NOVEL PEPTI DES THAT BI ND TO THE ERYTHROPO ETI N RECEPTOR CROSS- REFERENCE TO
RELATED APPLI CATIONS 5 Priority is clained to United States provisional
application serial nos. 60/469,993 and 60/ 470,244 both filed on May 12,
2003. The contents of these priority applications are incorporated into the
present disclosure by reference and in their entireties. 10 FIELD OF THE
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present in very |ow concentBACKGROUND OF SHEANMENTIONe body is in a healthy
state wherein tissues receive sufficient oxygenati on fromthe existing
nunber .of -erythrocytes. This normal | ow

Erythropoietin (EPO) is a glycoprotein hormone of 165 amino aclds 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 oceur in

three forms: o, B, and asialo. The o and P forms differ slightly in their carbohydrate components, but

have the same potency, biological activity, and molecular weight. The asialo form is an o or 3 form with

the terminal carbohydrate (sialic acid) removed. The DNA sequences encoding EPO 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. ’It is produced in the kidney when hypoxic conditions prevail,
During EPO-induced differentiation of erythrocyte precursor cells, globin synthesis is induced; heme
complex synthesis is stimulated; and the number of ferritin receptors 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, et al. (1987)

30 ], Biol. Chem. 262:12059-12076].

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



suggested that the EPO binding cell surface proteins conprise two

pol ypepti des havi ng approxi mate nol ecul ar wei ghts of 85,000 Daltons and
100, 000 Dal tons, respectively [Sawyer, et al. (1987) Proc. Natl, 2 Acad.
Sci. USA 84:3690-3694]. The nurrber of EPO binding sites was calculated to
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25 Peptides that interact to a least some exent with EPO-R have been identified and are described,
for example in U.8. Pat. Nos. §,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, ef 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.




PCT Pub. No. WD 01/38342 to Balu; and WO 01/91780 to Sm th-Sw ntosky, et al.
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contains an intramolecular disulfide bond between the cysteine residues of the monomer.
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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 e-amino group of the C-

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

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:



term nal |lysine residue of the first peptide nononmer; C2 of the linker forns
an am de bond with the s 25 amno group of the Ctermnal |ysine residue of
t he second peptide nononer; and N of X is attached via a carbamate |inkage
or an am de |inkage to an activated pol yethyl ene glycol (PEG npiety, where
the PEG has a nol ecul ar_wei ght _of about 20,000 to about 40,000 Daltons (the
term "about" i ndj J Q&EQ@{ i aratjiaons of PEG sone nol ecules wll
wei gh nore, sorretAInggé? t anr{(h%ng%%?g a8ttt ar wei ght). Where each nononer
of the honodi mer has the am no acid sequence, 30
(AcG GLYACHVGPI T(1-nal ) VCQPLRK (SEQ I D NGOy 1) and N of the linker is
attached via a carbamate |linkage to an a at ed pol yet hyl ene gl ycol (PEGQ
noi ety, the novel peptide conpounds of th%i oy may be represented as
follows: -4 0 (AcG GYA GPTT 1-nal VQPLR-NH g 2rzalkNHXO- PEG20- 40K
ON (AcG GLYACHMGPI T(1-nal ) VCQPLR- - HN NH2 \%e each nononer of the

G

honodi ner has the am no acid sequence, (Ac YACHMGPTT( 1- nal ) VCQPLRK ( SEQ
IDNO 1) and N of the linker is attached vika an amde 5 |inkage to an
activated pol yet hyl ene glycol (PEG nviety, /the novel peptide conpounds of
the invention may be represented as follows: O (AcCGQGYAILI.IGPIT(1l-nal)Vv

QPLR-NH NH2 NH .4 - GLYACI GPIT(1-nal)VCQPLR-HN
GPLF e ey ) (1-nal)

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:

o .
(AcG)GLYAC'JHMGPIT(l-nal)%QPLR—NH {Nm
NH_ 0O

f o . qg. L .
: Oﬁj”lk/\NH)!\PEGzo-mx

NH

NH2

(AcG)GLYACHMGPIT(1-nal) VCQPLR—BN
o

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:



O Wiere each nononer of the honodi mer has the am no acid sequence, 10
(AcG GLYACHMGPTT(1-nal ) VCQPLR(MeG K (SEQ ID NO 2) and N of the linker is
attached via a carbamate |linkage to an activated pol yethyl ene gl ycol (PEG
noi ety, the novel peptide conpounds of the invention may be represented as
follows: -5 (AcG GLYACHMGPTT(1-nal )V QPLR e&;_ NH2 C (M) NHO NH ,0 ON
AOVI - | NHAO- PE c@ %@E@E@%&” 1y nal ) VCQPLR(MeG - HN NH2 Wher e
each nmononer o%ﬁgﬁ%mélﬁ:ﬁeﬁr as the Ar 282d sequence,

(AcG GLYACHVGPTT(I -nal ) VCQPLR(MEG K (SEQ IR NO 2) and N of the linker is
attached via an 5 amide linkage to an acti%ated pol yethyl ene glycol (PEG
noi ety, the novel peptide conmpounds of the nNmpyention nmay be represented as
follows: Il 0 (AcG GLYACHVGPI T(1-nal)VCOQPLR(MGENLI3 @ O p | ~NHIPEG2040K
NH (AcG GLYACHMGPI T( 1- nal ) VCQPLR( MeG) - HN NH2 N’“Fhe 3] o JRNOMEer s may
al so be dinerized by coval ent attachnent to a“ganched tertiary 10 am de

| inker. The tertiary anode |inker can be depi ct as: -C O CH2- X-CH2-C20-
where: X is NCO (CH2)2-NH C30-; C of the linker forns an am de bond with
the s-amno group of the C-terminal |ysine rgsidue of the first peptide
nmononer; and C2 of the linker forns an am de bond with the s-am no group of

the Cterm nal | ygighe vheshi&hif: hvilerseeRns pbde nononer. The peptide
di ners of L | &

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

invention may be represented as follows:

0
(AcG)GLYAClHMGPIT(l-nal)VéQPLR(MeG)—NH {NHZ

NH_ .0

Nj\/\NH)kPEGm-mK

Q

NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG) —HN” )~NH2
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 g-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:



15 the invention further conprise a spacer noiety of the follow ng
structure: -6 N H (CH2)4-C4H N2H where: C4 of the spacer is covalently
bonded to C3 of X; N of the spacer is covalently attached via a carbamate
or an am de linkage to an activated pol yethyl ene glycol (PEG noiety; and N2
of the spacer is covalently attached via a carbamate or an am de |inkage to
an activated PEG noiety, where PHBI{@EE)eCH-Ndl-ecul ar wei ght of about 10, 000
to abo 0 3Qy, " U ¢l Rdi [ j i.ons
of pECT S EOREpalF abffiiny Bofed BPEVLE X RbE B dhftel ot o R SR L ar
wei ght Jarban@iecer apEmidedinkege teray agivateil peliyethydens glxpol FEG) owiabe|apd s of thermyer ip ok D,

act o, SR B B B G e B PP e e RO

and® N2molkeculdre weight of abews 101@90c toy abaun t30,000 t Padione dthe i tormn "ahoubaimdiceting fibidge t o
an act]j i I i tJ may
e opPBuRftal CEPER, finke mbiGuBP Yl nRER ot GRERSY M B sal b BNER oty

0- PEG BadB REGUD&SH may beiNngigidufiyGl GeuKDalives (001@923)1@;30@, HkIP of 5@kIdal ) VCQPLR- HN
N2 O In %%feerfegc% euRRahIEN LS. %‘e 119(3 %ﬁ&g& Nalas! YEENCafhot Nid WO RERL! d€
nmononers i s L-lysine. So, those skilted inthe art wrl apprecrate’ from
t he ab@\aS)Gh¥ACEMGRIT L\ GRPERIH(SEQ LD NO: | 1) redrbolED" nasideNt iof sheaspacerjapé ned

ot &1 U7 SRRy oSl TSRl bR, @ AR RRERCIALD e MV poplt B oF 0

Ac G) GLHA ifeABRIn Fay- tia¢pragembedashbllowsNH2  (Q NH O OYO- PEG

0
(AcG)GLYAéHMGPIT(l-nal)VéQPLR-NH{.NHZ
NH_ 0

\( 0 o 04O PEG1050¢
NJIV\NHJH.\\\\/\/NH

O
Y HN TO-—-PEGw-soK
NH o]

(AcG)GLYAC'JHMGPIT(l—nal)VCllQPLR-HN{NHZ
o]

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 Iwo 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.



10-50K JN ~.1\~~NH OmM ' HN -r O PEGLO-sOK NH O

(AcG GLYACI | MGPI T(1-Nal ) VCQPLR-HN NH2 O Alternatively, one or nore of the
| ysine residues can be a D-lysine, giving rise to alternative

stereochem stries which will be readily appreciate by those skilled in the
art.. \Wiere each nmononer of the honodi mer has the am no acid sequence, 5
(AcG GLYACH mmé_ EQ®D NO 1) and both N and N2 of the
spacer are(kgg(%/ié}lg‘eﬁtpﬁy ttac \g‘iﬂ y m de |inkage to an activated PEG
noi ety, the novel peptide conpoundssof the invention maybe represented, as
follows: (AcG GLYA HVGPIT(1-nal)V QALR-N$ 2 0 NH O O PEGLOsOK J~ ~ O L.ON
NH O ) ~" HN~PEGlasoK NH O (AcG GlYACHMVGPI T(1-nal) VQPLR-HN NH2 10 Agai n,
the lysine molecules in this compoundtigye preferably al lol PyBE®GGsxgi Vi Ng

rise to the following stereochemstry.{-% (AcGjGYA GPITIl-Nal VCQ
PLR-NH,,,,LNI-12 0 */PEG osoK NH,OC]S%@’ Y'Y sl >IMNA
HN_ __0~PEG,,.
- \I(-)r 10-50K

(AcG}GLYACEMGPIT(I-Nal)V(J'.‘QPLRr-HN NH,
0O

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

Where each monomer 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:

0
(AcG)GLYAAHMGPIT(l-nal)\?JJQPLR-NH NEH2

(AcG)GLYA(l:HMGPIT( l-nal)V(IlQPLR—HN NH2
O

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

stereochemistry.



O HN ~4-PEGLO-50K NH 0 (AcG GLYACHMEPI T(1- Nal ) VCQPLR-HN NH2 O
Alternatively, one or nore of the Iysine residues can be a D-lysine, giving
rise to alternative stereo chem stries which will be readily appreciated by
those skilled in the art. 5 Wiere each nononer of the honodi mer has the

am no acid sequence, (AcG GQLYACI MEPIT(1l-nal)VCQPLR(MEG K (SEQ ID NO 2)

and both N er_are Ocoval ently attached via a carbamate
| i nkage to e{ﬁgbg@t%va.g g@fﬁgﬁqpé%w\ﬂr@ﬂ‘ei nYis a carbamate group, the
novel peptide conpounds of the inverE%ion may be represented as foll ows:

(AcG GLYACHVGPTT 1-nal V QPLR(MG-NH r”*-'-~ 0 NH2 NHOO-PEGp 0 0 ,MX O
'"NO) .1 _,,",~iNH HNyp_PEG o0-eoK NH O
( AcG) GLYACHVGPI T( | - nal ) VCQPLR( MeG) - HNMH Q, 10 Preferablgy PBE8wkysi ne
resi dues joining the peptide nononer and quffgr EG noietids in this
nmol ecule are all L-lysine, giving rise t& tYenfioMNOMagsiMNY eocheni stry: -9
(AcG GLYACHVGPI T 1-Nal V () CQPLR(MeG) ®NM )L NH2HNNH 9@ G 0 0~O- PEG J~ -

\rr 10-50K

10SK " v\ ~, al ~/ ~~NH NH 1

(AcG)GLYACHMGPIT(1-Nal)VCQPLR-HN" J-NI,
0

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

5 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
covalently attached via a carbamate linkage to an activated PEG moiety, wherein Yis a carbamate group,

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

0
(AcG)GLYAC!I-MGPIT (l-naI)VAQPLR(MeG)—NH NH?2

NH\(O 0 o Oy O PEG10-50k
Y HNTO—-PEGW-EGK
NH o

(A0G)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN~ )—NH2
0

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

alt L-lysine, giving rise to the following stereochemistry:



0 HN ~r O PEGLO-soK O (AcG GLYACHVGPI T(1- Nal ) VCQPLR(MeG) -HN NH2 O
Alternatively, one or nore of the Iysine residues can be a D-lysine, giving
rise to alternative stereochem stries that will be readily appreciated by
those of ordinary skill in the art. Were each nononer of the honodi ner has
the am no acid sequence, 5 (AcG GLYACHVEPI T( 1-nal ) VCQPLR(MeG K (SEQ I D NO
2) and bo ' Q‘hﬂl C ilfr?ﬁ covalently attached via an am de

| i nkage t%b@%béctl \%‘%‘gﬁ%&%&éﬁ%@&é&{m . e NHovel pepti de conpounds of the

i nvention may be represented as foll (ﬁf: 7 NH2 (AcQGYAC | HMEPIT 1-nal

VOQPLR(MeG) -NH O NH O - - OO0 ~EG GBOK JB _ O N NH A, 111~~,NH o | HN
VPEGL0- SOK (O~ (AcG) GLYACHLMGPI T(1- na) VGQPLR(MeG) - HN NH2 10 Pref erabl y,

the lysine residues joining the peptide Qe d i neapﬁ%?ﬁﬁmﬂ es of
t ge foll ow

r I
this nolecule are all L-lysine, giving ris ot ﬁl
stereochemstry. -10 0 (AcG GLYACHMVGPI T( | YNaf v CoP Ry NRH ~LNHz NH O
\""O-PEGm-wK

OYPEGm ~0 0 -50K N AV-11 ,NHO HNTrP ~oK HN
NH
O

(AcG)GLY ACHMGPIT(1-Nal)VCQPLR(MeG)-HN" J-NH,
0

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 ardinary 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:

r 0
(AcG)GLYACHMGPIT(I-naI)VéQPLR(MeG)—-—NH{N}u

NH\ﬁO o o o EG1o460k
o g J’\/\NHJﬁ“‘-\\/\/NH
AN _~PEGi.50¢
o T

o)

(ACG)GLYACHMGPIT(1-nal) VCQPLR(MeG)—HN" )y~NH2
0

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

all L-lysine, giving rise to the following stereochemistry.

-10-



NH (AcG) GLYAI HMGPTT( | - Nal ) VCQPLR(MeG) -HN NH2 O I n ot her enbodi nents, one
or more of the |ysine residues can be a D-lysine, giving rise to alternative

stereochem stries that will be readily appreciated by persons of ordinary
skill in the art. The peptide nononers may al so be dinerized by attachnent
to a lysine linker, whereby one 5 peptide nononer is attached at its
C-termnus to the ' am no groug and the second pepti de nonomer is

attached at(Add)(SL’&G:Ct»mﬂGmT(lus&lNGQPLﬁlﬁe{k)ym\f_ Rm,2- am no group. The peptide diners
of the invention further conprise a spdcer noiety of the follow ng
structure: -I\I4V\(CR2)--O-(CI—|z)z-O(CFr -NZH At one end, N of the spacer
is attached via an amde linkage to a c bonyl carbon of the |ysine |inker.

At 10 the opposite end, Nz of the spacerygsgattached via a car te |inkage
or an am de |inkage to an activated polye¥hybene gbycol "etYy, where
the PEG has a nol ecul ar wei ght of about 20, OH{ 5&) Dal tons (the
term "about" indicating that in preparatiqns)of PHG g™ nof ecul es wi l |

wei gh nore, sone |less, than the stated nol&cul ar PEGWARr e t he spacer

is attached via a carbamate |inkage to an
(PEG noiety, the novel peptide conpounds
may be represented as follows: F__ 0 (Ac
O PEG20 aoK OO (AcQGYA | GPIT( 1 nal)Y QPLR(MeG -HN NH-\- .1 0 \here
the spacer isVeftBCRIMGITHIBHVERT an activated pol yet hyl ene

glycol (PEG nviety, the novel pept| de cdhpounds of the invention (SEQ ID

NO 3) Hahd@mbbeipieasesicad mfe bbtheAysne redidue® caf AEDAYYAEHNKARE TisdicadeMative

LR(MeG) - N
(‘P ( stereo Il;iemsmes that will be readily appreciated by persons of ordinary skill in the art.

tHi vat ed poflyet hyl ene glycol (
f the invention (SEQ ID NO 3)
) GLYACHVGPI T(1-nal ) VCQPLR(MeG) -1

The peptide monomers may also be dimerized by attachment to a lysine linker, whereby onz
5  peptide monomer is attached at its C~ierminus to the lysine’s s-amino group and the second peptide
monomer is attached at its C-terminus to the lysine’s a-amino group.
The peptide dimers of the invention further comprise a spacer moiety of the following structure:
N'H{(CH,)»-0~-(CH;);-0-(CH, ), N°H-
At one end, N' of the spacer is attached via an amide linkage to a carbonyl carbon of the lysine linker. At
10 the bpposite end, N? of the spacér is attached via a carbamate i:inkage 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

(ﬁ (PEG) moiety, the novel peptide compounds of the invention (SEQ ID NO: 3) may be
represented as follows: r Q
(AcG)GLYACI{MGPIT(l-nal)V(lIQPLR(MeG)-—NH NH O~PEGgg40k
O

O
- - NH
(ACG)GLYA?HMGPIT(I nal)VCQPLR(MeG)-HN '-\_ /

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-



"PEROUOK O H O (AcG GLYACH4GPI T(1-nal) VCQPLR( MeG) - HN- ~O The i nvention
further provides pharmaceutical conpositions conprised of such peptide
conpounds, and nmethods to treat various medical conditions using such

pepti de conmpounds. 5 DETAI LED DESCRI PTION OF THE I NVENTION Definitions:

Am no acid residues in peptides are abbreviated as follows: Phenylalanine is
Phe or F; Leucine is 1D Leu or Ié | soleucine is Ile orsﬁ; Met hi onine is Met
or M Valine i Proline i Pro or P;
Threonine is r g?ngux%&Gﬁfgégfé(%?gﬁéﬁﬁAyéTyr03|ne | TyPEgﬂMW$ Hi stidine
is HHs or HH Outamne is An or Q Aspardgine is Asn~r N, Lysine is Lys
or K; Aspartic Acid is Asp or D; GQutanmc M is Qu r E; Cysteine is Cys

or C Tryptophan is Tr rginine is R a Gycineis Ay or

G The unconv@ﬁ?)%ﬁélC*‘g‘?ﬁPﬂB(l‘é‘&‘?@Pﬁﬁm&@bt%es a 'e—\arg#gvi ated as foll ows:

1- napht hyl al anine is I-nhal I5 or Np; N-nethylglycine (al so known as
sarcosine) is MeG or Sc; and acetylated glycine (N-acetylglycine) is AcG
As used her ¢pd)indelifor! SFhrther pﬂJonE@sp hifiaceRfical pcrogipsélaonsr 8Bpried QofasRAl Yepage Of
amno acid nonomers that are al pha amno acids joined together through

ani de pomRpsndspEdyreiinds &fe%eaamovmﬂbcfabmd@pnq @agtsu@wpu@nﬁwmar@ﬁd resi dues in
| ength, and.are usually longer. Cenerally, the term"peptide" refers to a 20
pol ypeptide that is only a few am no acid residues in |length. The novel
EPO R agoni st pept i des ETARED DESCGRARTIONQB AHEINVENTIGNef er abl y no nore t han
about 50 amino acid residues in Iength. They are nore preferably of about
17 to about 40 amno acid residues in length. A polypeptide, in contrast
wi t h aDefmifietisde, namy conprise any nunber of amino acid residues. Hence, the
term pol ype%ﬁx%eacﬁl}géi%% %ﬁ@és'aﬁj@&bi%%a bl foRSws: %Qx%ﬁaléﬁx%%ﬁ@& IQfLet?ﬁF}e']Q

acids. 25 used rein hrase "pharnaceuti cal yysacce pt abl refers to

mol1# c uLew ordr isolqueine isfdp ordohﬁg@mnwaqﬁew% Vealige tsg¥ad of ¥} PorinedgyBar 9e &; Ryslinggs e |
€. 9., PRl APl 9118916 & | MarRd ﬁrﬁaplomaﬁ‘}r&&ewt oY R @ﬂéﬂdﬁlg% AUGEHAN

al lergic or 'sim lar untowar d reaction, such gast | ¢ upset I zzI ness and
the | i IRytaminkisiGladnQnAsnacging is Astor i) dasine Prler$ er bAgpart@sA%@d\sn@r Bi Glutantie

e Fo LRTBAGHS Efitike BLSER! EPtSpultRRNSTp 3P, AYRnPY Au R bl GhnodRAFY ©f

t he Fe e gover nnén af macopel a
or G. The unconventional amino acids in peptides are abbreviated as follows: 1-naphthylalanine is 1-nal

15 or Np; N-methylglycine (also known as sarcosme) is MeG or Sc; and acetylated glycmc (N-acetylglycmc)
is AcG.

As used herein, the term “polypeptide” or “protein” refers to a polymer of amino acid monomers
that are alpha amino acids 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 to a human. Preferably, as used herein, the term "pharmaceutically aceeptable” 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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30 or other generally recognized pharmacopeia for use in animals, and nore

particularly in humans. The -12 term"carrier" refers to a diluent,

adj uvant, excipient, or vehicle with which the conpound is adm ni stered.

Such pharnmaceutical carriers can be sterile liquids, such as water and oils,

I ncluding those of petroleum aninmal, vegetable or synthetic origin, such

as peanut oil, soybean oil, mneral oil, sesane oil and the |like. Water or

aqueous seinufdaoier's wférn do so ldikent nsljievad, axmpmusordeehide(méﬂaawhiclglﬂgecemqbound is

sol utionsy K hatila¥ I [ I | abl e
agﬁteﬁsdp Sﬁéh;{] eutild ' cﬂisoc%%nlrel escr | llll# %[d o\ﬂs,tu% Jﬂﬁ,&t

sol uti ons. | table armaceutical carriers re gt on's

Phar mac e 9 petileucinapal.arseetable qF synthetip prigim suchgs pearw ofhsprdicrn oily mineeal o, S@g@mlht
refers tQuambifd Ok ! Yudtd dotRioh hﬂ,ﬁp&l&e{eﬁ&m 9&&39@ defrdst fnd SRER| SIRDLakY

bi ol ogi cal Ify actlve recept or and _activates latter either  to cause a

bi ol ogi carefrreblpepreyed As carres, pEE @y for H@Pctablf Selﬁﬁ‘aﬁc euipPleghargrsentcabiagioscal
activity dqefcribddgn 1'1&%@:%&1"5 Phﬂr&a&ﬁﬁ@l Scﬁﬁﬁ&s" e W Iﬂﬂ'tufir e EPO- R agoni sts The

pr esent |nvent|ongﬁﬁow es novel peptide conp whi ch are. EPO- R agoni sts

of dramati cat¥yss e e Rensngieat o ¢ ft’l"i}’g“’ﬁi’e §‘§“’f‘3 éﬁgf“}ddéfh’&lb Bi9gUPdEs ar e
honodi ne rcsmpIEmﬁfwj/ bldl%gcm}rrb@mrr&ebtaﬂanﬂ Getivines thénafie efliidr tb GERLbSIGIcal response in

trononer s SEAFTERS PHE CHIASF St PR S ARG T( 1+ e ) VOGPLR( Ve K
g~ th ¢ ( ) VOQPLR( MeG)

(SEQ 10D NO. 2) where each amno acid is |nd| cated by standard one letter
abbreV| ath on, Ipdk acglyd 9l ycine, "(1-nal)" is 1-naphthylal anine,
and "(Me yl gl ycine, also known as sarcosi ne. Each
pept i de nonondie giesent papanticie priivides novehtreptide compounds,r whioh mIEQO-ltliasmﬁﬂta’ dé

Copr esont Ll ENBLE Ritcl ShENERA) TR SR Eimpodd \%smﬁ o 2
( ACG) G_YAHW m;ngfhamo el Rpquenice (AoG)ghiACEMOPINGna)VCQ SEQUDINGY),
CQPL R{gVe G Koot B epRid Mabbriérd -Hadhg MAHBQ MBi®) KqierbRALNNIPYAS ﬁ%@c’ﬁ%m .

nononeri c ngtldes are'dinmerized to provid peptld di rrers of en

agoni st TBUYERPIRMeORHEEQIRKNE: 2); kyherpptagh yming agidyis drdisntnd Wettandprg onpriletier
whi ch briflgedation e (Sct)e fisﬂNﬂbet;Q%ly&ﬂ(@ “Qailyt | Q-napiRyPIERIR, andy(AbGY lid ‘WABG)!Ss N-

at t achnment t the G terninal sine residue of each En%nomar The tertiary

am de |.ﬁReébYa£>§mebé18ﬂ PR &%) sygesinec Egchypsptide appnogsiHo

intramolecular disulfide bond between the cysteine residues of the monomer. Such monomers may be
20 represented schematically as follows:

peptide dimer confains an

(AcG)GLY ACHMGPIT(1-nal)VCQPLRK

|
(AcG)GLYACHMGPIT(l-nai)VEQPLRK or - and

{(SEQID NO: 1)

(AcG)GLYACﬁHMGPIT( 1 -nal)V(IL'QPLR(MeG)K (SEQ 1D NO: 2)

[ ]
(AcG)GLYACHMGPIT(1-na)VCQPLR(MeGIK ¢

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 g-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

-13-



where: X is NCO (CH2)2-N H; C of the linker forns an am de bond with the
a-am no group of the G 30 termnal lysine residue of the first peptide
nononer; C2 of the linker forns an am de bond with the a ami no group of the
C-terminal |lysine residue of the second peptide nonomer; and N of Xis

attached via a carbamate |inkage or an am de |inkage to an activated
pol yet R dnta moleewir wagep! phoiut26,000ih bt #€00 DaignyEE thees "2howtd indisating thatda ght

of abogﬁ;&&&@?ﬁﬁb %&99&0&%1?%1}1%1&19&% stoﬁ@l £ bl tRRRId E'éix'la?@}e{%ﬁﬁ that in

pr epar ons of PEG sone nolecul es® w nore, sone | ess t he
stated nol e&‘mmm@mmemmlmq@pwam de linker may al so be depicted as:
5 -C O CH2- X-CH2-C20- where: X is NCO(CH2)2-NH C30-; C of the linker forns
an am de bond with the c-am no group of the C-terninal | ysi ne residue of
theSfirst peptide nonomer; and C&'@CH#%eCH-6i@r forms an anmide bond with the
s-am no group of the C—term nal |ysine residue of the second peptide
nmononmer. The peptide dinmers of 10 the invention further conprise a spacer
moi et ywhéret Xids NOOHGH R EBCTQrc Cliobthe likertfigrisia) mmmomwth titearaminCgroop of the

spacer ~i,S_co ent | Q X N eLsR i val e
0t aon Gyl Bl eistinp BERE Rt feotor Mncter it of B8 pERRTns o s BBt o .
and N2g-@fnirohgouppefihs Citarmamil &fsthdtrésydudtof #rhecbnd ipaptidle Qﬁ*fnbﬁlﬁﬁt TheOfeptide dified @f
i nkag&fto an tivat ed, PEG noi et]{g, fﬂ‘? PEG has a nol ecul ar wei ght of
s e delle

abdtit  LEATNSBEPY GOMPIES 2 GBS eaP Mg SHOUWKout " i ndicating that in

preparations of PEG sone nolecules wll weigh nore, sone |ess, than the

stated nol ecul ar wei ght). Thus, el, | des of the invention can al so
contain a PEG noiety, which is c'&?@‘g‘l(@ﬁ\s 9}P§%&atta0hed via a carbamate

| i nkage or an amide |inkage to the tertlary am de linker of the peptide
dimer. PEGj wat er, sol bI e nmer phar maceuti cal | acc pt abl e.
PEG 1 oWhetEeCl 9 tﬁﬁépaﬁ?régém alénify Shp ee}ﬁo %)?%é\i Of -3 YA %h"é“\/?ng a
Dl §C UbAbanifté 8Hn affideddRibic t€ Bn KdtvAdaPEQ &ﬁne@!eifd Nt arﬁé)@uéer @Q:lévalélﬁﬂsvaﬁaoﬁédma

"about" indicating that 1n preparations of nol ecul es will wei

more, &6RHBATREEran aﬁrﬁ‘éﬂlrtkﬁ%ﬁ topn pgyaeg PE@@OA?WW@%W%G hagpolerular sieighy of 2bg e
PEG hagg,800m|86u4l68.000'"BDhedHs (GE te@a@wou@%ﬁaqngéaﬁh%pm%%s oOPEGS el iflechies t he

art wWill be able to select the desired polyner size based on such
consi d8Fhrighsoges samrdesselbpn e statsd agleculer Weghtat i on time; resistance to

pr ot eol ysi s;rhd, iRClovel heptideRYof tRNinvEHtioh Qe 8184 c@fdih ¥ FEG nRA%HE wrﬁbmﬁredirmdagy
gr ee or-l-aek of :anti genl city; and other -known_ effects of — -

P apétiached pia grerhematedinkigges’ an gayds bnkags odhe teisgy wﬁleﬂmb%mf |ﬂéFeP%B@$e‘Hmef
m)l eculppd ifh whidEsdiibYESRi:AR 1Rtk ph8mbdifiei§hedePtable. PEG for use in the present invention

may be linear, unbranched PEG having a molecular weight of about 20 kilodaltons (20K) to about 60K

{the term "about" indicating that in preparations of PEG, some molecules will weigh more, some less,

than the stated molecular weight). Most preferably, the PEG 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 handling; degree or lack of antigenicity; and other known effects of PEG on 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
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30 wat er-sol uble polyners (e.g., PEG using any of a variety of chem stries
to link the water-soluble polyner(s) to the receptor-binding portion of the
nol ecule (e.g., peptide + spacer). A typical enbodiment enploys a single
attachnment junction for coval ent attachnment of the water sol uble polyner(s)

to the receptor-bindin rtion,. however, in ernatjve _enbo
ol 4§ PEEPE ISR RO L NG TG ceestions, (T, G Grob At IRBTALoPh AP ARTRSs

wher ei ]ﬁndioﬁ(fs)?foahé spaf @hdror tefoga\/a:ttﬁﬂh ﬁ@hﬂ@&}@ﬁ@%ﬁﬁ_ﬁé embﬁuaéﬁtaelhbedmh Eorthip@ier | 13
recepto i ni n tion at distinct. attac uncGt i ons i.ch may I.ncl ude
coval efger W&Hﬁ%e%{ PEREN st srscieh ofs pepyde 'ﬁJﬁ’t‘i'/ glr €1 8 Bﬁtgmg’tmeﬁo‘f‘y bt i de
Chal N Shetdrfmslier) EBY Gehy NG dxSmple hﬁd G BihitAonh AT mOr etdiprivelat firepephilld thain

neror oRnE RS2t gal et B e sertad weick| oA Mk PEAOUMG | sc

a fir ?hnaﬁatot @ﬁht‘efw&iﬂfeﬁnhﬁwag’@clﬁnﬁ’ﬁ@ tBdr! A6 Ifige Pbptidd RBkih QA aﬂ@blﬁdwearﬁﬁ&@rtﬁt
peptide chain ma . el tﬁgr (.%( E‘FLG attachnent __junction §r utilize

di ffersé’ﬁ‘fcrIWk%?& ]‘élar@ AUATLRER TpaGigr apd spid d@a%af RE Watefi’nm%ﬁféhze 3

vari atlifkage dHagistry raﬁre%m Y tHaOe¥iiRd frsOindlof 6ol JRBRIAIhERS. MiPAlterdaiRCertitdBinRAC

said s acer I f PEGyl ated, may utilize a I|inkage chem stry_different than

that ofHRIGHE § PP@M&H@?&? the-SPaFHY Pﬁgwmféhwa?m%r-bnzqangam@%aw & SEHER dratEnt

enp OYsphibld Py (@, h@shrmyara@)b&mﬁfg%d ROA didedhaifof bhEof tBE SiBtn8aciB Athégkph@y ti ON
and a different water 10 soluble polymer (e.g., a carbohydrate) conjugated

to a sPorEenafdiemelecwne of the anino acids of the peptide portion of the
ol ec ul e. AA%@@vaYﬁfyl dEbily&hy1aR! gY}Q:Bh(PEGB‘ Spebicy Moy be( RE&or ?E@%'laﬁ&l 5Be k@epuﬁﬂd

f or Gyl ation of the receptor-_ binding portion ge pti des + spacer)

Subst afmuihas pyrtign (peptifesah F@C%a%lbﬁwahem Bilgelareactive BEGUsagsnt ¢a begised: ofy ed
enbodi gefired eﬁlﬂﬁhrﬁéﬁé: leBacBFCPEG 3E@RHt wifl lrdsulk BSbkrhation JrQrARain@t@ of hmfie bond

carbamate or anide bond 15 upon conjugation to the receptor-binding portion.
Sul abiren cepugatipn Iy weerierdnding pertien. Jyifeble reactigt PEG jspeaiesdngiude, tRoxe nghi ch

are avihhaPlet dé whitheart Qvdilisle E?ﬁﬂlea@ﬁi th\éeﬂiﬁi &Beﬁtz@rgrrs ﬁ@'c@ﬁlo%Q@@b%) o@deilOF

Corporation (Yebi su Garden Place Tower, -3 Ebi_su horre hi bu

Tokyo “orpomtam(Yehisy Gapden Higse é"@nfplarmén%qlﬁve"e?hom §'&P‘é){ad@1 Tolkpa) Ocﬁﬂl éhe
Ther apgididogisr ]ﬁrfbﬁﬁeﬁgscﬁmﬁ?r@m@f oMol bltids Q400 DREAES DriveHksvilleOAlBaAP! ©

and not |imtation ol | owm ng PEG reagents are of preferred in

var i ouds896). diep suiminead nePlmitatiasthePllewin\PEG rragents. a1 rﬁﬂBE(Bfefﬁﬂf‘F*E@( mpysz

P (M%F)a A SRAEGT T
%Q lelnéélS%tEEFgEGané%% Mﬁg@z%%@ﬁt yr ALD, nPEGA het er of unct | onal

PEGs (NHZ PERE@@@H, BBEGF@@: NHQECFMQS"@EG-‘ME@’DOWB Ems,vsnPE@@TﬁEGIM)
gl ycerNIig.IE&sEa, EE@’EG—MAL , PEG acrylates (ACRL—PEG S), PEG-phosphohplds (e g., mPEG-
DSPE), multiarmed PEGs of the SUNBRITE series including the GL series of glycerine-based 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-COOH, 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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25 activated by a chem stry chosen by those skilled in the art, any of the
SUNBRI TE activated PEGs (including but not limted to carboxyl - PEGs,

p- NP- PEGs, Tresyl - PEGs, al dehyde PEGs, acetal - PEGs, am no-PEGS, thi ol -PEGs,
ni al ei m do- PEGs, hydr oxyl - PEG am ne, am no- PEG COON, hydroxyl - PEG al dehyde,
carboxylic anhydride type-PEG functionalized PEG phospholipid, and other
similar and/or suitable reactive PEGs as selected by those skl |led in the

art for toRgitthe Fme"phayt’ dpdicating thebin rsepamtiens 96 BEE. soms milecules el Weigh miome S0T8%  t he
i nvent i ONess,dan &He3tted MleRuBr WMt EGPEES heistick hﬁtpaﬁl‘.:lﬂar%tm hvsore ﬁ-&feﬁBlKIEd

via a carb am.de |.inka t0 a spacer [ acer
noi ety i $2% g’n%afgeﬁm 3ﬁGb‘8?I8%°a By ’%’2"“{‘1@? PP VfaﬁW‘gEgiﬁ %& ?0% r?a’ﬁﬁ@bﬂt‘?

di mer. Eopedferaily betveeets aimuPEEK gl abtuit 6K . UStiindra prefecably, exvb oflihertwit BREGofnoietixe hiprae sent
i nventl o I | i,nked in f

att achrre OQéﬂgﬁeléyE@e rrBllltc?tla g %%I‘ﬂ rg%%’lth aﬁtasf1 ggaentl egﬁ?cgth% dggn@%tﬁ%? gﬁ%gagmlo
kil odal t @nsucbtm{)dena@orabaﬂm des;rm:sdcséye:, c(lmiﬂmdnemm tesigange to protdolm i:ﬁfﬁgtsliﬁaw, om

prepar at iy I o9 Lhe
stated moloRy ar %gﬁég?ﬁ] I n Elg%@mr%l e %&g’a‘)rﬂ%?%wgr y pre erreag
Mor e preftmmﬂypepbéach of the two PEG noi etl es has a nol ecul ar wei ght of

about 20K to %D@#&se%enaaﬂal&tdohbné@ﬁe%ndﬂgﬁﬂﬁ aQI a¥e Iﬂﬁﬁd&ﬁﬁ‘e& GHpeptide %%n%d
about 40K. Still nore preferab C&éeae noi et1 €s has a

nol eclfl arhevieg Ynemige agip seauensp ke éQW@E(IﬁaQ‘F@Q%WI ISE&DQS@&){W%I ect
t he desi reggh JpfiMoydRris ﬁlﬂl’éﬁe@ﬁfﬁﬁﬂldalﬁ RnSldEdR aa@maud@ re4 NS NadcetylBycthe Si(1- @&b" is
05806! gl and i TBuet s b B B ey Esorehrefr S
ot her knaump@h&sedhﬁer mﬁnﬁﬁaﬁnn@ammdaﬁmamanﬁdecb@amemben tH'éIEydtH’nﬁSﬁﬁlﬂueb rofand i on
al so corrprlses ge i de_agoni i)ts t hat ;ate honpdi pers of peptide nononers 10
havi ng t HE"GRFT U AP TER TN Lo PARTES ?"TP St )VCQPLR( MeG) (SEQD
NO 3), where cid is indicated b st andard one tter
abhr e1s gy AaG il apCaasiule! v B BRI Wrsfia o TR
and "(MeG " i's N-nethylglycine, alsdcknown as sarcosine. Each peptide

nononmer of the pept| de di mer contains an intranol ecul ar disulfide bond
bet ween t he cgh&wmomﬁmmmmmmﬁmmm pepide Rimepned ealiaaced @POLRC agonist

te I fall I | )V I\/IBG
2P b i AW 5o SR Sl M O
-pept i des- mndsmmunmpﬁ@hmdé C-teninhl pmino. 0id dreacnuemEROVR- paptide St

acti Vﬁﬂt y. mo-rl;lf;'mff'r lé %%etd(at' l& C%%Wto the @sn%é{ssé EISIP{; gﬁ) egyfd' th aclﬂ rpgﬁidgf%(;%ﬁ r%@%%

Ctermni nNonNor ners us-a
C-t er m neditached ﬂotsafc-teﬁnmﬁs aathh lysimets-o- a'.ﬁnﬂa gioept Fokedxample, the dimer may be illustrated

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

Formula I Formuia I

Monomerl —---N2H

\
H;ClCHz Monomer] —N°H
CH,
H.,C o 7
Monomer2 — N'H —-(iJH—C// Monomer2—— N'H Spacer-PEG:
Spacer-PEGag.4nx 2040K

In Formula I and Formula II, N* represents the nitrogen atom of lysine’s g-amino group and N' represents
25  the nitrogen atom of lysine’s ct-amino group.

The peptide dimers of the invention further comprise a spacer moiety of the following structure:
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20 nononer is attached at its CGtermnus to the lysine's s-am no group and
the second peptide nononer is attached at its CGtermnus to the lysine's
a-anm no group. For exanple, the diner may be illustrated structurally as
shown in Fornula I, and summari zed as shown in Formula Il: Formula |I Formul a
Il Mononerl-N2H CH2 HZ 1 Mononer|-N2H CH2 HZG 0  Mononer 2- NCH - CH C~
Monomer 2- N H Spacer - PEG2040R Bifei&e-CHpe A6 )Y ’-Formul a | and Formula I1,

25 hOARPHTBAN ShE AP P RRee Kaan BHCR Duses i oGy B AL TG PRSP SRRT. Sho

| nvent therppdsité &l NT ofthe seerds stRRReT vidDtebaynatf linkhge dr@hlagideighksderto ah hdtiwated - 16

-NI H (CH2),2-0- (CH2) 2- 0- ( CH2) 2- N2H- e end,. N, of .the _spacer is attached
U e R ayeah O SO, By ot EFG R Srndsmir JLER Of Rt 10.08] 15

op_pﬁsi F@;Ofﬂﬂaltdﬂ? (€ tdrive"abpat (ﬂ{didaﬁrllg?lﬂiaﬁﬁxpﬁépaydﬁl%nﬁoii’IBEGaEE)Bﬁdmeie&Hw%IOWeiﬁﬂh

am de linkage to an actjvate ol yet hyl ene 0 noi et y, ere e
AL e EoR ARees G e st oflcoulRe ekt ol Pracdgyhe BB heg BEolski e Haett oho
term " ahputo,000n64ae00 Ddichhlat i n preparations of PEG sone nolecules wll

wei gh nore, sope |less, than the stated nol ecular weight). Mre preferably,
the PEG has THUSnisf 8eYsl Byptisles Qfithe la’renh%ﬁmcomwo‘%fq BO¥E @’é?%ihr}%‘f“f"ﬂﬁ%ﬂ.y aftpried t he

novel ReME hépESe @ned. FEG R\eSMidr@BluBle $OlyRatha i pharitibuti¥Rileidteptydl. HRG Hr use in
covalently attached to the peptide dieter. PEG js a water sol uble pal yner

tha? i SeghetFrHaRenionaay e lincete prbipiched Bitchavine 3 elepylar vigeht pbabont-dllodaltons

| nvent (k) iPyboREG0K MRAEM BRI MG ENELE il BMpAtichs BPPEG Wodle niddciRt waf waliput
20 kil odaltons, (20K) to about 60K (the term "about" indicati ng@t hat .in

pr epar H19F% fanciesspthar the stated ranleculsr @sishy Mogiarefprablothe PEGJ 2 molesulas weight ofe

st at ed sk e kPsboWd0EN bd stiYPSbreRi&Li8H1IRR nblechREWBER dTabod J0R! 16 abdurBoleDght  of
about 20K to about_ 40K, and still nore preferably a nol ecul ar wei %pt of

K
about Sgledia thepsuill horble typeleckis desiserl Rolymen sizgbasedpn Juck gongiserations as Be desired he
degi r edodgd; ¥iBiatidh fifhe DRSBIEN QN0 PHAIIERIIICEE 14y B8 bidfoglclacH By, RE mlipmd@page;

circulation time, resistance to proteolysis: effects, if any, on biol ogi cal
act i vi tgereegdask pﬁarﬁgmqlfyhqu other known effects of PEG on a therapeutic 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)GLYACHMGPIT(l-nal)VéQPLR-NH NH2

NH O
T3
o NJK/\NH}'\O“PEG?.MOK

NH

(AcG)GLYACHMGPIT(l -nal)V(i‘,QPLR—HNéNHz
- 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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degree or lack of antigenicity; and other known effects of PEG on a

t herapeutic peptide. \Were each nononer of the honodi ner has the am no acid
sequence, (AcG GLYACHMGPTT(1-nal)VCQPLRK (SEQ ID NO 1) and N of the
linker is attached via a carbamate |inkage to an activated pol yet hyl ene
glycol (PEG noiety, the novel peptide conpounds of the 20 jnvention nmay be
r epr edikegedo a8 aww%émlyewleqeﬁémmﬁm,mqn%}l peptidopporapepndsied thefgyentign 0 O

N NHAGh 204 nted adYollows\c G) GLYACHMGPI T(1- nal ) VOQPLR- HN NH2 O Where each
nononer “of the honodi mer has the am no acid sequence,

( AcG GLYACHVGPTT( 1- % S E I D NO®1) and N1 of the linker is
attached vi a an&f’#?@p? - H?ﬁi? g %It}'ﬁﬁ NHZat ed pol yet hyl ene gl ycol (PEG
noi ety, the novel peptide conmpounds of thg invention nmay be represented as
follows: O (AcG GLYA HMGEPI T(1-nal)V QPLRW}I 2 NHO pO JO NNH " PE&0dOk
OY NH (AcG GLYACHMEPTT( 1-nal )V QPLR- HN NH ere each nmononer of the
honodi ner has the am no acid sequence, (Ac YACHMGPHT( 1- nal ) VCQPLR( MeG) K
(SEQID NO 2) and N of the linker is attach i a)%:Parbamate | i nkage to
an activated pol yethyl ene glycol (PEG noiety §he ndve BSeptok de conpounds
of "t he

NH

(AcG)GLYA({)HMGPIT(l-nal)V(liQPLR-—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)GLYAéHMGPIT(l-nal)VlQPLR(MeG)—NH NHD.

NH 0O

i

NH" 0~PEG2p40K

NH

(AcG)GLYACHMGPIT(1-0al)VCQPLR(MeG) —HN " —NH2
]
o}

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:

-~ ]8~



invention may be represented as follows: 0 (AcO G.YA HMGEPI T(I-nal)V
QPLR(IMEG _NH NH2 NH OO0 O ONj NHAO PE&Ro0-40K ~NH

(AcG GLYAC | MGPI T(1-nal ) VCQPLR(MeG -HN NI 12 O 10 Were each nononer of the
honodi mer has the am no acid sequence, (AcG GLYACHVEP1T(1-nal)VCQPLR( Me@G K
(SEQID NGO 2) and N of the linker is attached via an amde |inkage to an
activated pol yethylene glycol (PEG noiety, the novel peptide conpounds of
the invention may be represented as follows: -18 0 (AcG GLYA

HMEPI T(1-nal ) V QPLR(MeG -NH NH2 NH~O O p N NHEG2oaoK NH (AcG GLYA

HVGPI T(I-nal )V C QEI:RHVEG)-—HEI NH2 O Preferred peptide dinmers of the
present i nveémA@YACHYERIAEpaYUOPLAMMEGROH |l nggbed to: (AcG GLYA HMGPI T( I -nal )V
QPLR-NH p NH2 (SEQID NO 1) NHN O1O0OpP N NHAC PE&RoK 1ly NH

(AcG GLYACHVGPI T( 1- nal ) VQPLR- HN NH2

NH o
iR
Oﬁ)N JKANH)KPEGzOJwK

NH

(AcG)GLYACHMGPIT(1-nal VCQPLR(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

i &
OYN JK/\NH-)LO,'PE(?;OK_

NH

(AcG)GLYACHMGPIT(1-nal) VCQPLR—HN /é\ﬂﬂ
| | o

(SEQ ID NO: 1)

[ O
(AcG)GLYACHMGPIT(l-nal)V(lePLR—NH <7NH2

NH 0O

|9 0
JK/\NH)J\O "PEG30K

j&
ht

(ACG)GLYACHMGPIT(1-nal VCQPLR—HN" )r~NH2
0
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0 (SEQ ID NO 1) (AcG GLYACHMOPI T(1-nal)V QPLR-NH NH2 NWHN O N Op O

NH) (O-PEGAK Y NH (AcG GLYA LHVGPI T(1-nal )V QPLR-HN NH2 19 ~ ~ 0 (SEQ ID

NO 1) (AcG GLYA HMGPI C T(1-nal ) VOQPLR-NH NH2 NH-O O p O N NHAO PEGAOK
(AcG) GLYACHMGP! T(1- nal ) VOQPLR-HN NH2 0 (SEQ ID NO. 1)

( AcG) GLYACHVGP! T( 1- nal ) VOQPLR-NH N142 NHN- O fp N N “PEG0OK Oy Nfi
(AcG GLYACI GPIT(1-nal)VCQPLR-HN NH2 O 0 (SEQ ID NO 1)

( AcG) GLYACHVGEP! T( 1- nal ) VCQPLR- NH NH2 NH-O /I p

0 SEQ IDNO: 1
(AcG)GLYA(.fHMGPIT(l-nal)VJ?QPLR—NH NH?2 (SEQ )

(AcG)GLYACHMGPIT( 1 —naJ)VCQPLR-—HN

-
(AcG)GLYACHMGPIT(I- nal)VCQPLR—-NH {
NH

ﬁ)\%—é

(SEQ ID NO: 1)

(AcG)GLYACHMGPIT(] -nal)VCQPLR—HN NH2
(. _ o

[ ] 0 (SEQIDNO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH_ 0O
03,
ng/\NH&EGSOK

NH

( ACG)GLYA(ISHMGPIT( 1 -nal)V(lZQPLR—HN NH2
O

20
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N 01\ N YEG30K Oy NH (AcG GLYACHVGPI T(1-nal )VCQPLR-HN NH2 O 20 0 (SEQ ID
NO 1) (AcG GLYACHMGPI T(1-nal)V QPLR-NH NH2 O pp NH( N NH ' “PEGOK OY
NH (AcG) GLYAC Thl GPI T(1-nal )VOQPLR-HN NH2 0 0 (SEQ ID NO 2)

( AcG) GLYACHVGPI T(1- nal ) VOQPLR(MEG) NH NH2 NH\ Ox p O N " ' NHAO- PEROK NI |

( AcG) GLYACHVGPI T( 1- nal ) VOQPLR(MEG) “HN NH2 O ~'0 (SEQ ID NO 2) (AcG GLYA
HVGPI C T(1- nal ) VOQPLR(MeG) -NH NH2 NH\p O ,~ 0 O N xNHAO PEGaoK Y NH

(AcG) GLYA CHVGEPI T(1-nal )V C QPLR(MeG) - RN NH2

r ] 0 (SEQ ID NO: 1)
(AcGYGLYACHMGPIT(1-nal)VCQPLR-NH NH?

NH 0O
3,5
OQJK/\NHJKPEG«JK
NH
NH2

(AcG)GLYA(lZHMGPIT( 1 -nal)V('DQPLR—HN
O

0 (SEQ ID NO: 2)
{AcG)YGLYACHMGPIT(1-nal) VCQPLR(MeG)-NH {NH2

Z
=
Q

(AcG)GLY ACHMGPIT(1-nal) VCQPLR(MeG)—HN " )r—NH2

=]

0 12
(AcG)GLYAgMGPIT(l-nal)V(l,‘QPLR(McG)-NH NE2 (SEQIDNO:2)

i3
NJk/\NH)LC"PEGsuK

O

NH

(AcG)GLY ACHMGPIT(1-nal) VCQPLR(MeG) —HN " )r=NH2
0

21



021 0 (SEQID NO 2) (ACG GLYACHMGPI T(I-nal)V QPLR(MEG)-NH NH2 NH\r Ox", p
O N ' NHAO PEGaoK NH ( AcG) GLYACHVGPI T( 1 - nal ) VOQPLR(MeG) - HN NE12 O 0 (SEQ
ID NO 2) (AcG GLYACHMGPI T(1-nal )V QPLR(MeG)-NH NH2 NHN O O p N NHx"
~PEG0K O NH (AcG GLYACHMEPI T( 1- nal ) VOQPLR(MeG)-HN NH2 O 0 (SEQ I D NO
2)  (AcG) GLYACHMGPI T(I-nal)V QPLR(MeG)-NH NH2 NH, O p fO- N NH \PEGoK O

NH (AcG) GLYACHVGPI T(1-nal ) VCQPLR(MeG) -HN NH2 O 22 1 |

I (0]
(AcG)GLYACHMGPIT(1 -nal)V(IJQPLR(MeG)—NH

(AcG)GLYACHMGPIT(i-nal)V CQPLR(MeG) —HN

NH2

NH2

0

r
(AcG)GLYACHMGP[T(l-nal)VéQPLR(MeG)-NH

(ACG)GLYACHMGPIT(1-nal) VCQPLR(MeG) —HN

O

NH2

NH o
X8 9
OﬁjI)‘\/\NH)kPEGZOK

NH

NH2
0]

{
(AcG)GLYACHMGPIT(l-nal)VéQPLR(MeG)-NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR (MeG) —HN

0]

NH2

NH. 0O
€5, 1
0\; JK/\NH)KPEGSOK

NH

NH2
¢

22

0 (SEQ ID NO. 2)

(SEQ ID NO: 2)

(SEQ ID NO: 2)

(SEQ ID NO: 2)



(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG -NH NH2 NHN p Op N 9%\H' \PEGaaK O, J NH
(AcG GLYACHMVEPI T( 1 - nal) VCQPLR( MeG) - HN NH2 Wher e each nononer of the

honodi mer 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: 1 0

(AeQ G_YAG—IIVGDLT(l nal )VCQPLR— NH H2 NH O O O Q/ OPEG i 0-soK ~N
NH11) , ] : 1( ~Nal ) VCQPLR- HN NH2
O \Wher il di has t he am no aqi(S8EQE§UEACD),
(AcO G.%‘EW?@' %E&%@% KO 1) and both [N and N2 of the
spacell are covalently attached via\an am de |inkage tqQ an activated PEG
noi ety, the novel peptide 10 conpouyds of the inventiqgn may be represented
as folllows: 23 BlIZ (1---0O0 (AcQQG IT 1-nal V QPLR-NFI ~Z NHo 0 0 O
1PEGL(- 50K ~N \ﬁ 0 o
OYN NH),\PEG«JK
NH
(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG) —HN~ )r~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:
0
(AcG)GLYACHMGPIT(1-nal) VCQPLR=NH H
NH\(O o o 0.0~ PEG1g-50k
o N'K/\NHJH..\\WNH
HN 0—PEG 50K
NH T 10-50|
0
(AcGYGLYACHMGPIT(1-nal)VCQPLR—HN" Jr—NH2
. o
Where each monomer of the homodimer has the amino acid sequence,
(AcGYGLYACHMGPIT(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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OJ ~" HN-PEG0soK NH O (AcG GLYA C HMGPI T(1-nal ) VCQPLR--HN 4H2 O Were
each nononer of the honodi ner has the am no acid sequence,

(AcG GLYACHVGPI T(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
noi ety, the novel peptide conpounds of the invention may be represented as
follows: O éACquZ\ 1-nal ) VAQPLR(MeG-NH NH2 NH O QPEG 0 0 ~\
oK O ,J AcO)GLRACHMOEIH Inab¥iQP ) GLYACHMGPI T( 1- nal j VOQPLR( Me( 3) - HN
M2 O Wiere each nononer of the ho i mer has the ami no acid sequence, 10
(AcG GLYACHVGPI T(1-nal ) VCQPLR(MG K (SEQ I D NO 2) and both N and N2 of the
spacer are covalently attached via anjlanmi de |inkage to an activated PEG

noi ety, the novel peptide conpounds ofH ol nve;gion may BEPesent ed as

follows: -24 1 0 (AcG GLYACHVGPI T(I-nal}) VQRPLR(NEG) - NH NH2 XH O 0 0

O-PEG 0-SDK ~N' ~NH) , "k\-, ~~NH O HN. PE S~ _NH
Y HN PEG10.50K
N \g’

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

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 représented as follows:

[ 0O
(AcG)GLYACHMGPIT(l-nal)VéQPLR(MeG)——NH NH?2

NH

‘sﬁo o - o - 04 2~ PEGios0k
NJ\/\NHKI.\\\\/\/NH

0
Y HN TO—-PEGw-soK
N 0

(AcG)GLYA(EHIvIGPIT(l-ml)V(IIQPLR(MeG}-HN NH2
o

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:

-24 -



NH O (AcG GLYA HVGPI T(1- nal ) VCQPLR(MeG) -HN N112 O Preferred peptide diners
of the present invention include, but are not limted to: 0 (SEQ ID NO 1)
(AcG GLYACHVGPI T(1-nal )V QPLR-NH NH2 NH O Oj 0 0.<0-PEG K J ~ N
~/ "NHAYI\-~~NH O - HNtOPEGQUK _ NH O (AcG GYA HMEPIT(1-nal)V i QPLR-HN
NH2 0 0 (SEQID NG 1) (AcG GLYACHVGPI T(I-nal)VCQPLR-NH NH2 NHO 0 B O O
O PEGOK N JANH ~-i\~~NH O HN 0- PEZOK NH O (AcG GLYA
HVGPI T(1-nal ) VCQPLR-HN NH2 0 25 0 (SEQ ID NO 1) (AcG GLYACHVGPI T(I-nal)V
QPLR-NH NH2 N XK JO~\N N O\V'NHTf ,~\\~~NH

{AcG)GLYACHMGPIT(1-nal)V CQPLR(MeG)—NH NH2

NH\KO o o 0. /FEGi050k
o NJK/\NHJH.\\\\/\/NH
HN PEG10-50k
LY

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

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

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

o NJK/\NHJH"\\\/\/NH
. o HNTO?PEGm -
NH o

(AcG)GLYACllHMGPIT( 1 -nal)VCliQPLR—-HN NH2

Q

[ Q (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(I-nal)V(llQPLR—-NH NH2

(ACG)GLYA?HMGPIT( 1 -nal)V(IIQPLR-—HN NH2
O

25



O HN%O PEG30K NH 0 (AcG) GLYA CHVGPI T(1-nal )V i

QPLR-HN NH2 0 0 (SEQ ID

NO 1) (AcG GLYACHVGPI T(1-na))VCQPLR-NH NH2 NH pN OB p O PEGAOK J ~
~/ ~NH~. \\ ~~NH 0 HN p- PEG40K NH, 0 (AcG GLYAC HMGPI T(I-nal ) VOQPLR-HN NH2 0

0 (SEQID NO 1) (AcG GLYACHVGPI T(1-nal )V QPLR-NH NH2 NH \p O 0

p- PEGGOXK J

O~Y N\ANHAI,NH O H\NrO PEGGOK NH O (AcG GLYACHMVGPI T(1-nal ) VCQPLR- HN NH2
0 26 r---10 (SEQID NGO 1) (AcG GLYACHVEPI T(1-nal) VCQPLR--NH NH2 NH\O O B

p O-PEG K ~ NJ\/" )~ %\,,,,,,,~

: . . N
(ACG)GLYA(IZHMGPIT( 1 -nal)V(IfQPLR—HN/{

[ Q
(AcG)GLYACHMGPIT(i -nal)VéQPLR—NH NH?
NH \ﬁo o o 0 O—PEGapk
o NJK/\NHJ\.\\\\/\/NH
HN_ _0—PEGy
NH T
0]
(ACG)GLY ACHMGPIT(1-nal)VCQPLR—HN" J~NH?2
0
[ 1 0
(AcG)GLY ACHMGPIT(1-nal)VCQPLR~NH NH?2
NH O 0 o o O PEG40K
o NJK/\NHJHA\WNH
HNTO—PEG40K
H

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

NH

(AcG)GLYACHMGPYT(1-nal)VCQPLR—HN" Jr=NH2
0

0

HN

0
\( 0
R QJK/\NH}K{\\\\/\/NH

O O-PEG50K

TO—'PEGSOK

o

26

(SEQID NO: 1)

(SEQIDNO: 1)
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p~~,J H\-PEG OK NH O (AcG GLYA i WAGPI T(1-nal ) VOQPLR-HN NH2 O 0 (SEQ ID
NO 1) (AcG GLYACHVGPI T(I-nal) VCQPLR-NH NH2 NH O 0 /PEG2OK O p N

N~ 1\~~NH o0 y H\~PEG2OK NH O (AcG GLYA |-WGPI T(1-nal )Vtj QPLR-HN NH2 O
0 (SEQ ID NO 1) (AcG GLYACHMEPI T(1-nal)V QPLR-NH NH2 NH NO O B p 0~PEG3OK
~ NIANH) L"IN,,~~NH O, Jill' HN-pEGBOK NH O (AcG) GLYACHMGPI T(1-nal)V
QPLRHN NH2 0 27 | 1 0 (SEQ ID NO 1) (ACG GLYACHVGP! T( 1- nal ) VOQPLR- - NH NH2
NHO O O-PEG4aK JB p

. 1 O (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH \<,NH2
NH\ﬁO o o o PEG ok
o NJK/\NHJJ\l.\\\\/\/NH
Y HN_ _PEGi
NH T
0
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" Jr~NH2
0
| — 0 (SEQID NO: 1)
(AcG)GLYACHMGPIT(I-nal)VCQPLR—NH{NHQ
NH \(O o o 0 PE Gk
5 N'LKANH N~ _-NH
Y o HN PEG20k
NH T
o)
(AcG)GLY ACHMGPIT(1-nal) VCQPLR—HN" )r—NH2
0
| 0 (SEQIDNO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH {Nﬂz
o NJK/\NH \\\\/\/NH
Y HN.___PEGy
N 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r—NH2
0
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N O J DY H\WPEGaoK NH O (AcG GLYAtj HMGPI T(1-nal ) VCQPLR-HN NH2 0 ( SEQ
ID NO 1) (AcG GLYACHMGPI T(1-nal ) V=QPLR-NH NH2 NH , 0 OB O O PEGSOK N ~/ ~~,
I\ U~i NH OY 14N PEGGOK NH O (AcG) GLYACHVGPI T(I - nal ) VCQPLR-HN NH2 O 0 ( SEQ
IDNO 1) (AcG GLYACHVGP- |T(1-nal)VGPLR(MeG -NH NH2 NH O 0 O-PEGIOK J O
“Y\ NO\ANH I, "\\ _,,-,~/NH O HNrO PEGOK NH O (AcG) GLYA i

HVGPI T(1 - nal ) VCQPLR(MeG) -HN NH2 0 28 0 (SEQ ID NO. 2)

( AcG) GLYACHVGEPI T( 1- nal) VCQPLR(MeG) - NH NH2 NH O O O PEG20K

| 1 0 (SEQIDNO: 1)
(AcG)GLY ACHMGPIT(1-nal)VCQPLR-NH NH2

NH_ 0 PE
\( o o 0 Gaok
o N’K/\NH W~ _NH
Y HN___PEGiox

NH
o)

(AcG)GLYACLHMGPIT(l-nal)VJCQPLR—HN NH2

0
— 0 (SEQID NO: )
(AcG)GLYACI—HV[GPIT(l-nal)VEQPLR—NH{NHz

NH 0 PEG

Coi, ™

o }jrk/\mﬂ\.n\\/\,w

' RN —_.PEGsoKk -
NH T
o}
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )—~NH2

0

0 (SEQ IDNO: 1)

—
(AcG)GLYACHMGPIT(l-nal)VéQPLR(MeG)—-——NH NH?2

NH\KO o o e} O—PEG gk
o NJK/\NHJ\l.\\\\/\/NH
HN _.0—PEGk
.

(ACG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—HN " )—NH2
0




ONOV~~1\~~ NH 0 H\rO PER2OK NH O (AcG GLYA

HVGPI T( 1 - nal ) VCQPLR(MeG) -HN NH2 0 0 (SEQ ID NO. 2)

( AcG) GLYACHVGP! T( 1- nal ) VCQPLR(MeG) - NH NH2 NH (0 p-PEG3OK O ~Y\ N O NHI-) O
HN yO PEG3OK NH O (AcG GLYA HVMGPI T(1-nal)V i QPLR(MeG) -HN NH2 0 0 (SEQ
ID NO 2) (AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG)-NH NH2 NHO O 0, O-PEGAOK f O
N \/ NHf, ~I\~, NH O H\yO PEGAOK NH O (AcG GLYA H HMGPI T(1- na)) VJ
QPLR(MeGI-HN NH2 0 29

] 0 (SEQIDNO: 2)
{Ac@GLYACHMGPIT(1-nal) VCQPLR{MeG)~—NH NH2
NH \ﬁo o o 0. ,O0—PEGyx
o N JK/\NHJ‘H“‘\\/\/ NH
HN T O—PEGk
N
H O
(ACG)GLYA(I','HMGPIT( l-nal)V?QPLR(MeG)—HN NH2
)
f N ] 0 (SEQIDNO: 2)
(AcG)YGLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2
ML o o 0. ,O-PEGao
o NJK/\NHJ‘\.\\\WNH
HN To- PEG30k
NH )
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN" )r—NH2
(8]
[ ] O {SEQIDNO: 2)
(AcG)GLYACHMGPIT(1-nal)V CQPLR(McG)—NH {NH;_
NH \ﬁo o o 0 O_PEG4DK
o NJK/\NHJ\.\\\\/\/NH
HN TO—- PEG40k
NH 0
(AcG)YGLYACHMGPIT(1-nal)VCQPLR(MeG)—HN~ J—NH2
L | o




| 1 0 (SEQID NO 2) (AcG GLYACHVGPI T(I-nal)VCQPLR(MeG) -NH NH2 NH \ O O
p-PEGs0 0 0 ~Y° N ~/ NH~,\~~NH 0 HN-rO PEGsoK NH O

( AcG) GLYACHVGPI T( 1- nal) VCQPLR(MEG) -HN N2 0 ~---, 0 (SEQ ID NO 2)

( AcG) GLYACHMGP! T( I - nal ) VOQPLR(MeG)-NH NH2 NH 0 0 O-( PEG o O N " NHI\-~
\~/NH OIl HN NH O (AcG GLYACHVGEPI T(1-nal)VCQPLR(MEG)-HN NH2 0 0 (SEQ I D
NO 2) (AcG GLYACHMGPI T(I-nal ) VOQPLR(MeG) -NH NH2 NH 0 JO 0 O PEGoK o
~/ " NH~, 1\ ~~i NH O HN PEG20K NH O (AcG) GLYACHVGPI T(1- nal ) VOQPLR( MeG) - HN NH2

[ | O (SEQIDNO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

NH \ﬁo o o 0. ,0—PEGsoq
o NJ\/\NHJH.‘\\\/\/NH
HN_ _0—PEGsok
NH T

0
(AcG)GLYACLHMGPIT(l-nal)V(IZQPLR(McG)—HN/;HZ
0

| | 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH {NHZ
NH \ﬁo

(SEQID NO: 2)

R N'U\/\NHJH.\\\\/\/NH
R S Y . . HN. __PEGy - -
NH
0
(AcG)GLYACHMGPIT(1-n2)VEQPLR(MeG)—HN" Jr—NH2
0
[ ] 0 (SEQID NO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-—NH_ Jl i
NH\KO 0 0 O pEGZOK
o NJK/\NHJ'H.\\\\/\/NH
HN_ __ PEGyg
T

(AcG)GLYA(IZHMGPIT(l-nal)V_(llQPLR(MeG}—HN NH2
0O
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11 0300 (SEQIDNO 2) (AcG GLYACHVGEP! T(I-nal ) VCQPLR(MeG)-NH NH2 NH O 0
0 Oyt PEG3OK \t NJWNH-, \~~NH O Y y_ PEG3OK NH O

( AcG) GLYACHVGP! T(1- nal ) VCQPLR(MeG) -HN NH2 0 0 (SEQ ID NO 2)

( AcG) GLYACHMGP! T( I - nal ) VOQPLR(MeG)-NH JNH2 NH O 0 0 O / PEGAOK N

fV NH -YI\~~  NNH FiN-r PGy NH O (AcG GLYACHVGPI T( 1- nal ) VCQPLR( MeG) - HN NH2
0 0 (SEQIDNO 2) (AcG GLYACHVGPI T(1-nal)VOQPLR(MeG)-NH NH2 NH 0 O PEG50
NNH- Oy PEGEOK NH O (AcG GLYACHMGPI T(1-nal ) VOQPLR(MeG)-HN NH2 0 31

r 1 0 (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR (MeG)—NH NH2

NH \(0 o 5 o. ,PEGan
o NJK/\NHJH.\\\\/\/NH
HN PEGaok
NH
o)
(AcG)GLYA(LHMGPlT(l-nal)VJCQPLR(MeG)——HN NH2
0
I 7 O (SEQIDNO: 2)
{AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2
NH_ O o. /PEGak

o NJK/\NH)K’.\\\\/\/NH

o N PG
NH

(AcG)GLYA(‘IHMGPIT( 1 -nal)VEQPLR(MeG)—-HN NH2

[ ] 0 (SEQ ID NO: 2)
(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

o NJK/\NHJ\.\\\\/\/ NH
NH
o

(AcG)GLYA(EHMGPIT(l-nal}V_ICQPLR(MeG)—HN NH2
O
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Where the spacer is attached via a carbamate |inkage to an activated

pol yet hyl ene glycol (PEG noiety, the novel peptide conpounds of the
invention (SEQ ID NO 3) may be represented as follows: /11~

(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG) - NH NH ' O pEQ20-40K O G (AcG GLYA
I1-NGPIT(1-nal)Vt] QPLR(MeG -HN 5 Wiere the spacer is attached via an am de
| i nkage to an activated pol yethyl ene glycol (PEG nviety, the novel peptide
conmpounds of the invention (SEQID NO 3) may be represented as foll ows:

/10~ (AcG - nal -NH NH_PE®@0- A Y,

| 1 MGPI T( 1- nW§%{ﬁ%@@?ﬂﬁkﬁgﬁ%§m§? eﬂ?ia@%ﬁﬁ%{ﬁé%&gﬁ%—%@y%i tten
[ Ac- pePEdE maletgultiia cdoyel Lyptidpavaipotitds?ofiche tiedford¢SOQeIMMNG: Bermaynae!l y
acetyl ated pe ti?oi bound-to both the a and s ami no groups of Tysine with
each péﬁi"?sﬁgtegﬁﬁ [°¥Sng an intranol ecul ar disulfide | oop and a spacer

nmol ecul e formng a coval ent |inkage between theoC-term nus of |ysine and a
PEG nmoi ety, wheie the PEG has a nol ecul ar wei ghﬂl\of about 20,000 to about
40, 000 ééfq)ghgécwg?lg?lF“é'&iV%EﬁNNc'F@) rs of theHpresPBEGyigrvention include,
but are not Iimted to: O (SEQID N& 3) (AcGGEYACHVGPIr T(1-nai
QPLR(MeG) -NH NH '\ O- PEROK (0 O (AQGLLYA | HVGPI T(1-nal )V i QPLR(MeG) - HN
NH-\ 0 0 (SEQID NG 3) (AcG GYA | T~(1-nal )V | CQPLR( MeG) - NH

NH) O PE@@RLY}A(}W@M@)@)WFPLH‘D@D FNL- ndf) W COPLR( MeG) - HN NH- -\

5 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:

[
(AcG)GLYACHMGPIT(]-nal)VJZQPLR(MeG)—NH NH NPEGs0.40¢

O

0
(AcG)GLYACIZI-[MGPIT(l-nal)V(IIQPLR(MeG) -HN NH—\_ 0/—/

This dimeric structure can be written [Ac-peptide, disulfide];Lys-spacer-PEGyp40x to

10  denote an N-terminally acetylated pepttde bound to both the a and £ amino groups of Tysine with
each peptide containing an intramolecular disulfide loop and a spacer molecule forming a
covalent linkage between the C-terminus of lysine and a PEG moiety, where the PEG has a
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)

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

0

0
(AcG)GLYA(fHMGP]T(l—nal)V?QPLR(MeG) ~HN NH—\_OF

0 (SEQ ID NO: 3)

[ !
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH 0—PEG0x

0
O

AcGYGLY ACHMGPIT(1-nal)VCQPLR(MeG}-HN NH
(AcG) | (na)JQ (MeG) ’\_0/_/
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0 320 (SEQID NGO 3) (ACG GLYACHVGPI T(1-nal )V QPLR(MeG) -NH NH ' O pEG4oK O
(AcG GLYAHAAGPI T(I -nal ) Vi QPLR(MeG) -HN NH-\- / /00 (SEQ I D NGO 3)

(AcG GLYACHMGPI CQPLR(MeG) -Ng Ng" \PEQROK O G (AcG GLYA CHVGPI T(1-nal )V i
QPLR(MeG -HN NH-\- /-/ 0 0 (SEQID NGO 3) (AcG GLYACHVGPI CQPLR(MeG) -NH
NH' \PEG30K (0 '1 0 (AcGOGYA} GPIT(1-nal)V i QPLR(MeG-HN NH-\- /-/ xO
(SEQDNG 3) (AcG GLYACHMGPI T(1-nal)V QPLR(MeG -NH Ng" “~pE4oK O (AcG GLYA
LHMGPI T(i-naI)Vi QPLR(IVEG) HN NIf ~/-/ Stereoi SOIer s (e.g., D-amno acids)

of thertwenty L,UIIVEIILI omat oun no—actds,—unnaturat amno—agi ds such as

a, a-di pubsti t ut N-al kyl am no acidg, |actic|&8hEQIDaKY 3pt her
unconvent4 enahy A IRELES 5% Q.\pe suitable onents|for conpounds of
t he pr esEent 5@% nvent i OTE anpl e@@f nconvent i | Caifi&Reokaci ds i ncl ude, but

are nof linmted to: (3-alanine, 35 yr(%dyl al anie, 4-hydroxyproline,
O phosphoserine, N-nethyl gl yci ne, yl seri negg N- fornyl nethionine,

i'ci”ﬁtshéLA?ﬁé%Y%@&P@%?X%"r.‘%éﬁ%%a@?- S 4 30 poserb o e udng

nodi fication of the amno termnus, modification of the c rboxy t er m nus,

replacement of one or nore of the naturally occupring genefdg@ihwengoded

anm no acids with an unconvénti onal am no acid,
(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—NH

PEG0k
0
0
) ; NH
(AcG)GLYAClIr_IIVIGPIT(l nal)VJCQPLR(MeG) HN —\_0/_/
- | 0 (SEQ ID NO: 3)
(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—NH NH \PEGaox
0 »
0
(AcG)GLYA(fHMGPIT(l-nal)VEQPLR(MeG) -HN NH—\_O/_/
_ ' _0. (SEQIDNO:; 3)
(AcG)GLYACHMGPIT(l-nal)V(EQPLR(MeG)—NH PEG.0x

NH
0 >
/_/O
AcGYGLYACHMGPIT(1-nal)VCQPLR(MeG)-HN NH
(AcG) H (na)lQ (MeG) —\-o

Stereoisomers (e.g., D-amino acids) of the twenty conventional amino acids, unnatural
amino acids such as a,a-disubstituted amino acids, N-alkyl amino acids, lactic acid, and other
unconventional amino acids may also be suitable components for compounds of the present
invention. Examples of unconventional amino acids include, but are not limited to: 3-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, medification 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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10 nodification of the side chain of one or nore am no acid residues,

pepti de phosporylation, and the |Iike. 33 The peptide sequences of the
present invention and be present alone or in conjunction with N- term nal
and/or C-term nal extensions of the peptide chain. Such extensions nay be
naturally encoded peptide sequences optionally with or substantially

\M;jtj hout nongn]apapnad: bequomes bf &B@r@@ﬂuﬁa@ﬁtﬁfé,mﬁm preigit @RGE 0N & r(sjm?rmbml wigeNany
a |t|ons e I.on oi'nt .nmut ons r, s ence ific tlons r
conbi narACE S8l SPhr.d e P eln. Stk SRS el b rp ARG
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|nclude excl usive solid phase synthesis, partial solid phase synthesis

met hod& achyesipisatence BrRiensoh the gartable (Yd wetog of thsiheavy gpd/eylighhehging ~ and

reconbi nant DNA technology [See, e.g., Merrifield J. Am Chem Soc. 1963
85:2149]. 20 In one enbodlnent t he peptide nononmers of a peptide dinmer are
synt hesFR#@e pentide compaunds af the ivﬂéémsubsequent to synthesis.. I n another
enﬁgdlm@mH ghh%mpeptlde nononers of a diner are linked via their Ctermni
by a. branched tertiary am de |inker LK noiety having two functional groups

capabl e of Jbe pemiigesaaf rllﬁrmreairqnolﬁay by prepargchby e@ercﬂhee%lwﬁ Fewngn dhegart  Thes

functi QBadardihaHEs (folthe exBu&R J&H&}Sﬁas&&ﬁﬁﬁm? laidl DU Eﬁasg EidRkis hﬂﬂi‘od@ﬂaﬁﬂéa‘?' €s
bi ndi ng to anot her nol ecul ar noi ety as_nay resent on the surface

of a s&pidgnssiigspelpssical solutiop gymhesigerad rqcnegmm I}S‘é"pterlerwlqm%rs Maryifisld J
synt heghzgkodi 1985 1ds¥2199f 0 two reactive nitrogen groups of the Irnker LK

noiety In a variation of the solid phase _synthesis technique.. Such synthesis .

may0be sequéhenea¢mbagiment,the peptide menomers of a peptide dimer are synthesized individually and
dimerized subsequent to synthesis.

In another embodiment, the peptide monomers of a dimer are linked via their C-termini by a
branched tertiary amide linker Ly moiety having two functional groups capable of serving as initiation
sites for peptide synthesis and a third functional group (e.g., a carboxyl group or an amino group) that

25  enables binding to another molecular moiety (e.g., as may be present on the surface of a solid support). In
this case, the two peptide monomers may be synthesized directly onto two reactive nitrogen groups of the
linker Ly 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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Iol-pjote In rou or ystel ne re se 0O contro I SU | de
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15 t4e {fhehinll amifoHRidICHAnSR GE BB GaHIdO thatnd Bf PGiRick B idehAdans of a diner are

i dentical. Were si r{ul t aneous synthesis of the p‘%otide chains of a dj ner
onto a | inkerheze sppligaeqys synsheyis pf theipgphdg pnsfas of mEmen AP 2ginkers togte Refampednker

nol ecul BrkRin TAc@EA Gridps oft 16 1RRFENSIEMRY 38| RoiBstbd) §ithPhe ts@mb iriHoviibIe Uininel N
protected linker is coupled to a solid support via the linker's thir

d
funct i oR&fectinecurp. The protsoted digkes it qoupledys a,spld wipp@tvie thedinkerrsthirdfugetippalgrovpne
l'i nker APRRCHLEHAN BlobddedFRRANSN YrotSP60hE Ghied motRuR Ntk LiRRItindBusRE Rl ted,

chai ns simultaneously synthesized on the deprotected am nes. Note that using -
t hi 30 t atdhe Hrrepentifge Chaiis pirpasacaysly syrihesiepd prythe dsprpiested pinse  Npteehat\iping thie

i dent i cabhni@Rdimt Q@qtfeﬁ@e?lof%@%e%ﬁgé Bifdins OF MEPSEmEL il B ideXBdati M8 heBidlRiechid
all the sanme, A preferred nethod for peptide synthesis is solid phase
synt hesB®upsdpy thejcysisinsaesiidss argall dpsumesi s procedures are wel | -known in the

art [see, e. Q. prefait&abthodRE bebtidh SRfhelis Rl dofE pRXE kPARER. SOEPRIBOpRAEE Ghthesis
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 c-amino protected
resin, A suitable starting material can be prepared, for instance, by attaching the required o-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 trade name BIO-BEADS SX-1 by Bio Rad
Laboratories (Richmond, CA). The preparation of the hydroxymethyl resin has been described
{Bodonszky, et al. (1966) Chem. Ind. London 38:1597]. The benzhydrylamine (BHA) resin has been
described [Pietta and Marshall (1970) Chem. Commun. 650], and the hydrochloride form is commerciall}
available from Beckman Instruments, Inc. (Palo Alto, CA). For example, an a-amino protected amino
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25 San Franci sco) 1969; 2002/2003 Ceneral Catal og from Novabi ochem Corp, San
Di ego, USA;, Goodman Synthesis of Peptides and Peptidom netics (Houben-Wyl,
Stuttgart) 2002]. In solid phase synthesis, synthesis is typically
commenced fromthe C-termnal end of the peptide using an a-am no protected
resin. A suitable starting material can be prepared, for instance, by
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of the aiyGnd eydidnekE. e tskietchiifl pebt@tifk Sloupsdief | mgaxﬁCBéE) liich@e adddg, ﬁeng@1 Ghgi,n

protecting group gt be removabl e up oacﬁé‘he co tion of the 15 nt, thSl S
Yee

of the fiEtFhyIpRyEAnyHBengl 2 Srilieiorpbenayl 1 Copniiesicsreaip prptectipg oyt o,

taropt R, d%syThe(m? chal na%&h@ﬁx% ?lou%esﬁt@?sﬁiﬁhyl ncdm@}e 22467-
tetrahydropyranyl ter butyI tri tyI enzy
2, 5- di cHicBPEREHgydrobmeoturane:Swhiky SPeh: e‘btnmvgyﬁr3eﬁnlﬁl§wrlm~bmﬁwﬁlﬁ®v1ﬂd€%b fEyl

2, 6-di chgqar @ﬂ% REY Ichmﬁr%%d%eehn g%hsﬁwfor L%ﬁcﬁx&b%qxaﬁhomﬁ%h@ymy@@rbsdwtm-@z), 2-

protect|n roups for Thr an i ncl ude acetyl, benzoyl, trit
t et r ahydt yoapkanylA2:BroCte), o1k Beobenzyl ,  and Cbz. The si de chai n

protecting gr P SenfRar§idnd &%Hﬁ%eprotectmg 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 freatment results in the
formation of the free peptide acids. When the benzhydrylamine resin is used, hydrogen fluoride treatment
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20 nitro, Tosyl (Tos), Cbz, adamantyl oxycarbonyl nesitoylsulfonyl (Ms),
2,2,4,6,7- pentanethyl di hydr obenzof urane-5-sul fonyl (Pb!),

4- m hoxy- 2, 3, 6-tri met hyl - benzenesul fonyl (Mr), or Boo. The side chain
protecting groups for Lys include Cbz, 2-chlorobenzyl oxycarbonyl (2-Cl-Cbz),
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treatment with hydrogen_ 5 fluoride to give_the free anides, alkylanides, or
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Si de chaininopcids eatalsede gncopomtedrintotheepepiidesoitbeipiesent inventiowal f ashi on by
treatnent with hydrogen fluoride to obtain the desired ester. 10 These

procedures can al so be used to synthesize peptides in which am no acids
ot her t PapridetverdgiBatiomat ural |y occurring, genetically encoded am no acids are

substituted Qne,, 1 wo,. r I than f. . f.. . of .the
I nventi on. ﬁsgﬁr’]’te et Elﬂ%o rg%hfﬁ'o Xl 3§ m?‘ﬁgartctmlg §ﬁ§%%u§1%)sé}eﬁ%ﬂ?&gg%|m§§}g}%? ﬁgtg%%‘%?‘}“a%s -
of the tppedertotienvanpounds dfrid meentioh.uForaaxemplefthé amint datnminys nidyrbetabatylated with

o gyﬂ;gég%%%'ﬁr M@t@ﬁ%@%@%@f&@Ls‘("‘g(%hom%ce?{é‘ 200, AR acl or a-

iodoacetic acid).

One can replace the naturally occurring side chains of the 20 genetically encoded amino acids (or

the stereoisomeric D amino acids) with other side chains, for instance with groups such as alkyl, lower

25  alkyl, cyclic 4-, 5+, 6-, to 7-membered alkyl, amide, amide lower alkyl, amide di(lower alkyl), lower
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, thiomorpholinyl (e.g., thiomorpholino}, and triazolyl.
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Ann. Rep. M t%ﬁ%e%gﬁlgl%‘g‘ @4@%@%%%%% bttcj Ié%ﬁ%?mgg@é%gg%wg’g% aC| n]%bqt he
pept i deplba;gﬂfutgag@upa tring  beptilkd oyrdhespBoeckample, where a dimer with two intramolecular

disulfide 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 fe.g., trityl(Trt), allyloxycarbonyl
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 (Acmj), 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 cyolization 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 o-amino-y-butyric acid in place of the second C residue, via an

-38 -



phosphonat es, am dates, carbanmates, sul fonam des, secondary am nes, and
N- et hyl am no acids. Formation of disulfide bonds The conpounds of the
present invention contain two intranol ecular disulfide bonds. Such 15
di sul fide bonds nay be fornmed by oxidation of the cysteine residues of each
peptide mononer. In one enbodi ment, the control of cysteine bond formation
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'n the EpporaimS gf B2 Epoi oty BT G et g Berra o o
O, et i’s'alef(v%%%aup\]suc@fagan @hﬁ]ﬁheeﬁ@a&ﬂ,% kAL, o-EMErodetis Kiil, o-bridmohdac @id, otV | |
readily a@grem ate that this displacenment can al so occur using other

honol ogg-iedoagetigagiho- y- butyric acid and honocysteine. 5 |n addition to the
f or ggoi ng ‘cyclization strategies, other non-disulfide peptide cyclization
strategi es can _be enployed. Such alternative cyclization strategies include,
for exadpdition afbraneched 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 Lx 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 Ly
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 functional 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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cyclization strategies as well as those involving the formation of

t hi o- et her bonds. Thus, the conpounds of the present invention can exist in
a cyclized formwith either an intranol ecul ar am de bond or an

i ntranol ecul ar thio-ether bond. For exanple, a peptide nay be synthesized
wherein one cysteine of the 10 core sequence is replaced with lysine and the
second cyst donexanmle; thelpeytizie nvdntidinegt nidyebEichierically. colified wahd tertiaey andyeclinker, nonomer
may be formed through an am de QO‘S&W@&%S de chains of these two
residues. Alternatively, a peptide Mgy synthesi zed wherein one cysteine
of t he wiefe Xsie tNIOAE,),NHADACE ds aviuithble pypsictingg group, suwhias @ )t-bukloxyaktiooyliBogner

may then be. forned,hrou a thi.o-ether |inkage between.the side. chains. of
the 1 ySTRECtpe Bl i n i TG Surclial enmp. suston ¥ SpC P e dreLla CBPodee o o
seqyenaks lider ®Ukde-arhito hfoup & tHel GRrigaldysiél rkdidie of jelfiratdkptaie ridnbMmbe RIS is a

am de-cyclization strategies and thio-ether cyclizatignh strategies can both

be readiitspleBeriopy) Qs Fid 28 REOBOBLANLS, vied i eonineatednt of the eker frfhe e-amino

Al 't er nalebylithe d-REninATV AR EE 4R sBdond PtiRSRbAGISCan be capped with an
a-substituted acetic acid, wherein the a-substituent is a |eavi n% group,
<

such as an aAdditionallietipe example, thepentide mopemers 1eay) b5 eheaieally cupled to the tertiary
a-bron%ﬁgglihg{maci d, or a-iodoacetic acid. 20 Addition of branched tertiary
ami de |'I nker The peptide nononmers may be di ngri zed by a branched tertiary
ani®e |inker noeity. In one ed¥dd X-@heC OrBker is incorporated into the
pepti de during peptide synthesis. For exanple, where a |inker LK noiety
contains two functional groups capable of serving as initiation sites for
peptid KERICD- 3. 2RE.; A+ TR LGk idrid Db h o8 N2 Ssubdnifhide, Red ¢

car box;efrﬁeé‘{r?g{tt}g or @E{%m%ngngr’ouﬁ t hat 2‘%{3 %es&b?ﬁr?lgl?dnga to oﬁe or Fr’or% 8t her
nol ecul anjugase €1 iofshe litler td Hices-ammy gowipodrthe) §etenadnal dysinestshidee oflithe dirst. peptide
Thereafter. two. pepti noner [ ) i.zed .di t 2 WO
reacti vmeonr?ﬁelf’(%%% é“"?%ﬂ’g*gblo cﬁgna? Fﬁﬁ%rﬁgﬁﬁ)ﬁ%’gﬁ%§&ﬁ%ﬂ%’ \que?itlé%é?ng%ta%fé F’Eg} ©
solisd pliksetostie tamiiosgroge hivihg UG terthinalalytiny resities efhthe decond tpeptidehsoromek end ey be
conjugated to.the two peptid rs of a,peptide 30 dieter after peptide
synt heth‘g‘?ry%‘ﬁFq%?ﬁ’ﬁ@%ﬂ*ﬁﬁhyﬁﬁ%gg&gﬁﬂa%&?‘% nmet hods wel | established in
the art. In one enbodi ment, t heyINHACH,),CSHINHYS two functional groups .

sui tabl e for;atf{achnment to the target functjgnal grqups of. the synthesized
pept | deMMBR St & 5 SRICRPEBIES g 1oF feaPBofAcey i HEUe PRUPHEREPUS, GRBghet

ei t her iRactikalyP@dBoR) profctiligr@ipesence of a suitable coupling reagent, nay .
be reacted with the target. lysine side chain am ne groups of each of two
pep%q de nononers. -39 For exanple, the peptide nonmonmers nmaybe chemically
coupl eddddmidndEnbire knkar y am de |inker,

The peptide monomers may be dimerized by a lysine linker Lx moiety. 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 fo 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 Lx 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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A*-C O CHZ- X-CHz- CZO- B* where: X is NCO(CH2)2-NHY and Y is a suitable
protecting group, such as a t-butyl oxycarbonyl (Boc) protecting group; A*
is a suitable functional group, such as N oxy succinimde, used to conjugate
C of 5 the linker to the s-amno group of the Cterm nal |ysine residue of
the first peptide nmononer; and B* is a suitable functional group, such as

N- oxy s cpyYy e up
e R S R L
Addi ti oﬁﬁIQ-Sanﬂ@rca@l@W@PS ?ﬂfecwwpn@hdgmmgs may be chemically coupled to
the tertiary amde linker, 10 A*-C O CHZ- X-CHzZ-C20-B* where: X is

NCO- (CH2) 2- NH C30-; A* is a suitable functional group, such as N oxy

succi ni #ﬂdémle@wefo conjugate C of the linker to the s- am' no group of the
Ctegnmnal | '
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lin LK noi e varl t| on ,of | pha synt.hes techn
al 1 F na i S i el A BuPhark B RemPie LT STl Bobice 6P Wil o
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a peptide di af ter 1 i de nt hesis. ,Such. ¢o at i be C ved
by ot hods. wa (ELHE BRI, B (ARG iy 15 SihusBRDu HRe RiPhal Rl o pesies
cont ai nsymibesise s¢h dommgéﬂmaﬁa:y(ba athiged hpme&udstvedﬂ eetablmhe‘ﬁnttm&mdn on¢ @mbodiment,

target f‘rﬁileri? lero 90%{:111% P 1B one ﬁm@honal group suxtable for attachment to the target functional group of

20 the 's'yﬁthcsized peptide. For example, a spacer w1th a free amine group may be reacted with a peptide’s
C-terminal carboxyl group. In another example, a linker with a free carboxyl group may be reacted with

the free amine group of a lysine amide.

Attachment of polyethylene glycol (PEG)

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

their immunogenicity and antigenicity.
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-40 synt hesi zed peptide nononers. For exanple, a the lysine's two free am ne
groups nmay be reacted with the Cterm nal carboxyl groups of each of two
pepti de nononers. Addition of spacer 5 The peptide conpounds of the

i nvention further conprise a spacer noiety. In one enbodi nent the spacer
may be incorporated into the peptide during peptide synthesis. For exanple,
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Dr ug Deﬁbo;@egmulﬁ;wm@ nﬂeﬁ%)cylaaeapad}asm a(ﬁ%bﬁﬁhﬁ\gﬁiﬁp,(mBEGaﬂiz() 1977) J. Biol. Chem

252:582), suyperoxi
) TrPsome emdoodlments the linker or spacer contains a terminal amino group (i.e., positioned at the

—

terminus of the spacer). This terminal amino group may be reacted with a suitably activated PEG
molecule, such as mPEG-para-nitrophenylcarbonate (nPEG-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-succinimidyl 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 fumctional assays
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di snut ase (Beauchanp, et al. (1983) Anal. Biochem 131:25), and adenosine
deam nase (Chen, et al. (1981) Biochim Biophy. Acta 660:293), has been
reported to extend their half life in vivo, and/or reduce their

I mmunogeni city and antigenicity. -41 The peptide conpounds of the invention
may conprise a polyethylene glycol (PEG noiety, which is covalently
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One assay is based upon a murine pre-B-cell line expressing human EPO-R and further

transfected with a fos promoter-driven luciferase reporter gene construct. Upon exposure to EPO 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  thatresults 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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the maximal cell proliferation stimulation activity at substantially lower concentrations of peptide (i.e.,

they have very low EC50 values). This assay is a preferred method for estimating the potency and
activity of an EPO-R agonist peptide of the invention.

In another assay, the cells are grown to stationary phase in EPO-supplemented medium, collected,

25 and then cultured for an additional 18 hr in medium without EPO. The cells are divided into three groups

of equal cell density: one group with no added factor (negative control), 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 2 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 fluorescence as an

indicator of increased DNA content) relative to the negative control group.
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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)1. 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 vifro 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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The peptides of the present invention show dramatically enhanced ability to
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reporied to be successfully used for measurement of the effect of agonists 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 fo 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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25  homogenates; in purified, natural biological 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 sifu 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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denonstrate the activity of the conpounds of the present invention are
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{both CNS and cardiac); and various neoplastic disease states 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, administration 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 have a mitogenic and chemotactic effect on vascular endothelial
cells as well as an effect on central cholinergic neurons [see, e.g., Amagnostou, et al. (1990) Proc. Natl.
Acad. Sci. USA 87:5978-5982 and Konishi, ef a/. (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
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reticul ocyte assay. For this assay, normal untreated m ce are subcutaneously
i njected on three consecutive days with either EPO or test peptide. On the
third day, the mce are also intraperitoneally injected with iron dextran.
At day five, blood sanples are collected fromthe mce. The percent (% of
reticulocytes in the blood is determ ned by thiazole orange staining and

fl ow cytyosaedialr infanation)ss itsnnhs etehitneht) aad wost-vascolyr graft. trdatmerd.di THeosomphrenda tof dliik t S

are manual ly determ . The percent of corrected. reticul.ocytes is
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I ncrea eq]a% RET] gcox%%%{an | evel trrel atlive to mce that did not receive test
pept i d&°0F PEPECYSS 51 “EPTREANSYMHF st peptides of the invention The
pepsi de conmpounds of the invention are useful in vitro as tools for

under st,andi ng .t he Dbi ![%I oigi cal role of EPO including the evaluation of the
many fﬁ%ﬂ%—f%&%“ B8 nfl uence, and be influenced by, the production of
EPO and t he ibystdhsiherabpeER thopredeat inRatibh, (pharghaceutitbat compdsititing of the abdROEPO-K
EPO-R si gnal transduction/receptor.activatjon). The pr nt. peptides. ar

1 S0 uSB PR HRTHRA S5 REEEeo CaHar tstiah ah SReRaBaEY e ERtnhEReRes
becaus eudhhéoniposisienit incladep dhoaeldndicated ghedve.nPSuch barniceutiRblu t@npositions may be for

act i vi tg-rel atio Sré‘iﬂ'ﬂ:ei nfornﬁ.i on that facilitate that deve|l opnent.

Mor' & oy AFTIDEHERGE pRretigrp) (iptamysoyian, qiragerpnsaly inrargnois VY & sypcufapepus

pr Ieis enh}j@dm?o h’hlfslﬂerﬁﬁh(ehhh_r plals?sﬁfil)ﬂdr is?@ggﬂ&;ﬁl_ofc@iﬁ ofl e]‘e&fdpigiggﬁﬁf’&xﬁnﬂébshli (Mhsag
cells; fix C S;. LN ol ogical fluids; in tissu onpgenat es; jin

ur 1 71 SREREIR e HPTR) e pERinieion o poog G ool et By FABe RPeEhch
pept i desdosefofipppiite fot el rbsie baNintgistitch. RinOdenérbl compsrelidna&itsy: thé Mvention
addition, based on their ability to bind EPO-R th pﬁ@éi des of the present
i nvent Pn PRatmagruticel SQmpositions o Sipgshiestlye ampeuats i gpr BRQER, ceonikt (Reptiflee 7 cel |
sonsi N@grivaliad Witisots, V€ HeaihvenBb0 tdgbther with- pifimd@IZANTE abdePplabld diliFhN) W&,
assay), etc. In addition, based on their ability to m&i to EPOR the
pept i dELuRzerh Smplsiersn A TATS ARY Bfreagrier: ch serppastiopsingitie filugats of varions Biyffep
or in pedtedt)k.29 TeBIHE, okt $hbpHattPGHRrANiokib Stretill; ditfvar SuchQls dettflet and
perneabiljized cells). The peptides of the invention can also be utilijzed as
conmer EPlYpiliziag RgeAts de. 8 o?wv&r%%o weeil; Rolysorbpte Sk prttroxiARntsiie gy ReroThic agis sytiEe s
Such usRebiamitd) flestiuiibt (8 ,CTRMersbl, HedRH alcBhol) ddd YSRinBSsuBstiited AL 12e{dse,
standard for quantitati ngﬁt e activities of candi date EPO- R agonists in a -
varP et yagritel); drcornsrasipn 95 digyeateriabnto particulate preganetions of PQlyEIis cORPPURAY ich 25

pept i dgoBfeheBifldoljelyRolic hdid, @QkirNbtof PosdnRY THMAUsSS a8l Y UIR BERtdddeSuch 47

cornpositions may influence the physical state, stability, rate of in vivo release, and rate of in vive

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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| i gands, the peptides can be used to bl ock recovery of EPO peptides of the
present invention; (3) use in co-crystallization wwth EPOR, i.e., crystals
of the peptides of the present invention bound to the EPOR nmay be forned,
enabling determi nation of receptor/peptide structure by X-ray

crystal |l ography; (4) use to mneasure the capacity of erythrocyte precursor
cel I's i nglGg eitya@srtegy@mweﬁtm%dﬁ% Cgs[f}?és 1Y BE PESibR sod 88Kled Hrrhd oF SRS €
t he nunber ofp err

itin receptors |t|at| gdlf erentlatlon ggl) use to
mai nt ai fhepapeutics giveR by Mar%! W%meméﬁﬁ $ Bankeriand §.T. Rhedesas
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treated mnls lon o es 0 i nvention 1’nc
bet a-t haplrmbanglavolcgopolwmeﬁsuolﬁ ethylens; glpqoégmhnqulmczlyndnwbmrameﬂiyb@tl@lasesdextaar |y
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f or 2xarpdi2) hé\pal. Bicchereak Y8SA89]. pri or to transf usions. | n addi t i on,

e St 2 0 Gy R B8 Sl B, G £ sl Bt
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I n addi td the Q tf)% Vv find 1110 el
act | vat i LB oRE YRR APE ok Tahe BB P2 o) sielsl B B a0 e ot g
and chemtsbwbdre in def mostiren Dafecabha rthee redisd oiill a1ro1d 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 L30D, 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 stormach. 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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cells as well as an effect on central cholinergic neurons [see, e.g.,
Amagnostou, et al. (1990) Proc. Natl. Acad. Sci. USA 87:5978-5982 and

Koni shi, et at (1993) Brain Res. 609:29-35], the conpounds of this
invention will also find use for the treatnent of a variety of vascul ar
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aclej gt iﬁ-ﬁF@dwﬁ;pEmﬂteﬁ | STRER-20800] Egmcﬁnpgésg_ramgqﬁcegaddr tives Euch gg detergents and
sol ubilizin ents (e.g.., n , N sor.bat e

oot aanDistigmts b e ndWEED: B2 i O nelBrine AL = 14 dores s
(e.g., Mhlriae ﬁ@‘eﬂ|as dismtentesatohie ®h) areid libitbkiongireh IShiaig 8% dofin@reial iRBtpat 20
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In uence..the I Ca ate, stabilit rate N VIVo._rel ease,—-an te -
of 29 1 BeHGHE Be Al B GaPdo L KRR oS A U OBl PN DRBFARS Cooe Eomeryl

Remi ngfans @aﬂﬁ{semmgmﬁa%am%h@mﬁﬁemlﬁmm Ediudé pOORred\Viasis sReidsi aghti BerafD .

Easton, PA 181‘34 g?ea 1435 712 whic herer n |ncorporat ed by 25
r ef er ePfcEAZeCRR @ﬁ?%ﬁ ipmsalt gre @ %P@ lAndisinleRaast orm or may be in

dri ed powdeRindérsshay be used to hold the peptide (or derivative) agent together to form a hard tablet 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). Polyviny] pyrrolidone
(PVP) and hydroxypropylmethyl 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.
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| yophilized) form Oal Delivery Contenplated for use herein are oral solid
dosage forns, which are described generally in 30 Remngton's

Phar maceuti cal 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 |ozenges, cachets,

pellets, powdgkdints Qﬁat%@ﬁmfsp&m%%%& bRPSABRbS Be cﬁﬁgtd@hﬂglfsinmﬁap%a & bign

may be wused to fornulate the present conpositions (as, for exanp
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rel ease e the estl ne
matenals used in this instance are divided 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-methyl 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 forms may also contain adjuvants such as preserving,
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duodenum the jejunem or the ileun), or the large intestine. One skilled in
the art has available fornmulations which wll not dissolve in the stomach,
yet will release the nmaterial in the duodenumor elsewhere in the
intestine. Preferably, the release will avoid the deleterious effects of the
stomach 25 environnent, either by protection of the peptide (or derivat.ive)
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di luents coul d include carbohydrates, especially mannitol, ct-|actose,

anhy dr 8431452346 & 1-prafeingseds Oswein, e gl A199 I eioadtization: phaReoteinih Brosgedies of
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pulmonary delivery of drugs for systemic effect is described in U.S. Pat. No. 5,451,569 to Wong, et al.
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 Acorn II nebulizer (Marquest Medical Products,
Englewood, CO); 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 fo 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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Materials used as disintegrates include but are not limted to starch,

i ncluding the comercial disintegrant based on starch, Explotab. Sodi um
starch glycol ate, Anberlite, sodi um carboxynethyl cel |l ul ose,

ul tranyl opectin, sodium al gi nate, gelatin, orange peel, acid carboxynet hyl
cel I ul ose, nat ur al sporllngga and 20 beni oni f e may all be used. The

di si nt BBt @TTifEs, is, peniprinlated, s Chemicallyc merifed eertides may @lsecls prepareshindiffent guns
may  beforHasions déhesdint &OIhaVps ofaafém?em RbRERkisn orétﬂéjtyﬁé\&"deﬂﬁé seslopader ed guns

such as agar Karaya ' or tragacanth. Al ginic acid and its od| um salt are

al so usef ul %@%P%Srﬁ%@lamrsusc Bﬂthael%eaulm effer iRt HEASPRIF: ¥t Gomerigeor
deri Va;%ebﬁ&) (0P8 Vative) ARG ih QrafeP B SonbB@btidredt 28but@NTko 25rfﬁé uﬂaolegfeafyl adtive from
nat ural products such as acacia, tragacanth, starch and gelatin. Ohers

i ndl udgotemspergly of seiliqny| HsEefommhonermmlsq;mﬂév asb@ffem)d aﬁalpka%axwetfww
cel lul aaﬁm(smaum»fe%ﬁuﬁ%r b&2hdtid PAGsrEVFDne FBCIRHFORXM R0 Ry o Whtain a

cel lulose (HPMC) coul d be used in al'coholic solutions to granulate the

pept i daripgantatorieduge; of revenihsusiaes mdnced;ageragation o ttheegptige (qrrrtenwaa) paysadnly

for nul A4hoRidlor iRoRER ind8mlid) melgkdsspt i ve) to prevent sticking during the
formul ati on_process. Lubricants nay be used as a | ayer between the ept| de

30 (or der |FFHF1P1?§?HSafﬁ’d“SFH‘éthd| raetetad-fose ingler Awvice Yol generlly semrpsn a finely Hyded

i 19 t eghvidRy coplafifthd fhe PEptHe &Meﬂ@dﬁ@@ s‘u&p’énd@%@?fdﬂ@ﬂaﬁf‘@ﬁﬁ eGid 0P Stthtant. The

pol ytetraf | uoroethyl éne (PTFE), li'quid paraf , vegetable oils and waxes.

Sol ubl Eopaliagt; reaazrhesanmymanwab@afa%% @uploved 8 thivpHrpess, such 99 2 ehierpRuasocarbalyresi um
| auryl hﬂkﬂcﬁﬁ%&}mﬁ%ﬁ@&,hé" ?&%ﬂu&&é&%ﬁ of aVWd'r&HFooﬂnin%"ﬁHingrm\éﬁbﬁﬁh&omgﬁa[ngowax
4000 and 6000. -51 did s that m i mprove th tBro perties of the
drug ddiehlergdiflaeramethaney ndlglﬁ@roteﬁa@oane r raa%gblﬁéﬁtte!mﬂupw st e seihliRptighsg ht

be addggeq @%n&i:ll% QﬁﬂEt%ntE‘HMluh@EdrH%ﬁ t&&l@a‘%&éﬁd sbyd 1Golthﬂxy (113 Eélﬁ ?'aisb bueRflas
hydrated silicoalumnate. To ald dissolution of e peptid derivative)

i ni®  t hareg@dous environnent a surfactant might 5 be added as a wetti ng

agent . Surf At ASRY dspGlsiil ANk QB er Bk GRS ﬁw%&Bﬁ%sesao hTUiv R Yty

sul fate, dioctyl osucci nate a oct I um sul
Cat i onmwd@mcetagm peptiileytor dwau‘#édmhmdy dsmmdudﬂ meulking agsah sedhias fctess, eorbitali de

or benger howl pi uuﬂlrﬁrﬁo%mis%h]fhéﬂta@fdlsgé}ga@%ﬂu@ oA R0 e AGLES 9%“5@&9‘6‘%‘

coul d be TRCI uded ormul at1on asS sur ants are [auromacf ogol
poI y oxigst wa@htstnfetac dorowlatipn| Thexpeetidey(oe derivativh) chewidimedt adysutegeously chrep@@d and

fa%% glg ﬁ%%%h@[ﬁg P?ﬁ%%g%pgﬂ S%boxyne%%?@?ﬁ%rg&a ese

surfacmahfosumﬂﬁlf&cmdebvems@ﬁhcdlﬁaltIM-for mul ation of the protein or
derivative either alone or as a mxture in different ratios. Additives
whi ch potentially enhance uptake of the peptide (or derivative) are for
i nst anesaf Redivkat t y

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 dexiran or cyclodexiran.

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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acids oleic acid, linoleic acid and linolenic acid. Controlled rel ease oral
formul ati ons may be desirable. The peptide (or derivative) could be 15
incorporated into an inert matrix which permts release by either diffusion
or | eaching nechanisnms, e.g., guns. Slowy degenerating matrices may al so
be incorporated into the formulation. Some enteric coatings al so have a

del ayedkor1gngAgLortfolif Heigh I HAL acfnﬂﬁ:ﬁbx@% toamﬁﬁ%lgg Obl:ﬁé}'aﬁ)ﬁ lf&@ﬁl?avbﬁup thjeRiP4 O

based on ‘the O os therapeu ic system (Al za g'Ja

encl os ei@fusign,glosagpimss b eThfecw@ma aehedie mhy vw,ldemdwatoerthq %fcélﬁti Hride gdsh
drug ouke bbAEEHN Re®l NGl e smal | opening due to osnotic effects. 20 O her
coatings may be used for the formulation. These include a variety of sugars
whi ch coul d e penfixss o éhej presgnicigvantion (op dheir dptieatives) miayebe(askminjetered it Fopipctiosul d
al sG5 bey g ¥RMr idrehdltitbil GORe Gikr bt ﬁaﬁgaéebﬁcal Rigitighs used in this
instance are divided into 2 groups. TR ITst are the nonenteric materials
and include nethyl cellul ose, ethyl ceIIquse hydr oxyet hyl cel | ul ose,

net hyl hydroxy-ethyl cellul ose, hydrexy gﬁg cel I ul ose,

hydr oxypr opyl - net hyl cel | ul ose, sodiumc oxy-net hyl cellul ose, providone
25 and the pﬂe;peﬁsm}tlmeh@ lyew §escl‘l‘wd by awansedf gacd@l}?m@iasmbsoflowm &etuse oic
mat er i ]

m ght gt!ééused to pro |de t he optl ecm T u%ggc}gg%tﬁ%tﬁge%rlﬂ—y aﬁﬂg}oﬁét‘% 1%{5%%5%&

car Hi edandumteahing af fhe nnveotidnegr afany nxemphﬁm fim.e Bildswie.othe fnyentiomypis e@shnmd ¢wayi ng.
30 Parenl@hal pflolol mboiRRRRLABAPLAGHOTHEEE hily iRkl Ok s of me

par ent er a AdM i Stration Inc e sterileée aqdeoug non-aqueous sol utions,
sus pensmmmypn oay benabparent 4o tieseaskilledgn dife Waqc@mﬁscsbmﬁqasom rang g47i b madear e
propyl td t: and
corn o %e;’?&m & of% rq %,QJ%‘;/G@{F ué‘}r{?ﬁ%%elg gir%g&gtlﬂ% eﬁrgﬁ%t%w%%g?gé J)fSuch
dosage tﬂl@appsndvdylm along)mththf; f@lﬂfmmftesmmlmts tawwhishdheelaima gre entitk@. wet t i ng,
erm{smfyl ng, and dispersing agents. They may be sterilized by, for exanple,
filtration through a bacteria retaining filter, by incorporating
sterilizing adxatpld hiSynthesis cOEPOHN dgooisispeplive dhneadbmsdﬁd@lmbﬂasynﬂmsiposi tions,
or by heating the conpositions. They can al so be manufactured using sterile
water, or some other sterile injectable nmedium imediately before use. 5
Rectal or vaWemdl- Swpithestraf ChrPdR:i tA cdaﬁdmcoﬂaﬁdnaﬂxemonméiaw available idigmiret | on
are pref, S Sl ve
substanﬁ@ﬁbgé?lﬁien%sésuc ?%gw@i@ba%&f oA dr%ul?g%om é)dr’%ﬁ v c&;lgd PCO%
Conposi Aisolution of benzyl chloroformate (4.82ml, 33.7mmol) in anhydrous DCM (SOml) was added slowly

through a dropping fimnel 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 HCI and ether. The aqueous layers were
collected and neutralized with 50% aq. NaOH to pH 8- and extracted 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.
NH, NHCbz
H Chz-CI, DCM ’)
O~ >
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,0 (3.86g, 17.7mmol) and stirring continued at RT overnight.
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for nasal or sublingual adm nistration are also prepared with standard

exci pients well known in the art. 10 Pul nonary Delivery Al so contenpl ated
herein is pul nonary delivery of the EPO- R agoni st peptides (or derivatives
thereof). The peptide (or derivative) is delivered to the Iungs of a mamal
while inhaling and traverses across the lung epithelia] lining to the bl ood
st r eam [R&RactiBn Bhixturb&ag tiluted with DCHLE! 9911) 2B REHBE Gith 1107 lag 1atiRRE8 0 water (2X)

7: 565-569; Adjel et aI (1990). Int. J.” Pharmaceutics gS 135- 144 (Ieuprollde
acet at e3d ingq e orgapic layer wag died over a@wdaxuwaswa%# cpiaRtFARdomdgs vacuum.  The
13(5Up5ém3€}§’méﬂ:5ﬁy( RNSLY S hich bttt HOAEM reaiiond! . * (1989) Annal's of Internal
Medi ci ne ' 206- 212 ((xI antitrypsin); Smth, et al. (1989) J.
din. Invest. 84:113¥HCha46 (a-1-proteinase); b4 et al. (1990)
"Aerosol i zation of ot ei ns", ProcBeseMgzangf mposi um on Respiratory Drug
Delivery Il Keystong, Cblorado (recomdbr A hugan growt h_horrmone); 20 Debs,
et al. (1988) J. | molo” ™%e™N8482- 3488 (i nt er feronoy aattBBfor necr osi s
factor a); and U S. Pat. No. 5,284,656 to Platz, et al. (granul ocyte col ony
stinulating factor). A method and conposition for pul nonary delivery of

drugs for s YS'{eF_m Syrﬂftésﬁq;f Bod- 1065 CThé)é:rﬁidé ﬂ?o&dctsﬁ'orﬁ) e prRousredtion 329 d&é&v\é\ﬁ’ ik

et al. Contenpl at ed use in the practice of his invention are a w de

range ofmethard} Gfimbeand éé@fpﬁ@éted dnerspsgarecht S GrPdm) Gmbvar(‘;%%dm)w@ﬁgr balloon peeswpeiot i ¢
product gg h\IS g’ké’gﬁx@nge QH& IRQI:d lﬁa@ﬂeﬁ%ﬂﬂltrﬁeﬂ{hﬁplhgnh i fﬁh‘atg%&ﬁzﬁﬁﬂtedaﬁ vgé?@?o proY'lde

i nhal ers, I nhal er's of which are l1Tar to those sKi

the art thesmde PEEA&B[OP @_rqsbeatrﬁmeé%i*» -08)- cldmserell apnrgmwame&cb PEBeeTAR aferstitnsdL? e
for ? £@§;b%ﬁm%%d%ﬂhéoﬁﬂ%%ﬂ%%%ﬁféﬁﬁCfggﬁfﬂtravent nebul i zer

(Nhﬂ |nc ro ., St. Lours corn Il nebulizer (Mrqguest Medica
Products, Engle 0z CO); the V@ntolln nmet er ed dosggi nhal er (3 axo I nc.’,
Research Triangl e Park, NC); and thge pPhbal er P ﬁﬁﬂf i nhal er (Fisons
Corp., Bedford, éymo 30 All such re tjhe use of formulations

SU|tabIe for th o SefisiMERAe peptide (or deri v ve) ~LYPNHEBS] Yy, each
formulation is specific to the type of device enpl oyed %nd may involve the

use of an appropriate propellant material, in addition to the usual
di luents, adjuvants and/or _carriers useful _in theragé. Al so, the use_ of
|i posones, nmSEPseapytbes of Tenabebdier e SenthGel| hramidh ( | GAS BImolg, f&m Barp - 53

types 0%01961%' G&&ah}% pRAbERlIRE BflequiiRm & K)oOTQS 'eﬁh@ﬂeﬂ?ﬂ%ﬂe%ﬁe&‘ﬁﬁﬂ%ﬁ 8f be

prepared i n eren formul ati ons dependlng on .t he t%ﬁe of chem cal

nodil§ i cmﬁ'f@)ﬂ forkdhy et esfoling tA roam dmpreriiae thersyiniraweehied (GLNHE) watergpACNse

W th a pgpshvitss 1an@8ﬁél‘l%5iv§5n%bé1‘-cbfo?eﬁ(?&hp will typically conprise peptide
(or derivative) dissolve n water at a concentratlon of about 0.1 to 25 ng

of blologlcally active ~So 0

0 0
H H
B’ Hom= (3/\0’<J\\)?L

K2CO03, DMF

Step 5 - Synthesis of TentaGel-linker-TAP(Boc): 2.5 gms of the resin from above and H-TAP-
20  Boc (1.5gms, 5eq.) 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 (Seq) 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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5 protein per m, of solution. The fornulation may al so include a buffer and
a sinple sugar (e.g., for protein stabilization and regul ation of osnotic
pressure). The nebulizer formnulation may al so contain a surfactant, to
reduce or prevent surface induced aggregation of the peptide (or derivative)
caused by atom zation of the solution in formng the aerosol. Fornulations
for use with a ne&gred-dose i nhal er device w~|| generally conprise a finely
di vided 10 powder©com ai ning the peptide (or fderivative) suspended in a
propel l ant w th the. ai'd of aNaGNBHzct ant . The #propald ant may be any

convent i onal enpl oyBdAPHPC t hi s_ pur pa sugch as a

chor of | uor ¢C% N, chydr ochl or of T uor rkon,” a ?yd of | uor ocabon, or a
hydr ocar bort i ncl udi nd trichl orof | uor onet hane, d chPerodjftuel ne,

di chl orot etrafl uoroethanol, and 1,1,1,2-tetrafl uoroethane, or c i hations

t hereof. Suitable surfactants include sorbitan trioleate and soya | ecithin.
Oeic acid may al so be useful as 15 a surfactant. Formul ations for

di spensi ng f _ e Gey] Vi 1, . i i YA ry
povder cont oy op " SRSk b PaEBIERLCRA I, | TRERE Boft ol oke Bl Bl
agent , stedtedsolitiont ofsEmoshystiimas)-OH ¢uepardeffornS smnefiiamaio aad and 6 rads oWRIATH

wer ght - SFIRASES St ik BN e JEAGH 10 (708 518 Encutiondl) Qpsthic o
advant afjsoesh ywabwaghed (J3VEJTH) THOM pde@Hadalried fogriehd wietpnotegtedaresin.aBesidval aniind e

i f (. i | S t-Re5 . = r
212 O Rtk pLOTRLSE nELGHA0R), BB oF PR RS Ao foricpe ML
t he EPCloR2@pimitst foleyptdi tgewasliing askboies dhe Few} giospwdre empoed engently gukinpiteatsin 25

delivery .all .t.he. f. the i . I | .

af ter ot EYRiE I B0 Bl CRRRR Bl Rink OB 28 SELCHRLAD Wik
necessity for “deposition of the RegdyCriB.dhe | ungy Fhe endHf or nasal
del i very incl uge nse W th dextmemoetf cycl odextran,J Dos s 30 For all of
t he pepti de cuns, as furt he?}Pesidick es are conNi i or mation will
enmerge o di gClJapr opri at @; dosage Tevers f geat'menty of vari qus
conditions in vari ou@»pabi/em’*ﬁgo the ordifary skil I'edO\M)Ng%,,N 0

con% dering the therapeutic copteki, age, and general health of thewor \K
recipient, will be able to ascertain proper dosing. The sel ected dosage
depends upon the desired therapeutic effect, on the route of

adm ni stratiQap 7aﬁﬂntﬁé}iégﬁ‘eﬂd6&bﬂ&ﬁﬂi}ﬁ Jent rglesidsfd. frdae o | ¥as -
dosage |l evels of 0.001 -54 to 10 ng/ kg, of body wei ght daily are adm nistered
t o nanmenbiccteddn aenerted cyeley of Fmpergwmersid euglkings omitho HBTU/HOBY 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.

<~ HN NH, ~ M N—IL-peptide
. I\/\/ Solid phase I\/\/
N0 peptide synthesis N™ ™0
—— -
Qo o D H Q Ve N

O\/\O/\/NTOK | OV\O/\/NTOK

o
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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i nfusi on, dosage may be | ower. The dosing schedul e may vary, depending on
the circulation half-life and the fornulation used. The peptides of the
present invention (or their derivatives) may be adm nistered in conjunction
5 with one or nore additional active ingredients or pharnaceuti cal

conposi tions. Exanples The present invention is next described by neans of

t he foll ow e | es. However, the use of,. t e and. of her ex I .

iy wherts MR CTHE T2 ER o T G o b ot Poufn® Ao Br et he SB0%, Flrten ¢ e
scope lfndapgngreaiet pgluadd frémure grenthé agired pgitidan Putiicatim vikipeghafatvretHPLCloaivti s¢€,
the inv tig&g{%n td{éi mted,.to any particular preferred enbodi nents

descri betf ¥ forqed theRi™ RRHSS rmodi f i cations and vari ations of the

i nventi on may be agp glide-A¢ 0 t hose skilled in the art upon reading this
specification, and n be made; w thout departing frefedtites—ipirit and scope.
The invention e t h&Y e~ bRttt ed only by the terns gf the aﬁgended
clains, along w ull scope of equivaleéents to which tke clainsbare
entitled. 15 anipl e[ 1: Synthesis of EPO- R agoni st peptide dingrs by solid
phase syn{Tfjes¥s St l\l - Synthesis of Chbz-TAP: A solution containi ng tde
comrerci alTy avai | abl E~aigmiad' L FAP" from Al drich Achesrhcalin mwé
67.47mmol ) in anhydrous DCM (1% ﬁ was cooled to OC. 20 A -sol Ui on of
benzyl chloroformate (4.82mL, 33.7mml) in anhydrous DCM (50m ) was added

sl ovay t hrough a dropping funnel over a period of 6-7 h, maintaining the

t enper at ur e Sybp 9 b @0k iof Pepiilest bl @ udhintraldelet IROMGIIARE boridite Thépdpde dinted wagr m

to roomte [ -25C). After a further h, . the wa renpved under
vacuum SFENERE 1 W&%&@aﬁ (g Aerdv et m@ﬁdﬁﬁﬁ&a%@ﬁwf at-FpRIm SRRSEREe
layers fopBeh. TRY pépfitie dad pokifid by 18ddiZele WatHlorDRAYnae ontdaCEl s HPDE BhBmna(Whters
extracted w thgcﬁth | . acet a,tze.rﬁ_The ethyl 25 acetate Iaﬁer was dried ovgr
anhydr ci€kes §8, 153 MEFOTRHEE T4 at WRDETTIBY PARIF LAY FER HLO% maplepstl. fllgyed by 2

nmongy CogredARCHNBSaterAOYL TPAYerNdif: Bom T 95%0ADNUIE YR FmiMSRd £yRPhdiBaHsHEH the
reaction wthout any_ further _gurl fication. NH2 PiHChbz Cbz-Cl, DCM1/J 0 1P

30 St epliastionssepipiping the dpsredpeptideafinyis thepgoduciasgdbly shjte §2lidr r ed suspensi on of
the Cbz-TAP (5g, 17.7mml) in hexane (25nl) was added—Boc20

(3.86g, 17. | )stand stirring continued at RT overni ght )
ACX-C-Y-C-Z-—NH

=%

D)

AC-X-C-Y-C-Z-—NH

. NHy DMSOM0 . . - . .. . NHy
3 - o S
P 0
0
_njy BN —
AC-X-C-Y-C-Z-—NH HN‘\_O/“/ AC'X'E;’Y%'Z‘ N
HS kSH §—S

Dimeric peptide (XYZ) containing Dirmneric 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 to above solution. The mixture was stirred at ambient temperature 14h, followed
by purification with C18 reverse phase HPLC. The structure of PEGylated peptide was confirmed by
MALDI mass. The purified peptide was also subjected to purification via cation ion exchange

20 chromatography as outlined below. The below scheme shows mPEG-NPC PEGylation using SEQ

ID NO: 3.
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-55 The reaction mxture was diluted with DCM (25mLl) and washed with 10% aq.
citric acid (2X), water (2X) and brine. The organic |ayer was dried over
anhydrous Na2SO4 and concentrated under vacuum The crude product (yield
59) was used directly in the next reaction. NHCbz NHCbz Boc20O, Hexane | -~
r-OOV~O-NNHBoc 5 Step3 - Synthesis of Boc-TAP: The crude,product from
the previous reaction was _dissolved in nethanol (25ml) and hydrogenated in

presence of 5% b %{’ bal | oon pressure for 16 hrs. The
m xture was fil t@?@gﬂ‘ %{Eﬁ%&t{f‘ﬁ{ ﬂg(g@f:’) he filfrate concentrated in
vacuo to provide the crude H TAP-Boc pr oduct yield 3u/9). The overall
approxi mate yield of Boc-TAP after Steps 1-3 0Cwas 44 (cal cul at ed based

on the anount of QB?G O ~~",NHBoc 10 O
"' .~ O\, NHBoc f% 4&‘@ EEI)fg_nsio?{ﬂﬁ\l’ra@eﬂNLl nker- OTent aGel bronmide (2.5

g, 0.48 mml /g, from Rapp Pol %rrere Ger many), phenolic linker (5

equi val ent, and K2C03 (5 equi val @®ES-NREre heated in 20 nL of 15 DMFto 70C
for 14h. After cooling to roomft Pa¥fure, the resin was washed (0.1 N HO,

wat er, ACN, DI\/F I\/EO—I) gi ve an anber-colored resin. NOO-10 0
\ HilH Br Qﬁcﬁ\,[dﬁ_% P (PRGR - wpynthesis @f

Tent aCGel -1 i nker - 'fAP( Boc): 2.5 of the resi nyrom aboyg da. JAP- 20 Boc
(1.5gns, Seq.) and gl aci al AcC]—I(34I, 5 eq.) S takenkllnamx(fure of 1:1
MeOH THF and shaken overnight. A I M solution Qodi um oyanobor ohydri de

(5eq) in THE was @ddpsl viATHGAT@ RS WIAKRMSGHHN 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 cation ion
exchange chromatography as outlined below. The below scheme shows PEG-SPA-NHS
PEGylation using SEQ ID NO: 3.

(AcG)GLYAEI—IMGPIT(l-naI}V(I)QPLR(MeG) —NH

=
0 0
(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeGY~HN NH-\_O/"
PEG-SPA-NHS
( DIEA, DMF
0
i
(AcG)GLYACI—IMGPIT(1-na1)VéQPLR(MeG)—NH N NPEGygc

0

0
- - NH o
(AcG)GLYA(.EHMGPIT(I nal)V({ZQPLR(MeG) HN —\_

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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anot her 7hrs. The resin was filtered washed (DWMF, THE, 0.1 N HCl, water,
MeCH) and dried. A small anpbunt of the resin was benzoylated wwth Bz-d and
DIEA in DCM and cl eaved with 70% TFA-DCM and checked by LCMS and HPLC. -56
OO~0 NaCNBH3, NH H H TAP-Boc O/ ~ () 00 ,,,-\G, ,NHO 0 1< Step 6
- Synthesis of TentaGel -1inker-TAP-Lys: The resin from above was treated
W t h a calntriny fitlegedoyt eonvasiontfo thesadiby $érinnOR)N SklOHdpaled vath dotuom ntibejutaifwaam no

acid an eq.. of A3 dj | ved, a . 5 i n . follo he
St G B S ooy ot Bt hcin Mot MG et 6 i S0 M
was hed HOAFntil EMtanD@theNbdadpHa o Scbolugth iotumes)e follotvbidbbypwadhéngt veith 2586 AGN/water
Resi dual ,.am ne _.qgr ) re.capped by treating..t resin wth.a solutign of
006 ac PP B Ffe b BepbB Bk ABRRReRfom e e piihab Rl bRt s afesied o
washi NQA@¥waten(10. mghinE) drithe pH adipstedioe3rvatiriy ey 1gead by the kakiimng Aflsewishimign,
In 30% pi,peri dei ne in DVE r m. nutes,  foll d.by. washi ng..(DMF, THF,
Do NG 25 TP elshes st AR ol poieRre, S T BN RS DO pag relesed
Pi peri (ﬂdﬁethﬁl cOlunMy chxtidnHw&l ¢ 1 kI*IILO/At:% as%lmwuagncaghmtmecﬁn@s thl, frdéliofs.
Step 7- t hesi Tent.aCel.- Li nker - TAP- Lys(.Pept i 2: . The.resin from;:
Sbove YIS SRR ey S Syt AR coneing M e NS AT R FHUEP R
HBTU/ dH@ghﬁaﬁiﬁeViﬁg DG:&cTﬁ:ﬂCEIJSDla mﬁiicaf]eﬁrtﬁata*hemﬁtﬁerpepﬁdh&frisdiaﬁﬁmﬂ ng]xti ¢olunDdnd was
pept i de [ Si aneously. Thijs S _cpny.enent arried out n a ABI
3300 bt T Gy RR Giopapy ba per PR P oy D B sy REC e
After tdbgerfdiitds IbagantieAiY &Whentthe ptRidgiciutdd ianthe) eritdil Guipls buEEre(gay gt the fist 2h
acetic ﬁ%gtl;] n%{, Ing (saepgr%gone(%' d)esir%g(E’E@-c%ﬁj’u%gtg ar(lacﬂéx)cess PEG was observed.
The following columns successfully retained both the peptide and the peptide-PEG conjugate,
‘ and successfully purified the peptide-PEG conjugate from the unconjugates peptide:
15 Table 1: 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
S SP Sepharose Fast Flow strong | Amersham Biosciences o
cation exchange support

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

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

g3,
o
vEals

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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in DM for 20 m nutes, follwed by washing as above. Peptide O~ HO 110 HN
NH2 ~, O HN N~Pepude Solid phase N peptide synthesis i NO 1-11 0\ O
"O~~OniNUO ~O\ 0 0~-O-~,NNH UO- 1A 0 20 Step 8 - Ceavage fr.orn 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
t enper at ur eStep A Couptnigi dfﬁC&J AN mfza@?ﬂa((ﬁb&)ﬁy@ BndBocl PAP et2¥ipledviiar
(2. 5% I.J SO Si | ane 2.5% can also 57 be used. The TFA sol ution
was co %mécg'ﬁ’g‘%‘ém@’&m‘? 25 BMPBer ci pat at e the pepti de.
Filtration ﬁ—o n under nmeduced pressure gaveg,the desired peptide.
Purificatio ratlv PLCvmtha Cl8edl u mﬁfordedtmga,ure

e- NH ~O cN

pepti de. Peptl epti de- Ad\éTFA NH2 \

I o-OHO NOO cPep Step9-0<|da of peptjides to
formlntrar afe! ec gk’ diteml L dn honds The gpept s di sg0l ved in
20% DivsQ ng dry wei Qmpd'%eg/a j de/ L) } "s\L d at room
terrperature or 36h. The pepti s purifi y Ioadl ng the Teaction

m xture onto a C18 HPLC colum (Waters

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

o]
O,}—NH NHBoc H,N NHBoc
§ o H Pd-C, Hy, MeOH 2« k'
—_—

0 2 0
6 (:);-}m NH—\_O/“/ H,N NH—-\_O/—/

10
Step 5 - Synthesis of peptide monomers by fragment condensation: Four peptide fragments of
“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 IJ\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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Delta Pak C18, 15 mcron particle size, 300 angstrom pore size, 40 mm x 200
mm | ength), followed by a 10 Iinear ACNwater/0.0l % TFA gradiant fromb5 to

95% ACN over 40 m nutes. Lyopholization of the fractions containingt
desired peptide affords the product as a fluffy white solid. s-s HS/

he
SH ()

- Ac-X-CGY-CGZ--NH Ac- X—C—Y—C—Z NH NHZ QvBn/ H2O O Ac-X- ICGY-CI -Z- NI

HN-_ O Ac- X- GY- G Z- NH HN\~/ g SH S-S Dineric pepti stacn()XYZ) cont ai ni ng

T DR D SRR, S ifhon

PEGyl ati on vi a @Bear bamat e Bond: The pepti deOfumer wdg ni xed witthf 1.5
(nol e basis) of activated PEG species (nPEG NPC from NOF Corp. Japan)

to above solution. Th¥ m xture was stirred at anbi ent tenpyrature 14h,
followed by purification with Cl8 reverse phase. HRPLC. Th

dry DMF to afford a clleape sol ution. After 5 mnutes 4eq OicthJEA was added

structure

eq.
in

of

PEGy| at ed peptide was confi4#ed by MALDI mmss. Thelb’t‘f?’]fi ed peptide was
al so subj ect ed t dAqSHGHF -e:ﬁ- WFG-QH a cat i Amot-BRT-eiditg@eP-RR-®EG@Bat ogr aphy as

outlined bel ow. The bel ene shows nPEG NRg; PEGYI gf | usi ng SEQ
3. -58- - (AcG GLYACHVGPI T(I -nal)V R(MeG) - NH NH2
(AcG GLYACHMGEPI T(1-nal ) V CQPLR( MG CH L/ 0 nPEG NPC DI EA, DWP -
( AcG) GLYACHVGPI T(1-nal ) V QPLR( MeG) - !
?(Acm) S(Acm)
(AcG)—G—L—Si'-A-C-I-!LM-G-P-I-'Ii»(1~nal)-V- —Q—P-L-l?ll-(MeG)-OBn
OtBu Tt OtBu Trt  Pbf
¢depmtect OBn
S(Acm) S(Acm)
(AcG)- G—I.A"-A-C iiI-M G-P-I-T (l-nal}-V-(!—Q-P-L—R—(MeG)—OH
OfBu Trt OtBu Trt  Pbf

I D NO
0

Step 6 - Oxidation of peptide monomers to Jorm intramolecular disulfide bonds: The OBn-

deprotected condensed peptide monomers are then oxidized with under iodide to form inframolecular

5 disulfide bonds between the Acm-protected cysteine residues of the monomers.

S(Acm) S(Acm)
(AcG)-G~L-’1’-A-C-Iil-M~G-P-I—'Ii—(l-nal)-V- -Q—P-L-li{-(MeG)-OH
OtBu Trt OtBu Trt  Pbf

¢12 oxidation
S

i
(AcG)-G-L—'&If'-A—C—IiI-M-G-P-I-'l‘l-(l-nal)-V—(.'?-Q-P-LwR-(MeG)-OH
OBy Trt OtBu Trt  Phf

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.
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NH 0- PEGLIOK O O (AcG GLYACHMGPI T(1-nal ) VCQPLR( MeG) - HN ~O PEGyl ation via an
am de bond: The peptide diner is mxed with 1.5 eq. (nole 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 mnutes |0eq of DIEA is added to above
solution. The mxture is stirred at anbient tenperature 2h, followed by
purification with CI'S reverselspha.s.e_l:lEl_CJge structure of PEGy| ated peptide
was confirmed by MALDL, sasS, -IF Ui f i ed, beptigd g@_&ial SO subjected to
purification via cgﬁﬂgﬁ) ?gﬁﬂ(SA gxﬂgﬁgngg(iﬁﬁgn(g?%&rg@ﬁy as outlined below The
bel ow scheme shows PEG SPA-YS ™PEGy| ey on uditng®SEQ | D NO. 3. (AcG) GLYACHM
PPIT(1 nal WCQPLR(MeG) -NH Lo3ff (AcG GLYA "HMGEPI T(1-nal ) VCQPLR( MeG) - HN NH~p
PEG SPA-NHS 4' DI EA, DVWF (AcG GLYACHMGPI T( 1- nal ) VCQPLR(MeG - NH \ PEGZCK
(AcG GLYACHMGPI T( 1- nai ) VCQPLR(MeG) -[HN iyN-, \ . - r'nuddd Step 11 - lon exchange
purification: Several exchange,supports re surkeyed for their ability to
separate the above pepti de- PEG conjgat e{ffom unrgacted (or hydrol yzed) PEG
in addition to their ability to retaim h@m{_gqrf’i ng dineric peptides. The

i on exchange resin (2-3g) was |oad intoal -59- colunm followed by
conversion to the sodiumform (0.2 N NaOH | oaded onto colum until el utant
was pH 14, ca. 5 col umy~olumes)—ang than to the hydrogen form (el uted

with either O. HCl, Qrl 0. JG_M_TE{%_ vinid ] el utant. mat ched | oad pH, ca. 5
col um vol umss)](fm??ﬁ vveccf?'gy was 1i ngvm‘#ﬁ%ﬁo\l}m er until °6. Either
the peptide prior to %hjﬁ'gati oftBor t hdrpeptfi de- PE& conjougat e was di ssol ved
in 25% 5 ACN water (10 /L) and the pH adjusted tg <Xw th TEA then

| oaded on the colum. Af{er washing th 2-3 colu Vol THres 25%

ACN wat er and c@k®)eeh-FaeC- Nhﬁ-Pﬂ*leﬁb-ltal){Y PLRgMp@ptide was rel eased fromthe

colum by el ution vvité,, .M N c in %o water, again collecting 5 nL
fractions. Analysis via HPLC reveal ed ich fractions contai ned the desired
peptide. Analysis with an Evapor at i#e
deprotect
| - S
(AcG)-G-bY—A—C-H-M—G-P-I-T-(1~nal)-V-é-Q—P-L-R—(MeG)——HN NH,
S S NH
g

i
(AcG)—G-L-Y-A-C-H—M—G-P—I-T—(I-nal)-V-(LQ—P—L—R—(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 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 bindinyg

affinity and biological activity compared to EPO mimetic peptides that have been previously described.
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Li ght-Scattering Detector (ELSD) indicated that when the peptide was
retained on the colum and was 10 eluted with the NH4OAc solution (generally
between fractions 4 and 10), no non-conjugated PEG was observed as-a
contam nant. \Wen the peptide eluted in the initial wash buffer (generally
the first 2 fractions), no separation of desired PEG conjugate and excess
PEG was obs&PQOR agohls pénide dinhangate cpfelpﬁms acoribeests fthe mgthmcbtpndmml ih@bchmplhé ot

peptid h B de and s ssfu d.t

pept i dex%%%‘ éoﬁhg {e cyf?tlgt{r%%: %%Q'L cgﬂ‘f Zfae[vg atech? § E%ﬁ'g ’é'o f&l Egsgshange
Resi ns mc&;lplgoa treﬁémmr asay, WopralifBratit Bdshy, st d’oﬁlpgtﬁﬂﬂtblmimmass haah aBL/BFUkcemsmys
exchanqgesg ou:ra aadseageges%%ggn_éggﬁiﬁgﬁgggélose m cr ogr anul ar What man ~strong

cati on“exchange PHst Fl ow st rong Amer sham Bi osci ences
L cation exdharagldtssaﬁ];}pmm vﬁ;oamphar aBsaySyra turasarizedin TBPI©O2R agoni st pepti de

di mers by fragment condensation 20 Step 1- Synthesis of (Cbz)rLys: Lysine is
reacted under standard conditions with a solution of benzyl chloroformte

t o obt di Repoyerr a@ayprotected at its two am no groups with a Cbz group. 0 O

>-NH >-HN . 0 St 2, - t hesi f - TAP Y

descri bed i %ti‘&s& lelpaf%dr?@%% aﬁxﬁ&?@% ?EE ;{% (_1Lenvc ff’p gfteerg’%g”sga ﬁ%ﬁ?égﬂﬁﬁ >
(Coz)r Iﬁ;sﬂu:a NThiBrperfehRell (ifdexpsiey a chimcanmcﬂE&Fbompasmg tlfel extla-geltbdar posibmafkhe d
coypl | Re CoRdLLONS, 10y 0bb Rl (COZ)2, LK TAP. BOfrrQ 2. 00 s e s MBS,

tra.nsfected with a fos promoter-driven luciferase reporter gene construct. Activation of this clumeric

receptor through addition of erythropoietic agent results in the expression of the luciferase reporter gene,
and therefore the production of light upon addition of the luciferase substrate luciferin. Thus, the level of
EPO-R activation in such cells may be quantitated via measurement of luciferase activity.

15 The Baf3/EpoR/GCSFR fos/lux cells are cultured in DMEM/F12 medium (Gibco) supplemented
with 10% fetal bovine serum (FBS; Hyclone), 10% WEHI-3 supernatant (the supernatant from a culture
of WEHI-3 cells, ATCC # TIB-68), and penicillin/sireptomycin. Approximately 18 h before the assay,
cells are starved by transferring them to DMEM/F12 medium supplemented with 10% FBS and 0.1%
WEHI-3 supernatant. On the day of assay, cells are washed once with DMEM/F12 medium

20 supplemented with 10% FBS (no WEHI-3 supernatant), then 1 X 10° cells/mL “are cultired in the
presence of a known concentration of test peptide, or with EPO (R & D Systems Inc., Minneapolis, MIN)
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, Il1.). 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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HN NH O Coupling agent O- ~-0/ 5 Step 4 - Lys-TAP-Boc: The crude product
fromthe previous reaction is dissolved in nethanol (25nl) and hydrogenat ed
in presence of 5% Pd on Carbon (5% wW W under balloon pressure for-16 hrs.
The m xture is filtered, washed with nmethanol and the filtrate concentrated
in vacuo to provide the crude Lys-TAP-Boc product O / -NH NHBoc H2N coo
Pd-C, H2, MredB&E3/Gald@H/EPDR Mes are clidbed\id- spinner(asks) inSOMEMIFi2 ﬁmhﬂe(sa'l&opf

e oo BRaNES SRR eSS HOT B kBB £ AR L esls ok

These- garstiraddl Meﬁﬁg!it et £ ebintder AGSKLHAL S cAl Genkifiebf SxU0f eellshml, o DMEMIF1J endnsent

o oSBT o DRI 06y SR o Sl ™

Pal §  olvith Bulb&ce MPBS (Gitso), Chlh&&dsubpén&ém ) nwenhlhe 0bt &0t walsadl inh mmmm e
ragment s

I n t C— te
hal vess‘ﬁ’P@m&B“ﬁ% ﬂ‘s f%})f "t"h 1 Icg}‘%%?‘@ﬁ-‘gi:t efm 8‘?‘!’2{ TS%%’QO rtig §elpt hen
OBn- deﬁfsﬁéxﬂﬁhaﬁk hyn ﬂhﬁﬂl,dﬁ ru@bﬁcece HRi9g WRE -assaf blad Acso,iL M oiE)of dIkEd) seﬁestof tesf- OH

Fnoc- C—H—M -~ V-C-QP-CH H L-R-"(Me@-0Bn O hu aart
a Bu TFtO P‘S‘fmet’foﬂ‘fﬂngescc?&p?oém Ep Q‘cﬂ% ‘%(Q\CWE(“AC%Y neappliss . (ygnesp™
Fnoc- P¢dhrbdpdeltin alpha, \enCEHOR: bgdnist ChBfatriddBp avilaBle For ﬂa&éﬁ)'ﬁﬁtDMEM/ElQUﬁkcﬁa

S AC S( Ac
(4m supgwlemrgltcd with 10% FBS (no WEHI-3 supernatant I) are added to the 96 well assay plates (final well

volume of 100uL). For example, 12 different dilutions may be tested where the final concentration of test
peptide (or control EPO peptide) ranges from 810pM to 0.0045pM. The plated cells are then incubated
for 48h at 37°C. Next, 10pL of MTT (Roche Diagnostics) is added to each culture dish well, and then
allowed to incubate for 4h. The reaction is then stopped by adding 10% SDS + 0.01N HCl. The plates

15  are then incubated overnight at 37°C. Absorbance of each well at a wavelenght of 595nm is then
measured by spectrophotometry. Plots of the absorbance readings versus test peptide concentration are
constructed and the EC50 calculated using Graph Pad software. The concentration of test peptide that
results in a half-maximal absorbance is recorded as the EC50 [See Table 2: Proliferation EC50].

20 3. Competitive Binding Assay - - o

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

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 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 4ulL of serial dilutions of the test EPO-R agonist

30 peptide, or positive or negative conirols, to wells of a 384 well plate. Thereafter, add 2uL / well of
receptor/bead cocktail. Receptor bead cocktail consists oft 15pL of Smg/mi streptavidin donor beads
(Packard), 15ul. 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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(AcG-GL-1-AACHMGP-1- li-(MG-0Bn Bu Trt OBu Tit rot deprotect OBn
S(Acm) 1S1(Acnm) (AcG-GL-Y-AACHMGP-1- -(l-nal)-V-CQP-L-R (MG -CH
QBu Trt OBu Trt Pbf Step 6 - Oxidation of peptide nononmers to form

i nt ranmol ecul ardi sul ful e bonds: The OBn- deprotected condensed peptide
nononmers are then oxidized with under iodide to formintranol egul ar

S( Aoy SEoRBP: Kty Prodpid ATEREHERNET oy (eI 4 GRiah el o tarﬁ%m“,‘é@?”%ﬁs'

QBu Tr tlmﬂmelaEl’d’ntal Riklide2plosphdiatd @bteinSvAiLl céntaids the abM9Ghrged dpitopd)-atid BONG(E: BF | -

s Tap e b Ak, RO s o M B PR st P b e

Lys- TAP- mcmmwabbmihe (idtinylated BPOLRbGANR| Rpti®XERSE AF3304%(30xMdfiraE Boncentration).

S.B r”redep# Sk e AR OO HipdiresPeptith, e S HE doem STy OB RS it aPERgr e e 62
| intethodAd@criGed inExampled, With feqhencé B{M%GGYL—Y@:@{HGPIRW%@LREI (SE@UDTT t

CIBu Tr tN® H2 NHBoc couple 0 O H2N NH\ O r
btf) P AF33068

P
Bioﬁn~GGLYACHIVIGPITWVCQPLRG\
K-NH,

Biotin-GGLYACHMGPITWVCQPLRG <~
I
Centrifuge 1 min to mix. Seal plate with Packard Top Seal and wrap in foil. Incubate overnight
10  atroom temperature. After 18 hours read light emission using an AlphaQuest reader (Packard). Plot light'
emission vs concentration of peptide and analyse with Graph Pad or Excel.
The concentration of test peptide that results in a 50% decrease in light emission, relative to that

observed without test peptide, is recorded as the IC50 [See Table 2: AQ IC50].

15 4. C/BFU-e Assay
EPO-R signaling stimulates the differentiation of bone marrow stem cells into proliferating red
blood c¢ell presursots. This assay measures the ability of test peptides to stimulate the proliferation and
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
20 with 10% FBS (Hyclone). These senal 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 a 50mL 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
medinm 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 Im! of IMDM medium
and the cell density per mL is counted on hemacytometer slide (10pl 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 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 1ml using blunt-end needle.
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SS | (AAQ-GL-~ACHMGP-1- -(l-nal)-V- -QP-L-R (MeG-HN NH oc QBu
Trt GBu Trt Pbf 0 0 S S NH\r (AcQ-GL- ~ACHMGP-I-
l-(1-nal)-V-CQP-L-"-(Me@--HNO OBu Trt GBu Trt Pbf deprotect SIS
(ACO-GL-Y-ACHMGP-I-T-(1-nal )-V-C QP-L-R- (MeQ-HN NH2 O S S NH\_r
(AcG-GL-Y-A-CHMGP-1-T-(1-nai)-V-C QP-L R (MG -1B4 0 ,protected

di nner : Adie25aep agiirard @dxtpRrdrt eachisibple info 408 Bf Pelld 6ft £24-@6l] plile €Palébn-brand).

PEGy! at.i on .of de descri bed jnp. St of Example.1..5 Ste - lon exchange
purifi éﬁiugﬂﬁ the pigse PSS 8&5@&‘1"13%&]“& A g iPcb‘EPF‘F%‘éE“ géysdie‘}e?fx% e in
gt ep 1 %ar@'éncEmr‘aaﬁﬁpiﬂ cdixdePbsing a ;lhasr?vlinicfc@c@:@t(is?dmx aﬁmyis, ﬁa&lTﬂiﬂgﬁiE@tﬁﬁIﬂfE_
escribes various in vitro assays that are usefyl in eyaluati the activity
and  pORBRLy sy copesaiteton ) r< epiide et which dre ruer phipEed SRIomisRHg G-l mEs TR
thege aslemySo danBREivER WL IRAEPD REsitiveQdHkol PiE Rédoflits aotheTHTISH [SérvRibld 2 IT/BFNE t O
EPO R %3% fCt I vate EPO-R signaling. Mdrreover, the results for these assays
show t O%he novel pepti de conpositions exhibit a surprising increase in
EPO- R binding affinity and biological activity conpared to EPO m netic
pepti des that. have been preyi ously described. -63 EPO R agonist peptide
di mers i#@g’ﬂg‘%’ﬁgp@ffp%ﬂ%g’mdﬁ@‘gﬁghe met hods provided in Exanple 1 or
E]g< anpl %falteﬂfﬁﬁw{aﬁﬁ&it@lﬁgéﬁd eémpdtieio bﬂlﬁﬂ% bédfy Ebn"BRO De htged&u a{eu@&ﬂtsyﬁmlg pfpe?ﬁc%e}s es
of invitro activity assays, including, a reporter_assay, a proliferation
assily, i tEbipyertion Vs wwa%ﬁﬁu&g Singing 4 PLERG frBEQr e 3y iormelbbl s ay s
are desgEdrlifghoithe fHlsWing Exettellay broRRbOW.

A. Materials

Recombinant Human EPO R/F¢
Chimera

Identification: Recombinant Human EPO R/Fc¢ Chimera
Supplier:R&D Systems (Minneapolis, MN, US)
Catalog number: 963-ER

Lot number: EOK033071

Storage: 4 °C

Todinated recombinant human Identification: (3{'*’Iliodotyrosyl)Erythropoietin, human
Erythropoietin recombinant, high specific activity, 370 kBq, 10 pCi
Supplier: Amersham Biosciences (Piscataway, NJ, US)
Catalog number: IM219-10uCi

Lot number: .

Storage: 4 °C

Identification: Protein-G Sepharose 4 Fast Flow
Supplier: Amersham Biosciences (Piscataway, NJ, US)
Catalog number 17-0618-01

Lot number:

Storage: 4 °C

Phosphate Buffered Saline (PBS), pH 7.4, containing 0.1%
Bovine Serum Albumin and 0.1% Sodium Azide

s Storage: 4 °C

Protein-G Sepharose

Assay Buffer

B. Determination of appropriate receptor concentration.

15 One 50 ug vial of lyophilized recombinant EPOr extracellular 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, 160 uL serial dilutions of this receptor preparation are combined with approximately 20,000
cpm in 200 pL 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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5 The results of these in vitro activity assays are sunmari zed in Table 2.
1. Reporter assay This assay is based upon a on a nmurine pre-B-cell line
derived reporter cell, Baf3/EpoR GCSFR fos/lux. This reporter cell--l1ine
expresses a chineric receptor conprising the extra-cellular portion of the
10 human EPO receptor to the intra-cellular portion of the human GCSF

r ecept qB297hhGEtogpelldt theipnateings fephirber The sapahiaaitete m&fhll;areﬁmrecpand riixtadedd Aftsren

| uci f eras porter. ruct t| vat on of t cept or
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addi ti an aﬁquhgg | uci ferase substrate luciferin. Thus, the |level of EPOR
u

acti vat’f 8H° ch cells may be quantitated via neasurenent of |uciferase
actisvity. 15 The Baf 3/ EpoR/ GCSFR fos/lux cells are cultured in DVEM F12

medi um (G bcgQ), s | e w. t.h 10% fetal bovine serum (FBS; Hyclone), 10%
VEHI - 3 super(ﬁzirpggf"?e(’(lﬁlgn‘é’lfg’éf"ﬂ’gfiﬁnt froma culture of WEH -3 cells, ATCC #

TI B-68), andTpéswrmineltheC§ ofAR3TAYZ; 1100 uﬁﬁﬁfabalﬂumﬁsad)ﬂthelﬁephdba%@bmbmb&wﬂsmy
cells are starve ransferrin medi.um s | epent Wt h
006 FooHapEReg T At SHOL S afstin 00 PEARERE Tay LA ors p (S BPE fiihed
once W 100 P 8 dmktedredinbmadithusian @rﬁlﬁﬁﬁiaﬁl GMIIHPOI)@%dﬁB&o(dam B diid-the tubes are
super nat an t he cell.g/m. are cultured in the presence of a known

1
con]é)ent"faa?qd)c?ﬁd 5%11‘%(’ 88?}’8‘1’1 “with EPO (R & D Systenms Inc., M nneapolis,
IMN) as a pOBheldeiedagOtun® 1-ERD 9\addtitled JReicHBadSIbpR. THE Fdselth and ﬁﬂalyia%znﬁafe (no

e S B0k oGkl 82, b LSRR L

at Nos phBfietassafik Bpeatbti &l drufiork Giried fdrSaatsbytidd RiteTONE @I olVB dir e re)ﬁﬁt)atd Eso

added t% 25, each well. Followng a 5-mnute i ncubation, i ght emssion is
measur etFEHEEPBSckar d Topcount  Lur ni nonmet er (Packard | nstrument Co.,
Dowpers Grove, I11.). Light counts are plotted relative to test peptide

concentration and anal ysed usi ng Graph Pad software. The concentration of
test peptide that results in a half-maximl emssion of light is recorded
as the EC50 [See Table 2: Reporter EC50]. 30 2. Proliferation assay This
assay i s based upon a routine pre-B-cell line, Bat), transfected to express
human EPO-R.  Proliferation of the resulting cell |ine, BaF3/ Gal4/El |l c/EPOR,
i s dependent on EPO-R activation. The degree of cell proliferation is
quantitated using MIT, where the signal in the MIT assay is proportional to
t he nunber of viable cells. -64 The BaF3/ Gal4/ El k/ EPOR cells are cultured in
spi nner flasks.in DVEM F12 medi um ( G bco)

-68 -



suppl emented with 10% FBS (Hycl one) and 2% WEHI - 3 supernatant (ATCC #
TIB-68). Cultured cells are starved overnight, in a spinner flask at a cel

density of 1x106 cells/m,
0. 1% WEHI - 3 super nat ant.
Dul becco's PBS (G bco),
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human pl acental al kal i ne phosphatase protein contained in the reconbi nant
EPO-R), protein A-coated acceptor beads (protein Awill bind to the abl 79
anti body; Packard), 112.5L of a 1:6.6 dilution of -65 reconbinant EPO R
(produced in Chinese Hanster ovary cells as a fusion protein to a portion of
the human placental al kaline phosphatase protein which contains the abl79
target epitope) and 607.5L of Al phaquest buffer (40mM HEPES, pH 7.4; 1nM
MyC12; 0.1% BSA, 0.05% Tween 20). Tap to mix. Add 2L/well of the

bi oti nyl at ed EPO R-bi ndi ng pdistampte 4:r Bicdve aciFgR@E®'S( 30nM f i nal
concentration). 5 AF33068, an EPO R binding peptide (see Table 3 " Reporter
EC50 (pM"), is made according to the methods described in Exanple 1, with
sequence Bl oThis MNA@WWE‘R@V? Eayy et o useful mevadppgiges the activity and

Bi oti n- %Xf TEFOR %&%gaﬁaes (4 Wvangﬁ' nEI%HRY%dusH df Widers Glrd- B@péred

Centrifuge X | ate w th Packard op Seal and wwap in foil
| ncubat ¥cordingrip ghst metlleds:anrowé@smnt%qmleak or Bxample &r The imaiye sotivaty pf |theg¢1pepude

concent [ n e s SR ACNERed SERER SRR hrnial o JotlEhbep R URgoR Houee

concentblaasswmrar@t@gkocqﬂemsa}déﬂxewOﬁegm arredﬁswtwdeoﬁmbe&e@abean li ght

em ssion, relative to that observed without test peptide, is recorded as
the 1C50 [See Table 2: AQ 1C50]. 15 4. CIBFU--e Assay EPO R signaling
st i mul af-eBolydythedict FdyparviciMauseBiostsabone marrow stem cel |'s into proliferating

red bl ood ¢ LSO, I des
to "stimulat gégtt r?eﬁtgtr%g %f £esr tE= ri-lgélrslflga% ﬁ##’hgﬁ) waﬁht [ gnéx% OQchﬁl @]ﬁ%ggﬁ B

pr ecur s@daptefl fiom fhe methog dasenibed hoﬂ@emdrmglpﬂnuﬂr%as Blatures 1Ml @6SH1067. Ebis asshy s
assay, [ i ' t 5 k! ﬁ’dﬁ%ﬂﬁ' | &G

suppl err%%tj‘)e%ls t}gﬁoéb \%/i\nh* ﬁpﬁs&f%@(ﬁq@%%ﬁp% ese sﬁedrc | a‘% W°§%§§b or rq)fc?)%lﬁc%i ve
cont r ol ne@P@doblovd gell spmtbesisheReddided celd synthasisyis opbntithtod dased upow encerporatian of

vol unme . T Jrixture is then vortexed

t hor oug 3??31’%?%5%% golﬁﬂ g%é%?fcelsﬁﬁﬁeﬁ%@&lmg%ﬁ}ohga bone marrow derived CD34+
cells' (Poi BDFd:sﬁi@emrzéboyvc@rtcea@hmbdo amibiznt Pendisiong &ir| %1t days g dindly yweaglébeade t 0
O Bk BN oLy PR A IOl il G0 KRR,

t he si delcoéssxvdneorﬂﬁmhmguhéesfma hyﬂobariq crhsmbér(ﬁm_a, totahof dhiays. tHagh 2&hair nycrl@cmmturre

of  medj um 4 B a§§ 49 S %/d E'%Bl?ﬁ%g p? ssu dhéa hrsit A6k ﬁregsmleu l}Lerter I&%ltlogln e \hize

t hen spln_a
are maintained at ambient pressure for an add1t10na1 72 hr prior to dosing.

Test peptides, or recombinant human EPO standards, are diluted in PBS + 0.1% BSA vehicle
(PBS/BSA). Peptide monomer stock solutions are first solubilized in dimethyl sulfoxide (DMSO).
Negative control groups include one group of mice injected with PBS/BSA alone, and one group mnjected

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 punctuie 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 radicactive 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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the nedia renoved carefully by gentle aspiration. The cells are resuspended
inIm of IMOM nedium and the cell density per ml, is counted on

hemacyt onet er sli-de (10L aliquot of cell suspension on slide, and cell
density is the average count X 10,000 cells/m). The cells are then diluted
in IMODM nmediumto 30 a cell density of 15,000 cells/nL. A 100L of diluted

cells is them;sﬁdcheadmeemhl sbtsf T anififlels ot ca6ibdpatinegal @kaﬂwmg&mmﬁ
concent n i.n_assay d| a is 1000 cell s/ , and

(final t xture
o " ot B SRR LU PE S (SR Rin Hped Sl SaF s oA e
aspirate I nL using blunt-end needle. -66- Add 0.25 nlL aspirated m xture

frome o each of 4 wells of a 24-well plate (Fal con brand).
Incuba’?je:r}?ﬁ‘é”?;};ﬁy%tdé i xtures at 37C under 5% C02 in a humid incubator for 14

days. Scor e NoamaltBBF1 pieseadascd{0. ﬁmy,t jedied suteinandoastyLisi thg:ea:opﬂaas‘ne daysrathcope

5X- ' f {. { est
bopt | d QA Rkt et sl PO R ot et s oS e (DUr TR R Sp i Ve
t o t hatwitbier dedrani (100 tdpfmBPQAp B fivey @nico Aiter aaiesthettrzed edthr @@ﬂ amis bleth dbybRfaBiiad See

TP or ndi<Trey hE porPa i) EeRD T Mpne o o gte it el oy Bt Bl Bipnin

measur eand @of cyddRs atdlysipdpiticdemt pld@rand). HeinStoérity aﬁtmmaauyﬂate&nm&s aPhercefedigde S
bi ndi ng of ' 2 ERPO t o .EP e _.assa r ferably performed according to
the fol e&ﬁ?‘ﬂi”@ﬁ‘éﬂﬁf‘%ﬁ‘ﬁ%ﬁ%@b‘mgi ¥?d¥f”@fg 7%%econbi nant Human EPO R/ Fc

| denti fi cat i% RETREGR#ID 3N U RETIRERE R/ fenfahicitiamuf HeiatocrieRRALY er : R&D
Systens (M nneapolis, M\, US) Catalog nunber: 963-ER Lot nunber:

ECK033071 Storage: 4 C |lodinated reconbi nant human Identification:
(3[12513 mﬂ@tbbbgﬁsws)s@ yt hropoi etin, human Erythropoietin reconbi nant, high

MG IO SN T IR 0
C Pr ot edoitrdB, t@ﬂ@bﬁid&%’r vehitit A bingabf pRitivee@itel idleSppfitile ds6s dexpREded b ke,

are tested by varying the active compound concentration in the formulation. Volumes injected are

5ml/kg. The vehicle control group is comprised twelve animals, while 8 animals are in each of the

remaining dose groups. Daily- viability and weekly body weights are recorded.

The dosed mice are m1ce are fasted and then anesthetlzed w1th mhaled 1soﬂurane and terminal

blood sa_mplcs 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).

Blood samples are evaluated for endpoints measuring red blood synthesis and physiology such as
hematocrit (Hct), hemoglobin (Hgb) and total erythrocyte count (RBC) using automated clinical analysers
well known in the art (e.g., those made by Couiter, 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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Suppl i er: Amer sham Bi osci ences (Pi scataway, NJ, US) Cat al og nunber
17-0618-01 Lot nunber: Storage: 4 C Assay Buffer Phosphate Buffered
Saline (PBS), pH 7.4, containing 0.1% Bovine Serum Al bum n and 0. 1% Sodi um
Azide Storage: 4 C B. Determ nation of appropriate receptor concentration.
15 One 50 gg vial of |lyophilized reconbinant EPOr extracel |l ul ar domain fused
to the Fc portion of human 1gGlL is reconstituted in 1 nL of assay buffer.

To det er Hdgy Iﬂ%rlﬂgoﬁ%%%du&qpﬂﬂ{ﬁe@iay COF RRLY pih & mlgmeperfoﬂnaaﬂs@h@ﬁé%nm%pﬁy

seri al dllutlons B‘OB% receptor prep aratlon are_conbi ned wit
ie

appr oxi netiy t’iﬂF/“?@E)“Lod% riduerpeseiicd 25id c oS Fﬂ‘feh‘tfn@ﬁ peptide is
Erythr Op%ﬁﬁrhned 6ﬁa&&mﬁa§)}mmpéo&oeﬁe%5 The Rerffigd ¥RAsSYHdGRE 1:1 PRubiod SHBMSO: Vel
are capped and m xed g‘g} %@ %erm ht on a LabQJa,ge rgé ting shaker.
20 The ndP SUSSAIae of /stémﬂ atlgsy. Jhe rodest SAyHERYE et Blest o
each t ubehighpetiermatte iquitl bﬁ‘ﬂmhtﬂ@rulh_@tv@lﬁ af igRAdiert o Adefositdll/witefin 0TIV iriflgorg®8iid A¢id. The
t ubes arel],h;[qhen centrlfgge%ﬁf.l?r 15 m at 4000 RPM -67 (3297 x §- to pellet
the pr ot it PEUdeBpomsTsday-py dllustrag ®¥s are carefully rempved and

di scarded. After washing 3 tines with 1 nL of 4 C assay buffer, the pellets

are counted in a Wallac Wi#ard gamma |lcounter. Results are then anal yzed and
the dilution requi ré%FGB@«\fPé%WﬁPSUl%)H?QFIFFé(T?Ml MSEQIIDANOgl)val ue is
calculated. 5 C 1C50 Determ nation for peptide To determ ne the | C50 of

AF37702, 100 ISteper-iSphthesid ofteheomifinationalinkpe pTd delaioe ofdiethylimbonvetats (1000, 528 of
nmb t t
pol ypr opyTepiiart e 3pasRuin” o Gtmi wopB At Aha s et P o
Er yt hr opdB€tmin 5{. 1%:&01)&@63 10 ssinateigis dodnotempetforet (The reacttbninhigtuteuiresedibe 10 d@,reeapped
and m XechQEPbl Yadlor P UEILN G 1 J0 (SN er SOUAGA 25 KRR Suixtre was
P e val ue

quantltate" St béda ab HFteare ana yzed and-
cal cul at eaélomsi tn gtir@verpighioahd Iﬂm mwmeteé rlnmprdm@lﬁed wasrﬁlﬁed piPdte Kiventwasesmaved .

(San Die der%ced #&s&g&&m 3 Fﬁrﬁpa%t&ﬁ%s‘idﬁ@ d%@%&m dx‘g #1%&&:1% Ghd Qg%&%ﬁﬁﬁ% de

tested, for a replicate m nat
remove the add:tlonal precipatated urea. The organic phase was placed into a separtory funnel washed

(sat. NaHCO,, brine, 0.5 N HCI, brine}, dried (MgSO0;), filtered and concentrated under reduced pressure
to afford the diester product as a colorless oil. The diester was taken up in a 1:1 mixture of MeOH:THF
{100 mL) and to this was added water (25 mL), and then NaOH (5g, 125 mmol). The pH was measured
to be >10. The reaction mixture was stirred at room tempereture for 2 h, and then acidified topH 1| with — —
6N HCl. The aq. Phase was staurated with NaCl and extracted 4 times with ethyl acetate. The combined

organic phase was washed (brine), dried (MgSO,), 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 slurry, 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—hydroxysuécinimide (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 2 separtory funnel, 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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Step 3 - Coupling of the trifunctional linker to the peptide monomers: For coupling to the
linker, 2 eq peptide is mixed with 1 eq of trifunctional linker in dry DMF to give clear solution, 5eq of
DIEA is added after 2 munutes. The mixture is stirred at ambient temperature for 14h. The solvent is
removed under reduced pressure and the crude product is dissolved in 80% TFA in DCM for 30min to
remove the Boc group, followed by purification with C18 reverse phase HPLC. The structure of the dimer
is confirmed by clectrospray mass spectrometry. This coupling reaction attaches the linker to the nitrogen

atom of the s-amino group of the lysine residue of each monomer. The process is shown below
with SEQ 1D NO: 1.
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~~Qd ti NbOOTr. :. rf) oo Ub aLn z a~z Exanple 4: In vivo activity
assays This exanpl e describes various in vivo assays that are useful in
evaluating the activity and potency of EPO R agoni st peptides of the

i nventi on. EPO R agoni st peptide dinmers are prepared according to the

met hods provided in Exanple 1 or Exanple 2. The in vivo activity of these

peptide nononers and diners i using a series assays, including a
pol ycythem ¢ exhypoxi c (REH&EYA @@ﬁ@y éylocyte assay. These two
assays are described in further det belom1 1. Pol ycyt henni ¢ Exhypoxi c
Mouse Bi oassay Test peptides are as aye for in vivo activity in the

pol ycyt hem ¢ exhypoxi ¢ nouse bi oassgy d fromthe nethod described by
Cot es and Bangham (1961), Nature 191: . This assay exanines the
ability of a test peptide to functidgn ascan tic: i.e., to activate
EPO- R and i nduce new red bl ood cell synthE %l ood cell synthesis is
quantitated based upon incorporatio Iabeled iron into henogl obin
of the synthesized red bl ood cells. BDF ce are allowed to acclinmate to

anbi ent conditions for 7-10 days. Bqdy weilghts are determ ned for al
animals, and | ow weight animals (<14 grans) are not used. Mce are subjected
to successive conditioning cycles DN pirari ¢ chanber for a total of 14
days. Each 24 hour cycle consista df 18 hr at 0.400.02% at nospheri c

pressure and 6 hr i sur After cgnditioning the mce are
mai nt ai ned at anbi3%?5§Bg§%ﬁw@5ﬁi¥mﬁﬁT8

NHZ hr prior to dosing. Test
pepti des, or reconbi nant h ndar ds,

re diluted in PBS + 0. 1% BSA
vehicle (PBS/ BSA). Peptide nononer stock solutions are first solubilized in
di mret hyl sul foxide (DVSO) . Negative control gr ups i ncl ude one group of
mice injected with PBS/BSA al one, and one groupfqp@cfed with 1% DVBO. Each
dose group containa 10 mce. Mce are injected su neously (scruff of
neck) with 0.5 nL of the appropriate sanple. FortyNggyﬁ%@Qurs fol |l owi ng
sanpl e injection, the mice are adm nistered an i nPggperitonea

|
. (AnG)GLYACHMGPIT(lnaI)VCQPLR-*HN NH2 e

TFA

0
(AcG)GLYAlc:mVIGPrr(l-nal)vi:QPLR—NH NH?2

YiNk,\

(AcG)GLYAcmGPrr(1-na1)chpLR—m~I/£NH2

-74 -



injection of 0.2 m of Fes9 (Dupont, NEN), for a dose of approximately 0.75
Curi es/ nouse. Mouse body weights are determ ned 24hr after Fes9

adm nistration, and the mce are sacrificed 48hr after Fe59 adm nistration.
Blood is collected fromeach ani mal by cardiac puncture and hematocrits are
determined (heparin was used as the anticoagul ant). Each bl ood sanple (0.2
m) is analyzed for Fe59 incorporation using a Packard gamma counter.

Non- r esponderStar el R Gylgion of tispeptige dénaxt t h r adi oacti ve i ncorporation |ess

than t hw@?%w; G £ CRbhMbe BbAH ph@llge%n@ ileP & fifed wmah h&uA RRIER' (hRleehadR) &
set. Mce that have hematocrit ues | ess than 53% of 't he negative control

group apeivaled FES spptipeeEG-NEQ fipadNDE Somy Bpeigin d@'épl‘fﬂ; inethad g clsar spbitign fdiers
for each rﬁ%ﬁt‘éf LWOPoE BIEAIRSEdea Y %baégkﬁa& adipdl m&@ is gta@a Q@'&%lﬁlgﬁttté[mperature 14h,

i ncorporated [counts per mnute I'nto rom each group is
cal cul afetbwed by Retificatibowith €1 heeserye mserﬁPL(BDi?he smuef@reaxf E@thﬂd peptids iptonfirmed

i njecte u ) th

or t est AT AP G nitfed Biile SANES b Bultfaflon thd Dilon i cktBhL"

i ntraper threm@lgtaphy ay\bmthnw wmd eThé PEGLNOCPHGItionAé stibash Hencwe usifig SEQADe
anest het \Ngpq . W|th ﬁpa @151%9 uncture. The percent (%

reticul ocytes for each il n&§2by t hi azol e orange
staining and flow cytorre"re‘r_a'na'l’ysljs (retlc- ount program. Hematocrits are
manual |y determ ned. The corrected percent oN reticulocytes is determ ned
using the follow ng fornul a: % RETI CConnECTED %(J)QETI CO1SERVED X
(HematocritNDmu L / HematocritxopMic) 3. Henato gl@al Assay Normal CD1

m ce are dosed with four weekly bol us |ntravenous i nflections of either EPO
positive control, test peptide, or vehicle. ﬁgé qua tive control and
test peptide doses, expressed as ng/ kg, are tes by vary| ng the active
conpound concentration in the formnul ation. Vol unes |nj ected are 5nm/kg. The
vehicle control group is conprised twelve aninal sy NBhile 8 animals are in
each of the remaining dose groups. Daily viabiljty and weekly body wei ghts
are recorded. The dosed mce are mce are fastefl and then anesthetized with
i nhal ed i soflurane and ternjnal bl ood| sanpl es¢are collected via cardiac or
abdom nal aorta puncA«h)ELOACHAGPIT(1(EOVCOMIRI-d¢ goNHEol mice) and on Days 15
and 29 (4 mce/group/day). The blood is transferred to Vacutainer(r) brand
tubes. Preferred anticoagul ant %&%t&éﬁhenedl am netetraacetic acid (EDTA).

Bl ood sanpl es are eval uated for| e measuri_ng .red_hl ood synt hesis and-
physi ol ogy such as hematocrit enogl obin (Hgb) and total erythrocyte
count (RBC) using automated clifical anal ysers

, 0
(AcG)GLYACHMGPlT(l-nal)VngPLR—NH {N}u

(ACG)GLYA(IZHI\/IGPIT(I—na.l)VCilQPLR—-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) in dry DMF to afford a clear
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well known in the art (e.g., those nade by Coulter, Inc.). Exanple 5:

Synt hesi s of EPO-R ageni'st peptide honodi ners of peptide nonomers having the
am no acid sequence (AcG GLYACHMGPI T(1-nal ) VCQPLRK (SEQ ID NO 1) Step I -
Synt hesi s of peptide nononers: Peptide nononers are synthesized using
standard Fnoc chem stry on an ABlI 431A peptide synthesizer, using TG RAM
resin (0.18 mmol/g_Rapp Polynere, Germany). For the synthesis of peptide
monorer ssolition  AffeaiioaBt el 059 10h DIEA isctddid tnsiboys golutfam | X)’eﬂe%ﬁéaﬂﬁgﬁtqr%m s
cl eaved £H0mibRSN eslidweWityhuBlicbhn With CPHANEEE bhash R, aThé OhRiurd oLBBGylated

et hanedithiol. The deprotected product is filtered fromthe resin and
preci pi tRepeds wipst epndirmedihy MALL masss {The purified peptide (i adfeyiuhigeted Freppisatinn; vip s
puri f i eccagn ERExekapge shrompbegsaphygn opinedbelevic £he PHH-SP4 EGylatipmis shown h a
gr adi entbetdw usieg SEQUID NG  hater in 0. 1% trifl uoroacetic acid. The structure

of the peptide is (éﬁﬁﬁﬁyﬁﬁﬁzg?n§¥€@YE§b¥ NRectronetry. The peptide
is dissolved in a 1:1 sol u+  wat er

at a concentration of |ng/nL
to affect disulfide formation. The product is purified by CL8 reverse phase
hi gh performance |iquid chromatography with a gtadient of acetonitril e/ water

in 0.1%trifluoroacetic acid. The peptide nDnoN§§§Z:ay be illustrated as

follows: Il (AcG GLYACHVGPI T(1-nal ) VCQPLRK-NH2 (SEQ WD NGO 1) Step 2 -
Synthesis of the trlfunetional linker: To a solutio i ethyl imnoacetate
(10.0g, 52.8 nmmol) and Boc- bet a-al ani ne (10. Qg, : nnﬁ$¥2in 100 nL of DCM
was added diisopropylcarbodiimide (8.0 nm, 51.1 | ) over 10 mi nutes at
roomtenperture. The reaction m xture warned to -1 egrees during the
addition, then cooled back to roomtenperature over 20 m nutes. The reaction
m xture was allowed to stir overnight and the prfecepitated diisopropylurea
was filtered off. The sol ven d under/reduced pressure to afford
a gum and the resid } N again filtered to
renove the additionaﬂg%gg%?ggﬁggggﬂﬂggg&5¥%§q%$ n?géphase was placed into a
separtory funnel, washed (sat. HCO3, brine, 0.5 N HCl, brine), dried
(MgS™), filtered and concentr atledPERGRA-NESduced pressure to afford the

di ester product as a colorless of | PEr&MIi ester was taken up in a 1:1

m xture of McOH. THP (100 nL) angl to this was added water (25 niL), and then
NaOH (5g, 125 mmol). The pH was neasured to be >10. The reaction m xture
was stirred at roomtenpefature tor 2 h, and Yhen acidified to pH 1 with 6N
HO . The ag. PhaséASRRSLEAGMEED AR
acetate. The conbined organic phase was washed (brine), dried (MgS™), and
concentrat ed under reduced pressure to give a

NH. 0
€5, 1
N)k/\ JI\PEG;;DK

OY NH
NH
NH2

(AcG)GLYAC!JI-IMGPII'(l-nal)VC]JQPLR-HN
o)

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 column, followed by conversion to the sodium form (0.2 N NaOH loaded onto column until

elutanit was pH 14, ca. 5 column volumes), and than to the hydrogen form (eluted with either 0.1 N HCI
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white sem-solid. The solid was dissolved in 50 nit of DCM and to this was
added 300 nL hexane to create a white slurry. The sol vent was renoved under
reduced pressure to afford the diacid as a white solid (14.7 g, 91.5%vyield
for 2 steps).. To a solution of the diacid (lg, 3.29 nmol) in 20 m, of DW
was added N- hydr oxysucci ni m de (770 ng, 6. 69 mol) and

d||soro carbodiimde (1.00 nL, and 4-di net hyl anmi nopyri dine (3
ny, o|009rIO HOAp It @I&E‘%‘Y Hﬁtch‘i%)%ﬂr @M&sS §P¥2’F¥1é’81“61f‘&’ ﬁ‘?“g?ﬁ‘ﬁx a}ﬁamfha&y"v%ﬁ/e n'g

r enoved AdRLted BEVGRH 6P BSISNtRe pdiiRe R 44 Co)RStibR ke Mhdl Beﬂhﬁe—?ﬁ@%onﬁgﬁ& a8
and filtered to renpve the ﬁreepltated urea. The organic E ase was pl aced

into a SepheddrtunfdY VatitadHare/mdaend therribadivsied fe <3 vothsTRA.HEen l%ﬁ‘?dn‘@) the

dried (MaSeH) arkd ddstin gdmﬁm3 @dﬂﬁﬁ%ruﬁ{e%fw %cN/@«depﬁfé ﬁfl&%ﬁ%‘g‘fhﬂﬂaﬁm {h@
the di-NHS ester product as a white solid meég 8%y|eld

| N-0 opadidewvasaepeed dmm Grzetomp dp digorowith NiOAcBECHY ACN/mater @@@Et N
-\-CO Er:olgct[ﬁ%OS . Phcgibns Anr%%lrbo{nh ﬂ-ﬁ’L@c renr%?edt 111?:]5‘ @t%tioﬁ? @J)ntinﬁ ktﬁé dlfed Eﬁaudf:

pepti de neononters: For coupling to eq pept | IS m X
| eq of Apelyfisirrathi @rilé\rapmah% lghhS@ﬁynlm@em@og(EleSD}I@matgbthat wbem thE poptsle waB EA
'S addegeta%ﬁ 450 t% éB‘lM S wak Ml %ﬁﬁi{h% gfl%o%% biEch ne?aﬂi&» tEReed ﬁH&éx‘%ﬁsﬁi H{élel()i

14h. The solven renoved under ressu e crude produc

di ssol ved npmc@ﬁﬁ@fﬁﬁﬁﬁﬁl wBChbdeored 39 qmntammane niten tvepdptide gln'@d P tﬁeahinek/\mskhby
purific

%e ase HPL Y

confirms %'d%f%&g%qeéa@?’ E%es ﬁFsgy frrr%%ggsg TEFOH ?%ﬁ‘?ﬁe‘% cou%q%?uﬁﬁte a@i@f‘?ed%{}%?tvééhes
t he |i nkdserted. t he nitrogen atom of t he s am no group of the Iysine reS|due
of each nono The cess is vvn beI th I
(AcG) GLY ACHI\/@F ﬁl M lﬁg&%\aﬂg tll}lo pep]ﬁde-PEG conjugate

and successfully punﬁcd the peptlde—PEG con]ugate from the unconjugates peptide:
Table 3: Ton Exhange Resins

Support Source
Mono S HR 5/5 strong cation Amersham Biosciences
exchange pre-loaded column
SES53 Cellulose, microgranular Whatman
strong cation exchange support
SP Sepharose Fast Flow strong | Amersham Biosciences
cafion exchange support - |- - -

Example 6: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having the
amino acid sequence (AcG)GLYACHMGFPIT(1-nal)VCQPLRK (SEQ ID NO: 1)

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)VCQPLRMeG)K  (SEQ ID NO: 2)

8
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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OON oc to DVE, DEA O (AcGQ GYA HMEPIT(1l-nal)VlI QPLR-NH NH2 NH ,O N
NHBoc O~ NH (AcG) GLYACHMGPI T(1 nal ) VOQPLR-HN NH2 0 TPA O

(AcG GLYA) VHMGPI T(1-nal )VJ QPLR-NH NR2 NHN~ ~ j2 ONH NH2

(AcG GLYACHVGPTP(i -nal ) VCQPLR-RN O -74 Step 4 - PEGyl ation of the peptide
dimer: PEGyl ation via a carbanzate bond: The peptide dinmer is mxed with an
equal anount (nole basis) gﬂf\—aet—i-vlat ed PEG gpeci es (nPEG NPC from NOF Corp.
Japan) in dry DVF t oAdPFLEMIMEPIEN-miYCQESMa®iram. 4+er 5 mnutes 4eq of DI EA
I s added to above solution. The mixture is stirred at anbient tenperature
14h, followed by purification with C18 rever'se phase BPLC. The structure of
PEGyl ated peptide is confirmed by MALDI massnu The purified peptide was al so
subj ected to purification via cation ion exchande §chr t ography as
outlined bel ow. The nPEG NPC PEGyl ation is shovvn rb’&/bw, IrBgSEQ D NO 1.
(AcG) GLYACHMGEPI T( I - nal ) VCQPLR- NH NH2

(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG) —HN NH2
A
0O

Where the PEG is attached to the linker via an amide linkage, the final product of this
1 synthesis using SEQ ID NO: 2 may by illustrated structurally as follows:

0
(AcG)GLYACHMGPIT(1 -naljVCQPLR(MeG)-NH {m

NH 0O
i3
o NJK/\NH)LPEGwK
NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN~ Jy~NH2
[ |
0

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 mvention. 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 vitro activity assays are summarized in Table 2.
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NH INO OY NHZ NH (AcG GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 O nPEG NPC Dl EA,
DM 1 | O (AcG GLYACHVEPTf (1-nal )VCQPLR-NH NH2 NH O 0 N O 0 NH - PEGaOK
OOY NH (AcG GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 O PEGyl ation via an am de
bond: The peptide. dinmer is mxed with an equal anount (nole basis) of
activated PEG species (PEG SPA-NHS from Shearwater Corp, USA) in dry DWF to
afford a RLRAkrassip- solution. After 5 minutes 10eq of DI EA is added to
above solution. The mxture is stirred at anbient. tenperature 2h, followed

by purificat LB a§RY 5 tesesl yRoD & FHERerreiBrec] liprderived topprtir cclbrBabtbpqRipEdFR
pept i defosmsx. TARfrbgorielcdi)inkhkplessePS ShimdAEreBdpidr coRPrifimp the R raaduak portion bf @et ed

to purification via cation Ion_exchange chromatography as_outljned, bel ow.
The PEGHSR. RS rosewtyy oy tho prttesellfiaportionent dhy ipaman cceptaioThig cell lme is further

(ACG) CL¥AMKMER it a & priffblel-Biddd 1hkHEerask réportM‘QnQ cohbtict. Ackivation of this chimeric

receptor through addition of erythropoietic agent results in the expression of the luciferase reporter gene,
and therefore the production of light upon addition of the luciferase substrate luciferin. Thus, the level of
EPQ-R activation in such cells may be quantitated via measurement of luciferase activity.

The Baf3/EpoR/GCSFR fos/lux cells are cultured in DMEM/F12 medium (Gibco) supplemented
with 10% fetal bovine serum (FBS; Hyclone), 10% WEHRI-3 supernatant (the supernatant from a culture
of WEHI-3 cells, ATCC # TIB-68), and penicillin/streptomycin. Approximately 18 h before the assay,
cells are starved by fransferring them to DMEM/F12 medium supplemented with 10% FBS and 0.1%
WEHI-3 supernatant. On the day of assay, cells are washed once with DMEM/F12 medium supplemented
with 10% FBS (no WEHI-3 supernatant), then 1 X 106 cefls/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 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 Vpe-p'tide 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

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/Gald/EIW/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/Gald/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° cellsfml in DMEM/F12
supplemented with 10% FBS (no WEHI-3 supernatant). 50uL aliquots (~50,000 cells) of the cell
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NH (AcG GLYACHMGPI T(1-nal ) VCQPLR-HN NH2 0 PEG SPA-NHS DI EA, DVF 1 O
(AcG GLYACHMGPI T(1-nal ) VCQPLR-NH2 NH ~ O O OY NNHEG3OK NH (AcG) GLYAC
MEPYF(1-nal ) VCQPLR-HN Diln O Step 5: - lon exchange purification of

pepti des: Several exchange supports were surveyed for their ability to
separate the above peptide- PEG conjugate from unreacted (or hydrol yzed) PEG,
: gn g‘ggl &ngxé%mﬁn%ré &l.%% Blageg) lnl ti'léhclta%a Oba werzll %sggy p tﬁt%éﬁj}bgﬂlag%’ fcc?lﬁlﬁgﬁ § of test}
conver SEBO tmmétive pemulesy norf 6¢ih EFO2 (R &lam—szsnmbedhognmrmaﬂ»qlmnl\m@t ot Araheu[ﬂunt

o thor boRPies B9 EXO TER AP0 RIIRAOHARRED FoRTAREt SRy 1"

col um wgiplureaid whitbl HO%/\EBIS (np WEBHRE bgpemiatahit I3 BdaddddNb Wit 3 welhdssdy ydtesQfindiviciter

t he peptldep a e |dePGco ugat.e was__ di ssol ved
2850 KRSt WU CFoF PR it (Sl i e ARl Rl oh e
on the pé{ﬂidﬂ(ﬂi coﬁm@momsmem@nwstﬂmn?.m@pmb urmmapm mmeglam‘d celiar OB nalitated dsrd

col l ecti actionps,..t ptide was re edf the ol

cPut on B en Bty Nk °ﬁﬁé€§%®m&#® g@ﬁ?ﬁ o gich fvfﬁgfh%' L
fracti oaBewdiNan¢ahdie Tor ah BffleGeabgita iRg sﬁb{ﬂcﬁ by kided 1@0SDSONG.ai M el tihe pheskreed
peptide.. Analysis with a e Light-Scattering _Detector (ELSD)

i ndi cat dnireapatedeyemight a pgyfﬁﬁgx%g@e\gf 8ach el @t D2 Yelrast At dPnnnis dhepareasrit g

W th t hepddkdbfnialyUbILR re.fﬁﬁaﬂs%ﬁﬁhéewemtgw@r@usfté@?&wae%mfbeatfh@ko&&)e,conéﬁqcted and
non- conj ggt ed PEG was observed as a contam nan When the peptide eluted in

the ini tth Ciflcslrulaisk ysing Crgai Bachtafiyvaren dbe pongentration gtieptgisatide that reaaime e of

desi r ed ,BEG£4 MbHEALSs ARerdeXEeRSEd¥C Was  observed. The fol |l owi ng col ums
successfully retained both the peptide and the pepti de- PEG conj ugat e,

3. Competitive Binding Assay

Competitive binding calculations areA 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
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, cavsing a decrease in light emission.

In more detail the method is as follows: Add 4pL of serial dilutions of the test EPO-R agonist
peptide, or positive or negative controls, to wells of a 384 well plate. Thereafter, add 2pl. / well of:
receptor/bead cocktail. Receptor bead cocktail consists of: 15uL of Smg/ml streptavidin donor beads
(Packard), 15puL of 5mg/ml monoclonal 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 protein which contains the ab179 target epitope) and 607.5pL of
Alphaquest buffer (40mM HEPES, pH 7.4; 1mM MgCly; 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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and successfully purified the peptide-PEG conjugate fromthe unconjugates
peptide: Table 3: Ion Exhange Resins Support Source Mno S HR 5/5 strong
cation Anersham Bi osci ences exchange re-|oaded col um SF-53 Cel |l ul ose,

m cro granul ar Whatntan strong cation exchange support SP Sepharose Fast

Fl ow strong Anersham Bi osci ences cation exchanges port Exanple 6: Synthesis
of EPO R agoni st pepti de honodi rrers OAF ¢i de nononers having the amno

aci d sequence (AcG GLYACHVGPI T(l na LRK (SEQ ID NG 1) EPO R agoni st
pepti de honodi ners of pept; am no acid sequence

(AcG GLYACHVGPI T( 1- nal )VCQDLR( I\/EG) K (SEQ | D synt hesi zed as
described in Exanple 1, etk syn hesi zed peptide
nononers are: (AcG GLYACHVGPI T(l n (133K (SEQID NO 2) is \Were
the PEG is attached tq the |linker via carbarrate | i nkage, .the_ final product
of this synt“edles L miglode el Rese Wzthr?ag»kasqun Srealsﬂqdaﬁfrémmsfﬂldemﬁfa|°rf§rm§%t at

f ol | OWS{oomAdmperatufeAAGECLY Aol Tib-dadslod Rk b tqeaxa ablErd), BoOtighON "
'N'COPEGBOK 1 NH (ACG GLYA HVEPI T(I-nal)V -HN NH2 0 Were the

PEG i 5 HPSAUNESFOReTirFion of aepiide gpdanglyseapithy@ra Plilﬁ X“’? he final product of
this synt he?hécdﬂééd&ﬁh@ﬁ@ tkdPpbifade HUIMSRNE il 2 B6Y dWer@BN BY Witt lHSdstoR! r8Mtive to that

structurally as fo
observed W1thout test pepnde is recorded as the IC50.

4. C/BFU-e Assay

EPO-R signaling stimulates the differentiation of bone marrow stem cells into proliferating red
blood cell presursors. This assay measures the ability of test peptides to stimulate the proliferation and
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 EPQO 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 celléme) of human, bone marrow derived CD34+ cells
(Paietics/Cambrex) are thawed. The thawed cells are gently added to 0.1 mL of Img/ml DNAse (Stem_ __
Cells) in a 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 S50mL 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 in lml 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. Allow the bubbles in the mixture to disappear, and then aspirate 1mL 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 conceniration 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 BC90 [See Table 2: C/BFU-e
EC90].
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cells are starved by transferring themto DVEM Fl 2 nmedi um suppl enented with
10% FBS and 0. 1% WEHI -3 supernatant. On the day of assay, cells are washed
once with DVMEM F12 nedi um suppl enented with 10% FBS (no WEHI - 3
supernatant), then 1 X 106 cells/nL are cultured in the presence of a known
concentration of test peptide, or with EPO (R & D Systens Inc., M nneapolis,
M\) as a positive control, ERakpel# FA2ivoactivignassagpl ement ed w th 10% EBS (no
VEEHI - 3 supernatant). Serial dilutions of the test peptide are concurrently’
tested in this assay. Assay plates are incubated for 4h at 37Cin a 5% CO2
at nospher e, B¢ examphd d&%cﬁh&lvﬁﬂbusnm(ﬁﬁcﬁ@ws%a, arE’ﬁl@é’fﬁlga:, e\HhﬁuﬁgDﬂw ablivityl &nd

added to, each Fo 5-mnute cubat.i on, ht emssjign is
measur 4G ﬁf@bﬁgﬁm (Pﬁ%%gtc’?ﬂl?r??%ﬂ@’c eﬁﬁé]-pa{ggglpﬁp F‘T‘f’s IR 2P B ner s
G ove, phdphrel. ackér@inl t6 Qb hrietinde prividctiad Ex@plel V.e THe #eHito REPlifydsS these peptide
concentration and, analy ?d usi ng Graph Pad software. The concentration of

test pcEPANCHEIS3ngdimers i F%a yafedy usmﬂ F SHEX PIFAYS, inclpding; pRolyeyhenyf extygotie BRte d

as the ‘tf&‘éﬁrand DrefbildclertkiadN TASE &0 I9yR aRTBAYibeFinFRARE dstliPPelsw TUT | Ne
pre-B-cell [ine, Baf3, transfected to express human EPO-R.  Proliferation of
the resulting cell line, BaF3/ Gl 4/ El k/ EPOR, is dependent on EPO- R

activatj be;yC}'thmc@gy %c%uﬁﬁézbasmyol iferation is quantitated using MT,
where the si fp assay is proportional to .the nunber of_ viable

cells. The m&ﬂww E?SEMIiO&é’F Vo SEEIY R the BRlYSYRheRgis SHRPOXIF Jaquee bigassay

DVEM Fl ap¥ef it Gabisss des&ﬁ&ﬁ'b?’tﬁii@seaﬂd%ﬁ aﬂaQ‘Ygdi?ﬁqa&mqb@nﬁﬂssaom 2PV EEly- 3
supernatant (ATCC # TIB-68). Cultured cel are starved overni %ht in a

spi nnercxpmingkthg pbilityof|a|tes pepside Jo Hipctiop pean EB@ imstic: ien oot fhipduce
suppl enpgt ﬁ'sq Mb&dhcehosﬁﬁl% arlg:doolao(i’ Wﬁ"%ynaie§y@seﬁﬁ‘&h%'fgd bab&e uﬁ&rﬁh\éﬁgoﬁﬁﬂ §f are

then washed twce w'th | becco's PBS °( 962 and resuspended t0O a density
of 1x10edielebgledipan inty hmﬁwmgfthgw&e@ﬁﬁw@@o ¢Hs.10% FBS (no VEHI - 3

super nat ant )Bnﬁpﬂbceaare R 155,1@0199& &?Lrhﬁlnt%n&h&m%} b 0 d%?s S% %lg?@ aftf €

then plated, in triplicate, in assgl% | at es. 50M. I quot s of

di | ut i ofetesamed forcl animals, aEﬁ’d)’%‘Wﬁht emp'ebt(F gramgy arsovt RO (1‘1@0&&1:9 sspmtechtp

comer T A e B B ot R B o S 0o

FBS ( noof\ABI-lﬂr ago0 éw&29éa@tmnsphmc pxe@su@omé& hr ot arnierg pregeire. Adtemsonditigning the fmieea|
wel | utions may be tested
Ftafod dHbtent bi@Lan BN it 94 Hﬁ{gg{g oty

wher e t concent test peptl .
ranges f r om BsOpdvtities, Oc ﬁﬁdrﬁﬁdmnt'hhmalpﬁat)eﬁ@ndeﬂi, sreadintechisnPBS dub b BA$Af vehicle48h

at 37C phRHsa Ohepllic MblohEOR0% RIARAL Y AR sditoifSteoHl difheBPF Buftitiat DRest) ="

wel |,

Negative control groups include one group of mice injected with PBS/BSA alone, and one group mjected
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 uCuries/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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allowed to incubate for 4h. The reaction is then stopped by adding 10% SDS +
0. 01N HCI. The plates are then incubated overnight at 37C. Absorbance of
each well at a wavel enght of 595nmis then neasured by spectrophotonetry.

Pl ots of the absorbance readi ngs versus test peptide concentration are
constructed and the EC50 cal cul ated using G aph Pad software. The
concentration of test peptide that results in a half- maxi nal absorbance is

recor degl ﬁe?zc&lb@tézﬁ 3. Conpetitive Binding Assay Conpetitive binding
cal cul ations are made using an assay in, which a light signal is generated

as a funct iSermgl BDIé nyeoxe dpsed (O F nﬂmmjtveeeicbsbcu@nswb@pa@ueh gonghgnttie dapsavith
b t
eari ”gelﬁgégE% b‘%é’o%ﬁgst% gé]&d‘? Ql; Ae) ﬁener o B%Q%}eda‘i’so doSd! 1%‘19 1ﬂ3@ct€&ﬁ1&9&e9{onnsger

which is non-ra atlve ener tra
duri ng wih dran alexfirang (180 Ibg(yl@enAt slaar éiveaisd afrer emnsthetized Svithh €64 an@ dted by cardiac

H11um ’}gﬁlb@ﬁt ] @%m%%lt(glﬁfrcn Bgrt cabb508 Gfhpid A UeRImiRY %Pﬁﬂmﬁél&'%&ﬁget ?umg

second ead sets dre conmnercl aval

( Packar aig. ﬂOBecaf@bnpﬂtanﬁY&W(wts-ogémt@rww Biemateeritsiarecnargpalhy dthm@mm mmtadmg
pepti de t conpetes with the
EPO- R- bY &%?fﬁ(g{r%&eg{m%@&ts rﬁg%é%r &E‘fdﬁlr gi nﬁ%%%EB%QR will prevent this

bi ndi ng, cau%iREITGwerimas &0 RETICoghtves H $Eematocritinvimiiae/ Hematodritidaga et hod i s
as follows: Add 4L of serial dilutions of the test EPO- R agoni st peptide,

or positive or negative controls, to wells of a 384 well plate. Thereafter,
add 2L 3. Makolag‘;calﬂmptor/bead cocktail. Receptor bead cockt ail consists

of . 15L of taV| din or. bead Pac

monoct onal NP TS 8 il s AR ARE B Putul AT RA e s B R estive
human pécmtrelm teafl peptideg lor muqm oApir@'e aﬁ positivetcentrol andtest peptide dosés) expr@@adrm ekt
EPO- R n A- coat acce eads rot ej,n W.ll bi to the,abl79
o) o e B 5r5RR 15 ap TRl ENRGBR O P Oriaian iiggted s

( Er OleICﬁﬂ]!ltgn The ﬁﬁﬁﬂlﬂe bbmm fgfouﬁMﬁbympﬁsbdi $wélge niinyls) mwsmhmm 1@ il eﬁméﬂbthmgof
t he uman ent a 0 i n contains the abl7

t ar get ’éﬂﬁﬁing’ﬁ%%s"aﬁa"%o%’)ag vighil &“@ﬁ’&%ﬁﬁ‘fdy 5512%“? q—lEPES pH 7.4: 1nM
MyC12; 0. 1% termina

bi oti nyl at e(:j EP g3pd %ﬁJ(fI I ng (%e%’?l} teear'? ?%g{ealrl %%E%@%gém ?Sﬁgmwmc‘ :

concent blaed gmples amlarl#ecagi vig narmmhﬂpmah@ﬂp apugtee 0(15;?35 lﬁml vehigle cratyod mics)

=50, R b, PR 2858 ALRARAIE TAELIRE, IG7RELRTL VB s 10

Bi ot i n- Beteytad intivBRuEM/EERYRB: dfaminetetraacetic acid (EDTA).

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 9: 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
thorough drying the product is purified by C18 reverse phase high performance liquid chromatography
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Centrifuge 1 min to mx. Seal plate wth Packard Top Seal and wap in foil.
| ncubate overnight at roomtenperature. After 18 hours read |light em ssion
usi ng an Al phaQuest reader (Packard). Plot light eni ssion vs concentration
of peptide and analyse with G aph Pad or Excel. The concentration of test
pepti de that results in a 50% decrease in light em ssion relative to that

observed. wi thout te eptlf is recorded as the | C50. 4. C/ BEU-e Assay
EPO- R sViha srﬁ@e%tt? cisier o 14 Bp driflporeacstic afidhohee ﬁ%%%%t%ﬁ@%@ gs

i Nt o prahiffddalyl Mgtdspdy mals@pet6Rbiy. PITR PeiRR mfonorhbls $128 $8 AYusiREPAT8fordsh e
ability of test peptides to stinulate the proliferation and di'fferentiation

of red blood cell pr@ewcswASHMGRITIRE) EQRLRELNERN bayie) MRNCeW) pl uri potent stem
cells. For this assay, serial dilutions of test peptide are nade in | NDM

medi um (G bco) supplenented with 10% FBS (Hycl one). These serial dilutions,
or positive Sep?rEpfet fénirifwctiqmélivkeen, added to nethylcellulose to give

a f1nal vol upp kot dhg lﬁﬁ;oaa@mq@gﬂotﬂegg ?ﬂ%oﬁ%h'ﬁ& WS h9.0khsns

vortexed thoroughly. Aliquots ( human, hone rrow
der i vedmmpB4n 10@niLsof PG| veisiadded Giipyrapy) Caﬁlpéllrtnlda\i\%ﬁi mLThb 1 mhesibever 40 ngnutgset

gently - 1 “QPlgéﬁ oS Xt
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al i'quot St d&F CrEETie PAAY; Wi o} achF{nm”L- Sepafiory Tud P he% (;5“5{ ﬁ%ﬁ{gﬁ %ém%rda‘légjgI 1gv:hétilnt
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d it f 15 A 100L di | ut

15 et oder G sud i Beptt G4 iy & \eenaie ol AESARER TP rRo AR

assay nﬁduea(zjs Sn]_'l)()ﬁlﬁl thel Wa0H (Ag) 125aﬂﬁiot)h§‘hmpbltms feasSredtobé BXE dIheA;lsdoﬁwn nixeure

bubbl t t to. di d it t t - end

moodl o webgineg, Sesi ket BRI 300 R BrkRR (S RECL T SN ek I o e | <

of da ngamhﬂad phith ] bad mmabdbamd:)as with I&ﬂlgtbidlieﬁtet hgle%ﬁb?% mtgﬁmu pRase &fas &Zﬁe?
nder 59 ncuba r core for e ence

o e g i BeNE et B Rl bl e bt bR B bl o Rpig o i ol

magni f i ¢ad ieslel in 50QX) of ﬂiﬂm £1Ane ahit fat hadd GO nds hexpPio deata@h white Gl N&he —- - - -

PUTer Of ol TR Solones L PR ol TRl sdel NS Loyl g CBpSiuEd
ECO0] . 28tkps). To a solution of the diacid (1g, 3.29 mmol) in 20 mL of DMF was added N-hydroxysuccinimide
- (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 precipitated urea. The
organic phase was placed into a separtory funnel, washed (sat. NaHCO,, brine, 0.5 N HCl, brine), dried
(MgSQO,), filtered and concentrated un&er reduced pressure to afford the di-INHS ester product as a white
solid (1.12g, 68% yield).

N—0O
BocHN \/YOH I:: 0

/—COzEt e CO.Et QN—OH NHBoc
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In vivo activity assays This exanpl e describes various in vivo assays that
are useful in evaluating the activity and

Step 3 - Coupling of the trifunctional linker to the peptide monomers:

For coupling to the linker, 2 eq peptide is mixed with 1 eq of trifunctional linker in dry DMF to
give a clear solution, and Seq of DIEA is added after 2 minutes. The mixture is st:irred at ambient
temperature for 14h. The solvent is removed under reduced pressure and the crude product is dissolved in
80% TFA in DCM for 30min to remove the Boc group, followed by purification with C18 reverse phase
HPLC. The structure of the dimer is confirmed by electrospray mass spectrometry. This coupling

reaction attaches the linker :18”the nitrogen atom of the g-amino group of the lysine residue of each

monomer. Coupling using SEQ ID NO: 1 is shown below.

(AcGYGLY ACHMGPIT(1-nal) VCGPLRK-NH,

V DMF, DIEA

(AcG)GLYACHMGPIT(1-nallVCQPLR-NH [l o2

NH O

Y 5
N NHEo:

Y
. i B NH
(AcG‘)GLYACI-NGPI’I‘(l-ml)VCQPLR—-HN’{NHZ
e}
TFA

QO
{AcG)GLYACHMGPIT(1-nal)VOQPLR-NH \{Nm
NH

i,
OY 2

NH

{AcG)GLY ACHMGPIT(1-0al)VOQPLR—HN" J—NHZ
o

Step 4 - Synthesis of PEG moiety comprising two linear PEGS chains linked by Lysine
mPEG2-Lysinol-NPC

Lysinol, 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-lysinol-NPC.
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pot ency of EPO R agoni st peptides of the invention. EPO R agoni st peptide
nononers and diners are prepared according to the nethods provided in
Exanple 1. The in vivo activity of these peptide nononmers and dinmers is
eval uated using a series assays, including a polycythem c exhypoxic nouse
bi oassay and a reticul ocyte assay. These two assays are described in further
detail below 1. Polycythem c Exhypoxi c Muse Bi oassay Test pepfides are
assayedmﬂﬁ634ﬂkﬁﬂ% activity in the polycythem c exhypoxi c nouse bi oassay
adapt ed fromripig bR 1Bk @M&cﬁﬂ%ﬁ& aidpiBangh anMdafd) Endadihe 191

[

1065-1067. This assa{ exam nes the a ity.ofpa test peptide to function as
an EPO wiialeg (2003) of dektar Thegapepical #00Ehsorers Rave.Fiueaillenaigbsaa3 0o Here 89|
synthesbg;xgﬁﬁ bl ood cell synthesis is quantitated based upon incorporation
of radioFa eled iron into henogl obin of the synthesized red bl ood cells.
BDF1 mce are allowed to acclimate to ambi ent conditions for 7-10 days. Body
wei ghts are tersp il ianal s, and | ow wei ght animals (<15 grans)
are not used.'s'q| :ﬁéqg§€ggﬁg?écf%@%%ggﬁéUccessive conditioning cycles in a

hy pobar iREGyhairb el of arbandaichosd: of 14 days. Each 24 hour cycle consista of 18
hr at 0.400.q%% a&gg ri e R, 4®ﬁ§i t.pr [e. :
conditioning t % nlcggmgfg&ﬁginta#ﬁgﬁﬂgﬁTgﬁgﬁgﬁ@ pr §§€Pg&?§$§gﬁlg%§%%ﬁéﬁa
72 hr prdpDMIbtodaffirag. cléhe stlupept Aftes’ morutgsedegnddi IDEAL ishadided tcEROvs salntiter: dEhe

are diluted in PBS + 0.1% BSA vehicl.e PBSL BSA).. Pepti.de nomer st

o1 ut | ot v T FRpelil T G LR ARl e gt BELC
cont r ol TeQittpsude naf| REAGylated peptile s @bnfltined® by YTATDE dnass.t 'THeBSriBSA paptiia ewasadich
one group injected _wth 1% DVSO Each dose group contahn%H%P nig@ w4ce are
i nj éct edsubissted tenaification viscetien ioprexehapgy cChrompoerapsy as owingdielayy FEIYIRtgn,
sanpl e. mglyPEdeSm@b&P§ isshownbelgwasingISEQ W) B ilon, the mice are
adm ni stered an intraperitoneal injection of 0.2 m of Fe59 (Dupont, NEN),
for a dose of approxinmately 0.75 Curies/ nouse. Muwuse body weights are
determ ned 24hr after Fe59 adm nistration, and the mce are sacrificed 48hr
after Fe59 administration. Blood is collected fromeach animal by cardiac
puncture and hematocrits are determned (heparin was used as the

anti coagul ant). Each bl ood sanple (0.2 m) is analyzed for Feb9

i ncorporation wusing a Packard gamm counter. Non-responder mice (i.e.

those mce with radi oactive incorporation |less than the negative control
group) are elimnated fromthe appropriate data set. Mce that have

hemat ocrit values | ess than 53% of the negative control group are al so
elimnated. Results are derived fromsets of 10 animals for each
experinmental dose. The average anount of radioactivity incorporated [counts
per mnute (CPM] into blood sanples fromeach group is cal cul at ed.
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-83 2. Reticulocyfe Assay Nornmal BDF1 mice are dosed (0.5 nlL, injected
subcut aneousl y) on three consecutive days with either EPO control or test
peptide. At day three, mice are also dosed (0.1 nL, injected
intraperitoneally) wth iron dextran (100 ng/m). At day five, mce are
anesthetized with CO2 and bled by cardiac puncture. The percent (%

reticul ocytes for eacgggggnd_sanﬁie IS det&rnined by thiazol e orange
staining and fj| Wi anadysirs _{zetfi c-count program. Henmatocrits are
manual | y deter%*ﬁggﬁﬁ%he Jgﬁggﬁ e I§e§§ T reticul ocytes is deternined
using the follow ng formul a: % RETI Ccont = % RETI CosssxvaD X

(Hemat ocritagDrvnunr, / HematocritNoRm,,, 3. Henmat ol ogi cal Assay Nor mal
CD1 mice are dosed with four weekly bol us gﬂir%yenous i njections of either
EPO positive control, test peptide, or vehi . ¢® range of positive control

and test peptide doses, expressed as ng/kg, re fested by varying the
active conpound concentration in the formul atj o s injected are

Sm /kg. The vehicle control group is conprisedytwel ve aninmals, while 8
animals are in each of the renmaining dose gro Daily viability and
weekly body weights are recorded. The dosed m are mce are fasted and
then anesthetized with inhaled isoflurane and term nal blood sanples are
col l ected via cardiac or abdom nal aorta pungture on Day 1 (for vehicle
control mce) and on Days 15 and 29 (4 m cé&€/ group/day). The blood is
transferred to MacGGIYASHMGPTH{ sl GQPbRSHN tred anticoagulant is

et hyl enedi am net et r aacet’ i A). Bl oBd sanples are eval uated for
endpoi nts neasuring red bl ood synthesis and physiol ogy such as hematocrit
(Het), henogl obin (Hgb) and total eryiMEGeLyinel-wpwint (RBC) using aut onat ed
clinical analysers well known in {héB4DOME. g., those made by Coul ter,
Inc.). Exanple 9: Synthesis of EPQyR agoni st pepti de honodi ners of peptide
nononers having the am no acid sefuence (AcG GLYACBMGPI T(1- nal ) VCQPLRK ( SEQ
ID NO 1) Step 1 - Synthesis of peptide nononers: Peptide nononers are

synt hesi zed usi ng ?tandard _Eqnc chem stry on an ABI 431A peptide

synt hesi zer,, I resi 3 | /g Rapp Pol ynere, Germany). For
t he syntheéﬁgg%?Q%%%ﬁﬁgéwkﬁﬁgﬁgFggﬁﬁ$ aft&ni dat ed carboxy term nus, the
fully assenbl ed peptide is cleaved fr the resin with 82.5% TFA, 5% wat er,
6. 25% ani sol e, 6.25% ethanedithiol. The deprotected product is filtered

fromthe resin and precipitated with digthyl ether. After thorough drying.- . -

the product is purified by C18 reverse 8i gh pgrfornancedi REG20k
chr omat ogr aphy ﬁf‘ ﬂ\/«

N NHJ\l““\\/\/NH
HN

OY
O
NH \[r PEGZOK

0

(ACG)GLYA(EJHIVIGPI'I‘(I—nal)V(fQPLR-HN NH2
0O

PEGYylation via an amide bond:

The peptide dimer and PEG species (mPEG,-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 structure of PEGylated peptide was confirmed by MALDI mass. The purified

peptide was also subjected to purification via cation ion exchange chromatography as outlined .
below. PEGylation using mPEG,-Lys-NHS using SEQ ID NO: 1 is shown below.
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-84 with a gradient of acetonitrile/water in 0.1%trifluoroacetic acid. The
structure of the peptide is confirned by el ectospray nmass spectronetry. The
pepti de nononers may be illustrated as foll ows:
(AcG GLYACHVGPTT(1-nal ) VCQPLRK-NH2 (SEQ ID NGO 1) Step 2 - Synthesis of the
trifnnctional linker: To a solution of diethyl im noacetate (10.0g, 52.8
nrnol) and Boc- bet a- al[ani ne &lU. , 52.8 Omol) in 100 nil, of DCM was added
di i sopr opyl ear®&BCLANGEMEEIE 1-5el)VURPLE~ ~Nozer 10 minutes at  room
tenperture. The reaction m xture warnmed o -10 degrees during the addition,
then cool ed back to roomtenperature ovefl, 20 m nutes. The reaction m xture
was allowed to stir overnight and the pretepitated diisopropyl urea was
filtered off. The solvent was renpoved undefH uced pressure to afford a
gum and the residue dissolved in ethyl acetate §nd again filtered to renove
the additional precipatated urea. The organicC s placed into a.
separtory funnel, washed (sat. NaHCO3, brine@Q®.5 N , brine), dried
(MgSX), filtered and concentrated under reduckd pressure to afford the
diester product as a colorless oil. The diestd¥f was taken up in a 1:1
m xture of McOH: THF (100 nL) and to this wasfadded water (25 nlL), and then
NaOH (5g, 125 mmol). The pH was neasured to(be >10. The reaction m xture
was stirred at roomtenperature for 2 h, and then acidified to pH 1 with 6N
HCL. The aq. PhassswBgacsRbemai-edvoobin Rezextracted 4 tinmes with ethyl
acetate. The conbi ned otgani-c—phasé was waghed (brine), dried (MgS™), and
concentrated under reduced pressure to give a white sem -solid. The solid
was di ssolved in SO nL of DCM and |t ombdt,gWREs added 300 nL hexane to
create- a white slurry. The solvgntpyaspfenoved 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 ) in 20 nL of DVMF was added
N- hydr oxysuccinimde (770 ng, 6.69 mml) and diisopropyl carbodiimde (1.00
m., 6.38 mmol) and 4-di net hyl am nopyridine (3 ng, 0.02 nrnol). The reaction
m xture was stirre overnlgntéand t he Yol vent renobved under reduced
pressure. PHEOGIEAGOLCHIEE UK ERFLIFNH Jet¥md acetate and filtered to renove
the precipitated urea. The organic pase was placed into a separtory
funnel, washed (sat. NaHCO3, brine, 0.& NHC, brine), dried (MSH),
filtered and concentrated under reduce ressure to afford the di-NHS ester
%ﬂ;fﬁ

product as a white solid (1.12g, 68% o 0 N:%yLO.MBCGHN§£(/HEQmm~~(((~ .

e A
N

PEG
- \n/ 20K

(A<G)GLYACHMGPIT(1-nal)VCQPLR—HN )r~NH?
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 HCI
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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"( NCO2Et gN-OH 0 O J NHBoc
\~COzEt O NCO OO 85 Step 3 -
pepti de nononers:

eq of trifunctional linker in dry DW to

crude pro

uct 1s dissolved'in

-C02Et V ,10 BocHN HK --~ ~ !
Coupling of the trifunctional
For coupling to the |inker,

~CO, F|
| i nker to the
2 eq peptide is mxed with 1

give a clear solution,
DWEA i s added after 2 mnutes. The m xture is stirred at anbi ent

t enper %ggﬁecf A 2564 oGt ?id’ﬁig@f@iﬂ%%&r tol SAUGH OrEN ERSULoGa

or 30n-in to renobve

L1 (
and 5eq of

h
e bee

group, chbininowilttr Ivpsting with @&t dobmmwirdhmeS) & 25%y ACNAvaih aseé colRptin® 5 MhaTastionscther e

of the

eact’ S 4h AR B KoRLECh] WRREXIID] SPRBIORTTH by, NehowbliRl

,?9

t he Lysbheting il dragtions.admalysms vonEP1L.C Cowepled mduidhsfrasforSEQnizinefiihe desirgl meptidm
ON-0O0

bel ow.
DVF, Dl

A RS KRR R e ) gt e R il

€ Wa,

C

S NH

retained on the column and was eluted with the NH,OAc solution (generally between fractions 4 and 10),

no non-conjugated PEG was observed as a contarninant. When the peptide eluted in the initial wash

buffer (generally the first 2 fractions), no separation of desired PEG-conjugate and excess PEG was

observed.

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: Jon Exhange Resins

cation exchange support

Support Source
Mono S HR 5/5 strong cation Amersham Biosciences
exchange pre-loaded column
SES53 Cellulose, microgranular Whatman
strong cation exchange support
SP Sepharose Fast Flow strong | Amersham Biosciences

Example 10: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having
the amino acid sequence (AcG)GLYACHMGPIT(l-nal)VCQPLf-{(MeG)K (SEQID'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(l-nal)VCQPLR(MeG)K (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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- (AcG GLYACHMGPI T( I -val ) VCQPLR-HNH2 0 TPA O

(AcG GLYACHVOPI T(1-nal ) VCQPLR-NH NH2 NHvo 10111 N1-1° OJ NH2 ~NR
(ACG) GLYACHMEPI T(1-aal )V CQPLR-HN NH2 O Step 4 - Synthesis of PEG noiety
conprising two linear PEGS chains Iinked by Lysine tnPE&-Lysinol 1VPC
Lysi nol, which may be obtained comrercially, is treated with an excess of
nMPE&2- NPC t o ogt_aJ-n—MZEGﬁalzym nol, which is then reacted with NPC to form
nMPEQR2- | ysi nol - NPC. -96 nPEGR2 Lys NHS Thos product may be obtai ned

conmer ci(akGWLYROEMEREitphad)VCOPDRMeENKD| Boibiar Engi neering catal og (2003) of
Nekt ar Therapeutics (490 Di scovery DriVe, Huntsville, Al abama 35806), item
no. 2Z3XOTA. Step 5 - PEGyl ation of the peptide dime PEGyl adon via a
carbarnate bond: The peptide dinmer andhe PEG species (nPERX-Lysi noI NPC)

are mxed ina 1:2 nolar ratio in dry DNME toa afford a clear 58Iu Af t er
5 minutes 4eq of DIEA is added to above so [gtl The mixture st r?”&d at
anbi ent tenperature 14h, followed by purifi W h 8 revegse phase

HPLC. The structure of PEGyl ated peptide $s conf NFre \N@Di’ mass. The
purified peptide was also ( subjected to puly fi cati orHN. S-AREE)lL ON
exchange chromat ography as outlined bel ow. | ati on i ng

nPEG Lysi nol -NPC i s shown bel ow using SEQ YD NO 1. -87©°

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN~ —NH2
' o

Where the PEG is attached to the spacer via amide linkages, the final product of this
synthesis using SEQ ID NO: 2 may by illustrated structurally as follows:

0
(AcG)GLYACHMGPIT(1-n2)VCQPLR(MeG)NH :f -

NH_ 0O PEG
TR 3§ g
o }j\r’lk/\mjj\.\\\\/\/w
HN PEG
N r

(AcG)GLYACHMGPIT(1-nahVCQPLR(MeG)-HN~ )y NH2
o}

Example 11: In vifro activity assays

This example describes various in vifro 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.

-91 -



O (AcG GLYACHVGPr T(1-nal ) VCQPLR-NH NHO , 10 NV O J 2 - NH (AcG GLYAC
GPTf (1-nal ) VCQPLR-HN NH2 O | nPE®-Lysinol -NPC DIEA, DWW O

(AcG GLYACHMGEPI T(1-nal) VCQPLR-NH NH2 NH p O O PEROK xO p N ~/ " NH ~. Ak\ ~
NH p NH HN)rp' PERROK O (AcG GLYACHVGPI T(1-nal ) VOQPLR-HN NH2 O PEGyl ati on
via an am de bond: The peptide dinmer and PEG species (nPEQ&-Lys-NHS from
Shear wat er GHGpR dgeniyt mpiiderhoethersiand dinderParerptepared atcpinigrio dheymdtivids povalkd or d a

cl ear ' ) f N ahqve .solut i an.
The. i iptple”Cor Ble, 2, P bbler il poilie ouny PR el g Rructh B
Wi t h Clgtivityesssayseinglvding: RIPErOrterTasea)s tar prolifenatiorn assPE@y tampsttiyee pindide assay, and a

conf | " ToeBY M D5 o PUGLHEH n AERLIGAS: A5l SO Sub] eoted to

purifi lon via catlon ion exchange ronat ogr ap as outlined,. below
PEGy| ati on uBliemepuliPeithese yrsvipiB:tiysy agaySER suldnii@redlin iTebleBown bel ow. -88 t 0

1. Reporter assay

This assay is based upon a on a murine pre-B-cell lin derived reporter cell, Baf3/EpoR/GCSFR
fos/lux. This reporter cell line expresses a chimeric receptor comprising the extra-cellular portion of the
human EPQ receptor to the intra-cellular portion of the human GCSF receptor. This cell line is further
transfected with a fos promoter-driven luciferase reporter gene construct. Activation of this chimeric
receptor through addition of erythropoietic agent results in the expression of the luciferase reporter gene,
and therefore the production of light upon addition of the luciferase substrate luciferin. Thus, the level of
EPO-R activation in such cells may be quantitated via measurement of luciferase activity. '

The Baf3/EpoR/GCSFR fos/lux cells are cultured in DMEM/F12 medium (Gibco) supplemented
with 10% fetal bovine serum (FBS; Hyclone), 10% WEHI-3 supernatant (the supernatant from a culture
of WEHI-3 cells, ATCC # TIB-68), and penicillin/streptomycin. Approximately 18 h before the assay,
cells are starved by transferring them to DMEM/F12 medium supplemented with 10% FBS and 0.1%
WEHI-3 supernatant. On the day of assay, cells are washed once with DMEM/FI2Z medium

supplemented with 10% FBS (no WEHI-3 supernatant), then 1 X 10° cellymL are cultuwred 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 supematant).
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
each well. Following a 5-minute incubation, light emission is measured on a Packard Topcount
Luminometer (Packard Instrument Co., Downers Grove, I11.). 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

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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(AcGQ GLYACHMGPIT 1-nal V QPLR-NI-1 ~ NH-O fob O NH2 NH

(AcG GLYACHVGPI T(1-nal ) VCQPLR-HN N nPEG -Lys-NHS DI EA, DVF O (AcG GLYA
GPICHM T(1-nal ) VQPLR-NH Ny NH O PEGS N' ~ANH)~',t\~ NH ONH HN PE&QOK O
(AcG GLYAD GPTT(1-nal)VCQPLR-HN NH2 Step 6: - lon exchange purification of
pepti des: Several exchange supports were surveyed for their ability to
separ at e t heThetRaF8/Gra¢EIkEROR G Isong adtited if rspimemflaske ncAMEM/F h thedilp A&iHco PEG,

in addjti het do, abial At | ' hARIE ' ) e
o SRR A Rl A VoS SR VI L i)
conver sirestarvgd toff Hiinm fpomen {leskat M ol Glanbityadie tix 10N cellstolh irmPMENLIAL2 nesidimmant
was pH 'ﬁ%ﬁf W ), waig 1.a.t i th
ei t her %??Lle 1 lglrl 0. I\/Hﬂ@?) uncit> é&%ﬂlgﬁ& ngfecﬂégéf%gg a%ﬁ?mcgghga gﬂf%\ﬁnﬂ
vol unesyith ylleosedsl PBS {Ribkd)n gndvireshspeBided wCh deasityr ofintlixl0°pe¢lle/ml Eint AMEM/RE
pepti de | ' kO, 1 L.de- P ' € 9 .l
G Dol vaP kb u RN B O AVEIRS L5BMAR, TS ALRALL SO0 oonefib e ot
t hen | omdeedsiomare ftken plaseds i triphi¢ate m Mawkil agsayplates.2 SGulc aliquots of dilutivasenids of 5
ACN wat I >t N , ti,0RS,q.th ptai rlgﬂ]g ed fr t he
col um %};O gﬁgleﬁgr#eﬁﬁeg’ g? %OM“I\E&%AB@ f&n@@/ét/&%ﬁv]\%gt é\g,ﬁﬁ%la ain ¢ ﬁe‘g{afmﬁ 5 nmL
fract i ofdstbepaaitinydphs, wh ERGPRCagoeist adradervially hviilablet from sAogan) dn MMEMIE 2 desiia ed
pepti de A ' o Evaparative Light-Scatteri tect
Poa car P PREe ok edaFHARAT b e ¥ERA bt B8 i, Bt b Y
wi t h t heslidddaDA601501 Ifor examblype Hiodiffbrent diletions @my e &eted eihsre4heafiveh] ddhpentration of test
peptide (or control EPO peptide) ranges from 810pM to 0.0045pM. The plated cells are then incubated
for 48h at 37°C. Next, 10uL of MTT (Roche Diagnostics) is added to each culture dish well, and then
allowed to incubate for 4h. The reaction is then stopped by adding 10% SDS + 0.0IN HC1. The plates

are then incubated overnight at 37°C. Absorbance of each well at a wavelength of 595nm is then

measured by spectrophotometry. Plots of the absorbance readings versus test peptide concentration are
constructed and the EC50 calculated using Graph Pad software. The concentration of test peptide that
resuits in a half-maximal absorbance is recorded as the EC50.
3. Competitive Binding Assay T

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 sets are commerciallj}
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 4puL of serial dilutions of the test EPO-R é.gom'st
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 5mg/ml streptavidin donor beads
(Packard), 15uL. of Smg/ml monoclonal antibody abl179 (this antibody recognizes the portion of the
buman 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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no non-conjugated PEG was observed as a contam nant. \Wen the peptide eluted
in the initial wash buffer (generally the first 2 fractions), no separation
of desired PEG conjugate and excess PEG was observed. The foll ow ng col ums
successfully retained both the peptide and the pepti de-PEG conjugate, and
successfully purified the peptide-PEG conjugate fromthe unconjugates
peptide: Table 5: lon Exhange Resins Support Source Mno S HR 5/5 strong
cati on revembinarh QB pmduesd n GhitesnHempercOvamdels 2501 finsn SEBEN G k[Peftivneof the

m crogr M&ﬂﬂﬁ&& IR BineSiHo@daCAhb R FXGN ARSI SHP RO F éégﬁp%g@gﬁ@ 6&?}%&1, bt ow

strong Anersham Bi osci ences cation exchange support Synthesrs
of EPO Riphgaueistbuffre (4dneld WS iphie? 4, biMpPdpCl:o® 1 Yoheived.65 % Twieey 20) HEepatoi mia.

acid se -nal ) I G . O\R
agoni ot S REEAAAr e KUY Hole i e Al bRt ol
squencﬁf@%} @ FROHMBRIdiH(g1pepéilly WeQmPul W@egoﬁdﬁﬁﬁ?‘%ﬁtpl\m’), gz] mac_teeacﬁgmnigag ijthed
as described i,n . e xcept 1,Step 1 the synthesized peptide
nononerE‘eQ'PgsfdesfﬂE%péﬁE\% |“f‘("f-sr$§]@ﬂ$ﬂ|?( MG K (SEQ ID NO 2) tis Were
the PEG is attached to the spacer vi aAmpfetmate |inkages, the final product
of this synthesis using SEQ I D NO illustrated structurally as
follows: -90- - | | O (AsG@GEY ko ) MEQPLR(MeG) -NH NI -12° O O_
-PEGROK NCOI0~OON NH f\.,t\~~NNH | HN-rO PE RlﬁHz

Biotin-GGLYACHMGPITWVCQPLRG <~

I

Centrifuge 1 min to mix. Seal plate with Packard Top Seal and wrap in foil. Incubate overnight
at room temperature, After 18 hours read light emission using an AlphaQuest reader (Packard). Plot light
emission vs concentration of peptide and analyse with Graph Pad or Excel.

The concentration of test peptide that results in a 50% decrease in light emission, relative to that

observed without test peptide, is recorded as the IC50.

4. C/BFU-e 4ssay

EPO-R signaling stimulates the differentiation of bone marrow stem cells into proliferating red
blood c-elliprecur.sors. This assay measures the ability of test peptides to stimulate the proliferation and =~
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
methyleellulose 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 lmg/ml DNAse (Stem
Cells) in a 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/mlL. A 100pL of diluted cells is then added to-each 1.5 mL methyl cellulose
plus peptide sample (final cell concentration in assay media is 1000 cells/ mL), and the mixture is
vortexed. Allow the bubbles in the mixture to disappear, and then aspirate lmL using blunt-end needle.
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NH O (AcG GLYACHMGPI T(1-nal ) VCQPLR(MeG) -HN NH2 | i O Where the PEG i s
attached to the spacer via am de |inkages, the final product of this
synthesis using SEQID NO 2 may by illustrated structurally as follows: 0O
(AcG GLYACHMVGPI T(1-nal ) VCQPLR(MeG NH NHO O PEG JOB _ Nv: HN PEG NH O
(AcG ALYACHMEPLT(I -nal ) VCQPLR(MeG -HN NH2 0 Exanple 11: In vitro activity
assays Afd 6.26¥2 MRpifutdBaskir® §8m\eatH AHPlel ifko \Chdl oF 428AR YT a Bt fe LRR0N brahd).
evaluating the activity and__potency of EPO~S§%gqn|st pepti des of the

i nvent i Brbaterthe plated | mizturesat (3 £s undes 3%/ SO nm harpid dpubgien fory Medaypopeqre faihs des

of thi spreqy@nbs G9thbdid GoloicFRIGNR 2Prhs@ Glilr¥@bse BROIIX IbRoddd Thhal MREE0M486n of e

results for theSe assays_show that the novel peptide conpositions exhibit a
sur pri s99) Aee emsentiaHorepicient psptitly a ghich flve pwmbgr efrfarmdoolsgics &3 906 of pigaum,
conpar egdljatife foRkAt BhiRéddGwiRERE EPOSpdsiidd cihaYe i&%@d}d&&raﬂs\mﬁﬂébd [Sie skt aeémﬁu.é?l

EPO R ggonist pepti de nononers and diners are prepared according to the

met hodsE®¥Bvi ded in Exanple 1 or Exanple 2. The potency of these peptide
dinmers is evaluated using a series of in vitro activity assays, including:
a reporter assay, a proliferation assay, a conpetitive binding assay, and a
CBFU- e assay. These four assays are described in further detail below The
results of these in vitro activity assays are sumari zed in Table 2. 1.
Reporter assay This assay is based upon a on a nurine pre-B-cell kin derived
reporter cell, Baf3/ EpoR/ GCSFR fos/lux. This reporter cell |ine expresses a

chimeric receptor conprising the extra-cellular portion of the
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human EPO receptor to the intra-cellular portion of the human GCSF receptor.
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suppl emented wth 10% FBS (no WEI R-3 supernatant). 50L aliquots (50,000
cells) of the cell suspension are then plated, in triplicate, in 96 well
assay plates. 50L aliquots of dilution series of test EPO minetic peptides,
or 50L EPO (R & D Systens Inc., Mnneapolis, MN) or Aranespm (darbepoeitin
al pha, an ERO R agoni st commercially avail able from Angen) in DVEM F12 nedi a
suppl enented with 10% FBS ( n&xemple12: Jupive activitytassEys ar e added to the 96 wel |
assay pl at e 1ih | by leboribdOV s f vhBMsdays BRE ofe@lER Gn tuBlik B¢ Siviy ang

dilutions may be tested ere the Tina ncentration of test  peptide (or

cont r ol PetFmYEFPOR peenis gemides ehihe frypniono BFOR 48¢mist pepiidephenomgrsa! [dinezy se
then in ' : : T | & [ LS
hdded 1 e deordils WPthetnetidds it if Bhadfly 10 | THEE R WAORD oF Wi pbiice
react i offopemerhend dEusppiscevBliaiad dising 21:6065SBSYS. iDcloding Aciolycythemis| erbpmoxicamense hen

| ncubat gla@UelaheuRbyS Lsay. ANROL NANGE Ol BAERSH furdils AiiyBeNgLh of 595nMm

I's then a y spectrophotonetry: ots of the absorbance readi ngs
versus test peptide concentration are constructed and the EC50 cal cul at ed

usi ng Gya £ Regentration of test peptide that results in
a hal f-grhg{}lﬁgmg’gcg%&%céwﬁgg?gcorged as the EC50, 3. Conpetitive Binding

Assay Conpet Test\peptidendiengpsayad forl @t vionactisite imthd epolisiythgminexispaye mousettiebsan
light si ly o ; ' L by, Wo-b :

ot Pab, S0P doi AEOREANHeBedyy LUk OBerBhach [R6P] REWIL 1301 bos W7 T8R%0 .,
and an esxmemsdie dbdiy of otegtpeptidd o fmtion asER@HR) mimejivt i.¢.5 tgeviizata E8O-Boynd induce
non-radi_at i ner t sfgr fi ' ' 0X i.s_release
from . Poy Ve pRAETEN oAb B0 Rba ! A MAhEh 8 RLRfEh BiOGn Sudaln o
oxygen calidabsled iven srchmnglwbachfitle synthesided grdtblocdlvelde bead sets are

commer ci al | all abl e { Packard). Bead proxim ' r,at e h

oot ne o ) RO deR e atrRs 8l BG ol biflaldond ol EIG LR Tl ddifivs are

t hatts codpetndsedviot bl thimalksPahdloloi welightgpnjreqid (<18 gram) are hatruskd. ndMicegart cutide@@dRo

will prevent. this.binding, .causi .a . decrease, | i ght 1 ssi,on. I n nore

ot ui | S¥Gest Ronaiung cves if B Aot T8 clal ot e BB 24 B cvfle s
EPIOI R i’agom Ii:tTar::L Opmm?.tt)m ,ahﬁc(i;g]iﬂ;ﬁ:i;ﬁrésme lamd @h:gﬂtahjbfetncp;ef)wﬁa %ﬂa(;?ﬂtﬁqidnmlgaﬁe ﬁi0884

we ate. . erea r, a A O rece r/;.pea coC al | . ece or

bead Eo@f?tr%q"?m&%ff’éF@@nt@fesilgﬁ%%@%?Wf’&wgﬂ?‘g@%ﬁ‘?ﬁdonor beads (PacEar d),

15L of 5nyg/ nﬁenq;aptide@rba:re@mbﬁxﬁlﬁdmfrmllﬂm) ftafdasdspareidilaay i ®BSTADAGSBSAerehicle
ortlLon U acent a I ne Qs ase.prote cqont.al .

P oo dshig) BtR Romit furk Aol atsce T COBPREEG b Aan byl PR RpT

bi nd t 0 NepRivabbnfd! aotpddinclide dne@iaun df mick igeddd with PBY/BS AGaléle| atidi e ghbp injdRd

reconmbi nant. EPO- R roduced i n Chinese Ha er ry.cells as .a fusjiaon
protein with lg(aDMﬁq. I(lgaﬁlcm) gpset geup contains 10 mice. }cc meqlnjaec ed s&cutaneously (scruft of neck)

. with 0.5 mL of the appropriate sample.

et

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 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

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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human pl acental al kal i ne phosphatase protein which contains the abl79 target
epi tope) and 607.5L of Al phaquest buffer (40mM HEPES, pH 7.4; 1mM MyCl2;
0.1% BSA, 0.05% Tween 20). Tap to m x. Add 2pL/well of the biotinylated
EPO R- bi ndi ng peptide tracer, AF33068 (3OnMfinal concentration). AF33068,
an EPO-R binding peptide (see Table 3 "Reporter EC50 (pM"), is made

accordi Rg,t,0 hods described in Exanple 1, using SEQ ID NO 4.
AF330689 ﬁ“iﬂ‘%"%ﬁiﬁgﬁ HMGC Pl TWWOQPLRG-, K- NH2  Bi ot i n- GGLYACHMEPI TW V
CQPLRG " | | Noem Bfiigaic¢ angidasedd0. ﬁn'nxL uferadd pbattamenishh oPdukacehsEopveSkak withd
wrap ing t room.t enpe fter, 18 hour

| i ght eff s?’é#a%% Cﬁrgtyolrg%% feot %iﬁﬁ%a da aﬁ"é"‘ aﬁ:"“ac JO%%#@% mJIECte%%ma%m@nsef‘@ VS
concent wih iimn Mtraept(mdag/amj amdlaysferemnﬂch 40 ap&*stlﬁmtdomﬂEKh‘:eland'lHiei by cardiac
conc ntration f test in.a. O(Vdec e in light ..

o <o oRtHREY et Pie SR o R oS st Qi PRBE S, TP arasit wainize

t he | C56hd fow aﬁdtbr&nﬁssa&emla mogna). |Hbg1asdchmﬁeaﬁm&1anheet&trﬁﬁear ant cokdead Of
bone marrow n rolifer lood cell precursors. This
assay nB%f%‘?i‘F%}s’ Océﬁﬁﬂ |dFS‘7m3}g ﬂﬁ%b‘?‘%@%g’t"ﬁ‘“ tinmulate the proliferation
and dif f er emd RETIOR ezl €6 kmp:chgE@\lEL D I(HeMAS @t ol QN HemaBEsthA@n bone
marrow pluripotent stemcells. For this assay, serial dilutions of test
peptide are made in IlvlIDM nedium (G bco) supplenmented with 10% FBS

(Hygd one) Henddds8c g ki@l dilutions, or positive control EPO peptide, are then
added to nethylcellulose to give a final volunme of 1.5nL. The

met hyl cel | ul BeEnal &P 1yaise 115 dosef wiith feuriveekly bolus ipgpeagusdnietivns abmibsr ERQ pesities

(100, 000n:48), kead pdphikie, OF vémanA %f lmvsoéealaﬁms%é&e @o%k& %x ressed as mefg,
(Poi eti cs/ Canbrex) are thawed hawed cells are gently added t

of | g/ pie ERESBY (vVESYER thosriy) cqnwoands@feeq’fﬁs@l gt formgdatizg. Wolumvemm%@ﬁ % i s
added Q%M% fxge Gokib1S cohdt? PR i MhingriRE debve IhiRIDYnA gpanﬂhaqglgre lneeaéﬂ deaef
the 50nmL tu or- the first 1

nL, and then the remalni n(? vol unme of nmedi um
i s & owrgnagtiingyéone gugups MYVh@llm@éwﬂrh@dﬂm@tsﬁm@C@féﬁ s are then spun at

900r pm for 28y M feq 3k ark Gﬁcé‘?rg 'f%te;dea%{e/ﬁ fistld! %gp%ﬁgl‘é&“isjopmguz n!:r[datfehfﬁﬂal "

The cells are resuspended I n Ium an e cel sity per
i s counbledd @amﬁh@mwﬂoﬁed dn cgthad er {domirg] mq’@axun@ﬁre ) IDayslt(§<pre~r¢hxchr\:ootmolsiup@e

and cel | vera 1 eIIs/ Th t hen
di | ut ed®? ?cﬂ Mr‘}é t%%t m}fe @nsﬁ‘ 91’0 6‘566 cel % Vac %1 B’G‘E‘i\(ﬁ’e 5
di | ut edPeedirles ant&oa@mm @d@&n@@a@g@tﬂrmeﬁc amdﬂmmx cell ul_pse, _

20 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 analyzers
well known in the art (e.g., those made by Coulter, Inc.).
* * S
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.

30
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pl us peptide sanple (final cell concentration in assay nedia is 1000 cell s/
m.), and the mxture is vortexed. Allow the bubbles in the mxture to

di sappear, and then aspirate IntL using blunt-end needle. -94- Add 0.25 nL
aspirated m xture fromeach sanple into each of 4 wells of a 24-well plate
(Fal con brand). Incubate the plated m xtures at 37C under 5% CO>2 in a humd
I ncubator for 14 days. Score for the presence of erythroid colonies using a
phase m croscope (5X-10X objective, final nagnification of 100X). The
concentration of test peptide at WhCEAIMBe nunber of formed colonies is 90%
of maximum relative to that observed with the EPO positive control, is
recorded as the ECO0 [ See Table 2: C/BFU-e EC90]. -95 POUE U Wc. ri v

rx 0 wy;Nc eXVcoerouH!i th¥ biftsto &dka%ti\%te% iife eZytthp(?fctﬁl re(Q:ptBr &Pb-Rf which 0

compound comprises a peptide dimer having the formula:

0
(AcG)GLYA&IMGPIT( 1 -nal)VéQPLR(MeG)—NH NH2

(AcG)GLYACllHMGPIT( 1 -nal)\LCQPLR(MeG) ~HN NH2
0O

where

(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, !-nal is 1-naphthylalanine, and MeG is N-methylglycine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises a linear unbranched polyethylene glycol molecule having a molecular weight of

about 20,000 to about 40,000 Daltons.

2. A compound according to claim 1, wherein the PEG has a molecular weight of about
30,000 Daltons.
3. Use of the compound of claim 1 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.
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do UVLaa wa> >Q .. ECV-V ti a"od asomDQNr EDO
LL~~py Oy N Ua. z Exanple 12: In vivo activity assays This 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

pepti de nononers and diners are prepared according to the nmethods provided
in Exanple 1. The in vivo activity of these peptide 5 nononers and diners is
eval uated using a series assays, including a polycythem ¢ exhypoxic nouse

bi oassay and a reticul ocyte assay. These two assays are described in further
detail below 1. Polycytheinic Exhypoxi cMouse Bi oassay Test peptides are
assayed fér i nTue wse acmtding to\claim 3 twhereprcthy diydrdee is seleeted frpmthecgronpuesasistingassay
10 adapted fromthe nethod descri bed by Cotes and Bangham (1961), Nature
191: of b6 SageGéna) falllwie or dislysiy; anemimnksocisted tveh AlDS, iabtp imfruae diemte gpapt i de to
function as an EPO mnetic: i.e., to activate EPO R and i nduce new red

bl oadaligahrcys pets-thakbsmiaReybtib fibwsis;cally aremid df@snmtirsy; gocmt atsadiged Walsed upon

i ncorporation of radiolabeled iron into heanIobln of the synthesized red
bl ooghrandd ihnBammatory 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 the 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 the PEG has a molecular

weight of about 30,000 Daltons.

8. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:
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BDFI mce are allowed to acclimate to anmbi ent conditions for 7-10 days. Body
wei ghts are 15 determined for all animals, and | ow wei ght animals (<15
grans) are not used. Mce are subjected to successive conditioning cycles
in a-hypobaric chanber for a total of 14 days. Each 24 hour cycle consists
of 18 hr at 0.4010. 02% at nospheric pressure and 6 hr at anbi ent pressure.
After conditioning the mce are maintained at anbient pressure for an
additional 72 hr prior to dosing. Test peptides, or reconbi nant human EPO
standards, are diluted ri-n—PBﬁFOgl% BSA vehicle 20 (PBS/ BSA). Peptide
nmononer stock JOF@CLYASHMGEIT(I-pabVCOBIRMH i Lewfizi n di met hyl sul f oxi de (DVSO).
Negati ve control groups include one grouplof mce injected with PBS/ BSA

al one, and one group injected with 1% . Each dose group contains 10
mce. Mce are injected subcutaneously (scriuff of neck) wth 0.5 nL of the

appropriate sanple. Forty eight hours foll dWng sanple injection, the mce
are adm ni stered an intraperitoneal 25 inj ecmg\ 0.2 m of Fes9 (Dupont,
NEN), for a dose of approximtely 0.75 Curies/ 4 Qody weights are
determ ned 24hr after Fe59 adm nistration, a he m are sacrificed 48hr
after Fes9 admnistration. Blood is collected(fromeach animal by cardiac
puncture and hematocrits are determ ned (hepa was used as the

anti coagul ant). Each bl ood sanple (0.2:m) isfanalyzed for Feb59

i ncorporation wusing a Packard gamma countery Non-responder mce (i.e.,
those mce with radi oactive incorporation |legss 30 than the negative control
group) are elim palSELYAQMERS(13RRV PSR Ruset. Mce that have

hemat ocrit val ues less L.ha.a_ﬁg%_ai_lthe negative control group are al so
elimnated. Results are derived fromsets of 10 animals for each

expeinsgnt al dose. The average anount of radioactivity incorporated [counts
per mnute (CPM] into blood sanples fromeach group is calculated. -97 2.

Ret i gyllnQad ﬁrﬁasﬁadﬁom@f Sfithe febfile dinGiC eath mi@ 261 if Aditatsd-by dtatd@dlofslletter

subcut aneously) on three consecutive days with either EPO control or test

pept histfevidion, QY i RERBtyIglchd, MdQ -k 89 -rfd alffinel ML, injected _
intraperitoneally) wth iron dextran (100 ng/nm). At day five, mce are

anestifyehdnzRpkiddintdhofaéd ofmfbepié&fhnh& oAkl AfinRarbiBGla tRuIfidd Borfd@efRBt the %)

reticul ocytes for each bl'ood sanple is determ ned by thiazol e orange

st ai Bid\GsteB EC) b 9MeE ¥i AEMBRonRal ysis (retic-count program). Hematocrits are
manual | y determ ned. The corrected percent of reticulocytes is determ ned

usi ngiij PG EthdrRWd ﬂﬂmeﬁﬂfgmﬁh&ied ‘}{almﬁ,ﬁqﬁ&uﬁ %Bgllmwagl%f

(Hematocrit vrr,ua / mat ocrit 3. Hemat ol ogi cal Assay
about 20,000 to about 40,000 Daltons.

9. A compound according to claim 8, wherein the PEG has a molecular weight of about
30,000 Daltons.
10. Use of the compound of claim 8 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.

11. The use according to claim 10 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
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Normal CD1 nice are dosed with four weekly bolus intravenous injections of
ei ther EPO positive control, test peptide, or vehicle. A range of positive
control and test peptide doses, expressed as ng/kg, are tested by varying
t he active conpound concentration in the fornulation. Volunes injected are
5ml/ kg. The vehicle control group is conprised twelve animals, while 8
animals are in each of the 15 remaining dose groups. Daily viability and
weekly body weights are recorded. The dosed mice are mce are fasted and

t hencharmisinflatmateny divesse; spitm cerd injenyf haclrleoddony; dgargnamlaicoplitio diessastptses ar e
collected via cardiac or abdom nal aorta puncture on Day I (for vehicle
cont gceb¢mpanisd py abnodna eryBayigh. and 29 (4 m ce/ group/ day). The blood is
transferred to Vacutainer brand tubes. -Preferred anticoagulant is

et hyl enedi am netetraacetic acid (EDTA) _ 20 Bl ood sanples are eval uated for
endpoi nts neasuring red bl ood synthesis and physiol ogy such as hematocrit
(Het), helfogl oBierusé dMgtudingnalclint Hl orelayt ht,odpteen tho BBG hiRB@yleaiddr mgightafonat ed
clinical analyzers well known in the art (e.g., those made by Coulter,

| nc. 3boutBDOPDelb@xnt i nvention is not to be linmted in scope by the specific
enbodi nents descri bed herein. 25 Indeed, various nodifications of the
invention in addition to those described herein wll becone apparent to
those skilled in the art fromthe foregoing description and the acconpanyi ng
figures. Buch Aphatinh¢eotidal comgpoaition contprisilg thetcompaind oficipim $andwe scope of the
appended clains. It is further to be understood that all values are
apprphermeewicaldradcaptablepanier.ded for description. 30 -98 CLAIMS |. A conpound
that binds to and activates the erythropoietin receptor (EPOR), which
conpound conprises a peptide dinmer having the formula: O (AcG GLYA

HVEPI T(I-nal )V QPLR(MeG -N}I NH2 NH s O-* O ACPEG NH

(AcG GLYAZHVGRA phdrmaauliddCedthgebitibipccbilinyit clai@ 13vwhherein the PEG has a molecular

weight of about 30,000 Daltons.

15. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:

o
(ASG)GLYACHMGPIT(1-nal) VOQPLR(MeG)-NH NH2

;ﬁNjL/\NH)OKPEG
Y

NH

(AcG)GLYA(E—lMGPIT( 1 -nal)V(IIQPLR(MeG) —HN NH2
0O

where
(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter

abbreviation, AcG is N-acetylglycine, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;
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(i) in each peptide nmonomer of the peptide dinmer, each amno acid is
i ndi cated by standard one letter abbreviation, AcGis Nacetylglycine,
1-nal is 1-naphthylalanine, and MeGis N nethylglycine; (ii) each peptide
nononer of the peptide dinmer contains an intranol ecul ar disul fide bond
between the two cysteine (C) residues of each nononer (iii) PEG conprises a
| i near unbranched pol yet hyl ene gl ycol nol ecul e having a nol ecul ar wei ght of
about 20,000 to about 40,000 Daltons. 2. A conpound according to claiml1,
wher @i pach lpeptidE@oherseraf the [peptide dimenedrudins apfintebwisculadisu0fie boad baywesn 8. Use of
t he conpound of claiml for the preparation of a nedicanent for the
t r eatwostisteind (C) zestluesorfdach mdremact eri zed by a deficientcy of erythropoietin or
a low or defective red blood cell population. -99 4. The use according to
cl ai (@i)PEGhemerises aligeal ustyanbbed palyetiolene glycbl fnotecult hevigg ompleadarsvegghi ofy  of end
stage renal failure or dialysis; anem a associated with AIDS, auto immune
di sesbeut 201000 to abaditi4d98m Dyltorset a- t hal assemi a; cystic fibrosis; early anem a of
prematurity; anem a associated with chronic inflamuatory di sease; spinal
cord injury; acute blood | oss; aging; and neoplastic di sease states
acconpani ed by abnormal erythropoiesis. 5. The use according to claim3 or
cl ai m 4, Mher eh norhprendPhdSotting ta claim &F; wheneinwid REG hasfa maldrolat waightafebdial t ons. 6.
A pharnmaceuti cal conposition conprisi-ng:the conpound of claim1l and a
phari®ealteal | y acceptable carrier. 7. A pharmaceutical conposition
according to claim6, wherein the PEG has a nol ecul ar wei ght of about
30,000 Daltons. 8. A conpound that binds to and activates the erythropoietin
receptor (EPO-R), which conpound conprises a peptide dinmer having the
formul a: 17. 100U40 of {eectinfauiAGHMER [IX flor the breparddob R Aidediciinddtfor the b@atment oJp N "
"NH PEG :

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.

18. The use according to claim 17 wherciﬁ fhe 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.

19. The use according to claim 17 or claim 18, wherein the PEG has a molecular weight of
about 30,000 Daltons,
20. A pharmaceutical composition comprising the compound of claim 15 and a

pharmaceutically acceptable carrier.

21. A pharmaceutical composition according to claim 20, wherein the PEG has a molecular

weight of about 30,000 Daltons.
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Oy NH (AcG GLYACHVGPI T(I-nal ) VCQPLR-HN NH2 O where (i) in each peptide
nononmer of the peptide dinmer, each amno acid is indicated by standard one
| etter abbreviation, AcGis Nacetylglycine, and 1-nal is
1- napht hyl al anine; (ii) each peptide nmononmer of the peptide dinmer contains
an intranol ecul ar disulfide bond between the two cysteine (C) residues of
each nononer (iii) PEG conprises a |linear unbranched pol yet hyl ene gl ycol
nol ecul e having a nol ecul ar wei ght of about 20,000 to about 40, 000 Daltons.
9. A conpound according to claim@8, wherein the PEG has a nol ecul ar wei ght
of about 30,000 Daltons. 10. Use of the conpound of claim8 for the
prepar at i ¥n of A gompaiing thatbindsito and detivatesdhet amghropaeiétin rgcegitos GFRER), shighact er i zed
by a deficientcy of erythropoietin or a | ow or defective red bl ood cel
pop woatppend, comprises FTineptids dinter baving thgyformulal ai m 10 wherein the disorder is
selected fromthe group consisting of end stage renal failure or dialysis;
anem a associated with ALDS  auto i nmune di sease or a | i gnancy;

i ema of preggturity; anem a

bet a- t hal ass%ﬁh&bﬁ){éfg&%@ﬁ(%m&@lﬁg{% y di seaseNHspPaREScord i njury:

associ ated w roni'c in
acute bl ood | oss; aging; and neopl astic dfsease stat acconpani ed by
abnormal erythropoiesis. 12. The use accogdifyig to claign 10 or claim 11,
wherein the PEG has a nol ecul ar wei ght  of t 30,000 Daltons. 13. A
phar maceut i dAFOELXPGEMOPHR-RONFRPSIEGOXHY conpoundof claim 8 and a
pharmaceutically accéptable carrier. 14. A pharnmaceutical conposition
accof Lng to claim 13, wherein the PEG has a nol ecul ar wei ght of about
30,0% Dal tons. 15. A conmpound that binds to and activates the

e YL BBl RGEREPEr R i L am S TR Wi RLRY 250ur oRERR 12 O 1T

abbreviation, AcG is N-acetylglycine, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;
(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 a linear unbranched polyethylene glycol molecule having a molecular weight of

about 20,000 to about 40,000 Daltons.

23. A compound according to claim 22, wherein the PEG has a molecular weight of about
30,000 Daltons.
24. Use of the compound of claim 22 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.
25. The use according to claim 24 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
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(AcGQ GLYA HVGPI C T(Il-nal ) VCQPLR(MeG -NH 2 NHO O O x™» x NNH' "PEG O- NH
(AcG GLYACHVEPI T( 1 - nal ) VCQPLR(MeG) - HN'1141- 12 where (i) in each peptide
nononer of the peptide dinmer, each amino acid is indicated by standard one
letter abbreviation, AcGis Nacetylglycine, 1-nal is 1-naphthylal anine,
and MeG is N net hyl gI ycine; .102 (ii) each peptide nononer of the peptide
di mer contains an intranol ecul ar disulfide bond between the two cysteine
(C residues of each nmononer (iii) PEG conprises a |inear unbranched

pol yetrémid mflamgbtygxyalisease] egindl eodanjungg aautetddbedods zagingpamghteoéstic disenst st&€s, 000 t o
about 40,000 Daltons. 16. A conpound according to claim15, wherein the PEG
has @&companizdbpabnveng lktytiobpddssut 30, 000 Dal tons. 17. Use of the conpound of
claim15 for the preparation of a nedicanment for the treatnent of a

di sorder characterized by a deficientcy of erythropoietin or a | ow or
defective red blood cell population. 18. The use according to claim 17
wherein t2te di Blendesccoslingab eleine2it drictim 25avhgreoiihe EB@ dast molgeulafvetghtofst age
renal failure or dialysis; anem a associated with AIDS, auto inmune di sease
or aaboad I0ghoamaionsbet a- thal assem a; cystic fibrosis; early anem a of
prematurity; anem a associated with chronic inflamuatory di sease; spinal
cord injury; acute blood | oss; aging; and neopl astic di sease states
acconpani ed by abnormal erythropoiesis. 19. The use according to claim 17 or
cl ai m 18, 27her &ipharmaguiiiaCedias Bionedngeising thewemgdhind of cla@bzfind30, 000 Dal t ons.
20. A pharmaceutical conposition conprising the conpound of claim 15 and a
phar praaeistutically accapebippiapiet.e carrier. 21. A pharnmaceutical conposition
according to claim 20, wherein the PEG has a nol ecul ar

28. A pharmaceutical composition according to claim 27, wherein the PEG has a molecular

weight of about 30,000 Daltons.

29. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:

o)
(AcG)GLYAéHMGPIT(l-nal)VJIQPLR(MeG)—NH Nt N\PEG
0 >
/'j ’
AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-HN NH
(AcG) 1 (1-nal)VEQPLR(MeG) g

where

(i) ineach peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;

(i) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises a linear unbranched polyethylene glycol molecule having a molecular weight of

about 20,000 to about 40,000 Daltons.
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wei ght of about 30,000 Daltons. - 103 22. A conpound that binds to and
activates the erythropoietin receptor (EPO-R), which conpound conprises a
pepti de dinmer having the formula: O (ACG GLYA HMGPI T(I-nal )V QPLR(MeG) - NH
NHAO-PEG O O (AcG GLYACHMEPI T(1-nal ) VCQPLR(MeG) -HN ~~/ -/ where (i) in
each _peptide mpnoner of the peptide dinmer, each amno acid is indicated by
standard one letter abbreviation, AcGis Nacetylglycine, 1-nat is

| - napht hyl al ani ne, and MeGis N-nethylglycine; (ii) each peptide nonomer of
t he peptide dinmer contains an intranol ecular disulfide bond between the two
cysteine éC) resi dues of each nononer (iii) PEG conprises a |inear

unbr anched0pol yetompbendaceirdingio ol @8.uvherdimthe REG dammelecilarnveight offtabousf  about
20, 000 to about 40,000 Daltons. 23. A conpound according to claim 22,

wher @080 RaltoPEG has a nol ecul ar wei ght of about 30,000 Daltons. 24. Use of
t he conpound of claim22 for the preparation of a nedicanent for the
treatnent of a disorder characterized by a deficientcy of erythropoietin of
a low or defective red blood cell population. 25. The use according to

cl ai m 24 dher elUse ofithe ehimponntoef clagm 22 for epiephnation aflaanegicompntdonthe weatmeyt ofof end
stage renal failure or dialysis; anem a associated with AIDS, auto immune

di seadisonder chameteriagd bya gefickentes of ersthenpaietin or,a loy ot defectivbredblapd celhpdpylatioreni a of
prematurity; anem a associated with - 104 chronic inflamuatory disease;
spinal cord injury; acute blood | oss; aging; and neoplastic di sease states
acconpani ed by abnormal erythropoiesis. 26. The use according to claim24 or
cl ai m 25, 3dher dhewselaccoriE@ thakin 3 hwheein therdispeiegis tseledied fadn the 2BBPOOBIstxed t ons.
27. A pharmaceutical conposition conprising the conmpound of claim?22 and a
phar nfendstagemhalaiceow diaiysispanemiar dssociated 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.

33. The use according to claim 31 or claim 32, wherein the PEG has a molecular weight of
about 20,000 Daltons.
34. A pharmaceutical composition compriéing the compound of claim 29 and a

pharmaceutically acceptable carrier.

35. A pharmaceutical composition according to claim 34, wherein the PEG has a molecular

weight of about 20,000 Daltons.

36. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:
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28. A pharmaceutical conposition according to claim27, wherein the PEG has
a nol ecul ar wei ght of about 30,000 Daltons. 29. A conpound that binds to
and activates the erythropoietin receptor (EPOR), which conpound conprises
a peptide diner having the fornmula: O (AcG GLYAHMGPI C T(1-nal ) VQPLR( MeG - NH
NHXPEG O O (AcG GLYACHMGPI T(I -nal ) VCQPLR(MeG -HN NH--\- where (i) in each
pepti de nononer of the peptide dinmer, each amno acid is indicated by
standard one letter abbreviation, AcGis N acetylglycine, 1-nal is

1- napht hyl al anj ne, an G 1s N-methylglygine; (ii) each peptide nononer of
t he peptide dﬂﬁg%G%KﬁgﬂpﬁgnéthHF95H%1 NHdi sul fi de bond between the two
cysteine (C) residues of each nononmer (i) PEG conprises a |linear
unbranched pol yet hyl ene gl ycol nol ecul e hgving a nol ecul ar wei ght of about
20, 000 to about 40,000 Daltons. -105 30. onpound according to claim29,
wherein the PEG has a nol ecul ar wei ght of 020,000 Daltons. 31. Use of
t he conpound of claim?29 for the preparation (of medi canent for the
treatment of a disorder characterized by a detN cve nsdgrer yt hr opoi etin or
a low or defective red blood cell population9ﬁ332. e use according to
claim 31 wherein the disorder is selected fromthe group consisting of end
stage renal failure or dialysis; anem a assogiated wth AIDS, auto immune

di sease or a malignancy; beta-thal assem a; cystic fibrosis; early anem a of
prematurity; anemia associated with chronif inflanmatory di sease; spinal
cord injury; acute blood | oss; aging; and geopl astic di sease states
acconpani ed by abe@DGUYACHVIGRIN(loRIVEIHLE—HG. g2 use according to claim 31 or
claim 32, wherein the PEG—tras—a—ol ecul ar @ei ght of about 20, 000 Daltons.
34. A pharnmaceutical conposition conprising the conpound of claim29 and a
pharwiegent i cal |y acceptable carrier. 35. A pharmaceutical conposition

according to claim 34, wherein the PEG has a nol ecul ar
(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 l-naphthylalanine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) [“PEG”] comprises at least two linear polyethylene glycol (PEG) moieties linked at a single point of

attachment and having a combined molecular weight of about 10,000 to about 60,000 Daltons.

37. A compound according to claim 36, wherein each PEG has a molecular weight of about
20,000 Daltons.
38. Use of the compound of claim 36 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.

39, The use according to claim 38 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
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wei ght of about 20,000 Daltons. 36. A conpound that binds to and activates
the erythropoietin receptor (EPO-R), which conpound conprises a peptide

di mer having the formula: -106 ~~ (AcG GLYACHMGPI T(1-nal ) VCQPLR-NH o NH2
NH1 O ONNHI PEG] ONH (AcG GLYACHVGPI T(I-nal)VCQPLR-HN NH2 O
wherein (i) in each peptide nononmer of the peptide dinmer, each amno acid is
i ndi cated by standard one letter abbreviation, AcGis Nacetylglycine, and
1-nal is 1-naphthylal anine; (ii) each peptide nonomer of the peptide diner
cont &lirpric flammatopifiseaey iseipal gpriniptyd ecupblecdletsyreine: adneoplpgiic diseasesties (O

resi dues of each nmononmer (iii) ["PEG'] conprises at |east two |inear

pol y&cappaisd byabraspal epglppeigsiset i es | i nked at a single point of attachment
and having a conbi ned nol ecul ar wei ght of about 10,000 to about 60, 000

Dal tons. 37. A conpound according to claim 36, wherein each PEG has a

nol ecul ar wei ght of about 20,000 Daltons. 38. Use of the conpound of claim
36 for th0 prepisuee pesArdre ta clhwy tenriaim 3P.oyhereieeach BRE hasa meleculas vaighinfder
characteri zed by a deficientcy of erythropoietin or a | ow or defective red
bl 0otPored0.0084lienet i on. 39. The use according to claim38 wherein the

di sorder is selected fromthe group consisting of end stage renal failure
or dialysis; anem a associated with AIDS, auto imrune di sease or a
mal i gnancy; beta-thal assem a; cystic fibrosis; early anem a of prematurity;
aneni a asi’oci af Pharasqytical camyposition egypprising e campeundrof claimsiada spinal cord
injury;, acute blood |oss; aging, and neoplastic di sease states acconpanied

by ablisgnasayticallyacrentabls cagies.

42, A pharmaceutical composition according to claim 41, wherein each PEG has a molecular

weight of about 20,000 Daitons.

43, A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:

I | G-
{AcG)GLY ACHMGPIT(}-nal)VCQPLR(MeG) —NH NH2

(AcG)GLYA CllHMGPIT(l -nal)VJZQPLR(MeG)—H'N NH2
0

wherein
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40. The use according to claim 38 or claim39, wherein each PEG has a
nmol ecul ar wei ght of about 20,000 Daltons. 41. A pharnaceutical conposition
conprising the conmpound of claim 36 and a pharnaceutically acceptable
carrier. 42. A pharmaceutical conposition according to claim4l, wherein
each PEG has a nol ecul ar wei ght of about 20,000 Daltons. 43. A conpound
that binds to and activates the erythropoietin receptor (EPOR), which
conmpound conprises a peptide dinmer having the fornmula: | -1 0,
( Ac Gjian ¥AdBHIeRRle Tdnomar §f R epiR{el\diragr; ddch Nhido adiHisOndivafedHly s@nddrdNbhe@tieEG | NH
0 YO (NHPEG O (AcG GLYACHVGPI T(1-nal)VCQPLR(MeG -HN NH2 0 wherein 108
(i) abbreviatibn, e is Neacaylpyeine, antl 1trakis pajpplitideaighinveer, each amno acid i s
i ndi cated by standard one letter abbreviation, AcGis N acetylglycine, and
1- nalii)ieschpeptip nidnyined cfmherpeptidei dinher e anthinahiraben] svnlaodievifide bohth betwesptthede di ner
contains an intranol ecul ar disulfide bond between the two cysteine (O
r esi thwaysteihe @Zjatsidwnafiwach fionamer PEG conpri ses two | i near pol yet hyl ene gl ycol
(PEG noieties having a conbi ned nol ecul ar wei ght of about 10,000 to about
30, OQD) HBEG tompsisesdvo lifeat poipahylehegbeol (HEGPmbietisshaving 4 Sombided medlseuliheeiff G has a
nol ecul ar wei ght of about

of about 10,000 to about 30,000 Daltons.

44, A compound according to claim 43, wherein the PEG has a molecular weight of about
20,000 Dailtons.
45. Use of the compound of claim 43 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.

46. The use according to claim 45 wherein the disorder is selected from the group consisting
of end stage renal failure or dialysis; anenria 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.

47. The use according to claim 45 or claim 46, wherein each PEG has a molecular weight of
about 20,000 Daltons.
48, A pharmaceutical composition comprising the compound of claim 43 and a

pharmaceutically acceptable carrier.
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20, 000 Daltons. 45. Use of the compound of claim43 for the preparation of a
nmedi canent for the treatnent of a disorder characterized by a deficientcy
of erythropoietin or a | ow or defective red blood cell population. 46. The
use according to claima45 wherein the disorder is selected fromthe group
consisting of end stage renal failure or dialysis; anem a associated.with
Al DS, auto immune di sease or a nalignancy; beta-thal assem a; cystic
fibrosis; early anemia of prematurity; anem a associated with chronic

i nfl ammat 49.y dAgbagerewipilrainpesdiod acoojdimgte clhiow & wheroteabloBEG hasgi majgculnd

neopl asti c di sease states acconpanied by abnormal erythropoiesis. 47. The
use wegbtdfiabapt 2408 Raltonst5 or cl ai m 46, wherei n each PEG has a nol ecul ar

wei ght of about 20,000 Daltons. 48. A pharmaceutical conposition conprising
t he conpound of claim43 and a pharnmaceutically acceptable carrier. - 109
49. A pharnmaceutical conposition according to claim38, wherein each PEG has
a nol ecul 80. waicgimpow thed bintls @Apd &fivided thoergthrdpdictidrecemud BAA-R) hdtictbi nds to
and activates the erythropoietin receptor (EPOR), which conpound conprises
a pepdril@gndjmmisésa\pep@ietdimerﬂlavinythaform(llAc G GLYACHVGPI T( 1- nal ) VCQPLR( MeG) - NH

NH2 NH 0 O 0 O~PEG J~~ NA \ "\ NHI ~ , ~~NH ONH HN~pEG
(AcQ GLYA ) - HN H2 O wherein (i) in each peptide
nononer By?agiﬁv‘;%‘bﬁ‘(g’&@ imoNEci d is indicated by standard one

letter abbr evi atl on, AcGis N—acetyl
and MeG is N nethyl gI ycine; (ii) each

ycine, 1-nal is 1-naphthylal ani ne,
pti de nononer of the peptide dinmer

contains an intranol ecular disulfide b bet vveen the t\/\Qi cyeHeei ne (O
resi dues of each nmonomer (iii) PEG conpri i near et hyl ene gl ycol
(PEG noieties having a conbi ned nol ecul ar A A NH
HN PEG
O

(AcGYGLYACHMGPIT(1-nal) VCQPLR(MeG)»—~HN )»—NH2
e o

wherein

(1) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, 1-nal is l-naphtﬁylélanine, and MeG is N-methylglycine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises two linear polyethylene glycol (PEG) moieties having a combined molecular weight

of about 10,000 to about 30,000 Daltons.

51. A compound according to claim 50, wherein each PEG has a molecular weight of about
20,000 Daltons.
52. Use of the compound of claim 50 for the preparation of a medicament for the treatment of

a disorder characterized by a deficientcy of erythropoietin or a low or defective red blood cell population.

- 110 -



of about 10,000 to about 30,000 Daltons. 51. A conmpound according to claim
50, wherein each PEG has a nol ecul ar wei ght of about 20,000 Daltons. 52.
Use of the conpound of claim50 for the preparation of a nedicanment for the
treatnment of a disorder characterized by a deficientcy of erythropoietin or
a low or defective red blood cell population. 110 53. The use according to
claim52 wherein the disorder is selected fromthe group consisting of end
stage renal failure or dialysis; anem a associated, with AIDS, auto inmune
di sease or a nmalignancy; beta-thal assem a; cystic fibrosis; early anem a of

Cord i uFy: adBF BRI Bum g Mg RO P RS BPUDRERearagTt
oo TP s B RS B e el AT RS SR 0 Do St e
ohar FABBATS G Sy astentft AETE LR GHY e oL ISHE YASGUET BAPoBRRpoEh  on
S Ao Gna ) SR S SR sore et %ot papdis She ™
erythro oietinﬁhfce torlgEPOJ%, whi ch conpound conprises a peptide diner

havi F§ORRRIed by gbpogmal eppthropgiesisac G) GLYA HMEPI T(1-nal )V QPLR-NH H2 NHp O p
x",~' ONNHAO PEG tH (AcG GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 O wherein
54, The use according to claim 52 or claim 53, wherein each PEG has a molecular weight of
about 20,000 Daltons.
55. A pharmaceutical composition comprising the compound of claim 50 and a

pharmaceutically acceptable carrier.

56. A pharmaceutical composition accordirnig to claim 55, wherein each PEG has a molecular

weight of about 20,000 Daltons.

57. A compound that binds to and activates the erythropoietin receptor (EPC-R), which

compound comprises a peptide dimer having the formula:
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(i) in each peptide nononmer of the peptide dinmer, each amno acid is
i ndi cated by standard one letter abbreviation, AcGis Nacetylglycine, and
1-nal is 1-naphthylalanine; (ii) each peptide nononmer of the peptide diner
contains an intranol ecul ar disul fide bond between the .two _cysteine (C
resi dues of each nononer (iii) PEG conprises a |inear unbranched
pol yet hyl ene glycol (PEG noiety having a nol ecul ar wei ght of about 20,000
to about 40,000 Daltons. 58. A conpound that binds to and activates the
eryt hropoi etin . receptdr ich cgnpound conprises a peptide diner
havi ng t he for(ﬁﬁcﬁ)‘é&@g@%ls [%l'“g)}-@&@"y HT(1-nal )V QPLR-NH NH2 NHO O p O
-PEG N NH~, t\~~NH O~ HN~O pEG NH O (A8QG GLYACHMGPI T( 1- nal ) VCQPLR- HN NH2
wherein (i) in each peptide nonomer of thg peptide dinmer, each amno acid is
i ndi cated by standard one letter abbrevigtion, AcGis N acetylglycine, and
1-nal is 1-naphthylalanine; (ii) each pept onmer Qf the peptide diner
contains an intranol ecul ar disulfide bond betlwe the ytwo cysteine (O
resi dues of each nmononer (iii) PEG conprises tWo Wi ropekget hyl ene gl ycol
(PEG npities having a combined nol ecul ar wePght of  about 10,000 to about
60, 000 Dal tons. 59. The conmpound of any one oft clains 1, 2, 8, 9, 22, 23,
29, 30, 36, 37, 43, 44, 50, and 51 for use i H(herapy. 60. The conpound of
any one of clains 1, 2, 8, 9, 22, 23, .29, 30/ 36, 37, 43, 44, 50, and 51
for use in therapy of a disorder characterifged by a deficiency of
erythropoietin or a |l ow or defective red ood cell. 61. The compound of
any one of clali mGlGL%(L}ﬁ\dGHI(IZ}ﬁL)VJQ@?LRZ-MN ~NBH, 37, 43, 44, 50, and 51

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 disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises a linear unbranched polyethylene glycol (PEG) moiety having a molecular weight of

about 20,000 to about 40,000 Daltons.

58. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:
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for use in therapy of a disorder wherein the disorder is selected fromthe
group consisting of end stage 113 renal failure or dialysis; anem a
associated with AIDS, auto i mmune di sease or a nalignancy; beta-

t hal assemi a; cystic fibrosis; early anem a of prematurity; anem a associ at ed
Wi th chronic inflammatory disease; spinal cord injury; acute blood | oss;

agi ng; and neopl astic di sease states acconpani ed by abnor nal

eryt hropoiesis. - 114

, 0
(AcG)GLYACHMGPlT(l-nal)VlQPLR—NH NH2

NH -
\ﬁo o o o. ,O—-PEG
HN___o0—PEG
N T

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r=NH2
o}

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 containé an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises two linear polyethylene glycol (PEG) moities having a combined molecular weight of

about 10,000 to about 60,000 Daltons.

59. The compound of any one of claims 1, 2, 8, 9, 22, 23, 29, 30, 36, 37, 43, 44, 50, and 51

for use in therapy.

60. The compound of any one of claims 1, 2, 8, 9, 22, 23, 29, 30, 36, 37, 43, 44, 50, and 51
for use in therapy of a disorder characterized by a deficiency of erythropoietin or a low or defective red

blood cell.

61. The compound of any one of claims 1, 2, 8, 9, 22, 23, 29, 30, 36, 37, 43, 44, 50, and 51

for use in therapy of a disorder wherein the disorder is selected from the group consisting of end stage
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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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