ar@NSediPBtRE By id6ubatidn Wil Oy 9Bk Htléapping-solution
K 3 O e
F@éffmi bl@!év@ée_ttﬁﬁ rﬁgﬁh{igﬁﬁé@@dﬁ:@dg@ sieds viith thndIgBE;’IF and 6 times
ClL L zat | W 1,onl . . ,
%B‘t ﬂégﬁ zgf‘gMdictéE%Y Ofﬁ;’Neg??T%%, SalS ¢ ,(?}ln%q%gbyéﬁr%atment with
BrhiUT A WS AED Tiat, € (9dvit/215/2. 5§ tar it mixtUites uodei0ars ingtnatmosphere.
8 500 PR MO, 5680 he GRATAALD cissoned i
1apetortried mta(:&ﬂ bandrthe peptide ds putiEied iyt RP1dRL-Cdfromasil 100

Vi &R R0 Db Bx4BrRAY ubi carbonate is added until a pH
of 8 1s reached and 1 drop of a 0.1 M sol ution of

?%&Fe )] is added. Solution 1 and 2 are added
rgplPie"over a period of 3 hours to a mixture of
acetonitrile/water (1/1 ; pH:SR. The m xture is ‘
i At peatides aveneopurifiechpisingt ar Mebula-LCMS-system (Gilson). The crude

material of all peptides was dissolved in acetonitrile / water (1/1) and the peptide
purified by RP-HPLC (Kromasil 100 C18 10um, 250x4.6mm). The flow rate was
20ml/min and the LCMS split ratio 1/1000.

Il. Formation of the intramolecular disulfide bridges
Cyclization with Ks[(FeCNs)

Solution1: 10mg of the peptide are dissolved in 0.1% TFA/acetonitrile and
diluted with water until a concentration of 0.5mg/ml is reached. Solid ammonium
bicarbonate is added tQ reach a pH of app. 8.

Solution 2: In a second vial 10ml 0.1% TFA/acetonitriIe are diluted with 10ml of
water. Solid ammoniumbicarbonate is added until a pH of 8 is reached and 1
drop of a 0.1M solution of Ks[(FeCNs)] is added.

Solution 1 and 2 are added dropwise over a period of 3 hours to a mixture of.
acetonitrile/water (1/1; pH = 8). The mixture is incubated at room temperature
overnight and the mixture concentrated and purified by LCMS.
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overni ght and the m xture concentrated and purified by
LCMVS. Cyclization with CLEAR-OX(tm-resin To 100m of

weacetomiosspi | e/water (1/1 ; 0.1 % TFA), solid apODmP2ws/012075

bi carbonate is added until a pH of 8 is reached. This
solution is degassed by bubbling Argon for 30 m nutes.
Now 100ng of CLEAR-OX(tm)-resin is added. After 10

m nutes, 10ng of the peptide-i3® -added as a solid.
After 2h of incubation, the solution is filtered,
concentrated and purified by LCMS. Purification of
cyclic peptides: Al peptides were purified using a
Nebul a- LCM5- system (G | son). The crude material of all
pepti des was dissolved in acetonitrile/water (1/1) or

and t d urified by RP-HPLC (Kronasil
% E@%S&SG@ Bhm). The flow rate was
20rr1/mn and the LCMS split ratio 1/1000. 111,
ITO 100mb oh ssatositvile/vaterr( o051 Rr BFA, exodid i ammesiay bigarhonate is

d;erdﬁfrﬁh 3 cﬁﬁ oﬁéq#ré%b%%@p %téoq\g?ﬂ:sjde%%g%éd bPIbu})rAmg Argon for
F@Q\mméeﬁs m@wz@m@ohmaﬁ O%%rﬁﬁ?ms!%l peredehtiey Gminutes, 10mg
Pcﬁ'ih@'de'p'tlae i$hHged Qa@’é" isBlid. Laftdrutrpet ﬁ\%uthl&ﬁlQh@solutlon is filtered,

I nterleukin 3 are centrifuge 5 mn. 1500 rpm
diincpaiaesany pyrif -ete without 1L3 at 500.000
cells/m) and precultured before start of the assay
fRurifid4tibn of thdigtpdptidés: At the next day the cells are
seeded in 24- or 96- well plates usually using at

I a4

A Ppfi D 6, DTS efR0 achPBLIER, PRS- SRRGATIGRIA Tho crude
tragtesial oE@dirp@tqd@ﬁq weﬁtdﬁs%\(asid@ba@%tﬁﬂﬂ@ﬁéwgmﬂ“%.%gDMSO and
rREOPR ﬂ?@tng Q@i AR RPAHPICONtKemargenoand smvedrl £8 10um,

T shas et PRI 100

mediumto the desired concentrations and added to the
dtl Irsyited assaygwaticmanomerser i od of 3 days under
standard culture conditions (370C, 5% carbon di oxi de

| Bhofi Qg‘%s,ﬁ- &P at hh water) .
%ﬁggﬁ?ﬁﬂf?on F%ys ?:g?ﬁ:b?tBZ tﬁé&?‘rﬁ eWoconcentrati on

f t th |1
oTF %gc%glls :nnlogaﬁthmnﬁlc groevth p%ase (~2.10° — 1.10° cells/ml; RPMI medium;

20% fetal calf serum; supplemented with Penicillin, streptomycin, L-Glutamine;
0.5ng/ml Interleukin 3) are washed (centrifuge 5 min. 1500 rpm and resuspend
in RPMI complete without IL3 at 500.000 cells/ml) and precultured before start of
the assay for 24 h without IL-3. At the next day the cells are seeded in 24- or 96-
well plates usually using at least 6 concentrations and 4 wells per concentration
containing at least 10.000 cells/well per agent to be tested. Each experiment
includes controls comprising recombinant EPO as a positive control agent and
wells withoug addition of cytokine as negative control agent. Peptides and EPO-
controls are prediluted in medium to the desired concentrations and added to the
cells, starting a culture period of 3 days under standard culture conditions (37°C,
5% carbon dioxide in the gas phase, atmosphere saturated with water) .
Concentrations always refer to the final concentration of agent in the well during
this 3-day culture period. At the end of this culture period, FdU is added to a final
concentration of 8ng/ml culture medium and and the culture continued for 6
hours. Then, BrdU (bromodeoxyuridine) and dCd (2-deoxycytidine) are added to
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this 3-day culture period. At the end of this culture
period, FdU is added to a final concentration of

weéngoemsosal t ure nmedi um and and the cul ture conPCTIE®2005/012075

for 6 hours. Then, BrdU (bronodeoxyuridine) and dCd
(2-deoxycytidine) are added totheir final
concentrations (10ng/m BrdU; 8ng/m dCD; final
concentrations in culture rred|40n') and culture
continued for additional 2 hours. At the end of this
i ncubation and culture period, the cells are washed
once in phosphate buffered saline containing 1.5% BSA
and resuspended in a mninmal amount liquid. Fromthis
suspension, cells are added dropwi se into 70% et hanol

-20 0C. From here ] upat e |
o ned FonGen i o LiO T 208 il (15, PRa Bghéntations in
stuttuesinedivhe) gnd oulture comdihyed $or ariditional @ sy si s,
cells are pelleted by centrifugation, the supernatant

| & e eﬁ@‘%@%s%&ﬁé’c&ncﬁlgd %uﬁ@ﬁé‘ﬁ@ﬁé‘d’e@lei chI% HicvaBhed once in

then

ﬁ%@ha@db%ﬁﬁfeﬂrﬁﬁjﬁﬁt%t@mnglblf??/h B apdgervshandsg in a minimal

%rﬁ(%r‘itrllcfuﬂﬁ ProdOBiis é'Lfﬂﬁfbnsﬁd‘tﬁ)Ce?S %r@@dd@d @ldo;&&l?leﬂnt@n’ﬁb% ethanol
s nt. 0 ui

i P Es TapmuDelupels re gy peldERgoRBming g ic and then

paratysedadireviig dir abn becgtoréceai 47§ pfiot focaredydis. Final |y,

the cells are resuspended in 40m of phosphate

0/ t -
PSR el A7 R U
xarded a@dtmemaﬂlswesumq 2 dnighealzapodnt af eerpaiping fluid. The
L2118 e &h@es@éﬁbr%@d wwcgbamdgﬁﬂﬁlnﬁ;c in 9. 9 mR)2NAIHCI/ 0.5% triton
G rRoh ey AR, elelay stht bhd ReS s GHAhi Rd Shoun of
peasiiag e uddyf Wbroedlssdilutad waittd 01%8miy 6fri0. AN daAB.,0m, | idi&ie prior to
(BBl BORGELIRD bl ot HaR, ABtE e BckdSoldrin oul o
vrohdfsphamq@.uffpred @yzllammt@%t BSA)r ad i Gvidgd into two reaction tubes

o‘?"\%llﬁ 'QUMP F'é@s perkibh %bﬁ”ﬂd]”dfgahf'@rﬁUﬂcltﬂﬂ)r(DNKO clone

evant st ages . of
iuA0a) aradRd de 08 s g Foplpl mid ARG Elgmekaesadded to
ithe | R@@hdt bk Cstartipigt &in phaseation2pdridib of 30nfifbat edbdre/ teimpeérature.

gg]ﬁrbrffgqrﬁmf 3oﬁo E%ﬁbyﬁ@eﬁ %ﬁfq%%@q%ﬁgﬂﬂ?ﬁ'?&ﬂd*ﬁfng hodlde (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

TF-1 Cells in logarithmic growth phase (~2.10° — 1.10° cells/ml; RPMI medium;
20% fetal calf serum; supplemented with Penicillin, streptomycin, L-Glutamine;
0.5ng/ml Interleukin 3) are washed (centrifuge 5 min. 1500 rpm and resuspend
in RPMI complete without IL3 at 500.000 cells/ml) and precultured before start of
the assay for 24 h without IL-3. At the next day the cells are seeded in 24~ or 96~
well plates usually using at least 6 concentrations and 4 wells per concentration
containing at least 10.000 cells/well per agent to be tested. Each experiment
includes controls comprising recombinant EPO as a positive control agent and
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0.5ng/mM Interleukin 3) are washed (centrifuge 5 mn.
1500 rpm and resuspend in RPM conplete wi thout IL3 at

woQWe@d®seel | s/ M) and precul tured before starPCoOEPRNS/012075

assay for 24 h without I1L-3. At the next day the cells
are seeded in 24- or 96- well plates usually using at

| east 6 concentrations and 4 wells per concentration
containing at |east 10.000 celils/wel| per agent to be
tested. Each experinent includes controls conprising
reconbi nant EPO as a positive control agent andwells
W t hout addition of cytokine as negative contro

agent. Peptides and EPCcontrols are prediluted in
mediumto the desired concentrations and added to the

SFulr b oL A AFDAOR! oy R Kbl Btntes anc EPO-

i sorttiots gespredisted inmnedipidodhe glesirad sanogntratignseand added to the
%ﬁ%gg@fﬁﬁﬁ '&E}ltﬁxle"‘@]é(r?béf & § Ba?i’ uhB@r §ﬂaﬂ§br§&h’lﬁﬁ‘8tcbﬁ8i*t|@ﬁs (37°C

uri ng uture erio

Ai%dagropn dipxide ino tae agas din asfe %Wm e Aty %ﬁ.wﬁh Water)

5@6h€e‘-‘ntﬁ§tloﬁs|‘§mé\ﬁh FafEbRY thef finbF cohcetrativn f ageaian etk well during
unber of wells (0/2500/ 5000/ 10000/ 20000/50000

é@l%ﬂ@muww RYPI nediunm). These wells are treated

in the sane way as the test wells and | ater provide a
c&l ddyr 4 prior toustant of trenandlysib, & éilutionseresotakngeyn number of TF-

tern e n e h f
dﬁaceggsllzf %r%ﬁréh Brs %r hihelr N6 wellS' R3/95 Glsbﬁbgg)oob/}b@oomsoooo
asllsirvelkin H¥ qugdw,n)n dhesewels@re e in the same way as the test

%thélggﬁatdt?rn B?éﬁ@d )a aforafisneslive o 7@fRichatell aintbers can be

| d
SEHtamER. TG ROl i RIS E G Vel aTS PRSP the MTT
ofrotifeeaiesrs RY (Ptomhega, eliTitec 0BAqubats Brtrddivadivatrell proliferation
25n1 f 109% s
e e S
Reratief MTS isofutipna20iut of thisanixturecars addechiswpach well of the assay
fblgférseén& n@url?atéﬁ RSP @t Sahc lﬂ@ﬂ oD e fsddiin dodecylsulfate in

0Se-response relati onship. usi
CWaler 67 BAFRG (98 WAL R A ST RTRGACAI N ELisa Reader.
of MIT-assay data: The foll ow ng table shows the EC50

vikinggraphizanevaiysiorsaay sinepn irdégureSEQ aM N®bazsed @BTeRUlations
C#F%( LE%%K%S%Z%A[@.MWQM& using the program GraphPad the following

EC50 values were determined on the basis of MTT-assay data:

The following table shows the ECs values of some exemplary peptides:

SEQ ID NO 2: GGTYSCHFGKLTWVCKKQGG 3284 nmol/1
SEQ ID NO 4: GGTYSCHFGKLTWVCKPQGG 4657 nmol/1
SEQ ID NO 5: GGTYSCHFGRLTWVCKPQGG 5158 nmol/1
SEQ ID NO 6: GGTYSCHFGRLTWVCKKQGG 4969 nmol/1

SEQ ID NO 7: GGTYSCHF- (Als) -LTWVCKPQGG 5264 nmol/1
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SEQ ID NO 4 : GGTYS CHFGKLTW/CKPQGG 4657 nnol /1 SEQ | D
NO 5 : GGIYS CHFGRLTW/CKPQGG 5158 nnol /1 SEQ ID NO 6 :

WOGHNHS@H-GRLTWCKKQGG 4969 nnol /1 SEQ | D NO 7PCT/EP2005/012075

GGTYSCHF- (Al's) -LTW/CKPQGG 5264 nnol /1SEQ | D NO 8 :
GGTYSCHF- (Al's) -LTW/CKKQGG 4996 nnol /1
GGTYSCHFGPLTW/CKKQGG 2518 nnol /1 GGTYSCHFAKL TW/CKKQGG
5045 nnol /1 GGTYSCHFGALTWCKP@BEE n 0 activity
detectable 1V. Synthesis of bivalent EPO m netic

pepti des Automated synthesis of linear SEQ I D NO 11
(AGEML 1) The synthesis is carried out by the use of a
Li berty m crowave system (CEM using Ri nk-Am de-Resin
(subtitution rate 0.19nmol/g) in a scale of 0.25mmol .
Renoval of Fnoc-groups_is, _achiey ubl e treat t
wiih HOAC A per iC%} BN ‘(A%f%?@g{&%ﬁq%%di ation wi {lﬁr% nmol/1

50Wfor 10x10sec. Coupling of am no acids is achieved
by doubl e treat reemyIEHRGRL OV CKKIGE excess of ami %18 nmol/1
acid in DVF PyBOP/ HOBT/ DI PEA as coupling additives and

irradiation wit %%&ﬁ%@@mggﬁetmen al | 5045 nmol/1

irradi ati on cycle e ution I's cool ed by bubbling
ni trogen through the reaction mxture. After

deprot ection an®EHFIHFFLIREKRSG | s HRasHebi 6Ly figtectable
wth 10m DMF. After the double coupling cycle all

lW[S?ﬁﬂ%i@ﬁfbﬁlﬂémoahﬁn@di@pbpﬁdéy treatnent with a
10f ol d excess of N-(2-

A SRfES i REYETAARBA S TG TLAGRIENT Ater "

deprotection of the last amno acid, the peptide is
abhet pynthesisby ¢ardedautdy thiet us® of eakibegy microwave system (CEM)

B%E@ ﬁﬁlﬁgmﬁé%%ﬁ-(ggéﬁt%ﬁ%ﬁét‘té @.ﬁbgﬁ?bﬂl’@ iﬂlnd dtale3 6t r?.25mmo|.
RANAVAs QTndrMREGHIPS 1 AELIRHeh DonfOiR. ARPger] g 1om
r S [

WibdridiReIDNPENH : 3} sray griiatfort With GOW dop ¢ k1 Gk, iGoupling of amino
SISV L0800 L AP T ofamivo st i
dDMiBsPyBOP/HOBT/DIPEA as coupling additives and irradiation with 50W for
5x30sec. Between all irradiation cycles the solution is cooled by bubbling
nitrogen through the reaction mixture. After deprotection and coupling, the resin
is washed 6 times with 10ml DMF. After the double coupling cycle all unreacted
amino 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
resin is then washed 6 times with 10ml DMF and 6 times with 10ml DCM.
Cleavage of the crude peptides is achieved by treatment with 5ml
TFA/TIS/EDT/H,O (94/1/2.5/2.5) for 120 minutes under an inert atmosphere.
This solution is filtered into 40mi cold ether, the precipitate dissolved in
acetonitrile / water (1/1) and the peptide is purified by RP-HPLC (Kromasil 100

C18 10um, 250x4.6mm).
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C18 10mm 250x4.6m) . The purification schene of |inear
AGEML 1, Kromasil 100 C18 10mm 250x4.6mm and the
gradlent used therefore is depicted in fig. 8 and 9
from5%to 50% acetonitrile (0¥-% TFA) in 50 ninutes
Cyclization of linear AGEML 1 i r Ac

- GGTYSCHFGKLTW/CKKQGG - GGTYSCHFGKLTWCKKQGG - CONH2
30ng of the linear peptide are dissolved in 60n
solution A. This solution und 60m DMSO are added
dropwi se to 60m solution A (total time for addition

Sthe, ARG, Mesi8! LTI, DEEMIC R gleraig! 9 tour

( 250x4.6nm 306 thagradientused drreforads degicted sty v%@nﬂrQ from 5%
DhS6R 9, AdSHitrile &%‘I%ﬁ'F@\ )¢ 80 ARAu@ad the sol ution is

m xed for 90 mnutes at ‘roomtenperature. Afterwards
.ascorhic aci added and the sol vents renoved

b&%@%aﬁ 'Bﬁarﬁg‘ﬁﬁbde m xture is solved in

acetonitrile / water (2 / 1) and the peptide is

purified by RP-HPLC (Kromasil 100 C18 10nm

250x4.6nmm) . Solution A: Acetonitrile / water ( 1/ 1)

cont ai ni ng P9 TFA—iThe pH is adj usteg—toT—80"byit he

agdd+ GETY SCRFGRLTWY CRKOEE =6+ GETYBICHFGRLITWVCKKQGG - conm,
paraneters for cyclic AGEML 1 are given in fig. 10 and

11 (schene: Purification of cyclic AGEML 1, Kronasi l

100 C18 10mm 250x4.6mm gradient from5%to 35%

aQ@ﬁ‘@”&)F fhel Fhdd}- deptidErave #iRsEediR YRS solition A, VITHi Qolution und

C B DRSDoR44deR ot fo BRAY olgongh (ota iy for addition: 31).
Cﬁftéshah the suivenis Rrd/ rewidvbdzw/ef/ayb@iatloméncsﬂfw rerc&iti)g residue

o560 Tn 3R DSTE) e HE SE 2Pllo bfit AHY T fogine (soved

mmnDME0J watey (hridl) are added and the solution is mixed for 90 minutes at
room temperature. Afterwards 20mg ascorbic acid are added and the solvents
removed by evaporation. The crude mixture is solved in acetonitrile / water (2 /
1) and the peptide is purified by RP-HPLC (Kromasil 100 C18 10um,
250x4.6mm).

Solution A: Acetonitrile / water (1 / 1) containing 0.1% TFA. The pH is adjusted
to 8.0 by the addition of ammoniumbicarbonate.

The purification parameters for cyclic AGEM11 are given in fig. 10 and 11
(scheme: Purification of cyclic AGEM11, Kromasil 1000 C18 10um,
- 250x4.6mm, gradient from 5% to 35% acetonitrile (0.1% TFA) in 50 minutes).

V. In vitro proliferation assay to determine EPO activity

TF1 cells in logarithmic growth phase (2.10° — 1.10° cells/ml grown in RPMI with

' 20% fetal calf serum (FCS) and 0.5 ng/ml IL-3) were counted, and the number of

cells needed to perform an assay were centrifuged (5 min. 1500 rpm) and
resuspended in RPMI with 5% FCS without IL-3 at 300 000 cells/ml. Cells were
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resuspended in RPM wth 5% FGS wi thout 1L-3 at 300
000 cells/m. Cells wereprecultured in this

woOb@rosessp on) medi um wi t hout [ L-3 for 48 hour sPCBEP20068/012075

starting the assay the cells were counted again.
Shortly before starting the assay stock sol utions of
pepti des and EPO were prepared. Peptides were wei ghed
and dissolved in RPM with 59AFCS up to a
concentration of 1 mM 467 mMor 200 nmM EPO stock
solutions were 10 nMor 20 nM Twohundredni netytwo m
of these stock solutions were pipetted into one well
of a 96 well culture plate - one plate was taken for
each substance to be test ed. Twohundred m of RPM

with 5% ECS, wer ed j.nto v e h

regubieaimit ReRPriSed U aRIEIL SR Aetoygr Bbore starting
pghe estay thentallsavevel ¢ou:m)exﬂ againng 200 m nedi um The

contents were mxed, and 92 ml fromthis well was

fﬁﬁ’d}ﬁ}/ Y& tsférﬁﬁ éﬁ‘@ﬁssa?ngoél@ doflitiohs Jihgé?ti@é/s and EPO were

on seril e each

repaiodd PRRURGS NETo Weighien ARSHUSEalved & AN WHE 5% FCS up o a
CIMEBRtrafidh 601 4WANI, hGV%SR/Ier 200y N0 IRFED stk Qﬂu’dldihsi Were 10 nM or

L A St w@%v@qé?g*‘t}oasressto%péumgs ke, pipetted into one

oeicentred well aftuseibtdtanc eneqdateeass taien for each substance to be
t o

SR PGSRt AP (SRR TRRL AU S8Rk oen otr

(weller ire@pch eplate. Minetytwat ki ol gtagk( solkiion vigeopipgiipd dntp a well

200%%9@@0'@@? 'p'n n%delmWIﬁHé éc%téﬁt% WEré nfiRdtE eAid 81 @r&h this well

. suspe
(vmtrgn#ief{gd 1‘(@ t%@eg@qng) sc%‘ggt a%@dwms aéﬁﬁjﬁomqnes (@3 dilutions)
tdfatachiesuisstdive add torepareld sheh ciblat sint bact i carisecutive well the

FNESHEAL P £000 B L BShBRGEeH A8 | ol b, rom cach

il Li® axt & uf was Mnaf@tteoetbotbmm eswiyCERlls. B'EJ‘me meayseaeh corgentration

%@ ﬁt?d’s"f%al Uratd 'IH'E Qﬁllc?t e KRR tRAP WY LipPermost and
S I S Was prep

d¢‘ﬁ§00¢$d@@/qm¥ﬁﬂ§/01m0/@@ %Lﬂﬁl Widwe! | were pipetted
(in 100 M RPM + 5% FCS) in quadruplicate. To neasure

thetrabtee(staiel] vellcwkts coatrifugadd (5 madi500rpraRaM Fesuspended
iR %‘ with 5% FCS at a concentration of 200 000 cells per ml. Fifty ul of cell
suspension (containing 10 000 cells) was added to each well. Note that due to
the addition of the cells the final concentrations of the substances in the wells
were half that of the original dilution range. Plates were incubated. for 72 h at
37°C in 5% CO,.

Before starting the evaluation, a dilution range of known amounts of TF-1 cells
into wells was prepared: 0/2500/5000/10000/20000/50000 cel.ls/well were
pipetted (in 100 pl RPMI + 5% FCS) in-quadruplicate.

To measure the number of live cells per well, ready-to-use MTT reagent
(Promega, CellTiter 96 Aqueous One Solution Cell Proliferation Assay) was
thawed in a 37°C water bath. Per well, 20 ul of MTT reagent was added, and
plates were incubated at 37°C in 5% CO, for another 1-2 h. Twentyfive pl of a -
10% SDS solution was .added, and plates were measured in an ELISA reader
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(Pronega, Cell Titer 96 Aqueous One Sol ution Cell
Proliferation Assay) was thawed in a 370C water bath.

woeeooowsddsy 20 ml of MIT reagent was added, andppiaPe®s/012075

were incubated at 370C in 5% CO2 for another 1-2 h.
Twentyfive m of a 10% SDS sol uti on was added, and

pl ates were neasured in an ELI SA reader ( Geni os,

Tecan). Data were processed FHAS5spreadsheets (Excel)
and plotted in Gaphpad. The data are sunmarized in
fig. 12. ED50 (nM: EPO 0.0158 BB49 (nononmer, SEQ 1D
NO 2) 4 113 AGEML 1 (bivalent) 36.73 VI. Extended
pepti de assays In an extended assay, approxinmately 200
pepti de sequences were tested for their EPO minetic

igﬁteb&st g"f]ecg?ﬁl Q%Pa{;&%?% pﬁ@%ﬁeﬁéﬁ%ggﬁ'gég?%%‘cts%Eg&él?%%d plotted in
syiripheads was performed in special MIP-synthesis

Pl ates, the scale was 2 nmol per peptide. The
synthesis followed the standard Fnoc-protocol using

~HOBT as activator reagent. The coupling steps were

performed as 4 times, coupling. Each coupling step took
SBhendlatacarg suremasiged i fig. 12ni no acid per step was 2. 8.
The cl eavage and deprotection of the peptides was done
wWith a cl eavage sol ution containing 90% TFA, 5% TIPS,
2.5% H20 and 2.5% DDT. The synthesis plate containing
the finished peptide attached esin was stored
on top of a 96 deep well plat ekﬁmm)bf the cl eavage
sEPQOt i on was added to each wel D-GH$8 t he cl eavage was

r 1), }\S pro re was repeated
f%jé%( [ ned;n.c?érT%cg:qlga%g?)pept [ §§qi7gv,ygs eluted with 200
1

AGEMENdialgdlut i on by gravit winto the deep
wel | plate. The deprotection of the side chain
function was perforned for another 2.5 h within the

AGeR 15 ded babtide ddsayyar ds the

In an extended assay, approximately 200 peptide sequences were tested for
their EPO mimetic activity. ‘ '

The peptides were synthesized as peptidés amides on a LIPS-Vario synthesizer
system. The synthesis was performed in special MTP-synthesis Plates, the scale
was 2 umol per peptide. The synthesis followed the standard Fmoc-protocol
uéing HOBT as activator reagent. The coupling 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,0O 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 pl cleavage solution by

gravity flow into the deep well plate. The deprotection of the -sidé chain function
was performed for another 2.5 h within the deep well plate. Afterwards the
peptide was precipitated with ice cold ether/hexane and centrifuged. The
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pepti de was precipitated with ice cold ether/hexane
and centrifuged. Thepeptides were solved in neutral

wequesmi®ssol uti on and the cyclization was i ncubara®#2005/012075

over night at 4 C The peptides were |yophilized.
Fi gure 19 gives an overview over the synthesised and
tested peptides nononers. The peptides were tested for
their EPO mnetic activity ind4é@r in vitro
proliferation assay. The assay was perforned as
descri bed under V. On each assay day, 40 microtiter
pl ates were prepared for neasuring in vitro activity
of 38 test peptides, 1 reference exanple, and EPO in
paral | el . EPO stocks sol uti ons were 20 nM The results
are given in Fi e seen fromthe.results
tﬂ?@tﬁ@%t‘é{@repe“ﬁﬂ\?etﬂjeén H&?A%f%l ‘?qubﬁg SPliop oRRY hiigs CYflization was
tiheulRites enér higheat 406. Thd peptideepiecs IyBphilimedet i c
activity. VIl1. Synthesis of peptide HES-conj ugat es The
principle reaction schene is depicted in Fig. 2
aﬁlgmnef Tichegiviess can bevervievhaaverrs thenesyirtiaesised oﬂmﬂ;fteéted pep’ﬂdes
%ﬁ jve of a starch, according to this exanple HES,
el ecti vel y reacts with thiol groups under mld,
aqueous reaction conditions. This selectivity is

;’H@??@&q&ﬁt\her@ﬂeﬁéﬂ e tl@élﬂEPS) miith8tic %chfyChlamml visegroliferation

irs am no onv

{asay othe dedok Wsh stk SRR Cndh P Riqitn Rsay day, 40

haicedtiter plates Weeeprdpaoed fovwnead wing |arvmr@actmtyt of 38 test peptides,
[ h

g Ng 47 ooyl o

S nt hesi s of am no- HES (AHES) Hydroxyethyl starch
CRABHiST gre wgnam@gnéa (isucail bei peem{iog thmdesults, the tested

Speptaay ok fummﬁ%Qhéi I hBEnsuBNer tAvgiragentinledtioretidhiotwispict EPO
O kDa with a substitution grade of 40

a roxl I

fg i‘rtr‘ﬁ ﬁ)é& s was perforned according to the
synthesi s described for am no dextran in the
c\llk:ﬁa;nthtasmobpephdeMEsﬂ:bln;ugatesl\/bd| fizierung von
oerfl achen fur

The principle reaction scheme is depicted in Fig. 21.

The aim of the described method is the production of a derivative of a starch,
according to this example HES, which selectively reacts with thiol groups under
mild, aqueous reaction conditions. This selectivity is reached with maleimide

groups.

HES is functionalised first with amino groups and converted afterwards to the
respective maleimide derivative. The reaction batches were freed from low
molecular reactants via ultra membranes. The produCt, the intermediate
products as well as the educts are all poly-disperse.

‘Synthesis of amino-HES (AHES)

Hydroxyethylstarch (VoluVen®) was attained via diafiltration and subsequent
freeze-drying. The average molar weight was approximately 130 kDa with a

substitution grade of 40 %.
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di e thernmodynam sche und ki netische Charakterisierung
bi onol ekul arer Erkennung mt optischen Transducent,

w02006/0503pei n i ncor porated by reference. HES WRET/EP2005/012075

activated by partial, selective oxidation of the
di ol i ¢ hydroxyl groups to al dehyde groups wth sodi um
peri odate as described in Floor et. al (1989). The

al dehyd groups were converted 4fa reductive anination
wi t h sodi untyanobor hydri de (NaCNBHa) in the presence
of ammonia to am no groups (Yal pani and Brooks, 1995).
Peri odat e openi ng: The used anount of periodate
represents 20 % of the nunber of glucose buil ding
blocks (applying a glucose building block mass of 180

PR sy ERTa e pattfay R EBRIE o Wi AFRHSIF Gebhibed for amino

vvdextram-lrrdhef\d[ssenaj]m of da@@@g@)lewM@dﬁ@qpnm\@n Oberflachen far
DBFéC' ﬂietrl%ggjgﬁat‘ﬁfs&@e Gﬁ&’dWet@EHed'@héﬁakfér%ﬁér@ﬁg blomolekularer

lysi's tative: N nhydrin ction (Kaiser-tes

Qﬁafﬂnmuaglm@ opfipeiierp, narﬁdvpﬁm 1980RIPH GPRRsAted by } eference.

apiEs WEg'%%}l\éatt@dtQthpémaS %éé@t“&lb o&td@@hgbf tdémcﬁlwlinrakyﬂ groups to
subst | rade was un

" eV S aR it sofflu BirRghB oS RSP L Elotl k91 (1g89)- The

onlgleyil no groopp ofveappr wonvérd€dg/ mid . Syeduddives odmination  with

%P@&&E@{??&E@ %ﬁéwé@ﬂﬁﬂd)gmy@%#t%eﬁgéhof ammonia to amino

a@TWﬂ(N?m%&?ﬁd&’pﬂk%%ber (Mal PA- OSu) was used in
excess (10-fol d) (50 mM phosphate buffer, pH 7, 20 %
up vga ultra filtration

d
 Peiof? e oprgnonTnS used aububh & eridiete sbiaamis T % of the
ghathpenas glecoskl leildimg bloukshiappiyingiadglibBse blildingulibek mass of

@g@r&/ﬁﬁ?“ﬁ%‘j n8|4$| "th QFWEp'@aQ%E%FbSrHe%t 9% Bpfra filtration and

freeze-drying
Reductive aninﬁation with NH,;CI/Na[BH3;CN] (in excess)

Working-up via precipitation of the product and dia-filtration.

Analysis
Qualitative: Ninhydrin reaction (Kaiser—test)

Quantitative: with 2,4,6-trinitrobenzole sulphonic acid (TNBS) in comparison with
an amino dextrane.

The achieved substitution grade was around 2.8%. This results in a molar mass
of one building block carrying one amino group of approx. 6400g/mol.
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gluthation (GSH) and the detection of excessive thiol
groups with Ell mans reagent (DNTB) and via 700

wORgeclosedVR- spect roscopy The achi eved substi t uPCOEP2005/012075

grade was around 2 % and corresponds to 8500 g/ nol per

mal ei m de buil ding bl ock (180 g/ nol gl ucose buil ding

bl ock mass, DS= 0, 4).

Pept i de- hvdr oxyet hyl st ar ch- ceri8ugat e ( Pep- AHES)

Synt hesis- A cysteine containing peptide was used which

had either a free (Pep-1A) or a biotinytated (Pep-1B)

Nterm A 4:1 mxture of Pep-1A/B was converted over

ni ght in excess (approx. 6 equivalents w th Ml PA-HES

i n phosphate-buffer, 50 nM pH 6.5/ DMF 80: 20; wor ki ng

up occurred with ultra filtration and freeze-drying. .

ASurests it "UnaigliiBeropiaid g By S SE It (MalPA-

aplsthe renmmi ni ng content of nal ei m de groups was

determined with GSH DNTB. The peptide yield was al nost
ieggéive. Nearly no free nal ei m de groups were

detectable.VIIl. Antibody-cross reactivity assay As

deseiéiredopropidme aditNeydtoxysucdinintidsstap platRAI@BY) was used in

pat i ent s ~SONRt | e ty j abnss, HWEP -
RSP 60T (4 Pl BFoSBAE b. G2 el e DY e miant)
i Wonkingap ivienultrarfilicatibey and freeze-deyingxpl ore t he

properties of the peptides according to the invention
iAng\?gi@nal ysed whether the peptides in fact

crosS-react with anti-EPO anti bodi es. Rabbit and human
sEnerexgtioniofi theyaming gERD was veotikdwitheirhydsiacaricof NBS.

t [ h I i i ;

oﬁ%% ﬁ@g?%%l @I\fm ﬁﬁﬁﬂlg é%&&ﬁ]h%éétﬁﬁ@ép ggé\?;%g é§ d%ﬂ?ffnsWaiéH FB@?’eacnon of
rguibatiorvSESHEANT the deteetignoRt: exseestvertiiergioups with Elimans

Nabgd d et 7aEMHATH-NMRCsfeeirsSedhycKL T- 1

nal glV Q?G):‘?n'ﬁ(t est peptide 2) Ac = acetyl ated

N-term nus

The achieved substitution grade was around 2 % and corresponds to 8500 g/mol

per maleimide building block (180 g/mol glucose building block mass, DS= 0,4).

Peptide-hydroxyethylstarch-conjugate (Pep-AHES)

Synthesis

A cysteine containing peptide was used which had either a free (Pep-IA) or a
biotinytated (Pep-IB) N-term. A 4:1 mixture of Pep-IA/B was converted over night
in excess (approx. 6 equivalents with MalPA-HES in phosphate-buffer, 50 mM,
pH 6.5/DMF 80:20; working up occurred with ultra filtration and freeze-drying.

Analysis 4
The UV-absorption was determined at 280 nm and the remaining content of
maleimide groups was determined with GSH/DNTB.

The peptide yield was almost quantitative. Nearly no free maleimide groups were
detectable.
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Am = am dated C-term nus 1lnal = 1-naphthyl al ani ne
Di fferent concentrations of erythropoietin and EPO

woiomstosespept i des were used in the anal ysis. APCEMEP2005/012075

pre-treatnent of the sera with the test substances in
order to adsorb the anti-EPO anti bodi es present in the
sera, the sera were treated with radioactively
| abel | ed erythropoietin. The-4fti bodies remaining in
the sera after the pre-adsorption step are bound by
the erythropoi etin and agai n i nmunopr eci pated. The
prot ocol used for this test is described in Tacey et
al ., 2003, herein incorporated by reference. The
results of the performed pre-adsorption with the

= nti bod sera using either EPO or
é#%) ﬁpﬁgan’cﬁgﬁ?¥%§ 6’0%% ng to the invention are
di scl osed in Fig 22. \When the sera were pre-treated

V)ﬂéé IE] gg %)éq [?P Bhbﬁiﬁ'ﬁ of W@ a‘b%ﬁ@aﬂbﬁr %aﬁéﬁt@r%ﬁ@tﬁnes develop

n cont act ed M% radi oacti vel
e

|&tﬁbpd@§eagﬁimﬁ{dbbfﬁ89 T hisr s darthe Bt oo s Balen fescribed in

det atRAIckiOnt he sera notw thstandi ng the
pre-treatment. This means that the EPO minetic

pepti des were not able to bind to the anti-EPO
antdr@@rduoefartblerr exygorer thetpreperties of thenpeidealzsentingto the invention

k {\]/%{3 %ﬁﬁ@%&i w(g}%)(t%ergttﬂg gégﬁc{ sgrgt &%?%&?%‘a?@lf@é@uﬁﬁn% alnt(I:bodles

peptides and thus remained in the sera. The anti-EPO

"ﬁébtgg%hﬁshly}ﬁéﬁ 04 &?ﬁﬁnhgeérﬂPEQ’ﬂ) éﬁtn@éweé Wé?ebuM for testing.

t t t
(TiRsspepraateTasBie-Haat80 COEF oMVIER PhaNEeIoBge EPO. mimetic

éhtidesated with erythropoietin, pretty nuch no
ant'i bodi es were detectable in the subsequent assay
i ncorporating radi oactively |abelled erythropoietin
SAPIC SATVSCaRGKDDdhab &y CHEOB G G BERBHAGKLM nalUCKKARE-fratiestipeptide 1)

gxﬁg{aﬁgﬁs & Leraaner'EK &@Aﬁr(}égﬁe%& Atin. The

ues dep | 22 ‘represent the
%@maﬁetylh’@dl&ttﬁimlﬁéﬁnts used in the IP. A serumis

agses sftldaedrosérniMgs when the %pmvalue is > 0.9.
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
adsdrb the anti-EPO antibodies present in the sera, the sera were treated with
radioactively labelled erythropoietin. The antibodies remaining in the sera after the
pre-adsorption step are bound by the erythropoietin and again immunoprecipated.
The protocol used for this test is described in Tacey et al, 2003, herein

incorporated by reference.

The results of the performed pre-adsorption with the anti-EPO antibody containing
sera using either EPO or EPO mimetic peptides according to the invention are
disclosed in Fig. 22.

When the sera were pre-treated with EPO mimetic peptides, the sera were
afterwards tested positive when contacted with radioactively labelled



10

15

20

25

100% cpm represents the anmount of the overall used
counts (the radi oactive tracer), presently the

woadicpaetsbvel y | abel |l ed EPO. The assay denonst Parag®2005/012075

that the EPO m netic peptides according to the

i nvention depict advantageously no cross-reactivity to
anti - EPO anti bodi es. The EPO m neti c pepti des

descri bed herein should thus-&pi ct a therapeutic
effect even in patients who devel oped anti bodi es

agai nst rhuEPO. Furthernore, it is expected, that

anti bodi es against EPO m netic peptides shoul d not

bi nd erythropoietin. The EPO m netic peptides
according to this invention are thus preferably also

EEREAET ALK IS LT AR R —

W&e Eé-@r@aﬁﬁéntBﬁhle?o?éiHrmehai e EPOBalntﬂun@eEﬁdeKwerwacpt able to bind
arre | it o RN

99@?) an%tk&gsdéﬁgggiﬁgn@@@f pgéﬁfrér ropoﬁ)@ in peC Y2 Pinding

malmty, cthe rantitigROcantitodias \Wereenoizel muaatedr\faemr@e sera together with

@% tﬁ?'fcg {2%9% pb tli%aé%&?r@é réfriEOR tH@schﬁl'ﬂﬁ%' éntIEEqu antibodies
pueremet ble tOFwEgrm apg gugin B M%S(rﬁ@ﬁy ceass”

Peptides as Potent Mnetics of the Protein Hornone

5!{ thrt?E tt:g{']lal& (?2@'@#7 RS 46 &%ﬁ?ﬁéﬁ@ol R/hé‘n the sera were

oprmireazal dth efytrmopaetjn, rpreﬂplmmm nmarérbodlepemned@etectable in the
Cﬁ%%eéﬁ?ﬁt g% B?ﬁfo?gor%ﬁﬂé g%gfb%g@?élma%lgd" gﬁ?fgrolpmetm since the

sanjlbbdle;slz were Alreadh eh@urEbcan 2@mmateﬂzé)y Abeg 4 pre-treatment  with
P%ﬂrp%letm J., M D Bentley, et al. (2002).
" Chem

stry for peptide and protein PEGyl ation.
Advanced Drug Delivery Review 54(4): 459-476. Richard

TR Yumdhithiovsiués eepigtedliantige23nmeplelsentinel hepowef the total counts
Ar ng, Kr

i BR3P oS5, R B - 6.
ati0% ochna srepregentsathe @menninef fHleaowerall urs@dt ccpunts (the radioactive
W?éddeﬁif‘#n%%nﬂ Hhd B LRLi6Y IalMedEPO.

nopfeci pitation assay; J Inmmunol Methods.
2003

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 rhuEPO. 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. -
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Dec; 283(1-2):31 7-29. Zalipsky S, Qazen, S, Wal ker 11
JA, Mullah N, Quinn YP, (1999) "New detachabl e poly

woetdsyisesse gl ycol ) conjugat es: Cystei ne-cl eavaBC®EP2005/012075

| i popol ymers regenerating natural phospholipid, diacyl
phosphat i dyl et hanol am ne, Bi oconjug. Chem 10: 703-
707. Zhao, X. et al (1997), "Novel Degradable

Pol y(et hyl ene gl ycol) esters-fadr- drug delivery."” In
"Pol y(et hyl ene glycol) chem stry and bi ol ogi cal
applications; Harris JM Zalipsky, S. Eds.; ACS
Synposi um Series 680; Anerican Chem cal Society:

Washi ngton DCl1 1997; 458-472.CL Al MS: 1. A peptide
of at least 10 amino acids in |length, capable of

bénfji ng to the EPO receptor, conprising an agoni st
abBeIeyPHSeS:char acteri sed in that said EPO minmetic
PRpightts NoeBakeUbephaias ©, Badionec P nKaste/apask tFarell FX, Jolliffe L,

et 10 BGler 8 4G RefiesBd bR} of 2 Bhyfishietin poptide
angoetiti theppugh advalendidimehizationt. datgedipiechnalogy 46d 2600 265
mnetic peptide carries an amno acid notif

SRGPErENG EArSPImg DRafy 8, KokHpayl/mc BRiyid P, Mulcahy LS,
ovalinsAE Gln Bareeth BV, Jallife bist Poer Wi 996 romel Eioptiges as Potent

pRiFhéticsadfhe PastercHemdre Beitittoppietih Scbhoe K73:358-168
pepti de according to claim1l, characterised in that

it : g e
SRR R 5. P58, . SRR Grgpton of an
t erytrebpoistin 1mimetic  peptides tresuléedni incrergeds Anthpepstielie activity.”
ggﬁé@%‘irﬁa&pgj&@?@hmﬁl@gggd am no acid, preferably K

in position 17. 5. A peptide, especially one
bei bl f. bi ndi th ] t
fbad K RAer A2 5timbe 19 o Afn. T 858" Bboo), 122, 2054.

Roberts, M. J., M. D. Bentley, et al. (2002). "Chemistry for peptide and protein
PEGylation." Advanced Drug Delivery Review 54(4): 459-476.

Richard Tacey, Anthony Greway, Janice Smiell, David Power, Arno Kromminga,
Mohamed Daha, Nicole Casadevall and Marian Kelley: The detection of anti-
erythropoietin antibodies in human serum and plasma - Part |. Validation of the
protocol for a radioimmunoprecipitation assay; J Immunol Methods. 2003
Dec;283(1-2):317-29. | |

Zalipsky S, Qazen, S, Walker Il JA, Mullah N, Quinn YP, (1999) “New detachable
poly (ethylene glycol) conjugates: Cysteine-cleavable lipopolymers regenerating
natural phospholipid, diacyl phosphatidylethanolamine, Bioconjug. 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.



10

15

20

25

30

conprising the foll ow ng sequence of ami no acids: XeX
XsXgXi OX1 1X i 2X13X14X1 5 wherein each amno acid is

woeeh@asedof rom natural or unnatural am no aci deCamB2068/012075

is C A, E a-amno- g -bronmobutyric acid or
honocysteine (hoc); X7 is R H L,Wor Yor S X8is M
F, | , honoserinnethylether or_porisoleucine; X9 is G
or a conservative exchange of " "X10 is a non
conservative exchange of proline; or X9 and X10 are
substituted by a single amno acid; Xii is selected
fromany amno acid; X12 is T or A, X13 isW 1-nal,
2-nal, Aor F;, X14is D, E, I, Lor V; X1is C A K
a-am no-g -bronobutyric acid or honocysteine (hoc)

provided that either X6 or %’LASIMSSC or hoc. 6. The
C

peptide according to claim acterised by the
fol |l owi ng sequence of amino acids: X6X7X8X9X10X1

1Xi 2XA |d‘é><éf Bt YRt eionaged) adidsnial I@ﬁgtﬁ lc&pabrél 6Bbiding to the

by st rdI tter abbr.eviation 7
7y EF\?«? rSPG, OB GTINg . BP0 a5EVIY. celtraP paisBy dn that said
exchaEﬁ’@ afim@tic Xithtide doesomotocmmsgriseapioline éx thapgsitioh referred to

br 01 ! B pci¥hich 16 dff@saeﬂﬁﬁawbe%%hsgtm SMSUBARYy 2RhRRd amino

aci d;
acid.

2. The peptide according to claim 1, characterised in that said EPO mimetic
peptide carries an amino acid motif characteristic for a folding structure
(beta-turn motif), wherein said peptide does not comprise a proline in the
beta-turn motif at position 10 but a positively charged amino acid,
preferably K. |

3. The peptide according to claim 1, characterised in that position 9 and 10
are occupied by 5-aminolevulinic acid (5-Als)

COCH

o]
5-Als

4.  The peptide according to one of the claims 1 to 3, characterised in that said
peptide carries a positively charged amino acid, preferably K or Har, in
position 17.

5. 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

Xeis C, A E, a-amino-y-brofnobutyric acid or homocysteine (hoc);
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X13is W X14is D, E, I, Lor V, X15is C or wherein
X9 and X10 are substituted by a single am no aci dor

wohersmisowssai d peptide is characterised by the Por/Ee08912075

am no acid sequence: X 6X 7XsXgXi 0X1 1X i 2X1 3X1 4X1
5X6is C X7 is R HLL orW X8 is MF, |Ilor hsm
(honoseri ne nethyl ether); Xg-i58 G or a conservative
exchange of G X10 is a non conservative exchange of
proline; Xn is independently selected fromany am no
acid; X12is T; X13 s W X14 is D1E, I, L or V1 1-nal
(1-napht hyl al ani ne) or 2-nal (2-naphtylal anine); X15
is C 7. The peptide according to one of the claim5b

or 6 racterjse that Xi 0O is an anmino acid with
og‘r'tsl]se}l"y Lc a?b\zd’gde chain, preferably R K or a
resrmgts Me Fnpriomoser methiytet haf:bdnonrijﬁﬂemdbéy I—larEJI or
Q are a_shkngle am no acid,
pr efag? gbﬁfr@,cgn%eﬁy%\f gﬂ?%q:e gﬁﬁ’j (Al's) or
am n¥weiker hon gonservativaeychange otpeddiver ding to one of

the pr ECSHBB@m% &bgﬁgﬁgmx ;'a%g;.éneearﬁ%'&wng ar no

acid se uence 1X'1 2X1 3X14X1 5
mher2$|1d3)$§'qcée¢(i@”hé%at“h@ #die neani ng and wherein

X4 sx¥%isTorA;
Xi3is W, 1-nal, 2-nal, A or F;
XusisD, E, I, LorV,
X5 is C, A, K, a-amino-y-bromobutyric acid or homocysteine (hoc)
provided that either Xg or X5 is C or hoc.

6. The peptide according to claim 5, characterised by the following sequence
of amino acids:

XeX7XsXaX10X11X12X13X14X15
wherein each amino acid is indicated by standard letter abbreviation and

Xe is C;

X7is R, H,Lor W,

Xgis M, F or |;

Xg is G or a conservative exchange of G;

X10 is a non conservative exchange of proline;

X141 is independently selected from any amino acid;
Xi2is T;

Xizis W;

X148 D, E, I, LorV;

X15 is C;

or wherein Xg and Xyo are substituted by a single amino acid

RECTIFIED SHEET (RULE 91) ISA/EP
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X5 is independently selected fromany am no acid,
preferably A, H K L, M S Tor |I. 9. The peptide
weaeaeoeevodogsg to claim8, conprising the foll ow ngcampPr®s/012075

aci d

sequence: X3X. 4X5X6X7X8X9X1gX i 1X i 2X1 3X14X1 5X1

X 17X18 wherein X4 I X |1 5 have the above neani ng and
wherein X3 is independently selected fromany am no

aci d,

preferably DI E, L, N, -$4-T or V; X -16 is

i ndependently selected fromany am no acid, preferably
G K L Q R Sor T, Xi 7 is independently sel ected
fromany amno acid, preferably A G P, R K Y or a
non-natural amno acid with a positively charged side
chain, preferably honoarginine; X18 is independently

sel ected from a

m,NnQ a

y an id. . 10 .Th i d , ,
Sccordl el SA8 RePTas Bracsiaige BanRaeiquige aminggeid
i s CsdfgueAcer hoc, preferably C and/or X7 is R S, H
or Y and/or X8 is F or Mand/or X9 is G or A
preferably G and/or X10 is K or Har and/or X is V, L,

M E A T or noXe¥ofeatiofer’andisnaXs2 is T and/ or

Xlé is Wand/or X14 is D or V and/or X15is C or hoc,
prefera_bl% Cand/or X 17 is P, Y, Aor Kor Har. 11.
e

The P&

according to claim1l or 5 conprising an

am noXAsiR] Bdquewse that is selected fromthe group

TS B R Vi =

GGTYSGHE-G Ar 8)cdnseXEHineEzcae of QO 8:

GGrY
(Al's)

%ﬁ%ﬂ&%@%ﬁ%e%h&e of IR evul inic acid

X44'is independently selected from any amino acid;

X2is T;

X13 is W; :

X14is D, E, |, L or V, 1-nal (1-naphthylalanine) or 2-nal (2-naphtylalanine);
X15 is C;

The peptide according to one of the claim 5 or 6, characterised in that X4¢
is an amino acid with a positively charged side chain, preferably R, K or a
respective non-natural amino acid preferably Har, or Xg and Xjo are
substituted by a single amino acid, preferably by 5-aminolevulinic acid (Als)
or aminovaleric acid.

The peptide according to one of the preceding claims comprising the
following amino acid sequence 4 ‘
XXX X7XgXoX10X11X12X13X14X15

wherein Xg to X45 have the above meaning and wherein

X4is'Y;

Xs is independently selected from any amino acid, preferably A, H, K, L, M,
S, Torl.

The peptide according to claim 8, comprising the following amino acid
sequence: V
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O 5-Al'sl12. A peptide according to at |east one of the
claims 1 to 11, wherein said peptide conprises an
wamospsespd sequence sel ected fromthe group cBATIEPRI08H12075

of :

GGTYSCHFGRLTWCKPQGG GGTYSCHFGRL TW/CKKQGG

GGTYSCHFGKLT- | nal - VCKKQRG GGTYSCHFGKL TWCKKQGG

- GGTYSCHFGKLTWCKKQGG GGTYSCHFGKLT- | nal - VCKKQRG
- GGTYSCHFGKLT- | nal - VCKKQRG-GEGTYSCHFGKL TWCKKQGG
- GGTYSCHFGKLTWCKKQGG CGGTYSCHFGKLT-

I nal - VCKKQRG GGTYSCHFGKLT- | nal - VCKKQRG
GGTYSCSFGKLTWCK - Har - QGG GGTYSCHFG - Har - LTW/CK

- Har - QGG GGTYSCHMEKL TXVCKKQGG GGTYTCHFGKLTXVCKKL GG
GELYSCHFGKI TXVCKKQGG GELYSCHMEKL TWCRKQGG
GCELYSCHFGKLTXVCKQGG GGTYSCHFGKL TWCQKOQRG
GGTYSCHFGKLTXVCKKQRG GEL YACHFGKL TWDCQKQGG

GGTYTCHF GKL TUVRKK QR KX SR GRXERVIKK @16 X 17X 18
GGTYSCHFGKI TXVCKKQGG GELYSCHFGKLTUVCKKLGG
GELYACHFGKLTUVCKKQGG GELYSCHMEKL TW.CKKL GG

10.

11.

wherein X4 to X45 have the above meaning and wherein

X3 is independently selected from any amino acid, preferably D, E, L, N, S,
TorV;

X6 is independently selected from any amino acid, preferably G, K| L, Q,
R,SorT; ‘

X47 is independently selected from any amino acid, preferably A, G, P, R,
K, Y or a non-natural amino acid with a positively charged side chain,
preferably homoarginine;

X1g is independently selected from any amino acid.

The peptide according to one of the preceding claims, wherein Xg is C, E, A
or hoc, preferably C and/or X7 is R, S, Hor Y and/or Xg is F or M and/or Xo
is G or A, preferably G and/or Xy is Kor Har and/or X41is V, L, I, M, E, A,
T or norisoleucine and/or X4z is T and/or Xq3 is W and/or X44 is D or V
and/or X45is C or hoc, preferably C and/or X47is P, Y, A or K or Har.

The peptide according to claim 1 or 5 comprising an amino acid sequence
that is selected from the group consisting of:

SEQ ID NO 2: GGTYSCHFGKLTWVCKKQGG
SEQ ID NO 4: GGTYSCHFGKLTWVCKPQGG
SEQ ID NO 7: GGTYSCHF-(Als)-LTWVCKPQGG
SEQ ID NO 8: GGTYSCHF-(Als)-LTWVCKKQGG

COOH
HZN/}]/\/

o)

with 5-amino|evulinic acid (Als):

5-Als
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35

40

45

GGTYSCRFGKLTW/CKKQGG GGTYTCHFCGKI TUVCKKQGG GALYS
CHFGKLTXVCKKQGG GGL YACHFGKL TUL CKKQGG
wOCLHEHISEKL TVWCKKQRG GGTYTCHFGKI TXVCKKQGG PCT/EP2005/012075

GGTYTCHMEKL TW/CKKQRG GGAL YSCHFGKL TXVCKKQRG
GGTYTCHFCGKLTXVCKKQGG GALYSCHFGKI TUVCKKQGG GALYS
CHFGKLTXVCRKQGG GGTYACHFGKL TXVCKKLGG
GGELYACHFCGKLTXVCRKQGG GGTYACHRGHE. TXVCKKQGG GALYS
CHMEKLTXVCRKQGG GGELYS CHFGKLTUVCKKQRG GALYS
CHMEKL TXVCKKQGG GGTYTCHMEKL TXVCKKQGG
GGELYSCHFGKLTXVCRKQRG GGTYS CHFCGKLTXVCKKQGG GGTYS
CHFGKLTWCKKQRG GGTYACHFGKLTW/CKKQRG GALYS
CHFGKL TWCQKQRGGGTYTCHFGKLTXVCKKQRG wherein X is
1- napht hyl gl ani ne _and IS, 2-na B% | al anjne, , 13. A . ,
0d3t | BSRIGE PEPAGITRKIOAT 1785 07 SR FARL! b blraiRgrainyseid peptde
1 to d@mpfidey achminceaddisequbrde sslécted &pm the greup consisting of:
nodi fied by a conservati ve exchange

GGTYSCHFGRLTWVCKPQGG

GGTYSCHFGRLTWVCKKQGG

GGTYSCHFGKLT-1nal-VCKKQRG

GETYSCHFGKLTWVCKKQGG-GGTYSCHFGKLTWVCKKQGG

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

CGGTYSCHFGKLTWVCKKQGG-GGTYSCHFGKLTWVCKKQGG

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

GGTYSCSFGKLTIWVCK-Har -QGG

GGTYSCHFG-Har-LTWVCK-Har-QGG

GGTYSCHMGKLTXVCKKQGG

GGTYTCHFGKLTXVCKKLGG

GGLYSCHFGKITXVCKKQGG

GGLYSCHMGKLTWVCRKQGG

GGLYSCHFGKLTXVCQKQGG

GGTYSCHFGKLTWVCQKQRG

GGTYSCHFGKLTXVCKKQRG

GGLYACHFGKLTWDCQKQGG

GGTYTCHFGKLTUVCKKQGG

GGTYSCHFGKLTUVCKKLGG

GGTYSCHFGKITXVCKKQGG

GGLYSCHFGKLTUVCKKLGG

GGLYACHFGKLTUVCKKQGG

GGLYSCHMGKLTWLCKKLGG

GGTYSCRFGKLTWVCKKQGG

GGTYTCHFGKITUVCKKQGG

GGLYSCHFGKLTXVCKKQGG

GGLYACHFGKLTULCKKQGG

GGLYSCHFGKLTWVCKKQRG

GGTYTCHFGKITXVCKKQGG

GGTYTCHMGKLTWVCKKQORG

GGLYSCHFGKLTXVCKKQRG

GGTYTCHFGKLTXVCKKQGG

GGLYSCHFGKITUVCKKQGG

GGLYSCHFGKLTXVCRKQGG

GGTYACHFGKLTXVCKKLGG .

GGLYACHFGKLTXVCRKQGG

GGTYACHFGKLTXVCKKQGG

GGLYSCHMGKLTXVCRKQGG

GGLYSCHFGKLTUVCKKQRG

GGLYSCHMGKLTXVCKKQGG

GGTYTCHMGKLTXVCKKQGG

GGLYSCHFGKLTXVCRKQRG

GGTYSCHFGKLTXVCKKQGG

GGTYSCHFGKLTWVCKKQRG

GGTYACHFGKLTWVCKKQORG

GGLYSCHFGKLTWVCQKQRG
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of single am no acids, wherein, preferably, not nore
than 1, 2 or 3 am no acids are exchanged. 14. A

woepisiodesaccordi ng to one of the clains 1 to 1BCT/EP2005/012075

characterized in that said peptide does not
cross-react with anti-EPO anti bodies. 15. A peptide
according to at |east one of the clains 1 to 14,
wherein said peptide is nodifis%dd, wherein said

nodi fication is preferably selected fromthe group
consisting of N-term nal and/or C-term nal acetylation
(Ac) and/or amdation (An), intranolecular cyclisation
preferably via intranol ecul ar disulfide bridges and/or
phosphoryl ati on, wherein a nodification of the

Cterg cigh Y€l Peyaskdkd@et hyl gl ycine (nmeG and the
l\l—terér%% gl yci ne as C%&acetyl glycine (AcG is

especyiélein )rieHendahgadnite ateUds 2-sairdylpkpinge is
attached to a polyneric noiety, wherein said noiety is

pyeferably,.sel ect romt.h o) CONgl St Of [
p{ﬁyé%‘h??éwze gqcspggﬁnéd xtqt'taﬁeag’%db% adr?cﬁl'ee;édg%e ’&Ialr.ns 1 to 12,
pept i dharactedised iy that said Ipeatide i anastifiech by (& eersfingfive exchange
cl ai n&, :Mher i ki ' i 2 or 3 ami
i mer ) s Afls PRRBICHE ITRLR, BE e TRERTE2 or 3 amino
sequeids are @xchengept i de according to clai m 16,

wherein said diners or multiners are either hono- or
hﬂ.erﬁfﬁ‘éfpﬁdwgobomh’ﬁy nohe of diie glaimaricioetB, schavadtarizedaimdthat said

each AR SodEarte RO RHEE PO B o °

Cterminus or NNterminus to Gtermnus. 18. A peptide, _
atEor Alipegtide acearding to et leashone of theutiaims, 1 tont4. avhereinisgid peptide
Pept i id& 6By \ﬁ/ﬁére?n lsﬁiﬂkrﬁbdﬁiﬁé‘ﬁd?f isSpreftabydlectdd fidm the group
synthetic peptide wth a congﬁguous gegt_‘age :‘(hai n d/ idati
conpresigingt of| NAgminalanfbaarismingh g tylaign @C and/or amiaation
capacisry), ﬁrﬂragndiléﬁtﬂét @ycliﬁﬁlﬁfrﬁ;if)r@f@ablg V(ih)llm!anmlmlm'rdisﬂfide bridges
an anm np ac equence as | L a : .
nd” Sandof PhacR AR M s dReaitETY s rdmifabaveine as
conpr NahethyiydireagheGvant dhe Mbigrminal glysingl ias JN-acetlahsine (AcG)
is especially preferred and/or wherein said peptide is attached to a polymeric
moiety, wherein said moiety is preferably selected from the group consisting

of polyethylene glycol, dextran and starches.

16. A peptide according to at least one of the preceding claims, wherein said
peptide forms either a monomer, dimer or multimer of the above defined
peptide sequences.

17. A peptide according to claim 16, wherein said dimers or multimers are either
homo- or heteromers with a branched or unbranched structure and wherein
said monomeric peptide units are linked to each other N-terminus to N-
terminus, C-terminus to C-terminus or N-terminus to C-terminus.

18. A peptide according to one of the claims 15 or 17, wherein said peptide
comprises a linker and/or spacer unit.
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2 1. A synthetic peptide according to clains 19 or 20,
conprising a linking noiety (linker) of natural or

wonoiosesb am no aci d residues. 22. A synt heti ecpapkood®12075

according to one of the clains 19 to 2 1, wherein the
l'i nking noiety conmprises 3 to 5 glycine and/or al ani ne
resi dues or derivates thereof. 23. A synthetic peptide
according to one of the claimg8l9 to 22, wherein said
linker is provided by am no acids that form part of

t he bi nding domain. 24. A synthetic peptide according
to claim 19, wherein said peptide conprises a peptide
sequence selected from

GGTYSCHFGKL TW/CKKQGG GGT YSCHFGKLTV\X/CKKQGG
GGTYSCHFCGKLT- 1 nal - VCKKQRG GGTYSCHFGKLT- 1, nal -

ot9. orfe spithetie Pepfite Mdths gaBliHOYIS ReNtide | Ghain pgm@ngngg? {east two

to 1Adon’4\§lﬁ§ RiitA aSBlhdlngQﬂplale ord réb@p{dr)ﬂvheaélhls%w admains comprise
addi ti onal] am.no aci r one Q iﬁct ive
e A Aminoc S ersie d e KRS 1 3 il e

wherein said peptide optionally conprises an
i 20.r ahobwithétio peptidef§ i abeotdinglgle maimeetd t eemprisisg ahdeast two

Secor}%’[&’&gﬁeﬂéoﬁg%lh& nf\:%gé.th cysteine if present in

t he respective se ue A peptide diner or
mul timer conprising ast a. a first peptid

¥ orf SpeipeleleCRiAR aCoRBA P SS9 014G STHRISAG/A litking molety

(11 nkfrRerrenmatdl 68 usaatdrdl iahdito asid residassl pepti de,
wherein at |east one of said peptides conprises a

B AR SR e 35 0%, BEf SHHE"EE 8%y, wporan o
pept ilimkingi merety complrisesdr toeT glycitiengnd/or aleaing ®5jdues or derivates

vvherqh tope C-termnus of said first peptide is
coval enﬁ y bound to the N-term nus of said second

peptide or the C-term nus of said ptide is .

%£a|/éﬁwn§heﬁsmﬁpt@s 300rding ¢ pneuel B Sl d9clonaR, wherein said

pept i|pRePis gro@ded 'b?famlﬁd%lci@{fs t8at forrh ipagttof e binding domain.

coval ently bound

24. A synthetic peptide according to claim 19, wherein said peptide comprises a
peptide sequence selected from

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

or one of the peptide sequences as defined in claims 1 to 14, wherein said
peptide optionally carries an additional amino acid, preferably one with a
reactive side chain such as cysteine at the N-terminus and wherein said
peptide optionally comprises an intramolecular disulfide bridge between the
first and second and/or third and fourth cysteine if present in the respective
sequence.

25. A peptide dimer or multimer comprising at least
a. afirst peptide

b. asecond peptide and
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to the NNterm nus of said second peptide. 27. A
peptide dinmer or nultinmer according to claim?25 or 26,

wohersmisopssai d | i nker conprises a sequence of naCuERR005/012075

and/ or non-natural am no acids, preferably glycine,

al ani ne or derivates thereof. 28. A peptide diner or

mul timer according to clains 25 to claim27, wherein

sai d linker/spacer unit contaig®- a di ket opi perazi ne

unit. 29. A peptide dinmer or multinmer according to

claim 26, whereby said |inker is a bivalent diacyl

bui | di ng bl ock, preferably a diacyl building block

derived froman aliphatic dicarboxylic acid. 30. A

peptide dinmer or multinmer according to claim 25,

wherei n_an am nho acid side chain of. said first, K peptide .
16" ualeamly § BBinadmels bk onagatiadSeiich i SSRond Foptice
said second peptide. 3 1. A peptide according to any

of t hgh@ercatdeag sHeabihsaid pepti®® campiisss & paptidesunicamprising an

o e R RN bt BB AR Rl r

sel ected fromthe group consisting of polyethyl ene )
g26:c oA pepiida disrer asrmeltiones igesordg, tolimyEptwhesein the C-terminus of

accor difgrt E%ﬁﬂicﬁi R Bvaleni 8b8hd totedNYEahuS 6 s8I 8econd peptide

noiety 1s P preferably wi.th a nolecul ar i, ght .

ot | sihe16 RIS SHGPEPIR i BOtRIga Boushedte Rgeminus of
33. AH @@@ﬁﬂdbé:ﬁt}d@i dr@hé dl-teamninels ofshieclirkigseptide is covalently bound
conprjising(i) at as WO ks units wherein each

pept i@é%ﬁ‘f’@'@%rq §3Ld %ﬁcolngg%%)h? o domains with a

bi ndi ng capacity to a target and wherein said binding
d2frai Apeptispdireer ammaliimer agsorine tpelaie 2850128, weereimsaid linker
any O%mse%*b?sélﬁeéﬁ& &t ﬁé’cuﬂd’r_a%/o'?ﬁwé)n(-hétbreflj‘bn*uiﬁ@%bid@[‘Ereferably

pol ymeric carrier unit; erelp said peptide units are.
at t acHigeine.Rlaning opIrYWHEs &8P i er unit. 34. The

conmpound according to claim33, wherein said carrier

uzs.t Apeptide dimer or multimer according to claims 25 to claim 27, wherein said

linker/spacer unit contains a diketopiperézine unit.

29. A peptide dimer or muitimer according to claim 26, whereby said linker is a
bivalent diacyl building block, preferably a diacyl building block derived from
an aliphatic dicarboxylic acid.

30. A peptide dimer or multimer according to claim 25, wherein an amino acid
side chain of said first peptide is covalently bound to an amino acid side chain
of said second peptide.

31. A peptide according to any of the preceding claims 1 to 30 further comprising
a water soluble polymer covalently bound to said peptide, preferably the
water soluble polymer being selected from the group consisting of polyethyl-
ene glycol, dextrans or starches.

32. The peptide according to claim 31, wherein said water soluble moiety is PEG,
preferably with a molecular weight of at least 10 kD, most preferably between
20 and 60 KD.

33. A compound binding to target molecules, comprising
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conprises at | east one natural or synthetic branched,
dendritic or linear polyner and is preferably sel ected

woOnrewosis9 gr oup consi sting of pol yglycerins, PCI/EP2005/012075

pol ysi al i ne acid, dextrans, starches or polyethylene
gl ycol or fromother biologically inert water sol uble
pol yners. 35. The conpound according to claim 33 or
34, wherein said carrier unit @onprises a branching
uni t. 36. The conpound according to claim35, wherein
sai d branching unit conprises glycerol or

pol ygl ycerol . 37. The conpound according to at |east
one of the preceding clains 33 to 36, wherein said
carrier nolecule has a nol ecul ar weight of at l|east 5
kD, preferably from_20 to 20

[ ) or. 4000 kD,.and from 20
N M A P S PoRIGEIiceaipPsRs ot least
|9| ycol ane c%tﬁﬁﬁns 3fth dbindirengapacily & adadiehgnd evhedrein said binding
east one_ of. [ i ng..cl ai 7 [
sai d carchr@?m% HSF‘%E'gﬁ%?\ %g@%a%'ﬁgggedc\%n%pg?% ﬁcéhy one of the
subuni t sglaimiset i 4 ead% pol yneric subunits are
connected to each other via at | east one biode

grada(jeatq&é/s%ﬁeltpoynw&%ca%ﬁé,u@ﬁiwe- 39. The conpound

aCCOYBI ng to at l'edast one of the preceding clains 33

to 38, compri.sing.a first biodegradahble carrier unit .

wher SHRETEEL33id RO Uik recBGREY JoPgHEPPENE carter Unit

units are attached to said first polyneric carrier :

udd.t . Afe comepauowip @cookdargr do delagm t 83,c MdieneiB 9saidhearien unit is or

- d - . . | - 1 .

han TGN 8 0t ofd hallAd 8r SMHeiIERthel, UehGil or incar
20 t cpBpmenand iscprafaraleiiiesiacter frer the gselricensigting of polyglycerins,
car rigtvdibide aWdl dixirang! ef-pemd brgp&y@lﬁﬂéﬁé' Ylyb&it 8F Hdom other

such as’” HES, are occupied wth said second carrier

uni tsb'ﬁﬁgl%"wr@"tﬁ’f’%tﬁég%nd I RlyDetShy | ene gl ycol of a

nol ecul ar wei ght about 3 to 1CkD. 4 1. The conpound
ag%.orthen@oimpaoaind! eesdrdimge twfclaéihe 3ghave34,| aihesei@3said carrier unit

40, Vg?)%pﬁ'is%s% ﬂ%%lﬁih&%nﬂpl ymeric carrier unit is used.

36. The compound according to claim 35, wherein said branching unit comprises
glycerol or polyglycerol.

37. The compound according to at least one of the preceding claims 33 fo 36,
wherein said carrier molecule has a molecular weight of at least 5 kD,
preferably from 20 to 200 or 4000 kD and from 20 to 80 kD in case smaller
carriers such as polyethylene glycol are used. '

38. The compound according to at least one of the preceding claims 33 to 37,
wherein said carrier unit comprises at least two polymeric subunits, wherein
said polymeric subunits are connected to each other via at least one biode-
gradable covalent linker structure.

39. The compound according to at least one of the preceding claims 33 to 38,
comprising a first biodegradable carrier unit wherein peptide units and second
polymeric carrier units are attaphed to said first polymeric carrier unit.
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30

42. The conpound according to claim4 1, wherein said
peptide unit is attached via a covalent bond to said

wpaboosedse carrier unit and attachment occurs PCER2005/012075

reactive amno acid, the N-term nal am no group and/or

the C-termnal carboxylic acid of said peptide units,

wherein said reactive amno acid is preferably

sel ected fromthe group consi-d1xg of |ysine,

cysteine, histidine, arginine, aspartic acid, glutamc

acid, serine, threonine and tyrosine and wherein in

case the pol yner does not possess an appropriate

reactive coupling group, a coupling substance i's used

for nodi fyi ng t he polyneric carrier unit, wherein said
upllng subst ance i s selected from

r.ab he . )
gfSup! HoAMBPHRE assording| tatq?%@ %f? HMREIhT R Seedrq caiiepunit has a
t he aswap nwiesiner weighhthapegiid dest la:amer wrlitkgicavhegein approximately

? rhlog% %{58‘9 gﬁﬁg%&t\m lﬁrﬂgﬁfl {e@yqq‘ %b% C?ﬁ@g‘b& \{vglgh is preferably

uni t ,a fydtoxyakikykstarbh ysuch| as HEifa @neoqul@tweth said second carrier

o d““%é”’e'?ﬁ G ARl EpyLARhe IR eRear HAR about 3

react toliOkR-t he sul fhydryl groups on peptide unit, such
as 5,5 -dithiobis (2- nitrobenzoate) groups and

ahk?/lT]@ %?Mngréétmdlngltﬁgétbﬂﬂ{]ast CGTeOUf)i’érll(e sbole agdaims 33 to 40,
cycl ohexandi one and_ot her et one groups

whi c ARSI @ WQ%%OE%&{SIH%? 8?%'8%8?5%%‘%%" of the peptide

unit; diazo groups, which react with phenolic groups

o2t hEhepepmpoend reeaendingtogelaim <41 mdvereissaid paptde unit is attached
cyanQgease &fa@eﬁt%ﬂﬂ’% réa‘cf‘ﬁol?r‘?\'e}ﬁ 8% rlé’MlLrﬁﬂhﬁcﬁéﬁécMhéﬁl occurs via

ami no groups on_the pept uni t e co mw
accordIrpRetve amingragll, t%é\' éﬁ’rﬁn'@%l aMinR SrPUR: 2RI dhe C-terminal

aci d ¢aﬁrb§mkea@@ cffnsbmwpﬂdé drie, earkinngaidrredptives amino acid is

I
e b TR S BB By Ml RS i
donmi arginirie, ssEpa rifeacid oglutamit saicid, eserine ethned hipe @odrigosew and
via a |inker structure.

wherein in case the polymer does not possess an appropriate reactive
coupling group, a coupling substance is used for modifying the polymeric.
carrier unit,

wherein said coupling substance is. preferably selected from the group
consisting of acylating groups which react with the amino groups of the
peptide unit, alkylating groups which react with sulfhydryl (mercapto),
thiomethyl, imidazo or amino -groups on the peptide unit, most preferably
maleimide groups, ester and amide forming groups which react with a
carboxyl group of the peptide unit, disulfide forming groups which react with
the sulfhydryl groups on peptide unit, such as 5,5-dithiobis (2-
nitrobenzoate) groups and alkylmercaptan groups, dicarbonyl groups, such
as cyclohexandione groups, and other 1,2-diketone groups which react
with the guanidine moieties of the peptide unit; diazo groups, which react
with phenolic groups on the peptide; reactive groups from reaction of
cyanogens bromide with the polymer, which react with amino groups on the
peptide unit. :
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45. The conpound according to claim44, wherein the
linker is a continuous peptide |linker. 46. Use of a

woepiddesand/ or conpound according to at | east POMEPRG05/012075

the clains 1 to 45 or 55 for the preparation of a
pharmaceutical conposition. 0 47. Use of a peptide
and/ or conpound according to at |east one of the
claims 1 to 45 or 55 for the q{@2paration of a
pharmaceuti cal conposition for the prevention or
treatnment of a disorder that is characterized by a
deficiency of erythropoietin or a | ow or defective red
bl ood cell population or is treatable by the
adninistration of erythropoietin and especially for

treatnent of a em a or stroke 48
W TP, Caponte Beearing 15 e 0 otedet me Begiive gipino acid is
one ofystdlife @ndiviergir ihedoupling gréu istrheleimizleent i on or
treatment of a disorder that is characterized by a

84" DG BEUSIUBERRA 8 il oL (fElahl (Ring s to 43,

bl"0od rea
adni nvierein S@ld mmdlegﬁdmajp@pésald repdide Lé&tgareamﬂeynallmconnected

t he t\h&%ltllfﬁ’(%?sﬂﬁc@?é/ type of anem a or stroke. 49. A
phar maceuti cal conposition conpri si ng a conpound

accordjng to at east one of the cl
%‘% obhe damding Breeriiiciot plalim 446 oRhTal theitkarde, & continuous

gptalerimkent i cal conposition according to claim
49 for the prevention or treatnment of a disorder that

' f

| B9 SN} £ Depfifle BhaRr TSI FRCHRFARENS B FBRK St o claims 1
t r eattaA%on§s fardhadreparstionof @rpharmecwtmab gempositioand
especially for the treatnment of any type of anemi a or

S47. OKgse'sofla peﬁtlﬂébh@lbrfc@rmmtﬁdc%gdlﬁ &0 P RHM one of the claims 1
accordi n

ast one cl ai s
comprPSHAET (TS Tgh mm@raﬁw|¥a%tpwaﬁggfeqeﬁec%¢m%von for the
wher gireveatidn pericatimeninoft a cisorger et isichbescd¢rizesoby a deficiency

domi&sewtﬁﬂapgiqunng'}r@ IGRPEF io‘e\fe&tf\)/earécecb?@éd)réell population or is
treatable by the administration of erythropoietin and especially for the
treatment of any type of anemia or stroke.

48. Use of a peptide and/or compound according to at least one of the claims 1
to 45 or 55 for the prevention or treatment of a disorder that is
characterized by a deficiency of erythropoietin or a low or defective red
blood cell population or is treatable by the administration of erythropoietin
and especially for the treatment of any type of anemia or stroke.

49. A pharmaceutical composition comprising a compound according to at least
one of the claims 1 to 45 or 55 and optionally a pharmaceutical acceptable
carrier.

50. A pharmaceutical composition according to claim 49, for the prevention or
treatment of a disorder that is characterized by a deficiency of
erythropoietin or a low or defective red blood cell population or is treatable
by the administration of erythropoietin and especially for the treatment of
any type of anemia or stroke.



10

15

20

(ii) generating at |east one polymeric carrier unit;
attaching said peptide units to said polyneric carrier

wondde/0s&29 The met hod according to claim5 1, ROBMPRIVS/012075

said peptide units are synthe sized as a conti nuous
pepti de chain. 53. The nethod according to claim5 1
or 52, wherein a polyneric carrier unit is used which
has at | east one chenical groewgsthereon which is
capabl e of reacting with an avail able chem cal group
on the peptide unit, and then reacting together the
reactive polyneric carrier unit and the peptide unit
to forma coval ently bonded conpl ex thereof utilising
the chem cal group of the polyneric carrier unit. 54.

A nucleic acid encoding a peptide accordi ng to any on

0?1t Femathedforpreguaing %@lﬁggurygacgpré%&tpcpg,least onte of the claims
char 33 & 4z,&sbmpyidil@t it is an inverso and/or

retro/inverso peptide of the peptides according to at

pent e Sesertey af Sisl g, ATt WE B Gk peptie unit com-

prises at least two domains with a binding capacity to a receptor;
(i) generating at least one polymeric carrier unit;
(ii) attaching said peptide units to said polymeric carrier unit.

52. The method according to claim 51, wherein said peptide units are synthe-
sized as a continuous peptide chain.

53. The method according to claim 51 or 52, wherein a polymeric carrier unit is
used which has at least one chemical group thereon which is capable of
reacting with an available chemical group on the peptide unit, and then
reacting together the reactive polymeric carrier unit and the peptide unit to
form a covalently bonded complex thereof utilising the chemical .group of
the polymeric carrier unit.

54. A nucleic acid encoding a peptide according to any one of the claims 1 to 14
and 16.

55. A peptide, characterized in that it is an inverso and/or retro/inverso peptide of
the peptides according to at least one of the claims 1 to 14 or a respective
peptide consisting entirely of D-amino acids.



