WO 2004/ 101606 PCTI VS2004/ 014859 NOVEL PEPTI DES THAT BIND TO THE
ERYTHROPO ETI N RECEPTOR CROSS- REFERENCE TO RELATED APPLI CATIONS 5 Priority
is clai d States provisional application ser 69, 993
and 60/%24M0fh filed on May 12, 2003. The contentbéhpgﬁﬁggg%rr ority
applications are incorporated into the present disclosure by reference and
intheir entireties. 10 FIELD OF THE I NVENTI ON The present invention rel ates
to peptide conpounds that are agonists of the erythropoietin receptor
(EPO-R). The invention also relates to therapeutic nethods usi such
peptide conpdYPMYELIFFEIDES THAT BINBILO WETEBQHQWWM@%T&W or -
defective red blood cell production. Pharnmaceutical 15 conpositions, which
conprise the peptide conpounds of the invention, are al so provided.
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an a ofisgosusrhyraference anddn their pptiretiescar bohydrat e (sialic acid) renoved. The
DNA sequences encodi ng EPO have been reported 25 [U S. Pat. No. 4,703,008
to Lin]. EPO stimulates mtotic division and differentiation of erythrocyte
préeursor cells, and thus endilEER OFHHEFINVENEION) of erythrocytes. It is
produced in the kidney when hypoxic conditions prevail. During EPO i nduced
differentiation of erythrocyte precursor cells, globin synthesis is induced,
heme conpl &ke pyastrit dsvemtion relatesrid ptndids campouniie thnurabreragtuﬁsta‘ ef thet érpthrapoistin or s
i ncrea Lake
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oxygentreiﬂﬂmrdeesr yﬂstmﬂe@tveﬂ: mmfﬁtlhel crr dervtid ol blopd ayll prédaytiono| Eharmaseupel yi ng
bod X e ck ane J |t|a by .t he i.nteraction of EPO
o ot PHEE Sormprdgs TR oo bR D B o LSS e il RbRA ooyt o
precursor ceIIs [ See, e.g., G aber and Krantz (1978) Ann. Rev. Med.
29.51-66]. -1 WD 2004/1016 LJS20) 89 _EPQ i s present in very |ow
concentrations in plasm 2L %{Pﬂﬁﬁg\é EY Q—I-‘f':hy state wherein
ti ssues receive sufficient oxygenation fromthe existing nunber of

erythr ecyt elgii'yth-ltgllao%ettrrllodi%g isI aogi/ycoprotem hormone of 165 amino acids, with a molecular weight of
20  about 34 kilodaltons (kD) and preferred glycosylation sites on amino-acid positions 24, 38, 83, and 126.

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, biclogical activity, and molecular weight. The asialo form is an o or B form with

the terminal carbohydrate (sialic acid) removed. The DNA sequences encoding FPO have been reported
25  [U.S. Pat. No. 4,703,008 to Lin].

EPO stimulates mitotic division and differentiation of erythrocyte precursor cells, and thus
ensures the production of erythrocytes. }t 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 increases. These changes allow the

30  cell to take on more iron and synthesize functional hemoglobin, which in mature erythrocytes binds
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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Purified, 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 and 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 EPQ 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. Nail,



-2 WD 2004/ 101606 PCT[ US2004/014889 Acad. Sci. USA 84:3690-3694]. The
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peptide notif has been identitied, nenbers of which bind to EPO-R and 30
sti mulldeseritepds Heép BetabinnS, 1481864 RCd| FubeNaI00A070y Bedor, et gk (198Y) Ssispes #d67-773;
i dent i il af Prddidt @ 9d1) 2lun ORGY Bel. AR, 26:271-180; and U.S. Pat. No. 5,424,186].

25 Peptides that interact to a least some exent 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, ef al.; U.S. Pat. No. 5,767,078 and PCT Pub. No. 96/40772 to Johnson and Zivin;
PCT Pub. No. WO 01/38342 to Balu; and WO 01/91780 to Smith-Swintosky, e 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 peptides identified to date that contain the

motif stimulate EPO-dependent cell proliferation in vitro with EC50 values of about 20 nanomolar (nM)
to about 250nM. Thus, peptide concentrations of 20nM to 250nM are required to stimulate 50% of the

maximal cell proliferation stimulated by EPO.



nmotif stinulate EPO dependent cell proliferation in vitro with EC50 val ues
of about 20 nanonolar (nM to about 250nM Thus, peptide concentrations of

20nM t o gRPIL/AdBed QUi red to stinul ate 50% of t he
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nal ) VOQPLR(MeG) K (SEQ | D NG sag 3 é& ti de nononers having the
amno acid sequence (AcG GEYAT X (MeG (SEQ ID NO 3);
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RS0 1 el BCGHAC rovd BV e RN PR W o o T 1
(rj |e rsre & ljdéasiﬁug?ﬂiyn&hm% mrpbteadsnz)hm?r ﬁdetﬁrfty.dl’_mekef pcjmddsmadpdmﬂwaenh?ﬁtﬂms o ipagtide
coval &Hfr° ’&?ffi’ nﬂiﬂ '“b‘f%?ﬂ%fﬁ‘&%&? @gﬁgwgg(@%@ﬁﬁ@ﬁﬁ %?r W ani de

| i nkeror GRmoligneete pi q:bﬁtﬂeaﬁmnonﬁrﬂhﬁxﬁ’g XoeChRinG24bid \shuence emcseme@c(emmm H -

Com b poRPRBl (i Ip Vo5 Rabeiieh phiahith SRt Roa e APt or e

an amsa@emr(ckcm(&bYAUm\@Gm(lamwo:@maﬂe@)‘ (SE@]EZN@rm Ribrel each BMinbesiddige of

th t t t ached te |ink
or eaﬁ?aq?qaer@%yp 50 O oH berigtane Aoy B Ry Lorbeb Piacs BB Grintuner o
the RES-(MEG) iIRLAGMIATCHE 2BS knéin 8DAkH0siAL), B ﬁeBu&blﬁbﬁon{EQ 0P 0 Periral fdﬁﬁbr( t he

term "about" i ndicati n% that in_  preparations of sone nol ecul es will
¥
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20 The peptide monomers may be dimerized by covalent attachment to a branched tertiary amide

linker. The tertiary amide linker can be depicted as:
-C'0-CH,-X-CH,-C*0O-

where: X is NCO-(CH,),-N'H-; C' of the linker forms an amide bond with the s-amino group of the C-

terminal lysine residue of the first peptide monomer; C* of the linker forms an amide bond with the &-

25  amino group of the C-terminal lysine residue of the second peptide monomer; and N' of X is attached via

a carbamate linkage or an amide linkage to an activated polyethylene glycol (PEG) moiety, where the

PEG has a molecular weight of about 20,000 to about 40,000 Daltons (the term "about" indicating that in
preparations of PEG, some molecules will weigh mofe, some less, than the stated molecular weight).

Where each monomer of the homodimer has the amino acid sequence,

30 (AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and N' of the linker is attached via a

carbamate linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

invention may be represented as follows:



Where each nononer of the honodi ner has the am no acid sequence, 30

(AcG GLYACHMGEPI T(1-nal ) VCQPLRK (SEQ ID NO 1) and N of the linker is

at t ached w4 bamate |inkage to an activated pol ye ol (PEG
noi ety, m?or?glé%ﬁgeﬁgepti de conmpounds of the invention réa/bgﬂﬁg&r% ented as
follows: -4 WO 2004/101606 PCT/ US2004/014889 (AcG GYA GPIT I-na] V QPLR- NH
ONHOO'p'1l p\ | Nmm ~NH (AcG GLYACHVGPI T( 1- nal ) VCQPLR- HN 4H2
O Wiere each nuAaH@kY F(1hallodPIRerNH hdlsyfrhe ami no aci d sequence,

(AcG GLYACHVGPI T(1-nal ) VCQPLRK (SEQ ID NO 1) and N of the linker is
attached via an amde 5 linkage to an agtivated pol yet hyl ene gl ycol (PEG
noi ety, the novel peptide conpounds of the_invention nay be represented as
follows: O (AcG GLYA HMGPI T(1-nal )V QPLR- ONIdZ NHO ~*( Op N OY NH
EGQ20-40K NH (AcO GLYAC Wi GPI T(I-nal ) VCQPLR-HY NH2 O Where each nononer
of the honodi ner has the am no acid sequencg,Nt NH~ O~PEGaq40K

(AcG GLYACHMEPI " f (1-nal ) VCQPLR(MGQ) | ( (SEQ NGO 2) and N of the linker is
attached via a carbamate |linkage to an acti ygted pol yet hyl ene gl ycol (PEG

noi ety, the novel peptide conpounds of the ¢invention nmay be represented as
follows: -5 WD 2004/101606 PCT/ US2004/ 0148

(AcG)GLYACHMGPIT(1-nal) VOQPLR—HN" )—NH2
0

Where each monomer of the homodimer has the amino acid sequence,

(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and N' of the linker is attached via an amide

5  linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the invention
may be represented as follows:

0 .
(AcG)GLYACl;IMGPIT(l-nal)\T(llQPLR-NH {N}m
NH_ O

i

Og JKANH}\DEGZWIOK
NH
NH2

(AcG)GLYACHMGPIT(1-nal) VCQPLR—HN
0

Where each monomer of the homodimer has the amino acid sequence,
10 (AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and N' of the linker is attached via a
carbamate linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

invention may be represented as follows:



(AcG) GLYACHVGPTT 1-nal )V ( C QPLR(MeG -NH O NH2 NH O OO IN j
NH kO PEG20- 10K ~NH ( AcG) GLYACHMGPI T( 1- nal) VOQPLR(MeG) - HN NH2 O \ere

each no e honodi ner has the am no acid seque

(AcQ a?ﬁ@’ﬂ%‘%{"%ﬁ‘% nal ) VOGPLR( MeG) K (SEQ 1D NG 2) and FU TUS2H40I48 o i
attached via an 5 am de |inkage to an activated pol yet hyl ene gl ycol (PEG
noi ety, the novel pepft nds of theg invention nmay be represented as
follows: (AcG Ge¥SL QETT{ {-el) EQPT- RSN NHN NH p't xO,~u NNH
~PEG040K OY NH (AcG GLYACHMSPI T(1-nal) VCQPLR(MeG -HN NM O The pepti de
nononers may al so be dinerized by coval entlattachnent to a branched tertiary
10 am de linker. The tertiary am de |inker n_be depicted as:

-C O CH2- X- CH2- C20- where: X is NCO (CH2) 2- &, Cgoof the linker forns
an am de bond with the s-am no group of the I&M ndl |ysine residue of
the first peptide nonomer; and C2 of the |inkgr;foOr W8 frF&Rwde bond with the
e-am no group of the Gtermnal |ysine residueyof the second peptide
nononer. The peptide dinmers of 15 the inventimss further conprise a spacer
noi ety of the follow ng structure: -6

(AcG)GLYA(%‘HMGPIT(I-na])V(".‘QPLR(MeG) —~HN NH2
O

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-na)) VCQPLR(MeG)K (SEQ ID NO: 2) and N’ of the linker is attached via an
5  amide linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

invention may be represented as follows:

0
(AcG)GLYAémGPIT(l-nal)vJ:QPLR(MeG)-NH {Nm
NH

0

5,3
N JK/\NHJJ\PEGzo-A,OK

o

NH

(AcG)GLYA?HMGPIT(l -nal)V?QPLR(MeG) ~HN 4]@1—12
0]

The peptide monomers may also be dimerized by covalent attachment to a branched tertiary
10  amide linker. The tertiary amide linker can be depicted as:
-C'0-CH,~X-CH,-C*0-

where: X is NCO-(CH,),-NH-C?0-; C' of the linker forms an amide bond with the s-amino group of the
C-terminal lysine residue of the first peptide monomer; and C? of the linker forms an amide bond with the
g-amino group of the C-terminal lysine residue of the second peptide monomer. The peptide dimers of

15  the invention further comprise a spacer moiety of the following structure:



WO 2004/ 101606 PCT/ US2004/ 014889 -N H (CH2)4- CAH N2H where: C4 of the
spacer is covalently bonded to C3 of X; N of the spacer is covalently
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( AcG) Crvalaofix/ettaried via 4 cpbampte RK 2 gEde|liDkagerto 4y akgwate@ SER mpietynirhere PEE hepa
SPJCemioGlar Mhighe VR Mdhd ¥0,060 36 RBGu V50D ?ﬁi&ﬁ’@}eet&ﬂ: MEAGR" GiftidRnd Ghd: it ©d
PEG noi ety, the novel peptide conpounds o the 1 nvention nmay be Tepresented
as f olpraparstiond of (PESIos@ny molgoies Vil weiph)morgRiore lass, tpp thestdeOmpleala @ight).

(e SR Rl et FOd Y RO e R o 20k 0D 40D, o 0D,
C[(t ;alrm' nal Whesé nesadtf trfmom pépt thde howmgliresrs has | theysiaméno Alsid, $elqmee,h15
the | AP RIISCRIbrI - PEOPERR! el Bl PnPaR Sork 18TMEPN: B E B ark O

orldas cnEGHy bifmherbyia Ale@pamaih linkage o aml astivapdFEST mbskty, the ngwil peptidanomppuudsnyg ri se

to the f.oll ow t M stry. -7 WO 2004/ 101606 PCTI US2004/ 014889
7 -2 %“?ﬂ“{eﬂgﬁwr%%?@?l°‘¥f'q C PLR-NH )LNH2 NH O O./0- PEG ~ O 1a5aK N
A)., %, NH 0 |

(AcG)GLY ACHMGPIT(1-nel) VCQPLR-NH N2

NH\(O 0 Oy O ~PEG1050x
0

0
N J\/\NHJK,.\\\WNH

NTO‘-PEGW-SOK

NH 0

(AcG)GLYACllHMGPIT( l-nal)V?QPLR—HN NH2
0]

In preferred embodiments, the C-terminal lysine of the two peptide monomers is L-lysine. Also, those
15  skilled in the art will appreciate from the above chemical structures that the lwo linear PEG moieities are
joined by lysine (e.g., as mPEG,-Lys-NHS or as mPEG,-Lysinol-NPC), which is also preferably L-lysine

and giving rise to the following stereochemistry.



HN u0- PEGLo-soK NH 0 (AcG GLYACHMGPI T(1-Nal ) VCQPLR-HN M2 0 Alternatively,
one or nore of the lysine residues can be a D-lysine, giving rise to

al t er nat hem stries which will be readily ap i hose
skilled Woggﬁgﬁa.c. Where each nmononer of the honodi rrgé&ﬁggoﬁ /@X%sr% no acid
sequence, 5 (AcG GLYACHMZPI T(1-nal)VCQPLRK (SEQ ID NO: 1) and both N and
N2 of the spacer ntly atgached via an am de |inkage to an
activated Wmm \)LL conmpounds of the invention maybe
represented, as follows: (AcG GLYAIHMEPIC T(1-nal)VCQPLR-NH NH2 N NH , 0O OB
0 OyPEGlo- 50K HN~PEG 0-soK NH O cG) GLYACI Th4GPI T(1- nal ) VCQPLR- HN H2 10
Again, the lysine nolecules in thi s(ﬁcorrpound are preferably all L-1ysine,
giving rise to the foll ow ng sterecmhem stry. -8 WD 20 4/13015@

PCT/ US2004/ 014889 0 (AcG GLYA GPI T(1- Y, QP - NH JL & oYPEGLosaK
N~, 11~~NH OY HN , ~-PEG 0-soK NH O (A I)V QPLR- HN NH2
0 Alternatively, one or nore of the lggsl ne F‘Igsh es ca be a D lysine,
giving rise to alternative O*PEGwsoK

N 0

(AcG)GLYA(llHMGPIT(l -Nal)‘i('JQPLR-—HN NH,
Q

Alternatively, one or more of the lysine residues can be a D-lysine, giving rise to aliernative

stereochemistries which will be readily appreciate by those skilled in the art..
Where each wmonomer of the homodimer has the amino acid sequence,
5 (AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and both N' and N? of the spacer are
covalently attached via an amide linkage to an activated PEG moiety, the novel peptide compounds of the

invention may be represented , as follows:

0O
(AcG)GLYA(.fHMGPIT(l-nal)VlQPLR—NH NH2

NH\(O o o o. PEGip.s0x

O
HNTfPEGm-sox

NH o]

(AcG)GLYACHMGPIT(1-nal) VCQPLR—HN )~NH2
0

10 Again, the lysine molecules in this bompound are preferably all L-lysine, giving rise to the following

stereochemistry.



stereochem stries which wll be readily appreciated by those skilled in the
art. 5 Wiere each nononer of the honodi ner has the am no acid sequence,
(AcGQ CLYRGV -nal ) VCQPLR(MeG K (SEQ ID NG 2) and [ N2 of the
spacer are céglog%intly attached via a carbamate Iinkagel;}?%g%zlﬁo“é@?%\?at ed PEG
noiety, wherein Y is a carbamate group, the novel peptide conpounds of the
i nvention may be r as follgws: 0 (AcOGYA GPIT(1-nal)Vv

QPLR( MeG) - NAcQGNFA AECN0)UBPLRAOD | G50K N ,-,~~NH OY H

NyO _PEG 0sOK O -HN NH2 (AcG GLYA~EMGPTT(1-nal ) VCQPLR(MeG 0 10
Preferably, the lysine residues joimyng the peptide nononer and |inear PEG
noieties in this nolecule are all %Iysi ne, giving rise to the follow ng

stereochem stry: -9 WD 2004/ 101606 PGH Us2004/ 014889 0 ( GC%}E( MeO) -N
Il L {AcOGLYA MGPIT 1-Nal V PL NH z XHX®0 O 'g" Ol'cgﬁié{' HN

O PEGLoaoK NH O (AcG) GLYACHVGPI T( 1- QML&% ; 0
Alternatively, one or nore of the lysi esi aﬁi}eﬁ can”"be”a D-1ysine, giving
rise to alternative stereochem stries that wll g\(ré?ﬁﬁdwkappreci ated by
those of ordinary skill in the ark NH o

(AcGYGLY ACHMGPIT(1-Nal) VOQPLR-HN " r-NH,
0

Alternatively, one or more of the lysine residues can be a D-lysine, giving rise to alternative
stereochemistries which will be readily appreciated by those skilled in the art.

5 Where each monomer of the homodimer bhas the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and both N' and N* of the spacer are
covalently attached via a carbamate linkage to an activated PEG moiety, wherein Y is a carbamate group,

the novel peptide compounds of the invention may be represented as follows:

0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH _ L pppn

NH{) 0 o 0. O—PEGios0x
th%‘\\\wNH

O
Y HN TO_ PEG10.50k
NH O

(AcG)GL YA(‘:'HMGPIT(I-nal)VC'IQPLR(MeG)—-I-N NH2
o

10
Preferably, the lysine residues joining the peptide monomer and linear PEG moieties in this molecule are

all L-lysine, giving rise to the following stereochemisiry:



Where each nononer of the honodi mer has the am no acid sequence, 5

(AcG GLYACHVGEPI T(1- nal ) VCQPLR(MeG K (SEQ I D NO 2) and both N and N2 of the
spacer a ntly attached via an am de |inkage t i d PEG

noi ety, %‘ﬁ)e ﬁtgyfel}s&peptl de conmpounds of the invention g&%@%‘%‘?@?ent ed as
follows: (AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG -NH NH 0 0 EG 0-50K 4 ~ N' \/~NH
0°'\1J HN~PEG o- WYAOW@DI T(l-nal) VCQPLR(MeG -HN NH2 0 10

Pr ef er abl(33)GLYACHMSRIT(E-NaBA) eGreNmi he peptide mononer and linear PEG
noi eties of this nolecule are all L-Eysi ne, giving rise to the follow ng
stereochem stry. -10 WO 2004/ 101606 \PCT/ US2004/ 014889 | -, 0

(AcG GLYACHMGPI T( 1- Nal ) VCQPLR( I\/bG)-N»ﬁJL z N\14 0 0 0 O PEG 0-50K J~ ~f ~ N
~/" ). ,NH 01, HN ~PEG o 30K NH O P

(AcG) GLYACLTh4GPI T( 1- Nal) VCQPLR( D4€G) - lon ot her RwbSdr MBHFE, one or
more of the |ysine 'residues can be a D-| I_ﬁ@\ rise {p alternative
stereochem stries that will be readily appreci ed bg\‘ﬁawons of ordinary
skill in the art. The peptide nononers may al so bEN Egedady attachnent
to a lysine linker, whereby one 5 pepti nononer i attached at its
Cterminus to the lysine's s-am no groug and the second peptide nononer is
attached at its Cterm nus to the lysine's a-am no group. The peptide diners

of the invention further ngrlse a HB er noiety of the foll ow ng
struct ure: (AcG)GLYACHMGPIT(I-Nal)V PLR(MeG)-~ NHz

Alternatively, one or more of the lysine residues can be a D-lysine, giving rise to alternative
stereochemistries that will be readily appreciated by those of ordinary skill in the art.

Where each monomer of the homodimer has the amino acid sequence,

5  (AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and both N' and N? of the spacer are

covalently attached via an amide linkage to an activated PEG moiety, the novel peptide compounds of the

invention may be represented as follows:

. 0
(AcG)GLYA(!PMGPIT(I-naI)V(‘Z QPLR(MeG)——NH {Nﬂz

NH 0. /FEG10.50k

fN'lk/\ )k‘ W~ -NH

Y AN _-PEGig.50¢
i T

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN" )r-NH2
0

10  Preferably, the lysine residues joining the peptide monomer and linear PEG moieties of this molecule are

all L-lysine, giving rise to the following stereochemistry.
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-NH(CHz)z-O (CH2) z- O (CHz) z- Nzl | At one end, N of the spacer is attached
via an am de |inkage to a carbonyl carbon of the |ysine Iinker. At 10 the
opposite end, N2 of the spacer is attached via a carbamate |inkage or an
am de | i nW&B04+/101666 acti vated pol yet hyl ene gl ycol (PEGPGENENH/01M80r e t he
PEG has a nol ecul ar wei ght of about 20,000 to about 40,000 Daltons (the
term"about" indicating that in preparations of PEG sone nol ecules wll

wei gh nor at ed® nol ecul ar wei ght). Were the spacer
is attache <G Gﬁ?@‘?‘ﬁ“h@%})%il %ﬁ\éé Ny Imact i vat ed pol yet hyl ene gl ycol
(PEG noiety, the novel peptide conpoupds of the invention (SEQ ID NO 3)
may be represented as follows: 1 0 (JAcG GLYACHVEPI T( 1- ual ) VCQPLR( MeG) - NH
NHXG PEG20- 40K O H O (AcG GLYA CHMGPI T()1- naI )V QPLR(MeG) - HN NH-\ - \Where the
spacer is attached via an am de |inkage actl vat ed polgethytgane gl ycol
(PEG noiety, the novel peptide conpounds E(h vention (EEQ I D NO 3)
STUS2Q04H014889  Ox

may be represented as follows: -11 WO 2004
(ACGGEYA | GPIT(1-nal)V QPLR(MeG - NH NH OPREGR0- 40I§_,N ?

(AcG GLYACHMGPI T(1- nal ) VCQPLR( MeG) - HN~_O i nventi aﬁ Giester provi des
pharmaceuti cal conpositions conprised of ch peptide © conpounds, and

nmet hods to treat various nedical conditions using such peptide conpounds. 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON finitions: Amno acid residues in
pepti des are Yiahes anl ne is Phe or F;, Leucine is
10 Leu or (?.?%&E\u‘% Iﬂ%af)%dpgwqi&ﬁwm thOI’lI ne is Mt or M Valine is Val
or V, Serlne is Ser or S; Praline is. Pro or P;. Threonine is Thr or T,

Al ani né& pthenggdb qﬂmwts ,PPF G5 TAEe qidheriysing resyduey panthe Rdy§ine, gidngonserio altemafivani ne

'Az An s%i‘eogxenfﬁﬁ@srtﬁﬁ'\ﬁﬁ?bé fadi§phrecibled by Sdridfs bfSorditsy Rl thégRartic Acid is
or ; utam C
The peptide monomers may also be dimerized by attachment to a lysine linker, whereby ons

5  peptide monomer is attached at iis C-terminus to the lysine’s s-amino group and the second peptide
monomer is attached at its C-terminus to the lysme’s a-amino group.

The peptide dimers of the invention further comprise a spacer moiety of the following structure:
N'-(CH,),-0-(CHy),-O-(CHy),- NH-

At one end, N’ of the spacer is attached via an amide linkage to a carbonyl carbon of the lysine linker. At
10  the opposite end, N” of the spacer is attached via a carbamate linkage or an amide linkage to an activated
polyethylene glycol (PEG) moiety, where the PEG has a molecular weight of about 20,000 to about
40,000 Daltons (the term "about" indicating that in preparations of PEG, some molecules will weigh
more, some less, than the stated molecular weight).
Where the spacer is attached via a carbamate linkage to an activated polyethylene glycol
Q» (PEG) moiety, the novel peptide compounds of the invention (SEQ ID NO: 3) may be
represented as follows: 0

r
(AcG)GLYACI{I\/IGPI’T(l-nal)\%QPLR(MeG)—NH NHAO—P EGapaok

O

0
(AcG)GLYA?HMGPTI‘(l-nalK(IJQPLR(McG) -HN NH-\__O/—/

Where the spacer is attached via an amide linkage to an activated polyethylene glycol
(PEG) moiety, the novel peptide compounds of the invention (SEQ ID NO: 3) may be

represented as follows:

-11-



Acid is Qu or E; Cysteine is Cys or C, Tryptophan is Trp or W Arginine is
Arg or R and Aycine is Ay or G The unconventional amno acids in

pepti des viated as follows: 1-naphthylalanine

N et hy|33§/§’| ﬁ/g@%@l so known as sarcosine) is MG or fj('srléSiaa@‘lef?‘4'4‘?8(5& ed

gI yci ne (N-acetyl glycine) is AcG As used herein, the term "pol ypepti de" or
“protein” refers to a polymer of amno acid nonomers thkat are al pha am no
aci ds joined toget her [Throu mjde bonds. Pol ypeptides lare therefore at

| east two anmihdNEEYY W@F’Hﬂ’e@w QPlede®-Nghd . are usnal NYPE@RGRT -

Generally, the term"peptide" refers to a 20 poI ypeptide that is only a few
am no acid residues in |length. The novel EPO® agoni st |peptides of the
present invention are preferably no nore t about 50Fam no acid residues
in length. Tl@m&)@vm@memmrﬁi)chﬂ,w@c&)-mboutNBT—\%_n out 40 am no acid
residues in Iength A—polypeptidle, in contrast w thOa peptide, may conprise
any nunber of am no aci d residues. Hence, the term pol ypepti de included

pept i des as well as | er sequences of amino acjds. 25 As used herein, the
phr ase %@@W& er, PEQYisles harmacatissl s cqppOsiioRY pompritedt pf iSuch pgiide

co ”DO%oInb&ﬂaﬁs bhPneBb® to 48 EAUs &eﬂi%ﬁ%ﬂﬂﬁbn@ﬁsxﬁgﬁl@h perfidé comgoiAds, ar e
phyS|oIog|caIIy tolerable and do not typically produce an allergic or
sifilar untoward reaction, such as gastric upset, dizziness and the |ike,
when admini stered to aphyRRMED BEGERPARIN OFFSTEAGPRBIGN N, the term
"pharmaceutically acceptable”™ neans approved by a regul atory agency of the
Federal or a state governnent or listed in the U S. Pharnmacopeia 30 or other
gener ghd %ogni zed pharnmacopeia for use in animals, and nore particularly
in humaﬁgntm e -12 WD 2004/101606 PCTIUS2004/014889 term"carrier" refers
to a di | uerimingagidesiducs i eptificese abtarviajetas follovinl Rhenylnlanine isthhe eoRideusite iss
”'Lseh§£ oléﬂ:% ﬂéﬁf@%&olgrgﬁé is 4% br %al&‘ré’ls 081 HESehif & 'SQ:E(}r%SPm%Hé’E as

S, Inc udl ng t etro eum ani mal’, veget abl e’ or
synt heiro or Br Tlyieonine isc hhragr Tiehlanine i Ala aooBansied is, Tyri ane¥;allistidine issidis Y oi |

and t ter..Qr 1 S o
dextro 31!3{'31&% ﬁ\'%cozr ?&S i |gn%ssﬁ gllrlg pre@l“ rsagﬁ(ygg#% R‘?g a‘gSpgoglrtg@%m

parti cAdidis IG}u indE Oylajeﬁmﬁsa@jrsearﬂprfwmtopm is Bupi dr AW Argmhmrlsm@mrm ead Ghysine iscBlg ar e
descrlb n " Rem s Pha t.ical C|e

her ei 't e’hieé“in?ﬁn safnmo "é’f‘{é‘?'g %des 2 Bi Bl ogl als fd%ﬁﬁe"“ﬂ*‘?(‘g’{as m\ﬁﬁﬁﬂ#bl nds
t o1si t Sor Npprﬂxeﬂmycaqu(aho thogi a:sahrbgsnm}:tslvm} asmﬁcemtdmpe@kaﬁd ghtine G¥-ecettifigciha)t t er
eitheri %Ao cause a biological response in the receptor, or to enhance
preexi'®ff My biol ogical activity of the receptor. 10 Novel aentides that are
EPO- R agonipstmeMem,rthsaﬂh “potypeptided or fproteint] eefer tvepolagtaf efindauidansadmersWwhi ch

are EF%I? t are a(i’p%ala%}mo a(.)mds joined together through amide bonds. Polypeptides are therefore at least two.

amino acid residues in length, and .are usually longer. Generally, the term “peptide” refers to a

20  polypeptide that is only a few amino acid residues in length. The novel EPO-R agonist peptides of the
present invention are preferably no more than about 50 amino acid residues in length. They are more
preferably of about 17 to about 40 amino acid residues in length. A polypeptide, in contrast with a
peptide, may comprise any number of amino acid residues. Hence, the term polypeptide included
peptides as well as longer sequences of amino acids.

25 As used herein, the phrase "pharmaceutically acceptable" refers to molecular entities and
compositions that are "generally regarded as safe", e.g., that are physiologically tolerable and do not
typically produce an allergic or similar untoward reaction, such as gastric upset, dizziness and the like,
when administered fo a human. Preferably, as used herein, the term "pharmaceutically acceptable" means
approved by a regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia

30  or other generally recognized pharmacopeia for use in animals, and more particularly in humans. The
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dramatically enhanced potency and activity. These peptide conpounds are
honodi ners of peptide nononers having the am no acid sequence
(AcQ GLYACHMEPI T( 1-nal ) VCQPLRK (SEQ I D NO 1), 15 or honodiners of peptide
nononers h mno acid sequence (AcG GLYACHMPI nal LR( MeG) K
(SEQ I D NO wé%“é\ﬂg?ﬁg each am no acid is indicated by sf’éﬁﬁﬁ?"&"’%}‘ﬁ@ I etter
fibbrevi at | on, "(Ac@" is N-acetylglycine, is 1-naphthylalanine, and "(MeGQ"

" (Ve Qe | Garhiby G&E}QYioQLYcﬁlhElﬁ ghv%& kcsaayyaﬁaﬁr %aﬁa@svh&e whﬁﬁcﬂe BEM!& is

ITDI’IOITEI’ a pe tl dieter contalns’ an ntrarm ecul ar di sul

bet ween %%m&tsr efueh Wﬁﬁé@amﬁst%bmﬁ’éﬂiﬂ“ WSWM@SW;}“% thasg)

r epr esenbegySGRE BRnbic Ay Et‘ibl@ﬁr SR\ s&aﬁ)sﬁam@hﬂl\meaheﬂ mifieda] i e fRK o I
(AcG) GLYACHMZPI T and ?%E I'D NO 1), (AcO GLYACHMGP| T(1-nal )V
PLR( MeG) fadgpe kg Eﬁﬂ&w Wﬁeﬁvﬂmﬁs}weﬁmw M epyeopseriress apgglycsyol sofyfioapare
nmonongr i preﬁﬁweamy@rae c&Hie®, r}iaﬁi@ﬁiaﬂ}ofopﬁl%ﬂ@soﬁﬁﬂﬁs' daitdhlestRfnmcitics BRAGESE

EPO- R ag activit The Jinker moi ety is a branched teriary
am de, V\E‘?Sffﬁ’e‘i) i Bepaigeton) W"é?‘fﬂcﬂ%"‘mce%\kﬁ ‘i“'B% mononers, by sinultaneous
attachnment toad h@d Gsefeermcmah Fagoiste refes Itdiuﬂmﬂrfglﬁay‘. lactive nyard whibh ebiride 6 rar y

am de |inke e das O CH2- X- CH2 0- where;. X.i .

NGO ( Crof s igmeginy R Rl AR &Bepor gl i o o AR S DI RESLEERORS 1 oup
of t he Cthe 80eptt@yartambancy prieexisting Biokdgiea! adtivithef thd re@ptopept i de nononer; C2 of the
Iinkg forms an am de bond with the s am no group of the C-term nal |ysine
resi due of the second peptlde nmononer; and N of X is attached via a

car bamat Noye By ; Riageni§ts nkage to an activated pol yet hyl ene gl ycol

(7)ot L) i W SR IR0 RO VA MO E S 8

i ndi cat i frgmativally enhanced pplament dndrestivfy. PEGse pepfide noyhpoondseare \hompdineris i pepside

%0 o HRreRlanIg R R bR el R AP D YRR ﬁwﬁﬁk%o

C ofl5t her homidarers of peptidn meromersblsving \the aminpeacidl seanense gﬂe@}si PIT(1-
C-term ngly d%}ei)mmé(ﬁﬁ' {éﬁ@tﬁf NOY&) Whedd e&éﬁ%ﬁrﬁeac'i@i%%&&ate@ﬁﬁ tQ?daﬂfmIefl@rtek' nker

forns an am bond e-an no group the C-termnal X I ne residue

of the sERbETHigeAcHE Fdrasaslelycmpe (inebt isdenaaliltbﬂé?@m@fmd “Methds 'HeEht s dn

further &Qﬁﬁgﬁiﬁ‘e 158 Pigle®h dEUdaﬁcBMné)f Ehdhepdpide RM0hdMekr &Ifrdl?&ﬂﬁﬁéf -dimer contains an
-NI H-(CH2)4 N2H  wher e: of the spacer is coval en rré bonded to C3 of X;

N of thitapelecular digulfids bond F?FW%'PF&E@F?B’GWFW thesmenames, H¥eh TEQUOmers FgY Qe

| i nkage W@Mg@ﬁﬁsﬁowl ety; and N2 of the spacer is covalently
attached vi a

(ACG)GLYACHMGPIT(i-nal)VCQPLRK SEQIDNG: )

r
(AcG)GLYACHMGPIT(l-nal)lePLRK or  and

or (AcG)GLYA(LZHMGPIT( 1 -nal)V(ll‘QPLR(MeG)K (SEQ 1D NO: 2)

(AcG)GLYA(I:HMGPIT(l-nal)QQPLR(MeG)K

These monomeric peptides are dimerized to provide peptide dimers of enhanced EPO-R. agonist
25  activity. The linker (Lx) moiety is a branched teriary amide, which bridges the C-termini of two peptide
monomers, by simultaneous attachment to the C-terminal lysine residue of each monomer. The tertiary
amide linker can be depicted as:
-C'0-CH,-X-CH,-C*0-

where: X is NCO~(CH,),-N'H-~; C! of the linker forms an amide bond with the e-amino group of the C-
30  terminal lysine residue of the first peptide monomer; C* of the linker forms an amide bond with the -
amino group of the C-terminal lysine residue of the second peptide monomer; and N' of X is attached via
a carbamate linkage or an amide linkage to an activated polyethylene glycol (PEG) moiety, where the
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a carbamate or an am de |linkage to an activated PEG noi ety, where PEG has a
nol ecul ar wei ght of about 10,000 to about 60,000 Daltons (the term "about"
i ndi cati b&i@hoeieds Pr €par ati ons of PEG sonme nol ecul es re,
sone Iessrw0 ﬂgn the stated nol ecul ar weight). Thus, the }ne%}\}]lsf pep ?dc?e)s of
the invention can also contain a PEG noiety, which is covalently 20

attac m ¥hsh MolEdid? %Pgm@oé dbem%ga ko @dau% dé@ ﬂaltmgqae térﬁ‘l 'fabewt ﬁﬂﬂ:ﬁtﬁa@ﬂm@{ﬂ de

| i nke the p | mer EGis a waf solu 'S

phar merrersratiens 9f ;F%&mlaﬂpelesm@m@ PSR s¢rne lpwethm @eéﬁgﬁed Mﬂhﬂﬁ‘tﬁr %’ﬁght}ray be

li near, unbfﬁé}gﬁg%agﬁﬁlmgﬁwﬂso@ldgﬁ%@gs wei ght of about 20 kil odaltons
(20K) to about 60 (the term "abo I ndicating that in preparations of
PEG sone nolecules will weigh nore, sonme |ess, than the stated nol ecul ar
weight). Mst preferably, the PE@dﬂF 2 ) Iar wei ght of about 30K to 25
about 40K. One skilled in the art f“beabl’e to select the desired pol ymer
si ze based on such considerations as the desired dosage circulation tine;

resi st I sqef ke c ein
nand | R0 e 8RO ADESHSCOR, GGt e tler s artiar botladthERl s bl ofiB25
a t heCagmittal lysipepsidokeof tRefist mptde rpemmerj encﬂChﬁrthze laﬂ:dr fotthean q:lmm bahd vhithgixd

nol ecul es, of the..invention can be. att hed t wat er - sql,u nmer

(o, o “o-phing sropag i omaa! §35r B0t pT R ssroul pesbte PO RO SITDPL b o
POk Metht Savehtion iither BRPIEOL spatdrchoidy PO followif stdi@rerol ecul e (e.g., peptide +
spacer). A typical enbodi nent enploys a single attachnent junction for

coval ent attachnent of the water sol uble polyner(s) to the receptor-binding
portion, however in alternative. Qe yrrfsNiul tiple attachnment junctions
may be used, including further variations wherein different species of
wat er - sol ubl e polyner are attached to the -14 WD 2004/101606

PCT/ US¢RQ4/ & 1t880spat & $Evalentd) B6HIBH 107 bt lQnNan ﬂllb $hicef Is RVAIBRR Ridhed via a

junctions, which may include coval ent attach nent junction(s) "'to the spacer

an8f or carsmgiecor n apige Hnkagp tq anack GG REC mpietyoand N ol theisneset is covalratly ﬁtﬁaehedoma
h' gher acs Aigke d}‘dh%ﬁaﬂﬁmnleégk ko SPIBRVASEPIEL 1eBP ?“Q?EG%S o?é%{?l%f Q&Fﬁ%ﬁ

et erodi mer or ot her het eroni u tl nmer exanpre an

| | i t atq,QﬂQ to abay HKE00RalopbY tewe "adpont] mcatpeﬁhatdeprematrons Oﬁhw,rsgmanmmﬂes
attachgﬁmmmgltelsg&eq&gtﬁiﬁ éﬁ&%&@?@&%ﬁnﬁha' n nmay elt_her | ack a PEG
ze a differe

at t achnment uncti‘on or utleqll ' ‘ linkage chemistry than the first
pepti de chaThlsaﬂnd niovel peptisley af thetinvemtion tea alzopeotain arEﬁGammpm whivh i$ eavklenthPEG

attach J ' ﬂ 8 | , RPEGVI.at. ge
ch%ﬁ?n sgﬁeﬁegi#‘?g%erﬁ{}n%ﬁan %1 1E [ ﬁlmﬁgfst%@aént%}l%g secoh"cliis pep %%é@ﬁ%
al ter nBEGisea \eatlmdlubie ipolymenihhiy shampiediaily achgable. PEG forsipainghe mresetm ioventén t he
recept or - d a differ {
car bohW D ésl c%n?ranc%fe&) gE@ ying a d'%ol ?ar we1 (%'l;] agmg Z%qﬁllégalﬁ)]np gjokg?o dab(o
pept i dghe feon t'atoent” dfiditdtieg tat acpdemratlons of PEG some molecules will weigh more, some 1ess,
than the stated molecular weight). Most preferably, the PEG has a molecular weight of about 30K to
25 about 40K. One skilled in the art will be able to select the desired polymer size based on such

considerations as the desired dosage; circulation time; resistance to proteolysis; effects, if any, on
biological activity; ease in handliné; degree or lack of antigenicity; and other known effects of PEGon a
therapeutic peptide.
Peptides, peptide dimers and other peptide-based molecules of the invention can be attached to
30  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

-14 -



A wide variety of polyethylene glycol (PEG species nmay be used for

PEGyl ation of the receptor- binding portion (peptides + spacer).

Subst ant M4/ F¥oc Ui tabl e reactive PEG reagent can be eferred
enbodi rreﬁ t@ﬁe] reactive PEG reagent will result in for /?1520550%49
carbamate or am de bond 15 upon conjugation to the receptor-binding portion.

Sui tat}k@e{:ﬁ)ﬁ&ﬁ&hg‘epoﬁﬁﬁ sPaflife duadinle i]unlaﬁ%nsa'iw%cﬁofm y |ihdThdee Bovant LiERERepNi Ch

are available for sale in the Dru | very Systens catal og (2003) of NOF

Cor por¥ctign{s)tey8isi spaperandds o meaq,rém fide chaing hicpauan erabodisesms, thedimayp higher

Tokyo 10~ Rlksher apdal rc@xﬁprlsybliﬁﬁdélt afpedhd] 'o?eﬁ‘eﬁnhﬁkg oh@hatiQg 52949&@1% Ne k&R
Therapeutics (490 Di scovery Drive, Huntsv Al abama 35806). For exanple

and ndeterqmitiggr). 33y, wepef ﬁmmmnm@lta@a@ewl@eamymﬁ%a &g nepliflej ghain

. I
rpECo (WS e st e el s e oy e R

Est er SuncHPEG Bitze a@E@enthﬂwgeﬁql@mswa@AmEfmt peptide olftaimend BryemepPEdetions the

Gryi are PRl R R § PRI en, ald tnd Rliockoyr RATEE MY putial e

PEGs dmm@hmfﬁregbthwbatm died‘ulstngd/omcam pepitde ¢baing Aglaymnm@nba@mthEGs

25

2N aciab M, s SyEHBII b pBPRER P e LSS PAbIER IO et e

p-19P- REGble pﬂmsy(&?mbOhY@aMmumto aatlechdin PE@e, of therannoe Rﬂtss:f thelyieptide PEGs,

mal ei $ ﬁmno oxyI PEG ami ne, am no- PEG COCH, hydroxyl - PEG al dehyde,
y

carbo yc?rl He type- PEG functionalized PEG phospholipid, and other
simlar and% wide vatiely abpotyatieydont glyeol PEKES) specissahaydteamedoipr PEG;slehmﬂ@ﬂtﬂee'dcebuor-t he

t f t d 30 T I tid f th
o o B G A0, S0, 490 e P DB B B MBS R,
via a p@ﬁ‘éx’mlrmﬂtﬁdmtenanthg eaditvel li:m?aﬁ@n: ml?r_esaﬂametbx_mc;mbﬁbyak cwba?a: or dride ?crnﬂcer

t on . LO e er.tl a nker o e |
O Yo a0 T o it ich SiylePle Ay Bl ebiea Mot ool ple
i nventlingied rta,éthb@ whiok afe ﬁﬁlﬂaﬁlﬁ?{}rhﬁlﬁ mrtked)rﬁgngeﬁ%ey S.ﬁﬁtelﬁs sdtsled €2Q09) of N?Fm
attac nt .. rere u
| oo droion L8Ryt Gagh Diate ToEeved S B Artams B eksobokaaas0iBand fene

t er m "Méiedilar Enpitleczinf | Icitﬂoé tma)ldﬂmrc@pmeadpbms (490 Dikbverp DBEBe e ellk aﬂawuﬂal
wei gh rerS, sone ess, tlan t he rm éul ar weight). Linear PEG -
moi et 138806 Eorpgampley i, nef Ippitatien. %l Bﬁ ffé?ﬁ'éﬁfﬁfw 0 %ﬁfcéqm?ﬁ% VBURPSPEG

nojoet | @bolligRnt®: HPEGOINI, Mer@NALD! nﬁ:lﬁilﬂi-ma’@_d@ tr@m(m)é%m@n @uAL), IhpEiRr €
preferably between about 20K and_about 40K, Still . rmore prefer ablé each of
Ki

the t WHPEGERGH-8RAc nifiESBA; mBFEchipetiersve MERE-Toubleh Jirters 0 RPEGRT G imRESG i n
the arguiskb, H@E@bAeET qlefeedmhoﬁmﬂé@m@ﬂm@d@ﬁm&d -BEG BARS $mob PEGUGHS,

consi derations as desi red dosage circulation tine; resistance to

pr ot ed‘ﬂ@%-?EG-‘é‘%fW gEGrMAhh?E%WWIW%(%%BEGMS)VFE9~Phe%3§ellﬂl¢ﬁ (5tn AR ECY;
degr eeh@e)! AbkiaMedBHAGRE SUNBRITE Sl GhonldiMhe Ul SGies of b1yohtAeMsed PEGS

25  activated by a chemistry chosen by those skilled in the art, any of the SUNBRITE activated PEGs
(including but not limited to carboxyl-PEGs, p-NP-PEGs, Tresyl-PEGs, aldehyde PEGs, acetal-PEGs,
amino-PEGs, thiol-PEGs, maleimido-PEGs, hydroxyl-PEG-amine, amino-PEG-COQOH, hydroxyl-PEG-
aldehyde, carboxylic anhydride type-PEG, functionalized PEG-phospholipid, and other similar and/or
suitable reactive PEGs as selected by those skilled in the art for their particular application and usage.

30 The novel peptides of the invention can also contain two PEG moieties that are covalently
attached via a carbamate or an amide linkage to a spacer moiety, wherein the spacer moiety is covalently
bonded to the tertiary amide linker of the peptide dimer. Each of the two PEG moieties used in such
embodiments of the present invention may be linear and may be linked together at a single point of
attachment, Each PEG moiety preferably has a molecular weight of about 10 kilodaltons (10K) to about
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t herapeutic peptide. The present invention also conprises peptide agonists
that are honodi ners of peptide nononers 10 having the am no acid sequence
(AcG GLYACHMGEPI T(1-nal ) VCQPLR(MeG (SEQ ID NO 3), where each anmino acid is
i ndi cat ed one letter abbreviation, "(AcGQ" i | yci ne,
"(1l-nal)" i Soﬁ@_@ﬁ%%ﬂﬁ?hyl al anine, and "(MeQ" is N net hyIP F&%?‘ﬁ%})%g so known
as sarcosi ne. Each peptide nononer of the peptide diner contains an

i ntranl guruERY el Spbiltt dichaipdniiel g{gﬁ%&égﬁg%m REMORSIISAUAR wRight Age, scROONET .

Such nononers may be represent ed_; tically as follows: 15 (AcG.G.YA
HVGPI T( | lesfatbgn e pintes wplesiulas weigh - inpay REG mepopesate pegicplorlpreiprb Ao sty ! 3)
EggseR NDOCHRF e tﬁemﬂdﬁﬁicﬁﬁﬁh{s’!d@ﬁe&ﬂﬁ vgquhp bDVWhdile men(}s it dbmpﬁﬁd@m mvﬁanﬁ ed
agonj s ctivity. e, lin noi ety .is si ne. resi due ic
br 1 dgee PRsebly PR i Abod20 e et Rl S ettty o ol AR BBG BoleBetah o
to the Gubleduinr waightaufbiomt 208, dne skikd dhthempeilibe ablOmesejpethd dbsirdd@olymumsize baded
cond

attached at jts.C-term nus,t.o . the |ysine' s.c-amno grou nd

ept | de. HoehiaRei e Bhy o iuchieg i Vi ERFBR L PO PRE 0% BRFRSR
group. Fuiblogizad aqiviy; cadedn bindbng; degyeelve lack bflnntigeaicity] and dtherdhowmabifegts @ PEGomm i n
Formul a bf %ﬂgﬁ&g rized as shown in Formula Il: Fornula | Formula H
Mononer | - G%?C Mononmer! -N2H | "H2 HzZC 1 0 /O Mononer2- NH-CHt ~
Mononer 2- N1HSPesent inPeERn alsx conPpias @rptREGRmists thahark bomerdimerk ofpregtideonampivers | | |
N2 repre t LS :Eaéi | OHRGRTA - ' o ents
25 tﬁg nlﬁat%{r?l ggnagg?ogr)urﬁdqs?&%gsi ggjséi' faY-Aam n‘gﬁéﬁolgg?ﬁ?ﬁe g eﬁﬁ%@g{ ggr' gfg'?l&_?he

i nvent i ovech aningagid isdndigaied by standspdoane latter abbrpvigtfon; KACE)S i Bwpatidelvdireu t@ wal¥*is - 16
WO 2004/ 1918001 REME, WP 1:4 888 thyrdl clite 1% 8w ddbdidte O dalil b thaeednoritr 0PN E

end, N of 'the spacer is attached via an am de |inkage to a carbonyl carbon
of the I|{p8ingetide; r confgins an intramolecular disulfide bond between the cysteine residues’ of the

monomer. Such monomers may be represented schematically as follows:

(AcG)GLYACLHMGPIT(l-nal)VJCQPLR(MeG)

|
15 (AcG)YGLYACHMGPIT(1-nal )VéQPLR(MeG) or (SEQ ID NO: 3)

These monomeric peptides are dimerized to provide peptide dimers of enhanced EPO-R agonist
activity. The linker (Lg) moiety is a lysine residue, which bridges the C-termini of two 'peptide
monomers, by simultaneous attachment to the C-terminal amino acid of each monomer. One peptide

20  monomer is attached at its C-terminus to the lysine’s e-amino group and the second peptide monomer is
| attached at its C-terminus to the lysine’s a-amino group. For example, the dimer may be illustrated
structurally as shown in Formula I, and summarized as shown in Formula II:
Formula I Formula IT

Monomerl —--NZH

l ———
Hz? Monomer] —N*H
-
H;C o 7
. . | Ve 1
Monomer2— N'‘H —CH—C/ Monomer2 — N'H Spacer-PEG
Spacer-PEGyq.40x P 20408

In Formula I and Formula IT, N* represents the nitrogen atom of lysine’s e-amino group and N' represents
25  the nitrogen atom of lysine’s o-amine group.

The peptide dimers of the mvention further comprise a spacer moiety of the following structure:
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the opposite end, N2 of the spacer is attached via a carbamate |inkage or an
am de linkage to an activated polyethylene glycol (PEG noiety, where the

PEG has y@9joghbisad VWei ght of about 10,000 to about 5 GQCPRIQ%OQ%%@@S (the

term "about” indicating that in preparations of PEG sone nolecules wll

wei gh nore, sone |less, than the stated nol ecul ar weight). Mre preferably,
the PEG has a nol ecul ar wei gRtg @fy,),-aheu), ARffdo 40,000 Dal tons. Thus, the
novel peptides of the invention al'so contain a PEG noiety, which is

c ﬁval ent dnﬁ efd, Mahm_dspaltei& it ht&tcmpﬁet fiﬂmdd'liaﬂﬂﬂcaE fgeFEEGcmm@d “?8@‘{ ofdix Whihelinked. yaer
that | ar.maceut, accept e, or ,use In the present .

ot e PHHF B |0t i shadht i ke Gimsiemonul House L SHid8 Aolle G B5Hveiidou
20 ki | papttyns fg(y?&lﬂ’EGSD rabaujt wﬁ@fﬂ(etm*f lhssr mﬁbﬁéaﬁaui %eigﬂdbﬁﬁic{uﬂ%,wlﬁfo dbﬂuth
prepar t1.on (0] S ,rre cuiLes w, wel sSone ess, than. e
st eMe‘iﬁB‘P’éﬁr %ﬁgﬂ?ﬁbﬂ% icpfng: that 4 [pyepare @S&%‘Iﬁﬁ%ssoawrml@efmwﬂm ht of
about @6 dofhe a6 thantBstatdd chofdeiilbet welBHE MU hrefeaiblyy R FHT B&W @bledMbir SRIghOdE
about 30K to about 40K One skilled in the art will be able to sel ect the

desi r edpopia0PAR o 4,008 D3ktansy on such considerations as the desired 15 dosage;

ci rcul ati onyyys TR ndveSlepfids €thk Sviehith ARb Kaiidn 2 PEGSRdiSty, WhicRRYovaRAnP bkl cal
activity; ease in handling; degree or |ack of antigenicity; and other known
ef f ect i thyrpepiids dipera PEGds ajatgr sdu Jrers thatye shamaesuhcatly weseptebles PEGdomstiadi mer

h WaTa P- Vol A z i
a‘;_’: t ht‘ﬂe ?&%éﬁ?m@&inén afaf e 'i‘i?@ar, urll'ﬁ)i?ﬁ@e@i’gé £y Iﬁ(oiecﬂlﬁ.lr )v?(!gg Wﬁoﬂt%ﬁ%lb&lt&}?ed 1)

N o he |inker is attached via carbanate |1 nkage to an activa

pol yet BYKEieabept $e%|(the tnm)"abawt cipdicating #hah mretpapatiprs  ECH spoumalsoud¢s wilaveigho
! : . . - {BLR- NH
DV RHh B R SRREREES SicER el YR pretOf, B IR o s ¢
each rabeuiddK tofabeut 0K oanddtilemort prsferably amplaentacyeght efjakwnt 30K to about 40K. One

AcG) GL.YAGEH . : - : i i s
bt t aery et Alnlo St Bl bl e B0l o elop e Aped
acts vadesaepatoylstion/tines) eesigtancoto reldysisyoffatsy if anhenrbislegics) epiviticeasoimpbendids, of
the | n&’e%%te oPfck PN é’c%icgt?;parng o8t ﬁ%w% %ﬂéc?é Af‘i’\ﬁ%i ora thrapeutic peptide.

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and N' of the linker is attached via a
carbamate linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

20  invention may be represented as follows:

0
(AcG)GLYA('ZHMGPIT(I-nal)V&QPLR—NH NH2

NH 0O
TS R
Og NH~ O-PEGap.40k
NH
NH2

(AcG)GLY ACHMGPIT(1-nal) VCQPLR—HN
0

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and N' of the linker is attached via an amide
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(AcG GLYA HVGPI T(-1 nal)V QPLR-NH 2 NH~O OO N NHAPEGR2040K OY NH
(AcG GLYACHMGEPI T(1- nal ) VCQPLR-HN ML2 5 Where each nononer of the honodi ner
has t he ' i d.sequence, (AcG GLYACHVGPTT(1-nal)V EQ ID
NO 2) aﬁgb%®4§§16??1e i nker is attached via a car bam?g:l‘}iﬁﬁg@?é)ﬁtsggsan
activated pol yethyl ene glycol (PEG nviety, the novel peptide conpounds of
the inyaRttb el adiitedBol =8N ‘noVel pefiide) doknyHurfde off the iv@htiol
QPLR( MG, NH NH2 NI—POWSH% \G%F Nl—ggeg)%%%}g\g% NH

( AcG) arayAerpcesented asfallgwsoQPLR( Me0) - FAL NH2 O 10 Where each nononer of the
honodi mer has the am MC& (A G GLYACHMGPI T( 1- nal ) VCQPLR( MeG) K
(SEQ ID NO 2) ard)ddy (l-dalyKEQPIRSNRAL t d via an amde |linkage to an
activated pol yethyl ene glycol (PEG nviefy, the novel peptide conpounds of
the invention may be represented as folldws: -18 0 (AcG GLYACHVGPI

T(1-nal ) VCQPLR(MeG - NH NH2 NHO O p N NHPEGya49K NH (AcG) GLYA

HMGPI T( 1- nal ) VQPLR( MeG) - HN NH2 NH\tO

0 0
Oﬁj J]\/\NI-I)‘\F’EGzMoK

NH

(AcG)GLYACHMGPIT(1-na) VCQPLR—HN" )~NH2
o]

5 Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and N' of the linker is attached via a
carbamate linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

invention may be represented as follows:

0
(AcG)GLYACHMGPIT(1-nal)VCQPLRMeG)-NH_ JL_npo

NH 0
S8
0 NJK/\NHAO'PEGzo-mK

NH

(AcG)GLYA?HMGPIT(I-nal)V(i'lQPLR(MeG) ~HN NH2
0]

10
Where each monomer of the homodimer has the amino acid sequence,

(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG)K (SEQ ID NO: 2) and N' of the linker is attached via an
amide linkage to an activated polyethylene glycol (PEG) moiety, the novel peptide compounds of the

invention may be represented as follows:
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O Preferred peptide diners of the present invention include, but are not
limted to: 0 (SEQID NGO 1) (AcGGAYA HVGPIC T(I-nal)VCQPLR NH NH2 NHN(
O~ p " '"NHAO PERROK NH (AcG GLYA LHMEPI T(1-na)) VQPLR-HN NH2 0 (SEQ I D NO
1) (AcG GLYACHVGPI T(1-nal)VOQPLR-NH NH2 NHO O p ~* N 'NH' O PEGNK NH
(AcG) GLYA HVGPI T(I -nal ) VCQPLR-HN NH2 19 -------- ~ 0 (SEQ ID NO 1)

(AcG GLYA HMGPI C T(1-nal ) VCQPLR-NH NH2 NH~-O O p O N, NHAO PEG40K NH

(AcG GLYACHMGEPI T(1-na) ) VCQPLR-HN NH2 0 (SEQ ID NGO 1)

(AcG) GLYACHVGPI T(1-nal ) VCQPLR-NH NH2 NH, O 0 JO N B ' “PEG 0~ zoK

| 0
(AcGGLYACHMGPIT( l-nal)VlQPLR(MeG)—NH NH2

NH_ 0O

5. i
OQ Jk/\NHJKPEGZMOK

NH

(ACG)GLYA(EHMGPIT(I-nal)V_?QPLR(MeG) —HN NH2
0

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

0 (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-nal) VCQPLR-NH NH2

i3
Oﬁj‘ J\/\NHJ\O‘PEGzoK
NH

{AcG)GLY ACHMGPIT(1-nal) VCQPLR—HN {NHZ
I o

(SEQIDNO: 1)

, 0
(AcG)GLYACHMGPIT(l-nal)VéQPLR—NH {NI—E

NH 0O
s, 3
0 NJK/\NH)LO‘PEGsoK
NH

(ACG)GLYA('Z HMGPIT(1 -na])V(IZQPLR—HN NH2
O




NH (AcG) GLYACHVGPI T(1 - nal ) VCQPLR-HN NH2 0 (AcG) GLYACHVGPI T(1- nal ) V~QPLR- NH
072 (SEQIDNO 1) NHN OO O NNH T EGBOK O,J NH

(AcG) GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 0 20 1 0 (SEQ ID NO 1)

( AcG) GLYACHVGPI T(1-na) ) VOQPLR-NH NH2 NH\ Ox ,~ pp N " 'NH ' PEGaoK OY NH
(AcG) GLYACHVGPI T(I-nal ) VOOPLRRHN NH2 0 0 (SEQ ID NO 2) (AcG) GLYACHVGPI
T(1-nal ) VOQPLR(MeG) -NH NH2 NHN( O p O ~ " "NH)\ O PERQK NH

(AcG) GLYACHVEPI T(1-na) ) VCQPLR(MeG) -HN NH2 0 NH2 (SEQ ID NO. 2) (AcG) GLYA
HMGPI T(1-nal )V. QPLR(MeG) -NH 0 NHt O

Q SEQIDNO: 1
(AcG)GLYAéHMGPIT(l-nal)VlQPLR—NH NH2 (SEQ )

Y58 9
Oﬁﬁl J‘K/\NH 0O ~-PEG40k
NH

(AcG)GLYA([lHMGPIT(1~naJ)V(|?QPLR—HN NH2
0]

r 1 o (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-na)VCQPLR-NH_ L ny0

NH 0O
I
0 NJK/\NHJKPEGzoK

NH

(AcG)GLYA(lZ‘HMGPIT(l-nal)VSJQPLR—HN NH2
o

r ] 0 (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH_ [l _\pio

NH 0O
€5, ]
0\} JK/\NHJKPEGKJK

NH

{ AcG)GLYA(EHMGPIT( 1 -nal)V(IZQPLR—HN NH2
O

20



to 0 ON" 'NHAO PEG3OK NH (AcG) GLYACHVGPI T( 1-nal ) VOQPLR(MeG)-HN NH2 0 21
O (SEQ ID NO 2) (AcG GLYACHVEPI T(1-nal)V QPLR(MeG) -NH NH2 NHN( O-* xp O N
'NH' kO PEGaoK Y NH (AcG GLYA HMGPI T(1-nal )V 1 QPLR(MeG)-HN NH2 0 0 (SEQ
ID NO 2) (AcG GLYA HVGPI T(1-nal )V QPLR(MeG -NH H2 NH\ JO-p N NH' ~PEG20K
NH (AcG) GLYA HVGPI T(1-na))V QPLR(IMEG -HN NH2 O -~ 0 (SEQ ID NO 2)

(AcG) GLYACHVGPI T(1-nal ) VGQPLR(MEG)-NH NH2 NHtO O 0 N NHJ' ~PEGAK OY NH
(AcG) GLYA HVGPI T(1-nat)VC(1-nal )W QPLR(MeG)-HN NH2 O

[ O
{AcG)GLYACHMGPIT(1 -nal)VéQPLR—NH {NHZ
NH 0O

\(Ni/‘ iPEGm

o

(SEQ ID NO: 1)

(AcG)GLYACLHMGPIT( 1 -nal)VJCQPLR—HN NH2
O

0 (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLRMeG)-NH_ Jl_ i

i R
O\F A ao-peca
NH

(AcG)GLY ACHMGPIT(1-nal) VCQPLR(MeG) —HN NH2
L 1
o

Q (SEQ ID NO: 2)
(AcG)GLY ACHMGPIT(1-nal) VCQPLR(MeG)-NH NH2

i,
N Jk/\ H)LO"PEGQ,QK

0 N

(ACG)GLYA? HMGPIT{1 -nal)V_(EQPLR(MeG) —HN NH2
0O

21



22 0 (SEQID NO 2) (AcG GLYACHVGPI T(Il-nal)VCQPLR(MeG -NH NH2 Op NH: 1y p
k" “PEGNH (AcG GLYACHMGPI T( 1- nal ) VCQPLR( MeG) - HN NH2 Where each nononer of
t he honodi ner has the am no acid sequence, (AcG GLYACHVGPI T( 1-nal) VCQPLRK
(SEQ ID NO 1) and both N and N2 of the spacer are covalently attached via
a carbamate |inkage to an activated PEG noiety, the novel peptide 5
conpounds of the invention may be represented as follows: fl
(ACG) GLYACHMGPI T( 1 -nal ) VCQPLR-NH NH2 NH O O p O -PEG 0-soK N NHI ~ntk,,~NH O
HN-r O PEG asoK. NH QO (AcG GLYACHMERL T(Inal ) VCQPLR-HN N112 O Were each
nonongr of th ' has the ampno acid sequence, (SEQ ID NO: 2)
(ACGO GP_()YNEHW@HMGELIT&MM) CORIRIG)H ¥NO 1) and both and N2 of the
spacen are covalently attached vi§ an am de |inkage tdp an activated PEG
nniety, t he novel peptide 10 conpoynds of the inventidn may be represented
as folfl ows: 23 WD 2004/ 101606 PCT/ U 2004/014889 0 (AcG GYA GPIT(I-nal)V
QPLR-NH NH2 NH O Op O 0" 10-50k N X \ﬁ 1él,~~NH ~" HN~PEGLlo- 50K NH O

N

)
Y

NH~ O-PEG40k
NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN" )r~NH2
0

, q 0 (SEQ ID NO: 2)
{AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-NH NHZ

(ACG)GLYACHMGPIT(1-na) VCQPLR(MeG)—HN" )r~NH2
0

. 1 9 (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(1-na)VCQPLRMeG)-NH_ Jl_qp

NH

\ﬁNi/\ )OKPEGMK

o NH

NH

(AcG)GLYA (EHMGPIT( 1 -nal)VJCQPLR(MeG) —HN NH2
0O
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(AcG GLYACLIi MGPI T(1- nal ) VCQPLR- HN NH2 \Where each nononer of the honodi nmer
has the am no acid sequence, (AcG GLYACHMGPTT(1-nal)VCQPLR(MeG K (SEQ ID
NO 2) and both N and N2 of the spacer are 5 covalently attached via a
carbamate |inkage to an activated PEG noiety, the novel peptide conpounds of
the invention may be represented as follows: | -~---

(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG) -NH fit NH O O PEG O O 1050K o

N~., 1\~ NH YHNrOPEGCBOK 0 NH O

(AcG) ) . pnoner of the
honodi| mer rt-he-—a-n'rm—ﬁm d sequenc«i 10 (SEQ ID NO: 2
( AcG) GCLUNVATHMARHIGE LTzl XASDRR®(Ht=GH ID NGO 2) and|both N and N2 of the

spacer are covalently attached via(an am de linkage td an activated PEG
noi et t he novel peptide conpounds lof the invention fay be represented as
follows: -24 O (AcG GLYACHMEPI T(I-n IH)V QPLR(MeG) -NH NH2 NH\ (G G O
PEGLO{50K N \/\NH~, t1U~i NH O HN PE& OSQK NH O
(AcQ GLYA-HMEPI T( 1 - nal ) Vi QPLR(MeG - HN N2 O Prigferre
the present invention include, but are nof bRk |0
(AcG GLYACHVGPI T(1-nal )V QPLR- NH NH2 NIQ\d 000 O PEGl#K

NH

pepti de dinmers of
(SEQ ID NO 1)

I o B

(AcG)GLYA(IIEMGPIT( I -nal)VJCQPLR(MeG) —HN NH2
0

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and both N' and N? of the spacer are
covalently attached via a carbamate linkage to an activated PEG moiety, the novel peptide

5  compounds of the invention may be represented as follows:

O
{AcG)GLYACHMGPIT(1-nal) VCQPLR-NH_ Jl_nip

{AcG)GLYACHMGPIT(1-nal)VCQPLR—HN NH2
I o

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and both N' and N* of the spacer are
covalently attached via an amide linkage to an activated PEG moiety, the novel peptide

10 compounds of the invention may be represented as follows:
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A* N NH-, "t\~ ~ NH HNyO PEGLOK NH (AcG) GLYACHVGPI T(1-nal ) VOQPLR-HN NH2 O
-~ O(SEQID NO 1) (AcG GLYACHVGPI T(1-nal)VCQPLR-NH NH2 NH 0 O p- PERCK

t0 0 ~N\ AVVANH O HN-r O PEG2OK  NH (ACG) GLYA |

HVGPI T 1‘%3%&855& IUNNZ O 25 0 (SEQ 1D NO 1) | PCTUS0401488S

(AcG) GLYACHVGPI T(1-nal )V QPLR-NH NH2 NH NO O p O, O-PEG3OK O ~,, I\~/NH N NH

M .10 PEGIOK Ni-O—tAeGrGLYAL] HMGPI T(1-nal)Vij QPLRHN N2 O = O (SEQ
(G

ID N0 1) (aé)oy S CTeIRaa ) GERLR NH NH2 NH NO OB 0 O, O PEGACK  J ~
NH\(O o o 0. PEG10s0¢
N ‘NH t\\\\/\/NH

(AcG)GLYA?HMGPIT(I-naI)V?QPLR—HN NH2
O

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG)K (SEQ ID NO: 2) and both N* and N? of the spacer are

5  covalently attached via a carbamate linkage to an activated PEG moiety, the novel peptide compounds of
the invention may be represented as follows;

0
(AcG)GLYAC'WGPrr(l-nal)véQPLR(McG)—-NH{Nm

0]
Y HN \ﬂ..o—- PEG0.50K
0

(AcG)GLYA?HMGm(l-nal)VJCQPLR(MeG)L—HN NH2
0

Where each monomer of the homodimer has the amino acid sequence,
10 (AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and both N* and N? of the spacer are

covalently attached via an amide linkage to an activated PEG moiety, the novel peptide compounds of the
invention may be represented as follows:
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N~ "NHft,, 11~~NH O Y NH 0 (AcG GLYAC HVGPI T(1-nal )Vtj QPLR-HN N2 O 0
(SEQ ID NO 1) (AcG GLYACHVGEPI T(1-nal)V QPLR-NH NH2 NH NO O p 0, O PEGEOK
NNH-., 1\~~ NH O Y NH 0 (AcG GLYA: HMGPI T(l-nal )V C QPLR-HN NH2 O 26 O ( SEQ
IDNO 1) (AcG GLYACHVGPI T(1-nal)V QPLR-NH NI12 NHO O p O PEG OK J N
J’NHt" - NH HN ~r PEG1 OK NH O (AcGGLYA L MPI T(1-nal ) VCQPLR-HN NH2 O
0 (SEQ ID NO 1) (Ac(j)G.YACH I M3PI T(1-na))VOQPLR-NH NH2 NH ,00 0 O
~PEG20K N O HN PEG20K NH O (ACG) GLYACHMGPI T(1-nal )V QPLR-HN NH2 O

r 0
(AcG)GLYACHMGPIT(! -nal)\%QPLR( MeG)—=~NH NH2

NH\(O o o 0. FEG1os0k
o NIK/\NHJ‘\'.\\\\/\/NH
HN PEG10.50
NH \ﬂ/

(AcG)GLYACLHMGPIT( i —nal)V?QPLR(McG)—HN NH2
0

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

f & 0 (SEQID NO: 1)
{AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH\(O o o 0. O-PEGi
o NJK/\NHJHM\\/\/NH
HN_ __0—PEGg
LMy

(AcG)GLYA(EHMGPIT( 1 -nal)V(IJQPLR—HN NH2

<

I 1 O (SEQIDNG: 1)
(AcGYGLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH\(O o o o O—PEGypk
o NJK/\NHJJ\M\\/\/NH
N, ~0—PEGyx
Loy

(AcG)GLYACLHMGPIT( I -nal)VJCQPLR—HN NH2
0
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0 (SEQ ID NO)) (AcG GLYACHMGPI T(1-nal )V QPLR-NH I ~-12 NH ,0 O O,,/ PEG3OK
A/\ N\V/\ %\-,, ~~NH oy NH HN PEG3OK ~O (AcG GLYA CHMGPI T(1-nal )V
QPLR-1-INNH2 27 1 0 (SEQID NO. 1) (AcG GLYACHVGPI T(1-nal)V~QPLR- NH NH2
NHp O O PEGaoK JB ~ p N' O Y pEGAOK NH O (AcG GYA |

GPI T(1-nal ) VOQPLR-HN NH2 O 0 (SEQ ID NO 1)

(AcG) GLYACHMGPI T(1 - nal ) VOQPLR-NH NH2 NH O O p 0<PEGGoK }' _ N

\/"NJ5)"t1~ -NH O Y PEGBOK NH O (ACG)GLYA(J HVGPI T(I-naI)VCQPLR-IIN NH2 0
0 (SEQ o | - PEGLOK
(0] (SEQIDNO: 1)

NH
\(O 0 0 O\/O—PEG.?»OK
o N JK/\NHJJ\I“\\\/\/ NH
LY

(ACG)GLYACHMGPIT(1-nal)VCQPLR—HN" J=NH2
0

0 (SEQID NO: 1)
(AcG)GLYAC(HMGPIT(l-nal)VlQPLR—NH NH2

NH(O 0 0 0 0‘PEG40K
o NJK/\NHJH.‘\\\/\/NH
AN _~0—PEGy0k
NH T

o
(AcG)GLYA(EHMGPIT(l-nal)VJCQPLR-—HN NH2
O
I é O
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH \<~NH2

(SEQIDNO: I}

NH{O o o o O—PEGguk
o NJK/\NHJH‘\\\WNH
HNTo—PEGSOK
NH o

(ACG)GLYACHMGPIT(1-nal) VCQPLR—HN" )—NH2
0
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JB" 0 p ~/~NH,
( AcG) GLYACHMEP! T( | - nal ) VCQPLR( VeG} -
( AcG) GLYACHMGP! T( 1- nal ) VOQPLR( MeG) -
TNHL\, ~1 1\ A=~

.NH OY H\rO PEGZoK NH O

t\~~NH 0 HN)rO PEG OK NH 0

HNNH2 0 28 1---10 (SEQID NO 2)
NH NH2 NHO 0 0 0 O PEG20K N v
(AcG) GLYA(j HMGPI T(I-nal ) VCQPLR( MeG)

-HN NH2 0 1-~ 0 (SEQ ID NO 2) (AcG) GLYACHMGPI T(1- nal ) VCQPLR( MeG) - NH NH2
NH NO O p 0-PEG3oK N v NH~,,11~~NH 0 HN .yO PEG30K NH 0O
(AcG GLYACHVGPI T( | -naI )V QPLR( I\/EG) RNNH2 O O (SEQ | D NO 2)
(AcG) GYA k- VEG 2 z ANHA) , NH
O HN. O PEGaoK NH_G———E ) (SEQIDNO: 1)
(AcGYGLYACHMGPIT(1-nal)VCQPLR-NH NH2
NH \KO o o o PEGq ok
o NJK/\N—H ‘\\\\/\/NH
HN_ _-PEGiok
NH 0
(ACG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r~NH2
O
(SEQIDNO: 1)
(AcG)GLYACHMGPIT(l-nal)VCQPLR—NH {NHQ
o NJK/\NH .\\\\/\/NH
HN PEGsgk
NH o
(AcG)GLYA(EMGPIT(1-nal)V(|:QPLR-HN NH2
0
[ B O (SEQID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH?2
NH\(O o ° o PEG30K
OQJK/\NH W _~_-NH
HN PEG30k
NH T
8]
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN NH2
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(AcG) GLYA! j HMGPI T(I - nal ) VOQPLR(MeG)-HN N2 0 29 ~--~ 0 (SEQ ID NO 2)

( AcG) GLYACHVEPI T(I - nal ) VC QPLR(MeG)-NH NH2 NHO 0 -PEG a JOB p N ~/ NH-,
I\~~, NH O H\NyO PEGGOx NH O (AcG) GLYACHVGPI T(I-nal ) VCQPLR(MeG)-HN NH2 0 1
0 (SEQ ID NO 2) (Ac(3)GLYACHMEPI T(I - nal ) VOQPLR(Me(j)-NH NH2 NH 0 0 PEG O
OOY\ NNH\YI\,,/\/NH OY H\y_ PEGOK NH O (AcG GLYA HVGPI T(1-na))V
QPLR(MeG) -HN NH2 0 0 (SEQ ID NO. 2) (AcG) GLYACHVGPI T(I-naI)VCQDLR( MeG) - NH
NH2 NH 0 p O Q PEROK ~,( NFV'NH, YI\U,,iNH o y PER2OK NH O

(AcO) G
[ ‘]: O (SEQID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH <»NH2
\ﬁo o o o. ,PEGaok
Y HN PEG40k
NH T
(6]
(AcG)GLY ACHMGPIT(1-nal) VCQPLR—HN" )r~NH2
0
[ 1 O (SEQID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2
NH (O o o 0 P EGSDK
Y HN.__PEGgx
NH
0
(ACG)GLYACHMGPIT(1-nal)VCQPLR—HN" jJ=NH?
0
r | 0 (SEQ IDNO: 1)
(AcG)GLYACHMGPIT(1-nalyVCQPLR(MeG)—NH_ |l nip2
NH \(0 o o 0. 0=PEGyk
o N'K/\NHJ'\’.\\\\/\/NH
HN TO"—P EG“JK
NH i
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—~HN" N2
0




0O 301 -10(SEQID NG 2) (AcG GLYACHVEPI T(1-nal)VCQPLR(MeG -NH NH2 NH O
O~p O-PERGBOK ~ Nf\/"NH-, I\~~ NH oy PEGaoK NH 0 (AcG GLYA

CHMGEPI T(1-nal )Vtj QPLR(MeG-HN 4H2 0 O (SEQ ID NGO 2)

( AcG) GLYACHVGPI T( - nal) VCQPLR(MeG) -NH NH2 NH O PEGaoK fO O p N \ANH~, |i~~NH
O HN PEGaoK NH 0 (AcG GLYA HVGPI T(I-nal)V QPLR(MeG-HN NH2 0 f 0 (SEQ ID
NO 2) (AcG GLYACHMGEPI T(1-nal) VCQPLR(MeG-NH NH2 NHO OO ~ /PEGo f p N
~MNH-~, 11 NH o y PEGaoK NH 0 (AcG) G_YACHIVGDI T(I-naI)VCQPLR( I\/EG) HN NH2 O
_____ 5 3 ez at ed

ly Iene grytcrl-————l o (SEQIDNO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH _ JL_N51

NH \(O o o 0 O—PEGk
o N ’K/\NHJ\‘.\\\\/\/NH
HN T 0—PEG 20K
H
N ¢]
(AcG)GLYACHMGPIT(1 nal)VCQPLR(McG)——HN/é\TH2
8]
O {(SEQIDNO: 2}

NH fo o o 0. 0=PEGs
o NJK/\NH)KI.\\\\/\/NH
Y HNTO—PEGSOK
NH )

(ACG)GLYA?EMGPIT( 1 —nal)V(lJQPLR(MeG}—-HN 'NH2

0
I ] O (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH {NHZ

NH{) o o 0 O-PEG4o«
o NJK/\NHJJ\'.\\\\/\/NH
HNTO'—PEG4OK
H
N O

(ACG)GLYACHMGPIT(1-nal) VCQPLR(MeGy~HN" )NH2
o




(PEG noiety, the novel peptide conpounds of the invention (SEQ ID NO 3)
may be represented as follows: 0 (AcG GLYACHVEPI ~ T(I nal) VCQPLR( MeG) - NH
NH)' O PEG 20-0OK O,_/ (AcQGYA MA4CPIT(lI-nal)Vi QLR(MeG-HN NH-\ 5
Where the spacer is attached via an am de |linkage to an activated

pol yet hyl ene glycol (PEG noiety, the novel peptide conpounds of the
invention (SEQ ID NO 3) nay be represented as follows: 00

(AcG GLYACHVGPI T( I -naI ) VOCQPLR(MeG) - NH NH -~ PEG \ ' H20.40K O (AcG) GYA

1 Mitten

[ Ac- pepti de, dll-s-u-l-—H—ele-]—zlgys spacer-PE@Zoaox to 10 denote an N—term NaEQ 1D NO: 2)
At adhpaypCHderddw Y COPLRIGE—t-Ng pel a am no groups of lysineiwth
each peptide containing an intranol edul ar disulfide | oop and a spacer
nol eculfe form ng a covalent |inkage hhetween the C-term nus of |ysine and a
PEG noijety, where the PEG has a nol ecll ar wei ght of about 20,000 t¢ about
40,000 |Daltons. Preferred peptide di mep'd d he ppesent i ngenPrbirGsdicl ude,
but are not limted to: 0 (SEQID NO 3)

(AcG GLYACHMGPI T(1- nal ) VCQPLR( MeG) - Nn NH,ONP WO ACONEL YA
| HMGPI T(1-nal )VI] QPLR(MeG -HN NH ~ O (SEQ'I D NG —PEG
(AcG GLYACHMEPI T( I -nal ) V QPLR( MeG) - NH NHO\REG30K 0 OTPAcGF) &va
RMGPI T( I - nal ) VCQPLR(MeG) -H NH-\- 0O 32 0

(AcG)GLYA(IIHM GPIT(1 —nal)VS)QPLR(MeG)—HN NH2
O

r ] O (SEQIDNO: 2)
(AcGYGLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

NH \(O o o o PEG g4
o NJK/\NH J‘\'.\'\'\\/\/ NH
HN PEG1ok
NH b
o]
(AcG)GL YA(EHMGP[ T(1 -nal)V(':QPLR(MeG)—HN NH2
0
O (SEQIDNG: 2)

| |
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

NH\(O o 0 PEGygk
5 NJ\/\NH s~ _NH
HN PEG20x
LY

(ACG)GLYA(IIHMGPIT( 1 -nal)V(]ZQPLR(MeG)—HN NH2
0
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O (SEQ

TMGPI T(

( ACG) GLYAHVGP!I T(1-nal ) V. QPLR( MeG) - NH NH
QPLR(MeG) - HN NH-\- /

ID NO 3) (Ac(j)(jLYACHVGPI T(1-na))V QPLR(MeG)-NH NH " O PEGAOK 5 O
(AcG) GLYACFI GPIT(I-nal)V i QPLR(MeG) -HN NH-\--/ Ox (SEQ ID NO 3)
( AcG) GLYACHMGP! ~T( 1- nal ) V, CQPLR(MeG) - NH ML" \PEGWK O G (AcG) GLYA
l-nal)V i QPLR(MeG -HN NII--\--Q'"j O (SEQ ID NO 3)

\ PEG30K (AcG) GLYA | HVGPI T(1-nal )V i
O O (SEQID NO 3) (AcG GLYACHMGPI QPLR( MeG) - Ng

NI1"/I\PE(340K O O (ACOGAYA II-IMEPIT(lI-nal)Vtj QPLR(IMG -H NH-\- O
gﬂem%ﬁﬂ%(%ﬁﬂ‘%mﬂﬁ%%#%;ﬂ%%ﬂ:H%ﬁ?vmwﬁﬁwmﬁamﬂﬂadd&
unnaturfal am no—acids—SUEh as a, a-di s@bstituted am no acids, N al kySEQHNDB2)
aci ds, Kéﬁ@ﬁk?ﬁ%ﬁ“@?”ﬂﬁﬁDYﬁQﬁéFQ“Q gat-NBhal ami no acids may al so be
sui t ablle conmponents for conpounds of fhe present invention. Exanplés of

unconventi onal am no acids include, bu

pyri dyl

h
N-acet yl serine, N fornyl nethionine, 3- ylohi sti di ne,
nor-IeQCine, and other simlar anm no aci i no aC|ds

nodi f i
termn
of the

are not

al ani ne, 4-hydroxyproline, O ph

ations are al so possible, including o

ys, nodification of the carboxy ter us,

natural ly occurring genetically enggded

serine,

limted to: (3-

H‘J a \\

N—nethngIyC|ne

alanine, 3 5

3%' ne,
her
am nho

rephacenpg@ Lf one or nore

am no

CIdS W t

h an

unconventional amino acid, 10 nodificatiopff of the sidé& chain of onej{or nore

am no 4
2004/ 1d
and be

Pr eS&oR) RARIRIT- Aal)G@éuLﬂa&h% anltehs

ici d residues, peptide phosporyl ation, and the
1606 PCTI US2004/ 014889 The pepti sequences of the present invention

| i ke. 33

)

[ 1 0
{AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

(ACG)GLYA(E[MGPIT( 1 -nal)V(IiQPLR(MeG)—HN NH2

{SEQIDNO: 2)

| i
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)}——NH NH?2

(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG)—HN" J—NH2
0

(SEQIDNO: 2)
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tenninal and/or C-term nal extensions of the peptide chain. Such extensions
may be naturally encoded peptide sequences optionally with or substantially
wi t hout non-naturally occurring sequences; the extensions nmay include any
additions, deletions, point nutations, or other sequence nodifications or 5
conbi nations as desired by those skilled in the art. For exanple and not
limtation, naturally-occurring sequences may be full-length or partial

| ength and nmay include am no acid substitutions to provide a site for
attachnent of carbohydrate, PEG . ot her or the like via side chain

conj ugat i on. Where he,sapetis gttacheq pia aawbwa&‘cf{ rkage ks aqivalsd Prlystiviege gh/wl

humani z i t h

system Prgﬁfesfi tﬁgﬁﬁgggﬁe@ﬁ y edsuﬂgér@@rgﬁ%)vll (fg‘d,%i@gmg?ng@i?n&uno I obuI in
sequencmpre@eiutaiczsrfbllm:to or in near proximty to the EPO-R activating
sequences of the present invention with or witho a non- i mmunogl obulin
spacer sequence. reﬁe—t-ype—tpf enbodi nent is an i nogl obul i n chai n havi ng

t he EPO (ARGEUYIACAMGRIT( SV CQPIR(MEG)ph|Cce of theNsZ;Kga.p \Q regi on of the
heavy and/or |ight chain. Preparation of the pgptide cof"fﬁ(%unds of the
invention: 15 Peptide synthesis Theypeptides ofj the invention may be

prepared by classical methods known the art. @These standard net hods
i ncl ude esLYACURIGPAlI-th)PDEBIR(MYGLIEST SNHPRI t | solid phase synthesis
met hods, fragndnt—_condendati on, cl assi cal ution synthesis, and

recdivbi nant Whifetthe bpako Gyat{atles, vie ag. amilie tinkdge ab dinJactidared pblyetiylebo@lycdio63
85:2149 0 In one enbodi nen the peptide nmononers, of a peptide diner are
synt hesaféﬁ inﬁt?%itgﬁud}qvﬁld%ﬂ‘dtedf’ ‘i“i‘gg Jggé&ﬁé‘ﬁ?nt@’?@/ﬁphg& %F’r"lyatﬁbt her
embodi NRBeseridiasGIde mononmers of a direr are linked via their Cterm ni
by a branched tertiary amde |inker LK noiety having two functional groups
capabl e of servi ation sites for peptide synthesis and a third
functi onchngL%émpgr(, m%vgéﬁmm(é)_gq up or an_am\po_group) that 25 enables
bi ndi ng to anot her nol ecul ar noi et e.g., as bEEfroesent on the surface

of a solid support). In this case he two pepty de nononers may be
synt hesi zed directly onto two reacti e%trogen @roups of the Ilinker LK

noi ety in ri.ati o | i.d a nt is technique. Such synthesis
may be @8@&@%@‘%@?‘%&%&@‘2@5% I'n gﬁmrrbodi ment, the two peptide
nononers ma rec A en_gyoups
of the |i nkgmflgﬁxnéglgﬁﬁ c|¥'jr:1ﬂ:}a"l?i\}}atfel g{rl}&gﬁﬁg@ pw]ﬁeH Fsgg‘déﬁ%ggggd%ﬁ ﬁggzlo“sm to

t ecthi gdemoteSndivermyratlp @sdtglated pepridesmgnic nt boah thero Mmmdtmmn@owps of fysinkivdth

enbodi nent, a_ lysine |inker e ving two am no ps. capabl e of
servi ngt48’ ReRlidq SemEAIg é“tfaé‘iglifé'ng"t’ cﬁ@@%ﬁ%@ﬁ@ ArBaceT URPIEEls dRet M il
ar OUP (&)v?}ent lihk ge GRIRRY Sthe €- @Hﬁmﬁi oft l}s‘{&' A a PEG HRicdT WirdHRYPEG hal d YST NE

am de, ysi ne resi due wherein
molecular weight of about 20,000 to about 40 000 Daltons.

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

: 0 (SEQ ID NO: 3)
(AcG)GLYACHMGPIT(l-nal)V(lZQPLR(MeG)—NH NH)ko—P EG o
0
0
(ACG)GLY ACHMGPIT(1-nal) VEQPLR(MeG) -HN NH—'\_O/'/
r o (SEQ ID NO: 3)
(AcG)GLYACHMGPIT(l-nal)V('JQPLR(MeG)—NH NH 0-PEG 30
0
0
(AcG)GLYA(IZHMGPIT(l-nal)VCIJQPLR(MeG) -HN NH—\_O/‘/
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WO 2004/ 101606 PCT/ 1JS2004/ 014889 carboxyl group has been converted to an
am de noi ety -CONH2) that enables binding to another nol ecular noiety
(e.g., as may be present on the surface of a solid support) is used. Were
sequential synthesis of the peptide chains of a dieter onto a linker is to
be perfornmed, two am ne functional groups on the linker nolecule are
protected with two different orthogonally renovable 5 am ne protecting
groups. The protected linker is coupled to a solid support via the |inker'
third functional group—The firstanm-neprotecti-ng—group—s renoved, and the
first peptide of _the dieter is synthesized on the first dbpgmlam:mﬁ:mm ne
nmoi ety} Then thd second é ro ectl ng group |§1Qemved, and the second
pept i dp FOG AGHMSE(kn @v the secomd @ePESusécied ami ne noiety.
For exanple, the first am no rml ety of the Iinker may be protected with
Al'l oc, jand the second with Fnoc. In hi case, t he Fnoc! group (but not
t he AI oc group) may be renoved by tment wi a mld base [e.g., 20%
pi peri HKM@)GW@WWI "aﬂ)b’FlﬂﬁlFﬁ(HeG)('W)]NHé?\_ he first peptide chain
synt hesi zed. Th e Alloc group may be renoved with a suitable
reagent [e.g., Pd(PPh3)/4-methyl norpholine and chl orof orn 1§, second
peptide chain symthesrzed—Note that where di ffer(B]nt t hi ol ; Eﬁ%fggﬁdjlg)groups
for cyst AdGIGIAACHMEPI T Bn)lyE€GPLR(MeGR N0l di sul fi for mtl on (as
di scussed bel ow) this technique nustybe used ewen wher@ 15 the final anino
aci d sequences of the peptide chainsydofga dinmer mre identical. Were
simult aneous synthesis of the pepti hai ns of @ dinmer onto a linker is to
be per ga(chAchpm mvtgﬂg{m@@)aﬂmgrouas-\o‘t e linker nplecule are
protected with the_sane-_rdnovabl e am ne Qectl ng group. The protected
| i nker [rs—coupted—toa—sottrd—support—via—thet++rker—s—tht rFl functi onal
group.| In this prot ect ed functional©groups of (SH@IID Nik&)
ol ecuf e ALS;SA PRI d, 20 and tRe two peptide chains
si mul t hnéous y synt eS| ze Sn t rot ect ed neBEGd‘abte that using this
techni que, the sequences of the pept de chai ns the dinmet will be
identical, and the thiol- protectlng g ups fo he cystei he residues are
all the sane. A preferred nmetho |des thesis is solid phase
synt he5f@q)c’éa{ﬁ(ib&‘ﬁ?%’emﬁgﬁigﬂdﬁ%@n@ﬁes| S edures are well-known in the
art [see, e.g., Stewart Solid Phase Peptide Syntheses (Freeman and Co.: 25
San Francisco) 1969; 2002/ 2003 Ceneral Catal og frgm Novabi DWOQB) San
D ego, | USA; Goodman €3i s of Peptides and Pep i dom net uben= Wyl ,
St ut t gar (F)CGZH{YZN]CPMQ?IEEJWH PR e esi s, hesgs,,i s typically
commenged fromthe C-termnal end of/the pept| d\ku5| ng an a-amni no protected
resin.|A suitable starting material @arobe prepaled, for i hst ance, by
attach|ng the required a-amno acid a chlor thylatediresin, a
hydr oxy msquYAJCﬁMGMT(anmutysm(memeﬂmeaHH—a\_ nzhydryl am nge resin, or the 30
i ke. Dne such le—h-l—ePe-Hﬁe{—h-}I ated resin is sor® under the trade nane Bl O BEADS
SX-1 by B0 : 'r of.; af
hydr oxynet hy rggl&ﬁ grgﬁe[gﬁﬁldgscr&ﬁ!%g%e Wntyz&g/egﬁcﬁﬂﬁﬁﬂ atidy uhf¥ural

amino acids such as a,a-disubstituted amino acids, N-alkyl amino acids, lactic acid, and other

Y

unconventional amino acids may also be suitable components for compounds of the present
invention. Examples of unconventional amine acids include, but are not limited to: B-alanine, 3-

5  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 acids with an unconventional amino acid,

10 modification of the side chain of one or more amino acid residues, peptide phosporylation, and
the like.
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[ Bodonszky, et al. (1966) Chem |Ind. London 38:1597]. The benzhydryl am ne
(BHA) resin has been described [Pietta and Marshall (1970) Chem Commun.
650] chloride formis commercially avail glgheydheaaRgeKkman
Instrurredv ?nc goﬁPal o Alto, CA). For exanple, an a-ami ngﬁfor ot ected am no
-35 WO 2004/ 101606 PCT/ US20041014889 acid may be coupled to a

chl or onet hylag %Gpt{&%b{lheﬁéée Rortalieprddett iRbenflorf rBeRPIIBRNR S c6FhkiMs With N-
according to the nmethod described by G5|n (1 73) Helv. Chim Acta 56 1467
Aft er itprminah pnddes (pritarminal extensions af the pEptisie chinnRjich CHEPSIoNS RERR waduralfypgncoded
exanpl g)egﬁ’cﬁ' Quenbés bHURLPRGRR] 6r 3stinkallGAVitkut I?M%Qtﬁﬁh?_rdc@uﬁﬁg Ghequidhdel; the

sol uti I n organi ¢ solvents at room teénperature hereafter, a-am no

pr ot ectestinsiensTBaYaClide s additenssdqlshiony net FIERIORD o ofich fFavERes UpYsifidations M d
pepls decoﬁl?ﬂmhﬁbns I @es@‘e@@? Wos sﬁtlaﬁhltﬁ@arg P%ﬂﬂﬁaﬁmﬁnﬁtﬂﬁkﬁﬂn&tﬁrﬂbﬁoé&ﬂ{dﬁ in

the art of stepw se s?/ hesi s peptides, 1ncluding: ac I-ty protecting

groups seeuences nfay benfeli-lepgthior m@émlwnd memo}ud)e aminopeit ﬁ“bstﬁ?t@?ﬁ OWé%@te
pr ot eth‘oP&taQ‘[n?eHPéfJaﬁ:oﬂ dratBSBHEY, oY, W@Fy& tﬂe%x%aam e ebish %Ju Zhri ation
et

al i phatic ur ane ectl ng gro utyl oxycarb Boc
i sopr ophd onine agith @\ﬁ;stlhmmytﬂﬂdﬁelx iwlmmaomofrwse]luenam@ reﬂldzytll compasibleovi ing
groups {n%lug%%yﬁgﬁp %%f%&?r} {))Joieﬂ@ &p éﬁ %EMA: ?Jrowd!ed'] %c%gm%glwlﬁ %éCnglpo\éL at{] c%c) '

aIIonxycar
1- (W 4w mrmtnhgd ProXimityl kothe EYOHRO Ibivating skquemee pitht piesenDuigdntion Ingth i deithat a inon-

protect] S t

remain 1N %l%%éatﬁé’pgg l:é’o%legﬁéﬁt;%n‘?ono%e%qsaﬁ 'E’%Pn%i%m aﬁ ﬁag%ﬁr dt'ecti on
of the lhanmmngeeqnemnplao& dctha vagalge G0pegion ofdherheag/ azﬂiqnlhgllrtg;harﬂ' he side chal n

protecting group nust be renovabl e upon the conpletion of the 15 synthesis

of the final peptide and under reaction conditions that will not alter the
target m_dmofmammamm@h@smfmmwdmg groups for Tyr include

tet Y. a tert-butyl, trityl, benzyl, Cbz, Z-Br-Cbz, and
{Sdl c’?ﬁ"gg %’%’{f The side chain protecting groups for Asp include benzyl,

2 6-di chl or Ohﬁ@)ﬂlu}cs mﬂftl_l’:]byinvengeﬁ el be @E@aﬁ& Gbﬁ/Q:l!EsiMil mefiitds khélan ﬁ]htaf Art. These
I’Ot ecti n or r,an i ncl e, acet nzo trit ,

Petr any oy FRtpRs inglute o133 st rhise Gy issismiproa sid 16 e apelodfement

pr ot eCtdoﬂ@n@hehl,Fﬁasﬁlém sé¥igor sphtherile antiGedbinibirant DNAW¢chhdlog) [Sed o4, Merrifield J. Am.

adama on rgéggé %fltoylsulfonyl (Ms), 2,2,4,6,7-

pent a 97 h ur ane- 5-sul fonyl (Pbf),

4- niohoxy 2, 3n@nt eBBdiMyht; B Shnb@an lof @ Meptide ddher 436 SyntildsiRed indRidulii 4hd

protecting. groups for Lys i ncl ude Cbz, 2-chlorobenzyl oxycarbonyl (2-d -Cbhz),
2- brorﬁ%@ﬁf&’/ subssausRtie Fxpthepis.. By - Cbz), Tos, or Boc. After renoval of the

a-am no protiRGhibMer SidRnent NRe f)ﬁiﬁﬁé BHoR6m&E of 8 (fiBd AL NiAdAAA ARirdC feray BY &
25 stepwise in the desired ordér. Each protected amno acid is generally

r eact ecbrinsheshietieryamide fipker dxgnaiety hﬁ@ﬂ%\@"‘hﬁ‘“@fﬂﬁ?‘(ﬁ?‘ﬂﬁﬁt@J@lﬁ ?foszwmggqsdwﬁahon
acti vatges ReEtRAs sgntﬁék{é' RERAREd ﬁfi’i@ﬁﬁnall ngtLp) (el o Arboxyl &&%C ot SO B that

hexaf | uor ophosphate (HBTU) or dicycl ohexyl car ’bodi m d ti‘on, for
25  enables binding to another molecular mo1ety (eg,as may be present on the surfacc of a solid support) In

=
-

this case, the two peptide monomers may be synthesized directly onto two reactive nitrogen groups of the
linker Lx moiety in a variation of the solid phase synthesis technique. Such synthesis may be sequential

or simultaneous.
In another embodiment, the two peptide monomers may be synthesized directly onto two reactive
30  nitrogen groups of the linker Ly moiety in a variation of the solid phase synthesis technique. Such
synthesis may be sequential or simultaneous. In this embodiment, a lysine linker (Lx) moiety having two
amino groups capable of serving as initiation sites for peptide synthesis and a third functional group (e.g.,

the carboxyl group of a lysine; or the amino group of a lysine amide, a lysine residue wherein the
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exanple, in nmethylene chloride (CH2CI 2), N-nethyl pyrrolidone, dinethyl
formam de (DWMP), or mxtures thereof. 30 After the desired am no acid
sequence n.conpleted, the desired peptide i s decq,eshoddifAiRset he
resin sup ﬁop‘ﬁg\n@%eat ment with a reagent, such as trifluoroacetic acid
(TFA) or hydrogen fluoride (HF), which not only cleaves the peptide from
t he resgﬁ?%‘?pl‘g@ 3?% G EEverttd td GBI RoRlyd CENRY) NhatPERBRE birdthgOtoOtdther

When a onet ted resin is used, hydrogen fluoride treatnment results
in the mPlspwlenmaisty (48 ¢asanayrhedreseson the suréace of 2 spd sooPpR) BEFEhy dr vl ani ne resin

is used, hyd yrkieé]deﬂﬁ‘aﬂ is?r’ilhés{se‘o‘it Eldbtide cRAnP 2B o S Biikel (s th SR RAME, 6389

results directl the Tree peptide amde. Alternatively, when the
chl or onmemniny fencienal gronps ansthe tipkes yasdzcule e prefpates witiive differeatcarbasoneliy regovetls: be

decoupl ed. of [ resl | ' gi hRes thi
desi ?Ied%g}ngér{;:th%?% r%%ts e C%eg&g%s@g lggervm@?ﬁﬂ%%a a‘f l%f/sllgg?n'%nﬁebo%tgwg it%(/il as i_s dtglr.d
chai n pfotieelegroe. | Thé dindtiaguncoproteding| drgupaisi rdmoves and bR irst gepdeced the Wimses i8 hen
renmoved i : | - ' | |4V e
tho. 1 ek R frsh B3O ohl B il Aol KO R ritcinl BT ool
the i nvemthowportdhspﬁ%sif the dirgerds synthesizadan ¢het saepng deprpideiedigmits maiety. diop Exoyple,
and t hegsi chain .. i ' . ] e .

appr opr iﬂ%tfg& a %@g%ﬁx&% g% g‘g tlﬁﬂn%?% gtr?g gfbt éc&%ﬁé@%ﬁlﬁ)gﬁ A#dg%o%ge c ﬁivﬁgl(%ntrl%u 6% m}frcgsef hen
r end? ed therFrdeegronpuibht fictshé dlod grouplemeynbmtenwivechbih yrdatmgatrwith e emilddisse fe.g. oM n

t he desired,.estef. ur al s u t 0, Syt hesi

pept i do et Sioeh! FREREARATRG 4o e eRr08 R diGre S SX BT §8 Atoc
genet i cgltouy mepbe et vedwith a aditatie reagent$eip SPA(PPi; Fé-nathybmerphblive, and khiomwifeem], and
positions of any..,of the co u f _the .ipvention. Nt heti c. am no aci ds
Phat  cantationf Bf theln PR MRt rheS clvanle M Brouclie BRhprtif FifPe AR e,
but ar ebaodedko euntreldiitubiideNbone fdrpbtion (addistiuesey pelowythis téchBiquélmust be used even where

di hydro nyl.al anyl , S am.no acids. suc s L-_8:hydroxylysyl and D

5- rré?hyl- ﬁﬁﬁ&ﬂ%}m‘t@é&lsfﬁ“% Sf Fag P! Fhaénsfgﬁﬁgﬂeééﬁedé‘f"%sﬂd i soqui nol yl . D-anmino
aci ds and ngmhe&tm%kﬁww&wh&kng ﬂ&yhp’i:bﬁkﬁtdhﬁins afi Gitnepohid s lanker ialgsbb Peeformed,

I ncorporated.into t ept i the present inventign, Peptide y
o 1| ot GTeCHEe R SPUS ot (OB Greaaees i iy e Al e
pept i de pfihai e, afhe phtedtddBREr iO&upR@tolakoRd SHE6E viattiAinkeOIRRE ARSH@E] drh®.

I nvention.  For exangalc_a, t he am nci term nus  nmay bei\ acetyl%itd W th_ acetic

aci d or Ihthisas5Ba Ve araiestsd ngtigasl igpaups f the jiaker qeolepulegre sigudiageppsty depgotected,
a- bR agEihk twepéide Chanfy sit@EReGRk/ sGniBGizdd on PREpRRclBRhARE. Nof: MaAtudhg /iy
occurring. side chains of the 20 géenetically encoded am no acids (or Tthe
st er eoi &GhHAYCe the sgaHeRees oF |ty peniife phagtsrd rthfsamﬂr Biith b ddentigal, qnd Jthe; hiol-pygtecting
groups  $iabs B5thé b¥wine reQIRE are all the same.

A preferred method for peptide synthesis is solid phase synthesis. Solid phase peptide synthesis

p:

procedures are well-known in the art [see, e.g., Stewart Solid Phase Peptide Syntheses (Freeman and Co.:
25  San Francisco) 1969; 2002/2003 General Catalog from Novabiochem Corp, San Diego, USA; Goodman
Synthesis of Peptides and 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
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
30 like. One such chloromethylated resin is sold under the tfrade 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
described [Pietta and Marshall (1970) Chem. Commun. 650], and the hydrochloride form is commerciallir
available from Beckman Instruments, Inc. (Palo Aito, CA). For example, an a-amino protected amino
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25 al kyl, cyclic 4-, 5-, 6-, to 7-nenbered al kyl, am de, am de |ower alkyl,
am de di Qower al kyl), | ower al koxy, hydroxy, carboxy and the Iovver ester
derivatiy, , and with 4-, 5-, 6-, to 7-nenbered pieESh

particul a&ﬁ Q"Z{O?@S anal ogues in which the ring size of the prali ne reS| due
I s changed from 5 nmenbers to 4, 6, or 7 nenbers can be enpl oyed. Cyclic

groups GaR nR¢pe 'e’&dll_s'et 2469 cﬁtt)rdf&%ﬂlidﬂédar&%&’ ﬂ?t}ﬁ! ald of 2UBE AWt REate GREIyHY ehcadramgt ic

or non-aronatl C era COI’]t ain one or nore

erocyclic groups pre
ni t r ogerto the gtaddeserled by Cagin { Héﬁtl‘éfcgmi fpl es of such gr oups | ncI ude
the furazanylygef Uryby cohﬁﬂngaztﬁé Aiawb fofgc cglradﬁ id THeplaval 1Y lexarlnple using

| sot hi azol yl, 1'soxazol yl or phol i ny ol ino), oxazol y

pi per az |hm®dore(aeetig apldITEAbetrlazzlm@ﬂom agad ﬂéfrlli) agluttc(ne 1rgor,garmc p(plp@tq dypom temperature.

erid ran razol d n
D P o okaneB ARD proRASdofd aciad ] AESL N YoplcRYS BB cuppBHEAER Yice
pyrrol i nydin, Whe d&@inyrla prbi&btmtl gatqis)éke thbstéllﬁaﬁh yd be txdefue fiy the dirthéfosepivise @imtingls of
(e.qg., thi om)rprol ino), and triazoly 04/ 101606 PCTI US2004/ 014889
These hmuﬂ%wqdegg?etrpeeme%egwmﬁegmfwyw LRGeS PRRdb 2TopRES Brethagsy o p

IS substyye 3& Shiing BRUpS1RS HehH@dkly caﬁ?d?l gazytxt&wubstﬁdt&p&uz El?dh@ﬂ@d&ethﬁﬁé)ﬁﬂ@t@cﬁn@r
substitute e can also readjly 5} gﬁ)tldes by

hsti t ut
phosphor&Auat ({)ezﬁ‘putr_ts : g’&%CWEPg)ﬂégﬂﬁd ssoprapyloxycageonyl £¥¢ PIPfé‘éi1°'r“¥F
(199Q) BrasasiroupsiBg:, %é&yﬂ @%Jhenﬁmahﬁ) Hﬁ@kﬁﬂﬁ\eﬁaﬂ@@%@&y@@tﬁ&? a'll{;‘l\sﬁﬂ:hfb@ﬁyl

al so serve as struct.ural fqr. non-peptid conpounds wth simlar

bi ol ogi dAllockapd (¢ 9"11“1?%@'@ %@OWV?IPheF‘ﬁ‘Xlﬁ@‘emyl E]%‘tf%rgnl ze that a variety of
techni ques  amg sip¥ shdiPProfechity %rﬁﬂﬂ%rbiéﬂiy NtbrC es;m@ WSS PME,inll R 18@ Rman intact

sim | ar desired biological | Vity as [ ea pept i de conmpound, but with
nor e f avigrigheepking jnd; if pot ﬁ)élﬁ offrfaring the dﬁ’ltoﬁcti‘@s?fetb? AMFIOSSIMIBNS| Rrotocting tEsmip| ar't v/,
and su r

(logo) Anre piplingy 118 S L BicheoRl sBD HRRt S senb I8 il B Dot e

r epltaci thdsis of the tfinalepebtidsicing vadarireantion q@a@m rﬂ@t vihpasliet the targehpeptiéro ke eisle

201 do. Sl BERATRY EbupcSt TR RS ARANR e AROE Sunf Bl T 2R
cont ai n Zxdclilerobenry| dbebide cliirsprpteitivg staupsifor ASuipbinde Benelylsb-diciordbers methyl, be
for med %Pﬁh(gg); R Tthggid@éﬁiu‘? :pfh‘?ec %g#b% P’E’hr%ﬁ%cpﬁﬁhdggce n%ﬂ?@h iy, One

enbodi ne control ste lon IS exercls 00sI’ng
an oxi dltztrahgiromm, berfzyy, aé-(hghb@olanwl,ca@dn €bnt Thetsidochaif p@@etchn&gm@sdgtmm@de
forngtiqp of d isoner. .FE anpl Q pt| iJTer
to for mntr‘I [ tnIhS ?T SI ar - ar suP%m%étyﬁ% LS O%Z)lne %éﬁqelghﬁﬁ tha?g,)4%7rre

pr ef er empentahéthyldibydrebeashijrane §-sélfunyh (Rbdy tbfnthbm-é,ﬂmﬁmtﬂyhbelﬂmmﬂﬂbnﬁle(l\bmhdﬁ)
"o B e R s LB
bromobenzyloxycarbonyl (2-Br-Cbz), Tos, or Boc.
After removal of the ai-amino protecting group, the remaining protected amino acids are coupled
25  stepwise in the desired order. Each protected amino acid is generally reacted in about a 3-fold excess
using an appropriate carboxyl group activator such as 2-(1H-benzotriazol-1-y1)-1,1,3,3
tetramethyluronium hexafluorophosphate (HBTU) or dicyclohexylcarbodimide (DCC) in solution, for
example, in methylene chloride (CH,Cl;), N-methyl pyrrolidone, dimethyl formamide (DMF), or
mixtures thereof.
30 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 acid (TFA) or hydrogen fluoride
(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
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protecting groups during peptide synthesis. For exanple, where a diner with
two intranol ecular disulfide bonds is desired, the first nononer peptide

chain is .zed with the two cysteine residues of uence
pr ot ect edﬁﬁﬁﬁﬁlgﬁr st thiol protecting group [e.g., tr |l{(§/ﬁ¥%§§olﬁﬁg
al Iyl oxycarbonyl 25 (Alloc), and

1- (4, 4- diiiRtdreliydn B e yQAME hatie X AbetidvaGNFid it dhidr ek Akted Rinlid &Bdloyell B

t he secon nononer pep?l de 1's synthesizéd the two cysteine residues of_ the

core sedjderhain petestedcacptidagan be deoguplodbly treatmet ofthe peptidf FR§IngVisLFMBeTS WrEivetths r om
the first.this ] : . . . _ .
err 3és1r%:cg g@% Iplﬁ bidtebled Qgﬁeg‘:}f%n?ﬁaéxﬂ?lkylﬁimﬁé ﬁﬁ%llq@ H%Id%ydhalﬁﬁgg&ctecf alRHinide or

(tBu), or I'rke]. Thereafter I'Tst thi protecti groups are

r enov eddiellemiden Pidsi hainf praectioneis ithentrempved gt thetusuglj fashionn®in easment ayith hydeogen he
second Khi - | E afdl s & E@mﬁgm, ecting bisulfide 30
cycl?zappﬁﬁkg?égiggg%%%ﬁﬁiﬁggg%efﬁ%&f er ew?%%inents of this invention
provi de for brratmgoethe gfters hEthe inyentigng thel ecsine nied & provate the peptide lacidpare ewploydde
sul furs - . a, | f ese
anal ogutiy s 3REGnEE PIAEEL gofidh frdeaaih flzo AL RE dpAUREAE el T HEtank
wher ei nSideclsilpprptetithg goopeane thengernasied & the uiuelfashiondiydre@nent Withrblyeger fineride to

r esi dueo‘a%gé%gi qTa 1LQo-y-butyric acid in place of the second C residue, via
an -39 i 6 PCT/ US2004/ 014889 intranol ecul ar or internol ecul ar
di sp# acenent Thass progedmess kardgskiowsad tasyhthesizreptidse i whiclyaminBacide vthercthanathe 20
(1992) J. d. Chem_ 35: 2040- 2 and et .o 991SWJ. O q. Chem

55 3146T DY CooTRBbgEnaich cnoqied apl ot et Platcd o 9o b o etk HER A

di spl acefithe tommnnds| of thedoention s§ymthetit reino hcidothagan bé substitted dnty thelpaptides of thei d
and honpgysteine..5 Ln digi,on_t o_the. f.or,eqgoi cyclizaiipn strategies,

ot her ngﬁ¥ﬂtslv?ﬁﬁ% 6@%@%Ue&%yé??zgﬁidﬁmggt%%tggFgéwtaﬁ”%%ggﬂﬁﬁﬁ edQGSuéh
al t er natiihydrog)plérylbinkDnS Siriiab eguidds sudhC lagidb, 5-fydfoxekayipkfd BI3-dethyllasyl] Zakid on
strategies as well as thgse involving the formation of thig-ether bonds.
Thud$ t methylslspdu Rpaning peifs cang dsaguinelyl. n Fuaipipe feids gnd ppa-patpplly osgrening sthets m

i th el kD o8l L3RR ESb AR AT B8 pBAREh AnepehithycaiBl ccul ar thin- et her

bond. For exanple, a peptide may esi Zzed wherel n one cysteine of the
10 core sequence is replaced with lysine and the second cysteine is repl aced
with gl ' ' hereafter a cyclic nononer nmay be fornmed through an
am de bgﬁﬁﬁ%é?agégmt e side chains of these two residues. Alternatively, a
peptide may Dee sapralseasidifs thommaneind/a pabeydtraim of tE peitisle compomwdsjefdheiovention

repLbace [ i : 0 . .

b 8gn blise oot oF e Btk Fo B PR WKLY Rl BE ol TR it
ser i ne) adetis acld @r artdiogtiated eteanative \tsdrenf sechr msi-chieroadetit lheidcebeosmogtenci, oA\-
such, in 15 addifion to disulfide cyclization strategies, am de-cyclization
st rat egl®92°EFRA%Y) o- et her cyclization strategies can both be readily used

to cyclize tDae carpslabedse @turiiicocpirtiigsitle ¢haine of the R0 gdeticdllyahédded ¥minb béids (or

m no-termn f ' n ith an a- '
:Ci do \t,\,ﬁ@rs@rer%lsspﬁgri(;_ %ﬁ%&gﬁg oﬂ%? si%g gl%%gs, ¥(\)Ar tinstagce \%ltﬁ lépo?l%é gu% %g al C]?
25  alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl, amide, amide lower alkyl, amide di(lower alkyl), lower

fower

alkoxy, hydroxy, carboxy and the lower ester derivatives thereof, and with 4-, 5-, 6-, to 7-membered
heterocyclic. In particular, proline analogues in which the ring size of the proline residue is changed from
5 members to 4, 6, or 7 members can be employed. Cyclic groups can be saturated or unsaturated, and if
unsaturated, can be aromatic or non-aromatic. Heterocyclic groups preferably contain one or more
30 nitrogen, oxygen, and/or sulfur heteroatoms. Examples of such groups include the furazanyl, furyl,
imidazolidinyl, imidazolyl, imidazolinyl, isothiazolyl, isoxazolyl, morpholinyl (e.g. morpholino),
oxazolyl, piperazinyl (e.g., 1-piperazinyl), piperidyl (e.g., 1-piperidyl, piperidino), pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolidinyl (e.g., 1-pyrrolidinyl),
pyrrolinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, thiomorpholiny! (e.g., thiomorpholino), and triazolyl.
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Is a |l eaving group, such as an a-hal oacetic acid, for exanple,

a-chl oroacetic acid, a-bronpacetic acid, or a-iodoacetic acid. 20 Addition
of branch am de |inker The peptrde NMONONEr s NEyr zed by a
branched ﬁq)ritorﬁ‘g%d;e%% de linker noeity. In one enbodinent, /{?ﬁzgﬁli ﬁdsr S
incorporated into the peptide during peptide synthesis. For exanpl e, where a
| i nker I capalle fViRSHtASd. th
initiat :ﬂgﬁ wéy gl%e%s %’\ggséﬁgﬁ%ﬁig&fg’%&bﬁo&ge or r?o?égr%ﬁesr functfrl’on?'sll
gr oups éué)styumt aaniwraﬂiq&.wlkogy,@abgm oxygerm it substiiodip)unsehsttuted @byt bi nding to
one or nore At PN Enctityal HOAL £ dedcAbad i
solid support. %erea?@&g{m{/%b%a&%y&%%&%ﬁé@é may %e synt F]lagg; zegl di reu(I:t |y
onto thélnlhmoetméatﬁfil))/axonhm‘rbgé812@r2@bs of the linker Lx noiety in a

vari ation of hesi n e e

Uhe. 1 nicer it Bebile SerBRBR ¥ B G0k SdTeH e MbeAICHPALE 5 TRANRGS S

di mer af:dmproup@pwlrttdmnﬂgm’mﬁ@ca% ac@&h%mpis@ﬂlmm artugcogmzaﬁhi evesidtylyf tavhifussl s
wel | establj.

mbodi
Fanct | ol iR Ge: S vasRE e i FE R & e Pt ot ies AL Rool Mg
of the ggpﬁdh emnmdd,ﬂmpmﬂﬂ morﬁammﬂs actiFity thex thejddad with rbspn&eo sajubility] stabilgy,tand

Coupt 1 ngu BB o Reiite PREREIIGH Thee MoPr G PTG IR0 gt R MR e

groups af:2¢Reie] OfThEMeﬂmMubﬂﬁcmfﬁfthbi&g mea&pm E’aﬁ%n& QilifhOH bM&ddS%ﬁ@ééeﬁMBBQ

For exa rderm be ch mcall tothetertrary
ani de | P ?58’?“’“‘1{;%@% S\ﬁﬁ@? gﬁ@f‘ﬁaﬁ’)‘ %8and Y is
a sui tabl e prot ectr ng group, such as at- butyI oxycar bonyl (Boo) protecting
group; I S a % e functional group, such as N oxy succinimde, used to
conj uga 8”’65’“"6 é"’f“ﬁ’nker to the s-amno group of the C-terminal I|ysine

resrh due rc\)r]: t mge fcbﬂ@buﬂd@?f rt@hepﬁgdaﬁmu@n&nﬁm o ﬁ}tﬁﬂlﬁh&ﬂhﬁdﬁﬂﬂ&é b@r&ﬁ' SHeRUP,
sSucC as Y, SUCCI n| m de used. t.o co ugate of t er to the a-am no
gr odp ofisifiad E?‘ldéffi”r}’h%rf"“l‘l%‘? atian okTaé o‘rtetnﬁées@@ewfaa*g@ﬁp ORSHSer .

Addi tional |y In :2f enfoeafRhe thelddfrd) @PE gs&ﬁrermﬁwmamﬁweﬂeﬁn@&o%mhﬁ;y a Oxgizeg to
the tertiary am de linker, 10 A*-C O CH2- X-CH2- C20- B* . where:

NCO- ( CH2§t RiHhepe anghporcgntigtion eifestiysctoropfimize Sramption of fhe desired lsa@err\r%& gxample,
succi ni gkidionwTahebfide HiReH fé%ﬁl? tv@: in@hmb1B&iidr 'd'fb'ﬁﬁfde %Qn&sk(@n&oﬁégcﬂ geﬂfdg WRaiR) is t he

-termnal lysine residue of the first peptid nononer ;

sui t abl @reﬁqm@@llb achicvgd denst fasmationaef inernajecylae érswriﬁr h@ldswa@rl tbe Oé@mmsg@e@t g2
of L€ DMSO or iodine (L,).

In other embodiments, the formation of cysteine bonds is controllied by the selective use of thiol-

protecting groups during peptide synthesis. For example, where a dimer with two intramolecular
disulfidc bonds is desired, the first monomer peptide chain is synthesized with the two cysteine residues
of the core sequence protected with a first thiol protecting group [e.g., trityl(Trt), allyloxycarbony!l
25  (Alloc), and 1-(4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)ethyl (Dde)or the like], then the second
monomer peptide is synthesized the two cysteine residues of the core sequence protected with a second
thiol protecting group different from the first thiol protecting group [e.g., acetamidomethyl (Acm), t-butyl
(tBu), or the like]. Thereafter, the first thiol protecting groups are removed effecting bisulfide cyclization
of the first monomer, and then the second thiol protecting groups are removed effecting bisulfide

30  cyclization of the second monomer.
Other embodiments of this invention provide for analogues of these disulfide derivatives in which
. one of the sulfurs has been replaced by a CH, group or other isotere for sulfur. These analogues can be
prepared from the compounds of the present invention, wherein each peptide monomer contains at least

one C or homocysteine residue and an a-amino-y-butyric acid in place of the second C residue, via an
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15 linker to the s-amino group of the C-termnal |ysine residue of the
second peptide nononer; and the tertiary amde linker is chem cally bonded
to the s ety, Y NH (CH2)4-CH NHY where: C of X%dsusydhissb! Y
bonded to ? 08 t1 8 spacer; and Y is a suitable protecti ngﬁgroup, such as a
t- butyl oxycarbonyl (Boc) protecting group. 20 Addition of |lysine |linker The
peptideir{{{gﬂ, el LTXP blsBiEg i/ bh6s! KnB¥ R fin HHE 2ROISEL, .o, IBARAG al.
enbodi nen ,g{gﬁg& Kstfﬁgo%ﬁersﬁlgnn%g%tégﬁ]ﬂ%@g@eé intou% he %e tidég duri n%ﬁ
pept i de (992 hd&idsChano 3520403048, andifler et ah (1993) hOrg.i Ghieax: 56:3 63%\4 8k yOorenftshillin
two fungti onal . i S 4Ll ati Ltbe bde
synt hesitl Sy oY By aRp e ot 5t P b dhdc bl bl oloph o PERRS)
am no ghotyfig adidaid henabystesnebi ndi ng to another nol ecul ar noiety, the |inker
may he conjugated.to.a lid support. . Thereafter wo i.de ONEr.S. .. My
be s?nt hesi z aﬁ“?‘?%%tt? ytﬁg ntlf’ et he &' %at?oélaﬁtf"ﬁ?ws’n PE“F%E;I %‘9%?‘?3%51’ eg‘%ﬂat e‘ﬁl?%ylg{l ne
| i nker ktfategidsedap ban employed.i afucb malefatiteecywiitation pvasgies imilindes ifer txaoipls, qudde- | n

al ternat e .enbodj nent s wher e eptide dieter. is.di i zed,by.a lLysine |inker
Pk o ol R s YR 8 P ERbAE o Briiob B iclAh S Rae el ool ¢
a pepti dé @i peésent iabdndion paptiisten aysythed iferm Sith Rither cinj inyahéleonlaraynidechoad hir exed
by net hods |1 established in the art. Lp one enbodi.ment, the |Iinker

ot i ettt odier SGE A0t ket a oot Rl h SR ermrb e YRR gf the
tar gﬁt fcbhiagédueriba!isd@ﬁ%ﬁdswiﬂﬂyﬁﬁﬁnlz dﬂﬂa&ed&ﬁli aﬁ&ﬂl{eﬁﬂﬂc@fiﬁem ﬂigﬂ&aﬂ&ddfcmfl&&egﬁera
synt hesi zed pepti de naner s.. For exanpl.e, the |ysipe's t ree ampe

gr oups ﬁﬁ‘?j‘cﬁ'go“f”@%’?@ﬂng&?‘frﬁ‘eglﬂﬁ uge ap apyidehond gﬁ%ﬁk% S{j@cﬁ}ﬁ@s \é\?thﬁsﬁéwodﬁ’s“ﬂ‘%
pept i fl_e Aﬂﬁﬂﬁﬁwf | hy§ a pepitict hAbedynthpasd rwh'él_‘eﬂg@lenlﬁﬁtﬁihél of ﬂfénbrm%_tua&&?aa‘ 1‘ts tﬁ&mcea with

i nventign further caonprjse a spacer, miety. .In one enmbodi nen e spacer
may be iWES{PGFHIG 4 ele mesope sraydendsformgd Huprahhethaysthes dakage bFB‘fee%E’ﬁﬁﬁS‘Fe,

wher e a cBRACH the l?ﬁﬂé O B&rR) fesife 21U tAOscBdALRst@NS! reBidaE 6OME cbrid REdubBahs SIcRUR
(e.g.é, a _carboxyl group or an am no group) enabl es binding to anot her
nol ecul

) t.hat ! . .
ul &Aditien & ﬁlsu?ﬁﬁs Syshieation nysptegies. c BRiergurlisation ostrafrgics otdy thitipiper eyclirationne
embodi MeRftei@ oAl BER be SR LANG cfcliPe b BGhpRA ofFAOMRSnt Rividibs ! ARGHRIVEY, &0
the solid support 10 via a first functional group. Next the lysine |inker

LK noi etayrinedeinmigpstofigiefngptidei conhe capped pmith aagraiistituted acefisragidnyhersinithe a-pubstient
sites for peptide synthesis .and thi,rd functional group..;e.dg.., a carboxyl
oo off afie 2 55 BARledie kil 6 i SBRore iR Boit o BromoaciB DAY

I S conj ugiali®eeticacidhe spacer via the spacer's second functional group and
t he 2|0i nker's third functional group. Thereafter, two peptide

" Addition of branched tertiary amide linker

The peptide monomers may be dimerized by a branched tertiary amide linker moeity. In one
embodiment, the linker is incorporated into the peptide during peptide synthesis. For example, where a
linker Lg moiety contains two functional groups capable of serving as initiation sites for peptide synthesis
25 and one or more other functional groups (e.g., a carboxyl group or an amino group) that enables binding
to one or more other molecular moieties, the linker may be conjugated to a solid support. Thereafter, two
peptide monomers may be synthesized directly onto the two reactive nitrogen groups of the linker Lg

moiety in a variation of the solid phase synthesis technique.
In alternate embodiments, the linker may be conjugated to the two peptide monomers of a peptide
30  dimer after peptide synthesis. Such conjugation may be achieved by methods well established in the art.
In one embodiment, the linker contains two fimctional groups suitable for attachment to the target
functional groups of the synthesized peptide monomers. For example, a linker containing two carboxyl
groups, either preactivated or in the presence of a suitable coupling reagent, may be reacted with the

target lysine side chain amine groups of each of two peptide monomers.
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nononers may be synthesized directly onto the two reactive nitrogen groups
of the linker LK noiety in a 15 variation of the solid phase synthesis

t echni queyw b/ foi80P! €, @ solid support coupled spacer vyéﬁ},gzof,:{,@‘qssgam ne
group may be reacted with a lysine linker via the |inker’ ree carboxyl
group. In alternate enbodi nents the spacer may be conjugated to the peptide
di mer after pgRkifSe, 18/RHRESIEmortYS Mhaf B (heAREI VG uPRY tdife tetirgwaie liykenet hods
wel | established in the art. In one emnbodi e &t Lt he linker contains at

| east one functional group sui t%"bp@ FHeX e R nt to the tar get functional

group ofhgl % h&qxr@m(@ng;m aR@ Wik d@m&@rg&e@aﬁpg@up,auapmbmﬂmcabénymoayn ne
group may be reacted wth a peptld

term_nal carboxyl gé\[ Eﬁa\oéher
exanpl eprofeciing frep; W tif 3 guiiabledupctiopa] gpaup gushps ¥y BweC Nog TUEHS
am ng gpam o Me Ebéﬁﬁ e%@ip SHhe é‘jtérﬁﬁﬁfrl? §1d1|i€03ﬂfﬁ'é faud ﬁf‘c‘ﬂﬁd&gllnbfﬁdﬁ;er‘(aﬁgﬁa‘ i#d In
recent years, water-solubl'e pol yners as pol yet hyl ene glycol (PEGQ,
have beguitabis dchcliaral gmhm sochval Moky Bm:lmfrmdam;semirto abnjpw Cﬁ eftheflinkdrdo El’pé‘-tﬂmm and
di agnostic |{$0@ttanc%1 At t 113 lcd {;r]ggs i's thought to enhance
bi of ogi BRFP YCPT GiealERe iy B?%otﬁeﬁ’?n L?F%fl on i'ie, reduce inmunogenicity,
i ncrease aq uﬁddiﬁormﬁy,uﬁnr lekaryple,athel peptidanaaomesi méabe eh¢micgiyot@pied tdithe tttiagn.
For exag%d coval ent attachnent of PEG to therapeutic pol ypeptides such as
interle ﬁémlf %nauf, et al. (1988) J. Biol. 30 Chem 263;15064; Tsutsum , et
al . 1¢1995) J. Control | ed Rel eas&*-&R)-@HZ—K—CHﬁC’@-Bér ons (Kita, et at, (1990)
Drug Des. Delivery 6:157), catal ase (Abuchowski, et al. (1977) J. Biol.
Chem 252: 582), super oxi de di snut ase (Beaucharrp et at. (1983) Anal.

Bi ochem , 13 e in deam 1981 B| Q h| m

B oohe R ANen Ja RO, e AN oL Broufe o oKL Feoiige, PR
and/ or @ C! §¥0iG HnREFLLD OB Biaiiic) ofhe | URAhRAT Msine 4dsidle @Q%ﬁé%&ﬁﬁe
PCT/ US200 /014889 Thep‘%e@%tl de corrpoun s-of the invention may conpri

pol yet hicasmergind & is niypetiopal eropR; BRh pNOBY BHcEmige.gised; jugate Fﬁef the
br ang heﬂnﬁe?% Lara\’anﬁﬂé dRub RS c%m*mly%m@‘%&idu@foﬂﬁbe B&RE b éé dé’hﬁﬁé oy ﬁidathe

car bamat e ge or Via an amde [1nKage. An exarrp 6 of "PEG used in the
pr esent tmmmﬂmhnkcswlchmﬂlyboudﬁﬁrtaﬁ@hmeﬂ?ﬁ@ﬂnaw ng a nol ecul ar wei ght of

about 20 kil oDaltons (20K) to abg ( Jlgﬁlﬁ "about" indicating that
in preparations of PEG sone nol eﬁﬁ%? wei gh rmre sonme | ess, than 'the
st at ed mwibtrect fiX moxgzltﬁn)ly beudefl ¢ @bofithe sphver; REGYHa s suitabis! protodting gmmp,gshch wfa t-
about 3g|$y§to l% gr(ﬁ(ﬁg te ot h%r exanpl e of PEG used in the present
i nvent i SAYIPEYFIRR: &% %E‘épnm ecul ar wei ght of about 10K to about 60K
(theoterm "about" indicating that in preparations of PEG sone nol ecul es
will i,gh nore, so | ess, than the stated nol ecul ar weight). Preferably,
t he PE@H‘%&”’&”@N”S?‘W&% wei ght of 10 about 20K to about 40K. Mobre
preferably, tThepdphfe masontersmag bellinderived tghit lysifie idketiLx #lety. In one embodiment, the
lysine linker in incorporated into the peptide during peptide synthesis. For example, where a lysine linker

Lk moiety contains two functional groups capable of serving as initiation sites for peptide synthesis and a

25  third functional group (e.g., a carboxyl group or an amino group) that enables binding to another

molecular moiety, the linker may be conjugated to a solid support. Thereafter, two peptide monomers

may be synthesized directly onto the two reactive nitrogen groups of the lysine linker Lx moiety in a
variation of the solid phase synthesis technique.

In alternate embodiments where a peptide dimer is dimerized by a lysine linker Ly moiety, said

30 linker may be conjugated to the two peptide monomers of a peptide dimer after peptide synthesis. Such

conjugation may be achieved by methods well established in the art. In one embodiment, the linker

contains at least two functional groups suitable for attachment to the target functional groups of the
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Exanpl es of nethods for coval ent attachment of PEG (PEGyl ation) are
descri bed bel ow. These illustrative descriptions are not intended to be
limting. dinary skill in the art will appreci g&rabsodsgéari ety
of rmet hodg%98£03§%I ent attachrrent of a broad range of Glills ?

est abl i shed |n the art. such, peptide conpounds to V\:hl ch PEG has been
attached u ch e
enconpadaltshe éﬂdﬁ%ﬂgeé‘ﬁ 5. Bl bR Bl 108 e My 5B
bound tcnhd(h&rmnnk@rboxyl@nmpsembhu‘étwgrpept;dehmnu#mrs.h an activated PEG nol ecul e
may be bound (e.g., a free am no group or carboxyl group). PEG nol ecul es may
be attached to am no groups using nethoxylated PEG ("nPEG') having different
react i velddivebfspacerSuch pol yners incl ude nPEG succini m dyl succinate,

MPEG.succi ni i, dyl rbonat E nPEG. 20 4-nitro b
G apE cynrhip pepiioaRPaints of R mivefiish Ytter Hhiric B sgodl bloRB! “Wlone GEGRASLS:
car boxylthegfpatqnmshe ng:omrdmb@toatheﬂeﬂﬁﬁedmdgipeﬁnder@ethesm nEor@ucampie (iR Ca b#alae)r

In sone enmbodi he |inker r contains,a ternnal amno
20 SGRRRS p Ao Ebp stk o R PO g e, A ey e o e o
ﬁé GPe reﬁme_iseﬁhdm'hgtth abtiten gio&bhlyr mngﬂévgf\l gsécé?lﬁﬁy bB’&%(r@ligdted to gllu@diluﬁﬁpl?ort
ar a-ni t.rophe car bonat e e a abl e val ent
Car banat o 25 T OHHSTREITERR A5PA7E1 PR Re™o Sictisnel SRS 55 GBIy b S SHOB

Wi t hroa sl 4 Rk YordGdral grogysl R&E@miyeﬁalhﬁker Iﬁliﬁdie Sl tREfmstial fotfstrpable of
butyrate (nPEG SBA) or nPEG— sgecc md 8 onate nPEG- SPA), containing a
react i veECINIBAS TYR4LoR SYesi TAY PAPH a?fwgﬂ Heneb BrRUR (&8 %c%‘a%ﬂ EAP or an
car bamataghi Bfbup) that BiabBRE bﬁﬂb@%%@ﬂféﬁ mlofeBulkd ﬂlﬁéfy fsemfdged 36 st B a
carboxyl grqup capable of being activated to form a covalent bond with an

ani ne- c SRICST histRgnPREncHanad &ow eiale Wik niw fupgionalo groupn glharsfern tepinentidee
30 PEG rﬂpdn%ﬁle%s%yluaceyrmlzef&%cwan@m twréaameqnﬁ@%ﬁtgf g GﬁHQhﬁl&ePﬂé mofR§) HEe

carbodii m de-nediated am de formation _or the onlst activity
assays: verigiopiof the sp%ehaﬁ%ﬁ’aﬂwﬁwa%qumfomawbﬂ &@ﬂ_@wm@;l w%m/votilm In

vitro C%m?&tgr&go ﬂgquc%@\ﬁ&%q ﬁn&ﬂﬁ&%éﬁé M&P@ﬁé@ééﬂb&x&l Q*Bup?‘ test peptide to

conpete with r bindin O- R For exanple (sée, e.g., as described
in U S. Paters ajerngig, mwmepﬁethm@mcat a1y Jieagonjugeindite ths pentide Hiimemafiep@eptideEPO

b1 01 10 L BB HeSERBARN B0 Rla AFMGRANE fine £01 n oA tobdd}fery

reconbi n [ rotein c ed'to a so sug ort mcrotitre dish or
a synt hdhg hlﬂqgemta[ilé ag least@ns@mcmr}ah grob sudteble fusrattmthamesttothe targshfungtipnal group of

R f I
o or i ppinblized AR, Fof BnbiF st i 4 BEABERE froll by ol AABLE Uik R BT
test p ébtendmalaaaﬂnosﬁmrwe dn fimnthes exAmple p dinkeraviths:, fredssdpxy) @rovpgnayi bereagtsd a\dlﬁie d
test pe%é ch a%'ﬁlflé Q‘gup &taéursngeigude

Attachment of polyethylene glycol (PEG)

25 In recent years, water-soluble pelymers, such as polyethylene glycol (PEG), have been used for
the covalent modification of peptides of therapeutic and diagnostic importance. Attachment of such
polymers is thought to enhance biological activity, prolong blood circulation time, reduce
immunogenicity, increase aqueous solubility, and enhance resistance to protease digestion. For example,
covalent attachment of PEG to therapeutic polypeptides such as interleukins [Knauf, et al. (1988) J. Biol.

30  Chem. 263;15064; Tsutsumi, et al. (1995) J. Controlled Release 33:447), interferons (Kita, ef al. (1990)
Drug Des. Delivery 6:157), catalase (Abuchowski, et al. (1977) J. Biol. Chem. 252:582), superoxide
dismutase (Beauchamp, et al. (1983) Anal. Biochem. 131:25), and adenosine deaminase (Chen, ef al.
(1981) Biochim. Biophy. Acta 660:293), has been reported to extend their half life in vivo, and/or reduce

their immunogenicity and antigenicity.

-4]-



bi nding to EBP. For reactions containing test peptide, the anount of bound
EPO is quantitated and expressed as a percentage of the control

(total =10Q%4 »dak/nflk These val ues are plotted versus peptdaostorasse
concentratggéi)zrﬁa qkﬁ 1%'3(:50 value is defined as the concentratTon of test

pepti de which reduces the binding of EPO to EBP by 50% (Le., 50% i nhibition
of EPO bi ndim)pepﬁddibdm‘qmmdmt ofi the vﬁvéﬁﬁbnqmypﬁﬁﬂﬂnise/e folyethylege Maly(PESasmiﬁs t he

| i ght f t

EPS & o s eialrahg s Bfinthn RerRbod ot arid Bt bR b b et e e ¥ o

%E ge ][ atdiﬂ:aﬁl}iteﬂiﬁﬁ;gbldégig% afﬁd&lﬁ@a_ X e ﬁP&atRxp%e%ﬂm uged bd ﬂﬂ@réshahm@mmem digeany t h

or (0] ev . I N ausl, n rease I n

T oht CRPBhSR PR B, ekl oyt of akant R TiphalteR St et A TG 185

decrseasabdut inﬂ@mngeﬂmsmlpaépataﬁoﬁeéf}m sa?.la txﬁwech@ﬁﬂal‘l(l) &]lceige mﬂi’ﬁﬁsmpltbésd?zﬁn aiiéptc;e
resent |1 nve n e | Cl en or e

D O st el PG, B, diEEGOne & molsgienwrigtag et X' BBkt s h

EI ndi ng of Eﬁialﬂ%g gﬁdﬁ;ﬁé mﬁ@héeﬁmtlﬁ\gs%sletﬁ m@tlnhr@%m@ﬂfsefhamgwtndﬂedﬂar @eightt hey
ave ve ow va e 1.0l Ol Ca acCctl vl ot en

rmnorrerqf)éb% dog tWEéogéég“i tgen Egeﬂt'ﬁnaﬁmggﬁaé ”blfreffﬂ@“’n¥ ﬂs‘gﬁ?ﬁnsewe Elﬁs Hillhg

speci fi m{gﬂ MorleOsohtdGeds ik B6 SiRfe® moletBr VASGHIE Rfckr iy, Wkd PEG hiy Q/Ihblé&leﬁQJeighb&S ed
functlona assays. One assay i s_based upon a murine pre-B-cell |ine

exphles sPAY 295&‘&?4’0[‘1‘[5@1% Mot pieffrable the Pﬁﬁéﬁ‘% P E’@leé’é]aﬁ/\ﬂ"?’ﬁ‘té’f ot Moot er - dri ven

lucif erase rpgivles of $RBASONSdvaldil attadiRRf SPHITS WESifioff ik Bscriked 1RIOAL Mkse
EPO- R a oni st, such cells respond bg‘ synt hesi zing | uciferase. Luciferase

causes Hinuratya desqriphionsrare 7oy mtenéﬁbw b tigitigo Fne pf erday skidkin theart will japrsediaie thathus |
the | evglaffy Odfip Ui d@?&'oﬁ?&lén@gttdcﬂ:néﬁﬂ%?a%@ahﬁ AR iOWE iR Y R art. As

measur ement ferase activi t%{q he activity of a test eptide is
pe of 2

measur e%l%?@ﬁhl oeppounds it whigh PEG ¥ attaphedthy sy (9 ptrivgber of attacesat msthodshi ch
ar e, h% Fﬁ%gm eﬁéoﬁa@ﬁﬁ?thﬂﬁe&&'ﬁm‘v%ﬂ@at ion, luciferin substrate is
e ce

added to t sSsion IS neasur ed The concentrati on of
test pepti deFfor 3gamplay PE@snﬂytbe pwabntﬂnab¢undeta|thaluﬂeennmaapacuve grogpitto iwhich an

i anat 1A R e K7 pPplit B8, Dhor i SRS colb TR B 3 olequtes may
| uci f ertzsttachee toemmsine groinps ushg sneftwsryted THEG §"ret G bavdng diffoentoeactive meiptisss Smthed

cubst arfery bl bR By aind P SRR SRRRE GGk Bhen

PC'D(IJSZ@ﬂ&bﬂibdﬁS@rttohﬂy, mwmyanhmwlﬁm \Eimilery), PEG’lmleauslssayxay be attgphef r r ed

met hod stimati.n nd act.] vi IRY f O R agoni st peptide
of the |a‘ﬁ]\9§ﬁtgf°uﬁs u%%?lﬁtg?xﬁa Say §&ee perToF| HE%P -P1/ER cel |'s

[ Dexter, et lalsomé &Q8B&iments, Eherlmkemd spac&5&nté:ﬁs’3£teﬂrﬁxﬂil]a;mm gl (el pasitivhed it tted
nont rar;[sf orl C% trg‘g rsiaglc%r).bo'i)hls %glwargu%yg\r/gu% r%%lr 'be lr!carc]: %h a SUItﬁ)th activated PEG

molecule, such as mPEG-para-nitrophenylcarbonate (mPEG-NPC), to make a stable covalent carbamate
25 bond. Alternatively, this terminal amino group may be reacted with a suitably activated PEG molecule,
such as an mPEG-succinimidyl butyrate (mPEG-SBA) or mPEG-succinimidy] propionate (mPEG-SPA)
containing a reactive N-hydroxl-succinimide (NHS) group, to make a stable covalent carbamate bond. In
other embodiments, the linker reactive group contains a carboxyl group capable of being activated to form
a covalent bond with an amine-containing PEG molecule under suitable reaction conditions. Suitable
30 PEG molecules include mPEG-NH, and suitable reaction conditions include carbodiimide-mediated

amide formation or the like.

EPO-R agonist activity assays:

In vitro functional assays
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5 EPO-R has been stably transfected. These cells exhibit EPO dependent
proliferation. In one such assay, the cells are grown to half stationary
density i nce of the necessary growth factor

descri bedwé{b&/@lg@gtent 5,773,569). The cells are thensPéﬁﬁg%?Oﬁmq
starved for 16-24 hours in whole nmedia w thout the growth factors After
determ ning the_vi abl||t‘é of ,.the cel

ye sta
st ock sol uti SRLP RIRRUIE Brsne2sive ﬂ'(‘?&i’t“a{eﬁbg@?% 0rﬁa‘f g% %F%ﬂp ﬁggp?o
gi ve abquit biddiy REEPGRPHor 2Rghple &¢Il , adlidedstibaina WS. rmﬁ. lsgps 56, EE’@ttF&cdgﬂnﬁl st

Do i i 56 O i AT BERbPnd o RRE e dhamd |

96- wel | thd febetbiant piotein ﬁ&@ﬂdﬂStofaOsmhﬁ sttppaﬁ,l suvlp hymﬁﬁnﬁ@ﬂastn ef a \salthetic Gedd [@.g.,

i L1 pOHEI RSB 8T GATPERC BIRRPRL-3 e Sl oo apopeiod Vit

prolif erlatelea ﬂedoﬁabﬁaaﬁtrﬁmaﬁwﬁeﬁtamedt@mwﬁﬂteﬁwﬁm tdsﬂpéﬂﬁﬁe aBérial amﬁmnsan R
MIT 15 assay which nmeasures H3-thym di ne i ncorporati gqrébt?s an dlg cati i 8f
cel | pr diepHds 2 P!Bﬂoteéefer SR STHRGNENIS, Sy ppinty Wit A8 RAAGET) paRtidgssle EP

Pept i despnffify t@\/@ﬁwatvs.dre%hda@tcbmt:hﬁg E&D;;amas RhS ambid FHolnd ERO ; 1s eaaﬁmaned and
parental non-expressing cell |ine. concentration of test tide

necessarSPiessed ped BereRiReh é?lf fhe pontrel K@tatmtﬁzt)%hbmé@g | ThesgIvplugy &e .Ptﬁtte gerﬁtédtspteftéd

as the RehQntratidg. ﬂﬁ@t@ﬂﬁ@t&fls Hé'fﬁte@&@&@ BénckiB6E bORstHepideClIREPeliccal th¥ binding
enhanced abilit 20 dependent cell growth in this assay.

Thi s entﬁﬁ@@d"ﬁéﬁé&’ﬁgﬁ(t% fr%mé@me&E biogiggk ability to yield half of the
maxi mal cel | @a&tetetlﬁt@tﬁ&ébnﬁ;eamelmtms@gtﬂexstuteé tliéthg%t:” E%@géde@atéaast%ﬁon of

concentrations of peptide ave veiy val ues

assay i sheprgyinty of Bp bﬁé@%@a EP@rcoayeqtﬂéq%g!dtmeE &R@nwgﬁmbeaécwm AreKimty in
EPO- R agpplsty Ebﬁﬂwgfof EP6 %ﬁi"@'ﬁ | Ofdst ﬁhd@ Etgllﬁ e?ﬁ%%ﬁ% Pdr (Ejlﬁhthgto%ﬁ)-R

grown to statidnary phdse in O suppl e nte collecte and
t henisc ul will rpeeyefitahis Aindingsl iceusingzd dec@aserinlightheyoiksion. mﬁhmmmerataﬁ)m aft@stqnt)tub thate

di vi ded 040 ahs'oﬁz‘edegfe%@ hgﬁfenﬁs%ﬂ'xs &Eﬁ.{;le!dgg%@?b e group wth no added
factor (negative control | ve control), and an
experi ment al Khepepides ofthe h@setnestverpiepmmtc Vﬁt'beefﬁulbltthar'eﬂh EBODIfer demgthehe EPO-

col | ect i h

fl uoresggn?&aég{ geldsf.m}émro | %etgjérnn%ldob& t?é&ldabﬂ fﬂﬁgbw‘iﬁlﬁo? ava| +bg%11@agl?’ rom
Si gma) , lﬁmmnmsmmmms mfsaeptl'nbr(z ergtheythagcivery ow I@ﬁ@tmﬂt@) usi ng a FACS Scan Fl ow

30 cytometer e el) s bn eac se .of th cycl

herbe et o T A8GT SRS ol pofeicy & heRRASABRRREAS pebte L R S5 o
(Bect on ﬁmkoms:ﬂnr)h blﬁ‘élsbemﬁafaﬂgttedha/vﬁl’@-r&@@on rm@nbacdcasueed pey irdeitral deli-batedw a
greater pr gr?aition of cells in S phase (as determ ned by increased

fl uores i ndi cator of increased DNA content) relative to the
negative cont@mel asgsyo D based hupdfd Qﬂﬁﬁh&@ﬁeﬁﬂﬁdmfiﬁb Lé‘iﬁfb@sbig)héﬁ% EPS-R dndr ﬁtﬁB&ays
may be pneaglgfgcrterﬁe\%ﬂllj %Ifn g promoter-dnL'en Eszerasg reporter tgvglre cons f. ﬁ]ﬁon e))cposure It:'XEPO or

25  another EPO-R agonist, such cells respond by synthesizing luciferase. Luciferase causes the emission of

light upon addition of its substrate luciferin. Thus, the level of EPO-R activation in such cells may be
quantitated via measurement of luciferase activity. The activity of a test peptide is measured by adding
serial dilutions of the test peptide to the cells, which are then incubated for 4 hours. After incubation,
luciferin substrate is added to the cells, and light emission is measured. The concentration of test peptide
30  that results in a half-maximal emission of light is recorded as the EC50.

The peptides of the present invention show dramatically enhanced ability to promote EPO-R
signaling-dependent luciferase expression in this assay. This enhanced function is represented by their
ability to yield half of the maximal luciferase activity at substantially lower concentrations of peptide (i.e.,
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152: 1036-1047] or TF-1 [Kitamura, et al. (1989) Blood 73:375-380] cell

lines. FDCP-1 is a growth factor dependent nurine multi-potential primtive
henat opoi itor cell line that can proliferate,

di fferent ?‘FQ E[)O%Aﬂgﬁ’nsuppl enmented with WEIR-3-conditi onedPCP Szdﬂ?gmﬁ? di um
that contains IL-3, 5 ATCC nunber TIB-68). For such experinments, the FDCP-1
cel | |itmeg hﬁvetﬁ’e@nﬁvfweECﬁﬂvéim&s tmﬁ eﬁk&ﬁ&@ aQpreferied methodE 6 Etitmatingy thel potency and
FDCP- 1- bEPO I? E:* %:P |'i.nes, respectively, that can

prol i f AHYIEY ofBREPRR 2 Ff%@@ﬂ‘f? %‘n"‘iﬂﬁ"‘! he presence of EPO. TF-1, an

Egg gependenAndﬂeelr Iasda sy Bm;)érﬁlhﬁfd g m@ql'l1m ma@éﬁ?]ﬂ leeak (1980} shm;fp MRp! i de
agoni.sts on ce rojli eratlon n yet anot her as t he

procedu 11989-1944); tahw‘?lLL*RF%‘iEﬁgé‘fd’( opggsforped,mugrag hang magrpw B%@éﬁrlmﬂ info which

m crsoassm-kt}aw&n@ﬂabw%aﬁéfwmdd VITﬁesechIfsfHkB@ft EPOQI&pdnﬂélﬁ pEqlif@gibncel | s may be

enpl oyed to ascertain th bility of the corrpouénds of the prezggjﬁﬂl nvention

to serve as ewer sibseysthe pilsrg @pwn tishalistationary depsiy m e rgsense S4EEHt wo
days wi hegdids lnaselr o | fRQiebRBed B IB(B) Patédt 5I7HE549)) THe 9ells arS the RAsie @ kil BB

renmove and thelr ablllty to proliferate over a 24 hour period ascertained
usi ng affErKIEORLE R hours B Wiplianedp withomtibe gowiipastprs; dfygpdetermining the viability of the -

eryt hropgi ¢l g 'Btyrtﬁrﬁﬂplﬂﬁé MEm#ng), Stobit %ﬁtioﬂﬂﬁ?ﬁﬁol& W@ Wiout ke ﬁﬁ%ﬂﬂ&&g & e of

both the recepfor, and nunerous intrace @Erote|ns i ncl udi n he, vav

andlQ AKR giveisheisd0° cPHepasiOile, Serinddilietions of the pep %Wmsmom@ (tamivally e of
d B f
pepti dege Ot it ghﬁﬁ\é%}, ide"hs ogﬁés@&it raﬁhagé! bOgIaNE oﬂﬂpﬁ&mr&é uﬂinbﬁ’iﬂzéa eFtE’déQé%

downstream i ntr ar si ucer protelns. tive

i dent i fieeter &y nimdpé Poywealh dsyye ghlvre plates o1 aofingd yolume oF ﬁDane derawell eCelbl ) aep
phosphogdil a4 Qb wlRbiehB o5 + ){mh%?éatizl%l hol3, ﬁt%{é‘fﬁ% %%Eé%gv ]IOlS f ould

eryt hropoil eti n-responsi ve ce or thi's assay, xter,
et al. qugebia qw]esmp Gedtiprofferation &-ther] mepswedby m‘rammlealﬂnqvnep@fsqbpw@memw

ek ), P e 1 S e, I B 58 BB B i
i ncubat €883 Jt horaurob sMetth’qstGiS $6-6Bpr Pmupwscm mlmte;i ofi(both the FPOR-Expressing well e
ts ﬁgﬁl g 011(1)1{ egf%%?%{}on-exgms cel T ”lrhe concen gﬂl‘a 8€tels{it I}Te@(%séﬁ bc{ﬁan ofE hal? of ' ©

resus and
subj ectthdnhmﬁﬁﬁllmodlgfaﬁophmdde@aslthedi@@t rophoresis. 25 The el ectr ophor esed

i i f | [ul
Phosphot yr osTHoPeEtst of b rERapciisifioh ho% HESBfca, Bfieef Jound womais.pep-
i m2mol dupbmﬁlt ceR glomitiginahis assay. Eiaenheed filnetidal iotepresayedty theinibdily w fi¢ld asif of

(ot aF cOERRHA 23] BB S D A DR MR
ant i bodtey 8aw@- vmpmﬁcd@saued) almﬁsesksag;oata Pefeiredriidthed |f&&§hﬁﬁﬁmd<ﬂk kidgaar shd&

Perry LaboratorlEgé nc, é" a ton, DC)]. Thereafter, 30
phosphotd} Vibsoiaa EEQrR agomish Bentire P 0veptionhe vi sual i zed by standard techni ques

i ncl udi ng comQhbth®takdag, the &NS Biel gmme %ﬁﬁﬁfary ph&seflh BPOAEEHBheREEBEum, tollected,

exanpl e, a cheplum nescent assay performed_ using the ECL West er n

Bl 0% i nepddbenicalived forpmadditignaldB hewbmﬁ@vm@@thut%%&‘hieﬁelﬁ ar? givided o 158 LTONBY, De
used t Ooiaeﬁ%ﬁs&lltdaﬁ‘mﬁcbﬁé/ brbtp QfithtdeCada@P k&L Snepdtive Bntrol), a group with EPO (positive

control), and an experimental group with the test peptide. The cultured cells are then collected at various

time points, fixed, and stained with a DNA-binding fluorescent dye (e.g., propidium iodide or Hoechst
dye, both available from Sigma). Fluorescence is then measured, for example, using a FACS Scan Flow
30  cytometer. The percentage of cells in each phase of the cell cycle may then be determined, for example,
using the SOBR model of CelIFIT software (Becton Dickinson). Cells treated with EPO or an active
peptide will show a greater proportion of cells in S phase (as determined by increased flnorescence as an

indicator of increased DNA content) relative to the negative control group.

-44 .



present invention is a colony assay, using nurine bone marrow or hunman
peri pheral blood cells. Murine -45 WD 2004/101606 PCT/1JS20041014889 bone

mar r ow ns?(,qgéa gﬁ?dGned fromthe femurs of mce, while a gapRBoAfiadgoman
ra 00

peri phe obtained froma healthy donor. In the case of
peri pheral bl ood, rmnonucl ear cells are first isolated from the blood, for

exanpl e, by gﬁﬁ]{aﬁ sugsf}gaﬁgg% @Q&a}mu Bgﬁa%b' O"Ve“%%“%&&é%%ﬂ%l%%@{@ﬁ?'ﬁled.
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C OSO r.ot.e e | et a

y I atfﬁgwé%g‘gbfcfa&%‘?‘@?”{%‘c‘f' Beré? %?d“s{’i’@ﬁﬁg’?%%?sﬁf) Kai ho and M uno
(1985) Anal TBE Ay of 4901 I/ EPOR (xde&nee:tyu@dpoiehnmﬁivebctdm 14416 nddced, tyrosme

di am. nof et al. (,1992 . Chem 267: 0 2130
(exp ?esgil Rhogyl %ow%oﬁﬂ R’Wﬁcﬁlarpﬁnmdzem@%warntra@%gb%w&rrsr foplyding Phoggsy and

(associ @ink@D PHREefby] StRE i Pas PR ihakirethefabilif\Ka) pepigaal Ge iBlentiin to(n’&&%é)
Bl ood 82:1071-1079 (lexpreSS| on of GATA transcription factors); and Ando, et

=7

al . (199395 Bhosphegtltion AcBRP-Rnd daygairem gicpliyler si2p! SEARRANCFIOPIOtSMS G, Active
transit b%gld&y a8 Y&dnkifel BY badachgDRk: pxepfetaﬂsﬁ ﬁa@aﬁnaes&gogﬁwar@gk %‘rﬁflg/tgl ?gbﬂh%fylanon

Devi ces , known as” a mcro& ySI onet er
t1n

success P%H%nmlﬁ ddengieal (e St o& FRA I Srythippoietmirespensive eedoniFer issgaya RDSRIAFR t s
ON YAri QYR [Dexter @Fc@pﬂgﬁ(ﬁ I %%Q@%ﬁ?fl@@ﬁﬁ 8k %aﬁ'?eﬂ@équw@d s Fﬁﬁmﬂ?@ﬁlﬂ&mﬁa of

the alterations in the acidification rate of the extrace ul ar diain

r espons 8roMe tp StetipRaby Phast. | Wﬁ ealls ayenthen Guitured e medinen Wiiwh FEOde24 br. \A defined
functi Oﬂ%lréi‘%? chtcBRd is n%b&{@@%ﬂgt&?ﬁ%ﬁ&e fhe lg_ﬂ% ‘?ﬁﬁ}& & mfh 4+ 894C. PRRbAHE 1 S

the 30 polycythem c exhypoxic nouse ssay. | S assay, mce are
subj ect &mple, ofreels m@ﬁhnﬁlftg rig also run with each assay. The treated cells are then collected by

centrifugation, resuspended in SDS lysis buffer, and subjected to SDS polyacrylamide gel electrophoresis.

25  The electrophoresed proteins in the gel are transferred to nitrocellulose, and the phosphotyrosine
containing proteins on the blot visualized by standard immunological techniques. For example, the blot
may be probed with an anti-phosphotyrosine antibody (e.g., mouse anti-phosphotyrosine IgG from
Upstate Biotechnology, Inc.), washed, and then probed with a secondary antibody [e.g., peroxidase
labeled goat anti-mouse IgG from Kirkegaard & Perry Laboratories, Inc. {(Washington, DC)]. Thereafter,

30  phosphotyrosine-containing proteins may be visualized by standard techniques including colorimetric,
chemiluminescent, or fluorescent assays. For example, a chemiluminescent assay may be performed
using the ECL Western Blotting System from Amersham.

Another cell-based in vitro assay that may be used to assess the activity of the peptides of the

present invention is a colony assay, using murine bone marrow or human peripheral blood cells. Murine
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conditioning cycle for several days. In this cycle, the mce alternate
between periods of hypobaric conditions and anbient pressure conditions.
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e eva a ac rs (0] o 1n uence I N ue
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pr esent ept| are I sg_useful in t? of _at her conpounds t hat
bind to QQe“E CF?'RH %ug@“g’wgt"ﬂ!r &s@n 9@6}@&1 r?g%maﬁ?lm}?@é'g? r{ﬁ?}P‘i‘lé?ﬁlc assay for
St r uct urgmo@fobiny: Kathd ﬁidathﬁG%fySE') Amd, cglaakmomg h@tlzf) Q&étéchb@hﬁhérﬂb@obm with 2,7-

devel t. Mo the hind to EPO-R, tid
of ' the. pRBBARNTRREich daiSBD 1. BOLHE:. 1AJai 31408 (rpgren p%mm@agf@ah -

Livigg cgld g1998) 6@19743@17'-@36 (aRodith Q8 ﬁ@dsmfe Ipuascaﬁ@ laflord bﬁﬁﬂ@), rze‘émtie,@ 9!3
in purified, natural biological materials; rIgor exanpl €, Lﬁll? abel |n

such peprpe@& 16Hel &7 {exraespion 0 GATIA gmﬁ»mnmg fw)R% Anglei gt 2 ({1998 Peoc. Natl.
addi ti onacRagg 19 96.98/19580 (b diatioh 8¢ 8] RAsERL ey iD2 and D3).

An instrument designed by Molecular Devices Corp., known as a microphysiometer, has been

Vot

e

reported to be successfully used for measurement of the effect of ageonists and antagonists on various
25  receptors. The basis for this apparatus is the measurement of the alterations in the acidification rate of the

extracellular media in response to receptor activation,

In vivo functional assays
One in vivo functional assay that may be used to assess the potency of a test peptide is the
30  polycythemic exhypoxic mouse bioassay, For this assay, mice are subjected to an alternating
conditioniﬁg cycle for several days. In this cycle, the mice alternate between periods of hypobaric
conditions and ambient pressure conditions. Thereafter, the mice are maintained at ambient pressure for
2-3 days prior to administration of test samples. Test peptide samples, or EPO standard in the case

positive control mice, are injected subcutaneously into the conditioned mice. Radiolabeled iron (e.g.,
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pepti des of the present invention can be used in in situ staining, FACS

(fluorescence-activated cell sorting) analysis, Western blotting, ELISA
(enzyme-| | ' osorbent assay), etc. In addition, their
ability t%ﬁ]ﬂ‘giﬁoﬁkEPO R, the peptides of the present inven ?%)ﬁﬂglé‘}‘ril@be used

in receptor 30 purification, or in purifying cells expressing EPO-R on the
cell surf=a - S Iy . ' [ I on
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can Be' usedt (3B ioll 0 dhal Nl S i bhORAT « L BoRREM 85

use in raoulocystasday.i zHon dhis \estaly, ERGaR untreated, mivey st asubcwifineptily pgentéddes tbieet he

present invention bound PO R. e f.o d,.enabling detern nation
of recept l%)sﬁuﬁ‘g‘%o%yaém ty the Oﬁf?(g%ﬁg St)@%é?ﬁ%@/g}eéh%g%agﬁy@%f 2 a’tjsso e'%%ac?en %is} re
t he capageded with ieonyddxirac y A dyr #eyubleoed sanplds ard collectal frbmbhamignThegrenta(f) dione

conpl ex _synt hesi.s, and.to increase.the nunber. of fergyitin receptors, b

o Tl o Foar D i PART i, pBRed BY BydsaR grines piveiend ! e SR et

gr owwh ebudtRCegtapendiantdditdd, Hemassrits Sare mamallyh eefebiiRed - NEROpEcandoft baretled 1
cell lines, (6). e related.t abel i ng.the peptides of the invention with
a radi odTRY ??H?‘gmfié‘?mﬁmﬁ%?llf’)m%ﬁ‘gﬁla'research and di agnostic

appl i cat i olns vvhle_r g&RETngﬁEQEB—-:i %Wgﬁ%%@hﬁ?&%ﬁ%@%ﬂéﬁ@ﬁm@@n is
conveni ently cali brat agai nst a kno ity of, a agoni st , an
Che. |1 keAehYS oppapRp i G o R ATty Rl B iomhrn ISURLTEBYE o\ fBioh JaRe s oo

t r eat menécend tbstRptideset BP@. of a nedi canent are provided. The peptide
conpounds of the invention nmay be admi nistered to warm bl ooded ani nal s,
i ncllddi ng humans, to sinulate the binding of EPOto the EPO-R in vivo. Thus,

t he prQﬁggfﬂ@@@bﬁig@e&u&@mm&lﬁaﬁt hods for therapeutic treatnent of
di sorders associated wmth a, deficiency of EPO, which nmethods conprise

adnmi ni st er i ng s DBl ermRoBndshef the RGN ane sglith éthPdro1 85 tagkst for jugdgrstanging the

sti mul atygoiddical BROOR BRes] héikding M SMivalich b e SHMR RORrABRAGH: ab QaMIhdD aRd be
defici encti/ of EPO in vivo. For exar’rgilggiil tge}ggept ides of this invention wll
§

find usdnffusnaedby.ttheprodustion of ERQ ard the by toythe BR@Fofe. gortlr mechgrism ehBFO
fai ljgr e/;gipaly b AR RnASSR6! RliGioMy e @legzi'; Rﬁsﬁ&é@ fe AsSRehPIafe aavagpmem

chronic 1 nflafmmtory di seasesggf or exanple '

; eumatold arthritis an
chr oni c obether compeundpthat bind jo tha FPOR, berapnthreprasentepsmounds dravirie impertant sigicturre

red bl oQ@..g : A | | Of: O her di sease 20 st ates,
%Qnﬁg-‘rfﬂﬁuso;agl%@ g&%%daﬁgﬁ n%th{) f‘f:é?ﬁta& ‘Baa?&hfvgl%]%ﬁﬁcnt

di sorders, ratologic Irregularity that may be treated by
adni ni strat i deresver, fhesed pathdivieility o bind & EPI-Bntheaeptides lofithe:present invention can be
bet a- t hal asge Eeg}g&éts S bdtborhl béﬁilsi'm F?iﬁrﬁg NS RRd iR i ?bflﬁtk i) SRERCES tissue
early anema of “prematurity; spinal cord injury;, space | ggrl'ut; acut e blood
| 05 adwomggenates; dk pyrified cheurlobiological materials; etc. For example, by labeling such peptides, one
can identify cells having EPO-R on their surfaces. In addition, based on their ability to bind EPO-R, the

peptides of the present invention can be used in in situ staining, FACS (fluorescence-activated cell

]

sorting) analysis, Western blotting, ELISA (enzyme-linked immunosorbent assay), etc. In addition, based
“on their ability to bind to EPO-R, the peptides of the present invention can be used in receptor

30  purification, or in purifying cells expressing EPO-R on the cell surface (or inside permeabilized cells).
The peptides of the invention can also be utilized as commercial reagents for various medical
research and diagnostic purposes. Such uses can include but are not limited to: (1) use as a calibration
standard for quantitating the activities of candidate EPO-R agonists in a variety of functional assays; (2)

use as blocking reagents in random peptide screening, i.e., in looking for new families of EPO-R peptide
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(both CNS and cardiac); and various neopl astic di sease states acconpani ed by
abnormal erythropoiesis. In other enbodi nents, the peptide conpounds of the

i nventi oN i 5’/?01\4&6‘3(1 for the treatnent of 25 di sorders (\f‘f‘/bﬁfbo%ﬁsﬁo"

Yo
char act erlzecP by Tow or deficient red blood cells, for exanple as a
pretreatment prior to transfusions. In addition, admnistration of the

Cormounq%f&{s 8 bR GR bk Wed 114l Hboberl B fro gglg&dg%t%gme BreBn? Gflkdifbn tg,?fgse%ﬂd

t hus Int mnistra lor to surg or
for i nctpfs:atstalimtxmﬂvelﬁl?ﬂ-& eedmgals of thg pentileschfitthe gyessov mvmloabdmdlt@ the HRQeR

conpou nQﬁa GJe fa%g éggﬁﬂﬁzgtd tkcln of &&%ﬂﬁh*&ﬁhaﬁw gtx Ya?l I%ra%hg (4) use to

negakaryo as beéen ave eni c
chenot acnaasmeﬂrr: saptacignoflengbuobyte prendtstrivells induce globinsyntbesivednd hgme amnpiwf sothesn

o RGeS sl TR il ) s o

609: 29- 3bgliferttive and rgthabf EBD—debi:mienti aell dines, euchvis [the ElD@B-lmeEDmedftha TFJriecell
treat nent. of. .a vari.e rders,. suc ronoti ng wound

st o ngsafhel BnEd to BB pdliad o He B Snia? Y Ao BRE R Batind! Mg

t hose t holter neagarahcandl ﬂlag:idsm applidBio\OvROEA thEEPEOR i cdietdbly oUvADAR S&-h antpaden di al
infarction):.trau I reat st-v ar graft treatment. The
conpouncfgn%)er‘lef"?ﬁ %aﬁgraﬁeg ng?ﬁiq\lﬁvﬂ qug%gtgoffqnﬁ%%ﬁgézg?ngﬁt, qnhéhetl atment of a
varity of neuryei axgitieen| aspbics of der ﬁrpsegeﬁﬁeﬁohymethbw aﬂhear&nzﬁdmﬂymh;mﬂcabes of ut e
| evel s of ace ohol i | ow.rel ative,l e s. of .acet l.i ne

Comohr e dne R G DSt acl e RePLE SonaREe & e SRt Fiak ke frinpEred go warm
Phar mac eﬂﬁddecahm@m;maudmg) HiGman3, ;oesnnal@ﬁtﬂwbmaﬁg)@s EPOSf totthe BPOSS @Nndive, NTBE] then,

phar maceut i cal osi ti ons of é(g bo e EPOR Omt"% epti de conpounds
Bre pr oVATeERl PRGN {SMERTEPAIFes GTpPFS 18 HERFING (RSAT (of CHSHIET PEOpiaies gHtof
such Coméﬁ&bﬁcyOdISEF@CwidE thdIRRR doﬂ@h@eabcﬁﬁn@i%ﬂﬂ§a e Bh&ﬁd’%ﬁ@ﬁﬁdm%' amounts
conp05|t|ons for 10 adm stratlon oral, parenteral

(i ntiPampetisiegtio s'inml?ta pherEiQsReat tuspfisutets asgmztww asgpoiaierhwiia & Aefisisey of EPO in

i njecti apjg, Ror %ﬂaﬁﬂtﬂé R pépRidb & thiRABFNNE] mnfdeﬁseng th® BERRARF T Rufficiency
el ect roporat I on) t ransnhucosal (nasal a rectal, ~or subljngual)

rout es GRd/gR pRd-itage renal éﬁlua«?/dlalyﬂﬁgansm@easw}a%dewfhém ssangpp asspeiated WEh shvomiced
i N dosagenfnadiSry AMRESRT (8 Rukimple S AGmiBMt Sripfis Aty Rivdhicabbpd. mhﬁ‘m&@t'ilﬁxﬁ adnd

conprehended by the invention ~are pharmaceutical conpositions conprising

ef f ect | VAStoimmune discase; and fopbopsting dhei 168 bload couk of  patient pragr to suqegy. (7 lﬁme%se of
the jonvegldso &s&r@&?ta{ﬂ@rsﬁést 6 RhRk ;ﬁegsﬁlkdyyma%a%@%ac@ [ %&&rﬁmuon of the
preservatlves sol ubi 't zer's, I €rs, "ad] uvants and/of carriers. Such

COMposi tnemﬂ;s ofithisuiteentipn inshide; hyta-th@lﬂssms, %ﬂq Bhrosig gmegnpncy (aad grenstmgl @scmi;rs,
t at d d
acetate,. Méhﬁémﬁﬁn%ﬂgprﬂv\ag - en fg%ﬁ, é)ctu Vﬁéo t% g@ﬁ’&%ﬁ&,%ﬂ&ﬁm&”

sol ubi | 1% g agent o ysor a
ant i - oxi(Heth C&S(agd @rdla@swmgngusa@mdastzg dig¢agmstates accompanied by abnormal erythropoiesis.

In other embodiments, the peptide compounds of the invention may be used for the treatment of

25  disorders which are not characterized by low or deficient red blood cells, for example as a pretreatment
prior to transfusions. In addition, adminisiration of the compounds of this invention can result in a
decrease in bleeding time and thus, will find use in the administration to patients prior to surgery or for
indications wherein bleeding is expected to occur. In addition, the compounds of this invention will find
use in the activation of megakaryoctes.

30 Since EPO has beén shown to bave a mitogenic and chemotactic effect on vascular endothelial
cells as well as an effect on central cholinergic neurons [see, e.g., Amagnostou, ef al. (1990) Proc, Natl.
Acad. Sci. USA 87:5978-5982 and Konishi, ef al. (1993) Brain Res. 609:29-35], the compounds of this
invention will also find use for the treatment of a variety of vascular disorders, such as: promoting wound

healing; promoting growth of collateral coronary blood vessels (such as those that may occur after

-48 -



met abi sulfite), preservatives (e.g., Thinersol, benzyl alcohol) and bul ki ng
subst ances (e.g., lactose, 20 mannitol); incorporation of the material into
particul a,f‘% tions of polyneric conpounds such as b¥30a641ags0aci d,
pol ygl yco icﬁg%ﬁgk&etc. or into |liposonmes. Hylauronic acll)(?iﬂrray a?so be used.
Such conpositions may influence the physical state, stability, rate of in

Vi VO T el083Rial 3RErcHia)E trifmd Bedtin¥@; afd BAK-INCRaOhratt NRaREAE € Mhe ROAHAINGS of B
derivatijves. See, Rem ngt on' s Pharmaceuti cal Sci ences, 18t Ed. (1990,

. e, €g. . 2 .
Mack PuBsvensin ngillcalse findsussn for pie 1ipmmopt o4 e yariohg i 1epsologipal disgriern cgeaprally
| ncor pogiatRerid 12w ShRENERls JiiBe | 1R 180/ 1608 Bf RBIFT &fdlihdlas! cofhigired
form or may be in dried powder (e.g., Lyophilized) form Oral Delivery
Cont enpiopthsa ngusnaciitesubigngss e ayneuliansnitry. d dosage forms, which are descri bed
genefally in 30 Rem ngton's Pharnmaceutical Sciences, 18th Ed. 1990 (Mack
Publ i shi ng Co. Easton PA 18042) at Chapter 89, which is herein incorporated

by ref ePzampgceutmal ¢omagiionse f orns i ncl ude tablets, capsules, pills, troches

or |ozenges, m%@ma@@wo%&bﬁr&gmﬁé tiord ?hgﬁ. Wh&s c%n%o%ﬁimé bNBS ARE EPHR
protginoid encapsul ati on may be used to fornulate the present conpositions
(as, forgosishpgptide compouedsrast gravided.o Siehditiens alleyiated etimpdulitedShy tiRaadministragion of

der 1 vat 1k Pl PR Aol ORRY, R0 Ry bl BRSubnT CABSRABRomT b

]ge. 0, ftﬂrﬁnismioarhy bial, BraidalsG@amuscudies mtiapdritanalo fintpesmub | (EV)s ot irs;ubcdtas@g%
s ' [ a0 i s. i . . . . P .
ot ted Dol AR phgeE el (GBI or el bR EhesiARIRRY, | OO

by r ef evagieh redtal, geuldingtal) rotves Hadmuhisttatiom onmsitlg biceeddilde inséres R Carbe fagoulated
pepti de [ m_cal |l L f t.her.eof nd_.i nert .i ngr.edient i ch
B Fow 1 Brdobtes FER epoustat B ich St S RulitRbER U B et Ry 00
bi ol ogi sl pharmacbiticel natygositiehs icompiidng rffesive remowdts sef e rHROVRI agoatit fpeptide;s er

phal e TR Fysl B0 RE an i, et bR R BT b B ERF AREnlshascitsss

whi ch neyutskisisaermulsifiers, adjuvadty anidsi tcarref3C ISuch eugnpositiors ifldthdeatilusnts afiyativasuffes uch

as wetting agents,, | sifyi nd.suspendi n agent §;...and sweet eni ng,
1 avor i FRIETE K8 poHT-Hih e Ee RTSPIAR), R AORAHRY Geeieitnpdfitivermep o5 OPseRblard ed
so t hat sohitdizikbedgete (&g, wdeh €0 ABWde 80, PoBysbiBate B), &iCo :0dts (.25 BRbDd d6id, §daRma

| ted i.s the glttah nt of at |east one noiety
pRpORE:

hemi cal _nmd |
o' 1 ho- MEBHBUIh HSTERL degh SOFpesal s Gplba st (anHRBPE on

of pd& Ot RRhNKI)S incaPrafidh) offht HeeriaDint hhiGouldd prRfarfions IMpbIyRRYE BemSduadPabh a¥
intestine. Also desjred is the increase in overall stability_of the
conponeRt!ylagticcasify gRkAcoligrasid. ¢t @hduo liRosomee uFIARERIG MGid Y Alj0ebebag. Sueh
di sCuUSSginRRNS mRFPMluBhdeOe bhRydichl AtaR] ShBIifyS dat€ BEM ¢Ab raR&He] bkPikOBE HO%ivo
pharmaceuti cal usage. Other noletjes that may be used i ncl ude:
clearance of the present proteins and derivatives. See, e.g., Remington's Pharmaceutical Sciences, 18th
Ed. (1990,' Mack Publishing Co., Easton, PA 18042) pages 1435-1712 which are herein incorporated by

25 reference. The compositions may be prepared in liquid form, or may be in dried powder (e.g,

Iyophilized) form.

Oral Delivery
Contemplated for use herein are oral solid dosage forms, which are described generally in
30  Remington's Pharmaceutical Sciences, 18th Ed. 1990 (Mack Publishing Co. Easton PA 18042) at Chapter
89, which is herein incorporated by reference. Solid dosage forms include tablets, capsules, pills, troches
or lozenges, cachets, pellets, powders, or granules. Also, liposomal or proteinoid encapsulation may be
used to formulate the present compositions (as, for example, proteinoid microspheres reported in U.S.

Patent No. 4,925,673). Liposomal encapsulation may be used and the liposomes may be derivatized with
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propyl ene glycol, copolymers of ethylene glycol and propyl ene glycol,

car boxynet hyl cellul ose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone,
ponproI| 3- dloxolane and poly-1, 3, 6-tioxocan 4/6148R9
Abuchowski ﬁ@ghév%g (1981) "Sol ubl e Pol yner - Enzyne AddﬁPéfﬁ% 00’ nzynes as
Drugs. Hocenberg and Roberts, eds. (Wl ey- InterSC|ence NEM/Ybrk
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coati ngs may be used as m x films. A coating or, mxture of coatings can
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powder ), cofn?&nehf SHothpbRtnfFBnd u§fga§e ifl @lr&ildtidn HBR!ih tHEBYAP eﬂﬁ@&saeﬁgﬁo@h?ﬁd}ylmm
mat eri al of cachets could be thick starch or other” edi ble paper.
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be used., ﬁgﬁrtg@tn?l é%eﬁ%”fbﬁﬁ%ﬁé’@ co@?r%ﬁﬁ}&glaﬂg gwé dr ARl Lo, HORAS

fine nmult In the Ietso particle

si ze abaetyvinyhalcohieb ppbrmul pitriobdone{ pqlmollm Raly-5,8- dmplaueptslm@y-lécﬁwqxpwc &et.on
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These t héf’apeutics cou are ression. v01 oran
f 1 avor i ripcenpergt sndnidgbeds, sads.t{é\’llemdntaaemcemcwéémhﬁ%) pib. 1367 38t andeNe{venark, et al.

deri Mati t (such as by |iposone or mcrosphere :
encapsul(\zgg)z?)J;‘E‘%é1 %?c{c Qﬁq%@t@gl' contained within 10 an edi bl e product, such
as a refri gerlbt ek biesmauigtipes, ctbmﬂca:iatﬁdmgf oadasy amay beathel stdnmvmrihng;nagdntesine@te
may dily 1 (}elnmin H‘AFH‘EEQU%G ,t heth\éole'dm; or the nargg %R;[:sltigg. sqgl{edvatthg %}t Lt taQaiﬁt%lc

i nert na
formulations which will not dissolve in the stomach, yet will release the material in the duodenum or

)n

elsewhere in the intestine. Preferably, the release will avoid the deleterious effects of the stomach
25  environment, either by protection of the peptide (or derivative) or by release of the peptide (or derivative)
beyond the stomach environment, such as in the intestine.

To ensure full gastric resistance a coating impermeable to at least pH 5.0 is essential. Examples
of the more common inert ingredients that are used as enteric coatings are cellulose acetate trimellitate
(CAT), hydroxypropylmethylcellulose phthalate (HPMCP), HPMCP 50, HPMCP 55, polyvinyl acetate

30  phthalate (PVAP), Eudragit 130D, Aquateric, cellulose acetate phthalate (CAP), Eudragit L, Eudragit S,
and Shellac. These coatings may be used as mixed films.

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.
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di luents coul d include carbohydrates, especially mannitol, a-Iactose,
anhydrous | actose, cellulose, sucrose, nodified dextrans and starch.

Certain i %%Q‘,’h‘ﬁﬁ&()al ts may be al so be used as fillers i ol Po14gRl Cium
tri phosphate, magnesi um carbonate and sodi um chl oride. Sone commercially
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oils a XQS . Ql - i { be used such as sodium | auryl
sul Tat &?eyrfggﬁé’s‘?%dr%hxi %ﬁ}r‘%" llséﬁl?é"?cgmsrﬁg%%?hk% é‘ne gl ycol of various nol ecul ar
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didant,s that mahi .i.nprove fl ow properties, of ,the druq duri .
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gl i danttmsadayn istaedhy dixphotadt ClBodival etarchyglg@titd, CAmbérliteC dodinmt baybbxginetlylcellulose,

silicoalum pnate. To, aid dissolution of the.peptide (o erivatjiv i nto .the

S queon SRS i Slgkio e Rrum sy cnprmens! srlilors PrpLiones

Sur foactirntoniteayy dilisd wdé: The dibinRgEak @hgalRb Be Hid6lliblaSationili dxBhangéifeyins. SPdvidated,

di octyl sodi um sul fosucci nate and. di oct sodi.um sul f onat e. tioni
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t t t

ool yoxyl 40 Ripdsss Tgesbe used fo hold the peptide (or derivative) agent together to form a hard ablet and

include materials from natural products such as acacia, tragacanth, starch and gelatin. Others include
25  methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl cellulose (CMC). Polyvinyl pyrrolidone

(PVP) and hydroxypropylmethy! cellulose (HPMC) could both be used in alcoholic solutions to granulate

the peptide (or derivative).

An antifrictional agent may be included in the formulation of the peptide (or derivative) to

prevent sticking during the formulation process. Lubricants may be used as a layer between the peptide

30  (or derivative) and the die wall, and these can include but are not limited to; stearic acid including its

magnesium and calcium salts, polytetrafluoroethylene (PTFE), liquid paraffin, vegetable oils and waxes.

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

-51-



pol yoxyet hyl ene hydrogenated castor oil 10, 50 and 60, glycerol
nonost ear ate, pol ysorbate 20, 40, 60, 65 10 and 80, sucrose fatty acid
ester, metdyboetRbishs 0Se and carboxynethyl cellul ose. Thepgrgdsdodpiagy s coul d
be present 1n the tornmulation of the protein or derivative either al one or
as a mxture in different ratios. Addltlves whi ch potentially enhance

upt ake of the | V. t

ol ei c acid, }?&Feltgﬁa i ﬂirq#(fl)}ye?;rlflgl 12‘%1‘7 ?N% ﬂﬁt%g “égg f @%aéo%?gcil % aid

f or mul atnemgmmylt ﬂm@e@m@b@n niigly heequiiedd eTIngh@eﬂs imayt inglajle storghdtalsepyrogenic

I ncor porgﬁc%%a@&milgcggmg rix which permts rel ease by either diffusion
or leachin anisns, e.g., guns. Slowy degenerating matrices may al so
be i ncor por at'Bwlaid dissplutive of trerpsptade (onderiSative) mnt the hqneomirmgwwah swfaatantemight

del ay, d reI ase eff 0, r. form of contr ase I,S hod
baseds orbS BT &SRk pechlblibanS iRyl S Hetefibnts SRSy ot AR
encl os eddmmyla;oamqﬂﬁmmaiatemnd”ﬂmmyhﬂmmhsmhnatﬁI Catiasic uaib@entk fight beusedmtﬂ goukih

coati ngsHF BEAIRT GTSRET PrREPALPEste R So° P aieie Faibue Jegrtipal o

whi ch cogduiil be mca;dpd i cthe orenulatiah |28 GsufadiantsThe faepinactegdl 0400 eolysagli 40e ptesrats) d

I b | t d hi
" hat anc oL aYshiR Loto P8 offhs g o 028 B, Eierel BoRiacti, BT i ete M08 50,5
andhmi Rcddxume mﬂw‘attsmlidl asteqsmth}etﬁélyﬂose ald daibﬁiﬁﬁnet]ilg?l' dflmmsat Tydse aefabtahio 6dild be
et rox XVY.pr ce 0S
hydr gxy%ﬁ’ ﬁ@%ﬂﬂ“f p %grgtel%%-g{eﬁyﬂ%gﬁeg%@om ﬁ%ﬁ m@@‘FrFH}‘E}gﬁrentﬁ?tW1 done
25 and the poA&cﬁﬁdwbvmﬁ pgdemwb&nhaﬁmpms ofdle Pé’pﬁﬂ@(oﬁ dapiative afd fof MSaRB LRI

materials that are 4 esters of phthalic acid. A mx of materials
m ght be*¥$& lct“tﬁ‘dp igyeet Iggientsdfifs i 'm coating. Film coating may be

carried out iQorroR@relda 6ral ﬂfnnhﬂu&sfﬁxby B E&G}aﬁl@d TOE pRYtideO(EP rd@ﬁ\%'tl%) SRR BAN.
30 Parenteral delivery Preparations according to this 1nvention fo

par eht erl&Porafa#F%méq #“dfl?fbﬁla Wlaeibpw xcleeseéwéfa%rsdlﬁvswwﬁea&h%awsh%mat%ns

suspensi Qﬂ%‘ ExAER! 88y ko B ﬂnc%ﬂié%dsmﬁpth\éeﬁhﬁuléﬁoﬂe@&ﬁé Bifterft ©
pr opyl ene ycol éﬁéeth Ienem% ycol, vegetable oils, such as olive oil and
have fect.

corn oi | coatigs glsp glepss dvgien %gﬁ%%ﬁgu@ﬁela%se&bmm@h@hhaécd Quch

dosage f@E fhog @ &&fe&t @d‘r’b?’ ViaNhe dﬁlg(ié‘crﬁﬁsw RS Eneabl‘e%n%ne which
2004/ 101606 PCT/ 52004/ 014889 wetiting, enulsifying, and dispersing agents.

They mmayalioes statsr tojenizeendtpysh dug owhthrepghea sirigld amaiopering dredegimatic cffedtt.er i a
retayni ng filggey coling Hﬁ? Bpggeﬁtfbrncﬂe ﬁ:{mﬁé ohZiThge ﬁ:gﬁ:ﬁ& BY oﬁéﬂgarrls ﬁ?ﬁﬁé&)}ﬂdcﬁa%gs ’

by irradiating the onp tions, eating t Sitl
al so be anphed la@tqgatmsnasu ﬂ"ge pentide I(Q; dmva@we) conld absaibe gmehen aﬁﬁlarcbat@l tabiptcod disl e

medi um :'nEEQR:Hé g&eﬁ'iﬁf N3 Etg{aﬁcéjﬁx%'diéded into 2 groups. The first are the nonenteric materials and
include methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, methylhydroxy-ethyl cellulose,

hydroxypropyl cellulose, hydroxypropyl-methyl cellulose, sodium carboxy-methy! cellulose, providone

25  and the polyethylene glycols. The second group consists of the enteric materials that are commonly esters
of phthalic acid.

A mix of materials might be used to provide the optimum film coating. Film coating may be

carried out in a pan coater or in a fluidized bed or by compression coating.

30  Parenteral delivery )
Preparations according to this invention for parenteral administration include sterile aqueous or

non-aqueous solutions, suspensions, or emulsions. Examples of non-aqueous solvents or vehicles are
propylene glycol, polyethylene glycol, vegetable oils, such as olive oil and corn oil, gelatin, and injectable

organic esters such as ethyl oleate. Such dosage formus may also contain adjuvants such as preserving,

-52-



Rectal or vaginal delivery Conpositions for rectal or vaginal adm nistration
are preferably suppositories which may contain, in addition to the active
subst ance s such as cocoa butter or a supposit

Conp03|t|oﬁéé&% ﬁﬂésal or sublingual administration are9§¥g§9%M@B§?ed with
standard excipients well known in the art. 10 Pul nonary Delivery Al so

cont enpyetiel eMETs®Yifg, afd BishFBRREMnEETHCY @hidy R stetilfed By OfdR eRgfNe, sﬂlmﬁﬂtﬁu&m o or

derivatives thereo The grﬂpt I.de (or .derivative) is deljvered.to.the |ungs

of a ntETi2 FFFREE; fien) Whicamprating, sievlizing 285piE JRYO PR SOMARRINQHS; by Frqdigtn $|ﬁFﬁ

to the Mn%@ﬂh&tsr&%?hﬁﬁﬁngmh&oﬂmosﬁdisel‘he y 84n 2o be (Bl AkifR rerile wakk, of Bome
Resear ch 565-569; Adjei, et at 1990) Int. J. Pharnaceutics 63: 135- 144

(1 eupr o?th@éteﬁké’ﬂla‘t@ﬁlemﬁ“émd@lm" ’éfelyboﬁf"re (‘Sf989) J. Cardiovascul ar Phar macol ogy
13(sup5):143-146 (endothelin-1); Hubbard, et al. (1989) Annals of Internal
Medicine, Vol. |11l pp: 206-212 (al- antltrypsm) Smth, et al. (1989) J.

CI in. Iﬁﬁfé’é?""“%’&f‘ieﬁﬁgyll46 (a-1-proteinase); GCswein, et at (1990)

" Aer osol i zat Eglpdaftiohy ok RicAPor vafihA G8RH G Hor e profBRSuPFBsRB S WHRI ity Qbitail UT
Delivery 11 Keystone, Col orado (reconbi nant human growt h hor none 20 Debs,
et al . npdditen P the aetiye shbstangm cxQipionis ABA a6 icproa PHEST O 2\SUBRASITATY TWHK. HRIEPQSEions
factor gy nas@ifl siblin aPQ&rmms onére%%rpﬁ%@re&%tﬁlsﬁﬁ&rdé& ts Wil 1 g%%ggncol ony
stinmulating factor%u and conposition nonary i very of
druls for systemc effect is described in U S. Pat. No. 5,451,569 to Wng,
et al. ﬁgmg,ezﬁp for use in the practice of this invention are a w de
range of ani cal” devices designed for pul nonary delivery of therapeutic

products, i ndlsadimignplated herein is phimegany sleliesun bf the BPO-Ragerisicheptids dersdsrivatives
hal ; .
i nhal er g, %ﬂé’%\%ﬁ? @P E@Av%feg fhvéélfed %gﬁm?s{ §td xﬂ%hgﬁ&éﬂe E@@g%@&%&gﬁde' n

the art. exa commerci arly ‘avai sulta
for t heacprsadhe lmg cpithdlink lmlngémtheohloaci @treane [SQIb,tegwéadjei, atetiu(199@y Pharmaceutical

br otfuct Lo e8Pt ooy, PUERERAR er BT R Gt MORMIOBIES

Resear cdl. msah §i| GarBlavisculNCPharmammbldgih el 3(sBps)ridadiéé (oaouiielin-i) Thibbard( ki slo lé§)89)

sui | abl St MsdRio ookt geial e lSryb ok SRty & BT R bR
for mul ag4: piasi1346 peAldrbteinkR);t Oevdin, e A (1Dov) c&er@mimecbfamteﬁm m&@&ﬁ@ bhe
use of an appropriate proh)_ &:}aant material, in addition tq the usual

di | uent SymeResPTAEReSPIEARIY pliviers I Kgysiang) Coloradq @@P@bymt 0 gropdh harmorsp;

lip r e -53
P IEoT E COT, L SSIRE Rareblf L FARRLHES, o Pt

Che m calNb.y5, 28456 ite Flapee st 24l égranmioeytel cobonp etipuleting Bctoin Alinfethmdend Oomsmdneibn ons

gﬁgfgs g@ﬂm&&r} BSivEY 8 afdls RP GUER! oRRA blEMa MUY PhiMRo. 157438 588 1RYhE St ar.

Contemplated for use in the practice of this invention are a wide range of mechanical devices |
designed for pulmonary delivery of therapeutic products, including but not limited to nebulizers, metered
25  dose inhalers, and powder inhalers, all of which are familiar to those skilled in the art. Some specific

examples of commercially available devices suitable for the practice of this invention are the Ultravent
nebulizer (Mallinckrodt Inc., St. Louis, MO); the Acomn II nebulizer (Marquest Medical Products,
Englewood, CQO); the Ventolin metered dose inhaler (Glaxo Inc., Research Triangle Park, NC); and the
Spinhaler powder inhaler (Fisons Corp., Bedford, MA).
30 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
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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 aty@RoRfroRReUt 0.1 to 25 ng of biologically actlys@Tngzmm‘ﬁg(p per
niL of solution. The fornulation may al so include a buffer and a sinple
sugar (e.g., for protein stabilization and regulation of osnotic pressure).
The nebtypdszafreafrizrsrisl exntenmplatey @hsmczlb'nmadlﬁethpeﬁldcﬁf ey akp, bet prepaselinedifferent
pr event e e) caused by
Bt om 2o RHBR e BEdEd, AObL 8RRl o aER dheliod dacEf apgibyeney Batce
with a net erl?;nimdlasmsu auhdﬂ@fordwmth avnebtnge reéhe|jétyor adtrgeenigewidl thpicallyycodipriseded
10 powder | RL or der ti e P, Ly I | ].ant
w tht Rt faith B RAA Vs o ccp S R of o R KARES Sl b Ao B ok
mat ey i albrommpieoytﬁdof solutidni sTl‘puﬁopmﬂmonmhalasmaludﬁhcbnﬂEﬂ andra)simphaosugala(eg, for

hydrochlorofl rocarhb fl uaroca or _a ocarbon, includin
trichl oFSFH 5#’ gﬁ%‘i‘%aﬁ? guga u@% Iog %Flpﬂeg?%‘faegﬁgﬁgbulw%% ation fhay alsd' contatn

di chl ormfetttmf ﬂouedmtdna:m@iem sa:rfdcelx,n&ucbd Agiregatiai lofl cieOgiptide Gor defrivarivabeansdd Hns
t her eof ﬁ‘& %act nts | cI ude, sorbitan triol eate and soya | ecithin.
Oeic at7® ?ﬁ%}og SUIB eefos0l "Surfactant. Fornul ations for

di spensi ng f Foonmlatigo\iteuse mthal xﬁatereua&ose énhalet devivenyill igaerAlyfoometise alfinelyddicidett y

er co al nin tide (or, der.i i ve) .and rra s i.ncl ul k|
ool Sk ottt R berti [ apfocive) Sprested S L PRRLART ToR e S Mereohnt
facili tﬁbﬁblldﬂt&%ﬂﬁ&iny@ﬁnﬁeﬁ@nm&ﬁal efnpldyédRr (VpiEsose,Suth as 5&1&@&98@3@1« a
wei ght of t he for nul t| on pepti de (O;lgygr” vative) shoul d nnst

advant agf Tofigaropst ??ar"eby‘#ﬂﬁ UOCRIhPRS 81, P IDETGCRRPRR winpiHding tHeRlprefuorpmrthang o

si ze Ofdlb}ﬁ&Sdlﬂhﬁ"Bmé@aﬁ"ém &anoraﬂeﬁr&mm&ﬂm&ms nd' Bf @paltNubrosthin, Sor B8MbiAdRonITOST
effectlée delivery to the taI n Nasal Deli very Nasal del | very of the

d
EPO R afi&ifitls S ﬁua%gta%wc lgate; agd gove decithigy éﬂﬁ? atid gay RlsQ by Gsehias
del kyverysuphbtahs the passage of the peptide to the blood streamdirectly
after adm nistering the therapeutic product to the nose wi t hout the
necessity fo"?or@ébagn&%ﬁlsmnsmaéwmwaw@er.mhaiqﬁéewa%m RIRRFIPE 2t SiRshe divised dyas al

del ive rﬂoﬁd@ﬁéoﬂﬂﬁuﬁé%ﬁdé"(o? Herﬁrﬁt’kaﬁ il B4 by hy A%Chatexd E@Hn% ERAEIRA as Btk "sorBﬂtAl of

t he peptide conpounds, further studies are condu information W |

ener ge SUERSERR pamwgntabwra@mmtamcacfwg@t dispessad of the pw@afrﬁ@rthe gavicgas.8.odfkto 90%
condi ti @ngeibf} dﬁﬁt PdtmuBRabd. %Eg:e?@dad(o{ Eﬁwaﬁ’&ez gﬂ&ﬁd/ mokf Adv%?%éﬁﬁégeﬁe ﬁrepared in

considering the therapeutic c age, general hea

r ec?®i epartioulatel form wydtheap averegs posticly size of Jgss dperl Odusi(ergmicmme), mestayefebly dshigs
depe”“m!ﬁ?f&?nﬁ?c%ﬂ@ﬁ%)eﬁi@ﬁveghﬁrt&%éﬁl'hfn effect, on the route of
on th

adm ni stration, an Uration 8 the treatment desired. General | y
dosage | evels of 0.001 -54 WD 2004/101606 PCT/ US2004/ 014889

Nasal Delivery

Nasal delivery of the EPO-R agonist peptides (or derivatives) is also contemplated. Nasal
25  delivery allows the passage of the peptide to the blood stream directly after administering the therapeutic
product to the nose, without the necessity for deposition of the product in the lung. Formulations for

nasal delivery include those with dextran or cyclodextran.

Dosages

30 For all of the peptide compounds, as further studies are conducted, information will emerge
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
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to 10 ngtkg of body weight daily are adm nistered to mammals. Cenerally, for
i ntravenous injection or infusion, dosage nay be |l ower. The dosi ng schedul e

may vary, g%&?ﬂh on the circulation half-life and thgHdgsxdmusson used.
The pepti‘g e present invention (or their derivatives) may be

adm nistered in conjunction 5 with one or nore additional active

ingredi i1l D5 & td-on

i s next esc%%zﬁéw&?ﬁes&g#' afe é ‘Ifr%‘%)\n{?’ng ex arrp es. . iv%\’/é\ﬁlH t“r?“s’{'%la' Seﬁl%gg&odr

t hese anutt'uslom dpsag«mnpbebwny'ﬂtmng schedvie ispeciy, dependiog on ghej dirpeletiondeifige apd| Y,

and in gq<t he scope 10 and neani ng of the invention or of any
orm

exerrpllfl & ewi'se, the invention is not limted to any particular
preferred entiddipepiides ofl e grésowdntestios for theindlerrdhtivesh mpy rhsdidfring stered inscoaweiction

f | | ed h
Upon r et ohigre BB e Hpe R PRRCEI R SARDRAE | (0ot i ng rom i ts

spirit and scope. The invention is therefore to be limted only by the terns
of the appended clains, along with tEe fﬁFI scope of equivalents to which
the clains are entitled. 15 Exanple 1: hesis of EPO R agoni st peptide
di mers by solThe pples tveptitintiesdxs déStritad by meﬁbs f the Sl wadg damplEAPHovweveg the tusest

cont ai ni th omerci al | y, avai | abl e.di am n om Al dr,j ch Chem cal
oo 21 B o TR FrhG e B b5 e e onin ap o it s Shope
sol uta&grugdfnlxehmmgyﬁ trf]lﬁ hiv@iitﬁfn&gﬁﬁhﬁy é:én:?ﬁﬁﬁd, for. Likewise, th@ngahmdf HOhE rllﬂfﬂbﬁ ¢yl )
was added slow vyt a dr i, unne a pe of 6-7

nai nt ai rﬁaﬁﬁ‘ﬂf’% reré) P‘H‘F@r‘tﬁf%o %)cﬁg&r]éeé%?l E'Hi%f‘ﬁe%?”ﬁ‘yén‘ﬁjt‘ cajens, fdovaghtisgs of thsen
al | oweg m&gﬂﬁf iy Be ﬁp}ﬁfﬁndt ﬁihlﬂﬁﬁeaélddée& i ﬂﬁiﬁ)upoﬁftéaﬁﬁlgéﬂufs lsf)&dﬂgﬁuﬁﬁ land Eebﬂ)dmdh enas
renoved under, vaguu nd the si due_partitiqned et an t her
The. aqueBthont depafias fmdss sk padsoape- 8 MHERHORAY Fo 6 Vismutaely (N e
8-9 and tﬁéiﬁb&ﬁk@dlaﬂ&ist iloﬁ%]»bmh the &at @b;ﬁbof?@ﬁva%&&tb w%ﬁh@lﬁ‘e&ﬂﬁh@aﬂe%ﬁ@t[edms dried
over anhydrous Na2SO4, then concentrated under vacuumto provide the crude

monol’Cbz- TAP (5g, about 50%yield). This conpound was used for the next
reaction wt hohtfxan?glé l'i' ﬁgﬂﬂh&ﬁi of BFO-R fz8hisGeptidl Binleds HPolid PhiseSynthBiM 30 St ep
Z_

2 - Synthesis of Boc: To a vi gorously stirred suspension of the
Cbz-TAP (5g, 17.7nmol) in hexane (25m) was added Boc20 (3.86g, 17.7mmvl)

and stirring ganyi. er@ﬁ TCRVEIMI g’h%oluhon%n%n?go%/ %@Qﬁaﬂ available diamine
PCT/ US2004/ 014889 The reacti on m xture was luted with 25ml nd

washed vii'TAP™fmom ;Mdnc(ly Ghemicah€p g (](0g,)@7 47\%&‘%‘@(“‘ (agl)q)drous DCM (100 ml) was cgoled to 0°C.
20 A solution of benzyl chloroformate (4.82ml, 33.7mmol) in anhydrous DCM (50ml) was added slowly

through a dropping funnel over a period of 6-7 h, maintaining the temperature of the reaction mixture at
0°C throughout, then allowed to warm to room temperature (~25°C). After a further 16h, the DCM was

removed under vacuum and the residue partitioned between 3N HCl and ether. The aqueous layers were

collected and neutralized with 50% aq. NaOH to pH 8-9 and exfracted with ethyl acetate. The ethyl
25  acetate layer was dried over anhydrous Na,SO,, then concentrated under vacuum to provide the crude

mono-Cbz-TAP (5g, about 50% yield). This compound was used for the next reaction without any

further purification.
N, NHCbz
Chz-Cl, DCM
O~ —
o0 ~NH; 0\/\0/\/NH2
30 Step 2 - Synthesis of Cbz-TAP-Boc: To a vigorously stirred suspension of the Cbz-TAP (5g,

17.7mmol) in hexane (25ml) was added Boc,O (3.86g, 17.7mmol) and stirring continued at RT overnight.
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and brine. The organic |ayer was dried over anhydrous Na2SO4 and
concentrated under vacuum The crude product (yield 5g) was used directly
in the ne 050"0@‘1361'6&5” NHCbz NHCbz J Boc2Q, Hexane |1 - ~pcfustdvaolikkd

O~/' ~O~, NHBocC Step3 - Synthesis of Boc-TAP: The crude product fromthe
previous reaction was dissolved in nethanol (25nil) and hydrogenated in

pr esenceryRieapiénhix@R: wadeRd GRHDENY2HAFSK S8 10VERS b ol (2XF, vatlet @X) The

m xture was filtered, washed with nethanol and the filtrate_co centrated |n
vacua t ¢adbEs. Bbe erEic: jeyerevas drikd.opercany dsens Y $9) A poncentyated ypder yyqupsy | Th

appr oxi @Mgpyddg&%gﬁsgmas'[@ga@f& m%@:ﬁﬁtrlac%on 10 -was 44% (cal cul at ed based
on the anount of used NHZ  Pd-C, H2, McOH O~/ ~O", NHBoc -~
0""~' QO .~NHBoc Step AHCHZ Nt he5| s of Tent aCel - Li z TentaGel bronide (2.5
g, 0.48 mol/g, fro pp Pol yrmer 8oc,0eHeransy) | enolic linker (5
equi val ent, and K2Cg3 (5 e U|valent)'mET69HEat in 20 mL of 15 DMFto 70C
for 14h. After cool I Mg Tw T deMenperature, the *&€stor wes¥B%hed (0.1 N HC,
water, ACN, DW, MOH) and dried to give an anber-colored resin. "O0O\0 0
\~ H5H HO O K2CO3,DMF Step 5 - Synthesis of TentaGel-linker-TAP(Boc): 2.5
gins of ther n . .

ROt (34 1 SN SRABGHRSG. AP, Mt G BROER ol pp HFipup Pcdon AL et
over ni ghmethanol (Mm]() pud hydregefateial mmmy eff9bBd onQatbomied % BEY) urider HallBonvpresserd ded
to this f

TrE, 0. ToR bR il ins R Tty il B e Wt cond iy IARARC Wi
benzoyl dhecudd HIiTAPB® pradubt DIeA 3i7g). DO mﬁlldpgmvmﬁtamblld of By AR 5Eh/Stepn i3

checlied iy de (AR on thOmA GR04/9RG96 PCTI US2004/ 014889 10 O

NHCbz !
NH,
Pd-C, H2, McOH H
>
0\/\ 0/\/NHB0C 0\’/\0/\/1\11]30(:

Step 4 - Synthesis of TentaGel-Linker: TentaGel bromide (2.5 g, 0.48 mmoVl/g, from Rapp

Polymere, Germany), phenolic linker (5 equivalent, and K,CO; (5 equivalent) were heated in 20 mL of

15 DMFto 70°C for 14h. After cooling to room temperature, the resin was washed (0.1 N HC], water, ACN,
DMF, MeOH) and dried to give an amber-colored resin.

~
o 0 o O
e d”
HO O
' Br LB O o]
QN
K2CQ03, DMF

Step 5 - Synthesis of TentaGel-linker-TAP(Boc): 2.5 gms of the resin from above and H-TAP-
20  Boc (1.5gms, Seq.) and glacial AcOH (34 pl, 5 eq.) was taken in a mixture of 1:1 MeOH-THF 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 HCl, 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,
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NaCNBH3, i | NH ~ 1 HHTAP-Boc ~pp ..r OOHuU JJI I O\p~N1II p O
Step 6 - Synthesis of TentaCel-linker-TAP-Lys: The resin from above was

treated Wi ﬂgk‘gﬁvat ed solution of Fnoc-Lys(Fnoc)-OH (pegpddeesedssdm 5 eq.
of am no acm?an of HATU 5 dissolved at 0.5 Min DVF, followed by
the addition of 10 eq. of DIBA) and allowed to gently shake 14h. The resin
was washed (DWMF, THF, DCM MO 1) and dried t~Q yield the protected resin.

Resi dual amine gr&upwere capped by treati ng the resin with a solution of
10% aceti c anhydrigde,_’R0% pytNiﬂa‘N% in DCM fq :.a mut es, followed by
washi ng as above. @ Frroc 550 rere ve Iy shaki ng the resin,

i n 30% pi pq G' dDIVF for 20 m nut Q)Ilowe washi ng , THF,
DCM  MeCH) dryung! 01) Frnoc- Lys] Fro cOHoz
PlperldlneNvar H O _'",0 -.~ NYyO\1\ / I 10 1000Step 7- ntthesi s of

Tent aCGel - Li nker - TAP- Lys(Pepti de)2: The resin from above was subjected to
repeated cycles of Fmoc-am no acid couplings with HBTU HOBt activation and

Froo removalel 5 Sl Of YonhBebi APl oS 08 Shal 53 vl EARS A Y-

This was convel entl carried out 1
synt hes activeted \saluticrb b£ Fioooby #Pipbd)€2H Bprepayest ﬁrom,S bqoof ahfine rac1ﬂrwdfﬁ e@ | of HATE

r enoyal t hpal ' a t |t ' 10
oy anditsA oF b MR DA, Rfefid R B TE10 8 SEDMIA) InP HEMCE SHMI el
Pepti de Th@ﬁ:‘sinhtfe@v@shdﬂlﬂ)mm PRMN\MeOHPemi driéd to Soldithk hizsted Misin0Q Rpsmuaﬂ ghaine
Synt hesiog 05 wie Lagped by trsating Bie resibvith a Yiutior T F0% 40N antydride, 20% pyridine in DCM
for 20 minutes, followed by washing as above. The Fmoc groups are removed by gently shaking the resin .
in 30% piperideine in DMF for 20 minutes, followed by washing (DMF THF, DCM, MeOH) and drymg

™0 1) Fmoc-Lys(Fmoc)}-OH
NH DIC, HOBt
2) Piperidine
a e DY :
O\/\o/\/N\rrOK 0\/\0/\/N\n/ \ﬁ
o 0

10

Step 7 - Synthesis of TentaGel-Linker-TAP-Lys(Peptide);: The resin from above was
subjected to repeated cycles of Fmoc-amino acid couplings with HBTU/HOBt activation and Fmoc
removal with piperidine to build both peptide chains simultaneously. This was convenently carried out

15  on a ABI 433 automated peptide synthesizer available from Applied Biosystems, Inc. After the final
Fmoc removal, the terminal amine groups were acylated with acetic anhydride (10 eq.) and DIEA (20 eq.)
in DMF for 20 minutes, follwed by washing as above.

Peptide
O HO
HN N—u-—Pepﬂde
Solid phase
peptlde synthesis
% N o Ké 'r:l: O
\/\0/\/ \l< \/\O/\/
T
20 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
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O 020 Step 8 - Ceavage fromresin: The resin from above was suspended in a
solution of "I"PA (82.5%, phenol (5%, ethanedithiol (2.5%, water (5%,
and thioanisole (59 for 3h at room tenperat ure. Alternative cleavage

cockt ai | s WQEM4A8IEPEA (95% , water (2.5%, and tdi sopropPCI/¥Sap/0a48880y can
al so 57 WD 2004/ 101606 PCT/ US2004/ 014889 be used. The TFA sol ution was
cooled to 5 C a red into erci he Filtration
and dry ﬁbse&n%n&‘gaﬂﬁté% v‘barsgg@%@? é\ﬁ@gi’%‘c’ allg'te(?j &Q?agaé g’ﬁ@?ﬁtﬁ Fc ‘F%]ﬁ’ vi a
prepar abhd/@yiiFlubdstirbduced pressBrecialdling gadife@pamdie! [Fariftdton FRPjrepitativbeIHLRiNG O

H O Ac-Pepti de-Nd OHNNl t]gptlde Ac TFANH2 O HO ~. 1 O\l ONOO-"0 N

O O Ac- Pdpeolueo pifpripd thepura Pegtidsy 9 - Oxi dati on of peptides to form
i nt ranmol ecul ar di sul f pegtieldonds: The peptide diner was dissolved in 20%

DVSO' water (1 ng dﬂé‘-(wel ght peptide/ nL) and al | owed Acpeptiden@nat room
tenperature fo‘r036 M&é"%ﬁc purlfled by | oading the reaction
m xture onto a colum (Waters Del t ¥*Pak C18, 15 nilcron par thHel e
si ze, 300 angstro re size, 40 mm x 200 mmlength), followedpy a1

ery OC@)

| i near A TFA gr agiant from5 to 95% ACN over nut es. ¢

Lyophol i za ion of the© C&gut ai ni ng the desif&d Repidel foH:fs t he
product as a fluffy Wmte solidg | " - HS~r Ac-X-CY-C

Ac- X-CY-C Z--NH NH2 DvsQ H20 NH2 10 0 0 Ao-X- CGY-CZ--NH HN-,\_O
Ac-X2C-Y-C-Z- NH HN--"~-0
Step 9 - Oxidation of peptides to form intramolecular disulfide bonds: The peptide dimer was
dissolved in 20% DMSO/water (1 mg dry weight peptide/mL) and allowed to stand at room temperature
for 36h. The peptide was purified by loading the reaction mixture onto a C18 HPLC colummn (Waters
Delta-Pak C18, 15 micron particle size, 300 angstrom pore size, 40 mm x 200 mm length), followed by a
10 linear ACN/water/0.01% TFA gradiant from 5 to 95% ACN over 40 minutes. Lyopholization of the

fractions containing the desired peptide affords the product as a fluffy white solid.
5—S8
HS SH } _

AC-X-C-Y-C-Z-—NH AC-X-C-Y-C-Z-—NH

NH, DMSO/HZ0 NH;
0 - P o
AGX j_y_iz_,NH HN_\—O /__/0 AC-X-C-Y-C-Z--NH HN_\——O/_j
HS SH §—s§
Dimeric peptide (XYZ) containing Dimeric peptide (XYZ) containing
reduced cysteine residues , oxidized disulfide bonds

Step 10 - PEGylation of the terminal -NH, group:

15  PEGylation via a carbamate bond: The peptide dimer was mixed with 1.5 eq. (mole basis) 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 fo 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

20 chromatography as outlined below. The below scheme shows mPEG-NPC PEGylation using SEQ
ID NO: 3.

-58-



Hs/ SH S -S Dineric peptide (XYZ) containing D neric peptide (XYZ)

contai ning reduced cysteine residues oxidized disulfide bonds Step 10 -
PEGyl ation of the term nal .-NH2 group: 15 PEGylation via a carbamate bond:
The pept i sk giowee160as mixed with 1.5 eq. (nole basis) of PAREUSIHHEAHSSPEG
species (NMPEG NPC from NOF Corp. Japan) in dry DMF to afford a clear
solution. After 5 mnutes 4eq of DI EA was added to above sol ution. The

m xture was stirred at e e rature 14h, followed by purification
wi th Cl18 rever se(AsFHale APICPITHRY FRRIRMeES)of IBEGY | at ed_pept i de was
confirmed by MALDI mass. The purified peptide s als ubj ected to

purification via cation ion exchange 20 chroma aphy outlined bel ow.
The bel ow schene sh nPEG NPC P |.ation usj Q NGO 3. -58- WO
2004/ 101606 PCTI (AS0BEYD IT?k‘%S%@EW&EWG%'P‘T( 1‘-§%};N-p QPLR(MeG)-NH NH2 O
|0 (AcG GLYACHMEPI T( 1- na G -HN NH~~ nPEG NPC DIEA, DVF - 0O

(AcG GLYACHVGPI T(1-nal ) V QPLR( MeGrrEQNKER PEG3ox O (AcG GLYACL
GPl T(1- nal) VCQPLR( MeG - HN NHm Oy FE®%| ik on vi a an am de bond; The peptide
dimer is mxed with 1.5 eq. (npble basis) of 1 eq. activated PEG species
(PEG SPA-NHS fro Serm p,\% in dry DMF to affdfd a clear
sol ution. After "@cg)c% Gﬁggé'c?a% ‘@%‘E&M‘? dto a OS'?TL#“ on. The
m xture is stirred at anbient tenperature 2h, fdllowed puarifi¥ation with
Cl18 reverse phase HPLC. The structure of PEGy| atef® pepti was confirnmed by
MALDI mass. The puyidj PSRLEAS - Sbj o parification via
cation ion exchagécg)%ﬁ?%nat %qr_p‘i"'il ‘Q’S@"%‘E%"F. ned bel ow-OThe bel ow schene
shows PEG SPA-NHS PEGyl ation using SEQ ID NO 3. _ (AcG GLYA HVGPI T(1-nal)
QQPLR( MeG) - NH
PEGylation via an amide bond: The peptide dimer is mixed with 1.5 eq. (mole basis) of 1 eq. activated
PEG species (PEG-SPA-NHS from Shearwater Corp, USA) in dry DMF to afford a clear solution. After
5 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 structure of PEGylated peptide was

confirmed by MALDI mass. The purified peptide was also subjected to purification via catioh ion
exchange chromatography as outlined below. The below scheme shows PEG-SPA-NHS
PEGylation using SEQ ID NO: 3.

(AcG)GLYACrHMGPIT(l-nal)V&QPLR(MeG)—-—NH

S

0 0

(ASG)GLYACHMGRIT(1-0al) VCQPLR(MeG)-HN NH-\_OF’

PEG-SPA-NHS
: DIEA, DMF
0
I )K

(AcG)GLYACI—ﬂVIGPIT(l-nal)VéQPLR(MeG)-—NH PEGsox

NH
0 »
/_/ i
. - NH
(AcGYGLYACHMGPIT(1-nal)VEQPLR(MeG) HN g

10
Step 11 - Ion exchange purification: 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 mio a 1 cm
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2 1 O (AcG GLYACHVGPI T(1-nal ) VIQPLR(MeG)-HN NH-\ 0 PEG SPA-NHS DI EA, DM
O (AcG GLYACHGPI T(1- nal ) VQPLR( MeG) - NH NH' \ PEG20K

(AcQ CLYAGHlAbisodral ) VCQPLR(MeG) - HN NH--\ __O 10 Step lpcThRBoodNedassge
purification: Several exchange supports were surveyed for their ability to

separate the above pepti de- PEG conjugate fromunreacted (or hydrol yzed) PEG

I N addi doludth, fsllowaé by cordBisiontiy tHeGoditinabiin (0PEN NadH Ioadpddinfecahenmmpenst] iehiest wishe

i on exc e rgsi,n (2- was, L oaded into a cm -59-. - WD 0

boT! Caatb G Es ot 3p %i?)’ #4 dg‘B;‘)Y%Wé_f’l‘%‘f @“t?%w}tﬁglﬂé%é’rzﬁ%ﬁéﬂﬁgo% N

NaCH | clagAd upiltehatmomahediodd pH, ek Ut @ddimivestuma); fdltbwed ay washind withn 2306 A0Ns)ter and
than to t. .00en for eluted wth either 0 HC. or 0.1..M ntil

b1 ot antSLPE R EiRES e BFPH0e Froblodaplkiion oF ey ierst Suusls, e P w2506
ACN/snat £CN/vestdr (10 finfl.) afdd th @H ddfieted €P¢3 @ith PFA Oherl [0aded o digedohaih. Qkftér hashing

Bl ust it 03RRI IR O it A OLNEE B cOlAEt b i s D6 QO oo e 5
col um K@h Wi ein B SRuRINVItR DA MaE,0X) ineGYhd AONDvAWr, idedCidiRBg 3 RE PRAdsde
LY RN M B A e R
fract i onightaiteing btdetde (Emgriﬁﬂicﬂ&pﬂlhtdﬂwm%@ SHEHS wid felaiid JEVIRE 0618k ¥R was

Light-Scattering Detector (ELSD) indicated that when the peptide was
et Bl netlitem vith i ST %‘&‘%ﬁ(ﬁ"‘?f@]]& Peen fpeione handiDone negoRivEsFdlh ¥Rl | y

bet weenoHsér@ed hORSorftardinght 1 OWherthe PRPrideCilitstD At @6 1RELP WRAB buPes Ble@filyAthe First 2
contam pant. When the peptide eluted in the initial wash buffer (generally

the fi rigetions).mosenarasing pf degedRiiCireniyeats apd exseeiPEEPEEsewd ugat e and excess
PEG was obsetyefliiomiag cbRbng WiddeshMly Yohited Uitk BRSHeptile afEind i gagsh h@@c%rﬁu@ate,

€
peptide and the pept! o?e- PEG conj ugate, and succéssfully purified the
pept i deanppwcewHjily gurfedthepartitlEE conpastpdiansthe upropiygatesipepid®l e 1: 1 on Exhange
Res{;s Support Source Mono SyGfRe3t Ronddnahgk B&ksON Amer sham Bi osci ences

- » (®)

Supporxt Source
Mono S HR 5/5 strong cation | Amersham Biosciences
exchange pre-loaded column :
SE53 Cellulose, microgranular Whatman

|__strong cation exchange support
SP Sepharose Fast Flow strong | Amersham Biosciences
cation exchange support

Example 2: Synthesis of EPO-R agonist peptide dimers by fragment condensation

20 Step 1- Synthesis of (Cbz)~Lys: Lysine is reacted under standard conditions with a solution of
benzy! chloroformate to obtain lysine protected at its fwo amino groups with a Cbz group.

d z,>—NH
O- Z}W&OH

Step 2 - Synthesis of Boc-TAP: Boc-TAP is syntheisized as described in Steps 1 through 3 of
25  Example 1.
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exchange pre-loaded col um SE53 Cel |l ul ose, m crogranul ar What man strong
cati on sEonge support SP Sepharose Fast Fl ow strong Anmersham Bi osci ences
cation ex ort Exanple 2: Synthesis of EPO R ag ' di mers
by fragne g&%&ns‘n’gtlon 20 Step |I- Synthesis of (Cbz)rL39/{éurﬁ]%)z/@i%ﬁieds|§ljse

react ed under standard conditions with a solution of benzyl chlonformate to
obtain |yS| NSYeP3 OLBHPIME o &m&mmm & Yhrid BR-TAR ar@ lcifiled Udder6~0
>--NH O '/ HI\IIpCR Bl gCf{tcte 5 ‘im hes?(; 0 oc- TAP: Boc-TAP is

synt hel%@ﬁl@éca@haég tt?éﬂt"l"i‘?ag’c(@i@%)z YrRABRSR 3 of 25 Exanple 1. -60 WO

2004/ 101606 PCT 4/014889NH§t ep 3 - Coupling of, (Cbz)rLys and Hoc- TAP:
(Cbz) Z- Lys a@% are cgupl ed under st rdycagpl i ng congibécons to
obtaln(Cbz) sTA Boc. ,}ENH _ d\/j OON G-~ PBoc \ / OlIQ ~pIN OH
00O ~ ~ O Ooupl agen(E\,QMqNN “~p(-/ Step -0 Lys- TAP-1Boc: The
crude produc g)_ VI oUs reac; lon ig, |ss wed | rret hanol o (25ml)
and hydroge da’n presence af 15% Pd on Car al | oon
pressure for his. The mi xtUF&E Y| tere ed W|th rret anol and t he

filtrate concentrat ed in vacuo to provide the cr ude Lys- TAP- Boc product
O-- NH NHBoc HZN NHBoc O Pd-C, H2, McOH
5 Step 4 - Lys-TAP-Boc: The crude product from the previous reaction is dissolved in methanol

(25ml) and hydrogenated in presence of 5% Pd on Carbon (5% w/W) under balloon pressure for 16 hrs.
The mixture is filtered, washed with methanol and the filtrate concentrated in vacuo to provide the crude
Lys-TAP-Boc product

0
0,)-—NH NHBoc H,N NHBoc
2(0 H Pd-C, H,, MeOH '\l
._...__—.—_).

O
0

0
6 E%HN NH— O/J H,N NH-\_O/—/

Step 5 - Synthesis of peptide monomers by fragment condensation: Four peptide fragments of

10

the peptide monomer sequence are synthesized by standard techniques. These partially protected
fragments are then subjected to two independent rounds of coupling. In the first round, the N-terminal
half of the monomer is formed by coupling two of the peptide fragments, while the C-terminal half of the

15  monomer is formed by coupling the other two of the peptide fragments, In the second round of coupling,
the I’\I-terminal and C-terminal halves are coupled to form the fully protected monomer. The monomer is
then OBn-deprotected by standard techniques.
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O O>mNH -0 H2ZNl "~NH-\- 10 Step S - Synthesis of peptide nononers by
fragnment condensation: Four peptide fragnents of the peptide nononer
sequence ¥ Feyélesi zed by standard techniques. These pagiigtdoyofasst ect ed
fragnents are then subjected to two i ndependent rounds of coupling. In the
first round, the Nntermnal half of the nononmer is formed by coupling two
of the peptide fragnents, Il the Ctermnal half sgfmf he 15 nononer is

. )
formed by cqupling the othe of the I d
round of éﬁfﬁbﬁg‘?’r’@gmt hd™RE F“iIﬁG'r?gl and C?D"I"g?hfﬁéw ' géﬁar eﬂﬁbg %?@g form
the fully protec®d nononer IrtThe nononer is @then CBnTrdeprot ect eBPfby
standard techni ques. -61 WO 2004/ 101606 PCT/ US2004/ 014889 S(Acm S(Acnm
(AcG -G L-Y- A OH Fnoc- GulgieM G OH Fm)c-P-I-T-(l-naI)-V-C-Q§ o H2N- L
f"'(MG-0Bn OBu Trt OcBu Trt Pbf couple couple S(Acm Acn) (AcG -G L-
f-A-CHMG OH Fnoc- P-1 - él-nal) V-CQP-L-T(M@-0Bn OBu Trt O Bu Trt

Pbf couple S(Acn) 8(Acm) MG -G L- -A-CH MG P- Ir( om)

-(1-nal)-V-C Q P-{a®-G- qu)-e OHBU Trt @Bu-qfr(l-nﬁbff c-c} -(MeepOBOBN  S( Acm)
ISl (Acm)  (AcQ -G L-~ AggHIM G P-1-' - (1-nal ) 55,C Q Ph-i peMeG -OH Ot Bu Trt
OBu Trt Pbf Step 6 - O(l o'llatlon of pgptide nononers to formintranol ecul ar

di sul fi de bonds: The OBn- deprotect {’pﬂ?ndensed pepti de nononers are then

oxi di zed with under iodide to formihtranolecular 5 disulfide bonds between
the Acm protected cystei ng:(AE,gm dues of (ng nononers. S(Acrr) S(Acm

(AcG-GL-Y-A-C (Acy)l-&X-A-C-Hd\(I %—Pq?lj- -naX-V%—&P—L—R—(MeIS)- o8 EC) - H

OtBu Tff tBu Trt be
¢deprotect OBn
S(Acm) S{Acm)
(AcG)- G-L-S{-A C-H-M-G-P-I-T—(l nal)-v-é-Q-P-L-R-(MeG)-OH
OtBu T“ OtBu Trt  Pbf

Step 6 ~ Oxidation of peptide monomers to formn intramolecular disulfide bonds: The OBn-
deprotected condensed peptide monomers are then oxidized with under iodide to form intramolecular

5  disulfide bonds between the Acm-protected cysteine residues of the monomers.

S(Acm) S(Acmy)
(AcG)- G-L-S"—A—C-IEI-M-G-P-I-T-(l-nal)—V-!J:-Q-P-L-R-(MeG) OH
OtBu Trt OtBu Trt Pbf

¢12 oxidation
5

(]
]
(AcG)-G—L-‘{-A—C—IiI-M-G—P-I-'I'l-(l~na1)-V-(.'J—Q-P—L-R~(MeG)-OH
OtBu Trt OtBu Tt Pbf

Step 7 - Coupling of Lys-TAP-Boc to oxidized OBn-deprotected monomers to form a peptide
dimer: Lys-TAP-Boc is coupled to a two-fold molar excess of the oxidized OBn-deprotected monomers
10  under standard conditions to form a peptide dimer. The peptide dimer is then deprotected under standard

conditions.

-62-



OBu Trt GBu Tit Pbf 12 oxidation S 1® S t (AcQ-GL-X-ACHMGP-I-
-(1-nal)-V-~-Q P-LR- (MG -OH OBu Trt OBu Trt Pbf Step 7 - Coupling of
Lys- TAP- B i di zed OBn- deprotected nononers to for ' gfli eter;
Lys- TAP- ngo%@"@@t?p(i ed to a two-fold nolar excess of thgbgrf(@g?@g@ﬁs 4

OBn- deprotected nononers 10 under standard conditions to forma peptide
dinmer. The peptide dimer is then deprotected under standard conditions. -62

WD 2004/ 101606 PCT/ US20Q4/0148 S S | ADQ) -G L--A-CHMGP-1- i
(1-nal)-V-CQP-L i %ﬁégr‘%ﬁg 'P‘ﬁ'ﬁ'fl"’éﬁ%"%"f"f’lf:yﬁtfé | Il Hfoc couple 0 "1
0O N NH-\_O/'J S S| (AOG-8&L-Y-Auwe H Mt Pebi- {l-nal}V- -QP-L
R-(MeG-HN NHoc OBu Trt Bu Trt Pbof 0 0 | S NH\-0 (AcQ-GL-
-ACHMO-P-1- I-(1-nal)-V-&Q P- RA(MeGQ--HN OQBu Trt GBu Trt Pbf
deprotect S 1Sl (AcG-GL-Y-A-CH GPE-I-T-(l-rm}B)OEV-C-QP-L-R-(NIeG)-HN
N2 OO

couple
0 /_,0
HN NH
2 g
' S
(AcG)-G-L- —A-C—IiI-M-G-P-I-'Ii-(l-nal}V-é-Q-P-L—R—(MeG)——-HN NHBoc
OtBu Tt OtBu Tt Pbf o
0
3 S NH—\ 0/‘/
(AcG)—G-L—Yl'-A-C-III-M-G-P-I-Tl-(1-nal)-V-Cl-Q-P-L-R-(MeG)—-m\I
oBu Trt OtBu Trt  Pbf
¢ deprotect
: , S
(AcG)—G-L-Y~A—C-H-M-G-P-I—T—(1—nal)-V-é—Q-P—L—R-(MeG)——-—'I-m NH,
0 5
/"0
S S NH
g

[
(AcG)—G—L-Y—A-C-H-M—G-P—I-T—(1-nal)-V-C’I—Q-P-IfR-(MeG)——}m

Step 8 - PEGylation of deprotected dimer: The deprotected peptide dimer is then PEGylated as
described in Step 10 of Example 1.
5 Step 9 - Ion exchange purification: The PEGylated peptide dimer is then purified as described
in Step 11 of Example 1.

Example 3: In vitro activity assays

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 demonsirate 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.
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SSI NH\_ 0 (AcO-GL-Y-ACHMGP-1-T-(l-nal)-V- 1-QP-L R (MG Step 8
- PEGyl ation of deprotected diner: The deprotected peptide diner is then
PEGyI at ed ibed in Step 10 of Exanple 1. 5 Step A nge
purificat i@:’”‘gﬁgﬁ%@l ated peptide dimer is then purifigngJsSng)é‘@é% ed in
Step 11 of Exanple 1. Exanple 3: In vitro activity assays 10 This exanple
descri bes vaEP@BSagofiistipchtide dimeR\ife Srbghreddcborting toihe nttida proRided th EXaenphct bvi ty
and po encie of  FPO- R ag’?ﬁ_‘iﬁst pept I des of the .inventiagn. The . results for
Chese abeHpl feTarBrrat f fisk PPHEF Cistra CUBied JECEGrSer & TP e e BFRG « o
EPC R aiéludifig:i &/ fehertdrRcdal} & pfiliddrativdl: astdy! £ QYBpotitive BindRE Wstay, bt 2 O/BESR B&FAYS
show t hat t{g}e novel pept[gde_ onposi tions exhibit a surprising increase In
EPO- R bIs8s 1o4r 2ssave pisidespr W@F@’b gkheloyet i vity conpared to EPO minetic

pepts des t hathdiasifs bEBike B RN QitSitY aflBRGEd PBcharizedGs TYMR 2004/ 101606
PCT/ US2004/ 014889 EPO R agoni st peptide dinmers are prepared according to

the nmethods provided in Exanple 1 or Exanple 2. The potency of these peptide
di mers j sp@yabuated using a series of in vitro activity assays, including:
a reporter assay, a proliferation assay, a conpetitive binding assay, and a

CBFU-e assayThis 33esis brd uperss a3 miiee pedt-palliing deriveduerarisr cele Baf3EngRIGHIFRs
foe 1 @S, FhislrBRtr bl TielehfheREd 4 Ml QRERIR oAihfrishiTHB EXEEAIN Jiordne 1

Reporter assay This assay is based upon a on a nurine pre-B-cell Tine

der medlm@pcﬁf{%@fecmqutq tidnter-@bair peterof the §rnanGCSR reseptap oFhie pelbline is further
expres LPRr. Of.: .Sl tras I -NOLE | e
10 e Rl W fos RGP IRl GpdrdP g6 doihif. ' Wpfbarli ol Wil qhed”
r ecept oreceptithroughl addifipmef ¢rythfoppieticagent rasdis scthe axpréssinn af the duciferssareportetigéneen
| uci fer I : YA | | [ I

t b oughi i EBEEroBEf GRR! i haall B ARRL nidite R s ORI B

| uci f erBR@-Rragpivatipe in syeines]ls mayn e quastiefed via nidasurgmanti oinéifemase hetivitght  upon

addjti on of ' [ ' j I
ot LT on TSR EORSPR SO Ll hrd QLR BMERDHTD kBl BfEh) SbplebbiRtd
acti vi tyith 1®% Tétel Hoaihs sdemo RFBEIERIdne) /1D%XWEHI-B sumrmtaati(thasupenatant BivieM Eill@ire
medi um ((G.beo) S with 10%.fetal boving seru EBS; cl,one 10%
VEH -3 COVEERA es R(L‘?@Q2%8§)n3’%‘f;%‘?‘1°1‘ﬁ”3§¥°§{°8’(§’F‘f’u Pprr il 183 beldit ea gf‘&c 4
TI B- 68) cellangd spavddchy transfesingethére ny OMEMAND mexdivrpdupplemiBed whidf 1G0eFBH and 83 %y
cells arved by transferring themtp DVEM E12 nedi u . ted. with
T50 PoaVERE 30 SpEet: 1y G S Gy, R (i (R ashegy ores iy RN et
oncE W uppleiedtdwh N BBB (no WEHI-3 supernatant), then 1 X 10° cells/mL are cultured in the
presence of a known concentration of test peptide, or with EPO (R & D Systems Inc., Minneapolis, MN)
as a positive control, in DMEM/F12 medium supplemented with 10% FBS (no WEHI-3 supernatant).
Serial dilutions of the test 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

25  each well. Following a 5-minute incubation, light emission is measured on a Packard Topcount

Luminometer (Packard Instrument Co., Downers Grove, IIl.). Light counts are plotted relative to test
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 Table 2: Reporter EC50].

30 2. Proliferation assay
This assay is based upon a murine pre-B-cell line, Baf3, transfected to express human EPO-R.
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.
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tested yheksn hhaifhakiatal SRoLERE iSrbddded@b the ®I50 [%thlé g: $rolifedioh EQ50]EPO
pepti de) ranges from 810pMto 0.0045pM The plated cells are then incubated

for 48h at 37C. Next, 1011L of MIT (Roche Di agnostics) is added to each

cul byr e zdicsh m&ymaﬁg,jgjw allowed to incubate for 4h. The reaction is

t hen stoppedpby addl ng ,10% SDS, + 0. 01N HCI. The plates 15 are then incubated
over ni ght  at CemestitRg bRdisg selsuigions seruade pringAn aaswah@ﬁgﬁs tsignglge prnerated phan
MeasUr e georS6rasd ?ﬁ%ﬁty%f%ds Yead&?laOr€pt¥idih Bnctbe st BRRRE 2 bRASYINGS EPOIREHadihest

pepti de concentratjon are
peptide tracer and an acceptor bead to which is bound EPO-R. Light is generated by non-radiative energy

transfer, during which a singlet oxygen is released from a first bead upon illumination, and contact with
25  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 fracer to
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
30 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
(Packard), 15puL. of 5mg/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 abl79 antibody; Packard), 112.5uL. of a 1:6.6 dilution of
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constructed and the EC50 cal cul ated using G aph Pad software. The
concentration of test:peptide that results in a half-maxinal absorbance is
recorded as the EC50 [See Table 2: Proliferation EC50]. 20 3. etitive
Bi ndi ng AYOAMEHHE® i tive binding cal cul ati ons are made 5§T’H§203ﬂng‘§§9ay in

which a light signal is generated as a function of the proximty of two
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pept iSde Al3a06% engECB bipding m@dﬁs@ w ﬁdn&ﬁgo@@pﬁqﬁe@wa«:@rmﬁ@r acgprdinigrig the

EPO- R  difodpHesebéd in'Exantpl Hiwith segadhst Biotih-G6EYRaIEMGPIT WOt QRIR G380 ID! N
nore det\g:l4)t he method is as follows: Add 4L of serial dilutions of the test

EPO- R agoni st 30 peptide, or positivelk380aegati ve controls, to wells of a
384 well plate. Thereafter, add 21i lL_.l_JAE.LL_.IOf receptor/bead cocktail.

Recept or bead cocktai l cormgﬁt@mAcmlmtm streptavi din donor beads
(Packard), 15L of 5nmg/m nonocl onal anti body ab17\gtws anti body recogni zes

the portion of the human mb@@mﬂcmgﬁm@ﬂﬁépﬁat ase protein contained
in the reconbinant EPO-R), protein IA-__c.o_aLed_l acceptor beads (protein A wll

bind to the 79 anti bod Pac 2.5 6 dilution of -65 WO
2004/ 101606 g%\‘?‘@@fg‘o@f’b’fﬁ%ggﬁg% P‘gé*ﬁ{“fé ﬁea(‘awgat?@éaf? Tesibats overnight
Hamsfoer #Oatitetifdratirea AfiRr fmmem@hﬂdﬁsﬁ@ tﬁlrfg%tﬁUFﬂQilEst tdaBer (PaviRQ). PM1aaRAL al
al kal i ne phosphat ase rote| n \m'ﬁiﬁﬂ ta| ns the abl 79 target epitope) and

607. 5L CFussien ¥R sepeere B‘E:P%P“‘{%G ag-or Exgel MyCh:; 0. 1% BSA, 0. 05%

Tween 20). TafhelBndEhifation 08 fstdRbtidbahdt r&txlt;'rl 06 h}z@ﬁéd@éﬁk@mgnﬁ? Arsdior) rdlgliveQo that
peptide tracer, AF33068 (30nMTtinal concentration) 068, an EPO-R

bi ndi ng qb&ﬂqud‘éﬂ’e%téé‘?tl’%ﬂﬂd@ igreequdadess therlCEEEise Tply 2) 4Qils5Hade according to the
net hods described in Exanple 1, with sequence Bioti n- GG YACHMGEPI TWCQPLRG
(SEQID NO 4). AF33068 Biotin-GELYACHMS PI' WACQPLRG, ,,, K- NH2

Bi ot 15n- GECARFVIaMSTVW JQPLRG. '/ Centrifuge 1 nit to mx. Seal plate vvith

Packar d Top S RandafARiniuldsid dlf#efema%f%ﬁmwm skl 0 teratng e

tenperature. After 18 hours read em ssi on using an
( Packar dyeodrebpreasirgtrs. Thigiassey mqasws éhm@elny htdsbpepidesge ptmdeteahﬁprah&tay@@ and th

G aph P%Hff&énhgé&eéf 'red blood cell precursors from primary human bone marrow pluripotent stem cells.
For this assay, serial dilutions of test peptide are made in IMDM medium (Gibco) supplemented
20  with 10% FBS (Hyclone). These serial dilutions, or positive control EPO peptide, are then added to
methylcellulose to give a final volume of 1.5ml.. The methylcellulose and peptide mixture is then
vortexed thoroughly. Aliquots (100,000 cells/ml) of human, bone marrow derived CD34+ ceils’' .
(Poietics/Cambrex) are thawed. The thawed cells are gently added to 0.1 mL of Img/ml DNAse (Stem
Cells) in a S50mL tube. Next, 40-50 mL IMDM medium is added gently to cells: the medium is added
25  drop by drop along the side of the 50mL tube for the first 10mL, and then the remaining volume of
medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, and
the media removed carefully by gentle aspiration. The cells are resuspended m Im! of IMDM medium
and the cell density per mL is counted on hemacytometer slide (10uL aliquot of cell suspension on slide,
and cell density is the average count X 10,000 cells/ml). The cells are then diluted in IMDM medium to
30  a cell density of 15,000 cells/mL. A 100pL of diluted cells is then added to each 1.5 mL methyi 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 ImL using blunt-end needle.
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The concentration of test peptide that results in a 50% decrease in |ight
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Storage: 4 °C
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Bovine Serum Albumin and 0.1% Sodium Azide
e Storage: 4 °C

OT 1710 9
ow

N, U8

Assay Buffer

B. Determination of appropriate receptor concentration.

15 One 50 pg vial of lyophilized recombinant EPOr exiracellular domain fused to the Fc portion of
human IgG1 is reconstituted in 1 ml. of assay buffer. To determine the correct amount of receptor to use
in the assay, 100 pL serial dilutions of this receptor preparation are combined with approximately 20,000
cpm in 200 puL of iodinated recombinant human Erythropoietin ('**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.

20 The next day, 50 pL 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
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activity assays I's exanpl e describes various in vivo assays that are
useful in evaluating the activity and potency of EPO R agoni st peptides of
the invention. EPO R agoni st peptide dinmers are prepared according to the
nmet hods provided in Exanple | or Exanple 2. The in vivo activity of these
peptide nononers and di mers Examplalude vile aetivity assa¥®ri es assays, including a
pol ycyt hemi ¢ exhypoxi ¢ nouse bioassay and a reticul ocyte assay. These two

assays are described in further detail below 1. Polycythem c Exhypoxic
Mouse Bi oassdis 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 dimers are prepared
according to the methods provided in Example 1 or Example 2. The irn 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 vi?fo 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 anle
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 EPO standarcis, 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 afier 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.
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Test peptides are assayed for in vivo activity in the polycythem c exhypoxic
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pressure for ‘an additional 72 hr prior to dosin Testw;i ptid
1

r econbi m&mnﬁ@mt@t BeRide-GAL day threg)inyien asej2lsp desed (01 %gS‘rA %wretp@aﬂy)
(PBSBSA)mthF’E&{ H QR HHOCKk: &R fd S ﬁ%f‘an] Ediketibed Qi RED) Wblb@ b daRfidey |
sul f oxi de ( at ive cont roI rou ncl ude one group of mce

i nj ect ed)umtmrn W (“6hrsticulorytes frs egqhd:lqydusmpn!etlwtemme bxwmmammse

wi °EpoC%9§Tﬁb‘°?ﬁﬁﬁa%%P3%”r FeEr 208 RpB6) CHeuNEI AORRIBI RFRLE B BRERY

i nj ecti mqrcentloéremidecyénses @aﬂaﬂnmeéusngﬂie followmgdferpwid: t oneal injection of 0.2 m
of Fe59 (Dupap L g _of app se. Muse
body weights gp’é‘f@ ?rﬁl? ed I%‘ O Er F@%B%gﬂ“% P’?‘Lgt}lféga#&g§8mf“ﬁe i ce

are sacrificed 48hr after Fe59 admnistration. Blood is collected from each
ani mal kgy e,gatgio a/ﬂ) icture and hematocrits are determ ned (heparin was used
an

as the an I'coagd Y Each bl ood sanple (0.2 m) is analyzed for Feb9
i ncorporatio rNormsll D! mideaokduset vgﬂnfmnr \tmklytbehm intiamenoas infuetiars offtitter EPO positive

t hose m ce r adi oact inco ative contrpol
o oue) Mol it AR Nlitle, RRRO R RIHET confBPand s Perdf 0ORR MbafSof Wb
hemat ocrard testedlbyegryins shet fuife 28Mpaind tcbrcenitgiah iii ehe Gotinulatiogr GlbbunidsEinjatied are

i mi nat 04/ 101606 PCT/ US2004/ 014889 d
et s of STk T E By SO B AR, MADE S T LGRS of B

r adi oactrenibifg HEe @FGUPE. apﬁﬂnhmwhﬁdmklyrﬂoaywagnm}comwp bI ood sarrpl es from
each group.is calculated. 2, Reticulocyte Assay Normal BDFI mice are dosed
(0.5 nL, i nj él‘clmeldsesiummtammgsieyﬁastc;handtth@eamsth@@edmﬁﬁxénlmbﬂssqﬂume ard tehreinalEPO

trol t ed
Cont 1! e Ok Ak S B Rl R Rt
anest hetande;d My@ hi SC&R1 291014 bxhaeealgrbgp/m] diThe blgednis tttansferrdbh Vecnmm@ Qaﬁé)nd tubes

et oul GeULeR d8Loagel iPLRIG AR kRS @bl B M acol e orange

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

Example 5: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having the
amino acid sequence (AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1)

Step 1 - Synthesis of peptide monomers: Peptide monomers are synthesized using standard
Fmoc chemistry on an ABI 431A peptide synthesizer, using TG-RAM resin (0.18 mmol/g Rapp
Polymere, Germany). For the synthesis of peptide monomers with an amidated carboxy terminus, the
fully assembled peptide is cleaved from the resin with 82.5% TFA, 5% water, 6.25% anisole, 6.25%
ethanedithiol. The deprotected product is filtered from the resin and precipitated with diethyl ether, After
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and flow cytoneter analysis (retic-count progran). Hematocrits are manual ly
determ ned. The corrected percent ofreticulocytes is determ ned using the
followi ng formul a: % RETI CcoaxEcrsn = % RETI CcassavED X (Hematocritjrnu,u, /
Hemat ocr i txggm %1 _ Hemat ol ogi cal Assay Normal CD1 mc g W th
four weekly DO tll] wllgﬁt(’r avenous injections of either EPO pgg%%? Hag%%trol
test peptide, or vehi cle. A range of positive control and test peptide

doses, tex?f,ﬁ tma!rk@ct IS@ﬁxeﬁJd%\sfcfid 1&W¥rs liaé Righ {:&}ﬁnﬁ&icsbﬁl /ﬁmﬁu@m ap hh |
concentratjon in 0 e nj e.vehicle
control gFBuB ?@?ﬁﬁﬁr“?ﬁ%’&r’f t‘??emaorﬁ/;lrﬁ‘f‘fi“’m\ﬁﬁf é"‘g a‘h’ehﬁtf"‘?méer 8igf]’ﬁ RERds ¢

t he (rj egamﬁﬂg:gdp sbctgs“pmypﬁass fetttomenty. abiel peﬁﬁdgadlﬂfjsmﬁkh)a Db sblutior o DMSOawater
recorde The aste nd t e

el ed § sdrmeaREon SR fo il ktin 0RGraG PRRRLIT G So b aete o
abdomi nal mmmnmucudtmﬁemmpw witho! gradixint efl acetandtriterveter i € E% mfbmdaa@nc &&s 15
and 29 (4 mcet/dgrou‘p/ da]m ﬁueS w&)asq. S transferred to Vacutainer(r) brand
tubes. Pr eef € | coay uel ant ety enedi ani net et raacetic acid (EDTA) .

Bl ood sanpl es are evaI uat ed for endp0| nts nmeasuring red bl ood synthesis and
physi ol ogy such as hematodrit éﬂrHet) lherm | obin (Hgb) and total erythrocyte
count (RBC) using adt"fﬁ?ﬁ{%‘@:a@ﬂ? oHy  WSEQ IDN@Gm1) n the art (e.g.

t hose nade by Coulter, Inc.). Exanple 5. Synt hesi s of EPO R agoni st peptlde
honmodi mers of Lﬁm+m:mm:mﬁmmﬁnm Taaseluticacf diedwlhininveestate (10.0g, 52.8

AcG) QLY. | . i d
grn(r:]oZrers gi%ddé&ﬁ%%o%mrs gﬁb} Qﬁl gllzeg%é?%&gtvgaﬁéd&g%%%ﬁc%m sttFly gn
an ABl 43@BA peptlildemedyeuen é%mtes afurs¢m tprpGuRAN heaedchon 10ixinge Warpled tp -8 gparees

Pol ynere, dﬁé%%&mofg{entc%e§yﬂfctﬂ@&bé thtg)eRt . db&é’? 2T RRARE! Srilrdablic niHedik ed

carboxy term'nus, th assenbl ed e 1s cleaved Tromthe.resin
with 82. 5efowEhto ss%w@#an eze%emtﬁteé&p@pmeyl@ewaeﬁlrm@ﬁ t ¥e gplyentjyas removed

depr ot ect giePic@BLE predstre fth hff&ae 10 thd Rsili R id30196in REFE hdRlatetng dgam ti#ersli 181 Dy
ether. After -71 2004/ 1016 CT/ US2004/ 014889 t horough dr n t he

product | $TYR the pddifiong] neeripatated é‘F“ée Thnergwionigss vr?érpiaa%ﬂwesepm , Washed
chr omat og(saPRIHCOY brihe20. gmmemnep tinéﬂqmgso.;)tﬁue}ee/amz:&laeﬂuate@ uddie reduced pressure

trlfluoroacelcald Testru re of the | flrma

el ect ospr'é’y’fgﬂ’tgs@E ??@EPF"Q hilas §/°° & e Jof é‘é‘” 71’351/’(1?(1‘ mﬁ‘“’Ie ifl\é%?%iﬂfrgn of
DIVB(? wat e{100 ad ) &dae &ﬁsedaéérlagadm:@f(zﬂ;ﬁg{h &3 thedd mtme@h k,fl(ils sithdl). diﬂx_ebﬁ_r\iémiﬂeﬁbﬂred The
product is reverse ase rfqr e |i,qui .

chr omat ogf"a}g ﬁélé V\ﬁt“’ﬁeaﬁ g}f%ﬂ\éﬁ’%&r‘“&d@’éf‘ﬁm W’i’%’é‘i"gg‘fr@& g?%?"lac%%éd fo pH 1 with
trifl uor o&e 8. CTHeGY.Phase e sfaarpted ohith NoTian®éxgratted/4 tied wikllialiy] adeaict. The t@bbireds :
r----1

organic phase was washed (brine), dried (MgSO4), and concentrated under reduced pressure to give a
white semi-solid. The solid was dissolved in 50 mL of DCM and to this was added 300 mL hexane to
create a white shury. The solvent was removed under reduced pressure to afford the diacid as a white
solid (14.7 g, 91.5% yield for 2 steps). To a solution of the diacid (1g, 3.29 mmol) in 20 mL of DMF was
added N~hydroxysu§cinimide (770 mg, 6.69 mmol) and diisopropylcarbodiimide (1.00 mL, 6.38 mmol)
and 4-dimethylaminopyridine (3 mg, 0.02 mmol). The reaction mixture was stirred overnight and the
solvent removed under reduced pressure. The residue was taken up in ethyl acetate and filtered to remove
the precpitated urea. The organic phase was placed into a separtory funmel, washed (sat. NaHCO, brine,
0.5 N HCI, brine), dried (MgSO,), filtered and concentrated under reduced pressure to afford the di-NHS
ester product as a white solid (1.12g, 68% yield).
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(AcG GLYACHMEPrr (1-nal ) VCQPLRK-NH2 (SEQ ID NO 1) Step 2 - Synthesis of the
trifunctional linker: To a solution of diethyl imnoacetate (10.0g, 52.8
non) and Boc- bet a-al anine (10.0g, 52.8 mmol) in 100 nL of DCM was added

di i sopr opwEzobestisosri de (8.0 nl, 51.1 mmol) over 10 m NREBYSHOH/HLEEN
tenperture. The reaction m xture warnmed to -10 degrees during the addition,
t hen cool ed back to roomtenperature over 20 mnutes. The reaction mxture
was allowed to stir overnight and the precepitated diis propyl urea was
filtered off. The solvent was renpved under reduced pye§suyre to afford a
gum and the residue gimsol Vv in ethyl acetate angd agai f% ered to

renove the additional pre€Ciypatated urea. ;I'gug org |c pha aced into a

separtory funnet-®eished (Sat , NaHCOB; 'bFi’ne, N@HHCI w NS ed
(MgS™®), fil t%‘f\e_dc d 'concen? at e e\Ld@duced ps essur (¢ afford t he
di ester product as’ a colorless oil. The diester was %ake inal:'l

m xture of McOH THF (100 nL) and to this was added water ¥25 m.), and then
NaOH (5g, 125 mmol). The pH was neasured to be >10. The reaction mxture
was stirred at roomtenperature for 2 h, and then acidified to pH1 with 6N

HCL The ag. Phgse \A@&:pm@uy@ﬁeeﬁ m&ﬂaam{f;ke}afbdm@ﬁﬁmt;%oﬂzew n?& Yy gl%f?mué

acetate. The conbi ned ani c phase was washed (brine), dried and

concent rlinketl 2 padeptidecie withek 6q pEtrifuncionablinker inhdry HME 19 gixe plea solpien, St o8]
was di SSB&%‘? % ddaffcﬁ:%cgb Iltep%@ﬂlgct&@ id mn%d‘ﬁ?‘ %getgn Q:R\.u%if Wnﬁe sglvent 18

create a white slurry. The sol vent was rermve reduced pressure t
af ford tissodédwider r&éuoad pisisuee ansighe g@rudq nroduqy is digsobed § }n e0°d Ty sz@,Mefpls;Onnfr t0a

| ut gﬂgﬁg
il?h;dlr 82?%%’3%?‘%?%& %%€ ;%&w%yégrégzmha Wﬂgﬁ%"’% i sopr opy czl; 35 rrm 8“}1? &lm(%
m., ' 6. 38iswoufirjned bmdemwramnhﬂ,slsmﬂmpiyy [ Hmwuplalgrrgacu@l ﬂ@cmsrthﬂ 1)nker11h ¢hemaoge on

mxture was |rred overnqug%ﬁ ﬁ g r enov, under . E Eq

pressur é0 r’?’gg B@g%@ Slﬂf)rcisﬁiugf’ §ACH IORPUFE IPEYSE IS SBEWE 8P ¥npve
the pr ec‘ﬁiﬂf a.- The organi c phase was placed into a separtory funnel,
washed (sat. NaHCCB, brine, 0.5 NHCI, brine), dried (MyS04), filtered and
concentrated under reduced pressure to afford the di-NHS ester product as a
white solid (1.12g, 68%yield). _ 72 WO 2004/ 101606 PCT/US2004/014889 O
NOOBocHN /OHi p, x O ~CO2Et 0 /--CO2Et NNOH O p 0') NHBOC HN
BocHN,.~ /N "-CO2Et = _ N ~COZEt ON1O
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0 O Step 3 - Coupling of the trifunetional
For coupling to the linker, 2 eq peptide is mxed with |

trifunctlaﬂﬂéo i 5@ in dry DMF to give clear solution,
added after %lnu es. The mixture is stirred at ambi ent

i nker to the peptide nononers:
eq of

npera ure for

14h. The solvent is rempved under reduced pressure and the crude product is

di ssolved in 80% TFA in DCM f on
purification with C18 rgv PL
confirned by cIectrosprévekégégég%%WR&H&%F&EE%%%%ﬂ

the linker to the nitrogen atom of
of each nononer. The process is shown
2004/ 101606 PCT/ US2004/014889 r 1 (
N-O OO 00 Nk, “NHBoc to DWF, DIEA O
WZNWOMMYJN%&(M@&M
(AcG GLYACEMGPI T(1- nal) Vnal ) VQPLR- NH

remove the Boc group,
cture of the dinmer is
coupling reaction attaches

fol | owed by

he & am no group of the |ysine residue
owwth SEQ ID NO 1.

(Ac VQE§

NH2

«%{

O

v DMF, DIRA

(AcG)GLYAf}MGPIT(I-nal)Vj:QPLR—NH

—

(AcG)GLYACHMGPIT(l-nal)VCQ

TFA

-73 WO

MGPI T(1-nal ) V OQPLRK-NH2 0
%\HNGPTT(l nal)V i QPLR-NH

al NUBIPLR- HN 4NH M 0 j TFA O

VNV NH O / Z

O

3.

7
e

NH2

NHBoc

(AcG)GLYAICHMGPI'I‘(l—nal)VFQPLR-NH {NHZ

NH

YiNJk/\

(AcG)GLYACI-IIVIGPI’I‘(l-naI)VCQPLR—Pﬂ\I/{Nm
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NH (AcG GLYACHMGPTT(1-nal ) VCQPLR-HN 4H2 O -74 WD 2004/ 101606

PCT/ UB2004/ 01- 4889 Step 4 - PEGyl ation of the peptide diner: PEGylation via
a carbmate bond: The peptide diner is mxed with an equal anount (nole

basi s) of WaitAled PEG speci es (nPEG NPC from NOF Cor pPCTDHPHMY/ 01448 ry DVF
to afford a clear solution. After 5 mnutes 4eq of D EA is added to above
solution. The mxture is stirred at anbient tenperature 14h, f‘oll owed by
puri fi cati onStgpthr RE@latiey ef hepeitfide dimdPL C. The structure of PEGyI ated peptide

is confj PEI Bnm@)(rm'\@‘l:ﬂhmﬂﬁé ﬁondTEﬁwﬁ}éghéé ﬁglep E%ch?w%ﬁlﬁn @t!llﬁp Eﬁgﬁ%aglg of

purification via cation ion ex romat ogr aphy as outlﬁl ned bel ow.” The
nMPEG NP&tRES} PEG sof:pwss(n@h‘amqmrowakctprg T8p@) ixDiry NIF to, afford a clear solution. After

(19 VRN O8N (SRS MY 1o Feb b s

( AcG) GL¥ACHMGRY if(lxﬁﬁqaa'm w@@m@mwmase L@ I‘he@irhthH)@PE’EﬂB@er}ﬁWiNdnﬁmed

AcG GLYA . HM T HN 4H2

bt dobY ABGPT riets ik Rehied Sac s <f3n et Bl Bt v Ssuin o) Soniiiec
speci es éﬁ&%ﬁg@% &rtﬁﬁecmw WEhEMPEGLNPC PEB)14tiBn S shoWiBelov @idgsEQ apCl ear
- 75- - N@.7004/ Q&%ém?ﬁﬁ&’éﬁ?{?%%‘c?ﬁ -NH im

Ci
Y

NH

| |
(AcG)GLYACHMGPIT(1-nal)VCQPLR—EN~ )~ NH2
0

mPEG-NPC
DIEA, DMF

r 0
(AoG)GLYACI—HvIGPIT(l-nal)‘%QPLR-NH <NH2

(A<G)GLYACHMGPIT(1-nal) VGQPLR—HN" )~ NH2
0

PEGylation via an amide bond: The peptide dimer is mixed with an equal amount (mole basis) of
activated PEG species (PEG-SPA-NHS from Shearwater Corp, USA) i dry DMF to afford a clear
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solution. After 5 mnutes |0eq of DIEA is added to above sol ution. The

m xture is stored at-amnbient tenperature 2h, followed by purification with
Cl18 reverse phase HPLC. The structure of PEGyl ated peptide was confirmed by
MALDI a0 20048180 i f i ed peptide was al so subjected to PEMUSIUALTER via
cation ion exchange chromat ography as outlined bel ow. The PEG, SPA- NHS

PEGyl ation is shown below using SEQID NO 1. (AcG G YA HBMEPIT(1l-nal)V,
CPLR. KRR, ATIER? Tt (6P DI ced RSN o 5 VSRS FRPES 1 e
PEG SPAShKIS L BA 5dBMied by phrifeatAGEHENACHIP RS HAL) VERPLRo S 1 (
O- N&NH T EC30K ~ NH ( AcQ) GLYACHMGPTT( 1- r]aIJV LR-HN NH2 O  Step 5: - lon
exchangePterwasi coptame o I gess: Thewnerified popiifage 2 spbiptied Renusfissiiopagad
for thejaHomion exeRange chyepwiagraphy e outhpedbelewpt ThePEESRANHBEGYationis sh¥8hct ed
(or hydebivwesed SEQED NQ: l.addition to their ability to retain the starting
di meri c pepti des. (WGFEECI W@MHQ‘B‘WE@?W‘MS NWas | oaded into a 1 cm
colum, followed by conv } sodi umform (0.2 N NaCH | oaded onto
colum until elutant was pH 14, ca. 5 columlvolunes), and than to the
hydrogen form (eluted with either 0.1 N HC -7p- WD 20041101606 PCT/ US20

0-/0 11889 or 0.1 M HOAc until elutant nmatchedvH H, ca. 5 columm
vol unes), followed by washing with 25% ACN wat er u_nﬁi | pH 6. Either the
th

peptide prior to conjugation or the peptide-PEG c e _was dissolved in
25% ACN water (10 ng/nL) and the pH adjusted to € NEA, then | oaded on
the colum. After washing with 2-3 col um vol unesjf of 25% ACN wat er and
collecting 5 nL fractions, the peptide was relea fromthe colum by
elution with 0.1 M NH4QAc in 25% ACN wat er, agai

[ 1
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN~ )~ NH2
0
PEG-SPA-NHS
DIEA, DMF

r l O
(AcG)GLYACHMGPIT(1-nal)VCQPLR~NH NH2

NH. 0O
0.3
OQJKANHIH\PEGWK
NH
NH2

(AcG)GLYACHMGPIY(1-nal)VCQPLR ~HN
0

Step 5: - Ion exchange purification of peptides: 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 cotumn, followed by conversion to the sodium form (0.2 N NaOH loaded onto column until

elutant was pH 14, ca. 5 colurn volumes), and than to the hydrogen form (eluted with either 0.1 N HCl
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collecting 5 m, fractions. Analysis via HPLC reveal ed which fractions
contained the desired peptide. Analysis with an Evaporative

Li ght-Scattering Detector (ELSD) indicated that when the peptide was

retai ned W 20n#108806urm and was eluted with the NHAQAC soPUR/USI0{/aassdr al | y
between fractions 4 and 10), no non-conjugated PEG was observed as a
contam nant. Wien the peptide eluted in the initial wash buffér (generally
the firet0.2 M HEE K tmﬁié)alutanbms@p@dﬂaad o, @f 5 delsimeniRRS, ddlvwed by evashink wite 85%
PEG was , Qbs ] | ums .successt ul i b

pepti de and % E‘gﬂ -ﬁ]ge Q\éﬂéﬂ%ﬁlggﬁaa? éj,rr%r a8 glglgso# )tj%[ ?ép%ﬁ"?‘? ge%%?uﬁ%tg%as
pept i dedi@Eﬂ?edanJM@ﬁaﬂ@N/wum {l0engimid nphd giat g3 adimsted de <3 Fall EFA; thew toaBedham e

Resi HR 515 st A
exchang& HTE. Poseais ol SeRy R s sE 2 ALYy P AR PRk pl PP e
cation @mﬂdam@e 18lafed ritonSEheSe@livan dgeelitast with . M rmm@AAnﬁr M EN/eser, epeias

horoar mP LSO 53t Feomt AREFS: FAJTRG, THE ISt Wpied aitoqs SOUcDe Qesred peptide
(AcG) G ¥AGIERIith(zh- PedppMERPLIgK-§ GEQidgDDMextorl JELSPY- itlicage ihet whe@Pihk Geptide was

honodi ners of peptide rm 0 avi am nQ acid uence

(AcG) GL YARHS By & L‘ %@@W@?é@@ splefiony cwzlygweﬁ%é?cf@as 4and 10),
descri bed nofico mal zeaci waS%6@Pledt al conma8n WHeHQheS iB€ 8lu#%8 Gn RRPhitdEwash
nononers are; (AcG GLYACHVGEPI T(1- nal ) VCQPLR( MeG) K ID NGO 2) Ls__\Were
the PEGbP%”eraﬁg@w%dh% ST He'TRqtiqRY, 1, pepagption ob Spried Gw@@)@atetan@ ekeesaPEGr wsuct
of this gyapfefesis using SEQID NO 2 may by illustrated structurally as
follows: -77- - WD 2004/101606 PCTI US2004/014889 0 (ACG GLYA

HVGP! T( 1- nal e dloming, pliyna\pycoessivjly tanedcpoth thenpgpiislepEdabk peptide-PEG conjugate,

and successfully purified the peptide-PEG conjugate from the unconjugates peptide:
Table 3: Ion Exhange Resins

Support Source
Mono S HR 5/5 strong cation Amersham Biosciences
exchange pre-loaded column
SES3 Cellulose, microgranular Whatman
strong cation exchange support
SP Sepharose Fast Flow sttong | Amersham Biosciences
cation exchange support

Example 6: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having the
amino acid sequence (AcG)GLYACHEMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1}

EPO-R agonist peptide homodimers of pepﬁde monomers having the amino acid sequence
(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG)K (SEQ ID NO: 2) are synthesized as described in
Example 1, except that in Step 1 the synthesized peptide monomers are:

(AcGYGLY ACHMGPIT(1-nal)VCQPLR{MeG)K (SEQ ID NO: 2)
is
Where the PEG is attached to the linker via a carbamate linkage, the final product of this

“synthesis using SEQ ID NO: 2 may by illustrated structurally as follows:
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NH (AcG GLYA ~HMGPf I Q@ nal ) V-QPLR(MeG) - HN NH2 0 Where the PEGis attached to
the linker via an amae |inkage, the final product of this synthesis using
SEQ ID NO 2 illustrated structurally as follows: (AcG GLYA

HMGPI T(Iwﬁhm?‘!/lé@gl\/bG) Nl; 02 NHO ON" 'NHAPEG3oK P{HUS2004/014389

(AcG GLYACHVGPI T( 1- nal )Vt(QDLR( MeG -HN NH2 O Exanple 7: In vitro activity
assays This exanpl e descrl bes various in V|tro assays that aré useful in
eval uating the actiyisidyy crrRQk Qik(ﬂic)-lﬁg agoni st peptides of the
invention. The results for these assays de netrate that the novel pepti des
of this invention bind to EPO-R and actlvagggEPO~R signal i ng. - Moreover, the
results for these assays show that the nove pept| de conpositions exh| bit a
surprising increase in EPOR binding affinit And bi Q) ogical activity
conpared to EPO m netic peptides that have bee vi dusly described. EPOR
agoni st peptide nononmers and di mers are prepar acc®r dih %%%o t he net hods
provided in Exanple | or Exanple 2. The potencly. of these peptide diners is
eval uated using a series of hi vitro activity says, including: a reporter
assay, a proliferation assay, a conpetitive bjynding assay, and a CBFU-e
assay. These four assays are described in furdaher detail below The results

of these in vitro actrGGLyCIRSRIEY- ) EI0RLRGAIGIFFEN | 2in Table 2. -78- - WD
2004/ 101606 PCT/ US2004/ 014 . Reporter a¥say This assay i s based upon a
on a nmurine pre-B-cell |in derived reporter cell, Baf3/EpoE/ GCSFR fos/I ux,

This report eryggl| ébﬁ% R TS ﬁﬂ{gg%{d & Exﬁﬂ%%%%ﬁ?]%g’ﬁﬁa? WEng this

extra-cel |l ul ar por ron o human receptor to e |ntr

porti on Ghthetie uking8EQIDIROr 2 ampbyrillusiiated sgadthrally aefollowkur t her  transf ect ed
with a fos pronoter-driven luciferase reporter gene construct. Activation of
this chineric receptor through addition of erythropoietic agent results in

the expression of thgelouedckRERGEaf d1&5 e S and therefore the
production of |ight upon addition of the lutfferase substrate luciferin.

Thus, the |evel of
NH, O

J & O

o NH~ PEGsok

NH

(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG) —HN NH2
|
)

Example 7: In vitro activity assays

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.

EPO-R agonist peptide monomers and dimers are prepared according to the methods provided in
Example 1 or Example 2. The potency of these peptide dimers is evaluated using a series of in vitro
activity assays, including: a reporter assay, a proliferation assay, a competitive binding assay, and a
C/BFU-e assay. These four assays are described in further detail below.

The results of these in vifro activity assays are summarized in Table 2.
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EPO- R activation in such cells my be quantitated via nmeasurenent of
| uci ferase activity. The Baf 3/ EpoR/ GCSFR fos/lux cells are cultured in

DVEM F12 ' .bco) supplenmented with 10%fetal bo 'qu;? HiTids5 BS!

Hycl one) @%M%B supernatant (the supernatant from \e? cu ?ﬁée 43 VEHI - 3
cells, ATCC # TIB-68), and penicillin/streptonycin. Approximtely 18 h
before fNg,835%¥ay Cells are starved by transferring themto DVEM F12 medi um

suppl emented w t ﬁyl_O% FBS and 0.1% WEHI -3 supernatant. On the day of assay,
cel | s ar e weBteersaynie bask tporDr/EneE mugingwet-Breelt lip gerved mensater ol BafBEroRE Ko

VEEHI - 3 SR T1at Apboter b BRe dxptesdQB nﬁ]ﬁéééﬁ/rggcptoﬁ%ﬁn}fgSléltg‘(‘lfé@%lﬂ%fbeﬁﬁl% RhfsegdRe of

a known concentration of tést u@gptl or W Systems Inc.,

M nneapguitas EPONeceptor 4o Bgsinira-galiutap pertion of thie umpaeGIOSY zeqpptor.uHhis eglblineria firther
with 109 - : ' j j . .| de
A e conghrded A WL rorRUASA! Miteae bl fhq UeOA Aluhllty of S pRGRKC O2,
37C i n recehtyy GBughatdibepleandhropéistio agami redults incthé expiressitSpEthd Jucierase Rpaiee gene,
Madi so A . | { NQ..a___5-7] . i i ght
o o g etett cfGSehsh SR W anaGO HAKE BB BRI HA0E vl B
Co., DditeRsiciiFrapivmein shéH ce)ls may bhuaotitated siaameesypdradnt efucifdrast hetivitpo t est pepti de
concentrati | aph,Pad. The acent rat i f
oot pepti delioatPREIPYPR AL Sk sRR ol s BN By md S EREST Wb
as t he EGH092 fetRrboviné sarert i(BBS; dEstope]] 0% WEHRY superiamatfhapuparnatanh framme culture
pre- B- celi it RE, ., B ected ta.express human EPO.R .. Prol.feration of
Phe. oot VPHES Gatiy Aroe. b TREREY B Rons R ERteEs ot FRRsmRiey 8 ey e oaf)

act i vatdefi are Beeveddsgeaefeningdhérh o DMENLE 2 mediun supplemehied &tihd 06 FBS ahd 0,1%
where t Lgnal in e T assay | roporfional { nunber of. viab)e
cort 5. WrELBd ety ot S chiaaY. cub B e it e R pedpiepeted
DVEM Flait}rrmt ' %xs ((ﬁ%#WBHITl B-sesglpaﬁdtaﬂ)e Iﬂieﬁg Mﬁbeﬁ@ﬂﬁ,aﬁ&lﬂmgﬂ ﬂﬁ)pr@&%ﬁ%%; Wt 3
super nat an / - .. ured cells _are starve ernight, in

D} oy oG OT oL BApds B it DItk PSR e MR ERO Ao  PRuBTa Ao,
Sﬁppl ermhrnmamd F 12Mmedd i ﬁﬁ%lljelﬂgﬁte@ vt t%glr?% (%UWI-II) at%@émawi@ &gia:admﬁoﬁedgltﬁe are
then washed fwice wit cCco!'s co), and resyspen to g, density
of - 1x 1065 ERtIdE AFA consPrmoRi fepses n @ﬁﬁﬁqagn%ﬁemaw fap SRRt éﬁat JEryin 3% €6,
super nadiRBdphere Mer RhibKIHeH&in((SRaB0810¢ Pﬁohﬁ%a, ®adishe Wi lid added ¥R \?QQF&]W@IQJS
PCT/ US2004/ 014889 . suspensi on are tﬁencg ated, in triplicate, in 96 wel

assay pl-Binske insgbatigni Hght emissioniis upsagHed op; e Pagiard ckapeounpdumingmty Fagerdies

or SOL BQn{eRr &0 DpoMidrs Bhove ML), LIMDORARGL SlottdiNlafife 107180 pERIEMcotdRtaeRasd L1 N
al pha, an ERO R agoni st commerically available from Angen) in DVEM F12 nedi a

. . n Ag : .
suppl enasaivead weinghGreohPrBsotiye e caceniipionnef teph peplidmthet mgulisding » helhmaggehe |
assay Plikdsh dflipal rebbilidd as the EC50

2. Proliferation assay .

This assay is based upon a murine pre-B-cell line, Baf3, transfected to express human EPO-R.
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/EI/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
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° cellsyml in DMEM/F12
supplemented with 10% FBS (no WEHI-3 supematant). 50uL aliquots (~50,000 cells) of the cell
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vol ume of 100L). For exanple, 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 for 48h at 37C.

Next 10M’Q)?°° ¢®Roche Di agnostics) is added to each cBETWS04PLEEel |, and
then allowed to incubate for 4h. The reaction is then stopped by adding 10%
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spect r gphoLARBId Yeptilgt 8t a1 f@calmogcb@n térﬁ'sa‘iﬁcngﬁfl iMRESIIS, mg oP S0hh e
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bead b%@é\% r%oﬂdr tHpY, Oﬂegﬁ&%aﬁgé?f@npﬂfbgtﬂgo BRI Ae Ll ARARENARO BN iR EGHRESY

bead t oun IS generated by non-radiative energy
t ransf é¢8h atja? ng\kwhl O LeefSME§| (chlv@gmsmcs) rseacblafb@dezfchowitaref dishswelbeand thgwon

i 11 umi qué‘g%}? A0S ﬁ{,‘l&;ﬁcfhe\l}@'a%g%ne& fitn s e%%%%&@%tﬁ%p%xw@ﬁm@ﬁ% g%a{l?& are

second o emt RSt SY AFE T omrer Gi
( Packartlitn. indsbaet cp)reungmm 3/7°C5Alg;erban®toé eachyetl laea Wavetkingly ob 5 95rhte1s Iﬂié@nﬁamatbyn g

eptide_tracer t t est tide that
Po0 1 PPt ioniso BB o Beahortind Rt seis emernc GPREAEiod e bobgigred and
bi ndi nghe Eeﬂsd:ahgﬂaacdjmrgeemgh Pad kdfighate. @bt S@icotratibi offzktepepidenibht dehidts ik hald- | S

as foll ows utions of the test EPO R agoni st pepti de,
or p03|nfai"%alﬁ(?j°¥*’é‘ﬂ‘éctlf{/58°r§8ﬁsﬁsadéﬁ]gég %o wells of a 384 well plate. Thereafter,

add 2L / weII of receptorlbead cocktail. Receptor bead cocktail consists of
15L of 5 strea[é’aw di n donor beads (Packard), 15L of 5ng/m nonocl onal
ant i bocfy ‘7@“’6 "i¥Pbody recogni zes the portion of the human placental

al kal i ne phaephetaseiRied @uomaﬁ&rstaed LRl ublﬂ% bk BssyEi6 QI Ant SRl B)gené?ﬁt@tl £l
A-coated acceptor beads (protein Aw |l bind tqo the abl79 anti bod

Packar dynction of B¢ pexinity ofstWe bgrdsi2 slerptagidin daperbasfl hearme prvptreylatsddeR mfwlg
Chi nesg, eﬁ?d%‘ifa@é  afd 88 YocSfthd tead@® whidHHis b&ﬂ;d@i’@lﬁ'ﬂ glitQs geneﬂfefdlb%oeiradséﬁ% e

pl acent'al al kal i ne phosphat ase protein which cont al ns abl79 target

epi t opdpngerl dgOE, %luclba snglePraEeds relengeds feqm g fustbradooes ﬂhHHnﬁ“Q!!; angraoniepfCYith

0. 1% B3y rdflalia’ @J%Tﬁe&ygw cand@Pihd Qedhd beARdd engkhml ThQb e sk afel by
EPO R- bi ndi ng racer, AF33068 (30nM final concentration). AF33368

an Epgmllﬂbhdfﬁéfa@érﬁqaé SIQEEEY T gbheatg] bsﬁép binding of GBOERQMybinding pentide &racer to
4
o O RIERO R, Dspaf‘%ggg@'gl Hep G%E%OEP@ DY ifdirtg pHfial Sracs Bor TndiR t6'EPORO-

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

In more detail the method is as follows: Add 4ul 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
(Packard), 15pl. of 5mg/ml monocional antibody abl79 (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 abl79 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 protemn which contains the ab179 target epitope) and 607.5pL of
Alphaquest buffer (40mM HEPES, pH 7.4; 1mM MgCl;; 0.1% BSA, 0.05% Tween 20). Tap to mix. Add
2ul/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, using SEQ ID NO: 4.
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Bi oti n- GALYA&LMEPI TW VCQPLRG~-11 K-NH2 Bioti n- GGLYA ~HMGPI TW/CQPLRG 7
Centrifuge 1 min to mx. Seal plate with Packard Top Seal and wap in foil.

| ncubat e Bl t roomtenperature. After 18 hours ssion
using an %h@@ﬂgtg?@r eader (Packard). Plot light em ssi gﬁi‘@ssﬁgg/ﬂggﬁ"r ation
of peptide and analyse with G aph Pad or Excel. The concentration of test
peptide that results in a 50% decreasgpiggﬁgi ght em ssion, relative to that
observed w t hout test peptide is recorded as the 1C50. 4. C BFU-e Assay
EPG- R signaling stimulateg;f. @1 f bone marrow stemcells
into proliferating red blood ||ApI‘ESJI‘SOI‘ ffsay nmeasures t he
ability of test peptides tB?nﬁ?ﬁdﬂ"A@f—ﬁGtP ‘#ﬁh%eya loh and differentiation
of red blood cell precursors fromApri matr§ Egl n-bone nmarrow pluripotent stem
cells. For this assay, serial dilutions of test peptide are nmade in | NDM
medi um (G bc6yntEiugp srw i k- Segl plate ¥otnhreigrd TarcSeshad wih insfeil Japubate onernightiapns

2 1 7nal FoATRARAR, ARSI ER¢ IBRCAlinER BRUE A haclEl ML et h PPl 1 ©

Vor t ex eemissior vaghéeptrativn of peptisle @ SOwitheGlaph Rad ordixcélunan, bone marr ow

derived CD34 .Poj et | 3%@9 . I
gently addedﬁ‘%%?%hﬁﬁggéﬁ&gr%%# %&%@%g’g grsn6 % %Sewﬁglgggﬁﬂnﬁﬁ%@ tﬁleﬂga{[ ,
40- 50 nmbbseivBiMvithalit test neptidecl backorier s the {@50cel | s: the nediumis added drop by
drop along the side of the 50m, tube for the first 1 On, and then the

remai ning volunme of nmediumis slowy dispensed along the side of the tube.
The cel USC/AFE-ahery spun at 900rpm for 20 mn, and the nedia renoved

carelul 1), B LR i ur e Bl ot SHAADCRAS o Pt

al i quot blbf)d 6&] preSisHpe I’miscmsag Mmeakurebethe aliilg of @dst pepeided foystmﬁlatd‘lﬂhc avdifagidneaadnt
X 10, 00Q, S are endlltedlnl to a .cell
Homel ¢ SigEreRtstgn 6T ied ieon el oo ol Py Pt b e M THGHpOREARR S o
1.5 L met hyForagis |ahﬁa9,839nalrﬂﬂuﬁor@®lﬂtdsmpw thadd ihﬂBdDM@ﬂldduﬁlO((ﬁBcfﬁ) @Qipleﬁ&nie@

assay nedi S the m xture is e

ubbl covith JOHFRT Lityrione oot aiish Aucton o v eqmoh EBO| R i e AMEL R
nelefll e. ]Enetﬁsllgzlﬁ}l(%léltm giveds mﬂaa}wdmmoxtwm fmnmagﬂbelwh |aﬁ¢|:1 Iﬁ&f)ﬁﬂeeﬁiﬁdhx@fis fhen
wells of a we cubate the pl at ur.es
37C und&?riesed @92‘“1‘ ‘ﬂ!ﬂ\"§’ (lﬁ@%‘gt‘%&?@ é “H’é&s °1§c %o er‘tvfzge DiEs e
of eryt tFo‘iHh%/@ﬁhlﬁ@;t %e halvBd Bhe IRARE cBllsCdrO § Qdﬁ@@o'@(uﬂbdfemg/MPDNmtStem
magni fi cati on of The concentratign test peptide at which the

nuner opelﬂ%méo%ltbl?ﬁ ext, éoé@%lomﬁ&mﬁ‘i}mﬂ s pdded ety tocrells dbe BRGEm LAt b

tEgSO]EPOdR?%tdIH‘? alofR8) iicOdide biSthk SBRALAREE R7 tHeGrsE{RL [AAGhelAk Gerdainibl BEWIE of

medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, and
the media removed carefully by gentle aspiration. The cells are resuspended in Iml of IMDM medium
and the cell density per mL is counted on hemacytometer slide (10uL aliquot of cell suspension on slide,
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 100uL 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 1lmL using blunt-end needle.
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 2: C/BFU-e
EC90].

-81-



o~z f N

0.

[4)

O r n
THN NH—ITdODA(eu- D LIIDWHOV A TOH(DV)

v_somn_uo#mz(/__\ ZM/

O 0
0O HN

S0T9EdV
(1:0N
TN " HN-'1d00A(IPS-1) LIIDWHOV A THDOV) 1 04s)
9 0 _ | Al opndad

wd) | (Wd

(W) (W) 0508 | 0504
0604 0501 uo BE uoneudisop
a-ndg/D Ov | nemroig | uoday Jounp apndag | punodwo)

s1owip apndad J0j sAesse A)1AN0Oe o4 uy p Qe




dg~'"~a”" b U a ~z W 2004/ 101606 PCT/US2004/ 014889 Exanple 8: In vivo
activity assays This exanple describes various in vivo assays that are

useful i NgRVva H@E}Jg{gg the activity and potency of EPO Rmz 64/0%&@ des of

t he invention. R agoni st peptide nononers and diners are" prepared
according to the nethods provided in Exanple 1. The in vivo activity of

these peptide nononers and ei,nm Esl SN E@;@qsﬁg ng a series assays,
SS

i ncludi ng a pol ycythemc exhypox C nouse ay and a reticul ocyte assay.
These two assays are described in further detail below 1. Polycythemnc

Bxhypoxi ¢ NOH3E oE RS AN ShriBEPh 55 184 ARSEY Wil LMD oACIA tod 1

the pol ycythem c exhypoxic nouse | oassa apted fromthe escri bed
by Cot eppteney oBERRaagonistomplides b theriavendan. BRGB- 4208t p@hﬂ%mas@agrs amkdippryese t he

ability.. egt EPO t e
EPO R n%ﬁ nd'{ljcg%hm e\E/;v tpéejgﬂel%lﬁ)g%%%#? s?/érﬁaﬁ‘glsei g ]@gg&b %% ce Ottsﬁ}lﬁst% %ﬁ‘get S
quant i tra¢redetsamddlimprsris pvabmtqdomsatgj oserieh assaysdirwlhuing aa;iolwmluprmimtemypm@wsﬁ n

of the ,synthes || BDF1 acclimate to
anbi entbléégﬁaa %rcgw'flgcgn% %8’ 3%958 té%%a%ysv\g’ ?ﬁl@e ar eﬂ]ﬂgg ?5911{,5 e for all
an| mal s, and Iow wei ght ani mal s (<15 grams) are not used. Mce are subjected

SUEF? %d t onh@g ?c es in a hypobaric chanber for a total of 14
days ac Y %’6 *OPeTeMEBiTEtEY of 18 by at 0.40f0.02% at nospheri ¢
pressure andldt pdptidés @elassapdd for 66 $ivo activifytiarthe polghythentic Rghyiphec Mhouee bdiRay
mai nt ai I e ssur.e for an dd|t| 7 . Test
epti deieants] ipE de B had B <R Rt a0, Bl fipsnlel S emaca
\d/ehi CLengaﬁﬂ?lleﬁthSlghty(dTQﬁést geptide Iﬁ:ﬂﬁiﬁﬁuoﬁta@@kEBtl)lmlh'leﬁﬂS .egr'te abfivast EROR b hndzfaﬂ in
i met sul f oxi de 0).. tive _contro ou ude one rou 0
mce i ?*/?} exfod Wdt ?FHP’E%{E’E%% z#\‘!‘gg@""daﬁﬂl Smeheds & “ﬁ“ﬁ}s“ée@tnﬁad ‘9\’76??‘}1“’:? | OFach
dose grﬁaﬁalasam@dnnﬂmlq@maglamthemeﬁzém@mbaﬂcewbcut aneously (scruff of
neck) with O m. of the apfgroprlate sanple. Farty_ ei glht hou s fol ] owi ng

T

sanpl e inj ec@?@hm‘tehaée llevgedatoercslimats e prabient cﬁﬂdlf‘?f’csrfébé' Dt e aBody H’F’ébfﬁlaﬁn of
0.2 M Qferfmfired f&failmmhals I\Jﬁwhew fvﬂ:‘igh@ aREER (5 pRAKPHE RE i, va%é are sub_]ected to

RCuri es/ nouse. Mbuse hts are determ ned 24hr after

adni ni S%UP%PFSIW"“@H@W@WC%F tea lafpeb@a@hamhee&a a jalof 14 dasgs. Eadig24 @mﬁmleﬁwﬁq on.
Bl ood i g g%' EGE@Q dzwmn%aﬁgn@mesga{e Y AR fhAGeR PRGEHE. eA&eldcda@ﬁeﬁlegmetnﬁc@r e

det erm ne eparin was used as the anticoagul ant). Each bl ood sanple (0
m) is ﬁﬁahl}amdﬁtﬁmmgfeﬁﬂumfpw@ﬂmsﬂﬁl Thbiprgr to dogioRar d gamma counter .
Non- r eSpondefest@‘Bdés' mereco&tiﬂéﬁ WG EPD! dhnbi g 3&9&1&&(&1 L“ﬁ% ROY. % iHAA |,

t han the negati control group) are elimnatéd fromt Proprlate ta
set. M @BS{Bi). hReptide asronomer 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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val ues | ess than 53% of the negative control group are also elim nated.
Results are derived fromsets of 10 aninmals for each experinental dose. The
aver age ¢' @di oactivity incorporated [counts p ' M] into
bl ood saawlggg (rf(l)6m each group is calculated. -83 WO 20?&%%%@1£&E

PCT/ U82004/014889 2. Reticulocyte Assay Normal BDF1 mce are dosed (0.5
niL, inj ect ed subcut aneously) on three consecutive days with either EPO
cont rol test . tide. At day three, mce are also dosed (0.1 nL, injected
mtrape% ‘{};’Q"Mth iron dextran (100 ng/m). At day five, nmice are

anest het | zedeiahBﬁ@z hnawhrbl bg@sdd ss ey, ﬁij&}&d smehwuely) Eﬁhﬁ)réb&foﬁébﬁﬁm(e%ys with
reticul Q ac 0od sa E etermne i azol e oran

st ai ni n"g& ra@p o 1E5 ReRtide- gﬁg&fgie » Tocg pre alse ggsed (%Ilé‘gkr éﬂfcteq-@@egt??‘?atu@ are
nmanual I%ﬂdeberde&md(mﬁ” /@D 1 €8S fivd) Shic€ Ate efeméﬁzewlvawt:e'; ahdi bilat 8 Bardigs
using the foll gfo | a:. % RETI CCORRECK ED, = %RETICoB RVED X

( Herrmt ORPFIRE Vi gseent (Al e dssies loeg] sapppecis detRes b, © N3pgeetaining

m ce ar@ddRsagtomeld? ahdhis ofeielebﬁhtlaﬂ;lg%l)l BlefnB6R8 b rhdhufiB! deditdinel, Thd dbrect&O
positive control, test peptide, or vehicle. A range of positive control and
t est pd;ﬂqea@fae@efs’cﬁew&ﬂewdﬁm&ﬁw@hm&@m@et ed by varying the active
conpound co 11on liIDn_='i> mul at n = /[ kg. The
vehicl e con?ér%o Tg?o D 1S cﬁn%lrylﬁs@eﬁfﬂ% gﬁanl na%%mﬁiméﬂﬁ%ﬁim S are in
each of the remai ni ng dose groups. Daily viability and weekly body wei ghts
are rec ?oloy‘c%l,gﬁ d mce are mce are fasted and then anesthetized with
I nhal e |so ne aMd termnal bl ood sanples are collected via cardiac or
abdomi nal aoNOlmabGdeuWeﬂmeS%ylﬂl four weekiebaled intravenaus dtjeatiope)f citherEPOYpoBitiys 15
and 29 WP/ dayd e T, V t nd
t ubes. referr&éﬁ)ah?l coa‘tﬂeul‘g?\ Qégp&’t hﬁf rﬂl?éﬁ%%&%@ﬁa@% ic ag% % ) .
Bl ood samjdest:d bM mmglthmhme fmmpeunlpmmﬁx&ﬂ:mamu&e rformndatioh) o\éoiumgmtrijnesdarand

physi ol her"[m crit. Obl and t ot al. rocyte
count ( Shé& are3r°3P| hit ﬁs%‘{f‘}'yse %‘Fﬁ%% et fe °?'6 Oth. g.,
t hose rmd:embtg dﬁﬁugrb@s, DkilycvigbilitireadpbeklPbodPyeightsaresreadrdddPO- R agoni st pepti de

honodi mers of peptide nononers having the am no _acid sequence

(AcQ G_YAmmrrdqsad pige)avonmeRre fgpbanditroenesthetiged (with inhalgdhiselliane a9d torapal de
moNnomer g fé%ﬂ%leg %rg%ﬁ%rﬁa ea&aaewﬁbheﬁfna%ny helrs Bequ?ﬁgfor 5919@1.: e&m ﬁﬁcfe)/ on

an ABI synt hesi zer, using re5| n
Pol ymer@d @eDﬁEmifé and:(SB (# raice/grotipidayi) s "ﬂfe lgietplt isdeanyforrednite éfaw:talner rbranh bdsed

el A s g s Trom e s
Blood samples are evaluated for endpoints measuring red blood synthesis and physiology such as
hematocrit (Het), hemoglobin (Hgb) and total erythrocyte count (RBC) using automated clinical analysers

well known in the art {e.g., those made by Coulter, Inc.).

" O

Example 9: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having the
amino acid sequence (AcG)GLYACHMGPIT(1-na) VCQPLRX (SEQ ID NO: 1)

Step 1 - Synthesis of peptide monomers: Peptide monomers are synthesized using standard
Fmoc chemistry on an ABI 431A peptide synthesizer, using TG-RAM resin (0.18 mmol/g Rapp
Polymere, Germany). For the synthesis of peptide monomers with an amidated carboxy terminus, the
fully assembled peptide is cleaved from the resin with 82.5% TFA, 5% water, 6.25% anisole, 6.25%
ethanedithiol. The deprotected product is filtered from the resin and precipitated with diethyl ether, After
thorough drying the product is purified by C18 reverse phase high performance liquid chromatography
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et hanedithiol. The deprotected product is filtered fromthe resin and
precipitated with diethyl ether. After thorough drying the product is
purified by Cl18 reverse phase high performance |iquid chromatography -84 WO
2004/ 101606 ®BeF10U82004/ 014889 with a gradi ent of acet oniggrhebyadiedsei N 0. 1%
trifluoroacetic acid. The structure of the peptide is confirned by

el ect osptay mass spectronetry. The peptide nononers nay be illustrated as

f ol | owswith éﬁgﬁlﬁtm&dmﬂ@mﬂmm V@@Dhm%owﬁet(cSE@.l EI‘H&IQtnﬂi)ueSbé theZpeptide is
Synt hesi s of he. trifnneti sol ution noacet at e

(10. Og CoBBTAE Y SIo5 oSy e IE?&E‘%“%Pa?fﬁ’ﬁB“’P?‘fﬁmﬁﬁom%iméy s PR
dded d 10 t t
Toomt eﬁperlhfgpm%%ﬁ&ﬂ". st it | EBQUENELY duri ng the

addition, then cooled back to roomtenperature over 20 m nutes. The

reaction m x¢bk e xpah@iglapm@-wgcﬁthmfwﬁr ni ght and the pr ecepitated
di i sopropyl urea S flltereg of f. The solvent was_ renoved under reduced

pressure to B gorption of difhy HB‘“???@W%@(’@E@%? apply apd Bre-Betplenine (&P iy
agai n fiihb§5etod AL @MW wab 2ided diido ?&Bﬂkar@écﬁﬁh&@{@i &f, 51u1 ﬁﬁéé)gch%r oy ﬂﬁﬂte‘é at

phase was placed into a separtory funnel, washed (sat. brine, 0.5 N

HCl,  DPPRdsmpearee dhe KEpSHIR mixpys Warmed tank) desrree ﬁwrsﬂ%a rth@éa@n%@oback to
pr essurﬁoﬁl%ﬁ{)&%& bhe B esiues. W%&u&slﬁmﬁ%&r h18RRd O stir THBmELE ShETmeras

taken up in a 1:1 mxture of MeOH THF (100 mL) and to this was added water
(25 M)pre@n@mdwﬁop@mre%‘zgas filtered il oTte solvend “pﬁrmewa@u redaced praseure-totagfordrhe

reacti aﬂﬁﬂ%, )Qh&' i é\lﬁ\m@ttﬁﬁﬁ%kl%%ﬁ eﬁ%ﬂhﬁcgﬂfg a!ngqgs A ﬁ\i}t\%{ég td Rfnote fle a@d}‘gﬁ%{ﬁg@amted

acidifie saturate
extr actweh. 4Thq qrgamwphdse etah placedopioa @pmﬂm foonlh ivasdd dsag DEHCGh hsee, WiebsN \lﬂﬁhed

b t
(Br g i (VS P RSB0 AR U R AEEAIMS B 2
added 3@Worizks dikxXEhealitsEr ciae tiken @ miw It bnmttuneroﬁMeUiﬁ"mB ¢100enk.) anelgo thawweddethder

U hSSRS L b AL HE L0 B0 PSSR Pt

was addesh dNrdey dt cooystamperatr fde2 h( #nlthang ac1ﬂiﬁ&9tdmﬁ)ll)wﬁndN HCl. The ag. Phase was

dllsopro |.car bo 0, nL, 6.38 i.me Iamno ridi

o AT i Sl s e v il by b GORP R e N 6D,
re gD;/ﬁtj(bﬂﬂdgﬂndde(d{gS&ﬁ) 2l @modhirated Théer rngﬁlbauﬁem& th @lven wigiel slarrr]xe-ﬁdltdl e ebal eOI
an Ilter fo.re t i.tate rgani ¢ pna ce
into a WyHRCEFS it ofr%}\@ {) wanpqdesg00 B*Eﬁ?éa %%mtwﬁmo%qﬁ Tﬁl
dried doMaSHs refhbiciened r@ﬂeledqm&ea td dfoRUithy ARAEHK ak @ WHGE Eb 1IN (853 ¢ 81499 yi%fdf for d

the di- NHSester r oducgt white solid (1.12 68% yij el d 0 HONOO
0 2 steps). Toa soq tion o%the %mmd (ig, 3.29 mmoI) m 20(mL of I%AF was %Xde l?lydroxysuccxnmude

- (770 mg, 6.69 mmol) and diisopropylcarbodiimide (1.0 mL, 6.38 mmol) and 4-dimethylaminopyridine
(3 mg, 0.02 mmol). The reaction mixture was stirred overnight and the solvent removed under reduced
pressure. "The residue was taken up in ethyl acetate and filtered to remove the precipitated urea. The
organic phase was placed into a separtory fimnel, washed (sat. NaHCO,, brine, 0.5 N HC), brine), dried
(MgSQ,), filtered and concentrated un&cr reduced pressure to afford the di-NHS ester product as a white
solid (1.12g, 68% yield).

N—0
BocHN \/YOH Q 0

O
_—COzEt s) N/— CO.Et Q NI-IBoc
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BocHN. A~ /-CO=Et X10 N-COZEt cN-OH 0O OO J NHBoc BotHN' ™/ “( \-CO Et N
\~COZEt 0 UN,-0 O -85- WD 2004/101606 PCTI US2004/014889 Step 3
-Coupling of the trifunctional tinker to the peptide nonomers: For coupling
to the |Wek¥p4/102666g peptide is mxed with 1 eq of trifurct/iusmalolssker in
dry DMF to give a clear solution, and 5eq of DIEA is added after 2 m nutes.
The m xture is stirred at anbient tenperature for 14h. The solvent is
renoved und¥ep I cdexpdiag pr ¢ sifnactiond!l linker te thegeptidederomears di ssol ved in  80%

TEA in DCMH or ) : - . Lf ] ' wth
G 'S rever 458 btk B PR & beifariR e iy 1 LT QMGG Bl 1] £ 0RP o
el ect retéepa algammdwiospensk fesinelt PIEA Thidded aftgs|2 mgnutase aEhe wixtue inetieed af lagbient

| i nkery, . * | tR0 R - A e ' e

T o000 8400 81y B AR PR B h e

( ACO) GOYATFMEEPDTML fon 3G0BOPIERevElthe Ba@roup; follo@edoNptiriidBioan with CY5 retbre: pi@se DVF,

054 Qo ML PO VCEELE WA 0.0, hLNER o s copo
reaction attaches the linker:i@”the nitrogen atom of the g-amino group of the Iysine residue of each

monomer. Coupling using SEQ ID NO: 1 is shown below.

(AcG)GLY ACHMGPIT(1-0a) VCQPLRK-NH,

Y DMFDEEA

. 0
(ACG)GLYACHMGPIT(1-0alVOQPLRNH_ [l 1512

NH\ﬁONO
o Mo

NH

(AcG)GLY ACHMGPIT(1-na) VCQPLR—HN ' }~NH2
0

TFA

Q
(AcG)GLYACHMGPIT(1-0al VCQPLR-NH _ J a2

(AcG)GLY ACHMGPIT(1-6al) VCQPLR—HN NH2
(o]

Step 4 - Synthesis of PEG moiety comprising two linear PEGS chains linked by Lysine
mPEG2-Lysinol-NPC

Lysimol, which may be obtained commercially, is treated with an excess of mPEG2-NPC to
obtain MPEG2-lysinol, which is then reacted with NPC to form mPEG2-lysimol-NPC.
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lal O (ACG GLYACHVGPI T(1-nal ) VCQPLR-NH - 1L NH,~N O O NR2 NH

(AcG GLYACHVGEPI T(1- n4VCQPLR-f NANH2 O Step 4 - Synthesis of PEG noiety
conprising two linear PEGS chains |inked by Lysine mPE&-Lysinol-NPC

Lysi nol , wh mh+/omaygode obtai ned commercially, is treated petAsaigeyBegpss of
MPE&-NPC to obtain MPE&-Lysinol, which is then reacted with NPC to form
mMPEQ&2- Lysi nol - NPC. _86 WD 2004/101606 PCT/ US2004/ 014889 nPEQR-Lys NHS '
Thi s prefBGE-LysyBES obt ai ned commercially, for exanple, fromthe Ml ecular

Engi neering ...catal o 2003). .of, Nel ct ar. Ther apeuti.cs 90, Di.scovery.Drive,
it ovi 11 o) TRSBaRE abdBe P himiei s eapte. Ep3 Mol BueT i ¢ he
pept i decahldparoBREGNelttir dherapentias @80 DRty DeNHintsville Apatnk d680dh, gleimoand t he
PEG speci es é EQ2-Lysinol -NPC) are mixed in a 1:2 nolar ratio in dry DW
to aff oteP*dT8l-ear sol ution. After 5 ninutes 4eq of DIEA is added to above
solution. The mxture is stirred at anbient tenperature 14h, foll owed by
purification with CI S reverse phase HPLC. The structure of PEGyl ated
peptide is c¥arsrREGYRGonp e pepiidedingric purified peptide was al so (

subj ect pgclRudWid § Ladlh P s¥4A Cation ion exchange chromat ography as outlined
bel ow. PEGyl ation _using nPEG Lysinol-NPC is shown bel ow using SEQ ID NO 1.

-87 WO 2004/ TprwobdertimeUsddhuP g ameiys (mPRGdasmokNeChvmpmiged indg I L REQHER NH2
NHO 0 837 DY 5 afford a clear solution. After 5 minutes 4eq of DIEA is added to above solution. The

mixture is stirred at ambient temperature 14h, followed by purification with C18 reverse phase HPLC.
The structure of PEGylated peptide is confirmed by MALDI mass. The purified peptide was also

{ subjected to purification via cation ion exchange chromatography as outlined below. PEGylation
using mPEG-Lysinol-NPC is shown below using SEQ ID NO: 1.
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NH (AcG GLYA C HMGPI T(1-nal ) VCQPLR-HN NH2 O nPEQR2-Lysinol -NPC D] EA, DW
(AcG GLYACHVGPTT( 1- nal=):VCQPLR-NH Nu2 NH O 0 O PEQRK fO O ~Y1 N

VINH ~, 111\ NH OY NH HN.) PE&RROK 0 (AcG GLYACHMEPI T(1-nal ) VCQPLR- HANH2 O
PEGy| at i oMOP®/1860am de bond: The peptide di ner and PEGPSTHES2061/014889

(mMPE&2- Lys- NHS from Shearwater Corp, USA) are mxed in a 1:2 nolar ratio in
dry DMF to afford a clear solution. After05 m nutes 10eq of DIEA is added to
above solutio t IS L rred atianmbi ent tenperature 2h, foll owed
by purificati @%CWI?MPE&I%@ WH2The structure of PEGyl ated
pepti de was confirnmed by MALDI nmass. The\purified peptide was al so
subjected to purification via cation ion exchange chromat ography as
outlined,. below PEGylation using nPEGQ- L%s- NHS using SEQID NGO 1 is

shown bel ow. -88- _ WD 2004/ 101606 PCT/US 14889 0 (AcQ GLYA
HVGPI T(1-nal )V QPLR-NH NH~p OB N J- \/ NH z O)J{-/I\NNH (AcG) GLYAC
HVGPI T( 1- nal ) VCQPLR- - HN N N MMy

OY 2

NH

(AcG)GLYACHMGPIT(I-nal)lVCQPLR—HN " )~ NH2
0

mPEG,-Lysinol-NPC
DIEA, DMF

[ . o
(AcG)GLYACHMGPIT(1-nal)VCQPLR~NH NH2

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN )~ NH2
0

PEGYylation via an amide bond:

The peptide dimer and PEG species (mPEGz-Lys-NHS from Shearwater Corp, USA) are mixed
in a 1:2 molar ratio in dry DMF 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 siructure of PEGylated peptide was confirmed by MALDI mass. The purified

peptide was also subjected to purification via cation ion exchange chromatography as outlined ,
below. PEGylation using mPEG,-Lys-NHS using SEQ ID NO: 1 is shown below.
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nMPE&-Lys-NHS DIEA, DMV O (AcG GLYA HVGPI T(1-nal )V QPLR-NH NH2 NH O OB
O~-PEQRROK J ~p Nv ~ ~1\~~NH O~ HN PEGZoK NH O (AcG GLYAC -IM

GPIT(1-n N NH2 Step 6: - lon exchange purific i des:
Sever al Z‘k’zc)%égar?;lgﬁsoﬁpports were surveyed for their abil %‘{T%&%‘é“gi@élte t he
above pepti de- PEG conjugate fromunreacted (or hydrolyzed) PEG in addition
to their ability tmarti ng dhneric peptides. The ion exchange
resin (2-3g) WA&)G GPIT{CnaB VL QPIR-8@] U ol | oned by conversion to the
sodiumform (0.2 N NaCH | oaded onto col until elutant was pH 14, ca. 5
colum volunes), and than to the hydrogem form (eluted with either 0.1 N HC
or 0.1 MHQAc until elutant matched | oad pH, ca. 5 colum volunes), foll owed
by washing with 25% ACN water until pH 6.xEi ther the peptide prior to
conjugation or the peptide-PEG conjugate wasY - WO 2004/ 101606

PCT/ US2004/ 014889 a di ssolved in 25% ACN wat 10 nmg/ m.) and the pH
adjusted to <3 with TFA, then | oaded on the gcql umNHAfter washing with 2-3
colum vol unmes of 25% ACN water and collectiny’5 nL fractions, the peptide

was rel eased fromthe columm by elution with M NHAQAC in 25% ACN wat er,
again collecting 5 nL fractions. Analysis via HPLC reveal ed which fractions
contained the desired peptide. Analysis w an Evaporative

Li ght - Scattering Detector (ELSD) i ndi cated J hat when the peptide was
retained on the colum and was e|l uted w th&t he NHAQAc sol ution (generally
bet ween fracti off¥S P%}MPITUFPGDW ShrugRT ¥ PEG was observed as a
contam nant. Wien the peptide eluted in the& initial wash buffer (generally
the first 2 fractions), no separafion of desired PEG conjugate and excess
PEG was observed. The follow ng ¢ol®ffSeLedt®Essful |y retained both the
peptide and the pepti de- PEG conj ugatidEA, DMF

0
(AcG)GLYA@GPrr(l-nal)véQPLR—NH <,NH2

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN NH2
[ — o

Step 6: - Ion exchange purification of peptides: Several exchange supports were surveyed for
their ability tol 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 em column, followed by conversion to the sodium form (0.2 N NaOH loaded onto column until
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 column volumes), followed by washing with 25%
ACN/water until pH 6. Either the peptide prior to conjugation or the peptide-PEG conjugate was
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and successfully purified the peptide-PEG conjugate fromthe unconjugates
peptide: Table 5: Ion Exhange Resins Support Source Mno S HR 5/5 strong
cation Anersham Bi osci ences exchange pre-loaded col um SE53 Cel | ul ose,

mi cr ogr RGP N ran strop cation exchange sort SP SESHAVSe1HEASRS Fl ow
strong Arrersham Bi osci ences cation exchange suport Exanple 10: Synthesis of

EPO- R _agoni st | ho I mers_of pept | de. nononers hay the amino acid
sequeﬂ’é Iyed 2 A@gi@?%% TRE( LY ersb iy NG @siRsted i< Iﬂ"%dn?é fhen poadeqron dheni st
pept i geune m@bmasamgfmﬂzem bOlEmARORIRE 81 DAY AR/ wAiter Al cenec%gg 9 9 HHARKE the
(AcG GLYACHMEPI T(1-nal ) VCQPLR(MeG K (SEQ |1 D NO. NFL are s he5| zed as

descr PeRide jwps féﬁ%ﬁ‘?‘élfgml theasQlwpn 1t’ci’hﬁt“"‘finn‘7"?‘&*(1,3|s>1 M Of';?n’ﬂﬂh Jalsti tRain
MDNOMBYIR S ml( ﬁ&@hﬁ-%ﬁﬁ%@ﬂm@aﬁé@@%@@/ﬁ%ﬂ SRihdd tﬁ&pdes%)ed }pé sticeVWhere

the PEGis attached to the spacer via carbamate |inkages, the final product

of t hiAsalysinrhbsAnsEvrepiafvesEght-ByaferngyDetagio(ELSD) a@dwaéade@awhmtharmpmﬁ Wes

fol l

(Aco) it %%é@fﬁé R RO R gty Beteem petionp 8 piR o
NH O n¢ Ae@;@u@a@ﬁm@rm obrg @sgpm(m@am When tharreptide plstcRBEGthesiniial aeshed t o
the s %.?tgfg (g eﬁll?r%éjﬁrs# '2“&&98% M?e Pur 9 F%%&'PF% oi(}ﬂ%%e da%)i W05 pEGUSLNY

SEQ | ["'ustrat
(AcG) @seAetIMGPI T( 1- nal ) VCQPLR( MeG-NH NH O PEG

The following columns successfully retained both the peptide and the peptide-PEG conjugate,

and successfully purified the peptide-PEG conjugate from the unconjugates peptide:
Table 5: Ion Exhange Resins

Support Source
Mono S HR 5/5 strong cation | Amersham Biosciences
exchange pre-loaded column
SE53 Cellulose, microgranular ‘Whatman
strong cation exchange support
SP Sepharose Fast Flow strong | Amersham Biosciences
cation exchange support

Example 10: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having
the amino acid sequence (AcG)GLYACHMGPIT(I-nal)VCQPLR(MeG)K (SEQ ID NO 2)

EPO-R agonist peptide homodimers of peptide monomers having the amino acid sequence
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) are synthesized as described in
Example 1, except that in Step 1 the synthesized peptide monomers are:

(AcG)GLYACHMGPIT(1-nal)lVCQPLRMeGIK  (SEQ ID NO: 2)
.S
Where the PEG is attached to the spacer via carbamate linkages, the final product of this
synthesis using SEQ ID NO: 2 may by illustrated structurally as follows:
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,IC_ ON~~ ~t\~~NH O~ H\~pEG NH O

(AcG GLYACHVGEPTI (1-nal ) VCQPLR(MeG -HN NH2 0 Exanple 11: In vitro activity
assays This exanple describes various in vitro assays that are useful in
eval uat i n§vQ bw+aetsdsi ty and potency of EPO R agoni st pepdi/@€soodbhikse
invention. The results for these assays denonstrate that the novel peptides
of this invention bind to EPO R and activate EPO R signaling. Nbreover, the
results for thﬁée assaynghOM/that t he, novel peptide conpositions exhibit a
surpri si } e indi finity and biol ogical activity
conpareéﬂg%bgg%gﬁgﬁgyﬁﬁﬁgep@?%@gg?ﬁgg av8lheen previously described. -91
WO 2004/ 101606 PCTI US2004/ 014889 EPO-'R agoni st pepti de nononers and di ners
are prepared according to the nethods ovided in Exanple 1 or Exanple 2.
The potency of these peptide diners is | yated using a series of in vitro
activity assays, including: a reporter , @ proljferation ags@yPEGex
conpetitive binding assay, and a CBFU-e assayl. The four aséﬁ?é are
described in further detail below The resulNs“dPhjjhesavipg wlr®Hactivity
assays are sumarized in Table 2. 1. Repd%Ei; assay is assay is based

upon a on a murine pre-B-cell It derived reporter cell, £r3PERe® GCSFR
fos/lux. This reporter cell |ine expresses hi meri c rgceptor conprising
the extra-cellular portion of the human BPO receptor to the intra-cellular
portion of the human GCSF receptor. This cell line is further transfected
with a fos pronoter-driven |luciferase repgorter gene construct. Activation of
t hi s chi mekdQCLYASGINHERIT (1B \ QPR RAGE)+HNN )ofNIEy yt hropoi etic agent results in
the expression of| the l'ucifdrase reporten gene, and therefore the
production of light upon addition of the luciferase substrate luciferin.
Thus, the level of EPOR activation in such cells may be quantitated via
measur ement WheleUhk PREPRCaBELdI0! the spitBr BRI AhfaR QRS Re! B3 Ipouebe fiar €
cul tured in DVEM F12 nmedi um (G bco) Supplenmented wth 10%fetal bovine
ser um (HBdesibipsihg SER, IDINK NEaRbY idustated atragerally hefollaper nat ant from a culture
of WEHI -3 cells, ATCC # TIB-68), and penicillin/streptonycin. Approximtely
18 h before the assay, 0

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG}NH _NH2.

NH
to o o o YPEG
o QJVNHJ\P“\/\/NH
HN PEG
NH T

(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)y-HN NH2
0

Example 11: In vifro activity assays

This example describes various in vifro assays that are vseful 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 resuits for
these assays show that the novel peptide compositions exhibit a surprising increase in EPO-R binding

affimty and biological activity compared to EPO mimetic peptides that have been previously described.
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cells are starved by transferring themto DVEM F12 nedi um suppl enented with
10% FBS and 0. 1% WEHI -3 supernatant. On the day of assay, cells are washed

once wt medi um suppl emrented with 10% FBS (n - 3
super nat Q}I]@?Hi ﬁie‘#l X 106 cells/nL are cultured in the%C%?%%@é488? a known

concentration of test peptide, or with EPO (R & D Systens Inc., M nneapolis,

M\) as a pesblh x%n@s@ Bésﬂeuﬁ{; ﬁohﬂmﬁ/fﬁll\% Aéé%ros Mg}%@%mr 0 & ol ,g]r%&ﬁﬁ (no

VEHI - 3 super nat an est peplide are concurrently
t est ed Expmplpilsordixample s Thy/posensy of thesepéptide dmeeajlsfemalwhd uging 8 Biss ol dn BHYCOR

at mos phgfiy a@gaS@ rmt‘.’l‘t?dn Féj 4 Hpbid s (a?‘tpﬁﬁ‘l%{'angnoas%égr Q%EJ%WNQddum sy ahé a

added to each | om ng a m nute 1 ncubation, [1ght emssion s
neasur@épﬂﬁeass%c?@ﬁ%lf%ﬁé@ﬁﬁ@ detmmmﬁwﬂmdmmd | nstrunent Co., Downers

Gove, 111. )y bt f 1t g! %5?/ pepti de
concentratloneléérﬁ'% aona 3‘2"33‘ usﬁﬁg%&&gﬂ“& SO vvare 1e concentration of

test peptide that results in a half-maximal em ssion of light is recorded
as the E??}Qr N s‘rz)gllferation assay This assay is based upon a mnurine
pre-B-Ce Fi*hé af 3, transfected to express human EPO-R  Proliferation of
the resul ti ﬂ‘@sczeéaly i$ bazed uﬁml—'a%rihml‘ﬂﬁ freER6IN lini derted eparertcehNBERBpéR/GCSFR

LVl PO o8 o A A SN R
cel | s. hufih E!]DZﬂﬁﬁtbﬁﬁ)ltﬁé)ﬁﬁ@&ﬂ%ﬁﬁﬁﬁh&fﬂ&&&nﬁh@%b@ﬁrﬂ]ﬂskds&ﬂ@&ﬁhh& are
| tured i f | ask d,with 10%
FBS. ( HYEPTER WS 39% HERF el TR OGS Y By SO R TGl CIES ar e
star veﬁceptexr nhfcgglﬁ addmﬁnnaoffeg:thﬁnmi%tfcla@ak ratﬂtmg]&l éxp. fdéenim mm\/@rurffetésaﬁemﬁbﬂ ?ﬁm
I n DVE u u te an - u na
The ot B be{oEt s PipdBeoh of il ot P elion aF e ipeh Hotoals emeie. 1B 06 JveLit
r1 gs/ u IS: B. gp?qd adti¥aifori @ﬁdhtcﬂlﬁfmyﬂbélﬁ&tgféd \lﬁﬁ ﬂibashfbni@hﬂ\mt lg(i)%rasesalwlﬁmhe rTF n% ﬁd wi It Ih
% no erna al | quot s ce e ce
suspensi on éerQE EPﬁZE’P“BV %%B?%Mﬁbwe%@e dinD Im%gé‘gﬁW%‘iF‘ﬁtsé@ lerggied
al i qUOtLhOYHetati bk @ﬁfn& &qas@hy&e.sé/l 10@5’%@5@%&@&%&1&%@@&@@@?@&@ & D

Systens Inc., M nneag ranesp (dar bepoeitin aI ha, an ERO-R

agoni s®f SIS el AT ‘a\#aTIPaﬁ?D gogd mﬁfl}iw&gﬁatommw pximaely i b befaroihe AsAY ed
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(final well wvolune of . For exa | fferent dilutions may be

t est ed WiHEr® suprsngtangg| Oéloﬂ@eﬂﬁYr af iagay.opel nﬁe@’? Wﬁé iogec (v SWEEMA12 poeglium
pepti d%ﬁpg’i&ibﬂfcﬁ i T %@% 00“%}&034&@%&99 kRt e g@lcleﬁs/ﬂf,earé erwﬁyh@t ed

for 48h 37C. Next MIT (Roche Da%nostlcs i s added to each
cul t ur gregénsh Oﬁ\mkmownaﬂmcmhetwn of tasbmeptide, or wite EBQHR & BrSystems Tipe MinneapplisaMN

then s (4% Q%%Qtlpél ctﬁl%i, 39 DAPERIRYS medgmogd}‘pfégente&_ %hpllo% £8s (no WEHI-3 supemnatant).

Serial dilutions of the test peptide are concurrently tested in this assay. Assay plates are incubated for 4h
at 37°C in a 5% CO; atmosphete, 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 fest

peptide concentration and analysed using Graph Pad software. The concentration of test peptide that

resulfs in a half-maximal emission of light is recorded as the EC50

2. Proliferation assay

This assay is based upon a murine pre-B-cell line, Baf3, transfected to express human EPO-R.
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.
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are then incubated overnight at 37C. Absorbance of each well at a wavel ength
of 595nmis then neasured by spectrophotonetry. Plots of the absorbance

readi Nngs wes sds1d186t peptide concentration are constru E,{;IP J& EC50
cal cul ated using G aph Pad software. The concentration 8‘% S{w‘gé ?’fgde t hat

results in a hal f-maxi mal absorbance is recorded as the EC50. 3. Conpetitive
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2004/ 10700 BTOSBt NG LiretT RESh Disetfenaliadte i Gk sllpet isB el B
H?EBI[ garallﬁ)wﬁf ) iﬁﬁ]{bhﬁ farsdha Tm&é@ﬁqtpfs(bﬁeﬂisfbpp@ lﬂctalﬁfﬂglbl@gﬁQSI?S H—hH)lNWH_GBITHM ﬁﬂﬁ;t al
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Centrifuge | min to mx. Seal plate with Packard Top Seal and wap in foil.

| ncubat £ @wbing Minding Assay

- Competitive binding calculations are made using an assay in which a light signal is generated as a
function of the proximity of two beads: a streptavidin donor bead bearing a biotinylated EPO-R-binding

peptide tracer and an acceptor bead to which is bound EPO-R. Light is generated by non-radiative energy
transfer, during which a singlet oxygen is released from a first bead upon illumination, and contact with
the released singlet oxygen causes the second bead to emit light. These bead seis are commerciall?
available (Packard). Bead proximity is generated by the binding of the EPO-R-binding peptide tracer to
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 Ia.gonist
peptide, or positive or negative controls, to wells of a 384 well plate. Thereafter, add 2uL / well of
receptor/bead cocktail. Receptor bead cocktail consists of: 15uL of S5mg/ml streptavidin donor beads
(Packard), 15uL of Smg/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), 112.5uL of a 1:6.6 dilution of
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at roomtenperature.. After 18 hours read |ight em ssion using an Al phaQuest
reader (Packard). Plot light emssion vs concentrafion of peptide and

anal yse with Graph Pad or Excel. The concentration of test peptide that
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| ncubate the plated m xtures at 37C under 5% C02 in a hum d incubator for 14

days. Yceymrireusishe presence of erythroid colonies using a phase mcroscope
(5X- 10X objective, final magni fication of 100X). The concentration of test
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differentiation of red blood cell precursors from primary human bone marrow pluripotent stem cells.

For this assay, serial dilutions of test peptide are made in IMDM medium (Gibco) supplemented
with 10% FBS (Hyclone). These serial dilutions, or positive control EPO peptide, are then added to
methylcellulose to give a final volume of 1.5mL. The methylcellulose and peptide mixture is then
vortexed thoroughly. Aliquots (100,000 cells/ml) of human, bone marrow derived CD34+ cells’
(Poietics/Cambrex) are thawed. The thawed cells are gently added to 0.1 mL of Img/ml DNAse (Stem
Cells) in a2 50mL tube. Next, 40-50 mL IMDM medium is added gently to cells: the medium is added
drop by drop along the side of the 50mL tube for the first 10mL, and then the remaining volume of
medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, an&
the media removed carefully by gentle aspiration. The cells are resuspended in 1ml of IMDM medium
and the cell density per mL is counted on hemacytometer slide (10uL aliquot of cell suspension on slide,
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. Aliow the bubbles in the mixture to disappear, and then aspirate 1mL using blunt-end needle.
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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 number of formed colonies is 90% of maximum,
relative to that observed with the EPO positive control, is recorded as the EC90 [See Table 2: C/BFU-¢
EC90].
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T

cont® ol adapted romgthe ﬂﬁﬁméél?%?nﬁ!?ﬁ %}hGOthQBWABﬂ#E@@? @Pé@pﬂé@% ) 066 This assay
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Test peptides, or recombinant human EPO standards, are diluted in PBS + 0.1% BSA vehicle

20  (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 contains 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
25  injection of 0.2 ml of Fe* (Dupont, NEN), for a dose of approximately 0.75 pCuries/mouse. Mouse body
weights arc 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—respénder mice (i.e., those mice with radioactive incorporation less
30  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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1. A conpound that binds to and activates the erythropoietin receptor
(EPO-R), which conmpound conprises a peptide diner having the fornmula: r-[ O
(AcG GLYACHVGPI T(1-nal ) VCQPLR-NH NH2 NH ( O N NH-["PEG'] OOY NH

(AcQ G.YAWWI’W%GP-GnaI )VCQPLR-HN NH2 O wherein (i) inPeZdm2pepiuisie nononer
of the peptide dinmer, each amno acid is indicated by standard one letter
abbreviation, AcGis N-acetylglycine, and 1-nal is 1-naphthyldlanine; (ii)
each pép piUloRBRASBE of the peptide di mer contains an intranol ecul ar

di sul fi de bsetnd@DRakcs fte dodedq0.6 Yl, ojetted Cheut R8NP 6n HreambecBROBRE withi 1)

["PEG']. conprises at |east, one |inear polyethy|ene qglycol (PEG nojety, each
PEG noFi#tey ERQPREP! a7 teifdrRhds: A e et mie %402%{ Bdoribqnistioh reaprrEAly)

Dal t ONgith Zronfie&@HP PO Cn@R 00" Ak Mgy tRe Chak Nrd anddihefiRl NwigA e, PES @S b cardiac
nol ecul ar wei ght of about. 30,000 Daltons. 3. Use of the conpound of claiml

f or3 t heushuspal eneessnidre) gtivelarierfeneach Blood panple & detvamneddpy thipzelr empgestaining
charactgy 1‘1&@6&: etér aqﬂw@g@c&%mafpr@g&a&)h TR RLls '&req{mrﬁ:alll)?)&\ét&{mv'#ﬁf G0t bofect-89
bl ood cell  popul ation; 9 4. The use according to claim3 wherein the

di sor degredns okretieubacyigs s defpaingd wgingtlhe felevsng foarmyla: of end stage renal failure

or di al ysi sy 2, 2530 s REFICU, LI, AP it NS/ HERABSR, QL d
mal i gnancy; beta-thaf assem a; cysﬁlc fibrosis; early anem a of prematurity;
anenm a associated with chronic inflammatory di sease; spinal cord injury;

acute bl X |,ng; and neopl astic di sease states acconpani ed by
abﬁ%rnﬁfg%%?#%i%%g%%gis. 5. The use according to claim3 or claim4, wherein

each PEG ha¥oemalelld onikbaare desed with dur vabidy bol80ineO@ndelitjerimns 6f either EPO positive
BEZ‘: gg@tﬁok %‘%k P%p%gtg g)g Ibr%hlécg . eﬁggpré:og :pQ 'v:[e r«]:gm:(r:cﬁ Re %&dpeggidecéoas‘tiesmeﬁlcpreasrs]éjd £ mg/kg,
are tested by varying the active compound concentration in the formulation. Volumes injected are
Sml/kg. The vehicle control group is comprised twelve animals, while 8 animals are in each of the

15  remaining dosc- 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 Vacutainer® brand tubes.
Preferred anticoagulant is ethylenediaminetetraacetic acid (EDTA).

20 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 analyzers

well known in the art (e.g., those made by Coulter, Inc.).
% * *
The present invention is not to be limited in scope by the specific embodiments described herein. -
25  Indeed, various modifications of the invention in addition to those described herein will become apparent
to those skilled in the art from the foregoing description and the accompanying figures. Such
modifications are intended to fall within the scope of the appended claims.

It is further to be understood that all values are approximate, and are provided for description.
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7. A pharmaceutical conposition according to claim®6, wherein each PEG has a
nol ecul ar wei ght of about 30,000 Daltons. 8. The conpound of any one of
claims 1 and 2 for use in therapy. 9. The conpound of any one of clains 1
and 2 for use in therapy of a disorder characterized by a deficiency of
erythropoietin or a | ow or defective red blood cell. 10. The conmpound of any
one of clains | and 2 for use in therapy of a disorder wherein the disorder
is selected fromthe group consisting of end stage renal failure or

dialysis; anem a associ ated wi kDS, auto i nmune di sease or a nalignancy;
bet a-t hal assem a; cystic fibrosrs; early anem a of prematurity; anem a
associated with chronic inflammtory di sease; spinal cord injury; acute

bl ood | oss; aging; and neoplastic disease states acconpanied b abnor nmal
eryt hr opoi ki s. Jgggnpound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:

I — O
{(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH_ O
O
;KNJK/\NH—["PEG“]
Y

NH

(AcG)GLYACHMGPIT(1-nallVCQPLR—HN" )y~ NH2
0

wherein

(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, and 1-nal is 1-naphthylalanine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disuifide bond between the
two cysteine (C) residues of each monomer

(iii) [“PEG”] comprises at least one linear polyethylene glycol (PEG) moiety, each PEG moiety having a

molecular weight of about 20,000 to about 40,000 Daltons.

2, A compound according to claim 1, wherein each PEG has a molecular weight of about
30,000 Daltons.
3. Use of the compound of claim | for the preparation of a medicament for the treatment of

a disorder characterized by a deficiene¢y of erythropoietin or a low or defective red bloed cell population.
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4. The use according to claim 3 wherein the disorder is selected from the group consisting
of end stage renal failure or dialysis; anemia associated with AIDS, auto immune disease or a
malignancy; beta-thalassemia; cystic fibrosis; carly anemia of prematurity; anemia associated with
chronic inflammatory disease; spinal cord injury; acute blood loss; aging; and neoplastic disease states

accompanied by abnormal erythropoiesis.

5. The use according to claim 3 or claim 4, wherein each PEG has a molecular weight of
about 30,000 Daltons.
6. A pharmaceutical composition comprising the compound of claim 1 and a

pharmaceutically acceptable carrier.

7. A pharmaceutical composition according to claim 6, wherein each PEG has a molecular

weight of about 30,000 Daitons.

8. The compound of any one of claims 1 and 2 for use in therapy.

9. The compound of any one of claims 1 and 2 for use in therapy of a disorder

characterized by a deficiency of erythropoietin or a low or defective red blood cell,

10. The compound of any one of claims 1 and 2 for use in therapy of a disorder
wherein the disorder is selected from the group consisting of end stage renal failure or dialysis;
anemia associated with AIDS, auto immune 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.
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