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

| NVENTI ON The present invention relates to peptide conpounds that are

agoni sts of the erythropoietin receptor (EPO-R). The invention also relates

to therapeuti R%t‘%ﬁﬁ W{)@ md @g rders
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Phar maceutical 15 conpositions, which conprise the peptide conmpounds of the
invention, are also provided. BACKGROUND OF THE | NVENTI ON Eryt hropoietin
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car bohydera%uelpglgh%}lg am%) reeﬁﬁB{Fé‘?f The DNA sequences encodi ng EPO have been
reported 25 [U S. Pat. No. 4,703,008 to Lin]. EPO stinulates mtotic

di vi.sion and differentiation o[, P rsor cells, and thus
ensures the production of eryt% duced in the ki dney when
hypoxi ¢ conditions prevail. During EPO i nduced differentiation of

erythrocyte recursor c lIs bin synthesis.igs |Induced. Pl ex.
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[unct ! Snat aBSIR Shefedh i e Bih B s e o P e ¢
oXygen. compbeitiRs,citadig®mpaitetht peptidataibobiydstoll the liMeti @ e @Bo piovided Wi t h an
appropriate receptor on the cell surface of the erythrocyte precursor cells
[ See, e.g., Gaber and Krantz (1978) Ann. Rev. Med. 29.51-66]. -1 EPO s

present in very |ow concentBACKGROUND OF SHEANMENTIONe body is in a healthy
state wherein tissues receive sufficient oxygenation fromthe existing
nunber .of -erythrocytes. This normal |ow concentration.is sufficient to

stimul at e r eplepoRat (RFOYieE shikaetein dbointonslol ¢65 ahio lacigs, withramableguldr BT
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,
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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 Baly; 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.



nmotif stinulate EPO dependent cell proliferation in vitro with EC50 val ues
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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:



preparations of PEG sone nolecules will weigh nore, sone |ess, than the
stated nol ecul ar wei ght). \Were each nononer of the honodi ner has the am no
acid sequence, 30 (AcG GLYACHMVEPI T(1-nal)VCQPLRK (SEQ ID NGO 1) and N of
the linker is attached via a carbamate |inkage to an activated pol yet hyl ene
gl ycol (PEG nviety, the noveI pepti de congpounds of the invention may be
represented as f ﬁ% TT 1-nal VQPLR-NH NHO '1 OO0

Nk NHx OG- PEG20- 40K &“3(; (Ac Szﬁ? P%K@ )VCQPLR—-HN NH2 Where each
nononer of the honodi mer has the am no a¢j d sequence,

(AcG GLYACHVGPTT( 1-nal ) VCQPLRK (SEQ I D NGOy 1) and N of the linker is
attached via an amde 5 |linkage to an act ved pol yet hyl ene gl ycol (PEGQ
nmoi ety, the novel peptide conpounds of the ifhveption® may be represented as
follows: O (ACcQGAYA III.IGPIT(1-nal)V QLR )}1\@;—1_ 0 .NH N PEG0. 40K
O-J (AcGQ GALYAC CGPIT(1l-nal)VCQPLR-HN NI 2 (g) VWher e each monomer of the
honodi ner has the am no acid sequence, 10

(AcG GLYACHMGPTT(1- nal ) VCQPLR(MeG K (SEQ ID WO 2) and N of the linker is
attached via a carbamate |linkage to an actjvated pol yet hyl ene gl ycol (PEQ
noi ety, the novel peptide conpounds of the) invention may be.represented as

foll ows: (AcG)GLY ACHMGPII(1-nal)VCQPLR—HN )r—~NH2
)

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!HMGPIT(l-nal)%QPLR—NH {Nm

fNJk/\ )!\PEGZO-M)K | -

(AcG)GLYACI-mIGPIT(l-nal)VCQPLR-—HNéNHZ

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:



-5 (AcG) GLYACHVGPTT(1-nal )V QPLR eG _ NH2 C (M) NHO NH ,0 O N AOVI - |
NHAO- PEG20- 0K NH (AcG) GLYACHMGPI T( 1- nal ) VCQPLR( MeG) - HN NH2 Wher e each
nononer of the honodi mer has the am no acid sequence,

(AcG GLYACHVGPTT(I -nal ) VCQPLR(MeG K (SEQ ID NO 2) and N of the linker is

attached via an. 5 am de |inkage to an actigat ed pol yet hyl ene gl ycol (PEGQ
noi ety, the novgl J__m i nvention nmay be represented as
follows: Il O ,&%)%ﬁpé_ﬁ%i ( gﬁ‘éﬁ%— NEG -N13 0 O p | ~NHIPEG2040K
NH (AcG GLYACHMGPI T(1-nal ) VCQPLR( MeG) - HN N O The peptide nonomers nay

al so be dinerized by coval ent attachment to\a branched tertiary 10 amni de
linker. The tertiary anode |inker can be depmcted as: -C O CH2- X- CH2- C20-
where: X is NCO (CH2)2-NH C30-; C of the linkgr YornsQan anm de bond with
the s-amno group of the GCtermnal |ysine rest )l{&leEé;i:uLoﬁt pepti de
nmononer; and C2 of the |linker fornms an am de d w the 'S-am no group of
the CGtermnal |lysine residue of the second peptide nononer. The peptide
dinmers of 15 the invention further conprise a gpacer noiety of the follow ng
structure: -6 N H (CH2)4-CAH N2H where: C4 @f the spacer is covalently
bonded to C3 of X; N of the spacer is covalegntly attached via a carbamate
or an am de |inkQ%)dLQAéﬁw@ﬁ-}d_}{@{,&%Lﬁ@Jeg)e_t 20l ycol (PEG noiety; and N2
of the spacer is coval éntdy—attathed via a garbamate or an am de |inkage to
an activated PEG noi ety, where PEG has a

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:



5 nol ecul ar wei ght of about 10,000 to about 50,000 Daltons (the term "about"
indicating that in preparations of PEG sone nolecules wll weigh nore,
sone |l ess, than the stated nol ecul ar weight). Each PEG noiety may be,
i ndi vidually, 10,000 Daltons (I CkD), 20kD, 30k]), 40k]), or 50kD. Were each
nononer of the honodi mer has the am no acjd sequence,
( AcG) GLYACHVEPI T( 1- nal ) VCQPLRK (‘SHOCR)ANSH-YH-and both N and N2 of the
SPacer wRkE ctlgt HEOYRALENE l:é‘vaﬂefcr]&y?‘ﬁ&ﬁi@d‘{d & af;“(?ﬁbaﬁﬁ{e%péaep KAQSalkyAfta el viad ed

e ept S 0 th

PEG noiety, t I e’ conmpoun e i nvention nmay_be represented

as f ol taghegnategor a{zggr\ély)e j W@Pqtmtcd ablysfhydemerzlyqri (RES) mqi@f;@n¢§éobﬂ1@;smcq050l<
0 HN y%vaﬁgc%%l%%d i h QarbAfidR) Sitmﬂnh{-}@% #e&g%&y%??% '#%&eigpﬁvdheg PES has a

preferre Inments, the Gtermna | de nononers is
L- 15y si melecylprs weighh of @abaw HLGO0| ted 2hawt t3000% rDaltany (the gpme Cplaut’ indisatingh Sirbliove

chem c 1 1] h el td r |l . L Wsi ne
(oo, Pepdbdichr PBS, [l blibults Gl 4 BERofE SoffP 1658 i fted BBl Heignt) B
L- 1 ysi Besh Bi6tmejetyimeay bei isdividoalivh £0,0091 Dadtens((0ig?)e2 (kB AR, $0KE), or SOKIAC G) GL YA
HVGEPI T 1- Na PLR- NH ( O -5 IN .. ~. 1\ =+N " HN
- O PEGLO- sgﬁ‘\é”NHe (A@é%%c?f I\/% T(@ﬁ%ﬁ%&@g R-Eiﬁ mﬁlamo AT eqldhle,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and both N' and N? of the spacer are
10  covalently attached via a carbamate linkage to an activated PEG moiety, the novel peptide compounds of

the invention may be represented as follows:;

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

o 0. O—PEGyg.50k

W

NHJH\\\\\/\/NH

Y r
HN_ _0—PEGigs50k
NH

0
(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.



Alternatively, one or nore of the lysine residues can be a D-|lysine, giving
rise to alternative stereochem stries which will be readily appreciate by
those skilled in the art.. Were each nononmer of the honodi ner has the am no
acid sequence, 5 (AcG GLYACHMEPI T(I-nal)VCQPLRK (SEQ ID NO 1) and both N
and N2 of the spacer are covalently attached via an am de |inkage to an
activated P i ept¥de conpounds of the invention maybe
repr esent eéggé@fqg%&ghsﬁf&g%%&%ﬂ T(1l-nal)V QPLR-N$ 2 0 NH OO

PEGLOSOK J~ ~ OL.ONNH Q) -~" HNiEGlaSOK NH O

(AcG GLYACHVGPI T(1-nal) VQPLR- HN NH2 110 Again, the lysine nolecules in this
conpound are preferably all L-lysine) giving rise to the follow ng

stereochem stry. -$ (ACGQGYA GPIT |- OVCO PLR-NH, , , Ld\irg)EPB%AUPEG osoK
NH, OB p Or Nv ~.~I\~~NH O HN -~4tP 0-5gK NH O
trnat Nt ~epdtor nore of the

(AcG GLYACHMGPI T(1- Nal ) VCQPLR- HN NH2 O

| ysi ne residues can be a D-lysine, giv rise tnal tog_rpgéti ve stereo
chemistries which will be readily apprecypted by tHpse ski'ffed in the art. 5
Wher e each nononer of the honodi mer hag”the amino &id sequence,

(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.



(AcG GLYACI MEPI T(1-nal ) VCQPLR(IMEG K (SEQ ID NGO 2) and both N and N2 of
the spacer are covalently attached via a carbamate |inkage to an activated
PEG noi ety, wherein Y is a carbamate group, the novel peptide conmpounds of
the invention nmay be represented as follows: (AcG GLYACHVGPTT 1-nal V
QPLR(MG-NH r*-"'"-~0 N2 NHOO-PEGp OO MKO'NO) .1 ,,",~INH

HNyp_PEQ o- eg%e %—Aég i é@ﬁ %I%gACHNGDI (1-nal)VCQPLR(MeG -HN NH2 0 10
Pref erably, PHACTSTNE he peptide nononer and |inear PEG
noieties in this nolecule are aII I£lysine, giving rise to the follow ng

stereochem stry: -9 (AcG GYACHMGPIT 1-Nal V () CQPLR(IMeG-NH )L NH2 NH \O
GO0 0~OPEG J~ - 10SOX " v\~ , al~/~~NA O HN ~r O PEGLO-soK O

( AcG GLYACHMVGPI T( 1- Nal ) VOCQPLR( MeG) - HNMH AI toer nati vedy, PBBRswr nore of
the lysine residues can be a D-lysine, glvi g to alterjnative
stereochem stries that will be readily appre IﬁH y\,t/hesé"'bf ordi nary
skill in the art. Were each nononer of O&ffe honodi the am no acid
sequence, 5 (AcG GLYACHMGPI T(1- nal ) VCQPLE MeG K (SEQ 2) and both N

and N2 of the spacer are

(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 0, ,O~PEGigs0k

0
I S
OQJKANHJI\‘“‘\WE
HN._ _o—PEG
A T 10-50K

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:



covalently attached via an am de |linkage to an activated PEG noiety, the
novel peptide conpounds of the invention nay be represented as follows: 7
NH2 (AcGQ GYAC | HMEPIT 1-nal VOCQPLR(IMEG-NH O NHO - - O0 ~EGGOK JB _ 0
N NH A, 1 11~~, NH o | HN vPEGLO- SOK (O~
(AcG GLYACHLMGPI T(1-nal ) VCQPLR(MeG - HN NH2 10 Preferably, the lysine
resi dues 40,8t AEHRSTOARLVESLRRREIRY 3hd | i near PEG noieties of this
mol ecule are all L-lysine, giving riy eNp the fol | ow ng stereochemstry.
-10 0 (AcG GLYACHMGPI T(I-Nal )V CQPLRR MeG) _NH'~LNHz NH O OYPEGm ~0 0 -50K
N AV-11 ,NH G HN rPEG o0~0K NH (AcG @ YAl HMGEPTT( I - Nal ) VCQPLR(MeG -HN NH2 O
I n other enbodi nents, one or nore of t | ysi ne residues can be a D-|ysine,
giving rise to alternative stereochem t\( gs thag will b@®LeluffiGosx
appreci ated by persons of ordinary skill &n e ajjit. The p%fi de nononers
may al so be dinerized by attachnent to aol sivNevH | REIN~ ke Bby one 5
pepti de nononer is attached at its Cter us to t | yspEeg,,5,.S- am no group
and the second peptide nononer is attaches at its Cltermnus to the
| ysine's a-am no group. The peptide di nefs of the i nPention further conprise
a spacer noiety of the follow ng structuyre:
-NWCR2)--0-(CHz) z- O (CFr z) z- NZH-

(AcG)GLYACHMGPIT(1-Nal)V CQPLR(MeG)-HN" Jr—NH,

o]

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:

0 E
\ﬁ o o o G1o60K
NJ’\/\NHJﬁ‘\\_\\/\/NH

O
HN \n/F’EGm-snK

NH o

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

NH

(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.
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At one end, N of the spacer is attached via an anmide |inkage to a carbonyl
carbon of the lysine linker.- At 10 the opposite end, Nz of the spacer is
attached via a carbamate Iinkage or an am de I|nkage to an activated

pol yet hyl ene gl ycol (PEG noiety, where the PEG has a nol ecul ar wei ght of
about 20,000 to about 40,000 Daltons (the term "about"” indicating that in

preparations of P ecules w || vvel gh nore, sone less, than the
stat ed nol Qsm)mmb@hmmamm(mb@-ﬁp |s attached via a carbamate
| i nkage to an activated pol yet hyl ene gky coI ( (PEG noiety, the novel

pepti de conpounds of the invention (SEQID NO 3) may be represented as
follows: F__ 0 (AcG GLYACHVGPI T(1-nal) MCQPLR(MeG -1 O PEGo aoK O O
(ACGQGYA | GPIT(1-nal)V QPLR(MeG -HN NHig\p -1 O Wiere the s er is
attached via an amide linkage to an acti va‘t{SdOpol yethyl ene 8 WSPPEGQ)
noi ety, the novel peptide conpounds of the™ %gm dhj(“SE % 3) may be
represented as follows: -11 O (ACQ G_YAuﬁl T( NHa| \,m@ NH NHx
"PEROIOK O H O (AcG GLYACHAGPI T( 1- nal) VCQPLR( MeG) - NTrEIEG'thKl nvention
further provides pharnmaceutical conpositio conpri sedgof such peptide
conmpounds, and nethods to treat various nefli cal condltl ons using such
peptide compounds. 5 DETAILED DESCRI PTI ON[OF THE | NVENTI ON  Defini tions:
Am no acid residues in tides are abbrefiated as foll ows: Phenyl al anine is
Phe or F; LeufiR&LY$CHY 8" (éH”WPQ?_LR(ME%T}%C A8z2is |le or |; Methionine is Met
or M Valine is Val or \,fSerlne is Ser orfS; Proline is

In other embodiments, one or more of the lysine residues can be a D-lysine, giving rise to altemative

( stereochemistries that will be readily appreciated by persons of ordinary skill in the art.
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(CHy)»-0-(CHy),-O-(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:
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Pro or P, Threonine is Thr or T; Alanine is Ala or A, Tyrosine is Tyr or Y,
H stidineis HHs or H Qutamne is Gn or Q Asparagine is Asn or N;
Lysine is Lys or K; Aspartic Acid is Asp or Db Qutamc Acidis GQu or E
Cysteine is Cys or C, Tryptophan is Trp or W Arginine is Arg or R, and
Gycine is Gy or G The unconventional amno acids in Beptides are

abbrevi ated as fol |l ows,_1- | al anine is 1-nal 15 or%Np; N nethylglycine
(al so known as salsSsiciicirsa Ve ecind. acet yl at ed ci_ne
(N-acetyl gl ym% fdi‘l SAETRE ugle Pkgﬁ\gcﬁ, he term " pBF ypEFfeaex or

"protein"” refers to a polyner of am no aci & nononers at are al pha am no
acids joined together through am de bonds. o%/pepti desgare therefore at

| east two aming acid residues in |len ~ar.e usual/ly longer. Generally,
the term " pepti-GEL HAGHMGFIT(-na) Pﬁgﬂ‘&ﬁé[ﬁ]‘{ de ]taﬁé—t\_' only a few anino acid
residues in length. The novel EPOR agoni st peptides of the present
invention are preferably no nore than about 50 am no acid residues in

| engt h. The’.‘l‘hé‘rlﬁveﬁﬁér? firlie® | SoRBlyY pRirmaRakal lcz)nfpgamuﬁmﬂﬂ‘xs@&n SOsRGl Peptide
residues in Ie@%‘ pol%ge tlde In contrast with a_ peptide, nmay conprise
any nufeaRourss, Eitrribods wirguemediqaberaditiopssingspoh mﬂ«}q@mpp@@sl nci uded

pepgides as well as |onger sequences of am no acids. 25 As used herein, the
phrase "pharnmaceuti cal | acceotable refers to nol ecul ar entities and
conmposi tions that are 'LJEhhlLE RIREIQY JH ENHON = that are
physi ol ogically tol erable and do not typlcally produce an allergic or
simlar untoward reaction, such as gastric upset, dizziness and the |ike,
when a@efisitiensered to a human. Preferably, as used herein, the term

" phar maceut hGald MideGaRk Pb&rid EERN R re ARG Y R mlw P%eﬁy‘?ﬁéﬂn?é i9 Bife S98 edeirdlis t e

Federal or a state govern t or |ste Int S. “Phar macopei a ‘30 or ot her

gener aLptyorrIschéqwmw sresdnMetinaing i Met ardb Yalwnam‘f‘pémv §men@ op&rRrplngliar | y
in humpps,, l]_hﬂﬁecwi'n% ,]%%E‘or@farpnéﬁ{e is "AQh ©F 3, c%m‘é'lk g%g lis FRX 6 A ent,

or vehl cle wit ound is adm Istere ar maceut I cal

carri efdutasine &8 veR) Aa)aragqmlﬁésn a0 ysise xﬁdﬂepr Téhﬂsmrtlcsmd m"tsn & PyGlutade  of

petr ol I'r I e

Coybeantyt ST, oAlFhY 6 & TSYRMARH o Bt W Al e RGN Bl Gly

sol ut i onGsdh¢ nm:osvﬂnuornab agirardids pueptidss d@)@bbrosleteénﬂfogbyselrmbh@ﬂhianm@issl-rat e b
reter I i r f . A

S0 b o A CPR AR i Pl s Bl MRl Al l IGED R PRt

Phar madseAtG.cal Sci ences" by EEW Martin. As used herein the term "agonist"

refers to a,l Lj '

bi ol ogi cal | ygg’%dﬁg{ee%?g&:% rﬂ°§ﬁ8‘£ d&%’f@ﬂ?& {}ﬁe %]tgt§i tpté)%n}ae{r tﬁ f1 ?g&gg% H&ﬁ‘éﬁ/

bi ol ogitteére rlphpemsie dcids jdifrd togethep thoough @xmcted:oedshd’mb@em@emesharﬁgrem bhstgwo:al

act i vi ta%un%f ac%&?cs{dﬁgseﬂ{ ?Jnglh de .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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Novel peptides that are EPO R agoni sts The present invention provi des novel
pepti de conpounds, which are EPO- R agonists of dramatically enhanced
potency and activity. These peptide conpounds are honodi ners of peptide
nononer s having the am no acid sequence (AcG GLYACHVGPI T( 1- nal ) VCQPLRK ( SEQ
ID NO 1), 15 or honodi mers of peptide nononmers having the am no acid
sequence (AcG GLYACHMEPI T(1- nal ) VCQPLR(MeG K (SEQ I D NO 2); where each

am no acitetmi §cahi¢d'i wedidre do by diteat daljuoram,n excipiint, eor  vehiphr ewthawhioh  the' coo@utid iis

N-acetyl gl CI red. s sﬂ%%ceu'uﬁal taae Q&nméls%nﬁ%&ﬁlﬁs s&ﬂ% H& NG oﬂé $ncl %)se

N et hylng OWn as sarcosl ne MONONMEr 0 eptide
di ner co aﬁ@?u@rﬁmmﬂ#t‘ﬁeﬁmﬂwmeﬁ@lm ﬁucﬂesmmbéwh@@hmh Fnénera) ail, a¢sproe oi

resi dues .08 i fige, nwmraquegﬂ§ﬁldﬁgﬁ'%£&(1%ﬁ s 438 u%Qu ra“eﬂfc%é%ﬂf erd SRR 52 | Y
as fol | ows: (AcQ) GLYACHVGRI T(1- nal (A CG)GL @ -naI)V QPLRK
or | ;5 arfielrdldrmeyed ps capiseepag Je@h plufigng) fuitsble phammeuﬁcal carriers are
(AcQ &Ymamaamﬂmﬁ@tan\é@%ﬁem&m&%wmm& These Tonorter i c_pept i des
are dinerized to Vi de eptlde i mers of enhanced EPO oni st 25

activity. The?siyirdpergipdh FFIS‘?le"ta?‘?Sé" whehy ont Riolpetcaly agitye 4 Wh‘ﬁ%l @i B ttges
G ter 1 Nl Lyaine eStale. o gtk MEnoner The Ler L) ary  am de |1 nter can be
depi ct edqges“y t&ﬁéh"ﬂc mé@%l%%?ﬁgﬁwy%%&??@ﬂﬂ NH; C of the

l'i nkero forms an ami de bond with the a-anmino group of the G 30 terminal
lysine regl %gg ﬁ%smgmfmrosﬁa%‘ggpde mononer; C2 of the |inker fornms an am de
bond wit Cterm naI | ysi ne residue of the second
pepti de nonondhe pesseht NnvegfionX prayides tnavsh eeptide aconmpowrds, berhigh eard iﬁ@aﬂg@g@ﬁstsanf

am de | i nkaa h C ) L£ Hmm

-13 PEG has a %ITlg | ecu arﬁaﬁg%&)g{?ﬁgoﬁhg%gpeg%% &BIPSEESHJ@) M/?Fg%s (the
t er m " abcuenompra fpving thegming a¢id seguense M)@LYAQEM@?TTJ&E@D%@%L% [&EQMOW)J |

wei ghygTorg, hoﬁl‘a@iﬁmlseéfsp h@@%ﬁ&ﬁﬁ tlﬁ%ﬁ%t&%ﬁﬁ&'a% %ﬁals@)( @hm\@m@’maam de
l'i nker may_al so b eGa£|Cte as:

NCO- ( CH2) D KFREERM (§Q {IReND; ﬁk Sthereotepts 2o Afiddie %w&r%& ﬁaqdﬁé e dgteho
group of dbh@viatfen! ¢AstN Nlayew%l?mﬁeesudﬁﬁ @ fL-nhpienyldldnde, ﬁﬂp‘tMSG)” ROMOBEY is Rnd  C2

of the linker forms an am de t he am no f .the C—termnal
| ysi ne r SBFHEYeSe: ple BaELARY Sﬁeﬁﬂedeﬁ%mw mamen @ 1 PRtich A PRSI ¢ he
| nvent i onndaniolddgiir disalifdle b5/l BetGEAGRY cySine togidtds of e rheoher Sigh mmm be

20 represented schematically as follows:

(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
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-N H (CH2) 4- CAH N2H where: C4 of the spacer is covalently bonded to C of
X; N of the spacer is covalently attached via a 15 carbanmate or an am de
| i nkage to an activated PEG noiety; and N2 of the spacer is covalently
attached via a carbamate or an am de linkage to an activated PEG nviety,
where PEG has a nol ecul ar wei ght of about 10,000 to about 60, 000 Dal t ons
(the tBEGhspmaleculinivgightof shyput 2h00itn abyue #2000 Dadions @ite G abowiindirstingcthitds

wil | t t he
movel PR SEpIRe T ESReuk\M cifh Bl it T, Bl syl ithter SRR, |

coval ent | y Thotediaryastideilinkermay dlar bredepicwdlasnkage or an ani de |inkage to the
tertiary amde linker of the peptide dimer. PEGis a water soluble polymer
that is pharmaceutically accept abI e. PEG for _use in the present invention
may’ be |inear, unbranched PEG ha@ﬂh@ﬂaﬁhﬁHEGUDar wei ght of about 20

ki | odal t ons (20K) to about 60K (the term"about"” indicating that in
preparations of PEG sone nolecules will weigh nore, sone |ess, than the
st at ed wherkeX id HEOWEH R NH-Cis €' pme mwgmsmmnaeeomwaﬂm m gnoum@ft@ht of

about 30K t.o. 25. led in t L t the
dosi r €& T RmE Pt S0 o el o]t 5 o et o o PSR
circul atamm groupeof theSiterhinl Sysing redidik @ Itne&eamdetaﬁtﬁletrmnomfsr amiye, pepﬁde diin&is(bgl cal
activity;. easeé handltng degree or gqr of antl en|C|ty and ot her known
ef fct e&PmﬁE@ ey COpFIse 2 SRATEY TRl 9f the dolloping ST hept i de di mers and ot her
pepti de-based nol ecul es of the invention can be attached to 30

wat er - sol ubl e polyners (e.g., f a variety of chemstries to
link the water-sol uble polyner(g%H{féh gﬁfé@gptor-blndlng portion of the
nol ecul e (e g., peptide + spacer) A typi cal enbodi nent enploys a single

attach nction for coyal ent tta f the water s polyner(s)
R £ o Wherg EHOChE e h SOTRRIY SR RCOOF X A 9F Foh AT FocAlsHN iRy
mulgs i pbﬁbﬁﬁa@mmdd 1iRSgeit asadﬁwm@pm&edaxy ahd 4t sfdhdgaderd tstdceﬂaﬁ@rau@m@ﬁe

wherein different species of water-soluble Iyner are attached to the -14

r ecept 8CaBARHE APTIEHAS 15kags toan a¢tvated Pgﬁt%ﬂhé?m"“i R has@reclecpiar ®aisheRf ebovt| ude
coval end,066 toaaemt%t? 1000 DTk QL {esh "bisdut” hﬁdl&ﬂﬁé?ﬁtht A pEparatiéd 0@ PEGOdort2GhdleciRPt | de

chains. In sonee nmbodi ments, the diner or higher order nul timer will
conpr i 3@l wrigh Mo saprdesethanthe slafsd melecwpENTiEht) e, , a heterodi mer or ot her

het eromul ti MRk, the%vw%epates@far@hﬁeﬁm CBPkIsh ot FEE nfdidly, Wich B Yotelidlly | S
a first pept+de chain

pepfi dattached via gesproampts dinkpeg or 2 apyids Linkeercierias tertiany pratde dinkes of the psplide djmer.
di f f er ek ib h WhROQIHNEFBIRhd: ¥hak ttaﬂhmtntteettmn@tac&eabted PEG!T6) e Hfe bfbs&t@i?i%ntwn

vari ati OI’]S th spacer é’@y contal n or PEG at t achnment équnCtl on and

sai d spuYde linpar, ‘F’E‘GFled G hayjnga mpteeéarawelsht akehut 2hkiadakions (2%)rta plavt 60K an
that ofmt Ao iab i A4z BAGR PrtpRaRblsd? PEGkEE mORc@bd RIINALiEN SoRTRGHE et

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

-14-

havi ng a PEG attachpment junction and- the-secgnd — -



enpl oys a PEG attached to the spacer portion of the receptor-binding portion
and a different water 10 sol uble polyner (e.g., a carbohydrate) conjugated
to a side chain of one of the am no acids of the peptide portion of the

nol ecule. A wide variety of polyethylene glycol (PEG speci es may be used

for PEGyl ation.of the recegptor-, bjnding portian.(pe acer

Subst JftePHT F%ﬁ’ﬁyp%"ﬂf”i é’gldés[g‘f“&aﬁaf’}i’f@e’ﬁbli@ﬁ“@%?g chcgﬂ‘?g d]b‘ %d’“" et aypdimept o
e ﬂbgd | jomdtion(s) fohﬁeafpaaataga& Pk bﬂageﬁepnm ¢Haink. Gﬁubfﬁe Exfibd ddneras, |t1?m?t=,r @ hlghcr
carbamate or .am de.bon 15 conj ugatj on t.o erecept r-bindin tion.
Sl ¢ anmaer, St AP et SR ithey a5 SRS D (v SHERERE i 8% o
are avighdr@blimbf)r B atag dfrexinhiple Ianal@omdmwya Qusdran@y Conlptlso @ ﬁraﬂﬁh%hdmhaMOF
Gar den. Pl ace. Tower, 20-3 Ebjsu cho

oration bi su u
l£o @e%%? efmRanb Jungignoand: the seaepil watide S BT 5 P’EE Xowep
Ther apapdtio or LARL: inﬁeeﬁemagx EéghistiUBdnSHht kR pepilde RBgm an3589<§ﬁe vdiﬁﬁor@xﬁerml e
and not I|mtat|on efg!gvm Greagents re ofteng&refarred I.n
var i ouPeED AR Pﬁ mq%m irefionepst sgigh spacetaifF Brrates, BrGuiige)D
MPEG2 (iifiNage clfeﬁﬁ@ymfferent thab\iidt offGrsSii@or S606H4 peBide dhERE ADAIRASBERS dnbodiment
nPEG Doub e t rs, NPEG BTC, nPEG But r ALD, nPEG ACET, heterg unct | onal

PEGs ( RFBOLCh achisd f0 HiEcSPRISS PORING Al PRRcIeRFRioT-DIRGiRg pertion/and gy gifesents wakr) |
PE acgo!ﬂb?é@énﬁ @k PhbdNyRhte) Rﬁj&g%@ﬁpimd D 6o 6 the mﬁ@aQ&PEf)the peptide

rrultlarrred of the SU RITE series including the G series of
gl ycerPhdonpfdsnpderuls- 25 activated by a chemi stry chosen by those skilled in

the art, an ¥ fiffer oy Rls6ie. PChsed f to
car box I - PEésvgae a&%ty?é@?& res yc\éﬂg )glfédeshm PILE%S &g’ggg ghell?’zl’z s ﬁbépﬁﬁ'

ani no. WiEding petip (Roptitss + Featry; PHIEPanY Fyta mcwfetﬁﬁrﬁwénf e BsossmEGincooN,

hydr oxyrlefeRE&memﬁéwl €he reRERO K G irkag@t RN dsGIe ird 30RRatIDRGE af ciftainbieRR ki Bond
PEG phosphol i pi d, nd other simlar and/or suitable reactive PEGs as

selct @INFPIIEYIOR tg kthq reseptorrbinding pettion ghuitehle reactive FEQ $pegies dpgndes &t 8 nghd
usage. 1ifled BE 1LY YhidReRt hHgEbIe ffot me inmﬁe rforug rbcﬁa&y e§y§em§ QBiaRk rtzom oPOF

moi eties thaf are covalently attached via a carb or an am de |i nkage

to a spereertipmhbipu Gordendlase (Tawes 283 Hbiswt- @topie» §h‘§®(ﬁdﬂle Aekyp 15919d®pnd dbe; he
terti agpbleamhengd e@zlﬁ?gr ca&iogt(f@3f@ﬂﬁék&? THir HHCSWD@JOVE@‘DSW%HEDAEBMES

used in such enbodinents of resent i nventi on may 1inear and nay be

| i nked3%386) tHee example aad net Bmigions &@ffollme@ﬁﬁa‘emgeneaen qﬁee mefeeed inpyasivey abl y
hagy a ORbdGHdnR: K fw@bem itk odal FEESHPRE Am P es,@%];;( the - -

term "about” 1ndica I'n _preparations of PE

wei gh Nﬁﬂe , MBR(SFA enBEGtSHn pﬁ@%ﬂ%@%ﬁ rrrsmPé?&:Daubl@\eEgm) mR;EGrBéfﬁ PEREG-
ol et | Eﬁtyﬁﬂ[]ﬁ),ﬂﬂ"ﬁc? ‘A@E"i" hé{ergﬁxﬁét{%éﬁ‘tﬁs'\(ﬁm H@’cﬁ&@bﬁb bﬁc—PEGQ@ﬁS qu&crl%d s PEG

noi eti es”has ‘a ecul ar wei bout 20K fo about K, and stil nor e

pr ef er HHSYPESEY ReNHSHF61MAL) Bﬁ]dﬂlabﬁﬁt(ﬁl@@k PEG-NHE), ﬁ’@ﬁsplpﬁ@ﬁ@?@b 88, @BE@- of
the t %S%?nﬂﬂia%&xé@?E@@%f 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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5 nol ecul ar wei ght of about 20K. One skilled in the art will be able to

sel ect the desired polyner size based on such considerations as the desired
dosage; circulation time; resistance to proteolysis; effects, if any, on

bi ol ogi cal activity; ease in handling; degree or |ack of antigenicity; and
ot her known effects of PEG on a therapeutic peptide. The present invention
al so conprises peptide a %onlsts t hat are honodi ners of pep t|de nononers 10

havi ng t P4 fromaehayt’ Sadieating thet memraptonsiok BEFTOme faglsop FRIgMOres ARy D
NO 3), wighen tRatidxbldolabedight). iﬂe&@%ﬁ%s@ﬁe%ﬁﬁaﬂﬁlﬁr&a&d drepreferably,

bb t Ac@.. i s N tyl gl

and ~ (MBS STRPR S et e ¥ sl St BN Rt AR i oft e

nononer q:ieferﬁbﬂ;ebepvqan Righait 20Kard abaun HeK. nStilbfore pfefeeabiyl, exch bfithe twveREG ndlietids haxch

bet t .

et et RS AR Ao hhS o TR YRR p e B o

( AcG) GLYAGHkIMERYriF{dgratiors ﬁvm@tﬁ@w@)gemirctlaﬂon(ﬁﬁﬁqeﬁmo Byteoliie sftcctypif@ryee
tid | st

Dot vi £y, i) BRpE s phaRBOE 6P BRcR ilgBRE; Sla S BRAGRAEELBRERIY ©

C—tern1nﬂmwmﬂ#mmqﬁ@ptlde nnonor ner s, -bysinultaneous attachnment to the

C-term nal - mrﬂé)préééhﬁn@nu&?ﬂéb édeEses Rﬂﬁde &H&té 8l are KdtndARRRIE, eﬂn%e ﬁioﬁeﬁz%ed at
its CGtermnus to the lysine's g ? 1nd t he second pep nononer
-§a

i s at 0acHeyngihe prgo esig é?qwrﬁaw%%ﬁéc W CRRIRMEd (5Q E&ﬂoeézam&?ree
t he di MereadiBhindaacidlié aichtad BlstanFlird URd 1t bibtirevibbios YONE)? 3 NeWeiplRink, “(BA)” is

summari zed wn lLa. ll ornul Fornula ] 1 ri-N2H 2

HZ 1 MondieP ﬂ“ﬁi’gﬂme(ﬂg ﬁ@ 18 B‘Hg "Cﬁa&mﬁ%‘%n@?‘h‘gl’cﬂ f{ronomer o
Sﬁacer - PHk2 peghibe Sﬁ&e&bnmmﬁ%moudaulﬁommlﬁa bond isbivkeesi Ihe @ystdine Nadﬁeeﬁifeﬁeent S
t he nitrogen S represents 25 the
n|trogenI?P8ﬂF03mi ‘?ﬁém§“5y§ﬁVﬂ ggﬂ%mn#ﬁﬂ Bﬁkﬁﬁ di mers of the invention

e oDt | agaspacer i ety of the(Atg)'G'&x“cm&G%szlun%f)%gmmlm
-N'H (5(}@):8)&5’{& é}gl’l"g'-rfa &Rwﬂf) or (SEQ ID NO: 3)

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

20  monomer is attached at its C-terminus to the lysine’s e-amino group and the second peptide monomer is

attached at its C-terminus to the lysine’s a-amino group. For example, the dimer may be illustrated
structurally as shown in Formula I, and summarized as shown in 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:

-16-



At one end, N of the spacer is attached via an am de |inkage to a carbonyl
carbon of the lysine linker. At the opposite end, N2 of the spacer is
attached via a carbamate |inkage or an am de |inkage to an activated

pol yet hyl ene gl ycol (PEG noiety, where the PEG has a nol ecul ar wei ght of
about 10,000 to about 5 60,000 Daltons (the term "about" indicating that in
preparations of PEG sone nofed{FEy-Gidh):-RdfB0-Nkore, some less, than the

st at ed ,nol ecyl.ar ight). Mbre preferably, the PEG has ,a |.ecul ar. wei ght of
Sbout  SBCEGES of SR serebiniHoed e mide Hikamp (A BT GGG U HETE Ukt b
al so cartoppdrit@erdES afthe tpacenib btedohddsviCOvmbagiatd ihkagd d@hachidet Inkhdeao pe pdtivated

dieter. P I S sol upl e, pol t.hat i ar mageut. cal | ept abl e.
PEG { oPlEE Ty SRS (HHE) el SRR B PG Tana, eleliR T &5 bout O TERbeR
havs ng ﬁgowmbamg the Weinghbodtl inkiathg 8@t i ﬂre@ednb?m &f PEG}(homa)maFauésl @mrwlgme
term "about" indicatjn at .in_preparations of P nmol ecul es .wi

wei g T dome it R 8 et ot SRR B RERLCTY: S PRy & ROl e b .
t he PE@hduas0,000m045000 Ddaltowgi ght of about 20K to about 40K, and still nore
preferably a nol ecul ar i ght, of about 30K to about 40K, One ski)Jled. in the
Brt w1 be Ty e pavel nraides olife %@P%ﬂswpga%ﬁ%@?@w%é@& dhoogpigly attached
consi deJ @t hpige dfet. FEGIRYI WS sdiRbld 9SIGAE: thét id hdindcb@idally dReptatds | FHPRE @ D
proteolysis; effects, if any, on biological activity; ease_in handl H} ;

ded? ee hsrprosgtEnvgRtioR frayReImens, ynbranehed R havitgaamolesids cyadehs of piows iyalodaltons

t her apexiki) ¢o RRBE 0RE(EheMBRE LbBRE Mdith it h‘i)f)re%:ﬂﬁidﬁ@ BPPEGEIom 3folddiRs #ill WagiRci d
sequence, (AcG GLYACHMGEPTT(1-nal)VCOPLRK (SEQ | D NG, @1}) and NI of the

| i nker Moge, emReietetiay thy sipted aelepsivn pieieh) nMagepreteraly. the PEGrea motreylat Wgie AE

gl ycol abdRESK wPish4oK, BRd mv&bre&m&rh%ﬁa%mwda oftaB8ut 38R th AYRAUHIONORRY be
represented as follows: O AcG GLYACHMGPI T(1-nal’ )V QPLR-NH NH2 NHO Ox_ 0 O
N NHAOSIpHedbip fimrart will Reable j-seject thodasipedmobpmer fias hagesym welseraidorationsigp e desirad h
MORY TR Hobe: hGIAHIA B REisBAR tb BRotdsBCerRES,Af SBIUSBSRgical activity; ease in handling;
(AcG GLYACHIMGPTT( 1- nal ) VOQPLRK ﬁgE ID NO._ 1) 'and N1 of the Tinker is

at t ach&eerea 9 lagk obantigenicity] gnd 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

-17 -



| i nkage to an activated pol yethyl ene glycol (PEG noiety, the novel peptide
conpounds of the invention nay be represented as follows: O (AcG GYA
HVGPI T(1-nal )V QPLR-N}I 2 NHO pO JO NNH " PE&0dOk OY NH

(AcG GLYACHMEPTT(1-nal )V QPLR-HN NH2 5 Where each nononer of the honodi ner
has the am no acid sequence, (AcG GLYACHMSGPI T(1-nal)VCQPLR(MeG K (SEQ ID
NO  2)linksge tran a¢tiveisd pplyeikdene glycet anpisty, shegnovelaep PoRRs £ thetiprentipn
act i vahstheRepryehidy h&@Bovd: YCOl  (PEG noiety, the novel peptide conpounds of
the invention may be represented as follows: 0 (AcO GLYA HVGPI T(I-nal)V

QPLR(MeG) _NH NH e -40K ~NH

(AcG GLYAC | N@fﬁ“ﬁ%ﬁ‘g {ﬁgﬁﬁﬁw NH) 10 Where each nononer of the
honodi mer has the am no acid sequence, cG GLYACHMGPLT( 1- nal ) VCQPLR( MeG) K
(SEQID NGO 2) and N of the linker is att\ached via an amde |inkage to an
activated polyethylene glycol (PEG noietygthg novel peptide conmpounds of
the invention may be represented as follows™-18 0 (4HcG GLYA

HVGPI T( 1- nal ) V. QPLR( MeG) - N\H NH2 NH-O
OYN NH® “PEGap.40k
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~



O p N NHEQRoaoK NH (AcG QYA HVMEPIT(l-nal)V C QPLR(MeG -HN NH2 O
Preferred peptide dinmers of the present invention include, but are not
limted to: (AcGQ GYA HVGPIT(l-nal)V QPLR-NH p NH2 (SEQID NGO 1) NHNO1O
p N NHAO PERoK 1ly NH (AcG GLYACHMGPI T(1-nal ) VQPLR-HN NH2 0 (SEQ ID NG 1)
(AcG GLYACHMOPI T(1-nal )V QPLR-NH NH2 NHN O N O p ONH (O PEGK Y NH
(AcGQ GLYA LHMGPI T(I-nal )V QPLR-HN NH2 19 ~ ~ 0 (SEQID NO 1) (AcG GYA
HMGPI C T(1-nal ) VCQPLR-NH NH2 NH~O O p O N NHAO- PEACK NH

(AcG GLYACHMEPI T(1-nal ) VCQPLR-HN NH2 0 (SEQ ID NG 1)

Q
(ACG)GLYACHMGPTT(1-nal)VCOPLR(MeG)-NH N2
NH o
X% 9
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

€3,
OYNJK/\NH)LO'PE@;(:K. I

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

19



( AcG) GLYACHMGP!I T( 1- nal ) VOQPLR- NH N142 NHN- O fp
(AcG) GLYACI GPIT(1-nal )VCQPLR-HN NH2 O 0 (
( AcG) GLYACHVGPI T( 1- nal ) VCQPLR- NH NH2 NH~O /
( AcG) GLYACHVGPI T(1- nal ) VOQPLR-HN NH2 O 20 0 (
(AcG) GLYACHVGPI T(1-nal )V QPLR-NH NH2 O pp  NH (
(AcG) GLYAC! Thl GPI T(1-nal )VCQPLR-HN NH2 0 0 (S
( AcG) GLYACHVGP! T( 1- nal ) VCQPLR(MeG) _NH NH2  NH\

' PEG20K Oy Nfi

N N
D NO 1)

A N YEG30K Oy NH
D NO_ 1)

H' “PEGAOK OY NH

D NO 2)

ON" '"NHAO PER2OK NI |

O
(AcG)GLYA(.fHMGPIT( 1-nal) VJ?QPLR—NH NH?2

ﬁ)\%—é

(AcG)GLYACHMGPIT( 1 —naJ)VCQPLR-—HN

(SEQ ID NO: 1)

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

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

(SEQ ID NO: 1)

[ | 0
{AcG)GLYACHMGPIT(1-nal}VCQPLR-NH NH2

NH O

Y

NH

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

03,
NJK/\NH)K’EG%K

(SEQ ID NO: 1)

20



(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 CHMGPI T(1-nal )V C QPLR(MeG) -RN NH2 0 21 0 (SEQ ID NO 2)

( ACG GLYACHVGPI T(1-nal )V QPLR(MeG) -NH NH2 NH\r Ox", p O N ' NHAO PEGaoK NH
(AcG GLYACHVGPI T( 1 - nal ) VCQPLR(MeG -HN NE12 O 0 (SEQ ID NO 2)

(AcG GLYACHVGEPI T(1-nal )V QPLR(MeG -NH NH2 NHN O O p N NHX" ~PEGoK O NH
( AcG GLYACHVGPI T(1- nal ) VOCQPLR(MeG) -HN NH2 O 0 (SEQ ID NO 2)

(AcG G

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



NH Op fO- N NH \PEGoK O NH (AcG GLYACHVGPI T( 1-nal ) VCQPLR(MeGQ) - HN NH2
O 2211 0 (SEQIDNO 2) (AcG GLYACHVGPI T(1-nal)VCQPLR(MeG) -NH NH2 NHN p
Op NH \PEGaaK O J NH (AcG GLYACHVGPI T(1-nal) VCQPLR(MeG) - HN NH2
Wher e each nononer of the honodi ner has the am no aci d sequence,

(AcG GLYACHVGPI T(1-nal ) VCQPLRK (SEQ I D NO 1) and both N and N2 of the
spacer are covalently attached via a carbamate |inkage to an activated PEG
noi ety, the novel peptide 5 conpounds of the invention may be represented
as fol%ews—ﬂre—eﬁeea—efhaeﬂh@lﬁf—}fﬁalﬁfeaﬁb&m%m O000O/ OPEG

i 0-SO ~N NH1[IL V=T I\II HN-r O PEG asoK NH O (SEQ ID NO: 2)
(AcO CL@‘AWW e N2 \Were each nonpner of the honodi ner
has the am no acid sequence

NH_ 0

(AcG)GLYA(lZHMGPIT( i -nal)V?QPLR(MeG) —HN NH2
O

[ é O (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-NH_ J_\ppo

NH o
X8 9
OﬁjI)‘\/\NH)kPEGZOK

NH

(ACG)GLYACHMGPIT(1-nal) VCQPLR(MeG)—HN " )—NH?2
0

l 1 0 (SEQ ID NO: 2)
(AcG)GLYACHMGPIT(I-nal)VCQPLR(MeG)-NH_ JL iy

NH_ 0O

€5, 1
0\; JK/\NH)KPEGSOK
NH

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

22



(AcG GLYACHVGPI T(1-nal ) VCQPLRK (SEQ I D NO 1) and both N and N2 of the
spacer are covalently attached via an am de |inkage to an activated PEG

noi ety, the novel peptide 10 conmpounds of the invention nay be represented
as follows: 23 BIZ (1---0O0 (AcGQ G YACHMEPIT 1-nal V QPLR-NFI ~Z NHo 0 0 O
1PEGLIO-50K ~N OJ ~" HN~PEGosoK NH O (AcGGYA C

HVGPI T(1- nal ) VCQPLR--HN 4H2 O Where each nononer of the honodi ner has the
am no acid sequence, (AcG GLYACHMGPI T(1-nal)VCQPLR(MeG K (SEQ ID NGO 2) and
bot h via a carbamate

:in\r/”éﬁt ﬁ%%ﬁ%%}%?@é@ﬁé@‘éﬁ@&@é?% he novel peptide qdipQUPdN¥O0?) the

2 0 (AcG) GLYACHMGPI T(1-nal)V
QPLR(MeG) -NH NH2 NH O QPEG 0 0 ~X\ OMK O ,J "~ HN{rO_PEGo-50K NH O
( AcG) GLYACHVGEPI T( 1- nal j VCQPLR( Me( 3) -

N M 0 Were eachh nononer of the
honodimer has the ami no acid sequencegy 40
(AcGQ (FLYACI—H\/GPI T(1-nal ) VCQPLR(IMEG K (SE® | ® NO @) and |both N and N2 of the
spacenl are covalently attached via an aki i nklhge to |an activated PEG

noi ety, the novel peptide conpounds of ¢ i mvienPEGmkmay be represented as
folloys: -24

NH

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

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

5  compounds of the invention may be represented as follows:

0
(AcG)GLYACHMGPIT(1-nal)VCQPLR=NH o0

\( 0 OYO“PEGw-saK

0
o NlK/\NHJH"\\\/\/ NH

NTO-—PEGm-soK

H
N 9]

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN 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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| 0 (AcG GLYACHMGPI T(I-nal)VOQPLR(MeG) -NH NH2 NH O 0 0 O-PEQ o- SDK  ~N'
ANH) ,"k\-,~~NH O HN. PEG O 50K NH 0 (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 (SEQID NGO 1) (AcG GLYACHVEPI T(I-nal)V QPLR-NH NH2 NH O
Oj 00.<0-PEA K J ~ N~/ "NHAYI\-~~NH O - HMtOPEGUK _ NH O (AcG GYA

HI\/GPIT(l-naI%V i @Pmrﬁm-mz%g 0 (SEQ ID NO 1)
(AcG) GLYA YALEMER T orbY IR 20 B0 0 O PEG20K N JANH ~-i\~~NH O
HN 0- PEGZOK NH O (AcG) GLYA HMGPI T( X nal ) VOQPLR-HN NH2 0

(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:
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25 0 (SEQ ID NO 1)
O~V N O\"NHf ,~\\~~NH O HNYO PEG30K NH 0

QPLR-HN NH2 0 0 (SEQ ID NO 1) (AcG GLYACHVGPI
OB p O PEG4OK J ~ ~/~NH~. ~\\~~NH 0 HN p- PEG40K
HVGPI T(1-nal )VCQPLR-HN NH2 0 0 (SEQ ID NO 1)
QPLR-NH NH2 NH \'p O 0 p-PEGEOK J O ~Y° N \ANHAl
(AcG) GLYACHVGP! T( 1- nal ) VCQPLR- HN NH2 0 26

o)
NH2

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

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

6]

(AcG) GLYACHVGPI T(1-nal )V QPLR-NH NH2 NH 0 0 O PEG3OK  J
(AcG) GLYA CHMGPI T(1-nal )V i

T(1- na)) VOQPLR- NH NH2 NH pN
NH, 0 (AcG GLYAC
(AcG) GLYACHMGPI T(I - nal ) V

,NH O HNrO_PEGGOK NH O

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

r & (SEQIDNO: 1)
(AcGYGLYACHMGPIT{1 -nal)V('JQPLR-NH NH2
o NJK/\NHJH"\\\/\/NH
. - HN, Q—PEGok -
NH T
o
(AcG)GLYACfHMGPIT(l-nal)VCliQPLR—HN NH2
0
[ (l: 0O (SEQIDNO: 1)
(AcG)GLYACHMGPIT(1-nal) VCQPLR~NH NH2
NH{) o o 0 O—PEGapk
o N’LK/\NH)HH\\WNH
Y HNTO—pEGZOK
NH )
(ACG)GLYA?HMGPIT(I-nal)V(IIQPLR-—HN NH2
0
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r---1 0 (SEQID NO 1) (AcG GLYACHVGPI T(1-nal) VCQPLR--NH NH2 NH \O O B p
O-PEGOK ~ NI/ )~ %\,,,,,,,~NH p~~J HN-PEG OK NH O (ACG GLYA i
WAGPI T(1-nal ) VOQPLR-HN NH2 O 0 (SEQ ID NO. 1)

(AcG) GLYACHMEP! T( I - nal) VOQPLR-NH NH2 NH O 0 /PER2OK Op NN~ 1\~~NH oy
HN-PEG2OK NH O (AcG GLYA | -WGPI T(1-nal )Vtj QPLRRHN NH2 0 0 (SEQ ID NO 1)
(AcG) GLYACHVEPI T(1-nal )V QPLR-NH NH2 NH NO O B p 0~PEG3OK ~ N-J\~NH)

"IN, ,~~NH O, Jill' HN-pEG3OK NH O (AcG) GLYACHMGPI T(1-nal )V QPLR- HN NH2

0 27
I é 0 (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-nal) VCQPLR~-NH NH2

o NJK/\NHJ\.\\\\/\/NH
HN _0—PEG0x
Loy

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

[ é 0O (SEQIDNO: 1)
(AcGYGLY ACHMGPIT(1-nal) VCQPLR-NH NH?2

NA P O 0 O O—PEGqok
o NJK/\NHJHA\WNH
HN O—PEG,0k
H T

S N
(AcG)GLYA(IZHMGPIT(l-nal)V(IZQPLR—HN/{
[ é O
(AcG)GLYACHMGPIT(1-nal)V QPLR—NH{NHz

NH

(SEQIDNO: 1)

\ﬁo 0 0 O O-PEGSOK
o NJK/\NH }Kl.\\\\/\/NH
HN _0—PEGsok
NH T

o

(AcG)GLYACHMGPYT(1-nal)VCQPLR—HN" Jr=NH2
0
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| 10 (SEQIDNO 1) (ACG GLYACHVGPI T(1-nal)VCQPLR--NH NH2 NHO O O-PEGAaK
JBp N O J DY HVPEGaoK NH O (AcG GLYAt] HVGPI T(1-nal)VCQPLR-HN NH2 0
(SEQ ID NO 1) (AcG) GLYACHVGEPI T(1-nal ) V~QPLR-NH NH2 NH , 0 OB O O' PEGSOK N

~/~~, 1\U~i NH OY 14N PEGGOK NH 0 (AcG GLYACHMGPI T(I-nal)VCQPLR-HN NH2 O 0
(SEQ ID NO 1) (AcG GLYACHMGP- | T(1-nal)VGQPLR(MeG) -NH NH2 NH O 0 O PEGLOK
JO~Y\ NO\ANH I, \\_,,-,~/NH O H\NWOPEGOK NH O (AcG) GLYA i
HVGPI T(1 - nal ) VCQPLR(MeG) -HN NH2 0 28
. 1 O (SEQ ID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH \<,NH2
NH\ﬁO o o o PEGmK
OQJK/\NH .\\\\/\/NH
HN PEG1x
NH T
0]
(ACG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r~NH2
0
l ] 0 (SEQID NO: 1)
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH {NHQ
NH \(O o o 0 PEngK
OYNJK/\NH ‘\\\\/\/NH
s HN PEG30k
NH T

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

(SEQID NO: 1)

[ O
{AcG)GLYACHMGPIT(1 -nal)V%QPLR—NH {*NHZ
NH

0 0 PEG3DK

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r—NH2
0
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0 (SEQ ID NO. 2) (AcG GLYACHMGPI T( 1- nal) VOQPLR(MeG) - NH NH2 NH O O O PEG20K
ONOV ~ ~1\~~ NH 0 HN\rO PER2OK NH O (AcG) GLYA
HVGPI T( 1 - nal ) VCQPLR(MeG) -HN NH2 0 0 (SEQ ID NO. 2)
( AcG) GLYACHMEP! T( 1- nal ) VOQPLR(MeG) - NH NH2 NH (0 p-PEGBOK O ~Y\ N O NHI-) O
HN yO PEG3OK NH O (AcG GLYA HVGPI T(1-nal)V i QPLR(MeG) -HN NH2 0 0 (SEQ
ID NO 2) (AcG GLYACHMGPI T(I-nal ) VOQPLR(MeG)-NH NH2 NHO O 0, O PEG4OK f O

N- \/ NH, ~1\~,NH O HNyO PEGAOK NH O (AcG GLYA H HVGPI T(1-na)) VJ
QPLR( MpS—HN-NH2:

0 (SEQIDNO: 1)

) )
(AcG)GLY ACHMGPIT(1-nal)VCQPLR-NH NH2

NH. 0 PEG
\ﬁ 0 0 o) 40K

(AcG)GLYACLHMGPIT(l-nal)VJCQPLR—HN NH2
0O

— 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’“PEGmK
o NJK/\NHJ\l.\\\\/\/NH
HN . 0—PEGo
Loty

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




0 291 | 0 (SEQIDNO 2) (AcG GLYACHMGPI T(I - nal ) VOQPLR(MeG) - NH NH2 NH \ O
Op-PEGEO 0 0 ~Y° N ~/ NH~,\~~NH O HN-rO PEGsoK NH O

( AcG) GLYACHVGEP! T( 1- nal) VCQPLR(MeG) -HN NH2 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 O11 HN NH O (AcG GLYACHVGPI 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 PEG0K NH O

] 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




( AcG) GLYACHVGPI T(1-nal ) VCQPLR(MeG)-HN NH2 1 1 0 30 0 (SEQ ID NO 2)

( AcG) GLYACHMGP! T( I - nal ) VOQPLR(MeG)-NH NH2 NH O 0 0 Oyt PEG3OK

\t N IV NH~,

\~~NH O Y y_ PEG30K NH O (AcG GLYACHMGPI T(1-nal ) VOQPLR(MeG)-HN NH2 0 0
(SEQ ID NO 2) (AcG GLYACHVGEPI T(I-nal ) VOQPLR(MeG)-NH JNH2 NH O 0 0 O

/] PEGAOK N fv NH -YI\~~ ,NNH FiN-r PGg NH 0
( AcG) GLYACHMGP! T( 1- nal ) VOQPLR(MeG)-HN NH2 0 0 (SEQ ID NO. 2)

( AcG) GLYACHMGP! T( 1- nal ) VOQPLR(MeG)-NH NH2 NH 0 O PEGS0 NNH- O y PEGSOK NH

0 A N\ D V/ACLINDL- T L1 wnal N\ \ /DI D/ A A ) LIN-MND A 21
C } O TAUTIIVISTT I\P IIGITVW'L“\ LNASA ) B riN"ITNHZ—0O 9L

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

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

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

O 0 o

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

N'U\/\NHJH.\\\\/\/NH
. . HN, __PEGqg .~ -
NH

PEG“D]‘

(AcG)GLYA(IZHMGPIT(l-nal)V_(llQPLR(MeG}—HN NH2
0O

o}
(AcG)GLYA(IJEMGPIT(l—nal)V(IZQPLR(MeG)—HN NH2
s)
| | 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-—NH NH2
NH 0 PEG
\( 0 o O 20K
o NJK/\NHJ'H.\\\\/\/NH
HN PEG,qk
NH Y

30
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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:
/1A~ -na

C

|1 MGPIT|( - AN %SE,@ F-\- This dimeric structure can be MiY'PER?

[Ac-pedt%&@,a‘}i%w(%?ﬁﬁ] y)s)l-)l‘s a‘g&t-ég 04B% to 10 denote an N-terminally

acetyl at ed peptide bound-to both the aNand s ami no groups of Tysine with

each peptide containing an intranol eculsr disulfide |oop and a spacér

nol eculle formng a covalent |inkage betweep the Ctermnus of lygine and a

PEG noilety, where the PEG has a nol ecul ar ght af about 00 t°0 about

40, 000 Daltons. Preferred peptide diners %é}eﬁ\e;\ ent inven% on i ncl ude,
)

"
but are not limted to: 0 (SEQ ID NO 3) BA r - nai
QPLR(MEG) - NH NH/ ' \ O- PERCK (0 O (AcG GLYAY HVGPI T( HNnal)REGskQPLR( MEG) - HN
NH-\ 0 0 (SEQID NO 3) (AcG GLYACHVGPI TAH- nal )V I%LR( MeG) - NH

NH) O PEG3OK 0 O (AcG) GLYA | HVGPI T(1-nal )Y CQPLR(MeG) - EN NH--\ 0

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

- ~ o (SEQIDNO: 2)
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

NH{O 0 o 0 PEG40K
o NJK/\NH .\\\\/\/NH
Y oo HN\H/EEG40K'
H
N o]

(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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32 0 (SEQID NO. 3) (ACG GLYACHMGPI T(1-nal)V QPLR(MeG) -NH NH ' O pEG4oK O
(AcG GLYAHAAGPI T(1-nal ) Vi QPLR(MeG -HN NH-\- / /00 (SEQ ID NO 3)

(AcG GLYACHVGPI CQPLR(MeG) -Ng Ng" \PEQROK O G (AcG GLYA CHMGPI T(1-nal )V i
QPLR(MeG -HN NH-\- /-/ 0 0 (SEQID NG 3) (AcG GLYACHVGPI CQPLR(MeG - NH
NH' \PEG3OK (0 '1 0 (AcGQGYA} GPIT(1-nal)V i QPLR(MeG) -HN NH--\- /-/ x0
(SEQ DNG 3) (AcG GLYACHVGPI T(1-nal)V QPLR(MeG -NH Ng" "pEx4AoK O (AcG GLYA
LHMEPI T(i-nal )V i QPLR(MG-HN NIf ~/-/ Stereoi sorrers (e.g., D-amno acids)
of the twen i

a, a- di substi hueg eggl\égﬁééﬁg%g%tlagh@d% g%ér%ﬁm%tr%hqno ,a% Vﬂ 4 @ﬁg&ﬁﬁ%ﬁ‘ea%]ﬁc ot her
unconv ¢REGY madietsyTitheo navs! dsepridy c@h@euﬂaﬂ sﬂnﬁeahivenmﬂms’mnm Nor 3sanpobads of
t he present |nv ti on. Exanpl es of unconventional anino acids include, but
are noteArFSiNedas F"Elowf’s al anine, 3 5 pyridylal ani ne, 4-hydroxyproline,

O phosphoserine, N rret hyl gl yci ne, N-acetyl serineg N- fornyl nethioni ne,
3-net hyl hi sti di lhe hydr oyl ysi ne, nor-1I| euci ne, fand other simlar am no
aci ds arfﬁ‘cq)ﬁ{‘%c%?ﬂg(l ney L TR@At i ons ar eNgl so—PBGsidd €, i ncl udi ng
nodi fication of the am no term nus¢ nodificat Lﬁ)n of the carboxy term nus,

repl acenent of one or nore of the t@rally ocdurring genetically encoded
am no acids with an unconventi onal ¥o acid, A0 nodification of the side
chai n dACHABY AFHMBRIE( 2 VPABMEG) &R i dué8lypepfTde phosporylation, and the

li k
| g 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:

1 | 0 (SEQ ID NO: 3)
(AcG)GLY ACHMGPIT(1-nal) VCQPLR (MeG)—NH NH/KO_PEGZOK

0

(AcG)GLYA(fHMGP]T(1—nal)V?QPLR(MeG) ~HN NH—\_OF

= | o (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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33 The peptide sequences of the present invention and be present alone or in
conjunction with N termnal and/or Cterm nal extensions of the peptide
chain. Such extensions nmay be naturally encoded peptide sequences
optionally with or substantially w thout non-naturally occurring sequences;
the extensions may include any additions, deletions, point nmutations, or
ot her sequence nodifications or 5 conbinations as desired by those skilled
in the art. For exanple and not Iinitation naturally occurring sequences
may be IUII-IngLH ot pdllidl |cugLn and nmay ct-ude—antt acid

substi futions tq_anMLde_a%5|te for attachnent ?incarbohyjﬁﬁﬂéH)PEEﬁ)other
pol yne ﬁ&@én nj ugati on. a variation, the amno
acid subgﬁﬁ(ﬁilon regﬁ%?@%leﬁhunad N%?lon of a“@bq&%ﬁ%@hWQ make in

conpat| ble with the human i mmune sygte Fu5|digproteins of all types are
provi ded, including i munogl obulin s€q nces adj@cent 10 tp or in near

pr oxi m e Eg R n u he present |invention with or
mﬁthoutb%Gk§ﬁ§%lnnuﬁ%qF® P%%ﬁgp c seque /_gne type of | enbodi nent is an
i mmunoglobulin chain having the FPO- R activating sequencelin place of the

variable (V) region of the heavy and/or |ight cha@n. Prepa Ey; ank)g e
peptide conpounds of the idvention: 15 Peptide s}nthesis The peptldes of
t he i nlreMCHEHIATMBTN-eNFRELHYE) 28k cal et hedsMBEGyr in the art. These
standard net hods include excl usive l'id phase &Ynthesis partial solid
phase synthesis nethods, fragnent cgngénsation, cIaSS|caI sol ution
synthegis, and reconbi nant DNA techn [ See, ., Merrifield J. Am
Chem B¢eG)GLot HB@PIZTIH@])VCQHA(MEJ@)nIéNenb%l t/_/t he peptld‘ nmononers of a
peptide dinmer a zed individually aﬁﬂ di meri zed subsequent to
synthesis. I n another enbodinent, the peptide nongners of ; | i nked
via their C-ternfﬁ#—by—a——jbranched tertiary am 8 i nker Qﬂ#gﬁé?e)ﬁ V|ng
two f upciAcnhElYy AgEGPST( e 0leLR MGG Ng as |nkﬁygkg sites for peptide
synthesis and a third functional grodp (e.g., car OXVF oup or an am no
group) |that 25 enabl es binding to anwgt her nnle?ﬁ]ar nnlety (e.g., as may be
present on the surface of a solid su rt). In ®his case, [the two peptide

nononef @A&@ntgytﬂguﬂwng&mw@qmgumggp ONNH /réactive nitfrogen groups of
MDLeLy_Ln_d

-

the | nker varlatlon of th lid phase synthesis technique.
Such synthests—may be—sequenttat or—stnuttaneous—tn—another enbodi nent,
the twp peptide y be synthesized direcgly onto { EQ HANOG: 3¢ 30
ni trogen g gg:é 1h ;@ br iety in a variation of the solid phase
synthe>|§ aﬂﬁﬁﬁquer@@uéL gyd#ﬁggfrﬁg may be sedWentP&P+sr s$irmul taneous. In
this ewbodlnent a lysine linker (LK qglety h§v1ng t wo
0
(AcG)GLYACi[MGPIT(1-nal)V(|3QPLR(MeG) HN NH—\_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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am no 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
am no group of a lysine anmde, a |lysine residue wherein the -34 carboxyl
group has been converted to an am de noiety -CONH2) that enables binding to
anot her nolecular noiety (e.g., as may be present on the surface of a solid
Zuppor t) i s%ﬁnd&\b&;&mﬁﬁgﬂ&abm&m %waﬁd A8 b@fp;dsmfanﬁstof de(:c?hhﬁbm with H- h

i mer onto .a s . to be r . WO amn uncti ona u an t he
1 ker HoRECatY Selrmye GiBah 1 i DgtciP i SOt CHrEHOG oAb RS Rssied
am nehpép?ﬁtleséquagcegrmgﬁallyThﬁh pcfroiuesthﬁidu;} ivfli_{ﬁ@ﬁt hm-mmmllbedcmmfg s@uérites urn@ort
via the |linker's .t rou e r st rot ect.] roup is
 errov e GetsReS TS PR s iR gl i, BeinmabonsS b, e reattron fopgetant of
deps ot estigshtions xsedeaiaedewthoaamma he e QeO Rek e’:kﬁ‘inﬁle apd ﬁabemhitdtgn,gianuﬂlyl-(ﬁ:ctﬁrﬁﬂg)ved

and the second e f the sized on th econd depr ot ect ed
ani ne yé';gﬁlﬁ%éor paft?’i'g eflgtf‘@’ﬁlg’&?g “ﬁ% ‘C‘)‘F1 § W‘fﬁ@?’i’ﬁ?@ﬁ 35ue

pr ot eCTcﬁ‘dtchﬁnbnt/blf k&Bohydrite, PRE, aﬁ&@a@nm bhthEll‘ﬁQ@ma bide thiis citsgetion] B 4 Viaffuip C
group ut . not ﬁ Alloc gggﬁ%g be reaned eatnent mnth 81 | d base
[e.g. G%“"pﬁcﬁ’;"?“ tlﬂnr?ﬁmsﬁjé‘e‘& )"']a[‘e BRmPRE g@’ﬁ‘ﬁ‘i de
chai n %ﬁ:ﬁ&ﬁ%;fm&ﬁobusﬂahqmaﬁ; &ffallt s/&éel ﬁ?&ndeﬁriﬂblﬁdﬂ?ﬁmﬁﬁadgﬁﬂﬁmﬂthé& aﬂjacent

sui tabl e reagent [e. g X Pd( PPh3)/ 4- met hyl nor i ne and chloroforn?

t hd0 s edb9idn pepProgan E‘%}%Fwe Yespgiseangee of F.‘%&Pr%ﬁetrvévea?l?rf Wiy o withow

t hi ol - ph@hRGlobilth @,aweequ&we OiX Ji‘%nﬁBﬁmTeﬁ% is RemHeRgloBulmRkih ®hvill G lEPbde
bond formation (as discussed be this techni que nust be used even where

15 t he Regchizgting sapence i placeof H’éﬂé‘@é’l"&’) fagion 9 P heryy @pd(pridghpehaip. di ner are

i dentical. Were simultaneous synthesis of the peptide chains of a diner

onto a_linker is to be perforrred two am ne functional groups of the |inker
PDERI HE L4t g lgepenlig@Bpyvabl e amine protecting group. The

prqgec;u@}g}mgg.ﬁmg,sl S coupl ed to a soI id support via the linker's third

functi onal In this case the two protected functional groups of the

| i nker nol e&h‘F aentides of thalmveAan mry bejaispasecbby lassicahmeihads kownip thseft | Hhese
chai ns gghdiH ﬁaétﬁefetﬁ%élyde%xahneégoﬁegha@asﬁhemsﬂ%%Qt ] sﬂaseeshm ol hagfqenlels' ng

this technique, the sequences o de chains of the dinmer w
i dent i eendensatien, elagsioahsoltio synthestsi ang recgmbwé Dt teehnology {84 aig» Memifigldds Amx e
al | theynsankc, RePreiaused nethod for peptide synthesis is solid phase

synt hesis. Solid phase pgg; i de synthesis _ procedures are well-known in the. .

ar 20 see, elmone Gphaginent, 3Bt Peptipn moronmsh of ¢lpeptije divess are yrthetredrindivigually and 25
San Fr g oo NITRUR= ToTe s "2"2'9'3‘(" 03 CGeneral Catalog from Novabi ochem Corp, San
%.E‘}géré %ﬁa %y th i

D ego, esi s of Peptides and Peptidom netics (Houben-Wyl,
Stuttgart) ﬁoeg]ther lembadiimient, @mﬂmpmrssof a dijer hesslinke gia hpir Catemyini by a

conmeng, §91 ﬁeﬁ?é%%rg%ngdetﬁm R o hﬁngt% m&ﬁg&g& Bpate o@s&%gqs m&h@&t ed

resin. starting a an be prepar or instan
at t achisitey foreeptidasyinthssis andi aithinl fapdtignal 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

a 1’101:1—

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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a chloronethyl ated resin, a hydroxynethyl resin, a polystyrene resin, a
benzhydryl am ne resin, or the 30 Iike. One such chloronethylated resin is
sol d under the trade nane Bl O-BEADS SX-1 by Bio Rad Laboratories (Ri chnond,
CA). The preparation of the hydroxynmethyl resin has been descri bed

[ Bodonszky, et al. (1966) Chem Ind. London 38:1597]. The benzhydryl am ne
(BHA) r esbarylhgieu dien bede savetaid td i ainide raaétyl\mm‘mbj) | th4t 1&ndBlps Ghvding tCommiter

650], and the h chlorld formis,conpe i.l abl,e from Beckman
| nst r unBREeIar r’%qy F%ﬁg“ﬁp’tgpreﬁ&}onﬁégﬁuﬂ LX%“ %&de protected am no
-35 aci d nayWhere cequphtiadl syrheais ofithe peptide hbﬂm‘stoefd diresriontovd tirtket 1seo be phrfofmal, tasi um

vl v, G SRRt rebomE s By moleRt &F Ot Wl O nEe oY ROt TRl

gr oup i smine peoteting fzeoupeX ditpl grotettsd Iliﬁker tlﬁ |cfll|1]3m tmas esbhd: sappiort (id cha) lisker’s third

hydrochloric .acid (HC olutions jn anl C t rog er.at ure.

5 Ther e@?‘ft@?l?l %% Jﬂ&e l&ﬁitag’& éE"‘ﬁ?ﬁﬂﬁ&f §°’5?v§d’s c%g S.ﬁtrvéﬁ}t‘ (ﬁgﬁ gimey, is,

Er oW ngsﬁgﬁﬁﬁﬂtofnbmlﬂndl t feppdtéctial a&hﬁdf Moietyh EIhéh mekmmmﬁmfe pidtégng gmu]ps; ramleveghos e
nown to user.u e art .o te SI S epti des I NC I Ng:

Novt e Bt B Prad g BE gEhr s fymbesiat b fhe SeePnd FemRe i e g Fos Sempie

ar gmt | the tﬁmgma@mefty@ﬂhahﬂteemay Egp@fe@m)aﬂth allge, an@&mrsydoﬁdmmw I telazasepnd

Su Stlt | ur et ne rotectl roups .[.e.g.., o

SUDT 1 e et i) et the Kbl S o Bt OF kSRR o b F ool 2% nd

al kyl t ylpaldhﬁ iR el lf@gmgﬁ@qmm) afid thelwaq;yﬂude tcnan@ bithesied. hme}eaﬁer the Alloc

fluorenyl neth ycar bon ? rbon | oc)

1- (4, 4- ar%fnw%ﬂ rfme"% %%ﬁa &sazent 3 {Ea@rﬁhﬁqénip ‘émff’ﬁﬁl And
prot ect {he t@ec@ﬁd)pkgﬁde(dlﬁﬁl s@ﬂﬂﬂlzsyzeet Netg $hat ﬁﬁérfaﬁﬁrehfmh ?note?ﬁ@ graﬁpit d ﬁﬂ(}@st&h&tﬁﬁ% :.o
remai n nta ur. 1 prin an 1 S..NO | e protecti on
of the 5 %ﬁ@twrlﬁ?lrﬁefglffﬁ%%fq%ﬁgloar(ﬁﬁ&cwef @7&9 rfEl ust?ﬁ@seg iCHE W n
prowctth@ginﬂraﬁmama%teq&acersamwahﬁebma@ofb&nﬁamh&hh@m of the 15 synthesis
of the final Mg{gllc()etlde and under Dgactlon cgndltlons that wl not alter the

target pepti THatanepus syqibgsis of thetpepiide sgempt %ﬁﬁo@mﬁb?mwrlmkﬁdf tocke performed,

t et r ahy g Bihind Mihctiohdd M growdid t of! the Uikiker Viholedd®N g% protettéd whthBihe Ghe réféVable amine
2, 5-di chl orobenzyl . The si de chai n prot ecting groups for sotglrl ncl ude benzyl,

2, 6- di cHIoBFgeioipr Therprotapted linkarpsgoupletyia acpld smaor via theipker sfaird fygetipnal group.

pr ot ect i QURS tvf:&ﬁro?é@fed%ﬂ:h&@dl gtollsd ddge aRek yﬁo1echﬁrhz@mmt£ﬂebﬁs}5} deprotected,
tetrahydrogyranyl benzyl 6- di chl or obenzyl, and Cbz. The side.chain -.-——
PHGhY

pr o2&ct Ay vaﬁ@n%?W@ wmltaawlz avmssices] oy theleprptrated amimss. Note that using this
adamant yhbgxye ﬁg?g%kn&@%k' tyheptld ek of Me?almex)zwﬁl fe Qiefitical, and the thiol-protecting

pent anet hyl di h enzofurane 5-sul f onyl
4- mt hox groppsForghe pysteinecaidusapre e dgstionyl (Mr), or Boo. The side chain

protecting gﬁ%&&édqﬁethyéfdr ggﬂti‘dg%'l%s issofild biis© DXk O X YR ﬁ]ﬁ@@yépn&@sﬁhw&@)

2- brompbenzyl oxycar bonyl , Tos, or BooP After renova

a- am nop@p@!@émeﬂgﬂd@ew in { éﬂr[@mmusfmvaﬁr olid Phasg P Synthesgs (Fsgeman upled
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 stepwise in the desired order. Each protected amno acid is generally
reacted in about a 3-fold excess using an appropriate carboxyl group
activator such as 2-(1H benzotriazol-1-yl)-1,1,3,3 tetramethyluronium
hexaf | uor ophosphat e (HBTU) or dicycl ohexyl carbodi m de (DCC) in solution, for
exanple, in nmethylene chloride (CH2C12), N nethyl pyrrolidone, dinethyl

for mam deid @y cofpled t0Tachlok@betliylRédRdin with 1A E6f 4 ReiufasStarifmae Thili9stodttdlding
sequence has Ej{ea H cQ leﬁd’ t he d§si red A)eptide i s decoupled from the
resin sippeme § gsFsd hy s (A s e S iAot Wo%s tri f | uor oacetic acid
(TFA) or hydingge ninfilall Golgihg, (th) a-aihoC Brodling® NHrdupC |8 A¢BSvdd) efoP eXiinpie, fukia

the resin, but also cleaves all remaining side chain protecting groups.

When a dnilugrspeiciigidLEA) prlsidrochloria sud (HED aeluens 1 Pigatic gelventealiraem fempemiire. s
in the s .0 ' ' Aam in
o used, RSy i eSS BindRAL: HPaRiily EHPRINPE SREEE HObH B ol
pept i de chain.d€he Adamenprbtectiigygrovgsarre thhe lmbivo tobe tdefill ab de aviesf stepwiseepphsised,
the side chai.n,protected peptide can be decoupled by trea nt of. th

bopt i de PERERR i R i s PR RE 5Bk R d TP Eibmetend, AR Stonlitrelameae
or W th tae padtécyih@ptonps feq. Jheugylaxysarbgyl (Ita) andosubititaitd @bz, klydhatia atethere protecting

di al kyl am de, Si hai n,praotection is.then repoved, i n. the usual fashion by
Lr eat Moo 98 nyeHrggRisaoBnyl Bson darppionpbenh o iaheyipaondh an MolEge oy
di aliky| peaweteng glotpspiegn denzyl) tiiglengabéyly thibrehlmethpl@tytardonyl (Fsoch,adlylogycadbetylt o
prepare e.pepti aci enpl.aved, ...and t Lde chain protected

pepti de (%‘Bc‘cé’l aé‘g@g‘ggﬁwﬁgﬂggéa%%%l%xgﬁ&dwgﬁt@?gD‘;ﬁl)'cohoI (e.g., methanol).
Si de chain prrﬂaé eﬁg clgn g:ro]gvldmsg m@st(bphalrmmgésﬁdm ity mmd alndft}&slﬂdcpﬂamﬁm intact
treatment wt ragen or i to_ obtain.the.desired ester. 10. These

b ot St s Akt o8 Gyhe fecbRIBR THOE PO B R AP R R B RE o
ot Ber. t maﬂndg BeupBfly. riete Ugidd bhﬁhﬁ@ﬁiﬂd’cﬁﬁ@@qouﬂ@ﬂﬁ? be aéxhofvafenc\ﬂsﬂﬁdhamsbﬁplemi ?Iismﬁr e
substituted at qne, two, or nore positions of any of t conpounds t he
nvehit i Githesipief Fedingl BefidfAdaniRs TEAREEn coRsitNs A B netalterte kst m@gepeﬁﬁsﬂss
Ef ht ge cﬂﬁiﬁ%ﬂiﬂefctﬂl{glgﬁﬁiféﬂ g’yﬂhﬁlgmd@teuwﬁrh oPﬁﬁnﬁPtFﬂlbgm,ttﬁﬁrl,t&nzyN_ Oicrm,t m#ncbz, and

- hydr oxypr.opy - -..di hydr oxyphenyl al anyl , am ng aci syc S

L- S- hydroxipiiaphenzyia The side harmRrpisFtig proups for 5 inchwde ey iﬁ;ﬁrc,ib(%%ﬁ msthl,
aci ds, ae_ﬂgrl,iaﬁ@qwldlﬁkw "ThE>s 1 Afin Pt En@ RHduROBr MRt ek YncREs WEdtyl MeensosMithst,i C
am no aci ds can al so be incgrporated mtﬁg t he pe%l des of, theBIPresent_

i nvent i deirabpsipryransl, hermyh 2 olistiorebanad. and bz The SHen#Y Praierting gropPsfaiiginclude
car bpxy i, M Nosy?f the)pentide conmantfScatfonfine haySRklifRyl 200Mt9), Pr 0ducey-

ot her conmpounds of the invenfion. For example, the am no term nus nay be

t
acet y| atrsatagpthdihydrebengofurapetSwplienyh &ty chenthony -8 G- wimettybengenesd fongly Bitrh cor
a- chl or gfgetrine sRIEichhin PrdidcBiPaRehd for £G4 fhelu@d CBz, 2-chlorobenzyloxycarbonyl (2-Cl-Cbz), 2-

bromobenzyloxycarbonyl (2-Br-Cbz), Tos, or Boc.

After removal of the a-amino protecting group, the remaining protected amino acids are coupled

25  stepwise in the desired order. Each protected amino acid is generally reacted in about a 3-fold excess

using an appropriate carboxyl group activator such as 2-(1H-benzotriazol-1-y1)-1,1,3,3

tetramethyluronium hexafluorophosphate (HBTU) or dicyclohexylcarbodimide (DCC) in solution, for

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

30 After the desired amino acid sequence has been completed, the desired peptide is decoupled from

the resin support by treatment with a reagent, such as trifluoroacetic acid (TFA) or hydrogen fluoride

(HF), which not only cleaves the peptide from the resin, but also cleaves all remaining side chain

protecting groups. When a chloromethylated resin is used, hydrogen fluoride freatment results in the

formation of the free peptide acids. When the benzhydrylamine resin is used, hydrogen fluoride treatment
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| odoacetic acid). One can replace the naturally occurring side chains of the
20 genetically encoded am no acids (or the stercoisoneric D am no acids)

wi th other side chains, for instance with groups such as al kyl, lower 25

al kyl, cyclic 4-, 5-, 6-, to 7-nmenbered al kyl, am de, am de | ower al kyl,

am de di (Il owner al kyl), |ower al koxy, hydroxy, carboxy and the | ower ester
der i vat resalss difeetlyciothe feoageptide hmdlle, Aternafively, vhen/therehitvremeitiylated tresinais yioployed, the

7o' changanerRRpedS BBur BT difoublte By uoalieniof e Seke Bk il BBt B AR

groups dediredeids ahain ptotdted ramidesart witta e dikylainthe itd give nssidechainegtotectad alk@amidewat | C

i 1 1 0ge ReMRIREn S GBY PR oo BRrTE. eSS RoLPY Setent R et e

the fhw @Zilﬁtlit%dto_gifvelfhﬁlﬁ;efamidbdan@hahilﬂc_leﬁ,wlrdiandﬂade ylh, | i m dazol i nyl ™

| sot hi azo | SOXaz I ol 1N e.J. nmor ol n , oxaz ,

pi per azi nyIy Pbprﬁpa:‘m&aﬁ?%f@’fsg’g F}ﬁ)ﬁl en{;%, Hérr?s Iuse(dé.g)&e?ari%ipﬁg?‘iécﬁfﬁ? dre employed,

pi pe (r]I i d!aﬁtl)?he snwo_mém:pmtwddage@pﬁgd isl clefi}létﬁirﬁl:l :b:gs:b ramF ﬂzemppmpﬁilnh ra)dohom%y.ggm{h?ﬂol).
rraazi_n . ri , rrmgaln , [r .ol | ) e. Jd. - r I al L),

Dt o1 1 Sy chai Folse e bt ath G voR 8 el Fdhion 5 fktment R s pard e to

(e.qg., bbiareddebieddegie)., and triazolyl. -37 These heterocyclic groups can be

substituted or unsubstituted. Were a group is,substjtuted, the_ substituent
canBe al kyl ﬁaﬁewwe?‘?urﬁmg’gﬂ}’e Wé‘éﬁ?‘%ﬁfm@m@sewéw G At gttt dte 20

p hte Ey 11' nkNRIG a&ua%ngpgdha@gn%l ¥nooBsd Mﬁ@ﬁiﬁsﬂ(aﬁeﬁiﬁxbﬁ(ﬁf@f‘% )%a%_aw,l @E‘!ildgé\posﬁiaﬂs itahgpr
methods [e.g., as descrjbed in uby, .e : i.ochem J. ,

268: 249=°%@F9m@W%°f&$PV%°E-oﬁ% Sinige s ﬂ\ﬂh%ﬁ*ﬁ%‘ﬁﬂﬂﬂf%dﬂ@éﬁlwa@s of the
St r uct Uptdsen0 GkfetidnOrindl@de; PBIY | b C not® ORFRIMAN GG, VINInketiSi,M L-ayaekprasi, cal3, 4-
activity, Those of skill in the art recognize that a vari et;P/ of techni ques

are avaidiyposymherylaawst fusmingg aeidhputh s ki $-Rydrpwhsylrend r Ds prpethyfalagyls i k-ag
bi ol,eqi v iat | de. A . e
R R e b e S R L
suscept iatwirol acids tan dtspde dcpmpiomtesiinto thegtepiddey of the preeeat invintigmn and Gai nor (1989)
Ann. Rep. Med. Chem 10 24:243-252]. These techni ques include replacing the
pepti de backbone with a backbone conposed of phosphonates, am dates, :
car banatPegtidesnddifiondows des, secondary am nes, and N-net hyl am no aci ds.

For L o1 oF il 5o B oSSR Bl 5 M BRG0P

two intranol ecular nds. nds -na Fed -
by ofi da¢ pducefotieh eoroposhdsi afahe msentioe.s Faf exemplh, the mhind dermine mevy . be lavetylated with
enbodi nent, e control S erci sed 00si ng

o oxi QRO e LSRR SORER AL PATICBRESP Rk AUBOTRBHR 1 36
f or mat i asdoadetit bedydesi red i somer. For exanple, oxidation of a peptide ‘dinmer

to form two i(ﬂfe rc?n”:%{)lggeu g 1r1at9ri 3lrj !)gcitl%%gtg%re] gl?ain(s%??he%a gee}r?e%galpyegcci)gﬁ al(l:lpn%iatr:]'ds Eo?

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.

_37-



preferentially achieved (over formation of internolecular disulfide bonds)
when the oxidizing agent is 20 DVSO or iodine (12). In other enbodi nents,
the formation of cysteine bonds is controlled by the selective use of thiol-
protecting groups during peptide synthesis. For exanple, where a diner with
two intranol ecular disulfide bonds is desired, the first nonomer peptide

chain i'ﬂlé&!ﬁ&tﬁ@&jrc%i.edgrw&ﬂsﬂqahr& EubBit6i S log I uRSubEREiedl U eWherefa tgh'.lﬁl _?_i@rsﬂbﬁiﬁﬂéd?mﬁee
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the second no eptide,is esi zed the two cysteine residues of the

core sé%@gﬁféai;&g?@&q% C gt%dgé?‘@éggnd thiol protecting group different from

Ehg 5; irst t hhm: phfiaE Q?ir-]dpﬂlﬁld réfUfe [iﬁveﬁ?qn aﬁ@tsﬁm lda@rmlbm&al (rA6dR)s, for moBipkptidic
tBu), or the like]. Thereafter, the first thiol protectjng groups are

r emov e FOBPPRRES VY SL’I“_%"E P?oﬁ%yafcve 1t atowsipf sigh 1 %#F@g@mﬁ%&%ﬁ& hitesiRgHes ne

second dBh@ilable Brachdunsting QHPsurE SvitheROMAE of fihfia dedfedbislebichidRtiviBlas the lead

cyclization of the second nononer. O her enbodi nents of this_inventjon

pr ovi dePepEfe eorprBRth B4t Wih mergdevorblaactvigshandhe lpad M &spert ithiobibility sBLY: el
sul f ur sg@stiiBE Yol Rt ARERarAYpréte s e UiNoRn Qhd) Shinof Q1ROF ARSI Ry INIRH. Chdhese
anal ogues can be prepared fromthe conpounds of the present_invention
wheHbi n24s2BresBbpThess terbmigws ineledapiangthe epiie bagkbencwish anpsekhops cemprsed of
resi dueniagshofites atidhfd® oXbRHIN, bitfoRsthides, ScdtddSaniies A8 NeREAPEmino BRI due, Vvia
an -38 intranolecul ar or internolecul ar di splacenent, using nmethods known
in the art [See, e.g., Barker, et al. (1992) J. Med. Chem 35:2040-2048 and
O, et BlanakidPFdsuthde flis Chem 56:3146-3149]. One of skill in the art wll
readi | y apprecirate that this displacement can al so occur using other

honol ogs of Ehapemeeryds pfithpr presepicingentim chripiD ot iatrameoleqilar isdfefier bosds.t Suethe

f or ggoi &gﬂﬁa@ﬂan%@ﬁﬁm ﬁﬁﬁégtb?%kﬁ%ﬁonq)tf%rc a5 itk bf dRnRERide AR | zat i on
strategres can be I . “Such alterngtlve cyclization strategies include,
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for exanple, hannp@mbggy@mts tharconirel ef qyateiag bens! forsajien is exercisetblesechiopsing an oxifizing
formati Qs TaTa , Hﬂﬁn' he e | tion
can exi %&nﬂff tﬁ%% ﬁ@%&cgﬁor m vﬁftéﬁmgit‘t) her lg%@ﬁ%gs%lﬂgﬁlhg% lg(;nlﬁez'e Iib%r %’ﬁ}ﬁgﬁ’

In a (0] r an

i nt r anoexedation of ¢ pepsidetdiraer th dera twodntramaleeplae diselfigrebands éongeop dach peptidh elwin) dol
wher ei RtentidiRf &nldFed {ovgﬁnémﬁi[oﬁ Qf %t&ﬁﬂi’é@lﬂﬁedigﬁﬁd}e%ng?%ew thd o*i&ﬁ:n]@%g&ﬁ] ¢ the

second Tystelrne 1s replac glutamc aci hereafter a cyclflc nonaner

may2be Pbidted iedinaigh an ami de bond between the side chains of these two

residues. Ayl ernalhyel Yas %&E,Prgdt%ﬁ oﬁ&)éfeﬂm%.bﬁmti@ Estlipfih g\% gélébﬁ%f‘@se%‘f gl ne

of the core sequence 1's replaced W't ysine.(or serine). cyclic nonomer

may t heprofgetifgogmweps Stnngupdptide siritissist hBor dxiamgleg vhixet avalbmert With $wolgntrastddcnlsr of

gggu'eﬁi (gigﬁﬁéscolgo&g.ﬁ i d}%}edf 88 15 GoAN e 1R SRON S SYBLELAGHERL WS cfleide Wil ©
of the core seq1uence protected with a first thiol protecting group [e.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
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15 addition to disulfide cyclization strategies, am de-cyclization
strategies and thio-ether cyclization strategies can both be readily used
to cyclize the conpounds of the present invention. Alternatively, the

am no-term nus of the peptide can be capped with an a-substituted acetic
acid, wherein the a-substituent 1is a |eaving group, such as an a-hal oacetic

acid, f@kagXediter nﬂaﬁi&le@ﬁl@@di@ﬂéc@m@:ﬁ'ﬁmg@néﬂﬁdam iCtha@(Secdb.g., Bafkeopget i
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synt hesb%ﬁ%ugﬁ CiEfdgiok S0Wefl ab Bfosd 10 ﬂﬁﬁ%ﬁ:&'fé(rﬁxaﬁé SOHHR U BHRE. %ust B chinPiifalis LK
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sui t abl dlieatpeiyng Pmdgemw berspythdsized whorwdnaicysteinhef the amgequml inepkicadiewitthai n
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C of  Strdtdgies lcambeah be maﬂllhgeusd mmbzzeghmqmpoﬁndshﬁ te-presenti in*a:lntibry shAhemnatizely,dbee of

the first tide n B* i . U|t bl.e funct |o.aI
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Additionally, for exanple, the peptide nononers may be cheni cal | y coupled to

t he ter efiegogeetigpgide | i nker, 10 A*-C O CHZ-X-CHZ-C2O-B* . __.___ o
20

Addition of branched tertiary amide linker
The peptide monomers may be dimerized by a branched tertiary amide linker moeity. In one
embodiment, the linker is incorporated into the peptide during peptide synthesis. For example, where a
linker 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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where: X is NCO (CH2)2-NH C30-; A* is a suitable functional group, such as
N-oxy succinimde, used to conjugate C of the linker to the s-am no group
of the Cterminal lysine residue of the first peptide nononer; and B* is a
sui tabl e functional group, such as N-oxy succinimde, used to conjugate C2
of the 15 linker to the s-am no group of the C-termnal |ysine residue of

t he second [Feptiatpleythepamide niomtbnichamayt lerchéricallyamipied o thktertiarysandielimkeral | y
bonded to the spacer noiety, Y- 2) 4- ere;. C of Xis covalently

and P PERGHR

bonded to C4 of the spacer; € protecting group, such as a
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may be conjugated to a solid support. Thereafter, two peptide nongoners may

be” synt hesi Zxiditipnallye fps, exsmple, tthopenfide monemery anayi be ehsancally soprledto thedertigyi ne
l'inker JKid@igty in a variation of the solid phase synthesis technique. In
al ternate enbodi ments where a peptide diner is dimerized by a lysine |inker
LK ¥oi ety, said 30 |linker may A OdAfladted- OBt he t wo peptide nmononers of
a peptide diner after peptide synthesis. Such conjugation may be achieved
by methods well established in the art. In one enbodi nent, the I|inker

cont ai N humethonal: i s t
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C-termpal carboxyl. gro of .eaeh ‘ P4 .80 : L
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during peptide thesis.. For e e, where a spacer contains a free am no
group & aﬁ’ﬁ?é@ﬁ erf‘ﬁ%l“ﬂ“ffﬁé{l Oﬁég%tk?@a&rfmf%ar boxyl group or an amino
group) that enabl es binding to anpt-(0L,) 0HemMYar noiety, the spacer may be
Funct | OHEFe: Gy Btas rulershEROaBe 5 ot 8 SEaieh 851 F & Spt PRVEEPE PO HPeEt
functi Oﬂwlo:g&&bﬂh?zl (Bx) profaetidgysedpe | i nker LK noi ety having two functional .
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Addition of lysine linker
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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serving as initiation sites for peptide synthesis and a third functi onal
group (e.g., a carboxyl group or an am no group) that enables binding to
anot her nol ecul ar noiety is conjugated to the spacer via the spacer's
second functional group and the linker's third functional group. Thereafter,
two peptide nononers may be synthesized directly onto the two reactive
nitroge : ' lc%a:ﬁiﬁ. ty . b Lt | ase
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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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of about 10K to about 60K (the term "about" indicating that in preparations
of PEG sone nolecules will weigh nore, sone |less, than the stated

nol ecul ar weight). Preferably, the PEG has a nol ecul ar wei ght of 10 about
20K to about 40K. Mre preferably, the PEG has a nol ecul ar wei ght of about
20K. Exanpl es of nethods for coval ent attachnent of PEG (PEGyl ation) are
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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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5 Sulfolink beads from Pierce Chem cal Co. (Rockford, IL)]. Imobilized EBP
I's then incubated with |[|abeled reconbinant EPO or wth | abel ed reconbi nant
EPO and a test peptide. Serial dilutions of test peptide are enployed for
such experinments. Assay points with no added test peptide define total EPO
bi nding to EBP. For reactions containing test peptide, the anount of bound
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ght U t
subst ot LRI R PR AR ¢ A BTaBbesierat U he PRERAROL b RS Bpide' Bat,
be quantesultained50 decmmnﬂlghmnssmhxddnﬁnémamdca&mlwty The activity of a

t est peptide S TBas seri d|| 10 to
Lhe oo Ts RS bf e Bosdh fivPRion BERbE yigt, pitoteRy with FROTot g Se -
luciferik %ﬂs&h]ﬁaﬁbc&l ﬁuﬁctﬂ)ddECbpdeeIﬂéaldaydhélf shilitgnal 1ﬂ}mlgm1e béindigi o (EPOsat Butatiitialy.
The conclentratlo of t [ts.in a hal f-nmaxi nal

st..pe 30 t hat u

eni ssi on of PPGH atjogs ?@’58?%’ a e’f‘?ﬁgeﬁﬁg’, fFﬁé VBUYi des of the present . -
i nvepd i on shoMedsiclogitd] ailiviyy adhmeaedobmbldnieyic taad dintsiet @pfRCEFO-R agonists of the
si gnal i ng- depen ciferase ex i n this assay.,This .enhanc
uncti ontirEtie Hags bk e ENE, 6 EPPIRGrb HitePe TRaRed ik 47 W, pvesed
luci f er afafetidfdladshysy at substantially |ower concentrations of peptide (i.e.,
foe ';rgte?/nga;/e Vegg;@ngjvbg Oupid! ¥%5kine WL B- ST B% LiprdsiBl Hudhh SRt DYl RL

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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activity of an EPO-R agoni st peptide of the invention. Another assay may be
performed using FDC-P1l/ER cells [Dexter, et al. (1980) J. Exp. Med.

152: 1036-1047], a well characterized nontransforned mari ne bone marrow
derived cell line into which 5 EPO- R has been stably transfected. These
cell s exhibit EPO dependent proliferation. In one such assay, the cells are
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fact S. Patent 5,773,569 Th |1
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factors) "are ou I'ons of
t hes peﬁPOdbhaEﬁmgmans&ctgbriﬁmmﬂs :da;quPé] cﬂepeltd@et prélifemtiors ol ut i on phase

peptide as appased, ks aﬂBQg%emQ %ng tO'LaI?thn nfngr P’a{) oy 55Fnc§|0? e 1o voﬁm?

to be tested are nm sue
of 50L geith factots. (se€eék. BS ag &@m)bedmeU &d’dlent StﬁSéé@)h TA@Iclellmrel tltehewaslﬁdlm PRB and

i ncubat ed t he | VEs C n rols shou _

be qui ggrgggf f@?ﬁ W oé?%% ‘lﬁ%n %t}? edﬂ%ﬂr%l Ehes Mtﬁn t he

art, suﬂls (ag Wbms sﬁﬁm@ svdcksdﬂuﬂimaau rweh61e Irl&diahmthodt the giomlofapmfs;aim madas an

i ngj cati roI see ods

095024120 8 56k Lol 1A 81 Al aes  NOSTRAn L0 A00R) Ll ROl it e

and a ;ﬁeé ea}hﬁ‘bn pHage pepde ssoppgsedead la plhag&e;omiawﬁr otloen bemid @t indivbilized peptide) eqi)ba: de

necess [.d th Xi ferat 's orded

et ho Fetba g AHdE i 9BV B Ui WifsscBnt R RREte ot THbyh Elhal e e

enhancediiedlts bdch yvellang tenelle abRiubae bepehsed) bt which pgimnwb Ihegativi bcbxmohssm'(d

Thi s enhan edfun resented b ab|I|t ield,half t he

T e R B Swpty SR prediterEfing ik Fwika by eby ks abibn o i R

congenhdsay iwhioh fn&ﬁsuﬁﬁﬂﬁ-tﬂﬁm(dhne&ncorpdrmﬂ ab&h’@ldﬁ(&ﬁ@h bbuelEseolTesatibhl 89, Mdshiasin

assay i eferr ti ng.the ten activit

tro e isbad Mg s o, ERtddBhice el DO B P R s brensinot e "

gL own hl;iﬂ sbagnt?ﬂlaﬁ—yxlﬁbsggg cel hEPOmeu@ah J:eﬁﬁ‘ﬂ{bhg)fﬁ te¥Eplipt ﬁe nﬁ:@él.zs?gctb gﬁld on3|51|a11alﬁﬂ

then cyl ture n.addi tion medi um wi t hout ) e cells are

di vi de |W8nﬁ1ﬁ${e@‘a’]@fF@HB%lsr gi@é]ﬁ%‘iheégd] density: one group with no added

factor ( neglznm Yeptided bf ﬁie) ]?]reébnﬂ fafveitiont shbw Eﬁ’%a(ﬁagg: kb naﬁcedcaviﬁty @b prondid ERO-

experi ment. ou .th.the t eptide. e cul tur are t
5B o AEmnagat ey n thi advey o Tt chihr e diictons PSP HER UIEH, S E AR

fS | uor )ea«:eaﬁFl il %rcﬂlferaﬁlithﬁdﬁh@ldﬂlﬂh h&tﬁr(ijtji a; QibsthiaROR deerd;kiﬂcenbﬁiogs g@gﬁ@odz e, from
i gna uor esc e asure or exa sing a can ow

30 cyt dEthere Ve °%§Fé§ 3. oFhia @ps iy # Plediciva Egrélgf@ BF efifiwtiogthe nﬂ%

t hen becifl@l ef 44 KSR a &ﬁst%ﬁﬁﬂé'o@theu%hﬁhﬂ t he SOBR nodel of Cell Fl T softvvare

(Bect on D|ck|nson) |1s treated with EPO or an_active Etlde will show a

greater profbiethsrassty. the(cplls A rawp fr.sisiopary Pt @rﬁﬁ%wpbywmﬁ Pedigmpoliected,
flyger Caffiheciidredor 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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I ndi cator of increased DNA content) relative to the negative control group.
-44 Sim | ar assays nmay be perforned using FDCP-1 [see, e.g., Dexter et al.
(1980) J. Exp. Med. 152:1036-1047] or TF-1 [Kitanura, et al. (1989) Bl ood
73:375-380] cell lines. FDCP-1 is a gromh factor dependent murine

mul ti-potential primtive hematopoietic progenitor cell line that can

proliferate, gimih a@éa&s Saf be&:@x%ﬁﬂH%SmWPSP é%nbéaervréztdi C((:980) J, Bxp. Med.
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hunman OkactoidEpeR@enERirifte hitPRhE G Henld g@(;}e& ogdtioF cell iffeRkat Raif Brolifetatd) €S,
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of EPO, bytmol di wplsmented with WERI-3-senditionedymedia (3 mediump shateopiainsdL e
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o ¥

a 10 nreripa PR Haseradusy FRCR- hyﬁmr er iF reell Jings,sysprsativelbe | that camy
be enpl Qy@gk:ito 1RSSR difrdhib@Cin u?eb;srégeﬁae d%prbh emeérm @P@d&pardeﬁﬂ%n RhE %%rtarso be

i nvention to serve as EPO agoni sts. bri ef mce are |nject

daily faredttme@rsagﬂsthwffeﬁtsﬁﬁmyﬂﬁw-&qgn@st(s emcerﬂglakgl)ohfe@ﬁwﬂhe third day, spl een
cells are reﬁpy&%oﬁ&dasmﬁﬁfc pAlelirk ¥etl B fal gbﬁs) )Ef H%mgfbl B0 oS

ascertai ned using an assay. The binding o I n an
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bot h t hey; ﬁ&ﬁﬂfx@éo qmﬁmﬁ 5«91@19111 LA BRI IRists! T b EECS?'%iuceVﬁg

and JAK2 dnase er ef ore ano in vitro assay nmeasures fhe abi
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downst rﬁﬁi@hﬁ@&%ﬂ%ﬁ&h}éh éé&&l:‘?h? ﬁJ@Pé%‘dCa?JertBﬁé&%Hg h&y. peptides, as
I'ndi hg a cri

I dentified di eratlon assays ed above, elicit a
phosphoryl at i'Ibn bipding of rEHﬁbatr IBPO-R eint 4rc gitythrepoiebintrespnsisROralin line induces tyrosine

ot a7 © Byt E A U S and kit SruABRlr el ol MG g RIS €1
rregl um érmdse ngm:fomamtm i migoyasgRy anensureh theeabgisy bf peptides pibthe ourrentmetw inguce

e U Wb AR lon 8 B R RS e REIE AR b Aot
Sﬁl’rp| e :pépttdes |as ldmrmlﬁerEEé@ timling sl pnqlpfevatlbtn agsaysh dessisted. abbie dlicit st plwrsnlremlasloar e

en co
tsubj ect géﬁ?gﬁ E%B%Y, ggéﬁ’ﬁm’@ge’g‘e‘raﬁﬁfﬂﬁﬁrop %Pg%s&%Sﬁh FJS%?ngp rese,d :
phosp S s Id u 2 e ed
g b H%e

[ rrrrunol |ca ues or ~exanp probed " wth
anti - phmsqnh@tqf rsum mpﬁs arthmbordljoat(e@wgh a tcﬂ.)gqmdafmapmmmatmt W g #871Q @fcpml

Upst ate B @g SHAAL Oty £bBCs g Wﬁﬁggﬂ% 0F 24 BEN ARG ?'ed""&%rf;' SRGORMRLN by

ant i body ., peroxi ase - nouse r kegaar d%
Perry Lahmﬁgﬁrmas$uspmﬂed mmﬁyeﬂg&mﬁfu, aﬁl@upjecfﬂh ar SRS ptéya,crylamxde gel electrophoresxs

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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30 phosphot yrosi ne-contai ning proteins may be visualized by standard

techni ques including colorinetric, chem!|umnescent, or fluorescent assays.
For exanple, a chem | um nescent assay may be perforned using the ECL
Western Blotting System from Anersham Another cell-based in vitro assay
that may be used to assess the activity of the peptides of the present
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W)J chowsdds ((Eﬂ'@%@c:ﬂent@bﬂ!at&gﬂlﬁ'ﬁ eriRR cBP e IR Lkt i hBMﬂ@?lg@ 2J Biol. Chem

phosphoryl ation 1n I's); Dusant ér- Fourt, e

15 Chem2o&§P-614 dmoterparasing phospherpiationys HeREEEP ﬁ?lisbrpllﬁﬁntEF@DFte?,‘éﬁbt &92} h Ihalman
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Do L o e, oedh (1992 7 THialyCham. 267LENEIGNEO (Dot BRaBaSon AEe fitosolemaips br
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hermogl obi i Wit - di am no orene) 199 Bi ol

267: 213@@1@1@@9 Keikp pod Miwe ((1)?85hAn§1b§51001\m LR 1290(detectign of q_rgtm?sgblwﬂl 2
74:227- 3364 a&gﬁé)aﬁataneﬁﬁgbst;ﬂP%Iaiecméwmb&tw% saé]res;ﬁmc-

al . (1993 |'ood 82: 10 (expression of scription- acto -
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Devi ces m cr ophysi one een reporte
successAgkd. )"bcluﬁéﬂ 90967 eFiS (regwtetrrn of mlt@ﬁm@yclmg DRgodD3)-s and ant agoni sts

on various 23 hGfERhOERIend!'Oy Rl Blvildd! CorfPRAE #% hiforbilifsiGRAS haBRd Of

the alterations e cation rat
reported 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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extracellular nedia in response to receptor activation. In vivo functional
assays One in vivo functional assay that nay be used to assess the potency
of a test peptide is the 30 polycythem c exhypoxic nouse bioassay. For this
assay, mce are subjected to an alternating conditioning cycle for several
days. In this cycle, the mce alternate between periods of hypobaric
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5 Anot her |n Vi vo functi onal assa hat may be used to assess the pot ency of
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or test peptid On the third day, " the mce are al'so intraperitoneall
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progran). |n addi t@BﬁTKI?tem@mrlY IeomrmvenaX | (lemaioetinoneoh: / Heaigeitvmnir) of
cor rect afkvd il Eloaes ATl hodlahohiibes o REDELAG-A0lAWeRGvd Rr ek fiat B not
RETI CcoRRE COasERVED X (Hemat ocnt] N Hemat ocrit NGCa . )
Active tfﬁf@t"eéﬁ‘éfrmmﬁ?ﬁﬁﬁf@-l show an i ncreased % RETI Ccoxaacran | evel relative
to nisce that did not receive test peptides or EPO. 15 Use of EPO-R a og

ni st peptides of the invention The peptide conpounds of the invention are
usef ul iUse of ERG:Rpgonigipeptides of theiwentionndi ng t he bi ol ogi cal role of EPQ

I ncluding th t t r f

i nfluenced b?:h g\ﬁﬁ%ﬁ{%r %[g{i}’c? {l%sng%?gg%ngﬁg%h%e%mﬁ?{% %%‘)tdgiléokoy%&ﬁm@%% 1%9
(e.g., thindogivak nelmiof MRS}, impiwiing the Evalations phHil menyafestderc thiovgit rte dafhiense, and be
activati; t

ot her - coiubecd s, B FORoR EPREG R B infhg 0t HEGI by BPO R LMERERRRRhorfl0
pr oM0de /ERPeR sxgmad transduationfreseptacactivitiop). ik atesanh pntides ané dsogefubin thérdgvelopment

faci ,l it Yy Sthgm{'npgﬁx\ﬁg ltlﬁpgfﬁ@ %o the EPO-R, because the present compounds provide important structure-

activity-relationship information that facilitate that development.

Moreover, based on their ability to bind to EPO-R, the peptides of the present invention can be
used as reagents for detecting EPO-R on living cells; fixed cells; in biological fluids; in tissue
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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Mor eover, based on their ability to bind to EPO-R, the peptides of the
present invention can be used as reagents for detecting EPO-R on |iving
cells; fixed cells; in biological fluids; in tissue 25 honbgenates; in
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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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aut oi nmune di sease; and for boosting the red blood count of a patient prior
to surgery. Other disease 20 states, disorders, and states of hematol ogic
irregularity that may be treated by adm nistration of the peptides of this
i nvention include: beta-thalassem a; cystic fibrosis; pregnancy and
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f1i ght myacandial infapoidn); dsisma aghtngnt; 2hd P, vaicalah griftatreafibaith TS campdusiarofithic ) ;

and varioys neqpl astic. di sease states . accompanied. b nor.ngl

eryt hr 86T i‘é’ﬁpla 0 il psey o%enéf‘#g?mt?fga prg)élB? q¥ Eg%algﬁlﬁ%}g%(ﬁ?rd?rﬁegﬁnﬁvg%t i on
may be chssatbrized byt low absohat lepels ofdcetyPholihes@rishe redating levtls af ecetyd tholinassswwinpined ed
by | ow, or defici%t d blood cells, for exanple as a pretreatnment prior to

tr ansf (ETBAICHPE g%ﬂ‘ﬁ’f % CEMURTRMYETSN of the conpounds of this invention

cansresult in a decrease in bleeding time and thus, will find use in the

admnigtratio 0 pati.ents prior to surgery or for indications wherein

bl eedi M@@%ccun In addition, the conpounds of this invention

wll find ®&sgetianothérasmeet ofithd preseninventigs ohintacdutisal cfip&itivae oFROabive BroeR

shown to have m togeni c_and.chemptacti c effect on v I endot hel i al

ol I's. Bngh protile RunbaA e Hohvidedn toaRiontErER oc FENREA oy e BB on B

AmagnosiichUcon@iosifibns {ndRBO hdse dadicaall hbove ACSith phaimactitidall dormibéitiofd Bidy ebedfor

Koni shi, et at (1993) Brain ﬁfs 609:.29- 35 t he con%ounds 5) t hi
igpe gy

et .

| v nt PORDRRON P 57 ReeRSal (Bkemysgilfty daimnisipnegh BTSARS, Vb por RS

di sor daﬁ&gﬁﬁp g&saamxla(eanmtphﬁgvewﬂﬁmg h@fﬁéﬂhﬂ@éis of emdm?ﬁgﬁpwzxgnﬂﬁos@lcfnias_am Ier al
coronary . 00d vessel s uc a ose .t hat nay, .occ arter car di

o o NI el Rl TS OF B Gion Ohutd ol Pt pan bt FopRstod
conpoufigos@fe fofthsSappiopiife for @achwolitk ofhdtinibtrdlidn UBEseharh), thifipreheadéd®ithe Mbverdion

vari ety of neurol ogical disorders,. generall characterl zed by |'ow absol ute
| evel s 26 P%@Wﬁ@ﬂ&wa‘éﬁﬂ%ﬂnﬂmpm tGHGEE ARNE TSP aee@@cﬁ Tish pegide, or

conpar @erivatife Plobigits, BE tHeAREntivE togeBEd ﬁﬂ?ﬁl&nﬁa@uﬁcaﬂﬁ‘ dEdRptable dilludrits; pfeserPatives,
Pharmaceuti.cal co, positjions In_yet another aspect of the present invention,
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conpr el§@RpRsiiony may dnflyspes, the gphysigtl cstaih Stabiide dte of | 7 oBRpBisees RS rétevhin Eveg
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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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15 derivative products, of the invention together wth pharmaceutically
acceptabl e diluents, preservatives, solubilizers, enulsifiers, adjuvants
and/or carriers. Such conpositions include diluents of various buffer
content (e.g., Tris-HCl, acetate, phosphate), pH and ionic strength;
additives such as detergents and solubilizing agents (e.g., Tween 20, Tween
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to the

elsewhere in the intestine. Preferably, the release will avoid the deleterious effects of the stemach
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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conmponent nol ecule itself, where said noiety permts (a) inhibition of
proteolysis; and (b) uptake into the blood streamfromthe stomach or
intestine. Also desired is the increase in overall stability of the
conponent or conponents and increase in circulation tine in the body. As
di scussed above, PEGylation 15 is a preferred chem cal nodification for
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formul ation of the material fqQr capsule admnistration could also be as a
powder OF FASEIF yA&%Wﬁﬁﬁgé’é‘gl °g-'§§1,sa PreéV%Hseg?aTQB‘P@E@mThese t her apeuti cs

coul d be prBRAES thahbe GREPISBE 188 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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Col orants and/or flavoring agents may al so be included. For exanple, the
peptide (or derivative) may be formulated (such as by |iposome or

m crosphere encapsul ation) and then further contained within 10 an edible
product, such as a refrigerated beverage containing colorants and fl avoring
agents. One nay dilute or increase the volume of the peptide (or derivative)
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surfact alﬂElunﬁg gxtﬂstthyl 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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5 be added as a wetting agent. Surfactants may include anionic detergents
such as sodiumlauryl sulfate, dioctyl sodium sulfosuccinate and di octyl
sodi um sul fonate. Cationic detergents m ght be used and could include
benzal koni um chl ori de or benzet hom um chloride. The list of potenti al

noni oni ¢ detergents that could be included in the fornul ation as -
sur f acwetting eawbsifyinpgr adalispogof agde:, Thayl maoxbd stetdized b fert example ofifrationatiroyghen

hydr og ’ o] [ Q.. 60.. gl n -at e e
20, oo HeBRR I oy WborpaRuRE Yenllnd oG o TR AREBRLAS vy RRABRE IR

car boxygemepokifibnse e Yy Heatirgg thelérawpesitionsf Haotyaat slsclruhahubeturqdrsingsterilerwatdneor some
formul gt | Of . | N. | | either alone or as a mxture in

di ffergth%r%%ggn@%&gblgglgélﬁnvggﬁﬁ%ﬁ%%y%éﬁeé%‘i al |y enhance uptake of the peptide
(or5derivative) are for instance the fatty acids oleic acid, linoleic acid
and i ' . Controll ed rel ease oral fornul ati ons may be desirable.
The pe%%élt‘gg}’?ﬁ%ég?lfvv tive) could be 15 incorporated into an inert matrix
whi ch per ni Cempasitams for lpsctad ptt Yaginaldidfriinistiation are prefeaatily suppositotieswiseismayecogtain,
guns. 9l vy _degener.at.i mat ri.ces al so _he _incorporated |nt he...

Por mut B #on B RENEHE oRHlE chpBihs TS kL SRR G, CobpSiion

Anot heforhamahorahblmgual ndmmisiretibnraed Asgeepasediwithestanddrth oxtifiadedelbnovinlie theads
th%apeutic system (Al za Corp.), i.e. the drug is enclosed in a

sefm per meabl e nenbrane which allows water to enter and push drug out

t hr ougRulmosemdletivesyral | openi ng due to osnotic effects. 20 Ot her coatings may

be used for ,the for ton.. These |nclude variety of. sugars which could
be "appl | ea ¥ conBpeR e s MR oiEs f PG e PORIR ALpg
gi ven thereaf)f iThepemide ¢t dedtdiiot) indeliveted to thatlergs af s mamed] whilé mhslingraed sacesear e

et byt 5B O S SRR TSt B8 SR PR BN GE AP Pogs (090 Phamabdifia O°
LTEicljhyl Rystaak yrses-Fw; lﬁmﬁii,l e!ltlth61990) Iﬁkyg Pharyraceyd 63ciab1a4 GS@rclJlidelacetate); Braquet, ef

r oxypr - ce ose, .sodj.ym - : 0sg, 0 ne
o8 L ES) 1) Erbfvesiiton o e A Sie Bl Elabindi B o BRE i BL ISR ¢
mat er i Anfalf BElntepia MeAFHRVYL BB 13! 306-P2 (BiMahiittypein}) Gndth, & 41 {1989) INBLE Thekts
m ght be used to provide the optinumfilmcoating. Filmcoating may be
carri e@*if5-31A6 {oplgproteingsedy Osveinnetadl (1798 7 deropdigation ofy Peaswipy eg@ic?ﬂslmé’b&f i ng.
30 Par gph&dsfim SlERES ﬁitbfr_yﬁﬁrﬁ?%ﬁeg@ﬂke?%&[ Bbidrhdb Greddhitinah MGl 28w th Abrmone);

parenteral —adm ni stration Tnclude stérile agueous or non-aqueous sol ut’ons,
suépendebngt alofl 985 Bnmw? 1AQ-3AGR-1488 dinterfgren4 o bumor Sigtrosin fastop e);\eath Uet. &at. ar e
propyl gne | yet ykggﬂ . : i3, ' o} ] and
corn oil, S’g&e ’gf’;%i tﬁ,ﬁ%f iagij( ct a%%ygogé%’a%:ﬁ‘%ﬁté@?gar% tSOQJS' u%hm%*sf&d;?rﬁ;sﬁomg Féég neﬁ Such
dosage pllgongy deljvent ofdrugs fiir &y stenaid pifiechistdssesibedin 46S. Fat Ner U Figl69 to Bngwet i ng,
el o1 131 10 coalpHleanG 5l aRlRe of BEYinBNioR Sreod B1de! ol or Meonkiila BAATP! ©
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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bacteria retaining filter, by incorporating sterilizing agents into the
conpositions, by irradiating the conpositions, or by heating the
conpositions. They can al so be manufactured using sterile water, or sone
other sterile injectable nedium inmmediately before use. 5 Rectal or vaginal

del i very Cbnp05|t|ons for rectal or_vaginal adm nistration are any
suppos‘WPﬁr? RATHERS 35 COpErRIAtet: o Chemically madified septidss Mg 2hser bey pres tnaﬁ‘gfé"

exci pi Rfifatfors lepeSdifi®&iOfRe BBt bEtheRlcaPmSdHAAS &r%é’tyi&@éﬂf de@@ﬂ&ﬁﬁb}ddo ns for
nasal or sublingual adm nistration are_ al sg prepar

t andar d .
exci pi ent s VREMRIEKARSvTFRle faraise with amb]ﬂmewﬁhffryetc%m?wwc A@m%ymai%d

her ei %e};ﬁd@ﬁg‘;{ BRative) @.@l;cnmw vater b drBRRiAOSIbEE 0PIERIISARS of KIblogieslly\adtivey €S
t her eof peptide. (o derlvatlve) Is delivered to the | ungs of a nmanmal

whid e PRI aeﬁ@ﬂaﬁa sctlvwer@gs formyelptioagmpynalsq mRlyde ibufer ?151] a Pmi%glg%ro(eigh d%| 0od
str ea”%’&t@ﬁ%tabﬁtzgtmn Mr@é‘uﬂaﬁ%ﬁ o@l)sm&x@%%ggurgh AR RERIHzé R tmul RioR Qﬁ-%ad'l
7: 565 ei, et al. (1990) In har maceuti cs 63: 135- 144 (Ieuprollde
acet at Byfactitato efucecir preyent jurBgnmduced aagrapasion 9 (heaperbrin foredssvaliyy) caused by
13(sug@hméﬁﬁm¥@ﬁm@gmg@$ﬁg&hﬁﬁ emﬁg@pard et al. (1989) Annals of Interna
Medi cine, Vol. 111 p. '206- g -antitrypsin); Smth, et al. (1989) J.
din. | nveskormulgtions faruse wit a(la@tfreéx ose dnbales dgviceausllapnerallycopprise aiirgly) divide

" AR OSRIw e AL dnBhifl thgb%tﬁb &3 denPJnea%asyeﬂ&a i0h Rroémm%hy foa SESRHEAR! ¥ndr Ug
Delivery Il Keystone, Col orado (reécormbinant hurman growt h hornone); 20 Debs,
et al . Proncdige)may bej W%‘renh%bmef&@ enplged fonthiy vléwn»syclaﬁw ehipraflugsecarben;ias
fact Orhﬂ}ochl%?ﬁlubl'o&rbg) ta h?railgﬂu %ﬁ’g’o 80 a! BydFdcaibén, ﬁElu%g t('lgﬁl%ﬁh&gﬁ‘l&ﬁan@?l ony

stinmulatin ctor nposition for pulnmdnary delivery o
dr ugs qhdﬂorgéaﬂv@rmnethemes edighlorgtetrailorqetienrli And), 51.124¢traflngroetbanss 1015 egnbivstiggng,

et al . pept SRk ﬁ{xif ab@hits HRfdt Brbifde oRIAE anﬁ%o NedifiinS ou;w 80l LAY a a6 B et G
range of nechani ¢ devi ces designe nonary delivery ot therapeutic
prbﬁuc%@ﬂﬁﬁﬁﬁludlng but not limted to nebullzers metered 25 dose

inhal ers, apgd WG fot AR fn frf % pg%d%hﬁaﬁbraqe%cé ¥ lcﬁlgiﬁﬁs%gxeﬁﬂb%sﬁl vkl lghed 10

the art. Some specific e es of ‘comercially avail vi ces sul table
for t heowsenemtagdngpeptith @r Wm@th) ond mipyalshiaclufie ¢ bufkeing agent isedhiag dactose, sorbitol,

(Mal | ' rsé)%} maffitol 1 %185%1@% ch tate er@é(f Of fhe hbwﬁ@%h‘l ﬁ@?e‘ﬂgﬁ%@u?@{o QM?d' cal

Pr oduct s, ewoo toI| netered dose I n axo Inc.

Resear bshwmghhwfghe fmﬂaﬁomd‘he m@ldet (oe dersSativiti shenid pmﬂ@iwmmwéy b¢ Preguedin

sw‘?ab?ﬁ&%mgﬁﬁml\ﬁh} engé% p%k'ﬁé"ggeﬁ{f Q&(ﬁ%%nefbu at | V&ﬁf@yw, e@ﬁ o

fornulmM:ﬁmnwghﬁﬁemmﬂkhwxbkmh%ﬁﬂ#ﬂ@@bf devi ce enployed and may invol ve the

use of an appropriate propellant material, in addition to the usual
di luents, adjuvants and/or carriers useful
Nasal Delivery

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

nasal delivery include those with 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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in therapy. Al so, the use of |iposonmes, m crocapsules or mcrospheres,

i ncl usi on conpl exes, or other -53 types of carriers is contenpl ated.

Chem cal ly nodi fied peptides nay al so be prepared in different fornmulations
depending on the type of chem cal nodification or the type of device

enpl oyed. Fornul ations suitable for use wwth a nebulizer, either jet or

ul trasogiig mefd df dodtPiwefhl ¥ai AP dndfRsteR B ,hgﬁmﬁgr GREEAUA fdr ifavelons Rehsh &n

wat er at a concentration of "about 0.1 to 25 ng of biologically active 5

pr ot ei ninfsien,dosagp fmay §e lawesn Therdpsing shpdiiempnyaryveppeaiiing on me?éhonﬂuﬁfl@ andnd a
si npl e §Lg6u66ondised.f Or protein stabilization and regul ation of osnotic
pressure). The nebulizer fornulation may also contain a surfactant, to
reduce or prEgaeptidss of shecrrpssptineantion) (pr dhyirtdedvrtives) MrRY Ysegsintinistered in epapungtiani ve)
caused Dith olo? HofeHaifind] hothRngt Qliddtd o BrdriladeBidH) Aflolifioie” 0sol . For mul ati ons
for use wth a netered-dose inhaler device wll generally conprise a finely
divided 10 powder containing the peptide (or derivative) suspended in a
propellant with the aid of a surfact mpikh€ propellant may be any
conventional material enployed for this purpose, such as a

chor of | uor ocEhelpmsentanventjatyis nert desofited by osansies fie following examples.oHawenon thease ef

hydr oc Lncl udi ﬁnﬁﬁw‘ﬁ ; aF:! Mol j tt]mﬂ.'é "

di chl o?%?sg{a?% @%ggggﬁﬁsan I %%&%Lﬁf&%&?@%@g@ p%% aﬂ?r%g%’%gﬁg{ﬁdo%o i nat |8p6ns
t helle of and Suganing oEths imventianaertof ahy etenpbifighbfonnt hikewist.che intventiomds sefylaniled &9 ¢yi n.
Aeic a]i&b'ﬂ A - I : S t . L LSt

di spens ngug{rs%fn a go 8r ﬁli%éﬁadiegc?lbe eg?rgig' vl%qffe?&clgﬂl rrflgtgﬁggﬁﬂg%]besﬁy |€<|{ncsié)cfiﬂlc?ry
powder ivvestion miay ge ppparénddo those glaliad\in thevat) upan deading thisspedifeation aind cnubdinady
agent, - i 10l - i ] i

Faci | { ¢ SR el B FERG0 3f Sad g FHIHRRRR IlERAD ] 6 SO B g MY
wei ght thé apperdefl olaimd, alonpwith Hedulpesppd afeqyivatentiap iwbahitheeglaigis erd edtitiagls t

adv?snt ageously be prepared in 20 particulate formw th an average particle
siz€é of less than I Ornmm (or mcrons), nost preferably GSto 5 - - nm for
nost effecti véEximple/Synthosis HEERD-R agonistpeptidéldingers By balidgpbasd\Nyathiesisie| | very of
the EPO- R agoni st peptides (or derivatives) is also contenplated. Nasal 25

delivery allows the passage of the peptide to the blood streamdirectly
after adm ni Stepedi nSyrithesist dfeChpBAR: CA spindebucintdining e crosesreivlly heilabl¢ idamine

necessi oF _denosi.t ion .o r in. th tjon ofasal
del i ver,@?ﬁ%cﬁﬁﬁéﬂ @s%hevﬂu?a{lu Cta gg%@a@%&%@}&“@ﬁ&&%&%ﬁ?c@égﬂé@ (1] g‘lg%‘f{ozﬂ " of-
t he2pepAisdiatico npoamezylschlasfofroate (Hed2nid} 38dinesolpireanhpdrduc DEY] (30nilpwansddod stowlyl
energe ,regardi ng. appropriate dags | evel s for treatment .of variou
conditi tgﬁoggl?ﬁ 91'\?331';16 %%nglg ver g P%r,lo éﬁg-elt énamtalmng the tcrnper&m;re of He ré@ib Mikture 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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ordinary skilled worker, considering the therapeutic context, age, and
general health of the recipient, will be able to ascertain proper dosing.
The sel ected dosage depends upon the desired therapeutic effect, on the
route of adm nistration, and on the duration of the treatnment desired.
General |y dosage levels of 0.001 -54 to 10 ng/ kg of body weight daily are
adm ni s{rRE REkHA Mk Ias dintetRDUN (25R1) shdbhA¥E A $0% kL Sbiic Q8id QIX), Waé{3XPN,

dosage may be | ower. The dosing schedul’e may vary, .dependi ng on the

ci r cul atMokingal e jorganicApyer Wap AriedpYR] RdeNSs dEePs 20 g0 nder vacpn. pThs ent
i nventi giidd Rbdich@ield ;%qwayggea\aggaﬂngmelggx@ge@iﬂ stered in conjunction 5 wth
one or nore additional active ingredients or pharnmaceutical conpositions.
Exanpl es The presen %ention is next descri b&#M¥ neans of the follow ng
exanpl es. However, e use of theBe,Q¥xaveher exanpl es anywhere in the
specification is iljustrative_only, @madt#no jhay lints the scope 10 and
meani ng of the i nven"t‘i/oﬁoﬁr\-d?many exenplified ot o TiNEHEBSe, t he i nvention
is not limted to any particular preferred enbodi nents descri bed herein.

| nde®d, many nodifications and variations of the invention may be apparent

to those ski biefsﬂ- Sphehif .?mocupﬁ@ TRAGLADrbdUcP IR rbhidld QibtioR Wds GRS made
W t hout depart f s spirit and scoEe. The invention Is therefore to

n romi

be |i i metharm (vn&mﬂhédrpaqnﬁf@déﬁpreqen@ ) aghoni (3%, w/Aomderhpllapnpressura for
scope o ui L i r i L6 ; -
Syt hoot s ey 1EBESEEE php RLE Jekihg SRl b ot o 3R AIbuE onelro Dudi b growae
Synt heshs cofde GbFARRoC produef] J;te?d)wt)o niibgioneraly aprexivaimyiald pEBpg, TAD afieratitns 1-3
di am ne 14bAP. i ' g 10g, 67.47mml) in anhydrous DCM
(100 m Ya%4s£§8%{llgﬁg})%le%@&Qfgg%mogg#zutaﬁ%%d%f benzyl chloroformate (4.82nd,
33.7mmol ) in anhy¥#@rs DCM (50m ) was added sl owy rough a droppi ng funnel
over a period of 4-7 h, maintaining ghe MeogReratureJot the reaction mxture
at  0C throughoyt, then allowed to warmto rgomtefperature (-25C). After a
further 16h, the BPMg@Es—Y&¥MSved under vacuum and){he\é.es{jmmrtitioned
bet ween 3N HC1 and et her. The aqueous | ayers were collected and neutralized
with 50 aqg. NaOH to pH 8-9 and extracted with ethyl acetate. The ethyl 25
acetate | ayer was dried over anhydrous Na2SO4, then concentrated under

vacuum to pr 8P de- Srhesis efeTensafpib-Linksr T ApntaGe}, bramide (2 508/ 84 mmpl/s, Tirgna Rapp

KI a rzm g u a gg%&ey@aﬁmﬁﬁr phelSidBatder [Léfulvarehk, Wid BRI, (@RYuiviitht] Wek HeatEd fl paki, 8-
i b4 ) , , —
15  DMFto 70°C for 14h. After cooling to room temperature, the resin was washed (0.1 N HCI, water, ACN,

DMF, MeOH) and dried to give an amber-colored resin.

~So o

0 0
H H
Br Hoﬁjﬁ; - Q7 o’@f

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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Cbz-Cl, DCMI/J O 1P 30 Step 2 - Synthesis of Cbz-TAP-Boc: To a vigorously
stirred suspension of the Cbz-TAP (5g, 17.7mmol) in hexane (25nml) was added
Boc20 (3.86g,17. 7mmol ) and stirring continued at RT overnight. -55 The
reaction mxture was diluted with DCM (25nml) and washed with 10% aqg. citric
acid (2X), water (2X) and brine. The organic |ayer was dried over anhydrous
Na2SO4 and concentrated under vacuum The cmbde product (yield 5g) was used
directly in the nEQt Qeacti on. NHCbz NHCbz B 020 Hexane I -~r O

QN ~- O- - N, NHBoc 23 - SYeNRMsi s of Boc- g crude product fromthe
previ ous reaction wab dl'ssol HEAPBRC net hanol ylL.and hydrogenated in
presence ‘ o0 rbon (5% w W u rooal oofi pnessure for 16 hrs. The
m xture wa | tered, lwashed with methahol and the fPhrape~ceN ted in
vacuo to prow de the crude H TAP-Boc product (yield 3.7g). The fpverall
approximate yield of Boc-TAP after Steps 1-3 10 was 44% (cal cul ated based
on the anmount of Cbhz-C wused.) ~NHCbz NEL Pd-C, H2, MOH O ~~*, NHBoc IO O

"' -~"O", NHBo e S 3 Ient acel i P ' (2.5

o Sh o8 % Sy i ke TP T AL oA B (2

equi val MFatechsmluﬁ@OﬁBFr@@:-@qCﬁmfa‘»D@H frrepered fhemtSesl. ioff amnontcidhnd 5 davef HATOC

for l14h i ; h ed.

wat o, SRR B ER R B T AT EEELYLF1p b GLINER) B RIRE Rl Phis

\ H i | HTheBesiki@aOwahed (DMF T HIK TEE, MPH) and dried to yleld the protected resin. Residual amine
groups were capped by treating the resin with a solution of 10% acetic anhydride, 20% pyridine in DCM

for 20 minutes, followed by washing as above. The Fmoc groups are removed by gently shaking the resin .
in 30% piperideine in DMF for 20 minutes, followed by washing (DMF, THF, DCM, MeOH) and drying.

N
1) Fmoc-Lys{Fmoc)-OH ~ M NH
BIC, HOB
2} Piperidine N” 70 7
QTN

H

O\/\O/\/N\H/OK ! OV\O/\/NYO\K
o}

o]

10

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

15 on a ABI 433 automated peptide synthesizer available from Applied Biosystems, Inc. After the final
Fmoc removal, the terminal amine groups were acylated with acetic anhydride (10 eq.) and DIEA (20 eq.)

in DMF for 20 minutes, follwed by washing as above.

Peptide
0 0
~ M N—L—peptide
I\/\/ Solid phase I\/\/
peptide synthesis N™ ™0
—— -
2 as DY
O\/\ /\/N O~ e~ N0
o 0
IR IR
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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Step 5 - Synthesis of TentaCel-linker-TAP(Boc): 2.5 gns of the resin from
above and H TAP- 20 Boc (1.5gns, Seq.) and glacial “AcOH (34 |, 5 eqg.) was
taken in a mxture of 1:1 MeOH THF and shaken overnight. A IMsolution of
sodi um cyanobor ohydri de (5eq) in THE was added to this and shaken for
another 7hrs. The resin was filtered washed (DMF, THE, 0.1 N HCl, water,

MeCOH) and dri.ed smal | anount of the resi.n benzo ted w.th - and
DI EA | PR ciT TEP RSB o FooROe e emEamer e o Eh- R By PR e Heton S
O O ~O anllaGhiEHndeNredutedHbrdsire Bo@ tht Hesived pepdide. Purifidatibn via NrédpaftivOHPEC WGHiep 6
- Synt h(gﬁgts of n%%ﬁl -1 nkgr-TAP— Lys: The resin from above was treated
with a att§ o159, 185 K 8P pc- Lys( Froc) - OH (prepared from5 eq. of amino
acid and 5 eq. of HATPeptidBAei ssol ved at 0.5 Min DM, followed by the

addi tion of 10 eq.98f DEEA) #rfi allowed to gently sheakeptidetht The resin was
washed (DMF, TFY NangeRifsisd to yield the protected resin.

Resi dual am ne ~gr zd(\ere capped by treating the resin with a sol ufffon of
10% aceti c anh .grl de 0% pyridine in DCM for 20 m nutes, fol howed b

washi ng a§"§afﬂbv ! elFnoc groups are renoved by gently shaki®’g the rasin,
in 30% pi peridei ne Ii nOBMVE o209 -nut es, fol | oned Ry FYR&nL g HU . TR,
DCM MOH) and drying. D C, ysl(Fnroc}OH N z 110 DI C HOBt JXNH
Piperidine NOQO\ ~HHOHH 0, /~O-,iNO)< 0O~~O'iNLO 1 O I 100

Step 7-Synthesis of TentaCel -Linker-TAP-Lys(Peptide)2: The resin from -
above was subgst @kidatioh @ppepiiae 16 YsrhemurdioletRlar ANl Boidst TRLPPHAESinw s

HBTU/H%tgﬁclvt' %E{dﬁ nc .renmpval wt i peridine to build both
pepti de fente b et f‘y*.“g i %ﬂsbégcr&ts‘ﬁ@@ﬁé‘ﬁf F@P rtP P8R ghjpom temperature
for 36h. The peptide was purified by loading the reaction mixture onto a C18 HPLC column (Waters
Delta-Pak C18, 15 micron particle size, 300 angstrom pore size, 40 mm x 200 mm length), followed by a
10 linear ACN/water/0.01% TFA gradiant from 5 to 95% ACN over 40 minutes. Lyopholization of the

fractions containing the desired peptide affords the product as a fluffy white solid.
5—S§
HS SH

AC-K-CY-C-Z-
ACX-C-Y-C-Z-—NH GXC-Y-C-2-—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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15 on a ABI 433 autonmated peptide synthesizer available from Applied

Bi osystens, Inc. After the fmal Fnobc renoval, the term nal am ne groups were
acylated with acetic anhydride (10 eq.) and DIEA (20 eq.) in DW 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 1-1 1 0\ 0 'Oy~Oni NUO ~O \
0 0~-O-~,NNHUO- 103 020 Step 8 - Cleavage frorn resin: The resin from

hancd: thro (e ARkl A e e Rieobnrad & (B pgr 3n &t room

tenperature. Alternative cleavage cocktails ch as (95%, water
(2.5%, and triisopropylsilane (2.5% can als 7 be uged. The TFA sol ution
was cooled to 5 3%43% i e e peptide.
Filtration and @?y?ﬁg u Ilrgdlgl%\% pr ss re gave t /M(;esi red peptide.
Purification via preparative HPLC with a C18 colum afforded the pure
peptide. Peptide-Ac OH O Ac- ﬁ Edeé®NH ~O HN, 'N 1 Peptide-Ac TFA NH2 \

| 0o- OHO NO O0r Ac-Pepti DBIFSt ep 9 - Oxidation of- peptides to

formintrarnol ecular dis . The peptide diner s dissolved in
20% DVBQ wat er (ks fGey X CHRice il 1 RORELIS M) angyal | oved \t/\gstand at room

t enper at ur e NH' O—PEGsg
4 )
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-HN NH- 0/—’

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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for 36h. The peptide was purified by |oading the reaction mxture onto a C18
HPLC columm (Waters Delta Pak C18, 15 mcron particle size, 300 angstrom
pore size; 40 mmx 200 mmlength), followed by a 10 linear ACN water/ 0.0l %
TFA gradiant from5 to 95% ACN over 40 m nutes. Lyopholization of the
fractions containing the desired peptide affords the product as a fluffy

whi t e solum, follewed biSconSidsifn Yo the Aadivtn forth (C:22N NABH 18adeX ofito YoltmnfirunhiHelMeit was

Qven/ H2 ACs Xq 1 C-Y-CLL -Z-. Nl O Ag-X- GY- G- Z-.NH  HN=/. SH. S$-

S mor + 1184, ot Etugy ol sl et R byaroasy fort aeof Hh o e SO
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NfO: E’) FOEEFCN/Mngp éngtilmﬁ) ggld[ﬂ\&:pm @djﬁﬁtéd)ﬂ’od:_?ﬁwiﬂi 'm% t}.ﬁﬁﬂmﬁdb@ﬁ? Fbéfcb?mnS A[ﬂefnblwi@?g 4eq
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observed as a contaminant. 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:
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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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 m xture is stirred at anbient tenperature 2h, followed by
purl ficati osyepst ﬂ‘o@lﬁgrw&ﬁzm_vﬁﬁﬁ&sod‘ﬂi@ (G- @EWBMEABEreBE@Jé@hﬁ& peptide
conf.i rmed b MﬁqL ‘ﬁ’ E@% purlfled peptide was al so subjected to
pur| f i wandprg v ouRIE copditnps fo,Pbtain (Cbahl ge- TR rBatnt ography as outlined bel ow The
bel ow schene s PEG SPA- NHigiz PEGyl ation usi ng QID NGO 3. (AcG GLYACHM

PPI T(1 nal ) - NH LoB3ff (AcG GLYA ° -m@l ) VCOPLRMBS) - HN NH~p
( cO QY %WGPI T( I)GV R(MeG) - Nté;\ PEGZCK
10 11 - 1on exchange

PEG SPA- NHS
purificatiaq ility to

(AcQ GLYACHI\/GPI'gl n{i
ha.ng.e_supp.ar_t_s_mg{be S ed their
separate tHK cﬁ/e pept i de- PEG, pl%r% yoat e fro@rv%&b’ed (‘ﬁ"’\tly(gr_gl yzed) PEG,
in addltlon 0 their ability toretain the rting dimeric peptides. The
i on exchange reS| n (2-3g) was |loaded into a 1 cm -59- colunm followed by
conversion to the sodiumform (0.2 N NaOH | oaded onto colum until el utant

wass pH 14, Sep4- 5y&ﬂiﬂ+ﬂvcv6humé@pro¢.mﬂﬁmmm prayicukeathiclriodiesolved immgthdngl ed

h , . 5
\(/:Mo][ u rrﬁ % u rres]}dlb\#ek'%d i 5&51106% gﬁ?@ 5@% tr%n Eﬁﬂg e?ﬁﬁ%m _h?% t her
t he pePhe rdixtupe is dlterted, \mhqdugﬂi methanol amihha fiept p@leerﬁﬁcédammmgm wovidsthelersdo| ved

in 25% ﬂ%‘ﬁ 10 ng/m.) and the pH adjusted to <3 with TFA, then
Ioadedhg t e\g%%%’&%&l After washing wth 2-3 columm vol unes of 25%

ACN wat er and (I’ec |ng 5 nL fractions, the peptide was rel eased fromthe
colum by e .1 MN 8°| n 25% ACN wati®N, again col NeBeing 5 L
Ec

%

fractions. yS| s HPLC r ewpal eRi-GdiladMedi act i o ont ai ned~} he desired

pepti de. Anal yS| s W|t n Evapor |ve—-|:r'g1'rl—!tatter| Opet ect or X ELSD)
i ndicated t tlde/_was retai ned on the m and S
NH
R\_ __\_O/M
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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10 eluted with the NHAOAc solution (generally between fractions 4 and 10),
no non-conj ugated 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 peptide- PEG
conjugate, and successf uldeXe ur| fied the peptide- Pﬁﬁr@onj ugate fromthe

unconj ug .~ lon I no S
R 51’5 o PaRg eRedh w—c%%#a-%é%sc. CncEBR IR 0 J%zﬁW%%‘é

Cel I ul ose, mcr @@Panul ar WhEt man strong cat iOf exché’ﬁge support

S epharose Fast Flow strong Amersham Bi osci ences L cation exchange support
Exanpl e 2: Synthesis QtuftPO- R agoni st peptide diners by frgg,gﬁent
condensation 20 Step ¥ Synthesis of (Cbz)rLys: Lysine is Weacted under
standard conditions with a solution of benzyl chlorpoformate to obtain

| ysine protected at its t ‘”ﬁ}n no groups with a Cbz? hp. 0 O>NH >-HN
OH O Step 2 - SyMG)GsLI- @?H—BEQ:OH'AP Bo GFmbARI-T-¢1 -1l W{CHR P-4 y@Bndescri bed in
Steps 1 through 3 of Ie 1. -60 Step : Couppd ngppf (Cbz)rlLys and
Boc- TAP: (Cbz) 2-Lys and Boc TAP are COL{PI ed under standard coupling
conditions to obtain (Cbz)2-Lys-TAP ot 02 O p~ O,-NH NHBoc \ / OO

Ov"O-- NHBoc \ / OOHOH HNNHO Coupl ing agent O~ ~-0/
?(Acm) S(Acm)
(AcG)oG—L-Si'-A-C-Ir!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 (1-nal)-V-(LQ-P-L-R-(MeG)—OH
OfBu Trt OtBu Trt  Pbf

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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5 Step 4 - Lys-TAP-Boc: The crude product fromthe previous reaction is

di ssol ved in nethanol (25nl) and hydrogenated in presence of 5% Pd on
Carbon (5% w W under balloon pressure for 16 hrs. The mxture is filtered,
washed wi th nethanol and the filtrate concentrated in vacuo to provide the
crude Lys-TAP-Boc product O / -NH NHBoc H2N coo Pd-C, H2, MOH /O _
CG/-HNM-.  HZNNH-\_ O 1 S _- ¢ hesi s .of peptide nononers by
fragment condensati op.oEQUK._ L i de fragnent s jof. op€Pt i de nononer
-sequence are synt hegﬁcggcgﬂ%ﬁpg%a&glggrlﬁl(?%m%tﬁg‘sﬁo&fﬁg’gg- partially protected
fragnents are then subject % d™t wo i ¢Bepend@mt BHunds of coupling. In the
first round, the NNtermnal half of the nononer is formed by coupling two
of the peptide fragnents, while thg Ctermnal half of the 15 nonomer is
formed by coupling the other two of| t hgnpeptide {gmgnents. In the second
round of coupling, the N-terngpal @and term naIH hal ves are coupled to form

the fully protected nononer. The nononer<i t hengOBn- depr ot ect ed by
standard techni ques. -61 S(Acn) S(AcmuN(AsE~ GA-' - A-OH Fnoc-GH M G OH
Frnoc-P-1-~"-(1-nal)-V-CQP-OH H2NY.-R- ' (MeGQ -TBn O hu Trt O Bu Trt Pbf

couple couple S(Acm S(Acm (AcG-GL- -ACHMGO
Frmoc-P-1-J-(1-nal)-V-C kRl fuf MG -sOBn OBu Tit OBu Trt Pbf couple

S(Acm) S(Acm (gﬁ-g)ﬂﬁkléilﬁ-ﬁ-ﬁ-ﬁlMal%-%{#—ﬁ-billja\_dééye——%CBn G Bu TrI'EJHB% Bu Tit rot

deprotect OBn

OtBu Trt OtBu Trt  Pbf 0
0
S S NH
| é —\_O/J
(AcG)-G-L-S{-A—C-IiLM-G-P-I-Tl-(I-nal)-V- -Q-P-L-R-(MeG)}—HN
|
OtBu Trt OtBu Trt  Pbf
¢ deprotect
| - S
(AcG)-G-DY-A-C-H-M—G-P-I-T—(1~nal)-V-é-Q—P-L-R—(MeG)——HN NH,
e . _ A — 0, fJO- ———
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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S(Acm) 1S1(Acm (AcQ-GL-Y-ACHMGP-I- -(l-nal)-V-CGQP-L-R (MG -H
QBu Trt OBu Trt Pbf Step 6 - Oxidation of peptide nononers to form

i nt ranmol ecul ardi sul ful e bonds: The OBn- deprotected condensed peptide
nononers are then oxidized with under iodide to formintranolecular 5

di sul fide bonds between the Acm protected cysteine residues of the nononers.
S(Acm) SS( AERP-R Bl pptide RinderCarblpMpazed adcordir(glio izl methods-pipRddd-in Exarfipile Gpr OH

G Bu Tet t Pbf | Ldation. S 1/y S 1 (AcQ)-6G:l-~- A C: G P-1-
o naFFtP o Tt o SRRt i T g pbna SRR o iy bty

Lys- TARcBdingt o reporteli ssay, @Bnolifenatiat exiyd svapetibreshitding essay aad pe@BFUe asddynner :
Lys- TAR: Is..coupl ed a - f.0l | ar excess of the oxidized

OBn- degp'%?g% éa%fa%aﬁ%(r?reé?%b%dfbé%&ﬁ g?tmgpgﬁ‘ﬁ‘ard conditions to forma peptide

di ner. The [fbptesults ofihewrinivgrotdativityceqyodre eirmrdarizadiar Tablendard  conditi ons. -62

SS Il (AAGQ-GL-Y-ACHMGP-1--(1-nal)-V-GCQP-L-R (MG-OH O Bu Trt
O Bu Trt Pbf H2 NHBoc couple 0 O H2ZN NH\ Or S S |
(AcQ) - G Reportty Bsby MG P-1- -(l-nal)-V- -QP-L-R (MG-HN NH oc OBu Trt

QBu Trt PbinQ assay is based upon a on a murine pre-B-cell line derived reporter cell, Baf3/EpoR/GCSFR

fos/lux. This reporter cell line expresses a chimeric receptor comprising the extra-cellular portion of the

10 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.

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 cultured 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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0 SSNH\r (AcG-GL- ~-ACHMGP-1- I-(1-nal)-V-GQP-L-'"-(MGQ--HN O
QBu Trt Bu Trt Pbf deprotect SIS

(AcQ-GL-Y-ACHMGP-1-T-(1-nal )-V-GCQP-L-R(MeG-HNNH2 O S-S NH+\_r
(AcGQ-GL-Y-A-CHMGP-1-T-(1-nai)-V-C QP-L R (MG -1B4 0 ,protected

di nner: The deprotected peptide diner is then PEGylated as Step 8 -

PEGy| ati on The BaF3lGald/EIWEPOR rRelfit &9 clifralf inFopaiey Sasks iDDBIBMYFS2 meﬂﬂﬂl (@m;h}inge

Siep. 1EROlREsiad iy S B e 7od, W2 tptriy CARCG y g Cafbsiefy o

dezcr | e starasdi @umight, i d sfms Sagksatt drad ae%’n@lt)ﬁSEflxﬂlO‘s lcalmlaluummgmh lbenea]gﬁn VI ty
an pot e s of the Lpvention. The,result or
has e SEREntl wihaor P o B EHES Supermsindt . N e il o R ERORS BYRY ¢ o
EEOJ R ﬂrﬁﬂ Bﬁbd:cvé’f'& ePEED@ifBGS)L GiAd| restgpentidly ﬁﬁ\ieﬁensﬂryh Qfr G.Stllldist Gells/il int Dﬁﬂd/ﬁﬁ? ays
show t hat, the nov sitions exhi sur i Ng ncre
EPO R HPRigMARed é’flgﬁ h@; %ﬂ&%ﬁ’%@l LRproataqt).- ;5 B 0(98 ) ? |"E1
gept I dafspédaiah afeathen Plerd, i triplicstesh 6 bR GEdah @lites. 56,3L EIEQOB ARl Rficht se?&ﬂifltéiﬁ

i mers or

re prepared accor g he net hods provided in | e
Exanpl 9 mmpetic BeRUARsy %f%eggég é})t‘*o% isteRs siops Mipneapghiss | g AEnEBT | es
of in (ﬂaﬂfeﬁoeﬁtﬁ{ hmha yanam%ms agonksh Qbmﬂlbﬂgﬂly aag%g&r treh mgaay,ma)mmmema&a on
assay, ay, an e ass ays
o7 85 e sBpleptics itk 4Py % (@R N D eraptans Drere 9ded g e 9§fwellﬁé8§§ Plafes 31!5’113} gell

acti Vi ¢xluRs sEMDBY. SFos !émiiﬁnlld 12 diffeRent/@RtiGns3nay b tesBAReiclhe ﬁmadhcé'ﬂﬂaﬁorﬁ&&éw i's
based upon a on a nmurin nge}e B-cell |ine derived reporter
RFR

Baf 3/ EptRdetEsreRatral 440 Ranges &8 S M #:9-P045pMe Té‘s@ml%g%@éls areéh?nrfawbeted

recept @f 48RRAPETE1 Nekxt NOuE%E MrTC@okhE BiaghBiids) Rhd8dd thhech a.@tufaww&mld feept or
tothelntra celjular portion of the human. GCSF receptor. Thi cell lineis
f ur t hepllowed to incubate for 4h. The reaction is then stopped by adding 10% SDS + 0. OIN 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 4pL 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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transfected with a fos pronoter-driven |uciferase reporter gene construct.
Activation of this chifneric receptor through addition of erythropoietic
agent results in the expression of the luciferase reporter gene, and
therefore the production of |ight upon addition of the luciferase substrate
luciferin. Thus, the level of EPOR activation in such cells nmay be

titated, vi t, .of .l uci tivity. 15. The Baf 3/ EpoR/ R
ool | ux Hecompiosd PR (G R ey HEB e 0 i Crls H: PR ioh A5 BRdR Ao AL 006
fetal bomaepaeminalkels; phdyphbiaseyroteliOVhiiEEIntdns the ab I et ditope) SUP GONHEIABE

froma cylture .o | - S CC# TIB-6 :
penicill W@P@EBY%%&%‘FH@W@? %e‘ 1%&1250@')#%%@&?*1%0%?3?@ 20 T2 tgrmaix-
st gr \(/) ed Aig du1 mer ef thie Mgptinyieted EBOMh iﬁﬁ&%eﬁ?&ﬁ tites WHIB@ERR(306M frdal Eoni:&%aﬁ‘&f).
an . 1%_ V\EH - rnatant. On t ay of ass C are ywashed. once
R Tt e S e T NB S RS s et R R e A
t hen 1 Xeti@ds dedckibédvin Berampdal twithestquence BéotinpGEEANUEH MG TRAVIQPLRGCBROMAL | on
of test Nizpt)i de, or with EPO (R & D Systens Inc., Mnneapoli.s, M) as a
positive control, in DVEM F12 nedi um s‘-ktsféép—@mnted with 10% FBS (no VEHI -3
supernatant). Serial dilutions of ghe—test—peptide are concurrently tested
in this assay. Assay pl at eBotr@CL¥CUBGRTMVEIQPARGat 37C in a 5% CO2

at nosphere, after which luciferin (Steady-G@ o; Pro , Madi son, W) is
added to 25 each wel|. FolBiovs-GeE YACHMGPIIVWS JQPERBAt i on, |ight em ssion is
measured on a Packard Topcount Lur hi-rereter! (Packard Instrument Co.,

Downers G OV&en ge)l' mkﬂ lgmix-c §éﬁﬁ‘f)ﬁte%ﬁx ﬂcﬁ;&rﬁ% rS‘éz!ll%j:l %@agtlﬂ £if Sﬁlcub%%mvl:ﬂ%glt
concentration and anal ysed using G aph Pad sof vaare. Thé concentration ¢

t est10pe it Fagen teparaturee ddier 18 hawrsgedddight erairdienapsingrAnsplntlugst réader{Padkerd). oy lightl
as the . Lakl . I : Praliferation assay This
assay igegg%s%igg%non ;%P%Etil e 6&2%@5%2%%@%%&3&5’%%&%} ansfected to express
human EPO R Thercohdehiaataniod tesiqieptideghataesults inegS Qo€ Idkcréase i light EiBisGort, 4¢18iviedd BROR,
i s dependent %$ ' ' f.cehl oliferation is

guant i ta‘f%g?i“eﬁ‘g’ﬁf%‘g‘e ,p %\%}:ﬁlé’\r{%te{xﬁgedsa;gg%élfjg?ﬁge? ﬁgglﬁhﬁgszgg@' is proportional to
t he nunber of viable cells. -64 The BaF3/ Gal4/El k/ EPOR cells are cultured in

spi nper fI ] M F12 medi um (G bco) supplenmented with 10% FBS
(Hyc one“g' %ﬁgéf%}f/%\—lﬂzﬂ supernatant (ATCC # TIB-68). Cultured cells are

st arved over rER§hR, signalivg smutrierthd fiffsientdtion of dohe demrew tsienpéelld a6 Grodidirbtmgntd
i n DVEM Fg.

The st artSd Shpreigers R AORDhEdtd: h JUUR PR Recd P e nt RRIRMLA
r esus pendiffetertiation adeadblbyd @il plectiSés treml psitnary humipNeh FkiZow phuppbdtemsizimastilai t h
100755 (10 Y SUPSCAR AL ok, BN ol 307980 S el B
al i qaoot swisif 108 IRBS @yckae)l ebhesd sen@bdilutions, 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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EPO m nmeti c peptides,

Angen)
1) are

exanpl e,

or 50pL

added to the 96 wel |l

assay plates (final
12 different dilutions may be tested where the final

EPO (R & D Systens Inc.,

wel |

M nneapol i s,

vol ume of 100L).
concentration

MN)

or
AranespTM (darbepoeitin al pha, an ERO- R agoni st commerically avail able from
in DVMEM F12 nedia 10 supplenented with 10% FBS (no WEHI - 3 super nat ant

For

OT t egtAddﬂmtl i @splrated ﬁﬁfﬁlfdﬁ'orﬁ@ﬁh@ﬁﬁﬁb €0 edch g% arcﬂNse ofha m{gawbm Palétidboply). The
P ate ce S ar en | nNncu at e
D o diibes feLPlatd SRS HORHC natiote Fhan o mRynir B0 14 Sysp abare g e
i ncubatpeeséme ofterytfiord csladés oding @ ﬂhb@nmﬁﬁd@é@@CH]H)’IOKddbjétgw&,OﬁﬁaS%gmﬁﬁhtﬁn|di<|

HCI . s 15 are then i ncubat ed. overni C., Absor e of each
vel | a’?l%g %@HW%P% Jeh meptide ah which the f@)?ﬂ%%&%?@%ﬁé’&%ﬁ%m&m% Jot's

of tshe ralHRIth #AE Eostadl il She/EFG WsifiRont P Ira;ard@@ AE B RGN [8¢k BUbR 2: C/BFU-¢
constrtict ﬁj and the EC50 cal cul ated using G aph Pad software. The

concent on of test peptide that results in a half-nmaxi mal absorbance is
recorded as the EC50 [See Table 2: Proliferation EC50]. 20 3. Conpetitive
Bi ndi ng. Assay Conpetitiv nd| cal cul ations are made using an assay in
whi ch & 1@ ’i‘?{g"é‘ﬁ@%e‘f‘?"gﬁ as a function of the proximty of two
beads: s Sfefraf¥eydibligand Géiﬁlﬁehlﬁeﬁﬁmbﬁg hésiPcan albo ®k Eed tah@dsuE&Qsﬁdmea of ﬁhﬁndes

peptide tracer and_an acceptor ich is bound EPO.R
genér atiBdibipveRsian. HaY a5eX measess gvﬂmswgn’\ésfrq%? O to15P PR g hgarsers ispr eééﬁgmﬂ fomrden

is rel Q@&ﬁ&jné{o%gﬁné‘hhﬁkxgﬁwyw i1 lum nation, and contact with 25 the
rel eased si nﬁ et oxygen causes the second bead to emt |light. These bead
sets are co Eerils y available (Packard). Bead proximty is generat ed by

the bi NiBfmBhart TR EPO WRE! ['0s PRI (T REGImbirant HRan BP0 RIF
pepti d¢ dpiy@iraconpetes wth the EP%%W&]S% Q&FH Eaﬁeﬁ%\f grs b| nding o
%g 35'6? se | t em ssion. In

EPO-R [w |l prevent this bindipg,
rial dllutlons of the fest
‘\A

more detail the method is as prIo
po&Efo}/e controls, to wells of ja
rocantaor

L oof Idenifigption (-%’” raliedotzesy BEEVORACnIRIBR beads
onaFec%‘H@m%d%haFB&"?@c KD 3591‘61?’%691 Ct ecogni zes

ot afu Rradtmeréhm@ pricicesRBispatayayi N, &$ht ai ned
in the(recombi nant EPO-R), pr ot ei nCalalogavmbbr: 8d0p€i beads (protein A will
‘bind to the abl 79 anti body; Pagker @ytnuibar: 5L of a -1:6.6 dilution of -65| -—
reconbijnant EPO- R (produced i n{ Ghi Aesge:Hfifst er ovary cells as a fusion
pr ot ei 1) Protein-@Sephadoseof t he  hlunanIdehtifaiiénd Proddikal SepharpiedabidFlé@se proteln
whi ch gontains the abl79 targef epbiplerAnashaalFiobdienoés (PitaagUeRUSpuf f er

(40nM HEPES, pH 7.4; 1M MyC12] 0. t¥aBeumbbr@5Yeiidsgen 20). Tap to mx. 4
2L/ wel I} of the biotinylated EPO-R- bhiL e peptide tracer, AF33068 (30nM

final goncentration). o 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

EPO-R agoni st 30 pepti de, or
384 V\Bl nlata  Thar agff er

Recept ¢ Hodinated resombinant IEBW%H st
( Packarn drythrepoledip 5y/ ni nonoc
t he porftion of the human plac

a:arl cnpl/f auJ
A = B~ = i =2 AT T

dd

-

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.

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

20
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5 AF33068, an EPO- R binding peptide (see Table 3 "Reporter EC50 (pM"), is
made according to the nethods described in Exanple 1, with seqguence

Bi ot i n- GALYACHMGPI TWWCQPLRG (SEQ ID NO 4). AF33068 -~

Bi ot i n- GALYACHMGPI ~TW/CQPLRG~, K-NH2 Biotin-GALYA i HMEPITWV | QPLRG /'
Centrifuge 1 min to mx. Seal plate wth Packard Top Seal and wap in foil.
| ncubat@29nseGiogiellet theGrateinf®ephiredEp Eliecupiraatanif atr@d:aréfﬁll;l’]ﬂmmed and distar@dalt After

em ssi on .an AI eader acka PIot ]i,ght’ m n vs
concentWa&F’ingﬁ ?d‘% 8?\% naéfaysbé’% g‘??@ﬂ)étﬁﬁ SF c ?l?ac'll& gamma
concentdoaiitei0 Resvlts hxeshen peglyied and thatdilitemittduired to r8achG90% ef the ameimum bihdjig value
enissionbhggl%#ive to that observed wi thout test peptide, is recorded as
the | CED¥SHEraple 2: AQ 1C50]. 15 4. Cl BFU--e Assay EPO-R signaling
stinul ates the differentiation of bone marrow stemcells into proliferating

red blood cel (s Thi s, assay neasures the ability of test peptides
e Y TR on of i cel

to "stinulat PFK% and- -- differentiation of red bl ood cell
precurs or s fT@ﬂemmqudamrom 1001;1]; @Mﬁapﬂill;lmioﬂ@dif&hé peptidenare binbinedwith 100 S

assay, s of tes e

Supp] eninphifroniin ptiyerhekenE fohap Boindd S P PNROBIGHES SPpole i ve
contr ol 1(16&’@ JTegtinatkd, reo@mniahﬂmd tedhropoietEPIHEPOY i added® dach Gbygndahd tubklare

vol unme of 5n1_ g 3% Iose and peptide m xture is then vortexed
tholrooug‘}?P @Efé 6 “ s/nL) of human, bone marrow derived CD34+

cells'  (Poi ‘Eﬂd ﬂéﬁt/ &gnﬁwﬁd{)zﬁm islqamtedeaaeécheeMw@ The rediiles Meaialyyedat t 0

0.1 nm_ [ xt, -40-50 L

medi um -4 ‘ﬁ‘ggé?al“@lé’ﬁil Py é’aegaflggs?‘ﬁémﬁﬁél u nbf%fg’g%‘bs e dhF- @na}‘?ﬁﬁ!\@?{)ﬂng
the si dpheofssdylierdpliattd fwielst th@e tiRe fdri chéti pdpfliE-testad) dort 1@al loh @ o @ivRd fe};ﬁ@tevmjsourre
of nmediumis slowy dispensed along the side of the tube. The cells are
then sp a@@@rpn1for 20 mn, and the nedia renoved carefully by gentle
aspjsration. The cells are resuspended in I of | MOM nmedium and the cel
density per ml, is counted on hemacytoneter slide (10L aliquot of cel
suspension on slide, and cell density is the average count X 10, 000
cells/m). The cells are then diluted in IMDMnediumto 30 a cell density of
15,000 cells/nmL. A 100L of diluted cells is then added to each 1.5 m,

met hyl cellulose plus peptide sanple (final cell concentration in assay
media is 1000 cells/ nL), and the mxture is vortexed. Allow the bubbles in
the m xture to di sappear, and then aspirate | nlL using blunt-end needle. -66-
Add 0.25 nL aspirated m xture from each sanple into each of 4 wells of a
24-wel | plate (Fal con brand).
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| ncubate the plated m xtures at 37C under 5% C02 in a hum d incubator for
presence of erythroid col onies using a phase m croscope
magni fi cati on of

days.
(5X-1

Score for the
OX obj ecti ve,

final

100X) .

14

The concentrati on of test

pepti de at which the nurner of fornmed colonies is 90% of maxi mum 5 relative

to that observed with the EPO positive control,

Table 2. C BFU-e ECO01. 5. Radioligand Corrpetl tive Binding Assay An

s recorded as the ECO0 [ See

al t er nat i ve+adi-eHrgand—conpeti-ti-op—binding—assay can al so be used to
measure | C5(f val ueg of peptides 10 in this invention. This assay neasures
bi ndi ng of"’ IoEPO to EPOr. The assay is preferahly perforned according to
the follow ra nptary protocol: i Materials Rgconbi nant Human EPO R/ Fc
| denti fi cat [0 “Re Gibi nant Hunman QO R Fc Chinerla Chinmera Supplier:R&
Systens (M pneapoli|ls, M\, US) Catglog nunber: 963-ER Lot nunber:
ECK033071 Storage: 4 C |odinated reconbinant human ldentification:
(3[ 1251] i odpt y& BSyl|¥Er yt hr opoi et i n, , human Erythriopoi etin reconbi nant, high
specific actiwtg, |&70 kBg, 10 pCGi| i Suppli er: Amerlsham Bi osci ences
(Pi scat away, NI, US$) Catal og nunper . AIZI9-1 G Lot m er: Storage: 4
C Protein-G%ephargosy Identificatjon: Protein-G|Sepharose 4 Fast Fl ow
Supplier: Ame;‘gsh%m Bi osci ences (Piscataway, NJ, US) Cat al og nunber
17-0618-01 |Fot g‘lgrber Storage:| 4 C Assay Buffler Phosphate Buffered
Sal i ne (PBS)& HHE E{4, containing 0:8% Bovine Serjum Al bum n and 0. 1% Sodi um
Azide Stor 4—¢ B Determnatipnm of approprigte receptor concentration.
15 One 50 gg Vi ?', SrEf | yophi | i zed reconbi nant EPOr| extracel | ul ar domain fused
to the Fc [ f, 7
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human 1gGlL is reconstituted in 1 nL of assay buffer. To determ ne the
correct anount of receptor to use in the assay, 100 L serial dilutions of
this receptor preparation are conbined with approximtely 20,000 cpmin 200
L of iodinated reconbinant human Erythropoietin (1251-EPO) in 12 x 75 nun
pol ypropyl ene test tubes. Tubes are capped and m xed gently at 4 C

overni ght on a LabQuake rotating shaker. 20 The next day, 50 L of a 50 %
slurry of Protein-G Sepharose is added to each tube. Tubes are then

i ncubated for 2 hours at 4 CEzsupledy Hoine agtivithasse¥sbes are then centri f uged
for 15 mn at 4000 RPM -67 (3297 x Q- to pellet the protein-G sepharose.
The supernatants are carefully renoved and di scarded. After  washing 3 tines
with 1 nL of This cxasplglepstibeseyarionh én piap |assays Biak areousgfud dn jekalupting | the actifity apdy
ganma : Uk doSi a e bHde I Bkl ach
0 ot of P A O At RO R o b s 0¥ pipuet
for peptcerdingdo dea wmethpdpeprovided ingixampleAra7Romple 30 The de viva [actiiity of ithsse paptide he
pepti de ' A ; ' =1 t 100
ol ubegflﬁﬁﬂe%%@% T e e By b LR g AR Bt

r econbi vigsssayradameticplpeyie apay. ckhepp tve asspyspgjestribed dufvgtherdlesi bplowube and t he
tubes are 10 capped and m xed gently at 4C overni ght. The next day, bound
1251-EPO i s quantitated as descri bed above. The results are anal yzed and the
| C50 vaf.uBolpatheuicixdppaxisiMeys&Biaptsmad Prism version 4.0, from G aphPad

ot v, e GBS Gr n 0 GA0RY 3 Be RO My B By

det er i #dapied drom the me§®dNetgribed\by Cotey arid Bangham (1961), Natuwe 1910 1¢856) 067.CThis lssay O W
-+ N examines the ability of a test peptide to function as an EPO mimetic: i.e., to activate EPO-R and induce

new red blood cell synthesis. Red blood cell synthesis is quantitated based upon incorporation of

radiolabeled iron into hemoglobin of the synthesized red blood cells. ‘

BDF1 mice are allowed to acclimate to ambient conditions for 7-10 days. Body weights are

determined for all animals, and low weight animals (<15 grams) are not used. Mice are subjected to

successive conditioning cycles in a hypobaric chamber for a total of 14 days. Each 24 hour cycle consista

of 18 hr at 0.40+0.02% atmospheric pressure and 6 hr at ambient pressure. After conditioning the mice
are_rﬁéintéined at ambient pressure for an ﬁdditio-n_z-l'lvﬁ-l;r prior to dosin.g‘.w o S

Test peptides, or recombinant human EPO standarcis, are diluted in PBS + 0.1% BSA vehicle

(PBS/BSA). Peptide monomer stock solutions are first solubilized in dimethyl sulfoxide (DMSO).

Negative control groups include one group of mice injected with PBS/BSA alone, and one group 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.

-70-



oouO Ma-i WAl I - i MCDowNaCD I w O1la Ox~-O\ Ox~0\ I |

PAdaxax oaaaa >aaGid HaH C a. C7 a. uboaoa ~~Q
d ti NbOOr. - rf) oo U aLn z a~z Exanple 4. In vivo activity assays
Thi s exanpl e descri bes various in vivo assays that are useful in evaluating
the activity and potency of EPO R .agoni st peptides of the invention. EPOR

agoni st peptRedlﬁtsdaEéf&irﬁrc&IﬁeHWeQMﬂednlnﬁﬁQ‘&*dﬂbmixfhﬁm&lhﬂ e, hnﬁsav&ﬁgﬁlélﬂﬁdt oM

Exanpl e In \VIvo act|vit (0] etl
P cgioactmty mémporated [counts per minute (CPM)] into ‘3&00 samples g-o each group is calculated.,

2. Reticulocyte Assay

Normal BDF1 mice are dosed (0.5 mL, injected subcutaneously) on three consecutive days with
either EPO conirol or test peptide. At day three, mice are also dosed (0.1 mL, injected intraperitoneally)
with iron dextran (100 mg/ml). At day five, mice are anesthetized with CO, and bled by cardiac
puncture. The percent (%) reticulocytes for each blood sample is determined by thiazole orange staining
and flow cytometer analysis (retic-count program). Hematocrits are manually determined. The corrected
percent of reticulocytes is determined using the following formula:

% R-ETICCORRECTBD =% RETICOBSERVED X (Hematocritmwmu,u,/ HematocﬁtNORMAL)

3. Hematological Assay | ' _

Normal CD1 mice are dosed with four weekly bolus intravenous inj ections of either EPO positive
control, test peptide, or vehicle. A range of positive control and test peptide doses, expressed as mg/kg,
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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nmononers and dinmers is evaluated using a series assays, including a

pol ycyt hem ¢ exhypoxi c nouse bioassay and a reticul ocyte assay. These two

assays are described in further detail below 1. Polycythennic Exhypoxic

Mouse Bi oassay Test peptides are assayed for in vivo activity in the

pol ycyt hem ¢ exhypoxi ¢ nouse bi oassay adapted fromthe nethod described by

Cotes and Bangham (1961), Nature 191: 1065-1067. This assay exam nes the

abi ity afigréy gﬂ@ﬁﬁngpﬁﬁtpi‘dﬁﬁcttl.@pmgs* ey ﬁ'%cr%np % FBRfotrance i chrnaBlatapiAt €
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days. Ea 24 hour cle | St f. 18 hr at 0.400.02% at nospheric
pressure Bq’é‘gﬂm ?my}ﬁﬁ“ﬁ%@ﬁ?@wﬁfter conditioning the mice are

mai nt ai ned at anbi ent pressure for an additional 72 hr prior to dosing. Test
pepti des, or reconbi nant hdman EPO st dndards, are diluted in PBS + 0. 1% BSA
vehicle (PBS/ BSA). (Epfl i HM o e YEQRIRISH UL | gsBQADEN®i 1)st sol ubi | i zed in
di ret hyl sul foxide (DVMBO). Negative control groups include one group of
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garzrplme gg(ﬁggﬂsﬂ ,6h] mrdad m:(lilgl\bametemtmqm 1§m@amda dhe :aattiro;argmxtr.tteozvméd tg:qrhqll éﬁg/ta:rgﬂsgf
diy gle (J%t?on E]bn e(}l & baclg{e()d%ag mMper fut ﬂi( 531 leg %,011 8’3% he

Mbuse bo e€s9 admni s W on
mce are %lawdtb»sinenrem&htandfth@rww@@d dvasdnmwhstaﬂa@i fotared BFfo e scéveubwdsemcardd from

220 a0 MRheranbarilae BRI B Hla BETRAAE Wl el ol BLL Mifuld SRR 1
i ncor por aemens the additignah wa!@ktawwgarr"ﬁlm cu:mmpéﬁse Wep hlagedspio ﬁde@artnmfenneh weshed
those m Ge Wi, O3S NY¥RL HA00) R ks, fiekd aﬁéL%HccH}ﬁ d‘ﬁ% &if?&&d’r&'

group) are elimnated fromthe appro |ate data set

hemat ocr i te afferd thediesteppraduchasp ®hwlessioilt Pa‘be Hiesipn Way ekegmin a1 1@#"6@?9 ﬁﬂvéeoél B
el i m nat eglgp nmdgagﬁi?&ﬂﬁstv&s N &eaWakek ¥BGarl) rdamﬁxﬁoﬁf(s%%ﬁﬂﬁa%' Tt P vaRmbBasured

experl ment al he average anount of radi oacti vi ty I'ncorporat ed [COUﬂtS_ ~

per mi nutidbe Ty The restipnmizier s fiTrdat OFD SHPRERTY)os & 5. 40 thep)agidifisd wpH b
Ret i cul ocgi Ber\SIhe ¥q. Mkt ®as RidhtedWRENA SR &8 d(Diixfes %ﬁh ettyl RehRd The combmed

subcut aneousl| y n three consecutive days with
organic phase was washed (brine), dried (MgSO‘S/ 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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ei ther EPO control or test peptide. At day three, mce are also dosed (0.1
mL, injected intraperitoneally) wth iron dextran (100 ng/m ). At day five,
m ce are anesthetized with CO2 and bl ed by cardiac puncture. The percent
(9% reticulocytes for each blood sanple is determ ned by thiazole orange
staining and flow cytoneter analysis (retic-count program. Hematocrits are
manual | y determ ned. The corrected percent of reticulocytes i% detern ned
using the follow ng formul a: % RETI CConnECTED = % RETI C1SERVED X
(Hemat ocri t NDnu L / Hematocritxophhc) 3. Hematol ogi cg™\ass gay Nor mal CD1
m ce are dosed w th EQu y bol us intravenousoinj e} af either EPO
positive control, test Pejti de, or vehlgbgf A range of Wosii\te. control and
test peptide dﬂsﬁ%ﬁ‘expressedlﬁ /kg/ﬁ'aﬁe t edt 80Oy vapyiylg t HEEActi ve

or

conpound cont®eqtrati om Tn t NodoVOl UMEY i nj ected gre 5ni/kg. The
vehi cl e control éggup IS conprlsegﬁﬁgélvezanina S, il animals are in
each of the remaining dose groups. Daily viability and kly body wei ghts
are recorded. The dosed mice are mce are fasted and then anesthetized with
i nhal ed |soflurane and term nal bl ood sanples are collected via cardiac or
abdom nal aof}5 Pu @9&;%@ mzzpaxfuﬂmtfofnw Ve 't&lrffz Fepidd Rbndh&S) FoRBShpffy tRMs 15

and 29 §4 nlc group/ is transférred to Vacutainer(r) brand

t ubes. linkesfeq muemtslr@b%@g‘mﬂaﬂneq|o§ trefpwp@h digkearin Aot RMF 46 @btei cdeap aqlesiop EIIAY

Bl ood s{jip) 6s kg aﬁéfaé Hahed R 9% Q&&d%%@ﬂ&hﬂgmg&gm@ f?;P%I%B/ﬁJ'&?Jcﬁt gnd
physi ol ogy suc hemat ocrit (Hct henogl o and total erythrocyte
count (mvedlsnm r@}magmsgge end mde@r@pgﬁgeﬂgsolwéun SR%OTI%‘\ imDENefoa pomiggog. |

[ hose. MhRYheBRIloh i folt ety JRERNoR with CPYHBRS sl IpEEOTR AR S 1R ARldrde
honndlners pep nnnone aving t am no acl d seque

(ACG) G.W\@hﬁmldw tleptadspra TRt OE@Y DINO:oupingteation attacsyaﬂlhhs’«tes toghe rppgende
nmononers. Pepti de nononers synth ed . usin dard F stry on
o A atsg'gggﬁ)ﬂ IO SR B G of Eouinitauty 08 Bisenitntoy EDy

Pol yner &1t IFor the synthesis of peptide mononers with an am dated
car boxy term nus, the fully assenbl ed peptide is cleaved fromthe resin
with 82.5% TFA, 5% water, 6.25% ani sole, 6.25% ethanedithiol. The
deprotected product is filtered fromthe resin and precipitated with diethyl
ether. After -71 thorough drying, the product is purified by C18 reverse
phase hi gh performance |iquid chromatography w th a gradi ent of
acetonitrile/water in 0.1%trifluoroacetic acid. The structure of the
peptide is confirmed by el ectospray nmass spectronetry. The peptide is
dissolved in a 1:1 solution of DVMSO water at a concentration of Ing/nlL to
affect disulfide formation. The product is purified by C18 reverse phase

-73 -



hi gh performance |iquid chromatography with a gradient of acetonitrile/water

in 0.1%trifluoroacetic acid. The peptide nononers nay be illustrated as
follows: Il (AcG GLYACHVGPI T(1-nal ) VCQPLRK-NH2 (SEQ ID NO 1) Step 2 -
Synthesis of the trlfunetional linker: To a solution of diethyl imnoacetate
(10.0g, 52.8 nmmol) and Boc- beta-al anine (10.0g, 52.8 mmmol) in 100 nL of DCM
was added dii sopropyl carbodii , 51.1 mmol) over 10 m nutes at
roomtenperture. The rQﬁ&hGﬁﬁAﬁHMhyﬁ?1 \i¢ }0 degrees during the

addition, then cooled back to room tenperature over 20 m nutes. The reaction
m xture was allowed to stir overni the precepitated diisopropylurea
was filtered off. The solvent was r der reduced pressure to afford
a gum and the residue dissolved inle ate and again filtered to
remove the additional precipatated rea oTh phase was placed into a

separtory funnel, washed (sat. NaHQG3, bmlﬁ cHCI brine), dried
(MgSH), filtered and concentrated ynder d ed pressure to afford the
di ester product as a colorless oil. |The digster was taken up in a 1:1

m xture of McOH: THP (100 nL) and td this s added water (25 nlL), and then
NaOH (5g, 125 mml). The pH was neagured 0 be >10. The reaction m xture
was stirred at roomtenperature for MMBIMEA hen acidified to pH 1 with 6N

HCl . The ag. Phase was staurated wit'h NaC and extracted 4 tinmes with ethyl

tate. Th mbi h bri , dried SH), d
Concent rat e under (eAELEACBYERBFERHABTRRE Tutare eri 5ol 0. The S0l 1

e sem -solid. The solid
was di ssolved in 50 nit of this was, added 300 nL hexane to
create a white slurry. The solvent was renovediunder reduced pressure to
afford the diacid as a white solid (14.7 g, 91 5@6 ield for 2 steps). To a

solution of the diacid (lg, 3.29 mmol) in 20 m? EK;N was added
ro

N- hydr oxysuccinimde (770 ng, 6.69 mvol) and d||s ylcarbodllnlde (1.00
m., 6.38 mmol) and 4-di et hyl am nopyridine (3 ng The reaction
m xture was stirred overnight and the solvent re ed un reduced
pressure. The residue was taken up in ethyl acetaté€ and f||tered to renove
the preepitated urea. The organi ¢ phase was pl aced, NHhto a separtory funnel,
washed (sat. NaHCO3, brine, 0.5 NHC, brine), dfied (MgS™4), filtered and
concentrated under reduced pressure to afford th¢ di-NHS ester product as a

white solid (1.12g, 68% yi el oH 1 0 0 BocHN - COZEt OBl - COZEt
N-OH O 0 0y NHBoc H&ﬂ)@é&&m&rﬁr{i@ﬁ%&% )

t 0NO .
¢ TFA
O

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

NH
(AcG)GLYAcmGPrr(1-na1)chpLR—m~I/£NH2
0
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O Step 3 - Coupling of the trifunctional linker to the peptide neononters:
For coupling to the Ilinker, 2 eq peptide is mxed with | eq of
trifunctional linker in dry DM to give clear solution, 5eq of DIEA s
added after 2 mnutes. The m xture is stirred at anbient tenperature for
14h. The solvent is renoved under reduced pressure and the crude product is
di ssolved in 30% TFA in DCM for 30m n to renove the Boc group,” fol | oned by
puri fi cati onSiptdr RElgtioperf die poriidsdimgpt C. The structure of the diner is
conf i 1 MR aribh 661 & CoBhAYre BBRE PREGIFAEHLY is ABLS waRUR LY hBARILBR BLkpgNes
the linker“to the nitrogen atomof the s-amno group of the |ysine residue
of eacha¢brEAFEG sPRECHIBESNPT FomiNHnCorpl Brewin fry tonafiqmd a glear solutipny After
(ACG) GLY k3 de Pk YQRRIGR: - ONR e @aCieR e RtV
DI EA O (ﬁ‘ﬁ?@a% FMEPLT( 12 nala%llg S&@E@N&%WNH - O N NFBoC. ?onﬂs NH
( AcG) GL Yollomeliby Prrifienin) WEOPLirempisa2se BPIPATIS stiuioe) PRy teNmeptides eraifimu
QLR NHb‘l}I %LBE'NH&SS. The purified peptide was also subjected to purification via cation ion exchange
chromatography as outlined below. The mPEG-NPC PEGylation is shown below using SEQ ID

NO: 1. (AcG)GLYA‘CHMGPIT(l-nal)VjJQPLR—-NH YNHg

( (\)(NJK/\NHz
Y

NH

I I
(AcG)GLYACHMGPIT(1-nallVCQPLR—HN" )~ NH2
0

mPEG-NPC
DIEA, DME e = - C e ——

, 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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]2 ONH NH2 (AcG GLYACHVGPTP(i-nal)VCQPLR-RN O -74 Step 4 - PEGyl ation
of the peptide dinmer: -PEGylation via a carbanzate bond: The peptide diner is
m xed with an equal anmount (nole basis) of activated PEG species (nmPEG NPC
from NOF Corp. Japan) in dry DWW to afford a clear solution. After 5
m nutes 4eq of DIEA is added to above solution. The mxture is stirred at
anbi ent tenperature 14h, foll owed by purification with C18 reverse phase

BPLC. THwlusien-uAfich 2 raputpsEEsn of DEEA éSpftdida% tof 2oy plTRe T heXiRg 191 StfFets &, amprrat

puri fi edeRERIHd SRS 8 By PHBIBAIR hvithOC PlfevirsC ahds0 MPTICR THE biARIOBf PRGYIARGE
chr omat ogr thy as autlined below. The nPEG NPC PEGyl ation_is shown_bel ow

usi ng SECPI® wagonirmed B MANNCRMSP) Thel rurfied watide RiasilsE Bibiegied KoPuriipatigazvia NH
( AcG) GL YRtPMRIcEchangg c iy aseetlingl belerGTRPEEGE R NHRREGylation is shown

( AcG) GL Yorberavmirms SEQHER NOCOPLR-NH NH2. NH O 0 N O 0 NH - PEGaOK OOY NH

( AcG) GLYACHMGPI T( 1-(A@FV&@EMW(WV§3@PLR-NH NH2

“’fM
Q Y 2

NH

-
{AcG)GLYACHMGPIT(1-nal)VCQPLR—EN" )r—NH2
o)
PEG-SPA-NHS
DIEA, DMF

[ | O
(AcG)GLYACHMGPIT(1-nalJVCQPLR-NH NE2

NH_ 0

\ﬁNJk/\ J\PEGsoK

(AcG)GLYACI—IMGPI’I‘(l-nal)VCQPLR-HN{NHZ

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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PEGyl ation via an am de bond: The peptide. dinmer is mxed wth an equal
anount (nole basis) of activated PEG speci es (PEG SPA-NHS from Shear wat er
Corp, USA) in dry DWW to afford a clear -75- solution. After 5 m nutes
10eq of DIEA-is added to above solution. The mixture is stirred at anbi ent
tenperature 2h, followed by purification with C18 reverse phase HPLC. The
structure of PEGyI ated peptide was confirnmed by mass. The purified
pept i de®vki M f@@faBHmPTﬁhWP?‘* Pat? &roma VOE’&FF ﬁ"q"ﬁ’ﬁd by Mastirgemith 25%
chromat mmmm Al G ki NEfhdp 8hd PeptiiB 6:rBES %5’ REGYd ;!uﬁélPEGN&h gﬂ whgl ow

using SEQ I D NO 1. &%cG) GLYACHVIGPI T(| - nal LR- NH_ NH O
Y NH (BEeiNed VG At a1 P vagimLiR apl aéwﬁe@-@sﬁl\ REhsTE A thep lopgd an ‘é)e
(AcGQ G—Xﬁ@%ﬁ&%ﬂﬁ%)@’@@ b BOIMEB vomes 0{'3’5@6 Qf%ﬁé%iﬁ'&n&kﬁlé g‘?r@ ﬁeﬁéﬁ the

MEPYF( 1- nal ) VCQPLR- HN DI I n - lon exchange purification of
pept i deeephéev’eqsaﬂeﬁé HEmR dhes H@B’@iﬁ tbé’ %%e"f“@ with vkl 84 NIgpP{ch@I 5% AN/ wpter, pgain

separ at @olﬁ%gta?ﬁqiefr&%gﬁd dgmﬁfs% ¢a W{&e{] O BER RS Bori e Hd ﬁ&h&iﬂg&{}mﬁﬁEﬁ

in additionto their ability to retain the starting dinmeric peptide
i on excharlygs otk E@PQ@P"%E@F&@@@@E Petecsora(BLSEh in Paﬁmthaﬁ whénothe pepside was

v p (gt coR LU Ao, e Nl RN O R il 4 PR

ei t her @o holNcéi@igated PEG was observed as a contaminant. When the pep‘ade eluted in the initial wash

buffer (generally the first 2 fractions), no separation of desired PEG-conjugate and excess PEG was
observed.
The following columms successfully retained both the peptide and the peptide-PEG conjugate,
and successfully purified the peptide-PEG conjugate 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)VCQPLR(MeG)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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-76- or 0.1 MHOAc until elutant matched | oad pH, ca. 5 colum vol unes),
foll oned by washing with 25% ACN water until pH 6. Either the peptide prior
to conjugation or the peptide-PEG conjugate was dissolved in 25% ACN wat er
(10 ng/ m.) and the pH adjusted to <3 with TFA, then | oaded on the colum.
After washing wth 2-3 columm vol unes of 25% ACN wat er and col l.ecting 5 nL
fractions, the peptide wa d fromtheg colum by elution with 0.1 M
NHAQAC in 25% ACN m@@ﬂ?”ﬁ%ﬁﬂl-@w?ﬂ%@ﬁe@ of ractions. Analysis via BPLC
reveal ed which fractions contained the desiriked peptide. Analysis wth an
Evaporative Light-Scattering Detector (ELSD) \ ndicated that when the peptide
was retained on the colum and was eluted w bhe NHAQAc sol ution
(generally between fractions 4 and 10), no non%:%)g ed PEG was observed
as a contam nant. Wen the peptide eluted in thewnwtalowes)) buffer
(generally the first 2 fractions), no separatiomnvof desired PEG conjugate
and excess PEG was observed. The follow ng col umms successfully retained
both the peptide and the peptide-PEG conjugate,{ and successfully purified

t he pepti de- PEG conjugate fromthe unconjugateg peptide: Table 3: lon

Exhange Resins Support éﬁH HR 5/ trong cation Amrersham
Bi osci ences exchange(f?cg- o%ﬂ%ﬁ?@ﬁ%ﬁg Pl ose, mcro granul ar
What ntan strong cation exchange support SP Sepharose Fast Fl ow strong

Amer sham Bi osci ences cation exchanges port Exanple 6: Synthesis of EPOR
agoni st pept i d@Whecnthe i FR & afachaslptoi te linkerone as atnide Imkagtcche fimalnprodusit af this

sequence (AcG GLYA PLT(.J- nal LRK. (.S | D.NO. EPO- R agoni st peptide
honodi ner é”“gfgsﬁé‘ﬁ‘tnig Lrh?]g?(?e:&sm%}’;{(ﬁﬁsqaﬁ% SS%WIIA’@F @%éjév(fuence

(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG K (SEQ I D NO 2) are synthesized as
described in Exanple 1, ex in Step lothe synthesized peptide
mononers are: (AcG GL TAC-pRY RIEEED (SEQID NO 2) is Were
the PEGis attached to the linker via a carbanate |inkage, the final product
of this synthesis using SEQID NGO 2 may by ilYustrated structurally as

fol |l ows: NH_ 0O

LA

o Y NH~ PEGank
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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-77- - (AcGGYA HVGPI T(1-nal )V QPLRCMEG NHO NH NHO Oo ON"
"N CO PEGBOK 1 NH (ACG GLYA, HVGPI T(I-nal ) VCQPLR(MeG -HN NH2 0 Where the
PEG is attached to the linker via an am de |inkage, the final product of
this synthesis using SEQID NO 2HVGPIT 1-nal V maybyyiilustrated
structurally as follows: (AcGGAYAC ( ) COPLRIMG-NHO NHOOp ON

KNH) | ' E@ rNdrkAes@ySL YA i HMGPI T(1-nal ) VCQPLR(MeG) - HN NH2 0 Exanple 7: In
vitro activity assays Thjs exanpl e describes various in vitrao assa&j

s t hat
are useful i AREPERY & bases W8 200 7 WERe prAd-cofdingdraiyedoreretan cRlLRGHERIRVBERRR des

of the {RNGNUMRRepofBECcdlldielckredsed a LIRSAc RSN ToRBARAS theakBa-béRilar bbi@on BOME!
peptides of this inventjon bind to EPOR and activate EPO R si %Eal i ng.

Mor eov e PumanBP() gecgptprstorthy intraygallylar nosham of dheokiyman {FC T EopRiofe IThig R Lipg1s further

CONPOS| {rhddRte@ itk toPprombRE-HiSVdl QubifedsE 3Gtk \gdnb Qoltthbt) N ofi¥ationl dti thik einRFi6l
bi ol ogi cal activity conpared to EPO m netic peptides that have been

pr evi ousresPterdeRgidditiompdenethaensirtic eeqsb peltsdn Msrrspretsioncaidhejiupifcarss repoger gene,
pr epar egh AHERIH B8 ploQudids o B Afsh aFHdRMlh dethe g&ifeﬁwg&tﬁaté 1u9ilferﬁ]g<m! @c Rvel e

potency of these peptide diners is evaluated using series of invitro
acti vi t FPQSsegpixationie fugh icelly may be apantitated viswepsuremenyod luciferesa dclrityassay, a
conpetitive R0k gﬁ‘ﬁ’}SFRa%Q'lﬁ i EEE&IM%W§%€M GiBcd) sdpplinfented
described in furtiﬁétl}:la etal |l bel ovfl.e The results of these In \(/i t?‘% gpctiw ty
assays #ith 18rifal boving sein@BiSe Hyclone),g10% 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 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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1. Reporter assay This assay is based upon a on a nmurine pre-B-cell |in
derived reporter cell, Baf3/EpoR GCSFR fos/lux. This reporter cell line
expresses a chinmeric receptor conprising the extra-cellular portion of the
human EPO receptor to the intra-cellular portion of the human GCSF receptor.
This cell line is further transfected W th a fos pronoter-driyen |uciferase
reporter gene ¢ C hi s e L hrough.,
addi ti oR BF er a?%ﬁ%%g&r&df @ %EIYC%G: resul’ f’ﬁ FH Y eyg@ﬁfrzeag@?ogsn&t(ﬁ{upﬂns Iéglm% te?tase
report eEP@enmnetlcapcbttdheref 60,d. tHRO pRo&th S;mnemn‘ Il gNinnepmtis,adE¥)t oo rafes™e

| uci f bst | h ! ERO-R act iyati h
coll 5 migpiseoain APk RO Ranid Biment et dpu Ay pYENEL WLk e
Baf 3/ Ep s@ﬁ;wsﬁﬁdmm/uomm (doSWEHB3 cquet-na tagel) e DN Bk 6neel] assay(pBitBO(Gihal well

uper navatie e M) Jar ki 1f Rieg: SFom ey ey S a7 oaepmgatpn ofes:
Tl B- 68) pe;ﬂﬂd (Bt tEiPOtyeﬁﬁde@ﬁhWIOﬁWJS 0X0 I’I}he i;ﬁtdﬂ cBityf 0¢ ek eutaskd @y,

cells ar ran mto suppl. e ted with
1006 FBS En gt g‘%ﬁ/ﬂ““"?fé_ﬁl @ﬁﬁ rﬁgg‘iilﬁt Ia@ﬁs‘%‘%/E d%{;‘ sascbac@wée e e d
once W hlloddMEMircdipatfRel UbiNTHS R QITE fHel Stoppil bh 2ddifE F@@sbam 0Nk 581, The plates are

supernatant), then 1 X 106 éel | s/mL are cultured in thgﬁgresence of a known

concent ihenjigsHbaigd Pestishiabt | Hebsabangeofh eachell gt RWeyelsnght g O 0L thepmicagugdd s,
M) as gpdeRsiHotore Oﬂbi’s QIf the abdoriallelVeddlidys B 4Bt Deiial eSmRBAEM oMk R od@Ue EBRd( NO

VEEHI - 3 super nat ant Serial dilutions of the test Fe ptide_are concurrently’
8

tested e ERilscaleaisig vsmes@Rpph Pad wdtvwaree Thi eanserteton eF testrpentidesthet temlty maghafp
at M0S Phe{aQimAklsBFoaiidd i€ fecbided 4s8kd oSt eady- G o; Promega, Madison, W) is
added to each well. Followng a 5-mnute incubation, light emssion is
measured on a Packard Topcount Lum noneter (Packard Instrunent Co., Downers
Gove, X1k, et},gvgmndg%u‘;}g@ are plotted relative to test peptide
concentratloﬁ anal yséd usi ng Graph Pad software. The concentration of
oot pept de Gommetit@dhdinz sratioralate TR 3n exharrarshor igh el gerseiol dad
as the S
o e- B cafTep oL B Pl (8 18362 soludidnaRl h3a BAaER A ARG iR ainaing
t he respkptide gra@ee bhd b FReCDIBARS] (GathighEs kmEﬁ'@E,O-R ild@tpegmiemed@m nppP@dRtive energy
activati T : Lfaratl ' MS

n3sfer ﬁﬁﬂﬁgswog{gémﬁé Odid L& ik ?@irs!t%fe%%% 1:111% én'&% h’t'aé'{a .

where the S|g ay I's proportiona

cel | s. ThrerdBafed/ Geglet/ Eyk¢nERORsob¢ kevond bead bttt Hghin These rvat seft:*. askmmnmcmﬂy .

OV AT g R EA-  RIERE BAS O Y
spi nner thd BRR-RatA &stepphidalthatiompetos mrhliibﬁEEféNbﬁMg peptidONEddr Fdr2bindink tmEPO -R

suppl enent.ed w 10% FBS and 0. 1% supernatant. The starved cells are
t hen wa g‘ﬁg Frevs tihés bm<{ mg, causmgacpecreasc\ll\rﬁl_'ght EmissiBS

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 MgCl;; 0.1% BSA, 0.05% Tween 20). Tap to mix. Add
2ul/well of the biotinylated EPO-R-binding peptide tracer, AF33068 (30nM final concentration).
AF33068, an EPO-R binding peptide (see Table 3 “Reporter EC50 (pM)™), is made according to the

methods described in Example 1, using SEQ ID NO: 4.
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wi th Dul becco's PBS (G bco), and resuspended to a density of 1x106 cells/m
in DVEM F12 supplenented with 10% FBS (no WEHI -3 supernatant). 50pL
aliquots (50,000 cells) of the cell -79 suspension are then plated, in
triplicate, in 96 well|l assay plates. 50M. aliquots of dilution series of
test EPO mnetic peptides, or 50L EPO (R & D Systens Inc., Mnneapolis, M)
or AranespTM (darbepoeitin al pha, anaERQs&®k agoni st commerically avail abl e
from Angen) in DMEM F12 nedia supplenented with 10% FBS (no VEH -3
supernatant 1) are added %&,@L%mm tes (final well volune of

100L). For exanple, 12 different dilutions may be ed where the final
concentration of test pequng%@mAcﬁ&@Pf@V e,prt 3 ranges from 810pMto
0. 0045pM The plated cells are ther_incubat ¢ or 48h at 37C. Next, 10L of

MIT (Roche Dia nostlcs) i s, added to each culture dish wel|

t he
allowed to if ge ! min togmix. erlplate seithiFapkard Tonieal @d e it 11 Iﬁﬂ’gf‘tﬁﬁ"%@%@bs +
0. 0IN Hebm tdhiferitidl After I Shourhfad lh@ﬁ’c%ﬁésﬁﬂ R raﬁ'ﬂﬁﬁﬂ(%&st%@a@er Gaserd)ameesigt

each wel |l at a wavel enght of 595nmis th en rreasure spect rophot onetry.
Pl ot's ofmiHien Wisensenlpioa of gertids ard apalyss with @eep B@p‘{‘lFéée concentration are

constructed ﬂ@con&é?ﬁaﬁgﬁ&’ tﬁﬁb&}ﬂd@tﬂﬁdreﬂﬁﬁ Wa %%m&n@@s@ i Qéﬁt\éﬁﬁsﬁmn TBRtive to that
concentration of test 5) de that results in a hal f- maxi nal absorbance is
r ecor defbsgged withquetset pepti Wﬁﬁ@tﬂeﬁﬁﬁl@eﬁﬁ%l ng Assay Conpetitive binding

cal cul ations are made using an assay in, which a light signal is generated
as a function of the proximty of two beads a streptavidin donor bead
bear i ng#£/Bfétei4s§a7at ed EPO- R-bi nding peptide tracer and an acceptor bead to
whi ch i's bougppl lﬁ“’@gﬁlmyssﬁma{em& ‘framﬁpg £ 58 nhaddinAlkd dnf BIRNE rn% ohferam@r

during which a singlet oxygen is release roma first

illum nblpmbwll prprursotin (T histasseiy trrpasuresethe eblbfatsédesspmld@&t too%pvgbiﬁp @ammme and

d
(Packar STEAAGR B L blolbell FOGEEr, RERFiRE Brdh b ARG Mpn MR S g
pepti de t r acE¢r thig assafcseri@@ilRtions of test pepligst ard@admuﬂ@rtp@qdem (#ibee) sipplemented
EPO- R-b ' B‘% F@@y{gﬂ SPfese gé}‘{al QLIB'QhQQ)r 9515‘? O(ﬁtrOWEi’b OIR%, ﬁe ¥ e Ehgﬁﬁt%dﬁo

bi ndi ng, causin ase In t em ssion. n nor e t he [
as foll ma@ylcﬁhlébsalico cgiveserfml vclwlngtqf drpenlp f ThehmethygellukpOamd a:gmﬂegmxttpfem thee

cad’ ot porkEd PGl URiBR, 1800 () S Mot B! Tahrod e THIERAET
of . 1|5L(Hniﬂh55f@miirc7étaret;ﬂlamd .dihe thlwed reeltremel gently Rddedatod) | mioof lofg/BhBNAse (Stem_ ___
monoct o ﬁ{‘& Istgﬂ AR @b?ﬂ?ﬂ\;d)?/f)% 5:%999&&?%%%%& c%ﬁ tihPRe@lim! Pgddeg

human p ne phosphat ase pro ern con ‘he Feconbi nan
EPO- R), dxpp We’mp ﬂong) dteeside af:the ﬁOmL tbla'aﬂs tl(cpﬁmt éOmL Andithén fhie mdnalmng helumb 79

ant i body; +:Pac lé’ ﬁ‘ I re
(producéd Th l‘tsh?w VR fﬂopgﬁ?ﬁ eOf g’ as eé:e Suag? then Otagl o a po 288 of
t he the media removed carefully by gentle aspu"auon The cells are resuspended in 1lml 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 mlL 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 EPQ positive control, is recorded as the EC90 [See Table 2: C/BFU-e
EC90].
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vortexed. Allow the bubbles in the mxture to disappear, and then aspirate
1m. using blunt-end needle. Add 0.25 nL aspirated m xture from each sanple
into each of 4 wells of a 24-well plate (Falcon brand). Incubate the plated
m xtures at 37C under 5% CO2 in a hum d incubator for 14 days. Score for the
presence of erythroid col onies using a phase m croscope (5X-10X objective,

final magnification of 100XExathpR s@qn@g.ah&aﬁﬂygasag& test peptide at which
the nunmer of forned 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] . -81 Nhiexampte 8bscritey vatlow # Qo &dsayR thy 4 Qsefidein @Rluatifg We aetivitOandw W

a 0z pgteﬁcy of &G-Raag\é\ﬁislzt p%pti:!l\les ot Fhe iEve;ntic?u. ClZPO—R agonist peptide monomers and dimers are
prepared according to the methods provided in Example 1. The in vivo activity of these peptide
monomers and dimers is evaluated using a series assays, including a polycythemic exhypoxic mouse

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

1. Polycythemic Exhypoxic Mouse Bioassay

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

BDF1 mice are allowed to acclimate to ambient conditions for 7-10 days. Body weights are
determined for all animals, and low weight animals (<15 grams) are not used. Mice are subjected to
successive conditioning cycles in a hypobaric chamber for a total of 14 days. Each 24 hour cycle consista
of 18 hr at 0.4040.02% atmospheric pressure and 6 hr at ambient pressure. After conditioning the mice
are maintained at ambient pressure for an additional 72 hr prior to dosing,

 Test peptides, or recombinant human EPO 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 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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Nc .oH7ptl pQN Oy aw o Exanple 8. 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. EPOR
agoni st peptide nononmers and dinmers are prepared according to the nethods
provided in Exanple 1. The in vivo activity of these peptide nononmers and
diners is evaluated using a series assays, including a polycythemc
exhypoxi ssay and a reticul ocyte assay. These two assays are
descri bjédRM?%fet e?ﬂdet ail below. 1. Polycythem ¢ Exhypoxi c Muse Bi oassay
Test pepti dedormabBRES ayietiart dpseql (0. 5m¢auacﬂttad\mbgutannﬂllsbé opduwwmw@ dayawitoxi c
nouse bj 0,
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pept i dewitly irow rﬂwmn(l.ﬂ@ rag(mBPOAbidme five,: mice arg anestheiéaed weithe CQ@@nda bigdaby patdiee

d $ d
oo bRl 1 perc B R94) Ko oo Rathot s 6 e B 0B hRed By SAALIL bl o
red b| oud fipwl d)@mmalmls:@etbzroeulalplrwm tfbrrammsmmartuel_hammedc Fhejtarieged
for ]Qe(éé%&retﬁé sgtt&%ﬁéd%gmgﬁfe%ﬁﬁvﬂﬁegfohgﬁlaza" ani mal s, and | ow wei ght

ani mal s rans are not ~use jected to successive

condi ti oni ng%RETICsorkitred +\/pBEEAICEss@ha P70 dHethatocrdpirabial / Hémdtderibaygar) Each 24
hour cycle consista of 18 hr at 0.400.02% at nospheric pressure and 6 hr at
anbi ent pressure. After conditioning the mce are nmaintained at amnbient
pressurEHe@rataéagiMdbmjzonal 72 hr prior to dosing. Test peptides or

r econbi nant

Q.sta
(PES/ B3R PODPTSDaHnar 208 31 S0 eronbits nlriendys et AL TR ny)
sul f oxi dmtr(;lDb@Q)epudd\legwﬁd@ Aontge of papithe psntial ahditet peptidegdoses) exgessidas mg/kg,
rhect el G250 AL 405 QP BB Bl B LR e
with O.5miitg. oThd ichiclp porifal ighinp is aomprised Emltzeyalﬁmglls,t whils 8 nfmiild axed in @achasthe
i nj ection,. the mce ar dmi tered n, i ritone injection of 0.2 m
of Fe59’°f"l5\5‘ﬂi§rﬁ°se FENG®: %‘”ﬁb’ sagdBVFe@‘bB?d& in Ak vl ?%d Curi es/ nouse. Mbuse
body wei ght ? &g@ﬁh{‘e&% Aed a%élmsﬁﬁfaﬁﬁﬁleg%ﬁ%ﬂ@gigd%ﬁ{ ﬁaﬁﬁlk@{ko

H .
are sacrlflce ter mnistration. Blood is col _cteiglfror_neach
ani mal blpodsampleg arepepteterd wa aﬂdlahehd:tdgmmat aprigpengiae on Mapddfor vehicle control mice)

and on Days 15 and 29 (4 mice/group/day). The blood is transferred to Vacutamer brand tubes.
Preferred anticoagulant is ethylenedmnnnctetraacetlc 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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(heparin was used as the anticoagulant). Each bl ood sanple (0.2 m) is

anal yzed for Fe59 incorporation wusing a Packard gamra counter.
Non-responder mce (i.e., those mce with radioactive incorporation |ess
than the negative control group) are elimnated fromthe appropriate data
set. Mce that have hematocrit values |ess than 53% of the negative control
group are al so elléubnated sults are derived frogmsets of 10 aninmals for
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Inc.). ¥asdotved in SYRINESDEMEndEBChiRwag adieat30p eIl hdﬁnéwméamﬁv&utefsluﬁ@pmhée_.

nononer s havi ng t he d sequen Ac() GLYA &Tév SEQ

TR0 SRt a o v S oot BT SISt 5% SISO (ot i) S A

synt hesg a@gs) USb B@olsti@ sfakediacid (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).
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Froc chem stry on an ABI 431A peptide synthesizer, using TGRAMresin (0.18
nmmol /g Rapp Polynere, Germany). For the synthesis of peptide nononers with
an am dated carboxy terminus, the fully assenbled peptide is cleaved from
the resin with 82.5% TFA, 5% water, 6.25% anisole, 6.25% ethanedithiol. The
deprotected product is filtered fromthe resin and precipitated with diethyl
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-10 degrees during the addition, then cool ed back to roomtenperature over
20 i nuteastionTttaches bt Hoker AFtheunidogmsaterm [of wesdc-pmingt group ¢& thei lykine rsilug 196 each

precepitated diisopropyl fil tere ff. The solvent was renoved under

r educed®PPBEE Y %ulﬁi(%gélrs%ggﬁ? iy lsaﬁhé)%nﬁjg%rv%si due dissolved in ethyl

acetate and again filtered t S PEMRPETHOVEHA Y onal precipatated urea. The

organi ¢ phase was placed into a. sepaftofy funnel, washed (sat. NaHCGB,

brine, 0.5 NHC, brine), dried (MS N4 pPLtered and concentrated under

reduced pressure to afford the diesten pio nds @ colorless oil. The

diester was taken up in a 1:1 m xture|of ROH THF (100 nL) and to this was

added water (25 nL), and then NaOH (%g, 25 nmmol). The pH was neasured to

be >10. The reaction mxture was stifred®t roomtenperature for 2 h, and

then acidified to pH 1 with 6N HClL. THeP™egfEAPhase was saturated with Nad

and extracted 4 tinmes with ethyl acetate. The conbi ned organi c phase was

washed (brine), dried (MEEH*YTF BT ¥ under reduced pressure to

give a white sem -solid. The solid was dissqlved in SO nL of DCM and to

this was- added 300 nL hexane to create- a while slurry. The solvent was

renoved under reduced pressure to afford the diicRd as a white solid (14.7

g, 91.5%yield for 2 steps). To a solution of fHevtmaecid (19, 3.29 mmol) in

20 nL of DWVF was added N hydroxysuccinimde (7 ng, 6.69 mmol) and

di-i sopropyl carbodiimde (1.00 n_, 6.38 mmol) and®4-di net hyl am nopyridine (3.

ng, 0.02 nrnol). The reaction m xture was stirged overni ght and the sol vent

removed under reduced pressure. The residue s taken up in ethyl acetate

and filtered to renove the FreETATEHETSYGFEDY J organi ¢ phase was pl aced

into a separtory funnel, washed (sat. HCO3, brine, 0.5 N HO, brine),

dried (MgSOM), filtered and concentr ed" undeor reduced pressure to afford

the di-NHS ester product asaa)cdAiverT(1-s)vVeoPLR-NE \{Nm
NH

i,

(AcG)GLYACHMGPlT(l—n:l)VCQPLR—HN4NH2
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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solid (1.12g, 68%yield). 0 NOViO BOGHN * /OH ~~~(((~ 0 (" Q' ( N COREt
gNNCH 0 OJ NHBoc -CO2Et V ,10 BocHN HK - -~ "~ ~COFE Il'( \~CxEt O
NCO OO 85 Step 3 - Coupllng of the trlfunctlonal | i nker to the peptide
nmononers: For coupling to the linker, 2 eq peptide is mxed with 1 eq of
trifunctional linker in dry DM to give a clear solution, and 5eq of DWEA
is added after 2 mnutes. The mxture is stirred at anbient tefrperature for
14h. TheRiebistVlE r enpved under reduced pressure and the crude product is
di ssol ved i nThBQP8dEAndybeldbiidea Eorﬁﬁ&cfag{tf& e&@xﬁﬂ\é Srdrhihe @@ae&lzacp WRgindPhk Oved by

purification with CI'S reverse phase structure of the-diner is
conf i r msetalog Q0B NshisF Wﬁ?&&‘éc%‘ﬁ%)d?lﬁ@m WVE fﬁ}n@‘f&l@u@labﬁga 35806) e AO-
attachesy ?ﬁ@rdll nker, atthe nitrogen atom of the s-am no group of the Lysine
resi due of each nononer. Coupling using SEQID NO | is shown bel ow

(ACG) GLYACHMVGPI T( | -aaUVCQPLRIGNH, 0 -O O e A ONNHBm ON -O 0 DV,

D EA O MCG).;%%@WA:%%}*B?A BEX&QDGJI,%},E\IH ft,_ 2 NH ~N AO
PEGylation via a carbumarte bond: -

The peptide dimer and the PEG species (mPEG;-Lysinol-NPC) are mixed in a 1:2 molar ratio in
dry DMF to afford a clear solution. After 5 minutes 4eq of DIEA is added to above solution. The
mixture is stirred at ambient temperature 14h, followed by purification with C18 reverse phase HPLC.
The structure of PEGylated peptide is confirmed by MALDI mass. The purified peptide was also

{ subjected to purification via cation ion exchange chromatography as outlined below. PEGylation
using mPEG-Lysinol-NPC is shown below using SEQ ID NO: 1.
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A NHBoc O NH - (AcG GLYACHMGPI T(I-val ) VCQPLR-HNH2 0 TPA O

(AcG GLYACHVOPI T(1- nal ¥¥CQPLR-NH NH2 NHvo 10111 N1-1° OJ NH2 ~'NR
(ACG) GLYACHVGPI T(1-aal )V CQPLR-HN NH2 O Step 4 - Synthesis of PEG noiety
conprising two |inear PEGS chains |inked by Lysine tnPE&-Lysinol 1VPC
Lysi nol, which may be obtained conmmercially, is treated with an excess of

MPE&-NPC to obtain = , Wwhi ch d')s then reacted with NPC to form
MPER2- | ysi nol - NPGGrv9&: (ﬁ% 1LY Thi;s jproduct may be obtai ned
comrercial |y, gr)exarrp}gz, (romﬁ\tf I\/b{:ﬂéI aEngi neering catal og (2003) of

Nekt ar Therapeutics (490 Di scovery Drive, NHuntsville, Al abama 35806), item
no. 2Z3XOTA. Step 5 - PEGyl ation of the Reptide dime PEGyl adon via a
carbarnate bond: The peptide diner and th EG speci es (nmPER&- Lysi nol - NPC)
are mxed ina 1:2 nolar ratio in dry DW ford a clear solution. After
5 mnutes 4eq of DIEA is added to above solutilgn.l The mxture is stirred at
anbi ent tenperature 14h, followed by purificatidn Ww,C 8 reverse phase
HPLC. The structure of PEGyl ated peptide is firmed by MALDI mass. The
purified peptide was al so ( subjected to purifilcation via cation ion
exchange chromat ography as outlined bel ow. PE tion

(AcG)GLY. ACISHIVI GPIT(I-nal)V(IZQP LR—HN NH2
0

mPEG,-Lysinol-NPC
DIEA, DMF

f ] O
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH_ Jl ypo

‘NH\(O () O O O‘F'EGZDK

(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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usi ng MPEG Lysi nol -NPC i s shown bel ow using SEQID NO 1. -87 O

(AcG GLYACHVGPr T(1-nal ) VCQPLR-NH NHO , 10 NV O J 2 - NH (AcG GLYAC

GPTf (1-nal ) VCQPLR-HN NH2 O | nPEQRX2-Lysi nol -NPC DIEA, DV O

(AcG GLYACHVGPI T(1-nal) VCQPLR-NH NH2 NH p O O PEQROK xO p N ~/ "NH ~. Ak\ ~
NH p NH HN)rp' PEROK O (AcG GLYACHVGPI T(1-nal)VCQPLR-HN NH2 O PEGyl ati on
via an am de bond: Th €pti de dijner and PEG species (nmPEG-Lys-NHS from
Shear wat er Cor(ﬁFG)E%X)‘\CEFJé’%HGCEﬁ)V QRLBNH. 2 r ratio in dry DVF to afford a
clear solution. After 5 mnutes 10eq of is added to above sol ution.
The m xture is stirred at anmbi ent tenperalure 2h, followed by purification
with Cl8 reverse phase HPLC. The structurg of PEGyl ated peptide was
confirmed by MALDI mass. The purified pept s al so subjected to
purification via cation ion exchange chromatography as outlined,. bel ow
PEGyl ati on usi ng nPE&2-Lys-NHS using SEQ I D N IN TN\ 2hown bel ow. -88

NH
(AcG)GLYA(.I'J}D/IGPIT(1-na1)V(I3QPLR—PDJ/{NH2
o

mPEG,;-Lys-NHS
DIEA, DMF

0
(AcG)GLYAéHMGPIT(l-nal)VJlQPLR—-NH {Nﬂz
NH

(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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t 0 (ACGQCGYACHMEPIT 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 ahQility to
separ at ' ' r ( r e PEG,
o aadr TR SR R (TR0 HACHE el AN 67 Gt e, WAl Bralh o g

i on exchbhmge Aftes iwashizs BHh 2w lymyavidanesi oft26%aACNLvates ohdipollecting § mhwfthehyns, the

conver sj.qQn. t i r . 1.0 M | ut.ant
was pH%fgt?dccgrést Ek?ec?g% ‘gﬂH@vﬁ&\Q Ui %’1&% , 83<"in|>:|1c}mt§ ??;“ﬁlhlt gqfﬁl eﬂ%(g?gg%?}%o ?&%‘1\1‘( Jg?tﬁrt?gg&% th
ei t her colldetihg BIGAL fartids.] Avkeb@hciaHPLE redealed mthickefrachied dootthep the deairedSpeptifiainm
vol unes fall shiin ] 25% . A . ' - ElL{her..the
pept | e VB EE SRR LSl buie Bl GENL el o e g ok U

di ssol we@ined o fidcsighihwad ors €140d mythnhe) NH0A ¢ dobutiohl(gedfraly batwban feBtioastdeand AH),

t hen | caded on. t he lum, After washin i th, 2-3 col.u vol ungs .of. .25%
ACN wat'8r noé‘ﬁcﬁn%%fpfde gﬁ{# NI "Y““f?sa% f ?‘%%‘?‘mwh e&h%le%'? ipﬁ%uc{\/%n/a%m?‘i fng§‘§ éﬁa?lr t he
col umm tayfeeldehérgity Wiet fivst02 Trabhidik)) @Bcseparatitin%ofAlEhraMiBPEGE-colggitd) and otde@CPEGavad nL
fractions. alysis via HPLC reveal ed which fractions contained the desired
pept i dePbserygty| ysis with an Evaporative Light-Scattering Detector (ELSD)

i ndi cat ed t e fohi@Ring RelupRp kidessRAly refaii@bothdhe Peftide af® kv PepBdPR@ ToB e d

ith the NH4 | ugi n I n.fr lons 4 1
wth t a%d succ?sg\ llssz%u::lil 1t=1dc% e}ge%gdgf']g& cgnjeg?attg\ggm the u?iggnkuoga?es pep%%g: 0),

Table 5: Jon 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
cation exchange support

Example 10: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having
the amino acid sequence (AcG)GLYACHMGPIT(l-nal)VCQPLf-{(MeG)K (SEQIDNO: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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no non-conjugated PEG was observed as a contam nant. \Wen the peptide eluted
inthe 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

pepti de: Tabl e"f'__L-gn_Exha,ige Resins Support Source MnNno S HR 5/5 strong
cati on Anershani Bi osci ence exchange poe-| oaded col utm SE53 Cel | ul ose,

m cr ogr aAuELYWOHMERIT (1-sd)VERPLRMeGBIHe X thgRge support SP Sephar ose Fast Fl ow
strong Anmersham Bi osci ences cation exthange support Exanple 14: Synthesis
of EPO- R agoni st peptide honodi ners of peptide nononers having the am no
aci d sequence (AcG GLYACHMEPI T(1-nal ) VCQPLR(IVIeGK (SEQID NGO 2 ) EPOR
agoni st peptide honodi ners of peptide mywnmess having the am n@ agl gea
sequence (AcG GLYACHMGPI T( 1- nal ) VCQPLR( NEGY (SEQ IBONO 2) ar ynt Ee%q(zed
as described in Exanple 1, except that in t synt hesi z% pepti de
monomers are: (AcG GLYACHMGPI T( 1- nal ) VCQP&R(GMe G RH S > O~2) tis Were

the PEG is attached to the spacer via carbaRate |ink d¢-herdd,pal product
of this synthesis using SEQID NO 2 may by ng |l ustratedlIstructurally as
follows: -90- - | | O (AcG GLYACHVGEPI T(1¢hal ) VCQPLR(MEG) -NH NI -12° O O_
-PEGOK NCO I10~O ON "NH f\.,t\~~NNH | rO PEQROK NH 0

(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 O 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.
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(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG -HN NH2 | i O Where the PEGis attached to
the spacer via amde |inkages, the final product of this synthesis using
SEQIDNO 2 may by illustrated structurally as follows: O o

(AcG GLYACHMVGPI T(1-nal ) VCQPLR(MeG NH NHO O PEG JOB _ Nv' HN PEG NH O
(AcG GLYACHVGPLIT(I -nal ) VCQPLR(MeG) -HN NH2 0 Exanple 11: In vitro activity
assays Thi s EBxRpigenigtgsptideemomarsiand dinens aré preparad saysiingtia theamethads efoyided im

| uatd ng
eval VAl ol ¥, 330 PN bR R A0SRl RINEISS AL 1 e
of t hi scliviyesssaysningludihgt o r&POeRIsNG aguolifration ERG, R eingpetitivnbindikbmsseyeand 2 he
resul t Sohfire 4 gs%@é%@(ﬁa@w 3%51%13& erql%lﬁe\f%%tai?ﬁﬁﬁ\!vde conpositions exhibit a

surprising increase In and biol ogical activity
conpared to "Eié@switﬂeﬁﬂlcﬁepemwd@mwmaystammnin%nedpné‘ablgasl y described. -91
EPO- R agoni st peptide nmononers and diners are prepared according to the
nmet hods provided in Exanple 1 or Exanple 2. The potency of these peptide
di mers i Reporddrwatapd using a series of in vitro activity assays, includi ng

o ePer Lt SR L SRR e p RS TRR MeRI
resul t sfogfhuxt Abseaepanter cdllr lmeagpressed g/clameraymc@m cempmmug the dxtraqcella]lai porﬁon of]the
FEpO" { GomBR R0 LA 3538 A TR e i BLSH DB RS, P i Iuie;g ot L
chi ner itensfegepivith aciosprimsiterglrivire lueitrae-repirietigate qasttucon Aoﬁvauhe of ItisreinmedRO
e’ derea Rlfoenifios SR BRC RS e SHTRRIoD o b TR epor e o1
gene coind thersfbre tigirodatioross light dpoh additiernafithecluciferase 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° cells/ml are cultured in the
presence of a known concentration of test peptide, or with EPO (R & D Systems Inc., Minneapolis, MN)
as a positive control, in DMEM/F12 medium supplemented with 10% FBS (no WEHI-3 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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receptor through addition of erythropoietic agent results in the expression
of the luciferase reporter gene, and therefore the production of |ight upon
addition of the luciferase substrate luciferin. Thus, the |level of EPOR
activation in such cells nmay be quantitated via neasurenent of |uciferase
activity. The Baf 3/ EpoR/ GCSFR fos/lux cells are cultured in DVEM F12 nedi um
(G bco) supp%rﬁqﬁ3&ﬁ14fﬂwqm%ﬂsewabummdlmespmacnjﬁnstcd:BSDI\/IHMbehel)%dlum(I%Wl -

T 68 PR R RS b B EHES sl ATOC AtBssl Glidetcats
cel | s are srvad \pémyt tm anwﬁxetmr flesly at frevellt dengdyEnd Fﬂlz welthinolimirs m@mam@m th

once i LROERERTELS boti s MR IR P Sihchifind CY iRy afity? vt Kiac

super nawﬁlntgﬂbep%ﬁ HBSX(%@D)(:@M s¢smpended ubtdensity ofi tiweo°® pﬁllefs‘érmeDMﬂﬂVé(Fmﬂom

vy nesBbibAlhnd widiSlorpRs 46 wRY kit Mafiud SHEhEMS0006 o RORERE | D

V\EHI 3 mmwaara ey, plat@b in giplickite, un POwsll afsay histes.e §0ulp elptuiotief diletioncedesrof éast | y

2t mosphi e, MEpE ites, 5P 0P BAG RS 1 MRS e, NrpdChopfl, MU o pflaiagn 0"

added t@arbamcimuv&hbha afr IRQRi spyniat Sommeruinlly iamailablet ﬁmn Axhgegabltm ANENTIA mglia

Downor < BBy e O RS B ST s IR 16 06 VRl T P B e

concent wﬂurnemf et )a et peegleytd dlg'er@ltamhtlcﬁhmas b8 tosmd &rhefEth ﬁmhmnéntmﬁormf taaf

test pe tha ults n r.ecor.ded
st ho Rt W) PR Pebich Balie om £ TRV BT oM 38 s g s b o e
pr e- B- cfel K81 atrBé‘"C Balfeﬂt, ImrIau'éM&‘&‘t(Rdclhd)mgnpste:s)ms hddﬂalrtoER!B—d%ltureHishJ wdlleamiﬂhem of

act i var Hised fESicas e oFRGRBL oy amael by oFuSEREAPERL: SnEBl; hamees

wher e the,t]mmgnaibam otvbm@dﬂ' it a?;’QayAb@rumaqoof baohrwéll bioa walkdenpinbf 595 isi tabd e

cells. -92 K/ sarec tured i er f sks in

NENT SR i el o BTG B o R ey e R St B

super naﬁoaﬁ&uc(eAEﬁEﬂié HCS &&)Jlatﬁlﬂsing r(B'dplﬁEic’J @f’mafee Feadorslirationr ofiteph peptide that

spi nner_fl as %,\ﬁl a ceI SI t% of t161 ﬁghéjs/ m, in DMVMEM F12 nedi um

suppl enEREH THOEFER 3 ernatant. The starved cells are

t hen washed tw ce W|th DuI becco's PBS (G bco), and resuspended to a density

of 1x10 el | S M F12 suppl emented with 10% FBS (no-VElI R- 3

super nat-ant’jPes WLB’Q‘?‘V%% (50,000 cells) of the cell suspension are then

plated, in th:rﬁ;bdtlﬁaé Binding pﬁﬁﬂamhd ar@fRéyusitlgain@ssay BWhiah b tpiatsipnalfis ghntratel @a

:/Ie:llngZp f?ttg)gs elngﬁ?mg}tgﬁgw 7 ea st Ia%f?resptav? n onorll__i %ée‘a?m% a!t:) b% S}}lgtg? Ei’g-i{-ﬁmding
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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(dar bepoeitin al pha, an ERO-R agoni st conmercially avail able from Angen) in
DVEM F12 nedia supplenmented with 10% FBS (no VEHI - 3ssupernatant 1) are
added to the 96 well assay plates (final well volunme of 100L). For exanpl e,
12 different dilutions may be tested where the final concentration of test
peptide (or control EPO peptide) ranges from 810pMto 0.0045pM The pl ated
cells are then incubated for 48h at 37C. Next, 10L of MIT (Roche

Di agnostecembinpri BRIBdPraguesddcn (Eme@mﬁezn@tﬁs@vame c¢lls agrrdfusiow protein [to wepdrtiop of the

| ncubal b pialinial MRaRARL LML orb B! ﬁ&@@&%&% oo d Oy aa BoPdlr FEL-

The pl at re then i1 ncubate Absor
a wavel éﬂrglam.le@f s A HIERES, pHe'éé,uheM MpClip®ttorBphdt&ite Twgen PPot Eapoto 1tnble

he. Econia Qe En Sl e O RE E AR S E el Con R LB

pept i de AFRZI6S. mﬁf?Dt—E bimdlireg pegtifie (sax rralﬂh JeRepoitea rHEES 0i (pM) S¢ v etk asotdhng thEhd,

3. Conpetjtiv N Ass nm |nd| ng cal cul ati ons are nmade usi ng
an assa?ei d‘\;/\ﬁf’s(?ﬁ ]Ini%dﬁlfnp nu§1ng%t§%gy§1rogt ed as a function of the
proximty of two beads: a streptavi di ;ARKdepEsr bead bearing a biotinyl ated
EPO R-bi nding peptide tracer and aP_a.c_Qgpuzlr bead to which is bound EPO R

Li ght is generated by non-g;adi a&ivecresgwvchbarg{ er, during which a singl et
oxygen is released froma first bead upon illum natygh; and contact wth

the rel eased singl et Oxyg%mﬁﬁﬁ%ﬁ‘qm pPR@Y Tt 0 é_rri t light. These bead
sets are coomercially avail Packard ead proximty is generated by

t he bi nding of the EPO R-bi ndlgﬁ&p%eptl de tracer to the EPO-R_A test

pepti de t hat CEambRgedsmig to Fux-he rwith Prgkard Ter geal @ad wrapde foit oncubialedivagizhb

EPO-R wl, }Jmﬁélﬂﬁ/e?ﬂ&ret Risigr 14 IRk Yad 1AMSRGorHRGH 2R Qubkt kALK (PRIERS | BB hghfl

nor e detal the nmethod is as follows: Add 411L of serial dilutions of th
t est EPERsigndpPecentigion picheptidsrang enalyse wath Sraphdidor Becebontrol s, to wel I's of a

384 wel | plat COCJ& L%hesg,%igu@éﬁét r%t%mog 509 9&%&9{4@%@9 @(&;&é}mw to

Recept or bea COI’ISI 5ny/ streptavid nor bea

( Packar d))senmall’&'ltbbuﬁi:ﬁgpmﬁdme‘brmsﬂErif.Cﬁ%ody ab179 (this ant| body recogni zes
the portion of the human placental al kaline phosphatase protein contained
in the reconbi nant EPO-R), protein A-coated acceptor beads (protein A wll
bind to4t IdéBlélbﬂe?@szanti body, Packard), 112.5L of a 1:6.6 di lution of -93

reconbi nant ?D%Es{ %@ﬂ:la’c& tgh hﬁé?eﬁuﬂ%n e R5 fﬁ’égtl[r w%t% ellglantgl gro"ll%ra%

protein to ea porti acental I ne 70
whi ch coidodicald ptebﬁs«ﬁhl”l‘&staaaag ateawstthqoab)xhtgrmcﬂte@ﬂﬁcpﬁ&esdb stxzﬁhlpteauumhfem‘ntfoﬁ and

AR SN T T O L SN S T

fi nal concentRoathiad}ay, se@dﬁBc‘ﬁﬁﬁﬁns ahed PEPLRe bientidadn PIPM aedi(mgGibtaphippBmented

" Report E\"nrrxth 1%§/O FSS@ '\a{';%l’omia).s ﬂiaegg se%%f: 8i‘iu‘?1jo£‘§ oE‘ %oéi&% 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

red
el n

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 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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met hods described in Exanple 1, using SEQ ID NO 4. AF33068 Biotin-GGELYA
HMGC Pl TWWCQPLRG~, K-NH2 Biotin- GGLYACHMGPI TWYV CQPLRG " | | Centrifuge |
mnto mx. Seal plate with Packard Top Seal and wap in foil. Incubate
overnight at roomtenperature. After 18 hours read |light em ssion using an
Al phaQuest reader (Packard). Plot light emission vs concentration of

pept i deaddglz fRR Asitatedl hiknfek &M BafsafipleENG %Lch owewa@ ¥ & el }ﬂaﬁe @falcb® Bland).

peptide that resu ts in a 50% decrease in em ssion, relative to that

obser velculaterthy plated Juixiygsst at &3 C pader o aein %g“ftﬂﬁémf”@%f for. 14cgamrUSerradar

EPO R shRald 80er§inkdid |cBlofies tu@ﬁgdi Fﬁa‘%‘é %Hérb&%ﬂaé)m@imb%fecﬁw M AhSEGRb of
into prollferatlng red blood recursors. This assay neasures the

abi | i t yl199%)+ €he copepntratiersof fastwptrﬁmaawéwbﬁw e qfefplaleqdcﬁvloatwa is Y% PEMBKMPEY i on
of red RlaaRhoGfdlobRIRAUFELIE HPONBSRE BRY), MITBRIQORIIBLIP SR ITHbIE ROERY S1 em
cells. For this assay, serial dilutions of test peptide are nade in Ilvl DM
medi um E€§8co) suppl emented with 10% FBS (Hycl one). These serial dilutions,
or positive control EPO peptide, are then added to nethylcellulose to give
a final volune of 1.5nL. The nethylcellul ose and peptide m xture is then
vortexed thoroughly. Aliquots (100,000 cells/niL) of human, bone marrow
derived CD34+ cells (Poietics/Canbrex) are thawed. The thawed cells are
gently added to 0.1 nL of Ing/m DNAse (Stem Cells) in a 501 tube. Next,
40-50 m, 1IMDM nediumis added gently to cells: the nediumis added drop by
drop along the side of the 50nL tube for the first 10nm, and then the

remai ning volunme of nmediumis slowy dispensed along the side of the tube.
The cells are then spun at 900rpm for 20 mn, and the nedia renoved
carefully by gentle aspiration. The cells are resuspended in I of | NDM
medi um and the cell density per nL is counted on hemacytoneter slide (10L
al i quot of cell suspension on slide, and cell density is the average count
X 10,000 cells/m). The cells are then diluted in IMDMnediumto a cel
density of 15,000 cells/nm. A 100L of diluted cells is then added to each
1.5 nmL nethyl cellulose plus peptide sanple (final cell concentration in
assay nedia is 1000 cells/ nml), and the m xture is vortexed. Allow the
bubbles in the m xture to di sappear, and then aspirate I ntL using blunt-end
needle. -94- Add 0.25 nL aspirated m xture from each sanple into each of 4
wells of a 24-well plate (Falcon brand). Incubate the plated m xtures at
37C under 5% CQ2 in a humd incubator for 14 days. Score for the
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presence of erythroid col onies using a phase m croscope (5X-10X objective,
final magnification of 100X). The concentration of test peptide at which

t he nunber of forned colonies is 90% of maxinmum relative to that observed
with the EPO positive control, is recorded as the ECO0 [ See Table 2: C BFUe
EC90]. -95 R OUE| UWec. ri vrx 0 w cew 0 U w ax Zkooz~z Z vy
xz 0bol 0Odo UVLaa wa?> >
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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 peptide nononers and diners
are prepared according to the methods provided in Exanple 1. The in vivo
activity of these peptide 5 Myamplald: dnolivepefivity 38s¥&val uat ed using a series
assays, incl ggi - ' | ' -

s GlarfplB ez 664 $ M s §% BHD Wl @fav_%ﬁeeléée?gqgﬁcﬁ%(umer fBe activity and

reticulocyte assay. These two assays are descri bed [ tarl

1. Pol y@&9tenssiof EROE ngqyésk pemtises ef e auyertiop. FEOR seqnist psptidgrmonamsesyaad dingsrs 4rp
Vi VO aClielirty abddrdik o BleYin¥h & hiovadd ﬂ:%p E0US bR an5Avi A% Bt O
t he net gid‘ descrfrt‘)]ggg byeCot es gir)lﬁwBanéﬁgm £9_61),_ Kat ur e csﬂﬁbofg 1%%’7
Thi s5 as gepomex apd disngrs iseevalypled tugingfa sgriescassaypeipeliédieg eopdymythemisnexhypoais HREe
m meti Ciioh RGicbua b&ar Bl ' AWk | synthesis.
Red bl oglg Sgg}llafndts?g?]t hfé)?l%g igﬁquantﬁ@gﬁg ggeésc uponﬂgtrl%(@o‘%%glrbgﬁwon of

radi ol abel ed iron into henogl obin of the synthesized red blood cells. BDFI
m ce ar . ;,gp,; : ient conditions for 7-10 days. Body
wei ght s?é?ééj&\{%%é%éz‘%?ﬁ%r\ae gfﬂogﬁ% ani mal s, and | ow wei ght aninmals (<15
grams) are ndestpsptitles Mecassayed ol aot adivitp in the qebsyihemiccoppaxicomowsg tioasiar s

: h . ; I .
of 18" nPama fop 88 BRGled lenfied B el i Gorb] (057 Wiy MBEe7, GRATHRY°
After cexmtitdsdim ability hfa testcpeptide to fomition & andtPQutnirestisi éai tpacivste EEOfR andainduce
dditi I i . doging, id : i t. . EP
St andar 087 &F 5% Reh Bipeheisn REA $ipod 31 SRR Pquaffinded SRERY AR ndhfERMRol P
radiolabeled iron into hemoglobin of the synthesized red blood cells.

BDF1 mice are allowed to acclimate to ambient conditions for 7-10 days. Body weights are
15  determined for all animals, and low weight animals (<15 grams) are not used. Mice are subjectéd to
Successive conditioning cycles in a hypobaric chamber for a total of 14 days. Each 24 hour cycle consists
of 18 hr at 0.40+0.02% atmospheric pressure and 6 hr at ambient pressure. After conditioning the mice
are maintained at ambient pressure for an additional 72 hr prior to dosing.
Test peptides, or recombinant human EPO standards, are diluted in PBS + 0.1% BSA vehicle
20  (PBS/BSA). Peptide monomer stock solutions are first solubilized in dimethyl sulfoxide (DMSO). -
Negative control groups include one group of mice injected with PBS/BSA alone, and one group injected
with 1% DMSOQO. Each dose group contains 10 mice. Mice are injected subcutaneously (scruff of neck)
. with 0.5 mL of the appropriate sample.
Forty eight hours following sample injection, the mice are administered an intraperitoneal
25  injection of 0.2 ml of Fe® (Dupont, NEN), for a dose of approximately 0.75 pCuries/mouse. Mouse body
weights 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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20 (PBS/ BSA). Peptide nonomer stock solutions are first solubilizecf in

di met hyl sul foxide (DMSO). Negative control groups include one group of
mce injected with PBS/ BSA al one, and one group injected wth 1% DVMBO. Each
dose group contains 10 mice. Mce are injected subcutaneously (scruff of
neck) wth 0.5 nL of the appropriate sanple. Forty eight hours follow ng
sanpl e bnheCtkg)Q A%_JEE mce are adm nistered an intraperitoneal 25 injection
of 0.2 i of % pont, NEN), for a dose of approximately 0.75

Cur i es/ mous eNoiviml O giye arpiogeld (8.5 aule g ettet swbaeahe@shy) ontiires cdﬁa@mivc days with

adm ni st..at crlflced 8h r. Fe dm
Bl ood i éih BH; &P Igtgoqf) % %%p@%&% anl niﬁ“ 5% Card At Jﬁ)ﬁ‘%{:({oﬁrrgfaﬁﬁmﬁg rsltrta%%nr |1}eaﬁy3
det er m wihl irobhézpasn (1 0dasg/uded Aaslay e amtuecmagn&sanhz)cd rgic ICh| ad dhishbplcard{8. 2

)4 cBOROES TheoBrorh ) ERBERS Lotk bt Sis Py nr OB EBHBRT Faaipeso

t han t hmcrmgvaiywﬁetamnhnym (rgicotopit Ré@arh). | Handdeaith atd maub e dagpicdl Tat eortlited
set. Mce tha% e he tocrlt val uetsnl ess.than 53% of the .negative control
group aP@c&fe e%q atmﬁg%dtﬂsln@ﬂéerB WEPE {PIUET om sets of 10 animals for
each experi rr%ﬂlkﬁho@mmme/o REFICY G AU THeBtocrtRASHRAE ¥ HeinktscritRGQr.por at ed
[counts per minute (CPM] into blood sanples fromeach group is cal cul at ed.
-97 2. Reticulocyte Assay Nornmal BDFl mice are dosed (0.5 nL, injected
subgyit aRepuslMdgin Adayee consecutive days vvlth ei ther EPO control or test
peptide. At day three, mce are also dosed (0.1 nL, injected

i ntraperit on@&ﬂ?ﬁ}FvaﬁafF fessd d‘ét%tf?‘%ir’i"eflﬂﬁb(’lﬁbl’n‘ﬁfﬁ‘}em‘ﬁtmﬁﬁy’nﬁ pl/ather KRG pogitive

anest hetdzad i bdpi@Oor 310! Rarlt &a&gﬁ@%oﬁucnlaﬁ@tew&pua'ms&e e Rsed M mg/kg,

reticul ocytes for each blood sanple is deternined by thiazole orange
st ai ni ngre taviefl bY garving: beeeidte eommoyrd soncendration &b thet fomldgtmn) Volewatwesed arear e

manual | ¥mfifd il Relele tfirdt YABCE LmpRRH H6ke BinhE! Wi BMIAS: b e BF R
using t ol [lowi-ng formul & Y% RETI CcoPEECTED = % RETI CCBSERVE

( Helt otsmaining GoseigronpsHAleHy sigbilitNCRIMseKY balysveightrae srodédal Assay Nor mal CD1
nice are dosed, gq)steﬁ kit re WREK )! fRYIYSa it raﬂé’s?r[%ﬁkleﬁ dnﬁ:l ﬁﬁ&llec? IS8 E bl RO

pOSI tive contr t est pep tl or vehi cl posSi trve control and
t est peblopdzl muirb@ease c@kmds@s @@rdas ong#dhglmal m mle@ure @n B%ayda(iqu webickevenizg trive

corrpound ntr t he, for at ct The
vehi cl e r&oﬁ? *dr ougrhg @ WOHB@UP‘ JIrvebléi’ﬂl ﬁ%g‘g Sfe ehet ‘ga %mr%l Er Aé&eﬁ
each ofPfe!@zedi&dbm‘manmsreﬂlﬂiﬁm_aumceulamﬁYEMEJJ| Li ty and weekl y body

ts are rde re nmice ar d and,the
anedi hot § 7 o COOE R HRAB G Gl el e e R (7 Ploo] PURE=6 b Pigey such as
col | ect Bématbadit (FadtY] batoglsbidHpoNindathta byt Baint (RB@)uisia Yutbmbfed tliniedd btdleers
control wnh ?mownmthe 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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and on Days 15 and 29 (4 mice/group/day). The blood is transferred to
Vacut ai ner 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), henoglobin (Hgb) and total erythrocyte count (RBC) using autonated
clinical analyzers well known in the art (e.g., those nmade by Coulter,
Inc.). The present invention is not to be limted in scope by the specific
enbodi nents described herein. 25 Indeed, various nodifications of the
invention in addition to those described herein will becone apparent to
those skilled in the art fromthe fog%%g%@? description and the acconpanyi ng
figures. Such nodifications are int o fall within the scope of the
appended clains. It is further to be understood that all values are

approxi mate, land ak eomppamniddiead bings tQj@s‘lcactimt@scthe ery§Ropd@inGesdiph® (ERO-BY, conpound

t hat bind 0 _and ctlvates the. e ROl ti.n receptor (EPOR), which
compound RS PECeaZ pERt R ARl MEROTIGE BhETBH a0
(AcG GLYAC74GPI T(1-nal ) V QPLR(MeG) - NH NH2 NH OO0 O NHXO PEG NH

(AcG GLYA LI-IMPIT(12- r]a'l—)-V“ﬁBtR('gEG) HN NH2 avere (i) in each peptide
mononer of the eRIGLIACHMEPIT(-edYRQBIM(MeS)asiid Hzndi cated by standard one

| etter abbreviation, AcGis N acetylglycine, @nd I -nal is
1- napht hyl al anine, and MG is N-nethylglycingd, (ii) each peptide nonomer of
t he peptide dinmer contains an intranol ecul ar i sul fide bond between the two

cysteine (C) residues of each nononmer (iii) PEGHGgAprises a |linear
unbranched pol yet hyl ene gl ycol nol ecul e having a }nolecul aP wei ght of about
20,000 to about 40,000 Daltons. -99 N :

OY NHo O-PEG

NH

(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG) ~HN” )r—NH2
o

where

(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, 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

(iit) 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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2. A conpound that binds to and activates the erythropoietin receptor
(EPO-R), which conmpound conprises a peptide dinmer having the fornula: O
(AcG GLYACHVGPI ~T(1-nal )VICQPLR-NH N112 NH OjO- ~ OON' I/1 NH) "PEG NH
(AcG GLYACHVGPI T(1-nal ) VCQPLR-HN NI -12 O where (i) in each peptide nonomer
of the peptide dinmer, each amno acid is indicated 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

di sul fide bond between the two cysteine (C) residues of each nononer (iii)
PEG conpri ses a |linear unbranched pol yet hyl ene gl ycol nol ecule having a

hat bi nds Toar REDP B8 RS Yepdh fPGHe: BF R HarSrbt R macBRp ™. i ch

COWPOUWﬂicﬁQHﬁbblﬁﬁlScoﬂlpP@ébtd tidé offer Radhd@etthendlor mul a: O
(AcG) GLYACHVGPI T(I-nal )V QPLR(MeG) -NH NH2 NH-O p NH'f"PEG Oy

(AcG GLYACHMVGPI T(l nal ) VCOPLR( IVEG) HN NH2 O where (i) in each peptide
nononer of the p Gf]‘l& Mﬁ, (£ ac d is indicated by standard one
letter abbrewat cGIs {\TI- ty gyc " MHRd | -nal is 1-naphthyl al ani ne,
and

(AcG)GLYA(llHMGPIT(l -nal)V?QPLR—HN NH2
O

where

(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 molecule having a

molecular weight of about 20,000 to about 40,000 Daltons.
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MeG is Nnethylglycine; (ii) each peptide nononer of the peptide diner
contains an intranol ecular disulfide bond between the two cysteine (O

resi dues of each nmonomer (iii) PEG conprises a |linear unbranched

pol yet hyl ene gl ycol nolecule having a nolecul ar weight of about 20,000 to
about 40,000 Daltons. - 101 4. A conpound that binds to and activates the
erythropoietin receptor (EPO-R), which conpound conprises a peptide diner
having the formula: O (AcG GLYACHVGPI T(1-nal ) VCQPLR(MeGANH NH2 NH O PEG p
OO NNH-)'"11-,,~~-NH H\)r PEG p NH O

(AcG GLYACHMEPI T(1-nal ) VCQPLR(MeG -HN NH2 0 where (i) in each peptide
nononer of thg pepil depdlfi®theat ﬁamo%ﬁu B&vafes h e‘iythfdib@leﬁﬁtr@déptléy(lﬁi@-mard one
| etter abbreviation, ACGis N-acetylglycine, and 1-

napht hy| athieli eesmporndicoveitises 2 Reptisie 9y ey having ghe @rml)llaeach peptl de mononer of

t he peptide dinmer contains an intranol ecular disulfide bond between the two

cysteine (O residues of ro(iii) PEGDcorrpri ses two |inear

pol yet hyl ene gl y¢alc)oDt AtrinNgSPINAMMNTQRLR GRENINRE dgx cul ar wei ght of about
10,000 to about 30,000 Daltons. -102 5. A co un hat binds to and
activates the erythropoietin receptor (EPO-R), Y which conpound conprises a
peptide dieter having the formula: |-~ 0

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

\KNK/\ PEG
Y

NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG) —HN” )—NH2
o}

where

(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 [-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.
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NHOp I'xH O, JNH1 11 ~( OPEGNHOO NHY PEG O

(AcG GLYA-HMGEPI T( 1 - nat ) VCQPLR(MeG -HN NH2 O wherein (i) in each peptide
nononer of the peptide dimer, each amno acid is indicated by standard one
| etter abbreviation, AcGis N acetylglycine, and 1-nal is 1-naphthylal ani ne;
(i1) each peptide nononmer of the peptide dinmer contains an intranol ecul ar

di sul fi de bond between the two cysteine (C) residues of each nononer (iii)
PEG conprises two |inear polyethylene glycol (PEG nvoieties having a

conbi ned nol ecul ar wei ght of about 10,000 to about 30,000 Daltons. - 103 6.
A compound that binds to and activates the erythropoietin receptor (EPOR),

whi ch conpounyl COWEbrﬁ?@an@ tREREE S Q{aﬂﬁ1vi'té’é’t'h@9rym}§%fi&irﬂi‘él:&7tor (EPO-I___)
( AcG) GLYACHMGP! T( 1- nal R-- NH NH'KO-PEG tH

(AcG ammqw@anﬁ@mdwampvmm trr haVlmg@efwmeﬂfei n (i) in each peptide
nmononmer of the peptide dinmer, each amno acid is indicated by standard one
| etter abbreviation, AcGis Nacetylglycipne, and 1-nal is |

- napht hyl al(ﬁm)@gm((maprﬁ@gmvmpm@ﬁ@m{lf 9f t he peptide dinmer contains an

i ntranol ecul ar

PEG
\ﬁ o o)

(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)~HN~ )~ NH2
0

where

) 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, 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

(iiiy PEG comprises two linear polyethylene glycol moieties having a

combined molecular weight of about 10,000 to about 30,000 Daltons.
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di sul fide bond between the two cysteine (C) residues of each nononer (iii)
PEG conprises a |linear unbranched pol yethyl ene glycol (PEG noiety having a
nol ecul ar wei ght of about 20,000 to about 40,000 Daltons. - 104 7. A
conmpound that binds to and activates the erythropoietin receptor (EPOR),

whi ch conmpound conprises a peptide diner having the formula: O

(AcG GLYACHMVGPI T(1-nal ) VCQPLR--NH NH2 Ni OO0 0 -PEG J p N' NH OY HN
-rp-PEG NH O (AcGQ GYA LHMEPIT(1-nal)V i QPLR-HN NH2 O wherein (i) in
each peptide nononmer of the peptide dinmer, each amno acid is indicated by
standard one |etter abbreviation, AcGis N acetylglycine, and 1-nal is

1- napht hyl akLani ng; (il ch. tid noner of . the peptide di cont ai ns
an intranol écul _a_g coé\pgﬁﬁ“ﬁ%ﬁ@?lg@sﬁa aﬂi?%éﬁgﬁﬁe@fﬁmpwg? ch%tor( %qug}n dues of
each nem@ieonpoiind corieiseONPEtiEie FirhdtMalinp e fopilyet hyl ene gl ycol (PEGQ

noi eti es having a conbined nol ecul ar wei ght of about 10,000 to about 60, 000

Daltons. 8. A conmpound according to any of clains |-3, wherein the or each
PEG has ﬁ(&%ﬁgﬁ afyahout., 3§, 000 Daltons. 9. A conmpound accor di ng
A TS LRMG)— .
to any 01(3( (ﬁ;gllfms 48, Wgrélf nEtehge) (L)II%H acl'PEG has a nol ecul ar wei ght of
about 20,000 Daltons. 10. A conpound agcording to any of clainms 1-3 and 6,
wherein the or each PEG has a nol ecul ar wei ght of about 30,000 to 40, 000

Dal tons. -105 11. Use of the conpound gpding to any preceding claimin
the preparation of a aﬂt\( 9 0

PN H
NV NH "‘\\/\/N\IrO-PEG

NH 0 0
\
NH \g/ PEG

0

(AcG)GLYA?HMGPIT( l-nal)VClQPLR(MeG)—HN NH2
0

wherein

(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by
standard one letter abbreviation, AcG is N-acetylglycine, and 1-nal is 1-naphthylalanine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular
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.
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medi canent for the treatnment of a disorder characterized by a deficiency of
.erythropoietin or a |ow or defective red blood cell population. 12. Use
according to claim 11l wherein the disorder is selected fromthe group
consisting of end stage renal failure or dialysis; anem a associated with
Al DS, auto inmmune disease or a malignancy; beta-thal assem a; cystic
fibrosis; early anem a of prematurity; anema associated with chronic

i nfl ammat ory di sease; spinal cord injury; acute blood |oss; aging and

neopl asti ¢ di sease states acconpani ed by abnornmal erythropoietis. 13. A
pharmaceutical conposition conprising the conpound according to any of

claim 1-10s2and & RRBSIRGRH iRl ¥ ALEEREARE 8ryaRbhdisti recdil: (EPOR),

which compound comprises a peptide dimer having the formula:

| | 0
(AcG)GLYACHMGPIT(1-nal) VCQPLR-NH NH?2

(AcG)GLY ACHMGPIT(I-nal)VCQPLR—HN" )—NH2
0

wherein

(1) 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.
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7. A compound that binds to and activates the erythropoietin receptor (EPO-R),

which compound comprises a peptide dimer having the formula:

I ] O
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH_ 0O -
\( 0 OYO PEG

0
O NJK/\NHJK'\\\\\/\V,NH
Y HN \n,o_PEG
0

(AcG)GLYA(lIHMGPIT(l -nal)V(IIQPLR—HN NH2
0

wherein

(1) 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 two linear polyethylene glycol (PEG) moieties having a
combined molecular weight of about 10,000 to about 60,000 Daltons.

8. A compound according to any of claims 1-3, wherein the or each PEG has a

molecular weight of about 30,000 Daltons.

9. A compound according to any of claims 4-5, wherein the or each PEG has a

molecular weight of about 20,000 Daltons.

10. A compound according to any of claims 1-3 and 6, wherein the or each PEG has a

molecular weight of about 30,000 to 40,000 Daltons.
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11.  Use of the compound according to any preceding claim in the preparation of a
medicament for the treatment of a disorder characterized by a deficiency of erythropoietin or a

low or defective red blood cell population.

12.  Use according to claim 11 wherein the disorder is selected from the group
consisting of end stage renal failure or dialysis; anemia associated with AIDS, auto immune
disease or a malignancy; beta-thalassemia; cystic fibrosis; early anemia of prematurity; anemia
associated with chronic inflammatory disease; spinal cord injury; acute blood loss; aging and

neoplastic disease states accompanied by abnormal erythropoiesis.

13. A pharmaceutical composition comprising the compound according to any of

claims 1-10 and a pharmaceutically acceptable carrier.
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