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"Ml ecul es Whi ch Pronpte Henat opoi esis"” The present invention relates to
pepti des as binding nolecules for the erythro- poietin receptor, nethods
for the preparation thereof, nedicanents containing these peptides, and
their use in selected indications, preferably for treatnent of various
forms of anem a and stroke. 5 The hornone erythropoietin (EPO is a

gl ycoprotein constituted by 165 am no acids and having four glycosylation
sites. The four conpl ex carbohydrate side chains conprise 40 percent of
the entire nol ecul ar wei ght of about 35 kD. EPOIs fornmed in the kidneys
and fromthere mgrates into the spleen and bone narrow, where it

stinul ates the production of erythrocytes. In chronic kidney diseases, io0
reduced EPO production results in erythropenic anema. Wth reconbi nant
EPO, prepared by genetic engi neering, anem as can be treated effectively.
EPO inproves dialysis patients' quality of life. Not only renal anem a,
but also anema in premature newborns, inflammtion and tunor-associ at ed
anem as can be inproved with reconbinant EPO By neans of EPO, a high
dosage chenot herapy is can be perfornmed nore successfully in tunor
patients. Simlarly, EPO inproves the recovery of cancer patients. if
administered within the scope of ARlaGari@nbherapy. In the treatnent with
EPO, a problemexists In that thetagi+red-dosage regi nens are based on
frequent or continuous,intravenou r,.sulc us applications because
the protein is deconpoé‘_é?_ﬂféﬁ&iﬂ%_’iﬁ@'_@ﬂ@gk%@%ﬂw_@gﬁy. Therefore, the 20
evol uti on of reconbi nant” EPO-"dérived nol ecul’ es goes towards sel ectively -2-
nodi fying the glycoprotein, for exanple, by additional glycosylation or
pegyl ati on,

"Molecules Which Promote Hematopoiesis"

The present invention relates to peptides as binding molecules for the erythro-
poietin receptor, methods for the preparation thereof, medicaments containing
these peptides, and their use in selected indications, preferébl'y for treatment of
various forms of anemia and stroke. '

s  The hormmone erythropoietin (EPO) is a glycoprotein constituted by 165 amine
acids and having four glycosylation sites. The four complex carbohydrate side
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,

10 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 newboms, inflammation -and tumor-associated anemias can be
improved with recombinant EPO. By means of EPO, a high dosage éhembtherépy :

15 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
20 evolution of recombinant EPO-derived molecules goes towards selectively



in order to increase stability and thus biological half-life tinme. Another
| nportant issue associated with the treatnment with reconbi nant EPO is the
danger, that patients devel op anti bodies to reconbi nant EPO during
treatment. 5 This is due to the fact, that reconbinant EPO is not
conpletely identical to endogenous EPO. Once antibody formation is |Induced,
it can lead to anti bodies, which conpromse the activity of endogenous
erythropoietin as well. It frequently increases the dosage of reconbi nant
EPO needed for treatnent. Especially if 2uch ant i bodi es conprom se the
activity of endogenous EPO this effect €an be 1o interpreted as a
treat ment -i nduced autoi mune di sease. It is especially undesired e.g. in
case of dialysis patients undergoing renal transplantation after nonths or
years of EPO-treatnment. The anti bodies then can conprom se the activity of
endogenous EPO produced by the transplant and thus conprom se
erythropoietic activity of the transplanted organ. Presently, it is an
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endogenous EPO produced by the transplant and thus compromise erythropoietic
activity of the transplanted organ. Presently, it is an open question, whether the
15  modifications Introduced in recombinant EPO in order to increase biological half-life
time will aggravate or improve this problem. Generally, it would be expected that
extensive modifications and longer half-life time will aggravate this problematic

property.

An alternative strategy is the preparation of synthetic peptides from amino acids
20 which do not share sequence homology or structural relationship with erythro-
poietin. It was shown that peptides, unrelated to the seduence 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. C

25  Synthetic peptides mimicking EPO’s activity are subject of the international laid
open W096/40749. 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 fo be essential.

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



-3- positions, usually nunbered as position 10 and 17, referenced to their
position in the very active erythropoietin-mnetic peptide EVP1
(international laid open W96/40749; Wighton et at., 1996, Johnson et at,
1997): GGIYSCH FGPLTW VCKPQG G 5 These prolines are considered

I ndi spensable to the effectiveness of the peptides. For the praline at
position 17, this has been substantiated by interactions wth the

receptor, while the praline 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 specific stereochenical properties
of praline, is usually a 1o necessary precondition of biological activity.
Generally, praline is a "structure- formng amno acid which is often
involved - as inthis case - in the formation of hairpin structures and
beta turns. Due to this property, inter alia, it is a frequent point of
attack for post-praline-specific endopepti dases which destroy proline-
contai ni ng pepsitides,/ suatle nosberkdnashesitionf 10eankh @ nreferepeqat todibein positios i 15
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of the native
forming amino acid which is often involved — as in this case - in the formation of

hairpin structures and beta turns. Due to this property, inter alia, it is a frequent
point of attack for post-proline-specific endopeptidases which destroy proline-
containing peptides/proteins. A number of endogenous peptide hormones

15 (angiotensins | and Il, urotensins, thyreoliberin, other liberins, etc.) are inactivated
by such “single-hit" post-proline cleavage. Half-life time of proline-containing EPO-
mimetic peptides is thus shortened by the activity of these frequent and active
enzymes.

Such peptides can be produced chemically and do not need recombinant pro-
20 . 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
25  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 altemative synthetic

peptides which exhibit at least essential parts of the biological activity of the native

EPO and thus provide altemative means for eff cient therapeutic strategles in
30 particular for the treatment of anemia or stroke.



EPO and thus provide alternative neans for efficient therapeutic
strategies, in 30 particular for the treatnent of anem a or stroke. -4-
According to one aspect of the invention there is provided a peptide of at

| east 10 amino acids in length, capable of binding to the EPO receptor and
conprising an agonist activity. The peptide thus depicts EPO m netic
properties. EPO mnetic peptides according to this invention do not
conprise proline in the s position comonly referred to as position 10 of
EPO m nmetic peptides, but a positively qparged am no acid (for nunbering

pl ease refer e.g. to Johnson et at, 1997 describing the ancestral sequence
of EMP 1). Said proline at position 10 is located in an amno acid notif
which is characteristic for a certain folding structure, nanely the
beta-turn notif (please io refer to Johnson, 1997). Said beta-tum
structure forns upon receptor binding. The EPO m netic peptides according
to the invention thus do not conprise a proline in the beta-turn notif at
posi tion 10 hdcoalipp$o bheaspectafrige dnvemtion thereds préviderbameptide oKat RasH or

respective nofpy rakyam cl : ép(?q ' (i
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Said proline at position 10 is located in an amino acid motif which is
characteristic for a certain folding structure, namely the beta-turn motif (please
10 refer to Johnson, 1997). Said beta-turn structure forms upon receptor binding.
The EPO mimetic peptides according to the invention thus do not comprise a
proline in the beta-turn motif at position 10 but a positively charged amino acid.
Examples are K, R, H or respective non-natural amino acids such as e.g.
homoarginine. -
15
Furthermore, a peptide Is provided which comprises the following sequence of
amino acids:

XgX7XaXaX10X11X12X13X14X15
20 _ ‘
wherein each amino acid is selected from natural or unnatural amino acids and

Xs is C, A, E, a-amino-y-bromobutyric acid or homocystsine (hoc);
X7isR,H, LiWorYorS;
25 Xgis M, F, |, homoserinmethylether (hsm) or norisoleucine;
' Xg is G or a conservative exchange of G;
X190 is a non-conservative exchange of proline;
or Xg and Xqo are substituted by a single amino acid;
X114 is independently selected from any amino acid;
30 XjzisTorA;
Xy3is W, 1-nal, 2-nal, Aor F;
Xiais D, E, I, LorV;



X11 is independently selected fromany amno acid; 30 X12isTorA; X, 3 is W
l-nal, 2-nal, Aor F;, Xl4is D,  E I, Lor V, -5- X15is C, A K

a- am no-y-bronobutyric acid or honocysteine (hoc) provided that either X6
or X15 is C or hoc. The length of the described peptide consensus is
preferably between ten to forty 5 or fifty or sixty amno acids. Peptides
of above sixty amno acids in length, even though technically suitable,
are not necessarily preferred since with.increasing length of the peptide
synthesis is usually getting nore conplfééted and thus costly. In
preferred enbodi nents, the peptide consensus depicts a length of at | east
10, 15, 18 or 20 amno acids. O course they can be enbedded to
respectively be conprised by | onger sequences. The descri bed peptide
sequences can be perceived as binding domains for the EPO receptor. As EPO
m netic peptides they are capable of binding to the EPO receptor. It was
very surpristig Ct AaK, tlamnipept-brdeobateinrabidigr hbombbysteimesihocpn do exhi bi t

EPO m nEtii%gﬁb%‘?{iﬁét%ﬁﬂg{/kggpggﬁdg@opﬁ . according to some enbodi nents -

even both I'nes aced by other natural or non-natural
am no acids. In fact the peptides according to the invention have an
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sui tabl e exanpl e .of a non- natur amino acid is homarginine According to
one enbddi nﬁggp?‘ﬂ%(eye&el g‘"é’@%”%?gf rqyegé'ég%o§99\"?/'é?%§'gﬁﬁ?gggsgﬁ%ﬁ %ﬁﬂt%ei n
posi tion 10 ssquepted can bheperagivedibs binding domains for the EPO receptor. As EPO
mimetic peptides they are capable of binding to the EPO receptor.

It was very surprising, that the peptides acconding to the invention do exhibit EPO
mimetic activities although one or — according to some embodiments - even both
15 prolines may be replaced by other natural or non-natural amino acids. in fact the
peptides according to the invention have an activity comparable to that of proline-
containing peptides. However, it is noteworthy that the amino acids substituting
proline residues do not represent a conservative exchange but instead a non-
consérvative exchange. Preferably, a positively charged amino acid such as basic
20 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
25 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
substituted 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
30 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
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am no acid arginine. According to this enbodinment the proline 10 is thus
substituted by an am no acid selected fromK, H or a non-natural positively
charged am no acid such as e.g. honoarginine. It is preferred that the
peptides depict a lysine or honparginine in position 10. As descri bed
above, also the 30 proline in position 17 m ght be replaced by a
non-conservative amno 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) ISANEP -6- anmino acid such as e.g. hgmarginine. According to a

sub- enbodi nent of this enbodiment the peptide carries a positively charged
amno acid in position 17 except for the natural am no acid arginine.
According to this enbodinment the proline 17 is thus substituted by an
amno acid selected fromK, Hor a non 5 natural positively charged am no
acid such as homparginine. It is preferred that the peptides depict a

| ysine or honparginine in position 17. Moreover, the sequences can have
N-terninal arfimioe a@wt suGh ARe.;dwrpvarsinites Aseerdingniodatsubrrmbsstimentef iis aci ds

g?gv?::lzg gep ti de %Htl ?‘bbl néide t heglﬁ&lttwﬁlr E)é]%lrgéﬁfﬁﬁfrm@%gi;dgﬁrﬁs!t%naiﬁ?I ses
a sequence of Xpﬁ%t ﬁo(BR \M%agﬁm'ﬂ? ag\ddgng n'%)@@@@ 69(%%%)@?%‘% §<
wher ei n each molineo1ads dhuss subeditutad dy ary astiam daiddsdlettedrfrahlf ediata cnnnand

X6 is G X7 '(%?t\%b'ﬁbsitlivew cNgrgea(%nHlﬁo Meid sith %}s’ h&gogﬂ%lﬁiﬁe Gy gp%ﬁméy ative

exchange of onservati ve exc
i ndependent | \the peplidesdianid @ l4sipe arhamoatgirine »wozsltm‘fr x13 is W

Moreover, the sequences can have N-terminal and/or C-terminal acetylations and
amidations. Some amino acids may also be phosphorylated.

10 According to the invention there is also provided a peptide that bihds to the
erythropoietin receptor and comprises a sequence of the following amino acids:

XeX7XaXoX10X11X12X13X14X15
15  wherein each amino acid is indicated by standard letter abbreviation and

Xgis C;
X7isR,H, LorW;
Xgis M, Forl, .
20 Xgis G or a conservative exchange of G;
X10 is a non-conservative exchange of proline;
X114 is independently selected from any amino acid;
Xf.z is T;
Xiais W;
25 XuisD,E,l,LorV,;
X15 is C. -

Furthermore, X7 can be serine, Xg can be hsm or non‘soleuc@ne and Xq3 can also
be 1-nal, 2-nal, A or F. The length of the peptide consensus is preferably between

30 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.



25 X14 is D, E, 1, Lor V; Xls is C. Furthernore, X7 can be serine, X8 can
be hsm or norisol euci ne and X13 can also be 1-nal, 2-nal, A or F. The

| ength of the peptide consensus is preferably between 30 ten to forty or
fifty or sixty amno acids. In preferred enbodi nents, the peptide
consensus conprises at. least 10, 15, 18 or 20 amno acids. -7- The

pepti des according to the invention may conprise besides. L-am no acids or
the stereoi soneric D- ami no acids, unnatural/unconventional am no acids,
such as e.g. alpha, alpha-disubstitutedyam no acids, N-alkyl am no acids
or lactic acid, e.g. 1-naphthylal anine, 2-naphthyl al ani ne,
honoserine-net hyl ether, |l-alanine, 3 5 pyridylal ani ne, 4-hydroxyproline,
0- phosphoseri ne, N-nethyl glycine (sarcosine), honparginine,

N-acetyl serine, N-acetylglycine, Nfornylnmethionine, 3- nethyl histidine,
5- hydr oxyl ysi ne, nor-lysine, 5-amnolevulinic acid or am novaleric acid.
The use of N-nethylglycine (MG and N-acetylglycine (AcG is especially
preferred, ihhgaepiidasl aocordingtd thennvaritioposay comprigd besiges bhiamindhacide mpe of
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and wher 8" invention are peptides which are retro, inverso and retro/inverso peptides of the
defined peptides and those peptides consisting entirely of D-amino acids.

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

According to one embodiment of the invention the peptides.do have a single amino
15  acid substituting the amino acid residues Xg and Xyo. In this embodiment also both

residues may be substituted by one non-natural aminé acid, e.g. 5-aminolevulinic

acid or aminovaleric acid. '

In a further embodiment, the peptides according to the invention comprise the
consensus sequence ' |
20
X4XsXsX7XgXpX10X11X12X43X14X 15

wherein Xgto X5 have the above meaning and wherein
XaisY; .

25  Xg is independently selected from any amino acid and is preferably A, H, K, L, M
S, Torl. ‘

The peptides according to the invention may be extended and may comprise the
CONSeNsus sequence o '
30
XXX XeX7XaXeX40X11X12X13X14X15X16X17X18



X4 isY; 25 X5 is independently selected fromany amno acid and is
preferably A) H K L. M S Tor]. The peptides according to the invention
may be extended and nay conprise the consensus sequence 30
X3XAXEX6XTX8XgX10X11 X12X13X14X15X16X17X18 -$- wherein X4 to X15 have the
above neani ng and wherein X3 is independently selected fromany am no acid,
preferably D, E, L, N, § T or V; s X16 is independently selected from any
amno acid, preferably G K L, Q R Sor T, nore preferred K, R S or T,
X17 is independently selected from any @%ino acid, preferably A, G P, R

K. Y or a non-natural amno acid with a“positively charged side chain,
nore preferred K or Har; 10 X18 is independently selected fromany am no
acid. In a further enbodi nent of the invention the peptides conprise Xe as
C, E, Aor hoc, preferably C and/or X7 as R, Hor Y or S and/or X6 as F or
Mand/or X9 as G or A preferably G and/or X10 as K or Har and/or X11 as
V, L, I, M E, A Tor is norisoleucine and/or X12 as T and/or X13 as W
and/or X14 as D or V and/or X15 as C or hoc, preferably C and/or X17 as P,

Y or Aor a i I r.ah: 1 jd; It is, however, also
preferred t hg\ﬁéﬁeg@g&&%@% tﬁ%%bﬁ?{ @Pg{"”%%%éggr‘d with a positively
charged si de *slimindeperdendly selagtedfsorn @anyiamine acigi preferablyilbdf.ds 86 S drarher
novel and sui\tabl e peptide sequences depicting EPO 20 mnetic activity.
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T, more preferred K, R, Sor T; :
X17 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, more preferred K
or Har; _
10  Xqgis independently selected from any amino acid.

In a further embodiment of the invention the peptides comprise Xg as C, E, Aor -
hoc, preferably C and/or X7 as R, Hor Y or S andfor Xg as F or M and/or Xg as G
or A, preferably G and/or Xy3 as K or Har andfor X4y as V, L, I, M, E, A, T or

15 norisoleucine and/or X4z as T and/or X413 as W and/or X44 as D or V and/or Xisas -
C or hoc, preferably C andfor X4 as P, Yor Aor a basic natural or non-natural ,
amino acid, !t is, however, also preferred that X;7 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
20  mimetic activity. Further peptides depict the following sequences:

GGTYSCHFGALTWVCKKQGG
GGTYSCHFGKLTWVCKKQGG
GGTYSCHFGPLTWVCKKQGG
GGTYSCHFGKLTWVCKPQGG

25 GGTYSCHF-(ALS)-LTWVCKPQGG
GGTYSCHF-(ALS)-LTWVCKKQGG

With 5-aminolevulinic acid (5-Als): HZN/\I]/\/COOH
0

5-Als



G GIYS C H FG KLT WVC KPQG G 2s GGTYSCHF- ( ALS) - LTWCKPQGG GGTYSCH
F=(ALS) - LTW VCKKQGG Wth 5-am nolevulinic acid (5-Als): HZN % COON O
5-Al's -9- Also disclosed are peptides having a binding capacity to the
receptor of the hornone erythropoietin and depicting an agonist activity
whi ch are characterised in that the peptides do not depict a proline. As
descri bed above, these peptides 5 preferably do not conprise a proline in
the positions cormonly referred to as 10 and 17 but a different natural
am no acid or 5-amnolevulinic acid. The preferably depict a lysine in
position 17. Also disclosed are nucleic @ids coding for respective

pepti des. One or nore conservative am no acid substitutions can be carried
out within the io amno acid sequence of the polypeptides according to
this invention, wherein the substitution occurs within am no acids having
unpol ar side chains, the natural or non-natural uncharged D- on am no
acids with polar side chains, amno acids wth aromatic side chains, the
natural or non-natural positively charged Do or L- am no acids, the natura
or non-natural negatively charged D or L amino acids is as well as within

mol coul ar weiiry SseRisBl! &b, BeAReRaVIR) Sbhdha Wiy (SRS FefpolBr the
appr oxi mat el yiormone sogiyopeigdin medAepicing @ei agenisb BChvity Whicharsshaiastadseatti d
a_nflht he bi tn_d.h rtmatgl?@@t@mﬁdestab h?ﬁdé;ﬁﬂ@gﬁiﬁfn@.fA% h@sé‘rﬂfeﬂ%v@{ﬁe‘@é Q’tzi@éé n3
W agoni_sti Cc e e | mal Nt al ned. ih er an). no_nor an
i o ot e ureleBnCh cof caPbitS abtilinedh HEPSRlidns GRtolBhf miThodp rd o
i nt roduced atandhd7pbusli @i differerto natudall @mince geidefoer Sarhindlkeulipiptacie Tkepences
. heed e e ! . . e
Consti tut e birCEraAdBBict 8 SR iR €7, MAPdRbioted BREh) i uds ity

for respective peptides.

One or more conservative amino acid substitutions can be carried out within the

10 amino acid sequence of the polypeptides according to this invention, wherein the
substitution-accurs within amino acids having unpolar side chains, the natural or
non-natural uncharged D- or L amino acids with polar side chains, amino acids
with aromatic side chains, the natural or non-natural positively charged D- or L-
amino acids, the natural or non-natural negatively charged D- or L amino acids

15 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 fo the receptor of the hormone erythropoietin with agonisfic _
effect .is maintained. Preferably, no more than 1, 2 or 3 amino acids are

20 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 th'ey bind to the EPO. réceptor. As

25 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. It has been found however, that the sequence Ac-



be used in there nononeric formsince they bind to the EPO receptor. As 25
descri bed herein, they are preferably used as diners since it was shown
that the capacity to induce dinerisation of the EPO receptor and thus

bi ol ogi cal activity is enhanced by dinerisation of the nononeric binding
units. Thus it is clear that many different peptides are within the scope
of the present invention. It has been found however, that the sequence Ac
-10- VLPLYRCRMGRETWECMRAAGVTK- NH2 has certain di sadvantages and is thus
not preferred according to the present ipvention. At the beginning (N
termnal) and end (C termnal) of the detltibed i ndivi dual pepti de
sequences, up to five amno acids nay be renoved and/or added. It is s
self-evident. that size is not of relevance as |ong as the peptide function
is preserved. Furthernore, please note that individual peptide sequences
that m ght be too short to enfold their activity as nononers usually
function as agonists upon dinerisation. Such peptides are thus preferably

used in thei MLFBLVRUWGREMNE(B@W@MM%g%teﬁdmadlgladvan ﬁ@@%aesithus
enbodi nents are tF?,S al so co the spirit of the invention. In

the present . MAVRIRIETSA acFWQ'”QBEF‘&/?@FP%‘H’%VGPB?”the one-letter code as capital

letters are those.of the standard pol ypepti de nonencl ature, extended by
t he addi ti onAbfthe ibeginnaiguiMitereninai aed i ethel. (Cteteninat) nb the describet - indisiduale

t Yslr LgleneL Wéﬁécé&ﬁlen%eé- U@ A hRfho Milts PRIy SO RMGved aba/BN80¥eA PRI ne Y
self—ewdent that size is not of relevance as long as the peptide function is
preserved. Furthermore, please note that individual peptide sequences that might
be too short to enfold their activity as monomers usually function as agonists upon
dimerisation. Such peptides are thus preferably used in their dimeric form.
Respective truncated and or elongated embodiments are thus also comprised by

10 the spirit of the invention.

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-atanine
Vv L-valine
L l_-leucine

L-isoleucine
L-methionine
L-phenylalaning
L-tyrosine
L-tryptophan
L-histidine
L-serine
L-threonine
l-cysteine
L-asparagine

O Z 0 4 »v I g < T=E

L-glutamine



HL-histidine S L-serine T L-threonine C L-cysteine N L-asparagine Q
L-glutamne -11- D L-aspartic acid E L-glutamc acid K L-lysine R
L-arginine P L-proline Gglycine Ava, 5-Ava 5-amnovaleric acid Als,
5-Al's 5-am nolevulinic acid MG N-nethylglycine AcG N-acetylglycine Hsm
honoseri ne nethyl ether Har honparginine 1 nal 1-naphthylal ani ne 2nal
2-napht hyl al anine f3Al a beta-alanin hoc honocystei ne As descri bed above,
the present invention also includes nodifications of the peptides and
defi ned pepti de consensuses by conservaghqq exchanges of single amno
acids. Such exchanges alter the structure and function of a binding 5

nol ecul e but only slightly in nbst cases. In a conservative exchange, one
amino acidis replaced by another amino acid within a group with simlar
properties. Exanples of correspondi ng groups are:

D L-aspartic acid
E L-glutamic acid
K L-lysine
R L-arginine
P _L-proline
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, |, 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



- am no acids having non-polar side chains: A, G V, L, I, P, F, W M-
uncharged am no acids having polar side chains: S, T, G C Y, N Q 10 -
am no acids having aromatic side chains: F, Y, W-12- positively charged
amno acids: K, R H negatively charged am no acids: D, E am no acids of
simlar size or nolecular weight, wherein the nolecular weight of the

repl aci ng am no aci ds deviates by a maxi numof +/- 25% (or 5 +/- 20% +/-
15% +/- 10% fromthe nol ecul ar weight of the original amno acid. It, is
self evident, that the groups also inclu non-natural amno acids with the
respective side chain profile such as €. ™ honpargi nine in case of the
group depicting positively charged side chains. In case a proline 10
substituting nolecule io such as e.g. a non-natural am no acid cannot be
clearly assigned to one of the above groups characterized by their

si de-chain .properties, it should usually be perceived as a

non- conservative substitution of proline according to this invention. For

cat egori zi ng thesepdmw@ ﬁ{)ﬁdmnmgladﬁs Khre Kl assification aid according to
the nol ecul ar wei ght m ght hel pful, is Mre specifically, Wighton et

al . (US-Patent 5, Jeaaﬁ\(}%xcﬁ%geg%m %‘é;&d P ents) examned in detail,
echni

usi ng phage di spl ay ammno acids can be replaced, while
mai ntai ning the activity. The al so investi gat ed and published data on
possi bl e truncati oHNiNP, %C'dﬁTiOﬁﬁW@ilarlsé?r‘?g%”@ﬁeC& afiweightembemrindhe dnglegiarde.

How ever, a prol lW@iéﬁﬁﬁrthé Pep| it érﬁino@cldsrd%&iatbseo)ﬁ@ﬁmﬁmﬁrﬁ obe/—tim/o(m

possi bi | i ty to 200 @%I Q; a@%jez «Bg}))[{ ihe @é}?%fq%gﬁf{']‘ﬁé’%&"@ﬁ lno

the inven?ion ther
consi sting of SEQadDiNOS 2, 4-9 given bel ow. EspeC|aIIy preferred is a
peptide with a Kin position '10 and a Kin position 17 as is the case in

SEQ I'D NO 2. 113e seff@uidertQnat tHeronbsatatinties Henatural amino acids with the

respective side chain profile such as e.g. homoarginine in case of the group

. depicting positively charged side chains. In case a proline 10 substituting molecule

10 such as e.g. a non-natural amino acid cannot be clearly assigned to one of the

above groups characterized by their side-chain properties, it should usuaily be

perceived as a non-conservative substitution of proline according to this invention.

For categorizing these unusual amino acids, the classification aid according fo the
molecular weight might be helpful.

15 - 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

20 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 Kin position 17 as is the case in
SEQ ID NO 2.

25 SEQID NO 2: GGTYSCHFGKLTWVCKKQGG
SEQID NO 4: GGTYSCHFGKLTWVCKPQGG
SEQID NO 5: GGTYSCHFGRLTWVCKPQGG
SEQID NO 6: GGTYSCHFGRLTWVCKKQGG
Incorporation of 5-aminolevuiinic acid (Als): HQN/ﬁ]/\/COOH

8-Als



SEQ I D NO 4: GGTYSCHFGKLTW/CKPQGG SEQ I D NO 5: GGTYSCHFGRLTWCKPQGG SEQ

I D NO 6: GGTYSCHFGRLTWCKKQGG | ncor poration of 5-am nolevulinic acid (Al's):
"HzN_ ~Y~ COOH O 5-Als -13- SEQ ID NO 7: GGTYSCHF- (Al s)-LTWCKPQGSG SEQ ID
NO 8: GGTYSCHF- (Al's) - LTWCKKQGG s SEQ I D NO 9: GGTYSCHFGKLT- 1nal - VCKKQRG
Accordi ng to one enbodi nent peptide dinmers or nultinmers are forned on the
basis of the nononers according to SEQID NO 2 and 4 to 9 as given above
or nodifications thereof. The peptides described herein can e.g. also be
nodi fied by 1o a conservative exchange ofssingle am no acids, wherein
preferably, not nore than 1, 2 or 3 ami no acids are exchanged. Preferably
these peptides are nodified as to AcG at the Nterm nus and MeG at the
C-termnus. As outlined above, the described peptides of the invention can
be regarded as 15 nononeric binding domai 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 generally needed in
order to honodi nerize the receptor and to induce signal transduction.
Thus, it was not very surprising that a conbination of two of these

bi ndi ng. donmai [ _sing I I ctivity considerably,

|l eading to th%égéﬁd\&s?t hat éMﬁ@ﬁ%@ﬁﬁé&ébl ndi ng domai n showed
t he same qual SEQUD\NO Bat t er BGAY SCHF-{Alsy-LIMWVEKK@QEGGT t he bi nding. domai ns
joint togeth puch cﬁ%ﬁ@ £ _dmas % a neasure of
activi ty)% Pg%%laa@\gqqgf boriﬁg\?ﬁr\ﬁo [ n'élﬂ'ﬁé'ngg?rlal ns létzr%g, specified as being

bi valent- or dinmeric peptides within the context of this description and
are particularly preferred. 25 One well-known technical solution for

conbi ni ng t woAdBB RG0! shelernboditieADpaRitias dimers or muttimers are formed on the basis
of the monomers according to SEQ ID NO 2 and 4 to 9 as given above or
modifications thereof. The peptides described herein can e.g. also be modified by
10 a conservative exchange of single amino acids, wherein preferably, not more than
1, 2 or 3 amino acids are exchanged.

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

As outlined above, the described peptides of the invention can be regarded as
15 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
20  activity considerably, leading to the result that peptides with one single binding
- domain showed the same qualitative pattem 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 speéiﬁed as being bivalent or
dimeric peptid'es within the context of this description and are particularly preferred.

25  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 synthésized separately as
monovalent or monomeric peptides, which can be modified e.g. by
attachment of reactive groups in preparation for step b



I's dinmerization. Al solutions followi ng this approach are so far
characterized by a) the fact, that the binding donains are first
synt hesi zed separately as nonoval ent or nononeric peptides, which can be
nodi fied e.g. by attachnent of reactive groups in preparatlon for step b

-14- b) in a second reaction step, two - in nost cases Pdentical - binding
domains are joined together in separate dinerization reaction, which can
al so include |inker nolecules usually being interposed between the two

di meri sed domains. 5 Such dinmers are ex?gples of bival ent peptides and
exhibit essentially the sane biol ogical Tunctions as the nononers.

Usual Iy, they show enhanced biological activity in case of EPO m netic
pepti des. Several techniques are known to the person skilled in the art to
dimerize or oli- gonerize the nononers which can al so be applied according
to the teachings of 1o the present invention. Mnoners can be dinerized
e.g. by covalent attachnent to a linker. Alinker is a joining nolecule

creating a covaplem akesshdreasianstepetwopoirymest dades wu'rinsaloi bihtiag mmem

way.that the. b nalengnel aalspitaRtypeiRiofitactsd hich BT B ind el
.1997; Wi ghton etinksr. moggules usually bemg hetemﬂsedrbetweeedtneotwmeilmsnsed

mul i timerization gbmaponeric biotinyl ated peptides by non-coval ent :
interaction. wth a protein carrier nolecule described by Wighton et al

Wi ght I t t
e Ot o by b erseSte SarEe 3 betnt SoplbEe AnbLSini SSEfiABy ke o™
i ncubat i ng t iioldpical i foydtene daspihet mbesmers. Usisly ethay vstaivn enhdtcadnbitiogebl, it
is known to %E{Vﬁeﬁﬁgéﬁé‘i@%'%t'ﬁée&ﬁfe?‘ ng a 20 di _ket opi per azi ne

structure. Thrs nown to t led person is described in detail
e.g. in Caveller et al I n: Peptides; The wave of the Future; Mchal Lebl

and Richard RVG%WEWG% é"d%)kno‘l!(ﬁéP|tﬁ%ﬁeﬁé’ﬁtﬁkﬂl§d866h%taﬁ toijmfpze Pheli-
di scl osure of orrtelﬁzé ¢hal rondeiets whizadatli d1gb bbepgiisteadcordingto edteachings of

non- coval, gnt &;g%; bleS BB ReHoR T Poppelir PS8 BB o, By BovEHPARRGren 01
"a linker. A linker is a joining molecule creating a covalent bond between the .
polypeptide units of the present invention. The polypeptide units can be combined
via a linker in such a way, that the binding to the EPO receptor is- improved
(Johnson et al. .1997; Wrighton et al. 1997). it is furthermore referred to the

15  mulitimerization of monomeric biotinylated peptides by non-covalent interaction.
with a protein carrier molecule described by Wrighton et al (Wrighton, 1997). It is
also possible to use a biotin/streptavdin system i.e. biotinylating the C-terminus of
the peptides and a subsequent incubating the biotinylated peptides with
strepatvidin. Alternatively, it is known to achleve dimerization by forming a

20 diketopiperazine structure. This method known to the skilled person is described in

' detail e.g. in Cavelier et al. (in: Peptides: The wave 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

25  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 functiona!

30 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



25 known fromprior art is to use bifunctional activated dicarboxylic acid
derivatives as reactive precursors of the later |inker noieties, which
react wwith N-term nal amino groups, thereby formng the final dinmeric
pepti de (Johnson et al, 1997). Mononmers can also be dinerized by coval ent
attachnent to a linker. Preferably the Iinker conprises NH R NH wherein R
Is a lower al kylene substituted with a functional 30 group such as carboxyl
group or am no group that enables binding to another nolecule noiety. The
| i nker m ght contain a lI'ysi ne residue or1$y3|ne am de. Also PEG may be
used a linker. The linker can be a nolecule containing two carboxylic -15-
acids and optionally substituted at one or nore atons with a functi onal
group such as an am ne capabl e of being bound to one or nore PEG

nol ecul es. A detailed description of possible steps for oligonerization
and dinerization of peptides with a Ilinking noiety is also given in WO
2004/ 101606. 5 The di sclosure of these docunents regarding the

di neri zat i on/atidstandeyitioasliyosubistitutedrat onp or ateee almmevith yfunetibealegroep séch

pept i de W”O%raﬁémﬂié@@dﬁ?& o{ b'é{n@%yﬁc? EEP&H@ pri Hor B n?d?&cuiéléa%eé?tgﬁé&‘t Y

Preferably such spacer connec nmononer of a water
sol ubl e pol yrﬂ@scnﬁyp@toy pegsible stapsdenaliggmgrization ammthrnemqtlon@f pegfidepe@h arhe

PEG i 0 has anﬁk.ﬁ fHdi lmb@wbﬁr We adda/pd16ab. | east 3 kD, preferably -
bet ween 20 and W The spacer may be a Cl-12 npiety term nat ed W|th

-NH-| i nkages a opti.onal | st tute ne or

avai |l abl e carT%' n“& %%g\ﬂ(?;{ﬁe%p qntﬁlrmrglgggg? C{"'ﬂ@rr‘ﬁa ?Qﬁﬁf'%'? I'%/
preferred spémr@wpdrstedihecdeiobgdeferenm 2004/ 100997. Al docunents - WD
2004/ 100997 and WD 2004/ 101606 - are i5 incorporated herein by reference.

The PEG nodi fg Pé‘bﬂd@nﬁﬁoﬁ%?tdr‘iﬁﬁer‘ &a?'fﬁﬁﬁ&sﬁﬁn%r&e MQeé’QO&{elQ Qmélfjlgty(?h s

At hus ot iR it b SR LachP 56500t o, FBMPBL BhETalvioya: BHier  he
prior art appohdiEhpslymbr monthesazirogcthgremoiup, WbicﬁqﬂéyeSe 4. PEG have PEGTE
di sadvantgges, 20 Qhe DOFRIILAL WUighHRREKIc3eHS Ao BratelBf Bdifteb 20Nk dd'e
kD. The spacer may be a C1-12 moiety terminated with —NH-linkages or COOH-
groups and optionally substituted at one or more available carbon atoms with a
lower alkyl substituent. A particularly preferred spacer is disclosed in WO
2004/100997. All documents - WO 2004/100997 and WO 2004/101606 - are
15 incorporated herein by reference. The PEG modification of peptides is dlsclosed in
WO 2004/101600, which is also incorporated herein by reference.

Though being functionally sufficient and thus usable according to the teachings of
the present invention, the prior art approaches of synthesizing dimeric molecules
might have some disadvantages.

20 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 respecntlvely multimerisation reaction, it is in
particular  difficuit to (selectively and Intentionally) obtain heterodimeric
bivalent/multivalent peptides with this approach. At least this would lead to great

25  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



have first to be synthesized separately. Because of the stochastic pairing
of nono- neric peptides during the dinerization respecitively

mul timerisation reaction, it is in particular difficult to (selectively
and Intentionally) obtain heterodineric bivalent/nmultivalent peptides with
this approach. At least this wuld lead to great 25 losses in yield of a
speci al, Intended heterodiner. Bi- or nultival ent peptides harboring two
or nore slightly different nonomeric binding donains are very desirable,
since due to their heterodineric nature;18pecial interactions between the
two domains, which are able to stabilize their interaction in the final

bi val ent peptide, can be introduced. However, due to the high | osses in
yield, associated -16- with the prior art "stochastic dinerization
reactions”, this is usually economcally not an attractive approach.
Applying the prior art approaches for dinerization - even though
technically i e - WS : ' [: I di ng
these popt | ada 08 rft it SRl An PR RaehS, Bis KT TSR REY
.invention, rovlegtiveggpmechgeously al so teaches a nuch nore efficient
strategy to obtain highly active nulti- or bivalent peptides, which even

m ght cont ai mppgligy deeeios 4 RppREches dorbNTerizatlith cOefer AR tavhnichllys
strategy refra

i from synt hesi zi ng the oneric . 1o peptides formng part
of the mul ti-Suolp i Beue P Us R BCToriE glkpdvalTadss for oreidig Bt epteS ot on
or nul tinmsri 2dthi beterdgenepus shindihgsdereainbeas ideatritisid: Thre rvention| boweysept | de
I n one step ' e NN - | RoRNShSe Iy} g]f &i 2d on.
Thus a sepa?azltv gntg{;én%sﬁlzzg? ?téénac_ég(ras %urﬁlﬁHn@?l zat@%ﬁg%!gt%te%?itg%r?ol olﬁglg%%g\}eéeded.
This aspect "Phltyoacdvaen) geplifesntien qveB. might YN cheteriggneury dindingent
control on eapfmalss.sequence position in the final peptide unit. The nethod
allows to easily harbor at I|east two different receptor-specific binding

O e Bt S0 s DA ERAFRL b Rho BN AERYGRE
bet ween tlfe Hieptides fagmingniearh of thehmeli- jos bivialent: paRrtisie inesgranaty reactiopspised of
am no aci ds Qffh¥rizatiBH®r multimerization, but to synthesize the fina! bi- or multivalent peptide
in one step as a single peptide; e.g. in one single solid phase reaction. Thus a
separate dimerization or multimerization step is no longer needed. This aspect
provides a big advantage, i.e. the complete and independent control on each
15 sequence position in the final peptide unit. The method allows to easily harbor at
least two different receptor-specific binding domains in a peptide unit due to

independent control on each sequence position.

According to this embodiment the sequence of the final peptide between the bind-
ing domains (which is the “linker region”) is composed of amino acids only, thus
20 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 & high conformational flexibility. In this
regard it can be advantageous to use‘glycine residues as linking aminc acids,
which are known for their high flexibility in terms of torsions. However, also other
25 amino acids, such as alanine or beta-alanine, 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.



20 |l eading to one single, continuous bi- or nultivalent EPO m netic
peptide. In a preferred enbodi nent of the invention the linker is conposed
of natural or unnatural am no acids which allow for a high confornmational
flexibility. Inthis regard it can be advantageous to use glycine residues
as linking amno acids, which are known for their high flexibility in
terms of torsions. However, also other 25 am no acids, such as al anine or
bet a- al ani ne, 'or a m xture thereof can be used. The nunber and choi ce of
used am no acids depend on the respective steric facts. This enbodi nent of
the invention allows the custom nade desi’gn of a suitable |inker by

nol ecul ar nodeling in order to avoid distortions of the bl oactive
conformation. A linker conposed of 3 to 5 amno acids is especially
preferred. -17- It is noteworthy that the |inker between the functional
domains (or nononeric units) of the final bivalent or nmultival ent peptides
can be either a distinct part of the peptide or can be conposed - fully or

in parts - .éfﬂoﬂﬁ%o?mdlﬁar’?ﬂecﬁni?é eoe‘?\géén ‘ﬂfe ﬂﬁ&ﬁoﬁ@”&’dﬁﬁéh& Br“ﬁfutnbﬂiéﬁ

domai ns. For exanP clne resi I ons and 2

and 19 and 2@nisan mrfﬁabtavale@tfortrwétwal&m@eptlc@sanaﬁlt@selﬁ\eéagilsﬂeﬁt pait efthgeq. 11
to 14. Thus pdRidber®anlbedeihposed -tfw;s ol‘ﬂ\tﬂiﬁfs def bmib émwh@nadréxpawmn

structurally, since an .amn i nker_.uni t
ool | hs or e Mot R Qaliirtans 5 exdPs B e resusOl emidieding « he
synt hesi ss of paditionbi vahe @tdndul 9 akal26rdan foon pedtaf dise Galcdr. Begmples @rggivehi on

W Ehin the TARFSCRCR iRl PO chAMinRl B Mifer aeR S RAERARE N

determined i} l'e’to es ‘or
speci fic regsBiedraly, é@ﬁauaﬁsamln@ra@@f mighhfﬂrmonaﬁboftth@ lmkenw@ﬂ asmlbaa of the
specific advapémge: SidieRsi t all ows the avoi dance of distortion of the
bi oactive conformation of the final bivalent peptide due to unfavorable

i nt ranol cul interacti The ris 5 distorti an b essed
b1 or o sy neRERTS 2y eRedl S R i the R8s e FHRGSRIRERTE” he
desi gn ofo t heeftida leach setiuernce pcmtlomwmnme:ﬁmjrmph@e isThredar gentroluangsthus
bi val ent / mul il glisag Fbtét néfﬁ&rpsas@,muée dfSfor- Bt aAd: hﬂeévgefgﬁdés&?' gher
activity thent ecorr {I BR des and thus c I rm_the
specific reglons or domalns 1 ereo including the linker. This Is © specnfc
advantage since it allows the avoidance of distortion of the bioactive conformation
- of the final bivalent peptide due to unfavorable intramolcular interactions. The risk
15  of distortions can be assessed prior to synthesis by molecular modeling. This

especially applies to the design of the linker between the monomeric domains.

The continuous bivalent/multivalent peptides according to the invention show much

higher activity then the corresponding monomeric peptides and thus confirm the

observation known from other dimeric peptides that an increase of efficacy is
20 associated with bivalent peptide concepts.

As for the monomers and dimeric peptides, the continuous bivalent/multivalent
peptides can 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’

25 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 aftach soluble polymer moieties to the linker such as edg.
PEG, starch or dextrans.



observation known from other dineric peptides that an increase of efficacy
is 20 associated with bivalent peptide concepts. As for the nononers and
di meric peptides, the continuous bivalent/multivalent peptides can be
nodified by e.g. acetylation or am dation or be elongated at C termnal or
N-term nal positions. The prior art nodifications for the nononeric

pepti des (nononers) nentioned above including the attachnments of sol uble
25 noi eties such as PEG starch or dextrans are al so applicable for the
multi- or bivalent peptides according tggthe invention. Al possible

nmodi fications also apply for nodifying the linker. In particular it mght
be advantageous to attach sol uble polynmer noieties to the |inker such as
e.g. PEG starch ordextrans. -18- The synthesis of the final multi- or

bi val ent peptide according to the invention favorably can also include two
subsequent and i ndependent formations of disulfide bonds or other

i ntranol ecul ar bonds within each of the binding domains. Thereby the

pepti des can Hhecyhibesiy|afzbd. firgl Tmdti-ben hivelant peptidet aeeesding dorthe rigvantonhe

gl st e il
he EPO T eceptOiisHong Jneageerdry BoTis Lk phet Ghine Diadas cPrans: AheRgy
domai ns synbothepeptiges camadisdbé cylizedf erred i ntranol ecul ar di sul fide bridges:

1o SEQ I D NO 10 (based on SEQ I D NO 2): GGTYSCHFCGKLTW/CKKQGG -
GGT'YSCHFGE TV Kisalent SkrQciiul2:sNacchldifg -to @rd VisfeinfiéiklaFé\Facalss formed on the
GGTYSCHFGKL TW/CKK col\{H 15 The linkey in these bivalent structures is
cust om made bYASFPIERE PEPIdEIHRNYTEIS 'BROTRANIHERi st or ti ons of the bi oacti ve
conformation (fig. 1). SEQ ID NO 12 The |inker sequence can be shortened
by one glycine residue. This sequence is ‘

Some examples of appropriate peptide units for dimerising the EPQ receptor are

subsequently listed. The bars over the binding domains symbolize optional but
preferred intramolecular disulfide bridges:

10 SEQID NO 10 (based on SEQ ID NO 2):

I ! I 1
GGTYSCHFGKLTWVCKKQGG == GGTYSCHFGKLTWVCKKQGG

SEQ ID No 11

, I 1 I |
2c~GGTYSCHFGKLTWVCKKQGG == GGTYSCHFGKLTWVCKKQGG - conm,

15 The linker in these bivalent structures is custom-made by molecular modelling to
avoid distortions of the bioactive conformation (fig. 1).

SEQIDNO 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
20 time part of the binding domain (see SEQ ID NO 2).



al so an exanple for a linker conmposed by glycine residue formng at. the
sane 20 tine part of the binding domain (see SEQ ID NO 2). -19-
GGTYSCHFCGKLTW/CKKQG - GGTYSCHFCKLTWCKKQGG The bi ndi ng domai ns can al so be
used as a nononer sequence (SEQ ID NO 13) 5 GGIYSCHFGKLTW/CKKQG SEQ I D NO
14: GGTYSCHFCGKLTW/CKKKGG - GGTYSCHFGKLTW/CKKDGG Thi s sequence presents a
conti nuous bival ent peptide according to the invention 10 harboring two
slightly different (heterogeneous) binding -dormains. Such bival ent peptides
woul d not be accessible economically withy,a prior art dinerization

approach (see above). Al so these bindi ng domai ns can be applied as a
nmonormer as SEQ I D NO 15: is GGTYSCHFGKLTW/CKKKKGG. SEQ I D NO 15a: GGTYSCH
FG KLTW/CKKKDGG. A further exanple is GGTYSCHFGKLT- 1

hal - VCKKQRG GGTYSCHFGKLT- 1 nal - VCKKQRG zo According to a further enbodi nent
the peptide optionally carries an additional amno acid, preferably one
wWith a reactive' side chain such as cysteine at the NNterm nus such as e.g.
in the follow ng sedquences -20-" € GGTYSCHFG l L

KL TWCKKQEG- (TS KGRI TeEC KK QR “eHBGTY-9CHFGKLTWVCKKQGG

nal - VCKKQRG GGTYSCHFGKLT-1 nal - VCKKQRG Furt her peptide exanpl es depict the
follow ng am no acid sequence: GGTYSCSFCGKLTW/CK- Har - QGG s

GGTYSCHFG- Har - LTW/CK- Har - QGG

The binding domains can also be used as a monomer sequence (SEQ ID NO
13)

5 GGTYSCHFGKLTWVCKKQG

SEQ ID NO 14:

r — r —1
. GGTYSCHFGKLTWVCKKKGG == GGTYSCHFGKLTWVCKKDGG

This sequence presents a continuous bivalent peptide according to the invention

10 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:
15  GGTYSCHFGKLTWVCKKKKGG.
SEQ ID NO 15a:
GGTYSCHFGKLTWVCKKKDGG.
A further example is
GGTYSCHFGKLT-11al-VCKKQRG-GGTYSCHFGKLT-1 nal-VCKKQRG

20 According fo 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



The first sequence depicts a serine in position X7. It was found that a new
hydrogen bridge is created through the introduction of the hydroxyl group
when this sequence is incorporated in a diner. The use of a serine in
position X7 is thus especially favourable for diners since the bioactive
conformation is to stabilised. The second sequence depicting the
non-natural amno acid honoarginine is especially suitable for use in a
pharmaceutical conposition for veterinary purposes. It was generally found
t hat peptide sequences carrying an am no @Cld with a long positively
charged side chain such as for exanple honDarglnlne inis positions. 10
and/or 17 depict a strong binding capacity to EPO receptors such as e.g.

t he nouse/ dog receptor. They are thus especially suitable for use in
veterinary products, however, their use is not limted thereto. The
reactive side chains may serve as a linking tie e.g. for further
nodi fi cations. The peptides furthernore optionally conprise intranol ecul ar

di sul fide briGHG&ETYSLHBEKWEWVTKEQGG-GCRRCHESCKhTVAYARIERG rd and fourth
cysteine. It is inportant to notice that the nononeric peptides as

exenpl i fi ed Ws@ﬁ@déﬁﬁexuﬁ ﬁaam@K%RéPG@wSéﬁFdﬁar-%@l -VONROKY y conbi ned
to the continuous bival ent peptides accordlng to the invention. However,

al so prior ar tho for dineri of these noners can be applled
Bcanmpl 65 1 or FURBSEPE g xaripI e ot ST o REC AsHl PRRErEe: he mononer
pepti des fail | is Invention include (but are not
limted to): d¥gg$ﬁgggbﬁiﬂsyggﬁgﬁaVéghgonnection fromCtermnus to

C-term nug WS BYSCHPS-Mar-L PWYaKHpiooae of said nonomeric peptide is
coval ently bound to the C -21- term nus of the other peptide. The

N n][<er/ sgaaerrhbeﬁrwggsq%élﬁenﬂéﬁw& soiife iA0MYsRtion X;. dltk\ﬁé@womgr watrtetn@w : A
prererre | opl ve act.l va |ng
Phe. Ot or ni nivigBstisabRts BFiaéd Wipdoid erloltps Bt 1B 2y 8ES1 QbuBSinery 1 oy
a Cterm nal this sequere mnccsrpﬁmieeﬂm ladineg Ther ose aé aasetirnexangisition ¥pisesent
four custom zgd @XRERLRS favourable for dimers since the bioactive conformation is

10 stabilised.

The second sequence depicting the non-natural amino acid homoarginine is

especially suitable for use in a pharmaceutical composition for veterinary

purposes. It was generally found that peptide sequences carrying an amino acid

with a long positively charged side chain such as for example homoarginine in

15  positions. 10 and/or 17 depict a strong binding 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 chalns may serve as a linking tie e.q. for further modifications.
The peptides furthermore optionally comprise intramolecular disulfide bridges
20 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

25 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-



whi ch were optim zed by nol ecul ar nodeling: (a) dieter on the basis of SEQ

ID NO 2 (the diner conformation is showed in fig.2): r----- 1
GGTYSCHFCKL TW/CKKQGGEG G GGTYSCHFGKLTW/CKKQGEEG | N~/ O + OXNJ
GGTYSCHFCKLTW/CKKQGGEG G | GGTYSCHFGKLTW/CKKQGSG | 10 (b) dimer on the

basis of SEQID NO 2 with a |inker shortened by one gly- cine; the
conformation is shown in fig. 3. GGIYSCHFGKLTWCKKQGEG G
GGTYSCHFGKLTW/CKKQGG | N O + O-Nf GGTYSCHFGKLTW/CKKQGEG G | |
GGTYSCHFCGKLTW/CKKQGG 15 (c) diner on th 1basis of SEQID NO 2 with a

gl ycine substituted by beta alanine (fig~-'24). The nononer (SEQ ID NO 16) is
al so applicable as EPO mnetic peptide. z2 |- | GGTYSCHFCKLTW/CKKQG RAl a- G
GGTYSCHFCKLTW/CKKQG-fi Ala + ox; GGTYSCHFGKLTW/CKKQG BAI a- G |

terminus of the other peptide. The linker/spacer between the monomers can
contain a diketopiperazine unit. A preferred Gly-Gly diketopiperazine scaffold
can be achieved by activating the C-terminal glycine monomer. This principle
can also be use for forming a C-terminal dimerization.

5 The following formulag and examples represent four customized examples

which were optimized by molecular modeling:

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

GGTYSCHEGKLTWVCKKQGGG-G GGTYSCHFGKLTWVCKKQGGG

I
" N
; — LY
. . 0 T
- LTWV GG-G
GGTYSCHFGK CI KKQG GGTYSCHFGKLTWVCKKQGGG
I

0

10

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

—
GGTYSCHEGKLTWVCKKQGG-G GGTYSCHFGKLTWVCKKQGG

| .
N._ .0
. — L
. 0 I'il
TWV -G
GGTYS C| HFGKL CkkQee GGTYSCHFGKLTWVCKKQGG
I

15 (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.



GGTYSCHFCGKLTWCKKQG- 1 SAI L I (d) diner on the basis of SEQID NO 2 with an
alternative glycine substituted by beta-alanine (fig. 5). The nononer (SEQ
ID NO 17) can also be s applied as a EPO m netic pepti de.
GGTYSCHFCGKLTW/CKKQ SAl a- 0- G GGTYSCHFGKLTWCKKQ RAla-G xN /Q o
GGTYSCHFCKLTW/CKKQ f SAl a- G G GGTYSCHFGKLTWCKKQ BAla-G -1 111 2. The

di merization via connection fromNtermnus to N-term nus wherein the N
term nus of one of said nononeric peptides is covalently bound to the N- 10
term nus of the other peptide, whereby the spacer unit is preferably
containing a dicarboxylic acid buildi ﬁ922b‘l ock. (a) In one enbodi nent the
resulting dinmers on the basis of SEQID NO 2 elongated at the N Term nus
by one glycine residue (SEQ ID NO 18) contain hexanedi oyl unit as

| i nker/spacer (fig. 6): -23- | GEGTYSCHFGKLTW/CKKQGG CO- (CHZ) 4- CO 5
GGGTYSCHFGKLTW/CKKQGG (b)) In an alternative enbodi ment the dinerization
can be achieved by using a octanedioyl unit as |inker/spacer (fig. 7):
GGGTYSCHFGKLTW/CKKQEE—10, O (CHZ) 6-1CO  GGGTYSCHEGKE TVIWCRK 15 3. The
di neri zat i onggiresdHreKerdocrkatRaMher ei n an arffFY SEHFGKISTHE BABHf one of

sai d nononeric peptides is covalently bound to an anmno acid si de,lphaidﬁ of

t he | + . if

0 N

GGTY ™V G-BAla-G |
scl HFGKL C, KKQG-8A1a GGTYSCHFGKLTWVCKKQG-RAIa
|

(d) dimer on the basis of SEQ |ID NO 2 with an alternative glycine substituted
by beta-alanine (fig. 5). The monomer (SEQ ID NO 17) can also be
5 applied as a EPO mimetic peptide.

—— BAla-
GGTYSCHFGKLTWVCKKQ-BAIa-G-G GGTYSCHFGKLTWVCKKQ-BAIa-G

| |
N O
+ — LT
>
-RAla-G- ’
GGTYSCHFGKLTWVCKKQ-RAla-G-G GGTYSCHFGKLTWVCKKQ-RAI2-G
- l ]

2. The dimerization via connection from N-terminus to N-terminus whersin the N-

terminus of one of said monomeric peptides is covaléntly bound to the N-

10 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 hexanedioy! unit as linker/spacer (fig. 6):



ot her peptide with inclusion of a suitable spacer nol ecul e connecting the
two peptide nononers. This can include: (a) the connection via an am de
bond. GGTYSCHFGKLTW/CKKXGG O (CH2)k HN j(CH2)m HN O~I CHZ) n
GGTYSCHFCKLTW/CKKXGG 20 -24- (b) or the connection via a disulfide bridge:
GGTYSCHFGKLTW/CKKXGG s H2) " | | ~CHOn GGTYSCHFGKLTW/CKKXGG
GGTYSCHFCKLTW/CKKXGG S/ (CH2)3 S CH2) 3  GGTYSCHFGKLTW/CKKI | XGG i
GGTYSCHFCKLTW/CKKXGG S/ (CH2)4 S \14CH2)4  GGTYSCHFGKL TW/CKKXGG

-23.

GGGTYSCHFGKLTWVCKKQGG
0- (CH;) 4-CO
5 GGTYSCHFGKLTWVCKKQGG

(b) In an altermative embodiment the dimerization can be achieved by using a

octanedioyl unit as linker/spacer (fig. 7).

GGGTYSCHFGKLTWVCKKQGG
10
0~ (CH;) ¢-CO

GGTYSCHFGKLTWVCKEKQGG -

15 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 1CH2)n
GGTYSCHFGKLTWVCKRKXGG
I |

- 20



-25- The X synbolizes the backbone core of the respective amno acid
participating in the formation of the respective |inking bond. Respective
assenbly methods as descri bed above can al so be used for the preparation
of multinmers. 51t is pointed out that all of the binding domains
respectively peptides described herein either alone or as a part of a

bi val ent/.mul ti val ent peptide can al so be used in a nononeric form and/ or
can be conbined with one or nore other either identical or different
pepti de domains in order to forn1respectixe hono- or heterogenous bi- or
mul tival ent peptides. 10 The peptides caf*Be nodified by e.g. acetylation
or am dation or be elongated at the Ctermnal or N-term nal positions.
Extension with one or nore amino acids at one of the two termni, e.g. for
preparation of an attachment site for a polyner often leads to a

het er odi meri ¢ bival ent peptide unit which can best be manufactured as a
continuous peptide. 15 The conpounds of the present invention can

advant ageous| y (Beouthesonaectionyia pdisglidabridge of human and/ or veterinari an
pharmaceutical conpositions. As EPO mnetics they depict the basically the
same qualitative activity pattern as erythropoietin. They are thus
generally suitable for thE Sane rnadrcatlions as erythropoietin. 20
Erythropoietin i S@GWPEF&JK%TW@KK @eerfam |ly. Besides the
stinmulating effects described 1n the introduction, it was also found that
erythropoietin stinmulates stemcells. The EPO m netics described herein
are thus suitable for all indications c us@ﬂﬁﬁm'sten1cell associ at ed
effects. Non-limting exanples are the [jrevention and/or treatnent of

di seases associated with the nerve systea&\ZS Exanpl es are neurol ogi cal
injuries, diseases or disorders, such as e’§H,)Parkinsonism Al zheiner's
di sease, Huntington's chorea, nultiple sclerosis, anyotrophic |ateral

scl erosi s, Gauche@@ﬂga@wd%L@WEKmm, a neuropathy, peripheral
n tunpr, a‘brairn rnrury,

nerve injury, a bral a spinal cord

i |
GGTYSCHFGKLTWVCKKXGG
|

S/(CHz)s
l

S
\1CH2)3

GGTYSCHFGKLTWVCKKXGG
| |

I | '
GGTYSCHFGKLTWVCKKXGG
|

S/(CH2)4
|

8\10H2)4

GGTYSCHFGKLTWVCKKXGG
l |




injury or a stroke Injury. The EPO mi netic peptides according to the

i nvention 30 are al so usable for the preventive and/or curative treatnent
of patients suffering -26- from or at risk of suffering from cardiac
failure. Exanples are cardiac infarction, coronary artery disease,
nyocarditis, chenotherapy treatnent, alcoholism cardionyopathy,
hypertensi on, valvar heart diseases including mtral insufficiency or
aortic stenosis, and disorders of the théroid gl and, chronic and/or 5
acute coronary syndrone. Furthernore, thé%EPO minetics can be used for
stinmulation of the physiological nobilization, proliferation and
differentiation of endothelial precursor cells, for stinmulation of

vascul ogenesis, for the treatnment of diseases related to a . dysfunction
of endothelial precursor cells and for the production of io0o pharmaceutical
conpositions for the treatnent of such diseases. and pharnaceuti cal

conposi tions -?fénjgr' ' ' ' t hi W Y al g
stinulation o engg?{?gﬁzl%ﬁh%rbggﬁdggﬁc%éipﬁtsh% r@ﬁ%egﬁgg@?égggﬁgb@gfgfg@eén are
hyper chol est dh@fo@tian otths sesnestivainkingRondendot hel - nedi at ed chroni ¢

i nfl ammati on di seases, endotheliosis including reticul o-endotheliosis, 15
at her oscl er oRespeciiveo aasgmiig antthdds easdesonped aabdive damchiBoi be WBbdi foa the

pectoris, age: di.gvascul ar di seases; Raynaud di sease, pregnancy
i nduced hypgﬁ?%‘%‘@ﬁ%ﬁﬁgwg%r acute renal failure, heart failure, wound

heal ing and secondary di seases, Furthernore, the peptides according to the
i nvent i onSar et BupeiBlsdeowhal alf of theopindipg dpmaioe respgctnbn Peptidasodescribrd

bl ogd- t)_r ain ]Em'lféih %ith?’f‘éion@tﬁ'rt ) d¥ea yéﬂtﬁ_dfé BWa[eﬁﬁmt@Efanléﬁt pdﬁfﬁ@@éﬁ%ls@{ﬁé/tﬁfédﬁrhe. _
production or_ respecLl ve er,apeut.i ¢ _conj ugat] on agents . .cap [SHNe] SSi ng
Phe bl ood br d FoBaTBHE R G B eSTaba? A Shadl dhurs st e Buticgmcgr

sui t abl e for arlddferertgeptice domainsswoaier fo fomaespEactive hamae behétemgebyusabi-

defi ci ency Ofor‘?ﬁL)fﬁJérléH%ie 4& or a low or defective red 25 bl ood cell
popul ati on and especi al gﬁ or the treatnent of any type of anemia or

stroke. The tides are also suitable for jncreasing and/qr naintainin
hemat ocr i0 P peptides can be mogihleé gy e.g. acetylation or amidation or be elongated at J

the C-terminal or N-terminal positions. Extension with one or more amino acids at
one of the two termini, e.g. for preparation of an attachment site for a polymer often
leads to a heterodimeric bivalent peptide unit which can best be manufactured as a
continuous peptide.

15 The compounds of the present invention can advantageously be used 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.

20 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.

25 Examples are neurological injuries, diseases or disorders, such as eg.
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

30 are also usable for the preventive and/or curative treatment of patients suffering



in a mammal . Such pharnmaceuti cal conpositions nmay optionally conprise
phar maceuti cal acceptable carriers in order to adopt the conposition for
the Intended adm nistration procedure. Suitable delivery nmethods as well
as carriers 30 and additives are for exanple described in W2004/101611 and
WO 2004/100997. -27- As outlined above, dinerization of the nononeric
peptides to dinmers or even nultimers usually inproves the EPO m netic
agoni st activity conpared to the respecpgve nononeric peptides. However,
it is desirable to further enhance activity. For exanple, even dinmeric EPO
mnetic peptides are |less potent than 5 the EPO regarding the activation of
the cellular mechanisnms. . Several approaches were made in the prior art in
order to increase the activity of the peptides, for exanple by variation
of the am no acid sequence in order to identify nore potent candi dates.
However, so far it is still desirable to further enhance the activity of
pepti des, es oM. 3} risk ofpulferinmisemncapdias failbes. ifxapiriey atepcardigeinfgredon. t he
bi ol ogi cal aGbioHary - arferUdisBase eRREaIMIl HentdtBeRp§s @BAtmdH e ldoPBIigH OVi des
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pepti de unit insuffmiersyoraoriestenosisoandldisatdessi ofthevthyinoid ghandjichepnéaaradiot y t o
the target; iaicgteaéorbﬁﬁ'gts ﬂ{?l%nﬁjé)l yheric carrier unit; wherein said peptide
al 50 y [

units are bound to s meric carrier unit. Surprisingly, it has been
found that theﬁgonbi nation of two or nore bi-f% mul - tival ent pe,gti.,des
kA3

accor di ng t o URBeIRYEntheoRPEhmimBlissaR he U rstimulationegitth phygolegieakasi ng
the efficacy mdbilizatioh paliiferttidrorand véifferantidtionab shdothel!i sresursor tEIEY, rfor
ayner gt o UTIBh; 8F wesBiflobhests Yool REBnPIC ot BEednetofared i
purpose of t Idysipneéant of needetheliali prerrsatedcells and for the production  of
10 pharmaceutical compositions for the treatment of such -diseases and
pharmaceutical compositions comprising said peptides and other agents suitable
for stimulation of endothelial precursor cells. Examples of such diseases are
hypercholesterclaemia,  diabetis  mellitus, endothel-mediated  chronic
inflammation diseases, endotheliosis including reticulo-endotheliosis,
15 atherosclerosis, coronary heart disease, myocardic ischemia, angina pectoris,
age-related cardiovascular diseases; Raynaud disease, pregnancy induced
hypertonia, chronic -or acute renal failure, heart failure, wound ‘healing and
secondary diseases.

Furthermore, the peptides according to the invention are suitable carriers for

"20 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

25 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

30 and additives are for example described in WO 2004/101611 and WO
2004/100997.



a peptide conprising two domains with a binding capacity to a target, here
in 25 particular the EPO receptor. It is used interchangeably wth the
term"dineric". Accordingly, a "nultivalent” or "multineric" EPO mnetic
pepti de has several respective binding donmains for the EPO receptor. It is
self-evident that the terns -2e- "peptide" and "peptide unit" do not

i ncorporate any restrictions regarding size and incorporate oligo- and
pol ypeptides as well as proteins. Conpourlds conprising two or nore bi- or
mul tival ent peptide units attached to a polyneric carrier unit are naned
"supraval ent” in the context of this enbodinent. 5 These supraval ent

nol ecul es greatly differ fromthe dineric or nultinmeric nolecules known in
the state of the art. The state of the art conbines nerely nononeric EPO
mnetic peptides in order to create a diner. In contrast the supraval ent

nol ecul.es ar asusliffeat gsbvey diemesibhng the meebmdr pbpiasds) tdbdividre i eveapt i de
units to a pal yneric caqlrl.er uni tt tf@gqb irncr.e_atl n t%@u&r’aval ent m)\lpecul e
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bi ndi ng uni t SeesrallapEbacidersemnngde iretherpeioe pttdn ocdEmd ncréssepbBerctvighiupon
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(Johnson et.  al., 1997 I'n. contrast, the Supraval ent conpounds according
to the ?‘ﬁveﬁFPrSHeMPlog@%@Wé‘Ftéﬂ already di- or nultimeric respective
receptor binding wunits. This mght allow the generation of several
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of the peptide units over-addrtively.

prises

i) at least two peptide units wherein each peptide unit comprises at least two
15 domains with a binding capacity to the target;

ify atleast one polymeric carrier unit;
wherein said peptide units are bound ta 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

20 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 observed.

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
25 particular the EPO receptor. It is used interchangeably with the term “dimeric”.
Accordingly, a “multivalent” or “multimeric’ EPO mimetic pebtide has several
respective binding domains for the EPO receptor. It is self-evident that the terms



25 the supraval ent conpounds might result in a clustering of receptor

conpl exes on the cell-surface. The EPO m netic peptide units used in this
enbodi ment can be either honb- or heterogenic, nmeaning that either
identical or differing peptide units are used. The sane applies to the

bi ndi ng domai ns (nononeric peptides as described above) 30 of the peptide
units which can al so be hono- or heterogenic. The bi- or nultivalent
peptide units bound to the carrier unit bind the sane receptor target. -29-

However, they can of course still differ_jn their amno acid sequence. The
nmononeri ¢ bi ndi ng domai ns of the bi- or” 1 ti val ent peptide units can be
either linear or cyclic. A cyclic nolecule can be for exanple created by

the formation of intranol ecular cysteine bridges (see above). 5 The
polyneric carrier unit conprises at |east one natural or synthetic
branched, I|inear or dendritic polymer. The polyneric carrier unit is
preferably soluble in water and body fluids and is preferably a

phar maceut i ce\iépﬂd@t@ﬁet"abbmdoghwmé not Wﬁdﬁpboraﬁi oY @eStALHUIR! redRidiid eke
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So far the reasons for the great potency of the suprave\_lent molecules compared
to the molecules known In the state of the art are not fully understood. It might
be due to the fact that the dimeric molecules known in the state of the art provide

15 merely one target respectively receptor binding unit per dimer. Thus only one
receptor complex is generated upon binding of the dimeric cor_npound thereby
inducing only one signal fransduction process. E.g. two manomeric EPO mimetic
peptides are connected via PEG to form a peptide dimer thereby facilitating

_ dimerisation of the receptor monomers necessary for signal transduction -

20 (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

25 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)
30 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.



exanpl e pol yet hyl ene gl ycol (bis-maleimde, bis-carboxy, bis-amno etc.).
The polyneric carrier unit can have a wi de range of nol ecul ar wei ght due to
the different nature of the different polyners that are suitable in
conjunction with the 25 present invention. There are thus no size
restrictions. However, it is preferred that the nol ecul ar weight is at

| east 3 kD, preferably at |east 10kD and approxi mtely around 20 to 500 kD
and nore preferably around 30 to 150 or around 60 or 80 kD. The size of
the carrier unit depends on the chosen pgbyner and can thus vary. For
exanpl e, especially when starches such a$”“3o hydroxyethyl starch are used,

t he nol ecul ar wei ght m ght be considerably higher. The average nol ecul ar
wei ght m ght then be arranged around 100 to 4.000 kD or even be higher.
The size of the carrier unit is preferably chosen such that -30- each
peptide unit is optimally arranged for binding their respective receptor

nol ecules. In order to facilitate this, one enbodi nent of the present

itﬂvente iﬁggd lrlreﬂ-ﬁ?vé\/eﬁatﬁdyebah”bftc&ﬁ@@rsl(t)ﬂrildleﬂ%ralrblﬂi’élﬁféhﬂﬁo Wid -se h%mfedlﬂﬂa to
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units can be use or’ exa Haag 2000, herein incorporated
by reference._ Pr eferabl Yy, units are created I ni ng

after t he peptide
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pol yneri c carprogyiensi ghdobs wisdrejpossaids komeguymensi ahed c@opblongers  are

unsubstituted or substituted at one end e.g. with an acylgroup; polyglycerines or

. polysialine acid; cellulose and cellulose derivatives, including methylcellulose

and carboxymethylcellulose; starches (e.g. hydroxyalkyl starch (HAS), especially

15 hydroxyethyl starch (HES) and dextrines, and derivatives thereof; dextran and

dextran derivatives, including dextransulfat, crosslinked dextrin, and

carboxymethy! dextrin; heparin and fragments of heparin; polyvinyl alcohol and

polyvinyl ethyl ethers; polyvinylpyrrollidon;  a,b-poly[(2-hydroxyethy!)-DL-

aspartatamide; and polyoxyethylated polyols. Of course also other biologically

20 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
25  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
30 hydroxyethylstarch are used, the molecular weight might be considerably higher.
The average molecutar weight might then be arranged around 100 to 4.000 kD
or even be higher. The size of the carrier unit is preferably chosen stich that



group, several coupling substances can be used in order to appropriately
nodify the polynmer in order that it can react wwth at |east one reactive
group on the 20 peptide unit. Suitable chem cal groups that can be used to
nodi fy the polynmer are e.g. as follows: Acylating groups which react with
the am no groups of the protein, for exanple acid anhydride groups,
N-acyl i m dazol e groups, azide groups, N-carboxy anhydride groups, diketene
groups, dial kyl pyrocarbonate groups, inidoester 25 groups, and
carbodii m de-activated carboxyl - groups. of the above groups are known
to react with am no groups on proteins/p$ tldes to form coval ent bonds,

i nvol ving acyl or similar |inkages; al kylating groups which react with
sul f hydryl (nmercapto), thionethyl, imdazo or am no groups on the peptide
unit, such as hal o-carboxyl groups, maleimde 30 groups, activated vinyl
groups, ethylenimne groups, aryl halide groups, 2 -31- hydroxy
5-nitro-benzyl brom de groups; and aliphatic al dehyde and ketone groups
together with reducing agents, reacting with the am no group of the

pepti de; est esachrpepdidiedenit ds miptinally curangedi foh bireting theit respeartivd argeptyr oup

of the Prot Cinfoieciios Uhfordsy & HARAEDOAKY oAb CribaURBN BPthe BHARAH ibfiforrnd
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groups and altheflprw re&Rl i ﬂrrwmplév\hEGh dreaattacheti ntol BEbriching dunit taispups
of the praqtein eéﬁresence 0 nts such_as ipdine | 0
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according to the invention nay be nade by -

Preferably, after the peptide units are created by combining the monomers

10 {either head to head, head to tail, or tail to tail) the polymeric carrier unit is

' connected to the peptide units. The polymeric carrier unit is connected to the

peptide units via a covalent or a non-covalent (e.g. a coordinative) bond.

However the use of a covalent bond is preferred. The attachment can occur e.g.

via a reactive amino acid of the peptide units e.g. lysine, cysteine, histidine,

15 arginine, aspartic acid, glutamic .acid, serine, threonine, tyrosine or the N-
terminal amino group and the C-terminal carboxylic acid.

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

20 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

25  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
30 groups, activated vinyl groups, ethylenimine groups, aryt halide groups, 2-



optionally - first nodifying the polynmer chemcally to produce a pol yner
havi ng at | east one chem cal group thereon which is capable of reacting
with an available or introduced chem cal group on the peptide unit, and

then reacting together the - optionally - nodified polymer and the peptide
unit to forma covalently bonded 20 conplex thereof utilising the chem cal
group of the - if necessary - nodified polyner. In case coupling occurs

via a free SH group of the peptide (e.g. of -a cysteine group), the use of
a maleinmde group in the polyner is preféired. In order to generate a
defined nolecule it is preferred to use a targeted 25 approach for
attaching the peptide units to the polyneric carrier unit. In case no
appropriate am no acids are present at the desired attachnment site,
appropriate amno acids can be incorporated in the dineric EPO mnetic
peptide unit. For site specific polymer attachnent a unique reactive group
e.g. a speci fy ] RO-irr A i : t td Nihhdl
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several diff giepfilepol yet hyl ene glycol nol ecul es. The coupling of the
peptide units to the polyneric carrier unit, e.g. PEGor HES, s is
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groups which react with the guanidine moieties of the peptide;

olymeric carrier unit also
Y c{ other %J 2—c}iketone

diazo groups, which react with phenolic groups on the peptide;

reactive groups from reaction of cyanogens bromide with the polysaccharide,
which react with amino groups on the peptide. -

15 Thus in summary, the compound according to the invention may be made by -
optionally - first modifying the polymer chemically to produce a polymer having at
least one chemical group thereon which is capable of reacting with an available
or infroduced chemical group on the peptide unit, and then reacting together the
— optionally - modified polymer and the peptide unit to form a covalently bonded

20 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
25  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



dose). The concept of this invention thus has strong effects on pharmacody-
nam c paraneters and not only on pharmacokinetic paraneters as it is the
case with the PEGyl ati on concepts known in the state of the art. However,
of course the incorporation of for exanple PEG as polyneric carrier unit
al so has the 20 known advant ages regardi ng pharmacoki netics: PEGylation is
usual |y undertaken to inprove the. biopharmaceutical properties of the
pepti des. The nost relevant alterations of the proteine nolecule foll ow ng
PEG conjugation are size enlargenent, protein surface and gl ycosyl ation
functi on maski ng, charge nodification ap?bgpitope shielding. In particul ar
size 25 enl argenent sl ows down kidney ultfrafiltration and pronotes the
accurrul ation into perneable tissues by the passive enhance perneation and
retention nechanism Protein shielding reduces proteolysis and inmune
system recognition, which are inportant routes of elimnation. The
specific effect of PEGylation on protein physicochem cal and bi ol ogi cal
properties is strictly 30 determ ned by protein and pol ynmer properties as
wel | as by t leidadbiftecend REGys aeptide sit as eosferre@3n dridevetoeayoid hmcasieoleld PEG

or ot her non-.Rj l%“’ﬂ?ﬁ ] LY t
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i nterval s i ncamprisipcaponsdationnf saverat diffgeest palypthylengglycel melgcatas. of t he
drug. Routine dosages and dosage intervals are adapted such 5 that the
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PEG noi eties (-20-4CkD) which thus show a slow renal elimnation. The

10 ltis important to understand that the concept of supravalency described herein is
different from the known concept of PEGylation or HE’SyIaftion. in the state of the
art e.g. PEGylation is only used in order to produce either peptide dimers or in
order to imbrove pharmacokinetic parameters. However, as outlined above, the
attachment of two or more at least bivalent peptide units to e.g. PEG as a

15  polymeric carrier unit also greatly enhances efficacy (thus decreasing the ECS0-
dose). The concept of this invention thus has strong effects on pharmacody-
namic parameters and not only on 'pharmacokinetic parameters as it is the case
with the PEGylation concepts known in the state of the art. However, of course
the incorporation of for example PEG as polym'eric carrier unit also has the

20 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.

25 enlargement slows down kidney ulirafiltration 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

30 determined by protein and polymer properties as well as by the adopted
PEGylation strategy.



peptide noiety itself undergoes enzymatic degradati on and even parti al

cl eavage mght suffice to deactivate the peptide. 1s In order to find a
solution to this probl emone enbodi nent of the present invention teaches
the use of a polyneric carrier unit that is conposed of at |east two
subunits. The polymeric subunits are connected via bi odegradabl e coval ent

| i nker structures. According to this enbodi nent the nol ecul ar wei ght of the
| arge carrier nolecule (for exanple 40 kD) is created by several small or
i ntermedi ate 20 sized subunits (for exaﬂggg each subunit having a nol ecul ar
weight of 5 to 10kD), that are connected via bi odegradable |inkers. The
nol ecul ar wei ghts of the nodul ar subunits add up thereby generating the
desired nol ecul ar wei ght of the carrier nolecul e. However, the

bi odegradabl e |i nker structures can be broken up in the body thereby

rel easing the smaller carder subunits (e.g. 5 to 25 1CkD). The snal

carrier subunits show a better renal clearance than a polyner nolecule
havi ng t he oWemahkr, tbé esalcPE® ioglother enog-biddddbpadabie pekangs @si sipgor emiti n

Fig. 16. Thec; n%ﬁﬁra@élér'ﬁ%b'l%@@eg:ﬁﬁl t«aq{e@ppl%ggegﬁdﬁsi ng to known degradation

properties and scales™ o egradation in fluids. The breakabl e
structures can, for- 30 instance, contain cleavable groups |ike carboxylic

aci d deri vat PWEBO 4 ViYRi FRDIiBRLNE ddosagRdatepals ky 8 Cinigli seltindadreiiogared Byd by
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f easi bl e. |t camiecmsdgculehahoulthps avpighd ypecause peptides are usually PEGylated with
very large PEG-moieties (~20-40kD) which thus show a slow renal elimination. The
peptide moiety itself undergoes en;ymatic degradation and even partial cleavage

might suffice to deactivate the peptide.

15 In order to find a solution to this problem one embodiment of the present
invention teaches the use of a polymeric carrier unit that is composed of at least
two subunits. The polymeric subunits are connected via biodegradable covalent
linker structures. According to this embodiment the molecular weight of the large
carrier molecule (for example 40 kD) is created by several small or intermediate

20 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

25  10kD). The small carrier subunits show a better renal clearance than a polymer
molecule having the overall molecular weight (e.g. 40kD). An example is givenin
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
30 instance, contain cleavable groups like carboxylic acid derivatives as
amide/peptide bonds or esters which can be cleaved by hydrolysis (see e.g.



I 0 advant ageous concept Is not limted to the specific peptide units
described or referred to herein but also applies to other pharmaceuti cal
nol ecul es that are attached to |arge polyner units such as PEG nol ecul es
wherein the sanme problens of accumul ation arises. According to one

enbodi ment hydroxyal kyl starch and preferably HES is used as 15 polyneric
carrier unit. HES has several inportant advantages. First of all, HES is
bi odegradabl e. Furthernore, the biodegradability of HES can be controlled
via the ratio of ethyl groups and can t%ys be influenced. 30 to 50 % et hyl
groups are well suitable for the purpose of the present invention. Due to
t he bi odegradability, accumnulation problens as described above in
conjunction with PEG do usually not 20 occur. Furthernore, HES has been
used for along tine in nmedical treatnent e.g. in formof a plasm
expander. Its innocuousness is thus approved. Furthernore, derivatives of
hydr ol ysis products of HES are detectable by gas chronatography.

HES— pept i ge Robettg, 2082 heasin ir&:oh}tldatelj ibgeefemmde) PEGshiidoirdmilyl é’sﬁersrmdaralsd;i ch
t he peptide | [ |
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st andar di sat idggeadation Hateacati pbysielpgicelepH Adlasn. dﬂa%T t Gieeein vincorperataebdW nent

a first type rerterd%éy@héﬁbr@ﬁkﬁtblsrsnuamesl I&ettﬁaﬂrde%%m paf@%n%fcanwtlde
units. This C|rst carrier ,is, preferab XW&P bi od egra able as .is e.

HES. However C&38ed Anferyifid,g g SPEPEMERLS; ﬁ\é rT Bf 17 epdesamesl o F@aﬁﬁ'@ﬂﬁ ed
with peptide ofualdeﬂ (Balipskw | 4998) gnd arethug b Suitab/OtReperitgiantpr gvletiion of ze of

he - 35- h
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t hat t t t whi ch
o hoveve, \FRKgaRRGR Eousse it hehBmiias & B SPEE RePLLe dAle daRvined otuni ch
is constitut e_efeped!fterrmbeblyl byt drs>appiigsstoobthdr pharrbaceutitkinolddales\that atehe
whol e entity ASN&f Yo Walgb 9&9&%9494&@’5&'!1”5@ PEE thbictlies wherein the same

problems of accumulation arises.

According to one embodiment hydroxyalkylstarch and preférably HES is used as

15  polymeric carrier unit. HES has several important advantages. First of all, HES is
biodegradable. Furthermore, the bicdegradability of HES can be controlled via the
ratio of ethyl groups and can thus be influenced. 30 to 50 '% ethyl-groups are well
suitable for the purpose of the present invention. Due to the biodegradability,-
accumulation problems as described above in conjunction with PEG do usually not

20  oceur. Furthermore, HES has been used for a long time in medical treatment e.q.
'in form of a plasma expander. Its innocuousness is thus approved.

Furthermore, derivatives of hydrolysis products of HES are deteciable by gaé
chromatography. HES-peptide conjugates can be hyd_rol'ised under conditions

25 = 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
30 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



carrier (e.g. HES) and the peptide units are bi odegradabl e and the second
carrier, e.g. PEGis small enough to be easily cleared fromthe body. 10
The nononers constituting the binding domains of the peptide units
recogni ze the honodineric erythropoietin receptor. The latter property. of
being a honodineric receptor differentiates the EPO receptbr from many

ot her cytokine receptors. The peptide units conprising at |east two EPO

m netic nononeric binding domai ns as 15 descri bed above bind t he EPO
receptor and preferably are able to di-_ﬁggpectively mul tinmerise their
target and/or stabilize it accordingly thereby creating a signal
transduction i nduci ng conpl ex. The present invention also conprises
respective conpound production nethods, wherein the peptide units are
connected to the respective carrier units. The 26 present invention
furthermore conprises respective conpound production nethods, wherein the
peptide units are connected to the respective polyneric carrier units. The
conpounds of used ;pnslgmentseuemnlhmm:fredampadeamnagmmizleycdnqaledjstecthéoa:artme
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exanpl es.. Fig. 13 shows an exanpl e of a sinple supraval ent nol ecul e
accordin
The menomers constituting the binding domains of the peptide units recognize the

homodimeric erythropoietin receptor. The latter property of being a homodimeric
receptor differentiates the EPO-receptor from many other cytokine receptors. The
peptide units comprising at least two EPO mimetic monomeric binding domains as

15 - described above bind the EPO receptor and preferably are able to di- respectively
multimerise their target and/or stabilize it accordingly thereby creating a signal
transduction inducing complex.

The present invention also comprises respective compound production methods,
wherein the peptide units are connected to the respective carrier units. The

20 .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-

25 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,

30 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.



to the invention. Two continuous bival ent EPO m netic peptides are
connected N7 termnally by a bifunctional PEG noiety carrying nmal ei mde
groups. Cysteine was chosen as reactive attachnent site for the PEG
carrier unit. However, supraval ent nol ecul es can conprise nore than two
continuous bi- or nultivalent peptide units. Fig. 14 gives an exanple that
is based on a carrier unit wth a central glycerol unit as branching unit
and conprising three continuous z.o0 bivalent peptides. Again cysteine was
used for attachnment. Fig. 20 shows an e gnple using HES as pol ymeric
carrier unit. HES was nodified such that carries mal ei m de groups
reacting with the SH groups of the peptlde unlts According to the
exanple, all attachnent sites are bound to peptide units. However, also
small PEG units (e.g. 3 to 10 kD) could occupy at |east sone of the 15
attachnment sites. As explained above, the supraval ent concept can al so be
extended to polyvalent dendritic polyners wherein a dendritic and/or

pol ymer carrier unit is connected to éﬁéﬂ&i@ér nunber of continuous

bi val ent peptides. For exanple, the dendritic branching unit can be based

on pol ygl ycerfie Q:Bh@éﬁﬁeofr ﬁfeersubl%vhﬁﬁg n?&@&:lesh%hﬁll rbe %Qpl'al?ﬁ@"ﬁ?rrﬂé% By

refer ence) An e raval [ﬁnt nmol. ecul e %BOH a rier unit
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e.g. periodic acl ons. In a
second step, QRGN BF (QACHYR 3‘1’5%"{5"!"?%§ afos the P@Isatrier nithe” carrier unit and
together formthe final nolecule. Please note that even several hundred
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bi odegr adabl e |1 nker hE%

example usmg as polymeric carrier unit. HES was modified such that it

carries maleimide groups reacting with the SH groups of the peptide units.

According to the example, all attachment sites are bound to peptide units.

~ However, also small PEG units {e.g. 3 to 10 kD) could occupy at least some of the

15  attachment sites.

As explained above, the supravalent concept can also be extended to polyvalent

dendritic polymers wherein a dendritic and/or polymer 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
20  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

25 aldehyde functions. In a second step, many bivalent peptides are attached to the
carrier unit and together form the final molecule. Please note that even 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.



I nternedi ate cl eavage position. The linkers allow the break up of the |arge
PEG s unit in the subunits thereby facilitating renal clearance. 1.
Peptide synthesis of Mnonmers Manual synthesis The synthesis is carried out
by the use of a Discover m crowave system (CEM using PL-Ri nk- Am de-Resin
(subtituti®n rate 0.4mmmol/g) or prel oaded Wang- to Resins in a scale of
0.4mrrnol . Renoval of Fnoc-group is achieved by addition of 30nl

pi peridine/ DMF (1:3) and irradiation w t h 100Wfor 3x30sec. Coupling of

amno acids is achieved by addition of Id excess of amno acid in DW
PyBOP/ HOBT/ DI PEA as coupling additives a d irradiation with 50Wfor
5x30sec. Between all irradiation cycles the solution is cooled manual |y

with the. 15 help of an ice bath. After deprotection and coupling, the
resin is washed 6 tines wth 30m DW. After deprotection of the |ast
am no acid sone peptides are acetylated by incubation with 1.268nl of
capping solution (4.73m acetic anhydride and 8.73nl DI EA in 100m DMSO)

E(I\J/Ir: 5 (rjn'gu: efig. Beldenmnsiratey #gecorichpt ofreesimple m?ddgfﬁdam@ﬁﬁﬂa@aléﬁtnﬁdeWIéh 30
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m nut es undebifuncdenal RE sptietios. thatrdre conrgated va a odedradaldel linker baviogencol d

ether. The prn%rh@dt %uéa%a%é Eé&?dr?drﬁenhr%% Qw md reak lye@%ﬁﬂhe(ﬁf )p@gd the

peptide is pur] bmasi

Aut omat ed® syH'f"Fl@stﬁﬁ Stlfﬁ‘é“'@ﬁﬁ?rﬁ@‘é agllifaling zenq Eﬁafﬁﬁ‘Peby the use of an Qdyssey
m crowave system (CEM using PL-Ri nk- Am de- Resins (subtitution rate

0. 4mmol / g) ol. Reptideayathdsss gf Meeasmessi n a scal e of 0.25mvl . Renoval of
Froc- groups is achi eved by addition. of 10m piperidine/DW (1:3) and

I rradiation fng p% 10x10sec. Coupling 30 of amino acids is achieved
by addition ofa ? d excess of am no aC| d i n DVF -38- PyBCP/ HOST/ DI PEA as

I ddj d t
coupling a ll'}uIe \é?/ﬁth%gls ||s rc[cuam—:'ldaodt y tWe use of a B[SCOVGF microwave system (CEM)

using PL-Rink-Amide-Resin (subtitution rate 0.4mmol/g) or preloaded Wang-
10 Resins in a scale of 0.4mmol. Removal of Fmoc-group is achieved by addition of
30ml piperidine/DMF (1:3) and irradiation with 100W for 3x30sec. Coupling of
amino acids is achieved by addition of 5fold excess of amino acid in DMF
PyBOP/HOBT/DIPEA as coupling additives and irradiation with 50W for
5x30sec. Between all irradiation cycles the solution is cooled manually with the
15 help of-an ice bath. After deprotection 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 100mI DMSOQ) for 5 minutes. Before cleavage, the
. resin is then washed 6 times with 30ml DMF and 6 times with 30ml DCM:
20 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 (Kromasil 100 C18 10um,
250x4. 6mm).

25 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 10mi piperidine/DMF (1:3) and irradiation with 100W for 10x10sec. Coupling’
30 of amino acids is achieved by addition of 5fold excess of amino acid in DMF



5x30sec. Between all irradiation cycles the solution is cool ed by bubbling
nitrogen through the reaction m xture. After deprotection and coupling, the
resin is washed 6 tinmes with 10m DW. After deprotection of the |ast

am no acid, 5 sone _peptides are acetylated by incubation with 0.793nl of
cappi ng-solution (4.73nml acetic anhydride and 8.73mL DI EA in 100m DVSO
for 5 mnutes. Before cleavage the resin is then washed 6 tines with 10m
DMF and 6 tinmes, with 10nl DCM C eavage of the crude peptides Is achieved
by treatnment with 5n] TFA/ TI S/ EDT/ H2O _(:%l/ 1/2.5/2.5) for 120 m nutes under
an inert atnosphere. io This solution is“filtered into 40nml cold ether, the
precipitate dissolved in acetonitrile / water (1/1) and the peptide is
purified by RP-HPLC (Kromasil 100 C18 10pm 250x4.6mr). Purification All
pepti des were purified using a Nebul a-LCV5-system (G | son). The crude is
material of all peptides was dissolved in acetonitrile / water (1 /1) and
the peptide purified by RP-HPLC (Kromasil 100 C18 10pm 250x4.6mm. The
flow rate waPyBOMHOBTIDIPEAL he téiling phdditivest i andl/id88iatiorl withroSOWMt ifon  of

the int | b syl fide, bri i zat Lon,i t.
Sol utont - 10RO ?%%Wesgt Bl dFra iy THES 68 00w, B Lotled i Bprhe 40
di l uted wit h niteagen tbmugﬁt edeadiont mxturenAltar depsetgciion aAed ceurlingd thessisind
ammoni um  bi GaRRRABE & tiheddiiesl 10f 'AF hARePHeSbtddtiBn & theqhstt Aptho2aciin @

second vial 10m 0.1% TFA/ acetonitrile are, dilute t om of ter.
201 armani SABICRERIRR &'e Scoaisd bringuogtion iin 8. 78am ol ctRoegrepidions
drop of a 0. 14.¥BswlasetiorantiydK3¢ (dreiCBE Bl i 31EAd tled 0060 | DVMSQ) for ehdnidutese
added dr opw e rd . ' : .
acetonitril eie%éé}ér&?%a%?g%qg&&)'g tﬁkﬂﬁﬁsﬁ%ﬂ%e’t%é& Mﬁqﬁ%’g'e%hﬂgta‘}dogrﬂm.es
tenperature vithetGmigRENa felearegapkiher ude meptidesaisearhieiedoby treatsreriwithCVe.
-39- Cycli zatsmrarTIS/EbFABCYOEM/2 872 8) for 120 minutes under an inert atmosphere,
10 This solution is filtered into 40ml cold ether, the precipitate dissolved in
acetonitrile / water (1/1) and the peptide is purified by RP-HPLC (Kromasil 100
C18 10pm, 250x4.6mm).

Purification

All péptides were purified using a Nebula-LCMS-system (Gilson). The crude '_

15  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.

I\. Formation of the Intramolecular disulfide bridges
Cyclization with K3[(FeCNg)

20 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 to reach a pH of app. 8.

Solution 2: In a second vial 10ml 0.1% TFA/acetonitrile are diluted with 10ml of
water. Solid ammoniumbicarbonate is added until a pH of 8 is reached and 1
25 . drop of a 0.1M solution of K3[(FeCNe)] is added.

Solution 1 and 2 are added dropwise over a pericd 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. ‘



To 100m of acetonitrile/water (1/1; 0.1% TFA), solid anmmoni um bi car bonate
Is added until a pH of 8 is reached. This solution is degassed by bubbling
Argon for 30 mnutes. Now 100ng of CLEAR-OXTMresin is added. After 10

m nutes, 10ng s of the peptide is 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
(Glson). The crude material of all peptides was dissolved in
acetonitrile/water (1/1) or DMSO and io0 éhe pepti de was purified by

RP- HPLC (Kromasi| 100 C18 or C8 10pm 25834, 6mm) . The flow rate was

20mLl/ mn and the LCVS split ratio 1/1000. [Ill. In-vitro assays with
nononers Proliferation assay with TF-1 cells by BrdU incorporation TF-1
Cells in logarithmc growmh phase (2.105 - 1.106 cells/m; RPM nedium 15
20% fetal calf serum supplenmented with Penicillin, streptomycin,
L-Gutamne; 0.5ng/m Interleukin 3) are washed (centrifuge 5 mn. 1500

rpm and resumnghtioinnNiEHWLEARn@ké‘ﬂ.eethhout 1L.3 at 500.000 cells/m) and
precul tured before start of the assay for 24 h without IL-3. At the next

day the cell I | | east 6
concentrati ors1rs andﬁle&d&%tbmtriéw@ ézﬁt P\zg{'?)l (')I’ '(a)l&ggin aﬁﬁnr'%m ﬁca(nrgoé%%e : 000
cel | s/ wel | peéddadent a pHisd &:age@@edEahln seiien imdggassed ol lubblinghrgon fer

a1 o of o g B R X o AdgR- AP i, S OMd 1012
are predi Put é%t“?%pﬁ%tlﬂaeu'ﬁl egdips %égme‘ﬁl%gﬂé&m F stﬁ ﬂﬁ‘&ﬂéﬂ fitgredne

cel |l s, starticogcentrated ane ppefiedby bCMEB.days under standard cul ture

conditions (37C, 25 5% carbon dioxide in the gas phase, atnosphere

saturated wi tgyy tﬁfn)ofcyclﬁo Hfckations always refer to the final
concentration of agent Int vveII during this 3-day culture period. At

the end of this culture pe Ui final oncentration of
sng/ m cul t u¥ RERIIYEH ‘é{ﬁ'c% BHHP?% E‘Ql?ﬁ‘g’ﬁ%lﬂb&iéﬁt?@r (GlsoRpuFle chypisn,
BrdU ( br onmodewetyiaii afi alepeptivesdids [Rsdived i dcetbiniteleasgter atiddr DMSO0and
10 the peptide was purified by RP-HPLC (Kromasil 100 C18 or C8 10pm,
250x4.6mm). The flow rate was 20ml/min and the LCMS split ratio 1/1000.

[Il. In-vitro assays with monomers
Proliferation assay with TF-1"cells by BrdU incorporation

TF-1 Cells in logarithmic growth phase (~2.10° — 1.10° cells/ml; RPMI medium:;
15 20% fetal calf serum; supplemented with Penicillin, streptomycin, L-Glutamine;
0.5ng/ml Interleukin 3) are washed (centrifuge § 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
20 containing at least 10.000 celis/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 cuiture conditions (37°C,
25 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



their final concentrations (long/m BrdU, 8ng/m dCD; final concentrations
in culture nedium and culture continued for additional 2 hours. At the
end of this incubation and culture period, the cells are washed once in
phosphat e buffered saline containing 1.5% BSA and resuspended in a mnim
5 anount liquid. Fromthis suspension, cells are added dropw se i nto 70%
et hanol at -20C. From here, cells are either Incubated for 10mn..on ice
and then analysed directly or can be stored at 4C prior to analysis. Prior
to analysis, cells are pelleted by centrﬁéugatlon t he supernatant is dis-
carded and the cells resuspended in a mninmal anmount of remaining fluid.
The 1o cells are then suspended and incubated for 10mn. in 0.5 mM 2M HCl/
0.5%triton X-100. Then, they are pelleted again and resuspended in a

m nimal anount.of remaining fluid, which is diluted with 0.5m of OCA N
Na2B407 , pH 8.5 prior to imediate repelleting of the cells. Finally, the
cells are resuspended in 40pl of phosphate buffered saline (1.5% BSA) ‘and
di vi ded i nt o theio finelactnaentratidres mgmhﬁadlm Bog/A0dCBEefihals csrpengationsesc h.

cont rol i 'g'c;%“ﬂ#?é'*%@‘“ﬁéﬁﬁ’%@”% R B B R St art ing an

I ncubation period of 30m n, roomte rature Then, 0.4nl of phosphate

buf f ered sal .Méh%re@dlfefﬁaﬁrﬂmmmndaWw 9&6”@#4 tha cellsoprecwashad enge Bt e
added. Anal ysplhaspﬁaté m@ﬁéimalmtacummnmg eff 5%SBSA a'fnha'efsﬂ@;%rid@ti iffa ﬂﬁhuﬁ@l cells

|
Chs® e B e e B v bR b O SRl PR e
cycle. Pr oI |at e2atC.ohroas dweye, vvcells 3B kitber Incubgteior TIIBmJnC@hI &:el and then
| ogarithmc %lr?g%gd Bp@ag dr C%R]t%zﬁf’%‘ﬁ %%Cﬁﬁﬂoﬁ‘ﬁ!é‘ﬁ n%}&:)M medi um 20% f et al

calf serum enente streptonycin, L-dutamne; 25
0.5ng/ mM Int eukl ) .are washed rifu 5 mn. 1500 rpm and
resuspend in s ecq}\l/?t?fﬁu?elfﬁ%{]éy %%%B%'%It%/%pfngﬂﬁptplﬁe@m t ur ed
bef ore Zt art cafdedtdmﬁ &Ee@ilsfr@sué’ﬁbdaiew ih eoriniinat 3moéht theemairingdiuid.tTre cel | s
4. ' , .
are secdsd. | Mot arenel SrioBldechll ESWHRLE I HTHNA & rCATHGY 0.5% tifony o

concentrati ons er con I on con al n| n eas
cel I s/wel | per1@yethen @%arﬁeml@@ed E&%lﬁ andpresushgnded in a mlnlmal amount of

remaining fluid, which is diluted with 0.5ml of 0.1N NazB407 , pH 8.5 prior to
immediate repelleting of the cells. Finally, the cells are resuspended in 40ul of
phosphate buffered saline (1.5% BSA) and divided info two reaction tubes
15  containing 20pl cell suspension each. 2yl of anti-BrdU-FITC (DAKO, clone
Bu20a) are added to one tube and 2ul control migG1-FITC (Sigma) are added to
the second tube starting an incubation period of 30min. at room temperature.
‘Then, 0.4ml of phosphate buffered saline and 10pg/ml Propidium lodide {final
concentration) are added. Analysis in the flow cytometer refers to the fraction of
20  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/m!; RPMI medium:
20% fetal calf serum; supplemented with Penicillin, streptomycin, L-Glutamine;
25 0.5ng/mi |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 conceniration
containing at least 10.000 cells/well per agent to be tested. Each experiment
30 includes controls comprising recombinant EPO as a positive control agent and



30 includes controls conprising reconbi nant EPO as a positive control agent
and -41- wells without addition of cytokine as negative control agent.
Peptides and EPO controls are prediluted in mediumto the desired
concentrations and added to the «cells, starting a culture period of 3 days
under standard culture conditions (37C, 5% carbon dioxide in the gas
phase, atnosphere saturated with water). s Concentrations always refer to
the final concentration of agent in the well during this 4-day culture
period. At day 4, prior to start of the_?ﬂqusis, a dilution series of a
known nunber of TF- 1 cells is prepared a nunber of wells

(0/ 2500/ 5000/ 10000/ 20000/ 50000 cells/well in 100 pl nmediun). These wells
are treated In the sane way as the test to wells and | ater provide a
calibration curve fromwhich cell nunbers can be determ ned. Having set up
these reference wells, MIS and PMS fromthe MIT proliferation kit

(Pronega, Cell Titer 96 Agueous non-radi oactive cell proliferation assay)
are thawed i nwells3vihouttadditiah hof apidkiheys negatiPd/Bosblagent. Reptidedaded ERO- 2r nl

of MIS sol uti | .8: M. Xk I a
is plat Zs ;n F\rgéba% %d'@"mﬁ'&%é&'H@qﬁ%ﬁgﬂgg%%g?&n%%ggﬁﬁéﬁda%@eﬁq‘l?s ;‘5 a%/e
in water ar eceﬁacﬁéalrtmg acciitrevpetiochel eaysounaes Stansieeh eulitre zonditians Q77 SA
Reader. Usi mgéa’r’rﬁbhcéiox@éawéthé%@s %ageow&nbgpﬁérs%ﬁﬁra% agith Mateased on

Che. T ol | 0 neoTEeIS AT BeTa et e ALE AP AL ACadeTs i i el dagy fpnead

20 The fol | ovhisgl-tiaptwtisdpetgod.ne EC50 val ues of sone exenpl ary pepti des
SEQ I D NO 2: GGTYSCHFGKLTWCKKQGG 3284 nnol/1 SEQ I D NO 4:

ool 11 25 é%‘gévﬁgépéeﬁf%%ﬁ@&%@@ségﬁgggﬁ'?%%@“ﬁ@ RETRESS
GGTYSCHF- ( Al ) Cefisniexpeparesh iy anmymber -of owells=P42508¢5080/10000/20000/50000
GGTYSCHF- (Al soeti$ AW GKHQISEI ARAMuNIIThéde wells are treated in the same way as the test

10 wells and later provide a calibration curve from which cell numbers can be
determined. Having set'up these reference welis, MTS and PMS from the MTT
proliferation kit (Promega, CellTiter 96 Aqueous non-radioactive cell proliferation
assay) are thawed in a 37°C waterbath and 100pl of PMS solution are added to
2mi of MTS solution. 20l of this mixture are added to each well of the assay

15 plates and incubated at 37°C for 3-4h, 25ul of 10% sodium dodecylsulfate in
water are added to each well prior to measurement E492 in an ELISA Reader.

Using graphical evaluations as shown in figures 17 and 18 based on calculations
of the dose-response relationship using the program GraphPad the following
EC50 values were determined on the basis of MTT-assay data:

20 The following table shows the ECsp values of some exemplary peptides:

SEQ ID.. NO 2: GGTYSCHFGKLTWVCKKQGG . 328.4 nmol/1
SEQ ID NO 4: GGTYSCHFGKLTWVCKPQGG 4657 nmol/1
SEQ ID NO 5: GGTYSCHFGP'&LTWVCKPQGG 5158 nmol/1
25 SEQ ID NO 6: GGTYS‘CHFGRLTWVCKKQGG | ‘.4'969 nmol/1

SEQ ID NO 7: GGTYSCHF- (Als) - LTWVCKPQGG 5264 nmol/1



GGTYSCHFGPLTW/CKKQGG 2518 nnol /1 GGTYSCHFAPLTW/CKKQGG 5045 nnol /1
GGTYSCHFGELTW/CKPQGG no activity detectable 5 IV. Synthesis of bival ent
EPO m nmetic peptides Automated synthesis of |inear SEQ ID NO 11 ( AGEML1)
The synthesis is carried out by the use of a Liberty mcrowave system (CEM
usi ng Rink- Am de-Resin (subtitution rate 0.19mmvl/g) in a scale of

0, 25mmvol . Renoval of Fnoc-groups is achieved by double treatnent with 10m
to piperidine/ DMF (1:3) and irradiation with 50Wfor 10x10sec. Coupling of
amno acids is achieved by double treatment with a of 4fold excess of
amno acid in DWVF PyBOP/ HOBT/ DI PEA as -c4#upl i ng additives and irradiation
with 50Wfor 5x30sec. Between all irradiation cycles the solution is.

cool ed by bubbling nitrogen through the reaction mxture.. After
deprotection and coupling, the resin is is washed 6 tines with 10m DW.
After the double coupling cycle all unreacted am no groups are bl ocked by
treatnent. with a 10fold excess of N-(2-

Chl 6r obenzyl 0 yl oxy) ini_m ( jon in DW d.
irridation \(/g\né%shﬁég\\?ﬁf%‘r BX%M@%%%%% ion of the %‘%2%] LA
acid, the peptide is acetylated by incubation with 0.793nml of '

cappi ng- sol ution (4. 73ml ac&ETECHFCEREYOFFERGGNd 8. 73ml DI EASLS mowil DVSO)
for 5 mnutes. Before cleavage the resin is then washed 6 tines with 10m

DMF and 6 tinmes with 10n [RMysciraavegecdoddie crude pepti dessd snranlh)izeved
by treatnment with 5m  TFA/ TI S/ EDT/ HZO (94/1/2.5/2.5) for 120 m nutes under

an inert atnosphere. ThiS;,_nﬂJ%lYléF:lI'@. . & dinto 40Qnd .col t her,., the
preci pitate dissolved in 257acet on?g%?ﬁé%ﬁélévacfer ( 9 13c0talr¥d'%tyhgeg8%€?%]eei S
purified by RP- HPLngKr omasi| 100 C18 10pm_ 250x4.6mM). -43- The

puri fi cat$onl\sSyatiesis of bhalant KRGQ/Mimelie depYes 100 C18 10pm  250x4. 6mm and
the gradient used therefore is depicted in fig. 8 and 9 from5% to 50%

acet oni tri | e AGfdniatéd Sfrthesis cPAndarBE@ID NO 11 (AGEM11)

The synthesis is carried out by the use of a Liberty microwave system (CEM)
using Rink-Amide-Resin (subtitution rate 0.18mmoal/g) in a scale of 0.25mmol.
Removal of Fmoc-groups is achieved by double treatment with 10ml
10  piperidine/DMF (1:3) and irradiation with 50W for 10x10sec. Coupling of amino
acids is achieved by double treatment with a of 4fold excess of amino acid in
DMF PyBOP/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
15 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
20 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 atimosphere,
This solution is filtered into 40ml cold ether, the precipitate dissolved in
25 acetonitrile / water (1/1) and the peptide is purified by RP-HPLC (Kromasil 100
C18 10pum, 250x4.6mm). '



Cyclization of linear AGEM 1 5 Ac - GGIYSCHFGKLTWCKKQGG -
GGTYSCHFGKLTW/CKKQGG- coax, 30nmg of the |linear peptide are dissolved in
60mL solution A. This solution and 60nl DVSO are added dropwi se to 60mn
solution A (total tine for addition: 3h). io After 48h the solvents are
removed by evaporation and the remaining residue solved in 30m DWMSO /
water (1 / 1). 30m acetic acid and 17ng iodine (solved in DVBO/ water (1
/ 1) are added and the solution is mxed for 90 m nutes at room
tenperature. Afterwards 20ng ascorbic aciyg_are added and the sol vents
removed by evaporation. The crude mxture is solved in acetonitrile / water
(2 /7 15 1) and the peptide is purified by RP-HPLC (Kromasil 100 C18 10pm
250x4.6nm . Solution A: Acetonitrile / water (1 / 1) containing 0.1% TFA
The pHis adjusted to 8.0 by the addition of amoni unbi carbonate. The
purification parameters for cyclic AGEMLI1 are given in fig. 10 and 11 20
(schene: Purification of cyclic AGEML1, Kronasil 100 C18 10pm 250x4. 6mm
gradi ent fronTiB% pusifisatioracesheme r of dingar IAGENHA) Krorpasihi Hift €618  ¥0umn

lv'otg ro.pr gr: Lf e{@&u%rﬁ%ﬁﬁwh& ra&ieRf U&éﬁh@iég%@g& H\ébg;‘rt’%d\zﬁnlf;gf% hisd grfrom 5%,
fetal calf s Lﬁ\ﬁlﬁu}(]ﬁé)%?mﬁﬂé %1% ﬁ@f"iﬂ”]ﬁ%L e\ﬁere count ed, and the nunber of

25 cells needed to performan assay were centrlfuged (5 mn. 1500 rpm and
resuspended iQydrEAiorveftlimeabAEERB! Wi t hout |1L-3 at 300 000 cells/m. Cells
were -44- precultured In this (starvation) mediumw thout IL-3 for 48
hours. Before starting the assay the cells were counted again. Shortly
before starting the assay stock sol utions of peptides and EPO were

prepared. Peptides wer } nd di ssolved in 1 % FCS up to a
S concentrati %ﬁﬂ?ﬁK 10 nM
or 20 nM Two urﬁ;egnl nertwo pl I?ﬁﬁﬁese s%ack SOF!%:[I ons gﬁ 21 Ced
into one

30mg of the linear peptide are dissolved in 60ml solution A, This solution und
60ml DMSO are added dropwise to 60ml solution A (total time for addition: 3h).

10  After 48h the solvents are removed by evaporation and the remaining residue
solved in 30ml DMSO / water (1 / 1). 30ml acetic acid and 17mg iodine (solved
in DMSO / water (1 / 1) 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 /

15 1) and the peptide is purified by RP-HPLC (Kromasi 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
20 (scheme: Purification of cyclic AGEM11, Kromasil 1000 C18 10pm,
. 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° — 1.108 cells/ml grown in RPMI with

' 20% fetal calf serum (FCS) and 0 5 ng/ml IL-3) were counted and the number of

25 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



well of a 96 well culture plate - one plate was taken for each substance to
be tested. Twohundred pl of RPM wth 5% FCS were pipetted into seventeen
other wells in each plate. Ninetytwo pl of stock solution were pipetted
into a well 1o containing 200 pl nedium The contents were m xed, and 92 pl
fromthis well was transferred to the next, and so forth. This way a
dilution series (18 dilutions) of each substance was prepared such that in
each consecutive well the . concentration was 1:410 of the concentration in
the well before that. From each well ‘{ 50 pl was transferred to three
enpty wells. This way each concentration ‘fs of substance was neasured in
quadruplicate. Note that the uppernost and |owernost |line of wells of each
plate was left void. Pretreated (starved) cells were centrifuged (5 mn.
1500 rpm and resuspended in RPM wth 5% FCS at a. concentration of 200
000 cells per mM. Fifty pi of cell suspension (containing 10 000 cells)
was added to each well. Note that due to 20 the addition of the cells the
final concentpreduitares infthist{staswdtishp meeiun withbet el fos 48nWeoes hBdford $tattingf t he

original dil Llllt'é Q%Enarga(ﬂg% Iléo\llv@rteeéodf’ﬁ%de?%z{WUbat ed. for 72 h at 37Cin 5% CQ2.

Before starting eva 'on 'on range of known anounts of TF-1
cells into wells was prepared: 0/2500/5000/10000/20000/50000 cells/well.
were 25 pi pShodly pefera starting traassay giqaksyolitipnsualipaplidasaged Eﬁpﬁ’é%@ure
t he nunber of prépared e t@e@@fer@ﬁhé. hécﬁadcfﬂts@owée |MR'|5MIEWHI$®% F@%re

Cell Titer awed in
a 37C wat ér 685 ?@Pn\ﬁgﬂ Wésgl &%a‘éﬁét& W%{ﬁdw B‘Qaﬂ fes
were incubat &0 reld. Wﬁhmrrdré@mmmt\ﬂmpl afrthedstestoﬂ:k Solutlonél'wem pfpeﬂted to@nea 30

_12;/‘2 S(Dgefno'og b sﬁﬁ&ltu?é‘glé?é at&?e eewgﬁalékgneﬂqh'é}icﬁ%@iaﬁﬁ? rtc?%ger

plotted in tasemh ﬂ'é[@hUFH@Q:IIéJtQi MI wﬁlﬂrﬁe{cr F%cwerﬁ pirgftediinto seyenteen other
wells in each plate. Ninetytwo ul of stock solution were pipetted into a well

10  containing 200 pl medium. The contents were mixed, and 92 ul from this well
was transferred to the next, and so forth. This way a dilution series (18 dilutions)
of each substance was prepared such that in each consecutive well the
concentration was 1:¥10 of the concentration in the well before that. From each
well 3 x 50 p! was transferred to three empty wells. This way each concentration

15 of substance was measured in quadruplicate. Note that the uppermost and
lowermost fine of wells of each plate was left void.

Pretreated (starved) cells were centrifuged (5 min. 1500 rpm) and resuspended
in RPMI with 5% FCS at a concentration of 200 000 cells per ml. Fifty ul of cell
suspension (con’taining 10 000 cells) was added to each well. Note that due to

20 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°Cin 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 celllslwell _were
25  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 pl of MTT reagent was added, and
plates were incubated at 37°C in 5% CO; for another 1-2 h. Twentyfive pl of a -
30  10% SDS solution was .added, and plates were measured in an ELISA reader



ED50 (nM: EPO 0.0158 BB49 (mononer, SEQ ID NO 2) 4113 AGEML1
(bivalent) 36.73 10 VI. Extended peptide assays In an extended assay,
approxi mately 200 pepti de sequences were tested for their EPO mnetic
activity. The peptides were synthesized as peptides am des on a LIPS-Vario
synt hesi zer 15 system The synthesis was perfornmed in special
MIP-synthesis Plates, the scale was 2 pnol per peptide. The synthesis

foll owed the standard Fnoc-protocol using HOBT as activator reagent. The
coupling steps were perfornmed as 4 tinmes,_coupling. Each coupling step took
25 mn and the excess of amno acid per'%@ép was 2.8. The cl eavage and
deprotection of the peptides was done with a 20 cl eavage sol ution
cont ai ning 90% TFA, 5% TIPS, 2.5% H20 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 pl of the cl eavage solution was added to each

wel | and the cleavage was performed for 10 mn, this procedure was repeated
three tines. (Tarios! Favas). DA iviee WiScaRbd ol sptddusROStsHEXELIF ARG otied I | ON
by 25 gravity, flﬁﬁ%into the deep well plate. The deprotection of the side
chai n functi o @R performed for another 2.5 h within the deep well plate.
Afterwards the peptide was precipitated with ice cold ether/hexane and
centrifuged. The -46- peptides were solved in neutral aqueous solution and
the cyclization was incubated over night at 4 C. The peptides were

| 'yophi i zed. The@#& alds@hMRpizédinergi ew over the synthesised and tested
peptides 5 nononers. The peptides were tested for their EPO m netic
activity gn an in vitro proliferation assay. The assay was perforned as
descri bed”under V. On each assay day, 40

ED50 (nM):
EPO 0.0158
BB49 (monomer, SEQ. ID NO 2) 4113
AGEM11 (bivalent) ' 36.73

10
VI. Extended peptide assays

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
15 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

20 cleévage solution containing 90% TFA, 5% TIPS, 2.5% H20 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 Ml 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

25  gravity flow into the deep well plate. The deprotection of the side chain function
was performed for another 2.5 h within the deep well plate. Afterwards the
peptide was preclpitated with ice cold etherfhexane and centrifuged. The



mcrotiter plates were prepared for nmeasuring in vitro activity of 38 test
peptides, 10 1 reference exanple, and EPO in parallel. EPO stocks solutions
were 20 nM The results are given in Fig. 19. As can be seen fromthe
results,.the tested peptides not fulfilling the consensus of the present
invention did not depict EPO mnetic activity. VII. Synthesis of peptide
HES- conjugates is The principle reaction schene is depicted in Fig. 21. The
ai mof the described nethod is the production of a derivative of a starch,
according to this exanple HES, which selﬁ§t|vely reacts with thiol groups
under mld, aqueous reaction conditions? This selectivity is reached with
mal eimde 20 groups. HES is functionalised first with am no groups and
converted afterwards to the respective nmalein de derivative. The reaction
batches were freed fromlow nolecular reactants via ultra nenbranes. The
product, the internediate 25 products as well as the educts are al

pol y-di sperse. Synthesis of am no-HES (AHES) Hydroxyet hyl starch

(T XOl uven(r)) peP fde! vir@esblvad inli mduitdat ra@neoms asotutwbard ugat cydl%afmtem;ysyl ng.
e average e substitution
grade of E]10 (%cu%gft?\geoy%éngﬁﬁ?hgp@ﬁaﬁgeg@%&qigéyoﬁglggﬁ ng to the synt hesi s

described.for amino dextran in the dissertation of Jacob Piehler,

" Modi {121 er uipgyygn EDREL agheBudiliely oIbP thBeLmAyaes sl @&fédkge&&de%che

Char akterisie ng br ool ekul ar er kennung t optrsc ransducern
1997, her &i nmq{l@m%ér ated by reference. 5 HES was activated by partial,
sel ective oxidation of the diolic hydroxyl groups to al dehyde groups V\,i th

sodi um peri odat e as descrl roups
vere. conver t diCPRTRER TR (5ted Br P Qi BN B HHEaeh
(NaCNBH3) i n as$ay. Jihesassay wafs parformied asalesaiibed ugdernipsOG vachassayday, BOooks,
1995). microtiter plates were prepared for measuring in vitro activity of 38 test peptides,

10 1 reference example, and EPQ in parallel. EPO stocks solutions were 20 nM.

The results are given in- Fig. 19. As can be seen from the results, the tested
peptides not fulfilling the consensus of the present invention did not depict EPO
mimetic activity.

VIl. Synthesis of peptide HES-conjugates

15 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
20  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 ulira membranes. The product, the intermediate
25 products as well as the educts are all poly-disperse.

Synthesis of amino-HES (AHES)

Hydroxyethylstarch (VoluQen@) was attained via diafiltration and subsequent
freeze-drying. The average molar weight was approximately 130 kDa with a
substitution grade of 40 %.




10 Periodate opening: The used anmount of periodate represents 20 % of the
nunber of gl ucose buil ding blocks (applying a glucose building block nass
of 180 g/nol, DS = 0,4). The working-up was perforned via ultra filtration
and freeze-drying 15 Reductive animation with NHACI/Na] BH3CN] (i n excess)
Wor ki ng-up via precipitation of the product and dia-filtration. Analysis
20 Qualitative: Ninhydrin reaction (Kaiser-test) Quantitative: with
2,4,6-trinitrobenzol e sul phonic acid (TNBS) in conparison with an am no
dextrane. 25 The achi eved substitution _ggal_de was around 2.8% This results
in a nolar mass of one building block carrying one am no group of approx.
6400g/ nmol . -48- Synthesis of mal ei m dopropi onyl -am no- hydr oxyet hyl starch
("Mal PA- H ES") Synthesis 3-nal ei m dopropi one .
aci d- N- hydr oxysucci ni m dester (Mal PA-OSu)was used in s excess. (10-fold)
(50 mM phosphate buffer, pH 7, 20 % DWVF, over night), working-up via ultra
filtration and freeze-drying. Analysis The reaction of the am no group was
ver idf ied wit Frheisyhm#simw_aQCbe'FPBﬁngdmon‘umd)w thaef synﬂheﬁdémﬁrimd.&irrérdiaogr ?ups
i s denonstra . react. 0 lpk]qﬁ 0 o]
excessive t h?jgﬁrg}m}u@% %%)%a%fjprégﬁjg%#leégeénrt ’ é@%i@ﬁd"éﬂ g)b%@gﬁéﬁ it
MHz- ' H- NVR- spligct tgmﬁﬁcﬁwamiédmhiuédedﬂwlls%@ t ihasektgrisigningasbiameolekdarery, and
corresponds EacntRg MifBbtischBh THBHKIUEERE, 1907, flehdn IMQeKokilCoy0fcidiengd ucose
bui | di ng bl Oﬂﬁ mass, DPS= g 4). IS Pecl?‘t' de- h¥dr ox%/et h. I_sEa r ch-coni L{gat e
( Pep- AHESY S was activated by’partial, selective oxidation of the diolic hydroxyl groups
aldehyde groups with sodium periodate as described in Floor et. al (1989). The
aldehyd groups were converted via reductive amination with
sodiumcyanoborhydride (NaCNBHj;) in the presence of ammonia to amino

groups (Yalpani and Brooks, 1995).

10
. Periodate opening: The used amount of periodate represents 20 % of the
number of glucose building blocks (applying a glucose building block mass of
180 g/mol, DS = 0,4). The working-up was perfoermed via uitra filtration and
freeze-drying’

15

Reductive aniniation with NH4C|INa[BH30N] (in excess)

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

Analysis
20  Qualitative: Ninhydrin reaction (Kaiser—test)

Quantitative: with 2,4,8-trinitrobenzole sulphonié acid (TNBS) in comparison with
an amino dextrane.

25 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.



Synthesis A cysteine containing peptide was used which had either a free
(Pep-1A) or a biotinytated (Pep-1S) Nterm A 4:1 m xture of Pep-1A/ B was
converted over night in excess (approx. 6 equivalents with Mal PA-HES in
phosphat e-buffer, 50 mM 20 pH 6.5/ DVF 80: 20; working up occurred with
ultra filtration and freeze-drying.. Analysis The UV-absorption was
determ ned at 280 nm and the renai ning content of nmaleimde groups was
determ ned with GSH DNTB. 25 The peptide yield was al nost quantitative.
Nearly no free mal ei m de groups were d_eéggt able. -49- VIII. Antibody-cross
reactivity assay As described In the introduction of this application,
patients sonetinmes develop antibodies against rhuEPO This leads to the
severe consequences described in s the introduction. In order to further
expl ore the properties of the peptides according to the invention it was
anal ysed whet her the peptides in fact cross-react with anti-EPO anti bodi es.
to Rabbit and human sera containing anti-EPO anti bodi es were used for
testing. ThesSSyntikeesisweofe mrateiniidepespionylkaning-hidicR@ethrylsétaech ol (FMalMma- EPO
mnetic peptﬂﬁi: Ac- C- GGTYSCHFGKLT- 1 nal - VCKKQRG GGTYSCHFGKLT- 1

nal - VCKKQRG st peptide 1) 15 Ac- GGTYSCHFCGKLT-1 nal - VCKKQRG Am (t est
peptide 2) Ac = acetylated NNtermnus Am= amdated Ctermnus Inal =

1- napht hyl al aMn§2esi® Di fferent concentrations of erythropoietin and EPO

m netic pepti | i 0. | VSIS e
sera :NI tE\ Ito h?d'f\ é?ﬁﬁ@ﬁg@?ﬁg@m?@ﬁ}g@é?ﬁ%ﬁ%bﬁgﬁ@%#@ 1‘@%@%@%& alrjl%irdb%i es
present i 't REcessy &10-faid &S anMeploaphata byffas trH 7,220 cac DM gvaramiaht)ed
eryt hropoi et ivdrkingipaid bllﬂ@(ﬁlt?étidn% fréd¥@-drginghe sera after the

Analysis .

The reaction of the amino group was verified with ninhydrin and TNBS.

The number of introduced maleimide groups is demonstrated by reaction of
10 gluthation (GSH) and the -detection of excessive thiol groups with Ellmans

reagent (DNTB) and via 700 MHz-"H-NMR-spectroscopy

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).

15 Peptide-hydroxyethyistarch-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-lIA/B was converted over night

in excess {(approx. 6 equivalents with MalPA-HES in phosphate-buffer, 50 mM,
20 pH 6.5/DMF 80:20; working up occurred with ultra filtration and freeze-drying..

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

25 The peptide yield was almost quantitative. Nearly no free maleimide groups were
detectable.



pre-adsorption step are bound by the erythropoietin and again
i munopr eci pated. 25 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 anti body containing sera using
ei ther EPO or EPO m netic peptides according to the invention are 30
disclosed in Fig. 22. Wien the sera were pre-treated with EPO m netic
peptides, the sera were afterwards tested positive when contacted with
radi oactively | abelled -50- erythropoiet'@. Thus anti - EPO anti bodi es were
detected in the sera notwithstanding thé”pre-treatnent. This neans that
the EPO m netic peptides were not able to bind to the anti-EPO anti bodi es
during pre-treatnent. In the absence of a binding activity, the anti-EPO
anti bodies were not elimnated fromthe sera together wwth 5 the EPO
m nmetic peptides and thus remained in the sera. The anti-EPO anti bodi es
were not able to recognize and thus bind to the EPO nminetic peptides.
Reconbi nant NileintiBsdyciosEPectivity assagd as a control . VWen the sera were
pre-treated with erythropoietin, pretty nuch no anti bodi es were detectable
in the io subsequent assay incorporating radioactively |abelled
eryt hr opoi et iA% desssibed e theaintioguetiossofvibiseapplicationy pabents sometiplasndaveiopd by
the pre-treatiididd bhain& huEPEDThe leBds ThedEVRId EShsaBLHES dLRRHKEEH 1 N
Fig. 22 repr sen% éhe_@&pnlof the total counts is used in the.IP. A serum
i s assesséd 3% pHEAYGIPR- when the 9%epmvalue is > 0.9. 100% cpm represents
t he ambunt of the overall used counts (the radioactive tracer), presently
t he radi oacti I . 84y, rat t . i metic
pept | des.acor Gidéy \E RRURECR inf sfort R 1RTBHIGE Bl hie preriaR
cross- r eact i Wiwas anglysediwietieriie perides i fagherosseachviteantt EpSarntibedies.
descri bed herein should thus depict a therapeutic effect even in patients
who devel gpe i bodi es agai nst . huEPO . E her.nore, it is ect ed t hat
At bod 68 agbHt STEPB RRREE Bl Sntias AABRIES Mere,dpef DR Grnen. ' The
These sera were pre-treated either with EPO or the following EPO -mimetic
peptides:

Ac-C-GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal-VCKKQRG-Am(test peptide 1)
15  Ac-GGTYSCHFGKLT-1nal-VCKKQRG-Am (test peptide 2)

Ac = acetylated N-terminus

Am = amidated C-terminus

1nal = 1-naphthylalanine

20 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
adsorb 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.

25 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-EPQO antibody containing
sera using either EPO or EPO mimetic peptides according to the invention are
30 disclosed in Fig. 22.

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



EPO. mnetic peptides according to this invention are thus preferably al so
25 characterised in that they show no significant cross-reactivity with
anti-EPO antibodies. -51- References: Wighton NC, Bal asubramani an P,

Bar bone FP, Kashyap AK, Farrell FX, Jolliffe L, Barrett RW Dower W
(1997) Increased potency of an erythropoietin peptide mnmetic through
coval end dinerization. Nature Biotechnology 15:1261-1265 s Wi ghton NC,
Farrell FX, Chang R, Kashyap AK, Barbone FP, Mil cahy LS, Johnson DL,
Barrett RW Jolliffe LK, Dower W (1996) Small Peptides as Potent M metics
of the Protein Hornmone Erythropoietin. SSCI ence 273:458-463 Johnson, D. L.,
F. X. Farrell, et al. (1997). "Anmino-termnal dimerization of an
erythropoietin mnmetic peptide results in increased erythropotietic
activity." Zo Chem stry and Biology 4. 939-950. Haag R Sunder A, Stunb6
JF, J. Am Chem Soc. (2000), 122, 2954. Roberts, M J., M D. Bentley, et
al. (200.2). "Chemstry for peptide and protein PEGylation " Advanced Drug
Del i very Revestirogdidin. TAbS aA-EP(Rantihadids Tere detediedinthe sarewaiwithdiandicg

Smi el |, Davi g Pous eTy1yel - Q@{&i i £al al |

and Mari an Keelpg%/\?{e{f‘géérgg@étl_ongo _téhnﬁl’??ygﬁlﬁggp |'es|%r§%t° F%@g?igﬁgn

human - ser um EnteppalFEQ apibedies dubng dueqtieatraint: He theyebsernsl of er biading

317 Do oot 8 arin a0 Kaifboctes Went bt LENAIER (et (i SBE t0gBet Moo

; - : [ S, .Qazen. er , .ah N o 19¢€

) Now dot a5 haDeEPS Finistic teaHies i (Foed 3hg Sear b S EPo AtorESy b o

| i popol ymer swergeyiabi torrgcognielaral thpdhbisip hothed RO nimetiy beptides.

phosphat i dyl et hanol am ne, Bi oconjug. Chem 10: 703- 707. Zhao, X et al

(1997), "Novel Degradable P%!?y(eth | ene glycol) esters for drug delivery.™

I n " Pol y( et hifeeqmebigagidyiman &R ghrPQhwabiused gs carorifabl Woan tnseramgei s — 25

JM  Zal i psky preSredtstf withbrrthfoptiaini BrtSehuEs nd FAtibATBS Wvend defeefbrain theci et y:
10 subsequent assay incorporating radioactively labelled erythropoietin since the

antibodies were already bound and eliminated by the pre-treatment with

erythropoietin.

‘The numerical values depicted in Fig. 22 represent the %cpm of the total counts

15 used in the IP. A serum is assessed as positive when the %cpm value is > 0.9,
100% cpm represents the amount of the overall used counts (the radioactive
tracer), presently the radieactively labelled EPO.

The assay demonstrates that the EPO mimetic peptides according to the invention

20 depict advantageously no cross-reactivity to anti-EPC antibodies. The EPO

mimetic peptides described herein should thus depict a therapeutic effect even in

patients who developed antibodies against rhuEPQO. Furthermors, 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

25 characterised in' that they show no sighiﬁcant cross-reactivity with anti-EPO
antibodies. .



Washi ngton DC, 1997; 458-472. - 52 - CLAIMS: 1 A peptide of at |least 10

am no acids in length, capable of binding to the EPO receptor, conprising
an agoni st activity, characterised in that said EPO m netic peptide does
not conprise proline in the position referred to as position 10 of EPO

m netic peptides, but a positively charged am no acid. 2. The peptide
according to claiml, characterised in that said EPO m netic peptide
carries an amno acid notif characteristic for a folding structure
(beta-turn notif), wherein said peptide_ ?Qes not conprise a proline in the
beta-turn notif at position 10 but a pos? I vely charged am no acid,
preferably K 3. The peptide according to claim1l, characterised in that
position 9 and 10 are occupied by 5- am nolevulinic acid (5-Al's) HZNCOOH O
5-Als 4. The peptide according to one of the clains 1 to 3, characterised
in that said peptide carries a positively charged amno acid, preferably K
or Har, in position 17. 5. A peptide being capable of binding the EPO
recept or conpRefsremgeshe fol |l ow ng sequence of am no acids: X6X7X8X9X10X11
X12X13X14X15 | Qe ' il d t | -\or tural
am no acids a%&{t%ﬂcg%‘éﬁ]asﬁg}é%ﬂar@&é% %%[béﬁ%thggatﬁ{?ﬁ%@g%#%ﬂoﬁ)ehjgmnﬁé;ESt ei ne
(hoc); X7 is Barel RWinPawesWkE19%7)Npcreased palteney &f | amenitiyopeiain peptide

nor i sol euci nemimeX@ thréudh SbvaterfkPdaRYRiohVRat*CBRRAANEIbg{H 5:X26111968 non
conservative exchange of proline; or X9 and X10 are substituted-by a single

amno aci ¢ LS RE! BEhER FX OBhaRY RkE9AS' Ak, Barbone FP, Mulcahy LS,
Johnson DL, Barrett RW, Jolliffe LK, Dower WJ (1996} Small Peptides as Potent
Mimetics of the Protein Hormone Erythropoietin. Science 273:458-463

Johnson, D. L., F. X. Farrell, et al. (1997). "Amino-terminal dimerization of an
erythropoietin mimetic peptide results in increased erythropotietic activity.”
10 Chemistry and Biology 4: 939-950: '

Haag R, Sunder A, Stumbé JF, J. Am. Chem. Soc. (2000), 122, 2954.

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,
15 Mohamed Daha, Nicole Casadevall and Marian Kelley: The detection of anti-
erythropoietin antibodies in human serum and piasma - 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
20 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

25 JM, Zalipsky, S. Eds.; ACS Symposium Series 680; American Chemical Society:
Washington DC, 1997, 458-472.



- b3 - Xl2is Tor A X13is W 1-nal, 2-nal, Aor F;, Xl4is D, E I, LorV;
X15 is C A K, a-am no-y-bronobutyric acid or honocystei ne (hoc) provided
that either X6 or X15 is C or hoc. 6. The peptide according to claimb5,
characterised by the foll owi ng sequence of am no acids: X6X7X8X9X
10X11X12X13X14X15 wherein each amno acid is indicated by standard letter
abbreviation and X6 is C X7 is R Hsdl or W X8is M For I; X9is Gor
a conservative exchange of G X10 is a non conservative exchange of
proline; X11 is independently selected fromany amno acid; X12 is T; X13
is W X14 is D, E I, Lor V, Xi15 iSL&IM5: pherein X9 and X16 are
substituted by a single amno acid or wherein said peptide is characterised

by th f || xX8X X11X12 [

& it RACH e B R S 2RRE n <l Bheile SR PN G dRoePlorg
is Gor a c@msrmngaan mowbhawgﬁ ahfaragterixgd in $hah sagnEEG®Ematiat peptidexoemngte of
proline; Xlimpfse AIRRERARE bh¥iticE & étol 40M8sHIN R EPE Hhithetic paftides, but a

positively charged amino 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-
aminoclevulinic acid {5-Als}

COCH
HZN/Y\/

0
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 being capable of binding the EPQO receptor comprising the following sequence of
amino acids:

KeX7XeXoX10X11X12X13X14X 15
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};
X;isR, H, L WorYorS;

Xg is M, F, |, homoserinmethylether or noriscleucine;

Xgis G or a conservative exchange of G;

Xio is a non conservative exchange of proline;

or Xg and X, are substituted by a single amino acid;

Xq1 is selected from any amino acid;



X12 is T; X13is W X14 is D, E, I, L or V, 1-nal (1-naphthylalanine) or
2-nal (2-naphtylalanine); X15is C 7. The peptide according to one of the
claim5 or 6, characterised in that X10 is an anmino acid wth a positively
charged side chain, preferably R, K or a respective non-natural am no acid
preferably Har, or X9 and X10 are substituted by a single am no acid,
preferably by 5- amnolevulinic acid- (A s) or amnovaleric acid. 8. The
peptide according to one of the preceding clains conprising the follow ng
amno acid_ seguence y y y y X4X5X6X7X8X9X 10X 71 X 12X 13X 14X15 wherein
X6 to X15 KaveTioh8: above meaning and wherein X4 is Y; X5 is independently
sel ect ed fp(pjmgmy,@mznmla:p@rd: preferably A H K L M 'S Tor . 9. The
pepti de acgor.dj t aim8, conprising the follow ng am no acid sequence:
X3X 4X5X6X 14)&%L?9g< 1g52r 1 X 12 X 13X 14X 15X 16X 17 X 16 wherein X4 to X15
have the al@veCmRaKcgmmod-trbmbeitpricdkid or hondepstaideidcy sel ected from any
am no acid T or V;, X16 is independently

sel ect ed fpr&fdgéﬁ{ag%hﬁneélg Oﬁé”lrs cd Q?%bl y K, L, Q R Sor T, X17 is

i ndependently sel ected fromany am no aci d preferably AA G P, R K Y or
a non- enat yhabesmkneeding ki & Rasirivel %tﬁa?aueﬁ SeflGeria am.n%ra%fder abl'y
honoar gi ni ne; X16 is 1 ndéepend ent y sel ect from an am no acid. 10.

pepti de according to one of the preceding clains, wherein X6 is C E, A or
hoc, preferably C and/or X7 ixxBsXsX.k, )015)(,\9(@)@4;/ or X6 is F or Mand/or X9
is Gor A .preferably G and/or X10 is Kor Har and/or X11is V, L, I, M
E, AL T or norisoleucine and/or X12 is T and/or X13 is Wand/ or X14 is D
or V and/ owheteh each@nomo hoid is indiefted lypstgndardlettéoabbreviation aRd Y, A or K or

Har. - 55 11. The peptide according to claiml1l or 5 conprising an am no
acid sequence that is selected

Xsis C;

X7isR,H, Lorw,;

XgisM, Forl,

Xg is G or a conservative exchange of G;

X140 is @ non conservative exchange of proline;

X1 is independently selected from any amino acid;
Xi2is T,

Xi3is W,

XuaisD, E I, LorV:

Xi5is C;

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

or wherein said peptide is characterised by the following amino acid sequence:

XeX7XaXeX 10X11X12X13%X14X15

Xsis C;

X;is R, H, LorW;

Xg is M,F, I, or hsm (homoserine methylether);

Xg is G or a conservative exchange of G;

X10 is @ non conservative exchange of proline;

Xy is independently selected from any amino acid;



fromthe group consisting of: SEQ ID NO 2: GGIYSCHFGKLTWCKKQGG SEQ I D NO
4: GGTYSCHFGKLTW/CKPQGG SEQ I D NO 7: GGTYSCHF- (Al s) - LTWCKPQGG SEQ | D NO
8: GGTYSCHF- (Al s) - LTWCKKQGG with 5-ami nolevulinic acid (Als): HZN N ' COON
0 5-Als 12. A peptide according to at |east one of the clains 1 to 11,
wherein said peptide conprises an am no acid sequence selected fromthe
group consi sting of: GGIYSCHFGRLTW/CKRQGG GGT'YSCHFGRL TW/CKKQGG
GGTYSCHFCKLT- 1 nal - VCKKQRG  GGTYSCHFGKL TW/CKKQGG GGTYSCHFGKL TW/CKKQGG
GGTYSCHFCGKLT- 1 nal - VCKKQRG GGTYSCH FGKLT-1 nal - VCKKQRG

CGGTYSCHFGKL TW/CKKQGG GGTYSCHFCKLTW/CKKQGG  CGGTYSCHFGKLT- 1

nal - VCKKORS,; B&STYSCHFGKLT- 1 nal - VCKKQRG  GGTYSCSFGKL TW/CK- Har - QGG

GGTYSCHFG Rar_- TW/CK- Har - QGG GGTYSCHMGKLTXVCKKQGG  GGTYTCHFGKLTXVCKKLGG
GGELYSCHFCK KQGG GALYSCHMEKLTW/CRKQGG GALYSCHFGKLTXVCQKQGG

GGT Y SCHFGKXTMYOQEQRG or GETXSHREK i SHIDRER -n SR MASHASKhASPOOKQGG
GGTYTCHFGKL TUYEKKQGG  GGTYSCHRGKLTUVCKKLGG

7.  The peptide according to one of the claim 5 or 6, characterised in that Xy, 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 X, are substituted by a single amino acid, preferably by 5-
aminolevulinic acid (Als) or aminovaleric acid.

8. The peptide according to one of the preceding claims comprising the following amino acid
sequence

XaXsXeX7XXaX10X11X12X13X14X 15

wherein Xgto Xi5s have the above meaning and wherein
Xais Y;
Xs is independently selected from any amino acid, preferably A, H, K, L, M, S, Tor |

9.  The peptide according to claim 8, comprising the fellowing amino acid sequence:

XX aXsXeX7XaXoX 10X 11X 12X13X 12X 15X 16X 17X 18

wherein X410 X5 have the above meaning and wherein

X, is independently selected from any amino acid, preferably D, E, L, N, S, Tor V;

X6 is independently selected from any amino acid, preferably G, K, L, Q, R, Sor T,

Xi7 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;

X,4 is independently selected from any amino acid.

10. The peptide according to one of the preceding claims, wherein Xg is C, E, A or hoc,
preferably C andfor X7 is R, S, H or Y and/or X3 is F or M and/or Xgis G or A, preferably G
and/for X4 is K or Har andfor X4, is V, L, I, M, E, A, T or norisoleucine and/or X,z is T and/or
X3 is W and/or X4 is D or V and/or Xysis C or hoc, preferably C and/or X7 is P, Y, AorKor
Har.



GGTYSCHFGKI TXVCKKQGG  GGLYSCHFGKLTUVCKKLGG  GGLYACHFGKLTUVCKKQGG  GGLYSCH
MGKLTW LCKKLGG GGTYSCRFGKLTW/CKKQGG GGTYTCHFGKI TUVCKKQGG - 56 -
GGLYSCHFGKL TXVCKKQGG GGL YACHFGKLTULCKKQGG  GGL YSCHFGKL TW/CKKQRG
GGTYTCHFGKI TXVCKKQGG  GGTYTCHMEKL TWCKKQRG  GGL YSCHFGKL TXVCKKQRG
GGTYTCHFGKLTXVCKKQGG  GGLYSCHFGKI TUVCKKQGG  GGL YSCHFGKL TXVCRKQGG
GGTYACHFGKLTXVCKKLGG  GGLYACHFGKLTXVCRIEQGG  GGTYACHFGKL TXVCKKQGG
GGLYSCHMEKLTXVCRKQGG  GGLYSCHFGKLTUVCKKQRG  GGLYSCHMEKL TXVCKKQGG
GGTYTCHMGKL TXVOKKQGG  GGLYSCHFGKLTXVCRKQRG  GGTYSCHFGKL TXVCKKQGG
GGTYSCHEGKIMMweniderecording Yaelpirck PTG ORRRG ar@mseﬂpt@mame@melected
GGTYTCHFKE bR consisting of:

SEQIDNO 2; GGTYSCHFGKLTWVCKKQGG
SEQIDNO 4: GGTYSCHFGKLTWVCKPQGG
SEQIDNO 7: GGTYSCHF-(Als)}-LTWVCKPQGG

SEQID NO 8: GGTYSCHF-(Als)-LTWVCKKQGG

COOH
H2N /ﬁ]/\/
]

5-Als
12. A peptide according to at least cne of the claims 1 to 11, wherein said peptide comprises an

with 5-aminolevulinic acid (Als):

amino acid sequence selected from the group consisting of:

GGTYSCHFGRLTWVCKPQGG

GGTYSCHFGRLTWVCKKQGG

GGTYSCHFGKLT-1nal-VCKKQRG

GGTYSCHFGKLTWVCKKQGG-GGTYSCHFGKLTWVCKKQGG

GGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal-VCKKQRG
CGGTYSCHFGKLTWVCKKQGG-GGTYSCHFGKLTWVCKKQGG
CGGTYSCHFGKLT-1nal-VCKKQRG-GGTYSCHFGKLT-1nal-VCKKQRG
GGTYSCSFGKLTWVCK-Har-QGG
GGTYSCHFG-Har-LTWVCK-Har-QGG

GGTYSCHMGKLTXVCKKQGG

GGTYTCHFGKLTXVCKKLGG

GGLYSCHFGKITXVCKKQGG

GGLYSCHMGKLTWVCRKQGG

GGLYSCHFGKLTXVCQKQGG

GGTYSCHFGKLTWVCQKQRG

GGTYSCHFGKLTXVCKKQRG

GGLYACHFGKLTWDCQKQGG

GGTYTCHFGKLTUVCKKQGG

GGTYSCHFGKLTUVCKKLGG

GGTYSCHFGKITXVCKKQGG

GGLYSCHFGKLTUVCKKLGG

GGLYACHFGKLTUVCKKQGG

GGLYSCHMGKLTWLCKKLGG

GGTYSCRFGKLTWVCKKQGG

GGTYTCHFGKITUVCKKQGG



wherein X is 1-naphthyl alanine and U is 2-naphtylal anine. 13. A peptide
according to at | east one of the above clains 1 to 12, characterised in
that said peptide is nodified by a conservative exchange of single am no
acids, wherein, preferably, not nore than 1, 2 or 3 anmino acids are
exchanged. 14. A peptide according to one of the clains 1 to 13,
characterized in that said peptide does not cross-react with anti-EPO
anti bodi es. 15. A peptide according to at | east one of the clains 1 to 14,

wher ei n saigh BRIHHASKISVERKAE8d, wherein said nodification is preferably
sel ected figupvAtFEIQURILCNRRIGSETI ng of N-terminal and/or C-term nal

acetyl at i o ARCHrTBKIOWeOKKareon (AmM, intranol ecul ar cyclisation

pr ef er abl y adeyTgHRGKaMRVERKO®G di sul fi de bridges and/ or phosphoryl ation,
wherei n a @EBMYTICHMEROTWICKROQRG term nal glycine as N-nethylglycine (ne@Q
and the N GBUMSCHFGHRLYTIMOKKERG- acetyl gl ycine (AcG is especially
preferred @&RINOICHAGKITXNVCIQGPeptide is attached to a polyneric noiety,
wherein s&GLMBIRRAGKITEVEKERG®bl y sel ected fromthe group consisting of
pol yet hyl eGSIHASHHIGKIIXMGRKQGEd starches. - 57 16. A peptide according
to at |eas® neQCd‘IFQKEW&&g claims, wherein said peptide forms either
a rmononer SGYMEHRGKIFNMGRIERGS! t he above defined peptide sequences. 17. A
pepti de acEHFIAMITRKITPHGKN@GGwherein said dimers or nultiners are either

homo- or K K@BShched or unbranched structure and wher ein
sai d nono le re linked to each other N-termnus to
N-t er m nus - - m nus or N-termnus to Ctermnus. 18. A
pepti de ac Lq} K claims 15 or 17, wherein said peptide
conpri ses &d+ IEG N er unit. 19. A synthetic peptide with a
d €
Ry

conti nuous eRk REBRGSI Ng at least two domains with a binding
capacity t%c,anr ekRhResai d domai ns conprise an am no acid sequence

as definegd vsdHdm wveokérand 55. 20. A synthetic peptide according to

claim 19 cegmmaHGRmO\eRHoj®o het erogeneous binding donmains. 21. A
synthetic peptide according to clainms 19 or 20, conprising a |inking noiety

(l'inker) ofwvheasiniX @ 1-naphthylalanine and U is 2-naphtylalanine.

13. A peptide according to at least one of the above claims 1 to 12, characterised in that said
peptide is modified by a conservative exchange of single amino acids, wherein, preferably,
not more than 1, 2 or 3 amino acids are exchanged.

14. A peptide according to one of the claims 1 to 13, characterized in that said peptide does not
cross-react with anti-EPO antibodies.

15. A peptide according to at least one of the claims 1 to 14, wherein said peptide is modified,
wherein said modification is preferably selected from the group consisting of N-terminal andfor
C-terminal acetylation (Ac) and/or amidation (Am), intramolecular cyclisation preferably via
intramolecular disulfide bridges and/or phosphorylation, wherein a modification of the C-
terminal glycine as N-methylglycine (meG) and the N-terminal glycine as N-acetylglycine (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.



or unnatural am no acid residues. 22. A synthetic peptide according to one
of the clains 19 to 21, wherein the linking noiety conprises 3to 5

gl ycine and/ or al ani ne resi dues or derivates thereof. 23. A synthetic

pepti de according to one of the clains 19 to 22, wherein said |inker is
provided by amno acids that formpart of the binding domain. 24. A
synthetic peptide according to claiml9; wherein said peptide conprises a
pepti de sequence selected from GGTI'YSCHFGKL TWCKKQGG GGTYSCHFGKL TWCKKQGG
GGTYSCHEGKLT- 1 nal -VCI_(K??G GGTYSCHFGKLT- 1 nal - VCKKQRG or one of the peptide
sequencés dspapide arearding te phiead one pbthe precogies dpimsswhereip spidingatidefemsrrithena
carries an nfhdibet, amedr orMUMige6f tRe ative befiralpkpRiReechidridest reactive side chain
such as cysteine at the N-term nus and wherein said peptide optionally
conpris n_intranmolecul ar disylfide bridge between.the first and second
ond)or i AIPEe FEEPERAC P eRih S TR SRS 1 MHUBRBcPVaeE BOBRE
58 - 25. Ahpepinae withne branchedubt umteanchedrstruciura ganat whezeis tsaidamosorhericsteptide
pept i de . Ay SEeRbaRE B @ RPtefinmB EAREARhYS, B-:iDISING TRIERYS &N B
connecti ng sal TSt and second pept 1 de, erein at 1east one of  sal

pepti des cdrpriergdyisa peptide unit conprising an amino acid sequence as
defined in one of the clains 1 to 14, 24 or 55. 26. A peptide diner or

nul ti meyg, a@cpé;sﬁu@gc&d?diﬁ%@d Bhel of thahddis N5tdna 7 Cahareiml SHitP p&itids *bhpfidesd linker
peptide is coval entl ound to the N-term nus of said second peptide or
the Cter maH@Qriﬂa%ra‘i%' peptide is covalently bound to the Cterm nus of
sai d second peptide or the N-term nus of said first peptide is covalently
bound t1®. t esyNiHetic peplide with s @botinsewsopeptije phaid eom@isingAaiplepdtitde ddmaias voth a

mul timer a i . | Aj , i id. i . GO, i

sequence o?b %(r%gﬁ'guérggfl&gnt g/agté%\%tﬁr- ﬁé?%ﬁa?a@%ﬁéﬂ%%&sepﬁg é'rng)bﬁy % %P%e?s

al ani ne or dgtngdvmelaigns ttadd@od 55.28. A peptide dinmer or nmultiner according to
claims 25 to claim 27, wherein said |inker/spacer unit

20. A synthetic peptide according to claim 19 comprising at least two heterogeneous binding
domains.

21. A synthetic peptide according to claims 19 or 20, comprising a linking moiety (linker) of natural
or unnatural amino acid residues.

22. A synthetic peptide according to one of the claims 19 to 21, wherein the linking moiety
comprises 3 to 5 glycine and/or alanine residues or derivates thereof.

23. A synthetic peptide according to one of the claims 19 to 22, wherein said linker is provided by
amino acids that form part of the binding domain.

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,



contains a di ketopi perazine unit. 29. A peptide dinmer or multinmer according
to claim 26, whereby said |inker is a bivalent diacyl building block,
preferably a diacyl building block derived froman aliphatic dicarboxylic
acid. 30. A peptide dinmer or multinmer according to claim 25, wherein an

am no acid side chain of said first peptide is covalently bound to an

am no acid side chain of said second- pgptide. 31. A peptide according to
any of the preceding clains 1 to 30 further conprising a water sol uble
polyrrer coval entl bound to said peptide, preferably the water sol uble

pol ymer2SbeArR§ %@F%mtﬂtﬂﬁ%cpﬁ‘énsg‘?%ﬂﬂﬁaébnm sting of polyethylene glycol,
dextrans or starches 32. The peptide according to claim 31, wherein sai d
wat er 0l ublfiest peptidey is PEG preferably with a nol ecul ar wei ght of at

| east 10 kD, nost preferably between 20 and 60 KD. 33. A conpound bi ndi ng
to target g’g g&ldl% t:dea%’&rp”s' ng (i) at least two peptide units wherein each
peptide unit CO ses at |east two domains with a binding capacity to a
target and wher ei n sai d bi nding donmai ns conprise an amno acid sequence -
59 - a$ depreferably alinliig oaietydinken eonsegtingssai fry and segong Beptidei i ) at | east one
polymeric carrier unit; wherein said peptide units are attached to said

pol yneri c GAbfeirtht !éasttone36f sald) PeSRIEH VARPrgsCH pdbitd it 6drAdrRind3an WRRL A
said carrier unit nglof%es at east natural or synthetic

branched, &EME FE 1”‘% %"Pe‘i’ i” 8I°ﬂ?|‘%5r onid: ?‘gorpﬁsef erably selected fromthe

group consi sting of polyglycerins, polysialine acid, dextrans, starches or
pol yet 28l erepepligecdimeoor mbitimen adchelingtio olaing 28, atteyein therG-tevaines OSSﬂidJﬁTbt&)eptlde

ol yIer s Roor B SRIREW A ACRRN LG, St &Rl Melafly A8 NGRS & S0 oo

carrier unit co SES accor

cl ai m 35, wmqveienﬂssmnmdtiﬂah@ ﬁ?rtn@nmﬂ of Ws@@e@tldﬁd@rtm Nefermipies 9fg$ay1:‘énsb|

37. The coppRi4ass @vaRhEl frkind B thé Nh@ﬁrﬁr‘ius@?@al@geéoh&pQ;Bt%Qed' ng claims 33 to
36, vvherel n said carrier nolecule has a nol ecul ar wei ght of at |east 5 kD,

refer y from20 to 200 or 4000 to 80 k case small er
(F:)ar rie é\cp]ep(gge ﬁgp%;eqrhrwi TRer E]‘FCQEJd(ﬂg 10, aalﬁisé% wherem sal% IIqu(er cgmpr?ses a
sequence of natural and/or non-natural amino acids, preferably glycine, alanine or derivates
thereof.

28. A peptide dimer or multimer according to claims 25 to claim 27, wherein said linker/spacer unit
contains a diketopiperazine unit.

29. A peptide dimer or multimer 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 aming 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 scluble polymer being selected
from the group consisting of polyethylene 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

(i) atleast two peptide units wherein each peptide unit comprises at least two domains with
a binding capacity to a target and wherein said binding domains comprise an amino acid
sequence



38. The conpound according to at | east one of the preceding clains 33 to
37, wherein said carrier unit conprises at |east two polyneric subunits,
wherein said polyneric subunits are connected to each other via at | east
one bi odegradabl e coval ent |inker structure. 39. The conmpound according to
at | east one of the preceding clains 33 to 38, conprising a first

bi odegradabl e carrier unit wherein pepjd de units and second pol yneric
carrier units are attached to said first polynmeric carrier unit. 40. The
conpound according to claim39, wherein said second carrier unit has a

| ower ol e@&Fafined janytaneofithe clainsi! fo 14ar 58arri er unit and wherein
approximately 20 to 50% of the attachnment sites of said first carrier
unit, whichj |§t|@§§5@ép@§,mgr@dgméfgmyal kyl starch such as HES, are occupied
with said second carri er unlts whi ch are preferably pol yethylene glycol of
a nol ecul ar weu t ab e conmpound. according to at | east
one of theWSSFS qpep 'ﬁts aBe %%:%%t&sgldﬁogmﬁg%% Eéd'n'tpol ymeric carrier
unit is used. 42. The conmpound according to claim4l, wherein said peptide
unit i Sdat Thelsedpound accowingl terdair G3d whereinssaidicaroeryunitris or campiises atfeast emad
att achiment oGRS syiioud bR, (R RS GolyaF ahly ﬁse eP%JIy seléifhd

group and/ or the erm nal carb %/( ic acid sal d € units, ere| n
said reacBl98 caRsiHipg &&P@lvglgceﬁ%ﬂne %IB'I”Q agig) é@ﬁréas f%?hqswé P@'ﬁ/@}bﬁe%ﬁlﬁo&?ﬁ ng

of lysine, frensdiiair BRIo glchlﬁhérd\lvél@ssowbﬂh pYlyddars.aspartic acid, glutanmc acid,
serine, threonine and tyrosine and wherein in case the poI ymer does not

oea 1 07 At PyTRb B BRG e e St AP ot i P Pl PRGEne

subst ance ust.prefer abI y selected fromthe group consisting of acylating
groups which react wwth the am no groups of the peptide unit, alkylating

groups agwhirgd &ﬁ?ﬁﬁnd%éé&ro?]‘rﬂ ey 1as( %&@W%Qé brﬁsr#&h@gemyéo rﬂwgé@e@r or

ami no groups on the pepti unit, nost preferab el ni de gro ester
and am de POYHIEE-gr oups whi ch react with a car boxyl group of the peptide
unit, disulfide form ng groups which react with the sul fhydryl groups on

pept i des7uniThe carhisdundaickorfing b dthesbbse 6f2h@brbb@iﬁrw&ﬂsbeﬁ3 1) Beuﬁﬁar@.mdaid carrier

and ot ner _ TOBeUPiTE RO RSO e Pt RoB Nyt AL L b

t he pepti déom20tio 8@kRirocage omplisr caiersisucteascolysthylene 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 biodegradable 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 attached
to said first polymeric carrier unit.

40. The compound according to claim 39, wherein said second carrier unit has a lower molecular
weight than said first carrier unit and wherein approximately 20 to 50% of the attachment sites
of said first carrier unit, which is preferably a hydroxyalkylstarch such as HES, are occupied with
said second carrier units which are preferably polyethylene glycol of a molecular weight about 3
to 10kD.

41. The compound according to at least one of the above claims 33 to 40, wherein a modified
polymeric carrier unit is used.

42. The cempound according to claim 41, wherein said peptide unit is attached via a covalent bond
to said polymeric carrier unit and attachment occurs via a reactive amino acid, the N-terminal



phenol i c groups on the peptide; reactive groups fromreaction of cyanogens
brom de with the polyner, which react wwth am no groups on the peptide
unit. 43. The conpound according to claim42, wherein said reactive am no
acid is cysteine and wherein the coupling group is naleimde. 44. The
conpound according to at |east one of the preceding clains 33 to 43,
wherein said binding domains of saidggeptide units are internally
connected via a |inker structure 45. The conpound according to claim 44,
wherein the |inker is continuous peptide linker. 46. Use of a peptide

and/ or conﬁ'Blﬁ‘ﬁdQ'QEE@r”H g‘h?océqrml"@éﬁrbﬁ\él'co?c'q 19 seidPRRtide P@*S43V'I§fe"5§afdor

t he prepar giacove ghina ﬁmrmw&bIQQele@W@cﬁh tth@@rou‘ﬁcor@i‘sﬁn@bf Eﬁysﬂféptcyd&n?
or 55 for

and/ or u accor 0_at as

the or epar Hetae. SO, Palc aflti L GRRe MBb s e oG 418 HPH0E AR on o
treatnment of a disorder that is characterized by a deficiency of

er yt hr opoi @hereinoin casedhe pelyoef does wet pasdeds awdpprebtiate peaailvatcoomlingrgrowp, a

treatabl e g%( &éﬁ@s%‘@r{&b rg%lfgﬂngd‘l ﬁp;{,ﬁ){ %,%td? 'eqraqltespem ally for the

treatment o type of anem a or “str pepti de and/ or conpound

accordi ng to at. | east one of the clains 1 to 45 or 55 for use in the
treat ment OfNAEIR St FeHPIAatubsiane df arelErabhiegelBgted iR i 1oe egieyp gpnsisting of

eryt hropoi e&ymungrgraudsowhsem reéBt?fvﬁ’tﬁtthé’%nTrﬁﬂglbh af aRl pe dpme@tunat ah[WlatQ\@ graups

treatable b ni ion 0 etln an es
oot mont Bfichigad i Uil O Bbof aetHE et 8 Sring BERsGn Prslhidst | de
and/ or corrpoitmnbsaprﬂﬁerdblmgnalemMe dregss, esteeand amtle foindngrgrolps evhith react ®&h a n

{he. menuf AGANEE Slou (TR BEER"uliObishi iRk Tialoslnty SLRPLARIS linddt

characterize ficiency o n-or | ow or
bl ood cel | 9pwB8 |0atnemrndeo\dmf GHch ﬁ’éétf‘rrémlotw (2 pilfebengaAsle) grouas o aliylmercaptan

eryt hropoi @quBs %r&ﬁﬂ??ﬂo@bé YubPhs E'{lﬂ’oﬁe&%%rﬁro&ﬂs éﬁ(’! otheP €, 20dik ARG rau sy

stroke. 50. SJtI n conpr according to
at | east oW@'CBf’e‘t“Hé""t%ctH%ﬁHﬁmi'“f’g'POA gjieg 0 ﬁl? %‘?nPgd%b‘f‘it o‘H%‘fq Vnﬁpﬁar‘l‘g\’%r@éﬁt"f'ﬁ‘gl

accept abl e pr@idiit gfroupddn ths geptidereeitive galps HOM 0Sadtic® Bf Gandgehs bgorhide aitatia 50,
for the preventlon I's characterized by a

defi ci ency Slf’mgf ﬂhhc Jﬁéﬁt@hﬁ”})no %{01‘%%6”}?‘1“988% Jgtqr\r}e red blood cell

popul ation or is treatable by the adm nistration of erythropoietin and
especi #3| y Thecompeund according to claim 42, wherein said reactive amino acid is cysteine and

wherein the coupling group is maleimide.

44, The compound according to at least one of the preceding claims 33 to 43, wherein said
binding domains of said peptide units are internally connected via a linker structure.

45, The compound according to claim 44, wherein the linker is a continuous peptide linker.

46. Use of a peptide and/or compound according to at least one of the claims 1 to 45 or 55 for
the preparation of a pharmaceutical composition.

47. Use of a peptide and/or compound according to at least one of the claims 1 to 45 or 55 for
the preparation of a pharmaceutical composition 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.

48. The peptide and/or compound according to at least one of the claims 1 to 45 or 55 for use in
the 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.



treatment of any type of anem a or stroke. 52. A nethod for producing a
compound according to at |least one of the claims 33 to 45, conprising (i)
generating at |east two peptide units wherein each peptide unit conprises
at least two domamins with a binding capacity to a receptor; (ii)
generating at |east one polyneric carrier unit; (iii) attaching said
peptide units to said polyneric carriegiunit. 53. The nmethod according to
cl aimb52, mherein said peptide units are synthesized as a continuous

pepti de cha| n. he met hod according to claim52 or 53, where
pol yrrer‘igc d&e rUF%Pf tﬂﬂlp?pﬁ'c? Sl camPeyndcsording tp ablepstsng of Kierflainp 1d? 6@6’ 55

t her eon whiigthel rﬁarﬁmhb%f afmdoRAaGTenN@r Wettfeatierd bhh dRbider memchaﬂactegfm N

t he peptlde ni t th n reactin e re cti ric rier
uni t "and OB B ARRRelt A oy Behitdke PO sAREtP I LT el bY
utilising tthesadrhersiremn ofrepytpropbietin bied gs]ieylaﬁyﬁoctrrearealtraentwhahy typ® of Anemigloei c
acid encodig ké‘ peptide according to any one of the clains 1 to 14 and 16.
56. A peptide, characterized in that it is an inverso and/or retro/inverso
pepti de_of the peptides according to at |east one of the clains 1 to 14 or
a respetli vePpRpECcEIdicab ARG EfRrsEOya sPMmpounsghpererding de at least one of the

claims 1 to 45 or 55 and optionally a pharmaceutical acceptable carrier.

51. A pharmaceutical composition according to claim 50, 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.

52. A method for producing a compound according to at least one of the claims 33 to 45,
comprising

(i) generating at least two peptide units wherein each peptide unit comprises at least two
domains with a binding capacity to a receptor;

(i) generating at least one polymeric carrier unit;
(iii) attaching said peptide units to said polymeric carrier unit.

53. The method according to claim 52, wherein said peptide units are synthesized as a
continuous peptide chain.

54. The method according to claim 52 or 53, 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.

55. A nucleic acid enceding a peptide according to any one of the claims 1 to 14 and 16.

56. A peptide, characterized in that it is an inverso and/or retrofinverso 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.



