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oxygén. These changes are initiated by the interaction of EPO with an

appropriate receptor on the W%hmcyte precursor cells
[ See, e.g., G aber.and Krant n ev. 9.51-66]. -1 WO
2004/101611 PCT/ US2004/ 014886 EPO i s present in very |ow concentrations in
pllasma when té}?ﬂnpo(ﬁg%tlﬁ ?Elidj ia Q@@Ap&&gm $ibMofe %FéSedano acids, with a molecular weight of

about 34 kilodaltons (kD) and preferred glycosylation sites. on amino-acid positions 24, 38, 83, and 126.

20 It is initially produced as a precursor protein with a signal peptide of 23 amino acids. EPO can occur in
three forms: o, B, and asialo. The o and B forms differ slightly in their carbohydrate components, but
have the same potency, biological activity, and molecular weight. The asialo form is an o or B form with
the terminal carbohydrate (sialic acid) removed. The DNA sequences encoding EPO have been reported
[U.S. Pat. No. 4,703,008 to Lin].

25 EPO stimulates mitotic division and differentiation of erythrocyte precursor cells, and thus
ensures the production of erythrocytes. It is produced in the kidney when hypoxic conditions prevail.
During EPO-induced differentiation of erythrocyte precursor cells, globin synthesis is induced; heme
complex synthesis is stimulated; and the number of ferritin receptors increaées. These changes allow the
cell to take on more iron and synthesize functional hemoglobin, which in mature erythrocytes binds

30  oxygen. Thus, erythrocytes and their hemoglobin play a key role in supplying the body with oxygen.
These changes are initiated by the interaction of EPO with an appropriate receptor on the cell surface of
the erythrocyte precursor cells [See, e.g., Graber and Krantz (1978) Ann. Rev. Med. 29.51-66].
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Punﬁed homogeneous EPO has been characterized [U.S. Pat. No. 4,677,195 to Hewick]. A

DNA sequence encoding EPO was purified, cloned, and expressed to produce recombinant polypeptides

with the same biochemical and immunological properties as natural EPO. A recombinant EPO molecule
with oligosaccharides identical to those on natural EPO has also been produced [See, Sasaki, ef al. (1987)
30  J. Biol. Chem. 262:12059-12076].

The biological effect of EPO appears to be mediated, in part, through interaction with a cell
membrane bound receptor. Initial studies, using immature erythroid cells isolated from mouse spleen,
suggested that the EPO-binding cell surface proteins comprise two polypeptides having approximate
molecular weights of 85,000 Daltons and 100,000 Daltons, respectively [Sawyer, et al. (1987) Proc. Nati.



-2 WD 2004/ 101611 PCTI US2004/ 014886 Acad. Sci. USA 84:3690-3694]. The nunber
of EPOG-binding sites was calculated to average from800 to 1000 per cell
surface. O these binding sites, approximately 300 bound EPO with a | (d of
appr oxi NWOAA/100611pM ( pi conol ar), while the renmai ni ng BEIAPARPEeh a
reduced affinity of approximtely 570 pM [ Sawyer, et at. (1987) J. Biol.

Chem 26al. 3&56US A 363590-7694]. Mienwpbendt EROMddydisg tgewheidulatdd t6-iferdge Iﬁeﬁamoosd ve
t hrobl asts red frommce i t ed h the_anem c str

|
D Lt e AR A R AR AL g Y s A e AR T
hi gh apel pMogiceimbiaf)i tvmldE&‘l@ rein#ifind Gosrdt EFO With  reduded ¥inite 9f afpréxamstelyi STRHRL ¥

100 p nd 800 [ el el .at 198 Bl ood 73 476-
1486] . &’B%feﬁheﬁm H’f& {ﬁgqn}édiegﬁg?f ﬁ%ﬁ] t A% PdsnrRd S%ge% t BP0 R)
Ver e ergguiside Silenic o‘bi@@' gﬂ&!’c‘lﬁﬁ THic mﬁm@&@a&u@h@w th Frignd
Jones, elgﬂgtem(lelgg% Bl c?od Ig Et u§1 chi, et al 1991) Bl oocfil3 "

78: 254 Kukasng viris Bosshs 2 total af ammatelw% ghsanéé@wﬁi%t’g] q:BlPdléﬁ &ftss with Kpe

DNA s oaug it esprotthafAC AESMPRRIS00 SV SEHERGAS [I.81dsdiUlZ Beyadsdyuses ER78.
proteins are ?ipracrla%gfi inﬂ\gCT Pu‘fD H gé 08&83222io D ndrea et al.

Cur r ent48¢bdel s suggest that binding of EPO to EPOR results in the
di merizati Oﬁuﬁ&ﬂxe@tc%rl@ih&x@ﬁe@ihal iMe @E%&Wl??’k&éptoﬁ’"@ﬁdm %%HJ %n%odea bg 2

subsequent stepS of signal t ransduct i on ) OW C
( 1992) sipgle geneNglhis, gepg heb. bege plon«tdsfﬂeagga daws, 2t a4 199@)18109«} dp) HpAs; Nogucbf, etdloned

genes Q‘é?l)@l@é@ﬁ %Aé]%sts%t ﬁ@aof;&;g,i Fﬂ@; ‘(3129?{)0%10889@2%7"5%5;6'%? recep?njléttﬁe ?)fN this

i mport recept or e aval the reco or 'prote
al | ows seghencest amdy:ncrfded eeEide cequendes) fm aourine emchh\tmaanHO}Raprvtams eteydesdribeciimdROH and

em -rgnd | VLS e the
" pept | B By WSR2 o Gt PP Thith oSl B il PR PG BB BT
pept [ dethe aﬂleunatmhagé Actegioreof M@QRWW]&S, Uv}&‘ch teatlts iNeubs&quéiB tePd 8f sigrell
1990 P th
et oS Ry AP SR 4 BHape € LoD A N e SROURA TR RG L
appl icati OnThéSﬂallaH‘mth o9 ébnatBgned fot EEO&faclhﬂa(ﬁas tHcQ&&]ch faragoiiibte and/:mtagoiu'as gt
t em_[descr]

scal e |,nmobi |i bed,in U S.. Pat. No.
2O, Dt e 10 TE BB GR e Ry ing reqebior oty g i siidy ol feepi o
Dowgr Hgé%ld Eﬁél@éhoﬁhﬁaéx)a.néﬂy hmf rddPm ali«i&df:l'ﬂ1(§l§1h&i?l$tnI peptide’ divdSity genstdtibh sttﬁl?ﬁIPTheﬁRdoh
5 4 4 1 Pe es, that, I nt ,I‘ act a. as ne.ex 1 ave
oen | B e S PariicD 08 PIEFTIEG S Srsged an Ui, B Mo, I 11 e Bers: Dog.
\?v 8(3& %ﬁhag?n@f,témqa&cﬁlﬁ ih @7 . VB8 N s,;ta%(%lgadnd cﬁg Jgub(ISNO) Pﬂg\gll\iaglsl%gﬂg 48.t0

[ on, et a ) u Q
J ohﬁsoHSérﬁz’{ 637 %rp3821; fgme Isd Smahehe\é%@w' é“é%l%ﬁtsmés?sanbe&ﬁa UAp Petentpplingtien,
Smi : hd§w N%ogb;m qne@sep im 199cz]t é.rﬁlﬂlea'rveryQaI@é guap: mﬂfobﬂﬁ@d p&ﬁﬁer%gme%ism lsﬂ,
peptide noti has

sti mul &ie@ﬂkﬁbn&é%é’ﬁaé‘{?t 5%3 $54pF’6T F’P‘é#‘ﬁ’t ?%}15079/&“%@;5{1 |(é|%9§) Peignee2pl: Eﬁi’ ’{76 dat e
that  coghalfid FbGr (R91 | Ans RefNI&, @h&EQﬁQ@P?W‘EH&U@eﬂt R6.% A2lgg@tion in vitro

Wi 2? EC50 vlzgtl3 ues between about 20 nanonol ar (g_ I\/&
ptides that interact to a least some extent with EPO-R have been identified and are described,
for example in U.S. Pat. Nos. 5,773,569; 5,830,851; and 5,986,047 to Wrighton, et al.; PCT Pub. No. WO
96/40749 to Wrighton, et al.; U.S. Pat. No. 5,767,078 and PCT Pub. No. 96/40772 to Johnson and Zivir;
PCT Pub. No. WO 01/38342 to Balu; and WO 01/91780 to Smith-Swintosky, et al. In particular, a group
of peptides containing a peptide motif has been identified, members of which bind to EPO-R and

30 stimulate EPO-dependent cell proliferation. Yet, peptides identified to date that contain the motif

stimulate EPO-dependent cell proliferation in vitro with EC50 values between about 20 nanomolar (nM)
and 250nM. Thus, peptide concentrations of 20nM to 250nM are required to stimulate 50% of the
maximal cell proliferation stimulated by EPO.
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20  naphthylalanine (2-nal). The potency o? thes}é novel peptide agonists may {)e further cn£anced by one or

more modiﬁcations, including: acetylation, intramolecular disulfide bond formation, and covalent
attachment of one or more polyethylene glycol (PEG) moieties. The invention further provides
pharmaceutical compositions comprised of such peptide agonists, and methods to treat various medical
conditions using such peptide agonists.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions:
Amino acid residues in peptides are abbreviated as follows: Phenylalanine is Phe or F; Leucine is
30 Leuor L; Isoleucine is Ile or I; Methionine is Met or M; Valine is Val or V; Serine is Ser or S; Proline is
Pro or P; Threonine is Thr or T; Alanine is Ala or A; Tyrosine is Tyr or Y; Histidine is His or H;
Glutamine is GIn or Q; Asparagine is Asn or N; Lysine is Lys or K; Aspartic Acid is Asp or D; Glutamic
Acid is Glu or E; Cysteine is Cys or C; Tryptophan is Trp or W; Arginine is Arg or R; and Glycine is Gly

or G. The unconventional amino acids in peptides are abbreviated as follows: 1-naphthylalanine is 1-nal



Gutamine is Gn or Q Asparagine is Asn or N, Lysine is Lys or K Aspartic
Acid is Asp or D utamc Acidis Qu or E, Cysteine is Cys or C
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Novel peptides that are EPO-R agonists

The present invention relates to peptides that are agonists of the EPO-R and show dramatically

enhanced potency and activity. These peptide agonists are preferably of 17 to about 40 amino acids in

30  length and comprise the core amino acid sequence LYACHX,GPITX,VCQPLR (SEQ ID NO: 1), where

each amino acid is indicated by standard one letter abbreviation, X, is methionine (M) or homoserine
methylether (Hsm), and X is tryptophan (W), 1-naphthylalanine (1-nal), or 2-naphthylalanine (2-nal).

The peptides of this invention may be monomers, dimers, or other multimers. The peptide

multimers of the invention may be trimers, tetramers, pentamers, or other higher order structures.



30 length and conprise the core am no acid sequence LYACHXoGPlI TX1VCQPLR ( SEQ
ID NO 1), where each amno acid is indicated by standard one letter

abbr evi a\FV.b(}BM/%& 4;S methionine (M or honpserine nethylcgydsoosoisesy, and X
I's tryptophan 3& 1- napht hyl al anine (1-nal), or 2-naphthylal anine (2-nal).
The peptides of this invenfion may be noners, dimers, or_other_multiners.
The pe&qr??é'errrﬁv“t}’i ‘ﬂﬂ?“? B ot IPWQE‘%/I‘FFBW getfféglﬂqsn%rr g‘?terf”é"tﬂtt‘ﬁﬁ@r sThenpsptidsrer s,
or ot hefondth&¥ ef the peteént SivemtfonUhfShe degradioh pRYAdéd @J%lémﬁ%ﬁ biRdRddOA4B8%ine

Mor eover, such diners and other, nultjners. nay be_heterodi ners or .
het er oRLFRZIeS SlopangATEARE: AW RIS alrﬂdehéuﬁr degzadation, profctsmanbs usd in

degr adaid D thefesile!édnSidéred Part ofalé pradehOiivdtion] UehrefeRtd BRbAIARILE) the HRferRtRHhGAt ed
gl ut amﬂp&a,arganl ne, and C-term nus_am de%. Such de,gtradatlon products nay be
i ¥

used rRveRRen eqmarist srEiRoRPtidey e pant FBOR neonitasatides; Ay dighivoprefered

pr ef er eppbdaAtA e RlBimets"6F HELHRERH!d ABRGMREBErst e By e&h%rge P EP6-R
mul tiple peptides that are all EPO R agoni st pepti des.” I'n highly preferred
enbodi ARHSEPePtifis offhespmesrsing pcid pAUMSGent i on are horonul tinmers: i.e., they
conpri se MuhbiRdiBelFRE FReseAfNnEbn NEPEIHE D cﬁfneﬁbﬁ?gae?goﬁms RPEAGIKD whRRH YR €

Accor di ngl %{m the present invention also relates o dineric peptide agonists
of EPOIRmaligeily gnkanecd pefensireant @glitity. elshprefeaed pobedimentartbie dimdrsy of ¢he inyention
preferg glaogli t i g - J35Y et -0 ’
et e o NG pERRLSar sBoh FOTR it BERHIRY *Digh ot AR o Moo
pept i deorgyisnitwe pentidamrangaens,nwheseip tepehepentidromenamer whef &7 to ekouh4( epinodeidsnimoner

aci o s Sheband SRR OBl Pt FRRGURRRTERTR GRS CEOIOAD A |

i ndi catalt apynosscah gaindicaieteby stadard erieletter iabredation XA, iis methidniner(M) er (iMposerine

honoser | ne. et ( | t gph 7 ht hyl al.ani ne
(1 nat PeBfeBEirbn Shd 5, st RS, Fpaori i IPARD o Aiaprhp e g8 7B
enbHdi patitudarlytpnefertddeeabodindents/ihe dimeesndfitienineentipa c@wprisevovcBEPDR axgnist ptijeepf | des
of the same ami no.acid sequence. According to sone enbodi nents of the

i nvent PSR BN PGIHAETE g preferably fromtwo to six anino acid residues,
I ndependent Aycotdihg ot ®thefdnthodiateyts @f tHeligvedflorg ewe bt mate] yndopreferhdly fronmtwoo sixci ds

or the ster.eoispneric D.anming acjds, wilJl, be coupled to,ejther or..both ends
of 1 holh SHE BB meferanTisanedtt b ot ot A0 SRHRR Y et Raclicition St iy ||
gf ten btereammﬁadamogcida,_eﬁvﬂt be aaaup;,ea th reiﬂgﬁtdﬁ Yol efid8iof Ghe tdie seqlixe:soe_cﬁﬁﬂuaijg e.

t er eoi soners (e.dg., am no i of . the twenty _ conventional, am no acids,
unA%t LFORYe o PG ﬁgr“““,ffi seqyeree {20 ¥ OfchAPPeIE EIthes RERAES oF oth\ferpiph At theri no
aci ds, cérasdguéncaci d, and ot her unconventional amino acids may al so be
sui t abl e conponents for conpounds of the present invention. Exanples of 25
unconvent | o§§r°°§ﬂmﬁa (a8} fsaipe peid®, of S tweply GraYentiongl ;aging acidsy yungfusel; amdno

3- pyr i g4dsPdusi b 8 a-dfsubYieiDBHRRS hdie N-alle)] REARPRAEE fabiCacidy-208 o} GAbRieRonal

N-acetyl serine, N-fornylnethionine, 3-nethylhistidine, 5- )
amino acids may also be suitable components for compounds of the present invention. Examples of

25  unconventional amino acids include, but are not limited to: B-alanine, 3-pyridylalanine, 4-hydroxyproline,
O-phosphoserine, N-methylglycine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, nor-leucine, and other similar amino acids and imino acids.

Other modifications are also possible, including modification of the amino terminus, modification
of the carboxy terminus, replacement of one or more of the naturally occurring genetically encoded amino

30 acids with an unconventional amino acid, modification of the side chain of one or more amino acid
residues, peptide phosphorylation, and the like. A preferred amino terminal modification is acetylation
(e.g., with acetic acid or a halogen substituted acetic acid). In preferred embodiments an N-terminal
glycine is acetylated to N-acetylglycine (AcG). In preferred embodiments, a the C-terminal glycine is N-

methylglycine (MeG, also known as sarcosine).



hydr oxyl ysi ne, nor-Ileucine, and other simlar am no acids and i m no acids.
O her nodifications are al so possible, including nodification of the am no

term nuswgRgifdigat i on  of the carboxy term nus, replagameo$2004/019888 or nore
of the naturally occurring genetl cally encoded amno 30 acids with an

unconvent ofale Al A8 Ao IRAL b SALLOMBfsch B8 9105 6RAN)Slegape o7 TOre

am no acid resi pepti orylation, ref erred
am no term nal HWWTWWGQPIRCetyI ation (e g (SEQ T Nax:@);i c acid or a

hal ogen substit i i n preferred e I 5 .an N-term nal
glycine is acetﬁé@%ﬁ@ﬁngﬁggé%#yci ne (AcG. m%ﬁmé enbodi nents, a
the Cterm nal IQACHNMSPIE2Ma)WEQRERl yci ne (MG #SBQIxXMNDAM);as sarcosine). 6
WO 2004/ 101611 Preferred pepti of the present

i nvention incl Lfg@-{(‘gmﬂﬁm%é ed to: LYACHN@@%%E& (SEQ ID NO 2);
LYACHMGPI T( 1- naGGIVWAPENABEQ-1aDviIQP ; LYACI-lI\/GDI(S'E(ZiIDNO ¥§;QPLR (SEQ | D NG

o R Rl | e G ) T (S

( AcG) GLYACHVGPI xwmm{gm@ R (AcG) agmmbw; nal ) VCQPLRG
(SEQ ID NO 9); Ac YACHNGPI T g VCQPLRG ( D NO_ 10);
GGL YACHVGPI TW/ HMEEH ( fBa G GELYA BN A4 ) VOQPLR( Me Q)
(SEQ ID NO 12) AcG &@ﬂ\ﬁ%ﬁ 4 %V%LR( MG (SERm RAN®); 13) ;

( AcG) GLYACHVGPI T ﬁsﬁgl\/ec;% is%

( AcG) GLYACHVGPIGE SEQ I D NO 1§§EQIDNO 11);

(AcG) G_YAmNGD@@gm@W REVeEP ﬁm DNO 1 mm sm) GPI TWOQPLR
(SEQ ID NO 17): . LYACH( Hs GPITlna)V LR(SE
LYACH( Hsm) GP T(GGTAS 2(sh) : ﬁo} eﬁ% TV\X/CQPLRG ( SEQ

o v 20) 5 1 CehdefailyRemiAde M@@L@G (SEQ }@%%G_YACQ(Hsm GPIT W

GG_YACH(Hsrr) GPI'T( 2 nal CQDLRGW?&S%Q ID NO 22);
VOPLRG ( SEQ | BANGIGIXACHMGPIT(1-nal)VCQPLRG(MeG) = (SEQ ID NO: 15);

(AcG)GLYACHMGPIT(2-nal) VCQPLRG(MeG) (SEQ ID NO: 16);

LYACH(Hsm)GPITWVCQPLR (SEQ ID NO: 17);
LYACH(Hsm)GPIT(1-nal)VCQPLR (SEQ ID NO: 18);
LYACH(Hsm)GPIT(2-nal)VCQPLR (SEQ ID NO: 19);
GGLYACH(Hsm)GPITWVCQPLRG (SEQ ID NO: 20);
GGLYACH(Hsm)GPIT(1-nal)VCQPLRG (SEQ ID NO: 21);
GGLYACH(Hsm)GPIT(2-nal)VCQPLRG (SEQ ID NO: 22);
(AcG)GLYACH(Hsm)GPITWVCQPLRG (SEQ ID NO: 23);
(AcG)GLYACH(Hsm)GPIT(1-nal)VCQPLRG (SEQ ID NO: 24);
(AcG)GLYACH(Hsm)GPIT(2-nal)VCQPLRG (SEQ ID NO: 25);
GGLYACH(Hsm)GPITWVCQPLR(MeG) (SEQ ID NO: 26); -
GGLYACH(Hsm)GPIT(1-nal)VCQPLR(MeG) (SEQ ID NO: 27);
GGLYACH(Hsm)GPIT(2-nal)VCQPLR(MeG) (SEQ ID NO: 28);

(AcG)GLYACH(Hsm)GPITWVCQPLRG(MeG) (SEQ ID NO: 29);
(AcG)GLYACH(Hsm)GPIT(1-nal)VCQPLRG(MeG)  (SEQ ID NO: 30); and.
(AcG)GLYACH(Hsm)GPIT(2-nal)VCQPLRG(MeG) (SEQ ID NO: 31).



( AcG) GLYACH( Hsm) GPI T( 1- nal ) VOQPLRG (SEQ I D NO 24);
( AcG) GLYACH( Hsm) GPI T( 2- nal ) VOQPLRG (SEQ I D NO. 25):
GG_YAm(mgﬂo{mcq:LR( MeG (SEQ ID NO 26); PCT/US2004/014886
GGL YACH( GPl T(1- nal ) VOQPLR(MeG) (SEQ ID NO 27);

%éﬁ%@;@ﬁ‘é&%&F%ﬁe@ﬁﬁ%@%@?ﬁgf@%& 9’523)8 i%lVCntion contain an intramolecular
(AcG) GUAIGHE MHemd GEUwEEnL theatwoV/eXgkeineGiebithiss df IR€)cbid $dquensde)) ; Suehdnonomers may be

( AcG GLYACH GPL.T(.2- nal.) VOOPLRG(MeG (SEQ ID NO. 31). -7 WD 2004/ 101611
PCT/ US%&&%%ﬁ%ﬁtlﬁ&éraé?ﬁoWéd embodi nents, the peptide mononers of the
invention contain anrmtranotecul ar  di suldy BPEXEE n the two cysteine
resi dues of the dOACHXQGRIEKCCQPEBCh pnoners be 1 epresent ed
schematically as foll ows: LYACHXOGPPrI X1VCQPLR or LYACHXOGPI TXI VCQPLR 5 The
predent invention al so provides conjugates of these peptide nonomers. Thus,

accordi ng t oh@preRtheindédifed aﬁHbed‘id@?%jug&t@@oﬁH&@ BEStidE nPRBhEd RS adcHiRinR ks ent
invention are dinerized or oligonerized, thereby enhancing EPO- R agoni st

act i vi pieferned eghedimentothe mrovemerihpeptidestof diee pressahiavention arerdimprizgd 9f ptigpmerigedpe
ol i QOMBe}epf EntdRiEEPOR agq,lqgspgc%h,n/ streptavidin system Biotinylated anal ogs
[ b nt he

of peptide nononers nay be sy sized by standard techni ques. For exanpl e,

t he pepti deImewformbedimen, the reptider mpramersy obthetinyeption aehy behelisomitizedi wsingathed

DROMOE £ ] c ’ y ; e a

e 10 o PR CplaIfth stelth Biolit Afled inal i WP BLNEL bbelers b e Mhdlbdrct By apad ©

HEPES- teafrfigues d FRPdWampigd the rpeptidevinanomgesimayf gr C-lermfrelly piotinylated.v Ahésabictinylettd t hi s
Thod ot ko ) J ) _

o ubatoamery o &t B pER by A TRRITRE Wity fUd SPHIAAR N S room |

ant i bothimpsrafuge g phogptate Taffered dplinet (PBS) gGHEPBfbifferké dRE@MIcmédiie (Inyitrogen) for 1

Laboratorie I nc.. .. . Ngt O, )4 referred enbodi nent s,. the tide
rononePauke 1 geiagompt B SeBimi) bounyRu BBt BpSRag mab Rl SetraRlPL oo,
ones | i incebatiom wéthyany bhe of b mkimber( df lcojnmermiadly\aviaidabjer afticiethl yntibadiéshieigg hgomtodnti-

necessari.l 212 linkin iet) tional |y t inated with one or two

-NH | ﬁ?ba*g'@e%g%{ﬂ%fwa?ﬁ%ﬁ?y%%@%ﬁﬁ%d@?S%&%“z@&m nore avail abl e carbon

atoms Wi th i pefered ahibydinehtssthe tpestide . mdtorerr ahhy investidn ark @imdriéed byrpovaleas

-NH R-NH wherein Ris a |lower lkylene supstituted with a .

Funct | BRRATEE ) e ke il o R BT T Sy Bt et

bi ndi ng, {, tinkiA® bRty dpbRAN e minARdeith cheodwo -NH- Hilaghamp bpsdally @bstiniied atohe f ace

O o oo SRR s R0 o Dkl sty W SRS 1SS We?
R-NH- wherein R is a lower (Cy.¢) alkylene substituted with a functional group such as a carboxyl group

or an amino group that enables binding to another molecular moiety (e.g., as may be present on the

surface of a solid support). Most preferably the linker is a lysine residue or a lysine amide (a lysine

residue wherein the carboxyl group has been converted to an amide moiety -CONH,;). In preferred

25  embodiments, the linker bridges the C-termini of two peptide monomers, by simultaneous attachment to
the C-terminal amino acid of each monomer.

For example, when the C-terminal linker Lk is a lysine amide the dimer may be illustrated

structurally as shown in Formula I, and summarized as shown in Formula II:



resi due wherein the carboxyl group has been converted to an am de npi ety
-CONH2). In preferred 25 enbodi nents, the linker bridges the CGtermni of

t wo pept PEFS, by sinultaneous attachment to thR10ud2064019686 ani no
acid of eac m)norrer For exanple, when the C-termnal |inker LKis a |lysine
am de the diner may be illustrated structurally sho in Formula I, and
summari zed as shown in For#gq%‘ﬁ%: -8 WD 2004/ 101MU82004/014886
Formula | Formula Il Mnomer 1IN2H Mononer1l CH2 ~K-NH2 H2C Mononer2l" | CH2
H2C // O Mnoner2 N H D%O&IINHZ_NQ!HH Formul a | gpg.Earmula 11, N2 represents
the nitrogen atomof |ysine's a-amno group and N rep ts t he nitrogen
atom of Iysine's a-amno group. di meric strycture_ean witten as

[ pepti de] 2Lys 5 anmide to denot eHaCpepti de bound °6both the a and a anino
groups of lysine, or [Ac-peptide] yS- amde to denote an N-terminally
acetyl ated peptide bound to both the a and a am no groups of |ysine, or [Ac-
peptide, disulfide]2Lys-am de tﬁz enot an N-termnally acetyl ated peptide
bound to both thesa.RAQ8 s am o s of lysine with each peptide

contai ning an i ntranol ecul ar oop, or [Ac-peptide,

di sul fide] 2Lys-spacer-PEG to denot e an termnally acetyl ated pepti de bound
to both the a and a amno 10 groups of lysine with each peptide containing

o B B och 228 AR EPCEL B e 91088 0 S
[ Ac- pefe ﬂ@o%eﬂsafom DB Rie s -aRlb as&lpl CTY diBaige §AMhAY cdObdRRRbEaA BT y¥er  of

an N-termnal ly acetyl ated peptide bearing a Ctermnal |ysineam de residue
whef e emidedo derotrea Mhdfyqué tq Both gredlandcs aseieherePpst qféymorcléﬁxmwe]zgmwde of

i m nodr & d NN oval .en nd to
nitr ogen n%’{er%n ??l‘mf%nﬁy T g’aa?ac%ef’ P%egé%?%{o\aﬁogh g’ﬁ a?ﬁ% gmx? 3 ‘%Llﬁs%a"' onal

enbodi pestide, GalIFEINys-afide gb \dedte (ai?merrfm&lbsﬁcfe\é&ta‘ﬁpéﬂﬁﬁe lotideto Both tHeadk and
di meri zes two peptide nmononers: for exanple, a single PEG noiety nmay
si nul t aﬁ@wSaryupapf Lyste avithoeach Reptide peiaiing aIbF‘“B@Pllﬁmg@n’f“i"é@edP@’ s[Pefrpeaﬁde

peptid 'ﬁbqﬁrLys—sgacglef’E@ bPhdAGH aﬁﬁtfjfefnluﬁﬁ@j ac@&ﬂ@g LR bolddo bbBKRY o bbd aniR €1 Y

IS pre era not necessari
10  groups of lysine with each peptide contammg an intramolecular disulfide loop and a spacer molecule

forming a covalent linkage between the C-terminus of lysine and a PEG moiety, or [Ac-peptide-Lys*-

NH;],-Iminodiacetic-N-(Boc-BAla) to denote a homodimer of an N-terminally acetylated peptide bearing

a C-terminal lysineamide residue where the € amine of lysine is bound to each of the two carboxyl groups

of iminodiacetic acid and where Boc-beta-alanine is covalently bound to the nitrogen atom of
15  iminodiacetic acid via an amide bond.

In an additional embodiment, polyethylene glycol (PEG) may serve as the linker Iy that
dimerizes two peptide monomers: for example, a single PEG moiety may be simultaneously attached to
the N-termini of both peptide chains of a peptide dimer.

In yet another additional embodiment, the linker (Lg) moiety is preferably, but not necessarily, a

20  molecule containing two carboxylic acids and optionally substituted at one or more available atoms with
an additional functional group such as an amine capable of being bound to one or more PEG molecules.
Such a molecule can be depicted as:
-CO-(CH)p-X~(CH3)m-CO-

where n is an integer from 0 to 10, m is an integer from 1 to 10, X is selected from O, S, N(CH;),NR;,
25  NCO(CH)NR;, and CHNRy, R, is selected from H, Boc, Cbz, etc., and p is an integer from 1 to 10.



20 nol ecul e containing two carboxylic acids and optionally substituted at
one or nore available atons with an additional functional group such as an

am ne c ei ng bound to one or nore PEG nol eculp@qmszﬁmmluss nol ecul e
can be 3@6%?4/@%19 -CO (CH2) n X—(CH2)mCOwhere nis an integer fromOoO to

10, e f 1 10.. X
NCO( Cio) PRt Pl SRt ey Bae ehin gl SF ol oo Bghaecclg s it g g e 0

i nt egelinker o T facticiRrly pRIAE Bﬂaéﬂlﬂl&ﬁﬁ ik R goSROTAHGbp B Molnd fortied idkerdick is

enbodi nts, one a rou a of .t tides,forman am de bond . wth
Che | PireeRion e phadrf et g e Aty O oML i 58 05 508 6
t he pemel éigioha Uspaket andldealel i Iikﬁdrtlhﬂ’aﬂysprefehed epbodiments) ol nodndaml a6 ione X esi due

or the ne. of th residue, . or an amn ro .. the
opt F ondCER0R 3, i s B A Bine Ry Ciens dronBindinsich femteed bahm®y and
m ar e @amc%ralglﬁlsﬁ@ggﬁb@mﬁayor@‘ﬂhmtm and R, is Boc. A dineric EPO
peptide containing such a preferred Ilnker nay be structurally illustrated
as shown in Formula I'l11. Formula || Eomgatleri o N Hoc OY Mononer2 10

Optionally, the Boc group canmﬁom@r% ed to liberate a reactive am ne group

capable of formng a coval ent bond th?a suitably activated water sol uble
pol ymer species, for exanple, a PEG such as
nPEG- para-nit rophenyl carbonate (nmPEG NF‘C) nEBosucci ni m dyl propionate

(mMPEG SPA), and N-hydroxysuccinim EG (NHS- PEG (see, e.g., US Patent
No. 5,672,662). A dineric EPO peptide| containing such a preferred |inker
may be structurally illustrated @éogBown in Fornmula IV. 15 Fornmula |V
Mononerl \0 N'2 OY Mononmer2 Generally, although not necessarily, peptide
diners will also contain one or nore intranol ecul ar disulfide bonds between
cysbei m@ﬁbﬁay,dmesaoefgr&dpecaaew fedxavémtwmwe a Rextics afing, grolpecdpuble @Bff&ﬂﬁ{gsa 20
contain a ne l ram)l equl ar ul fi de bond. . Most ref , both
monome 3 ‘aonﬁé?ﬂ Yrafivateg et FP e PolymerBeaiesy for cxaply 2k sps JFseR uch

that eag¢ mﬂpmltﬁﬂﬂhﬁbdﬂ&nate%@mmp WPEG-succinimidyl propionate (mPEG-SPA), and
N-hydroxysuccinimide-PEG (NHS-PEG) (see, e.g., US Patent No. 5,672,662). A dimeric EPO peptide

containing such a preferred linker may be structurally illustrated as shown in Formula IV.
15 Formula IV

CIn,

Y

Monomer?2

Monomerl

Generally, although not necessarily, peptide dimers will also contain one or more intramolecular

disulfide bonds between cysteine residues of the peptide monomers. Preferably, the two monomers
20  contain at least one intramolecular disulfide bond. Most preferably, both monomers of a peptide dimer
contain an intramolecular disulfide bond, such that each‘monomer contains a cyclic group.

A peptide monomer or dimer may further comprise one or more spacer moieties. Such spacer
moieties may be attached to a peptide monomer or to a peptide dimer. Preferably, such spacer moieties
are attached to the linker Lx moiety that connects the monomers of a peptide dimer. For example, such

25  spacer moieties may be attached to a peptide dimer via the carbonyl carbon of a lysine linker, or via the

nitrogen atom of an iminodiacetic acid linker. For example, such a spacer may connect the linker of a

-10-



A peptide nonomer or dimer nmay further conprise one or nore spacer noieties.
Such spacer noieties nay be attached to a peptide nononer or to a peptide
di mrer. PR Z%Bﬁmlhl such spacer noieties are attached tpriteobdoilsse LK

noi ety that connects the nononers of a peptide dinmer. For exanple, such 25
spacer nojeties may be attached to a peptide dinmer via the carbonyl car bon

of a | PERYde dimesite an atached watergolubly polyps moisty O BProlsrtingreroydi & arothet sxample,
|i nker sudhQf spfo% Sonnédt & Be f’hd& RRGGher 1B AQEHE Watek Bublé ptPherdfioidy. - 10 WO
2004/ 101611 PCT S2004/ 0 pepti de d| ner .to an attached water soluble
pol ymer i & §regimbedisest dha ﬁpﬁ‘(‘jf 6&%15 2 (liiearoiey Arpenally tamimated vahabilr nay
con necum@agee&t dafRXAYICOOH) broup)at Spichaly subtifiteds® b bemfielayATRbleBRILEA Ytomb N
one enbodi nment, the spacer noiety is a Cl-12 Ilnkl%&am)l ety optional lf\é 3

I-

t er fi nZiBE Wpetelofsubstifugita Ja one Pmb%lrsﬁwrle ERAgSINR- Hp&her%a i Btlowi 4
substi TalkSchﬁ‘e EtioRAlE AbstRELwWRY 2iphRRbM gr%ﬁﬁ’ %h %E QTEErboyéxl \g&otuia oft ah 91%6 g?du Yhat
substituent. 1n one enbodi nent, the spacer wher ei n IS ower
(Cl. 6) crablesbiadiag dpenoghenmplpenlansmaioty. Fe@xamale, tla= smemé mﬁbh%ﬂl glypine fﬁ)geﬁedveaz; am
car boxylnifd RbtbhoR 238 Qﬁ“p?&er&rd%ohﬂﬁents RO 2Rk RShY! B84 1if 630 Rxa e G4 ar

moi ety. For exanple, thé spacer may be a glycine (O residue, or an amno
hex anoi(hmciker example, é’ﬂ@?@r g spasprottrmiathsxangis agid @duxhesceayad do éh@l N termyings aﬁﬁ no

&an%ept@g Ltﬁ% A hermbRl 2@ BB ,Pagm:rl rgmégg g% ﬁﬁ%%%ﬁﬁ gmf& dk}sxay Qg

(Ahx) i o the NNtermnus o ermna amne
group mydetp@uplmgkéld anagher lqxarerde, (ydiesel Algy i6 (puresit to AhexCr¢ranins f apeptid, the pinie of

coupl i t f
R e G e L
t er m natruciure b sachi @l peptisle anayt kendepiadedass shewoonHormga Vihead summqur@ gibwsich a
pept i d%orral}{a depicted as shown in Forrmula V, and summarized as shown in
For mul a°WF Formula V Formula VI Mnoner"”, O Mnonerl, /[/K\/\/\/, [K-Ahx
Monener Z \ OH MononerBorinnladf her enbodi nents, t hdfoapaedi is - NH R-NH wherein
Ris a | ower Sn%erﬁ al kyl ene substituted vvléf a functional group such as a
am no grofip that enabl es B Ai

car boxyl group or 0 another 20
he spacer may be azyg' e (K) residue or a

nol ecul ar moiety. E
| ysi ne ami dévgner : lysi ne r85i due wher eMPOPREZcar boxyl group has been

converted to an am de noiety -CONH2). In preferred enbodi nents, the spacer
noi ety has hefollow;ngs ructure:.  -NH(CH2)a JO (CH2)P)r.- CH2) s-Y where
a, 8, and atﬁw@ CreERRRAImeRiSgbF SRS R AT Wés FrEin] %éd@ﬁ%f)éﬁ)e %'Ep%e{ gifuted
prefer kgl a RRctORROLHHE Rich as & cabboxfNghod & & 8a&b graipe@arélauvgpsﬁmﬁgw%ﬂﬁfe

i ndependent]y selected fromone to about six
20 molecular moiety. For example, the spacer may be a lysine (K) residue or a lysine amide (K-NH,, a

o

lysine residue wherein the carboxyl group has been converted to an amide moiety -CONH,).
In preferred embodiments, the spacer moiety has the following structure:
-NH-~(CHy)o-[0-(CH)gly-Os-(CHa)e- Y-

where a, B, v, 8, and & are each integers whose values are independently selected. In preferred
25  embodiments, o, B, and € are each integers whose values are independently selected from one to about six,
§ is zero or one, v is an integer selected from zero to about ten, except that when y is greater than one, B is
two, and Y is selected from NH or CO. In particularly preferred embodiments a, B, and ¢ are each equal
to two, both v and § are equal to 1, and Y is NH. For example, a peptide dimer containing such a spacer
is illustrated schematically in Formula VII, where the linker is a lysine and the spacer joins the linker to a

30  Boc protecting group.
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8 is zero or one, y is an integer selected fromzero to about ten, except
that when y is greater than one, (3 is tw), and Y is selected fromNH or
Co. t Ly preferred enbodiments a, 0, and a g@a/eacdvnpsal to
t wo, bopﬁbiogmcﬁ@lare equal to 1, and Y is NH. For exanple, a peptide diner
contai ning such a spacer is illustgate hematically in Forrmula VI, where
the linker is a lysine and the spac U the linker to a 30 Boo
protecting group. -11 WD 2004/101611 PCT/ US2084+Bbd886 Formula VII NH Boc
Mononer /K NH-- Mononen | n anot her particular preferred enbodi nent y and 8
are zero, a and F. togetherhéquaknk+ and Y igs CO 5 In particularly
preferred enbodi nents, the Iinker cej—foi ety has the structure shown
in Formula VIIIl or Fornulahhﬁmngg{ﬁula VITYP Formula IX HYNHO Cc Lv ' N H
~/1 N NHBoc H2N N~~O"~O~-~NHBoc O 1 O OH 10 The peptide nononers, diners, or
multinmers of the invention may further conprise one or nore water soluble

pol ymen hainet paasoutaﬁy ?te@éraaalemoalﬂ@ae{ aR@b YIBER aa& &.Ct@g/e'ill.te@ BlaV e, b edcd.0. t he
peptlde conpounds of the jnvention. Prefera t herapeutic use of the

end? pr oduct Tppaspeasly; mssferred embagimanisy the linker Pé‘@ SBP‘PSF FPQ%F@U’@#S FpCREC SPWALT €.
One skihlngth Vit drerAdii i || be able to select the desired polyner based on
such consi derations as whet her the polyner-peptide conjugate will be used

t herapeutical ly, and 15 if Fepnula Wl desjred dosage, &oreddeEXion tine,

resi stance to proteqQlysis, and other consideratiggs. gThe water soluble

pol ymer may be,H¥ xanpl e, pol yet hyl ene glycol (FEGQ copol yners of
ethylene glycoilpro ene gl ycol, carboxynethylcel L%§9¢\Qﬁ%5ran

pol yvi nyl al cohol, pol viﬁyl yrrolbdone pol y-14 i oxol ane,

poly-1, 3, 6-tri oxaneNet e nﬁ?é('\aﬁﬁyﬂamﬂe co yner, pol yam noaci ds
(either honopol ymers oo random copol yners), poly(mowi nyl
pyrrolidone) pol yet hyl ene gl ycol, propropylene 20 glycol honopol yners,

pol ypr opyl ene oxi de/ et hyl ene oxi de copol ynmers, and pol yoxyet hyl at ed pol yol s.
A 1preferr etthu\pépade fohatidrs; dﬂﬂéry,@fnuitﬁnmtha Meentioh yiﬁsalﬁnmycda@rmé ot more

nmol ecul ar wei and e nbranched. ~ A pref
water solulg‘le polymer mrroBi ues Ipref%ra%{;l, gtese po ymers are covalentll/) aftac ecli to the peptide

compounds of the invention. Preferably, for therapeutic use of the end-product preparation, the polymer

will be pharmaceutically acceptable. One skilled in the art will be able to select the desired polymer

based on such considerations as whether the polymer-peptide conjugate will be used therapeutically, and

15  if so, the desired dosage, circulation time, resistance to proteolysis, and other considerations. The water

soluble polymer may be, for example, polyethylene glycol (PEG), copolymers of ethylene

glycol/propylene glycol, carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone,

poly-1,3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer, polyaminoacids (either

homopolymers or random copolymers), poly(n-vinyl pyrrolidone)polyethylene glycol, propropylene

20  glycol homopolymers, polypropylene oxide/ethylene oxide copolymers, and polyoxyethylated polyols. A
preferred water soluble polymer is PEG.

The polymer may be of any molecular weight, and may be branched or unbranched. A preferred

PEG for use in the present invention comprises linear, unbranched PEG having a molecular weight that is

greater than 10 kilodaltons (kD) and is more preferably between about 20 and 60 kD in molecular weight.

25  Still more preferably, the linear unbranched PEG moiety should have a molecular weight of between

about 20 and 40 kD, with 20 kD PEG being particularly preferred. It is understood that in a given

preparation of PEG, the molecular weights will typically vary among individual molecules. Some

-12-



PEG for use in the present invention conprises |inear, unbranched PEG havi ng
a nol ecul ar vvel ght that is greater than 10 kilodaltons (kD) and is nore
preferab% i about 20 and 60 kD in nol ecul ar wei ghtt/ugosibissde nore
pref erably, the I'near unbranched PEG noi ety should have a nol ecul ar wei ght
of between about 20 and 40 kD, with 20 kD PEG being particularly preferred.
It is understood that in a given preparation of PEG the nol ecul ar wei ghts

will typpREdias mmwgatrmg ahdgbiméiledt) atlan MR IsR Y hﬁ&culﬁwaaght -Sih v&aaﬁ&iﬁ%eh&%ﬁal
than the

PCT/ US200 4886
st at ed nﬁ%{gcgt%]?'?ﬁﬂ ofibp a'ﬁf%qug’egﬁt’ \d/%sf‘r’rllbﬁtm%ﬁ‘h?rgvc& thgf F@gmr"&af‘ﬁ ®ct by use of the
word "about" Tie teder ofmwlhymer ewldcaes amdgdhmyo*hryt e eRinipleymhe dwb,cthree, Tdnenorumber

f I
ror6° e e BARE SR bAZHE Sl 1 B Koo ko SHHIAR oo Mt TRERmEL
t he i Aventtachad. polfimersrmyyt bepthe sang: @ttctlﬁ@mahepmaymxemrfag BEGs hedifenms rmlecular
di ff
TIhUSer ?Rﬁwafggrfg;rﬁﬂ ?ﬁrﬁ‘%ﬁﬁﬁexﬁ&dﬁxem tEEierBbn anftefrrﬁafa?e@tEP@ﬂi %gdﬂ s epﬂﬁ‘és WNidg

I ment the 1 nventlon cont errp at es R agoni st

pept i des Mreerimer PEGmoigitiespiipchediieetgpPraferablysbot af e ES maietieisars. lmwemb%’bw
both of Pphe eE’oE%df@abw maeing a@toRechlh\Rdght of RiNeaNBHRA 0 aﬁ’mosm)hcnp rh@ér@?@ﬁ%a}ﬂ?rhav' ng

a nol ecul ar _wei bet ween about 10 and about, 60 kD. More preterab

Sath 11 nEsth e Pabrrarhed PER R B Meoleeter YHBREBE 5heuaen ghaet 27 40 EDsag s
aboutio 20mafe¢reff£iaﬂw bebisdn shidut 20 =h@ 307D &ith4 ﬁif)l%t% i gt W2 0Dt eadli@axPEB0 kD

th a nole i ght of. ahout 20 k ach .l i EG . nD n
\pl)mart i cul 3t e‘&tﬁ Péﬁ"‘gﬁfy g Vothe i e@@ﬁ‘i }\X%ﬂe‘g#ﬁga? gl ?%%"é?ggé go
cont enpl atck@mbsdimentsc [Foe atanglle/tan ﬁmrentnlsm bomlmh end éntempassee BPO-Rnagonistipeptideat es
and encoppa €, EPO- t ha r nore .li.n br anched
PEG npi e eqbsg 5 LI Te d?n?ag I he@?’?b‘ oieti aottah% Ieé; I&:ergw) ?;ccl) a]st one. o1 %%%&%vmc% sa
nmol ecul amohaﬂgmelgbéimmat&btﬁmanmn ld)mt bd@rem}bout 2D ed/ 9. dlbolhttr embodm@ts:&@: | cD.
|0 otger yhasL ARRbR: 1 dlokMEDEPOR HARk SIRIAERNAR ERAIRASERTER R

agoni st gg I des nor e ear ranc ached
t her et o, PE@ moietiestattanhed Frewﬁt bhst resof whigh has @ molpculoreyeight bebweopelayt 4ad 60 D and

60 kD. In ong REbedidmRak, PEEE:%W&YVe%@E\Iiﬁke?%a@lecH%@ hwd PepliainBRmers®In by
peptide monomers. |n one ‘enbodi ment, PEG s attached to at | east one

t er ni nus efRedpREhPRH s #tached tosqt deest pag teppinug (Nessminye orferiremiaRs) of3 pepfigegponomer

ano;I her endmet @ﬁbﬁheﬂ%%@omﬁleﬂt Iemiaaﬁhchéa t@a @laaee ﬁibwﬁ}QifQEb‘péﬁé mendRRPér ElerMBNOMET
or | nmer

| 0 a pre ede Glsatta tothelln |ety
of a ZBeptaiP{fge“aﬁ? Frghod ‘?‘}t é]*b% ‘é‘ﬁ%&&? B e *&%bc‘%@ﬁfg’a
spacer rremmdjmenMEGes St&bﬁkdsoa@@berﬁim@j )thrs sail 'fslﬁ&d&ieﬁblétplstdft&hbd oleke lidkks LKITDI et y
t hat connec ners of a re
enbodi noRPE tasmg 8 FiekaRes B PRRi ! IE purio Bkt cthodp@iPEGICE |
is attac htmdhexido a speept molety 0winepg said ﬂ)acteh ewchribeitached toarliypmdealima viayhe pabdnyinker ,
or 1he angelf ofk hERORMeOb: fe kSl R0 @bAG dleBfiering?. P oT erred pepti de dimers

of the present I'nvent1én 1nc te not Iimted to:
25

Preferred peptide dimers of the present invention include, but are not limited to:

Compound | Peptide dimer
designation

AF33065 6_—_1
' LYACHMGPITWY QPLRG\

LYACHMGPITWVCQPLRG/
I
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Compound Peptide di nmer designation AF33065 LYA | M3C Pl TWCQPLRGN K- NH2
LYAt j HMGPI TW | QPLRG - 13 WD 2004/ 101611 PCTI US20041014886 AF34602 GLYA
HMEC P T%@ {EV\X/HZ GLYA C HMGPI TW VCQPLR AP34395 G¥usividozsstVWCQPLRGN
K-NH2 GYA F | QPLRE / AF34601 GGELYA GPI TW QPLRN K- NH2

GELYACHMGPI TWCQPLR AF32579 GGELYA HMGPI TW QPLRGN K- NH2  GELYACHMGPI TW
VCQPLRG AF33068 Bioti n GG.YA HI\/GC PI TV\X/CQDLRGN K- NH2 B| ot i n- GALYACHMGPI TW
VCQPLRG Mr3Ab6d3T uS ]
Pl TWCQPLRG NH2

GLYACHMGPITWVCQPLR e
1

AF34395 é_——j
GLYACHMGPITW V! QPLRG\
K-NH,

GLYACHMGPITWVCQPLRG”
I

AF34601 m
GGLYA GPITWV! QPLR\

GGLYACHMGPITWVCQPLR /
1

AF32579 (_l;____g
. GGLYACHMGPITWYV QPLRG\

GGLYACHMGPI'I'WVCQPLRG/
I

AF33068 é__'—g
Biotin-GGLYACHMGPITWYV QPLRG\

Biotin-GGLYACHMGPITWVCQPLRG /
L 1

AF33131 E——'—'—?
‘ (|}GLYA HMGPITWVCQPLRG-NH,

PEG 5 4x

J‘-GLYA(E GPITW VﬁQPLRG-NHz

AF34351 é_——j
GGLYACHMGPITWV QPLRG\

GGLYACHMGPITWVCQPLRG a
L 1
AF34350 p—]
PEG5K_O-JI_GGLYAC GPITWV QPLRG\
0 NH,
PEGSK—O-U—GGLYACHMGPITWVCQPLRG/
|
AF34753

1
(AcG)GLYACHMGPITWVCQPLRG\

(AcG)GLYA(E GPITWVSQPLRG /
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K- Ahx- Ahx  GGLYACHMGPI TWWCQPLRG AF34350 PEGSK GLO0 GALYA HMGPI TW QPLRG ,,, O
K-NH2 PEGSK- O'- GALYACHVGPI TWWCQPLRG  AF34753 (AcG GLYACHVG | PW QPLRG , ,,
K- Ahx- Ahxyo bdeiabfdiyA HMGG Pl TW/GQPLRG / - 14 WO 2004/ 101%3%[[}3%8@4/ 014886
AF34757 i--~ (AcG GLYACHMGPI TW VCQPLRG, ,, K- AEx- AEx- PEG K

HMGPI TW QPLRG AF35062 (AcG) GLYACHMQPcQPLRG  t - AEX- AEX- PEGZG( (ACG) GLYA

HMGEPI TAWCQPLRG AP35218 t--J | ACG) GLYACHMGPI T W VCQPLRAEXG ~,, R-NH2
( ACGAER4YEY H W 5462 (AcG QYA ) RGN KGG
(AcG) GLYA H ROVEIEREN( AcG CHVIGPI T WV CQPLRGN KK- NH2
(AcG) GLYA H G;@% ﬁ{g T 1-nal V QPLRG- K- NH2
GELYACHVPI T AF34994 GALYACHMGEPI T( 1- nal ) VCQPLR( I\/QEG) s
- N2
KN
(AcG)GLYACI-IMGPITWVCQPLRG\
K-Ahx-Ahx-PEG,gx
(ACG)GLYACHMGPITWVGQPLRG 7
AF35218 —
(AcG)GLYACHMGPITWVCQPLRGGKGN_
K-NH,
(ASG)GLYACHMGRITWVCQPLRGGKG 7
AF35462 —
(AcG)GLYACHMGPITWVCQPLRGN_
KGG
(AcG)GLYACHMGPITWVCQPLRG ©
AF35464 —
(AcG)GLYACHMGPITWVCQPLRGN_
KK-NH,
(AcG)GLYACHMGPITWVCQPLRG ~
AF33197 '
GGLYA&IMGPIT(I-nal)\EQPLRG\
K-NH,
GGLYACHMGPIT(1-na)VCQPLRG””
- 1
AF34994
GGLYACHMGPIT(1-na1)V(‘JQPLR(MeG)\
K-NH,
GGLYACHMGPIT(l-nal)VCQPLR(MeG)/
AF35083
PEGzoK—O—“—GGLYACHMGPIT(l-naDVéQPLR(MeG)\
0 K-NH,
PEGzoK-—O—lL—GGLYAC‘I-_HVIGPIT(l-nal)VCQPLR(MeG)/
AF35525
(AcG)GLYACHMGPIT(1-nal)VOQPLR(MeG)—NH
NH2
o)
) NH
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN Ly /._./
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GGLYACHMGP! T( 1- nal ) VOQPLR(MeGr  AF35083 0 PEG20K- O O - GGLYA GPI T( 1- naOVv
QPLR(MEG)--1 __ O K-NH2 PEG0K- O GGLYACHMGPI T(I - nal) VOQPLR(MeG  AF35525
(AcC) GLYAVOVERIORR(MEG) -NH NH2 0 O ( AcG) GLYACHMOPI T( é,tqﬁgs)zmkg MeO) - HN
NH\ /J O -15 WD 2004/101611 PCTI US2004/ 014886 AP3552

(AcG) GLYACHVEPI T(1-nal )V QPLR(MeG)---NH O NH NH. /PEG2OK OO0 O

( A0G) GLYACHVGPI T(I-nal )V QPLR(MeG)-HN - ,- fONH -t/ zox O AP35563

(A Sﬁﬁfﬁﬁ% BT RSN 0 aPass Rk (ragracone Tw

QPLRG- / PEREOK 0 0 (AcG GLYACHMGPI TW/CQPKRG HN NHYE ™ 07000 I AF35592

(AcGGALYA GP| T' W QPLRG NH 0 \
0
) NH
(AcG)GLYACHMGPIT1-nal)VCQPLR(MeG)—HN -\_Or—’ Y PEG
0
AF35563

(AcG)GLYAéHMGPIT@-nal)V‘éQPLR(MeG)——NH

NH 1/PEGgQK
|
c ¥

0
(AcG)GLYACHMGEIT(2-1al) VEQPLR(MeG)~HN NH—\_O/—J

AF35575 5_'—"“%
(AcG)GLYACHMGPITWVCQPLRG~—NH

NH {P EGagk
|

0 o
NH
(AcG)GLYACHMGPITWVCQPLRG—~HN —\_O/—J

[ AF35592 é_——_—é
(AcG)GLYACHMGPITWYCQPLRG—NH

NH {P EG3px
H |

O O

NH
(AcG)GLY ACHMGPITWVCQPLRG—HN —\_O/—’

AF35593
, (AcG)GLYACHMGPITWVCQPLRG—NH

NH O
H Y “PEGak

O o)

NH
(AcG)GLYACHMGPITWYCQPLRG~HN -\_O/—’

AF35594 é: (]:
(AcG)GLYACHMGPIT(2-nal) VCQPLR(MeG)y—NH
NH O

H Y “PEGa
O

0]
O
(ACG)GLYA(IIHMGPIT(Z-nal)V?QPLR(MeG)~HN NH—\_O s~
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NHPEG30K 0 ~0 O (AcG GLYACHMGPI TW/CQPLRO-HN NH-\ _o r' AF35593 (AcG GLYA HM

QPLRGNHO O rJ O\PEGzox O QDLRO- HN7 ~O AF35594 | --~ (AcG GLYA HVGPC |
((2-nal) Ve ShkmdG NHOO0 rJ "Ti - PEGZOX 0 0 PCT/US2004/014886
( AcG) GLYACHVCP! T( 2- nal ) VOQPLR( MeG) -16 WD 2004/ 101611 PCT/ US2004/ 014886

AF35219 NH / PEG20OK 0 (A cG GYA HIVGPI TW QPLRGG-NH CT O 0
(AcG GLYACHVGPI TWCQPLRGG HN NH2  AP32876 (-~ GCELYA H(HsnC ) GPl TWCQPLRG N

R- NH2 YACH(FE M GPT TW, QPLRG AF32881 ?ng,.gpl T(I-nal )V QPLRG
K-NH2  [BGLYA' H(Hsm) GPI T(1-nal ) VOQPLRG AF3 179
(AcG)GLYA(EHMGPITWVEQPLRGG—-NH C{
O NH
0
(AcG)GLYACHMGPITWVCQPLRGG—HN NH2
AR32876 ('; 1
GGLYACH(Hsm)GPITWVCQPLRG
K-NH,
GGLYACH(Hsm)GPITWVCQPLRG
| }
AF32881
GGLYACH(Hsm)GPIT(1-nal) VCQPLRG
N
K-NH,
GGLYACH(Hsm)GPIT(1-na) VCQPLRG -
AF35179
(AcG)GLYAéH(Hsm)GPIT(l—naI)V(EQPLRG N
K-Ahx-Ahx
(ACG)GLY ACH(Hsm)GPIT(1-al) VCQPLRG 7
AF35180
(AcG)GLY ACH(Hsm)GPIT(1-nal) VCQPLRG ~ |
K-Ahx-Abx-PEGogg
(AcG)GLYACH(Esm)GPIT(1-nal VCQPLRG
AF35463
(AcG)GLY ACH(Hsm)GPIT(1-nal VCQPLR (MeG) ~
KGG
(ACG)GLYACH(Hsm)GRIT(1-5al)VGQPLR(MeC) 7
AF35090 GGLYAéH(Hsm)GPITWV(EQPLRG(McG)\
K-NH,
GGLYACH(Hsm)GPITWVCQPLRG(MeG) 7
AF35148
PEGZOK—-O—(AcG)GLYAéH(Hsm)GPIT(l-nal)VéQPLR(MeG)\
K-NH,
PEG20k—0 ~(AcG)GLY ACH(Hom)GPIT(1-nal) VCQPLR(MeG) 7
|
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(AcG) GLYA (Hsm) GPI T(1-nal )V QPLRG N K- Ahx- Ahx (AcG) GLYAL (Hsm) GPI T(1-nal)V
CQPLRG AF35180 (AcG) GLYA H(Hsm) GPI T(1-nal )V QPLRG K- Ahx- Ahx- PEG2OK

(AcO G_Ya,d%(,ggmﬁw T(1-nal )V (QPLRG AF35463 (AcG) GLYA petresdnaRiiiess- nal) V
QPLR(MeG) N K AcG) GLYACH( Hsm) GPI T( 1- nal ) VOQPLR( MeG) AF35090 GGLYA
H(Hsm) GPl TWW QPLRG(MeG) N K- NH2 GGLYACH(1ism GPl T W VCQPLRG( MeG) AF35148
PEG20K: O (ACG) GLYA H(11sm GPIT(1-nal)V QPLR(MEG N | G NH2 PEQCK- O

(Ac(|3FEMA HH( Hsm) N IRCMeG) 7 -17 WO 2004/ 101611
PCT/|US2004/ ) 1AE8EL B §PITAE ERPIR (Meflsry™EPI T( 1- nal ) V QPLR(MeG) -NH [NH2 O
(Ac®) GLYAI H{Hsm) GPI T( 1- nal ) VOQPLR( MeG) - HN n? O -~O NAE35168 (AcG) GLYA
H( LHsm) GPI T(1- nal ) VOQPLR(MeG) - NH 0 NHPEGZOK o1 O OND  (AcG GLYA
| H( Hsm) GPI T(1- nal ) VOQPLR(MeO) - HN NH ~O NH 0K 0
(AcG)GLYACH(Hsm)GPIT(1-nal)VCQPLR(MeG) —HN”  NH—\
L | o
AF35168 o
(AcG)GLYAC.,‘H(Hsm)GPIT(1-na1)VéQPLR(MeG) —NH
NH NH (PEGZOK
|
o N 0
0
(AcG)GLYA(l:H(Hsm)GPIT(l-nal)V(llQPLR(MeG) —HN" NH- O/—’ NH j(PEG -
O
AF35361"
(AcG)GLYA(.l,H(I-Ism)GPI'r(Z-nal)VC!QPLR(McG) ~
KK-NH,
(AcG)GLYACIIE(I-Ism)GPIT(Z-nal)VJCQPLR(MeG) s
AF35595
(AcG)GLYA('JH(Hsm)GPI'T(Z-nal)VéQPLR(McG) —NH
NH PEG;o«
Y
O S 0
(AcG)GLYACIH(Hsm)QPIT(z-nal)vlePLR(MeG) —HN NH—\_O/—'
AF35564 l
(AcG)GLYA(!H(Hsm)GPIT(Z-nal)VCQPLR(McG) — NH
NH PEGjpx
.Y
(AcG)GLYA(IZH(Hsm)GPIT(Z-nal)V(IIQPLR(McG) —HN NH—\_O/—’

Still other peptides of the present invention, including peptide monomers and dimers, are as follows:
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(AcG GLYA

-18 WO

PCT/US2004/014886

AF35564 (AcG) GLYA

pepti des of the present

are as foll ows:

ot her

zzaaYaaaaaxa a9 A a a?a?a

NH-PEG30K 1110 O (AcG) GLYAC i

-HN NH ~O Sti |

) JINHYPEG20K O O O
al ) VCQPLR(MeG) -HN NH | i Lo

-Nn

MeG

( ACG) GLYA H(HsnC ) GP1T( 2- nal ) VOQPLR( MeG) / KX- NH2

i ncl udi ng peptide nononers and di ners,

O AF35361'

H(Hsm) GPI T(2- nal )V QPLR(MeG) AF35595 (AcG) GLYA H(HC

o> X )
- O
(Wi eoNe))
—_ ©
- ) .
. _| © . 8m+<n__ u_fzmﬁn Hld|a|u[o] o |A|M|L|[T]|d|{D9]|NW]H]| O |4|A|S|N|OD]|d|ow]] aL
=T 1 sog+val] | A [N ESER L olv|v|w|wlolajmiafas]ulolwfuloTufala|dla]a]ow]] U
Mok suwouop| 1 HN s[tJajfajo|z [alm|afolalalv|v] o {as]alalaln|u]n 9
H Al 208 +vall Al B a{afslalalolalmprlofalolafu] o fulnfjufjolufifavil oL
N EN S 208+ var| ANESS 1 s | |8 |d|ua| o |[Alm|L|o]|alol3]s] o |a|lalnlofa|n]|owv]|] 9]
(@) 20g +va| dlmNEEE 1 julslojalofalmit|1lalofwlal o Tufafule{ulwiaw|l o
11 H 20g + val| AN v [d [u s sy o [a[m[ularlafofwlal o laf[alelulafa]aw{1 (7
sog+val| ANl a Ju [u v dlo| o [a|m[afafdlefaln] o |s{alulujeolalew] 1
1P 209 + vai| | JdwnEE u InJafv]o [almfola]afo[w]ul o sfafv]a]a[alawv]] ol
Ol i o 208 + valf AN o Lo fuls)s] o falm|elaalom]uio jo|afaln[n]u]wv]] 69
209 + vVai AN B S H 181140 O |JAMIL]|T|d|9IN]|H] O jO]A|NlY|N]D |ov]] 89
o loogeval AlMNEDRE L {1 lvislulylafv) o jalmjriolalolalul o ujajrida|le]sv]) 9
A0 208 +VqJ AnNERT o o (sf1fd|u]ofalimlajajd]lolrjo] o jsqajninjojuiw|T E
1Y ta 20g +val| AN a |ufululdfa] o falmlafaldalol1|u]l o falalrls]alufmwil ©
IES 20g-+ | [ TajangiEula|o fal{mlalalalo[nwlul o [ufalw]ufelalawin 3
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may i nRIaqu@tlagngeqmilde tni pdacs oftllelvatabbr(&’)regmnnfthnheaaylandier light chafiher sequence
nodi fications or conbinations as desired by those skilled in the art. For

ex | (WNeTs 8 curring sequences may be
qfrpl Bre i epgbﬁ(ﬁ e g%gﬂ‘g—%%"&ntéyﬁggﬁcl ude am no acid substitutions to

pr ovi déezazdssﬂn#zeszi' or at tachment of carbohydrate, PEG other pol yrrer or the
i ke via si n a n, eXs no_aci,d
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condensation, classical solution synthesis, and recombinant DNA technology [See, e.g., Merrifield J. Am.
20  Chem. Soc. 1963 85:2149].

In one embodiment, ﬂ1e peptide monomers of a peptide dimer are synthesized individually and
dimerized subsequent to synthesis. In preferred embodiments the peptide monomers of a dimer have the
same amino acid sequence.

In particularly preferred embodiments, the peptide monomers of a dimer are linked via their C-

25  termini by a linker Lx moiety having two functional groups capable of serving as initiation sites for
| peptide synthesis and a third functional group (e.g., a carboxyl group or an amino group) that enables
binding to another molecular moiety (e.g., as may be present on the surface of a solid support). In this
case, the two peptide monomers may be synthesized directly onto two réactive nitrogen groups of ths
linker Ly moiety in a variation of the solid phase synthesis technique. Such synthesis may be sequential

30  or simultaneous.

Where sequential synthesis of the peptide chains of a dimer onto a linker is to be performed, two
amine functional groups on the linker molecule are protected with two different orthogonally removable
amine protecting groups. In preferred embodiments, the protected diamine is a protected lysine. The

protected linker is coupled to a solid support via the linker’s third functional group. The first amine
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10 i mmune system ' Fusion proteins of all types are provided, including
I mmunogl obul i n sequences adjacent to or in near proximty to the EPO R

acti vat Ia’%ﬁ%&gﬂ) bGes of the present invention with or wdﬁm’oomlma-
i mrunogl obul'r'n spacer sequence. One type of enbodinent is an |mmnogl obuI in

chain havrn the EPO- R act| at ng seguence .in plac of the variaple (
r egi on PBICCH R S1ER R Teaiid A9 iy St e, of e Bmep & S0 Hiess o foe Bise rrafécte

conpouagife oidty) ETheB ek S annﬁ"@ﬂbie&&g%z‘dﬁph@&hﬁw@&"‘ end@Rsbd8S pQHidé bethé BNt | on
may be. prepared by cl assical hods known in the 'leﬁ%These st apdar.d

met hod $sirgd on fheiserop éepg%trrt PHISBOEYn FRESREPIey Pm%rrqaetbﬂ%@%lmker

synt he&ia§ beBloRR R mﬁhrpamem th&éé@&ﬂﬂﬁﬁltFnQﬁ I sk Me I&ﬁﬂd’érbtgf(bt‘iﬂ{ﬁf heaiss and
reconbi nant DNA t echnol og Merrifield J. Am Chem Soc. 1963

85: 2148%0UP) may, Ae TERYEE .barérre mh&ltbéprqlér@aﬁrdﬁewépé Piperifing. it dimsthyh foppamide

synt heghwey], hdudiny itald e ﬁ/deadagm s?h’dﬂ"é‘s'iéeé e@théﬂeme%%emloé Qroﬁly @ﬁapeoslremorea with a
preferred enmbodi ment s peptide nononers of di ner have the sane ani no

aci d sé‘qﬁblﬁdéagenh[ergarN(BEhsw Wﬂ)ﬁr sPahpking @%@%‘Pfﬁ@ﬁﬂh ;and Hee prepad Beptido sader s
of a diyRfesigde my{%@ﬂnc}cﬂaq’n%yhfe' dsefto generh® dihdts whketh ‘Jhb @&ﬁi@n&cgomb by g Hé ng

two functional groups of serving as Initiation sites for
synt he8hainsgrriidgntical qrcfllfffqmét M’Fﬁaﬁhﬁtg’r‘h@(ﬁﬂl&@e@ thiokpretgptingxarouny ferysteine em tehfr no

9r 94P) uiddds ¢ %PAI demoﬁgrd?ﬁraﬁ gm;cheed ft?%% i s?{] hﬁaﬁeewst@@u d,evaﬁyﬂaaeyth@e

present on t e sur ace a solid suppor case, two peptide
monone figalmjnotreidsyanendss pfibel peitide dtaing obmdiger mﬁ%@f@i ive nit rogen groups of

the inker V\h{érer@ﬂn@b%eesdg sl c?ttﬁe%%p&{e cthlgﬁs fi hﬂlepﬁﬁt% KR 0 ESbe e%f%ﬁ{%' que.

Such synt hesi’'s nay aneous. ere seq uen
synt heswes aminet faactjpegit grd@scdfaﬁhnslmkér laoldwheareoprbtoctad Iv’rlﬁnkélre sagie trclnb@b]@emhm med,

two am ne.. f unct i opal are tect Wi Wo
differ grofe °f g(ﬁ%po niz?all HryfglF edj'ﬂ’p 2 1men a’i’lﬁe Heolfeﬁﬁegt ean%lr enlﬁ % r°te°t§c.i B’rc‘lﬁe'p?g? %rPgregﬁé
embodi tirleek s, cohisled maoé;ohd tsaii)oﬂ |vaxntha nkef's amrdrfomcmoﬁae @rdups t[rnéus chkecthe pm)lbre'ettedj

| i nker ;i s.co t I|d support . vi nk d . functi

or oup, SRS Perbe, i e hoRst D8R s e B AR tvp st s

]gr oup Bl&lultmws?}dsyn&i&dzddf'tm the d&protpuedalt dntigeso Notdwhatdisingthis Sechyiqiid) @i se@u@ne@s of he

I rst eprot ty.. [ n m ne pr cti roup 1's
o Pafie s SR e ot e B P Lo GgR P R D B LB na
depr ot e@taﬂdleamnae noi ety. For exanple, the first am no 'noi ety of the linker
may be prot ocC nd the second with Fnbc. | n this case, the
Frd group fd ’ﬁ%’\é th@ &LSEI‘P%%S syitssis §s oS phase sulissisq SpYd PrassiperBet SYRIERS o
mld b@&@e&ﬁs%e,wﬁﬂ%nmmemb%m@elmg chtmmldfpﬁﬁse@@ﬁhe Syhide) [Frecadd abhdi€o.f i 1 St

peptide chain si/nt hesi zed. Thereafter the group may_be renmoved with a

sui t abPan Fraagient 1968; 6002/2 Berem! Catalogfrom Nﬂ*@bpﬁqu ferrafen Piseer bt (Gaedmam g
t he segomngsReRtHeffdes AAd Peptidomimetics (Houben-Weyl, Stuttgart) 2002]. In solid phase synthesis,

synthesis is typically commenced from the C-terminal end of the peptide using an a-amino protected

25  resin. A suitable starting material can be prepared, for instance, by attaching the required a-amino acid to
a chloromethylated resin, a hydroxymethyl resin, a polystyrene resin, a benzhydrylamine resin, or the
like. One such chloromethylated resin is sold under the trade name BIO-BEADS SX-1 by Bio Rad
Laboratories (Richmond, CA). The preparation of the hydroxymethyl resin has been described
[Bodonszky, et al. (1966) Chem. Ind. London 38:1597]. The benzhydrylamine (BHA) resin has been

30  described [Pietta and Marshall (1970) Chem. Commun. 650), and the hydrochloride form is commercially
available from Beckman Instruments, Inc. (Palo Alto, CA). For example, an o.-amino protected amino
acid may be coupled to a chloromethylated resin with the aid of a cesium bicarbonate catalyst, acoording
to the method described by Gisin (1973) Helv. Chim. Acta 56:1467.
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synt hesi zed. This technique may be used to generate diners wherein the
sequences of the two peptide chains are identical or different. Note that
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control disultide bond formation (as discussed bel ow) this techni que nust be
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| i nker _nol ecule are protected with the sane renovabl e anmine protecting:

gr oup. Thereadienfosgrriag peaitstndi aminn acidstapresupeestvebt eplefl 4ne growing wpparbheuad peptide
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tid hai " si I t [ { t ed i . ..Not
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ot modiokesing Bts . BBt heSto ik SoueirBERiay CbapLORReD Alifloffebintha
B ane S T oy R O vt ochom Cor o San. Di egor
USAY  Goodmart he S FHEsprtei e zqyps el pEsted b EMCS e @gﬂ-r’e@w intact "~
St ut t gatirding RPiflg: ankd's 64 dpdt sﬂmaﬁndgsmetdbﬁsde&ion ¢PYHRS @b SerhnSms \pPdtechihg ¥roup or

commenced from the C-term_nal of the peptide using an a-am no. praotected

25 1 esAHmeAcRling b The ssfdﬁr‘%hﬁﬁgprgﬁ?tg‘rgi FPun: giysthke Fieqyable dpon dhe poraristioneof thy

at t achisfiihelid @f the GuhIRpti R-288 iRy ABétthn cBndifons MaOWANRS: Bitdr AheErpbEebilde. The side
hydroxynet hyl resin, a polystyrene resin, a benzh mne resin, or the

dry] h
| i ke. Chan Biosting grawns et fyr inelds tetpadydropsganyd tert- P‘Et%’llhgmtzb’]a%%r?aﬁbcﬁ @BEADS

SX1§ by 5Bt Festnzit 2R REOHaRDréttdia f indl& AN, QlicABroBénz{iNRethyl
hydr oxymet hyl rg?ihn has been%éescr?g?eagps fBo omnszkés et at (196(3)6§nz§'d1e?nyfnd.

London ¢thgl, ambaycloheiyd Bbe sifg ehajn prateeting(@euny foreBir4ng Ser ivelude Fotyldserorh &Eéyl,

Pi ett 1 : : : '
o come i iBaiEbaatl Bf il ERITU, e ke oA plRCuibEs Ml BRge] ™
For exatiol e, Tesyl a- fdsho [§/at ecadentantyloxysarbarild meppiteydsutfomp| edMit, a 2,2,4.,6,7-

chloro | Lt e [ f 48 | C Y,
accordg%géy‘%t%’@%é&%%‘%gg% I&fgss%:llrﬂi% ed&’lla)@’ éalgt?lﬁ)@(%’gl?% &Eé?l\c/& E@Fsﬁqﬁ{) (I:t(g/f@B:o N467.
- 230 WOBR@0Zhd 6id6 ¢HpirPOrbletiBROG M X486 indlederClizn 2{chlatobewrylvixjqaghonyH@-G-Cha), 2o
protectjn i f l e, using trifluoroacetic acid (TPA)
or hyd%@gﬁP%{%%ﬁgﬁfig%ﬁ'%zrEésl’g?r(g&Pn organi ¢ solvents at room

t enper at ur e Afted feaoed fof ¢e, o-amiatiprotecinggron, g ramiinhg peotebsedaatnsacids @assdoupled/
coupl ed to a.grow ng,support-bound peptide,.chain_ The a-ami no protecting
or oUps SGPESS Hobs dRHIBHATER Beehatelpiied shng A if ERgmIIY FeapieR 4L aRah e HACldexeRes 5
pepti dasing | RE! UbpitiiatdC Ydaroyxyle £o@) €Gbhivathr 9rsatPs ab €. B(1H-bedbdtidzol-1-y1)-1,1,3,3

trifluoroacetyl,. acetyl), aromatic_urethane- o i )
25 teh‘ameﬂ1yl¥1ronium gex%ﬂl)mrol?hosp ate (HB or dicyclohexylcarbodimide (DCC) in solution, for

example, in methylene chloride (CH,Cl;), N-methyl pyrrolidone, dimethyl formamide (DMF), or

mixtures thereof.
After the desired amino acid sequence has been completed, the desired peptide is decoupled from
the resin support by treatment with a reagent, such as trifluoroacetic gcid (TFA) or hydrogen fluoride
30  (HF), which not only cleaves the peptide from the resin, but also cleaves all remaining side chain
protecting groups. When a chloromethylated resin is used, hydrogen fluoride treatment results in the
formation of the free peptide acids. When the benzhydrylamine resin is used, hydrogen fluoride treatment
results directly in the free peptide amide. Alternatively, when the chloromethylated resin is employed, the
side chain protected peptide can be decoupled by treatment of the peptide resin with ammonia to give the

-24-



type protecting groups [e.g., benzyl oxycarboyl (Cbz) and substituted Cbz],
al i phatic urethane protecting groups [e.g., t-butyloxycarbonyl (Boc),
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reacted in about ‘a 3-fold excess using an appropriate carboxyl group
actyisvatmpidehddifations( 1H benzotri azol -1-yl)-1,1, 3,3 25 tetranethyl uroni um
hexaf | uor ophosphat e ( HBT or_ di cycl ohexyl carbaodi m de_(DCC) in solution, for
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f or mamglg-ofleMoiher &mpoldstod iR SnveEne AfmindVetrBitud H6di #SSibASH 1A MdhyMiiofl (Sgauence
has been conpleted, 'the desired peptide is decoupled from the resin support

by t r edfHfRt orwiN(§Ha)2); aesfpdetion (s.g¢ Withgogticiapidups adulogenagedylerivative theyeof puchyag pogen
fluorid ( HE), ich QNI Y . ; i f ' t
(o0 R o i el b SRR A Sl b A A (65 W
chl2or orbixckiyp sHecahine terminiis with enl; blhskikigogreup ddntainingle cirb@glatefuhctiopality tisfined by he

f ti f the, f id | t h ] in i d,
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Carboxy terminus modifications include replacing the free acid with a carboxamide group or
forming a cyclic lactam at the carboxy terminus to introduce structural constraints. One can also cyclize
the peptides of the invention, or incorporate a desamino or descarboxy residue at the termini of the
peptide, so that there is no terminal amino or carboxyl group, to decrease susceptibility to proteases or to
30  restrict the conformation of the peptide. C-terminal functional groups of the compounds of the present
invention include amide, amide lower alkyl, amide di(lower alkyl), lower alkoxy, hydroxy, and carboxy,
and the lower ester derivatives thereof, and the pharmaceutically acceptable salts thereof.
One can replace the naturally occurring side chains of the 20 genetically encoded amino acids (or

the stereoisomeric D amino acids) with other side chains, for instance with groups such as alkyl, lower
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of the compounds of the present invention include am de, am de | ower alkyl,
am de di (l ower alkyl), |ower al koxy, hydroxy, and carboxy, and the |ower
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t her eof . can re t at urally occurring side chains, of. 20
e el 1y T e s oot diveon may PO ang P By S e e e 6o ¢
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2004/ 1%1su 1.%6 E‘ondI H’SZ*OP c? %1ments a peptide dimer comprises two intramolecular disulfide bonds.

Such disulfide bonds' may be formed by oxidation of the cysteine residues of the peptide core

sequence. In one embodiment the control of cysteine bond formation is exercised by choosing an
oxidizing agent of the type and concentration effective to optimize formation of the desired isomer. For
30 example, oxidation of a peptide dimer to form two intramolecular disulfide bonds (one on each peptide
chain) is preferentially achieved (over formation of intermolecular disulfide bonds) when the oxidizing

agent is DMSO.
In preferred embodiments, the formation of cysteine bonds is controlled by the selective use of

thiol-protecting groups during peptide synthesis. For example, where a dimer with two intramolecular
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cyclization strategies, amide-cyclization strategies and thio-ether cyclization strategies can both be readily

used to cyclize the compounds of the present invention. Alternatively, the amino-terminus of the peptide
can be capped with an a-substituted acetic acid, wherein the a-substituent is a leaving group, such as an

30  o-haloacetic acid, for example, a.-chloroacetic acid, o -bromoacetic acid, or a-iodoacetic acid.
Addition of linkers

In embodiments where a peptide dimer is dimerized by a linker Ly moiety, said linker may be

incorporated into the peptide during peptide synthesis. For example, where a linker Lx moiety contains
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i nviention can exist in a cyclized formwith either an intramol ecul ar am de
bond or a? \%nfrarml ecul ar thio-ether bond. For exanple, a peptide nay be
synt hes14BE" 3BPEH one cysteine of the core sequence is replaced with

| ysi ne and trhentbedifiaats Gytieiecths Geptider @mpaﬁxetd cohtait @ kphcennindicti;issld spiver aafter a
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of -t he<ROOTRREPIER gachep ¢ SpipeS Wou SRl Hire pabCoRELR 2 GHBP el n
one cy Sérﬁip%d@,fseéog@ ﬁ}?ﬂﬁ@lag @?ﬁp e, 4 Eaﬂgcﬁpi g’:lr&iqﬁorvmﬂdimﬂ&k gloMp) t:iﬁ enfolf&%}’d&ﬂdnf‘gdto
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Al ter nasm[;peed a a A FRTEHORI Em%hmE‘e gt £linkel €, AR ASvinS AR RBCHRRNGHPYIChPAbRLE

a-substituted acetic acid rein the a-substituent is a |eaving group,
such agemis a3dniation sitesdes peptidesyathesinande, thie functional gAR fectacietarRoxslogrenp ¢ an

- brRMoaGetd 6rodf) Mlat HabRs bRARRCH! dnbthAC iridtecidldinbieQNis YonfubREL %S the spacer via the
spacer’s second functional group and the linker’s third functional group. Thereafter, two peptide

monomers may be synthesized directly onto the two reactive nitrogen groups of the linker Ly moiety in a
variation of the solid phase synthesis technique. For example, a solid support coupled spacer with a free
amine group may be reacted with a lysine linker via the linker’s free carboxyl group.

30 In alternate embodiments where the peptide compounds containa spacer moiety, said spacer may
be conjugated to the peptide after peptide synthesis. Such conjugation may be achieved by methods well
established in the art. In one embodiment, the linker contains at least one functional group suitable for
attachment to the target functional group of the synthesized peptide. For example, a spacer with a free
amine group may be reacted with a peptide’s C-terminal carboxyl group. In another example, a linker
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I n enbodi nents where a peptide diner is dinerized by a |linker LK noiety,
said linker may be incorporated into the peptide during peptide synthesis.
For examylgoifkf @ | i nker LK noiety contains -27 WO gOfd42004614dse
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cont ai Wismatase GReanchanp, etgﬂo B&Bn@‘l @e@@ﬁld 13120t m&n@mma@@w (Chen,ceaboxy |
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pedbi déllmylmub%eslyﬁrmntlmlmr ectly onto the spacer s free am no group by
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a firstpolymecmoistied. Brefseadly, Mzt pelymérn later covientlyi aétaghedaw ithegpeptide ¢ampotndsn dlhe
groups 0 | a | | a
S PRREASKEIbol S ol el o Bl fleBishic dytby B! SEpdRbSE e
enabl eglyoolmtopytpne oglymht Weboxymbthyluélhuloscmd&trgn, | ml;o/m)ql Ladraheld nolyvtnlyb pepalciene, vi a

P I R Ll S I e T N L o S G
tﬂg ts \gproiéxeptﬁj;n;e;esomlmﬁdgge molgmjawg @bly(ranyli mk-mhdd»ﬂ@pmeﬂ]tylem rglyol, v;&oﬂra;lyilama of
thecor ehepHhoRRpoIsa e Ronk e Rl Syler on B BN a0 bR RS i elf LK e

i nker 'pﬁeférfeﬂ@va@bﬁrsbmhwpomﬂﬁ PEG
Peptides, peptide dimers and other peptide-based molecules of the invention can be attached to

25  water-soluble polymers (e.g., PEG) using any of a variety of chemistries to link the water-soluble
polymer(s) to the receptor-binding portion of the molecule (e.g., peptide + spacer). A typical embodiment
employs a single attachment junction for covalent attachment of the water soluble polymer(s) to the
receptor-binding portion, however in alternative embodiments multiple attachment junctions may be used,
including further variations wherein different species of water-soluble polymer are attached to the

30 receptor-binding portion at distinct attachment junctions, which may include covalent attachment
junction(s) to the spacer and/or to one or both peptide chains. In some embodiments, the dimer or higher
order multimer will comprise distinct species of peptide chain (i.e., a heterodimer or other
heteromultimer). By way of example and not limitation, a dimer may comprise a first peptide chain

having a PEG attachment junction and the second peptide chain may either lack a PEG attachment
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30 rn alternate enbodi nents where the peptide conpounds contain a spacer
noi ety, said spacer may be conjugated to the peptide after peptide

synt hesi g0 29d5i016Qn) ugati on may be achi eved by net hods weftis20e661ag86i shed in
the art. In one enbodi nent, the |inker contains at |east one functional
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Bi ol . . ? " i | .
iol. € a%?%géﬁ%)wa LT SHer ﬂ-?ﬁﬁ%@é-‘?}&ﬁ@@%, ﬁ%@go_g&%@d n«]ﬁ@a

Bi ochem . and adenosi ne deam nase | 0C
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and/ or G b dofMABR ICJ [ l.Cl h B .
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car box Butt ALD cePEGIACHET, heterofunatigna pPEGs/(NH2-PEG-COIOH, BopHABGANHS] Fripgu-PEG-INHSn e,
20 pol y= = di. QX - ,6-triQ , ei c.anhydrid
copol y IS PGS, ReRfe REAM, PR o ATRT S ST BB uBor Yitr BPmo-
pol y( nDSPBY,imyMyarmed iPEGs @ pitd §ENBRITRserigd jnchulding phe GilLogyibeofgly@riebised PEGs
honppol yners,, polypr. |.ene oxi.de/ et.hyl ene oxi de cppol nd.
o o PUVRGE e BrgHaY wiosce B e SR Roife i, 6F B2 SRR Btpued Pecs
Pept ibdteiaclucnﬁg)biatd&t dinfed S0 aﬁtdo;QIHBEgls,@Miﬂﬁsb@&é}d-ﬂﬁﬂsﬁﬂd&@ﬂe PEGH, hezetaAREGY, | ON
can be att t wat er - s e .po s (e.qg., P ' n a
Cari or g s, Rt MRlmAR SRS HaRs S Ghe Sbycy pUDH, By i Bho’
r ecept @ldelide diatpx iRy’ bitgBridd tybEEEGP@EttnEliZe FEG-pHosptolifid, inds pBeedihilarAntiipi cal
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t he wafdiebleagaghy ﬁﬁﬂ 3 Sef gl)byttgost: plalled n the art for their particular application and usage.

25

The polymer may be of any molecular weight, and may be branched or unbranched. A preferred

PEG for use in the present invention comprises linear, unbranched PEG having a molecular weight of

from about 20 kilodaltons (kD) to about 40kD (the term "about" indicating that in preparations of PEG,

some molecules will weigh more, some less, than the stated molecular weight). Most preferably, the PEG

30  has a molecular weight of from about 30kD to about 40kD. Other sizes may be used, depending on the
desired therapeutic profile (e.g., duration of sustained release desired; effects, if any, on biological

activity; ease in handling; degree or lack of antigenicity; and other known effects of PEG on a therapeutic

peptide).
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receptor-binding portion, however in alternative enbodi nents nmultiple
attachnment junctions may be used, including further variations wherein
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recept op‘svl(o)lsjrald‘lgng portion at distinct attachment junctions, which may include

coval ent at chrre unctlon to t he, spacer nd/or to one or_both peptide
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porti Ofn@drmb Bereh &R Bf‘fﬁfeng* RHr&Gdd¥ef fd &@es@ Hﬁeé’ctéél' ﬂe{:ﬁ“&e@ Qﬁd/&%o%e‘? ik 'w@u

pol ymer ée.g., a carboh ate) conjugated to a sid hai n "of” one of
ani no &e @medtbﬁéacﬁﬂsﬁ)ﬁucb@s theglesived HG@‘PC af pelyrst @tt@ehréentkw menoy diri tat, ytca;rthe

polyet %ﬁe‘é@lﬁrnglnﬁﬁt%f fEEG %lec?ﬂde %béth@iethu gnle?r PR drAfbRhcHell Can. and the

recept or - g portion (pept Substanttally any suit
react i veactiREGonditape for aqarticyler attaekment meth wgeferred enbodi ments, the reactive

PEG r eagent rla{cﬁ' L& ddithdhed, g{ ’ngd%&ﬂ%gtﬁacﬂedqﬁ{t%a}g@gglprynﬁmsq%Gt?qfégg%Qra'ﬁ%’”

conj ugat i on € receptor- e’reactive Speci es
i ncl udeyrpbses, ezangplesotf methonis fon dovatent attacdwentdfi PEG @E6yRtion) aaxhdescribed bedew.eThese t he

Pl ace T g SpiF € ARl O tinthe "ol or SRABSY b Bty o Il B

Mb 18 c u b avari€iy gif meetheds gfoc abedlany a(ctﬁc{hﬁiem of I‘Hedaﬁanan@hef wp’&utsohnble(me& Scwvlbr y
Drive, t.svi.l e, Alaba For nd not ta

fol | ow® r%a%? é rléhagga’é‘ntpés‘ sgcr:épgq:ﬁ g%%?e gsrt?e 3??’ B‘tﬁnslgefg %o%otl r?ien?(’l s
nPEQ2- kﬂﬂﬁm mRArt Abdd, been |attachéd by REGoT mﬂﬁﬁﬁelkﬂeﬁ)aﬂachnﬁﬁ%(tmus)hmwﬁﬁme MHi2ire
nPEG- SPA, nPE bsgéérp nPEG-t hi.oesters, nPEG Doubl e. Esters, nPEG BTC, nPEG
But yr AP “‘Rﬁé% KRB BYGF N ct i onal PEGs (NH2- PEG COOH, Boc- PEG- NHS,

Frnoc- PEG NHE oneNtiolintent/ PEG\HSy Rirte 4 JinkePhat ditdeyibaattes peptidelmdricfmetHE) one

e U PR AL b e Eien o §15h e fuiisa N PR 0CIETRpSl O IO BHGHRS ry
i nctu ry
chosen ob&im'élh(lﬁ endildr lehB6ditrnt] PEG & ditache®}o apadeh frolBbiNGR ﬁéﬁumﬁmakre& dittRées In -

81 dehy 8@ cmiptiment iR Si5gfip Deiieker Tt PL PREIOC dPEn i ddiSbRCE ered

hy dr oX ginb &t RE is aammw?EGf@aq}bm@yan@a ydid Bfacer raélé@hy ﬁh@ache‘datb hRXke €L,
anhydri de t%ae PEG, functionalized PEG phospholipid, and other simlar

and] or mowh| Akl bE FRAOPEES! 4PeRide iy 1\49st PRICEbETEG deetiashackia 2:Ptoet or
thesr Ry, Gt kaid BFHcbiGAdibY s MRchel $PDFeptide dimer via the carbonyl carbon of a lysine linker,

or the amide nitrogen of a lysine amide linker.

There are a number of PEG attachment methods available to those skilled in the art [see, e.g.,

Goodson, et al. (1990) Bio/Technology 8:343 (PEGylation of interleukin-2 at its glycosylation site after
site-directed mutagenesis); EP 0 401 384 (coupling PEG to G-CSF); Malik, ef al., (1992) Exp. Hematol.

30  20:1028-1035 (PEGylation of GM-CSF using tresyl chloride); PCT Pub. No. WO 90/12874 (PEGylation
of erythropoietin containing a recofnbinantly introduced cysteine residue using a cysteine-specific mPEG

derivative); U.S. Pat. No. 5,757,078 (PEGylation of EPO peptides); and U.S. Pat. No. 6,077,939
(PEGylation of an N-terminal a-carbon of a peptide)].
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25  generated by sodium periodate oxidation of N-terminal threonine [Zalipsky, et al. (1995) Bioconj. Chem.
6:705]. However, this method is limited to polypeptides with N-terminal serine or threonine residues.
Another site-specific method for N-terminal PEGylation of a peptide via a hydrazone, reduced hydrazone,
oxime, or reduced oxime bond is described in U.S. Pat. No. 6,077,939 to Wei, et al.

In one method, selective N-terminal PEGylation may be accomplished by reductive alkylation

30  which exploits differential reactivity of different types of primary amino groups (lysine versus the
N-terminal) available for derivatization in a particular protein. Under the appropriate reaction conditions,
a carbonyl group containing PEG is selective attached to the N-terminus of a peptide. For example, one
may selectively N-terminally PEGylate the protein by performing the reaction at a pH which exploits the

pK, differences between the g-amino groups of a lysine residue and the a- amino group of the N-terminal
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EPO-R agonist activity assays:

25  Invitro functional assays
In vitro competitive binding assays quantitate the ability of a test peptide to compete with EPO
for binding to EPO-R. For example (see, e.g., as described in U.S. Patent 5,773,569), the extracellular
domain of the human EPO-R (EPO binding protein, EBP) may be recombinantly produced in E. coli and
the recombinant protein coupled to a solid support, such as a microtitre dish or a synthetic bead [e.g.,
30  Sulfolink beads from Pierce Chemical Co. (Rockford, IL)]. Immobilized EBP is then incubated with
labeled recombinant EPO, or with labeled recombinant EPO and a test peptide. Serial dilutions of test
peptide are employed for such experiments. Assay points with no added test peptide define total EPO
binding to EBP. For reactions contaiﬁing test peptide, the amount of bound EPO is quantitated and

expressed as a percentage of the control (total=100%) binding. These values are plotted versus peptide
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activity of an EPO-R agonist peptide of the invention.

Another assay may be performed using FDC-P1/ER cells [Dexter, et al. (1980) J. Exp. Med.
152:1036-1047], a well characterized nontransformed murine bone marrow derived cell line into which
EPO-R has been stably transfected. These cells exhibit EPO-dependent proliferation.

30 In one such assay, the cells are grown to half stationary density in the presence of the necessary
growth factors (see, e.g., as described in U.S. Patent 5,773,569). The cells are then washed in PBS and
starved for 16-24 hours in whole media without the growth factors. After determining the viability of the
cells (e.g., by trypan blue staining), stock solutions (in whole media without the growth factors) are made
to give about 10° cells per S0pl. Serial dilutions of the peptide EPO-R agonist compounds (typically the
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Similar assays may be performed using FDCP-1 [see, e.g., Dexter et al. (1980) J. Exp. Med.
25  152:1036-1047] or TF-1 [Kitamura, et al. (1989) Blood 73:375-380] cell lines. FDCP-1 is a growth

factor dependent murine multi-potential primitive hematopoietic progenitor cell line that can proliferate,

but not differentiate, when supplemented with WEHI-3-conditioned media (a medium that contains IL-2,

ATCC number TIB-68). For such experiments, the FDCP-1 cell line is transfected with the human or

murine EPO-R to produce FDCP-1-hEPO-R or FDCP-1-mEPO-R cell lines, respectively, that can

30  proliferate, but not differentiate, in the presence of EPO. TF-1, an EPO-dependent cell line, may also be
used to measure the effects of peptide EPO-R agonists on cellular proliferation.

In yet another assay, the procedure set forth in Krystal (1983) Exp. Hematol 11:649-660 for a

microassay based on H*-thymidine incorporation into spleen cells may be employed to ascertain the

ability of the compounds of the present invention to serve as EPO agonists. In brief, B6C3F; mice are
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1s01ated from the blood, for example, by centrifugation through a Ficoll-Hypaque gradient [Stem Cell

Technologies, Inc. (Vancouver, Canada)]. For this assay a nucleated cell count is performed to establish
the number and concentration of nucleated cells in the original sample. A defined number of cells is
plated on methyl cellulose as per manufacturer’s instructions [Stem Cell Technologies, Inc. (Vancouver,
30 Canada)]. An experimental group is treated with a test peptide, a positive control group is treated with
EPO, and a negative control group receives no treatment. The number of growing colonies for each
group is then scored after defined periods of incubation, generally 10 days and 18 days. An active peptide

will promote colony formation.
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cells %ﬁge enpl oyed to ascertain the ability of the conpounds of the

pr esent®® Q‘H?“B"rﬁhatlér%sé?f\?%t%§°°ﬁ°@%ﬂﬂnsts In brief, B6C3F1 mice are -35
WO 2004/ 101611 PCT/ US2004/ 014886 injected daily for two days with

phenyl hydrazine (60 ng/kg). On the third day, spleen cells are renoved and
t hei r dbVivefupctienapesswist erate over a 24 hour period ascertained using an M T
assay. The t R ryt l'ine
I nduces tyr(lpsr?gﬂg%phosgﬁ%ly a“ﬁ t(?ﬂ%w%ﬁ} ﬁ:ﬂ tﬁg%eﬁ@%?gﬁeﬂg%@?ﬁﬁ%%?%ﬁd@% the

i ntZthcealomY@umpr@mpqxg: njoned hibiassgy. ShEor tbéwassnﬂ me2areSsubjentgd elo  ath @lterhading,
anot her, S S | to
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t r ansdsorditigns ané mnlswntmmsswe coqdépns dBereafier, thdamitd 4r¢ ewittameddi at dinbigntame$sure for
prolif b t
near | y T AHR bl LSpHERalh e 3, P1bal pbpelle BARFRG W RPT) bR BERDe |
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iron. Hematocrits and radioactivity measurements are then determined for each blood sample by standard

techniques. Blood samples from mice injected with active test peptides will show greater radioactivity

(due to binding of Fe* by erythrocyte hemoglobin) than mice that did not receive test peptides or EPO.
Another in vivo functional assay that may be used to assess the potency of a test peptide is the
30 reticulocyte assay. For this assay, normal uniréated mice are subcutaneously injected on three
consecutive days with either EPO or test peptide. On the third day, the mice are also intraperitoneally
injected with iron dextran. At day five, blood samples are collected from the mice. The percent (%) of

reticulocytes in the blood is determined by thiazole orange staining and flow cytometer analysis (retic-
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assays that can be used to denonstrate the activity of the corrpounds of the
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Acad. it cel |
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. Biol
' uma R et [ SR KPRHUE BUARARIELEA PR s Sl
267: 17@@5@&&@@@;@0& ﬂnac@ﬁ@@mﬁ oengdidatei ERO-Bfagonigly inoss wrriety qfirfenctipwel agsays; 200,
in 250G 's:tﬂ%scn%c ’rea?gl';tg Hx' rgrgfo%epﬁﬁe s%}eemﬁé'qg?)n llc:rélang ﬁ?m?elnnhés o EPOR peptide

(colorinetric
ligands, the peptldes can be used to block recovery of EPO peptides of the present invention; (3) use in

co-crystallization with EPO-R, i.e., crystals of the peptides of the present invention bound to the EPO-R
may be formed, enabling determination of receptor/peptide structure by X-ray crystallography; (4) use to
measure the capacity of erythrocyte precursor cells induce globin synthesis and heme complex synthesis,
30 and to increase the number of ferritin receptors, by initiating differentiation; (5) use to maintain the
proliferation and growth of EPO-dependent cell lines, such as the FDCP-1-mEPO-R and the TF-1 cell
lines; and (6) other research and diagnostic applications wherein the EPO-R is preferably activated or

such activation is conveniently calibrated against a known quantity of an EPO-R agonist, and the like,
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2004/ 101611 PCT/ US2004/ 014886 count progran). |In addition, hematocrits are
rra_r?@al Iwe@éhwmﬁéﬁpfmp&ﬂkmiﬂ%@nt of corrected reticulocytes is determ ned
using the f @HGQ‘EPWSQ%EH%}%M% REVE! A efic i cldnidticRE BHELY ?J(vascHar er}%iothelial
(Hemat ocr i tng vimu, U, Hematocritp4 Active test conpounds w show an
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invention will also find use for the treatment of a variety of vascular disorders, such as: promoting wound

25  healing; promoting growth of collateral coronary blood vessels (such as those that may occur after
myocardial infarction); trauma treatment; and post-vascular graft treatment. The compounds of this
invention will also find use for the treatment of a variety of neurological disorders, generally
characterized by low absolute levels of acetyl choline or low relative levels of acetyl choline as compared
to other neuroactive substances e.g., neurotransmitters.

30
Pharmaceutical compositions

In yet another aspect of the present invention, pharmaceutical compositions of the above EPO-R
agonist peptide compounds are provided. Conditions alleviated or modulated by the administration of

such compositions include those indicated above. Such pharmaceutical compositions may be for
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i nvent woth vamoua polymess (e.g., U.S. Patent No. 5,013,556). A descrlptlon of possible solid dosage forms for
the therapeutic is given by Marshall, K. In: Modern Pharmaceutics Edited by G.S. Banker and C.T.
Rhodes Chapter 10, 1979, herein incorporated by reference. In general, the formulation will include the

4

EPO-R agonist peptides (or chemically modified forms thereof) and inert ingredients which allow for

30  protection against the stomach environment, and release of the biologically active material in the
intestine.

Also contemplated for use herein are liquid dosage forms for oral administration, including

pharmaceutically acceptable emulsions, solutions, suspensions, and syrups, which may contain other
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sufficient to stinmulate the EPO-R and thus, alleviate the synptons
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neur ot iaRsHilelsihmch aRbRACTRGEH S it Mk it QEROSI tions In yet another aspect of
the present invention, phar ‘maceut i cal conposj tions of the above EPO-R

agdAi st peptliocasue fbeastis resistanes nydatiegiimperreable tordeast P& 9ilds exsensiel. ibamples ed
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( nasal ,and Shellac. These coatings may be used as mixed films.

25 A coating or mixture of coatings can also be used on tablets, which are not intended for protection
against the stomach. This can include sugar coatings, or coatings which make the tablet easier to
swallow. Capsules may consist of a hard shell (such as gelatin) for delivery of dry therapeutic (i.e.
powder), for liquid forms a soft gelatin shell may be used. The shell material of cachets could be thick
starch or other edible paper. For pills, lozenges, molded tablets or tablet triturates, moist massing

30  techniques can be used. .

The peptide (or derivative) can be included in the formulation as fine multiparticulates in the
form of granules or pellets of particle size about lmm. The formulation of the material for capsule
administration could also be as a powder, lightly compressed plugs, or even as tablets. These therapeutics

could be prepared by compression.
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vagi nal, rectal, or sublingual) routes of adm nistration or using

bi oerodi bl e inserts and can be fornulated in dosage forns appropriate for
each ro% % ﬁ’q&} nistration. In general, conprehended ppyr/gdrgodioiyssat i on 5
are phar g conposi tions conprising effective amunts of an EPO-R
agoni st pept]j de, derivative products, of the invention toget her with

phar maceut i @aiwt%?@é/@ﬁﬂa\mﬂég aBgntsaRAY-lsode dacidgat Ferexample,she paptify (oF derivative)

emul Si fia§hs forRiliattd 3R a@&dﬁ}svsorﬁ@wm@fo%phm%%& SABRAS hild tﬁ&?fuhﬁé“r'c'dﬁ@ingd WHIGRT'S
of various buffer ‘content ris-HC, acet ate, quyOSp hate), pH and

i oni ¢ 8% pdiblg preduciayrh awgﬁlge@wgégve&@ epniaining colerants ags) pm&qgﬁgts agent s (e.g.,
Tween 20, Tygpg Haa§gllut5)91' SRhA M vofife of%{étﬂeptﬂfé'(&%ﬁ%ﬁ(v@) \glth arfinérPinYels ?’héif)

sodi um 10 netabisulfite preservatives (e.g., Thimersol, benzy
and5 buldﬂmemgi solds umhubsca(r@ohgdrates,acswsaély mperital, t @ldetoss, nmmbnuatlacmae o¢elluloee,

T o | Qb B AL HOUL SANLER AL Aol PUNIBLE SOTRNOTS, BN B .

pol yl acti ¢ ac) colrc aci | posorres
may al sdcibm tuptmdpha&mﬂagnesmnmﬂ:oﬁate)ami sodiymi chioride n8emd &entpéryisilc alailsliaditents

stabilit f I VLV ease, and.rate,of in vivo clearance of the
pr esenf“%:ra%t@? 5ﬁd§a‘d§eﬁ32\(§o €81§°m1g§s§ and Ayice cell Remi ngt on' s Phar maceut i cal

Sci ences, 1&1§inta§vaxﬁd Lna{r b9 A ludel di Mhnﬂ&ﬁoﬁgaf Gl]?c thefap&itio rhkl]to I%Asoha%éh)ge pages
1435-1 whi ch ar.e.herein incqrporat ref.etence. Teco tions may
R S HL B R R A R A PR g i sl AT
;or m  Gisell dﬁebﬂaﬂzﬁ{j Exﬁl@tago Ssmha&tia?h fgwcouge Ahﬁﬁeelnte, addan@roafbo&ﬁhaﬂlylfeu&lag@

or ns, are scribed gepera e t on' rmaceutica

Sci enc W“W°%T§9§g1€%7ﬁxﬂ?paﬁ&bqr |Pﬁﬂ aéb{n a%g’ ?Fﬁﬁ elfloseoyatural spegs pd,
89, \Ahrbsxhomt% nlwraﬂlva dsap mcﬂis%it@%arhé/mﬁﬁﬁlﬁﬁ BESolubROLHtidnid e @foe &S PoRabiede

t abl et s, capsules I'ls troches or | ozenges, cachets, pellets, powders,

or gr aBUmeEay b¢ ussd ap %@éﬂmts agdl agbindess. el qmanriuds §GWQ?YF4)E‘M%}911 BeAgHs K4Taye

fongul 3t @ag*a@!ﬁﬂprﬁﬁé‘ﬁﬂtacﬁm%é&d{&{‘s%lt%ﬁsalso uQqul%ﬁﬁB'te%ranQr ot ei noi d m crospheres
reported in Pat ent . é%n posomal encapsul ati on may be

used and t hBindersgaryrhesisehip hold te periide i(or vaniv@)ragwartogyu@r ;mﬂom rhsrd(t@blg and U. S.
Pat ent Ilwﬂrde %Ja%ﬁks% Batﬁi‘afi ﬁl%dﬁfitzf) gdcﬁ%s %f:acﬁo ﬁgé amn@h Ssgllrdhdaxf& e a‘fﬁgy the

therapeutic Is given ern Phari nace t| cs

G S. Bamwstyl cellnlpsagMC), CMHEIOQQ{E@ end @d)oxmlgwl chlblese (CMEQ 0 Pplyvinylarrbldone

r ef ereglg,@l3 ?mﬁg i | P
pepti des (oa{r’l&cﬂg%&@g%pwf/ﬁe e?’lﬁﬂgé or er‘b 80%% ugé@n}a{r%glrl%lgl %ﬁ%@?@%ﬁh i i ch
al 26w therpegleforleruativen agal nst the stomach environnment, and rel ease of the
bi ol ogi cal | y_acti.v t th nt est ont t ryyse
herein are Figaid 8Islnagga t%ar?%g? &cgg?% g%nf:orrﬁ?usl roﬁtol(%o ﬁ{ggﬁ ﬁ valle) 45
phar megewtrit sﬂdkhx;g duciog eafbinmlation Ipsicesss Lubridantt inan be usenlsqsarlsyeo bstweamﬂe pgpud@s

et uaRoer D) TR aralh apd P e SRS Bt BE PP Rnetgln  Eoncif SPRGTRJ. and

Suspeneiag@esium and calcium salts, polytetrafluoroethylene (PT FE), liquid paraffin, vegetable oils and waxes.

25  Soluble lubricants may also be used such as sodium lauryl sulfate, magnesium lauryl sulfate, polyethylene
glycol of various molecular weights, Carbowax 4000 and 6000.

Glidants that might improve the flow properties of the drug during formulation and to aid
rearrangement during compression might be added. The glidants may include starch, talc, pyrogenic
silica and hydrated silicoaluminate.

30 To aid dissolution of the peptide (or derivative) into the aqueous environment a surfactant might
be added as a wetting agent. Surfactants may include anionic detergents such as sodium lauryl sulfate,
dioctyl sodium sulfosuccinate and dioctyl sodium sulfonate. Cationic detergents might be used and could
include benzalkonium chloride or benzethomium chloride. The list of potential nonionic detergents that

could be included in the formulation as surfactants are lauromacrogol 400, polyoxyl 40 stearate,
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organic esters such as ethyl oleate. Such dosage forms may also contain adjuvants such as preserving,
wetting, emulsifying, and dispersing agents. They may be sterilized by, for example, filtration through a
bacteria retaining filter, by incorporating sterilizing agents into the compositions, by irradiating the
compositions, or by heating the compositions. They can also be manufactured using sterile water, or some

30 other sterile injectable medium, immediately before use.
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25 All such devices require the use of formulations suitable for the dispensing of peptide (or
derivative). Typically, each formulation is specific to the type of device employed and may involve the
use of an appropriate propellant material, in addition to the usual diluents, adjuvants and/or carriers useful
in therapy. Also, the use of liposomes, microcapsules or microspheres, inclusion complexes, or other
types of carriers is contemplated. Chemically modified peptides may also be prepared in different
30  formulations depending on the type of chemical modification or the type of device employed.
Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically comprise
peptide (or derivative) dissolved in water at a concentration of about 0.1 to 25 mg of biologically active
protein per mL of solution. The formulation may also include a buffer and a simple sugar (e.g., for

protein stabilization and regulation of osmotic pressure). The nebulizer formulation may also contain a
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25 regarding appropriate dosage levels for treatment of various conditions in various patients, and the

ordinary skilled worker, considering the therapeutic context, age, and general health of the recipient, will

be able to ascertain proper dosing. The selected dosage depends upon the desired therapeutic effect, on

the route of administration, and on the duration of the treatment desired. Generally dosage levels of 0.001

to 10 mg/kg of body weight daily are administered to mammals. Generally, for intravenous injection or

30 infusion dosage may be lower. The dosing schedule may vary, depending on the circulation half-life, and
the formulation used.

The peptides of the present invention (or their derivatives) may be administered in conjunction

with one or more additional active ingredients or pharmaceutical compositions.
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r equi r Bmptand, side ghaift profeqtion growns vems t—%ylefmf %f—rm, ﬁ@eméﬁ%mmfhymmlﬁ,d@tyl( or

der | Vald\(hlamily B Clbloione@filled B 3 8P oJhiRPRL Fhe (195 b REehithiEnalubif co

errploye cimmay | Vol ve use of an approprlate Erope1 I"ant material, in

adaot | sdfonde)t for theapgininel gmm05gromu j Eagheoupling dya perdormed derseitherek bt or 3 Jr with

t her apgqy SR gﬁ?ﬂpﬁ p sphen 3

I ncl us| on éﬁéﬁz? Jij gr&fmsmr p hggf’ﬁ&g]%?l g‘%ﬁgﬂ?%r%hoﬁlﬁfwgl gme «-gm' cally

nodi fi b}cﬂrwbenzﬂagolqhy al so be prepared in different 30 fornulations

dependt 19 0o kR8s 6fpeb BT ifan BRidalel S48 MerRlnd! e TR Sl A e was
cleaved with a mixture of 90% trifluoroacetic acid, 5% ethanedithiol, and 5% water, initially at 4°C and

25  gradually increasing to room temperature over 1.5 hr. The deprotected product was filtered from the resin
and precipitated with diethyl ether. After thorough drying the product was purified by C18 reverse phase
high performance liquid chromatography with a gradient of acetonitrile/water in 0.1% trifluoroacetic acid.

2. Peptide Dimer Synthesis
30 Various peptide dimers of the invention were synthesized directly onto a lysine linker in a
variation of the solid phase technique.
For simultaneous synthesis of the two peptide chains, Fmoc-Lys-Fmoc was coupled to a PAL
resin (Milligen/Biosearch), thereby providing an initial lysine residue to serve as the linker between the
two chains to be synthesized. The Fmoc protecting groups were removed with mild base (20% piperidine
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Formul ati ons suitable for use with a nebulizer, either jet or ultrasonic,
will typically conprise peptide (or derivative) dissolved in water at a
concent r gig by ﬁ,f ]?bout 0.1 to 25 ny of biologically actpomus204iiesss per nl
of solution ‘I/' orrul ati on may aI so incI ude a buffer and a sinple sugar

(e.g., . p n |I|zat| ati f ospotic ressure The
nebul i fé’?"’?&rﬂﬁ@f}ﬁt%# ﬁgi}nwgss Bt th foro e e ARG Eppt o Sartng o

PCT/ 1J 32§24 /cdid 8ffihestUndsaetfomied dsRg tRditte phise Ry RHEN! tesHinidud @esctibéliabote. Trt
aggregation of the p (or derlvatlve caused by tom tign of th

sol ut i GRS P5Pdri8 PRI aﬁwgstala? gstsines. ipliowing: fmersdeppyectise: 97 fherTEL dBS e
i nhal epuifatios dehho:Q@Mhé %gétéin& %ﬁﬁéssﬁasapeffoﬁﬁﬁd)’bydm\i\hﬂiﬁﬂg t}iéfﬂéﬁ@[ecﬁ@ MirAdrth NY

the _peptide atlve suspended in a propel|lant wth e aid of a
sur f actl8e Dl\%ﬁé for 5@'1% e 2$r§y Tis %ﬁ%ﬁ%‘é‘ﬁ{l v ﬂpwé?reaneély @Mab)siBers f or

this p%m%@mugﬁsﬁc@&&sumc%msl uor ocar bon, a hydrochl orof | uorocarbon, a
hydr of | uor ocarbon, or a_ hydrocarbon, |nclud|ng trichl orofl uor onet hane,

di chl or odi f Fobreareatinsyathess efifhe i reptidsr thains. FmagdsiAllog s coupled to a PAL resin
1,1, 1, 2viiBenAtibRRtREC tHRABS pridisLiPinfiat 1yeiRe restcme & Serve aUht ke bawe&aﬁlb RS

[ ncI ude sorbitan trioleate_and soya lecithin. Oeic acid my aoso be useful
as a Stamsdetbssynthesizetodhe FrOs srpiccing Stars pantsmeyed Wishmildhesi0% pippiidine in

devij ce pih g p%stéﬁéﬂaﬁe\lvae tﬁénvégﬂ%g 2 Msmé)ﬁl\éqgsrultﬁl R iR hd HSakinl

derlvatlve)) o 1 nclude ? a stch as lactose, sorbrtol,
sucr os@oinbr anmswhesmwmmecb\mmm threase di ete@nslpe dgseribesk atioie Jhodwe

fromt I tide
(or delraf |£\?§ei§"e§§ Fgr S?&aﬁﬁgg%)%%%g\gﬁ%ﬁy g@ lomgaﬂ(f% Oﬂh% art P%ﬁ?af e form
with arﬂxeaAHocagmupawas sieved Znothe| spport-band ligsinamiliker mﬂchdE’cK%Hs)ahs #-methyl

sl - Lol apfatprofn e odcBha (RARbe B i S s SUBRE LSS Buipo V00,
i s 14l sgroupntBwepivatoysicindlassalues ofothe wenopd ahdiowsret pretegtad satheAwi. tAmeinpapdléaitar t o
the bl apsheh RATL 85l e M ADRAL SLE b1 Sahfind 8" B0 Shling 3P0 AFHET O

the nose, W't f he necessity f 1on 0 e pr
For nul mﬂlmrmoétmramdqulwwedeﬂyl omda}lom MIstldmgnhdz&)é’ WMS$0 dﬁm@n @n ioohaebalat r an.

Dosages,. fqr .al und S, rther stu i es are conducted,

i of rREEHE PR VR LheeroRSE! oSG te 5L PL S Liabio iy S b

t r eat mpRittectifig g@upsatEl @cﬁ)diﬂng fendepiotected Iciygeise mﬁu@ntsmg iadiele, trhethanoll eimAthylium

sklb (gr’lfsg%)’r ker, considering the therapeutic context, age, and general health
fBFEMHE, will be able to ascertain proper dosing. The sel ected

dosage depends upon the desired therapeutic effect, on the route of

adm ni tratlon nd on the duration of the treatment desired. General |y

dosage Ié%‘fh WS P%ET to 10 ny/ kg of body weight daily are administered to

mamal s.  Cerveliend k¢, sphédr wagtahaangn®usidi(Bpslycie d@rlysine as in AF35462 and AF35464,

respectively), the spacer was incorporated into the peptide during solid phase peptide synthesis. In this

25  case, the spacer amino acid was coupled to the PAL resin, and its free amino group served as the basis for
the attachment of another spacer amino acid, or of the lysine linker. Following the attachment of the

lysine linker, dimeric peptides were synthesized as described above.

4. Syuthesis of exemplary peptide dimers

30 Exemplary embodiments of these synthesis techniques are outlined below. In one example, the synthesis of
a peptide dimer linked via a C-terminal lysine amide is described. In another example, the synthesis of a peptide

dimer linked via a C-terminal lysine, and containing a spacer molecule attached to the linking lysine, is described.

Synthesis of a peptide dimer linked via a C-terminal lysine amide:
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30 i nfusion dosage may be | ower. The dosing schedul e may vary, depending on
the circulation half-life, and the formulation used. The peptides of the
pr esent \!V@ S%frog (or their derivatives) may be adm ni $icg3odsn14888) uncti on
with oneVor addi tional active ingredients or pharnaceuti cal

conmposi tions. -45 WO 2004/101611 PCT/ US2004/014886 Exanpl es The present
i nventi on | StemdxForaeben ofJereGar-Rivkdng ntaGeb-Rink rpm(Gakf Erﬁp@sRaPPIg’ ; the
use of Gefl@9 @s“&'ea@dhﬁﬁx @ﬁ%@&l&mm%ﬁﬁc.ws(iw%cﬁ@ﬁ%%@é fr&ﬂ s'ea of amino

|IIustrat|ve on innoway limts sco ani n

i nvent pad aed 5 64- Oéﬂyﬂ&@m@lweﬁ 2eeS M inPME, ellgwsé by tthreadditiparntilg r¢q+ @ IYEA) landvi t ed
t t

o £ S Bty Shatl! h THE Seof PRI, (N SLIF, PRACNEOH] and B 26 il

ski § | egrotested mgsing rResidvalrpmineagiovns wené eapppseley fréatiag ﬂ@rresmmth @amlubel ofald8o acstic hout

depart 0o i e

[ o a0k PSR L6k R, KPP Bk dsBuba® 16} R bpRyere o
of equrerrwlvemb)sg«tndywhalmkg thheesgl ini 3086 piperideine iin DME fdt(ZOEmampé dollowe@\pytuslsng of
EPO R {ide Monomer Synthesis Various peptide

nonone o’fﬁt&#‘le i n\/en H)ogh v@g’ggsynt hesi zed using the Merrifield solid phase
synt heS| s technique,[see, Stewart and Young. Solid Phase ‘Rgptide Synthesis,
2d edition (Pierce em cal, Rockford, IL) 1984] on an ApRlied Bi osystens
433A automated in ment. The resup:,h@q_q,sm A4 15 (M Ijj i gen/ Bi osearch),
which is cross-14 dol ystyrene watrb, BiEA4’ - Foc- ani nood Ay '
di met hoxyphenoxy gtic ac Use)plrﬁenEWa resin resul j

term nal am de ¢l eavage—of—the->pepti de @
Primry . 20 ection gff@m no aci ds was achlgﬁow “Fnoc) and si de
h .

chain pro®€ction groups werg’ t-butyl for serine, reoni ne, and
hydroxyls; trityl for glutam ne and asparagi ne am des; Trt or Acmfor
cydteine; and Pnt (2,2,5,7, 8-pentanet hyl chroman 20 sulfonate) for the

0T LB o BTN R R i

hexaf | we@@q&bhaﬁ é)noandeCBud @¢up1mgsywmmnﬁom aMaac)n arﬁoFmome:nmyait\hﬁm S

of pepti d car.b m the fu I ed de
s b G BTt S  ohRb oel Ohthdy o BROSI AT PER
and 5%awerhsted papndet syathlegtzeahvaﬂmalaﬁrdm Azplf)hgrmdmtetny l’rchﬂasha@lal Emd)mnmval the

and® pr BEMBRL S BHBRE VT arHrd BLparc ARDARCT g gagha abi @) EhemPBn At 8 "

pur i fl athubeg, follBed Bvwishing phdtwee. hi gh perfor mance | i qui d chr omat ogr aphy wit h a
gradient of acetonitrile/water in 0.1 %t¢trifl uoroacetl c acid. 2. Peptide
D mer Synt hesis ~o

Solid phase
peptide synthests Pephde
klp ot

Peptide

Step 3 - Cleavage from resin: The resin from above is suspended in to a solution of TFA
20  (82.5%), phenol (5%), ethanedithiol (2.5%), water (5%), and thicanisole (5%) for 3h at room temperature.
Alternative cleavage cocktails such as TFA (95%), water (2.5%), and triisopropylsilane (2.5%) can also
be used. The TFA solution is cooled to 5 °C and poured into Et,O to percipatate the peptide. Filtration
and drying under reduced pressure gave the desired peptide. Purification via preparative HPLC with a
C18 column affords the pure peptide.
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30 Various peptide dinmers of the invention were synthesized directly onto a
lysine linker in a variation of the solid phase technique. For sinultaneous
synt hes:\i,qozf {b?gtlwo pepti de chains, Fnoc-Lys-Fnoc was gaugde6l/diesse PAL
resin ( I gen/ Biosearch), thereby providing an initial lysine residue to
serve as the |inker between the two chains to be synthesized. The Fnoc
protecting groups Were renoved with mld base (20% pi peridine -46 WD

2004/ 101611 PCTI USA

D4/ 014886 in DWVF), and the peptide chqj ns wer e

synt hesi zed usi g e resulting free am no groups as star poi nt s.
Peptide chain s 17perfor med ush__n;g t he sUbN-Bent eNsy t hesi s

t echni que descr' D0 B\ FrRide \as used protect all cyshH &l resi dues.
Fol | owi ng-gi € En, cl eavage fromthe resin, and rification,
oxi dati o 2

/ rgsi %)%? was performed by Ik@ﬂ-@bﬁfdé N
deprotected diner in 5 10 or 2-3 days at 5C to 25C. ThHs i dation

reaction yielded predomnantly (>75% dinmers wth two intranol ecul ar

di sul fide bonds. For sequential synthesis of the two peptide chains,

Foc- LySiehlss 8 Gﬁp&ln Hed VB2 AcilhnidafiFdidd ankd¥lahb bhEMiS P55 i her eby
provi di ?1?:; an fa ys?lnee raeig(l: ue tao§§erave as tk(ﬁ] ﬁf’ﬂﬂ % ?eggit?l&e%ueetr-] the two
chains to be synt heS| zed. The Fnoc protecting group was renmoved with mld

base (20% piSger] diswarkesis 26 GhRAHP: Thesoluties copfaipimgdtbe epmmetcisdly avpilshlesdirmineszed
US' ng RW’%M&% bﬁ&ﬁlcﬁr@cg)o 1&%%‘797@%119 i biylitolld DC%PEI% mlg@% élp@f’ed%( gichesi s

perfor sin e soli se t escri abo
cysﬁ e| pﬁesqlmdxﬁé)snzuf clnlhl@fdnnatst(%hal, a3 \Zmrnel)pn @t@(ﬁt@d REMHSqmY) waF atided\siavdy

Sppor Lpule ripine it BB o OEk T, i ﬁ’{gﬁ@ R Bl R R "

chl or of0de ﬂnrouﬁh@lt,stb@mibwpépt waten tohreém tenvpsratiie (26403t et 2 datthen16hhibe DA orasl
f h
e e o B YR ST Rl B

first pelﬁﬁcted end Inamtrahbgd w5 0%onag;. Na©HTwot pHR-9 tust biimgteg wutlpsthylsacetgte The ethyl

ovdPn GRS e vt v a0y KartPh s e YPesb el TR Ee §205na

pept i denoab@bp-TAP Sk/rabouB8e% UddlY). I TRD \Comppunb evadaised [fur the aésit Neacford vithoud aty

oxi di zi t he, _deprotected cysteine residues using iodine, nethanol, and
thalluﬁﬁhﬁPW???‘ﬂoroacetate 3. Attachnent of spacers Were the spacer was
an amno acid (e.gnm,glycine or lysine as in AF35462 and AF35464,
respectively), th;)spacer was incorporated into t AHEptide during solid
phase peptide synohesis. In this z-EABEM t he spacer amino acid was coupl ed
to the PAL resin, OgpeN] f ani ncgro@p servegd as the basjs for the
attachnment of anot her ?gzzg?ﬂgnino acid, or of the~TyerneAthker. Fol | owi ng
the attachnent of the |I|ysine |inker, dinmeric peptides were synthesized as
descri bed above.

15 Step 2 - Synthesis of Cbz-TAP-Boc: To a vigorously stirred suspension of the Cbz-TAP (Sg,
17.7mmol) in hexane (25m!) was added Boc,O (3.86g, 17.7mmol) and stirring continued at RT overnight.
The reaction mixture was diluted with DCM (25ml!) and washed with 10% aq. citric acid (2X), water (2X)

and brine. The organic layer was dried over anhydrous Na,SO, and concentrated under vacuum. The

crude product (yield 5g) was used directly in the next reaction.

NHCbz NHCbz
(I Boc,0, Hexane
—_—
O~ NE, O o~ NHBoc

20
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4. Synthesis of exenplary peptide dinmers 30 Exenpl ary enbodi nents of these
synthesis techniques are outlined below In one exanple, the synthesis of a
pepti de ‘g't)r;g&”llogbriﬁed via a Ctermnal |lysine am de is e@exorS260#14886 anot her
exanpl e, The synthesis of a peptide dinmer tinked via a C-term nal |ysine,

and cont ai ni,ng, a .;spacer I eattached, to . the linking |lysine, .is .
Goscr i bea SEht SRR Tperl T PROr bt T BOROR R A Spplrendn
% m Ee L m&ngroV\QSHQG}éfiﬂ %9&:6@&21118_&3‘&{ ﬁd&%?&lb’f @%4&?& Gkt (3% E)lemﬁﬂdr@ﬂlldgfe} pressuteafcel

nk- : taGel -Rink resin : r ol ynere,, rmany). . was
Fr oot ol et RSP a7 S0 MIFHS T el 41 Qer Bty oG FHOIEe oo
01;I damj e cnilé iI—gTAB(Bo'éf}ﬂfﬂul @B‘(yiﬂmT%jﬂQi lSIsheIovgdn aﬁpr&;iﬁ?tMyiidrI:d E‘\&f&ﬁm %gﬁwesieﬁgx-i he
addj tion of eq. an 0 gently shake : e resin was
msﬁedWE%%%Hgﬂteé%ﬂﬂeR%E@%Wﬁfjl!bé'\ﬁf?sﬁa‘gi eld the 5 protected resin.
Resi dual am ne gum@oys were capped by treating the resin wwth a sol ution of
10% acetic an&;&iri de, 20% pyridine in DCMfor 20 utes, followed by
washi ng as aboVe. The Fnoc groups”?\%rfg’m@#oved by gently shaking the resin
in 30% pi peri délge~N e 207 NUtes, Tollo b V?%h/'%?@,g( DVF, THE,
DCM MeOH) and drying. ~0 \0 1) Fnoc-Lys(Fnoc)-OH™0 HATU; "O 0 NxO 2)
piperidine ~ NNHZ HH ~ONHZ 10 Step 2 - Formation of TentaCel
Ri nk-Lys(Peptide)2: The resin from Step | was subjected to repeated cycles
of Fnoc-am Sep gci laymlmpl aﬂmtmev-mmﬁm U/rbi%ﬁelaﬁdsriﬁdat('z.lsrg,mﬁ folg, et Rapp Wi It h
pi peridi.ne to_bui oth.peptide chajns sj t apeousl.y.. Thi . canvenent |y
Parr cfoBmeonoteng irsdic e bty Aote 1 FSTI wos el b Dgnpt

Appd | eDMVBit®BOPEfEBIN. Afier coblibEto rbdie tdnpeturd; MiRGedi® WaY Rhshed (061 N1 Sk4R:NACNAM Ne

groups_were. acylated with acetjc anhydride (10 eq.) and DIEA (20 eq.) in DW
for 20DNFH’M?Pgé,anégﬁd\xwvﬁgﬂ%@‘éﬂﬁfﬂ@fﬁéﬂ%ove. ~00 ~01 0 Solid phase "0 0
H NHZ Peptide Peptide HHO pOH No o
0 O
H H
HO 0
Br [
o - gy
2C03, DMF

Step 5 - Synthesis of TentaGel-linker-TAP(Boc): 2.5 gms of the resin from above and H-TAP-
15  Boc (1.5gms, 5eq.) and glacial AcOH (34 pl, S eq.) was taken in a mixture of 1:1 MeOH-THEF and shaken
overnight. A 1M solution of sodium cyanoborohydride (5eq) in THF was added to this and shaken for
another 7hrs. The resin was filtered washed (DMF, THF, 0.1 N HCI, water, MeOH) and dried. A small
amount of the resin was benzoylated with Bz-Cl and DIEA in DCM and cleaved with 70% TFA-DCM

and checked by LCMS and HPLC.

~ \O

0 O
NaCNBHs, NH
H H-TAP-Boc
O o 0 © ? H
| O\/\O/\/N \[ro\[<

20 o

Step 6 - Synthesis of TentaGel-linker-TAP-Lys: The resin from above was treated with a
activated solution of Fmoc-Lys(Fmoc)-OH (prepared from 5 eq. of amino acid and 5 eq.of HATU
dissolved at 0.5 M in DMF, followed by the addition of 10 eq. of DIEA) and allowed to gently shake 14h.
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NI -12 NuPeptide IO Step 3 - Cleavage fromresin: The resin from above is
suspended in to a solution of TFA 20 (82.5%, phenol (5%, ethanedithiol
(2.59%, Wolss {020, and thioanisole (5% for 3h at rooPCTAIN2604014886 .

Al ter natlve ﬁ/eavage cocktails such as TFA (95%, water (2.5%, and

iriiso ]l sil an FA sol ution s Ie.dt05
C and Mo el ToME TR AN Bhe RS e s Thela Wefmrpieretl e fg
under pRUpCREe pApRSSbY Beaginy thelrbitn @85 R @ﬁﬁhdﬂQﬂtl O%chtﬁwhhirdrﬁia,tzo%lpwd&le in DCM

preparatiye HPLC with a 8 colum fords the pure t|d - 48 )
Doo0h 15184 s olouiorarhe o ot ﬁbﬁqmm%?f? KRS DY gmﬂbsmygéesrrm H
(H CHirlQobkHperideite REDMFGS: 2Y iehte EF1lowae by whshin g@nﬁymeﬁcm QicOM) REPEYRS.
dimer linked via a C-termnal |ysine anide an ontaining a spag] r nol ecul e:
Step 1 - SyntKesis of Cbz- TAP: AFsedlyd(Frag)-aont ai ni e rally

avai | abl e di a#i nH " TAP" from @AEd98th Cheni cal 67. 47rrrm| ) in
Qolm) was cool B8P C. 5 A oI enzyl

|82 il, 33. ml i n anhydr was added sI ow y

t hrough a droppi ng ﬂ: eriod of 6-7 h rral nt a’ring the \B<
tenperature of the reactl on xture at 0C throughout then allowed to warm
to roomtenperature (-25C). After a further 16h, the DCM.-was renoved under
vacuum and the residue partitioned between 3N HCi and ether. The aqueous

| ayers wer eStep GI-IS?M% dfTénsaGal-LinkérzPAP-LpsiPepBe)e: aq Tha Oresio ﬁh’ﬁ fboad was

extract eth eta The. et h 10 ace | ed

b 2 P A S o L R R R i e

mono- CchnoMRmﬂﬁﬂperﬁh&u? bﬂﬂa/wm epbpt_)d]::_cﬁhn&lﬁomaem@ ViRt WS@&)nfréﬂ’enﬂMnﬁHdﬁulS St

r eact 1 on urt ur.ifilca

TO% e ABT s sed ephl gttt sih hort Applied Plonsisnelign ATE 6

Cbz- TAPmoSEbmoval, the termlnal amine groups were acylated with acetic anhydride (10 eq.) and DIEA (20 eq.)
in DMF for 20 minutes, follwed by washing as above.

N

Peptide
o}

HN N—u—Peptlde

]:\/\/ Solld phase I\/\/
peptlde synthesis
O\/\O/\/NE W< O\/\o/\vNTO\|<
o}
15 Step 8 - Cleavage from resin: The resin from above was suspended in a solution of TFA

" (82.5%), phenol (5%), ethanedithiol (2.5%), water (5%), and thioanisole (5%) for 3h at room temperature.
Alternative cleavage cocktails such as TFA (95%), water (2.5%), and triisopropylsilane (2.5%) can also
be used. The TFA solution was cooled to 5 °C and poured into Et,0 to percipatate the peptide. Filtration
and drying under reduced pressure gave the desired peptide. Purification via preparative HPL.C with a

20  C18 column afforded the pure peptide.

Peptide-Ac
Ac-Peptide—NH
N—lLPeptlde-Ac v
I\/\/ TFA NH2
e e
0
o N o /_/O
~ o N Ac-Peptide—NH HN
Y < pide AN
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17. 7mmol ) in hexane (25nl) was added Boc20O (3.86g, 17.7mmol) and stirring
continued at RT overnight. The reaction mxture was diluted with DCM (25n1)
and vvash di% Eb ¥ aq. citric acid (2X), water (2X) aner/bsdongo14886e Or ganic
| ayer was over anhydrous Na2SO4 and concentrated under vacuum The
crude product (yield 5g) was used directly in the next reaction. NHCbz NRCbz
Boc20O, Hexane 20 O~~O ~Ng' O~,~O ---,,iNHBoc -49 WO 2004/101611

PCT/ US3084444# ﬁﬁepﬁ&&ﬁ%form%%%ﬁb‘i‘e%hﬁr ShuiBacsoRdP. The crude product fromthe

previous reaction was dissolved in nethanol (25nl) and h drogenat ed in

presence of THyPPRfds sy pieh dissolysdy WZQJ/deS(B/éNaF%dh He é‘%ﬂi‘@ t geptide/mlpagd The
M Xt ur VA th %&ﬁ@ﬁt&d@m‘ﬁ&%&%@‘f&r%ﬂﬁﬁéﬁ%hd@@% ﬁmeai b& ldaaﬁng tHeQBROE fnBlngel | N

vacuo to provide the crude H TAP-Boc product (yiel 79). The overall

app? ox ioniatacCll BPEC golupg (Watgrs ReltacRak<i18p 45 micgon partigle Slm%o @REEOPRORIST4Rd on
t he ampyp fe G %1% &bt

o,,/,~0 - ;sczgéﬁ%on% lﬁﬁgvehb%yh@ﬁéms /(‘)’VfaP'?[gnlgge%A%ﬁ ?-é(r)ﬁomglrtﬁggég Q%;%ﬁr de
(2.5 g40 mm@eswﬂwpml@hzwhp@ of e fiactions bntadring thedevinad pyntidp hEerds the pradniteas a fI8fly
equi va and 5. equi val oC
For Lanyiaeph nioiiples sP By o 7Akast8t Mol SRkch by B il ﬁé%m?% 19 nca,
wat er , folllows: DMF, McOH) and dried to give an anber-col ored resin. 00 '0O0
(" H/ I H Br HOOcO O K2C03,DMF Step 5 - Synt hesigs &f

Tent aGel - | nkers,IAP( Boc): 2.5 gns of the resin from aboye and H TAP- 15 Boc
(1. 5gns, 5e and glacial AcOH (34 |, 5 eq.) was a& pong M xture of 1:1

Me OH THFAaﬁ‘ : overnight. A 1M solution of sodi um cyapoborohydri de
(5eq) in TI 3F vvas added to this and ngg&pofor anot her 7hrs. The resgi,n was
filtered washed ( . THF, P21 N HCL. _water. MOH) and dried. A smal
anount of the resi{n wgs benz ylated wwth Bz-d "and DI EA in and cl eaved
with 70% TFA- DCM checke@® by LCMS and HPLC. AOXC.Y-Czthy AN
c-X-C-Y-C-Z~—
Ac-X-C-Y-C-Z--NH HN— g g
S—s§
Dimeric peptide (XYZ) containing Dimeric peptide (XYZ) containing
10 reduced cysteine residues oxidized disulfide bonds

6. PEGylation of peptides
PEGylation of the peptides of the invention was carried out using several different techniques.
PEGylation of a terminal -NH, group: The peptide dimer was mixed with 1.5 eq. (mole basis)
15  of activated PEG species (mPEG-NPC from NOF Corp. Japan) in dry DMF to afford a clear solution.
After 5 minutes 4eq of DIEA was added to above solution. The mixture was stirred at ambient
temperature 14h, followed by purification with C18 reverse phase HPLC. The structure of PEGylated
peptide was confirmed by MALDI mass. The purified peptide was also subjected to purification via
cation ion exchange chromatography as outlined below. For example, in the case of AF35593, the
20  monoPEGylation of the terminal -NH, group of the spacer moiety may be illustrated schematically as

follows:
Ac-Peptide —NH Ac-Peptide—NH j\
NH. —
2 mPEG-NPC HN® "O-mPEG
5 _meeewe NN
0 0
DMF, DIEA
b HN — ' —
Ac-Peptide—~NH PN\ _ AcPeptide—NH ANT\_
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"O0 "O NaCNBH3, NH H H TAP-Boc ry»,0\ 0 0 0O ~~iyNO 20 0O Step 6 -

Synt hesis of TentaGel-I|inker-TAP-Lys: The resin from above was treated with

a acti va{ﬁfwﬁ&% jion of Fmoc-Lys(Fnoc)-OH (prepared froggfusmoessilisggm no aci d

and 5 eqg. o di ssolved at 0.5 Min DVF, followed by the addition of 10

eq. of DIEA) and allowed to gently shake 14h. -50 WO 2004/101611

PCT/ US2004/ Q¥BBGHatiere of disiVrterpini \ifi ¢ pepfidersimer: TEBhpepBdndinis GHpixeA dvitrd-ed.t o

yi el d t(&%le%ﬁﬂ%‘?%&@a&@%@ spHRaey @tﬂﬁb 2T R NGBS, mg&g/ if @R RAAR Waffo;@éawg o
0

the resin with a solution © acetic anhydrid yfidine In

20 mi nuplgon. f AferotveEdnuies 458 oA |D¥§Aa§ a%@séw@abwnéolph% Eh%mp@wan%wwvwblw
gently t&ﬁﬁéﬁt&g 1T4fﬂefoﬁ@v$édnby ﬁlﬂlﬁ%@b{&x%ﬁﬁémﬁb&& b}ﬁs@bﬂ;%éo rﬂx%(?)uﬂhéﬁjfac%)ﬁde fs%'léoowed

by washi ng ( DMF
H2 N SNHZub;petedsp @mﬁq@s@n vip cmqyepm efichange Rhromptogrephyys jquilipedbglpw.~For@rgmple, lmthe

~O", , NQgse o?ASB%%ﬂﬂns?é/éEhﬁkﬁﬁhfb 1usTr§@H§c§€ﬁaacgJaﬂ'{/k§ﬁ' foﬂ&% Lys(Peptide)a: The

resin from above cted to repeate es of Fnoc-amino acid

couplings with HBTU HOBt act ipyatiop with piperidine to
buil d both peptide chains si mul taneA()us y m{?l S vvasé@bﬁk\_/j@pent |y carried out

10 on a ABI 433 autonmated pepmn-d@swymvtmemlmvcmwbca—b’l e from Appl i ed

Bi osystens, Inc. After the final F , the term nal am ne groups
were acylated with acetic anhydride (10 ‘1‘111}»5 gCDIEA (20 eq.) in DWF for
20 m nutes, follwed by washi ng as above. Pe;mAlr_ﬁa: H O O HZN NH2 HN
N-I11-Peptide Solid phase

PEG20x g JL}D\I-GGLYAEHMGPIT(I-nal)VaQPLR(MeG)\

0 K-NH,
PEG20k—0 —-HN—GGLYACHMGPIT(1-nal)VCQPLR(MeG)”~
I |

Peptide dimerization via PEGylation of N-termini: The pepﬁdé (2.5 eq.) and PEG-(SPA-NHS),

10 (1 eq. from Shearwater Corp, USA.) were dissolved in dry DMF at 0.25M to afford a clear solution.
After 5 minutes 10eq of DIEA is added to above solution. The mixture is stirred at ambient temperature

2h, followed by purification with C18 reverse phase HPLC. The purified peptide is also subjected to
purification via cation ion exchange chromatography as outlined below. For example, in the case of

AF33131, this reaction may be illustrated schematically as follows:

S S (o]
HN-G-G-L-Y-A~C-H-M-G-P~I-T-W-V-C-Q-P-L-R-G—-LNH,

| Oi:}:o °’<N\’ko

oi') 6(\/ro
A

H $— . 0
N-G-G-L-Y-A-C-H-M-G-P~I-T-W-V-C-Q-P-1—R-G-L-NH,

PEG

$ $ o
0 E-G-G-L—Y-A-C-H-M-G-P—I—T-W-V-C-Q-P—L—-R-G—”—NHZ
15
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% NO peptide synthesis NOO ./~O-~-N "/ O % J O ~~O~NH\/ 0,1< 15 Step
8 - Cleavage fromresin: The resin from above was suspended in a sol ution of
TFA (82.@?2005?{@@@ (59, ethanedithiol (2.5%, water (FE®ysamombiusscoani sol e

(599 for 3h at roomtenperature. Alternative cleavage cocktails such as TFA

(95%, water, (2,5%, ,and tri] ropyl.si | ane . 5% .can_al so ed.__The
TFA sol uti o e&% Béiator Yo ECH g ﬁéﬁ-ﬁ@a’"ﬂm eEf%’ée?%S ,saj errdpé@e%@ﬁqﬂ@gz
pept i deil elffi frdrh BhéLWate06rpd UBIANOwHE dREolved th GRE DIMIE 85012 $M 38 \eEfotdne clé Sofug6h.
pepti de,. Pgrl_f ication via preparatjve HPLC with a col um af f or ded

20 8
the pur'tfiehegipyies 10pg af PHA jadded toabeye Aplution, ¢ fhgduixjure ig svcwlcﬁ\%t PRBERempeate A

NH2 - O 260NFoVloRed b burificatiorwith 18 Peveli¥ Ghive Hig RS | ¥Re Hiifdd gebtidalis Wb 4064utekGd 611
PCTI US2004/ 014886 5. Oxi dation of Fept ides to farmintranol ecul ar disulfide

bonds PHEficEpR Vigeatipnder exchaag ageaghy 5 atlnedbsorwdior exampleyhigiegcting mat
pept i dejelhmandd aoligyed. to stand at roomtenperature for 36h. The peptide
was purified by loading the reaction mxture 5 onto a C18 HPLC col um
(Waters Delta-Pak C18, 15 nicron particle size, 300 arftrom pore size, 40
mm x 200 nm | ength), followed bg—a—H-rear—ACN wat efl/ 0. ®1% TFA gradi ant from
5 to 95% ACN over 40 nPn@fas-AEydhtiBrimatF8m-ofCrge-df racti ons cont ai ni ng
the desired peptide affords the product as a fluffy white solid. For

exanple, in the case of AF35525, this reaction nay be illustrated
schematically as follows: s-s ~§NQ=@ ) oLPE X C-Y-CGZ- NH Ac-%-C Y-C Z-
NH NH2 DVBO H20 NH2 )M 0 o) N

67

0
Ac-G-G-L—-Y-A~C-H-M-G-P-|-T-W-V-C-Q-P-L-R-G—4_/Q__
¢ .

o S H o}
¢
0 NH
PEG
Oilg'l
S Q H (s}

Ac—e-e-L—Y-A-é-H-M-G-P—I—T-w—v-é-Q—P-L—R—G1(';‘\_0"’

7. Ion exchange purification of peptides.

10 Several exchange supports were surveyed for their ability to separate the above peptide-PEG
conjugate from unreacted (or hydrolyzed) PEG, in addition to their ability to retain the starting dimeric
peptides. The ion exchange resin (2-3g) was loaded into a 1 cm column, followed by conversion to the
sodium form (0.2 N NaOH loaded onto column unti] elutant was pH 14, ca. 5 column volumes), and than
to the hydrogen form (eluted with either 0.1 N HCl or 0.1 M HOAc until elutant matched load pH, ca. 5

15  column volumes), followed by washing with 25% ACN/water until pH 6. Either the peptide prior to
conjugation or the peptide-PEG conjugate was dissolved in 25% ACN/water (10 mg/mL) and the pH
adjusted to <3 with TFA, then loaded on the column. After washing with 2-3 column volumes of 25%
ACN/water and collecting 5 mL fractions, the peptide was released from the column by elution with 0.1
M NH,;OAc in 25% ACN/water, again collecting 5 mL fractions. Analysis via HPLC revealed which

20  fractions contained the desired peptide. Analysis with an Evaporative Light-Scattering Detector (ELSD)
indicated that when the peptide was retained on the column and was eluted with the NH;OAc solution
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OO0 o0 HN-O AcX-C Y- Z--NH HN Ac-X-CY-CZ-NF ~0 HS SH S-S Dineric peptide
(XYZ) contai ni ng Dinmeric peptide (XYZ) containing 10 reduced cysteine

resi duesw% ?Jﬁ &,di sul fide bonds 6. PEGyl ation of pept ipdasus2bdaohedss on of the
pepti des of e |nvent|on was carried out using several different

t echni ues ion of a termnal 1VIi2 oup: The peptide dieter_was

ni xed epﬁaliy getgée ag(%% Yapnd; 19), nomengpnjugated \)’%ﬁe&ab@@e 5&?  eontgpppant. NBeR  om
NOF  Cotfje. pegtade@uked i t}d:rlﬁﬁtl%sh Guirfi(ghetaBy b Giedt 2 HAktibnk) Ro sephiaBén oF JBLiRUPES- 4€q
of DI EA was adﬁed t @ _above solution. The m xture was stirred at amnbi ent

t enper SPHUPEEER e"*ﬁﬁﬁ%@‘ﬁ?“ﬁ‘iﬁmflcatlon with C18 reverse phase HPLC. The

structure offhPESBokai @blmﬁ%pgub&esmmﬁm&ﬁﬁﬁ ibbfiele ByptifBlabll thPpeptidelPRG Rbjliatcd
pept i de s als “6'%‘] ected to purifjcation via cation ion exchange

chrd @Hga gysp £¢ ths @eptideif &N copypateameameonipgaise Pepiide: of AF35593, the
20 rmnoPEGyI ation of the term-fmer Iﬂ,-iZEﬂiﬁ pRgg‘mst he spacer noiety may be
illustrated schematically as follows: Jent 1 de- NH _Ac-Peptfde-NH 0 NHZ
nMPEG NPC HN1X * OW@M%@MAL&ALE&WM_HM_ 0 AcPepti de-NH
HN -0 -52 WO 2004/}011’69110 $ER/Wssoog roion 8 g6AmBisREGH ostitnsas pf the N-terni ni

of a peptide diner: |Thexchuge predoafiedecluins ni xed with 2.5 eq] (nole basis) of
activated PEG speci ¢s SEAPESIURE, hicograhidE Cor p. Wptmn in dfy DMF to afford a
cl ear solution. Aft esirdngratnnesshafgrpupporDl[EA i s added to above solution. The
m xture is stirred at SRiSbplarise FistRoersaong g ArbbrshdnoBlossiededby purification
with Cl18 reverse phase kitioo.exdiapgepuppokt ed [peptide is also b subjected to
purification via cation ion exchange chromat ography as outlined bel ow. For
exanple, in the case of AF 083 i( rea tlon maybe il lustrated
schematically as follows: H 1213 VCQPLR(MeG) N/ K- NH2

H2N- GGLYA i HMGPI T(1-nal )V CQPLR( Meri nPEG NPC

10 This example describes various in vitro assays that are useful in evaluating the activity and
potency of EPO-R agonist peptides of the invention. The results for these assays demonstrate that the
novel peptides of this invention bind to EPO-R and activate EPO-R signaling. Moreover, the results for
these assays show that the novel peptide compositions exhibit a surprising increase in EPO-R binding
affinity and biological activity compared to EPO mimetic peptides that have been previously described.

15 EPO-R agonist peptide monomers and dimers are prepared according to the methods provided in
Example 1. The potency of these peptide monomers and dimers is evaluated using a series of in vitro
activity assays, including: a reporter assay, a proliferation assay, a competitive binding aséay, and a
C/BFU-e assay. These four assays are described in further detail below.

‘The results of these in vitro activity assays are summarized in Table 2 (for peptide monomers)

20  and Table 3 (for peptide dimers). These tables provide the compound designation and structure for each
tested peptide, as well as the experimental results for each of these four assays. These results demonstrate

the dramatically enhanced potency of the novel peptides of the invention.

1. Reporter assay

25 This assay is based upon a on a murine pre-B-cell line derived reporter cell, Baf3/EpoR/GCSFR
fos/lux. This reporter cell line expresses a chimeric receptor comprising the extra-cellular portion of the
human EPO receptor to the intra-cellular portion of the human GCSF receptor. This cell line is further
transfected with a fos promoter-driven luciferase reporter gene construct. Activation of this chimeric

receptor through addition of erythropoietic agent results in the expression of the luciferase reporter gene,
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D EA, DVW PE&pK 0 0 -L-HNGOLYA HMGPI T(1nal )V QPLR(Me(i)\ O K-NH2 PEG uK Z
-O - U HN GALYACI B4(3PI T(1- nal ) VCQPLR(Med Peptide dinerization via

PEGyI at i‘QB 29(§4|/\1-05%gm ni: The peptide (2.5 eq.) and PEG (peRArdbid)o248840 (1 eq.
from Shearwat er rp, USA.) were dissolved in dry DM at 0.25Mto afford a
clear solution. After 5 mnutes 10eq of. DIEA is added.to above sol ution.
The ni BH4 Herefoe thg Prpﬁwoaep&%?ma%&aﬁ&)%&m \ypiress (FUDSHRiP lushErR s fRe kv 4t i on
W't h CEBOReattivton RNARE céiBlnay bEljGanfititddivistean@ it Of luSif@hsQciwy] ected to

purification vij ation ion exchange chromat ography as ,out]ined bel ow For
exanpl e, i o hsBata SICSERPRglig pells gy culiuged dp P?/Hﬂ\%rﬁi2 Bredium (§€pgo) fypglemented

s chenaiyitg abdsYetdBbovitle! sefr (FBS; By&oneljAN/CGvEi-3 \%ugm@‘tﬁt g'@s@‘eﬂnatant from a culture
T- W V- 6- - - R- G L- NH2 ONyNO”Q/OO 1"10("0~/OH 1JS0 O
N GG ef G- llgATGE: { TiB@g)y2nd penisillin/sreptomyqy Appreximately 1§ Iopefore the assay,

N G G beilfafte SarvbdbPtmsterdyf Mefr tR DMEMS medidi? su llelxénfé %}ﬁQ 83/9 P4610d _‘é?l%Th

PCT1US2004/ 014886 ~ Peptide dirnerization via PEGyl ation o terrnini: e

pept i d&HHE3S sepgrmptaghd PrEGhe Slan- elHsysey, (celledre frashadseeesr withePMEB/E]2 wsAium wer e
di ssol ¥1$g1e{n@ntgd YitfMooR trEg: @%%ﬁl@f Juﬁérﬂatﬁ%'tﬁ‘e?f 130118¢ EQiym, Afe! gﬂmféd”ih“rh% es

10eq of DIEA Is added to above sol utTlon. e mxture is stirred at anbi ent

t enper Biesanes ofzHmown lchusrrithtioy optestipkptidst rorith R (RofeD Swpstemssncp Mimnsanalis, &N he
D1, 8 ok B BP0 i o g Tl oAb i aghance
sumar Peratl diiigiohoé thenest peptide are concurrently tested in this assay. Assay plates are incubated for 4h
at 37°C in a 5% CO, atmosphere, after which luciferin (Steady-Glo; Promega, Madison, Wi) is added to
each well. Following a 5-minute incubation, light emission is measured on a Packard Topcount
Luminometer (Packard Instrument Co., Downers Grove, Il1.). Light counts are plotted relative to test
15  peptide concentration and analysed using Graph Pad software. The concentration of test peptide that

. results in a half-maximal emission of light is recorded as the EC50 [See Tables 2 and 3: Reporter EC50].

2. Proliferation assay
This assay is based upon a murine pre-B-cell line, Baf3, transfected to express human EPO-R.
20  Proliferation of the resulting cell line, BaF3/Gal4/EIk/EPOR, is dependent on EPO-R activation. The
"degree of cell proliferation is quantitated using MTT, where the signal in the MTT assay is proportional to
the number of viable cells.
The BaF3/Gal4/EIK/EPOR cells are cultured in spinner flasks in DMEM/F12 medium (Gibco)
supplemented with 10% FBS (Hyclone) and 2% WEHI-3 supernatant (ATCC # TIB-68). Cultured cells
25  are starved overnight, in a spinner flask at a cell density of 1x10° cells/ml, in DMEM/F12 medium
supplemented with 10% FBS and 0.1% WEHI-3 supernatant. The starved cells are then washed twice
with Dulbecco’s PBS (Gibco), and resuspended to a density of 1x10° cells/m! in DMEM/F12
supplemented with 10% FBS (no WEHI-3 supernatant). 50uL aliquots (~50,000 cells) of the cell
suspension are then plated, in triplicate, in 96 well assay plates. 50uL aliquots of dilution series of test
30 EPO mimetic peptides, or 50uL. EPO (R & D Systems Inc., Minneapolis, MN) or Aranesp™
(darbepoeitin alpha, an ERO-R agonist commerically available from Amgen) in DMEM/F12 media
supplemented with 10% FBS (no WEHI-3 supernatant I) are added to the 96 well assay plates (final well
volume of 100pL). For example, 12 different dilutions may be tested where the final concentration of test

peptide (or control EPO peptide) ranges from 810pM to 0.0045pM. The plated cells are then incubated
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NH2 s -SHIO Ac-GGL-Y-ACHMGP-I-T-WV-CQP-L-RRGRN\ 0O OONDO
0 O-00 OdoQ M " O A-GGL-Y-ACHMGP-1-T-WV-CQP-L-R GVN ~
SSHO I\&b R O NHHo S-S PCT/US2004/014886
Ac-G G L-Y- 4é GP-1-T-WV-6-QP-L-RRGR 1-p 7. lon exchange

i ficatj i des. 1 | exchange. t | d f
Phei 1 e ey ST Ruosh ARict of nE oKt SRpIontD Bradietcio tpem g ST e
é or hydﬂﬁe}i&fﬁﬁcum_lgﬁ 4R, THelicattdn if Bed &@éﬂed? iagdiﬁxg’l()% %D@‘ﬁb-gm r}tﬁzl.s tmgL blafed
Ineric e I ges. e .l.on ex ange resin - was oade Intg_a 1 ¢cm
Co e BT T, SR A R AVRRBRnS Bt VU A § 0V SkpaRs OB PRS0

col umMmudiadutdd 19! spéctiobhotGrfieti] Hibts of the aBsofisinbTReadiRdsUrERsR} tesBhEptilld\edhceninBtidn e
hydrogen form (el ute either 0.1 N HC or 0.1 MHOAC until el utant

d h
ot & PGB the BOED saloltipd Hpa, SieaBa] SOfmBTe. GHScBYeRALM Ggeshpemica Sus

ACN wat@hitsUih half-Blakihal SsbiB@ice {9 18cdR®R b B8 FRSD Mee Table S0P LftRbRBCSY]. t he
pepti de- PEG conj ugate was dissolved in 25% ACN water (10 ng/nL) and the pH

adjusted to <3 with TFA, then | oaded on the colum. After washing with 2-3
col umm 3v EpupatigveBindiBgdsssgN/ wat er and col l ecting 5 nL fractions, the peptide

| cal O Wi OAC: L1y ;250 ter,
o CorT e Coluhélftive Bihafig chtERlaibhs Sre b s dlhaldy fn wo b AR gl i€ petiefehlosn €1

fragti Smstiononfithe prowimityeof dvwe beadst apdpptrddin dopesibpad beaving i bistintistad BPAR-binding
Li ght - : ' t . ki | ot t i gde.
e S R G S W s ey
200411 6asft, dahg whitboshgelet 98¥en is released from a first bead upon illumination, and contact with
the released singlet oxygen causes the second bead to emit light. These bead sets are commercially

available (Packard). Bead proximity is generated by the binding of the EPO-R-binding peptide tracer to
15 the EPO-R. A test peptide that competes with the EPO-R-binding peptide tracer for binding to EPO-R

will prevent this binding, causing a decrease in light emission.

In more detail the method is as follows: Add 4pL of serial dilutions of the test EPO-R agonist
peptide, or positive or negative controls, to wells of a 384 well plate. Thereafter, add 2pL / well of
receptor/bead cocktail. Receptor bead cocktail consists of: 15uL of Smg/ml streptavidin donor beads

20  (Packard), 15pL of 5Smg/ml monoclonal antibody ab179 (this antibody recognizes the portion of the
human placental alkaline phosphatase protein contained in the recombinant EPO-R), protein A-coated
acceptor beads (protein A will bind to the ab179 antibody; Packard), 112.5pL of a 1:6.6 dilution of
recombinant EPO-R (produced in Chinese Hamster Ovary cells as a fusion protein to a portion of the
human placental alkaline phosphatase protein which contains the ab179 target epitope) and 607.5pL of

25  Alphaquest buffer (40mM HEPES, pH 7.4; 1mM MgCl,; 0.1% BSA, 0.05% Tween 20). Tap to mix.
Add 2pL/well of the biotinylated EPO-R-binding peptide tracer, AF33068 (30nM final concentration).
AF33068, an EPO-R binding peptide (see Table 3 “Reporter EC50 (pM)”), is made according to the
methods described in Example 1.

AF33068

Biotin—GGLYA(EHMGPITWVgQPLRG\
K-NH,
Biotin-GGLYACHMGPITWVCQPLRG
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(generally between fractions 4 and 10), no non-conjugated PEG was observed
as a contam nant. When the peptide eluted in the initial wash buffer
(general‘k%z&@éoflgﬁst 2 fractions), no separation of degoramk:2iEH®14880Nn) ugat e
and excess was observed. The follow ng colums successfully retained

both the peptide and .the peptide-PEG conj te 5 .and successf.ul | urified
Che pept i o CPREREE BT B5% 1S5l RHE h o pcieal g o i Rigutgte dvgfRidn

E;( hanget 1Baa itd%@eraﬁﬂﬂ pAfiér 1801:1{11@ gead M@lﬁ?mﬁsidﬂg%@a&ﬁ\{pﬁf@e@ﬁ%i@ﬂ@éﬂﬁf@hlmm light

i osci ences exchange pr.e-loaded col um se, m crogranul ar

What mafMsgeR &fﬁ’nﬁe&{rgtlﬁ?pgfﬁl?@ﬁﬁ%dd ?‘ﬁlﬁffo‘?‘}]‘ ‘%Pphsgiﬁn‘grééﬁ‘g' Fast FI ogv strong

Arer sham Bi gs€ béaB&fRtior att tef Peties AN SIS UPRO0% deyrdie i light elnissioh,ireativech ithak t Y
assays 10 Thi s, exanpl e describes various in vitro assays that are useful in
ovat ua@Pieres Hahoi {eFReptjdea Hdecoptse ahfes (0 (BescTaRlen dand S1AQ LG des of t he

i nvention. The results for these assays denonstrate that the novel peptides

of this invention bind to EPO R and activate EPO- R signaling. Mreover, the
resul t ¢ £ U-edear assays show that the novel peptide conpositions exhibit a

surprising EROIFE8ERaling skRaf3s RlenGif&entiaBdd bfMidnY ndwitdh 08lisGRtb R&lfértirgVred
conpared to EPO mnetic peptides that_ have been previously described. 15

EPO R Blgedrel prewiors clhiv ponmeasarnethgichiivsofdest pprtpnicctimulic e aroifration epd
et HodiffAMAdR A ted blded RBIPhrEcubsorsHisin G¥m& bdnb ERFoRPRIHpHRnTRAPHRE S and

dinmers is evaluated using a series of Iin"vitro activity assays, including:
a reporter Hersthip assgyhedsl; dilationsiod testpsnlide, aremedsip MM yrediirn (fiibrg) suppletpentathd a
CBFU- e : r 1es eS| ' | = The
rosul { SO ERSTRRIGRY, 3‘*‘3%?%%‘??2%%%&3%@2@ o PO e ey 0

pept i decthylselintgse to @ afwalTedhiee of L Hml. pEhst matylgplindose )and Teptide mixbireds ewvi de

the coypaipg tﬂb‘?ﬁﬁlgg@gt iﬁﬁu@gglzdé%dgc%%@&% }ﬁgﬂaﬁ, bbie> biaftoRERIAvEE ’Clﬁlﬁ;r‘é\é%hé as

t he experinenta ul'ts se ur assays. These resu
denbns (Rodeties/Carhlrex)razgrteved | The thermetmesiarp gerdlycadded tot he mioafelmghelPN4es(Stedm t he

ore- B S ifp SORE S 0yAF bR, Tal Bgh i) BaBARRG RS Rl ffea
repor t éropGeyl drop kloag ¢hepsidesefethe 20mhi tnteer for threefiretpt Oou ., andyhénsthe gerbdréng volume of
por 1 offet it R i oeEplone Be sk PR hS TP Fhiref ot pbep i Pl 3 e
Wit h atteafedpr enovedr catkfullyehy gentlé bpirativn. rTapoeliseire gRuspernled s (mCof MM inwdiunon of
D BB LA e W DL S8 385k 5844 1
- and cell density is the average count X 10,000 cells/ml). The cells are then diluted in IMDM medium to
a cell density of 15,000 cells/mL. ' A 100pL of diluted cells is then added to each 1.5 mL methyl cellulose
plus peptide sample (final cell concentration in assay media is 1000 cells/ mL), and the mixture is
vortexed. Allow the bubbles in the mixture to disappear, and then aspirate lmL using blunt-end needle.

25  Add 0.25 mL aspirated mixture from each sample into each of 4 wells of a 24-well plate (Falcon brand).
Incubate the plated mixtures at 37°C under 5% CO, in a humid incubator for 14 days. Score for the
presence of erythroid colonies using a phase microscope (5X-10X objective, final magnification of
100X). The concentration of test peptide at which the numer of formed colonies is 90% of maximum,
relative to that observed with the EPO positive control, is recorded as the EC90 [See Table 3: C/BFU-e

30 EC90].

5. Radioligand Competitive Binding Assay
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upon addition of the luciferase substrate luciferin. Thus, the | evel of
EPO R a%b‘ﬁ@& 1(3%1;1n such cells may be quantitated via pPearIs26e03@N4886 f
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DVEM F u enented with 10% fetal ' bovine s m (FBS;
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efore the, ass are starve ransferring themto DVEM F12

medi unPEEBFEIEM ?%‘ét?/\ﬁ%f’@]fﬁ'@/“gﬁégn%}ﬁréfpﬁ’?%@{ WEI R-3 supernatant. On the day of

assay, cell 4, MaﬁeriMiShed once with DMVEM F12 rredr um suppl enent ed vmth 10% FBS

(no 2 o1 at ant \ than 1 X 06 DD' | c armr\ul.turanl rLf nrnc nce
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M nneapStera NN 10 as a posi i Ye SBRlierBI&D $ystepmiMimesrolis MNSuppl ement pd
with 1j0% FBS (no WEH -3 supermat’arﬁa}aloglﬂmbpra%?dERut| ons of the test peptjde
are concurrently tested in thiseadsapumbesFOKI3BATles are i ncubated for 4h] at
37C inLa 5% CO2 at nosphere, afit ar Sirageh4 PQci ferin (Steady-d o; Pronega,
Madi sorfodifiatedirsconsiifsht himagach velilientifiedtioR VB AINBdStyrbkyl)Erithtopsista hipdh, | 1 ght
em ssi yilropBiegalr ed on a Packar d rJQrBadAY high spebific Ed ;{76@ afoqidlnstrurrlent

Co., Downers Gove, IIl.). Li Cpht %Hﬁﬁe%Aﬁfe%hﬁh@i&s@i@nJeﬁ chﬁi@ag[r%t@@t 15
pepti de concentration and anal ysecbawfd pyrem. AR R ftware

concentration of test peptide tpat #\gﬁ% tsina -maxi mal em ssi on of
S

light s recorded as the EC50 [Seesiom 2 and 3: Reporter EC50] 2.

Pr ol i f epatioen—assay THHS—aSSa) mTﬁTIV f3,
transfle ’E‘% Fogé’;’b#"é%s human E'Pb fﬁé"@ﬁé“??@r@??@ﬁ” XF‘WE 1P‘(l‘;{sul ting cell
line, [BaF3/Gal4/El k/EPOR is debertydplier:mepspem Rioseiences{Rissatawan &, Wgr ee pf
cell proliferation is quantitat®d Galeggumbe 1%46d891t he signal in the MT]
assay s proportional to the|nuntdetnotbeyi abl e cells. The BaF3/ Gal 4/ El k/ EPOR
cells jare cultured in spinner |f#askwagend BVEM F12 nedi um (G bco)

supp! enksshpBuffert h 10% FBS ( Hy ¢l onePhosphate BUffatEdBzlihe SPRS) pid 7 @ndonfathidg®. ¥
TIB-68). Cultured cells 25 afe stBuvineSemneAlbugintand i(01% Sedilvheidef | ask at| a
cell density of IxI G5 cells/nl,eirgtdhfMP32 nmedi um suppl emented with 10% FBS
ands 0. 1% VEHI - 3 super nat ant . € starved cells are then washed twce wth
Dul becco' s EB&E% 5) and resuspended to g density of 1x106 cells/m in
DVEM F12 ppEEHEReEY Rﬁ{oﬁﬁﬂf’fféqg C(’r‘fB"“@@Fﬁwg supernatant). 50L aliquots

(-50, 000 cebhe}0 af viahef 196iHilizes teepabiaM® EPOF extiadelfuldp|domesl, fuded t¢ the Bt p6dib€of | N
96 wel | assg(y’ pl ates, 50L aqugots of . dilution series of test 30 EPO m netic
5 ?TH%‘&;}[B

pept | dBEmandgGE freqopgtyted B Ignk gt assaybuffar  To gt ¢ prechagiout of Apespierts #ig

(dar bepogé hssdy, MR serRNaiRREhSdIAUO Rl Ep?dgﬁﬁﬁbrpﬁrk humw@d WA ADréRRINIGe | N
DVEM F12 nedia_ suppl enented with 10% (no H -3 supernatant 1) are

add®d er i00g4. efdpdinatedrgcomhingniluman; Byythropeiptin ( I-EPO) in 12 x 75 mm polypropylene
test tubes. Tubes are capped and mixed gently at 4 °C overnight on a LabQuake rotating shaker.

The next day, 50 uL of a 50 % slurry of Protein-G Sepharose is added to each tube. Tubes are
then incubated for 2 hours at 4 °C, mixing gently. The tubes are then centrifuged for 15 min at 4000

RPM (3297 x G) to pellet the protein-G sepharose. The supernatants are carefully removed and
15  discarded. After washing 3 times with 1 mL of 4 °C assay buffer, the pellets are counted in a Wallac
Wizard gamma counter. Results were then analyzed and the dilution required to reach 50 % of the

maximum binding value was calculated.
C. ICsp Determination for peptide
20 To determine the ICsq of a peptide of the present invention, 100 pL serial dilutions of the peptide

are combined with 100 pL of recombinant erythropoietin receptor (100 pg/tube)in 12 x 75 mm
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vol ume of 100L). For exanple, 12 different dilutions may be tested where the
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/ . 2 R ' .
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| ]
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20
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5. Radi ol i gandCommpeti tiveBi ndi ng Assay -58 WO 2004/101611 PCT/ US2004/ 014886
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Example 3: Ir vivo activity assays

This example describes various in vivo assays that are useful in evaluating the activity and
potency of EPO-R agonist peptides of the invention. EPO-R agonist peptide monomers and dimers are
prepared according to the methods provided in Example 1. The in vivo activity of these peptide
monomers and dimers is evaluated using a series assays, including a polycythemic exhypoxic mouse

bioassay and a reticulocyte assay. These two assays are described in further detail below.

1. Polycythemic Exhypoxic Mouse Bioassay

Test peptides are assayed for in vivo activity in the polycythemic exhypoxic mouse bioassay
adapted from the method described by Cotes and Bangham (1961), Nature 191: 1065-1067. This assay
examines the ability of a test peptide to function as an EPO mimetic: i.e., to activate EPO-R and induce
new red blood cell synthesis. Red blood cell synthesis is quantitated based upon incorporation of
radiolabeled iron into hemoglobin of the synthesized red blood cells.

BDF1 mice are allowed to acclimate to ambient conditions for 7-10 days. Body weights are
determined for all animals, and low weight animals (<15 grams) are not used. Mice are subjected to
successive conditioning cycles in a hypobaric chamber for a total of 14 days. Each 24 hour cycle consista
of 18 hr at 0.40+0.02% atmospheric pressure and 6 hr at ambient pressure. After conditioning the mice
are maintained at ambient pressure for an additional 72 hr prior to dosing.

Test peptides, or recombinant human EPQO standards, are diluted in PBS + 0.1% BSA vehicle
(PBS/BSA). Peptide monomer stock solutions are first solubilized in dimethyl sulfoxide (DMSO).
Negative control groups include one group of mice injected with PBS/BSA alone, and one group injected
with 1% DMSO. Each dose group containa 10 mice. Mice are injected subcutaneously (scruff of neck)
with 0.5 mL of the appropriate sample.

Forty eight hours following sample injection, the mice are administered an intraperitoneal
injection of 0.2 ml of Fe* (Dupont, NEN), for a dose of approximately 0.75 pCuries/mouse. Mouse body
weights are determined 24hr after Fe* administration, and the mice are sacrificed 48hr after Fe*
administration. Blood is collected from each animal by cardiac puncture and hematocrits are determined
(heparin was used as the anticoagulant). Each blood sample (0.2 ml) is analyzed for Fe** incorporation
using a Packard gamma counter. Non-responder mice (i.e., those mice with radioactive incorporation less
than the negative control group) are eliminated from the appropriate data set. Mice that have hematocrit
values less than 53% of the negative control group are also eliminated,

Results are derived from sets of 10 animals for each experimental dose. The average amount of

radioactivity incorporated [counts per minute (CPM)] into blood samples, from each group is calculated.
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assays that are useful in evaluating the activity and potency of EPO R
agoni st peptides of the invention. EPO R agoni st peptide nononers and diners
are prepared according to the nethods provided in Exanple 1. The in vivo
aCtiVinE@ﬂaﬂﬁﬁﬁemﬂgptide nononmers and dinmers is eval uated using a series
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l.e., to activate EPO-R and induce new.red bl ood cell synthesis. Red bl ood

cel | syAd Hewicxtomsteranalysis (TefiegOunhRreram ofemaiessitses menustly getermingd: Jibe pairestadi r on
into h%@RGAt%?feﬂctﬂ&cyEé@&“s&Y&ﬁﬁﬁ&hﬁ@h&ﬁﬂo%ﬁ?&nﬁﬁl I's. BDF1 mice are allowed to

acclimate to anmbient conditions for 7-10 days. Body meéphts are detern1ned
for all ani YaRET Goonketren Wi RfRtiConsirvenl ¥ (Hemstogitanmipusar Hemstoctitseia) M ce ar e
subj ected to successive conditioning cycles in a hypobaric chanber for a
total of 14 days. Each 24 hour cycle consista of 18 hr at 0.400.02%
atnDspH%ﬁkma@#@@@Mkﬁvand 6 hr at anbient pressure. After conditioning the
mce are Mgy b aRE bbRE infdvAOE iRk of Bt BIRS hfivk O
dosi ng. Test pep t| es, rgggh nant ﬁgnanEE%QYSgaﬁgggg ,anéegIr u?%gw%n
PBS + aonm,Bwpvmidﬁmrefehl(ﬂpBglmof PPeijive adetrokomnd tast peptide Hoses lexpressersasamgéks, i r st
sol ubi | §|9 | o] ' de
one gr gtelzgﬁegt]p& 7}, ai%)‘?ﬁr%"ec ta%glzé g Bgé%%tr tloﬁ\l%g%e %Sﬁlgﬁ(%nrr OlIYO%%y @?Jtegi%rg
1% D\VSGml/fg.c Fﬂldozshcg rcouipol cgrodpaisrmmpsedi twelve Mlmlsalwéllc: 18 wndd aswbcaad;laqfeﬂxasl y
(scruff

1n1n§ &Qe groups. Daily viability and weekly body weights are recorded.

The dosed mice are mice are fasted and then anesthetized with inhaled isoflurane and terminal
blood samples are collected via cardiac or abdominal aorta puncture on Day 1 (for vehicle control mice)
and on Days 15 and 29 (4 mice/group/day). The blood is transferred to Vacutairier® brand tubes.
Preferred anticoagulant is ethylenediaminetetraacetic acid (EDTA).

Blood samples are evaluated for endpoints measuring red blood synthesis and physiology such as
hematocrit (Hct), hemoglobin (Hgb) and total erythrocyte count (RBC) using automated clinical analysers
well known in the art (e.g., those made by Coulter, Inc.).

Datz; for representative EPO-R agonist peptides in this assay are given in Table 4. Results are
given as increase in percent (%) hematocrit (Ht), relative to vehicle injected control mice, at day 15 and at

day 29. The indicated peptide compounds were administered to test mice at a dose of 1 mg/kg.

Table 4: In vivo hematological assay for peptide dimers

Compound | Peptide dimer Increase |Increase
designation in Ht (%) [in Ht (%)
at day 15 |at day 29
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It is further to be understood that all values are approximate, and are provided for description.

Such

Numerous references, including patents, patent applications, and various publications are cited

and discussed in the description of this invention. The citation and/or discussion of such references is

provided merely to clarify the description of the present invention and is not an admission that any such

reference is “prior art” to the present invention. All references cited and discussed in this specification

are incorporated herein by reference in their entirety and to the same extent as if each reference was

individually incorporated by reference.
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wel | known in the art (e.g., those made by Coulter, Inc.). Data for
representative EPO-R agonist peptides in this assay are given in Table 4.
Resul t’'s are given as increase in percent (% hematocrit (H), relative to

vehi cl e i npasishgignitrol mce, at day 15 and at day 29pcThis200416146s3t €d
pepti de conmpounds were adm nistered to test mce at a dose of 1 ng/kg. Table

4: In vi Vﬁ%ﬂg@"% assay for peptide diners Conpound Peptide diner
| ncrease gestgnation H (% in H (% at day 15 at day 29 -69 V\D
2004/ 101611 PCTI US2004/ 014886 AF35526 (AcG GLYA HMGPI T(1-nal ) V PLR( MeQ) -
22.1 28.6 NHYRER20OK NH 1 0 0 (AVG GLYACHIVCPI T(I -na! ) VCQPLR(MeGt-I N -~0

NPEGK 0 Ol ASKEPEE SRR (3 Hal) v S e et L"ﬂ&%@%’%‘?”g
(AcG) GLYAH, £V #9 15%, V V QPLR(MeG) - T 18 3 23.8 J4H_ ,PEGOK Of i0"
( AcG) GLYA Idz Ral J VOQPLR( MeG) - | W NH-\ 0/ - 1 AF35594 (AcG) GLYA HNGPC

(A5 &a%ﬁ%ﬁ?@% ) Voo AR TR RFE P o v

wherein X, is a residue selected from methionine (M) and homoserine methylether (Hsm), and X, is a

residue selected from tryptophan (W), 1-naphthylalanine (1-nal), and 2-naphthylalanine (2-nal),

wherein said peptide binds to and activates the erythropoietin receptor (EPO-R).

10 2. A peptide according to claim 1, wherein the N-terminal of said peptide is acetylated.

3. A peptide according to claim 1 or claim 2, said peptid isi ; ;
sequence selected from: peplide comprising an amino acid

LYACHMGPITWVCQPLR (SEQ ID NO: 2);

L'YACHMGPIT(1-nal)VCQPLR (SEQ ID NO: 3);
LYACHMGPIT(2-nal)VCQPLR (SEQ ID NO: 4);
GGLYACHMGPITWVCQPLRG (SEQ ID NO: 5);
GGLYACHMGPIT(1-nal) VCQPLRG (SEQ ID NO: 6);
GGLYACHMGPIT(2-nal) VCQPLRG , (SEQ ID NO: 7);
(AcG)GLYACHMGPITWVCQPLRG (SEQ ID NO: 8);
(AcG)GLYACHMGPIT(1-nal)VCQPLRG (SEQ ID NO: 9);
(AcG)GLYACHMGPIT(2-nal)VCQPLRG- (SEQ ID NO: 10);
GGLYACHMGPITWVCQPLR(MeG) (SEQ ID NO: 11);
GGLYACHMGPIT(1-nal)VCQPLR(MeG) (SEQ ID NO: 12);
GGLYACHMGPIT(2-nal)VCQPLR(MeG) (SEQ ID NO: 13);
(AcG)GLYACHMGPITWVCQPLRG(MeG) (SEQ ID NO: 14);

(AcG)GLYACHMGPIT(1-nal)VCQPLRG(MeG) (SEQ ID NO: 15);
(AcG)GLYACHMGPIT(2-nal)VCQPLRG(MeG) (SEQ ID NO: 16);
LYACH(Hsm)GPITWVCQPLR (SEQ ID NO: 17);
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* The present invention is not to be limted in scope by the specific

enbodi nents descri bed herein. |ndeed, various nodifications of the
invention in addition to those described herein will becone apparent to

t hose ski ljgchouMotsie art fromthe foregoing descri pti oRCAAB2HRIBIConpanyi ng
figures. Such nodifications are intended to fall within the scope of the

appended cl ai ms. i CHRHEMGPOR-ndipvdgpIRNder st ood t hgkQabiNo/agyies are
approxi mate, and_are _provided far description. Nunerous._references,

i ncl udi ng pat ent &Y FOCRHFPENGIAR  and vari odSERINE APk ons are cited
i scuss o of Sushtaterpmerar e Ca o ded morel y ool att f the descri pti on
of the present |%%C§*(ﬁ%§&@%ﬁv§# i ssion t(hg??éﬁd:g't{)éh reference is
't'ﬁ_ri or arj[;c'_ tot t BSLYACTHHEM)GPYER 0k PVCQHIRG rell‘)er en](cISBQCEDII\EZ_dza)?ﬁ di scu;s_sedti n
is specificati r ﬂl‘ﬁ n by re n.their entirety
and to the sane g“gﬁ%ﬁfﬁggﬁiﬁm@% ?(gme was #ﬁ%ﬁ@lﬁg{?&??& i ncor por at ed
by reference. -7QAMIGRYACHDHGRITRCTVSZPORGO1488GSEQEBNG:S4)XCLAIMED 1S 1. A
pepti de, conpri sj egf% ! ac Rdues i nd conpri sing
the am no acid sg@q%«gég‘e{k @mﬂ?&% LR (Sé%mt)‘@%g?z , Wherein X0 is

a residue sel ect SSLYASHHenKIPBRWNEQPM(Med honpser(SEQ IdNhy¢bkt her (Hsn), and

Xt is a residue @zgﬂ I @@kﬁgné , 1- nine (1-nal),
and 2-napht hyl al g%?‘#%‘ -?1%1 ; @\ﬁglﬁl sal et{'\'{oepti ggﬁgwﬁg???and activates
t he eryt hropoi et CELYSEKHonGPERGE) VCQRLRIMeR) pept i (§EQIREEX-@Bng to claim 1,
wherei n the N-tepidiar YRCHASGRPERTVEGPIG®EE) Y| at@fo m&o:Agpept i de

according to claim][ or claim’2 sald»})etide conpri sing an ‘am no acid"

sequence sel ect eATDERY ACEEHTRGEH (tryet RG(M2) | (BERA NS; 30); and
LYACHVGPI T( 1- nal Y MEREBELRACERR V. -BMOQPLR (SEQ I D
NO 4); Gél.YACH%/GPI T%\%é@LRCrBA)(@gE }1%9",{'38?%; 5%%?@ )TS( 1- nal )S/CQgLRG
(SEQ ID NO 6); GGLYACHMGPI T(2-nal)VCQPLRG (SEQ ID NO 7);

(AcG GLYACHMGPI TWWCQPLRG (SEQ ID NO 8);  (AcG GLYACHVGPI T(| - nal ) VCQPLRG
(SEQ ID NO 9)4. (At GEdyAchiiBRTO onedl)olwmpl G, vhseeip fheprRide 56) |

monomer.
5. A peptide according to any one of claims I to 3, wherein the peptide is a dimer.
5
6. A peptide according to claim 5, wherein the peptide is a homodimer.
7. A peptide according to any one of claims 1 to 6, further comprising one or more

water soluble polymers covalently bound to the peptide.

10

8. A peptide according to claim 7, wherein the water soluble polymer is polyethylene glycol

(PEG).

9. A peptide according to claim 8, wherein said PEG comprises a linear unbranched

15 molecule having a molecular weight of about 500 to about 60,000 Daltons.,
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GGLYACEMGPI TW VOQPLR(MeG) (SEQ ID NO. 11); GGLYACEMGPI T( 1- nal ) VOQPLR( MeG)
(SEQ ID NO 12): GGLYACHVGEPI T(2-nal ) VCQPLR(MeG) (SEQ ID NO. 13);

( AcG) GLYAGOVGEiDYSEQPLRG( MeG) (SEQ I D NO 14); PCT/US2004/014886

( AcG) GLYACHMGPI T( 1- nal ) VOQPLRG( MeG) (SEQ I D NO. 15);

( AcG) GLYACHMGPI T( 2- nal ) VOQPLRG( MeG) (SEQ I D NO. 16); LYACH( Hsm) GPl TWCQPLR
(SEQ ID NO 17); -71 WD 2004/101611 PCT/ US2004/ 014886

LYACH( Hsm) GPL T( 1- nal ) VCQPLR .( SEQ.1.D 18).: _ 1 YACH TT( 2: nal LR
(SE0 1D N 18y, KEP YR P PR R P eBET 5 Aoyl wheh Sl s
GGL YACH( Hs -nal ) VCQPLRG (SEQ I D NO 21);

@.YA%%?%‘&%@O%%@ESZI gvgme ESES | D NO 22%;

( AcG) GLYACH( Hsm) GPI TWWOQPLRG (SEQ ID NO. 23): (AcG) GLYACH( Hsm) GPTT( 1

nal ) VOQPLRG (SEQ ID NO. 24); (AcG GLYACH(Hsm) GPI T( 2- nal ) VOQPLRG ( SEQ | D NO

55(5;)_,\(%\0(_?_ HZ %Cl_l :_l-sr?) ﬁ?}gg%hg% % img9§§ r}clg ﬂqu%Eég%s’a molecular weight of about 20,000

GG.YAO%%Q%Q‘A%I'Q}% al ) VCQPLR(MeG) (SEQ ID NGO 28);

(AcG GL RRFCQPLRG( MeG (SEQ | D NO  29);

(AcG GLYACH( Hsm) GPf T( 1- nal ) VCQPLRG MG (SEQ ID NO 30); and

(AcG GLYACH(Hsm) GPI T(2-nal ) VCQPLRG( MG (SEQ ID NO 31). 4. A peptide
according to_any one of claips Ito 3, wherein the peptide is, a npnoner. 5.
A peptide acddr di Agpeplideasgordig t,elaim S mhereindhe BEG hasermelerulen weigsinfiapout 25009
dinmer. 5 6. A peptide according to claim5, wherein the peptide is a
honndirﬁﬂ%bmﬁ4Q&BBgBFWHe according to any one of clains 1 to 6, further
conprising one or nore water soluble polymers covalently bound to the
peptlfde. 10 8. A peptide according to claim7, wherein the water soluble

pol ymer is polyethylene glycol PEG) . ) o
13. A peptide according to claim 9, wherein two PEG moieities are covalently bound to the

peptide, each of said PEG comprising a linear unbranched molecule.

14. A peptide according to claim 13, wherein each of said PEG has a molecular weight of

15  about 20,000 to about 30,000 Daltons.

15. A peptide dimer, comprising:
(a a first peptide chain;
(b) a second peptide chain; and
20 (c) a linking moiety connecting said first and second peptide chains,
wherein at least one of said first peptide chain and said second peptide chain comprises about 17 to about
40 amino acid residues in length and comprises the amino acid sequence:
LYACHX,GPITX,VCQPLR (SEQ ID NO: 1),
wherein X, is a residue selected from methionine (M) and homoserine methylether (Hsm), and X; isa
25  residue selected from tryptophan (W), l-naphthylalanine (1-nal), and 2-naphthylalanine (2-nal),

wherein said peptide dimer binds to and activates the erythropoietin receptor (EPO-R).
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9. A peptide according to claim8, wherein said PEG conprises a |linear
unbranched 15 nol ecul e having a nol ecul ar wei ght of about 500 to about

60, 000 Dalhabsio1sis VWO 2004/ 101611 PCT/ US2004/ 014886  1(®PCTAIS(31014386
according to claim9, wherein the PEG has a nol ecul ar wei ght of |ess than
about 20,000 Daltons. 5 11. A peptide according to claim9, wherein the PEG
has a nol ecul ar vvei ght of about 20,000 to about 60,000 Daltons. 12. A

pepti de accoggli ng pt ﬁ&@dxﬂbga &D/gag?damﬁhg %ﬁnﬁ@ﬁeﬁt RGAth Alst h@éuhaﬁf

about 20,000 to a t 40, 000 ons pepti de accord gto claim

9, wher g aﬁmcoaﬁggﬂmwm & SIS RO 0a K Pepti de, each of

sai d PEG conpri si It near un pept| de according to
claim 13, wherei PIRC has a m)l ecul ar . 15 about

20, 000 to about W%ﬁ %5 A peptide di rrer( ?orrprl s ng: (a) a
first peptide cHﬁfACI*Wﬂ@PTEﬂseb&f@QPbRpti de chain; ar(SIEQ(DD(NQ 38 linking noiety

connecting said f éx%x}u‘%ﬁﬁ'r € tide chains, east one of
said first pept iL(YeAc ain a@gl%@glﬁ ggcond pept i de \(I:\/Kalﬁ (I)\fB bses about 17 to
about 40 am no GGRLYACHMGRIEWVCQRIR@t h and conpri :{ﬂEantham) no acid

Selloctod from etk G BT U VRORBRET | ne ot hyl SSRRIDNEAT, and X is
e O e, Lo e ), o
- p -

i , ¥
:%(C::%'II \L/Jgt2834} Ei4g&§EGﬁiLﬁAAQHMGMB(1diaWCQaDRP8 de) pg t 0 (SEQIDINLR 9); \E/S\/rlléL ein at
comr i ses an amasoaBEiRT e BV BorERE: o LVASREBRRNOEPLR (se0 1D

NO 2); LYACHVGRHTYACHBMGPIORRIGOKLMEQGP NO 3); L3¥@HYNe: T{)x- nal ) VCQPLR

(SEQID NO' 4); GG YAGPLT MS%QR%R&%ES 'O MO Ykqm wo: 12
GGLYACHMGPIT(2-nal)VCQPLR(MeG) (SEQ ID NO: 13);
(AcG)GLYACHMGPITWVCQPLRG(MeG) (SEQID NO: 14);

(AcG)GLYACHMGPIT(1-nal)VCQPLRG(MeG) (SEQ ID NO: 15);
(AcG)GLYACHMGPIT(2-nal)VCQPLRG(MeG) (SEQ ID NO: 16);

LYACH(Hsm)GPITWVCQPLR - (SEQ ID NO: 17);
LYACH(Hsm)GPIT(1-nal)VCQPLR (SEQ ID NO: 18);
LYACH(Hsm)GPIT(2-nal)VCQPLR (SEQ ID NO: 19);
GGLYACH(Hsm)GPITWVCQPLRG (SEQ ID NO: 20);
GGLYACH(Hsm)GPIT(1-nal)VCQPLRG (SEQ ID NO: 21);
GGLYACH(Hsm)GPIT(2-nal) VCQPLRG (SEQ ID NO: 22);
(AcG)GLYACH(Hsm)GPITWVCQPLRG (SEQ ID NO: 23);
(AcG)GLYACH(Hsm)GPIT(1-nal) VCQPLRG (SEQ ID NO: 24);
(AcG)GLYACH(Hsm)GPIT(2-n2l) VCQPLRG (SEQ ID NO: 25);
GGLYACH(Hsm)GPITWVCQPLR(MeG) (SEQ ID NO: 26);
GGLYACH(Hsm)GPIT(1-nal)VCQPLR(MeG) (SEQ ID NO: 27);
GGLYACH(Hsm)GPIT(2-nal)VCQPLR(MeG) (SEQ ID NO: 28);

(AcG)GLYACH(Hsm)GPITWVCQPLRG(MeG) (SEQ ID NO: 29);
(AcG)GLYACH(Hsm)GPIT(1-nal)VCQPLRG(MeG) (SEQ ID NO: 30); and
(AcG)GLYACH(Hsm)GPIT(2-nal)VCQPLRG(MeG) (SEQ ID NO: 31).

-74 .



GGLYACHMGP! T( 1- nal ) VOQPLRG (SEQ ID NO. 6); GGLYACHMGPI T( 2- nal ) VOQPLRG ( SEQ
IDNO 7); (AcG GLYACHVGPI TW/CQPLRG (SEQ I D NO 8);

(AcG) GLYARSMahdislr nal ) VCQPLRG (SEQ ID NO 9); PCT/US2004/014386

( AcG) GLYACHMGPI T( 2- nal ) VOQPLRG (SEQ I D NO 10); GGLYACHMGPI TWCOQPLR( MeG)
(SEQ ID NO 11); GGLYACHMGPI T(1-nal ) VOQPLR(MeG) (SEQ ID NO. 12);
GGLYACHMGP! T( 2- nal ) VOQPLR(MeG) (SEQ | D NO. 13);

ACQ) CLYACHVEP T L SEQ LD AU .

(28 SO TR S BB iy b5 o i

(AcG) GL ACIiINGPI T(2-nal ) VCOPLRG MeG) (SEQ ID NO 16): LYACH( Hsm) GPI TWOQPLR
(SEQ | O°RY#17);  LYACH( Hsm) GPI T( 1- nal ) VOQPLR (SEQ ID NO 18);

LYACH( Hsm) GPI T(2 nal ) VCOPLR (SEQ | D i CGLYACH(Fs1) GPI TWORPLRG (SEQ
ID NO 20); GGLYACH( Hsm) GPI T( 1- nal)% (SEQ ID NO 21);

YACH lT 2. SEQ ID NO 22
(Acé)A w&%ﬂ% ( n@\b&%%? S(EQ IQD NO 23): )
(AcG) GLYACH(Hsr’r) GPI T(1- nal ) VCOPLRG (SEQ I D NO 24)
( AcG) GLYACH( Hsm) GPI T( 2- nal ) VOQPLRG (SEQ ID NO. 25):

%iﬁag i 2)) g: $VX%C§§§¥£§)EQ§$}£% tlogg%l ‘(,év%m the }ix,aking moiety is a lysine residue.

GGLYACH( Hsm) GPI T(2- nal ) VCQPLR(MeG) (SEQ ID NGO 28);

(AcG) GLYACH( Hsm) GPl TW/CQPLRG MeG) (SEQ | D NO 29)

(AcG GLYACH( Hsm GPI T( 1- nal ) VCQPLRE SEQ I.D,NQ. and

( AcG) GLYACH( Hsm) cbipsptide W@gﬁ@wml% sﬁ@rq“ﬁhmbﬂﬂaaymwty cPmPYESs 504/ 101611
PCT/ U82004/ 014886 17. A peptide dinmer according to claim 15, wherein the

| i nkq ngformsvlaty conprises the fornula: -NH-R3-NH 5 wherein R3 is a |ower
(C .6) alkylene. 18. A peptide diner according to claim17, wherein the
linking moiety is a |ysine resi dd@(CHy)yX-(CHz)n-CO-

wherein n is an integer from 0 to 10, m is an integer from 1 to 10, X is selected from O, S, N(CH;),NR;,

NCO(CH,),NR;, and CHNRy, R, is selected from H, Boc, and Cbz, and p is an integer from 1 to 10.

15 20. A peptide dimer according to claim 19, wherein n and m are each 1, X is

NCO(CH;),NRy, p is 2, and R is H.
21. A peptide dimer according to claim 15, further comprising a water soluble polymer.

20 22. A peptide dimer according to claim 21, wherein the water soluble polymer is covalently

bound to the linker moiety.
23. A peptide dimer according to claim 15, further comprising a spacer moiety.

25 24. A peptide dimer according to claim 23, wherein the spacer moiety comprises the formula:

-NH~(CHp)-{O-(CHz)p}y-05-(CHy)e-Y-
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19. A peptide diner according to claim15, wherein the |inking noiety
conprises the 10 fornmula: -CO (CH2)n X-(CH2) m CO wherein n is an integer
fromoO tqydhoaidicst an integer from1l to 10, Xis sel ect eBCTUSH04014886

N(CH2) pNR,, NCO(CH2) PNR,, and CHNRI, Rl is selected fromH, Boc, and Cbz,
and p i $hédin kB, RAEE afele@éR ihtel@s WHose Yoludare iﬁd‘gﬁﬁddnd?sé!éq%rﬁcﬁkﬁﬂf 6lisngo 501, Ghial m
19, wherein nand mare each 1, Xis NCO CH2)PNRI, pis 2, and R is H 21.
A pepti ' #iong 16, Qné vak 8] ot K&k e iRl i

pol ynergﬁrzlgkgg.éleﬁgfag%ti de di ner gcc%cf%c?iﬂng to cl ai %V?L H&'%é?és}/%&’ﬁ?eﬁﬁab%‘e
sol ubl eg,ppf yner is covalently bound to the |inker noiety. 23. A peptide
dieter according to claim 15, further conprising a spacer noiety. 25 24. A
pepti de dieter according to claim 23, wherein the spacer noiety conprises
the formula: -NH(CH2).-[O(CH2)0]rGs-(CH2)s Y -75 WD 2004/ 101611
PCT/US2004/ 886 i : ' rSd RS e

i nde§pJendent %/fsel éé))té@g{eﬁng% ico?%n%{&@kﬂ?gﬁglhgx?ﬁ%éﬂ;&?gﬁ ’ *’3’% i nt gﬁé?’%%ﬁe@% ed
fromOt ’ Y is selected fromNH or CO, provided that (3 is 2 when y
is great’er than 1. 5 25. A peptide dinmer according to claim24 wherein each
of a, )3, and s is 2, each of y and Sis 1,andYisNH 26. A peptide diner
according to claim23, further conprising one or nore water sol uble

pol ymers. 10,27. ept i de di . accor di o claim?26, wherein th ter
ol uble. poi yir i & B8gia A bR f s 2P e ol e S 508 Whiek BT oo

di mer acciordi ng to claim21 or 26, wherein the water soluble polymer is 15
pol yet B BAES gl ycol (PEG. 29. A peptide diner according to claim 28,
wherein the PEGis a |linear unbranched PEG having a nol ecul ar wei ght of
abo 500 to about 60,000 Daltons. 20 30. A peptide dinmer according to claim

29, wherein e PEG ha nol ecul ar i ght .of ,about. 5 to,l ess than about
20, 000 Dal to#s]. 35.%%&‘3?%&005#’%&9 C%Egg’cﬂ’hﬁ&“% @e SRYT fﬂq e PRIRT & VALY PEG
has a npl egultﬁr wei %lt of about 20,000 to 60, 000 Daltons.

bound to the spacer Inoiety.

28. A peptide dimer according to claim 21 or 26, wherein the water soluble polymer is

15  polyethylene glycol (PEG).

29. A peptide dimer according to claim 28, wherein the PEG is a linear unbranched PEG

having a molecular weight of about 500 to about 60,000 Daltons.

20 30. A peptide dimer according to claim 29, wherein the PEG has a molecular weight of about

500 to less than about 20,000 Daltons.
31. A peptide dimer according to claim 29, wherein the PEG has a molecular weight of about

20,000 to 60,000 Daltons.

25
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25 -76 WD 2004/101611 PCT/ 11S20041014886 32. A peptide dimer according to
claim 31, wherein the PEG has a nol ecul ar wei ght of about 20,000 to about
40,000 Daltons. 33. A peptide according to claim 28, wherein two PEG

noi ei ties {oeHiadgnt!y bound to the 5 peptide, each pér/asdotl/dikss
conprising a linear unbranched nol ecule. 34. A peptide according to claim
33, wherein eagh of L I

about 30, 000 %i torﬁﬁg%&d%\gag%%é&pem e gfé%%{?g\g%G?%s%tﬁ& "%aéw&g c"?ﬁ}foﬁﬁ 1
to 34 forzolooetbeRan abd 94eef a nedicanment for the treatment of an anem a
associ ated di sorder characterized by a deficiency of erythropoietin or a

| ow or defective red blood cell population. 36. A peptide according to any
one of clainms 1 to 34 for use in therapy. 37. A peptide according to any one
of clainms | ta3334 fAofeptideciondifidte cRRY28)Whdah WA BIRG mbﬁ‘ﬁbé"ﬁe Bovllest TB,be&rId to the
characterized by a deficiency of erythropoietin or a | ow or defective red

bl ood 5 celeptidepgact @ftshi@ PEG 38mpriing@inéad entagcibadionguit 0 any one of clains | to 34
for use in therapy of a patient having a disorder is selected from end
stage renal failure or dialysis; anem a associated with AIDS, autoimune

di sease or a malignancy; beta thalassem a; cystic fibrosis; early anem a of
prematurity; 3Aenm & mpidctarda tockhim I3 whdeis eichbf s%fﬂT@‘Gliah’adioﬁe@@&vag‘ﬁ%fnm

cord injury; acute blood |oss; aging; and neoplastic disease states
accorrpanlabdltBQ,O%nequwOQ@f)ylahmrmpm esis. 39. A pharnmceutical conposition
conprising: (i) a peptide according to any one of clains 1 to 34; and (ii)
a pharmaceutically acceptable carrier. -77 40. A peptide according to claim
1, wherein the peptide consists of 17 to 40 amino acids. 41. A peptide

di di i d f d
Chain and sai d°Secontt sastiids AARFE Bl o el Dot B plaateiln BRE" .07

resi dues mdlcalmngﬁohthe tr?@ment of an anemia associated disorder characterized by a deficiency of

erythropoietin or a low or defective red blood cell population.

36. A peptide according to any one of claims 1 to 34 for use in therapy.

37. A peptide according to any one of claims 1 to 34 for use in therapy of patients
having a disorder characterized by a deficiency of erythropoietin or a low or defective red blood

cell population.

38. A peptide according to any one of claims 1 to 34 for use in therapy of a patient
having a disorder is selected from: end stage renal failure or dialysis; anemia associated with
AIDS, autoimmune disease or a malignancy; beta thalassemia; cystic fibrosis; early anemia of
prematurity; anemia associated with chronic inflammatory disease; spinal cord injury; acute

blood loss; aging; and neoplastic disease states accompanied by abnormal erythropoiesis.

39. A pharmaceutical composition comprising:
(i) a peptide according to any one of claims 1 to 34; and
(ii) a pharmaceutically acceptable carrier.
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40. A peptide according to claim 1, wherein the peptide consists of 17 to 40 amino

acids.

41. A peptide dimer according to claim 15, wherein at least one of said first peptide

chain and said second peptide chain consist of 17 to about 40 amino acid residues in

length.
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